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©  Cephalosporins  with  the  formula 

i  -  :ooii 

in  which  R  represents  various  acyl  substituents; 
n  represents  2-4,  preferably  2, 
n'  represents  1-4,  preferably  1, 

-ĵ   R'  represents  hydrogen  or  lower  alkyl  from  one  to 
four  carbons,  show  antibacterial  activity. 

They  can  be  prepared  by  reacting  the  corresponding 
.̂j  3-acetoxy-  methyl  cephalosporin  with  the  appropriate 

carboxyalkylamino-alkyltetrazolethione.  The  tet- 
razolethiones  used  as  intermediates  also  form  part  of  the 
invention. 
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Cephalosporins with the formula 

in  which  R  represents  various  acyl  substituents; 
n  represents  24,  preferably  2, 
n'  represents  1-4,  preferably 1, 
R'  represents  hydrogen  or lower  alkyl from  one  to 

four  carbons,  show  antibacterial  activity. 
They  can  be  prepared  by  reacting  the  corresponding 

3-acetoxy-  methyl  cephalosporin  with  the  appropriate 
carboxyalkylamino-alkyltetrazolethione.  The  tet- 
razolethiones  used  as  intermediates  also  form  part  of  the 
invention. 



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

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

in  w h i c h   R  r e p r e s e n t s  

w h e r e i n :  

X  is   t h i e n y l ,   f u r y l ,   p h e n y l   or  p h e n y l   m o n o s u b s t i -  

t u t e d   w i t h   h y d r o x y ,   h y d r o x y m e t h y l ,   f o r m a m i d o   or  u r e i d o :  

A  is   NH2,  OH,  COOH,  S03H,  f o r m y l o x y   o r ,   when  t h e  

@ t - C - h y d r o g e n   is  a b s e n t ,   m e t h o x y i m i n o :  

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

m e t h y l p h e n y l ,   p h e n y l   or  t e t r a z o l y l :  

Z  is  m e t h y l ,   t r i f l u o r o m e t h y l ,   t r i f l u o r o e t h y l ,   p y r i d y l  

or  c y a n o m e t h y l ;  

m  is  z e r o   to   t w o :  

R'  is  h y d r o g e n   or  l o w e r   a l k y l   h a v i n g   f rom  one  t o  

f o u r   c a r b o n s :  

n  is  two  to  f o u r ,   p r e f e r a b l y   two;   a n d  

n'  is   one  to  f o u r ,   p r e f e r a b l y   o n e .  

The  g r o u p   R  is   p r e f e r a b l y   an  a c y l   g r o u p   w h i c h   is  a  

s u b s t i t u e n t   on  t he   7 - a m i n o   g r o u p   of  known  or  p r i o r   a r t  

a n t i b a c t e r i a l   c e p h a l o s p o r i n s   or  on  t he   6 - a m i n o   g r o u p   o f  

known  or  p r i o r   a r t   a n t i b a c t e r i a l   p e n i c i l l i n s .  



Each   of  t h e   t h r e e   p a r t i a l   s t r u c t u r e s   a b o v e   r e p r e -  

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

R e p r e s e n t a t i v e   7 - a c y l a m i n o   s u b s t i t u e n t s   of   t he   c o m -  

p o u n d s   o f   F o r m u l a   I  a r e   l i s t e d   b e l o w :  

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

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

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

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

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

2 , 2 , 2 - t r i f l u o r o e t h y l t h i o a c e t a m i d o  

c y a n o a c e t a m i d o  

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

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

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

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

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

3 - s y d n o n e a c e t a m i d o  

1 - t e t r a z o l y l a c e t a m i d o  

2 - t h i e n y l a c e t a m i d o  

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

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

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

O t h e r s   t o g e t h e r   w i t h   N - a c y l a t i o n   p r o c e d u r e s   may  be  f o u n d   i n  

C e p h a l o s o o r i n s   and  P e n i c i l l i n s ,  F l y n n ,   A c a d e m i c   P r e s s ,   1 9 7 2 ;  

U.  S.  P a t e n t   Nos.   2 , 7 2 1 , 1 9 6   and  3 , 9 5 3 , 4 2 4 ;   B e l g i a n   P a t e n t   N o .  

8 3 2 , 7 2 5 ;   German  P a t e n t   N o s . 2 , 1 2 7 , 2 8 5   and  2 , 4 0 6 , 1 6 5 .  

I t   w i l l   be  r e c o g n i z e d   t h a t   t he   c a r b o x y l i c   a c i d  

g r o u p   p r e s e n t   s u c h   as  a t   p o s i t i o n   4  and  on  t he   t e t r a z o l e   o f  

the   c o m p o u n d s   of   F o r m u l a   I  may  be  r e a d i l y   e s t e r i f i e d   b y  

m e t h o d s   w e l l   known  to  t h e   a r t .   T h e s e   e s t e r s   i n c l u d e ,   f o r  

e x a m p l e ,   s i m p l e   a l k y l   and  a r y l   e s t e r s   as  w e l l   as  e s t e r s   w h i c h  

a r e   e a s i l y   c l e a v e d ,   w i t h i n   t h e  b o d y ,   to  the   p a r e n t   a c i d   s u c h  

