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Abstract-  A f a m i l y  of 6 - l a c t a m  a n t i b i o t i c s ,  h a v i n g  t h e  1 - c a r b a p e n  

2-em r i n g  s y s t e m ,  r e p r e s e n t e d  by t h i e n a m y c i n ,  p o s s e s s e s  p o t e n t  and 

b r o a d  a n t i b i o t i c  a c t i v i t i e s .  I n  t h i s  r e v i e w ,  t o t a l  s y n t h e s e s  a n d  

a p p r o a c h e s  o f  t h e  a n t i b i o t i c s  a r e  summarized a c c o r d i n g  t o  t h e  

manner f o r  t h e  f o r m a t i o n  o f  t h e  b i c y c l i c  r i n g  s y s t e m .  

1 -24  R e c e n t l y ,  i n t e n s e  i n t e r e s t  h a s  been f o c u s e d  on n o v e l  1-carbapenem a n t i b i o t i c s  , 

l i s t e d  i n  Scheme 1, which were i s o l a t e d  from s e v e r a l  s t r a i n s  of  S t r e p t o m y c e s  and 

p o s s e s s  h i g h  a n t i b a c t e r i a l  p o t e n c y  a n d  a  wide a n t i b a c t e r i a l  s p e c t r u m .  E a r l y  works 

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

and s o  on were rev iewed by ~ a o ~ e r ~ ~ .  However a  number o f  t o t a l  s y n t h e s e s  and 

approaches  have been p u b l i s h e d  s i n c e  t h e n  and t h e  e l a b o r a t i o n  o f  t h e  method f o r  t h e  

c o n s t r u c t i o n  o f  t h i s  un ique  r i n g  s y s t e m  i s  s t i l l  a s p e c i a l  cha l lenge .  T h e r e f o r e  we 

would l i k e  t o  summarize t h e  s y n t h e t i c  s t u d i e s  a p p e a r e d  s o  f a r  on j o u r n a l s  a c c o r d i n g  

t o  t h e  f o r m a t i o n  manner of  t h e  carbapenem and t h e  carbapenam. 2 6 , 2 7  

@&% &Q&%X~Z&%~Q Q$ .%Q% 6 
The f i r s t  s y n t h e s i s  o f  t h e  carbapenam r i n g  s y s t e m  was c a r r i e d  o u t  by p h o t o l y t i c  Wolff 

r e a r r a n g e m e n t  o f  t h e  d i a z o p y r r o l i d i n e - d i o n e  (42)  i n  1973". The h i g h  l a b i l i t y  o f  

t h i s  b i c y c l i c  s y s t e m  was p o i n t e d  o u t  a t  t h a t  t i m e .  The key  i n t e r m e d i a t e  ( $ [ )  was 

p r e p a r e d  a s  f o l l o w s .  The amine ( L l )  was c o u p l e d  t o  t e r t .  -bury1  hydrogen malonate w i t h  

d icyclohexylcarbodi imide  a n d  t h e  p r o d u c t  ( A @ )  was c y c l i z e d  w i t h  sodium h y d r i d e  i n  

benzene .  Removal o f  t e r t . - b u t o x y c a r b o n y l  group by h e a t i n g  i n  t o l u e n e ,  f o l l o w e d  by 

d iazo-exchange  o f  t h e  r e s u l t i n g  p y r r o l i d i n e  (42)  gave t h e  d e s i r e d  diazo-compound (%[). 

When t h e  p h a t o l y s i s  was c o n d u c t e d  a t  -70°C i n  t h e  p r e s e n c e  o f  one e q u i v a l e n t  o f  8 -  

methylphene thy l  c a r b a z a t e ,  t h e  carbapenam (Q) was o b t a i n e d  a s  a  v e r y  u n s t a b l e  

m a t e r i a l .  



(J,) R=H (t) R-CH CHzNHAc 
thienamycinl .2 ep i t i ienamyc in  c S 4 s 5  MM223816-8 

(i) R-Ac 

ace t y l  thienamycin3 
(t) R=CH=CHNHAc 

epi th ienamycin 0,d.S M ~ 2 2 3 8 3 ~ - ~  

(2) R ~ = H ,  R ~ = S C H ~ C H ~ N H A C  .(R) R ~ = H ,  R ~ = C H ~ C H ~ N H A C  
epi th ienamycin A , ~ , ~  ~ ~ 2 2 3 8 0 6 - 8  ps-514-18 

(1) R' m 3 H ,  R~=SCH=CHNHAC (G) RI =Me, R~=CH=CHNHAC 
ep i  thienamycin ~ , 4 . 5  MM139028-11 PS-619 

(@ R1=S03~, R ~ = S C H ~ C H ~ N H A C  (u) R"H, R~=CH=CHNHAC 
ep i  thienamycin ~ , 4 , 5  ~~178808-10.12 PS-719 

(a) R=H 
carpet imyc in  ~ ~ 2 0 ~ 2 1  C-19393H222,23 asparenomycin (a) A24 

( ~ )  R403H 
carpet imycin 8,2OsZl C-19393~~22.23 

Scheme 1 
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1 )  NaH 

2) A 

Scheme 2 

2 .  &R&%XER& x4-c7 %&? &5-&6 &X& &XQ&A.VL 
Cycloaddi t ion  of imines and ketenes  is  one of v e r s a t i l e  methods f o r  t h e  s y n t h e s i s  

o f  6 - l ac tamsZg .  Bose and coworkers prepared t h e  5-methylthiocarbapenams (g) by 

condensation of c y c l i c  imines (22) and a c i d  ch lo r ides  (Q) i n  the  presence of 

t r ie thylamine3 ' .  The s t r u c t u r e  of the  product (&$) was determined by X-ray a n a l y s i s .  

Fur ther  approach t o  the  n a t u r a l  a n t i b i o t i c s  has no t  been repor t ed .  

Scheme 3 



3. C l  -C5 R2E$ t2XM.€i2C 
Capper (11) c a t a l y z e d  decompos i t ion  o f  p e n i c i l l i n - d e r i v e d  d i a i o k e t o n e s  (a) i n  

a p r o t i c  s o l v e n t s  r e s u l t e d  i n  t h e  f o r m a t i o n  of  t r i c y c l i c  k e t o n e s  ($$ i n  moderate  
31 

y i e l d s .  D e s u l f u r i z a t i o n  u s i n g  Raney n i c k e l  p r o v i d e d  a  m i x t u r e  o f  ( x x )  a n d  ($8) . 
T h i s  c o n v e r s i o n  found by E r n e s t  a t t r a c t e d  a t t e n t i o n  o f  s e v e r a l  o t h e r  g r o u p s .  

32-34 

On t h e  r e a c t i o n  o f  p e n l c i l l a n i c  a c i d  d i a z o k e t o n e  ($& ; R=H) t h e  t r i c y c l i c  oxapenam 

(Jk) was g a i n e d  as  a  minor p r o d u c t  t o g e t h e r  w i t h  ( x k ) .  The p r o p o s e d  mechanism 

i s  t h a t  i n i t i a l  f o r m a t i o n  of  t h e  S - y l i d e  ( 2 % )  by i n t r a m o l e c u l a r  a d d i t i o n  of  t h e  

a c y l c a r b e n e  t o  t h e  s u l f u r  atom a n d  s u c c e s s i v e  c l e a v a g e  o f  t h e  C-S bond gave t h e  

i n t e r m e d i a t e s  (JQ? and JQJ,) whose r i n g  c l o s u r e  l e d  t h e  carbapenams (&& and t h e  

oxapenam (ZA), r e s p e c t i v e l y .  The above r e a c t i o n  was f u r t h e r  a p p l i e d  t o  monocyc l ic  

% - l a c t a m s  b u t  s a t i s f a c t o r y  r e s u l t s  were n o t  o b t a i n e d .  
33,34 

Raney N i  - 

Scheme 4 
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4 .  $1 - c2 8& ERaaiQR 
4  -1. 8X KLLLik! 8EtkkiRR 
By t h e  r i n g  c l o s u r e  between C1 and C2 p o s i t i o n s ,  t h e  ca rbapen-1-em r i n g  sys tem was 

c o n s t r u c t e d  by two methods;  t h e  i n t r a m o l e c u l a r  W i t t i g  t y p e  r e a c t i o n  and t h e  a l d o l  

c o n d e n s a t i o n .  Canadian w o r k e r s  p r e p a r e d  t h e  i n t e r m e d i a t e  (2%) f o r  H o r n e r - W i t t i g  

r e a c t i o n ,  by t h e  Michae l  a d d i t i o n  of  t h e  l i t h i u m  s a l t  o f  4 - v i n y l a z e t i d i n - 2 - o n e  ( Z i )  

t o  s e v e r a l  phosphona tes  f o l l o w e d  by o z o n o l y s i s  o f  t h e  a d d u c t  (2). Subsequent  

t r e a t m e n t  o f  t h e  r e s u l t i n g  a l d e h y d e  (2%) w i t h  sodium h y d r i d e  y i e l d e d  t h e  b i c y c l i c  

35 compounds (&) . 

