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in  which 
R  is  acylamino,  azido,  or  amino;  and 
M  is  hydrogen,  a  pharmaceutical^/  acceptable  cation,  or  a 
removable  carboxylic  acid  protecting  ester,  can  be  prepared 
by  ring-closing  an  appropriately  3-substituted-4-  halomethyl 
/3-lactam  of  the  formula 
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in  which  &  T 
2   R'  is  acylamino  or  azido; 
S   and  when  a  compound  (1)  is  required,  in  which  R  is  amino,  a 

protecting  acyl  group  of  an  acylamino  group  R'  is  removed. 
q   Compound  I  show  antibacterial  activity  against  gram  positive 
Q  and  gram  negative  organisms. 

0 .  
Ill 

Croydon  Printing  Company  Ltd. 

Isopenicillins  of  the  formula 

in  which 
R  is  acylamino,  azido,  or  amino;  and 
M  is  hydrogen  a  pharmaceutically  acceptable  cation,  or  a 
removable  carboxylic  acid  protecting  ester,  can  be  prepared 
by  ring-closing  an  appropriately  3-substituted-4-  halomethyl 
β-lactam  of  the  formula 

in  which 
R'  is  acylamino  or  azido; 
and  when  a  compound  (1)  is  required,  in  which  R  is  amino,  a 
protecting  acyl  group  of  an  acylamino  group  R'  is  removed. 
Compound  I show  antibacterial  activity  against  gram  positive 
and  gram  negative  organisms. 



T h i s   i n v e n t i o n   r e l a t e s   to   i s o p e n i c i l l i n s   s h o w i n g  

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

S i n c e   t h e   1 9 4 0 ' s   p e n i c i l l i n s   h a v e   p l a y e d   an  i m p o r t a n t  

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

r e s e a r c h   has   been   done  and  many  d e r i v a t i v e s   of  p e n i c i l l i n s  

h a v e   been   p r e p a r e d .   A  n u m b e r   of  p e n i c i l l i n s   have   s h o w n  

s u f f i c i e n t   a n t i b a c t e r i a l   a c t i v i t y   t o   be  c o m m e r c i a l i s e d .  

T h i s   l a r g e   a m o u n t   of  r e s e a r c h   in  a l l   c o m m e r c i a l   p r o d u c t s  

has   been   d i r e c t e d   to   p e n i c i l l i n s   w h i c h   c o n t a i n   t h e   7 - o x o -  

l - a z a - 4 - t h i a b i c y c l o [ 3 . 2 . 0 ] h e p t a n e   n u c l e u s .   Work  on  t h e  

t o t a l   s y n t h e s i s   of  p e n i c i l l i n s   has   a l s o   been   s t u d i e d   b y  

v a r i o u s   i n v e s t i g a t o r s   bu t   t h i s   work  a l s o   has   been   d i r e c t e d  

to   p r e p a r i n g   c o m p o u n d s   w i t h   t h e   same  1 - a z a - 4 - t h i a b i c y c l o -  

h e p t a n e   n u c l e u s .  

A  s m a l l   amoun t   of  r e s e a r c h   has   been   c o n d u c t e d   in  a n  

a t t e m p t   to   p r e p a r e   p e n i c i l l i n s   w i t h   an  u n n a t u r a l   n u c l e u s .  

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

'or  in   w h i c h   t h e   s u l f u r   a tom  i s   a t   a  d i f f e r e n t   p o s i t i o n   i n  

t h e   r i n g   s y s t e m .   One  u n s u c c e s s f u l   a t t e m p t   a t   p r e p a r i n g   t h e  

7 - o x o - 3 - t h i a - l - a z a b i c y c l o [ 3 . 2 . 0 ] h e p t a n e - 2 - c a r b o x y l i c   a c i d  

s y s t e m   has   been   r e p o r t e d   in   t h e   l i t e r a t u r e ;   J . C h e m .   S o c . ( C ) ,  

188  ( 1 9 7 1 ) .   The  t r i v i a l   name  f o r   t h i s   b i c y c l i c   n u c l e u s   h a s  

been   r e c e n t l y   p r o p o s e d   as  i s o p e n i c i l l i n ,   Can.  J.  Chem. ,   5 5 ,  

( 1 9 7 7 ) .  



A c c o r d i n g   to   t he   p r e s e n t   i n v e n t i o n   t h e r e   a r e   p r o v i d e d  
c o m p o u n d s   of  t h e   f o r m u l a :  

w h e r e  

R  i s   a c y l a m i n o ,   a z i d o   or  a m i n o :   a n d  

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

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

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

a c t i v i t y .  

The  a c y l   g r o u p   i s   p r e f e r a b l y   an  a c y l   g r o u p   known  t o  

i m p a r t   a n t i b a c t e r i a l   a c t i v i t y   as  a  s u b s t i t u e n t   in  t he   7 -  

or  6-  p o s i t i o n s   of  c e p h a l o s p o r i n s   or  p e n i c i l l i n s .  

W i t h i n   t h e   t e r m   a c y l a m i n o ,   a c y l   r e f e r s   to  a c y l   g r o u p s  

r e p r e s e n t e d   by  t he   g e n e r a l   f o r m u l a e  

w h e r e  

X  i s   t h i e n y l ,   f u r y l ,   c y c l o h e x y l ,   c y c l o h e x e n y l ,  

c y c l o h e x a d i e n y l ,   p h e n y l   or  p h e n y l   s u b s t i t u t e d   w i t h  

one  or  two  s u b s t i t u e n t s   s e l e c t e d   f rom  t h e   g r o u p  

c o n s i s t i n g   of  l o w e r   a l k y l ,   l o w e r   a l k o x y l ,   h y d r o x y ,  

h y d r o x y m e t h y l ,   h a l o ,   n i t r o ,   m e r c a p t o ,   l o w e r   a l k y l t h i o ,  

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

m e t h y l a m i n o ;  

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

t h e   a - h y d r o g e n   i s   a b s e n t )   m e t h o x y i m i n o   or  o x i m i n o :  

Y  i s   c y a n o ,   a z i d o ,   p h e n y l ,   p h e n o x y   or  a  5-  or  6 -  

m e m b e r e d   h e t e r o c y c l i c   r i n g   c o n t a i n i n g   c a r b o n   a n d  

1-4   h e t e r o a t o m s   s e l e c t e d  



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

o x y g e n   and  s u l f u r ;  

Z  is  p h e n y l ,   p y r i d y l ,   l o w e r   a l k y l ,   t r i f l u a r o -  

m e t h y l ,   t r i f l u o r o e t h y l ,   or  c y a n o m e t h y l ;  
a n d  

n  is   0,  1  or  2 .  

The  5-  or  6 - m e m b e r e d   h e t e r o c y c l i c   r i n g s   r e f e r r e d  

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

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

p y r i m i d y l   a n d  t h e   l i k e .   Each  h e t e r o c y c l i c   g r o u p   may  b e  

u n s u b s t i t u t e d   or  s u b s t i t u t e d   w i t h   one  or  two  s u b s t i t u e n t s  

s e l e c t e d   f rom  l o w e r   a l k y l ,   h a l o ,   h y d r o x y ,   n i t r o ,   l o w e r  

a l k o x y ,   a r y l   s u c h   as  p h e n y l ,   l o w e r   a r a l k y l   and  t he   l i k e .  

The  t e r m s   l o w e r   a l k y l   or  l o w e r   a l k o x y   r e f e r   to  g r o u p s   c o n -  

t a i n i n g   one  to  s i x   c a r b o n   a t o m s .  

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

f o l l o w i n g   e x a m p l e s :  

p h e n y l a c e t y l  

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

a - f o r m y l o x y p h e n y l a c e t y l  

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

m e t h y l m e r c a p t o a c e t y l  

m e t h y l s u l f o n y l a c e t y l  

2 , 2 , 2 - t r i f l u o r o e t h y l s u l f i n y l a c e t y l  

c y a n o a c e t y l  

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

a - c a r b o x y - 2 - t h i e n y l a c e t y l  

a - c a r b o x y - 3 - t h i e n y l a c e t y l  

a - c a r b o x y p h e n y l a c e t y l  

a - s u l p h o p h e n y l a c e t y l  

2 - t h i e n y l a c e t y l  

1 - t e t r a z o l y l a c e t y l  

p h e n o x y a c e t y l  

4 - p y r i d y l m e r c a p t o a c e t y l  

s y n - m e t h o x y i m i n o ( 2 - f u r y l ) a c e t y l  

a - o x i m i n o p h e n y l a c e t y l  

2 , 6 - d i m e t h o x y b e n z o y l  



The  i s o p e n i c i l l i n   c o m p o u n d s   of   t h i s   i n v e n t i o n  

d e c o m p o s e   r a p i d l y   when  t he   2 - c a r b o x y l i c   a c i d   g r o u p   i s  

p r e s e n t   in  t h e   f r e e   a c i d   f o r m .   H o w e v e r ,   t h e   c o m p o u n d s   a r e  
s t a b l e   when  the   a c i d   is  p r e s e n t   as  a  s a l t   or  is  p r o t e c t e d  

w i t h   a  p r o t e c t i v e   e s t e r .   T h e r e f o r e ,   i t   i s   a p p a r e n t   to  t h e  

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

t h e s e   c o m p o u n d s   m u s t   be  d o n e   u n d e r   c o n d i t i o n s   w h i c h   t a k e  

t h i s   f a c t   i n t o   a c c o u n t .  

The  t e r m   "a  c a r b o x y l i c   a c i d   p r o t e c t i v e   e s t e r  

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

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

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

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

a  d e f i n i t e   m e a n i n g   w i t h i n   t h e   6 - l a c t a m   and  o r g a n i c   c h e m i -  

c a l   a r t s   and  many  u s e f u l   g r o u p s   w i t h i n   t h i s   t e r m   a r e   k n o w n  

in  t h e   a r t .   T h e s e   p r o t e c t i v e   g r o u p s   a r e   known  f o r   t h e  

e a s e   w i t h   w h i c h   t h e y   may  be  c l e a v e d   to  r e g e n e r a t e   t h e  

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

t h e   t e r m   r e f e r s   to  t h o s e   g r o u p s   known  in  t h e   a r t   w h i c h   c a n  

be  c l e a v e d   by  m i l d   b a s i c   h y d r o l y s i s   a n d / o r   h y d r o g e n a t i o n  

in  b a s i c   s o l u t i o n .  

Known  e s t e r   p r o t e c t i n g   g r o u p s   i n c l u d e   l o w e r   a l k y l  

s u c h   as  m e t h y l ,   2 , 2 , 2 - t r i c h l o r o e t h y l ,   8 - i o d o e t h y l ,  

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

m e t h y l ,   h a l o b e n z o y l m e t h y l ,   m e t h y l b e n z o y l m e t h y l ,   m e t h a n e -  

s u l f o n y l b e n z o y l m e t h y l ,   p h e n y l b e n z o y l m e t h y l ,   b e n z y l ,  

p - n i t r o b e n z y l ,   p - m e t h o x y b e n z y l ,   b e n z h y d r y l   and  t h e   l i k e .  

The  c h o i c e   of  w h i c h   e s t e r   g r o u p   to   use   is   w e l l   w i t h i n   t h e  

a b i l i t y   of  one  s k i l l e d   in  t h e   a r t .   F a c t o r s   w h i c h   a r e   c o n -  

s i d e r e d   i n c l u d e   w h a t   s u b s e q u e n t   r e a c t i o n   c o n d i t i o n s   t h e  

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

p r o t e c t i n g   e s t e r   is  d e s i r a b l e .   P a r t i c u l a r l y   p r e f e r r e d  

e s t e r s   a r e   m e t h y l ,   b e n z y l   and  b e n z h y d r y l .   The  s e l e c t i o n  

of   t he   p r o p e r   p r o t e c t i n g   g r o u p   i s   n o t   c r i t i c a l   to  o u r   i n -  

v e n t i o n   s i n c e   t h e   p o i n t   of   n o v e l t y   of  ou r   i n v e n t i o n   l i e s  

w i t h i n   t he   new  i s o p e n i c i l l i n   n u c l e u s   and  n o t   w i t h i n   t h e  

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



The  a b o v e   d e f i n i t i o n   of  c a r b o x y l   p r o t e c t i n g  

g r o u p s   is  n o t   i n t e n d e d   to  be  e x h a u s t i v e .   A  p e r s o n   s k i l l e d  

in  t h e   a r t   knows  t h e   p u r p o s e   of   t h e s e   g r o u p s   and  is   a b l e  

to  p r o p e r l y   c h o o s e   f rom  t he   g r o u p s   known  and  d e s c r i b e d   i n  

t h e   a r t .   Many  a r t i c l e s   and  b o o k s   have   d e s c r i b e d   t h e   s u b -  

j e c t   of  p r o t e c t i n g   r e a c t i v e   g r o u p s ,   f o r   e x a m p l e   J . F . W .  

McOmie ,   " P r o t e c t i v e   G r o u p s  i n   O r g a n i c   C h e m i s t r y " ,   P l e n u m  

P r e s s ,   1 9 7 3 .  

