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SYNTHESIS OF OPTICALLY ACTIVE 3-MERCAPTOPYRROLIDINE DERIVATIVES. 

SYNTHETIC INTERMEDIATES OF CARBAPENEM RS-533 AND ITS ISOMER 

Tomoyuki S h i b a t a ,  Kimio I i n o ,  a n d  Yukio Sugimura* 

Chemica l  R e s e a r c h  L a b o r a t o r i e s ,  Sankyo  Co.,  L t d .  

1-2-58 H i r o m a c h i ,  sh lnagawa-ku ,  ~ o k y o ,  140, ~ a p a n  

A b s t r a c t -  The o p t i c a l l y  a c t i v e  3 - m e r c a p t o p y r r o l i d i n e  d e r i v a t i v e s ( a ,  3, 

' la a n d  &) ,  which  a r e  s y n t h e t i c  i n t e r m e d i a t e s  of t h e  carbapenem RS-533 - 
(a) a n d  i t s  i s o m e r  (a), were s y n t h e s i z e d  by c o n v e n i e n t  a n d  p r a c t i c a l  

m e t h o d s .  

S i n c e  t h e  d i s c o v e r y  o f  t h i e n a m y c i n  ( ~ ) l ,  w i t h  i t s  h i g h  a n t i b a c t e r i a l  a c t i v i t y  a n d  

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

We, a l s o ,  h a v e  b e e n  g r e a t l y  i n t e r e s t e d  i n  carbapenem s y n t h e s i s  a n d  have  a l r e a d y  

r e p o r t e d  t h e  s y n t h e s i s  of  RS-533 ( a ) 2 ,  which  i s  more p a t e n t  i n  a c t i v i t y  and  

b i o l o E i c a l l y  more s t a b l e  t h a n  t h i e n a m y c i n .  F o r  t h e  s y n t h e s i s  of  o r  i t s  i somer  

Zb,  o p t i c a l l y  a c t i v e  m e r c a p t a n e  3 o r  4 a r e  n e c e s s a r y .  Only two r e p o r t s  a r e  known - 

a b o u t  t h e  s y n t h e s i s  of o p t i c a l l y  a c t i v e  3 - h y d r ~ x y p y r r o l i d i n e . ~ '  ' We h e r e i n  

r e p o r t  a  number o f  c o n v e n i e n t  methods  f o r  t h e  s y n t h e s i s  of  3 a n d  4. 

P N i =  C02CH2 0 NO, 

ANPNZ O 



Merc&ptane & a n d  &, which a r e  n e c e s s a r y  f o r  t h e  s y n t h e s i s  of  RS-533 (g), have  

an  S - c o n f i g u r a t i o n  a t  t h e  C-3 of  p y r r o l i d i n e  and c a n  be  s y n t h e s i z e d  by t h e  

c o n v e r s i o n  of  t h e  OH g r o u p  of  L - h y d r o x y p r a l i n e  (i), which i s  a  n a t u r a l  amino 

acid, t o  a n  SH group  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 .  When 5 was h e a t e d  

w i t h  a  c a t a l y t i c  amount o f  t e t r a l i n e h y d r o p e r o x i d e  i n  c y c l o h e x a n o l ,  

d e c a r b o x y l a t i o n  o c c u r r e d  and & was o b t a i n e d . 3  P r o t e c t i o n  o f  NH g r o u p  by t h e  

p - n i t r o b e n z y l o x y c a r b o n y l  g r o u p  u s i n g  p - n i t r o b e n z y l o x y c a r b o n y l  c h l o r i d e  and 

t r i e t h y l a m i n e  i n  m e t h y l e n e  c h l o r i d e  gave  2 i n  89% y i e l d .  The hydrcxy  g r o u p  of  

7a was m e s y l a t e d  w i t h  m e t h a n e s u l f o n y l  c h l o r i d e  and t r i e t h y l a m i n e  i n  m e t h y l e n e  - 

c h l o r i d e  t o  g i v e  & i n  9 7 %  y i e l d .  T r e a t m e n t  of & w i t h  sodium t h i o l a c e t a t e  i n  

dirnethylforrnarnide gave % w i t h  i n v e r s i o n  of  t h e  C o n f i g u r a t i o n  i n  92% y i e l d .  5  

H y d r o l y s i s  of  a by sod ium methoxide  gave 2 i n  98% y i e l d .  I n  c o n t r a s t ,  

t r e a t m e n t  o f  & w i t h  e t h o x y a c e t i m i d a t e  h y d r o c h l o r i d e  i n  methanol  f o l l o w e d  by 

p - n i t r o b e n z y l o x y c a r b o n y l a t i o n  - gave 2 i n  71% y i e l d .  F o l l o w i n g  s i m i l a r  r re thods ,  

4a was s y n t h e s i z e d  f rom %. - 
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But m e r c a p t a n e  s a n d  @, which  a r e  n e c e s s a r y  f a r  t h e  s y n t h e s i s  of  &, h a v e  a n  

R - c o n f i g u r a t i o n  a t  t h e  C-3  o f  p y r r a l i d i n e .  So t h e  i n v e r s i o n s  of  t h e  OH g r o u p  o f  

6 
7a a n d  a u s i n e  Mitsunobu r e a c t i o n  (E + 3 - m, and * 3 + E) a r e  - 

n e c e s s a r y .  And f o l l o w i n g  c o n v e r s i o n  t o  an  SH g r o u p  by t h e  methods ment ioned  
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above gave and 9, r e s p e c t i v e l y .  T h e r e f o r e  we i n v e s t i g a t e d  more c o n v e n i e n t  

methods f o r  t h e  s y n t h e s i s  o f  3 o r  %. 

PNZ PNZ 
La '-3 7) 3) 

F i r s t ,  a s  t h e  s t a r t i n g  m a t e r i a l ,  L-rnalic a c i d  (15) was u s e d .  R e a c t i o n  of  a w i t h  

7 d i b o r a n e  gave t r i o 1  16 , q u a n t i t a t i v e l y .  Without  p u r i f i c a t i o n ,  t r e a t m e n t  o f  16 
w i t h  4 . 5  e q u i v .  o f  m e t h a n e s u l f o n y l  c h l o r i d e  and t r i e t h y l a r n i n e  gave t r i m e s y l a t e  11 

i n  81% y i e l d  f rom s. T r e a t m e n t  of 17 w i t h  a m o n i a  i n  e t h a n o l  i n  t h e  p r e s e n c e  of  

t r i e t h y l a m i n e  a t  roan t e m p e r a t u r e  f o r  3-4 d a y s  a n d  s u b s e q u e n t  t r e a t m e n t  w i t h  

p-nitrobenzyloxycarbonyl c h l o r i d e  gave & i n  68% y i e l d .  When arnidine 18 was 
- 

u s e d ,  i n s t e a d  o f  ammonia, was o b t a i n e d  i n  5 6 %  y i e l d . '  The & and 2 t h u s  

o b t a i n e d  showed t h e  same (elD v a l u e s  a s  t h o s e  o f  & a n d  o b t a i n e d  from 

L - h y d r o x y p r o l i n e .  

