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1,2-Diazepines 2 r e a c t  s t e r e o s p e c i f i c a l l y  

w i th  phta l imidoace ty l  c h l o r i d e  i n  t h e  pre-  

sence of base  t o  g i v e  t h e  corresponding d i a -  

zepino-p-lactams i n  high y i e l d .  Treatment of 

such an aze t id inone  ( 5 )  with  sodium hydroxide 

and then  wi th  dicyclohexylcarbodiimide gave 

i so imide  2 which hydrolysed e a s i l y  yo t h e  

corresponding 8-amino-5-azanonam-1,3-diene 5 
i n  high o v e r a l l  y i e l d .  Acylation gave t h e  

5-azanonam-1,3-dienes 9 which a r e  t h e  imme- 

d i a t e  p recu r so r s  of t h e  cephalosporin ana- 

logues 1. 



Al te r ing  t h e  s t r u c t u r e  of n a t u r a l  products ,  i n  order  t o  induce 

s p e c i f i c  modif ica t ions  of t h e i r  pharmacological spectrum, i s  a 

1 
gene ra l  t r e n d  i n  modern drug r e sea rch  . I n  t h e  p a r t i c u l a r  case  

of @-lactam a n t i b i o t i c s ,  t h e  t h i a z o l i n e  and t h i a z i n e  moie t i e s  

of p e n i c i l l i n s  and cephalosporins r e s p e c t i v e l y  have been r e p l a -  

2 
ced by o the r  he t e rocyc le s  . For example s p e c i f i c  pharmacological 

p r o p e r t i e s  have been found wi th  1-oxa and 1-carba-cephalothins 

3 which have been prepared by va r ious  t o t a l  s y n t h e t i c  methods . 
Along t h e s e  l i n e s  we undertook t h e  t o t a l  s y n t h e s i s  of cephalo- 

spo r in  analogues, of gene ra l  formula 1, bear ing  a  seven-membered 

r i n g  fused  t o  t h e  p-lactam moiety. 

According t o  t h e  nomenclature proposed by ~ o s e ~  we s h a l l  name 

t y p e  1 compounds 8 - subs t i t u t ed  5-azanonam-l,3-dienes. I n  formula 2 

R would be  i d e n t i c a l  wi th  one of t h e  many s u b s t i t u e n t s  encounte- 
3 

r e d  i n  t h e  penam and i n  t h e  cepham s e r i e s ;  R2 is  a hydrogen atom 

or  a  methoxy group, R1 a hydrogen atom o r  an a l k y l  moiety and Y 
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an a c i d  b e a r i n g  s u b s t i t u e n t .  The A '  double bond i n  2 i s  t h c u g h t  

t o  r e p l a c e  t h e  sulfur atom of t h e  cepham a n t i b i o t i c s .  

1 ,2-Diazepines 2,  which a r e  r e a d i l y  p repa red  by U .V. i r r ad ia t ion  

5  of 1-imincpyridinilun y l i d e s  , r e a c t  e a s i l y  w i t h  d e r i v a b i v e s  of 

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

s p e c i f i c a l l y  t o  t h e  cor responding  B-lactams 36. With r e s p e c t  t o  

a l l  t h e  known 8-lactam a n t i b i o t i c s ,  adducts  3 have t h e  wrong 

2 3 
7 c o n f i g u r a t i o n  a t  C-8 a s  shown by N M R ~  and by X-ray a n a l y s i s  . 

Our f i r s t  o b j e c t i v e  was t o  i n t r o d u c e  an amido f u n c t i o n  a t  C-8 

b e a r i n g  one of t h e  s u b s t i t u e n t s  R known t o  occur w i t h  8-lactam 
3  

a n t i b i o t i c s .  The most e f f e c t i v e  way t o  ach ieve  t h i s  g o a l  was by 

u s i n g  t h e  sequence d e s c r i b e d  below. 

l-Ethoxycarbcnyl-5-met11y1-1~2-diazcpine 4 r e a c t s  w i t h  a  f o u r f o l d  

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

amine acco rd ing  t o  Sheehan ' s  method8 and l e a d s  i n  91% t o  nonam- 

1 ,3-d iene  5 m . p .  14S0;  I R  (CHC13) v (C=O) 1800 and 1720 cm- 1  

U . V .  (Et0H) Xmax 277 nm (c :9 ,900) ;  'H NMR ( C D C ~  ) d 4.90 ( H - 7  and 
3  

H-8; m ) ;  5.03 (H-3; d; J -9 , s  Hz); 5.80 (H-I;  m )  and 6.85 ppm 
3,4- 

(H-4; d; J 3 , i x 9 , 5  Hz); 13c NMR (CDC13) 6 56.3 (C-7; d l ;  63.5 

(c-8; d ) ;  110.8 (C-3; d ) ;  124.6 (C-1; d ) ;  128.3 (C-4; d ) ;  131.8 

(c-2, s ) ;  158.1 ppm (c-9, s ) .  9 

S e l e c t i v e  s a p o n i f i c a t i o n  of 2 w i t h  NaOH N/10 g i v e s  t h e  nonam-1,3- 

d i e n e  5 i n  90% y i e l d ,  m.p. 158"; I R  ( K B ~ )  v ( N - H )  3 3 2 0 , ~  (0-H)  