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



m e t h y l ,   g l y c y l o x y m e t h y l ,   p h e n y l g l y c y l o x y m e t h y l   and  t h i e n y l -  

g l y c y l o x y m e t h y l   e s t e r s   and  o t h e r s .   Of  c o u r s e ,   when  A  i s   COOH, 
t h i s   g r o u p   may  be  s i m i l a r l y   e s t e r i f i e d .   A l l   s u c h   e s t e r   d e r i v -  

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

A l s o   c o v e r e d   in   t h i s   i n v e n t i o n   a r e   t he   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 ,   n o n t o x i c   d e r i v a t i v e s   of  t h e   c o m p o u n d s  
of   F o r m u l a   I  f rom  w h i c h   t h e y   d e r i v e   u t i l i t y :   t he   s a l t s ,  

e a s i l y   s p l i t   e s t e r   or  e t h e r   d e r i v a t i v e s   of  e i t h e r   a  c a r b o x y  

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

t a i n e d   in   a  7 - p h e n y l g l y c y l a m i n o   g r o u p ,   f o r   e x a m p l e ,   t he   f u r y l - ,  

p y r a n y l - ,   o x o l a n y l -   or  o x i r a n y l - c a r b o n y l   a m i d e s   ( i . e . ,   B e l g i a n  

P a t e n t   No.  8 3 5 , 2 9 5 ) ,   t he   s o l v a t e s   s u c h   as  h y d r a t e s ,   g l y c o l a r e s  

or  a l c o h o l a t e s .   As  e x a m p l e s   of  t h e s e ,   one  s k i l l e d   in   t he   a r t  

w o u l d   be  a b l e   to  p r e p a r e   and  u se   t h e   a l k a l i   m e t a l   s a l t s   s u c h  

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

p o t a s s i u m   2 - e t h y l   h e x a n o a t e ) ,   ammonium  s a l t s ,   o r g a n i c   a m i n e  

s a l t s   s u c h   as  t h o s e   w i t h   p r o c a i n e   or  d i b e n z y l e t h y l e n e d i a m i n e . .  

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

by  known  s y n t h e t i c   p r o c e d u r e s   s u c h   as  i n t r o d u c t i o n   of   a n  

a - m e t h o x y   g r o u p   a t   p o s i t i o n   7,  p r e f e r a b l y   a t   t he   s t a g e   of  t h e  

7 - a m i n o c e p h a l o s p o r a n i c   a c i d   r e a c t a n t s   ( IV)  d i s c l o s e d   b e l o w ,  

p r i o r   to  N - a c y l a t i o n .   O p t i c a l   i s o m e r s   a re   a l s o   p o s s i b l e   s u c h  

as  w i t h   t he   m a n d e l o y l   or  p h e n y l g l y c y l   s u b s t i t u e n t s   a t   7.  T h e  

D - f o r m s   of   t h e s e   s u b g e n e r i c  g r o u p s   a r e   p r e f e r r e d .  

I t   w i l l   be  a p p a r e n t   to  t h o s e   s k i l l e d   in   the   a r t  

t h a t   the   s e c o n d a r y   amino  f u n c t i o n   on  the   amino   a c i d - s u b s t i -  

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

be  c o n v e r t e d   by  m e t h o d s   w e l l   known  to  amino   a c i d   a r t   to  N -  

l o w e r   a l k y l   or  N - l o w e r   a l k a n o y l   d e r i v a t i v e s   of  1-6  c a r b o n s ,  

The  N - l o w e r   a l k y l   d e r i v a t i v e s   a r e   b e s t   p r e p a r e d   by  N - m o n o -  

a l k y l a t i o n   of  the   1 - [ [ [ ( c a r b a l k o x y ) a l k y l ] a m i n o ] a l k y l ] - 5 - [ ( 4 -  

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

amine   i s   t h e n   u s e d   in   t he   p r o c e s s   of  E x a m p l e   1  h e r e a f t e r .  

The  N - a c y l   d e r i v a t i v e s   ( F o r m u l a   I  w h e n  R '   i s   a c y l )   a r e   p r e -  

p a r e d   by  N - a c y l a t i o n   of  t he   c o m p o u n d s   of   F o r m u l a   I  when  R '  

h y d r o g e n   and  any  c a r b o x y l i c   a c i d   g r o u p s   a r e   s u i t a b l y   p r o -  
t e c t e d  a s   known  in   the  a r t .  



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

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

a  known  7 - a c y l a m i n o c e p h a l o s p o r a n i c   a c i d   ( I I )   by ,   f o r   e x a m p l e ,  

1 - [ 2 - ( c a r b o x y m e t h y l a m i n o ) e t h y l ] - 1 , 4 - d i h y d r o - 5 H - t e t r a z o l e - 5 -  

t h i o n e   ( I I I )   u s u a l l y   as  a n  a l k a l z   m e t a l   s a l t .   A l t e r n a t i v e l y ,  

a  s i m i l a r   d i s p l a c e m e n t   w i t h   t he   t h i o n e   c an   be  r u n   on  7 -  

a m i n o c e p h a l o s p o r a n i c   a c i d   to   g i v e   7 - a m i n o - 3 - [ 1 - [ 2 - ( c a r b o x y -  

m e t h y l a m i n o ) e t h y l ] t e t r a z o l - 5 - y l t h i o m e t h y l ] - 3 - c e p h e m - 4 -  

c a r b o x y l i c   a c i d   ( I V ) ,   a  new  i n t e r m e d i a t e ,   w h i c h   may  t h e n   b e  

N - a c y l a t e d   as  known  t o  t h e   a r t   as  d e s c r i b e d   a b o v e .   S u i t a b l e  

p r o t e c t i v e   g r o u p s   may  be  u s e d   in   e i t h e r   m e t h o d   as  i s   known  i n  

t i le   a r t   ( s e e   " P r o t e c t i v e   G r o u p s   in   O r g a n i c   C h e m i s t r y " ,   J . F . W .  