YOOli CH20H 
I 

82H6 , ' H Z  M s C l  - CHz 21~~2-CI 
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N e x t ,  L - a s p a r a g i n e  (lp) 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 .  The amino Rroup of  3 

was c o n v e r t e d  t o  t h e  bromo g r o u p  w i t h  sodium n i t r i t e  a n d  p o t a s s i u m  bromide  t o  

g i v e  w i t h  r e t e n t i o n  of  t h e  s t e r r u c h r r o i s t r y  i n  72% y i e l d . 9  E s t e r i f i c a t i o n  of  

20 w i t h  d i a z o m e t h a n e  a n d  s u b s e q u e n t  r e d u c t i o n  w i t h  l i t h i u m  aluminum h y d r i d e  gave - 

a l c o h o l  i n  66% y i e l d .  T r e a t m e n t  of  11 w i t h  m e t h a n e s u l f o n y l  c h l o r i d e  and 

t r i e t h y l a m i n e  gave  m e s y l a t e  i n  54% y i e l d .  R e d u c t i o n  of  Z w i t h  d i b o r a n e  a n d  

s u b s e q u e n t  t r e a t m e n t  w i t h  t r i e t h y l a m i n e  i n  e t h a n o l  a t  room t e m p e r a t u r e  f o r  1 week 

gave t h e  r i n g  c l o s u r e  compound 3, which was t r e a t e d  w i t h  p - n i t r o b e n z y l o x y -  

c a r b o n y l  c h l o r i d e  t o  g ive  i n  54% y i e l d  from z. T r e a t m e n t  of  w i t h  sodium 

t h i a l a c e t a t e  i n  d imethy l formamide  gave t h i o l a c e t a t e  w i t h  i n v e r s i o n  o f  t h e  

s t e r e o c h e m i s t r y  i n  88% y i e l d .  The t h u s  o b t a i n e d  showed t h e  same l o l l D  v a l u e  a s  

t h a t  o f  o b t a i n e d  from L - h y d r o x y p r o l i n e .  

COOH 
'9 

COOH 

2-0 

I n  t h e  t h i r d  method L - a s p a r a t i c  a c i d  (5) was used  a s  t h e  s t a r t i n g  m a t e r i a l .  The 

amino g r o u p  of  3 was c o n v e r t e d  t o  t h e  bromo g r o u p  t o  g i v e  bromide  & w i t h  

r e t e n t i o n  of  t h e  s t e r e o c h e m i s t r y  i n  80% y i e l d . 1 °  R e d u c t i o n  o f  & w i t h  d i b o r a n e  

a n d  s u b s e q u e n t  m e s y l a t i o n  g a v e  d i m e s y l a t e  8 i n  78% y i e l d .  T r e a t m e n t  of  28 w i t h  

ammonia i n  e t h a n o l  i n  t h e  p r e s e n c e  of t r i e t h y l a m i n e  a t  room t e m p e r a t u r e  f o r  1 

weck gave  3. Without  p u r i f i c a t i o n ,  was r e a c t e d  w i t h  18 t o  g i v e  i n  6 0 %  

y i e l d  from 8. T r e a t m e n t  o f  w i t h  sodium t h i o l a c e t a t e  i n  d imethy l formamide  

gave w i t h  t h e  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  i n  80% y i e l d .  The t h u s  

o b t a i n e d  showed t h e  same [ a l D  v a l u e  a s  t h a t  of  o b t a i n e d  from L-hydroxy- 

p r o l i n e .  
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I f  D - a s p a r a t i c  a c i d  i s  u sed  a s  t h e  s t a r t i n g  m a t e r i a l ,  i s  o b t a i n e d  by t h e  

methods ment ioned  above .  I n  a d d i t i o n ,  2 was a l s o  o b t a i n e d  from L - a s p a r a t i c  a c i d  

by t h e  f o l l o w i n g  methods .  Reduc t i on  o f  3 w i t h  d i b o r a n e  and subsequen t  t r e a t m e n t  

w i t h  sodium hyd rox ide  gave epox ide  2 i n  a lmos t  q u a n t i t a t i v e  y i e l d .  Wi thout  

p u r i f i c a t i o n ,  30 was mesy l a t ed  t o  g i v e  31 i n  9 3 %  y i e l d .  Trea tment  of 21 w i t h  

ammonia i n  methanol  i n  t h e  p r e s e n c e  o f  a l umina  a t  room t e m p e r a t u r e  f o r  1 day  gave 

3 2 a ,  which was r e a c t e d  w i t h  p n i t r o b e n z y l o x y c a r b a n y l  c h l o r i d e  t o  g i v e  i n  28% - 

y i e l d  from 31. The '@ t h u s  o b t a i n e d  showed t h e  same [alD v a l u e  a s  t h a t  of 

o b t a i n e d  from L-hydroxypro l ine .  

COOH NaNOZ FOOH vH201i FHzOH 

C H ~  Imr , ?HZ 8 2 ~ s  , F H ~  NaoH , C H ~  
H{NI-I~ Y.80'1. H y B r  HCBr t H 

COOt I  COOH CH20H 
0' I 
 HZ 
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Thus, both 3 and 5 could be synthesized from the cheap starting materials, 
1-malic acid, L-asparagine and L-asparatic acid in short steps. - 

EXPEP.IMENTAL 

I R  spectra were recorded on a Jasco A-102 spectrometer. Nuclear magnetic 

resonance spectra were recorded on a Varian XL-100A or a Varian EM-360L 

spectrometer. Chemical shifts are reported in parts per million ( 5 )  using 

tetramethylsilane as an internal standard. Optical rotations were recorded 

on a Perkin-Elmer 241 spectropolarimeter. 

3-(R)-HYDROXY-1-p-NITROBENZYLOXYCAPPBO1iYLPYRROLIDINE (z) from &. 
To a suspension of 3-(R)-hydronypyrrolidine hydrochloride (1.31g) in methylene 

chloride (ZOrnl), trlethylamine (1.4~1) was added under ice water bath cooling. 

After stirring for 10 min, p-nitrobenzyloxycarbonyl chloride (2.3g) and 

triethylamine (1.4~1) were added successively at O°C. After additional stirring 

for 30 min at the same temperature, the mixture was poured into water and 

extracted with methylene chloride. The extract was washed with water, dried over 

MgSOh and eiaporated to give crystals which were recrystallized from tenzene- 

ethyl acetate to give g (2.5~) as pale yellow crystals, mp 99-100°C. Yield 89%. 

NMR(CDC13) 1.8-2.2(2H, m), 3.17(1H, s ) ,  3.4-4.8(4H, a), 4.35-4.65(1H, m), 

1 5.20(2H, s), 7.52,8.17(4H, A2B2, J=8.5Hz). IR(CHC13) 3400, 1690, 1610, 1520cm- . 
[alD -18.5O (c=2.8, CHC13). Anal. Calcd for CI2Hl4N2O5: C, 54.13; E, 5.30; N, 

10.52. Found: C, 54.06; H, 5.32; N, 10.77. 

3-(R)-METHP.NESULFONYLOY.Y-l-~-NITPOBENZYLOXYCAREONYLPYFFROLIDIPIE (&) from s. 
To a solution of (3.80s) in methylene chloride (80ml), triethylamine (2.4ml) 

and methanesulfonyl chloride (1.3nl) were added dropwise simultaneously at O°C. 

After being stirred for 30 min the reaction mixture was poured into ice water and 

extracted with methylene chloride. The extract was washed with water, dried over 

MgSOll and evaporated under reduced pressure to give &. Recrystallizaticn from 

benzene gave colorless crystals (4.78g1, mp 101-102°C. Yield 97%. NMR(CDC13) 

2.0-2.6(2H, m), 3.10(3H, s ) ,  3.3-4.0(4H, m), 5.1-5.5(lH, m), 5.25(2H, s), 

7.58,8.20(4H,A2B2, J=8.5Hz). IR(KBr) 1715, 1605, 1520cm-l. ["ID -25.8O (c=0.9, 

CHC13). Anal. Calcd for C13H16N207S: C, 45.35; H, 4.66; N, 8.14; S, 9.31. 