3100 cm-', v (C-0) 1795, 1735 and 1670 ;,-I; U.V.  (Me0H) Xmax 



1 
275 nm ( E  10000); t h e  H NMR shows i n  p a r t i c u l a r  w i th  D20 ex- 

changable OH and NH (J=7 Hz) groups and H-7 ( 6  4.55 ppm) and H-8 

( 6  4.70 ppm) atoms i n  a  trans conf igu ra t ion  ( J  7,8=1 Hz)''. I n t r a -  

molecular  c y c l i s a t i o n  of 6 wi th  dicyclohexylcarbodiimide l e a d s  i n  

90% y i e l d  t o  isoimi.de 2, m.p.165"; I R  ( C H C 1  ) v ( G O )  1800, 1735 
3  

c  v (C=N) 1705 cm-l; U.V. (MeOH) Xmax 276 nm ( E  12,600); 'H NMR 

(CDC13) 6 4.62 (H-7; m ) ;  4.82 ppm (H-8, d, J7,8=1,5 Hz). Treatment 

of 1 with  rnethylhydrazine a t  -7801' l e a d s  t o  t h e  d e s i r e d  8-a- 

amino-5-azanonam-l,3-diene 8 i n  84% y i e l d ,  I R  ( C H C 1  ) v (G-0) 
3  - 1 

1790, 1735 cm ; UV (MeOH) Xmax 278 nm ( ~ : 7 , 8 0 0 ) .  This  r a t h e r  un- 

s t a b l e  compound12 i s  immediately a c y l a t e d  wi th  t h e  usua l  a c e t i c  

a c i d  d e r i v a t i v e s  u s ing  dicyclohexylcarbodiimid a s  a  dehydra t ing  

agent13. The corresponding 2-methyl-5-ethoxycarbonyl-8-a-amido- 

5-azanonam-1,3-dienes % t o  e d  a r e  t h u s  obta ined  i n  e x c e l l e n t  

y i e l d s  (Table 1) a s  s t a b l e  compounds. Spec t roscopic  d a t a  f i t  w i t h  

t h e  proposed s t r u c t u r e s  % t o  9  a able 1 ) .  A s  a  t y p i c a l  example 

1  l e t  u s  quote t h e  H and 13c NMR s p e c t r a  of B-lactam &: 'H NMR 

( c D C ~ ~ )  6 4.50 (H-7; m); 4.66 (H-8; dd; J7,8=1-5 and JNH,8=7 H Z ) ;  

5.00 (H-3; d; J =9 Hz); 5.90 (H-1; m) and 6.73 ppm (H-4; d; 
3,4 

J3,4 
39 H Z ) ;  13c NMR (CDC~ ) 6 58.3 (C-7; d ) ;  66.3 (C-8; d ) ;  111.3 

3  

(C-3; d ) ;  125.8 (c-1; d ) ;  127.5 (c-4; d) ;  131.2 (c-2; s )  and 

160.3 ppm (C-9; s ) .  

The o v e r a l l  y i e l d  f o r  t h e  5-step s y n t h e s i s  of compound i s  57%. 

A l t e r n a t i v e  syn theses  of 8-a-amino-5-azanonam-l,3-dienes, s t a r t i n g  

f o r  example from a z i d o a c e t i c  a c i d  ch lo r ide ,  proved t o  be l e s s  

i n t e r e s t i n g  i n  te rms  of p r e p a r a t i v e  o rgan ic  s y n t h e s i s .  Therefore 

we b e l i e v e  t h a t  t h e  aforementioned approach t o  t h e  t o t a l  s y n t h e s i s  

of compounds having s t r u c t u r e  1 is a  promising one. 

Conf igura t iona l  i n v e r s i o n  of C-8 and i n t r o d u c t i o n  of an a c i d  bea- 

r i n g  group Y i n  formula 2 w i l l  b e  our next  goa l .  

( 474 ) 
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Table 1 8-a-amido-5-azanonam-1,3-dienese obta ined  by a c y l a t i o n  
of t h e  u n s t a b l e  8-a-aminononamdiene 3 

I gb I o i l  1 77% 13360 ( 1780 1 1735 1 1680 1272(16,300) 

9a - 

m.p. 

50° 

yield-  

93% 

U.V. (Me0H) 

?nax (G) 

275( 7,900) 

I R  (CHC1 ) 

v(C=O) 
amide 

1670 

v(N-H) 

3410 

v(C-0) 
lac tam 

1790 

v(C=o) 
e s t e r  

1725 
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