McOmie,   P l e n u m   P r e s s ,   1 9 7 3 ,   C h a p t e r s   2  and  3  f o r   u s e   of  a m i n o ,  

c a r b o x y ,   s u l f o   or  h y d r o x y l   p r o t e c t i v e   g r o u p s ) .  

Fo r   e x a m p l e ,   t he   t - b u t y l   ( f o r   COOH)  or  t - b u t o x y -  

c a r b o n y l   ( f o r   NH2)  g r o u p s   a r e   e a s i l y   r e m o v e d   by  t r e a t m e n t  

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

The  1 - a m i n o a c i d   s u b s t i t u t e d   t e t r a z o l e - 5 - t h i o n e s  

e x p o s e d   in   t h e i r   t a u t o m e r i c   f o r m s   by  F o r m u l a   I I I   a r e   new  c o m -  

p o u n d s   and   a r e   p a r t   of   t h i s   i n v e n t i o n .  

n,  n ' ,   and  R'  a r e   as  d e f i n e d   a b o v e .  

A l s o   i n c l u d e d   in   t h i s   i n v e n t i o n   a r e   t he   a l k a l i  

m e t a l   and  ammonium  s a l t s   of   I I I .  

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

a c t i v i t y   a g a i n s t   b o t h   Gram  p o s i t i v e   and  Gram  n e g a t i v e  
b a c t e r i a   w i t h   min imum  i n h i b i t o r y   c o n c e n t r a t i o n s   ( M I C ' s )   i n  

v i t r o   f rom  0 . 2   to  200  µ g / m l .   T e s t   r e s u l t s   f o r   7 - D - m a n d e l -  

a m i d o - 3 - [ 1 - [ 2 - ( c a r b o x y m e t h y l a m i n o ) e t h y l ] t e t r a z o l - 5 - y l t h i o -  

m e t h y l ] - 3 - c e p h G m - 4 - c a r b o x y l i c   a c i d   h y d r a t e   (A)  a r e :  



Compound  A  gave  an  ED50  in  mice   of  0 . 39   m g / k g  

( s . c . )   and  7 .2   mg/kg   ( p . o . )   a g a i n s t   E.  c o l i ,   and  0 . 3 9   m g / k g  

a g a i n s t   K l e b .   pneumo.   ( s . c . )   and  4  mg /kg   ( p . o . ) .   C e p h a l e x i n  

g i v e s   c o m p a r a b l e   v a l u e s   of  1 5 . 7   ( s . c . )   and  25  ( p . o . )   a g a i n s t  
E.  c o l i   and  21 .5   mg/kg   ( s . c . )   and  18  mg/kg   ( p . o . )   a g a i n s t  
Kleb .   p n e u m o .  

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   h a v i n g   a n t i b a c t e r i a l  

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

an  a c t i v e   b u t   n o n t o x i c   q u a n t i t y   of  a  compound   of  F o r m u l a   I  

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

a d m i n i s t e r i n g   s u c h   a  c o m p o s i t i o n   to  an  i n f e c t e d   a n i m a l   o r  
human  h o s t   in   a  n o n t o x i c   amoun t   s u f f i c i e n t   to  c o m b a t   s u c h  

i n f e c t i o n s   a r e   a l s o   o b j e c t s   of  t h i s   i n v e n t i o n .   The  a d m i n -  

i s t r a t i o n   may  be  o r a l l y   or  by  p a r e n t e r a l   i n j e c t i o n   s u c h   a s  

s u b c u t a n e o u s l y ,   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 .   The  i n -  

j e c t i o n   of  s u i t a b l y   p r e p a r e d   s t e r i l e   s o l u t i o n s   or  s u s p e n s i o n s  

c o n t a i n i n g   a n  e f f e c t i v e   n o n t o x i c   a m o u n t   of  the   new  c e p h a l o -  

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

The  c o m p o u n d s   of  F o r m u l a   I  a r e   f o r m u l a t e d   a n d  

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

s p o r i n s   s u c h   as  c e p h a z o l i n   or  c e p h a l o t h i n .  T h e   d o s a g e  



r e g i m e n   c o m p r i s e s   a d m i n i s t r a t i o n ,   p r e f e r a b l y   by  i n j e c t i o n ,  
of  an  a c t i v e   bu t   n o t o x i c   q u a n t i t y  o f   a  compound   of  F o r m u l a  
I  p r e f e r a b l y   s e l e c t e d   f r o m   the  d o s a g e   u n i t   r a n g e   of  f r o m  
a b o u t   250  mg.  to   600  mg.  w i t h   t he   t o t a l   d a i l y   d o s a g e   r e g i m e n  
b e i n g   f r o m   a b o u t   750  mg.  to   6  g.  The  p r e c i s e   d o s a g e s   a r e  
d e p e n d e n t   upon   the   age  and  w e i g h t   of  t h e   s u b j e c t   and  on  t h e  