Found: C, 45.39; H, 4.69; N, 8.17; S, 9 . 4 5 .  
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3-(s)-ACETYLTHIO-1-p-NITROBENZYLOXYCARBONYLPYRROLIDINE (s) f rom &. 
To a  s u s p e n s i o n  a f  NaH (467mg) i n  d i m e t h y l f o r m a n l d e  ( 5 0 m l ) ,  t h i o l a c e t i c  a c i d  

( 1 . 3 ~ 1 1 )  was added  d r o p w i s e  a t  O ° C  u n d e r  n i t r o g e n  a t m o s p h e r e .  To t h e  m i x t u r e  & 
( 4 . 7 8 g )  was added  a n d  t h e  m i x t u r e  was h e a t e d  t o  65OC a n d  s t i r r e d  f o r  3  h  a t  t h e  

same t e m p e r a t u r e .  A f t e r  c o o l i n g ,  t h e  m i x t u r e  was p o u r e d  i n t o  i c e  w a t e r  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 e x t r a c t  was washed w i t h  w a t e r ,  d r i e d  o v e r  

MgS04 and e v a p o r a t e d  u n d e r  r e d u c e d  p r e s s u r e  t o  g i v e  an  o i l  which was p u r i f i e d  by 

s i l i c a  g e l  column chromatography  e l u t i n g  w i t h  h e x a n e - e t h y l  a c e t a t e  ( 2 : 1 )  t o  g i v e  

9a  ( 4 . 1 4 g ) ,  mF 69-70°C. Y i e l d  9 2 % .  NMR(CDC13) 1 .8 -2 .2(2H,  m),  2 .34(3H,  s ) ,  - 

3 .2-4 .2(4H,  m),  5 .22(2H,  s ) ,  7 . 5 3 , 8 . 2 2 ( 4 H ,  A2B2, J = 9 H z ) .  IR(KBr) 1715 ,  1 6 8 5 ,  

1605 ,  1520cm-l .  [ m I D  -25.3'  (c.0.9, CHC13). A n a l .  C a l c d  f o r  C14H16N205S: C ,  

5 1 . 8 4 ;  H ,  4 . 9 7 ;  N ,  8 . 6 4 ;  S ,  9 . 8 9 .  Found: C ,  5 1 . 8 0 ;  H ,  4 . 9 0 ;  N ,  8 . 6 8 ;  S,  1 0 . 1 2 .  

3-(S)-MERCAPTO-l-p-NITROBENZYLOXYCARBONYLPYRROLIDINE (2). 

To a  s o l u t i o n  o f  ( 4 . 1 4 g )  i n  methanol  4 0 1 ,  sodium methoxide  ( 2 8 %  methanol  

s o l u t i o n ,  2 . 7 m l )  was a d d e d  a t  O ° C ,  a n d  t h e  m i x t u r e  was s t i r r e d  f o r  1 h  a t  r o a n  

t e m p e r a t u r e .  A f t e r  q u e n c h i n g  t h e  r e a c t i o n  w i t h  a c e t i c  a c i d  ( l m l ) ,  t h e  r e a c t i o n  

m i x t u r e  was c o n c e n t r a t e d  t o  h a l f  volume b y  e v a p o r a t i o n  a n d  t h e  c o n c e n t r a t e d  

m i x t u r e  was p o u r e d  i n t o  b r i n e  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 e x t r a c t  was 

washed w i t h  b r i n e ,  d r i e d  o v e r  MgSO,, a n d  e v a p o r a t e d  t o  g i v e  2 ( 3 . 4 8 g ) ,  mp 58- 

59'C. Y i e l d  9 8 % .  N M R ( C D C 1 3 )  1 . 8 1 ( 1 H ,  d ,  J = 6 H z ) ,  1 .7-2.7(2H, m), 3 .7 -4 .1(5E,  m), 

5 . 2 5 ( 2 8 ,  s ) ,  7 . 5 5 , 8 . 1 7 ( 4 H ,  A2B2, J = 8 . 5 H z ) .  IR(KBr)  1715 ,  1605,  1515cm-I. [ a l D  

+12.2O ( c = l ,  CHCl j ) .  A n a l .  C a l c d  f o r  CI2Hl4N2O4S: C ,  51 .05 ;  H ,  5 . 0 0 ;  N ,  9 .92 ;  

S ,  1 1 . 3 6 .  Found:  C ,  5 1 . 0 2 ;  H ,  4 . 8 8 ;  N ,  9 . 8 9 ;  S ,  1 1 . 5 9 .  

3-(R)-HYDROXY-1-(N-p-NITROBENZYLOXYCARBONYLACETIMIDOYL)PYRROLIDINE (m) from &. 
To a  s u s p e n s i o n  o f  (613mg) i n  m e t h a n o l  (lorn]),  sodium methoxide  ( 7 8 %  methanol  

s o l u t i o n ,  1 . 0 5 m l )  was a d d e d .  Under i c e  w a t e r  c o o l i n g ,  e t h o x y a c e t i m i d a t e  

h y d r o c h l o r i d e  ( 1 . 6 5 g )  was added  a n d  t h e  m i x t u r e  was s t i r r e d  f o r  1 h ,  a f t e r  which 

sodium methoxide  (28% methanol  s o l u t i o n ,  2.73m1) was a d d e d .  A f t e r  s t i r r i n g  f o r  

a n  a d d i t i o n a l  30 min u n d e r  i c e  w a t e r  c o o l i n g ,  t h e  s o l v e n t  was removed from t h e  

m i x t u r e  u n d e r  r e d u c e d  p r e s s u r e .  Benzene was added  t o  t h e  m i x t u r e  and e v a p o r a t e d  

u n d e r  r e d u c e d  p r e s s u r e .  The r e s i d u e  was d i s s o l v e d  i n  t e t r a h y d r o f u r a n e  (20ml)  a n d  

sodium h y d r i d e  ( 5 5 %  o i l  d i s p e r s i o n ,  218mg) was added .  To t h e  m i x t u r e ,  a  s o l u t i o n  

o f  p n i t r o b e n z y l a x y c a r b o n y l  c h l o r i d e  ( 1 . 5 g )  i n  methy lene  c h l o r i d e  ( 2 0 n l )  was 



added d ropwise .  A f t e r  s t i r r i n g  f o r  1 h ,  t h e  mix tu re  was e x t r a c t e d  w i t h  me thy l ene  

c h l o r i d e ,  washed w i th  w a t e r ,  d r i e d  o v e r  MgS04 and e v a p o r a t e d  t o  g i v e  a  r e s i d u e  

which was l oaded  t o  a  s i l i c a  g e l  column. The f r a c t i o n  e l u t e d  w i t h  e t h y l  a c e t a t e  

gave ( 1 . 0 9 g ) ,  mp 116-117°C. Y i e l d  7 1 % .  NMR(DMS0-d6) 2 .24(3H,  s ) ,  2 .7-3.5 

(5H, m), 3.5-4.2(2H, m), 4.7-5.1(1H, m), 5 .30(2H,  s ) ,  7 . 6 0 , 8 . 2 0 ( 4 ~ ,  A2B2, J = 9 H z ) .  

IR(KBr) 1675,  1610,  1580, 1520cm-l. [=ID -13.2O ( c = 0 . 3 ,  CHC13). Anal .  Calcd  

f o r  C14H17N305: C ,  54.72;  H ,  5 . 5 8 ;  N ,  13 .67 .  Found: C ,  54 .71 ;  H ,  5 . 5 8 ;  N ,  13 .62 .  

