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SUJMARY 

( 1 R, 53.6s) - 2 - [ (  35.53) - 5 -  Di methylaminocarbonylpyrrol i d i  n - 
3 - y l t h i o ~ - 6 - ~ ~ 1 R ~ - 1 - h y d r o x y e t h y l ] - l - m e t h y l c a r b a p e n - 2 - e m - 3 -  
c a r b o x y l i c  a c i d  t r i h y d r a t e  (SM-7338). a novel 1 s  -methyl 
carbapenem a n t i b i o t i c ,  was l a b e l e d  w i t h  carbon-14 a t  t h e  C3 
pos i t io r i  o f  t h e  carbapenem nucleus  f o r  use i n  metabol ic  
s t u d i e s .  The s y n t h e s i s  was achieved according t o  t h e  
scheme i l l u s t r a t e d  in F ig .  3. S e l e c t i v e  e s t e r i f i c a t i o n  o f  
[2-!4C]malonic  a c i d  ( 2 )  with 4 - n i t r o b e n z y l  bromide (2) gave 
i t s  monoest,er ( 4 ) .  Condensation of t h e  magnesium s a l t  of 4 
w i t h  t h e  imidazol ide  der ived  from the  a z e t i d i n o n e  c a r b o x y l i c  
a c i d  ( 5 , )  provided t h e  - k e t o  e s t e r  ( 6 ) .  which was 
d e s i l i l a t e d  with hydrochlor ic  a c i d  t o  g i v e  t h e  a lcohol  ( 7 ) .  
Treatment of 1 w i t h  carboxybenzenesulfonyl  a z i d e  fol lowed b y  
decomposition of t h e  r e s u l t i n g  d i a z o  i n t e r m e d i a t e  ( 8 )  i n  t h e  
presence  of a rhodium c a t a l y s t  produced t h e  b i c y c l i c  ke to  
e s t e r  ( 9 ) .  Reaction o f  9, with diphenyl  ch lorophosphate  i n  
t h e  presenc.e of N,N-diisopropylethylanine a n d  subsequent  
displacement  r e a c t i o n  of t h e  v i n y l  phosphate (10)  w i t h  
mercaptopyrro l id ine  (11) gave b i s - p r o t e c t e d  SH-7338 (12). 
C a t a l y t i c  hydrogenolys is  of 12 a f f o r d e d  [carbapenem-3-; 'C] - 
SM-7338 (1). T h e  o v e r a l l  y i e l d  of 1 was 5 . 8 %  from 2 .  

Key words: ! 4 C - l a b e l i n g ,  carbapenem a n t i b i o t i c ,  carbene i n s e r t i o n  
b i c y c l i c  ke to  e s t e r  

INTRODUCTION 

SH-7338'" is a new s y n t h e t i c  1 8  - m e t h y l  carbapenem a n t i b i o t  C .  

S ince  t h e  d iscovery  o f  th ienamycin ' "  , carbapenem a n t i b i o t i c s  have 

a t t r a c t e d  c o n s i d e r a b l e  i n t e r e s t  because of t h e i r  broad s p e c t r a  of  a n t i  
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b a c t e r i a l  a c t i v i t y  a s  wel l  a s  fl -1actamase s t a b i l i t y .  Thienamycin a n d  

r e l a t e d  n a t u r a l l y  o c c u r r i n g  carbapenems, however, s u f f e r  s e r i o u s  d isadvan-  

tages  t h a t  they a r e  chemical ly  a n d  b i o l o g i c a l l y  u n s t a b l e  and r e a d i l y  met.a- 

bo l ized  b y  r e n a l  dehydropept idase- I  ( D H P - I )  : ' .  Therefore ,  t h e  design of 

a chemical ly  a n d  b i o l o g i c a l l y  s t a b l e  carbapenem a n t i b i o t i c  h a s  been t h e  

c u r r e n t  focus o f  s t r u c t u r a l  modi f ica t ion  work. Recent,ly, the  s y n t h e s e s  o f  