(22) 
overall yield 

($) R ~ = H ,  R2=co2~t (25%) 
(k) R'=H,  R ~ = C O ~ ~ B U  (18%) 

&,) R ' = P ~ ,  R ~ = C O ~ E ~  (22%) , 

($1 ul=ph, R ~ = s ( o ) M ~  (25%) 
(f,) R1=ph, R ~ = S O ~ M ~  (30%) 

Scheme 5 

A s i m i l a r  s t r a t e g y  was i n d e p e n d e n t l y  i n v e s t i g a t e d  by Sharma a n d  S t o o d l e y J 6 .  Namely, 

c o n d e n s a t i o n  o f  4 - v i n y l a z e t i d i n - 2 - o n e  (22)  w i t h  t h e  g l y o x a l a t e  i n  t h e  p r e s e n c e  o f  

t r i e t h y l a m i n e  gave t h e  e p i m e r i c  a l c o h o l s  (&), which were c o n v e r t e d  i n t o  t h e  

c h l o r i d e  (zx). Trea tment  o f  (22)  w i t h  two e q u i v a l e n t s  o f  e t h o x y c a r b o n y l -  

t r i p h e n y l p h o s p h o r a n e 3 7  i n  e t h y l  a c e t a t e  p roduced  t h e  phosphorane  ( 2 4 ) .  O z o n o l y s i s  

i n  t h e  p r e s e n c e  of  t r i f l u o r o a c e t i c  a c i d ,  r e d u c t i o n  o f  t h e  o z o n i d e  and n e u t r a l i z a t i o n  

a f f o r d e d  t h e  ca rbapen-1-em (2%) i n  a  h i g h  y i e l d .  However no i s o m e r i z a t i o n  t o  t h e  

ca rbapen-2-em by b a s e  t r e a t m e n t  was o b s g r v e d .  



($2) 
(50% from a) 

Scheme 6 

4  - 2 .  RX &&-I &rt$rnk i~M~ 
4 - V i n y l a z e t i d i n - 2 - o n e  (2%) was a g a i n  u s e d  a s  t h e  s t a r t i n g  m a t e r i a l  f o r  t h e  a l d o l  

condensa t ion3 ' .  Accord ing  t o  t h e  Merck method,  3 9 - 4 2  t h e  b i s - ( p - n i t r o b e n z y l )  malonate  

d e r i v a t i v e  ($Q) was p r e p a r e d  i n  3  s t e p s  from (2%). A f t e r  i n t r o d u c t i o n  o f  t h e  a l l y 1  

group ,  o z o n o l y s i s  o f  t h e  d i - o l e f i n i c  compound ($A), f o l l c w e d  by d i m e t h y l  s u l f i d e  

t r e a t m e n t  gave t h e  l a b i l e  d i a l d e h y d e  ($61, which was s u c c e s s i v e l y  t r e a t e d  w i t h  

a c e t i c  a c i d  and ~ i p e r i d i n e . ~ ~  C a r e f u l  h y d r i d e  r e d u c t i o n  o f  t h e  a l d o l  c o n d e n s a t i o n  

p r o d u c t  ($2) f o l l o w e d  by b e n z o y l a t i o n  a f f o r d e d  ($$I, which was t h e n  d e c a r b o x y l a t e d  t o  

t h e  m n o - e s t e r  ($2) .  The X-ray a n a l y s i s  o f  ($2) r e v e a l e d  t h a t  t h e  c a r b o x y l a t e  group 

a t  t h e  C3 p o s i t i o n  a n d  t h e  hydrogen a t  t h e  C5 p o s i t i o n  a r e  & e a c h  e t h e r .  The 

i s o m e r i i a t i o n  o f  t h e  double  bond t o  t h e  carbapen-2-em was a l s o  u n s u c c e s s f u l .  
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1 )  03,CH2C12.-20°C fl>o AcOH,piperidin; CHO 

2) M?S 

PNB02 02PNB PNB02C 02PNB 

($$ 

Scheme 7 

(52% from Q) 

' &2-c3 &&? &x&%&Q 
- RX %Ek%aE&e~ &R%~&&R 

The f i r s t  t o t a l  s y n t h e s i s  of th ienamycin  (k) was accompl ished  by r i n g  c l o s u r e  between 

C 2  and C3 p o s i t i o n s .  39 -42  The Merck s y n t h e s i s  is  c o n s t i t u t e d  of t h r e e  major  s y n t h e t i c  

o b j e c t i v e s :  (1) p r e p a r a t i o n  of an a z e t i d i n o n e  s u i t a b l y  s u b s t i t u t e d  a t  t h e  C - 4  p o s i t i o n  

f o r  subsequent  e l a b o r a t i o n  o f  t h e  second r i n g ;  (2)  i n t r o d u c t i o n  of t h e  hydroxyethyl  

s i d e  cha in  a t  t h e  C - 3  p o s i t i o n ;  (3)  e l a b o r a t i o n  of t h e  r e s u l t a n t  a z e t i d i n o n e  t o  t h e  

p r o p e r l y  f u n c t i o n a l i z e d  carbapen-2-em. The s t a r t i n g  5 - l ac t am ($1) was p repa red  by 

t h e  [2 + 21 c y c l o a d d i t i o n  by c h l a r o s u l f o n y l  i s o c y a n a t e  (CSI) t o  1 - ace toxybu tad i ene  

(@,) fo l lowed by r e d u c t i v e  h y d r o l y s i s .  C a t a l y t i c  hydrogenat ion  o f  (u), deace ty -  

l a t i o n  and s imu l t aneous  b l o c k i n g  o f  t h e  a l c o h o l  and l ac t am gave t h e  a c e t o n i d e  ($8). 
Hydroxyethyla t ion  was ach i eved  by d i r e c t  a l d o l  r e a c t i o n  b u t  f o u r  p o s s i b l e  s t e r e o i s o m e r s  

formed. The t w o t r a n s s u b s t i t u t e d  a z e t i d i n o n e s  (a), o b t a i n e d  a s  major  p roduc t s  i n  a 

r a t i o  of 2 : 3 ,  were n o t  s e p a r a t e d  a t  t h i s  s t a g e .  The c a r b i n o l  group was p r o t e c t e d  

by t h e  a c t i o n  w i t h  p - n i t r o b e n z y l  ch lo ro fo rma te  and n - b u t y l l i t h i u m  o r  4- (d imethylamino)-  

p y r i d i n e  (DMAP). These l a b o r a t o r i e s  found t h a t  t h e  E -n i t robenzy l  (PNB) group,  

removable by hyd rogeno lys i s ,  was a  p rope r  p r o t e c t i n g  group f o r  the s y n t h e s i s  of t h i e n a -  

mvcin d e r i v a t i v e s .  



A f t e r  h y d r o l y s i s . o f  t h e  a c e t o n i d e ,  t h e  r e s u l t i n g  a l c o h o l  (2Q) was o x i d i z e d  t o  t h e  

a l d e h y d e ,  which.was i m d i a t e l y  c o n v e r t e d  t o  t h e  t h i o a c e t a l  ( 2 k ) .  S u c c e s s i v e  t r e a t -  

ment o f  (2k) w i t h  bromine i n  t h e  p r e s e n c e  o f  cyc lohexene  and t h e n  t r i e t h y l a m i n e  i n  

dimethylformamidk produced  a m i x t u r e  o f  E and Z t h i o e n o l  e t h e r s  (LL) i n  a  r a t i o  o f  

5 : 2 .    on dens at ion^^ o f  t h e  above m i x t u r e  (22) w i t h  b i s - ( E - n i t r o b e n z g l )  k e t o -  

malona te  i n  r e f l u x i n g  t o l u e n e ,  f o l l o w e d  by c h l o r i n a t i o n  w i t h  t h i o n y l  c h l o r i d e  and 

p y r i d i n e ,  and then  t h e  r e d u c t i o n  w i t h  t r i b u t y l  phosphine  i n  dimethylformamide 4 5  

f u r n i s h e d  t h e  malon ic  a c i d  d e r i v a t i v e  ( 2 2 ) .  C y c l i z a t i o n  of  (22)  t o  t h e  carbapenam 

) was accompl i shed  by s u c c e s s i v e  t r e a t m e n t s  w i t h  b romide ,  f o l l o w e d  by t r i e t h y l a m i n e  

i n  dimethylformamide.  A f t e r  dehydrobromina t ion  u s i n g  s i l v e r  f l u o r i d e  and p y r i d i n e ,  

t h e  (ER*) - and ( E S * ) - e p i m e r s  were s e p a r a t e d  by chromatography a t  t h i s  s t a g e  ( 2 2 ) .  

D e c a r b o x y l a t i o n  o f  (22) w i t h  l i t h i u m  i o d i d e  i n  c o l l i d i n e ,  f o l l o w e d  by i s o m e r i z a t i o n  

of  t h e  double  bond w i t h  d i i s o p r o p y l a m i n e  gave t h e  carbapen-2-em ( k t )  t o g e t h e r  w i t h  

t h e  s t a r t i n g  m a t e r i a l .  Hydrogenolys i s  o f  (@) f o l l o w e d  by p u r i f i c a t i o n  u s i n g  a  XAD-2  

column f u r n i s h e d  (i) - th ienamycin  ( 1 ) .  
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Hz,Pd-C.K2HP04 
(f)-thienamycin 

( k) 
Scheme 8 

N o n - s t e r e o s e l e c t i v i t y  on t h e  p r o d u c t i o n  of  t h e  h y d r o x y e t h y l  compound ($2) i s  one o f  

d e f e c t s  i n  t h e  above t o t a l  s y n t h e s i s .  T h i s  problem was l a t e l y  overcome by a s t e r e o -  

s e l e c t i v e  r e d u c t i o n  o f  t h e  c o r r e s p o n d i n g  k e t o n e  (u),  p r e p a r e d  by o x i d a t i o n  o f  t h e  

a l c o h o l  (a) o r  t h e  d i r e c t  a c y l a t i o n  o f  ($8). Reduc t ion  o f  ( kx )  w i t h  p o t a s s i u m  t r i -  

s e c . - b u t y l b o r o h y d r i d e  ( K - S e l e c t r i d e )  i n  t h e  p r e s e n c e  o f  p o t a s s i u m  i o d i d e  i n  e t h e r  

p roduced  e x c l u s i v e l y  t h e  ( 8 R * ) - c a r b i n o l  ($S! ) ;  t h e  r a t i o  o f  8R* : 8 s X  was a b o u t  9 : 1. 