The  t e r m   " p h a r m a c e u t i c a l l y   a c c e p t a b l e   c a t i o n "   i s  

a l s o   a  w e l l   known  t e r m   in  t h e   a r t .   Many  b a s e s   a r e   k n o w n  

and  u s e d   to  p r e p a r e   s a l t s   of  c a r b o x y l i c   a c i d s   fo r   p h a r m a -  
c e u t i c a l   f o r m u l a t i o n s .   T h e s e   s a l t s   have   i m p r o v e d  

p r o p e r t i e s ,   s u c h   as  s o l u b i l i t y ,   o v e r   t he   f r e e   a c i d s .   E x -  

a m p l e s   of   u s e f u l   c a t i o n s   i n c l u d e   a l k a l i   m e t a l s   s u c h   a s  

s o d i u m   and  p o t a s s i u m ,   a l k a l i   e a r t h   m e t a l s   and  a m m o n i u m  

c a t i o n s   f rom  i n o r g a n i c   or  o r g a n i c   a m i n e   b a s e s .   T h e s e  

s a l t s   a r e   p r e p a r e d   when  t he   p r o t e c t i v e   e s t e r   g r o u p s   a r e  

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

f o r m e d   by  b a s e   t r e a t m e n t   as  d e s c r i b e d   b e l o w .  

A l s o   i n c l u d e d   w i t h i n   t h e   s c o p e   of  t h i s   i n v e n t i o n  

is   t he   s a l t s   of  o t h e r   a c i d   m o i e t i e s   p r e s e n t   w i t h i n   t h e  

a c y l   g r o u p   of  t h e   c o m p o u n d s .   T h e s e   s a l t s   a r e   p r e p a r e d   i n  

t h e   same  m a n n e r   as  d e s c r i b e d   a b o v e .  

The  c o m p o u n d s   of  t h i s   i n v e n t i o n   may  e x i s t   i n  

h y d r a t e   or  s o l v a t e   f o r m .   The  a m o u n t   of  w a t e r   or  s o l v e n t  

may  v a r y .   T h e s e   v a r i o u s   f o r m s   of  t he   c o m p o u n d s   of  t h i s  

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

c l a i m e d   h e r e i n .  

The  c o m p o u n d s   of   t h i s   i n v e n t i o n   w h e r e   R  is  a c y l -  

a m i n o   and  M  is   h y d r o g e n   or  a  p h a r m a c e u t i c a l l y   a c c e p t a b l e  

c a t i o n   h a v e   a n t i b a c t e r i a l   a c t i v i t y   a g a i n s t   G r a m - p o s i t i v e  

and  G r a m - n e g a t i v e   o r g a n i s m s .   Minimum  i n h i b i t o r y   c o n -  

c e n t r a t i o n s   ( M I C ' s )   a g a i n s t   a  v a r i e t y   of   b a c t e r i a   a r e   s h o w n  

in  T a b l e   1  f o r   r e p r e s e n t a t i v e   c o m p o u n d s .   D a t a   f o r  

s t a n d a r d   a n t i b a c t e r i a l   a g e n t s ,   p e n i c i l l i n   V  and  2 - t h i e n y l -  

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





t h e i r   s a l t s   can   be  d i s s o l v e d   i n  w a t e r   and  u s e d   to  s t e r i l -  
i z e   l a b o r a t o r y   e q u i p m e n t   or  fo r   t he   t r e a t m e n t   or  p r e v e n -  
t i o n   of  b a c t e r i a l   i n f e c t i o n s   in  w a r m - b l o o d e d   mammals   s u c h  

as  m a n .  

The  c o m p o u n d s   w h e r e   R  is  a c y l a m i n o   and  M  is  a  

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

b a c t e r i a l   a c t i v i t y ,   f o r   e x a m p l e  a g a i n s t   B.  s u b t i l i s .  

T h e s e   c o m p o u n d s   may  be  u s e d   in  t he   same  m a n n e r   as  d e -  

s c r i b e d   fo r   the   c o m p o u n d s   w h e r e   M  is  no t   an  e s t e r .  

The  c o m p o u n d s   of  t h i s   i n v e n t i o n   w h e r e   R  is  a m i n o  

or  a z i d o   a n d / o r   M  is  a  c a r b o x y l i c   a c i d   p r o t e c t i n g   e s t e r  

g r o u p   a r e   u s e f u l   as  i n t e r m e d i a t e s   fo r   t he   p r e p a r a t i o n   o f  

t h e   t h e r a p e u t i c a l l y   a c t i v e   c o m p o u n d s .   When  R  is  a z i d o ,  

r e d u c t i o n   by  c h e m i c a l   or  c a t a l y t i c   m e t h o d s   a l s o   g i v e s   t h e  

u s e f u l   f r e e   amino   d e r i v a t i v e .  

W i t h i n   t h i s   d i s c l o s u r e   t he   t e r m s  h a l o g e n   or  h a l o  

s h a l l   mean  f l u r o i n e ,   c h l o r i n e ,   b r o m i n e   or  i o d i n e .  

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

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

r o u t e .   The  key  s t a r t i n g   m a t e r i a l s   a r e   c i s - 3 - a z i d o - 4 - o x o -  

2 - a z e t i d i n y l m e t h y l   i o d i d e   ( l a )   and  c i s - 3 - t - b u t o x y -  

c a r b o n y l a m i n o - 2 - h y d r o x y m e t h y l - 4 - o x o a z e t i d i n e   ( 1 b ) .   T h e s e  

c o m p o u n d s   can   be  p r e p a r e d   in  good  y i e l d   v i a   a  k e t e n e - i m i n e  

c y c l i z a t i o n   r e a c t i o n   of  a z i d o a c e t i c   a c i d   and  m e t h y l   N -  

( 2 , 4 - d i m e t h o x y b e n z y l ) i m i n o a c e t a t e   and  s u b s e q u e n t   c h e m i c a l  

m o d i f i c a t i o n ,   a l l   as  s e t   f o r t h   in  B e l g i a n   P a t e n t   N o .  

8 4 1 , 2 3 4 .  

The  c o n v e r s i o n   of  c o m p o u n d  l a   or  1b  i n t o   t h e  

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

v a r i o u s   s u b s t i t u e n t s   by  a  s e r i e s   of  c h e m i c a l   r e a c t i o n s .  



S c h e m e s   1,  2  and  3  s e t   f o r t h   d i f f e r e n t   r e a c t i o n s   w h i c h   m a y  
be  u s e d   to  p r e p a r e   c o m p o u n d s   of  t h i s   i n v e n t i o n .   I t   i s  

r e a d i l y   a p p a r e n t   to   one  s k i l l e d   in  t h e   a r t   t h a t   t h e  

r e a c t i o n s   s e t   f o r t h   in  t h e s e   S c h e m e s   may  be  c a r r i e d   o u t   b y  

v a r i o u s   m e t h o d s   in  v a r i o u s   s e q u e n c e s .   In  p a r t i c u l a r ,   a t  

v a r i o u s   p o i n t s   a l o n g   t he   r e a c t i o n   p a t h w a y   s e t   f o r t h   i n  

e a c h   o f   t h e   S c h e m e s ,   t h e   R  s u b s t i t u e n t   may  be  c o n v e r t e d  

f rom  a z i d o   to  a m i n o   and  t he   a m i n o   g r o u p   s u b s e q u e n t l y  

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

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

p a r e n t   to   a  p e r s o n   s k i l l e d   in  t h e   a r t .  

The  r e a c t i o n   s e q u e n c e   s e t   f o r t h   in  Scheme   1  i n -  

v o l v e s   f i r s t ,   a  c o n d e n s a t i o n   of   t h e   8 - l a c t a m   1  w i t h   a n  

e s t e r   of  g l y o x y l i c   a c i d   to  g i v e   t he   a - h y d r o x y - a - a z e t i d i n y l  

a c e t i c   a c i d   d e r i v a t i v e   ( 2 ) .   The  h y d r o x y   g r o u p   of   t h i s  

c o m p o u n d   is  c o n v e r t e d   to  a  h a l o   d e r i v a t i v e ,   s u c h   as  c h l o r o  

by  t h e   r e a c t i o n   w i t h   t h i o n y l   c h l o r i d e ,   and  t h e   h a l o   d e -  

r i v a t i v e   is  r e a c t e d   w i t h   a  s a l t   of  t h i o l a c e t i c   a c i d   t o  

g i v e   t h e   s u l f u r - c o n t a i n i n g   c o m p o u n d   ( 3 ) .   C y c l i z a t i o n   o f  

c o m p o u n d   (3)  to   t he   d e s i r e d   i s o p e n i c i l l i n   d e r i v a t i v e   c a n  

be  e f f e c t e d   by  t r e a t e m e n t   w i t h   a  b a s e   s u c h   as  c y c l o h e x y l -  

a m i n e .   I f   R  i s   a z i d o ,   r e d u c t i o n   to  t h e   a m i n o   d e r i v a t i v e  

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

t h e   c o m p o u n d s   of   t h i s   i n v e n t i o n .   I f   M  is   a  p r o t e c t i n g  

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

t h e   c o m p o u n d s   w h e r e   M  is   a  c a t i o n .  



W i t h i n   Scheme   1  a  p r e f e r r e d   r o u t e   to  t he   a n t i -  

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

c o m p o u n d   3  w h e r e   R  is   a c y l a m i n o   and  M  is   a  c a t i o n   such   a s  

s o d i u m   w i t h   a  b a s e   s u c h   as  c y c l o h e x y l a m i n e .   S t a r t i n g   w i t h  

c o m p o u n d   1  w h e r e   R  is   t - b u t o x y c a r b o n y l a m i n o   ( w h i c h   is  p r e -  

p a r e d   by  r e a c t i n g   c o m p o u n d  1 b   w i t h   t o s y l   c h l o r i d e   f o l l o w e d  

by  s o d i u m   i o d i d e ) ,   c o n d e n s a t i o n   w i t h   b e n z h y d r y l   g l y o x y l a t e  

g i v e s   c o m p o u n d  2   (R  is   t - b u t o x y c a r b o n y l a m i n o   and  M  i s  

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

p o t a s s i u m   t h i o l a c e t a t e   g i v e s   c o m p o u n d   3  (R  and  M  a r e   a s  



a b o v e ) .   T r e a t m e n t   w i t h   a  s t r o n g   a c i d   s u c h   as  t r i f l u o r o -  

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

b e n z h y d r y l   g r o u p s   to  g i v e   t h e   s a l t   of  c o m p o u n d   3  w h e r e   R 

is   a m i n o .   A c y l a t i o n   of   t h i s   a m i n o   c o m p o u n d   by  s t a n d a r d  

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

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

t h e   c o m p o u n d   is  c o n v e r t e d   to  t h e   a c i d   s a l t   w h i c h   i s  

t r e a t e d   w i t h   b a s e   as  d e s c r i b e d   a b o v e   to  g i v e   t h e   d e s i r e d  

p r o d u c t s .  

W i t h i n   t h e   p r e f e r r e d   r o u t e   s e t   o u t   a b o v e ,   v a r i o u s  

b a s e s   may  be  u s e d .   In  p a r t i c u l a r ,   any  o r g a n i c   p r i m a r y   a n d  

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

a c e t a t e   m o i e t y   o v e r   a t t a c k i n g   t h e   B - l a c t a m   m o i e t y   g i v e s  

t h e   d e s i r e d   p r o d u c t .   The  s e l e c t i v i t y   of   a c t i o n   is  a  

r e s u l t   of   c h o o s i n g   a  b a s e   w i t h   t h e   p r o p e r   b a l a n c e   b e t w e e n  

b a s i c i t y   and  n u c l e o p h i l i c i t y .   The  s e l e c t i o n   of   t h e   p r o p e r  
b a s e   is  w i t h i n   t h e   a b i l i t y   of   a  p e r s o n   s k i l l e d   in  t h e   a r t .  

The  p r e f e r r e d   r o u t e   is   run  in  an  o r g a n i c   s o l v e n t ,  

p r e f e r a b l y   an  a p r o t i c   s o l v e n t .   The  r e a c t i o n   is  run   a t   a  

t e m p e r a t u r e   and  a  p e r i o d   of  t i m e   w h i c h   m a x i m i z e s   t h e  

f o r m a t i o n   of   p r o d u c t   and  m i n i m i z e s   p r o d u c t   d e c o m p o s i t i o n .  

T e m p e r a t u r e s   may  r a n g e   f rom  -30  to   30°  w i t h   a b o u t   0°  b e i n g  

a  p r e f e r r e d   t e m p e r a t u r e .  

S c h e m e   2  s e t s   f o r t h   a  d i f f e r e n t   r e a c t i o n   s e q u e n c e  

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

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

g r o u p   as  o u t l i n e d   a b o v e   in  S c h e m e   1.  The  r e s u l t i n g   c h l o r o  

. d e r i v a t i v e   is   t r e a t e d   w i t h   s o d i u m   t r i p h e n y l m e t h y l -  

m e r c a p t i d e   to  g i v e   d e r i v a t i v e   4.  C y c l i z a t i o n   of   d e r i v a -  

t i v e   4  c a n   be  e f f e c t e d   by  t r e a t m e n t   w i t h   m e t a l   i o n s   s u c h  

as  s i l v e r   or  m e r c u r y   or  by  t r e a t m e n t   w i t h   a  s t r o n g   a c i d  

s u c h   as  t r i f l u o r o a c e t i c   a c i d .  



