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FAClLh SYNTHESIS OF CARBAPENEM ANTIBIOTICS. THE FIRST A N D  SIMPLE 

STEREOSELECTIVE SYN'rHtSlS OF ANTIBIOTIC PS-5 BENZYL ESTER 

T e t s u j i  ~ a m e t a n i ? ,  T a s h i o  Honda, A t s u s h i  Nakayama, and Kei i c h i r o  

Fukumoto 

P h a r m a c e u t i c a l  I n s t i t u t e ,  Tohoku U n i v e r s i t y ,  Aabayama, S e n d a i  9 8 0 ,  

J apan  

A b s t r a c t  A n t i b i o t i c  PS-5 b e n z y l  e s t e r  was s t c r e o s e l e c t i v e l y  

s y n t h e s i z e d  by u s i n g  a new c a r b o n - c a r b o n  band f o r m a t i o n  r e a c t i o n  

a t  t h e  C - p o s i t i o n  o f  a i e t i d i n - 2 - o n e ,  as  a k c y  r e a c t i o n .  4 

A n t i b i o t i c  PS-5,  i s o l a t e d  from t h c  f e r m e n t a t i o n  b r o t h  o f  a s o i l  mic roorgan i sm,  

1 S t r e p t o m y c e s  cremeus s u b s p .  a u r a t i l i s  A271 (ATCC 31358) and S t r e p t o m y c e s  f u l v a v i r i d i s  

A 933', i s  a new 0 - l a c t a m  a n t i b i o t i c ,  whose f u l l  s t r u c t u r e  h a s  r e c e n t l y  been r e p o r t -  

e d  by t h e  S a n r a k u  Ocean g roup3  t o  be as  r e p r e s e n t e d  by &. A n t i b i o t i c  PS-5 d i s p l a y s  

a b r o a d  s p e c t r u m  o f  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  G r a m - p o s i t i v e  b a c t e r i a ,  i n c l u d i n g  

0 - l a c t a m a s e  - p r o d u c i n g  o r g a n i s m s .  4 

I n t e r e s t  i n  t h e  s y n t h e s i s  o f  new 0 - l a c t a m  a n t i b i o t i c s ,  s u c h  a s  t l ~ i e n a m y c i n ~ - ~ ,  e p i -  

t h i e n a m y c i n 8  and o l i v a n i c   acid^^-'^, s t e m s  from t h e i r  n o v e l  carbapenem r i n g  s y s t e m  

and f rom t h e i r  r e p o r t e d  i n t e r e s t i n g  b i o l o g i c a l  a c t i v i t i e s .  E f f i c i e n t  p r e p a r a t i o n  o r  

t h e s e  new @ - l a c t a m s  h a s  r e c e n t l y  r e c e i v e d  c o n s i d e r a b l e  a t t e n t i o n .  Though a number 

o f  s y n t h e t i c  r o u t e s  t o  t h i e n a m y c i n  (&) 15-'0 have  been  r e p o r t e d  d u r i n g  t h e  p a s t  few 

y e a r s ,  a n t i b i o t i c  PS-5 h a s  n o t  been  s y n t h e s i z e d  t o  d a t e .  Herc we would l i k e  t a  r e -  

p a r t  a s h o r t  s t e r e a s e l e c t i v e  s y n t h e s i s  o f  a n t i b i o t i c  PS-5 b e n z y l  e s t e r  ( 2 )  
Scheme 1 



The key r e a c t i o n  i n  t h i s  synthesis i s  a new c a r b o n - c a r b o n  band Carmat i an  a t  t h e  C - 4  

p o s i t i o n  o f  a z e t i d i n - 2 - o n e s .  I t  b e i n g  w e l l  knownZ1 t h a t  t h e  4 - a c e t o x y  o r  4 - s u l f o n y l  

g roups  o f  a r c t i d i n - 2 - o n e s  a r e  r e a d i l y  d i s p l a c e d  by s u l f u r ,  n i t r o g e n  and oxygen g roups ,  

we d e c i d e d  t o  investigate an ana logous  c a r b o n  d i s p l a c e m e n t  r e a c t i o n .  Thc deve lopment  

o f  a f u n c t i o n a l l z e d  ca rbon  d i s p l a c e m e n t  r e a c t i o n  a t  t h e  C - p a s i t i o n  o f  a z e t i d i n - 2 -  4  

ones  was t h e r e f o r e  o u r  f i r s t  g o a l  i n  a n t i b i o t i c  PS-5 s y n t h e s i s .  The e n o l a t e  d e r i v e d  

f r am e t h y l  a c e t a t e  and l i t h i u m  hexamethyl  d i s i l a z i d e  was t r e a t e d  w i t h  4 - a c e t o x y -  

a r e t i d i n - 2 - o n e  ( t)  i n  TliF a t  7 8 '  t o  a f f o r d  (15 % ) .  S i m i l a r l y ,  t h e  e n a l a t e  d e r i v e d  

fram d i m e t h y l  ma lona te  r e a c t e d  w i t h  $ t o  f u r n i s h  Q ( 2 1  8 ) .  