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

i n d i v i d u a l .   T h e s e   can  be  d e t e r m i n e d   by  t h o s e   s k i l l e d   in  t h e  

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

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

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

T e m p e r a t u r e s   a r e   in  d e g r e e s   C e n t i g r a d e   (°  C . )   u n l e s s   o t h e r -  

w i s e   s t a t e d .  
EXAMPLE  1 

A  m i x t u r e   of   2 1 . 5   g.  ( 1 1 . 4   mmol)  of  1 - [ 2 - ( a c e t y l - ,  

a m i n o ) e t h y l ] - 1 , 4 - d i h y d r o - 5 H - t e t r a z o l e - 5 - t h i o n e   in  300  m l .  o f  

6 N  h y d r o c h l o r i c   a c i d   was  h e a t e d   a t   r e f l u x   f o r   3 .5   h o u r s .   T h e  

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

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

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

c i p i t a t e d   was  f i l t e r e d ,   w a s h e d   and  d r i e d   in   vacuo   to  g i v e  

1 3 . 7   g .  o f   1 - ( 2 - a m i n o e t h y l ) - 1 , 4 - d i h y d r o - 5 H - t e t r a z o l e - 5 -  

t h i o n e ,   h y d r o c h l o r i d e   ( 6 6 . 1 %   y i e l d )   mp  2 3 2 - 2 3 3 . 5 ° C .  

To  a  s o l u t i o n   of  2 2 . 8   g.  ( 1 2 . 5   mmol)  of  1 - ( 2 - a m i n o -  

e t h y l ) - 1 , 4 - d i h y d r o - 5 H - t e t r a z o l e - 5 - t h i o n e ,   h y d r o c h l o r i d e   i n  

100  ml .   of  N , N - d i m e t h y l f o r m a m i d e   and  100  ml.   of   a c e t o n e   w a s  

a d d e d   3 4 . 3   ml.   (25  mmol)  of  t r i e t h y l a m i n e .   To  the   r e s u l t i n g  

s u s p e n s i o n   was  a d d e d   a l o w l y   a  s o l u t i o n   of  1 9 . 5   g.  ( 1 2 . 5   m m o l )  

of  p - m e t h o x y b e n z y l   c h l o r i d e   in   30  ml.   of   a c e t o n e .   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   1.5  h o u r s ,   the   m i x t u r e   w a s  

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

was  t a k e n   up  in   350  ml.   of   5%  NaHCO3,  and  e x t r a c t e d   w i t h  

e t h y l   a c e t a t e .   The  c o m b i n e d   e x t r a c t   was  d r i e d   (MgSO4)  a n d  

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

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

5-10%  e t h a n o l   in  c h l o r o f o r m .   F r a c t i o n s   c o n t a i n i n g   p r o d u c t   b y  



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

d r y n e s s   to  g i v e   1 - ( 2 - a m i n o e t h y l ) - 5 - ( 4 m e t h o x y b e r a z y l t h i o ) - 1 H -  

t e t r a z o l e   as  a  b r o w n   o i l   (26  g . ,   80%).  An  a n a l y t i c a l   s a m p l e  

of   t he   c r y s t a l l i n e   amine   h y d r o c h l o r i d e   (mp  1 4 8 - 1 5 0 ° )   w a s  

o b t a i n e d   by  t r e a t i n g   t h e   p r o d u c t   w i t h   an  e t h e r e a l   H C l  

s o l u t i o n .  

To  a  s o l u t i o n   of  1 5 . 0   g.  (56  mmol)  of  1 - ( 2 - a m i n o -  

e t h y l ) - 5 - [ ( 4 - m e t h o x y b e n z y l ) t h i o ] - 1 H - t e t r a z o l e   i n  7 0   ml.   o f  

d ry   t e t r a h y d r o f u r a n   was  a d d e d   7 .7   ml.   (56  mmol)  of   t r i e t h y l -  

a m i n e ,   and  6 . 2   ml .   (56  mmol)  of   e t h y l   b r o m o a c e t a t e .   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   15  h o u r s ,   t he   m i x t u r e   w a s  

f i l t e r e d ,   and  t h e   f i l t r a t e   was  e v a p o r a t e d   i n   v a c u o   to  d r y n e s s .  

The  r e s i d u e   was  d i s s o l v e d   in   70  ml .   of  c h l o r o f o r m   and  d e -  

c o l o r i z e d   w i t h   c h a r c o a l .   The  f i l t r a t e   was  c h r o m a t o g r a p h e d   o n  

s i l i c a   g e l ,   e l u t i n g   w i t h   a  g r a d i e n t   of  0-15%  e t h y l   a c e t a t e  

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

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

1 2 . 5   g.  (62%  y i e l d )   of  1 - [ 2 - [ [ ( c a r b e t h o x y ) m e t h y l ] a m i n o ] -  

e t h y l ] - 5 - [ ( 4 - m e t h o x y b e n z y l ) t h i o ] - 1 H - t e t r a s o l e   as  a  b rown   o i l .  

