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©  Antibacterial  compositions  comprising  a  beta-lactam-type  compound  and  a  3-substituted  propenoate. 

An  antibacterial  composition  comprising  (a) 
cephaloridine  and  a  3-substituted  propenoate  of  either  of  the 
formula 

wherein  e.g.  R2  and  R3  are  hydrocarbon  radicals;  a  terminal 
hydrogen  in  R3 can  be  replaced  by  several  groups;  R'  is  hyd- 
rogen  or  C1-C6  alkyl  or  dialkylaminoalkyl,  n  is  3  to  5  and  Y  is 
heterocyclic  or  phenyl  optionally  substituted  with  hydroxyl, 
oxo,  carboxyl,  or  methyl  or  (b)  thienamycin,  N-guanyl  or 
N-formimidoyl  thienamycin  and  a  compound  of  formula  II. 
The  propenoate  compounds  prevent  nephrotoxicity  of  the 
antibiotics.  The  antibiotic  to  propenoate  weight  ratio  is  from 
about  1  to  0.1-3. 



BACKGROUND  OF  THE  INVENTION 

The  use   of  t h e   β - l a c t a m   a n t i b i o t i c   c e p h a l o -  

r i d i n e   in  man  is   a s s o c i a t e d   w i t h   a  s i g n i f i c a n t  

i n c i d e n c e   of   n e p h r o t o x i c i t y .   The  n e p h r o t o x i c  

p o t e n t i a l   of  t h i s   and  o t h e r   a n t i b i o t i c s   can  b e  

d u p l i c a t e d   in  l a b o r a t o r y   s t u d i e s   in  t h e   r a b b i t  

w h e r e i n   s i n g l e   l a r g e   d o s e s   of  t he   a n t i b i o t i c   a r e  

f o u n d   to  p r o d u c e   w i t h i n   48  h o u r s   an  e l e v a t i o n   o f  

t he   l e v e l   in  b l o o d   of  n i t r o g e n o u s   s u b s t a n c e s  

n o r m a l l y   e x c r e t e d   by  t he   k i d n e y .   S u b s e q u e n t  

m i c r o s c o p i c   e x a m i n a t i o n   of  t he   k i d n e y s   r e v e a l s  

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

l a b o r a t o r y   m o d e l ,   t h e   new  β - l a c t a m   a n t i b i o t i c   N-  

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

t o x i c   a t   d o s e   r a t e s   c o m p a r a b l e   to  t h o s e   u s e d   w i t h  

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

a n t i b i o t i c s   can  be  p r e v e n t e d   by  c o - a d m i n i s t r a t i o n  

of  a  3 - s u b s t i t u t e d   p r o p e n o a t e   of  t he   f o l l o w i n g  



F o r m u l a   I ,   b e l o w .   An  a d d i t i o n a l   g r o u p   of  c o m p o u n d s   u s e -  
f u l   i s   d e s c r i b e d   by  F o r m u l a   I I ,   a l s o   b e l o w .   The  c o m p o u n d s  
of   F o r m u l a   I :  

w h e r e i n   R2  and  R3  a r e   h y d r o c a r b o n   r a d i c a l s   in  t h e  

r a n g e   r e s p e c t i v e l y   of   3 -10   and  1 -15   c a r b o n   a t o m s .  

In  e i t h e r   of  t h e s e   h y d r o c a r b o n   r a d i c a l s   R2  and  R 3 ,  

up  to  6  h y d r o g e n s   may  be  r e p l a c e d   by  h a l o g e n s ,   o r  

a  n o n - t e r m i n a l   m e t h y l e n e   may  be  r e p l a c e d   by  o x y g e n  
or   s u l f u r ,   i n c l u d i n g   o x i d i z e d   f o r m s   of  t h e   l a t t e r .  

A  t e r m i n a l   h y d r o g e n   in  R3  can  a l s o   be  r e p l a c e d  

by  a  h y d r o x y l   or  t h i o l   g r o u p ,   w h i c h   may  be  a c y l a t e d ,  

s u c h   as  w i t h   an  a l k a n o y l   a c i d   of  1-8  c a r b o n   a t o m s ,  

or   c a r b a m o y l a t e d ,   i n c l u d i n g   a l k y l   and  d i a l k y l  

c a r b a m a t e   d e r i v a t i v e s ;   or  t he   h y d r o g e n   can  b e  

r e p l a c e d   by  an  amino  g r o u p ,   w h i c h   may  be  d e r i v a t i z e d  

as  in   an  a c y l a m i n o ,   u r e i d o ,   a m i d i n o ,   g u a n i d i n o ,   o r  

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

q u a t e r n a r y   n i t r o g e n   g r o u p i n g s ;   o r ,   a l t e r n a t i v e l y ,  

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

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

e s t e r s   o r   a m i d e s   t h e r e o f ,   as  w e l l   as  c y a n o ;   o r  

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

g r o u p i n g .  
R2  i s   p r e f e r a b l y   a  b r a n c h e d   a l k y l   or  c y c l o a l k y l  

r a d i c a l   ( C 3 - 1 0 ) ,   w i t h   a  l i m i t a t i o n   t h a t   t h e   c a r b o n  

a d j a c e n t   to  t h e   c a r b o n y l   c a n n o t   be  t e r t i a r y .   R1 

i s   h y d r o g e n ,   l o w e r a l k y l   (C1-6)  or  d i a l k y l a m i n o -  

a l k y l   ( e . g . ,   -CH2CH2N (C2H5)2,   - C H 2 C H ( C H 3 ) N ( C H 3 ) 2 .  



The  c o m p o u n d s   of  F o r m u l a   I  a r e   no t   n o v e l   t o  

t h i s   i n v e n t i o n ,   bu t   a r e   d i s c l o s e d   and  c l a i m e d   i n  

E u r o p e a n   p a t e n t   a p p l i c a t i o n   7 9 1 0 2 6 1 6 . 4 , f i l e d  

J u l y   24,   1980 .   I t   is   p r e s e n t l y   b e l i e v e d   t h a t  

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

p o s s e s s   t h e   a b i l i t y   to  p r e v e n t   n e p h r o t o x i c i t y .   One  

c o m p o u n d   in  p a r t i c u l a r   has   been   shown  to  p o s s e s s  

t h i s   p r o p e r t y ;   t h i s   compound   is  Z - 2 - ( 2 , 2 - d i m e t h y l -  

c y c l o p r o p a n e   c a r b o x a m i d o ) - 2 - o c t e n o i c   a c i d .   P a r t i -  

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

l a t t e r ,   a r e   t h e   f o l l o w i n g :   Z - 2 - ( 2 , 2 - d i m e t h y l c y c l o -  

p r o p a n e   c a r b o x a m i d o ) - 2 - b u t e n o i c   a c i d ;   Z - 2 - ( 2 , 2 -  

d i m e t h y l c y c l o p r o p a n e   c a r b o x a m i d o ) - 2 - p e n t e n o i c   a c i d ;  

Z - 2 - ( 2 , 2 - d i m e t h y l c y c l o p r o p a n e   c a r b o x a m i d o ) - 2 -  

h e x e n o i c   a c i d ;   and  Z - 2 - ( 2 , 2 - d i m e t h y l c y c l o p r o p a n e  

c a r b o x a m i d o ) - 8 - t r i m e t h y l a m m o n i u m - 2 - o c t e n o i c   a c i d .  

The  c o m p o u n d s   of  F o r m u l a   I  h ave   p r e v i o u s l y  

b e e n   t a u g h t   as  u s e f u l   as  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   in  c o m b i n a t i o n   w i t h   t h e   t h i e n a m y c i n s ,   b u t  

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

c l o s e d   and  c l a i m e d   in  E u r o p e a n   p a t e n t   a p p l i c a t i o n  

7 9 1 0 2 6 1 5 . 6 ,   f i l e d   J u l y   24,  1 9 8 0 .  

W i t h i n   t he   g e n e r a l   s t r u c t u r e   of   F o r m u l a   I ,  

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

W i t h i n   t h e   d e f i n i t i o n   of  R2,  t h e   f o l l o w i n g  

s u b - g r o u p s   a r e   i n c l u d e d :  

w h e r e i n   R4  i s   a  s t r a i g h t ,   b r a n c h e d ,   or  c y c l i c  



h y d r o c a r b o n   r a d i c a l   of  3 -10   c a r b o n   a t oms   w h i c h   may  
be  s u b s t i t u t e d   as  s p e c i f i e d   a b o v e   in  t h e   d e f i n i t i o n  

of  R 2 ;  

w h e r e i n   R5  is   c y c l o a l k y l   of  3-6   c a r b o n   a t o m s   a n d  
R6  is   e i t h e r   1  or   2  a l k y l   s u b s t i t u e n t s   w h i c h   may  
be  j o i n e d   to  form  a n o t h e r   r i n g   on  t he   c y c l o a l k y l  

g r o u p ,   or   R 5  a n d   R6 may  be  s u b s t i t u t e d   a s  

s p e c i f i e d   a b o v e   in  t he   d e f i n i t i o n   of  R 2 ;  

w h e r e i n   R7  i s   an  a l k y l e n e   g r o u p   of   1-3   c a r b o n  

a t o m s   and  R8  is   c y c l o a l k y l   of   3-6   c a r b o n   a t o m s  

w h i c h   may  be  s u b s t i t u t e d   as  s p e c i f i e d   a b o v e   in  t h e  

d e f i n i t i o n s   of  R2  and  R 3 .  

The  f o l l o w i n g   c o m p o u n d s   w i t h i n   t h i s   F o r m u l a  

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

I  A:  Z - 2 - i s o v a l e r a m i d o - 2 - p e n t e n o i c   a c i d ;  

m e t h y l   Z - 2 - i s o v a l e r a m i d o - 2 - b u t e n o a t e ;   Z - 2 - i s o v a l e r a -  

m i d o - 2 - b u t e n o i c   a c i d ;   Z - 2 - b e n z a m i d o - 2 - b u t e n o i c   a c i d ;  

Z - 2 - ( 3 , 5 , 5 - t r i m e t h y l h e x a n a m i d o ) - 2 - b u t e n o i c   a c i d ;  

Z - 2 - c y c l o b u t a n e c a r b o x a m i d o - 2 - b u t e n o i c   a c i d ;   Z - 2 -  

c y c l o p r o p a n e c a r b o x a m i d o - 2 - b u t e n o i c   a c i d ;   Z - 2 -  

c y c l o p r o p a n e c a r b o x a m i d o - 2 - p e n t e n o i c   a c i d ;   Z - 2 -  

( 3 - m e t h y l v a l e r a m i d o ) - 2 - b u t e n o i c   a c i d ;   Z - 2 - c y c l o h e p -  

t a n e c a r b o x a m i d o - 2 - b u t e n o i c   a c i d ;   Z - 2 - n o n a n a m i d o - 2 -  

b u t e n o i c   a c i d ;   Z - 2 - c y c l o h e x a n e c a r b o x a m i d o - 2 - b u t e n o i c  

a c i d ;   Z - 2 - ( 4 - m e t h y l v a l e r a m i d o ) - 2 - b u t e n o i c   a c i d ;   Z-  

2 - t - b u t y l a c e t a m i d o - 2 - b u t e n o i c   a c i d ;   Z - 2 - o c t a n a m i d o -  

2 - b u t e n o i c   a c i d ;   Z - 2 - b u t y r a m i d o - 2 - b u t e n o i c   a c i d ;  



Z - 2 - v a l e r a m i d o - 2 - b u t e n o i c   a c i d ;   Z - 2 - v a l e r a m i d o - 2 -  

p e n t e n o i c   a c i d ;   Z - 2 - c y c l o p e n t a n e c a r b o x a m i d o - 2 -  

b u t e n o i c   a c i d ;   Z - 2 - ( 6 - m e t h y l h e p t a n a m i d o ) - 2 - b u t e n o i c  

a c i d ;   Z - 2 - h e x a n a m i d o - 2 - b u t e n o i c   a c i d ;   Z - 2 - ( 3 , 7 -  

d i m e t h y l o c t a n a m i d o ) - 2 - b u t e n o i c   a c i d ;   Z - 2 - ( 3 , 7 -  

d i m e t h y l - 6 - o c t e n a m i d o ) - 2 - b u t e n o i c   a c i d ;   Z - 2 - ( 5 -  

c h l o r o v a l e r a m i d o ) - 2 - b u t e n o i c   a c i d ;   Z - 2 - ( 3 - c h l o r o -  

b e n z o y l a m i d o ) - 2 - b u t e n o i c   a c i d ;   Z - 2 - ( 2 - c h l o r o b e n z -  

a m i d o ) - 2 - b u t e n o i c   a c i d ;   Z - 2 - n o n a n a m i d o - 2 - b u t e n o i c  

a c i d ;   Z - 2 - ( 6 - b r o m o h e x a n a m i d o ) - 2 - b u t e n o i c   a c i d ;   Z - 2 -  

( 3 , 3 - d i m e t h y l p r o p e n a m i d o ) - 2 - b u t e n o i c   a c i d ;   Z - 2 -  

b e n z a m i d o - 2 - c i n n a m i c   a c i d ;   Z - 2 - b e n z a m i d o - 2 - p e n t e n o i c  

a c i d ;   Z - 2 - b e n z a m i d o - 5 - m e t h o x y - 2 - p e n t e n o i c   a c i d ;  

Z - 2 - b e n z a m i d o - 2 - h e x e n e d i o i c   a c i d ;   Z - 2 - i s o v a l e r a m i d o -  

2 - o c t e n o i c   a c i d ;   Z - 2 - i s o v a l e r a m i d o - 2 - c i n n a m i c   a c i d ;  

Z - 2 - i s o v a l e r a m i d o - 2 - h e x e n e d i o i c   a c i d ;   Z - 2 - c y c l o -  

p r o p a n e c a r b o x a m i d o - 2 - c i n n a m i c   a c i d ;   Z - 2 - c y c l o -  

p r o p a n e c a r b o x a m i d o - 2 - h e x e n e d i o i c   a c i d ;   Z - 2 - ( 5 -  

m e t h o x y - 3 - m e t h y l v a l e r a m i d o ) - 2 - b u t e n o i c   a c i d ;   Z - 2 -  

e t h y l t h i o a c e t a m i d o - 2 - b u t e n o i c   a c i d ;   Z - 2 - ( 2 , 2 - d i c h l o r o -  

c y c l o p r o p a n e c a r b o x a m i d o ) - 2 - b u t e n o i c   a c i d ;   Z - 2 -  

( 2 - e t h y l h e x a n a m i d o ) - 2 - b u t e n o i c   a c i d ;   Z - 2 - d i - n -  

p r o p y l a c e t a m i d o - 2 - b u t e n o i c   a c i d ;  

I  B:  Z - 2 - ( 2 , 2 - d i m e t h y l c y c l o p r o p a n e c a r b o x a m i d o ) -  

2 - b u t e n o i c   a c i d ;   ( + ) - Z - 2 - ( 2 , 2 - d i m e t h y l c y c l o p r o p a n e -  

c a r b o x a m i d o ) - 2 - b u t e n o i c   a c i d ;   Z - 2 - ( 2 , 2 - d i m e t h y l -  

c y c l o p r o p a n e c a r b o x a m i d o ) - 2 - p e n t e n o i c   a c i d ;  

Z - 2 - ( 2 , 2 - d i m e t h y l c y c l o p r o p a n e c a r b o x a m i d o ) - 2 - o c t e n o i c  

a c i d ;   Z - 2 - ( 2 , 2 - d i m e t h y l c y c l o p r o p a n e c a r b o x a m i d o ) -  

2 - h e x e n o i c   a c i d ;   Z - 2 - ( 2 , 2 - d i m e t h y l c y c l o p r o p a n e -  



c a r b o x a m i d o ) - 2 - c i n n a m i c   a c i d ;   Z - 2 - ( 2 , 2 - d i m e t h y l -  

c y c l o p r o p a n e c a r b o x a m i d o ) - 5 - m e t h o x y - 2 - p e n t e n o i c   a c i d ;  

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

t r i f l u o r o - 2 - b u t e n o i c   a c i d ;   Z - 2 - ( 2 , 2 - d i m e t h y l c y c l o -  

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

Z - 2 - ( 2 , 2 - d i m e t h y l c y c l o p r o p a n e c a r b o x a m i d o ) - 2 -  

h e x e n e d i o i c   a c i d ;   Z - 2 - ( 2 - e t h y l c y c l o p r o p a n e c a r b o x -  

a m i d o ) - 2 - b u t e n o i c   a c i d ;   Z - 2 - ( 2 , 2 - d i e t h y l c y c l o -  

p r o p a n e c a r b o x a m i d o ) - 2 - b u t e n o i c   a c i d ;   Z - 2 - ( 2 , 2 -  

d i e t h y l c y c l o p r o p a n e c a r b o x a m i d o ) - 2 - p e n t e n o i c   a c i d ;  

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

2 - b u t e n o i c   a c i d ;   Z - 2 - ( 2 - m e t h y l c y c l o h e x a n e c a r b o x a m i d o ) -  

2 - b u t e n o i c   a c i d ;   Z - 5 - c y a n o - 2 - ( 2 , 2 - d i m e t h y l c y c l o p r o -  

p a n e c a r b o x a m i d o ) - 2 - p e n t e n o i c   a c i d ;   Z - 5 - ( N , N - d i m e t h y l -  

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

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

b o x a m i d o ) - 5 - m e t h a n e s u l f o n y l - 2 - p e n t e n o i c   a c i d ;   Z - 2 -  