The  a - c h l o r o   c o m p o u n d   (5)  may  a l s o   be  c o n v e r t e d  

d i r e c t l y   i n t o   t h e   d e s i r e d   i s o p e n i c i l l i n   as  o u t l i n e d   i n  

Scheme   3.  R e a g e n t s   u s e f u l   f o r   t h i s   c o n v e r s i o n   i n c l u d e  

h y d r o g e n   s u l f i d e ,   s o d i u m   h y d r o s u l f i d e ,   s o d i u m   s u l f i d e   a n d  

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

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

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

w h i c h   w i l l   be  t h e   c a r b o n y l   g r o u p   in  t h e   a c y l   m o i e t y   i s  

a c t i v a t e d   by  known  m e t h o d s   i n c l u d i n g   m i x e d   a n h y d r i d e ,  

a c t i v a t e d   e s t e r s ,   and  a c i d   h a l i d e s .   In  a d d i t i o n ,   use   o f  

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

c a r b o n y l d i i m i d a z o l e   is   a  p o s s i b l e   m e t h o d   of   a c y l a t i o n .  

D u r i n g   t he   a c y l a t i o n   r e a c t i o n ,   any   s e n s i t i v e   g r o u p   in  t h e  

a c y l   m o i e t y ,   f o r   e x a m p l e ,   h y d r o x y l   or  c a r b o x y l ,   can   b e  

p r o t e c t e d   by  a  s t a n d a r d   p r o t e c t i n g   g r o u p   s u c h   as  t h o s e  

d e s c r i b e d   p r e v i o u s l y   a n d / o r   known  in  t he   a r t .   At  t h e   a p -  

p r o p r i a t e   t i m e ,   w h i c h   was  s u g g e s t e d   in  t he   a b o v e   d i s c u s -  

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

t i m e   w h i c h   w o u l d   be  a p p a r e n t   to  one  s k i l l e d   in  t he   a r t   t h e  

p r o t e c t i n g   g r o u p   can   be  r e m o v e d .  



V a r i o u s   a c y l   g r o u p s   w h i c h   a r e   p a r t i c u l a r l y   u s e f u l  

in  t h i s   i n v e n t i o n   c o n t a i n   an  a s s y m e t r i c   c a r b o n   a t o m .   I t  

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

m i x t u r e s   of  t h e   i s o m e r s   a r e   w i t h i n   t h e   s c o p e   of   t h i s   i n -  

v e n t i o n .   I t   has   b e e n   f o u n d   t h a t   t h e   D - i s o m e r   i s   p a r t i c u -  

l a r l y   u s e f u l   and  t h e r e f o r e   is  a  p r e f e r r e d   i s o m e r   as  w i t h  

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

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

s y s t e m   may  e x i s t   as  d  and  1  i s o m e r s .   The  c a r b o x y l i c   a c i d  

g r o u p   a t   p o s i t i o n   2  can   be  in  t h e   a  or  6  c o n f i g u r a t i o n   a n d  

r e s u l t s   in  an  a d d i t i o n a l   c e n t e r   of   a s y m m e t r y .   A l l   p o s -  

s i b l e   s t e r e o i s o m e r s   a r e   w i t h i n   t h e   s c o p e   of   t h i s   i n v e n t i o n .  

The  s t a r t i n g   m a t e r i a l s   n e c e s s a r y   to   p r e p a r e   t h e  

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

d e s c r i b e d   h e r e i n   or  p r e p a r e d   by  m e t h o d s   known  in  t h e   a r t  

and  r e a d i l y   a p p a r e n t   to   a  p e r s o n   s k i l l e d   in  t h e   a r t .  

The  f o l l o w i n g   e x a m p l e s   a r e   p r e s e n t e d   to   i l l u s -  

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

i n v e n t i o n   to  one  s k i l l e d   in  t h e   a r t   and  a r e   no t   to  be  c o n -  

s t r u e d   as  l i m i t a t i v e   of  t h e   s c o p e   t h e r e o f .   A l l   t e m p e r a -  

t u r e s   a r e   g i v e n   in  d e g r e e s   C e n t i g r a d e .  

PREPARATION  1 

c i s - 3 - A z i d o - 4 - o x o - 2 - a z e t i d i n y l m e t h y l   i o d i d e  

A  d e g a s s e d   s o l u t i o n   of   c i s - 3 - a z i d o - 4 - o x o - 2 -  

a z e t i d i n y l m e t h y l   t o s y l a t e   ( 2 . 3 6   g)  in  a c e t o n e   (80  ml)  w a s  

r e f l u x e d   w i t h   NaI  ( 5 . 8 5   g)  o v e r n i g h t .   R e a c t i o n   was  c o o l e d  

and  t h e   a c e t o n e   was  r e m o v e d   in  v a c u o .   The  r e a c t i o n  

m i x t u r e   was  p a r t i t i o n e d   b e t w e e n   e t h y l   a c e t a t e   and  a q u e o u s  

s o d i u m   t h i o s u l f a t e   s o l u t i o n .   P h a s e s   w e r e   s e p a r a t e d   a n d  

t h e   o r g a n i c   l a y e r   was  e x t r a c t e d   w i t h   t h i o s u l f a t e   s o l u -  

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

e t h y l   a c e t a t e .   The  c o m b i n e d   e t h y l   a c e t a t e   l a y e r s   w e r e  

w a s h e d   w i t h   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   an  o f f -  

w h i t e   s o l i d .   The  p r o d u c t   was  r e c r y s t a l l i z e d   f rom  e t h y l  

a c e t a t e - h e x a n e ,   m e l t i n g   p o i n t   1 3 0 - 2 °   ( d e c . ) ,   1 . 5   g  ( 7 5 % ) .  



PREPARATION  2 

c i s - 3 - A z i d o - 4 - o x o - 2 - a z e t i d i n y l m e t h y l   b r o m i d e  

A  d e g a s s e d   s o l u t i o n   of   c i s - 3 - a z i d o - 4 - o x o - 2 -  

a z e t i d i n y l m e t h y l   t o s y l a t e   ( 0 . 4 1   g,  1 .4   mmol)  in  d i m e t h y l -  
f o r m a m i d e   (5  ml)  was  h e a t e d   to  90°  w i t h   L iBr   ( 0 . 4 3   g,  5 

mmol)  f o r   4  h o u r s .   The  r e a c t i o n   was  p o u r e d   i n t o   e t h y l  
a c e t a t e   and  w a s h e d   c o p i o u s l y   w i t h   w a t e r .   The  d r i e d   s o l u -  
t i o n   was  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 .  

PREPARATION  3 

B e n z y l   @ - ( c i s - 3 - a z i d o - 2 - i o d o m e t h y l - 4 - o x o a z e t i d i n y l ) - @ -  
h y d r o x y a c e t a t e  

B e n z y l   g l y o x y l a t e   ( 1 . 9 7   g,  12  mmol)  was  d i s s o l v e d  

in  t o l u e n e   (25  ml)  and  a  s m a l l   a m o u n t   was  d i s t i l l e d   o u t   t o  

d r y   the   s o l u t i o n .   The  s o l u t i o n   was  c o o l e d   to  90°  and  t h e  

p r o d u c t   of   P r e p a r a t i o n   1  (1  g,  3 . 9 7   mmol)  was  a d d e d .   T h e  

r e a c t i o n   was  h e a t e d   f o r   5 .5   h o u r s   u n d e r   a r g o n  a t   9 0 ° .   T h e  

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

c h r o m a t o g r a p h e d   on  s i l i c a   g e l   (100  g ) .   The  p r o d u c t   w a s  

e l u t e d   w i t h   10%  e t h y l   a c e t a t e   in  b e n z e n e ,   1 . 2 8   g  ( 7 8 % ) .  

PREPARATION  4 

B e n z y l   @ - ( c i s - 3 - a z i d o - 2 - i o d o m e t h y l - 4 - a x o a z e t i d i n y l ) - @ -  
c h l o r o a c e t a t e  

A  s o l u t i o n   of  c o m p o u n d   f rom  P r e p a r a t i o n   3  ( 1 3 0  

mg,  0 . 3 1   mmol)  in  m e t h y l e n e   c h l o r i d e   (3  ml)  was  s t i r r e d  

u n d e r   an  a r g o n   a t m o s p h e r e   a t   - 1 0 °   and  t r e a t e d   w i t h  

p y r i d i n e   ( 2 8 . 2   µ l ,   0 . 3 5   mmol)  and  t h i o n y l   c h l o r i d e   ( 2 4 . 9   µ l ,  

0..35  m m o l ) .   The  r e a c t i o n   was  s t i r r e d   fo r   20  m i n u t e s   a n d  

t h e   s o l v e n t s   were   r e m o v e d   in  v a c u o .   The  r e s i d u e   w a s  

p a r t i t i o n e d   b e t w e e n   e t h y l   a c e t a t e   and  w a t e r .   The  o r g a n i c  

p h a s e   was  s e p a r a t e d ,   w a s h e d   w i t h   w a t e r   and  b r i n e ,   d r i e d  

and  e v a p o r a t e d .   The  r e s i d u e   was  c h r o m a t o g r a p h e d   on  s i l i c a  

g e l   (10  g)  and  t h e   p r o d u c t   was  e l u t e d   w i t h   2%  e t h y l  

a c e t a t e   in  b e n z e n e   to  g i v e   t he   t i t l e   p r o d u c t ,   102  mg  ( 7 2 % ) .  



PREPARATION  5 

B e n z h y d r y l   a - ( c i s - 3 - a z i d o - 2 - i o d o m e t h y l - 4 - o x o a z e t i d i n y l ) - a -  
h y d r o x y a c e t a t e  

A  s o l u t i o n   of   b e n z h y d r y l   g l y o x y l a t e   ( 3 . 9   g,   1 6  

mmol)  in  t o l u e n e   (40  ml)  was  h e a t e d   to  r e f l u x   u n d e r   a n  

a r g o n   a t m o s p h e r e   and  2  ml  of   t o l u e n e   was  r e m o v e d   by  d i s -  

t i l l a t i o n .   The  t o l u e n e   s o l u t i o n   was  a l l o w e d   to   c o o l   t o  

c a .   80°C  and  t h e   3 - a z i d o - 4 - o x o - 2 - a z e t i d i n e m e t h y l   i o d i d e  

( 1 . 5   g,   5 . 9 5   mmol)  was  a d d e d .   The  r e a c t i o n   m i x t u r e   w a s  

h e a t e d   a t   8 5 - 9 0 °   f o r   5  h o u r s   and  t h e n   was  c o o l e d   and  t h e  

s o l v e n t s   we re   r e m o v e d   in  v a c u o .   C h r o m a t o g r a p h y   of   t h e  

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

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

Upon  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   s e v e r a l   h o u r s ,   o n e  

d i a s t e r e o i s o m e r   c r y s t a l l i z e d   and  w a s  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  e t h e r - h e x a n e   to   g i v e  a   w h i t e   s o l i d ,   m . p .  

1 2 5 - 1 2 7 0   ( d e c . ) .  

PREPARATION  6 

B e n z y l   @ - ( c i s - 3 - a z i d o - 2 - i o d o m e t h y l - 4 - o x y a z e t i d i n y l ) - @ -  
t h i o a c e t o x y a c e t a t e  

A  s o l u t i o n   of   t he   c o m p o u n d   of   P r e p a r a t i o n   3  ( 5 2 0  

mg,  1 . 2 5   mmol)  in  t e t r a h y d r o f u r a n   (10  ml)  was  c o o l e d   t o  

-100   u n d e r   a r g o n   and  t r e a t e d   w i t h   p y r i d i n e   (113  µ l ,   1 . 4  

mmol)  f o l l o w e d   by  t h i o n y l   c h l o r i d e   (100  µ l ,   1 . 4   m m o l ) .  

A f t e r   s t i r r i n g   20  m i n u t e s ,   a  s u s p e n s i o n   of   s o d i u m   t h i o l -  

a c e t a t e   (137  mg,  1 .5   mmol)  in  d i m e t h y l f o r m a m i d e   (8  ml)  w a s  

a d d e d .   The  r e a c t i o n   was  s t i r r e d   f o r   45  m i n u t e s   a t   - 1 0 °  

and  t h e n   f o r  2   h o u r s   a t   room  t e m p e r a t u r e .   The  s o l v e n t s  

w e r e   r e m o v e d   and  t h e   r e s i d u e   d i s s o l v e d   in  e t h y l   a c e t a t e .  

The  o r g a n i c   s o l u t i o n   was  w a s h e d   w i t h   w a t e r   and  b r i n e ,  

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

s i l i c a   g e l   (75  g)  and  t h e   t i t l e   p r o d u c t   was  e l u t e d   w i t h   3% 

e t h y l   a c e t a t e   in  b e n z e n e ,   400  mg  ( 6 7 % ) .  