I p -methyl s u b s t i t u t e d  carbapenem c a r b o x y l i c  a c i d s ,  a new c l a s s  o f  

s y n t h e t i c  B -1actam a n t i b i o t i c s ,  liere r e p o r t e d , " ' ,  a n d  n o t i c e a b l e  iroprove- 

nents  i n  Lhe chemical and b i o l o g i c a l  p r o p e r t i e s  have been achieved while 

r e t a i n i n g  t h e i r  e x c e l l e n t  a c t i v i t i e s .  In our  i n t e n s i v e  e f f o r t s  t o  develop 

a n t i b i o t i c s  of t h i s  new type ,  SV-7338 has rece ived  a l o t  of a t t e n t i o n .  I n  

t h e  course  o f  t h e  e v a l u a t i o n ,  i t  was requi red  t o  s y n t h e s i z e  r a d i o a c t i v e  

S ' l - 7 3 3 8  l abe led  with carbon-14 a t  t h e  carbapenem nucleus  f o r  use in  metabo- 

l i c  and pharmacokinet ic  s t u d i e s .  I n  t h i s  paper ,  we uish t o  r e p o r t  t h e  

s y n t h e s i s  o f  [carbapenem-3-'"C]SY-7338. 

Fig .  I S t r u c t u r e  of SM-7338 

RESULTS AKD DISCUSSION 

There were t h o  problems t o  be addressed i n  the  execut ion  of the  r e t r o -  

s y n t h e s i s :  ( 1 )  t h e  chemical l a b i l i t y  of the  i n t a c t  carbapenem nucleus ,  

which suggested t h a t  c o n s t r u c t i o n  of t h e  b j c y c l i c  system s h o u l d  be delayed 

a s  l a t e  a s  p o s s i b l e  i n  the  s y n t h e t i c  scheme; ( 2 )  s t e r e o c h e m i s t r y  in 

d e v i s i n g  t h e  s y n t h e t i c  sequence,  which recommended t h a t  i n c o p o r a t i o n  o f  the  

labe l  s h o u l d  be achieved o n t o  the  unlabeled c h i r a l  b u i l d i n g  block possess -  

ing d e s i r e d  c o n f i g u r a t i o n .  k i t h  t h e s e  problems i n  m i n d ,  we formulated the  

r e t r o s y n t h e t i c  scheme i l l u s t r a t e d  i n  F i g .  2 .  Among s e v e r a l  approaches s o  

f a r  devloped f o r  t h e  c o n s t r u c t i o n  of t h e  carbapenem n u c l e u s ' 5 ' .  '6'. .", t h e  
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carbene  i n s e r t i o n  r e a c t i o n  t o  produce a b i c y c l i c  ke to  e s t e r  by  t h e  C 3 - N  

bond formation would provide  a mild r o u t e  t o  t h e  b i c y c l i c  system. I t  was 

c o n s i d e r e d ]  t h e r e f o r e ,  p r e f e r a b l e  t o  u t i l i z e  t h e  cha in  e x t e n t i o n  of t h e  

a c i d  ( 5 ’ )  f o r  t h e  p r e p a r a t i o n  of t h e  b i c y c l i c  ke to  e s t e r  ( 9 ’ ) .  The a c i d  

( 5 ’ )  h a d  t h e  d e s i r e d  s t e r e o c h e m i s t r y  at the 4 c h i r a l  c e n t e r s  o f  t h e  c a r b a -  

penern key p r e c u r s o r ,  and t h e  r e a c t i o n  between t h e  r a d i o l a b e l e d  monoester 

( 4 ’ )  and 5’ would n o t  i n f l u e n c e  t h e  a b s o l u t e  c o n f i g u r a t i o n s .  

H O  

! 