3-(R)-METHANESULFONYLOXY-1-(N-p-NITPIOBENZYLOXYCARBONYLACETIMIDOYL)PYRROLIDINE 

(e) from a. 
To a s o l u t i o n  o f  % ( 3 . 2 2 g )  i n  methylene  c h l o r i d e  ( 5 0 n l ) ,  were added 

me thanesu l fony l  c h l o r i d e  (0.931111) and t r i e t h y l a m i n e  (1 .67ml )  s u c c e s s i v e l y  unde r  

i c e  w a t e r  c o o l i n g .  A f t e r  b e i n g  s t i r r e d  f c r  30 min t h e  mix tu re  was poured  i n t o  

i c e  w a t e r  and e x t r a c t e d  w i t h  methylene  c h l o r i d e .  The e x t r a c t  was washed w i t h  

w a t e r ,  d r i e d  o v e r  MgS04 and e v a p o r a t e d  under  reduced  p r e s s u r e  t o  g i v e  an o i l  

which was loaded  t o  a  s i l i c a  g e l  column. The f r a c t i o n  e l u t e d  w i t h  e t h y l  a c e t a t e  

gave ( 3 . 6 0 g )  a s  c o l o r l e s s  c r y s t a l s ,  mp 79-81°C. Y i e l d  8 9 % .  NMR(CDC13) 

2 . 3 1 ( 3 8 ,  s ) ,  2 .0 -2 .6 (28 ,  m), 3 .05 (38 ,  s ) ,  3 .4-4.0(4H, m), 5 . 1 7 ( 2 8 ,  s ) ,  

5 .0-5 .5(1H,  m), 7 .55 ,8 .15(4H,  A2B2, Js9Hz) .  IR(CHC13) 1680,  1610,  1560,  

1525cm-I. [ e lD  -29.8' (c.1, CHC13). Anal .  Calcd  f o r  C15H19N307S: C ,  46.75;  H ,  

4 .77 ;  N ,  1 0 . 9 0 ;  S ,  8 .32 .  Found: C ,  46.87;  H ,  5 .00 ;  N ,  10 .75 ;  S, 8.29 .  

3-(S)-ACETYLTHIO-1-(N-~-NITROBENZYLOXYCARBONYLACETII.IIDOYL)PYRROLIDINE (E) from 

l l a .  - 

To a  s u s p e n s i o n  of sodium h y d r i d e  (55% o i l  d i s p e r s i o n ,  0 .735g)  i n  d ime thy l -  

formamide (30ml)  was added t h i a l a c e t i c  a c i d  (1 .25ml)  a t  O 0 C  under  a  n i t r o g e n  

a tmosphere .  A f t e r  b e i n g  s t i r r e d  f o r  10 min a t  O ° C ,  ( 4 . 0 g )  was added and t h e  

m i x t u r e  was s t i r r e d  a t  65'C f o r  3  h .  A f t e r  c o o l i n g ,  t h e  r e a c t i o n  m i x t u r e  was 

poured  i n t o  w a t e r  and 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 e x t r a c t  was washed w i t h  

w a t e r ,  d r i e d  a v e r  MgS04 and e v a p o r a t e d  unde r  reduced  p r e s s u r e  t o  g i v e  an  o i l  

which was p u r i f i e d  by s i l i c a  g e l  column chromatography.  The f r a c t i o n  e l u t e d  w i t h  

benzene -e thy l  a c e t a t e  ( 2 : l )  was c o l l e c t e d  t o  g i v e  ( 3 . 0 g )  a s  an  o i l .  

Y ie ld  79%.  NMR(CDC1 ) 1.8-2 .2(2H,  m) ,  2.30(3H, s ) ,  2.35(3H, s ) ,  3 .2-4 .2(5H,  m) ,  
3  

5.16(2H, s ) ,  7 .50 ,8 .10(4H,  A2B2. J=9Hz) .  I R ( C H C 1 3 )  1690,  1610,  1560,  1525cm-l. 
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[alD -28.3O ( c = l ,  CHC13). Anal .  C a l c d  f o r  C16H19N305S: C ,  5 2 . 5 9 ;  H ,  5.2'4; N ,  

1 1 . 5 0 ;  S, 8 . 7 7  Found:  C, 5 2 . 3 5 ;  H ,  5 . 2 5 ,  N ,  1 1 . 2 2 ;  S ,  8 . 5 0 .  

~-(~)-MERCAPTO-~-(N-~-NITHOBENZYLOXYCAREONYLACETII~IIDOYL)PYFROLIDINE ( & I .  

To a  s o l u t i o n  o f  && ( 3 . 0 ~ )  i n  m e t h a n o l  (lOOml), was added  sodium m e t h o x i d e  ( 2 8 %  

m e t h a n o l  s o l u t i o n ,  1 . 6 4 ~ 1 1 )  a t  - l O ° C ,  a n d  t h e  m i x t u r e  was s t i r r e d  f o r  30 min a t  

O°C. The r e a c t i o n  was quenched  by t h e  a d d i t i o n  o f  a c e t i c  a c i d  ( 0 . 5 m l )  and t h e  

r e a c t i o n  m i x t u r e  was c o n c e n t r a t e d  t o  h a l f  volume by e v a p o r a t i o n  u n d e r  r e d u c e d  

pr -essure .  T h e  c o n c e n t r a t e d  m i x t u r e  was p o u r e d  i n t o  b r i n e  and 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 e x t r a c t  was washed w i t h  b r i n e ,  d r i e d  o v e r  MgSO,, a n d  

e v a p o r a z e d  t o  g i v e  a n  o i l  which  was p u r i f i e d  by s i l i c a  g e l  column chromatogFaphy 

The f r a c t i o n  e l u t e d  w i t h  b e n z e n e - e t h y l  a c e t a t e  ( 2 : l )  gave & ( 2 . 0 g ) ,  rnp 78-81°C. 

Y i e l d  7 6 % .  N M R ( C D C 1 3 )  1 .7 -2 .7(3H,  m), 2 .33(3H,  s ) ,  3 .2-4.1(5H, m), 5 . 2 2 ( 2 H ,  s ) ,  

7 . 5 \ 8 . 1 7 ( 4 H ,  A2B2, J = 8 . 5 H z ) .  IR(KBr)  1670 ,  1610 ,  1 5 6 0 ,  1520cm-I. lalD t24 .8 '  

( c = l ,  C H C l  ) .  Anal .  C a l c d  f o r  CI4Hl7N3O4S: C ,  5 2 . 0 0 ;  H ,  5 . 3 0 ;  N ,  1 2 . 9 9 ;  S ,  
3 

9 . 9 2 .  Found: C ,  5 1 . 9 5 ;  H ,  5 . 2 0 ;  N ,  1 2 . 8 8 ;  S ,  1 0 . 0 8 .  

3-(S)-BENZOYLOXY-l-p-NITROBENZYLOXYCARBONYLPYRROLIDINE ( 1 3 ) .  

Under  n i t r o g e n  a t m o s p h e r e ,  t o  a  s o l u t i o n  o f  2 ( 5 0 g ) ,  t r i p h e n y l p h o s p h i n e  (98 .58)  

a n d  b e n s o i c  a c i d  ( 4 5 . 8 g )  i n  a n h y d r o u s  t e t r a h y d r o f u r a n  (800ml)  was added  a  

s o l u t i o n  o f  d i e t h y l  a z o d i c a r b o x y l a t e  ( 5 9 m l )  i n  a n h y d r o u s  t e t r a h y d r a f u r a n  (500rnl).  

A f t e r  b e i n g  s t i r r e d  f o r  2  h  a t  room t e m p e r a t u r e ,  t h e  m i x t u r e  was e v a p o r a t e d  under  

r e d u c e d  p r e s s u r e  t o  g i v e  a n  o i l .  To t h i s  o i l ,  benzene  and hexane were added  t o  

g i v e  c r y s t a l s  which were removed by f i l t r a t i o n .  The f i l t r a t e  was s t o o d  o v e r n i g h t  

t o  g i v e  c r y s t a l s ,  which were c o l l e c t e d  by f i l t r a t i o n .  The c o l l e c t e d  c r y s t a l s  

were washed w i t h  hexane-benzene t o  g i v e  13 ( 2 4 g ) .  The combined f i l t r a t e  and 

w a s h i n g s  were c o n c e n t r a t e d  a n d  t h e  r e s i d u e  o b t a i n e d  was l o a d e d  t o  a  s i l i c a  g e l  

column and e l u t e d  w i t h  b e n z e n e - e t h y l  a c e t a t e  ( 5 : l )  t o  g i v e  2 ( 2 7 g ) ,  mp 

116-118°C. Y i e l d  73%. NMR(CDC13) 2 .0 -2 .5(2H,  m ) ,  3 .5-3.9(4H, m), 5 .21(2H,  s ) ,  

5.4-5.7(1H, m), 7 .2 -7 .7(5H,  m), 7 .8-8.3(4H, m ) .  IR(KBr)  1715 ,  1605 ,  1520cm-l. 

