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SEMISYNTHETIC p-LACTAM ANTIBIOTICS. I. 

a-ISOCYANOBENZYLPENICILLINS AND CEPHALOSPORINS 

The p r e p a r a t i o n  of t h e  new p-lactam a n t i b i o t i c s  a- 

isocyanobenzyl-penicil l ins and cephalospor ins  from t h e  

corresponding amino d e r i v a t i v e s  and t h e i r  microbiologi-  

c a l  p r o p e r t i e s  a r e  r epor ted .  

Ampici l l in  ( I a )  and amoxyci l l in  ( I b )  a r e  among t h e  most effe- 

c t i v e  broad spectrum a n t i b i o t i c s  developed t o  date .  The amino 

1 
group i n  t h e  s i d e  chain  has been v a r i o u s l y  modified a s  i n  I c  , 

3 4 5  
d2, e  , f , g (Figure  1 )  i n  o r d e r  t o  modulate t h e  hydroph i l i c  

c h a r a c t e r  which appears  t o  be e s s e n t i a l  f o r  Gram-negative a c t i -  

6 v i t y  . Since  m i n e s  can be r egenera ted  from t h e  corresponding 

i socyan ides  and i n  p a r t i c u l a r  a-aminoacetic a c i d s  f r o n  a-iso- 

7 cyanoace t i c  a c i d s  , we thought it worthwhile t o  mask t h e  amino 

group of I a , b  a s  i socyanide .  Therefore we syn thes ized  t h e  a-iso- 

cyanobenzy lpen ic i l l in s  I11 and t h e  a-isocyanobenzylcephalosporin 

analogue V I  which a r e  p o t e n t i a l l y  "pro-drugs" of t h e  p a r e n t  a n t i -  

b i o t i c s  wi th  improved i n  v ivo  performance. 



The synthesis  of the  formamido derivat ives I I a  and I I b  (Fi- 

gure 1 ) was performed with formic anhydride8 on a  ch i l l ed  aqueous 

so lu t ion  of I a ,b ,  keeping pH about 7 with NaHCO The pivaloyl  
3 ' 

e s t e r  I I c  (Table 1 )  was prepared now i n  improved y ie ld  from I I a  

sodium s a l t  and chloromethyl p iva la te  i n  DMF. The intermediates 

IIa . . .c  a r e  s t ab le  so l id s  eas i ly  pur i f ied  by c rys t a l l i za t ion ;  

t h e i r  pmr spec t ra  show t h a t  the  asymmetric center  i n  the  s ide  

chain was unaffected. Protect ion of I I a , b  as  t r ime thy l s i ly l  e s t e r s  

followed by dehydration with POCl and pyridine a t  -600 + -20° 
3 

yielded, a f t e r  mild hydrolysis,  the  isocyanides I I I a ,b .  Of course, 

the  pivaloyl  e s t e r  I I c  was d i r ec t ly  dehydrated t o  I I I c  without 

s i l y l  protect ion.  Ir spec t ra  of a-isocyanobenzylpenicil l ins show 

the  cha rac te r i s t i c  p l a c t a m  s t r e t ch ing  absorption i n  the  1785- 

1780 cm-1 region and a fu r the r  intense band a t  21 50-2130 cm-l at- 

t r ibuted  t o  the  s t r e t ch ing  v ibra t ion  of t h e  isocyanide group. Pmr 

spec t ra  of I I Ia . . . c  a re  consis tent  ( s p l i t t i n g  of the  s ignals  re- 

l a t e d  t o  the  protons i n  pos i t ion  3,5,6 and gem-dimethyl) with epi- 

merisation a t  the  c h i r a l  carbon i n  the  phenylacetic moiety during 

dehydration. 

The same react ion sequence was a lso  used t o  convert cephalexin 

(IV) i n t o  the  corresponding isocyano derivat ive ( V I ) .  Formylation 

of I V  gave V i n  50% y ie ld  I m p  178-1 81 O C  dec., from H ~ O / N ~ ~ C O ;  

rcF= +580 ( C  = 0.5; M ~ O H / M ~ ~ C O  1 : 1 12. Subsequent dehydration 

of V afforded a 32% y ie ld  of the  isocyanide V I  as  an epimeric 

20 mixture f m p  242-2450C dec., from iPrOH/H20; [g7D = +I660 
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Table 1 

6-(9-a-Fom~idophenylace tamido)penic i l lan ic  acids 

Formula 

6-(a-1soc~ano~henylacetamido)~enicillanic acids 

a See ref. 9 

b From IIa. In literature it was prepared by formylation of pivampicillin 
but not characterized. See ref. 10 

c During completion of this manuscript, the synthesis of the ester IIIC 
was reported by T.H. Cronin. See ref. 10 
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Table 2 

MIC va lues  (&ml) and a c i d  s t a b i l i t i e s  

Bac te r i a  

Sta.nh. aureus Smith 
-A 

Staph. aureus ATCC 
6538/P 

S t r .  pyogenes IS21 
69/24? 

8.  cereus  ATCC 9364 

B. s u b t i l i s  AXC 663 

S. l u t e 2  ATCC 9341 

E. 120 

Salm. p a r a t ~ h 2  IS?! 

Shi. dysenter iae  
YLTL 4837 

P . r u g i n o s a  ATCC 
9027 

6 A c t i v i t y  a f t e r  t rea tment  

with g a s t r i c  duice 

I I I a  
- 
0.39 

0.19 

0.19 

0.19 

0.19 

0.19 

- 
6 . 2 5  

2.5 

2 .5  

100 

I I I C  



( C  = 0.5; MeOH). 

The minima inhib i tory  concentration (MIC) of compounds IIIa. . .c 

and V I  against  1 6  s t r a i n s  of Gram-positive and Gram-negative ba- 

c t e r i a  was determined using the  t w o  f o l d  s e r i a l  d i lu t ion  techni- 

que i n  brain-heart-infusion agar medium (Difco) plus 10$ horse se- 

rum. The agar p l a t e s  were inoculated with one drop of a d i lu ted  

(1/25) overnight cu l ture  delivered by a multiple inoculating devi- 

ce and incubated f o r  18h a t  37°C. The acid s t a b i l i t y  was t e s t ed  

i n  a r t i f i c i a l  g a s t r i c  juice (USP XVIII) and values indica te  t h e  

res idual  $ of ant imicrobial  a c t i v i t y  assayed by the  micro3iolcgi- 

c a l  agar-plate diffusion method. It i s  evident from the  r e s u l t s  

l i s t e d  i n  Table 2 t h a t  the a c t i v i t y  of isocyano derivat ives i s  lo- 

wer than t h a t  of ampici l l in  and cephalexin. According t o  our pre- 

vis ion,  we have found t h a t  a c t i v i t y  of isocyanopenicill ins IIIa . . .c  

ismhanced when t e s t ed  i n  a r t i f i c i a l  g a s t r i c  juice as  a consequen- 

ce of p a r t i a l  hydrolytic cleavage t o  the  d i a s t e m m i x t u r e  of the 

parent an t ib io t ics .  This property was confirmed by a biochromato- 

graphic study. Surpris ingly the same behaviour was not not iced f o r  

the  cephalosporin analogue V I .  
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