( 2 , 2 - d i m e t h y l c y c l o p r o p a n e c a r b o x a m i d o ) - 5 - e t h o x y -  

c a r b o n y l - 2 - p e n t e n o i c   a c i d ;   Z - 2 - ( 2 - m e t h y l c y c l o -  

p r o p a n e c a r b o x a m i d o ) - 2 - b u t e n o i c   a c i d ;   m e t h y l   Z - 2 -  

( 2 , 2 - d i m e t h y l c y c l o p r o p a n e c a r b o x a m i d o ) - 2 - b u t e n o a t e ;  

e t h y l   Z - 2 - ( 2 , 2 - d i m e t h y l c y c l o p r o p a n e c a r b o x a m i d o ) - 2 -  

b u t e n o a t e ;   2 - d i m e t h y l a m i n o e t h y l   e s t e r   of  Z - 2 - ( 2 , 2 -  

d i m e t h y l c y c l o p r o p a n e c a r b o x a m i d o ) - 2 - b u t e n o i c   a c i d ;  

3 - d i e t h y l a m i n o p r o p y l   e s t e r   of  Z - 2 - ( 2 , 2 - d i m e t h y l -  

c y c l o p r o p a n e c a r b o x a m i d o ) - 2 - p e n t e n o i c   a c i d ;   Z - 2 -  

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

a c i d ;   Z - 2 - ( 3 , 3 - d i m e t h y l c y c l o b u t a n e c a r b o x a m i d o ) - 2 -  

b u t e n o i c   a c i d ;   Z - 2 - ( 2 - s p i r o c y c l o p e n t a n e c a r b o x a m i d o ) -  

2 - b u t e n o i c   a c i d ;   Z - 2 - ( 2 - t - b u t y l - 3 , 3 - d i m e t h y l c y c l o -  

p r o p a n e c a r b o x a m i c o ) - 2 - b u t e n o i c   a c i d ;   Z - 2 - ( 2 , 2 -  



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

p e n t e n o i c   a c i d ;   Z - 2 - ( 2 - t - b u t y l c y c l o p r o p a n e -  

c a r b o x a m i d o ) - 2 - b u t e n o i c   a c i d ;   Z - 2 - ( 2 - p h e n y l c y c l o -  

p r o p a n e c a r b o x a m i d o ) - 2 - b u t e n o i c   a c i d ;   Z - 3 - c y c l o h e x y l -  

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

a c i d ;   Z - 5 - c a r b o x y - 5 - ( 2 , 2 - d i m e t h y l c y c l o p r o p a n e -  

c a r b o x a m i d o ) - 4 - p e n t e n a m i d i n e ;   Z - 5 - d i m e t h y l   a m i n o - 2 -  

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

a c i d ;   Z - 3 - c y c l o p r o p y l - 2 - ( 2 , 2 - d i m e t h y l c y c l o p r o p a n e -  

c a r b o x a m i d o ) p r o p e n o i c   a c i d ;   Z - 2 - ( 2 , 2 - d i m e t h y l -  

c y c l o p r o p a n e c a r b o x a m i d o ) - 2 , 5 - h e x a d i e n o i c   a c i d ;   Z - 2 -  

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

b u t e n o i c   a c i d ;   Z - 2 - ( 2 , 2 - d i m e t h y l c y c l o p r o p a n e -  

c a r b o x a m i d o ) - 6 - m e r c a p t o - 2 - h e x e n o i c . a c i d ;   Z-  

2 - ( 2 , 2 - d i m e t h y l c y c l o p r o p a n e c a r b o x a m i d o ) - 5 - m e t h y l t h i o -  

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

c a r b o x a m i d o ) - 5 - p h o s p h o n o - 2 - p e n t e n o i c   a c i d ;   Z - 2 -  

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

a c i d ;   Z - 2 - ( 2 , 2 - d i m e t h y l c y c l o p r o p a n e c a r b o x a m i d o ) - 5 -  

p h e n y l - 2 - p e n t e n o i c   a c i d ;   Z - 2 - ( 2 , 2 - d i m e t h y l c y c l o -  

p r o p a n e c a r b o x a m i d o ) - 2 - n o n e n o i c   a c i d ;   Z - 2 - ( 2 , 2 -  

d i m e t h y l c y c l o p r o p a n e c a r b o x a m i d o ) - 2 - d e c e n o i c   a c i d ;  

Z - 2 - ( 2 , 2 - d i m e t h y l c y c l o p r o p a n e c a r b o x a m i d o ) - 2 - t r i -  

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

b o x a m i d o ) - 6 - m e t h o x y - 2 - h e x e n o i c   a c i d   (and  5 - m e t h o x y -  

2 - p e n t e n o i c   a c i d ) ;   Z - 2 - ( 2 , 2 - d i m e t h y l c y c l o p r o p a n e -  

c a r b o x a m i d o ) - 6 - m e t h y l - 2 - h e p t e n o i c   a c i d ;   Z - 4 -  

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

2 - b u t e n o i c   a c i d ;  



I  C :   Z - 2 - c y c l o b u t y l a c e t a m i d o - 2 - b u t e n o i c   a c i d ;  

Z - 2 - c y c l o p e n t y l a c e t a m i d o - 2 - b u t e n o i c   a c i d ;   Z - 2 -  

c y c l o h c x y l a c e t a m i d o - 2 - b u t e n o i c   a c i d ;   Z - 2 - ( 4 - c y c l o -  

h e x y l b u t y r a m i d o ) - 2 - b u t e n o i c   a c i d ;   Z - 2 - c y c l o p r o p y l -  

a c e t a m i d o - 2 - b u t e n o i c   a c i d ;   Z - 2 - c y c l o p r o p y l a c e t a m i d o -  

2 - p e n t e n o i c   a c i d ;   Z - 2 - ( 3 - c y c l o p e n t y l p r o p i o n a m i d o ) -  

2 - b u t e n o i c   a c i d ;   Z - 2 - ( 3 - c y c l o h e x y l p r o p i o n a m i d o ) -  

2 - b u t e n o i c   a c i d ;   Z - 2 - ( 4 - ( 2 - t h i e n y l ) - b u t y r a m i d o ) - 2 -  

b u t e n o i c   a c i d ;   Z - 2 - ( 4 - p h e n y l b u t y r a m i d o ) - 2 - b u t e n o i c  

( D , L - @ - l i p o a m i d o ) - 2 - p e n t e n o i c   a c i d ;   Z - 2 -  ( D ,  L - @ -  

l i p o a m i d o ) - 2 - c i n n a m i c   a c i d ;   Z - 2 - ( 3 - ( 2 - t e t r a h y d r o -  

f u r y l ) - p r o p i o n a m i d o ) - 2 - b u t e n o i c   a c i d .  

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

d e f i n i t i o n   of  R2  a b o v e   i n c l u d e   t h e   2 , 2 - d i m e t h y l -  

c y c l o p r o p y l   and  t he   2 , 2 - d i c h l o r o c y c l o p r o p y l   g r o u p s .  
W i t h i n   t h e   d e f i n i t i o n   of  R3,  p a r t i c u l a r l y  

p r e f e r r e d   g r o u p s   of  c o m p o u n d s   i n c l u d e   N - a l k y l   ( 1 - 9  

c a r b o n s )   and  N - m e t h y l   (1 -9   c a r b o n s ) ,   h a v i n g   a  

t e r m i n a l   s u b s t i t u e n t   w h i c h   i s   a  q u a t e r n a r y   n i t r o g e n ,  

a m i n e   d e r i v a t i v e ,   or  amino   a c i d   d e r i v e d   g r o u p .  

By  t h e   t e r m   " q u a t e r n a r y   n i t r o g e n "   i s   m e a n t   a  

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

p o s i t i v e l y   c h a r g e d .   An  ammonium  m o i e t y ,   s u b s t i t u t e d  

g r o u p s   h a v i n g   1-7  c a r b o n   a t o m s ,   w h i c h   can  be  t he   s a m e  

or   d i f f e r e n t ,   i s   s i g n i f i e d .  

By  t h e   t e r m   " a m i n o   d e r i v a t i v e "   i s   m e a n t   a  g r o u p  
s u c h   as  a m i n o ,   a c y l a m i n o ,   u r e i d o ,   a m i d i n o ,   g u a n i d i n o  

and  a l k y l   d e r i v a t i v e s   t h e r e o f .  

By  t h e   t e r m   " a m i n o   a c i d   d e r i v e d   g r o u p "   i s  

m e a n t   a  m o i e t y   such   as  c y s t e i n y l   ( -SCH2CH(NH2)COOH) 
or  s a r c o s y l   (-N(CH3)CH2COOH)  in  w h i c h   a  h y d r o g e n  



j o i n e d   to  0,  N  or   S  of  known  amino  a c i d s   i s  

r e p l a c e d .  

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

p r e f e r r e d   g r o u p s   of  s u b s t i t u e n t s   of  R2  and  R  a r e  

t h o s e   w h e r e i n   R2  i s   2 , 2 - d i m e t h y l c y c l o p r o p y l   o r  

2 , 2 - d i c h l o r o c y c l o p r o p y l ,   and  R3  is   a  h y d r o c a r b o n  

c h a i n   of  1  to   3  c a r b o n   a t oms   w i t h o u t   a  t e r m i n a l  

s u b s t i t u e n t ,   or  3  to  7  c a r b o n   a toms   h a v i n g   a  

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

a m i d i n o ,   g u a n i d i n o ,   2 - a m i n o - 2 - c a r b o x y e t h y l t h i o ,  

or  u r e i d o .  

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

in  s t r u c t u r e   to  t h o s e   of  F o r m u l a   I,  have   the   f o l l o w i n g  

f o r m u l a :  

w h e r e i n   n  i s   an  i n t e g e r   f rom  3  to  5  and  Y  is   a  h e t e r o -  

c y c l i c   or  p h e n y l   g r o u p   wh ich   may  be  s u b s t i t u t e d   or  u n -  

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

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

l i k e .   T h e s e   r i n g s ,   and  t h e   p h e n y l   r i n g   can  be  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   h y d r o x y l ,   oxo,   c a r b o x y l ,   or  m e t h y l .  -  

D e s i r a b l e   Y  g r o u p s   i n c l u d e   2 - p y r i d y l ,   4 - p y r i d y l ,   2 - p y r i d y l -  

3 - h y d r o x y l ,   2 - p y r i d y l - 3 - c a r b o x y l ,   2 - p y r i d y l - 4 - c a r b o x y l ,  

2 - c a r b o x y l p h e n y l ,   1 - m e t h y l - 1 , 2 , 3 , 4 - t e r t a z o - 5 - y l ,   4 - c a r b o x y -  

6 - h y d r o x y - 2 - p y r i m i d i n y l ,   and  o t h e r s .  

The  c o m p o u n d s   of  F o r m u l a   II  a re   made  by  c o n d e n s a t i o n  

of  a  c o m p o u n d   of  t he   F o r m u l a   Y-SH 

w i t h   a  b romo  compound   of  the   F o r m u l a  

A l t h o u g h   t h e s e   c o m p o u n d s   of  F o r m u l a s   I  and  I I ,   w h e n  
R1  is  H,  a r e   d e s c r i b e d   and  named  as  t he   f r e e   a c i d s ,   i t  

w i l l   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 a t  



v a r i o u s   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   d e r i v a t i v e s   s u c h  

as  a l k a l i   and  a l k a l i n e   e a r t h   m e t a l ,   ammonium,  o r  

a m i n e   s a l t s ,   o r   t h e   l i k e   can  be  e m p l o y e d   as  e q u i v a -  

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

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

s u i t a b l e .  

The  b e n e f i t   of   t h e   3 - s u b s t i t u t e d   p r o p e n o a t e s  
is  b e s t   a p p r e c i a t e d   when  t h e y   a r e   c o - a d m i n i s t e r e d  

w i t h   t he   a n t i b i o t i c ,   to  human  or  a n i m a l s   in  need   o f  

a n t i b i o t i c   t h e r a p y .  

The  c o m b i n a t i o n   of  t he   3 - s u b s t i t u t e d   p r o p e n o a t e  

and  t h e   a n t i b i o t i c   can  be  in  t h e   f o r m   of  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 o n t a i n i n g   t h e   two  c o m p o u n d s   i 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 r r i e r .   The  t w o  

can   be  e m p l o y e d   in   a m o u n t s   so  t h a t   t h e   w e i g h t  

r a t i o   of  t h e   a n t i b i o t i c   to  p r o p e n o a t e   is  1  to  0 . 1 - 3  

and  p r e f e r a b l y   1  to  0 . 5 - 2 . 0 .  

The  c o m p o n e n t s   can  a l s o   be  s e p a r a t e l y   a d m i n i -  

s t e r e d .   For   i n s t a n c e ,   t he   a n t i b i o t i c   can  b e  

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

a m o u n t s   of   2 - 1 5 0   m g / k g / d a y ,   p r e f e r a b l y   5-75  m g / k g / d a y ,  

in   d i v i d e d   d o s a g e   f o r m s ,   e . g . ,   two  to  f o u r   t i m e s   a  

d a y .   The  p r o p e n o a t e   can  be  s e p a r a t e l y   a d m i n i s t e r e d ,  

o r a l l y ,   i n t r a m u s c u l a r l y ,   or   IV,  in  a m o u n t s   o f  

1 - 3 0 0   m g / k g / d a y ,   or   p r e f e r a b l y   2 . 5 - 1 5 0   m g / k g / d a y ,  

The  a m o u n t s   of  t h e   two  c o m p o n e n t s   a d m i n i s t e r e d  

d u r i n g   one  day  i d e a l l y   a r e   w i t h i n   t h e   r a t i o   l i m i t s  

d e n o t e d   a b o v e .  

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

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

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

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



c o m p o n e n t s   s e p a r a t e l y   or  t o g e t h e r ,   can  a l s o   b e  

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

by  i n j e c t i o n .   S u i t a b l e   f o r m u l a t i o n s   f o r   o r a l   u s e ,  

may  i n c l u d e   d i l u e n t s ,   g r a n u l a t i n g   a g e n t s ,   p r e s e r v a -  

t i v e s ,   b i n d e r s ,   f l a v o r i n g   a g e n t s ,   and  c o a t i n g  

a g e n t s .   The  e x a m p l e   of  an  o r a l   use   c o m p o s i t i o n   i n  

t h e   c o m b i n a t i o n   of  a c t i v e   i n g r e d i e n t s ,   or  the   a c i d  

c o m p o n e n t   a l o n e ,   i n t e r m i x e d   in  t he   dry  p u l v e r u l e n t  

s t a t e   w i t h   g e l a t i n ,   s t a r c h ,   m a g n e s i u m   s t e a r a t e ,  

and  a l g i n i c   a c i d ,   and  p r e s s e d   i n t o   a  t a b l e t .  

As  n o t e d   a b o v e ,   the   p r e s e n t l y   known  p r e f e r r e d  

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

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

a d m i n i s t r a t i o n   of  t he   p r o p e n o a t e   c o m p o u n d .  

EXAMPLES  ILLUSTRATING  CHEMICAL  PREPARATIONS 

The  p r o p e n o a t e   compounds   a r e   n o v e l   c o m p o u n d s  

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

a r e   made  by  c o n d e n s i n g   d i r e c t l y   t he   a p p r o p r i a t e  

2 - k e t o   a c i d   and  a m i d e :  

w h e r e i n   R2  and  R3  a r e   as  d e f i n e d .   The  g e n e r a l  

r e a c t i o n   c o n d i t i o n s   i n v o l v e   m i x i n g   a p p r o x i m a t e l y   1 -  

4:1  p a r t s   of  t he   a c i d   to  t he   amide   in  an  i n e r t  

s o l v e n t   such   as  t o l u e n e   or  m e t h y l   i s o v a l e r a t e   a n d  

h e a t i n g   a t   r e f l u x   w i t h   a z e o t r o p i c   r e m o v a l   of  w a t e r  

f o r   f rom  3-48  h o u r s ,   p r e f e r a b l y   5-24  h o u r s .   T h e  

s o l u t i o n   when  c o o l e d   n o r m a l l y   y i e l d s   t he   p r o d u c t   i n  

c r y s t a l l i n e   fo rm,   bu t   t he   p r o d u c t   can  a l s o   be  i s o -  

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

can  be  r e c r y s t a l l i z e d   by  u s i n g   g e n e r a l l y   known  



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

p r o c e d u r e   r e q u i r e s   an  a d d i t i o n a l   s m a l l   a m o u n t   of  p -  
t o l u e n e s u l f o n i c   a c i d   as  c a t a l y s t   d u r i n g   t he   r e a c t i o n .  

A n o t h e r   r o u t e   to   t h e s e   c o m p o u n d s   u s e s   an  a -  

amino   a c i d ,   t - b u t y l   e s t e r   in  r e a c t i o n   w i t h   an  a c i d  

c h l o r i d e :  

T h i s   r e a c t i o n   t a k e s   p l a c e   in  t h e   p r e s e n c e   of  b a s e ,  

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

c h l o r i d e .   The  r e s u l t i n g   N - a c y l a t e d   p r o d u c t   ( V I I )  

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

c h l o r i t e   f o l l o w e d   by  a d d i t i o n   of  s o d i u m   m e t h o x i d e .  

T h i s   y i e l d s   t he   2 - m e t h o x y   d e r i v a t i v e   ( V I I I )   a n d / o r  

i t s   e l i m i n a t i o n   p r o d u c t ,   t h e   @ , β - u n s a t u r a t e d   e s t e r  

( I X ) .   F u r t h e r   t r e a t m e n t   w i t h   a n h y d r o u s   h y d r o c h l o r i c  

a c i d   c o n v e r t s   e i t h e r   V I I I   or   IX  (or  t h e   m i x t u r e   o f  

b o t h )   to  t he   d e s i r e d   @ , β - u n s a t u r a t e d   f r e e   a c i d   ( I I ) .  