Scheme 2 

On c o n s i d e r a t i o n  o f  t h e  a c c e p t e d  r e a c t i o n  mechanism, i . e .  Michae l  a d d i t i o n  oC e n o l a t e  

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

a i e t i d i n - 2 - o n e s  would l e a d  t o  derivative w i t h  a t r a n s - r c l a t i o n s h i p  between C 3  and - 

C 4 .  3 - E t h y l -  a n d  3 - i s o p r a p y l a z e t i d i n - 2 - o n e s  were e a s i l y  p r e p a r e d  as f o l l o w s .  n -  - 

Butyrn ldehyde  ( 8 )  was h e a t e d  w i t h  a c e t i c  a n h y d r i d c  i n  t h e  p r c s c n c e  o f  sodiun, a c e t a t e  

( n u 0 ,  12 h)  t o  a f f o r d  t h e  en01  a c e t a t e  ( t )  ( E  : Z = 3 : 2 ,  38 % ) ,  which was c o n v e r t e d  

t o  t h e  a z e t i d i r i - 2 - o n e  (  ( t r a n s  : c i s  = 1  : 1 )  by t r e a t m e n t  w i t h  c h l a r o s u l f o n y l  

i s o c y a n a t e  ( C S I ) ,  f o l l o w e d  by r e d u c t i v e  c l e a v a g e  o f  t h c  N-S b a n d ,  i n  44 % y i e l d  f rom 

. I s a v a l e r a l d e h y d e  was a l s o  c o n v e r t e d  t o  &2 ( t r a n s  : c i s  = 1  : I ) ,  t h e  

en01  a c e t a t e  (kx) (E : 2 = 3  : 2 ) ,  i n  a s i m i l a r  way .  The above 3 - e t h y l a z e t i d i n - 2 -  

22 one ( 1 0 )  was t r c a t e d  w i t h  - t - b u t y l  a - d i a z o a c e t o a c e t a t e  ( k t )  i n  t h e  p r e s e n c e  o f  

l i t h i u m  hexamethy l  d i s i l a z i d e  a t  -78' f a r  2  11, t o  a t f o r d  k k ,  i n  1 2  % y i e l d ,  IR (CHC13) 

- 1  3430 (Nil) ,  2170 ( d i a z o ) ,  1 7 6 0 ,  1 7 2 0 ,  1648 (C = 0) c m  . I n  o u r  s y n t h e t i c  scheme,  t h e  

d i a z o  group p l a y s  two i m p o r t a n t  r o l e s ;  i n  p r o t e c t L o n  t h e  a c t i v e  me thy lene  d u r i n g  

s u b s t i t u t i o n ,  and i n  a c t i n g  as  c a r b e n e  p r e c u r s o r  i n  t h e  s u b s e q u e n t  i n s e r t i o n  r e a c -  

t i o n .  Thermal c y c l i r a t i o n  o f  &k i n  t h e  p r e s e n c e  o i  R I I ~ ( O A C ) ~ ~  i n  benzene f u r n i s h e d  

b i c y c l i c  k e t o e s t e r  ( k t )  i n  q u a n t i t a t i v e  y i e l d ,  I K  (CHC13) 1 7 7 0 ,  1735 ( C  = 0 ) c m - l ;  

N M R 6  (CDClj) ,  1 . 0 9  ( I ,  t ,  J = 7  !Hz, OH2CH3), 1 . 4 2  (911, 5 ,  - t - H u ) ,  3 .87 (111, d t ,  
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J = 2 a n d  7 H z ,  C 5 - E ) ,  4 . 5 2  (1H,  s ,  C  - H ) .  The t r a n s - c o n f i g u r a t i o n  a t  C5 a n d  C6 i n  
3  - 

1 6  was d e t e r m i n e d  f r a m  t h e  NhIR c o u p l i n g  c o n s t a n t ,  a n d  t h e  p r o p o s e d  r e a c t i o n  mccha-  
%". 

n i s m  i s  t h e r e f o r e  p r e sumed  c o r r e c t .  I n t r o d u c t i o n  o f  t h e  N-g-nitrobenzyloxycarbonyl- 

2 3  c y s t e a r n i n e  m o i e t y  t a  @ was a c h i e v e d  by  a d o p t i o n  o f  t h e  Merck m e t h o d ,  t o  g i v e  t h e  

a n t i b i o t i c  PS-5  d e r i v a t i v e  ( 1  a p p r o x i m a t e l y  i n  70 % y i e l d  f r a m  k t ,  mp 1 2 4 ' ~ ,  I R  