PREPARATION  7 

B e n z h y d r y l   a - ( c i s - 3 - a z i d o - 2 - i o d o m e t h y l - 4 - o x o a z e t i d i n y l ) - a -  
t h i o a c e t o x y a c e t a t e  

To  a  s t i r r e d   s o l u t i o n   of   p r o d u c t   f rom  P r e p a r a t i o n  
5  ( 0 . 5 1 4   g,  1 . 1 9   mmol)  in  a n h y d r o u s   t e t r a h y d r o f u r a n   ( 1 7  

ml)  a t   - 2 0 °   u n d e r   a r g o n   was  a d d e d   a n h y d r o u s   p y r i d i n e   (99  µ l ,  

1 . 2 1   mmol)  f o l l o w e d   by  t h i o n y l   c h l o r i d e   (87  µ l ,   1 . 2 1  

m m o l ) .   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   - 2 0 °   f o r   0 . 5  

h o u r .   A  s o l u t i o n   of   p o t a s s i u m   t h i o l a c e t a t e   ( 0 . 2 0 9   g,  1 . 8  

mmol)  in  a n h y d r o u s   N , N - d i m e t h y l f o r m a m i d e   (16  ml)  w a s  

a d d e d .   The  r e a c t i o n   was  a l l o w e d   to  come  to  a m b i e n t   t e m -  

p e r a t u r e   o v e r   a  p e r i o d   of  1  h o u r   and  t h e n   was  p o u r e d   i n t o  

e t h y l   a c e t a t e   and  e x t r a c t e d   f i v e   t i m e s   w i t h   w a t e r .   T h e  

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

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

d r i e d .   E v a p o r a t i o n   of  t he   s o l v e n t s   in  v a c u o   a f f o r d e d   a  

y e l l o w   gum  w h i c h   was  p u r i f i e d   by  s i l i c a   g e l   c h r o m a t o g -  

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

gum.  R e c r y s t a l l i z a t i o n   f rom  e t h y l   a c e t a t e - h e x a n e   a f f o r d e d  

a  w h i t e   s o l i d ,   m . p .   1 3 3 - 1 3 5 °   ( d e c . )   w h i c h   was  a  s i n g l e  

d i a s t e r e o i s o m e r .  

PREPARATION  8 

c i s - 3 - t - B u t o x y c a r b o n y l a m i n o - 4 - o x o - 2 - a z e t i d i n y l m e t h y l  
b r o m i d e  

A  s o l u t i o n   of   c i s - 3 - t - b u t o x y c a r b o n y l a m i n o - 2 -  

h y d r o x y m e t h y l - 4 - o x o a z e t i d i n e   (36  g,  0 . 1 6 6   mol)   in  p y r i d i n e  

(200  ml)  was  c o o l e d   in  an  i c e - s a l t   b a t h   to  - 7 °   and  t r e a t e d  

w i t h   m e t h a n e s u l f o n y l   c h l o r i d e   ( 2 0 . 2   ml ,   2 9 . 9   g,  0 . 2 6 1   m o l )  

d r o p w i s e   o v e r   a  p e r i o d   of   23  m i n u t e s .   When  t h e   a d d i t i o n  

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

c o o l i n g   f o r   2 .5   h o u r s   and  t h e n   p o u r e d   i n t o   i c e   w a t e r   ( 7 0 0  

m l ) .   The  p r e c i p i t a t e d   s o l i d   was  c o l l e c t e d ,   w a s h e d   w i t h  

w a t e r   and  d r i e d ;   3 6 . 1   g,  mp  151°   ( d e c . ) .   C o n c e n t r a t i o n   o f  



t h e   m o t h e r   l i q u o r s   y i e l d e d   a  s e c o n d   c r o p   o f   p r o d u c t ;   3 . 6   g ,  

mp  1 4 8 . 5 - 1 4 9 °   ( d e c . ) .  

To  a  m i x t u r e   of  L i B r   ( 4 9 . 0   g,  0 . 5 6 5   m o l ) ,  

Na2co3   (22  g)  and  d r y   d i m e t h y l f o r m a m i d e   (450  ml)  w a s  
a d d e d   u n d e r   a  n i t r o g e n   a t m o s p h e r e   t h e   a b o v e   m e s y l a t e   ( 3 3 . 3   g ,  
0 . 1 1 3   m o l ) .   The  r e a c t i o n   was  h e a t e d   a t   80°  f o r   4 . 5   h o u r s .  

The  s o l u t i o n   was  f i l t e r e d   and  t h e   f i l t r a t e   was  c o n c e n t r a t e d  

in  v a c u o .   The  r e s i d u e   was  t r i t u r a t e d   w i t h   i c e   w a t e r   and  t h e  

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

and  d r i e d   to  g i v e   t h e   t i t l e   c o m p o u n d   as  a  w h i t e   s o l i d ;   2 4 . 1   g  
( 7 6 % ) .  

PREPARATION  9 

B e n z h y d r x l  a - ( c i s - 3 - t - b u t o x y c a r b o n y l a m i n o - 2 - b r o m o m e t h y l - 4 -  
o x o a z e t i d i n y l ) - @ - h y d r o x y a c e t a t e  

A  s o l u t i o n   of   b e n z h y d r y l   g l y o x a l a t e   m o n o h y d r a t e  

( 5 6 . 8   g ,   0 . 2 2   mol )   in   d r y   d i o x a n e   (550  ml)  was  s t i r r e d  

o v e r   40  g r a m s   of  m o l e c u l a r   s i e v e s   (4A)  f o r   0 . 5   h o u r s   a n d  

t h e n   t h e   p r o d u c t   f r o m   P r e p a r a t i o n   8  ( 5 5 . 8   g,  0 . 2   mol)   w a s  

a d d e d   f o l l o w e d   by  a d d i t i o n a l   d r y   d i o x a n e   (50  ml)  and  d r y  

t r i e t h y l a m i n e   ( 2 7 . 6   ml ,   0 . 2   m o l ) .   The  r e a c t i o n   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   3  h o u r s   and  t h e n  

f i l t e r e d .   The  f i l t r a t e   was  e v a p o r a t e d   in  v a c u o   and  t h e  

r e s i d u e   d i s s o l v e d   in  e t h y l   a c e t a t e   (300  m l ) .   The  s o l u t i o n  

was  w a s h e d   w i t h   d i l u t e   HC1  (100  m l ) ,   5%  NaHC03  (100  m l ) ,  

w a t e r   (100  m l ) ,   s a t u r a t e d   NaHCO3  (2  x  100  ml)  and  w a t e r  

(100  m l ) .   The  d r i e d   o r g a n i c   l a y e r   was  e v a p o r a t e d   and  t h e  

r e s i d u e   was  d i s s o l v e d   in  e t h e r   (300  m l ) .   Upon  c o o l i n g ,  

t he   p r o d u c t   c r y s t a l l i z e d   and  was  c o l l e c t e d ;   8 1 . 8   g,  mp 

1 3 3 - 1 3 7 ° .  

PREPARATION  1 0  

@ - ( c i s - 3 - a m i n o - 2 - b r o m o m e t h y l - 4 - o x o a z e t i d i n y l ) - @ - t h i o -  
a c e t o x y a c e t i c   a c i d  

A  s o l u t i o n   of   t h e   p r o d u c t   f rom  P r e p a r a t i o n   9  ( 8 . 5  

g,  0 . 0 1 6   mol)   in  d r y   t e t r a h y d r o f u r a n   (140  ml)  was  d r i e d  



o v e r   m o l e c u l a r   s i e v e s   (4A)  u n d e r   n i t r o g e n   fo r   30  m i n u t e s  

a t   0 ° .   To  t h i s   s o l u t i o n   was  a d d e d   d r y   p y r i d i n e   ( 3 . 2   g ,  
0 . 0 4   mol)   f o l l o w e d   by  the   d r o p w i s e   a d d i t i o n   of  d i s t i l l e d  

t h i o n y l   c h l o r i d e   ( 3 . 8   g,  0 . 0 3 2   m o l ) .   A f t e r   s t i r r i n g   a t   0 °  

f o r   45  m i n u t e s ,   t h e   s o l u t i o n   was  c o o l e d   to  - 1 5 °   a n d  

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

( 5 . 5   g,  0 . 0 4 8   mol)   and  d r y   d i m e t h y l f o r m a m i d e   (140  m l )  

w h i c h   had  b e e n   d r i e d   o v e r   m o l e c u l a r   s i e v e s   (4A)  f o r   o n e  

h o u r .   The  r e a c t i o n   was  s t i r r e d   a t   - 1 5 0   f o r   one  h o u r   a n d  

t h e n   a t   0°  f o r   two  h o u r s .   The  s o l v e n t s   we re   r e m o v e d   i n  

v a c u o   and  the   r e s i d u e   d i s s o l v e d   in  e t h y l   a c e t a t e .   T h e  

o r g a n i c   s o l u t i o n   was  w a s h e d   w i t h   d i l u t e   HC1,  5%  N a H C 0 3 ,  
w a t e r   and  s a t u r a t e d   b r i n e .   The  d r i e d   o r g a n i c  p h a s e   w a s  

c o n c e n t r a t e d   in  v a c u o   and  the   r e s i d u e   was  d i s s o l v e d   i n  

e t h e r .   The  d r o p w i s e   a d d i t i o n   of   p e t r o l e u m   e t h e r   and  c o o l -  

ing   r e s u l t e d   in  t h e   f o r m a t i o n   of  w h i t e   s o l i d   p r o d u c t   w h i c h  

was  c o l l e c t e d   and  w a s h e d   w i t h   e t h e r ;   6 . 3 5   g  ( 6 9 % ) .  

For   20  m i n u t e s   g a s e o u s   HC1  was  p a s s e d   t h r o u g h   a  

H2S04  t r a p   and  t h e n   was  b u b b l e d   i n t o   d r y   n i t r o m e t h a n e  

(10  ml)  w h i c h   was  c o o l e d   in  an  i c e   b a t h .   To  t h i s   s o l u t i o n  

was  a d d e d   the   a b o v e   p r o d u c t   ( 0 . 5 7   g,  1  mmol)  and  t h e   r e a c -  

t i o n   was  s t i r r e d   f o r   30  m i n u t e s   d u r i n g   w h i c h   t i m e   a  w h i t e  

p r e c i p i t a t e   f o r m e d .   E t h e r   was  a d d e d   and  the   r e s u l t i n g  

s o l i d   was  c o l l e c t e d ,   w a s h e d   w i t h   e t h e r   and  d r i e d   to  g i v e  

t h e   t i t l e   p r o d u c t   as  i t s   h y d r o c h l o r i d e   s a l t ;   0 . 3   g  ( 8 6 % ) .  

PREPARATION  OF  11  

[ c i s - 3 - 2 - T h i e n y l a c e t a m i d o - 2 - b r o m o m e t h - 1 - 4 - o x a z e t i d i n y l ] -  
t h i o a c e t o x y a c e t i c   a c i d  

To  a  c o l d   (0°C)  s o l u t i o n   of  t h e   p r o d u c t   of  P r e p a -  

r a t i o n   10  ( 0 . 3 5   g,  1  mmol)  in  d r y   c h l o r o f o r m   (25  ml)  w a s  

a d d e d   d i i s o p r o p y l e t h y l a m i n e   ( 0 . 4 3   g,  33  mmol)  f o l l o w e d   b y  

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

a c i d   c h l o r i d e   ( 0 . 1 7 6   g ,   11  m m o l ) .   R e a c t i o n   s o l u t i o n   w a s  

s t i r r e d   a t   0°C  f o r   3  h o u r s   and  t h e n   was  e x t r a c t e d   w i t h   3N 

HCl  f o l l o w e d   by  5%  NaHC03.   The  b a s i c   a q u e o u s   e x t r a c t  



was  a c i d i f i e d   to  pH  1 .5   w i t h   d i l u t e   HC1  and  e x t r a c t e d  

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

c o m b i n e d ,   d r i e d ,   c o n c e n t r a t e d   to  o n e - t h i r d   of   t h e   v o l u m e  

w h i c h   was  a d d e d   to  s t i r r i n g   p e t r o l e u m   e t h e r   and  t h e   p r e -  

c i p i t a t e d   p r o d u c t   was  c o l l e c t e d   (300  mg) .   An  a n a l y t i c a l  

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

PREPARATION  12  

B e n z y l   @ - ( c i s - 3 - p h e n o x y a c e t a m i d o - 2 - i o d o m e t h y l - 4 - o x o -  
a z e t i d i n y l ) - @ - ( t r i p h e n y l m e t h y l t i o ) a c e t a t e  

To  a  s t i r r e d   s o l u t i o n   of   c o m p o u n d   f rom  P r e p a r a -  

t i o n   13  ( 3 . 7 1   g,   7 . 0 8   mmol)  in  t e t r a h y d r o f u r a n   (50  ml)  a t  

- 1 5 °   u n d e r   an  a r g o n   a t m o s p h e r e   was  a d d e d   p y r i d i n e   ( 0 . 6 4 2  

ml ,   7 . 9 5   mmol)  and  t h i o n y l   c h l o r i d e   ( 0 . 5 6 8   ml ,   7 . 9 5  

m m o l ) .   The  r e a c t i o n   was  s t i r r e d   f o r   15  m i n u t e s   and  t h e n   a  

s u s p e n s i o n   of  s o d i u m   t r i p h e n y l m e t h y l m e r c a p t i d e   ( 1 7 . 5   m m o l )  

in  t e t r a h y d r o f u r a n   (24  ml)  was  a d d e d .   The  m i x t u r e   w a s  

s t i r r e d   f o r   15  m i n u t e s   a t   - 1 8 °   and  t h e n   a l l o w e d   to  warm  t o  

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

r e m o v e d   and  the   r e s i d u e   p a r t i t i o n e d   b e t w e e n   w a t e r   a n d  

e t h y l   a c e t a t e .   The  a q u e o u s   p h a s e   was  e x t r a c t e d   w i t h   e t h y l  

a c e t a t e   and  t he   c o m b i n e d   o r g a n i c   p h a s e s   we re   w a s h e d   w i t h  

b r i n e ,   d r i e d ,   and  e v a p o r a t e d .   The  r e s u l t i n g   r e s i d u e   w a s  

c h r o m a t o g r a p h e d   on  s i l i c a   g e l   (300  g)  to   g i v e   2 .5   g  o f  

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

a c e t a t e - h e x a n e   g a v e   a  w h i t e   c r y s t a l l i n e   p r o d u c t ,   2 . 0 1   g  

( 3 6 % ) ,   mp  1 5 5 - 7 °   ( d e c . ) .  