*o- C O O R ’  

R O  R O  

9 ’  

H D  

W O O R  0’ N 2 ‘  

F i g .  2 R e t r o s y n t h e t i c  a n a l y s i s  of  [ ~ a r b a p e n e m - 3 - ’ ~ C l S H - 7 3 3 8  

The s y n t h e t i c  s t r a t e g y  u l t i m a t e l y  employed f o r  our  approach is shown 

i n  F i g .  3. The i n c o r p o r a t i o n  of t h e  l a b e l  was achieved b y  enploying 

Masamune’s method‘n’. T h e  nonoester  ( 4 )  was obta ined  b y  e s t e r i f i c a t i o n  of 

[2-14C]malonic a c i d  (2) w i t h  4 - n i t r o b e n z y l  bromide ( 3 ) .  I t  was found t h a t  

t h e  y i e l d  of 4 was markedly dependent on t h e  m o l a r  r a t i o  of 2 and 3 .  
React ion of 2 w i t h  an equimolar  amount of 3 produced a c o n s i d e r a b l e  amount 

of d i e s t e r .  A reasonable  y i e l d  (47%) was a t t a i n e d  when 2 in a slight 

excess was treated w i t h 3  i n  t h e  presence  of t r i e t h y l a m i n e .  The aonoes te r  

(4) uas converted t o  t h e  magnesium s a l t  by  t r e a t i n g  w i t h  magnesium e thoxide  

and t h e  r e s u l t i n g  s a l t  was condensed w i t h  t h e  i m i d a z o l i d e  der ived  from t h e  

a z e t i d i n o n e  c a r b o x y l i c  a c i d  ( 5 )  t o  g i v e  t h e  ke to  es ter  ( 6 )  i n  4 7 %  y i e l d .  
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Treatment of 6 w i t h  methanol ic  h y d r o c h l o r i c  a c i d  e f f e c t e d  t h e  removal of  

t h e  s i l y l  p r o t e c t i n g  group t o  g i v e  t h e  a lcohol  (1) i n  86% y i e l d .  Diazo- 

t i z a t i o n  of 7 w i t h  carboxybenzenesulfonyl  a z i d e  i n  t h e  presence  o f  t r i -  

e thylamine provided the c y c l i z a l i o n  p r e c u r s o r  ( 8 )  i n  93% y i e l d .  
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F i g .  3 S y n t h e t i c  procedure of [~arbapenem-3-'~C]SM-7338 

Conversion of 8 t o  t h e  b i s - p r o t e c t e d  SM-7338 (12) was c a r r i e d  out  i n  

one p o t .  T h u s ,  g e n e r a t i o n  of t h e  carbene  i n t e r m e d i a t e  occurred upon t r e a t -  

ment of 6 w i t h  rhodium ( I l l  o c t a n o a t e  c a t a l y s t  t o  produce t h e  highly 

s t r a i n e d  b i c y c l i c  k e t o  e s t e r  ( 9 ) .  Due t o  t h e  i n s t a b i l i t y  of t h e  product ,  

9 was further reacted without purification. 

After  c o n c e n t r a t i o n  of the r e a c t i o n  mixture, 9 was t r e a t e d  with diphenyl  

ch lorophosphate  i n  t h e  presence  of N,N-diisopropylethylamine t o  provide t h e  

v inylphosphate  (lo). Displacement r e a c t i o n  o f  LO w i t h  mercaptopyrro l id ine  

(11) gave b i s - p r o t e c t e d  SH-7338 (12) i n  58% y i e l d  from 9. The f i n a l  d e -  

p r o t e c t i o n  of 12 was accomplished b y  c a t a l y t i c  hydrogenolys is .  P u r i f i c a -  
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t i o n  of t h e  crude product  b y  column chromatography a n d  subsequent  l y o p h i l i -  

z a t i o n  provided SM-7338 i n  anhydrous form. The r e s u l t i n g  anhydrous SM- 

7338 was converted t o  t h e  e x c e p t i o n a l l y  s t a b l e  t r i h y d r a t e  (1.) i n  aqueous 

t e t r a h y d r o f u r a n .  The y i e l d  o f  I was 56% from 1.2, and t h e  s p e c i f i c  

a c t i v i t y  was found t o  be 1.41 GBq/mmol. 