To  a  s o l u t i o n   of  1 2 . 5   g .  ( 3 5 . 6   mmol)  1 - ( 2 - [ [ ( c a r b -  

e t h o x y ) m e t h y l ] a m i n o 3 e t h y l j - 5 - [ ( 4 - m e t h o x y b e n z y l ) t h i o ] - 1 H -  

t e t r a z o l e   in   250  ml .   of   m e t h a n o l   and  65  ml.   of  w a t e r   w a s  

a d d e d   a  s o l u t i o n   of  2 5 . 5   g.  (80  mmol)  of   m e r c u r i c   a c e t a t e   i n  

80  ml .   of   w a t e r .   T h e  m i x t u r e  w a s   s t i r r e d   a t   room  t e m p e r a t u r e  

f o r   15  h o u r s   and  a t   r e f l u x   f o r   1  h o u r .   A f t e r   t h o r o u g h  

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

f o r   1 .5   h o u r s .   The  d a r k   m i x t u r e   was  h e a t e d   o v e r   a  s t e a m   b a t h  

f o r   1 .5   h o u r s   and  f i l t e r e d .   The  f i l t r a t e   was  e v a p o r a t e d   i n  

vacuo  to  d r y n e s s .   The  r e s i d u e   was  r e c r y s t a l l i z e d   f rom  e t h y l  

a c e t a t e   to  g i v e   5 .9   g.  of  1 - [ 2 - [ ( c a r b o x y m e t h y l ) a m i n o ] e t h y l ] -  

1 , 4 - d i h y d r o - 5 H - t e t r a z o l a - 5 - t h i o n e   ( 82 .3%  y i a l d )   mp  2 1 5 - 2 2 0 °  

d e c .  

T o   a  s o l u t i o n   of  420  mg.  ( 5  m m o l )   of  s o d i u m   b i c a r -  

b o n a t e   i n  2 5   ml.   of  w a t e r   was  a d d e d  1 . 0 1   g.  (5  mmol)  of   1 - [ 2 -  

[ ( c a r b o x y m a t h y l ) a m i n o ] a t h y l ] - 1 , 4 - d i h y d r o - 5 H - t a t r a z o l e - 5 -  

t h i o n e .   A f t e r   CO2  gas  e v o l u t i o n   had   c e a s e d ,   2 .6   g.  (6  m m o l )  

of  7 - D - m a n d e l a m i d o c e p h a l o s p o r a n i c   a c i d .   s o d i u m   s a l t ,   w a s  



a d d e d   to  t h e   s o l u t i o n .   The  m i x t u r e   was  s t i r r e d   and  h e a t e d   a t  
65°  C . ,   w h i l e   pH  was  m a i n t a i n e d   a t   7 .0   by  a d d i t i o n   of   a  5% 

NaHC03  s o l u t i o n .   A f t e r   2  h o u r s   t he   m i x t u r e   was  f i l t e r e d .  

The  f i l t r a t e   was  a p p l i e d   to  a  B i o g e l   P-2   ( 1 0 0 - 2 0 0   m e s h )  

c o l u m n ,   e l u t i n g  w i t h   d e - i o n i z e d   w a t e r .   F r a c t i o n s   c o n t a i n i n g  

p r o d u c t   by  t h i n   l a y e r   c h r o m a t o g r a p h y   we re   p o o l e d ,   c o n c e n -  

t r a t e d   to  s m a l l   v o l u m e ,   and  a p p l i e d   to  a  c e l l u l o s e   c o l u m n .  

A  m i x t u r e   o f   a c e t o n i t r i l e   and  w a t e r   (8  to  2)  was  u s e d   a s  

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

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

i o n i z e d   w a t e r   and  s o l u t i o n   was  l y o p h i l i z e d   to  g i v e   290  mg.  o f  

7 - D - m a n d e l a m i d o - 3 - [ 1 - [ 2 - [ ( c a r b o x y m e t h y l ) a m i n o ] e t h y l ] -  

t e t r a z o l e - 5 - y l t h i o m e t h y l ] - 3 - c e p h e m - 4 - c a r b o x y l i c   a c i d   (10% 

y i e l d )   mp  1 7 0 - 1 7 3 °   C.  d e c .  

EXAMPLE  2 

S u b s t i t u t i n g   i n   t he   a b o v e   p r o c e d u r e   e q u i m o l a r  

q u a n t i t i e s   of   l - [ 3 - ( a c e t y l a m i n o ) p r o p y l ] - 1 , 4 - d i h y d r o - 5 H -  

t e t r a z o l e - 5 - t h i o n e   or   1 - [ 4 - { a c e t y l a m i n o ) b u t y l ] - 1 , 4 - d i h y d r o -  

5 H - t e t r a z o l e - 5 - t h i o n e   ( p r e p a r e d   as  d e s c r i b e d   i n   t he   a r t   f r o m  

N - ( 3 - a m i n o p r o p y l ) a c e t a m i d e   and  N - ( 4 - a m i n o b u t y l ) a c e t a m i d e  

r e s p e c t i v e l y   g i v e s   7 - ( D - m a n d e l a m i d o ) - 3 - [ 1 - [ 3 - [ ( c a r b o x y m e t h y l ) -  

a m i n o ] p r o p y l ] t e t r a z o l e - 5 - y l t h i o m e t h y l ] - 3 - c e p h e m - 4 - c a r b o x y l i c  

a c i d   and  7 - ( D - m a n d e l a m i d o ) - 3 - ( 1 - [ 4 [ ( c a r b o x y m e t h y l ) a m i n o ] -  

b u t y l ] t e t r a z o l - 5 - y l t h i o m e t h y l ] - 3 - c e p h e m - 4 - c a r b o x y l i c   a c i d .  