Some  c o m p o u n d s   w h e r e i n   R3  has   a  t e r m i n a l   s u b -  



s t i t u e n t   w h i c h   i s   an  a m i n o ,   q u a t e r n a r y   n i t r o g e n ,  

t h i o l   or   c a r b o x y l ,   d e r i v a t i v e ;   or  t he   c o m p o u n d s   o f  

F o r m u l a   I I   can   be  made  mos t   c o n v e n i e n t l y   f rom  a n  

i n t e r m e d i a t e   h a v i n g   a  bromo  s u b s t i t u e n t   i n s t e a d   of  t h e  

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

w i t h   t h e   d e s i r e d   t h i o l ,   a m i n o ,   a c i d ,   or  t h e   l i k e .  

A n o t h e r   r o u t e   f o r   p r e p a r i n g   c o m p o u n d s   when  R3  i s  

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

of  F o r m u l a   I I )   u t i l i z e s   a  c h l o r o - k e t o   e s t e r   i n t e r m e d i a t e  

in  r e a c t i o n   w i t h   t he   d e s i r e d   a m i d e ,  

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

a m o u n t   of  p - t o l u e n e s u l f o n i c   a c i d .   The  r e s u l t i n g   i n t e r -  

m e d i a t e   is  h y d r o l y z e d   to  t he   a c i d ;   t he   c h l o r o   g r o u p   i s  

t h e n   d i s p l a c e d   in  r e a c t i o n   w i t h   t he   a p p r o p r i a t e   m e r c a p t o n .  
T h i s   r e a c t i o n   i s   v a l u a b l e   s i n c e   i t   p e r m i t s   use   of  t h e  

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

c h a i n .   In  a d d i t i o n ,   t he   m i x t u r e   of  Z  +  E  i s o m e r s   p r e -  

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

r e s o l v e d   i n t o   t he   Z  form  by  a d d i n g   a c i d   to  a  pH  a b o u t  

3,  and  h e a t i n g   to  a b o u t   90°  C  f o r   30  m i n u t e s .   Only  t h e  

Z  fo rm  r e m a i n s ,   and  r e c o v e r y   i s   s i m p l e   and  s t r a i g h t  

f o r w a r d .  

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

is   f o u n d   in  t he   f o l l o w i n g   e x a m p l e s .  



EXAMPLE  1 

Z - 2 - ( 2 , 2 - D i m e t h y l c y c l o p r o p a n e c a r b o x a m i d o ) - 2 -  
p e n t e n o i c   a c i d  

A  s o l u t i o n   of   1 . 7 4   g  (15  mmole)  of  2 - k e t o -  

v a l e r i c   a c i d   and  1 . 1 3   g  (10  mmole)  of  2 , 2 - d i m e t h y l -  

c y c l o p r o p a n e c a r b o x a m i d e   in  20  ml  of  t o l u e n e   w a s  

r e f l u x e d   w i t h   s t i r r i n g   w i t h   c o l l e c t i o n   of  H20  i n  

a  s m a l l   D e a n - S t a r k   t r a p .   A f t e r   20  h r s .   t h e  

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

s t r e a m   of  N2.  B e f o r e   much  of   t h e   s o l v e n t   h a d  

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

i n g .   A f t e r   s t a n d i n g ,   t h e   s o l i d   was  c o l l e c t e d   on  a  
f i l t e r   and  w a s h e d   w i t h   t o l u e n e   and  some  E t 2 0 .   Y i e l d  

of  w h i t e   c r y s t a l s   =  0 .63   g  (30%),   mp  1 5 4 . 5 - 1 5 5 . 5 °  

( s l i g h t   p r e l i m .   s o f t e n i n g ) .   T lc   ( 4 :1   t o l u e n e - A c O H )  

s h o w e d   onl   an  e x t r e m e l y   f a i n t   t r a c e   of  t h e   o t h e r  

i s o m e r .   NRR  was  c o n s i s t e n t   w i t h   t he   Z - c o n f i g u r a -  

t i o n .  



EXAMPLE  2 

Z - 2 - ( 2 , 2 - D i m e t h y l c y c l o p r o p a n e c a r b o x a m i d o ) - 2 -  
b u t e n o i c   a c i d  

1 . 5 3   g  (15  mmoles)   of  2 - k e t o b u t y r i c   a c i d ,  

1 . 1 3   g  (10  mmoles)   of  2 , 2 - d i m e t h y l c y c l o p r o p a n e -  

c a r b o x a m i d e   and  20  ml  of  t o l u e n e   s t i r r e d   a t  

r e f l u x   f o r   10  h o u r s .   A f t e r   c o o l i n g   t he   c r y s t a l -  

l i n e   s o l i d   was  f i l t e r e d   and  washed   w i t h   t o l u e n e  

(3x  10  ml)  and  d r i e d   to  g i v e   1 . 0 6   g  of  p r o d u c t ,  

mp  1 4 0 - 1 4 1 ° C .   Tlc   (4 :1   t o l u e n e - A c O H )   s h o w e d  

e s s e n t i a l l y   one  s p o t   and  t he   NMR  s p e c t r u m   f i t   t h e  

d e s i r e d   s t r u c t u r e .  

R e c r y s t a l l i z a t i o n   f rom  EtOAc  gave   a f t e r  

d r y i n g   0 . 5 3 3   g  of  p r o d u c t   mp  1 4 2 - 1 4 3 . 5 ° ,   h o m o g e n e o u s  

by  t l c .  



EXAMPLE  3 

2 - ( 2 , 2 - D i m e t h y l c y c l o p r o p a n e c a r b o x a m i d o ) - 2 - h e x e n o i c  
a c i d  

S t e p   A:  D L - N o r l e u c i n e   t - b u t y l   e s t e r  

G e n e r a l   p r o c e d u r e   of  R.  R o e s k e ,   J .   Org .   C h e m .  

28,  p.  1251  ( 1 9 6 3 ) .  

To  a  s u s p e n s i o n   of  9 . 8 2   g  (75  mmole)  of  DL- 

n o r l e u c i n e   in  80  ml  of  d i o x a n e   in  a  500  ml.   p r e s s u r e  
b o t t l e   c o o l e d   in  an  i c e   b a t h   was  a d d e d   s l o w l y   ( w i t h  

s w i r l i n g )   8  ml  of  c o n c e n t r a t e d   H2SO4.  The  r e s u l t i n g  

m i x t u r e   was  c o o l e d   in  a  d r y   i c e   b a t h   as  80  ml  o f  

l i q u i d   i s o b u t y l e n e   was  a d d e d .   The  m i x t u r e   was  a l l o w e d  

to  warm  to  room  t e m p e r a t u r e   and  s h a k e n   u n d e r   a u t o -  

g e n o u s   p r e s s u r e   f o r   ~ 2 3   h r s .   A f t e r   m o s t   of  t h e  

i s o b u t y l e n e   had  b e e n   v e n t e d   o f f ,   t h e   s l i g h t l y   h a z y  

s o l u t i o n   was  c o o l e d   in  i c e   and  t h e n   a d d e d   to  a  c o l d  

m i x t u r e   of  400  ml  of  1N  NaOH  and  500  ml  of  E t 2 o .  
A f t e r   s h a k i n g   in  a  s e p a r a t e   f u n n e l ,   t h e   l a y e r s   w e r e  

s e p a r a t e d ,   and  t he   a q u e o u s   f r a c t i o n   was  w a s h e d   w i t h  

an  a d d i t i o n a l   100  ml  of   E t 2 ) .   The  E t 2 0   s o l u t i o n  

was  s h a k e n   w i t h   150  ml  of   0 .5   N  HC1.  The  a c i d i c  

a q u e o u s   f r a c t i o n   was  t r e a t e d   w i t h   2 .5   N  NaOH 

u n t i l   s t r o n g l y   b a s i c   and  t h e n   s h a k e n   w i t h   250  m l  

of   E t 2 0 .   The  E t 2 0   s o l u t i o n   was  d r i e d   ( M g S O 4 ) ,  
f i l t e r e d ,   and  c o n c e n t r a t e d   on  t h e   r o t o v a c .   A f t e r  

p r o l o n g e d   p u m p i n g   on  h i g h   vacuum  o v e r   a  s t e a m   b a t h ,  

f i n a l   y i e l d   of  c l e a r ,   c o l o r l e s s   r e s i d u a l   o i l   =  9 .04  g  
(65%) .   NMR  now  showed   o n l y   a  t r a c e   of  d i o x a n e .   TLC 

(9 :1   CHCl3-MeOH)  showed   a  s i n g l e   s p o t .  



S t e p   B:  N - ( 2 , 2 - D i m e t h y l c y c l o p r o p a n e c a r b o n y l ) - D L -  
n o r l e u c i n e   t - b u t y l   e s t e r  

To  a  s o l u t i o n   of  8 .98   g  (48  mmole)  of  DL- 

n o r l e u c i n e   t - b u t y l   e s t e r   and  5 .05   g  (50  mmole)  o f  

t r i e t h y l a m i n e   in  100  ml  of  CH2C12  s t i r r e d   in  an  i c e  

b a t h   u n d e r   a  d r y i n g   t u b e   was  a d d e d   d r o p w i s e   ( o v e r  

a  p e r i o d   of  75  m i n . )   a  s o l u t i o n   of  6 .39   g  (48  m m o l e )  

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

(M.  E l l i o t   and  N.R.  J a m e s ,   B r i t i s h   P a t e n t  

No.  1 , 2 6 0 , 8 4 7   ( 1 9 7 2 ) )   in  50  ml  of  CH2C12.  P r e c i -  

p i t a t i o n   of  Et3N  HCl  o c c u r r e d   d u r i n g   the   a d d i t i o n ,  

e s p e c i a l l y   t o w a r d   the   end.   As  t he   i c e   g r a d u a l l y  

m e l t e d ,   the   m i x t u r e   was  a l l o w e d   to  warm  to  r o o m  

t e m p e r a t u r e .   A f t e r   16  h r s ,   t he   m i x t u r e   was  s h a k e n  

w i t h   200  ml  of  0.5  N  HC1.  The  CH2C12  f r a c t i o n   w a s  

w a s h e d   w i t h   an  a d d i t i o n a l   200  ml  of  0.5  N  HC1,  t h e n  

w i t h   2  x  200  ml  of  0.5  N  NaOH,  and  f i n a l l y   200  m l  

of  H20.  The  CH2C12  f r a c t i o n   was  d r i e d   w i t h   MgSO4, 
t r e a t e d   w i t h   c h a r c o a l ,   and  f i l t e r e d   t h r o u g h   C e l i t e .  

The  f i l t r a t e   was  c o n c e n t r a t e d   on  t he   r o t o v a c   ( f i n a l l y  

u n d e r   h i g h   v a c u u m ) .   Y i e l d   of  l i g h t   o r a n g e   r e s i d u a l  

o i l   =  1 1 . 9 3   g  (88%).   Tlc   (2 :1   h e x a n e - E t O A c )   s h o w e d  

a  s i n g l e   s p o t .   NMR  and  IR  were   in  a c c o r d   w i t h   t h e  

a s s i g n e d   s t r u c t u r e .   A f t e r   s t a n d i n g   f o r   s e v e r a l  

d a y s ,   the   u n u s e d   p o r i t i o n   of  t h i s   m a t e r i a l   c r y s t a l -  
l i z e d :   m.p.   5 2  -   > 6 5 ° .  

S t e p   C:  t - B u t y l   2 - ( 2 , 2 - d i m e t h y l c y c l o p r o p a n e c a r b o x a -  
m i d o ) - 2 - m e t h o x y h e x a n o a t e  

Based   on  p r o c e d u r e   of  H.  P o i s e l   and  V.  S c h m i d t ,  

Chem.  B e r . ,   108  p.  2547  ( 1 9 7 5 ) .  



To  a  s o l u t i o n   of  6 . 37   g  ( 2 2 . 5   mmole)  of   N -  

( 2 , 2 - d i m e t h y l c y c l o p r o p a n e c a r b o n y l ) - D L - n o r l e u c i n e  

t - b u t y l   e s t e r   in  35  ml  of  E t 2 0   s t i r r e d   a t   room  t e m -  

p e r a t u r e   u n d e r   N2  in  t h e   d a r k   was  a d d e d   2 . 6 9   m l  

( 2 . 4 5   g,  2 2 . 5   mmole)  of   t - b u t y l   h y p o c h l o r i t e .   A f t e r  

15  m i n . ,   a  s o l u t i o n   of  s o d i u m   m e t h o x i d e   p r e p a r e d   b y  

d i s s o l v i n g   0 .52   g  ( 2 2 . 6   mmole)  of  s o d i u m   in  35  ml  o f  

MeOH  was  a d d e d .   S t i r r i n g   was  c o n t i n u e d   a t   a m b i e n t  

t e m p e r a t u r e   u n d e r   N2  in  t h e   d a r k .   A f t e r   1 6 . 5   h r s . ,  

t h e   p r e c i p i t a t e d   N a c l   was  f i l t e r e d   o f f .   The  f i l t r a t e  

was  d i l u t e d   w i t h   E t 2 0   and  w a s h e d   s u c c e s s i v e l y   w i t h  

3  x  50  ml  of   0 .5   N  HC1,  50  ml  of   s a t u r a t e d   N a 2 C O 3 ,  
and  2  x  50  ml  of  H20.  The  E20  p h a s e   was  d r i e d   o v e r  

MgS04  and  f i l t e r e d .   The  f i l t r a t e   was  c o n c e n t r a t e d   o n  

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

( 6 . 4 5   g)  was  s u b j e c t e d   to  p r e p a r a t i v e   h i g h   p r e s s u r e  

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

and  i s o l a t i o n   of  273  mg  and  496  mg  of  t h e   two  d i a s -  

t e r e o m e r s   o f   t - b u t y l   2 - ( 2 , 2 - d i m e t h y l c y c l o p r o p a n e -  

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

1 1 4 - 1 1 8 °   and  1 2 4 - 1 2 5 . 5 ° )   as  w e l l   as  1 . 9 7   g  of  a  

s i n g l e   i s o m e r   ( a p p a r e n t l y   Z)  of  t - b u t y l   2 - ( 2 , 2 -  

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

l e s s   o i l )  .  

S t e p   D:  2 - ( 2 , 2 - D i m e t h y l c y c l o p r o p a n e c a r b o x a m i d o ) - 2 -  
h e x e n o i c   a c i d  

A  s o l u t i o n   of  0 .84   g  ( 3 . 0   mmole)  of  t - b u t y l  

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

in  10  ml  of   E t 2 0   s a t u r a t e d   w i t h   a n h y d r o u s   HCL  w a s  

a l l o w e d   to  s t a n d   a t   room  t e m p e r a t u r e   u n d e r   a  d r y i n g  



t u b e .   A f t e r   17  h r s ,   t he   s o l u t i o n   was  e v a p o r a t e d ,  

and  t h e   r e s i d u a l   gum  was  d i s s o l v e d   in  10  ml  o f  

s a t u r a t e d   NaHC03.  T h i s   s o l u t i o n   was  w a s h e d   w i t h  

an  a d d i t i o n a l   15  ml  of  0 .5   N  HCl,  t h e n   d r i e d  

(MgS04) ,   f i l t e r e d ,   and  c o n c e n t r a t e d   to  g i v e   a  

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

Y i e l d   of  w h i t e   c r y s t a l s   =  0 .32   g  (47%),  m .p .   1 1 9 -  

1 2 2 ° .   TLC  (4:1   t o l u e n e - A c O H )   showed  a  s i n g l e   s p o t .  

NMR  i n d i c a t e d   e s s e n t i a l l y   pu re   Z - i s o m e r .   ( N o t e :  

T r e a t m e n t   of  t he   m e t h a n o l   a d d u c t ,   t - b u t y l   2 - ( 2 , 2 -  

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

w i t h   a n h y d r o u s   HC1  in  E t20   u n d e r   s i m i l a r   c o n d i t i o n s  

gave   t h e   same  p r o d u c t . )  

EXAMPLE  4 

( + ) - Z - 2 - ( 2 , 2 - D i m e t h y l c y c l o p r o p a n e c a r b o n y l a m i n o ) - 2 -  
o c t e n o i c   a c i d ,   s o d i u m   s a l t  

The  r e a g e n t s ,   ( + ) - 2 , 2 - d i m e t h y l c y c l o p r o p a n e -  

c a r b o x a m i d e ,   7 .0   g . ;   2 - k e t o - o c t a n o i c   a c i d   e t h y l  

e s t e r ,   1 4 . 7   g . ;   50  mg.  of  p - t o l u e n e   s u l f o n i c   a c i d ;  

and  100  ml.  of   t o l u e n e   was  c h a n g e d   to  a  250  m l .  

t h r e e - n e c k e d   f l a s k   u n d e r   a  Dean  S t a r k   t r a p   c o n t a i n -  

ing  s e v e r a l   m o l e c u l a r   s i e v e   p e l l e t s .   The  m i x t u r e  

was  r e f l u x e d   v i g o r o u s l y   f o r   27  h o u r s .   The  r e s u l t a n t  

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

in  v a c u o ,   a t   a  w a t e r   b a t h   t e m p e r a t u r e   of  4 5 ° C . ,   i n  

t h e   p r e s e n c e   of  w a t e r   to  h e l p   r emove   t o l u e n e .   T h e  

gummy  r e s i d u e   was  s u s p e n d e d   in  230  ml.  of  2N  NaOH 

and  s t i r r e d   a t   30°C  f o r   3  h o u r s ;   t h e n   the   t e m p e r a -  

t u r e   was  r a i s e d   to  35°C  f o r   an  a d d i t i o n a l   2 - 1 / 2   h r s .  