E X P E R I M E N T A L  

R a d i o a c t i v i t y  was measured by a T R I - C A R B  460 l i q u i d  s c i n t i i l a t i o n  

counter  (Packard Instrument  Co., USA) by using Permafluor I (Packard)  a s  

the count ing  medium. Radio- th in  l a y e r  chromatography (RTLC) uas 

c a r r i e d  out  on a S i l i c a  Gel 60 F:54 (Herck) u n l e s s  o therwise  mentioned, and 

t h e  r a d i o a c t i v i t y  on t h e  p l a t e  was determined b y  a JTC-601 Radiochroaanyzer 

(Aloka, Japan) .  Radio-high performance l i q u i d  chronatogrphy ( R H P L C )  uas  

conducted on a LC-3A h i g h  performance l i q u i d  chromatograph (Shimadzu C o . ,  

L t d . ,  Japan)  equipped w i t h  a SPD-ZA U V  d e t e c t o r  (Shimadzu Co.) a n d  RLC-551 

Radioanalyzer  (Aloka) .  An i n f r a r e d  spectrum ( I H )  was measured b y  a IR-810 

g r a t i n g  i n f r a r e d  spec t rophotometer  ( J a s c o  C o . ,  L t d . ,  Japan) .  and t h e  

c h a r a c t e r i s t i c  a b s o r p t i o n s  ( v r n a x )  were r e p o r t e d  i n  cm-'.  A proton 

n u c l e a r  magnetic resonance spectrum (NMR) was determined on a J N M  FX-100 

spec t rometer  (JEOL L t d . ,  Japan) ,  and the  chemical s h i f t s  ( 6  1 were quoted 

i n  pprn downfield from t e t r a m e t h y l s i l a n e  a s  t h e  i n t e r n a l  s t a n d a r d .  A mass 

spectrum was obta ined  o n  a Hi tachi  DF/GC/IIS M-80B and DPS M-0101 ( 3  k V )  

spec t rometer  ( H i t a c h i  L t d . ,  J a p a n ) .  

4 -Ni t robenzyl  [2-14C]malonate  (4 )  
To a s t i r r e d  s o l u t i o n  of the  a c i d  (2) (21 .5  G B q ,  1.61 g, 15.5 nnol)  i n  

anhydrous a c e t o n i t r i l e  (15.0 m1) was added dropwise t r i e t h y l a m i n e  (1.88 ml, 

13.5 mnol) a t  room t e i p e r a t u r e  under a n i t r o g e n  atmosphere. Af te r  t h e  

a d d i t i o n ,  4 - n i t r o b e n z y l  bromide ( 3 )  ( 2 . 9 2  g ,  13.5 mmol) uas  added, and t h e  

mixture  was heated at reflux for 3h. The mixture was cooled. acidified with 58 

hydrochlor ic  a c i d  a n d  e x t r a c t e d  w i t h  e t h y l  a c e t a t e .  The o r g a n i c  phase was 

e x t r a c t e d  w i t h  5% sodium hydrogen c a r b o n a t e .  Af te r  a c i d i f i c a t i o n ,  the  

aqueous phase was e x t r a c t e d  with benzene. The e x t r a c t  was d r i e d  over  a n -  

hydrous sodium s u l f a t e  and evaporated t o  g i v e  4 (10 .2  G B q ,  4 7 . 4 % )  a s  a 
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p a l e  yellow s o l i d .  Radiochemical p u r i t y  90% on  R T L C  ( e t h y l  a c e t a t e /  

benzene/ace t ic  acid=50/50/1 v / v / v ,  Hf=0.20). N M R :  3 .56  (2H. s ) ,  5.:13 (211, 

s ) ,  7.51-8 .30  ( 4 H ,  m). 

(BS,4R) ~ 3 -  [ (  1 R )  - 1 - t _ -  Butyld i met h y  1 si ly loxyethy 11 - 4 - ( 1 R )  - 1 -methyl - 3 -  ( 4  - 
n i t r o b e n z y l o x y c a r b o n y l ) - 2 - o x o [ ~ - ~ 4 C ] p r o p y l ~ a z e t i d i n - ~ ~ o n e  ( 6 )  

To a s o l u t i o n  of t h e  monoester ( 4 )  (10.2 G B q ,  1 .76 g ,  7 .34 mmol) in  

anhydrous t e t r a h y d r o f u r a n  (5 .6  m l )  was added magnesium e thoxide  (420 mg, 