S u b s t i t u t i n g   e t h y l   4 - b r o m o b u t y r a t e   in   p l a c e   of  e t h y l   b r o m o -  

a c e t a t e   a b o v e   g i v e s   1 - [ 2 - [ ( B - c a r b o x y p r o p y l ) a m i n o ] e t h y l ] - 1 , 4 -  

d i h y d r o - 5 H - t e t r a z o l e - 5 - t h i o n e   and  7 - ( D - m a n d e l a m i d o ) - 3 - [ 1 - [ 2 -  

[ ( 3 - c a r b o x y p r o p y l ) a m i n o ] e t h y l ] - l H - t e t r a z o l - 5 - y l t h i o m e t h y l ] -  

3 - c e p h e m - 4 - c a r b o x y l i c   a c i d .  

EXAMPLE  3 

A  m i x t u r e  o f   5 . 2 2   g.  ( 1 0 . 0   mmol)  of   7 - [ D - @ - ( t -  

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

s p o r a n i c   a c i d   and  an  e x c e s s   ( 1 5 . 0  m m o l )   of  1 - [ 2 - [ ( c a r b o x y -  

m e t h y l ) a m i n o ] e t h y l ] - 1 , 4 - d i h y d r o - 5 H - t e t r a z o l e - 5 - t h i o n e   i n  

75  ml .   of   w a t e r   i s   t r e a t e d   w i t h   s u f f i c i e n t   s o d i u m   b i c a r -  

b o n a t e   to  g i v e   a  s o l u t i o n   of   pH  7 . 0 .   The  s o l u t i o n   i s   h e a t e d  

at  70°  f o r   3  h o u r s ,   c o o l e d ,   and  a d d e d   to   a  XAD-7  r e s i n  



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

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

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

i s   s t i r r e d   a t   250  C.  w i t h   25  ml.   of  t r i f l u o r o a c e t i c   a c i d   a n d  

25  ml .   of   1 , 3 - d i m e t h o x y b e n z e n e   f o r   2  h o u r s .   The  m i x t u r e   i s  

e v a p o r a t e d   to  d r y n e s s ,   e i t h e r   a d d e d   to  t he   r e s i d u e   and  t h e  

p r e c i p i t a t e d   s a l t   c o l l e c t e d .   T h i s   i s   d i s s o l v e d   in   w a t e r   a n d  

two  m o l e c u l a r   e q u i v a l e n t s   of   s o d i u m   b i c a r b o n a t e   a r e   a d d e d .  

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

to  g i v e   7 - [ D - a - a m i n o - a - ( 4 - h y d r o x y p h e n y l ) a c e t a m i d o ] - 3 - [ 1 - [ 2 -  

[ ( c a r b o x y m e t h y l ) a m i n o ] e t h y l ] t e t r a z o l - 5 - y l t h i o m e t h y l ] - 3 - c e p h e n r  

4 - c a r b o x y l i c   a c i d .   S i m i l a r   t r e a t m e n t   of  t he   t - b o c   d e r i v a t i v e  

of   t he   7 - D - ( a - a m i n o - a - p h e n y l a c e t a m i d o ) c e p h a l o s p o r a n i c   a c i d  

g i v e s   t he   c o r r e s p o n d i n g   7 - D - ( a - a m i n o - a - p h e n y l a c e t a m i d o ) - 3 -  

[ 1 - [ 2 - [ ( c a r b o x y m e t h y l ) a m i n o ] e t h y l ] t e t r a z o l - 5 - y l t h i o m e t h y l ] -  

3 - c e p h e m - 4 - c a r b o x y l i c   a c i d .  

EXAMPLE  4  

A  m i x t u r e   of   an  e x c e s s   ( 1 2 . 2   mmol)  of  1 - [ 2 - [ ( c a r -  

b o x y m e t h y l ) a m i n o ] e t h y l ] - 1 , 4 - d i h y d r o - 5 H - t e t r a z o l e - 5 - t h i o n e ,  

3 2 . 5   mmol  of   s o d i u m   b i c a r b o n a t e   and  8 .1   mmol  of  7 - t r i f l u o r o -  

m e t h y l t h i o a c e t a m i d o c e p h a l o s p o r a n i c   a c i d   in   50  ml.   of  w a t e r   i s  

s t i r r e d   a t   70°  f o r   5  h o u r s .   The  r e a c t i o n   m i x t u r e   i s   c o o l e d  

and  p a s s e d   o v e r   XAD-2  r e s i n   w i t h   w a t e r   and  m e t h a n o l   a s  

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

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

a m o u n t   of   w a t e r   and  l y o p h i l i z e d   to  g i v e   7 - t r i f l u o r o m e t h y l -  

t h i o a c a t a m i d o - 3 - [ 1 - [ 2 - [ ( c a r b o x y m e t h y l a m i n o ] e t h y l ] t e t r a z o l - 5 -  

y l t h i o m e t h y l ] - 3 - c e p h e m - 4 - c a r b o x y l i c   a c i d   d i s o d i u m   s a l t .   S u b -  

s t i t u t i n g   7 - ( 2 - t h i e n y l a c e t a m i d o ) c e p h a l o s p o r a n i c   a c i d   g i v e s  

7 - ( 2 - t h i e n y l a c e t a m i d o ) - 3 - [ l - [ 2 - [ ( c a r b o x y m e t h y l ) a m i n o ] e t h y l ] -  

t e t r a z o l - 5 - y l t h i o m e t h y l ] - 3 - c e p h e m - 4 - c a r b o x y l i c   a c i d   d i s o d i u m  

s a l t .  