[@ID t 5 1 . 8 '  ( c = l ,  CHC13). 

~-(S)-HYDROXY-~-E-NITROBENZYLOXYCARBONYLPYRROLIDINE (E) f r o m  13. 

Under n i t r o g e n  a t m o s p h e r e ,  sodium methoxide  ( 2 8 %  m e t h a n o l  s o l u t i o n ,  1 3 . 8 m l )  i n  

m e t h a n o l  (25ml)  was added d r o p w i s e  t o  a  s o l u t i o n  o f  13 ( 2 4 . 5 g )  i n  a n h y d r o u s  



t e t r a h y d r o f u r a n  ( 4 0 0 m l )  a n d  a n h y d r o u s  m e t h a n o l  ( 2 0 0 m l )  a t  -5°C. A f t e r  b e i n g  

s t i r r e d  f o r  1 h  a t  t h e  same t e m p e r a t u r e ,  a c e t i c  a c i d  ( 4 m l )  was added  a n d  t h e  

m i x t c r e  was e v a p o r a t e d  u n d e r  r e d u c e d  p r e s s u r e  t o  h a l f  volume and s u b s e q u e n t l y  

d i l u t e d  w i t h  e t h y l  a c e t a t e ,  washed w i t h  b r i n e ,  d r i e d  o v e r  MgS04 a n d  e v a p o r a t e d  t o  

g i v e  c r y s t a l s .  The c r y s t a l s  were washed w i t h  e t h e r  t o  g i v e  ( 1 5 . 2 g ) ,  mp 99- 

100°C. Y i e l d  @ 6 $ .  [ a l D  +19.5O ( c = 0 . 4 ,  C H C 1 3 ) .  

3- (s)-BENZOPLOX?-l-(N-~-NITROaENZYLOXYCAREONYLP.CETIMIDOYL)PYP.ROLIDINE (s) . 
Under n i t r o g e n  a t m o s p h e r e ,  t o  a  s o l u t i o n  o f  ( 4 9 g ) ,  t r i p h e n y l p h o s p h i n e  ( 8 3 . 4 g )  

and b e n z o i c  a c i d  ( 3 8 . 8 g )  i n  anhydrous  t e t r a h y d r o f u r a n  (1200ml)  was added  a  

S o l u t i o n  o f  d i e t h y l  a z o d i c a r b o x y l a t e  ( 5 0 n l )  i n  a n h y d r o u s  t e t r a h y d r o f u r a n  ( 4 5 0 m l ) .  

A f t e r  b e i n 5  s t i r r e d  f o r  2  h  a t  room t e m p e r a t u r e ,  t h e  m i x t u r e  was e v a p o r a t e d  u n d e r  

r e d u c e d  p r e s s u r e  t o  g i v e  a n  o i l .  To t h i s  o i l ,  e t h e r  (200ml)  was added t o  g i v e  

c r y s t a l s ,  which were c o l l e c t e d  by f i l t r a t i o n  and washed w i t h  e t h e r  t o  g i v e  

( 5 6 . l g ) ,  mp 129-131°C. Y i e l d  8 6 % .  N M R ( C D C 1  ) 1 .9-2 .6(2H,m) ,  2 .32 a n d  2 . 3 8 ( i n  
3  

t o t a l  3H, s x 2 ) ,  3 .5-4.1(4H, m), 5 . 2 0 ( 2 H ,  s ) ,  5 .4-5.8(1H, m), 7.2-7.7(3B,  m), 

7.8-8.3(2H, m ) ,  7 . 5 & , 8 . 1 4 ( 4 H ,  A2B2, J = 9 H z ) .  IR(KBr) 1 7 1 0 ,  1680 ,  1605 ,  1560 ,  

1 5 1 5 ~ m - ~ .  [ a l D  +63 .g0  ( c = l ,  C H C 1 3 ) .  

3-(S)-H?DROXY-1-(N-p-NITROBENZYLOXYCARBONYLACETIMIDOYL)PYRROLIDINE (E) from 3. 
Under n i t r o g e n  a t m o s p h e r e ,  sodium methoxide  ( 2 8 %  methanol  s o l u t i o n ,  1 2 . 6 m l )  i n  

m e t h a n o l  (400ml)  was added d r o p w i s e  t o  a  s o l u t i o n  of  1'1 ( 5 5 g )  i n  a n h y d r o u s  

t e t r a h y d r o f u r a n  (900ml)  a n d  a n h y d r o u s  methanol  (400ml)  a c  O ° C .  A f t e r  b e i n g  

s t i r r e d  f o r  2  h  u n d e r  i c e  w a t e r  c o o l i n g ,  a c e t i c  a c i d  ( 3 . 7 m l )  was added  a n d  t h e  

m i x t u r e  was e v a p o r a t e d  under  r e d u c e d  p r e s s u r e  t o  h a l f  volume and s u b s e q u e n t l y  

d i l u t e d  w i t h  e t h y l  a c e t a t e ,  washed w i t h  b r i n e  and d r i e d  o v e r  M@04 T h i s  e x t r a c t  

was c o n c e n t r a t e d  t o  a  volume o f  l O O m l  t o  g i v e  c r y s t a l s .  The c r y s t a l s  were 

c o l l e c t e d  by f i l t r a t i o n ,  washed w i t h  e t h y l  a c e t a t e  a n d  e t h e r  t o  g i v e  ( 3 1 g ) ,  

mp 116-117°C. Y i e l d  7 5 %  [ c i l D  + 1 3 . 5 ' ( c = l ,  CHC13). 

(2s)-1,2,4-TRIMETHANESULFONYLOXYBUTANE (11). 

Under n i t r o g e n  a t m o s p h e r e ,  b o r o n  t r i f l u o r i d e  e t h e r a t e  ( 5 0 n l )  was added  t o  a  

s u s p e n s i o n  o f  sodium b o r o h y d r i d e  ( 1 1 . 4 g )  i n  t e t r a h y d r o f u r a n  (100ml)  and t h e  

m i x t u r e  was s t t i r e d  f o r  5 min a t  room t e m p e r a t u r e .  To t h e  m i x t u r e ,  a  s o l u t i o n  o f  

1 - m a l i c  a c i d  ( 1 0 . 0 g )  i n  t e t r a h y d r o f u r a n  (100ml)  was added d r o p w i s e  and t h e  - 
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r e s u l t i n g  s o l u t i o n  was s t i r r e d  f o r  3  h  a t  room t e m p e r a t u r e .  Methanol  (200ml)  was 

added  d r a p w i s e  t o  t h e  m i x t u r e  a n d  t h e  r e s u l t i n g  s o l u t i o n  was r e f l u x e d  f o r  1 h .  

