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Abs t rac t  - Two u s e f u l  r o u t e s  t o  sodium (5R,6S)-2-(2-fluoroethyl- 

thioI-6-[~1R)-l-hydroxyethyllpenem-3-carboxylate (1) v i a  t r i t h i o -  - 
carbonate  ( 3 )  a r e  r epor t ed .  An in t r amolecu la r  Wi t t ig  r e a c t i o n  - 
of 6 and an oxalimide c y c l i z a t i o n  of 9 wi th  phosphi te  a re  employed - - 
a s  key s t e p s .  

In  a proceeding paper , '  we desc r ibed  t h a t  sodium (5R,6S)-2-(2-fluoroethylthio)-6- 

[~1R)-l-hydroxyethylIpenem-3-carboxylate (1) had p o t e n t  i n  v i t ~ o  a c t i v i t y  aga ins t  - 
both gram-posit ive and gram-negative organisms. 

I n  t h e  previous  s y n t h e s i s ,  a l k y l a t i o n  of thioxopenam f o r  t h e  in t roduc t ion  of 2- 

f l u o r o e t h y l t h i o  s i d e  chain  had been e f f e c t e d ,  b u t  with l e s s  s a t i s f a c t o r y  r e s u l t s  

from t h e  viewpoint  of p r a c t i c a l  s y n t h e s i s .  Consequently,  a  more e f f i c i e n t  and 

p r a c t i c a l  r o u t e  t o  1 was r equ i red .  We r e p o r t  h e r e  e f f i c i e n t  syntheses  of 1 via - - 
t r i t h i o c a r b o n a t e  3. In  t h e  f i r s t  a t t empt ,  t h e  t r i t h i o c a r b o n a t e  3 could  no t  be - - 
prepared from (3R,4R)-4-acetoxy-3-~~1R)-l-(t-butyldimethylsilyloxy)ethyl]-2- 

aze t id inone  ( 2 )  under usual   condition^,^ because of i n s t a b i l i t y  of 2-f luaroethyl  - 
mercaptide anion and 2-f luoroethyl  t r i t h i o c a r b o n a t e  an ion .4  Very l i m i t e d  r eac t ion  

c o n d i t i o n s ,  t h a t  i s ,  low temperature  and a d d i t i o n  of l i t h i u m  o r  sodium methoxide t o  

t h e  coex i s t ence  of carbon d i s u l f i d e  and 2-f luoroethyl  t h i o a c e t a t e ,  were use fu l  f o r  

t h e  p repa ra t ion  of t r i t h i o c a r b o n a t e  3 .  - 
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Thus, l i t h i u m  methoxide was added t o  t h e  mixture  of  2-f luoroethyl  t h i o a c e t a t e  and 

carbon d i s u l f i d e  (equimolar amounts) i n  methanol a t  -15°C and t h e  mixture was 

s t i r r e d  a t  -15-C f o r  30-35 min. To t h i s  s o l u t i o n ,  4-acetoxyaaetidinone 2 was - 
added a t  -15%-18-C and t h e  mixture was s t i r r e d  a t  t h e  same temperature f o r  2 h .  

Af te r  a d d i t i o n  of a c e t i c  a c i d ,  t h e  usual  work-up gave 3  i n  78.2% y i e l d .  Under a - 
s i m i l a r  c o n d i t i o n ,  sodium methoxide was a l s o  e f f e c t i v e  t o  a f f o r d  3 i n  7 0 %  y i e l d .  - 
Reaction of  3  with p-ni t robencylglyoxyla te  hydra te  l e d  t o  t h e  d ia s t e reomer ic  mix - 
t a r e  of hemiaminals 4 i n  978 y i e l d . 5  Conversion of 4 i n t o  t h e  c h l o r i d e  5 was car -  - - - 
r i e d  o u t  by r e a c t i n g  wi th  t h i o n y l  c h l o r i d e  and 2 , 6 - l u t i d i n e  i n  t e t r ahydro fu ran  a t  