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

h a v i n g   the   i n d i v i d u a l   7 - a c y l a m i n o   s u b s t i t u e n t   l i s t e d   h e r e -  

a b o v e   may  be  s u b s t i t u t e d   in   E x a m p l e s   1-3   w i t h   v a r i a t i o n s  

w h i c h   w i l l   be  o b v i o u s   to  t h o s e   s k i l l e d   in   t h i s   a r t .  



EXAMPLE  5  , 
To  a  s o l u t i o n   of  10  mmol  of   1 - [ 2 - [ [ ( c a r b e t h o x y ) -  

m e t h y l ] a m i n o ] e t h y l ] - 5 - [ ( 4 - m e t h o x y b e n z y l ) t h i o ] - 1 H - t e t r a z o l e  

and  10  mmol  of  t r i e t h y l a m i n e   i n   20  ml .   of   d ry   t e t r a h y d r o f u r a n  
i s   a d d e d   10  mmol  of   m e t h y l i o d i d e .   A f t e r   s t i r r i n g   a t   r o o m  

t e m p e r a t u r e   f o r   24  h o u r s ,   t he   m i x t u r e   i s   f i l t e r e d .   The  f i l -  

t r a t e   i s   s t r i p p e d   i n  v a c u o  t o   d r y n e s s ,   and   t he   r e s i d u e   i s  

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

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

E v a p o r a t i o n   of   t h e   p r o d u c t - c o n t a i n i n g   f r a c t i o n s   g i v e s   1 - [ 2 -  

[ [ ( c a r b e t h o x y ) m e t h y l l m e t h y l a m i n o l e t h y l ] - 5 - [ ( 4 - m e t h o x y l -  

b e n z y l ) t h i o ] - l H - t e t r a z o l e .   D e b l o c k i n g   w i t h   m e r c u r i c   a c e t a t e  

as  a b o v e   g i v e s   1 - [ 2 - [ ( c a r b o x y m e t h y l ) m e t h y l a m i n o ] e t h y l ] - 1 , 4 -  

d i h y d r o - 5 H - t e t r a z o l e - 5 - t h i o n e   w h i c h   when  s u b s t i t u t e d   in   t h e  

r e a c t i o n   w i t h   7 - D - m a n d e l a m i d o c e p h a l o s p o r a n i c   a c i d   g i v e s   7 - D -  

m a n d e l a m i d o - 3 - [ 1 - [ 2 - [ ( c a r b o x y m e t h y l ) m e t h y l a m i n o ] e t h y l ] -  

t e t r a z o l - 5 - y l t h i o m e t h y l ] - 3 - c e p h e m - 4 - c a r b o x y l i c   a c i d .  

EXAMPLE  6 

An  i n j e c t a b l e   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   i s   f o r m e d  

by  a d d i n g   s t e r i l e   s a l i n e   s o l u t i o n   (2  m l . )   to   500  mg.  of   t h e  

p r o d u c t   of   E x a m p l e   1.  T h i s   m a t e r i a l   i s   i n j e c t e d   p a r e n t e r a l l y  

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

b a c t e r i a .   O t h e r   c o m p o u n d s   of   t h i s   i n v e n t i o n   may  be  s i m i l a r l y  

u s e d .  

EXAMPLE  7 

An  a q u e o u s   s o l u t i o n   of   4 . 2 7   g.  ( 0 . 0 0 9 6   mmol)  o f  

7 - [ a ( Z ) - ( m e t h o x y i m i n o ) - 2 - f u r a n a c e t a m i d o ] c e p h a l o s p o r a n i c   a c i d  

s o d i u m   s a l t ,   1 . 7 8   g.  ( 0 . 0 2 1 2   mmol)  of  s o d i u m   b i c a r b o n a t e ,   a n d  

2 . 1 5   g.  ( . 0 1 0 6   mmol)  o f   1 - [ 2 - [ ( c a r b o x y m e t h y l ) a m i n o ] e t h y l ] - 1 , 4 -  

d i h y d r o - 5 H - t e t r a z o l e - 5 - t h i o n e   i s   h e a t e d   a t   65°  C.  f o r   6  h o u r s  

d u r i n g   w h i c h   t i m e   t h e   pH  i s   m a i n t a i n e d  a t   7 . 6 - 7 . 8   w i t h   d i l u t e  

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

p u r i f i e d   on  an  XAD-2  c o l u m n   as  d e s c r i b e d   in   E x a m p l e   4  to  g i v e  

a  l y o p h i l i z e d   p r o d u c t ,   7 - [ @ ( Z } - ( m e t h o x y i m . i n o - 2 - f u r a n a c e t a -  

m i d o ] - 3 - [ 1 - [ 2 - [ ( c a r b o x y m e t h y l ) a m i n o ] e t h y l ] - t e t r a z o l e - 5 - y l -  

t h i o m e t h y l ] - 3 - c e p h e m - 4 - c a r b o x y l i c   a c i d ,   d i s o d i u m   s a l t .  



