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LXXIV.* SYNTHESIS OF INDOLE ANALOGS OF CEPHALOSPORIN 
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The reac t ion  of 3 - indo ly lace ty l  ch lor ide  with 2 - p h e n y l - 5 , 6 - d i h y d r o - l , 3 - t h i a z i n e  and cyc lo -  
hexanone ani l  in the p r e s e n c e  of t r i e t hy l a m i ne  was used to synthes ize  6 - a z a - 2 - t h i a - 8 - ( 3 -  
indolyl) - 1-phenylbic  yc lo [4.2.0 ] -7-heptanone  and c yc lohe xanespi  t o -  2- [ l ' - p h e n y l - 3 ' -  (3- 
i ndo ly l ) -4 ' - a ze t i d inone ] .  

In a cont inuat ion of the r e s e a r c h  in [2] on the syn thes i s  of ~ - l a c t a m s  in the indole s e r i e s ,  we studied 
the p o s s i b i l i t y  of obtaining 2-aze t id inone  d e r i v a t i v e s  containing an indole r e s idue  in the 3 pos i t ion .  For  
th is ,  we inves t iga ted  the reac t ion  of 3 - indo ly lace ty l  ch lor ide  with s e v e r a l  Schiff b a s e s .  3 - Indo ly lace ty l  
ch lor ide  (I) r e ac t s  with benzyl ideneani l ine  in the p r e s e n c e  of t r i e thy lamine  to give a mix ture  of c is  and 
t r a n s  i s o m e r s  of the co r r e spond ing  ~ - l a c t a m s  [2]. 

It seemed  of i n t e r e s t  to use this  r eac t ion  for the syn thes i s  of the indole analog of cepha lospor in .  
F o r  th is ,  we studied the  r eac t ion  of 3 - indo ly lace ty l  chlor ide  (I) with 2 - p h e n y l - 5 , 6 - d i h y d r o - l , 3 - t h i a z i n e  (II) 
in the p r e s e n c e  of t r i e t h y l a m i n e ,  which led to the format ion  of 6 - a z a - 2 - t h i a - 8 - ( 3 - i n d o l y l ) - l - p h e n y l b i c y c l o -  
[4.2.0]-7-heptanone (III). 
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The o r d e r  of the addi t ion of the r eagen t s  has a subs tan t ia l  effect  on the r e su l t s  of the reac t ion .  
Thus the /3-1actam is formed when I is added to a mix tu re  of th iaz ine  II and t r i e t h y l a m i n e ,  while the r e a c -  
t ion p roduc ts  could not be identif ied when t r i e thy lamine  was added to a mix ture  of I and II. The s t ruc tu r e  
of l ac tam III was conf i rmed by IR and PMR s pe c t r o s c opy .  There  a r e  absorp t ion  bands at 3350 cm -~ (in- 
dole NH) and 1760 cm -1 (/3-1actam C = O) in the IR s p e c t r u m .  A s ingle t  at 6 5.10 (7-CH) and s e v e r a l  mu l -  
t ip le ts  at 1.84 (3-CH2), 2.6 (2-CH2), and 4.3 ppm (4-CH 2) w e r e  noted in the PMR s p e c t r u m  (CDC13) , which 
conf i rms  the p r e s e n c e  of a th iazan r ing .  The s ignal  at  6.64 ppm is due to the pro ton  in the ~ pos i t ion  of 
the indole r ing.  The p r e s e n c e  of this s ignal  makes  it poss ib le  to r e j e c t  s t r uc tu r e  IV for the compound ob-  
ta ined.  

Up to now, s p i r o - f i - l a c t a m s  have rece ived  ve ry  l i t t le  s tudy [3], and it was  t h e r e f o r e  of i n t e re s t  to ob-  
ta in  a s p i r o - f i - l a e t a m  containing an indole r ing .  F o r  this ,  we c a r r i e d  out the r eac t i on  between 3- indol  y l ace ty l  
ch lor ide  (I) and cyclohexanone anil  (V). The reac t ion  gave a mix ture  f rom which c y c l o h e x a n e s p i r o - 2 ' - [ l ' -  
p h e n y l - 3 ' - ( 3 - i n d o l y l ) - 4 ' - a z e t i d i n o n e ]  (VI) could be i so l a t ed .  The p r e s e n c e  of an absorp t ion  band at  1735 
cm - !  in the IR s p e c t r a  makes  it pos s ib l e  to choose f rom s t r u c t u r e s  VI, VII, and VIII and to ass ign  the ~- 
t ac tam s t r u c t u r e  (VI) to the compound obtained.  Compound VI is  only s l ight ly  soluble  in the usual  so lvents ,  
and i t s  PMR s p e c t r u m  t h e r e f o r e  cannot be r e c o r d e d .  