3 .67 mmol), and t h e  mixture  uas s t i r r e d  a t  room tempera ture  f o r  2 h .  The 

mixture  was f i l t e r e d ,  and t h e  f i l t r a t e  was added dropwise t o  anhydrous 

d i i s o p r o p y l  e t h e r  (34.0 m l ) .  The mixture  was s t i r r e d  f o r  2 h and t h e  

r e s u l t i n g  p r e c i p i t a t e  was f i l t e r e d ,  washed w i t h  d i i s o p r o p y l  e t h e r  a n d  d r i e d  

under reduced p r e s s u r e  t o  g ive  t h e  magnesium s a l t .  A mixture of t h e  

a z e t i d i n o n e c a r b o x y l i c  a c i d  (5) (1 .84  g ,  6.10 mmol) a n d  carbonyld i imidazole  

(1.20 g ,  7 .41  nmol) i n  anhydrous a c e t o n i t r i l e  (29.0 n l )  was s t i r r e d  f o r  30 

min under a n i t r o g e n  atmosphere t o  g i v e  a s o l u t i o n  o f  t h e  imidazol ide .  To 

this s o l u t i o n  was added t h e  magnesium s a l t  d e s c r i b e d  above, a n d  t h e  mixture  

was heated a t  65  "C f o r  3 . 5  h .  Af te r  d i l u t i o n  w i t h  i c e - c o l d  5 %  h y d r o -  

c h l o r i c  a c i d ,  t h e  mixture  was e x t r a c t e d  with e t h y l  a c e t a t e .  T h e  e x t r a c t  

1 h .  

potassium phosphate a n d  s a t u r a t e d  sodium c h l o r i d e  s o l u t i o n  s u c c e s s i v e l y  a n d  

d r i e d  over  anhydrous sodium s u l f a t e .  Evaporat ion of t h e  s o l v e n t  gave a 

r e s i d u e ,  which was chromatographed on s i l i c a  g e l  w i t h  e t h y l  ace ta te /benzene  

(211 v / v )  t o  g i v e  8 ( 3 . 8 5  G B q ,  9 3 . 2 % )  a s  a p a l e  yellow s o l i d .  

Radiochemical p u r i t y  98% on R T L C  ( e t h y l  a c e t a t e ,  Rf=0.27) .  NIR ( 6  , ppm, 

CDCI,): 1 .23 (3H. d ,  5 ~ 6 . 3  H z ) .  1.30 (3H. d ,  5 ~ 6 . 3  Hz), 2.60 (1H. d ,  J = 3  Hz), 

2 .90  ( lH,  d d ,  5 ~ 7 . 2 ,  1 . 0  Hz), 3 .64-3 .86  ( Z H ,  m ) ,  4.00-4 .20  (lH, m ) ,  5.37 

(2H,  s ) ,  6.12  ( lH,  s ) ,  7.42-7 .58  (2H. m ) ,  8.08-8 .29  ( Z H ,  m ) .  IR ( v , , , ~ , . ,  

cm- ' .  n u j o l ) :  3350, 2150, 1750, 1720. 

Af te r  d i l u t i o n  w i t h  e t h y l  a c e t a t e ,  t h e  mixture  was washed w i t h  0 . l n  

4 - K i t r o b e n ~ y l  (lR,5S,GS) -2- [ (3S,5S)  - 5 - d i m e t h y l a m i n o c a r b o n y l - 1 -  ( 4 -  

n i t robenzyloxycarbonyl )  pyr ro l  i d i n  - 3 - y l t h i o l - 6 -  (1R) - 1 - hydroxyethyl l -  1 - 
methyl[3-'4C]carbapen-2-em-3-carboxylate (12) 

Under a n i t r o g e n  atmosphere, t h e  d i a z o  ke to  e s t e r  ( 8 )  (3 .85 G B q ,  

1.08 g ,  2.77 mmol) was d i s s o l v e d  i n  anhydrous n-hexane (4 .0  m l )  and a n -  
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h y d r o u s  e t h y l  a c e t a t e  ( 1 2 . 0  m l )  and maintained a t  g e n t l e  r e f l u x .  To t h i s  

s o l u t i o n  was added r h o d i u m  ( U  ) o c t a n o a t e  (6  mg), and the  mixture was 

r e f l u x e d  f o r  a n  a d d i t i o n a l  30 a i n .  Af te r  c o o l i n g ,  the  mixture  was concen- 

t r a t e d  unde r  reduced p r e s s u r e  t o  a f f o r d  the b i c y c l i c  ke to  es ter  (91, which 

was used f o r  the  next  s t e p  w i t h o u t  f u r t h e r  p u r i f i c a t i o n .  

