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STUDIES ON THE S1-CZ BOND CLEAVAGE REACTION OF' PENICILLINS BY 

CARBENE REACTION : SYNTHESIS OF PENICILLIN DERIVATIVE 

T e t s u j i  Kametani*, Naoakl Kanaya, Tamoka Machizuki, and Toshio Honda 

I n s t i t u t e  of Medicinal  Chemistry, Hoshl U n l v e r s ~ t y ,  Ebara 2-4-41, 

Shlnagawa-ku, Tokyo 142, Japan 

Abst rac t  - Treatment of a-dlazomalonate ( wi th  penicillin 

d e r i v a t i v e  ( - ) i n  t h e  presence  of a catalytic amount of rho- 

dium a c e t a t e  brought about t h e  f a c l l e  S1-C2 bond c leavage r eac -  

t i o n s  i n  moderate y i e l d s .  2-Dicarbaxylated p e n i c l l l i n  d e r i v a t i v e  

was syn thes ized  by employing t h e  above reac t lon  as a key s t e p .  

The i n t e r a c t i o n  of carbenes  o r  carbenoids  t o  s u l f u r  atom has been well-known reac -  

t i o n s  and has been sometimes u t i l i z e d  t o  c o n s t r u c t  an  intricate molecule.  This 

types  of  r e a c t i o n s  have a l r eady  been app l i ed  t o  the  convers ion of p e n l c i l l i n  nucleus  

2 m t o  cephalospor in  d e r i v a t i v e s  by sankyol and Takeda groups , ~ n d e p e n d e n t l y .  we 

have a l s o  been investigating t h e  application of  t h i s  carbene r e a ~ t i o n ~ - ~  f o r  t h e  syn- 

3 t h e s l s  of carbapenem d e r i v a t i v e s ,  and have r epor t ed  t h e  new carbon- in t roducing r e -  

a c t i o n  a t  t h e  C -pos i t ion  of a z e t i d i n o n e s  by t h e  r eac t ion  of a-dlazomalonate wi th  
4 

t h e  monocyclic B-lactams i n  t h e  Presence o f  a c a t a l y t i c  amount of rhodium a c e t a t e .  

I n  c o n t m u a t i o n  of our  work on t h e  s y n t h e s i s  o f  new types  of  6-lactam a n t i b r o t i c s ,  

t h e  e x t e n t i o n  of  t h e  above r e a c t i o n  was f u r t h e r  investigated. Treatment of  dl-p- 

n i t robenzy l  a-dlazomalonate ( 5 )  wi th  penicillin G methyl e s t e r  ) i n  benzene-methy- 
% 

l ene  c h l o r ~ d e  (1 : 1 v l v )  i n  t h e  presence  of a  c a t a l y t i c  amount of rhodium a c e t a t e  

y i e lded  t h e  bond-cleaved product which was, without i s o l a t r o n ,  conver ted  t o  2 by 

t r ea tmen t  wi th  t r l e thy lamine  i n  2 0 . 7  % y i e l d  from 2 .  The s t r u c t u r e  of t h e  product 

( 2 )  was determined based on i t s  s p e c t r a l  da ta  ( see  Table ) .  Similarly p e n l c i l l i n  V 

benzyl e s t e r  ( 2 )  was reac ted  wi th  2 t o  give ~n 2 4 . 3  % y i e l d .  When t h l s  r e a c t i o n  

w a s  app l i ed  t o  6-phthalimidyl d e r i v a t i v e s  (k and $1  which had no NH group a t  t h e  

C - p o s i t i o n ,  t h e  y i e l d s  o f  t h e  products  (k and 2 )  mcreased t o  8 1  8 and 7 8 . 5  % yxeld ,  6 

r e s p e c t i v e l y .  The spectroscopic d a t a ,  mlcroanalyses and y i e l d s  f o r  a l l  t h e  new com- 

pounds obta ined a r e  summarized i n  Table .  