I t  was p o s t u l a t e d  t h a t  t h e  h y d r i d e  a t t a c k  on t h e  l e a s t  h i n d e r e d  f a c e  o f  a  complex 

formed between t h e  p o t a s s i u m  m e t a l  a n d  t h e  c a r b o n y l  group caused  t h e  s t e r e o s e l e c t i v e  

f o r m a t i o n  o f  ($2) .  46 

For  t h e  p u r p o s e  o f  a s s i g n m e n t  o f  t h e  r e l a t i v e  c o n f i g u r a t i o n  a t  C 5 ,  C6 a n d  C8 p o s i t i o n s ,  

nmr s p e c t r o s c o p y  was c a r e f u l l y  i n v e s t i g a t e d .  40 ,46  The trans- and &-isomers a r e  

e a s i l y  d i f f e r e n t i a t e d  by t h e  c o u p l i n g  c o n s t a n t  due t o  t h e  p r o t o n s  on t h e  5 - l a c t a m  

r i n g ;  t h e  --isomers have a b o u t  J = 1 . 5  H z ,  w h i l e  t h e  c i s - o n e s  show a b o u t  J = 5 Hz.  - 
The hydrogen a t  t h e  C6 p o s i t i o n  ( o r  t h e  C 3  p o s i t i o n  o f  6 - l a c t a m s )  o f  t h e  --(8R*)- 

i s o m e r s  g e n e r a l l y  r e s o n a t e s  a t  a  s l i g h t  h i g h e r  f i e l d  t h a n  t h a t  o f  t h e  t rans - (8S"-ones  

w i t h  few e x c e p t i o n s .  



HO 

P N  ,+.)'& K-Selectride 
' LDA,CH$O-N J, F 

KI ,ether 
- o r  1) LDA, TMSCl 

2) LDA, C H 3 C O - g  
Me Me 

(48, 
. 

( X )  (2) 
(43-63%) 8R*:8S*=9:1 

Scheme 9 

Monocycl ic  i n t e r m e d i a t e s  i n  t h e  above t o t a l  s y n t h e s i s  were p r e p a r e d  by t h e  f o l l o w i n g  

t h r e e  d i f f e r e n t  r o u t e s ,  which c o n s t i t u t e d  formal  t o t a l  s y n t h e s e s  o f  racemic  t h i e n a -  

mycin. Beecham group s t a r t e d  from t h e  t e t r a h y d r o - 1 . 3 - o x a z i n e s  (@), r e a d i l y  a v a i l a b l e  

from 3-aminopropan-1-01 and a c e t o n e  o r  c y c l ~ h e x a n o n e . ~ '  R e a c t i o n  of  (a) w i t h  

d i k e t e n e ,  f o l l o w e d  by d i a z o  exchange of t h e  r e s u l t a n t  a c e t o a c e t a m i d e s  ( k t )  gave t h e  

d i a z o  compounds (a). C y c l i z a t i o n  was c a r r i e d  o u t  by p h o t o l y s i s  o r  m e t a l  c a t a l y s e d  

decompos i t ion  a s  shown i n  Scheme 1 0 . ~ '  Reduc t ion  o f  a c e t y l  group w i t h  K - S e l e c t r i d e  
* 

s e l e c t i v e l y  produced  t h e  (8R ) - a l c o h o l  ( k t ) .  
4 8 

conditions (&I,) 
hv (55~73%) 

~ h ~ ( O A c ) ~ , r . t .  (75%) 
Cu, 90°C (25%) 

Scheme 10 
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The hydroxyethyl  group was i n c o r p o r a t e d  p r i o r  t o  c o n s t r u c t i o n  of t h e  8 - l ac t am r i n g  

i n  the  fo l l owing  two s y n t h e s e s .  Our s t r a t e g y  was a s t e r e o s e l e c t i v e  s y n t h e s i s  o f  

thienamycin + a  t r a n s - i s o x a i a l i n e - e s t e r  i n  which t h e  s t e r e o c h e m i c a l  r e l a t i o n s h i p  

between the  C6 and C p o s i t i o n s  ha s  a l r e a d y  been s e t  up .49  The i s a x a z o l i n e  d e r i v a t i v e s  8 
5 0 ( k t  and kk) were prepa red  by 1 , 3 - d i p o l a r  c y c l o a d d i t i o n  o f  t h e  n i t r i l e  ox ide  ( k z ) ,  

d e r i v e d  from 3 - n i t r o p r o p a n a l  d imethyl  a c e t a l  (kz )  and c r o t o n i c  e s t e r s .  By c a t a l y c t i c  

PhNCO - 
Et3N [ OMe ] 

H_o - H H  
Me OMe 

21% from 
[41% from 

(38% from a) 
1  ) PNBOCOCl , DMAP 

2)  HWNHC02PNB,CF$02H 

OCO PNB 1 _H S/VNHC02PNB 
~ i ~ , - N H C 0 2 P N B  

Scheme 11 

hydrogenat ion  o v e r  p l a t i n i u m  oxide  i n  a c e t i c  a c i d ,  t h e  i s o x a z o l i n e s  were q u a n t i t a t i v e l y  

reduced t o  amino -e s t e r s  ( k t  and k7J. I f  hyd r ide  a t t a c k e d  from t h e  r e v e r s e  s i d e  o f  

t h s  e s t e r  group,  t h e  a m i n o - e s t e r  formed would have t h e  same r e l a t i v e  c o n f i g u r a t i o n  

as  t h a t  o f  th ienamycin .  The re fo re  t h e  d e s i r e d  a m i n a - e s t e r  having  t h e  c o r r e c t  s t e r e o -  



. , : 

c h e m i s t r y  was more' s e l e c t i v e l y  produced  from t h e  more h i n d e r e d  . e s t e r  ( $ 2 ) .  A f t e r .  

many i n v e s t i g a t i o n s - ,  t h e  c o n v e r s i o n  of  t h e  e p i m e r i c  m i x t u r e s  i n t o  t h e  8 - l a c t a m  (k8) . 
was accompl i shed  by, t h e  s u c c e s i v e  t r e a t m e n t s ;  t r i m e t h y l s i l y l a t i o n ,  c y c l i z a t i o n  w i t h  

Gr ignard  r e a g e n t  a n d  d e b l o ~ k i n ~ . ~ '  S e l e c t i v e  c y c l i z a t i o n  was o b s e r v e d  i n  t h e  c a s e  

o f  t e r t . - b u t y l  e s t e r  and only. t h e  t r a n s - a z e t i d i n o n e  ( k t )  was o b t a i n e d .  On t h e  o t h e r  

hand ,  t h e  G - a z e t i d i ~ l o n e  (@) h a v i n g  t h e  same r e l a t i v e  c o n f i g u r a t i o n  a s  t h o s e  o f  

e p i t h i e n a m y c i n s  A ( 2 )  a n d  B ( k )  was g a i n e d  a s  a  major  p r o d u c t  f rom t h e  methy l  e s t e r  

( )  N . 0 - B i s s i l y l a t e d  a m i n o - e s t e r s  were u s e d  i n  t h e  c a s e  of  t h e  c y c l i z a t i o n  o f  t h e  

methyl  e s t e r s ,  whereas  0 - m o n o - p r o t e c t e d  t e r t . - b u t y l  e s t e r  was p r e c u r s o r  f o r  t h e '  

6 - l a c t a m  f o r m a t i o n .  When t h e  c y c l i z a t i o n  o f  t h e  c o r r e s p o n d i n g  0-amino a c i d  was 

c a r r i e d  o u t  w i t h  d i cyc lohexy l ca rbod i im ide ,  s i g n i f i c a n t  e p i m e r i z a t i o n  was o b s e r v e d .  4  9 

A f t e r  p r o t e c t i o n  o f t h e  c a r b i n o l  group o f  ( k t ) ,  t h e  r e s u l t a n t  a c e t a l  was t r e a t e d  

w i t h  t h e  p r o t e c t e d  cys teamine  i n  t r i f l u o r o a c e t i c  a c i d S 2  t o  f u r n i s h  t h e  t h i o a c e t a l  

(,$&, t h e  i n t e r m k d i a t c  t o  (i) - th ienamycin .  

The above *-aze t id inone  ( 6 2 )  was s e l e c t i v e l y  t r a n s f o r m e d  i n t o  t h e  t rans-comfound 

(@,) by t h e  l o l l o w i n g  s e q u e n c e s ;  s e l e c t i v e  N - p r o t e c t i o n  w i t h  tert.-butyldimethylsilyl 

(TBS) group ,  o x i d a t i o n ,  r e d u c t i o n  of  t h e  r e s u l t i n g  =-ketone w i t h  K - S e l e c t r i d e ,  

and d e p r o t e c t i ~ n . ~ ~  Fur thermore ,  t h e  asymmetr ic  s y n t h e s i s  o f  t h e  a z e t i d i n o n e s  (64 
a n d  $2)  was i n v e s t i g a t e d  th rough  i s o x a z o l i n e  d e r i v a t i v e s  p r e p a r e d  by 1 , 3 - d i p o l a r  

c y c l o a d d i t i o n  u s i n g  an o p t i c a l l y  a c t i v e  c r o t o n a t e .  I t  was p r o v e d  t h a t  (4R)- 

8 - l a c t a m s  h a v i n g  an a l k y l  group a t  t h e  C p o s i t i o n  showed a  n e g a t i v e  Cot ton  e f f e c t  
4 

a round  2 1 2  - 214 nm. 54 

Sankyo group s y n t h e s i z e d  i n  s t e r e o s e l e c t i v e  manner t h e  t h i o e n o l  e t h e r  ( a x )  a f t e r  

l o n g  p r o c e s s . 5 5  Namely, t h e  a c i d  c h l o r i d e  ( X Q )  d e r i v e d  from t h e  c o r r e s p o n d i n g  (t)- 

e r y t h r o - a c i d  was r e a c t e d  w i t h  t h e  l i t h i u m  s a l t  o f  amine (I&) t o  g i v e  t h e  amide ( l x ) ,  
which was c y c l i z e d  w i t h  DBN t o  t h e  a z e t i d i n o n e  (24)  a  SN2 t y p e  s u b s t i t u t i o n .  