To a s o l u t i o n  of the  ke to  e s t e r  ( 9 )  i n  anhydrous a c e t o n i t r i l e  (11.0 n l )  was 

added N,B-diisopropylethylamine (0 .72  ml, 4.16 mmol) a n d  diphenyl  c h l o r o -  

phosphate (0 .87 m l ,  4.16 mmol) a t  0 “C,  and  the  nixLure was s t i r r e d  a t  the 

same tempera ture  f o r  1 h t o  g i v e  t h e  v i n y l  phosphate (1.0). A f t e r  c o o l i n g  

t o  - 3 5  “c, N,N-diisopropylethylamine (0 .72 m1, 4.16 mool) and mercapto- 

p y r r o l i d i n e  ( l j )  ( 1 . 4 1  g ,  3.98 mmol) were a d d e d ,  a n d  t h e  mixture  was 

s t i r r e d  a t  -30  “C f o r  1 .5  h .  Af te r  d i l u t i o n  with dichloromethane (30 1 p 1 )  

a n d  e t h e r  (60 m l ) ,  t h e  organic  phase was s e p a r a t e d  a n d  washed u i t h  i c e -  

co ld  s a t u r a t e d  sodium c h l o r i d e  s o l u t i o n .  The a q u e o u s  phase was e x t r a c t e d  

w i t h  d ich loromethane/e ther  (1 /2  v / v ) .  The combined o r g a n i c  e x t r a c t s  was 

u a s h e d  with i c e - c o l d  0.lN potassium phosphate ,  i c e - c o l d  s a t u r a t e d  sodium 

c h l o r i d e  s o l u t i o n  and d r i e d  over  anhydrous s o d i u m  s u l f a t e .  Evaporat ion of 

t h e  s o l v e n t  and p u r i f i c a t i o n  of t h e  c rude  product  by  column chromatography 

on s i l i c a  ge l  with e t h y l  a c e t a t e / a c e t o n e  (1 /1  v / v )  gave 12 (2 .25 G B q ,  5 8 . 4 % )  

a s  a p a l e  yellow s o l i d .  Radiochemical p u r i t y  96% on RTLC ( e t h y l  a c e t a t e /  

a c e t o n e = l / l  v / v ,  Rfz0.17). NHR ( 6 ,  ppm, C D C I : ) :  1 .19-1.39 (6H, m ) ,  1.72-  

2.07 (3H, a ) ,  2.93-3 .11  (7H. a ) ,  3.20-3.58 (3H, m ) ,  

4.60-4.80 ( lH,  m), 5.15-5.52 ( 4 H ,  m ) ,  7.36-7.62 ( 4 H  

IR ( v  r T . a x ,  cm-’ ,  n u j o l ) :  3400, 1770, 1710. 

(1h,5$,6S)  - 2 -  [ ( 3 s .  5 s )  - 5 -  Dinethylaminocarbonylpyrro 

C( 
t r  

sn 

R) - 1 - h y d r o x y e t h y l l - 1  

hydra te  (311-7338) ( 1  

In the  presence  of 

7338 (1_2 )  (2 .25 G B q ,  

3.99-4 .32  (3H, a ) ,  

IU), 8.17-8.27 (4H,  m )  

i d i n - 3 - y l t h i o l - 6 -  

methyl[3-14C]carbapen-2-em-3-carboxylic a c i d  

10% pal ladium on carbon (1.65 g ) ,  b i s - p r o t e c t e d  

1.13 g,  1.62 nmol) i n  t e t r a h y d r o f u r a n  (20 .0  m l )  a n d  

0.6K morphorinopropanesulfonic a c i d  (HOPS) (12.0 11) was hydrogenated under 

a tomospheric  p r e s s u r e  a t  room t empera ture  f o r  7 h .  The c a t a l y s t  was 

f i l t e r e d  of f  and washed w i t h  0.1M HOPS s o l u t i o n .  