We next turned our attention to the utilization of the product for the synthesis of 

penicillin derivative, because the preparation of additional members of this class 

is of interest from the biolog~cal point of view. Ozonolysis of &Q, followed by 

reductive work-up with dimethyl sulfide afforded the corresponding en01 (&&) in 

93 % yield. N-Chlorosuccinimide treatment of && in methylene chloride gave the 
monochloro-6-lactam ( & X I  and dichloro derivative (Ad) in 69.2 % yield in the ratio 

of 3 : 2. The former compound was then treated wlth potassium tert-butoxide to give 

rise to 2-dicarboxylated penicillin derivative (A$,) in 54 % yield. 

scheme 



2  3 (&,I R~ = Ft, R  = H ,  R  = CH Ph 
2 3 (2)  R1 = G ,  R = H ,  R  = Me 
2  3  (4) R1 = V, R  = H ,  R  = C H 2 P h  

3  (4) R' = H ,  R 2  = Ft, R  = C H 2 P h  

NMR ( C D C 1 3 )  6: 

2 . 2 6  ( 6 H ,  s ,  2  x C H 3 ) ,  4 . 1 3  ( l H ,  s ,  

S C H ) ,  5 . 1 3  ( Z H ,  s ,  C H 2 A r ) ,  5 . 2 0  ( 4 H ,  

5 ,  2  x C H 2 A r ) ,  5 . 6 6  ( 1 H .  d ,  J = 7  H z ,  

Z 4 - H ) ,  5 . 8 3  I l H ,  d, J = 7  H z ,  C3-H) 

2 . 0  ( 3 H ,  s ,  C H 3 ) ,  2 . 2  ( 3 H .  s ,  C H 3 ) ,  

3 . 7 0  ( 3 H .  5 ,  0 C H 3 ) ,  3 . 7 8  I 2 H .  5 ,  C H 2 A r ) ,  

4 . 3 3  ( l H ,  s ,  SCH:), 5 . 5 5  ( l H ,  d ,  J = 

7 . 3  Hz, C4-H) ,  6 . 9 3  ( 1 H .  d ,  J = 13 H z ,  

NHI 

2 . 0  ( 3 H .  s ,  C H 3 ) ,  2 . 2 1  ( 3 H ,  s ,  C H 3 ) ,  

4 . 4  I l H ,  s ,  SCH:), 4 . 9 0  ( 2 H ,  s ,  0 C H 2 C O ) ,  

5 . 6 5  ( l H ,  d, J = 7 . 0  Hz,  C 4  -H) , 6 . 8 6  

( I H ,  d ,  J = 1 3 . 3  H z .  NH) 

2 . 0 9  ( 3 H .  s ,  C H 3 ) ,  2 . 2 6  ( 3 H ,  s ,  C H 3 ) ,  

4 . 3 1  ( l H ,  s ,  SCH:), 5 . 4 1  I l H ,  d, 

1 = 2 . 9  H z ,  C4-H) , 5 . 7 5  ( l H ,  d ,  J = 2 . 9  

Hz, C2-H)  

Table 

3 4 0 0  (NH) , 1 7 7 0 ,  

1 7 3 5 ,  1 6 8 5  (C=O) 

1 3 4 5  ( N O 2 )  

1 2  3  
( 6 )  R  = Ft, R  = H ,  R = C H 2 P h  

1 2  3  
( 7 )  R  = G ,  R  = V ,  R  = M e  

1 2  3 
( 8 )  R  = Ft, R  = H, R  = M 2 P h  

1 2  3  
( 9 )  R  = H ,  R  = F t , R  = C H P h  2  

Anal. 1 %  
calcd 

C 4 0 H 3 2 0 1 3 N 4 S  
C ,  5 9 . 0 2  

H ,  3 . 8 6  

N,  6 . 8 5  

yield 

Found1 1 % )  



EXPERIMENTAL SECTION 

Melting p o i n t s  a r e  not  c o r r e c t e d .  I R  s p e c t r a  were measured wi th  a Hl t ach i  260-10 

spectrophotometer,  NMR s p e c t r a  wi th  JEOL PMX-60 and JNM-FX100 spect rometers  us ing 

t e t r amethy l s i l ane  a s  a n  i n t e r n a l  r e f e r e n c e .  Mass s p e c t r a  were taken wi th  a JEOL 

JMX-D300 spec t romete r .  A l l  o p t i c a l  r o t a t i o n s  were measured i n  chloroform s o l u t i o n  

on a JASCO DIP-181 po la r ime te r  us ing  a 1-dm c e l l .  