- 1 
(CHC13) 3425 (NH),  1 7 7 0 ,  1720  (C = 0 ) ,  1345  (N02)cm ; N h l K S  (CDC13) 1 . 0 3  ( 3 1 ,  t ,  J = 

7  H z ,  -CH CH ) ,  1 . 5 3  ( ' iH,  5 ,  r - B u ) ,  1 . 7 7  (211, b r  q ,  J = 7  Ilz,  C H 2 C H 3 ) ,  3 . 9 1  (1H ,  2  3  

d t ,  J = 3 a n d  9  l i z ,  C 5 - K ) ,  5 . 1 6  (211, s ,  C ' d 2 A r ) ,  5 . 3 9  ( I H ,  b r  5 ,  NH), 7 .45  and X . i8  

( e a c h  Ztl, e a c h  d ,  .J = 8  Hz,  a r o m a t i c  p r o t o n s ) ;  m/e 491  (M~), 4 3 5 ,  3 6 4 .  I n  a s i m i l a r  

manner ,  a n t i b i o t i c  P S - 6  d e r i v a t i v e  (;[) was s y n t h e s i z e d  i n  t h r e e  s t e p s ,  i n  1 3  % o v e r -  

a l l  y i e l d ,  f r om &J. l l l e  NMK s p e c t r u m  o f  zt e x h i b i t e d  t h e  C5-H r e s o n a n c e  as a d o u b l e  

t r i p l e t  w i t h  J = 3 a n d  9 l l z  a t  1 . 9 1  ppm, wh ich  a g a i n  i n d i c a t e d  a  t r a n s - r e l a t i o n s h i p  

b e t w e e n  t h e  C  - and C b - p o s i t i o n s .  5  

F i n a l l y ,  a n t i b i o t i c  P S - 5  b e n z y l  e s t e r  was s y n t h e s i z e d  by  a n  a n a l o g o u s  r o u t e  i n  o r d e r  

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

(&;I and  2:). Thus  t h e  a z e t i d l n - 2 - o n e  (kt)  was t r e a t e d  w i t h  b e n z y l  a - d i a r o a c c t o a c e t a t e  

CZ1) t o  a f f o r d  t n r  b e n z y l  e s t e r  (;$), wii ich  was c o n v e r t e d  t o  t h e  b i c y c l i c  k e t o e s t e r  
22 

(<a ) .  I n t r o d u c t i o n  o f  t n e  N - a c e t y l c y s t e a m i n e  - m o i e t y Z 4 ,  r a t h e r  t h a n  N - p - n i t r o b e n z y l o x y -  - - 

c a r b o n y l c y s t e a m i n e ,  f u r n i s h e d  a n t i b i o t i c  PS-5 b e n z y l  e s t e r  ( 1 ,  t h e  s p c c t r a s c o p i c  

d a t a  of  wh ich  w e r e  indistinguishable from t h o s c  p r o v i d e d  by Dr. T .  I s h i k u r a  o f  t h e  

Sanraku Ocean g r o u p .  

a  AcOH, Na0Ac;b CSI, then Na2S03 ; c LiN(TMS)2, l4; 

d R h 2 ( 0 A ~ ) ~  ; e CIPO(OPh)2, i ~ r 2 ~ ~ t ,  OMAP, then HS+NHCO2PNB, j P r 2 ~ E t  

a L ~ N ( T M S ) ~ ,  ; b Rh2(0Ac)4 ; c  C1PO(OPh)2, i ~ r 2 ~ ~ t ,  DMAP, then HSWNHAc, i ~ r 2 ~ ~ t  



' r h u s ,  c a r b a p e n e m  a n t i b i o t i c s  o f  t h c  PS-series h a v e  b e e n  s t e r e o s e l e c t i v e l y  s y n t h e s i z e d  

u s i n g  a new c a r b o n - c a r b o n  b o n d  f o r m a t i o n  r e a c t i o n  a t  t h e  C  - p o s i t i o n  of a z e t i d i n - 2 -  4  

o n e s ,  and t h i s  r e a c t i o n  i s  e x p e c t e d  t o  p r o v i d e  a u s e r u l  s y n t h e t i c  p a t h w a y  t o  o t h e r  

c a rbapencm a n t i b i o t i c s .  

We t h a n k  Dr. T .  I s h i k u r a ,  S a n r a k u  Ocean C o . ,  L t d . ,  f o r  p r o v i d i n g  v a r i o u s  s p e c t r o -  

s c o p i c  d a t a  011 PS-5  a n t i b i o t i c .  We a l s o  a c k n o w l e d g e  t h e  a s s i s t a n c e  o f  t h e  C e n t r a l  

~ n a l y t i c a l  L a b o r a t o r y  o f  Tohoku U n i v e r s i t y .  
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