PREPARATION  1 3  

B e n z y l   ( c i s - 3 - P h e n o x y a c e t a m i d o - 2 - i o d o m e t h y l - 4 - o x o -  
a z e t i d i n y l ) - @ - h y d r o x y a c e t i c   a c i d  

To  a  s u s p e n s i o n   of   c i s - 3 - p h e n o x y a c e t a m i d o - 4 - o x o -  

2 - a z e t i d i n e m e t h y l   i o d i d e   ( 5 . 0 0   g,   0 . 0 1 4   mol)   and  f r e s h l y  

d i s t i l l e d   b e n z y l   g l y o x y l a t e   ( 1 1 . 4   g,  0 . 0 6 9 5   mol)   i n  

a n h y d r o u s   t e t r a h y d r o f u r a n   (100  ml)  a t   23°C  u n d e r   an  a t m o -  

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



f l u o r i d e   e t h e r a t e   ( 3 . 4 2   ml ,   0 . 0 2 7 8   m o l ) .   A f t e r   45  m i n u t e s  

a t   23°C  t h e   r e a c t i o n   m i x t u r e   was  p o u r e d   i n t o   a  s o l u t i o n   o f  

s o d i u m   b i c a r b o n a t e   ( 2 . 5   g)  in  w a t e r   (25  m l ) .   The  r e a c t i o n  

was  e x t r a c t e d   w i t h   e t h y l   a c e t a t e   and  t h e   p r o d u c t   i s o l a t e d  

in  t he   u s u a l   way  to  g i v e   c r u d e   m a t e r i a l   (16  g)  w h i c n   w a s  

d i s s o l v e d   in  d i c h l o r o m e t h a n e   and  a l l o w e d   to  c r y s t a l l i z e  

o v e r n i g h t   a t   - 2 3 ° C .   The  s o l u t i o n   was  f i l t e r e d   and  t h e  

c r y s t a l s   d r i e d   to  g i v e   a  w h i t e   c r y s t a l l i n e   s o l i d ;   2 .6   g ,  

mp  1 5 9 - 1 6 0 . 5 ° .   The  m o t h e r   l i q u o r s   were   c o m b i n e d   a n d  

c h r o m a t o g r a p h e d   on  s i l i c a   g e l   to  a f f o r d   a d d i t i o n a l   s e m i -  

c r y s t a l l i n e   p r o d u c t   ( 3 . 7 1   g ) .   The  c r y s t a l l i n e   m a t e r i a l  

was  a  s i n g l e   d i a s t e r e o i s o m e r   w h i l e   t h e   m a t e r i a l   i s o l a t e d  

by  c h r o m a t o g r a p h y   was  a  m i x t u r e   of  d i a s t e r e o i s o m e r s .  

PREPARATION  14  

S o d i u m   a - [ c i s - 3 - ( 2 ' - T h i e n y l a c e t a m i d o ) - 2 - i o d o m e t h y l - 4 - o x o -  
1 - a z e t i d i n y l ] - @ - t h i o a c e t o x y a c e t a t e  

To  a  s u s p e n s i o n   of  1 . 7 8   g  ( 5 . 0 8   mmol)  of  c i s - 3 -  

( 2 ' - t h i e n y l a c e t a m i d o ) - 4 - o x o - 2 - a z e t i d i n y l m e t h y l   i o d i d e  

( B e l g i a n   P a t e n t   No.  8 4 1 , 2 3 4 )   and  2 . 6 6   g  ( 1 6 . 2   mmol)  o f  

f r e s h l y   d i s t i l l e d   b e n z y l   g l y o x y l a t e   in  44  ml  of  a n h y d r o u s  

t e t r a h y d r o f u r a n   u n d e r   an  a r g o n   a t m o s p h e r e   is  a d d e d   1 . 3 1   m l  

( 1 0 . 6   mmol)  of  f r e s h l y   d i s t i l l e d   b o r o n .  t r i f l u o r i d e  

e t h e r a t e .   The  r e a c t i o n   m i x t u r e   is  s t i r r e d   at   a m b i e n t   t e m -  

p e r a t u r e   fo r   1 . 2 5   h o u r s ,   p o u r e d   i n t o   a q u e o u s   NaHC03  a n d  

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

a r e   d i s t i l l e d   in  v a c u o   to  g i v e   4 .5   g  of   c l e a r   o r a n g e   gum 

w h i c h   was  r a p i d l y   c h r o m a t o g r a p h e d   o n  a   c o l u m n   of   90  g  o f  

s i l i c a   g e l   w i t h   m e t h y l e n e   c h l o r i d e   and  20%  e t h y l   a c e t a t e  

in  m e t h y l e n e   c h l o r i d e   as  e l u a n t s   to  g i v e   t h e   c o n d e n s a t i o n  

p r o d u c t s ,   1 . 6 6   g  ( 6 4 % ) .  

The  a b o v e   p r o d u c t   is  r e a c t e d   w i t h   p y r i d i n e   a n d  

t h i o n y l   c h l o r i d e   a t   - 2 0 °   f o r   45  m i n u t e s   and  t h e n   w i t h  

p o t a s s i u m   t h i o l a c e t a t e ,   a l l   a c c o r d i n g   to  t he   p r o c e d u r e  

g i v e n   in  P r e p a r a t i o n   10  to  g i v e   t h e   t h i o a c e t o x y   p r o d u c t .  



R e c r y s t a l l i z a t i o n   f r o m   e t h y l   a c e t a t e - h e x a n e   g a v e   t h e   b e n z y l  
e s t e r   of   t h e   t h i o a c e t o x y   d e r i v a t i v e   as  a  w h i t e   c r y s t a l l i n e  
s o l i d ,   mp  1 5 9 - 6 2 ° .  

A  s o l u t i o n   of   1 . 0 5   g  ( 7 . 6   mmol)  of   a n h y d r o u s  

p o t a s s i u m   c a r b o n a t e   in  50  ml  of  w a t e r   i s   d e o x y g e n a t e d   a n d  

c o o l e d   to  0°  u n d e r   a r g o n .   To  t h i s   m i x t u r e   i s   a d d e d   a  
s o l u t i o n   of   0 . 7 9 6   g  ( 1 . 3 9   mmol)  of  a b o v e   b e n z y l   e s t e r   i n  

36  ml  o f   t e t r a h y d r o f u r a n .   The  r e a c t i o n   is   d e o x y g e n a t e d  

a g a i n   and  s t i r r e d   a t   0°  f o r   c a .   5  m i n u t e s   and  t h e n   w i t h o u t  

c o o l i n g   f o r   a  t o t a l   of  1  h o u r .   The  m i x t u r e   is   p o u r e d   i n t o  

200  ml  o f   e t h y l   a c e t a t e   and  e x t r a c t e d   w i t h   5%  a q .  

NaHC03,   w a t e r   and  b r i n e .   The  a q u e o u s   e x t r a c t s   a r e   c o m -  

b i n e d ,   a c i d i f i e d   to  pH  2  w i t h   c o n c .   H 3 P 0 4 ,   and  t h e n  

s a t u r a t e d   w i t h   N a C l .   The  a q u e o u s   s o l u t i o n   is  e x t r a c t e d  

w i t h   e t h y l   a c e t a t e .   The  d r i e d   e x t r a c t s   a r e   e v a p o r a t e d   t o  

g i v e   0 . 4 9 3   g  (73%)  of   c r u d e   a c i d   w h i c h   is   c h r o m a t o g r a p h e d  

on  s i l i c a   g e l   w i t h   an  e l u a n t   of  7 0 : 2 3 : 5 : 2   e t h y l   a c e t a t e :  

a c e t o n e : m e t h a n o l : w a t e r .   The  a c i d   i s   c o n v e r t e d   to  i t s  

s o d i u m   s a l t   by  t r e a t i n g   0 . 5 2 5   g  of   t he   a c i d   w i t h   80  mg 

NaHCO3  in  w a t e r   and  t h e n   l y o p h i l i z i n g   t h e   s o l u t i o n   t o  

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

EXAMPLE  1 

B e n z y l   6 β - a z i d o - 7 - o x o - 3 - t h i a - 1 - a z a b i c y c l o [ 3 . 2 . 0 ) h e p t a n e - 2 -  
c a r b o x y l a t e  

M e t h o d   A 

To  a  s t i r r e d   s o l u t i o n   of  t he   p r o d u c t   f rom  P r e p a -  

r a t i o n   6  (88  mg,  0 . 1 8 6   mmol)  d i s s o l v e d   in  d i c h l o r o m e t h a n e  

(3  ml)  a t   0°  u n d e r   a r g o n   was  a d d e d   c y c l o h e x y l a m i n e   (52  u l ,  

0 . 4 5   m m o l ) .   The  r e a c t i o n   was  s t i r r e d   a t   0°  f o r   90  m i n u t e s  

and  t h e n   a t   room  t e m p e r a t u r e   f o r   30  m i n u t e s .   The  r e a c t i o n  

s o l u t i o n   was  p a r t i t i o n e d   b e t w e e n   e t h y l   a c e t a t e   and  1N 

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

w i t h   pH  7  b u f f e r   and  b r i n e .   The  d r i e d   s o l u t i o n   was  e v a p o -  

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

s i l i c a   g e l   (10  g)  w i t h   2%  e t h y l   a c e t a t e   in  b e n z e n e   a s  

e l u a n t   to  g i v e   t h e   t i t l e   p r o d u c t ,   37  mg  (66%) ,   mp  6 8 - 6 9 ° .  



M e t h o d   B 

A  s o l u t i o n   of  t he   c o m p o u n d   f rom  P r e p a r a t i o n  4   ( 9 6  

mg,  0 . 2 2 6   mmol)  and  p y r i d i n e   (100  µ l ,   1 . 2 4   mmol)  in  t e t r a -  

h y d r o f u r a n   (5  ml)  u n d e r   an  a r g o n   a t m o s p h e r e   a t   0°  w a s  
t r e a t e d   w i t h   h y d r o g e n   s u l f i d e   f o r   20  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   f o r   90  m i n u t e s   a t   0°  and  t h e n  

p u r g e d   w i t h   n i t r o g e n .   T h e  s o l v e n t   was  r e m o v e d   and  t h e  

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

The  o r g a n i c   p h a s e   was  s e p a r a t e d ,   w a s h e d   w i t h   w a t e r   a n d  

b r i n e ,   d r i e d ,   and  e v a p o r a t e d .   The  r e s i d u e   was  c h r o m a t o g -  

r a p h e d   on  s i l i c a   g e l   (10  g)  w i t h   2%  e t h y l   a c e t a t e   i n  

b e n z e n e   as  e l u a n t   to  g i v e   t he   t i t l e   p r o d u c t ,   21  mg  ( 3 3 % ) .  

EXAMPLE  2 

B e n z h y d r y l   6 β - a z i d o - 7 - o x o - 3 - t h i a - 1 - a z a b i c y c l o [ 3 . 2 . 0 ] -  
h e p t a n e - 2 - c a r b o x y l a t e  

A  c o l d   s o l u t i o n   (0°)   of   t h i o l a c e t a t e   f rom  P r e p a -  

r a t i o n   7  (32  mg,  0 . 0 5 8   mmol)  and  a n h y d r o u s   d i c h l o r o m e t h a n e  

(1  ml)  u n d e r   an  a r g o n   a t m o s p h e r e   was  t r e a t e d   w i t h   c y c l o -  

h e x y l a m i n e   (16  u l ,   0 . 1 3 2   m m o l ) .   The  r e a c t i o n   was  s t i r r e d  

a t   0°  f o r   1  h o u r   and  t h e n   a t   22°  f o r   2  h o u r s .   The  m i x t u r e  

was  p o u r e d   i n t o   e t h y l   a c e t a t e   and  e x t r a c t e d   w i t h   d i l u t e  

a q u e o u s   s u l f u r i c   a c i d   and  t h e n   w i t h   b r i n e .   The  e t h y l  

a c e t a t e   p h a s e   was  d r i e d   and  e v a p o r a t e d   to  g i v e   a  s e m i -  

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

s i l i c a   g e l   w i t h   1%  e t h y l   a c e t a t e   in  b e n z e n e   as  e l u a n t   t o  

g i v e   t h e   p u r e   t i t l e   c o m p o u n d ,   20  mg  ( 9 1 % ) .  

EXAMPLE  3 

B e n z h y d r y l   6 β - a m i n o - 7 - o x o - 3 - t h i a - 1 - a z a b i c y c l o [ 3 . 2 . 0 ] -  
h e p t a n e - 2 - c a r b o x y l a t e  

The  c o m p o u n d   f rom  E x a m p l e   2  (65  mg,  0 . 1 7 1   m m o l )  

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

(2  ml)  in  t h e   p r e s e n c e   of  P t o 2   (130  mg)  f o r   t h r e e  

h o u r s .   The  m i x t u r e   was  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 ,   60  m g .  