A f t e r  removal  of  t h e  s o l v e n z ,  t h e  r e s u l t i n g  r e s i d u e  was e x t r a c t e d  w i t h  

t e t r a h y d r o f u r a n  ( 1 5 0 m l ) .  The e x t r a c t  was c o n c e n t r a t e d  u n d e r  r e d u c e d  p r e s s u r e  t o  

g i v e  a  c r u d e  t r i o l  16, which c o u l d  be u s e d  i n  t h e  n e x t  r e a c t i o n  w i t h o u t  

p u r i f i c a t i o n .  To t h e  s o l u t i o n  of  c r u d e  t r i o l  i n  t e t r a h y d r o f u r a n  ( 3 0 0 m l ) ,  

t r i e t h y l a m i n e  (59.7m1) a n d  m e t h a n e s u l f o n y l  c h l o r i d e  ( 3 3 . 5 ~ 1 1 )  were added  d r o p w i s e  

and t h e  r e s u l t i n g  s o l u t i o n  was s t i r r e d  f o r  2  h  a t  O ° C .  The m i x t u r e  was 

c o n c e n t r a t e d  u n d e r  r e d u c e d  p r e s s u r e  a n d  t h e  r e s u l t i n g  r e s i d u e  was 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 e x t r a c t  was washed w i t h  w a t e r ,  d r i e d  o v e r  MgS04 and 

e v a p o r a t e d  t o  g i v e  c r u d e  t r i m e s y l a t e  a s  w h i t e  c r y s t a l s ,  which  were r e c r y s t a l l i z e d  

f rom e t h a n o l - i s o p r o p y l e t h e r  t o  a f f o r d  p u r e  ( 2 1 . 3 g ) ,  mp 79.5-80°C. Y i e l d  8 4 % .  

NMR(CDC13) 1 .9 -2 .4(2H,  m ) ,  3 . 0 5 ( 3 H ,  s ) ,  3 .08(3H,  s ) ,  3 .13(3H, s ) ,  '4.0-'4.7(4H, m), 

4 . 7 - 5 . 2 ( 1 8 ,  m ) .  IR(KBr) 1350 ,  1325 ,  1175 ,  1165cm-~.  I u l D  -24.4' ( ~ ~ 0 . 5 ,  CHC13). 

A n a l .  C a l c d  f o r  C H 0  S : C ,  2b .70 ;  H ,  4 . 7 ' 4 ;  S ,  2 8 . 2 6 .  Found:  C ,  2 4 . 8 3 ;  H ,  
7 1 6 9 3  

4 . 7 4 ;  S ,  2 8 . 5 3 .  

3-(S)-METHANSULFONYLOXY-1-pNITPOBENZYLOXYCARBONYLPYRROLIDINE (&) from 11. 

To a  s ~ s p e n s i o n  o f  (340mg) i n  e t h a n o l  ( 8 m l )  t r i e t h y l a m i n e  (0 .14ml)  was added  

and ammonia g a s  was b u b b l e d  f o r  1 h  a t  room t e m p e r a t u r e .  A f t e r  b e i n g  s t i r r e d  f o r  

j d a y s  a t  room t e m p e r a t u r e  t h e  m i x t u r e  was e v a p o r a t e d  u n d e r  r e d u c e d  p r e s s u r e .  

The r e s u l t i n g  r e s i d u e  was s u s p e n d e d  i n  methy lene  c h l o r i d e  ( 8 m l ) ,  a n d  t r i e t h y l -  

amine ( 0 . 1 4 m l )  was added .  A f t e r  s t i r r i n g  f o r  10 min,  p n i t r o b e n z y l o x y c a r b o n y l  

c h l o r i d e  ( 2 3 0 n g )  and t r i e t h y l a m i n e  (0 .14ml)  were added  s u c c e s s i v e l y  a t  O°C. 

A f t e r  b e i n g  s t i r r e d  a t  t h e  t e m p e r a t u r e ,  t h e  m i x t u r e  was p o u r e d  i n t o  w a t e r  and 

e x t r a c t e d  w i t h  methy lene  c h l o r i d e .  The e x t r a c t  was washed w i t h  w a t e r ,  d r i e d  o v e r  

MgS04 a n d  e v a p o r a t e d  t o  g i v e  c r y s t a l s  which were r e c r y s t a l l i z e d  f rom benzene  t o  

g i v e  p u r e  & (230mp) ,  mp 101-10Z°C. Y i e l d  6 7 % .  IalD +25.6O ( c = l ,  C H C 1 3 ) .  

3-(S)-METHANESuLFOliYLOXY-1-(N-pNITROBENZYLOXYCARBONYLACETIMIDOYL~PYRROLIDINE 

(G) f rom 11. 

To a  s u s p e n s i o n  of  11 (500ml)  i n  e t h a n o l  (10ml)  t r i e t h y l a m i n e  ( 0 . 2 1 m l )  was added 

and ammonia g a s  was b u b b l e d  t h r o u g h  t h e  r e s u l t i n g  m i x t u r e  f o r  1 h  a t  r a m  

t e m o e r a t u r e .  A f t e r  b e i n g  s t i r r e d  f o r  3  d a y s  a t  room t e m p e r a t u r e ,  t h e  m i x t u r e  was 

e v a p o r a t e d  u n d e r  r e d u c e d  p r e s s u r e .  The r e s u l t i n g  r e s i d u e  was s u s p e n d e d  i n  



e t h a n o l  ( 5 m l )  a n d  m e t h y l e n e  c h l o r i d e  ( l o m l ) ,  and 18 (350mg) was added  t o  t h i s  

s u s p e n s i o n .  The m i x t u r e  was s t i r r e d  f o r  6  h  a n d  l e f t  t o  s t a n d  o v e r n i g h t  a t  room 

t e r n ~ e r a t u r e .  A f t e r  d i l u t i o n  w i t h  m e t h y l e n e  c h l o r i d e ,  t h e  m i x t u r e  was washed w i t h  

w a t e r ,  d r i e d  o v e r  MgS04 a n d  e v a p o r a t e d  t o  g i v e  a p a r t i a l l y  c r y s t a l l i z e d  o i l .  

A f t e r  removing  t h e  c r y s t a l s  by f i l t r a t i o n  a n d  w a s h i n g  w i t h  e t h y l .  a c e t a t e ,  t h e  

combined f i l t r a t e  a n d  wash ing  were e v a p o r a t e d  t o  g i v e  a n  o i l  which was c h a r g e d  t o  

a  s i l i c a  g e l  column.  The f r a c t i o n  e l u t e d  w i t h  e t h y l  a c e t a t e - b e n z e n e  ( 2 : l )  gave 

l l b  (318mg).  Y i e l d  56%.  [=ID t 3 0 . 8 '  ( c = 2 . 2 ,  CHC13). 

3-(S)-BROMO-4-HYDROXYBUTANAMIDE (21). 

To a s u s p e n s i o n  of  a ( 7 g )  i n  m e t h a n o l  (100rnl) was added  a  s o l u t i o n  o f  

d iazomethane  i n  e t h e r  u n t i l  t h e  r e a c t i o n  m i x t u r e  became y e l l o w .  The s o l v e n t  was 

e v a p o r a t e d  u n d e r  r e d u c e d  p r e s s u r e  a n d  t e t r a h y d r o f u r a n  ( 7 0 ~ 1 1 )  was added  t o  t h e  

r e s i d u e .  To t h e  r e s u l t i n g  s o l u t i o n ,  l i t h i u m  aluminum h y d r i d e  ( l . 4 g )  was added  i n  

S m a l l  p o r t i o n s .  A f t e r  b e i n g  s t i r r e d  f o r  3  h ,  t h e  r e a c t i o n  was quenched w i t h  

d i l u t e d  h y d r o c h l o r i c  a c i d .  Two l a y e r s  were s e p a r a t e d  a n d  t h e  aqueous  l a y e r  was 

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 t e t r a h y d r o f u r a n  l a y e r  a n d  e t h y l  a c e t a t e  l a y e r  

were combined, washed w i t h  b r i n e ,  d r i e d  o v e r  MgS04 a n d  e v a p o r a t e d  t o  g i v e  c r u d e  

2 1  ( 4 . 3 9 )  a s  a n  a i l  which c o u l d  be u s e d  i n  t h e  n e x t  r e a c t i o n  w i t h o u t  - 

p u r i f i c a t i o n .  Y i e l d  6 6 % .  NMR(CD30D) 2 . 6 1 ( 1 H ,  d d ,  J = l 6 ,  !?Hz), 2 .98(1H, d d ,  5.16, 

GHz), 3 .6-3.8(2H, m ) ,  4 . 1 - 4 . 5 ( 1 H ,  m). I R ( n e a t )  3350, 3200,  1660,  1 6 1 0 c m - ~ .  