A f t e r  c o n v e r s i o n  of  ( 2 )  i n t o  t h e  p h e n y l t h i o m e t h y l  k e t o n e ,  t h e  r e s u l t i n g ' i s o m e r i c  

m i x t u r e  was e p i m e r i z e d  t o  t h e  thermodynamica l ly  s t a b l e  =-isomer (22)  w i t h  DBU. 

Reduc t ion  of  (a) w i t h  sodium b o r o h y d r i d e  and c h l o r i n a t i o n  gave t h e  m i g r a t e d  s u l f i d e  

(a), which was o x i d i z e d  t o  a  s u l f o x i d e  and t h e n  s u b j e c t e d  t o  e l i m i n a t i o n  o f  hydrogen 

c h l o r i d e .  Michae l  a d d i t i o n  of N - t r i t y l c y s t e a m i n e  t o  t h e  o l e f i n i c  s u l f o x i d e  ( Z X ) ,  . . 
f o l l o w e d  by h e a t i n g  i n  t h e  p r e s e n c e  of sodium c a r b o n a t e  gave t h e  v i n y l  t h i a e t h e r  

2 ) .  P h e n y l s e l e n y l a t i o n  p r o d u c e d  t h e  unexpec ted  s e c o n d a r y  8 - l a c t a m  (Q), which was 

c o n v e r t e d  i n t o  ( k x )  i n  t h r e e  s t e p s .  
, ,  . 
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O A c ~  C02Et 1 )  aq.Na0H-pyridine 
O°C 

DBN 
2) py r id ine  

> 
140-1 50°C 

6) DBU 

Scheme 12 



R e c e n t l y ,  Hoechst  group a l s o s t u d i e d  t h e  s y n t h e s i s  of  t h e  b i c y c l i c  s y s t e m  by i n t r a -  

m o l e c u l a r  s u b s t i t ~ t i o n . ~ ~  The B-lactam (8~)'' was t r a n s f o r m e d  i n t o  t h e  malon ic  

d e r i v a t i v e  (Q), which was f u r t h e r  c o n v e r t e d  i n t o  t h e  b i s - t o s y l a t e  (87.). A f t e r  

i o d i n a t i o n ,  t h e  r e s u l t i n g  bis-iodide was c y c l i z e d  w i t h  DBN t o  t h e  &-compound (82). 

C02Et 
') O = < C O ~ E ~  1 )  03,-6O0C 
2) SOC12,NEt3 2) NaBH$N,pHZ-3 

3) PrSH,NEt3 > 3) TsCl ,pyridine 

( w (a) 
(74%) 

T.W. 2) 1 N ~ I ,  DBN, acetone, 0°C lxcozEt 

O E t O z C  ) \C02Et 

Scheme 1 3  

5 - 2 .  R C ~ M  Eeo6eon&lee 
Shibuya a n d  Kubota p r e p a r e d  2 - a z e t i d i n o n e s  h a v i n g  an  o l e f i n i c  s i d e  c h a i n  a t  t h e  C4 

p o s i t i o n  2 i s o x a z o l o n e s .  Namely r e a c t i o n  of 6 - k e t o  e s t e r s  (g) w i t h  hydroxylamine ,  

f o l l o w e d  by r e d u c t i o n  of t h e  r e s u l t i n g  i s o x a z o l o n e s  (82)  w i t h  sodium i n  isopmpyl alcohol 

a n d  e s t e r i f i c a t i o n  gave 6-amino e s t e r s  (Ek) i n  good y i e l d .  The 0 - l a c t a m  f o r m a t i o n  

was c a r r i e d  o u t  by r e a c t i o n  w i t h  o - to ly lmagnes ium bromide i n  d i c h l o r o m e t h a n e .  5 8  

A l d o l  c o n d e n s a t i o n  was a p p l i e d  f o r  an u n e n o l i z a b l e  a l d e h y d e  ( 1  d e r i v e d  from one o f  

t h e  above p r o d u c t s  (@'$). Condensa t ion  o f  (Ex$) w i t h  b r o m o a c e t a t e  f o l l o w e d  by ozo-  

n o l y s i s  and r e d u c t i v e  t r e a t m e n t  gave t h e  a ldehyde  (88). R e a c t i o n  o f  (a) w i t h  l i t h i u m  

h e x a m e t h y l d i s i l a z i d e  f o l l o w e d  by quenching  w i t h  E - t o l u e n e s u l f o n i c  a c i d ,  c h l o r o -  

t r i m e t h y l s i l a n e  or  methanesufonyl  c h l o r i d e  p r o v i d e d  t h e  carbapenams (@I$WK) r e s p e c t -  

i v e l y .  S t e r e o c h e m i s t r y ,  d e t e r m i n e d  by t h e  nmr n u c l e a r  o v e r h a u s e r  e f f e c t ,  i s  e x p l i c a b l e  

i n  terms o f  a  c h e l a t e d  t r a n s i t i o n  s t a t e  d u r i n g  t h e  a l d o l  c o n d e n s a t i o n .  

E l i m i n a t i o n  of  t h e  m e s y l a t e  (@&,) w i t h  3,3,6,9,9-pentamethyl-2,lO-diazabicyclo[4.4.1]- 

I - d e c e n e  gave t h e  s t a b l e  carbapenem (XQ). 5 9 
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(El 
(yield from &) 
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L a t e l y ,  Glaxo group a p p l i e d  t h e  a l d o l  c o n d e n s a t i o n  t o  e n o l i s a b l e  0 x 0 - d e r i v a t i v e s .  

The S c h i f i ' s  b a s e s  (%&),  formed from t h e  a l d e h y d e s  ( x k ) ,  r e a c t e d  w i t h  methoxyace ty l  

c h l o r i d e  i n  t h e  p r e s e n c e  o f  t r i e t h y l a m i n e  t o  g ive  t h e  e - a z e t i d i n o n e s  (XJ), which 

was c o n v e r t e d  i n t o  t h e  c a r b o n y l  compounds (Rt) S h o r t  t r e a t m e n t  of  (x$,) w i t h  

l i t h i u m  h e x a m e t h y l d i s i l a z i d e  a t  - 7 0 ° C ,  f o l l o w e d  by q u e n c h i n g  w i t h  a c e t i c  a c i d  p r o v i d -  

e d  t h e  carbapenams (%$. Dehydra t ion  o f  Qk;R=H) t h e  m e s y l a t e  gave t h e  

carbapenem (Xk : R=H). On t h e  o t h e r  hand,  t r e a t m e n t  o f  (xk ; R=Me) w i t h  t h i o n y l  

c h l o r i d e  i n  p y r i d i n e  y i e l d e d  t h e  exo-methylene compound (Xx), which was i s o m e r i z e d  

t o  t h e  carbapenem (?,$, ; R=Me). Ozonolys i s  o f  (?,& f u r n i s h e d  t h e  2-0x0-carbapenam 

Scheme 15 
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5-3. RX k%&&.8 &V+&&?Q 

- 3-1 .~ & & x m ~ k w t k t x  &t~&im k e & ~ e m  & k $ e k ~ &  %Q$ X ~ Q ~ Q ~ Q Z % Q ~  
I t  h a s  been  made c l e a r  from r e s u l t s  by s e v e r a l  workers  t h a t  c y c l i z a t i o n  by i n t r a -  

m o l e c u l a r  W i t t i g  r e a c t i o n  o f  t h e  a ldehyde  group p r o d u c e d  t h e  ca rhapen-2-em de- 

r i v a t i v e s  i n  r e a s o n a b l e  y i e l d .  4 9 9 6 1 - 6 3  By t h i s  methodology,  Merck r e s e a r c h  group 

s y n t h e s i z e d  (+)-descysteaminylthienamycin ( , Q J ) ,  whose --isomer was d e r i v e d  

from th ienamycin  by h y d r o g e n o l y s i s  o f  t h e  c o r r e s p o n d i n g  N-phenoxyace ty l  d e r i v a t i v e .  
64 

o - N i t r a b e n z y l  group,  r e a d i l y  removable by p h o t o l y s i s ,  was chosen a s  a p r o t e c t i n g  - 
group f o r  t h e  s y n t h e s i s .  The 0 - l a c t a m  (tx), which h a d  been p r e v i o u s l y  s y n t h e s i z e d ,  

was u s e d  a s  t h e  s t a r t i n g  m a t e r i a l  and t h e  c a r h i n o l  group was p r o t e c t e d  w i t h  o- 
n i t r o b e n z y l  c a r b o n a t e .  The two i somers  were s e p a r a t e d  a t  t h i s  s t a g e .  A f t e r  removal  

o f  t h e  a c e t o n i d e  group ,  c o n d e n s a t i o n  o f  ( x x )  w i t h  t h e  g l y o x a l a t e ,  f o l l o w e d  by 

b l o c k i n g  w i t h  tert.-hutyldimethylsilyl group gave ( k k k ) .  Convers ion  i n t o  an  y l i d e ,  

d e b r o c k i n g  and o x i d a t i o n  of  t h e  r e s u l t i n g  a l c o h o l  (AQk) p r o v i d e d  t h e  carbap6nem 

( k t & )  w i t h  s p o n t a n e o u s  c y c l i z a t i o n .  The r a t h e r  law y i e l d  was due t o  f o r m a t i o n  o f  

methyl  t h i o m e t h y l  e t h e r  o f  ( k t & )  d u r i n g  t h e  o x i d a t i o n  s t e p  

6  1 
t h e  e s t e r  group gave (el-descysteaminylthienamycin (; tQJ).  