-15%-20°C. To t h i s  s o l u t i o n ,  t r iphenylphosphine  and 2 . 6 - l u t i d i n e  were added 

wi thout  i s o l a t i o n  of 5 ,  and t h e  mlxture was mi ldly  hea ted  t o  g i v e  t h e  phosphorane - 
6  i n  a y i e l d  of 50% over t h e  two s t e p s .  Cyc l i za t ion  of 6  was achieved by hea t ing  - - 
a t  120°C f o r  1 4  h  i n  t h e  presence  of a small  amount of hydroquinone. Chromatography 

of t h e  r e a c t i o n  product  gave a 7 4 %  y i e l d  of t h e  t r a n s  penem 7  and a 15% y i e l d  of - 
t h e  c i s  penem. The formation of t h e  c i s  penem can be expla ined by t h e  equ i l ib r ium 

r e a c t i o n  of t h e  t r a n s  and cis isomers v i a  b e t a i n e  in t e rmed ia te2  under t h e  c y c l i z a -  

t i o n  cond i t ions  of 6.  A s  desc r ibed  i n  t h e  previous  pape r , '  7 was converted i n t o  1 - - - 
by removal of t -bu ty ld ime thy l s i ly l  and PNB groups.  I n  t h i s  sequence, o v e r a l l  

y i e l d  of 1 from 2 was 208, which was improved i n  comparison with t h a t  of t h e  p rev i -  - - 
ous thioxopenam r o u t e .  I n  t h e  second a t t empt ,  oxalimide c y c l i z a t i o n  r e a c t i o n s  6  
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S c h e m e  2 
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which were independently developed by Sankyo re sea rch  group and Schering research 

group have been a p p l i e d  t o  t h e  more e f f i c i e n t  penem s y n t h e s i s  of 1. The p -n i t r a -  - 
benzyloxalimide 9 was prepared i n  q u a n t i t a t i v e  y i e l d  by t h e  r e a c t i o n  of 3  wi th  - - 
p-n i t robenzy loxa ly l  c h l o r i d e  and di isopropyle thylamine i n  methylene c h l o r i d e  a t  

O ' L 5 O C .  Treatment of 9 wi th  t r i e t h y l  phosphi te  ( 2  e q . )  i n  r e f l u x i n g  chloroform - 
f o r  16 h  a f f o r d e d  t h e  t r a n s  penem 7 15381, t h e  phosphonium y l i d e  13 (13%) and the  - - 
reduced product  1 5  ( 2 % ) ,  which were sepa ra ted  by s i l i c a  g e l  chromatography. On t h e  - 
o t h e r  hand, p r e p a r a t i o n  of a l ly loxa l imide  followed by c y c l i z a t i o n  r e a c t i o n  o f  1 0  - 
with  t r i e t h y l  phosphi te  gave the t r a n s  penem 11 i n  a high y i e l d  (7181, t h e  phos- - 
phonium y l i d e  1 4  (881 , t h e  reduced product  16 1 2 % )  , t h e  cyclopropane compounds 17 - - - 
1 4 % )  and 18 (281. The s t e reochemis t ry  of 18 was e s t a b l i s h e d  by X-ray c r y s t a l l o -  - - 
graphy a s  shown i n  F igure  l .7 The convers ion of 11 i n t o  1 was achieved i n  a high - - 
y i e l d  of 808 over two s t e p s .  by removal of t -bu ty ld ime thy l s i ly l  group followed by 

t h e  McCombie procedure8 f o r  a l l y l o x y  c leavage.  Thus, o v e r a l l  y i e l d s  of 1 from 2 - - 
were 30% v i a  t h e  PNB e s t e r  9 and 44.5% v i a  t h e  a l l y 1  e s t e r  10 ,  r e s p e c t i v e l y .  - - 
Evident ly  t h e  o v e r a l l  y i e l d  of 1 was much improved by applying the oxalimide c y c l i -  - 
za t ion  r e a c t i o n .  From t h e  mechanis t ic  p o i n t s  of view, t h e  phosphonium y l i d e s  13 - 
and 1t were r e s p e c t i v e l y  r e f luxed  i n  chloroform under s i m i l a r  cond i t ions  t h a t  

employed f o r  t h e  c y c l i z a t i o n  of  9 and 10 ,  b u t  no d e t e c t a b l e  amount of c y c l i z a t i o n  - - 



Figure  1. P r o j e c t i o n  of t h e  s t r u c t u r e  of 18. - 
products  ( 7  and 11) was observed.  C y c l i r a t i o n  of t h e  y l i d e s  13 and 1 4  proceeded - - - - 
a t  12S°C i n  xylene  f o r  7 h  t o  g i v e  t r a n s  and c i s  mixtures  of 19 - (cis : t r a n s  = 
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ca. 1 : 3 . 5 )  and 2 0  (cis :trans = ca. 1 :  4 )  i n  5 6 %  and 6 0 %  y i e l d ,  r e s p e c t i v e l y .  - 
These f a c t s  seem t o  show t h a t  t h e  formation of t h e  trans penems - 7 and 11 - i s  no t  