*See [1] for communica t ion  LXXIII. 
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E X P E R I M E N T A L  

The IR s p e c t r a  w e r e  r e c o r d e d  wi th  a UR-10  s p e c t r o m e t e r ,  and the PMR s p e c t r a  w e r e  r e c o r d e d  with 
a J N M - 4 H - 1 0 0  s p e c t r o m e t e r .  

6 - A z a - 2 - t h i a - 8 - ( 3 - i n d o l y l ) - l - p h e n y l b i c y c l o [ 4 . 2 . 0 ] - 7 - h e p t a n o n e  (III). A s o l u t i o n  of 1.9 g (0.01 mole)  
of  3 - i n d o l y l a c e t y l  c h l o r i d e  [4] in 60 ml  of d r y  m e t h y l e n e  c h l o r i d e  w a s  added  d r o p w i s e  wi th  s t i r r i n g  to  a 
s o l u t i o n  of  1~ g (0.01 mole)  of  2 - p h e n y l - 5 , 6 - d i h y d r o - l , 3 - t h i a z i n e  (II) [5] and 1.5 ml  (0.01 mole)  of t r i e t h y l -  
a m i n e  in 50 ml  of d r y  m e t h y l e n e  c h l o r i d e  at 0-5 ~ The  m i x t u r e  w a s  s t i r r e d  for  a n o t h e r  2 h and a l Iowed to 
s tand  o v e r n i g h t  at r o o m  t e m p e r a t u r e .  The  s o l u t i o n  w a s  w a s h e d  wi th  w a t e r  and d r i e d  o v e r  s o d i u m  s u l f a t e .  
The  s o l v e n t  was  r e m o v e d  by  d i s t i l l a t i o n ,  and the r e s i d u a l  v i s c o u s  m a s s  was  w a s h e d  wi th  e t h e r .  The  r e -  
su i t i ng  p r o d u c t  w a s  d i s s o l v e d  in m e t h y l e n e  c h l o r i d e .  The s o l u t i o n  w a s  i n t roduc e d  into a c o l u m n  packed  
wi th  n e u t r a l  a l u m i n u m  oxide  and e lu ted  s u c c e s s i v e l y  wi th  m e t h y l e n e  c h l o r i d e  and a m i x t u r e  of m e t h y l e n e  
c h l o r i d e  and a l coho l  (6 : 1). The  s o l v e n t s  w e r e  r e m o v e d  by  v a c u u m  d i s t i l l a t i o n ,  and the  r e s i d u e  w a s  r e -  
c r y s t a l l i z e d  f r o m  aqueous  ace tone  to  g ive  0.7 g (21%) of a p r o d u c t  wi th  mp 187-189 ~ IR s p e c t r u m  (CHC13) : 
1760 c m  - I  ( ~ - l a c t a m  C = O). Found:  C 72.1; H 5.7; N 8.7; S 9o1%. CIoH18N2OS. C a l c u l a t e d :  71.9; H 5.4; 
N 8o4; S 9.6%o 

C y c l o h e x a n e s p i r o - 2 ' - [ l ' - p h e n y l - 3 ' - ( 3 - i n d o l y i ) - 4 - a z e t i d i n o n e ]  (VI). Compound VI w a s  s i m i l a r l y  ob -  
t a ined  by the r e a c t i o n  of  c y c l o h e x a n o n e  an i l  (V) wi th  3 - i n d o l y l a c e t y l  c h l o r i d e  in the  p r e s e n c e  of  t r i e t h y l -  
a m i n e .  The  r e a c t i o n  m i x t u r e  was  c h r o m a t o g r a p h e d  on n e u t r a l  a l u m i n u m  oxide  wi th  e lu t ion  by  m e t h y l e n e  
c h l o r i d e  to g ive  10% of  a p r o d u c t  wi th  mp 226 ~ (dee . ,  f r o m  aqueous  a c e t o n e ) .  IR s p e c t r u m  (CHCI 3) : 1735 

e m  - t  ( / ? - l a c t a m  C ,=  O). Found:  C 79.8; H 6.6; N 8~176 C22H22N20. C a l c u l a t e d :  C 80.0; H 6.7; N 8~ 
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