1) ONBOCOCl 
DMAP 

2 1  aq. CF3COzH 
Z 

Scheme 1 6  

P h o t o l y t i c  removal o f  



Our monocyc l ic  @ - l a c t a m  (@,)49 h a v i n g  t h e  p r o t e c t e d  a ldehyde  group was a l s o  con-  

v e r t e d  i n t o  ( * ) -de scys t eaminy l t h i enamyc in .  A f t e r  p r o t e c t i o n  of  t h e  c a r b i n o l  g roup ,  

t h e  r e s u l t i n g  0 - l a c t a m  was condensed w i t h  h e m i a c e t a l  i n  t h e  p r e s e n c e  of  m o l e c u l a r  

6  5 s i e v e s  3A t o  g i v e  (&Q#,) a s  a m i x t u r e  o f  ep imers .  A f t e r  c o n v e r s i o n  i n t o  t h e  

phosphorane (&Qx),  d e p r o t e c t i o n  o f  t h e  a c e t a l  group.  f o l l o w e d  by n e u t r a l i z a t i o n  w i t h  

sodium b i c a r b o n a t e  s p o n t a n e o u s l y  caused  t h e  i n t r a m o l e c u l a r  N i t t i g  r e a c t i o n  t o  

4 9  produce  t h e  p r o t e c t e d  (?I-descysteaminylthienamycin (AQZ). 

HO 

OMe 

OC020NB 
1 )  ONBOCOCl 

DMAP OMe 
2 )  HOCH(OE~)CO$NB 

molecular  sieves 
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Beecham group h a s  e x t e n s i v e l y  s t u d i e d  t h e  s y n t h e s i s  of  carbapen-2-em d e r i v a t i v e s  by 

t h e  i n t r a m o l e c u l a r  W i t t i g  and s u c c e e d e d  i n  t h e  t o t a l  s y n t h e s i s  

o f  s e v e r a l  n a t u r a l  p r o d u c t s  by t h i s  s t r a t e g y .  4 8 s 6 9  4 - A l l y l a z e t i d i n o n e  (&Qx) was 

p r e p a r e d  b y ' i n t e r a c t i o n  of  p e n t a - 1 , 4 - d i e n e  (A#,) and CSI f o l l o w e d  by r e d u c t i o n .  
6  3 

A f t e r  c o n v e r s i o n 4 4  i n t o  t h e  y l i d e  (AQx ) v i a  (&tg), s e l e c t i v e  o x i d a t i o n  of  t h e  

t e r m i n a l  double  bond i n  t h e  p r e s e n c e  o f  t h e  phosphorane  group was a c h i e v e d  by 

o z o n o l y s i s  i n  t h e  p r e s e n c e  of  t r i f l u o r o a c e t i c  a c i d . 4 4  Reduc t ion  of  t h e  o z o n i d e  w i t h  

t r i p h e n y l p h o s p h i n e  f o l l o w e d  by t r e a t m e n t  w i t h  aqueous sodium b i c a r b o n a t e  r e s u l t e d  

i n  t h e  b i c y c l i c  s y s t e m  (&A$). 

Michael  a d d i t i o n  of  N - a c e t y l c y s t e a m i n e  t o  (QJ) gave an  i n s e p a r a b l e  m i x t u r e  o f  t h r e e  
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i s o m e r s ,  Q& A&&, a n d  &&A) i n  t h e  r a t i o  o f  5 : 3 : 2. The thermodynamica l ly  l e s s  

f a v o u r e d  ep imer  (&&J) was i s o m e r i z e d  t o  ( & k t )  by t h e  a c t i o n  w i t h  DBU.  

O x i d a t i o n  o f  t h e  m i x t u r e  o f  (&&&) and ( k & )  w i t h  one equivalent o f  iodobenzene  d i c h l o r i d e  

i n  t h e  p r e s e n c e  o f  p y r i d i n e  gave t h e  carbapen-1-em (;L1$), which was i s o m e r i z e d  w i t h  

DBU t o  g i v e  t h e  ca rbapen-2-em (&,I$ t o g e t h e r  w i t h  t h e  s t a r t i n g  m a t e r i a l  (&H).  
D e p r o t e c t i o n  by h y d r o g e n o l y s i s  f u r n i s h e d  (?) -PS-5 ( k t ) .  

6 9 

(y&T pyridine, 

Scheme 18 



The r a t i o  o f  t h e  Michael  a d d u c t s  was v a r i e d  by t h e  s u b s t i t u e n t  a t  t h e  C6 p o s i t i o n  

and a  k i n d  o f  t h i o l s .  Trea tment  o f  a  m i x t u r e  o f  (,&At) a n d  (A&& w i t h  two e q u i v a l e n t s  

o f  iodobenzene d i c h l o r i d e  gave a s i n g l e  a - c h l o r o s u l f o x i d e  (A,&&, whose s terea -  

c h e m i s t r y  was e s t a b l i s h e d  by X-ray a n a l y s i s .  D e h y d r o c h l o r i n a t i o n  w i t h  DBU p roduced  

t h e  carbapen-2-em (&A%). 6  8 

DBU 
d 

Scheme 19 

By t h e  s i m i l a r  methodology,  t h e  * - s u b s t i t u t e d  e p i - P S - 5  was s y n t h e s i z e d  from t h e  

8 - l a c t a m  (@R)," d e r i v e d  from c y c l o h e x a - 1 , 4 - d i e n e  and C S I . ~ '  The Michael  a d d i t i o n  

t o  carbapenem (l&OC, p r e p a r e d  @ t h e  c o r r e s p o n d i n g  phosphorane ,  p r o d u c e d  t h e  t h r e e  

s t e r e o i s o m e r s ,  which were s u b j e c t e d ,  w i t h o u t  s e p a r a t i o n ,  t o  r e d u c t i o n  o f  t h e  a ldehyde  

group and m e s y l a t i o n .  A f t e r  s e p a r a t i o n  of  t h e  s t e r e o i s o m e r s ,  r e d u c t i o n  w i t h  sodium 

cyanoborohydr ide  y i e l d e d  (A&), which was f u r t h e r  c o n v e r t e d  i n t o  ( t ) - e p i - P S - 5  

(1;JJ) by t h e  same t r e a t m e n t s  a s  above .  
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1 )  HS-NHAc 
~ 2 ~ 0 3  (71%) ', 

2) Na8H4 > 
3) MsCl ,pyridine (81%) 
4 )  NaBH3CN.HMPA.95'C (74%) 

C02PNB 

Scheme 20 

5 - 3-2.  L C M ~ Z E R L E ~ ~  8 e m m  wxvx MRE x k ~ a % x ~ .  
I n t r a m o l e c u l a r  W i t t i g  r e a c t i o n  o f  k e t o n e s ,  which were p r epa red  by d i f f e r e n t  r o u t e s ,  

was i n v e s t i g a t e d  by s e v e r a l  groups.  6 3 7 7 0 ' 9 7  Reac t ion  r a t e  o f  t h e  ke tone  was s lower  

than  t h a t  o f  t h e  a ldehyds  a s  expec t ed ,  and 2 -a lky l - and  2-ary lcarbapen-2-ems were 

p r epa red  i n  moderate y i e l d s  

Oxida t ion  o f  t h e  phosphorane (&3) w i t h  Jones  r eagen t  gave t h e  co r r e spond ing  a c i d  

which was conve r t ed  i n t o  t h e  t h i a e s t e r  (&xi) the  a c i d  c h l o r i d e .  The t h i o e s t e r  

(p&) was a  key i n t e r m e d i a t e  which on r e a c t i o n  w i th  a  l i t h i u m  a l k y l  o r  a r y l  c u p r a t e  

o r  a magnesium a l k y l  o r  a r y l  cuprate, prov ided  t h e  co r r e spond ing  a l k y l  o r  a r y l  

ke tones  (&JL).  C y c l i z a t i o n  t o  carbapenems (A&& was c a r r i e d  o u t  by h e a t i n g  i n  

xylene ."  The c a r b o x y l i c  a c i d s  o f  2 - a l k y l  and a r y l  s u b s t i t u t e d  d e r i v a t i v e s  showed 

good a n t i b a c t e r i a l  a c t i v i t y .  

Oxypa l l ada t i on  o f  t h e  @ - l a c t a m  (@I) p r e v i o u s l y  d e s c r i b e d  y i e l d e d  t h e  ke tone  (&&I), 
which was conve r t ed  i n t o  t h e  phosphorane (&a). Heat ing  ( k i t )  i n  t o luene  a t  100°C 

r e s u l t e d  i n  c y c l i r a t i o n  t o  t h e  carbapenem (&&x). 6  3  

1 ) Jones reagent COSPh 
2) (COC1)z MezCuLi (28%) 

3) ~ h ~ ~ , p y r i d i n :  Ph2MgCuX (66%) 
> 

C020NB 
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- 3- 3. LG&xmQkea&X &Eh%&&?k! km%ek! Xk&QESm. %k!4 tkQ?ekQx%GE 
The e a s e  of  c y c l i z a t i o n  i s  i n f l u e n c e d  by b o t h  t h e  t h i o e s t e r  and phosphorane  e s t e r .  