via 13 and 1 4  bu t  via e p i s u l f i d e s  2 1  and 2 2 ,  because e p i s u l f i d e s  a r e  r e a d i l y  - - - - 
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desu l fu r i zed  t o  o l e f i n s  wi th  t r i e t h y l  phosphi te .  A l l  t h e  products  i n  the  oxalimide 

c y c l i z a t i o n  r e a c t i o n  can be explained by carbene in t e rmed ia te s  23 and 24 which a r e  - - 
proposed by two groups.6 The phosphonium y l i d e s  13 and 1 4  a r e  formed by t h e  reac- - - 
t i o n s  of 23 and 2 4  with t r i e t h y l  phosphi te .  The reduced products  15 and 16 a r e  - - - - 
formed by hydro lys i s  of 13 and 1 4 .  The carbene 24 a l s o  r e a c t s  in t r amolecu la r ly  t o  - - - 
t h e  double bond t o  g i v e  t h e  isomeric cyclopropane d e r i v a t i v e s  17 and 18.  I n  con- - - 
elusion, t h e  use  of t h e  above r o u t e s  t o  I ,  e s p e c i a l l y  t h e  oxalimide r o u t e ,  o f f e r s  - 
many p r a c t i c a l  advantages over u t i l i z i n g  a l k y l a t i o n  of thioxopenam. 

REFERENCES 

1 .  A preliminary account of t h i s  work was p resen ted  a t  t h e  9 th  International 

Congress of  He te rocyc l i c  Chemistry,  Tokyo, Aug. 21-26, 1983. 

2. I. Kawamoto, T. Miyadera, Y .  Sugimura, T. Tanaka, K .  I i n o ,  and S. Sugawara, 

Japan Kokai Tokkyo Koho JP 83-35190, Mar. 1 ,  1983, P r i o r i t y  Claim, Aug. 25, 

1981; I .  Kawamoto, R. Endo, and S.  Sugawara, J. A n t i b i o t i c s ,  submitted f o r  

p u b l i c a t i o n .  

3. M .  Lang, K .  Prasad,  J. G o s t e l i ,  and R . B .  Woodward, Helv. Chim. Acta,  6 3 ,  1093 - 
11980); T. Hayashi, A. Yoshida. N .  Takeda. S. Oida,  S. Sugawara, and E .  Ohoki, 

Chem. Parm. B u l l . ,  29, 3158 (1981) ;  V.M. G i r i j a v a l l a b h a n ,  A.K. ~ a n g u l y ,  - 
S.W. McCombie, P. P i n t o ,  and R. Rizvi ,  Tetrahedron L e t t . ,  22, 3485 (1981) .  - 

4 .  Treatment of 2-fluoroethyL t h i o a c e t a t e  wi th  CD30Li i n  CD OD a t  - 1 2  s -15OC 
3 

gave e thy lene  s u l f i d e  and CH3COOCD3 i n  q u a n t i t a t i v e  y i e l d .  Furthermore. 

CD30Li was added t o  t h e  mixture of 2-f luoroethyl  t h i o a c e t a t e  and carbon 

d i s u l f i d e  i n  CD OD a t  - 1 4  % -15'C, and then t h e  mixture  was s t i r r e d  a t  0 z 
3 

5'C f o r  1 h t o  g i v e  a mixture of  CH3COOCD3 l ca .  l o o % ) ,  e thy lene  t r i t h i o -  

ca rbona te  (17%) and e thy lene  s u l f i d e  ( 8 3 % ) .  

5. I .  Ernes t ,  J .  G o s t e l i .  C.W. Greengrass ,  W. Holick,  D.E. Jackman, H . R .  

P faend le r ,  and R . B .  woodward, J. Am. Chem. Soc. ,  LO:, 8214 (1978) .  

6. a)  A .  Yoshida, T. Hayashi, N .  Takeda, S. Oida and E .  Ohki, Chem. Pharm. 

m., 31, 768 (1983) .  b )  A .  Afonso, F .  Hon, J. Weinste in ,  A . K .  Ganguly, and - 
A.T. McPhail, J. Am. Chem. Soc. ,  1 0 4 ,  6138 (1982) .  -- 

7. The c r y s t a l  da ta  a re :  a = 20.309 ( 5 )  A ,  h = 10.314 (1) A ,  c = 6.314 (1) A, 

0 = 91.18 ( Z ) ' ,  space group P2=. Block-diagonal l e a s t - s q u a r e s  ref inement  

with t h e  a n i s o t r o p i c  temperature  f a c t o r s  reduced t h e  R va lue  t o  0.142. The 

thermal parameters  of t h e  t - b u t y l d i m e t h y l s i l y l  group of 18 a re  l a r g e  due t o  - 



some disorder. 