c e n t r a t e d  under reduced p r e s s u r e  t o  remove t e t r a h y d r o f u r a n .  The r e s u l t i n g  

aqueous s o l u t i o n  was washed w i t h  d ich loronethane ,  c o n c e n t r a t e d  again t o  a 

T h e  f i l t r a t e  was con-  
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volume around 5 m l .  The r e s i d u a l  s o l u t i o n  was a p p l i e d  t o  column chromato- 

graphy on h i g h  porous polymer ( M C I  G E L  C H P - Z O P ,  M i t s u b i s h i  Chemical I n d u s t -  

r i e s  L t d . ,  Japan)  u i t h  water and u a t e r / t e t r a h y d r o f u r a n  (99/1 v / v )  a t  5 "c. 

The f r a c t i o n s  c o n t a i n i n x  SH-7338 was c o l l c c t e d  and l y o p h i l i z e d  t o  a f f o r d  

S!l-7338 i n  anhydrous form. The anhydrous product  was d i s s o l v e d  i n  b a t e r  

( 3 . 9  mi) and s t i r r e d  a t  0 .C f o r  1 h .  Af te r  t h e  d r o p u i s e  a d d i t i o n  of 

t e t r a h y d r o f u r a n  (11 .7  ml) ,  t h e  mixture  u a s  s t i r r e d  a t  t h e  same tempera ture  

f o r  1 h .  The p r e c i p i t a t e  uas f i l t e r e d ,  hashed u i t h  t c t r a h y d r o f u r a n  and 

d r i e d  under reduced p r e s s u r e  (100-110 Torr )  t o  give 1. ( 1 . 2 5  G B q ,  395 mg, 

5 5 . 6 % )  a s  a c o l o r l e s s  s o l i d .  Radiochemical p u r i t y  99% on R T L C  ( S i l i c a  

Gel 60 Y F z s 4 s r  a c e t o n i t r i l e / u a t e r / a c c t i c  a c i d = l O / j / l  v / v / v ,  Rfz0.37; RP-8 

F - 5 4 j ,  water /dioxane=lO/l  v / v ,  Rf=O.58) and r a d i o - H P L C  (column SURIPAX ODS 

A - 2 1 2 .  6 m m $ x  15 cm, 5 p m ;  mobile phase 5m1 phosphate  b u f f e r  (pH 7.011 

uas  uashed w i t h  i c e - c o l d  0.lM. phosphate b u f f e r  ( p H  7 . 4 ) .  5 %  s o d i u m  hydro-  

gen c a r b o n a t e  and sa t ,u ra ted  sodium c h l o r i d e  s o l u t i o n ,  s u c c e s s i v e l y .  After  

dry ing  over  anhydrous s o d i u m  s u l f a t e ,  t h e  s o l v e n t  was evaporated t o  g ive  a 

r e s i d u e ,  uhich uas chroaatograhed on s i l i c a  gel with e t h y l  ace ta te /benzene  

( 3 / 7  v / v ) .  Evaporat ion of t h e  main f r a c t i o n s  a f forded  @ ( 4 . 7 8  G B q ,  4 6 . 8 % ) .  

Radiochemical p u r i t y  98% on R T L C  ( e t h y l  a c e t a t e / b e n z e n e = l / l  v / v ,  Rfz0.25) .  

N M R  ( 6 ,  ppm,  CDCI?): 0.063 (6H, s ) ,  0.87 (9H. s ) .  1.11-1 .26  (6H, s ) ,  2.82- 

3.00 ( Z H ,  m), 3.64 (ZH, s ) ,  3.78-3.95 ( lH,  m ) ,  4.02-4.26 ( l H ,  I). 5.27 (ZH, 

s ) ,  6.08  ( lH,  s), 7.41-7 .54  ( Z H ,  m ) ,  8.15-8.24 (2H, I). IR ( v m a x ,  cm!', 

n e a t ) :  3250, 2950, 2850, 1760. 1720. 