Alky l  t h i o e s t e r s  a r e  n o t  s o  r e a c t i v e  f o r  t h e  c y c l i z a t i o n .  For example,  t h e  

phosphorane ) d i d  n o t  g i v e  a  s u f f i c i e n t  amount of  t h e  p r o t e c t e d  th ienamycin  

d e r i v a t i v e  (A&$ f o r  p u r i f i c a t i o n ,  w h i l e  h e a t i n g  phenyl  t h i o e s t e r - p h o s p h o r a n e  

(&pfi) f o r  60 h r  p r o v i d e d  t h e  2- th iophenylcarbapenem (&3$k) i n  36% y i e l d  b a s e d  on 

t h e  consumed s t a r t i n g  m a t e r i a l . 7 1  The t h i o e s t e r s  (&?& and &) were p r e p a r e d  by t h e  

r e a c t i o n  of  t h e  c a r b o x y l i c  a c i d  (&?&), d e r i v e d  from t h e  p r e v i o u s l y  s y n t h e s i z e d  8 -  
4 9  . l a c t a m  (64) v l a  (&a), w i t h  t h e  c o r r e s p o n d i n g  t h i o l  i n  t h e  p r e s e n c e  o f  DMAP and DCC 

o r  N,N-diisopropylcarbodiimide. 7 2  
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to1 uene 

Scheme 22 

C y c l i z a t i o n s  o f  v a r i a b l e  k i n d s  of t h i o e s t e r - p h o s p h o r a n e s  were i n v e s t i g a t e d  by 

Beecham group .  The r e s u l t s  by r e f l u x i n g  i n  t o l u e n e  are shown i n  T a b l e  1. I t  i s  

made c l e a r  f rom t h e  T a b l e  t h a t  e l e c t r o n - w i t h d r a w i n g  t h i o e s t e r  and e l e c t r o n -  

d o n a t i n g  phosphorane  e s t e r  a c c e l e r a t e d  t h e  r a t e  o f  c y c l i z a t i o n .  P a r t i c u l a r l y ,  Z -  

p y r i m i d i n y l t h i o e s t e r s  p r o v i d e d  t h e  carbapenem d e r i v a t i v e s  i n  h i g h  y i e l d s  ( e n t r i e s  

13 ,14  and 16 i n  Table).73 Even when t h e  e s t e r  f u n c t i o n  c o n t a i n e d  t h e  v e r y  bu lky  

p h t h a l i d y l  e s t e r  g roup ,  t h e  c y c l i z e d  p r o d u c t  was o b t a i n e d  i n  a  moderate  y i e l d  ( e n t r y  

1 5 ) .  
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By a p p l i c a t i o n  o f  t h i s  method, o l i v a n i c  a c i d ,  MMZ2383 (ep i th ienamycin  D) was t o t a l l y  

s y n t h e s i z e d  a s  fo l l ows .48  A f t e r  p r o t e c t i o n  o f  t h e  1 : 1 mixture  o f  d i a s t e r e o i s o m e r s  

o f  0 - l ac t ams  J )  4 7  w i t h  E-nitrobenzyloxycarbonate group,  t h e  a c e t a n i d e  was de-  

p r o t e c t e d  t o  t h e  a l c o h o l  ( k t ) .  Oxida t ion  w i t h  PCC and t r a p p i n g  o f  t h e  i n t e r m e d i a t e  

aldehyde u s i n g  s t a b i l i z e d  W i t t i g  r e a g e n t  y i e l d e d  t h e  e s t e r  (&3&). A f t e r  convers ion .  

i n t o  t h e  phosphorane ( J )  t h e  co r r e spond ing  a c i d  c h l o r i d e  was t r e a t e d  w i th  s i l v e r  

(E)-2-a~etamidoethenethiolate~~ t o  g ive  t h e  t h ioe s t e r -phosphorane  (&J@). Hea t ing  
* 

t h e  1 : 1 mixture  of d i a s t e r e o i s o m e r s  (&J@) i n  t o luene  a f f o r d e d  t h e  mixture  o f  85 - 
* 

and 8  R -carbapenems ( J )  i n  the  r a t i o  o f  15 : 8 ,  which were s epa ra l e  by chromatography. 
* 

Hydrogenolysis  o f  t h e  85 - i somer  a f f o r d e d  ( t ) - o l i v a n i c  acid,MM22383[(*)-epithienamycin 

D l .  
4 8 

(w 1 : l  mixture 

(55%)  
( M )  

(8S*:15%) 
(8RY: 8%) 

Scheme 2 3  



6 .  $3-G4 @OM! &O*x?h?FiOR 
Merck r e sea rch  group developed ve ry  e f f i c i e n t  method f o r  c o n s t r u c t i o n  o f  t h e  b i c y c l i c  

nuc l eus  by carbene i n s e r t i o n  r e a c t i o n  forming C -N bond.74 This  methodology 3 4 

coupled  w i t h  i n t r o d u c t i o n  of t h e  cysteamine moiety by a d d i t i o n - e l i m i n a t i o n  r e a c -  

t i o n 7 4 ' 7 5  l e d  t h e  e l e g a n t  t o t a l  s y n t h e s i s  o f  (+ ) - t h i enamyc in .  76 

Namely, N - s i l y l a t i o n  of d ibenzy l  a s p a r t a t e  ( k g , ) ,  f o l l owed  by c y c l i z a t i o n  w i t h  

Grignard r eagen t  p rov ided  t h e  6 - l ac t am ( k t & ) .  Reduction of (&$&I w i t h  sodium boro-  

hyd r ide ,  convers ion  of t h e  a l c o h o l  i n t o  t h e  i o d i d e  2 t h e  mesyla te  and then  N- 
p r o t e c t i o n  w i th  TBS group f u r n i s h e d  (kt,?). Reac t ion  o f  (&@) w i t h  2 - l i t h i o - Z -  

(trimethylsily1)-l,3-dithiane gave t h e  s u b s t i t u t e d  d i t h i a n e  d e r i v a t i v e  (,lJ) hav ing  

only  one a c i d i c  c e n t e r .  D i r e c t  a c y l a t i o n  o f  (&42) u s i n g  N-ace ty l imidazo l e  and LDA- 

fo l lowed by r educ t ion  w i t h  K-Se l ec t r i de  i n  t h e  p r e sence  o f  po t a s s ium i o d i d e  a s  

p r e v i o u s l y  d e s c r i b e d , 4 6  produced predominant ly  t h e  (8R)-hydroxyethyl  compound ( k t ? ) .  

The a c e t y l  compound (,&+,) was p repa red  by an a l t e r n a t i v e  r o u t e ;  a l d o l  condensa t i on  

o f  (k$2) w i t h  ace t a ldehyde  and o x i d a t i o n  o f  t h e  r e s u l t a n t  mixture  o f  ep imer i c  a l c o h o l s  

c o n t a i n i n g m a i n l y  t h e  (85)-isomer with dimethyl  s u l f o x i d e  and t r i f l u o r o a c e t i c  anhydr ide  

Hydrolys is  o f  (&$k), fo l lowed by o x i d a t i o n  o f  t h e  r e s u l t a n t  s i l y l  ke tone  w i t h  

hydrogen pe rox ide  p rov ided  t h e  c a r b o x y l i c  a c i d  (,&,,$5,). The r e q u i r e d  k e t o  e s t e r  cha in  

was homologated by u s i n g  a  s l i g h t  m o d i f i c a t i o n  o f  Masamune's method.77 Thus, t h e  

a c i d  (A$$ was conve r t ed ,  on t h e  t r e a t m e n t  w i t h  N,N-carbonyldimidazole (CDI), i n t o  

an imidazo l ide ,  which was r e a c t e d  i n  s i t u  w i t h  t h e  magnesium s a l t  o f  t h e  mono e s t e r  

o f  malonic a c i d  t o  a f f o r d  t h e  k e t o  e s t e r  (&+J). A f t e r  d e p r o t e c t i o n  of t h e  s i l y l  , 

group,  t h e  carbene  p r e c u r s o r  (k$e) was p r e p a r e d  by d i azo  exchange.  Thermolysis  of 

(&Q) i n  t h e  p r e sence  of c a t a l y t i c  amount of rhodium (11) a c e t a t e  i n  h o t  benzene or 

t o luene  produced t h e  b i c y c l i c  k e t o  e s t e r  (kt?,) i n  q u a n t i t a t i v e  y i e l d  

The k e t o  e s t e r  (kt?,) was a c t i v a t e d  by convers ion  i n t o  t h e  v i n y l  phospha t e ,  which 

cou ld  be i s o l a t e d  from t h e  r e a c t i o n  mixture .  However i t  was more convenient  t o  

d i r e c t l y  t r e a t  i t  in w i t h  t h e  cysteamine d e r i v a t i v e  t o  g ive  t h e  p r o t e c t e d  

thienamycin (MI, which was conve r t ed  i n t o  t h e  n a t u r a l  p roduc t  by m d r o g e n o l y s i s .  76 



HETEROCYCLES, Vol. 17, 1982 

1 ) TMSCl ,Et3N H 
gcQBz 1 )  NaBH4 C O B  2)  f s u ~ ~ c l  2) MsCl ,Et3N 

A 
Bz02 3) 21-HC1 - 4 )  T8SCl ,Et3N,DMF 

3) Na l  

H TMS 0 TMS fl" L " . C H ~ C O ~  )flsl > Y B S  A 

(I,,@ 
(50% from a s p a r t i c  a c i d )  (70-80%) 

1 )  HCl-Mew 
HO 

2) H02C 

1 )  CDI Et3N > 02PNB 
2) M ~ ( O ~ C C H ~ C O ~ P N B ) :  

Scheme 2 4  



S i m i l a r l y ,  Koga and h i s  coworkers  s t a r t e d  from an  a s p a r t i c  a c i d  d e r i v a t i v e  f o r  

t h e  p r e p a r a t i o n  of  o p t i c a l l y  a c t i v e  8 - l a c t a m ,  which was f u r t h e r  c o n v e r t e d i n t o t h e  

b i c y c l i c  sys tem ( & k t )  by t h e  a p p l i c a t i o n  of t h e  above method. Thus t h e  a s p a r t i c  

a c i d  d e r i v a t i v e  (&I&) was t r a n s f o r m e d  i n t o  (MI by t h e  A r n d t - E i s t e r t  r e a c t i o n .  