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



t h e n   c o o l e d ,   85  ml.  m e t h y l e n e   c h l o r i d e   a d d e d ,   a n d  

t h e   pH  a d j u s t e d   to  8 .5   u s i n g   4N  HC1  w i t h   s t i r r i n g .  

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

a q u e o u s   l a y e r   (366  m l . )   was  a s s a y e d   by  l i q u i d   c h r o -  

m a t o g r a p h y   to  c o n t a i n   3 7 . 2   m g / m l ;   87%  Z  i s o m e r .  

A n o t h e r   85  ml.   p o r t i o n   of   CH2C12  was  t h e n   a d d e d  

and  pH  a d j u s t e d   to   4 . 5   w i t h   s t i r r i n g .   The  o r g a n i c  

l a y e r   was  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   r e -  

e x t r a c t e d   w i t h   50  ml.  of   CH2Cl2,   w i t h   t he   pH  a g a i n  

a d j u s t e d   to  4 . 5 .   C o m b i n e d   o r g a n i c   e x t r a c t s   w e r e  

d r i e d   o v e r   Na2SO4,   f i l t e r e d ,   and  c o n c e n t r a t e d   t o  

a  gum.  T h i s   r e s i d u e   was  d i s s o l v e d   in  150  ml.  i s o -  

p r o p a n o l   and  15  ml,  w a t e r   and  t h e   pH  a d j u s t e d   t o  

8 .2   w i t h   2N  NaOH.  The  r e s u l t i n g   s o l u t i o n   was  c o n -  

c e n t r a t e d   to  an  o i l y   r e s i d u e   w h i c h   was  f l u s h e d   w i t h  

i s o p r o p a n o l   u n t i l   i t   t u r n e d   to  a  c r y s t a l l i n e   s o l i d ,  

i n d i c a t i n g   t h a t   m o s t   w a t e r   had  been   r e m o v e d .   I t  

was  c r y s t a l l i z e d   f rom  120  ml.  of  i s o p r o p a n o l ,  

( c o o l e d   in  i c e   f o r   1  h o u r )   f i l t e r e d ,   and  w a s h e d   w i t h  

50  ml.   c o l d   i s o p r o p a n o l   f o l l o w e d   by  c o p i o u s   a m o u n t s  

of  a c e t o n e .   I t   was  d r i e d   a t   6 0 ° C / 0 . 1   mm/2  h o u r s  

to  y i e l d   1 0 . 7 4   g  (63.2%)  c r y s t a l l i n e   m a t e r i a l ,  

h a v i n g   e s s e n t i a l l y   a  s i n g l e   peak   in  l i q u i d   c h r o m a -  

t o g r a p h y ,   m.p .   2 4 1 - 2 4 3 ° C .  

"he   s t a r t i n g   m a t e r i a l ,   ( + ) - 2 , 2 - d i m e t h y l c y c l o -  

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

by  r e s o l u t i o n   of   t h e   D,L  a c i d ,   f o l l o w e d   b y  

r e a c t i o n   w i t h   o x a l y l   c h l o r i d e   and  t h e n   ammonia   t o  

g i v e   t h e   r e s o l v e d   a m i d e .  



One  way  of   m a k i n g   t he   s t a r t i n g   m a t e r i a l   is   a s  

f o l l o w s :   2 3 . 1   g.  of  D , L - 2 , 2 - d i m e t h y l c y c l o p r o p a n e -  

c a r b o x y l i c   a c i d   was  s u s p e n d e d   in  33  ml  H20  and  t h e  

pH  a d j u s t e d   to  8 . 0 ,   u s i n g   50%  NaOH,  a b o u t   10  m l .  

To  t h i s   was  a d d e d   a  s o l u t i o n   of  38 .4   g  q u i n i n e   i n  

a  m i x t u r e   of  60  ml.   m e t h a n o l   and  30  ml.  H20  t o  

w h i c h   had  b e e n   a d d e d   a b o u t   8  ml  of  c o n c e n t r a t e d   HC1 

in  a n o t h e r   30  ml.  H20  to  g i v e   a  pH  of  7 . 1 .   ( T h i s  

was  a c t u a l l y   a  s o l u t i o n   of  q u i n i n e   h y d r o c h l o r i d e . )  

T h e s e   s o l u t i o n s   we re   added   a l l   a t   o n c e ,   w i t h  

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

f o r m e d   was  h e a t e d   to  g i v e   two  c l e a r   l a y e r s   a n d  

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

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

s t a n d   o v e r   two  days   a t   room  t e m p e r a t u r e .   I t   w a s  

t h e n   f i l t e r e d ,   w a s h e d   w i t h   2  x  10  ml  w a t e r ,   a n d  

2  x  10  ml  50%  m e t h a n o l ,   and  a i r   d r i e d   w i t h   s u c t i o n .  

The  y i e l d   of  c r u d e   q u i n i n e   s a l t   was  44 .8   g  ( 4 8 . 7 %  

y i e l d )   m o n o h y d r a t e ,   m.p .   1 1 3 - 1 1 6 ° C ,   h a v i n g   a  [@]20 

of  - 9 4 . 3 ° ,   C  =  1 . 0 ;   CHC13.  T h i s   m a t e r i a l   w a s  

r e c r y s t a l l i z e d   f rom  a c e t o n e   to  y i e l d   2 4 . 3 5   g,  - 

m .p .   1 2 7 - 1 3 0 ° C .   T h i s   p u r i f i e d   q u i n i n e   s a l t   w a s  

c o n v e r t e d   to  t he   a c i d   by  r e a c t i o n   w i t h   a q u e o u s   b a s e  

and  c h l o r o f o r m ,   f o l l o w e d   by  a c i d ,   to  y i e l d   (96%) 

3.9  g  h a v i n g   [@]D20  of  + 1 4 6 . 0 ° .  

T h i s   a c i d   was  c o n v e r t e d   to  t he   amide   as  f o l l o w s :  

A  c h a r g e   of  3 0 . 5   g  ( + ) a c i d   was  added   o v e r   5 - 1 0  

m i n u t e s   t h r o u g h   a  d r o p p i n g   f u n n e l   to  c h i l l e d   ( 1 0 ° C )  

o x a l y l   c h l o r i d e ,   54  m l . ,   c o n t a i n i n g   1  d r o p   d i m e t h y l -  

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



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

was  a d d e d   to  100  ml.   m e t h y l e n e   c h l o r i d e   to  d i l u t e .  

E x c e s s   o x a l y l   c h l o r i d e   was  r e m o v e d   by  c o n c e n t r a t i n g  
and  t h e   m i x t u r e   f l u s h e d   t w i c e   w i t h   m e t h y l e n e  

c h l o r i d e .  

The  r e s u l t a n t   s o l u t i o n   was  d i l u t e d   w i t h   a n  

e q u a l   v o l u m e   of   m e t h y l e n e   c h l o r i d e ,   and  a d d e d   c o n -  

t i n u o u s l y   t h r o u g h   a  d r o p p i n g   f u n n e l   to  a b o u t   100  m l .  

a n h y d r o u s   l i q u i d   ammonia   w h i c h   was  d i l u t e d   w i t h   1 0 0  

ml  m e t h y l e n e   c h l o r i d e .   A  d ry   i c e - a c e t o n e   c o o l i n g  

b a t h   was  u s e d   d u r i n g   t he   a d d i t i o n .   When  a l l   w a s  

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

s t i r r e d   a t   room  t e m p e r a t u r e   f o r   a b o u t   1/2  h o u r .   T h e  

m i x t u r e   was  f i l t e r e d ,   to  r e m o v e   p r e c i p i t a t e d   a m m o n i u m  

c h l o r i d e ,   and  c o n c e n t r a t e d   to  d r y n e s s .   The  c r u d e  

w e i g h t   was  2 6 . 6   g.  (88%).   I t   was  r e d i s s o l v e d   i n  

e x c e s s   h o t   e t h y l   a c e t a t e   and  f i l t e r e d   t h r o u g h   a  p r e -  
h e a t e d   s i n t e r e d   g l a s s   f u n n e l   to  s e p a r a t e   f rom  t r a c e  

NH4Cl.   E x c e s s   e t h y l   a c e t a t e   was  a t m o s p h e r i c a l l y  

d i s t i l l e d   o f f .   When  h a l f   t h e   v o l u m e   r e m a i n e d ,   1 3 0  

ml  of   h e p t a n e   w e r e   a d d e d ,   and  e t h y l   a c e t a t e   w a s  

c o n t i n u e d   to  be  d i s t i l l e d   o f f ,   u n t i l   t he   b o i l i n g  

p o i n t   s t a r t e d   to  r i s e   ( to   n e a r   80°C;  much  of  p r o d u c t  

had  a l r e a d y   c r y s t a l l i z e d   o u t ) .   H e a t   was  r e m o v e d ,  

and  t h e   m i x t u r e   l e t   c o o l   g r a d u a l l y   to  a b o u t   3 0 ° C ,  

t h e n   c o o l e d   w i t h   an  i c e   b a t h   to  0 -5°C  f o r   a b o u t   1 / 2  

h o u r .   The  p r o d u c t   was  r e c o v e r e d   as  n i c e   s i l v e r y -  

w h i t e   c r y s t a l l i n e   f l a k e s ,   w a s h e d   w i t h   3  x  e t h y l  

a c e t a t e / h e x a n e   m i x t u r e ,   1 / 1 . 5   and  a i r   d r i e d   t o  



c o n s t a n t   w e i g h t .   I t   w e i g h e d   2 3 . 3   g  (77.1%  y i e l d  

o v e r a l l ,   87.6%  r e c o v e r y   f rom  c r u d e ) ,   m . p .  =   1 3 5 -  

138°C  ( v a r i e s   w i t h   r a t e   of  h e a t i n g ) .   A n g l e   o f  

r o t a t i o n   was  d e t e r m i n e d   by  d i s s o l v i n g   0 . 0 5 4 3   g  i n  

10  ml  c h l o r o f o r m ,   [@]20D =  +100 .  9 °  .  

EXAMPLE  5 

Z - 2 - ( 2 , 2 - D i c h l o r o c y c l o p r o p a n e c a r b o x a m i d o ) - 2 -  
b u t e n o i c   a c i d  

S t e p   A:  2 , 2 - D i c h l o r o c y c l o p r o p a n e c a r b o x a m i d e  

A  7 .1   g  s a m p l e   of   2 , 2 - d i c h l o r o c y c l o p r o p a n e -  

c a r b o n y l   c h l o r i d e   (U.S.   P a t e n t   3 , 3 0 1 , 8 9 6 ,   i s s u e d  

J a n u a r y   31,  1967)  was  a d d e d   d r o p w i s e   to  75  ml  o f  

c o n c e n t r a t e d   ammonium  h y d r o x i d e   w i t h   v i g o r o u s  

s t i r r i n g .   The  t e m p e r a t u r e   of  t h e   r e a c t i o n   m i x t u r e  

was  m a i n t a i n e d   b e l o w   10°C  w i t h   an  i c e   b a t h .   T h e  

m i x t u r e   was  s t i r r e d   in  t he   i c e   b a t h   f o r   30  m i n . ,  

t h e n   a t   room  t e m p e r a t u r e   f o r   1  h r .   The  a q u e o u s  
ammonia   was  e v a p o r a t e d   u n d e r   r e d u c e d   p r e s s u r e  

( b a t h   a t   5 0 ° C ) .   The  s o l i d   r e s i d u e   was  e x t r a c t e d  

w i t h   h o t   e t h y l   a c e t a t e   (3  x  30  m l ) .   The  e x t r a c t s  

w e r e   b o i l e d   down  to  40  ml  and  20  ml  of  h e x a n e   w a s  

a d d e d .   A f t e r   c o o l i n g   in  i c e ,   t h e   s o l i d   was  f i l t e r e d ,  

w a s h e d   w i t h   e t h y l   a c e t a t e - h e x a n e   (1 :1)   and  d r i e d  

to  g i v e   2.7  g  of  2 , 2 - d i c h l o r o c y c l o p r o p a n e c a r b o x a m i d e ,  

m.p .   1 4 4 - 1 4 6 ° .   The  NMR  s p e c t r u m   was  in  a c c o r d   w i t h  

t he   d e s i r e d   s t r u c t u r e .  



A n o t h e r   1 .3   g  of  a m i d e ,   m .p .   1 4 3 - 1 4 5 °   c o u l d   b e  

r e c o v e r e d . f r o m   t h e   m o t h e r   l i q u o r .  

S t e p   B:  Z - 2 - ( 2 , 2 - D i c h l o r o c y c l o p r o p a n e c a r b o x a m i d o ) -  
2 - b u t e n o i c   a c i d  

A  m i x t u r e   of   1 . 5 3   g  (15  mmoles )   of   2 - k e t o -  

b u t y r i c   a c i d ,   1 . 5 4   g  (10  mmoles )   of  2 , 2 - d i c h l o r o -  

c y c l o p r o p a n e c a r b o x a m i d e   and  10  ml  of  t o l u e n e   w a s  

h e a t e d   u n d e r   r e f l u x   f o r   12  h r s .   w i t h   r e m o v a l   o f  

H2O  by  a  m o d i f i e d   D e a n - S t a r k   t r a p   c o n t a i n i n g  

m o l e c u l a r   s i e v e s   (4A) .   An  a d d i t i o n a l   0.7  g  of  2 -  

k e t o b u t y r i c   a c i d   was  a d d e d   and  t h e   r e a c t i o n   m i x t u r e  

was  h e a t e d   u n d e r   r e f l u x   f o r   an  a d d i t i o n a l   12  h r s .  

The  m i x t u r e   was  c o o l e d ,   d i l u t e d   w i t h   20  ml  o f  

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

b o n a t e ' ( 3   x  10  m l ) .   The  e x t r a c t s   w e r e   c o m b i n e d ,  

w a s h e d   w i t h   e t h e r   and  a c i d i f i e d   to  pH  3  (pH  m e t e r )  

w i t h   c c n c e n t r a t e d   h y d r o c h l o r i c   a c i d .   A  gum 

p r e c i p i t a t e d   w h i c h   soon   s o l i d i f i e d .   I t   was  f i l t e r e d ,  

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

n i t r o m e t h a n e   to  g i v e   423  mg  of  Z - 2 - ( 2 , 2 - d i c h l o r o -  

c y c l o p r o p a n e c a r b o x a m i d o ) - 2 - b u t e n o i c   a c i d ,   m . p .  
1 8 8 - 1 8 9 . 5 ° C .   The  NMR  s p e c t r u m   was  in  a c c o r d   w i t h  

t h e   d e s i r e d   s t r u c t u r e .  



EXAMPLE  6 

Z - 2 - ( 2 , 2 - D i c h l o r o c y c l o p r o p a n e c a r b o x a m i d o ) - 2 -  
o c t e n o i c   a c i d  

A  m i x t u r e   of   1 . 1 9   g  ( 7 .5   mmoles)   of   2 - k e t o -  

o c t a n o i c   a c i d ,   0 .77   g  ( 5 . 0   mmoles)   of  2 , 2 - d i c h l o r o -  

c y c l o p r o p a n e c a r b o x a m i d e ,   and  5  ml  t o l u e n e   w e r e  

r e a c t e d   u s i n g   t h e   same  p r o c e d u r e   as  in  t he   p r e v i o u s  

e x a m p l e .   The  c r u d e   p r o d u c t   (537  mg)  was  p u r i f i e d  

by  c o n v e r s i o n   to  t h e   m e t h y l   e s t e r   ( B F 3 / C H 3 0 H ) ,  
p r e p a r a t i v e   TLC  ( s i l i c a   ge l   G,  4:1  h e x a n e - E t O A c )  

and  s a p o n i f i c a t i o n   of  t he   p u r e   Z - m e t h y l   e s t e r  

(0.3M  LiOH/CH3OH)  to  g i v e   88  mg  of  Z - 2 - ( 2 , 2 -  

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

as  a  p a r t i a l l y   c r y s t a l l i n e   gum.  NMR  s p e c t r u m  

(DMSO-d6):   9. 68  δ  (  s ,   1H,  NH),  6 . 5 0  δ  ( t ,   lH,  = H )  

2 . 8 3  δ  ( t ,   1H,  H  )  ,   1.  97  δ   (d,  2H 

0 . 8 7  δ  ( t ,   3H,  CH3) .  