3-(S)-BROMO-4-METRANESULFONYLOXYBUTANAMIDE (2). 

To a  s o l u t i o n  of  3 (570mg) i n  t e t r a h y d r o f u r a n  ( l o m l ) ,  were added m e t h a n e s u l f o n y l  

c h l o r i d e  ( 0 . 4 9 m l )  a n d  t r i e t h y l a m i n e  ( 0 . 8 8 m l )  a t  O ° C  a n d  t h e  m i x t u r e  was s t i r r e d  

f o r  1 h  a t  room t e m p e r a t u r e .  The r e a c t i o n  m i x t u r e  was p o u r e d  i n t o  w a t e r  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 e x t r a c t  was washed w i t h  b r i n e ,  d r i e d  o v e r  

MgS04 a n d  e v a p o r a t e d  t o  g i v e  a n  o i l  which was l o a d e d  t o  a  s i l i c a  g e l  column. The 

f r a c t i o n  e l u t e d  w i t h  e t h y l  a c e t a t e - h e x a n e  ( 1 0 : l )  gave (443mg) a s  a n  o i l .  

Y i e l d  5 4 % .  NMR(CD30D) 2 .5-3 .0(2H,  m), 3 . 1 2 ( 3 8 ,  s ) ,  4 .4-4.6(2H, m ) ,  4 .6-4.8(1H, 

m). 

3-(S)-BROMO-l-p-NITROBENZYLOXYCARBONYLPYRROLIDINE ( 2 4 b ) .  - 

To a  s o l u t i o n  of  22 (123mg) i n  t e t r a h y d r o f u r a n  ( 1 . 5 m l ) ,  b o r a n e - t e t r a h y d r o f u r a n  

complex (1M t e t r a h y d r o f u r a n  s o l u t i o n ,  l . 4 m l )  was added  and r e f l u x e d  f a r  3  h .  The 
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s o l v e n t  was t h e n  e v a p o r a t e d  u n d e r  r e d u c e d  p r e s s u r e .  To t h e  r e s u l t i n g  r e s i d u e ,  

m e t h a n o l  (2ml)  was added  and t h e  r e s u l t i n g  m i x t u r e  was r e f l u x e d  f o r  30 min.  The 

s o l v e n t  was removed by e v a p o r a t i o n  and t h e n  e t h a n o l  ( 3 m l )  a n d  t r i e t h y l a m i n e  

( 0 . 1 4 m l )  were a d d e d .  A f t e r  b e i n g  s t i r r e d  f o r  1 week a t  room t e m p e r a t u r e ,  

t r i e t h y l a m i n e  ( 0 . 0 7 m l )  and p-nitrobenzylaxycarbonyl c h l o r i d e  (108mg) were a d d e d .  

The m i x t u r e  was s t i r r e d  f o r  10 min a t  room t e m p e r a t u r e ,  d i l u t e d  w i t h  e t h y l  

a c e t a t e ,  washed w i t h  w a t e r  and b r i n e ,  d r i e d  o v e r  MgS04 a n d  e v a p o r a t e d  t o  g i v e  a  

r e s i d u e  which was l o a d e d  t o  a  s i l i c a  g e l  column.  The f r a c t i o n  e l u t e d  w i t h  

h e x a n e - e t h y l  a c e t a t e  ( 1 : l )  gave (88 .2mg)  a s  c o l o r l e s s  c r y s t a l s ,  mp 77.5; 

79OC. Y i e l d  5 4 % .  NMR(CDC13) 2 .1 -2 .6(2H,  m ) ,  3 .4 -4 .0(4H,  m ) ,  4 .3-4.7(1H, m ) ,  

5 . 2 1 ( 2 H ,  s ) ,  7 . 4 6 , 8 . 1 5 ( 4 H ,  A2B,, J=9Hz) .  IR(CHC13) 1700 ,  1610,  1525cm-I. [ a l D  

-32' ( c = 1 . 5 ,  C H C 1 3 ) .  Ana l .  C a l c d  f o r  C12H13N204Br: C ,  43 .47 ;  H ,  3 . 9 8 ;  N ,  8 . 5 1 ;  

B ,  2 4 . 4 8 ,  Found: C ,  43 .49 ;  H ,  3 . 9 1 ;  N ,  8 .65 ;  F r ,  24 .37 .  

3-(R)-ACETYLTHIO-1-p-NITP.OBENZYLOXYCARBONYLPYRROLIDINE ( D )  from m. 
To a  s u s p e n s i o n  o f  sodium h y d r i d e  ( 5 5 %  o i l  d i s p e r s i o n ,  18mg) i n  d imethy l formamide  

( 0 . 5 m l ) ,  t h i o l a c e t i c  a c i d  ( 0 . 0 5 m l )  was added  a t  O°C u n d e r  n i t r o g e n  a t m o s p h e r e ,  

A f t e r  b e i n g  s t i r r e d  f o r  10 min a t  t h e  same t e m p e r a t u r e ,  a  s o l u t i o n  o f  11 (68.2mg) 

i n  d imethy l formamide  ( 0 . 5 m l )  was added  t o  t h e  r e a c t i o n  m i x t u r e  a n d  r e f l u x e d  f o r  3 

h .  A f t e r  c o o l i n g ,  t h e  r e a c t i o n  m i x t u r e  was d i l u t e d  w i t h  m e t h y l e n e  c h l o r i d e  and 

washed w i t h  w a t e r  a n d  b r i n e ,  d r i e d  o v e r  MgS04 a n d  e v a p o r a t e d .  The r e s i d u e  was 

l o a d e d  t o  a  s i l i c a  g e l  column. The f r a c t i o n  e l u t e d  w i t h  h e x a n e - e t h y l  a c e t a t e  

( 1 : l )  gave ( 5 9 . 4 m g ) .  Y i e l d  8 8 % .  [ " I D  t 2 5 . 4 "  ( c = l ,  CHCI3). 

2-(S)-BROMO-1,4-DIMETHANESULFONYLOXYBUTANE (8). 
Under n i t r o g e n  a t m o s p h e r e ,  b o r a n e - t e t r a h y d r o f u r a n  complex ( 1 M  t e t r a h y d r o f u r a n  

s o l u t i o n ,  75ml) was added  d r o p w i s e  t o  a  s o l u t i o n  o f  ( 4 . 9 g )  i n  t e t r a h y d r o f u r a n  

( 5 0 n l )  a t  O ° C .  The r e a c t i o n  m i x t u r e  was t h e n  s t i r r e d  f o r  5  h  a t  room 

t e m p e r a t u r e .  A f t e r  t h e  a d d i t i o n  o f  m e t h a n o l  ( l o m l ) ,  t h e  r e a c t i o n  m i x t u r e  was 

r e f l u x e d  f o r  1 h  a n d  e v a p o r a t e d  t o  g i v e  d i o l  (x). A c c o r d i n g  t o  i t s  NMR s p e c t r u m  

t h e  r e s u l t i n g  2J was a l m o s t  p u r e  a n d  c o u l d  be u s e d  i n  t h e  n e x t  r e a c t i o n  w i t h o u t  

p u r i f i c a t i o n .  The compound 2J t h u s  o b t a i n e d  was d i s s o l v e d  i n  m e t h y l e n e  c h l o r i d e  

(100ml)  a n d  s t i r r e d  w i t h  m e t h a n e s u l f o n y l  c h l o r i d e  ( 5 . 8 m l )  a n d  t r i e t h y l a m i n e  

( 1 0 . 5 m l j  a t  room t e m p e r a t u r e  f o r  1 . 5  h .  The m i x t u r e  was p o u r e d  i n t o  w a t e r  and 

e x t r a c t e d  w i t h  m e t h y l e n e  c h l o r i d e .  The e x t r a c t  was washed w i t h  w a t e r ,  d r i e d  o v e r  



Mgs04 and e v a p o r a t e d  t o  g i v e  a n  o i l  which was p u r i f i e d  by s i l i c a  g e l  column.  The 

f r a c t i o n  e l u t e d  w i t h  b e n z e n e - e t h y l  a c e t a t e  ( 1 : l )  gave  d i n e s y l a t e  8 ( 6 . 2 8 g ) .  