The 8 - l a c t a m  (,+m was p r e p a r e d  % t h e  c y c l i z a t i o n  of  an  a c i d  c h l o r i d e  a n d  f u r t h e r  

t r a n s f o r m e d  i n t o  t h e  B-keto e s t e r  ( a k )  a s  shown i n  Scheme 2 5 .  7 8 

1 HCl 
21 PhCHO 
3)  H2,Pd-C 

4 )  SOC12 
5) E t 3 N  

Scheme 25 

By a p p l i c a t i o n  o f  t h i s  methodology,  a n o t h e r  g roup  i n  t h e  Merck. l a b o r a t o r i e s  d e v e l o p -  

e d  a  more p r a c t i c a l  r o u t e  t o  (?) - t h i e n a m y c i n .  7 9 ' 8 0  Namely, t h e  s y m m e t r i c a l  d i c a r -  

b o x y l a t e  (ax) was c o n v e r t e d  i n t o  t h e  k e t o  enamine ( )  y& t h e  enamine (kkx). 
A f t e r  r e d u c t i o n  u s i n g  sodium cyanoborohydr ide ,  t h e  c r u d e  r e d u c t i o n  m i x t u r e  (&QR) 

was s u b j e c t e d  t o  an  a c i d  t r e a t m e n t  t o  g i v e  t h e  l a c t o n e  (&J1$,) a s  a s i n g l e  s t e r e o -  

i somer  h a v i n g  wrong s t e r e o c h e m i s t r y  a t  t h e  methyl  g roup .  
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A f t e r  c a t a l y t i c  d e b e n z y l a t i o n  o f  (kg&) ,  t h e  r e s u l t a n t  l a c t o n e  was s o l v o l y z e d  i n  

b e n z y l  a l c o h o l  t o  g i v e  an  e q u i l i b r i u m  m i x t u r e  o f  t h e  a c y l i c  e s t e r  [&ti> a n d  t h e  

s t a r t i n g  l a c t a n e .  .On c y c l i z a t i a n  u s i n g  D C C ,  f a l l o w e d  by s i l y l a t i o n  a n d  hydrogenolys i s .  

t h e  4 -caboxymethyl -0- lac tam (m) was o b t a i n e d  i n  a good y i e l d .  

A f t e r  c h a i n - e l o n g a t i o n  a n d  d e s i l y l a t i o n ,  t h e  s t e r e o c h e m i s t r y  o f  t h e  h y d r o x y e t h y l  

group of  ( k t $ )  w a s  i n v e r t e d  by Mitsunobu procedure. ' '  The r e s u l t i n g  i n v e r t e d  formate  

was h y d r o l y z e d  t o  an  a l c o h o l ,  which was s u b j e c t e d  t o  t h e  d i a z o  exchange t o  p r o v i d e  

t h e  d i a z o - e s t e r  ( k g ) .  Accord ing  t o  t h i s  p r o c e d u r e ,  [ i ) - t h i e n a m y c i n  was s y n t h e s i z e d  

i n  more t h a n  10 % o v e r a l l  y i e l d .  79 

. .H\ N/Bi :  
BzNH2 
molecular sieves CH2=C=O AOzEt - NaBH3CN 

EtO2 

( M) 
(40% from m) 

TBSO . 
1) Et3N.DCC 'kcOzH 1) CDI 
2) TBSC1 ,Et3N,DMF 2 )  Meldrum's acid,DMAP 
31 H2.Pd-C 3) PNBOH > 

4) HCI ,MeOH 

H O  
1 )  P ~ ~ P , ( = N C O ~ ~ P P ) ~  

HCOzH 
> 

2) HCl .aq.MeOH 
3) TsN3.Et3N . 

( MtB, 
Scheme 26 



The i n v e r s i o n  of  t h e  s t e r e o c h e m i s t r y  was per formed i n t r a m o l e c u l a r l y  p r i o r  t o  t h e  B -  

l a c t a m  f o r m a t i o n .  Thus t h e  l a c t o n i z a t i o n  of t h e  above i n t e r m e d i a t e  amino e s t e r  

(&kg) was c a r r i e d  o u t  under  m i l d e r  a n d  anhydroue c o n d i t i o n s  t o  g i v e  t h e  e s t e r  ( k t & .  

A f t e r  s o l v o l y s i s ,  t h e  r e s u l t i n g  a l c o h o l  (m) was r e a c t e d  w i t h  t r i p h e n y l p h o s p h i n e  

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

i n t o  t h e  B-ke ta  e s t e r  ( & a )  a s  shown i n  scheme 27." They a l s o  r e p o r t e d  a f a c i l e  

s y n t h e s i s  of  p r o t e c t e d  cys teamine  d e r i v a t i v e s .  82 

(+)-thienamycin 

(U 
Scheme 27 

Our B- lacram a c e t a t e  h a v i n g  t h e  same s t e r e o c h e m i s t r y  a s  t h a t  o f  th ienamycin  

was e f f e c t i v e l y  c o n v e r t e d ,  by t h e  a p p l i c a t i o n  of  t h e  Merck method,76 i n t o  (+)-  

t h i e n a m y c i n .  71'83 Fur thermore  t h e  &-B-lactam (a) , 4 9  o b t a i n e d  a s  a  major  p r o d u c t  

from t h e  i s o x a z o l i n e  methyl  e s t e r  ( k t ) ,  was t r a n s f o r m e d  i n t o  e p i t h i e n a m y c i n s  A (,5) 

and B (k)  ( o l i v a n i c  a c i d s  MM 22380 and MM 22382) .84 The proposed  r e l a t i v e  s t e r e o -  

c h e m i ~ t r ~ ~ ' ~ ' ~ ~  of  t h e s e  a n t i b i o t i c s  was conf i rmed  by t h i s  s y n t h e s i s .  

On t h e  r i n g  c l o s u r e  between C3 and N 4 ,  s y n t h e s i s  of  carbapenams was f u r t h e r  examined 

by t h e  f o l l o w i n g  two methods;  c y c l i z a t i o n  of  4-(3'-buteny1)azetidinone ( )  t o  

(&I%) by e l e c t r o p h i l i c  r e a g e n t s s 5  and i n t r a m o l e c u l a r  s u b s t i t u t i o n  o f  t h e  m e s y l a t e  

(??,,Q) t o  QZU. 86 
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( Jm 
conditions 

Scheme 28 

7 .  x 4 - c 7  ICN4 F.8rn%Xlt8% 
The cyclization of 2-pyrrolidylacetic acid derivative would be the straightforward 

method for the synthesis of the bicyclic ring system. Chain-elongation of N-tosyl- 

L-praline - ( )  followed by detasylation provided homoproline (,lxk), which was 

cyclized to (5s)-carbapenam (m) .87 The absolute configuration of (;txx) was reverse 
of natural product. The c.d. curve of (ax) showed a negative Cotton effect at 
231 nm, which was consistent with the predicted curve by calculation using semiempi- 

rical Extended HUckel and CNDO wavefunctions. 
8 8 

farie 

(m) (rn) 

Scheme 29 

:Ilo and  coworker^^^ stereoselectively synthesize d the amino alcohol (&$& 
having the same relative configuration as that of thienamycin the isoxazolidine 

(A??) prepared by 1.3-dipolar cycloaddition of 1-pyrroline 1-oxide (A?$) and methyl 

crotonate. After blocking using hexamethyldisilazane, cyclization with Grignard 

reagent provided the carbapenam (it&) which, on exposure to methanol, gave the 
starting amino alcohol (L@g). 89 



Scheme 30 

I n t e r e s t i n g l y ,  Rosenblum and coworkers demonstrated t h e  o x i d a t i v e  c y c l i z a t i o n  o f  t h e  

i r o n  carbonyl  complex ( & t i )  Thus t h e  exchange r e a c t i o n  i n v o l v i n g  l - p e n t e n y l -  

ammonium t e t r a f l u o r o b o r a t e  (2x2) and Fp( isobutene)  t e t r a f l u o r o b o r a t e  produced  t h e  

complex (,la$). Success ive  dep ro tona t ion  w i t h  base  gave t h e  p y r r o l i d i n e  complex 

(&$$), which was conve r t ed ,  on h e a t i n g  i n  t h e  p r e sence  o f  t r i p h e n y l p h o s p h i n e ,  i n t o  

t h e  c h e l a t e  ($22).  Treatment o f  (&Q) w i t h  s i l v e r ( 1 )  oxide  r e s u l t e d  i n  t h e  forma- 

t i o n  of t h e  carbapenarn ( t h e  racemate o f  &7$. 

Scheme 31 
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?XQ&ktZ& Qi %-&&XkR&A! 8-kRGRKR 

8 -1 .  ?&&i&h!&iQQ R& && $4 XQ&&&Q 
I n t r o d u c t i o n  o f  a  p r o p e r l y  f u n c t i o n a l i z e d  a l k y l  group a t  t h e  C4 p o s i t i o n  o f  t h e  

r e a d i l y  a v a i l a b l e  6 - l ac t ams  would p rov ide  an e f f i c i e n t  r o u t e  t o  t h e  s y n t h e s i s  o f  t h e  

c a ~ b a ~ e n e m s . ~ ~  Shionogi  group p r e p a r e d  a l l y l a z e t i d i n o n e  (A# and &$Q) by c o u p l i n g  

o f  a l l y l c o p p e r s  (,@&'I.$) w i t h  c h l o r o a z e t i d i n o n e s  ( 4 ~  and m) d e r i v e d  from 

p e n i c i l l i n s .  The coup l ing  o f  e i t h e r  isomer o f  (@l) (40 o r  4a)  w i t h  (A@$) p rov ided  

a mixture  o f  (k$Q$) w i t h  same isomer r a t i o  ( e n t r i e s  5 and 6 i n  Table  2 ) .  6 2  

The a l l y l a z e t i d i n o n e s  (@JJ and jJ&) were conve r t ed  i n t o  carbapenems us ing  i n t r a -  

molecular  W i t t i g  r e a c t i o n .  Thus,  epox ida t i on  o f  (a&) fo l lowed by h y d r o l y s i s  and 

subsequent  a c e t o n i d a t i o n  o f  t h e  r e s u l t i n g  g l y c o l  y i e l d e d  (&x,&), which was conve r t ed  

i n t o  t h e  phosphorane (pJ). Depra t ec t i on  o f  t h e  a c e t o n i d e  group and g l y c o l  f i s s i o n  

gave t h e  a ldehyde ,  which on n e u t r a l i z a t i o n  r e s u l t e d  i n  t h e  format ion  o f  t h e  carbapenem 