EXAMPLE  7 

Z - 8 - B r o m o - 2 - ( 2 , 2 - D i m e t h y l c y c l o p r o p a n e c a r b o x a m i d o ) -  
2 - o c t e n o i c   a c i d  

To  a  s u s p e n s i o n   of  14 .4   g  (0 .3   mole)   of  50% 

NaH  d i s p e r s i o n   in  360  ml  of  t o l u e n e   c o o l e d   in  a n  

i c e   b a t h   and  in  a  N2  a t m o s p h e r e   was  a d d e d   o v e r  

45  min.   a  s o l u t i o n   of  146  g  ( 0 .6   m o l e s )   of  1 , 6 -  

d i b r o m o h e x a n e   and  57 .6   g  (0 .3   mole)   of  e t h y l   1 , 3 -  

d i t h i a n e - 2 - c a r b o x y l a t e   in  120  ml  of  DMF.  The  c o o l -  

ing   b a t h   was  r e m o v e d   and  t he   m i x t u r e   s t i r r e d   a t  

room  t e m p e r a t u r e   f o r   2  h r s .   The  r e a c t i o n   m i x t u r e  

was  w a s h e d   w i t h   w a t e r   (3  x  210  m l ) ,   d r i e d   o v e r  



MgS04  and  e v a p o r a t e d   u n d e r   r e d u c e d   p r e s s u r e   to  g i v e  

1 7 9 . 5   g  o f   a  y e l l o w   o i l   c o n t a i n i n g   t h e   d e s i r e d  

a n h y d r a t e d   d i t h i a n e ,   1 , 6 - d i b r o m o h e x a n e   and  m i n e r a l  

o i l .   T h i s   c r u d e   m a t e r i a l   was  u s e d   in  t h e   n e x t  

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

To  a  s u s p e n s i o n   of  426  g  ( 2 . 4   m o l e s )   o f  

N - b r o m o s u c c i n a m i d e   in  800  ml  of  a c e t o n i t r i l e   a n d  

200  ml  of  H20  was  a d d e d   o v e r   45  min .   a  s o l u t i o n   o f  

t h e   c r u d e   d i t h i a n e   in  100  ml  of  a c e t o n i t r i l e .   T h e  

t e m p e r a t u r e   of   t h e   r e a c t i o n   m i x t u r e   was  m a i n t a i n e d  

b e l o w   25°C  w i t h   an  i c e   b a t h .   A f t e r   s t i r r i n g   a t  

20°C  f o r   10  min .   t h e   d a r k   r e d   r e a c t i o n   m i x t u r e   w a s  

p o u r e d   i n t o  2   1.  of  h e x a n e - C H 2 C l 2   ( 1 : 1 ) .   T h e  

s o l u t i o n   was  s h a k e n   w i t h   s a t u r a t e d   NaHS03  (2  x  400  m l )  

and  w a t e r   (1  x  500  m l ) .   Then  400  ml  of   s a t u r a t e d  

N a 2 C O 3  s o l u t i o n   was  added   in  s m a l l   p o r t i o n s  

( v i g o r o u s   C02  s o l u t i o n ) .   A f t e r   t h e   f o a m i n g   s u b -  

s i d e d   t h e   f u n n e l   was  s h a k e n   and  t h e   a q u e o u s   p h a s e  

s e p a r a t e d .   The  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  

s a t u r a t e d   Na2CO3  s o l u t i o n   (400  ml)  and  w a t e r   (500  m l )  

and  d r i e d   o v e r   MgSO4.  Remova l   of   t h e   s o l v e n t   u n d e r  

r e d u c e d   p r e s s u r e   gave   1 3 3 . 8   g  of   c r u d e   bromo  k e t o -  

e s t e r   c o n t a i n i n g   1 , 6 - d i b r o m o h e x a n e   and  m i n e r a l   o i l .  

T h i s   c r u d e   m a t e r i a l   was  u s e d   in   t h e   n e x t   r e a c t i o n  

w i t h o u t   p u r i f i c a t i o n .  

A  m i x t u r e   of  1 3 3 . 8   g  of   c r u d e   bromo  k e t o e s t e r ,  

133  ml  of   50%  h y d r o b r o m i c   a c i d   and  267  ml  of  a c e t i c  

a c i d   was  h e a t e d   a t   90°C  ( i n t e r n a l   t e m p e r a t u r e )   f o r  

75  min .   The  d a r k   s o l u t i o n   was  e v a p o r a t e d   u n d e r  

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

r e m o v e d .   The  r e s i d u e   was  d i s s o l v e d   in  500  ml  o f  



e t h e r ,   w a s h e d   w i t h   w a t e r   (2  x  100  ml)  and  e x t r a c t e d  

w i t h   s a t u r a t e d   NaHC03  (3  x  200  m l ) .   The  c o m b i n e d  

NaHCO3  e x t r a c t s   were   e x t r a c t e d   w i t h   e t h e r   (2  x  100  ml )  

and  a c i d i f i e d   w i t h   c o n c e n t r a t e d   HC1.  The  p r e -  

c i p i t a t e d   o i l   was  e x t r a c t e d   w i t h   e t h e r   (3  x  200  m l ) .  

The  e t h e r   e x t r a c t s   were   w a s h e d   w i t h   w a t e r   (1  x  100  m l )  

and  s a t u r a t e d   b r i n e   (1  x  100  ml)  and  d r i e d   o v e r  

MgS04'   Removal   of   t he   e t h e r   u n d e r   r e d u c e d   p r e s s u r e  

g a v e   4 6 . 2   g  of  p u r e   b r o m o k e t o   a c i d .   H o m o g e n e o u s  

by  T1C  ( s i l i c a   g e l ,   4:1  t o l u e n e - a c e t i c   a c i d ) .   T h e  

NMR  s p e c t r u m   was  c o n s i s t e n t   w i t h   t he   d e s i r e d   p r o d u c t .  

A  m i x t u r e   of  46 .1   g  ( 0 . 1 9 4   m o l e s )  o f   t h e   b r o m o -  

k e t o   a c i d  ,   1 7 . 6   g  ( 0 . 1 5 6   mole)   of  2 , 2 - d i m e t h y l -  

c y c l o p r o p a n e c a r b o x a m i d e   and  450  ml  of  t o l u e n e   w a s  

h e a t e d   u n d e r   r e f l u x   f o r   13  h r s . ,   w i t h   c o l l e c t i o n  

of  w a t e r   in  a  s m a l l   D e a n - S t a r k   t r a p .   A f t e r   c o o l i n g ,  

t h e   c l e a r   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  

s a t u r a t e d   NaHCO3  s o l u t i o n   ( 4  x   100  m l ) .   T h e  

c o m b i n e d   e x t r a c t s   were   w a s h e d   w i t h   e t h e r   (2  x  100  ml )  

and  t h e n   t he   pH  was  a d j u s t e d   to  3 .5   (pH  m e t e r )   b y  
a d d i t i o n   of  c o n c e n t r a t e d   HCl.  An  o i l   p r e c i p i t a t e d  
w h i c h   soon   c r y s t a l l i z e d .   The  s o l i d   was  f i l t e r e d ,  

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

f rom  a c e t o n i t r i l e   gave   2 2 . 5   g  of  Z - 8 - b r o m o - 2 - ( 2 , 2 -  

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

m.p .   1 5 1 - 1 5 3 ° C .   H o m o g e n e o u s   by  TLC  (4 :1   t o l u e n e -  

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



t h e   d e s i r e d   s t r u c t u r e .  

EXAMPLE  8 

Z - 8 - D i m e t h y l a m i n o - 2 - ( 2 , 2 - d i m e t h y l c y c l o p r o a n e -  
c a r b o x a m i d o ) - 2 - o c t e n o i c   a c i d  

A  s o l u t i o n   of   664  mg  (2  mmoles )   of  Z - 8 - b r o m o -  

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

a c i d   in   10  ml  of  40%  a q u e o u s   d i m e t h y l a m i n o   w a s  

a l l o w e d   to  s t a n d   a t   room  t e m p e r a t u r e   f o r   4  h r s .   T h e  

s o l u t i o n   was  p o u r e d   o n t o   a  3 .5   x  20  cm  co lumn   o f  

Dowex  50W-x8  ( 1 0 0 - 2 0 0   mesh ,   H+)  i o n   e x c h a n g e   r e s i n  

and  c o l u m n   e l u t e d   w i t h   w a t e r   u n t i l   t h e   e f f l u e n t  

was  no  l o n g e r   a c i d i c   ( ~ 2 0 0   m l ) .   The  c o l u m n   was  t h e n  

e l u t e d   w i t h   300  ml  of  2N  ammonium  h y d r o x i d e .   T h e  

e f f l u e n t  w a s   e v a p o r a t e d   u n d e r   r e d u c e d   p r e s s u r e   t o  

g i v e   600  mg  of  a  c o l o r l e s s   g l a s s .   T h i s   m a t e r i a l   w a s  

d i s s o l v e d   in   3  ml  of  e t h a n o l ,   f i l t e r e d ,   and  a d d e d  

d r o p w i s e   to   200  ml  of   r a p i d l y   s t i r r e d   a c e t o n e .   A 

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

s t i r r i n g   f o r   two  d a y s .   The  s o l i d   was  f i l t e r e d ,  

w a s h e d   w i t h   a c e t o n e ,   and  d r i e d   to  g  ve  445  mg  of  Z-  

8 - d i m e t h y l a m i n o - 2 - ( 2 , 2 - d i m e t h y l c y c l c p r o p a n e c a r b o x a -  

m i d o ) - 2 - o c t e n o i c   a c i d   as  a  c o l o r l e s s ,   h y g r o s c o p i c  

c r y s t a l s ,   m .p .   1 0 1 - 1 1 2 ° C .   H o m o g e n e o u s   by  TLC 



( s i l i c a   g e l ,   in  BuOH,  HOAc,  H20,  4 : 1 : 1 ) .   NMR 

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

EXAMPLE  9 

Z - 2 - ( 2 , 2 - D i m e t h y l c y c l o p r o p a n e c a r b o x a m i d o ) - 8 - t r i m e t h y l -  
ammonium  h y d r o x i d e - 2 - o c t e n o i c   a c i d   i n n e r   s a l t  

A  s o l u t i o n   of  996  mg  (3  mmoles)   of  Z - 8 - b r o m o - 2 -  

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

a c i d   in  15  ml  of  25%  a q u e o u s   t r i m e t h y l a m i n e   w a s  

a l l o w e d   to  s t a n d   a t   room  t e m p e r a t u r e   f o r   3  h r s .   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   o n t o   a  2  x  25  cm  c o l u m n  

of  IRA-410   ( 5 0 - 1 0 0   mesh ,   OH-)  ion   e x c h a n g e   r e s i n   a n d  

e l u t e d   w i t h   w a t e r   u n t i l   the   e f f l u e n t   was  no  l o n g e r  

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

p r e s s u r e   to  g i v e   800  mg  of  a  c o l o r l e s s   g l a s s .   T h i s  

m a t e r i a l   was  d i s s o l v e d   in  20  ml  of  e t h a n o l ,   f i l t e r e d  

and  d i l u t e d   w i t h   600  ml  of  a c e t o n e .   A f t e r   s t a n d i n g  

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

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

and  d r i e d   to  g i v e   720  mg  of  Z - 2 - ( 2 , 2 - d i m e t h y l c y c l o -  

p r o p a n e c a r b o x a m i d o ) - 8 - t r i m e t h y l a m m o n i u m   h y d r o x i d e -  

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

m.p .   2 2 0 - 2 2 2 ° C .   H o m o g e n e o u s   by  TLC  ( s i l i c a   g e l ,   i n  

BuOH,  HOAc,  H20,  4 : 1 : 1 ) .   NMR  s p e c t r u m   was  c o n s i s t e n t  



w i t h   d e s i r e d   s t r u c t u r e .  

EXAMPLE  1 0  

Z - 2 - ( 2 , 2 - D i m e t h y l c y c l o p r o p a n e c a r b o x a m i d o ) - 8 -  
f o r m a m i d i n o - 2 - o c t e n o i c   a c i d  

A  350  mg  s a m p l e   of   Z - 8 - a m i n o - 2 - ( 2 , 2 - d i m e t h y l -  

c y c l o p r o p a n e ( a r b o x a m i d o ) - 2 - o c t e n o i c   a c i d   was  d i s s o l v e d  

in   10  ml  of   w a t e r   and  t h e   pH  a d j u s t e d   to  8 .5   w i t h  

2.5N  NaOH.  A  t o t a l   of  947  mg  of   b e n z y l   f o r m i m i d a t e  

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

p o r t i o n s   o v e r   20  min .   w h i l e   t h e   pH  was  m a i n t a i n e d  

b e t w e e n   8-9  by  a d d i t i o n   of  2.5N  NaOH.  A f t e r   s t i r r i n g  

a t   room  t e m p e r a t u r e   f o r   30  m i n . ,   t h e   c l o u d y   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   e t h e r   (3X)  and  a p p l i e d   t o  

a  2  x  2 . 5   cm  c o l u m n   of   a  G50W-X4  (Na+,  2 0 0 - 4 0 0   m e s h )  

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

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

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

in   w a t e r   and  a p p l i e d   to  a  2  x  25  cm  c o l u m n   o f  

a  GlX8  (HCO-3,  2 0 0 - 4 0 0   mesh)  r e s i n .   A f t e r   e l u t i o n  

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

w e r e   p o o l e d   and  e v a p o r a t e d   u n d e r   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   a  few  ml  of   w a r m  

e t h a n o l ,   f i l t e r e d ,   and  a d d e d   d r o p w i s e   to   200  m l  

of   e t h e r   w i t h   r a p i d   s t i r r i n g .   F i l t r a t i o n   a n d  

w a s h i n g   w i t h   e t h e r   gave   243  mg  of  Z - 2 - ( 2 , 2 - d i m e t h y l -  



c y c l o p r o p a n e c a r b o x a m i d o ) - 8 - f o r m a m i d i n o - 2 - o c t e n o i c  

a c i d   as  an  a m p o r p h o u s   s o l i d .   H o m o n g e n e o u s   by  TLC 

(n-BuOH,  HOAc,  H20;  4 : 1 : 1 ) .   The  NMR  s p e c t r u m   w a s  

in  a c c o r d   w i t h   t he   d e s i r e d   s t r u c t u r e .  

EXAMPLE  1 1  

Z - 2 - ( 2 , 2 - D i m e t h y l c y c l o p r o p a n e c a r b o x a m i d o ) - 8 -  
g u a n i d i n o - 2 - o c t e n o i c   a c i d  

To  a  s o l u t i o n   of  2  mmoles   of  g u a n i d i n e   ( p r e -  

p a r e d   f rom  432  mg  of  g u a n i d i n e   s u l f a t e   and  630  mg 
of  b a r i u m   h y d r o x i d e   o c t a h y d r a t e )   in  7  ml  of  w a t e r  

was  added   332  mg  (1  mnole)   of  8 - b r o m o - 2 - ( 2 , 2 -  

d i m e t h y l c y c l o p r o ? a n e c a r b o x a m i d o ) o c t e n o i c   a c i d ,  

and  t he   s o l u t i o n   was  h e a t e d   a t   70°C  in  a  n i t r o g e n  

a t m o s p h e r e   f o r   1  h r .   The  r e a c t i o n   m i x t u r e   w a s  

a p p l i e d   to  a  2  x  25  cm  co lumn  of  Dowex  50W-X8 
(H+,  1 0 0 - 2 0 0   m e s h ) .   A f t e r   e l u t i o n   w i t h   w a t e r   t h e  

f r a c t i o n s   c o n t a i n i n g   t he   p r o d u c t   were   p o o l e d   a n d  

e v a p o r a t e d   u n d e r   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  s e v e r a l   ml  of  warm  e t h a n o l   a n d  

added   d r o p w i s e   to  100  ml  of  e t h e r   w i t h   r a p i d  

s t i r r i n g .   F i l t r a t i o n   and  w a s h i n g   w i t h   e t h e r   g a v e  
107  mg  of  Z - 2 - ( 2 , 2 - d i m e t h y l c y c l o p r o p a n e c a r b o x a m i d o ) -  

8 - g u a n i d i n o - 2 - o c t e n o i c   a c i d   as  an  a m o r p h o u s   e l e c t r o -  

s t a t i c   p o w d e r .   H o m o g e n e o u s   by  TLC  (n-BuOH,  HOAc, 



H20;  4 : 1 : 1 ) .   NMR  (D20,  NaOD):  6 . 4 8  δ  ( t ,   1H,  =  H ) ;  

3 . 1 0  δ  ( m ,   2H,  CHN-) ,  2 . 1 0   δ  ( m ,   2H,  = C H 2 )  ,   1 . 1 7  δ  

( s ,   3H,  
)  .  

CH3  CH3 

EXAMPLE  1 2  

Z - 2 - ( 2 , 2 - D i m e t h y l c y c l o p r o p a n e c a r b o x a m i d o ) - 8 -  
m e t h v l - 2 - o c t e n o i c   a c i d  

To  a  s o l u t i o n   of   2 . 43   mmoles   of  s o d i u m   m e t h o x i d e  

in  5  ml  of   m e t h a n o l   was  a d d e d   332  mg  (1  mmole)  of  8 -  

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

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

in  a  n i t r o g e n   a t m o s p h e r e   f o r   1  h r .   The  r e a c t i o n  

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

r e s i d u e   d i s s o l v e d   in  w a t e r   and  a c i d i f i e d   w i t h   2 .5   N 

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

e x t r a c t e d   w i t h   e t h e r   (3X).   The  e t h e r   e x t r a c t s   w e r e  

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

o v e r   MgS04.  R e m o v a l   of  t h e   e t h e r   u n d e r   r e d u c e d  

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

s t a n d i n g .   I t   was  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   140  mg  of  Z - 2 - ( 2 , 2 - d i m e t h y l c y c l o p r o p a n e -  

c a r b o x a m i d o ) - 8 - m e t h o x y - 2 - o c t e n o i c   a c i d ,   m . p .   7 1 - 7 2 ° C .  

H o m o g e n e o u s   by  TLC  ( t o l u e n e - H O A c ,   4 : 1 ) .   The  NMR 

s p e c t r u m   was  in  a c c o r d   w i t h   t h e   d e s i r e d   s t r u c t u r e .  