EXAMPLE  4 

B e n z y l   6 β - a m i n o - 7 - o x o - 3 - t h i a - 1 - a z a b i c y c l o [ 3 . 2 . 0 ] h e p t a n e -  
2 - c a r b o x y l a t e  

The  c o m p o u n d   of  E x a m p l e   1  (35  mg,  0 . 1 1 5   mmol)  w a s  

h y d r o g e n a t e d   in  e t h y l   a c e t a t e   w i t h   P t 0 2   as  c a t a l y s t   ( 7 0  

mg)  in  t h e   same  m a n n e r   as  in  E x a m p l e   3  to   g i v e   t h e   t i t l e  

p r o d u c t ,   32  m g .  

EXAMPLE  5 

B e n z y l   6 β - p h e n y l a c e t a m i d o - 7 - o x o - 3 - t h i a - 1 - a z e b i c y c l o [ 3 . 2 . 0 ] -  
h e p t a n e - 2 - c a r b o x y l a t e  

To  a  c o l d   s o l u t i o n   (0°)   of   t he   6 - a m i n o   d e r i v a t i v e  

of   E x a m p l e   4  (56  mg,  0 . 2   mmol)  in  m e t h y l e n e   c h l o r i d e   (2  

ml)  u n d e r   a r g o n   was  a d d e d   t r i e t h y l a m i n e   ( 2 7 . 7   µ l ,   0 . 2  

mmol)  and  t h e n   p h e n y l a c e t y l   c h l o r i d e   ( 2 6 . 4   µ l ,   0 . 2   m m o l ) .  

The  r e a c t i o n   was  s t i r r e d   f o r   30  m i n u t e s   and  t h e n   t h e  

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

on  s i l i c a   g e l   (5  g)  w i t h   30%  e t h y l   a c e t a t e   in  c y c l o h e x a n e  

as  e l u a n t   to  g i v e   t h e   t i t l e   p r o d u c t ,   2 6 . 1   mg  ( 3 3 % ) .  

EXAMPLE  6 

B e n z y l   6 β - p h e n o x y a c e t a m i d o - 7 - o x o - 3 - t h i a - 1 - a z a b i c y c l o [ 3 . 2 . 0 ] -  
h e p t a n e - 2 - c a r b o x y l a t e  

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

p h e n y l a c e t y l   c h l o r i d e   in  E x a m p l e   5  g i v e s   t h e   t i t l e   c o m -  

p o u n d .   The  p r o d u c t   was  p u r i f i e d   by  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   w i t h   10%  e t h y l   a c e t a t e   in  b e n z e n e   as  e l u a n t ,   1 1  

mg  ( 2 4 % ) .  

EXAMPLE  7 

B e n z h y d r y l   6 β - ( 2 ' - t h i e n y l a c e t a m i d o ) - 7 - o x o - 3 - t h i a - 1 - a z a b i -  
c y c l o [ 3 . 2 . 0 ] h e p t a n e - 2 - c a r b o x y l a t e  

The  6 - a m i n o   b e n z h y d r y l   e s t e r   of   E x a m p l e   3  (60  m g ,  

0 . 1 7   mmol)  was  a c y l a t e d   in  d i c h l o r o m e t h a n e   w i t h   2 ' -  

t h i e n y l a c e t y l   c h l o r i d e   ( 1 4 . 2   u l ,   0 . 1 2   mmol)  in  t h e  



p r e s e n c e   of   t r i e t h y l a m i n e   ( 1 6 . 5   µ l ,   0 . 1 2   mmol)  a l l   a c c o r d -  

ing  to  t he   p r o c e d u r e   of   E x a m p l e   5.  C r u d e   p r o d u c t   w a s  

c h r o m a t o g r a p h e d   on  s i l i c a   g e l   and  e l u t e d   w i t h   10%  e t h y l  

a c e t a t e - b e n z e n e   to  g i v e   t he   t i t l e   p r o d u c t ,   2 0 . 3   mg  ( 3 6 % ) .  

EXAMPLE  8 

6 β - P h e n o x y a c e t a m i d o - 7 - o x o - 3 - t h i a - 1 - a z a b i c y c l o [ 3 . 2 . 0 ] -  
h e p t a n e - 2 - c a r b o x y l i c   a c i d   s o d i u m   s a l t  

A  s o l u t i o n   of  b e n z y l   e s t e r   in  E x a m p l e   6  (102  m g ,  
0 . 2 4 8   mmol)  in  50%  a q u e o u s   t e t r a h y d r o f u r a n   (1  ml)  w a s  

c o o l e d   to  0°  u n d e r   a r g o n   and  t r e a t e d   d r o p w i s e   w i t h   0 . 1 N  

NaOH  (1  m l ) .   A d d i t i o n a l   NaOH  was  a d d e d   a f t e r   5  m i n u t e s   ( 1  

ml)  and  a f t e r   10  m i n u t e s   ( 0 . 4 8   m l ) .   The  r e a c t i o n   w a s  

s t i r r e d   f o r   30  m i n u t e s   a t   0°  and  t h e n   was  w a s h e d   w i t h  

e t h e r   (3  x  1  m l ) .   U n r e a c t e d   s t a r t i n g   m a t e r i a l   was  r e m o v e d  

by  e x t r a c t i o n   w i t h   e t h y l   a c e t a t e .   The  r e s u l t i n g   a q u e o u s  

s o l u t i o n   was  l y o p h i l i z e d   to  g i v e   t he   t i t l e   p r o d u c t ,   2 7 . 2  

mg  ( 3 2 % ) .  

EXAMPLE  9 

6 β - ( 2 ' - T h i e n y l a c e t a m i d o ) - 7 - o x o - 3 - t h i a - 1 - a z a b i c y c l o [ 3 . 2 . 0 ] -  
h e p t a n e - 2 - c a r b o x y l i c   a c i d  

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

P r e p a r a t i o n   11  (100  mg,  0 . 2 2   mmol)  and  d i c h l o r o m e t h a n e   ( 2 0  

ml)  w a s . t r e a t e d   w i t h   c y c l o h e x y l a m i n e   ( 0 . 5   ml ,   4 . 3 6   m m o l )  

a t   0°  f o r   2 .5   h o u r s   u n d e r   a r g o n .   The  s o l v e n t  w a s   e v a p o -  

r a t e d   and  h e x a n e   was  a d d e d   to  t he   r e s i d u e .   The  r e s u l t i n g  

p r e c i p i t a t e   was  t r i t u r a t e d   w i t h   h e x a n e   and  e t h e r   to  g i v e  

96  mg  of  p r o d u c t   w h i c h   c o n t a i n e d   some  s t a r t i n g   m a t e r i a l .  

The  c r u d e   p r o d u c t   was  s u s p e n d e d   in  d i c h l o r o m e t h a n e   (20  m l )  

and  s t i r r e d   a t   0°  u n d e r   a r g o n   w i t h   c y c l o h e x y l a m i n e   ( 0 . 5  

ml)  f o r   5  h o u r s .   The  s o l u t i o n   was  w o r k e d   up  a g a i n   as  d e s -  

c r i b e d   a b o v e   to  g i v e   t he   c y c l o h e x y l a m i n e   s a l t   of  t he   t i t l e  

c o m p o u n d   as  a  w h i t e   p o w d e r ,   85  mg.  The  p r o d u c t   a s s a y e d  

f o r   0 . 9 6   mol  of  N a B r .  



In  a  s i m i l a r   m a n n e r   t he   i o d o t h i o a c e t a t e   d e r i v a -  

t i v e   of   P r e p a r a t i o n   14  was  c o n v e r t e d   to  t h e   t i t l e   c o m p o u n d  

by  t he   p r o c e d u r e   s e t   f o r t h   a b o v e .  

EXAMPLE  1 0  

B e n z y l   6 8 - p h e n o x y a c e t a m i d o - 7 - o x o - 3 - t h i a - l - a z a b i c y c l o -  
[ 3 . 2 . 0 ] h e p t a n e - 2 - c a r b o x y l a t e  

To  a  s o l u t i o n   of  a  c o m p o u n d   f rom  t h e   P r e p a r a t i o n  

13  ( 0 . 2 3 3   g,   0 . 4 4 5   mmol)  in  a n h y d r o u s   t e t r a h y d r o f u r a n   ( 1 0  

ml)  a t   - 2 0 °   u n d e r   an  a r g o n   a t m o s p h e r e   was  a d d e d   a n h y d r o u s  

p y r i d i n e   (71  µ l ,   0 . 8 8   mmol)  and  t h i o n y l   c h l o r i d e   (63  u l ,  

0 . 8 8   m m o l ) .   The  r e a c t i o n   was  s t i r r e d   f o r   20  m i n u t e s   w i t h  

c o n t i n u e d   c o o l i n g   and  t h e   e x c e s s   r e a g e n t s   we re   r e m o v e d   i n  

v a c u o .   The  r e s i d u e   was  d i s s o l v e d   in  a n h y d r o u s   d i c h l o r o -  

m e t h a n e   (8  ml)  and  t r e a t e d   w i t h   a  s o l u t i o n   of   t e t r a m e t h y l -  

g u a n i d i n i u m   h y d r o s u l f i d e   ( 0 . 3 9 6   g,  2 . 6 6   mmol)  and  a n h y -  

d r o u s   p y r i d i n e   (35  µ l ,   0 . 4 3   mmol)  in  a n h y d r o u s   d i c h l o r o -  

m e t h a n e   (25  ml)  w h i c h   had  b e e n   c o o l e d   to  - 7 8 °   u n d e r   a n  

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

warm  to  - 1 0 °   o v e r   a  p e r i o d   of  one  h o u r   and  t h e n   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   0 . 5   h o u r .   The  r e a c t i o n  

m i x t u r e   was  e x t r a c t e d   w i t h   w a t e r ,   d i l u t e   HCl ,   d i l u t e  

NaHCO3,  and  b r i n e .   The  d r i e d   o r g a n i c   p h a s e   was  e v a p o -  

r a t e d   and  t h e   r e s i d u e   c h r o m a t o g r a p h e d   on  s i l i c a   g e l   w i t h  

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

EXAMPLE  1 1  

B e n z y l   6 β - p h e n o x y a c e t a m i d o - 7 - o x o - 3 - t h i a - 1 - a z a b i c y c l o -  
[ 3 . 2 . 0 ] - h e p t a n e - 2 - c a r b o x y l a t e  

M e t h o d   A 

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

P r e p a r a t i o n   12  ( 7 8 . 2   mg,  0 . 1   mmol)  and  d i c h l o r o m e t h a n e   (2  

ml)  was  t r e a t e d   a t   room  t e m p e r a t u r e   u n d e r   a r g o n   w i t h  

p y r i d i n e   (16  µ l ,   0 . 2   mmol)  and  a  s o l u t i o n   of   s i l v e r  

f l u o r o b o r a t e   (75  mg,  0 .4   mmol)  in  b e n z e n e   (2  m l ) .   T h e  



r e a c t i o n   w a s  s t i r r e d   f o r   30  m i n u t e s   and  t h e n   h y d r o g e n  
s u l f i d e   was  p a s s e d   o v e r   t h e   s o l u t i o n   f o r   10  m i n u t e s .  

A f t e r   s t i r r i n g   an  a d d i t i o n a l   t w e n t y   m i n u t e s ,   t h e   m i x t u r e  

was  f l u s h e d   w i t h   a r g o n   and  t he   s o l i d s   w e r e   r e m o v e d .   T h e  

f i l t r a t e   was  e v a p o r a t e d   to  g i v e   a  r e s i d u e   w h i c h   w a s  

c h r o m a t o g r a p h e d   on  s i l i c a   g e l   w i t h   20%  e t h y l   a c e t a t e   i n  

b e n z e n e   as  e l u a n t   to  g i v e   t h e   t i t l e   p r o d u c t   (18  m g ) .  

M e t h o d   B 

The  c o m p o u n d   of  P r e p a r a t i o n   12  (731  mg,  0 . 9 3 5  

mmol)  was  d i s s o l v e d   in  d i c h l o r o m e t h a n e   (30  ml)  and  a n i s o l e  

(4  m l ) ,   c o o l e d   to  0°  u n d e r   a r g o n   and  t r e a t e d   w i t h   t r i -  

f l u o r o a c e t i c   a c i d   (36  m l ) .   The  m i x t u r e   was  s t i r r e d   a t   0 °  

f o r   20  m i n u t e s   and  t h e n   was  a d d e d   r a p i d l y   to  a  c o l d  

m i x t u r e   of  a q u e o u s   NAHCO3  l a y e r e d   w i t h   e t h y l   a c e t a t e .  

The  l a y e r s   we re   s e p a r a t e d   and  t h e   a q u e o u s   l a y e r   was  r e -  

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

we re   w a s h e d   w i t h   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  

p r o d u c t   w h i c h   was  c h r o m a t o g r a p h e d   on  s i l i c a   g e l   (100  g ) .  

E l u t i o n   w i t h   an  e t h y l   a c e t a t e - c y c l o h e x a n e   g r a d i e n t   g a v e  

t h e   t i t l e   p r o d u c t ,   273  mg.  R e p e a t e d   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   w i t h   20%  e t h y l   a c e t a t e   in  b e n z e n e   as  e l u a n t  

g a v e   p u r e   c o m p o u n d ,   '102  mg  ( 2 6 % ) .  