1.  A  compound   of  t h e   f o r m u l a  

in  w h i c h :  

R  is   an  a c y l   g r o u p   s e l e c t e d   f r o m  

w h e r e :  

X  is   t h i e n y l ,   f u r y l ,   p h e n y l   or  p h e n y l   m o n o s u b s t i -  

s t u t e d   w i t h   h y d r o x y ,   h y d r o x y e t h y l ,   f o r m a m i d o ,   or  u r e i d o ;  
A  is   NH2,  OH,  COOH,  S03H,  f o r m y l o x y   o r ,   when  t h e  

@ - C - h y d r o g e n   is  a b s e n t ,   m e t h o x y i m i n o ;  

Y  is  c y a n o ,   s y d n o n e ,   p y r i d o n e ,   t h i e n y l ,   @ - a m i n o -  

m e t h y l p h e n y l ,   p h e n y l   or  t e t r a z o l y l ;  

Z  i s   m e t h y l ,   t r i f l u o r o m e t h y l ,   t r i f l u o r o e t h y l ,  

p y r i d y l   or  c y a n o m e t h y l ;  

m  is  z e r o   to   t w o ;  

R'  is   h y d r o g e n   or  l o w e r   a l k y l ;  

n  is   two  to   f o u r ; .  

n'  is   one  to   f o u r ;  

or  a  n o n t o x i c   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   s a l t   t h e r e o f .  

2.  A  compound   a c c o r d i n g   to  C l a i m   1,  c h a r a c t e r i z e d   in  t h a t  

R  i s  

3.  A  compound   a c c o r d i n g   to   C l a i m   1,  c h a r a c t e r i z e d   in  t h a t  

R  i s  



4.  A  c o m p o u n d   a c c o r d i n g   to   C l a i m   1,  c h a r a c t e r i z e d   i n  

t h a t   R  i s  

5.  A  c o m p o u n d   a c c o r d i n g   to  C l a i m   2,  c h a r a c t e r i z e d   in   t h a t  

A  i s   OH,  n  i s   t w o ,   and  n'  i s   o n e .  

6.  A  c o m p o u n d   a c c o r d i n g   to   C l a i m   5,  c h a r a c t e r i z e d   in   t h a t  

X  i s   p h e n y l .  

7.  7 - [ @ ( Z ) - ( m e t h o x y i m i n o ) - 2 - f u r a n a c e t a m i d q j - 3 - [ 1 - 2 - [ ( c a r -  

b o x y m e t h y l ) a m i n o ] e t h y l ] t e t r a z o l - 5 - y l t h i o m e t h y l ] - 3 - c e p h e m - 4 -  

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

8.  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   in  d o s a g e   u n i t   f o r m   h a v i n g  

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

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

in   C l a i m   1 .  

9.  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   in  d o s a g e   u n i t   fo rm  h a v i n g  

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

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

C l a i m   6 .  

10.  A  c o m p o u n d   of  t h e   f o r m u l a :  

in   w h i c h :  

R  is   h y d r o g e n   or  l o w e r   a l k y l ;  

n  i s   two  to   f o u r :  

n '   i s   one  to   f o u r ;  

or  i t s   a l k a l i   m e t a l   and  ammonium  s a l t s .  



11.  1 - [ 2 - [ ( C a r b o x y m e t h y l ) a m i n o ] e t h y l ] - 1 , 4 - d i h y d r o - 5 H -  

t e t r a z o l e - 5 - t h i o n e .  

12.  The  c o m p o u n d   of  C l a i m   11,  c h a r a c t e r i z e d   in  t h a t   i t   i s  

in  t h e   fo rm  of  i t s   s o d i u m   s a l t .  

13.  A  p r o c e s s   f o r   p r e p a r i n g   a  compound   a c c o r d i n g   to  C l a i m  

1  c h a r a c t e r i z e d   in   t h a t   a  c o m p o u n d   of  t h e   f o r m u l a :  

( w h e r e   R  is   h y d r o g e n   or  an  a c y l   g r o u p   as  d e f i n e d   a b o v e )   i s .  

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

or  an  a l k a l i   m e t a l   s a l t   t h e r e o f :  

and  when  R  is  h y d r o g e n   a c y l a t i n g   w i t h   an  a c y l a t i n g   a g e n t   o r  

a c t i v a t e d   d e r i v a t i v e   of  R"COOH  w h e r e   R"  i s  Y-CH2  o r  

Z - S ( O ) m  - C H 2  w h e r e   A,  X,  Y,  Z,  and  m,  n,  n ' ,   and  R'  a r e  a s  

d e f i n e d   a b o v e .  

14.  A  p r o c e s s   a c c o r d i n g   to   C l a i m   13,  c h a r a c t e r i z e d   in  t h a t  

R  i s  

15.  A  p r o c e s s   a c c o r d i n g   to  C l a i m   14,  c h a r a c t e r i z e d   in  t h a t  

A  is   OH,  n  is  two ,   and  n'  i s   o n e .  

16.  A  p r o c e s s   a c c o r d i n g   to   C l a i m   15,  c h a r a c t e r i z e d   in  t h a t  

K  is  p h e n y l .  
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