EXAMPLE  13  

Z - 8 - [ ( C a r b o x y m e t h y l ) m e t h y l a m i n o ] - 2 - ( 2 , 2 - d i m e t h y l c y c l o -  

p r o p a n e c a r b o x a m i d o ) - 2 - o c t e n o i c   a c i d  

3 . 3 2   g  of   Z - 8 - b r o m o - 2 - ( 2 , 2 - d i m e t h y l c y c l o p r o p a n e -  

c a r b o x a m i d o ) - 2 - o c t e n o i c   a c i d ,   1 . 0  g   of  CH3NHCH2C02H, 
3 .5   g  of  Na2CO3  and  30  ml  of  w a t e r   we re   h e a t e d   a t  

80°C  in  N 2  f o r   1 .5   h o u r s .   A f t e r   p u r i f i c a t i o n ,   1 . 0 1   g  
of  p r o d u c t   was  p r e p a r e d ,   c a l c   f o r   C 1 7 H 2 8 N 2 O 5 . 2 H 2 O :  
C ,  5 4 . 2 4 ;   H ,  8 . 5 7 ;   N ,  7 . 4 4 ;   f o u n d :   C ,  5 4 . 4 0 ;  

H,  8 . 3 4 ;   N,  7 . 1 6 .  

EXAMPLE  14 

Z - 2 - ( 2 , 2 - d i m e t h y l c y c l o p r o p a n e c a r b o x a m i d o ) - 8 - [ 1 -  

( p h o s p h o n o ) e t h y l a m i n o ] - 2 - o c t e n c i c   a c i d  

was  p r e p a r e d   r e a c t i n g   t he   same  bromo  i n t e r m e d i a t e  

( 3 3 5 . 1   gm)  w i t h   1 3 8 . 2   mg  1 - a m i n o e t h a n e   p h o s p h o r i c   a c i d ,  

435  mg  Na2CO3  in  5  ml  w a t e r ,   f o l l o w i n g   e s s e n t i a l l y   t h e  

same  p r o c e d u r e .  

EXAMPLE  15  

7 - ( L - a m i n o - 2 - c a r b o x y e t h y l t h i o ) - 2 - ( 2 , 2 - d i m e t h y l c y c l o -  

p r o p a n e c a r b o x a m i d o ) - 2 - h e p t e n o i c   a c i d  

I t   i s   p r e p a r e d   in  a  s i m i l a r   f a s h i o n   as  t he   a b o v e  

e x a m p l e ,   e x c e p t   t h a t   Z - 7 - b r o m o - 2 - ( 2 , 2 - d i m e t h y l c y c l o -  

p r o p a n e c a r b o x a m i d o ) - 2 - h e p t e n o i c   a c i d   (185  mg,  105  m m o l e s )  

is   d i s s o l v e d   in  2 .02   ml  NaOH  s o l u t i o n   ( 2 .0   N),  and  d e -  

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

i t   f o r   one  m i n u t e .   Then  c y s t e i n e   HC1  (185  mg,  1 . 0 5  

mmoles)   is  added   a l l   a t   once   and  t he   r e a c t i o n   s t i r r e d   a t  

room  t e m p e r a t u r e   in  a  N2  a t m o s p h e r e   f o r   3  h o u r s .   T h e  

r e a c t i o n   m i x t u r e   i s   a p p l i e d   to  2  X  20  cm  co lumn  of  Dowx 

50  X  4  ( 1 0 0 - 2 0 0   mesh,   H+),  and  e l u t e d   w i t h   300  ml  H 2 0 ,  
t h e n   200  ml  of  2N  NH3  s o l u t i o n   Ammonia  e v a p o r a t e d   u n d e r  



r e d u c e d   p r e s s u r e   to  g i v e   284  mg  of  a  y e l l o w i s h  

g l a s s .   T h i s   p r o d u c t   i s   d i s s o l v e d   in   4  ml  e t h a n o l ,  

and  t h e   i n s o l u b l e   m a t e r i a l   f i l t e r e d .   The  f i l t r a t e  

i s   a d d e d   d r o p w i s e   to  r a p i d l y   s t i r r e d   d i e t h y l e t h e r  

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

w a s h e d   w i t h   e t h e r   and  d r i e d   to  y i e l d   171  mg  p r o d u c t ,  

h a v i n g   one  s p o t   ( n i n h y d r i n   p o s i t i v e )   in  TLC  (nBuOH,  

HOAc,  H20;  4 : 1 : 1 )   r f .   a b o u t   6;  NMR  is   c o n s i s t e n t  

w i t h   d e s i r e d   s t r u c t u r e .   A n a l .   (C16H26N2O5S)  C a l c d .  

C ,  5 3 . 6 1 ;   H ,  7 . 3 1 ;   N ,  7 . 8 1 ;   S ,  8 . 9 4 .   F o u n d :  

C,  5 2 . 5 5 ;   H,  7 . 4 0 ;   N,  7 . 8 9 ;   S,  9 . 6 3 .  



EXAMPLE  1 6  

Sod ium  Z - 7 - ( L - a m i n o - 2 - C a r b o x y e t h y l t h i o ) - 2 - ( 2 , 2 - d i m e t h y l -  

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

A.  G r i g n a r d   P r e p a r a t i o n   of  E t h y l - 7 - c h l o r o - 2 - o x o -  

h e p t e n o a t e  

E q u i m o l a r   a m o u n t s   (8  m o l e s   each)   of  1 - b r o m o - 5 -  

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

f u r a n   (960  ml)  a t   25°C.   The  f l a s k   i s   c h a n g e d   w i t h   Mg 
in  t h e   THF  and  t h e   b r o m o c h l o r o p e n t a n e   a d d e d   o v e r  

1  h o u r ,   t h e n   aged   2  h o u r s .   A f t e r   t h e   r e a c t i o n   was  j u d g e d  

c o m p l e t e   t h e   r e a c t i o n   s o l u t i o n   was  a d d e d   ( c o o l e d   to  - 1 5 ° C )  

to  16  m o l e s   of  d i e t h y l o x a l a t e   in  1856  ml  t e t r a h y d r o f u r a n ,  
w h i l e   m a i n t a i n i n g   t h e   t e m p e r a t u r e   a t   - 1 0 ° C .   3N  HC1  w a s  
a d d e d   to  q u e n c h ,   k e e p i n g   the   t e m p e r a t u r e   be low  2 5 ° C .  

A f t e r   s t r i p p i i n g   s o l v e n t s ,   a  c a l c u l a t e d   y i e l d   of  4 8 . 8 %  

of  t h e   e t h y l - l - c h l o r o - 6 - o x o h e p t e n o a t e   was  r e c o v e r e d .  

B.  C o n d e n s a t i o n   and  H y d r o l y s i s  

S - 2 , 2 - d i m e t h y l c v c l o p r o p y l c a r b o x a m i d e   (1017  g ) ,  

2 1 4 3 . 6   g  of  e t h y l - 7 - c h l o r o - 2 - k e t o h e p t a n o a t e ,   9  l i t e r s  

of  t o l u e n e   and  12  g  of  p - t o l u e n e   s u l f o n i c   a c i d   w e r e  

c h a r g e d   to  a  22  L.  f l a s k ,   and  h e a t e d   to  r e f l u x   w i t h  

s t i r r i n g .   A f t e r   23  h o u r s ,   l i q u i d   c h r o m a t o g r a p h y   s h o w e d  

t h e   e x p e c t e d   p r o d u c t   r a t i o ,   and  4  L.  of  t o l u e n e   w e r e  

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

c h a r g e d   w i t h   w a t e r ,   n e u t r a l i z e d   to  pH  7  w i t h   2N  NaOH, 

and  vacuum  d i s t i l l e d   l e a v i n g   a  f i n a l   po t   vo lume   o f  

a b o u t   5  l i t e r s .  

T h i s   was  h y d r o l y z e d   by  a d d i n g   1760  g  of  50% 

ag.   NaOH  (4  l i t e r s   w a t e r )   and  s t i r r i n g   o v e r n i g h t .  



The  f l a s k   was  c h a r g e d   w i t h   4  L.  m e t h y l e n e   c h l o r i d e ,  
and   pH  a d j u s t e d   to  8 .8   u s i n g   HC1  b u r e a c t e d   a m i d e  

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

f r o m   w a t e r ,   and  t h e n   e v a p o r a t e d .   The  gummy  r e s i d u e  

was  d i s s o l v e d   in   8  L.  w a t e r   c o n t a i n i n g   720  g  50% 

NaOH,  and  to   t h i s   s o l u t i o n   was  c h a r g e d   1818  g  L.  c y s t e i n e  

H C 1 . H 2 0 ,   2  kg  i c e ,   2484  g  50%  NaOH  and  1  L.  w a t e r .  

The  pH  of   t h i s   s o l u t i o n ,   a f t e r   a g i n g   o v e r n i g h t   a t  

room  t e m p e r a t u r e ,   i s   a d j u s t e d   to  3 .0   w i t h   conc   H c l ,   a n d  

t h e   r e s u l t i n g   gummy  s u s p e n s i o n   h e a t e d   to  95°C  to  a f f o r d  

a  c l e a r   s o l u t i o n .   A f t e r   30  m i n u t e s ,   no  E  i s o m e r   c o u l d  

be  d e t e c t e d   by  l c .   A f t e r   w o r k - u p   and  p u r i f i c a t i o n ,  

t h e   o v e r a l l   y i e l d   was  50%.  T h i s   m a t e r i a l   w a s  

r e c r y s t a l l i z e d   f rom  a c e t o n i t r i l e .   1500  g  of  t h e  

r e c r y s t a l l i z e d   m a t e r i a l   was  d i s s o l v e d   in   6  L  w a t e r   a n d  

910  ml  3 . 8 8   N  NaOH,  t h e n   n e u t r a l i z e d   to  pH  7,  a n d  

l y o p h i l i z e d   to   a f f o r d   1569  g  (98 .6%)  of  t h e   t i t l e  

c o m p o u n d ;   A n a l y s i s :   c a l c d ,   C,  5 0 . 5 2 ;   H,  6 . 6 2 ;  

N,  7 . 3 6 ;   S,  8 . 4 3 ;   Na,  6 . 0 4 ;   F o u n d :   C,  5 0 . 7 1 ;  

H,  6 . 7 8 ;   N,  7 . 4 9 ;   S,  8 . 5 2 ;   Na,  5 . 9 2 .  



EXAMPLE  17  

Z - 8 - [ ( 2 - A m i n o - 2 - o x o e t h y l ) t h i o ] - 2 - ( 2 , 2 - d i m e t h y l c y c l o p r o -  

p a n e c a r b o x a m i d o ) - 2 - o c e t e n o i c   a c i d  

T h i s   was  a l s o   p r e p a r e d   in  a  s i m i l a r   m a n n e r   to  t h a t  

d e s c r i b e d   in  E x a m p l e   16,  a b o v e ,   u s i n g   3 .3  gm  of  t h e  

bromo  i n t e r m e d i a t e ,   1 .3   g  of  H2NC(=O)  CH23H,  in  50  ml  

m e t h a n o l .   1 .6   gms  of  p r o d u c t ,   mp.  1 2 7 - 1 2 8 ° C   w a s  
o b t a i n e d .  

EXAMPLE  18 

The  Z - 8 - c y a n o - 2 - ( 2 , 2 - d i m e t h y l c y c l o p r o p a n e c a r b o x a m i d o ) -  

2 - o c t e n o i c   compound  was  p r e p a r e d   f rom  332  mg  8 - b r c m o - 2 -  

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

and  100  mg  NaCN  in  2  ml  DMSO,  h e a t e d   a t   80°C  f o r  

30  min.   A f t e r   e x t r a c t i o n   and  p u r i f i c a t i o n ,   102  mg 
of  a  c o l o r l e s s   s o l i d ,   mp  9 9 - 1 0 3 ° C   were   r e c o v e r e d ,  

a n a l y s i s   f o r   C15H22N2O3:  c a l c d ,   C,  6 4 . 7 3 ;   H,  7 . 9 7 ;  

N ,  1 0 . 0 6 ;   f o u n d :   C ,  6 4 . 6 9 ;   H ,  8 . 1 4 ;   N ,  9 . 4 1 .  

EXAMPLE  19 

R a c e m i c   Z - 7 ( 3 - h y d r o x y - 2 - p y r i d y l t h i o ) - 2 - ( 2 , 2 - d i m e t h y l c y c l c -  

p r o p a n e c a r b o x a m i d e ) - 2 - h e p t e n o i c   a c i d  

A  s o l u t i o n   of  200  mg  ( 0 . 6 3 0   mmole)  of  Z - 7 - b r o m o - 2 -  

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

72 .4   mg  ( . 57   mmole)  of  2 - m e r c a p t o - 3 - p y r i d i n o l ,   and  134  mg 
( 1 . 2 6   mmole)  of  Na2CO3  in  1 .0   ml  of  H20  was  s t i r r e d   a t  

room  t emp.   u n d e r   n i t r o g e n .  

Tlc   (8 :1   t o l u e n e : A C O H )   showed  a  t r a c e   of  2 - m e r c a i t o -  

3 - p y r i d i n o l   and  r e m a i n i n g   bromo  c o m p o u n d .  

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   10 .0   ml 

of  1 .5   N  HCl  and  1 0 . 0   ml  E t 2 0 .   The  a q u e o u s   f r a c t i o n   was  

a d j u s t e d   to  p H ~ 3 . 5   w i t h   2 .5  N  NaOH.  The  p r o d u c t   did  n o t  

o i l   o u t ,   b u t   was  e x t r a c t e d   i n t o   E t 2 0 ,   d r i e d   w i t h   MgSO4 
and  f i l t e r e d .   Conc.   of  E t20   gave   1 5 1 . 0   mg  of  w h i t e  

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

n i t r o e t h a n e   w i t h   s e v e r a l   d r o p s   of  a c e t i c   a c i d ,   y i e l d   4 3 . 0  

mg,  m.p .   1 9 9 . 0 - 2 0 0 . 5 ° C ;  



and  a n a l y s i s   g a v e   f o r   C 1 8 H 2 3 N 2 O 4 S . 5   H20,  M W = 3 7 3 . 4 6 :  

E x a m p l e   20  

( + ) - Z - 2 - ( 2 , 2 - D i m e t h y l c y c l o p r o p a n e c a r b o x a m i d o ) - 7 -  

( 3 - h y d r o x y - 2 - p y r i d y l t h i o ) - 2 - h e p t e n o i c   a c i d  

A  m i x t u r e   of   2 . 0 0   g  ( 6 . 3   mmole)  of  ( + ) - Z - 7 - b r o m o -  

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

0 . 7 3   g  ( 5 . 7 5   mmole)  of   2 - m e r c a p t o - 3 - p y r i d i n o l ,   1 . 3 4   g  

( 1 2 . 6   mmole)   of   Na2CO3,  and  8  ml  of  H20  was  s t i r r e d   a t  

room  t e m p e r a t u r e   u n d e r   N2'  A f t e r   1 7 . 5   h r s   t he   m i x t u r e  

was  t r e a t e d   c a u t i o u s l y   w i t h   60  ml  of  2 . 5  N   HC1  ( f o a m i n g )  

and  s h a k e n   w i t h   60  ml  of   E t 2 0   in  a  s e p .   f u n n e l   u n t i l   a l l  

of   t h e   gummy  p r e c i p i t a t e   o b t a i n e d   i n i t i a l l y   upon  a c i d i f i c a -  

t i o n   had  d i s s o l v e d   in  one  p h a s e   or   t h e   o t h e r .   The  a q u e o u s  

p h a s e   was  a d j u s t e d   to  pH  3 . 3 5   w i t h   2 . 5  N   NaOH,  c a u s i n g  

s e p a r a t i o n   of   a  gum.  The  m i x t u r e   was  h e a t e d   on  a  

s t e a m   b a t h ,   r e s u l t i n g   in   a  s o l i d i f i c a t i o n .   A f t e r   c o o l i n g ,  

t h e   s o l i d   was  c o l l e c t e d   on  a  f i l t e r   and  w a s h e d   w i t h   H 2 0 .  
The  a i r - d r i e d   m a t e r i a l   ( 1 . 7   g)  was  s u s p e n d e d   i n  

~ 5 0   ml  of   n i t r o m e t h a n e ,   h e a t e d   on  a  s t e a m   b a t h ,   a n d  

t r e a t e d   s l o w l y   w i t h   AcOH  w h i l e   h o t   u n t i l   a l l   of  t h e   s o l i d  

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

f i l t e r e d   t h r o u g h   S u p e r - C e l .   The  f i l t r a t e   was  r e h e a t e d   t o  

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

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

c o l l e c t e d   on  a  f i l t e r   and  w a s h e d   w i t h   n i t r o m e t h a n e .   T h e  



m a t e r i a l   was  f i n a l l y   d r i e d   in  a  vacuum  oven  a t   1 0 0 ° .  

Y i e l d   of  w h i t e   c r y s t a l s   =  1 . 2 4   g  (59%),   mp  1 8 8 . 5 - 1 8 9 ° .  

Tlc  (2 :1   t o l u e n e - A c O H )   was  v i r t u a l l y   h o m o g e n o u s .   NMR 

(DMSO-d6)  was  c o n s i s t e n t   w i t h   t he   a s s i g n e d   s t r u c t u r e .  

From  t he   m o t h e r   l i q u o r   was  o b t a i n e d   a  s e c o n d   c r o p   o f  

l i g h t   c r e a m - c o l o r e d   c r y s t a l s :   0 .12   g,  mp  1 8 5 - 1 8 6 ° ;   t l c  

s i m i l a r   to  t h a t   of  f i r s t   c r o p .   T o t a l   y i e l d   of  m a t e r i a l  

=  1 . 3 6   g  ( 6 5 % ) .  