Y i e l d  7 8 % .  

27:  N M R ( C D C ~  ) 1 . 9 - 2 . 3 ( 2 H ,  m), 3.6-Q.O(UH, m ) ,  4 . 0 - U . j ( l H ,  m ) .  - 3  
28 :  N M R ( C D C 1  ) 2 .0-2 .5(2h ,  m) ,  3 , 0 3 ( 3 H ,  s ) ,  3.07(3H, s ) ,  4 .0-4.6(4H, m). - 3  

3-(S)-BROMO-l-(N-p-NITPOBENZYLOXYCARBONYLACETIMIDOYL)PYRROLIDINE (*). 

To a  s u s p e n s i o n  of  28 (590mg) i n  ammonia s a t u r a t e d  e t h a n o l  ( 3 0 m l ) ,  was added  

t r i e t h y l a m i n e  ( 0 . 2 3 ~ 1 1 )  a n d  t h e  m i x t u r e  was s t i r r e d  f o r  5  d a y s  a t  room 

t e m p e r a t u r e .  The r e s u l t i n g  s o l u t i o n  was t h e n  e v a p o r a t e d  u n d e r  r e d u c e d  p r e s s u r e .  

The r e s i d u e  was d i s s o l v e d  i n  e t h a n o l  (3ml)  and r e t h y l e n e  c h l o r i d e  ( 6 s i l ) ,  a n d  

s t i r r e d  w i t h  3 (il30mg) f o r  5  h  a t  room t e m p e r a t u r e .  The m i x t u r e  was d i l u t e d  

w i t h  m e t h y l e n e  c h l o r i d e ,  washed w i t h  w a t e r ,  d r i e d  o v e r  MgSO,, a n d  e v a p o r a t e d  u n d e r  

r e d u c e d  p r e s s u r e .  The r e s i d u e  t h u s  o b t a i n e d  was p u r i f i e d  by s i l i c a  g e l  column 

c h r o m a t o g r a p h y .  The f r a c t i o n  e l u t e d  w i t h  e t h y l  a c e t a t e - h e x a n e  ( 4 : l )  was 

c o l l e c t e d  t o  g i v e  (399mg) a s  a n  o i l .  Y i e l d  6 0 % .  N M R ( C D C 1  ) 2 . 0 - 2 . 6 ( 2 H ,  m), 
3  

2 .26  a n d  2 . 3 3 ( i n  t o t a l  3H, e a c h  s ) ,  3 .4 -4 .3(4H,  m ) ,  4 . 3 - 4 . 8 ( 1 H ,  m ) ,  5 . 2 3 ( 2 H ,  s ) ,  

7.60,8.20(4l!,  A2B,, J = 8 . 5 H z ) .  IR(CHC1 ) 1 6 7 0 ,  1610 ,  1 5 6 0 ,  1525cm-l .  
3  

3-(R)-ACETYLT~IO-1-(N-p-NITRO~ENZYLOXYCAPBONYLACETIMIDOYL)PYRROLIDINE (z) from 

29b.  

Under n i t r o g e n  a t m o s p h e r e ,  t h i o l a c e t i c  a c i d  ( O . l m l )  was added  t o  a  s u s p e n s i o n  o f  

sodium h y d r i d e  (558  o i l  d i s p e r s i o n ,  35mg) i n  d imethy l formamide  ( 1 O m l )  a t  O ° C .  A 

s o l u t i o n  o f  i n  d imethy l formamide  ( 2 m l )  was added  t o  t h e  m i x t u r e ,  and s t i r r e d  

f o r  3 h  a t  55OC. The r e s u l t i n g  m i x t u r e  was d i l u t e d  w i t h  e t h y l  a c e t a t e ,  washed 

w i t h  w a t e r ,  d r i e d  o v e r  MgS04 a n d  e v a p o r a t e d  t o  g i v e  a n  o i l .  T h i s  o i l  was 

p u r i f i e d  by s i l i c a  g e l  column c h r o m a t o g r a p h y .  The f r a c t i o n  e l u t e d  w i t h  

b e n z e n e - e t h y l  a c e t a t e  ( 2 : l )  was c o l l e c t e d  t o  g i v e  (212mg) a s  an  o i l .  Y i e l d  

8 0 % .  [ u I D  +28.5" ( c = 2 . 4 ,  CHC13). 

(ZR)-4-METHANESULFONYLOXY-l,2-EPOXYBUTAN (31). 

Under n i t r o g e n  a t m o s p h e r e ,  b o r a n e - t e t r a h y d r o f u r a n  complex (1M t e t r a h y d r o f u r a n  

s o l u t i o n ,  l j m l )  was added  d r o p w i s e  t o  a  s o l u t i o n  o f  & ( 0 . 9 8 g )  i n  t e t r a h y d r o f u r a n  

( l0 rn l )  a t  O D C .  The m i x t u r e  was t h e n  s t i r r e d  f o r  5  h  a t  roam t e m p e r a t u r e .  A f t e r  

t h e  a d d i t i o n  of  a q u e o u s  NaOH ( 0 . 8 g  NaOH i n  H20 Zml) ,  t h e  m i x t u r e  was r e f l u x e d  f o r  
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3 h. After cooling, anhydrous K2C03 was added to the mixture to absorb the 

water. The organic layer was separated by decantation and evaporated under 

reduced pressure. The resulting oil was dissolved i n  methylene chloride (20ml) 

and treated with methanesulfonyl chloride (lml) and triethylamine (2ml) for 30 

min at room temperature. The mixture was poured into water and extracted with 

methylene chloride. The extract was washed with water, dried over MgS04 and 

evapcrated to give an oil which was purified by silica gel column chromatography. 

The fraction eluted with benzene-ethyl acetate (1:l) gave 31 (0.77g) as an oil. 

Yield 93%. NWR(CDC1 ) 2.49(1H, dd, J=4, 2Hz), 2.78(1H, t, J=hHz), 2.95(18, m), 
3 

3.07(3H, s ) ,  4.29(2H, t, J=6Hz). 1uID 127.4' (c=0.1, CHC13). 

3-(R)-HYDROXY-1-p-NITROBENZYLOXYCAPPBONYLPYRROLIDINE (I_a) from 31. 

Alumina 6 (Super I) was added to a solution of 31 ( 3 5 6 ~ ~ )  in methanol (70mlj. 

Anmania was bubbled through the mixture for 5 h, after which it was stirred 

overnight at room temperature. After removal of alumina by filtration, the 

filtrate was concentrated under reduced pressure. The residue was dissolved in 

methylene chloride (201~1) and treated with p-nitrobenzyloxycarbonyl chloride 

(500mg) ana triethylamine (0.33ml) at O0C for 30 min. The resulting solction was 

poured into ice water and extracted with methylene chloride. The extract was 

washed with water, dried over b!gS04 and evaporated under reduced pressure. The 

residue was purified by silica gel column chromatography, eluted with benzene- 

ethyl acetate, and recrystallized from benzene-ethyl acetate to give = (160rng), 
mp 99-10O0C. Yield 28%. IalD -18.5O (c.1, CHC13). 
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