(3S,4R) - 3 -  [ (1R) - 1 -Hydroxyethy!] - 4 -  [ ( I  R )  - 1 -methyl - 3 -  ( 4 - n i t r o b e n z y l o x y -  

carbonyl)-2-0xo[3-'~C]propyl]azetidin-2-one ( 7 )  

A mixture of t h e  ke to  e s t e r  ( @ I  (4 .78 G B q ,  1 .65 g ,  3 .44 mmol) a n d  6K 

hydrochlor ic  a c i d  (0.95 m 1 )  in  methanol ( 1 0 . 0  n1) uas s t i r r e d  a t  room 

t empera ture  f o r  4 h .  Af te r  n e u t r a l i z a t i o n  u i t h  s a t u r a t e d  sodium hydrogen 

carbonate  s o l u t i o n ,  t h e  mixture  was e x t r a c t e d  u i t h  e t h y l  a c e t a t e .  The 

e x t r a c t  was uashed u i t h  i c e - c o l d  0 .11  potassium phosphate and i c e - c o l d  

s a t u r a t e d  sodium c h l o r i d e  s o l u t i o n .  Af te r  dry ing  over  anhydrous sodium 

s u l f a t e ,  the  s o l v e n t  was evaporated t o  a f f o r d  1 ( 4 . 1 3  G B q ,  8 6 . 4 % )  a s  a 

p a l e  ye l lou  o i l .  Radiochemical p u r i t y  98% on R T L C  ( e t h y l  a c e t a t e ,  Rf= 

0 .16) .  N R R  ( S t  P P ~ ,  CDCl3): 1.25 (3H, d ,  3 ~ 7 . 1  Hz), 1.28 (3H, d ,  Jz6 .1  



[ “C] Carbapenem antibiotic 1059 

Hz), 2.82-3.00 (ZH, m ) ,  3.67 (2H, s ) ,  3.82 (lH, d d ,  Jz6.6, 2.2 H z ) ,  4.02- 

4.18 (lH, m ) ,  5.25 (ZH, s ) ,  6.25 (lH, s ) ,  7.40-7.58 ( 2 H ,  m ) ,  8.12-8.24 (2H, 

m ) .  IR ( v m a x ,  cm-’, n u j o l ) :  3450, 3230, 1740, 1700. 

(3S.4R) -3-[( 1 R )  -l-Hydroxyethyl]-4-[(llj) - 1 -methyl -3- ( 4 - n i t r o b e n z y l o x y -  

c a r b o n y l ) - 3 - d i a z o - 2 - o x 0 [ 3 - ’ ~ C ~ p r o p y l ~ a z e t i d i n - Z - o n e  ( 8 )  

Under a n i t r o g e n  atmosphere, t o  a s o l u t i o n  of t h e  a lcohol  (1) (4.13 
G B q ,  1.08 g, 2.97 mmol) i n  anhydrous a c e t o n i t r i l e  (6.2 m1) was added 

carboxybenzenesulfonyl  a z i d e  (913 mg, 4 . 0 2  mmol) and t r i e t h y l a n i n e  (0.62 n l ,  

4.47 nmol )  a t  0 “c, and t h e  mixture  was s t i r r e d  a t  t h e  same tempera ture  f o r  

ne thanol=5/1  v / v ;  flow r a t e  1 . 0  m l / m i n ;  d e t e c t o r s  U V  (220 nm) and r a d i o -  

d e t e c t o r ;  t empera ture  room tempera ture ;  r e t e n t i o n  t i n e  13.7 min). N M R  ( 6  , 
ppm, methanol -d4) :  1.19 (3H, d ,  5~7.5 Hz), 1.27 (3H. d ,  5~6.2 H z ) ,  1.58- 

1.90 (lH, m), 3.00 (3H, s ) ,  3.06 (3H, s ) ,  3.58-4.21 (5H. n). I R  ( v  

cm-:, n u j o l ) :  3400, 1760. Mass spectrum (SINS, ar/z): 384 (M+-3H20+1), 

386 (N’-3H20+3). 
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