A n a l .   (C18H24N204S)   C a l c d .   C,  5 9 . 3 2 ;   H,  6 . 6 4 ;  

N,  7 . 6 9 ;   S,  8 . 8 0 ;   Found  ( l s t   c r o p )   C,  5 9 . 2 8 ;  

H,  6 . 5 8 ;   N,  7 . 5 8 ;   S,  8 . 9 6 .  



EXAMPLE  2 1  

R a c e m i c   Z - 7 - ( . 3 - c a r b o x y - 2 - p y r i d y l t h i o - 2 - ( 2 , 2 - d i m e t h y l -  

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

A  s o l u t i o n   of   1 0 8 . 0   mg  ( . 34   mmole)  of   Z - 7 - b r o m o - 2 -  

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

4 8 . 0   mg  ( . 3 1   mmole)  of   2 - m e r c a p t o n i c o t i n i c   a c i d ,   a n d  

7 2 . 1   mg  ( . 6 8   mmole)  of   Na2CO3  in  .5  ml  H20  was  s t i r r e d  

u n d e r   N2  a t   room  t e m p .  

A f t e r   1  d a y ,   t h e   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   2 . 5   N  HC1  and  E t 2 0 .   The  p r o d u c t   was  e x t r a c t e d  

i n t o   2 . 5   N  HC1  and  to  t h i s   l a y e r   was  a d d e d   50%  NaOH 

u n t i l   p H  ~ 2 . 5 - 3 . 0 .   The  p r o d u c t   was  e x t r a c t e d   i n t o   E t 2 0  
d r i e d   w i t h   MgSO4,  f i l t e r e d   and  c o n c e n t r a t e d   on  t h e  

r o t o v a c   to   y i e l d   5 1 . 0   mg  (38%),   w i t h   p u r i t y   c o n f i r m e d   b y  

NMR  and  t l c .  



EXAMPLE  22  

N - F o r m i m i d o y l   t h i e n a m y c i n ,   c r y s t a l l i n e  

S t e p   A.  B e n z y l f o r m i m i d a t e   h y d r o c h l o r i d e  

A  3  1.  t h r e e - n e c k e d   f l a s k   f i t t e d   w i t h   an  a d d i -  

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

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

(125  g . ,   1 . 1 5   mol)  f o r m a m i d e   (51  g . ,   1 . 1 2   mol)  a n d  

a n h y d r o u s   e t h e r   (1200   m l . ) .   The  m i x t u r e   was  s t i r r e d  

v i g o r o u s l y   a t   room  t e m p e r a t u r e   ( 2 0 - 2 5 ° C )   u n d e r   a  

n i t r o g e n   a t m o s p h e r e   and  b e n z o y l   c h l o r i d e   (157  g . ,  
1 . 1 2   mol)  in  50  ml.  of  a n h y d r o u s   e t h e r   was  a d d e d  

d r o p w i s e   u s i n g   the   a d d i t i o n   f u n n e l .   The  a d d i t i o n  

r e q u i r e d   a p p r o x i m a t e l y   50  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   an  a d d i t i o n a l  

60  m i n u t e s   a t   room  t e m p e r a t u r e .   The  e t h e r   w a s  

r e m o v e d   by  d e c a n t a t i o n   and  300  ml.  of  a c e t i c   a n h y -  

d r i d e   in  500  ml.  of  a n h y d r o u s   e t h e r   was  a d d e d .   T h e  

m i x t u r e   was  s t i r r e d   30  m i n u t e s   a t   room  t e m p e r a t u r e .  

The  p r e c i p i t a t e   was  a l l o w e d   to  s e t t l e   and  t he   e t h e r -  

a c e t i c   a n h y d r i d e   was  a g a i n   r e m o v e d   by  d e c a n t a t i o n .  

The  s o l i d   was  c o l l e c t e d   by  f i l t r a t i o n ,   w a s h e d   w i t h  

500  ml.   of  e t h e r   and  d r i e d   in  v a c u o   o v e r   KOH  a t   2 5 ° C  

f o r   2  h r s .   to  g i v e   130  g.  (67%)  of  b e n z y l f o r m i m i d a t e  

h y d r o c h l o r i d e   as  a  w h i t e   s o l i d .  

The  p r o d u c t   was  a s s a y e d   by  NMR δ (DNSO)  5 . 7  

(s,   2H,  ØCH2) ,  7 .5   (s ,   5H,  Ø) ,  9 .   0  (s,  1H,  HC=N) .  

The  p r o d u c t   is  t h e r m a l l y   u n s t a b l e .   I t   d e c o m p o s e s  

to  f o r m a m i d e   and  b e n z y l   c h l o r i d e   at   0°C  and  a b o v e .  

H o w e v e r ,   no  a p p r e c i a b l e   d e c o m p o s i t i o n   was  d e t e c t e d  

on  s t o r a g e   a t   - 2 0 ° C   f o r   2  m o n t h s .  



S t e p   B.  D e r i v a t i z a t i o n   of  T h i e n a m y c i n  

T h i e n a m y c i n   ( i n   t h e   f o rm  of   a  6  1.  a q u e o u s  

s o l u t i o n ,   pH  =  6 . 5 ,   c o n c e n t r a t e   f rom  t h e   f e r m e n t a -  

t i o n   b r o t h ,   c o n t a i n i n g   28  g.  t h i e n a m y c i n )   was  p l a c e d  

in  a  l a r g e   b e a k e r   (12  1)  and  c o o l e d   to  0°C.  T h e  

b e a k e r   was  e q u i p p e d   w i t h   a  pH  m e t e r   and  an  e f f i c i e n t  

h i g h   s p e e d   s t i r r e r .   The  pH  was  r a i s e d   to  8 .5  by  t h e  

c a r e f u l   a d d i t i o n   of  3N  KOH  (KOH  was   a d d e d   d r o p w i s e  

v i a   s y r i n g e   to  t h e   s t i r r e d   s o l u t i o n ) .   The  s o l u t i o n  

was  t r e a t e d   w i t h   6  e q u i v a l e n t s   of  s o l i d   b e n z y l   f o r m i -  

m i d a t e   h y d r o c h l o r i d e   ( ~ 1 0 0   g . )   in  p o r t i o n s   w h i l e  

m a i n t a i n i n g   t h e   pH  a t   8 . 5  +   0 .3  by  t h e   a d d i t i o n   o f  

3N  KOH  (200  m l . )   u s i n g   a  s y r i n g e .   The  a d d i t i o n  

r e q u i r e d   3-5  min .   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   6  min .   a t   0°C  and  t h e n   a s s a y e d   by  l i q u i d   c h r o m a -  

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

s o l u t i o n   was  a d j u s t e d   to  pH  7  w i t h   1N  HC1.  T h e  

v o l u m e   of   t he   r e a c t i o n   m i x t u r e   was  m e a s u r e d ,   a n d  

t h e   s o l u t i o n   was  a s s a y e d   by  UV.  The  n e u t r a l i z e d  

r e a c t i o n   m i x t u r e   was  c o n c e n t r a t e d   to  15  g . / l .   o n  
t h e   r e v e r s e   o s m o s i s   u n i t   a t   <  1 0 ° C .   The  v o l u m e   o f  

t h e   c o n c e n t r a t e   was  m e a s u r e d   and  t h e   pH  was  a d j u s t e d  

to  7 . 2 - 7 . 4 ,   i f   n e c e s s a r y .   The  c o n c e n t r a t e   w a s  

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

t i o n .  



S t e p   C.  Dowex  50W  x  2  C h r o m a t o g r a p h y  

The  c o n c e n t r a t e   ( 7 5 0 - 1 0 0 0   m l . ,   15-20  g.)   w a s  

a p p l i e d   to  0°C.  to  a  p r e c o o l e d   18  1.  colnmn  o f  

Dowex  50W  x  2  in  t he   p o t a s s i u m   c y c l e   (200-400  m e s h  

r e s i n )   and  the   co lumn  was  e l u t e d   a t   0 - 5 ° C  w i t h  

d i s t i l l e d   d e i o n i z e d   w a t e r   a  f low  r a t e   of  90  m l / m i n .  

and  a  head   p r e s s u r e   of  0-45  p s i g .  

F o r e r u n   f r a c t i o n s   of  4  1 . ,   2  1 . ,   and  one  1 . ,  

were  c o l l e c t e d   f o l l o w e d   by  18  f r a c t i o n s   of  450  m l .  

e a c h ,   and  one  f i n a l   f r a c t i o n   of  2  1.  Each  f r a c t i o n  

was  a s s a y e d   by  UV  ( 1 / 1 0 0   d i l u t i o n ,   NH2OH  e x t i n c t i o n  

was  o m i t t e d )   and  the   t o t a l   amoun t   of  N F T  p r e s e n t   i n  

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

end  f r a c t i o n s   were  a s s a y e d   for   l i q u i d   c h r o m a t o g r a p h y  

p u r i t y   and  the   d e s i r e d   r i c h   c u t   f r a c t i o n s  w e r e  

c o m b i n e d .   The  pH  of  the  c o m b i n e d   r i c h   cuts  w a s  

d e t e r m i n e d   by  b o t h   pH  m e t e r   and  b romothymol   b l u e  

i n d i c a t i n g   s o l u t i o n s   and  was  a d j u s t e d   to pH  7 . 2 - 7 . 4  

i f   n e c e s s a r y .   The  c o m b i n e d   r i c h   c u t s   (3-4  1.)  w e r e  

t h e n   a s s a y e d   by  UV  and  the   t o t a l   f o r m a m i d i n e   c o n t e n t  

was  d e t e r m i n e d ,   15 -16   g . ,   75%  y i e l d   from  the  c o l u m n .  

The  r i c h   c u t s   were  c o n c e n t r a t e d   on  the   r e v e r s e  

o s m o s i s   u n i t   at  <  10°C  as  f a r   as  p o s s i b l e ,   t h e n  

t he   c o n c e n t r a t i o n   to  33  g . / l .   was  c o m p l e t e d   on  t h e  

c i r c u l a t o r y   e v a p o r a t o r   a t   l e s s   t han   28°C.  A  t o t a l  

vo lume   of  a b o u t   500  ml.  c o n c e n t r a t e   was  o b t a i n e d .  



S t e p  D .   C r y s t a l l i z a t i o n   o f   N - F o r m i m i d o y l   T h i e n a m y c i n  

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

a d j u s t e d   to  7 . 3 ,   i f   n e c e s s a r y ,   and  N - f o r m i m i d o y l  

t h i e n a m y c i n   c o n t e n t   a s s a y e d   by  UV,  was  a b o u t   8 5 - 9 0 % .  

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

f u n n e l   (medium  p o r o s i t y )   i n t o   a  l a r g e   E r l e n m e y e r  

f l a s k .   F i v e   v o l u m e s   ( ~ 2 2 0 0   m l . )   of  3A  e t h a n o l   w a s  

f i l t e r e d   i n t o   t he   c o n c e n t r a t e   and  t he   s o l u 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   10  m i n u t e s   and  at  0 ° C  

f o r   1 2 - 2 4   h r s .  

The  c r y s t a l s   were   f i l t e r e d   by  s u c t i o n   f i l t r a t i o n  

and   w a s h e d   w i t h   0 .1   v o l u m e   ( ~ 2 5 0   m l . )   of   0°C  80% 

3A  e t h a n o l   f o l l o w e d   by  1 /25   v o l u m e   (100  m l . )   o f   3A 

e t h a n o l   at  room  t e m p e r a t u r e .   The  c r y s t a l s   w e r e  

d r i e d   in  v a c u o   f o r   1 2 - 2 4   h r s .   to   g i v e   a p p r o x i m a t e l y  

a  40%  o v e r a l l   y i e l d   of   N - f o r m i m i d o y l   t h i e n a m y c i n  

( 1 0 - 1 2   g . ) .  

A n a l y t i c a l   r e s u l t s   on  a  50  g.  b l e n d   of  N -  

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

f o l l o w s :  

r e s i d u e   on  i g n i t i o n ,   p r e d i c t e d   0 . 5 ,   f o u n d   0 . 4 7 % ;  

[@]25D =   8 9 . 4 ° ,   T . G .  =   6 .8%,  UV  λ m a x   300  MM,  E% = 

3 2 8 .  



EXAMPLE  23 

ACTIVITY  OF  DMCO  WITH  NFT 

The  compound   N - f o r m i m i d o y l   t h i e n a m y c i n   (NFT) 

and  t h e   compound   Z - 2 - ( 2 , 2 - d i m e t h y l c y l c o p r o p a n e  

c a r b o x a m i d o - 2 - o c t e n o i c   a c i d   (DMCO)  were   t e s t e d   i n  

r a b b i t s   to  e v a l u a t e   n e p h r o t o x i c i t y .  

E i t h e r   NFT  a l o n e   or  in  c o m b i n a t i o n   w i t h  

DMCO  was  a d m i n i s t e r e d   i n t r a v e n o u s l y   to  r a b b i t s .  

A f t e r   48  h o u r s   b l o o d   s a m p l e s   were  t a k e n   f o r   d e t e r -  

m i n a t i o r   of  BUN  and  c r e a t i n i n e   c o n c e n t r a t i o n s   a n d  

the   r a b b i t s   were  k i l l e d   f o r   h i s t o l o g i c   e x a m i n a t i o n  

of  k i d n e y   s e c t i o n s .  

The  s t u d y   was  i n i t i a t e d   w i t h   28  New  Z e a l a n d  

w h i t e   r a b b i t s   wh ich   r a n g e d   in  age  f rom  23  to  27  

w e e k s ,   and  in  w e i g h t   f rom  2 .78   to  3 .71   kg  f o r   m a l e s  

and  2 . 8 1   to  3 .85   kg  f o r   f e m a l e s .   Al l   a n i m a l s   w e r e  

h o u s e d   in  i n d i v i d u a l   s t a i n l e s s   s t e e l   c a g e s   a n d  

m a i n t a i n e d   in  c l i m a t e - c o n t r o l l e d   rooms  w i t h   a c c e s s  

to  f o o d   ( P u r i n a   R a b b i t   Chow)  and  t ap   w a t e r   a d  

l i b i t u m .  

NFT  was  a d m i n i s t e r e d   to  s i x   g r o u p s   of  2  m a l e  

and  2  f e m a l e   r a b b i t s   e a c h   at   a  n o m i n a l   dose   of  180  m g /  

kg.  F i v e   of  t h e s e   g r o u p s   r e c e i v e d   DMCO  in  a d d i t i o n  

to  NFT  a t   n o m i n a l   d o s e s   of  90,  30,  10,  3  or  1  m g / k g .  

Al l   d o s e s   were  a d m i n i s t e r e d   v i a   the   m a r g i n a l   e a r  

v e i n   a t   a  d o s a g e   vo lume  of  1 .89   m l / k g .   An  a d d i t i o n a l  

g r o u p   of  2  male   and  2  f e m a l e   r a b b i t s   r e c e i v e d   0 .9% 

s t e r i l e   s a l i n e   and  s e r v e d   as  c o n t r o l s .  

NFT  was  d i s s o l v e d   in  s o l u t i o n s   of  s o d i u m   b i c a r -  

b o n a t e   (NFT  a l o n e   g r o u p )   or  s t e r i l e   s o l u t i o n s   o f  

DMCO  in  s o d i u m   b i c a r b o n a t e   at  f i v e   d i f f e r e n t   c o n -  

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



p r i o r   to   u s e .  

The  mean  BUN  and  s e rum  c r e a t i n i n e   c o n c e n t r a -  

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

n e c r o s i s   a r e   shown  b e l o w   in  T a b l e   I :  



EXAMPLE  24 

ACTIVITY  OF  DMCO  WITH  CEPHALORIDINE 

A  48  h o u r   i n t r a v e n o u s   s t u d y   was  p e r f o r m e d   i n  

r a b b i t s   to  i n v e s t i g a t e   t h e   e f f e c t   of  DMCO  on  t h e  

n e p h r o t o x i c i t y   of   c e p h a l o r i d i n e .  

F i v e   g r o u p s   of   2  male   and  2  f e m a l e   r a b b i t s  

r e c e i v e d   a  s i n g l e   dose   of  one  of  the   f o l l o w i n g :  

s a l i n e ,   DMCO  (90  m g / k g ) ,   c e p h a l o r i d i n e   (180  m g / k g ) ,  

c e p h a l o r i d i n e   (180  mg/kg)   +  DMCO  (90  m g / k g ) .  

Al l   r a b b i t s   were   s a c r i f i c e d   a p p r o x i m a t e l y  

48  h o u r s   p o s t - i n j e c t i o n   and  b o t h   k i d n e y s   w e r e  

r e m o v e d ,   w e i g h e d ,   and  s a m p l e s   of  b o t h   k i d n e y s   w e r e  

p r o c e s s e d   f o r   m i c r o s c o p i c   e x a m i n a t i o n .  