. 6 2  

~2 R3 R4 

H H H  

rat io of 
45-  to  4a-  

chloride allylcopper product yield(%) isomer 

Table 2 
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1) MCPBA 
Me 2)  20% HClO4,acetone 1) 2) 03 Zn-AcOH 

4 )  PPh3 

Since i t  was knowng2 t h a t  4-acetoxyazet id inones  were r e a d i l y  d i sp laced  by s u l f u r ,  

n i t rogen ,  and oxygen func t ions ,  we i n v e s t i g a t e d  t h e  analogous displacement r e a c t i o n .  9  3 

Reaction of 4 - a c e t o x y l d e r i v a t i v e s w i t h  s e v e r a l  l i t h i u m  s a l t s  produced t h e  corresponding 

carbon displacedcompounds a l though y i e l d s  were no t  s o  h igh .93  Thus t h e  carbene 

p recur so r s  ( e . g .  A$@) could  be obta ined i n  one s t e p  from t h e  4-acetoxyazet id inones  

which a r e  r e a d i l y  a v a i l a b l e  by t h e  cyc loadd i t ion  of t h e  e n o l a c e t a t e s a n d  CSI. The 

diazo e s t e r s  (5Q,?,* m),  prepared i n  s h o r t  s t e p s ,  were transformed i n t o  t h e  PS-5 

and PS-6 d e r i v a t i v e s  (,@k % ~ Q ~ ) .  
94 
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CHO AcOH, 
M NaOAc , - LoAc 

(w R ~ = H  (a) ~ 1 - H  (38%) (m) R ~ = H  (44%) (M) Rl-~e (MI R1=~e ( N )  R'=" 

Scheme 33 

Independently, Sankyo group elucidated on carbon-extension reactions at the C4 

position of azetidinones. Treatment of 4-phenylsulfonylazetidinone (it& with either 
lithium organocuprates or Grignard reagents produced 4-alkyl, allyl, vinyl or ethynyl- 

azetidinones (,@tt%l) in good yields. Reaction of 4-acetoxyazetidincne (&%$I with 

lithium organocuprates gave the similar results but reaction using Grignard reagents 

resulted in low yields. (Table 3). When the starting azetidinone ( Z A t )  had a sub- 
stituent at the C3 position the treatment with phenylethynylmagnesium bromide for- 

med a mixture of --and *-isomers ( $ & )  . 9 5  1.4-Addition of the ~r~anometallic 

reagents to the intermediate azetinone ( x & Z )  was proposed. 

Yield from Yield from 
R= Reagent (@@ (M) 

R M ~ X  or LiCuRp ( ~ B U  ~icu("LhJ)~ 94.0 89.0 

( 1  Et EtMgBr 74.2 12.4 

($ CH=CH2 CH2-CHMgBr 65.5 3.5 (M) (4) CH2CH=CH2 Li Eu(CH2CH=CH2)2 100.0 - 

($ CH2CH=CH2 CH2=CHCH2MgCI 54.9 - 
(5) C X E t  EtOCzCMgBr 95.4 - 

Li CuR2 (2 )  CsCBPh PhSCsCMgBr 68.9 - 

(M) 
Table 3 



Scheme 34  

D i r e c t  i n t r o d u c t i o n  of  c a r b o n y l  s u b s t i t u e n t s  c o u l d  n o t  be a c h i e v e d  by t h e  above 

r e a c t i o n s  u s i n g  Gr ignard  r e a g e n t s  and o r g a n o c u p r a t e s .  On t r e a t m e n t  o f  (m) w i t h  

aluminium e n o l a t e ,  t h e  d e s i r e d  4 - a l k y l a z e t i d i n o n e s  were s y n t h e s i z e d  i n  modera te  

y i e l d s . 9 6  Namely, c o n d e n s a t i o n  of  (,l$$ w i t h  h a l o - k e t o n e  o r  e s t e r s  i n  t h e  p r e s e n c e  

o f  z i n c  and d ie thy la luminum c h l o r i d e g 7  produced  t h e  4 - a l k y l a z e t i d i n o n e s  [&l& and k), 
which were c o n v e r t e d  i n t o  carbapenems, r e s p e c t i v e l y ,  u s i n g  i n t r a m o l e c u l a r  W i t t i g  

r e a c t i o n .  On t h e  o t h e r  hand ,  r e a c t i o n  of  [A$$) w i t h  y-bromo-6-methoxycrotonate 

under  t h e  same r e a c t i o n  c o n d i t i o n s  p roduced  t h e  y - s u b s t i t u t e d  b u t y r i c  e s t e r  (a$,) as 

a  major  p r o d u c t  a l o n g  w i t h  t h e  a - s u b s t i t u t e d  e s t e r s .  A f t e r  h y d r o l y s i s  o f  (&$), t h e  

r e s u l t i n g  8 - k e t o  e s t e r  (&&a) was c o n v e r t e d  i n t o  t h e  c o r r e s p o n d i n g  carbapenam by t h e  

ca rbene  i n s e r t i o n  r e a c t i o n .  96 

d i l  .HCl 

Scheme 35 
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When t h e  d i s p l a c e m e n t  r e a c t i o n  o f  (&a) was c a r r i e d  o u t  u s i n g  s t a b i l i z e d  t e r t i a r y  

c a r b a n i o n s ,  t h e  c a r b o n - s u b s t i t u t e d  a z e t i d i n o n e s  were e a s i l y  o b t a i n e d . g 8  O x i d a t i v e  

d e s u l f u r i z a t i o n  o f  t h e  a z e t i d i n o n e s  (ZAQ and ax) produced  t h e  4 - a l k y l i d e n e a z e t i d i  

nones (&A$ and x u ) g 8 .  Fur thermore  4 - a l k y l i d e n e a z e t i d i n o n e s  were a l t e r n a t i v e l y  

p r e p a r e d  from 4 - t h i o x o a z e t i d i n o n e s .  
99 

PO(OEt)2 
I 

PhS- CHCOzR,NaH 

oec > 

( lp) 

1 MCPBA 
2 to luene , re f ,  I ' 

1 )  MCPBA 
2)  45OC 

Scheme 36 

* -  2 .  &XWE&&& %XR&kE&&% Qz k%&%&h?&Eh? &E&&RQRE 
O p t i c a l l y  a c t i v e  4-methoxycarbonylmethyl -2-aze t id inone  )  c o u l d  be o b t a i n e d  by 

s e l e c t i v e  c y c l i z a t i o n  of  t h e  p r o c h i r a l  0 - a m i n o g l u t a r i c  a c i d  d e r i v a t i v e .  On 

h y d r o l y s i s  o f  d i m e t h y l  8 - a m i n o g l u t a r a t e  (%a) w i t h  p i g  l i v e r  e s t e r a s e ,  ( 3 R ) - h a l f  

e s t e r  (@&I was formed i n  low o p t i c a l  y i e l d ,  because  non-enzymat ic  s e l f  h y d r o l y s i s  

s i g n i f i c a n t l y  o c c u r r e d .  loo On t h e  o t h e r  hand,  t h e  N - p r o t e c t e d  d e r i v a t i v e  (4x4) 
gave t h e  ( 3 s ) - h a l f  e s t e r  i n  h i g h  o p t i c a l  y i e l d  a n  i n c u b a t i o n  w i t h  t h e  p i g  l i v e r  



e s t e r a s e .  A f t e r  d e p r o t e c t i o n ,  t h e  r e s u l t a n t  8-amino a c i d  ($,kt) was c y c l i z e d  by 

n o v e l  method u s i n g  t r i p h e n y l p h o s p h i n e  and 2 , Z ' - d i p y r i d y l  d i s u l f i d e  i n  a c e t o -  

ni t r i le101'102 g i v i n g  t h e  (4R)-8- lac tam (&&L), [ a l i 5  + 65.34' (CHC13). C y c l i z a t i o n  

o f  t h e  above ( 3 R ) - h a l f  e s t e r  ( )  under  t h e  same c o n d i t i o n s  gave t h e  ( 4 s ) - i s o m e r  

(a&) i n  low o p t i c a l  p u r i t y ,  [,I? - 26.03' (CHC13). 
100 

p t g  l ive r  
esterase 

Me02 

NHCO2Bz 

h 1 )  pig l iver  
esterase 

Me02 O2Me 2) H2,Pd-C 
' 

(%??I' 
(90%) 

Scheme 3 7  

S y n t h e t i c  methods f o r  c o n s t r u c t i o n  of  t h e  b i c y c l i c  r i n g  sys tem have e x p l o s i v e l y  

p r o g r e s s e d  s i n c e  t h e  d i s c o v e r y  o f  th ienamycin  i n  1976.  However t o t a l  s y n t h e s e s  of  

carbapenem a n t i b i o t i c s  have been  accompl i shed  by o n l y  a  f e w m e t h o d s ;  r i n g  c l o s u r e  

between C Z  and C 3  p o s i t i o n  by s u b s t i t u t i o n  r e a c t i o n  o r  i n t r a m o l e c u l a r  W i t t i g  r e -  

a c t i o n  and t h e  C 3 - N 4  bond f o r m a t i o n  by c a r b e n e  i n s e r t i o n  r e a c t i o n .  F u r t h e r  d e v e l o p -  

ment o f  e f f e c t i v e  s y n t h e s i s  and s t r u c t u r a l  m a n i p u l a t i o n  o f  t h e  a n t i b i o t i c s  f o r  t h e  

c i & ~ ~ i c a l  a s  w e l l  a s  b iochemica l  s t a b i l i z a t i o n  a r e  s t r o n g l y  d e s i r e d .  
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