8. P.D. Jeffrey and S.W. McCombie, J. Org. Chem., 57, 587 (1982). 

9. Physical Data: Proton nmr chemical shifts in ppm with proton numbers, 

absorption patterns and coupling constants in Hz in parentheses (60 MHz nmr 

in CDC13, tetramethylsilane as an internal standard unless otherwise speci- 

fied). 2: mp 106 - 107OC; nmr: 0.89 (9H, s ) ,  1.21 (3H, d, 6), 3.20 (1H, t, 

2). 3.68 (2H, dt, 21, 6), 4.00-4.50 ( l ~ ,  m), 4.59 (ZH, dt, 47, 61, 5.65 (1H. 

d, 2). 6.65 (lH, br s). 6: nrnr: 0.68-0.95 (9H, m), 1.03-1.40 (3H, m), 2.30- 

3.14 (lH, m), 3.64 (2H, dt, 21.5, 61, 3.95-4.40 (lH, m), 4.55 (2H. dt, 46, 6). 

4.62-5.38 (3H, m), 7.28-8.30 (19H, m). 11: mp 89-90'C; nmr 190 MHz): 0.88 - 
19H, s ) ,  1.25 13H, d, 6), 3.02-3.44 /2H, m), 3.67 IlH, dd, 4, 21, 4.60 (2H, 

dt, 46, 6). 4.03-4.38 (IH, m), 4.70 (2H, dm, 6), 5.12-5.53 (2H. m), 5.63 (1H. 

d, 2), 5.64-6.18 (lH, m). 12: nmr 0.85 (9H, s ) ,  1.28 (3H, d, 6), 1.35 (9H, 

t, 6), 2.94-3.28 (1H. m), 3.68 (2H, dt, 27, 6), 3.78-4.41 (7H, m), 4.50 (2H, 

dt, 47, 6), 5.13 (2H, s ) ,  6.15 IlH, m), 7.46, 8.12 (4H, A2B2, 9). 14: nmr: - 
0.86 (9H, s ) ,  1.30 (ZH, d, 6), 1.31 (9H, t, 61, 2.91-3.28 (lH, m). 3.63 IZH, 

dt, 21, 6), 3.88-4.60 (7H, m), 4.52 (ZH, dt, 46, 61, 4.96-6.22 (4H, m). 

15: nmr: 0.86 (9H, s ) ,  1.30 (3H, d, 61, 3.32 (lH, dd, 6.5, 2.5), 3.66 (2H, - 
dt, 21.5, 61, 3.94 IlH, d, 16). 4.32 (IH, d, 16). 4.60 (ZH, dt, 46, 6). 

5.32 (ZH, s ) ,  6.38 (lH, d, 2.5), 7.60, 8.26 (4H, A2B2, 9). 16: nmr (90 MHz): - 
0.88 (9H, 5 ) .  1.28 (3H, d, 6), 3.33 (In, dd, 6, 2.5). 3.70 (ZH, dt, 21.5, 6). 

3.82, 4.20 12H, AB, 181, 4.15-4.48 (lH, rn), 4.60 (ZH, dt, 46, 61, 4.65 (2H, d, 

61, 5.18-5.50 (2H, m), 5.71-6.16 (18, m), 6.10 (lH, d, 2.5). 17: nmr (90 - 
MHz): 0.90 (9H. s ) ,  1.23 (3H, d, 6). 1.30 (lH, t, 6). 1.98 (lH, dd, 9, 61, 

2.40-2.65 (lH, m), 3.35 (lH, t, 2.5). 3.74 (2H, dt, 21.5, 6). 4.00-4.50 (3H, 

m), 4.63 (2H, dt, 46, 61, 6.28 (1H. d, 2.5). 18: mp 78-79T; nmr (90 MHz): - 
0.90 (9H. s ) ,  1.28 (3H. d, 6). 1.37 ( 1 ~ .  t, 6), 1.88 (1H. dd, 9, 6). 2.27- 

2.55 IlH, m), 3.28 (1H. dd, 6, 2.5). 3.75 (2H. dt, 21.5, 6), 3.95-4.50 (3H, 

m), 4.63 (2H, dt, 46, 6), 6.22 (lH, d, 2.5). 

Received, 28th May, 1986 