The  i n c i d e n c e   and  d e g r e e   of  r e n a l   p r o x i m a l  

t u b u l a r   n e c r o s i s   a r e   g i v e n   b e l o w   in  T a b l e   I I :  





1.  An  a n t i b a c t e r i a l   c o m p o s i t i o n   c o m p r i s i n g   a  
c o m b i n a t i o n   of  c e p h a l o r i d i n e   and  a  3 - s u b s t   it  u t e d  

p r o p e n o a t e   of  e i t h e r   of  t he   f o l l o w i n g   f o r m u l a s :  

w h e r e i n   R2  and  R3  a r e   h y d r o c a r b o n   r a d i c a l s   in  t h e  

r a n g e   r e s p e c t i v e l y   o f   3 - 1 0   and  1 -15   c a r b o n   a t o m s ;   i n  

e i t h e r   one  of   t h e s e   R2  or   R3  h y d r o c a r b o n   c h a i n s   1 - 6  

h y d r o g e n s   may  be  r e p l a c e d   by  h a l o g e n s   or   a  n o n -  

t e r m i n a l   m e t h y l e n e   may  be  r e p l a c e d   by  o x y g e n   o r  

s u l f u r ,   i n c l u d i n g   o x i d i z e d   f o r m s   of  t h e   l a t t e r ;  

a d d i t i o n a l l y ,  a   t e r m i n a l   h y d r o g e n   in  R3  can   a l s o   b e  

r e p l a c e d   by  a  h y d r o x y l   or  t h i o l   g r o u p ,   w h i c h   m a y  
be  a c y l a t e d   or   c a r b a m o y l a t e d ;   o r   t h e   h y d r o g e n   c a n  

be  r e p l a c e d   by  an  a m i n o   g r o u p ,   w h i c h   may  be  d e r i v a -  

t i z e d   as   in  an  a c y l a m i n o ,   u r e i d o ,   a m i d i n o ,   g u a n i d i n o ,  

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

q u a t e r n a r y   n i t r o g e n   g r o u p i n g s ;   o r ,   a l t e r n a t i v e l y ,  

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

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

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

c o m b i n a t i o n s   t h e r e o f ,   such   as  a  t e r m i n a l   amino   a c i d  

g r o u p i n g ;   and  R1  is   h y d r o g e n   or  l o w e r   a l k y l   ( C 1 - 6 )  

or  d i a l k y l a m i n o a l k y l ,   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 ;   and  n  i s   an  i n t e g e r   f rom  3  to   5  and  Y  i s  

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

h y d r o x y l ,   oxo ,   c a r b o x y l ,   or  m e t h y l ;   t he   r a t i o   o f  

c e p h a l o r i d i n e   to   t h e   p r o p e n o a t e   b e i n g   w i t h i n   t he   r a n g e  

of  a b o u t   1  to  0 . 1 - 3 .  



2.  An  a n t i b a c t e r i a l   c o m p o s i t i o n   c o m p r i s i n g   a  

c o m b i n a t i o n   of  t h i e n a m y c i n ,   N - g u a n y l ,   or  N - f o r m i m i d o y l  

t h i e n a m y c i n   and  a  3 - s u b s t i t u t e d   p r o p e n o a t e   of  t h e  

f o r m u l a :  

w h e r e i n   R1  i s   h y d r o g e n   or  l o w e r   a l k y l   (C1-6)   o r  

d i a l l k y l a m i n o a l k y l ,   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 ;   and  n  i s   an  i n t e g e r   f r o m ' 3   to   5  and  Y  i s  

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

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

t h e   a n t i b i o t i c   to  t h e   p r o p e n o a t e   b e i n g   w i t h i n   t h e  

r a n g e   of  a b o u t   1  to  0 . 1 - 3 .  

3.  The  c o m p o s i t i o n   of  C l a i m   1  in  w h i c h   R2  c a n  

be  R4,  w h e r e i n   R4  is   b r a n c h e d   or  c y c l i c   h y d r o c a r b o n  

of  3 -10   c a r b o n   a t o m s ;  
R5R6,  w h e r e i n   R5  is   c y c l o a l k y l   of  3-6  c a r b o n  

a t o m s   and  R   is   e i t h e r   1  or  2  a l k y l   s u b s t i t u e n t s  

w h i c h   may  be  j o i n e d   to  fo rm  a n o t h e r   r i n g   on  t h e  

c y c l o a l k y l   g r o u p   or  R6  is   1  or  2  c h l o r o   s u b s t i t u e n t s ;  

o r  
R7R8,  w h e r e i n   R7  is   a l k y l e n e   of  1-3  c a r b o n  

a t o m s   and  R8  is  c y c l o a l k y l   of  3-6  c a r b o n   a t o m s .  

4.  The  c o m p o s i t i o n   of  C l a i m   1  in  w h i c h   R2  is   a  

s t r a i g h t ,   b r a n c h e d   or  c y c l o a l k y l   g r o u p   of  3-10  c a r b o n  

a t o m s   i n c l u d i n g   a l k y l c y c l o a l k y l   and  d i a l k y l c y c l o a l k y l ,  

p r o v i d i n g   t h e   c a r b o n   a d j a c e n t   to   t h e   c a r b o n y l   c a n n o t  

be  t e r t i a r y .  



5.  The  c o m p o s i t i o n   of  C l a i m   1  in  w h i c h   R2  i s  

w h e r e i n   R5  is   c y c l o a l k y l   of  3-6  c a r b o n   a t o m s   a n d  
R6  is   e i t h e r   1  or  2  a l k y l   s u b s t i t u e n t s   w h i c h   may 
be  j o i n e d   to  form  a n o t h e r   r i n g   on  t he   c y c l o a l k y l  

g r o u p .  

6.  The  c o m p o s i t i o n   of  C l a i m   1  in  w h i c h   R2  i s  

w h e r e i n   R'  is  an  a l k y l e n e   g r o u p   of  1-3  c a r b o n   a t o m s  

and  R 8  i s   c y c l o a l k y l   of  3-6  c a r b o n   a t o m s .  

7.  The  c o m p o s i t i o n   of  C l a i m   1  in  w h i c h   R2  i s  

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

8.  The  c o m p o s i t i o n   of  C l a i m s   1  or  2  in  w h i c h   Y  i s  

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

z o l y l ,   or  p h e n y l .  

9.  The  c o m p o s i t i o n   of  C l a i m   1  in  wh ich   t h e  

p r o p e n o a t e   is   Z - 2 - ( 2 , 2 - d i m e t h y l c y c l o p r o p a n e c a r b o x a -  

m i d o ) - 8 - t r i m e t h y l   a m m o n i u m - 2 - o c t e n o i c   a c i d ,   Z - 2 - ( 2 , 2 - d i -  

m e t h y l c y c l o p r o p a n e   c a r b o x a m i d o ) - 2 - b u t e n o i c   a c i d ,  

Z - 2 - ( 2 , 2 - d i m e t h y l c y c l o p r o p a n e   c a r b o x a m i d o ) - 2 - p e n t e n o i c  

a c i d ,   Z - 2 - ( 2 , 2 - d i m e t h y l c y c l o p r o p a r ; e c a r b o x a m i d o ) -  

2 - o c t e n o i c   a c i d ,   Z - 2 - ( 2 , 2 - d i m e t h y l c y c l o p r o p a n e c a r b o x a -  

m i d o ) - 2 - h e x e n o i c   a c i d ,   Z - 8 - / 7 c a r b o x y m e t h y l ) - m e t h y l a m i n o 7 -  

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

Z - 8 - [ ( 2 - a m i n o - 2 - o x o e t h y l ) t h i o ] - 2 - ( 2 , 2 - d i m e t h y l c y c l o -  

p r o p a n e c a r b o x a m i d o ) - 2 - o c t e n o i c   a c i d ,   Z - 2 - ( 2 , 2 - d i m e t h y l -  

c y c l o p r o p a n e c a r b o x a m i d o ) - 8 - [ 1 - ( p h o s p h o n o ) e t h y l a m i n o ] -  

2 - o c t e n o i c   a c i d ,   Z - 7 - ( L - a m i n o - 2 - c a r b o x y e t h y l t h i o ) - 2 -  

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

a c i d ,   or  Z - 8 - a c e t a m i d o - 2 - ( 2 , 2 - d i m e t h y l c y c l o p r o p a n e -  

c a r b o x a m i d o ) - 2 - o c t e n o i c   a c i d .  



10.  The  c o m p o s i t i o n   of  C l a i m s   1  o r   2  in  w h i c h   t h e  

p r o p e n o a t e   i s   Z - 7 - ( 3 - h y d r o x y l - 2 - p y r i d y l t h i o ) - 2 - ( 2 , 2 -  

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

Z - 7 - ( 3 - c a r b o x y l - 2 - p y r i d y l t h i o ) - 2 - ( 2 , 2 - d i m e t h y l c y c l o -  

p r o p a n e c a r b o x a m i d o ) - 2 - h e p t e n o i c   a c i d .  

11.  The  c o m r o s i t i o n   of  a n y  o n e   of  C l a i m s   1  to  10 

in  w h i c h   t h e   c o o m b i n a t i o n   is   m i x e d   w i t h   a  p h a r m a c e u t i c a l  

c a r r i e r .  

i 2 .   The  c o m p o s i t i o n   of  C l a i m   11  in  w h i c h   t h e  

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



C l a i m s   f o r   A u s t r i a  

1.  P r o c e s s   f o r   p r e p a r i n g   an  a n t i b a c t e r i a l   c o m p o s i -  
t i o n   c o m p r i s i n g   m i x i n g   c e p h a l o r i d i n e ' a n d   a  3 - s u b s t i t u t e d  
p r o p e n o a t e   of  e i t h e r   of  t he   f o l l o w i n g   f o r m u l a s :  

w h e r e i n   R   and  R3  a r e   h y d r o c a r b o n   r a d i c a l s   in  t h e  

r a n g e   r e s p e c t i v e l y   o f   3 -10   and  1 - 1 5   c a r b o n   a t o m s ;   i n  

e i t h e r   o n e   of   t h e s e   R 2  o r   R3  h y d r o c a r b o n   c h a i n s   1 - 6  

h y d r o g e n s   may  be  r e p l a c e d   by  h a l o g e n s   or   a  n o n -  

t e r m i n a l   m e t h y l e n e   may  be  r e p l a c e d   by  o x y g e n   o r  

s u l f u r ,   i n c l u d i n g   o x i d i z e d   f o r m s   of   t h e   l a t t e r ;  

a d d i t i o n a l l y ,   a  t e r m i n a l   h y d r o g e n   in  R3  can  a l s o   b e  

r e p l a c e d   by  a  h y d r o x y l   or  t h i o l   g r o u p ,   w h i c h   m a y  
be  a c y l a t e d   o r   c a r b a m o y l a t e ;   or   t h e   h y d r o g e n   c a n  

be  r e p l a c e d   by  an  a m i n o   g r o u p ,   w h i c h   may  be  d e r i v a -  

t i z e d   as   in  an  a c y l a m i n o ,   u r e i d o ,   a m i d i n o ,   g u a n i d i n o ,  

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

q u a t e r n a r y   n i t r o g e n   g r o u p i n g s ;   o r ,   a l t e r n a t i v e l y ,  

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

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

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

c o m b i n a t i o n s   t h e r e o f ,   such   as  a  t e r m i n a l   amino   a c i d  

g r o u p i n g ;   and  R1  is   h y d r o g e n   or  l o w e r   a l k y l   ( C 1 - 6 )  

or  d i a l k y l a m i n o a l k y l ,   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 ;   and  n  i s   an  i n t e g e r   f rom  3  to   5  and  Y  i s  

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

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

c e p h a l o r i d i n e   to   t h e   p r o p e n o a t e   b e i n g   w i t h i n   t h e   r a n g e  

of  a b o u t   1  to   0 . 1 - 3 .  



2.  P r o c e s s   f o r   p r e p a r i n g   an  a n t i b a c t e r i a l   c o m p o s i -  

t i o n   c o m p r i s i n g   m i x i n g   t h i e n a m y c i n ,   N - g u a n y l ,   or  N -  

f o r m i m i d o y l   t h i e n a m y c i n   and  a  3 - s u b s t i t u t e d   p r o p e n o a t e  
of  t h e   f o r m u l a :  

w h e r e i n   R1  i s   h y d r o g e n   or  l o w e r   a l k y l   (C1-6)   o r  

d i a l k y l a m i o a l k y l ,   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 ;   and   n  i s   an  i n t e g e r   f rom  3  to   5  and  Y  i s  

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

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

t h e   a n t i b i o t i c   to   t h e   p r o p e n o a t e   b e i n g   w i t h i n   t h e  

r a n g e   of   a b o u t   1  to   0 . 1 - 3 .  

3.  The  p r o c e s s   of  C l a i m   1  in  w h i c h   R   c a n  

be  R4,  w h e r e i n   R4  i s   b l a n c h e d   or  c y c l i c   h y d r o c a r b o n  

of   3 - 1 0   c a r b o n   a t o m s ;  
R5R6,   w h e r e i n   R5  is   c y c l o a l k y l   of  3-6  c a r b o n  

a t o m s   and   R6  i s   e i t h e r   1  or   2  a l k y l   s u b s t i t u e n t s  

w h i c h   may  be  j o i n e d   to   fo rm  a n o t h e r   r i n g   on  t h e  

c y c l o a l k y l   g r o u p   or  R6  i s   1  or  2  c h l o r o   s u b s t i t u e n t s ;  

o r  
R7R8,   w h e r e i n   R7  i s   a l k y l e n e   of   1-3  c a r b o n  

a t o m s   and   R8  i s   c y c l o a l k y l   of  3-6  c a r b o n   a t o m s .  

4.  The  p r o c e s s   of  C l a i m   1  in  w h i c h   R2  is   a  

s t r a i g h t ,   b r a n c h e d   or  c y c l o a l k y l   g r o u p   of  3 -10   c a r b o n  

a t o m s   i n c l u d i n g   a l k y l c y c l o a l k y l   and  d i a l k y l c y c l o a l k y l ,  

p r o v i d i n g   t h e   c a r b o n   a d j a c e n t   to   t h e   c a r b o n y l   c a n n o t  

be  t e r t i a r y .  



5.  The  p r o c e s s   of  C l a i m   1  in  w h i c h   R2  i s  

w h e r e i n   R5  i s   c y c l o a l k y l   of  3-6  c a r b o n   a t oms   a n d  
R6  i s   e i t h e r   1  or  2  a l k y l   s u b s t i t u e n t s   wh ich   may  
be  j o i n e d   to   f o rm  a n o t h e r   r i n g   on  t h e   c y c l o a l k y l  

g r o u p .  

6.  The  p r o c e s s   of  C l a i m   1  in  w h i c h   R2  i s  

w h e r e i n   R7  is  an  a l k y l e n e   g r o u p   of  1-3  c a r b o n   a t o m s  

and  R8  i s   c y c l o a l k y l   of   3-6  c a r b o n   a t o m s .  

7.  The  p r o c e s s   of  C l a i m   1  in  w h i c h   R2  i s  

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

8.  The  p r o c e s s   of  C l a i m s   1  or  2  in  wh ich   Y  i s  

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

z o l y l ,   or  p h e n y l .  

9.  The  p r o c e s s   of  C l a i m   1  in  w h i c h   t h e  

p r o p e n o a t e   is   Z - 2 - ( 2 , 2 - d i m e t h y l c y c l o p r o p a n e c a r b o x a -  

m i d o ) - 8 - t r i m e t h y l   a m m o n i u m - 2 - o c t e n o i c   a c i d ,   Z - 2 - ( 2 , 2 - d i -  

m e t h y l c y c l o p r o p a n e   c a r b o x a m i d o ) - 2 - b u t e n o i c   a c i d ,  

Z - 2 - ( 2 , 2 - d i m e t h y l c y c l o p r o p a n e   c a r b o x a m i d o ) - 2 - p e n t e n o i c  

a c i d ,   Z - 2 - ( 2 , 2 - d i m e t h y l c y c l o p r o p a n e c a r b o x a m i d o ) -  

2 - o c t e n o i c   a c i d ,   Z - 2 - ( 2 , 2 - d i m e t h y l c y c l o p r o p a n e c a r b o x a -  

m i d o ) - 2 - h e x e n o i c   a c i d ,   Z - 8 - [ ( c a r b o a y m e t h y l ) - m e t h y l a m i n o ] -  

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

Z - 8 - / ( 2 - a m i n o - 2 - o x o e t h y l ) t h i o 7 - 2 - ( 2 , 2 - d i m e t h y l c y c l o -  

p r o p a n e c a r b o x a m i d o ) - 2 - o c t e n o i c   a c i d ,   Z - 2 - ( 2 , 2 - d i m e t h y l -  

c y c l o p r o p a n e c a r b o x a m i d o ) - 8 - [ 1 - ( p h o s p h o n o ) e t h y l a m i n o ] -  

2 - o c t e n o i c   a c i d ,   Z - 7 - ( L - a m i n o - 2 - c a r b o x y e t h y l t h i o ) - 2 -  

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

a c i d ,   or  Z - 8 - a c e t a m i d o - 2 - ( 2 , 2 - d i m e t h y l c y c l o p r o p a n e -  

c a r b o x a m i d o ) - 2 - o c t e n o i c   a c i d .  



10.  The  p r o c e s s   of  C l a i m s   1  o r  2   in  w h i c h   t h e  

p r o p e n o a t e   i s   Z - 7 - ( 3 - h y d r o x y l - 2 - p y r i d y l t h i o ) - 2 - ( 2 , 2 -  

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

Z - 7 - ( 3 - c a r b o x y l - 2 - p y r i d y l t h i o ) - 2 - ( 2 ; 2 - d i m e t h y l c y c l o -  

p r o p a n e c a r b o x a m i d o ) - 2 - h e p t e n o i c   a c i d .  

11.  The  p r o c e s s   of   a n y  o n e   of  C l a i m s   1  to   10 

in  w h i c h   a  p h a r m a c e u t i c a l   c a r r i e r   i s   a d d e d .  

12.  The  p r o c e s s   of  C l a i m   11  in  w h i c h   t h e   c a r r i e r  

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