M e t h o d   C 

A  s t i r r e d   s o l u t i o n   of  t r i t y l m e r c a p t o - d e r i v a t i v e  

of   P r e p a r a t i o n   12  (23  mg,  0 . 0 3   m m o l ) ,   m e t h a n o l   (2  ml)  a n d  

d i c h l o r o m e t h a n e   (2  ml)  was  t r e a t e d   a t   room  t e m p e r a t u r e  

u n d e r   a r g o n   w i t h   m e r c u r i c   a c e t a t e   ( 1 3 . 4   mg,  0 . 0 4 2   m m o l ) .  

The  r e a c t i o n   was  s t i r r e d   f o r   30  m i n u t e s   a n d  t h e n   h y d r o g e n  

s u l f i d e   was  p a s s e d   o v e r  t h e   s o l u t i o n .   A  r a p i d   c h r o m a t o g -  

r a p h y   on  s i l i c a   g e l   (1  g)  w i t h   10%  e t h y l   a c e t a t e   a n d  

b e n z e n e   as  e l u a n t   g a v e   8  mg  of  a  p r o d u c t   w h i c h   t l c  

a n a l y s i s   s h o w e d   to  be  a  m i x t u r e   of  3  c o m p o n e n t s ,   one  o f  

w h i c h   was  t h e   t i t l e   c o m p o u n d .  



EXAMPLE  12  

B e n z y l   6 β - p h e n o x y a c e t a m i d o - 7 - o x o - 3 - t h i a - 1 - a z a b i c y c l o -  
[ 3 . 2 . 0 j h e p t a n e - 2 - c a r b o x y l a t e  

A  s t i r r e d   s o l u t i o n   of  h y d r o x y   d e r i v a t i v e   o f  

P r e p a r a t i o n   13  (100  mg,  0 . 1 9   mmol)  and  d ry   t e t r a h y d r o f u r a n  

( 2 . 0   ml)  was  c o o l e d   to  - 1 0 °   and  t r e a t e d   w i t h   p y r i d i n e  

( 4 3 . 2   u l ,   0 . 5 5   mmol)  and  t h i o n y l   c h l o r i d e   ( 3 8 . 9   u l ,   0 . 5 5  

m m o l ) .   The  r e a c t i o n   was  s t i r r e d   f o r   20  m i n u t e s   and  t h e  

s o l v e n t s   w e r e   e v a p o r a t e d .   The  r e s i d u e   was  a d d e d   to   a  

m i x t u r e   of  p y r i d i n e   ( 4 3 . 2   µ l ,   0 . 5 5   m m o l ) ,   s o d i u m   h y d r o -  

s u l f i d e   ( 1 1 . 2   mg,  0 . 2   mmol)  and  d i m e t h y l f o r m a m i d e   (1  m l )  

w h i c h   was  c o o l e d   to  - 1 0 ° .   The  r e a c t i o n   m i x t u r e   was  w a r m e d  

to  room  t e m p e r a t u r e   and  t h e   s o l v e n t s   w e r e   r e m o v e d .   T h e  

r e s i d u e   was  d i s s o l v e d   in  e t h y l   a c e t a t e   and  t he   r e s u l t i n g  

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

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

h e x a n e   was  a d d e d   to  p r e c i p i t a t e   a  s o l i d ,   36  mg.  T h e  

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

s i l i c a   g e l   ( 0 . 5   g)  w i t h   2%  e t h y l   a c e t a t e   in  d i c h l o r o -  

m e t h a n e   as  e l u a n t   to  g i v e   t h e   t i t l e   p r o d u c t ,   1 2 . 3   mg  ( 1 6 % ) .  

The  t i t l e   c o m p o u n d   was  a l s o   p r e p a r e d   by  d i s s o l v -  

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

a n h y d r o u s   d i m e t h y l f o r m a m i d e   ( 1 . 5   ml)  and  c o o l i n g   to   - 2 0 ° .  

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

d i m e t h y l f o r m a m i d e   s o l u t i o n   ( 0 . 7   ml)  w h i c h   was  p r e p a r e d   a s  

f o l l o w s :  

A  m i x t u r e   of   s o d i u m   s u l f i d e   n o n a h y d r a t e   ( 0 . 5 4 6   g )  

and  s u l f u r   ( 0 . 0 7 3   g,   2 . 2 8   mmol)  and  95%  e t h a n o l   ( 6 . 7   m l )  

was  r e f l u x e d   f o r   30  m i n u t e s ,   c o o l e d   s l i g h t l y   and  d i m e t h y l  

f o r m a m i d e   (6  ml)  was  a d d e d .   The  m i x t u r e   was  a g a i n   h e a t e d  

to  r e f l u x   and  5 . 5   ml  of   d i s t i l l a t e   was  r e m o v e d   to   g i v e   t h e  

d e s i r e d   s o l u t i o n .  

The  r e a c t i o n   was  s t i r r e d   a t   - 2 3 °   o v e r n i g h t   a n d  

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

The  a q u e o u s   e x t r a c t s   we re   w a s h e d   w i t h   e t h y l   a c e t a t e   w h i c h  

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



E v a p o r a t i o n   of   t h e   o r g a n i c   p h a s e  i n   v a c u o   gave   a  s o l i d  

p r o d u c t   (56  mg)  w h i c h   was  p u r i f i e d   by  p r e p a r a t i v e   t h i n  

l a y e r   of   c h r o m a t o g r a p h y   ( s i l i c a   g e l ,   20  x  20  cm,  0 .5   mm, 
20%  e t h y l   a c e t a t e - b e n z e n e )   to   g i v e   s o l i d   p r o d u c t ,   32  mg 

(71%) .   R e c r y s t a l l i z a t i o n   f rom  e t h y l   a c e t a t e - h e x a n e   g a v e  

an  a n a l y t i c a l   s a m p l e ,   mp  1 1 8 - 1 2 0 . 5 ° .  

EXAMPLE  13  

B e n z y l   6 β - p h e n o x y a c e t a m i d o - 7 - o x o - 3 - t h i a - 1 - a z a b i c y c l o -  
[ 3 . 2 . 0 ] h e p t a n e - 2 - c a r b o x y l a t e  

To  a  s o l u t i o n   of   b e n z y l   a - ( c i s - 3 - p h e n o x y -  

a c e t a m i d o - 2 - i o d o m e t h y l - 4 - o x o a z e t i d i n y l ) - a - h y d r o x y a c e t a t e  

( 0 . 1   g,  0 . 1 9   mmol)  in  a n h y d r o u s   t e t r a h y d r o f u r a n   ( 4 . 0   m l )  

a t   - 0 ° C   u n d e r   an  a r g o n   a t m o s p h e r e   was  a d d e d   a n h y d r o u s  

p y r i d i n e   ( 1 5 . 4   u l ,   0 . 1 9   mmol)  f o l l o w e d   by  t h i o n y l   c h l o r i d e  

( 1 3 . 7   µ l ,   0 . 1 9 1   m m o l ) .   The  r e a c t i o n   was  s t i r r e d   f o r   40  

m i n u t e s   and  t h e n   the   r e a g e n t s   were   r e m o v e d   by  d i s t i l l a t i o n  

a t   r e d u c e d   p r e s s u r e .   The  r e s i d u e   was  d i s s o l v e d   in  d i -  

m e t h y l f o r m a m i d e   (3  ml)  and  c o o l e d   to  0°  u n d e r   a r g o n   a n d  

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

b e n z y l m e r c a p t a n   w h i c h   was  p r e p a r e d   by  s u s p e n d i n g   s o d i u m  

h y d r i d e   (19  mg,  0 . 4 5  m m o l ,   57%  o i l   d i s p e r s i o n )   i n  

a n h y d r o u s   t e t r a h y d r o f u r a n ,   a d d i n g   t h e   m e r c a p t a n   (55  µ l ,  

0 . 3 9   m m o l ) ,   r e m o v i n g   t h e   t e t r a h y d r o f u r a n   by  d i s t i l l a t i o n  

o n c e   h y d r o g e n   e v o l u t i o n   had  c e a s e d ,   and  d i s s o l v i n g   t h e  

r e s i d u e   in  d i m e t h y l f o r m a m i d e   (1  m l ) .   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   0°  f o r   f o u r   h o u r s   and  t h e n   p o u r e d   i n t o  

e t h y l   a c e t a t e   and  e x t r a c t e d   s e v e r a l   t i m e s   w i t h   w a t e r .   T h e  

o r g a n i c   p h a s e   was  d r i e d   and  e v a p o r a t e d   to  g i v e   t h e  

p - m e t h o x y b e n z y l m e r c a p t o   d e r i v a t i v e   w h i c h   was  p u r i f i e d   b y  

p r e p a r a t i v e   t h i n   l a y e r   of   c h r o m a t o g r a p h y   ( s i l i c a   g e l   G ,  

20%  e t h y l   a c e t a t e - b e n z e n e ) ,   80  mg  ( 7 2 % ) .  

A  m i x t u r e   of  t he   a b o v e   p r o d u c t   (52  mg,  0 . 0 8 9  

m m o l ) ,   m e r c u r i c   a c e t a t e   (124  mg,  0 . 3 8 9   m m o l ) ,   d i c h l o r o -  

m e t h a n e   ( 0 . 4   ml)  and  m e t h a n o l   ( 1 . 3   ml)  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   an  a r g o n   a t m o s p h e r e   f o r   18  h o u r s .   E t h e r  



was  a d d e d   and  t he   r e a c t i o n   m i x t u r e   was  f i l t e r e d .   T h e  

r e s u l t i n g   s o l i d   was  s u s p e n d e d   in  d i c h l o r o m e t h a n e   (5  m l )  
and  c o o l e d   to  0° .   H y d r o g e n   s u l f i d e   was  b u b b l e d   t h r o u g h  
t h e   m i x t u r e   f o r   40  m i n u t e s   a t   0°  and  t h e n   t h e   s o l u t i o n   w a s  
f l u s h e d   w i t h   n i t r o g e n .   The  s u s p e n s i o n   was  f i l t e r e d   t o  

r e m o v e   t h e   m e r c u r y   s u l f i d e   and  t h e   f i l t r a t e   was  c o n c e n -  
t r a t e d   to   g i v e   a  r e s i d u e   w h i c h   was  c h r o m a t o g r a p h e d   o n  

p r e p a r a t i v e   t h i n   l a y e r   p l a t e s   ( s i l i c a   g e l   G,  20%  e t h y l  

a c e t a t e - b e n z e n e )   to  g i v e   t h e   t i t l e   p r o d u c t .  

EXAMPLE  14  

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

a z e t i d i n y l ) t h i o a c e t o x y a c e t i c   a c i d   h y d r o c h l o r i d e   i s  

a c y l a t e d   by  s t a n d a r d   a c y l a t i o n   m e t h o d s   known  in  t h e   a r t  

w i t h   t he   a p p r o p r i a t e   c a r b o x y l i c   a c i d   or  an  a c t i v a t e d  

d e r i v a t i v e   t h e r e o f   in  w h i c h   any  s e n s i t i v e   g r o u p ( s )   a r e  

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

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

g r o u p ( s ) :  

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

a z e t i d i n y l ] t h i o a c e t o x y a c e t i c   a c i d  

[ c i s - 3 - ( a - h y d r o x y p h e n y l a c e t a m i d o ) - 2 - b r o m o m e t h y l - 4 -  

o x o - 1 - a z e t i d i n y l ] t h i o a c e t o x y a c e t i c   a c i d  

[ c i s - 3 - t r i f l u o r o m e t h y l m e r c a p t o a c e t a m i d o - 2 - b r o m o -  

m e t h y l - 4 - o x o - l - a z e t i d i n y l ] t h i o a c e t o x y a c e t i c  

a c i d  

[ c i s - 3 - m e t h y l m e r c a p t o a c e t a m i d o - 2 - b r o m o m e t h y l - 4 -  

o x o - l - a z e t i d i n y l l t h i o a c e t o x y a c e t i c   a c i d  

[ c i s - 3 - m e t h y l s u l f o n y l a c e t a m i d o - 2 - b r o m o m e t h y l - 4 -  

o x o - l - a z e t i d i n y l ] t h i o a c e t o x y a c e t i c   a c i d  

[ c i s - 3 - ( 2 ' , 2 ' , 2 ' - t r i f l u o r o e t h y l s u l f i n y l a c e t a m i d o ) -  

2 - b r o m o m e t h y l - 4 - o x o - l - a z e t i d i n y l ] t h i o a c e t o x y -  

a c e t i c   a c i d  

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

a z e t i d i n y l ] t h i o a c e t o x y a c e t i c   a c i d  

[ c i s - 3 - c y a n o m e t h y l m e r c a p t o a c e t a m i d o - 2 - b r o m o m e t h y l -  

4 - o x o - l - a z e t i d i n y l ] t h i o a c e t o x y a c e t i c   a c i d  



[ c i s - 3 - ( a - c a r b o x y - 3 ' - t h i e n y l a c e t a m i d o ) - 2 - b r o m o -  

m e t h y l - 4 - o x o - l - a z e t i d i n y l ] t h i o a c e t o x y a c e t i c  

a c i d  

[ c i s - 3 - ( a - c a r b o x y p h e n y l a c e t a m i d o ) - 2 - b r o m o m e t h y l - 4 -  

o x o - l - a z e t i d i n y l ] t h i o a c e t o x y a c e t i c   a c i d  

[ c i s - 3 - ( l ' - t e t r a z o l y l a c e t a m i d o ) - 2 - b r o m o m e t h y l - 4 -  

o x o - l - a z e t i d i n y l ] t h i o a c e t o x y a c e t i c   a c i d  

[ c i s - 3 - ( 4 ' - p y r i d y l m e r c a p t o a c e t a m i d o - 2 - b r o m o m e t h y l -  

4 - o x o a z e t i d i n y l ] t h i o a c e t o x y a c e t i c   a c i d  

[ c i s - 3 - ( s y n - @ - m e t h o x y i m i n o - 2 ' - f u r y l a c e t a m i d o ) - 2 -  

b r o m o m e t h y l - 4 - o x o - l - a z e t i d i n y l ] t h i o a c e t o x y -  

a c e t i c   a c i d  

[ c i s - 3 - ( @ - o x i m i n o p h e n y l a c e t a m i d o ) - 2 - b r o m o m e t h y l - 4 -  

o x o - l - a z e t i d i n y l ] t h i o a c e t o x y a c e t i c   a c i d .  

EXAMPLE  15  

When  e a c h   p r o d u c t   of   E x a m p l e   14,   p r e f e r a b l y   a s  

i t s   s o d i u m   or  p o t a s s i u m   s a l t ,   is  t r e a t e d   w i t h   c y c l o h e x y l -  

a m i n e   by  t h e   p r o c e d u r e   s e t   f o r t h   in  E x a m p l e   9  t he   f o l l o w -  

ing  p r o d u c t s   a r e   o b t a i n e d   as  t h e i r   c y c l o h e x y l a m i n e   s a l t s :  

6 a - p h e n y l a c e t a m i d o - 7 - o x o - 3 - t h i a - l - a z a b i c y c l o -  

[ 3 . 2 . 0 ] h e p t a n e - 2 - c a r b o x y l i c   a c i d  

6 β - ( @ - h y d r o x y p h e n y l a c e t a m i d o ) - 7 - o x o - 3 - t h i a - 1 - a z a -  

b i c y c l o [ 3 . 2 . 0 ] h e p t a n e - 2 - c a r b o x y l i c   a c i d  

6 β - t r i f l u o r o m e t h y l m e r c a p t o a c e t a m i d o - 7 - o x o - 3 - t h i a -  

l - a z a b i c y c l o [ 3 . 2 . 0 ] h e p t a n e - 2 - c a r b o x y l i c   a c i d  

6 β - m e t h y l m e r c a p t o a c e t a m i d o - 7 - o x o - 3 - t h i a - 1 - a z a -  

b i c y c l o [ 3 . 2 . 0 ] h e p t a n e - 2 - c a r b o x y l i c   a c i d  

6 β - m e t h y l s u l f o n y l a c e t a m i d o - 7 - o x o - 3 - t h i a - 1 - a z a -  

b i c y c l o [ 3 . 2 . 0 ] h e p t a n e - 2 - c a r b o x y l i c   a c i d  

6 a - ( 2 ' , 2 ' , 2 ' - t r i f l u o r o e t h y l s u l f i n y l a c e t a m i d o ) - 7 -  

o x o - 3 - t h i a - 1 - a z a b i c y c l o [ 3 . 2 . 0 ] h e p t a n e - 2 -  

c a r b o x y l i c   a c i d  

6 a - c y a n o a c e t a m i d o - 7 - o x o - 3 - t h i a - l - a z a b i c y c l o -  

[ 3 . 2 . 0 ] h e p t a n e - 2 - c a r b o x y l i c   a c i d  

6 β - c y a n o m e t h y l m e r c a p t o a c e t a m i d o - 7 - o x o - 3 - t h i a - 1 -  

a z a b i c y c l o [ 3 . 2 . 0 ] h e p t a n e - 2 - c a r b o x y l i c   a c i d  



6 β - ( @ - c a r b o x y - 3 ' - t h i e n y l a c e t a m i d o ) - 7 - o x o - 3 - t h i a - 1 -  

a z a b i c y c l o [ 3 . 2 . 0 ] h e p t a n e - 2 - c a r b o x y l i c   a c i d  

6 β - ( @ - c a r b o x y p h e n y l a c e t a m i d o ) - 7 - o x o - 3 - t h i a - 1 - a z a -  

b i c y c l o [ 3 . 2 . 0 ] h e p t a n e - 2 - c a r b o x y l i c   a c i d  

6 β - ( 1 ' - t e t r a z o l y l a c e t a m i d o ) - 7 - o x o - 3 - t h i a - 1 - a z a -  

b i c y c l o [ 3 . 2 . 0 ] h e p t a n e - 2 - c a r b o x y l i c   a c i d  

6 β - ( 4 ' - p y r i d y l m e r c a p t o a c e t a m i d o ) - 7 - o x o - 3 - t h i a - 1 -  

a z a b i c y c l o [ 3 . 2 . 0 ] h e p t a n e - 2 - c a r b o x y l i c   a c i d  

6 8 - ( s y n - m e t h o x y i m i n o - 2 ' - f u r y l a c e t a m i d o ) - 7 - o x o - 3 -  

t h i a - l - a z a b i c y c l o [ 3 . 2 . 0 ] h e p t a n e - 2 - c a r b o x y l i c  

a c i d  

6 6 - ( a - o x i m i n o p h e n y l a c e t a m i d o ) - 7 - o x o - 3 - t h i a - l -  

a z a b i c y c l o [ 3 . 2 . 0 ] h e p t a n e - 2 - c a r b o x y l i c   a c i d  

EXAMPLE  1 6  

6 β - A z i d o - 7 - o x o - 3 - t h i a - 1 - a z a b i c y c l o [ 3 . 2 . 0 ] h e p t a n e - 2 -  
c a r b o x y l i c   a c i d  

The  e s t e r   f rom  E x a m p l e   1  (20  mg,  0 . 0 6 6   mmol)  w a s  

d i s s o l v e d   in   t e t r a h y d r o f u r a n   (5  ml)  and  w a t e r   (5  m l ) .   T h e  

s o l u t i o n   u n d e r   a r g o n   was  t r e a t e d   w i t h   1  ml  of   a  b a s i c  

s o l u t i o n   o f  p H   9 . 2   ( 3 . 3   g  K2CO3  and  2  g  of  NaHCO3  i n  

40  ml  w a t e r ) .   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   5 5  

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

r e m o v e d .   The  b a s i c   a q u e o u s   p h a s e   was  w a s h e d   w i t h   e t h y l  

a c e t a t e ,   a d j u s t e d   to   pH  2  w i t h   p h o s p h o r i c   a c i d   and  e x -  

t r a c t e d   w i t h   e t h y l   a c e t a t e .   The  e x t r a c t s   we re   w a s h e d   w i t h  

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   t i t l e   p r o d u c t ,  

1 1 . 7   mg  ( 8 3 % ) .  



1.  A  c o m p o u n d   of  t h e   f o r m u l a  

w h e r e  

R  i s   a c y l a m i n o ,   a z i d o ,   or  a m i n o ;   a n d  

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

c a t i o n ,   or  a  r e m o v a b l e   c a r b o x y l i c   a c i d  

p r o t e c t i n g   e s t e r .  

2.  A  c o m p o u n d   as  c l a i m e d   in   C l a i m   1  w h e r e   a c y l  

of  t h e   a c y l a m i n o   i s   X-CHCO,  Y-CH2CO,  or  Z - S ( O ) n C H 2 C O ;  
A 

X  i s  t h i e n y l ,   f u r y l ,   c y c l o h e x y l ,  c y c l o h e x e n y l ,  

c y c l o h e x a d i e n y l , .   p h e n y l   or  p h e n y l   s u b s t i t u t e d   w i t h  

one  or  two  s u b s t i t u e n t s   s e l e c t e d   f rom  t h e   g r o u p  

c o n s i s t i n g   of  l o w e r   a l k y l ,   l o w e r   a l k o x y ,   h y d r o x y ,  

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

t h i o ,   t r i f l u o r o m e t h y l ,   u r e i d o ,   f o r m a m i d o ,   a n d  

c a r b o x y m e t h y l a m i n o ;  

A  i s   h y d r o x y ,   f o r m y l o x y ,   c a r b o x y ,   s u l f o   o r  

(when  t h e   a - h y d r o g e n   i s   a b s e n t )   m e t h o x y i m i n o   o r  

o x i m i n o ;  

Y  i s   c y a n o ,   a z i d o ,   p h e n y l ,   p h e n o x y ,   or  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   r i n g   c o n t a i n i n g   c a r b o n   a n d  

1 - 4   h e t e r o   a t o m s   s e l e c t e d   f rom  t h e   g r o u p   c o n s i s t i n g  

of  n i t r o g e n ,   o x y g e n   and  s u l f u r ;  

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

m e t h y l ,   t r i f l u o r o e t h y l ,   or  c y a n o m e t h y l ;  

n  i s   0,  1  or  2;  a n d  



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

a c c e p t a b l e   c a t i o n .  

3.  A  c o m p o u n d   as  c l a i m e d   in  c l a i m   1  or  c l a i m   2  

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

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

a c e t y l ,   m e t h y l s u l f o n y l a c e t y l ,   2 , 2 , 2 - t r i f l u o r o e t h y l -  

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

a - c a r b o x y - 2 - t h i e n y l a c e t y l ,   a - c a r b o x y - 3 - t h i e n y l a c e t y l ,  

a - c a r b o x y p h e n y l a c e t y l ,   a - s u l f o p h e n y l a c e t y l ,   2 - t h i e n y l -  

a c e t y l ,   1 - t e t r a z o l y l a c e t y l ,   p h e n o x y a c e t y l ,   p h e n y l a c e t y l ,  

4 - p y r i d y l m e r c a p t o a c e t y l ,   a - s y n - m e t h o x y i m i n o ( 2 - f u r y l ) a c e t y l ,  

or  a - o x i m i n o p h e n y l a c e t y l .  

4.  6 β - P h e n o x y a c e t a m i d o - 7 - o x o - 3 - t h i a - 1 - a z a b i c y c l o -  

[ 3 . 2 . 0 ] h e p t a n e - 2 - c a r b o x y l i c   a c i d ,   and  i t s   c y c l o h e x y l a m i n e ,  

s o d i u m   or  p o t a s s i u m   s a l t .  

5.  6 β - ( 2 - T h i e n y l a c e t a m i d o ) - 7 - o x o - 3 - t h i a - 1 - a z a b i c y c l o -  

[ 3 . 2 . 0 ] h e p t a n e - 2 - c a r b o x y l i c   a c i d ,   and  i t s   c y c l o h e x y l a m i n e ,  

s o d i u m   or  p o t a s s i u m   s a l t .  

6.  A  c o m p o u n d   as  c l a i m e d   in  c l a i m   1  or  c l a i m   2  w h e r e  

R  i s   a m i n o   and  M  i s   m e t h y l ,   b e n z y l   or  b e n z h y d r y l .  

7.  B e n z y l   6 p - a m i n o - 7 - o x o - 3 - t h i a - l - a z a b i c y c l o [ 3 . 2 . 0 ] -  

h e p t a n e - 2 - c a r b o x y l a t e .  

8.  B e n z h y d r y l   6 0 - a m i n o - 7 - o x o - 3 - t h i a - l - a z a b i c y c l o -  

[ 3 . 2 . 0 ] h e p t a n e - 2 - c a r b o x y l a t e .  

9.  6 p - A z i d o - 7 - o x o - 3 - t h i a - l - a z a b i c y c l o [ 3 . 2 . 0 ] h e p t a n e -  

2 - c a r b o x y l i c   a c i d .  

10.  The  c o m p o u n d   c l a i m e d   in  c l a i m   9  in   t h e   f o rm  of  i t s  

b e n z h y d r y l   e s t e r .  



11.   The  c o m p o u n d   c l a i m e d   in  c l a i m   9  in  t he   form  o f  

i t s   b e n z y l   e s t e r .  

12.  A  p r o c e s s   f o r   p r e p a r i n g   a  c o m p o u n d   as  c l a i m e d   i n  

c l a i m   1  w h e r e   R  i s   a c y l a m i n o   or  a z i d o ,   c h a r a c t e r i s e d   i n  

t h a t   a  c o m p o u n d   of  t h e   f o r m u l a  

w h e r e  

R  i s   a c y l a m i n o   or  a z i d o ;  

X  i s   h a l o g e n ;   a n d  

M  i s   h y d r o g e n ,   a l k a l i   m e t a l   c a t i o n   or  a  r e m o v a b l e  

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

b a s e ,   and  w h e r e   a  c o m p o u n d   as  c l a i m e d   in  c l a i m   1  i s  

r e q u i r e d   w h e r e   R  i s   a m i n o ,   a  p r o t e c t i n g   a c y l   g r o u p  
of  an  a c y l a m i n o   g r o u p   R  i s   r e m o v e d .  

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

t h a t   i t   c o m p r i s e s   a  c o m p o u n d   as  c l a i m e d   in  c l a i m   1  and  a  

p h a r m a c e u t i c a l l y  a c c e p t a b l e   c a r r i e r   or  d i l u e n t .  
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