H i s  ( n l t robenz  1 1  -2-d~azomalonate  (5 )  - To a s t i r r e d  s o l u t i o n  of b i s ( p - n i t r o -  %%%%K%%%%%%w%x%%%%%%%%%cc%%%%%%%%%% 
benzyllmalonate (10 gl and p- to luenesulfonyl  a z i d e  (5.62 gl i n  d r y  a c e t o n i t r i l e  

(60 m l )  was added dropwise dry t r i e t h y l a m i n e  (2 .8  g) a t  0•‹C. Af te r  t h e  mlxture 

had been s t i r r e d  a t  room temperature  f o r  12 h ,  t h e  s o l i d  p r e c i p i t a t e d  was c o l l e c t e d  

by f i l t r a t i o n  and washed wi th  methanol t o  g ive  bis(p-nitrobenzyll-2-diazomalonate 

( 9  g ,  84.2 % I  a s  a c r y s t a l l i n e  p r e c i p i t a t e ;  I R  vCHC13 cm-I: 2150 ( N 2 ) ,  1750, 1725 
max. 

(C=Ol, and 1340 ( N O 2 )  ; NMR 1 C D C l 3 )  6 : 5.42 ( 4 H .  s ,  2 x  C H 2 A r ) ,  7.40 and 8 .23 leach 

4H, each d ,  J  = 7  Hz, A r H ) .  

~ ~ ~ ~ ~ k % k ~ ~ ~ k k k ~ k k ~ & $ ~ k % % ~ & ~ & k k % ~ % k % % ~ k )  - To a s o l u t l o n  of benzyl 68-phthalimi- 

d y l p e n i c i l l a n a t e  (1 g)  i n  dry  dimethyl formamide (20 m l )  w a s  added 60 % sodium 

hydride (93  mg) under n i t r o g e n  a t  O•‹C. Af te r  s t i r r i n g  f o r  1 h  a t  room temperature ,  

a s a t u r a t e d  aqueous ammonium c h l o r i d e  s o l u t i o n  and benzene was added. The benzene 

l aye r  sepa ra ted  was washed wi th  b r i n e ,  and d r i e d  (Na2S041. Evaporation of t h e  s o l -  

ven t  gave an o i l ,  which was chromatographed on s i l i c a  g e l  us ing  methylene chloride- 

acetone (98 : 2 v/vl  a s  e l u a n t  t o  a f f o r d  t h e  trans-compound (4) 1890 mg, 89 % I ;  

[ a l D  +140.66' ICHC13, c = 0.148) ;  I R  v:::i3 : 1780, 1740 and 1730 (C=Ol; NMR ( C D C l 3 1  

6 : 1.4 (3H, X ,  C H 3 ) ,  1.6 (3H, s ,  C H 3 1 ,  4.5 ( lH,  s ,  C 3 - H I ,  5.1 (2H, s ,  C H 2 A r ) ,  5 .2 

( 1 H .  d ,  J = 2.6 Hz, C5-H) , 7.1 % 7.9 (9H. m,  9  x A r H ) ;  M S  m& 436.1073 [dl. 

C23H20N205S r e q u i r e s  436.1091. 

General Procedure f o r  t h e  Conversion of P e n i c i l l i n s  t o  1  2-Seco e n i c l l l i n s  - 
~%%c%%C%%c%%%%%%%%%c%%%%%%%%%%%%%?i%%%%%%%%%%%%%%%%%%%%%%&%%%%%%e%%%%%%%%%% 

TO 

a s t l r r e d  s o l u t i o n  of p e n i c i l l i n  d e r i v a t i v e  - $1 (1 e q . )  and d i a z o  compound 

1 . 2  % 1 . 3  e l  I n  dry  benzene and d r y  methylene c h l o r i d e  I1 : 1 v l v )  was added a 

c a t a l y t i c  amount of rhodium a c e t a t e  a t  room temperature .  The mixture was then 

heated a t  70 % 80DC f o r  10 c 15 h. Removal of t h e  so lven t  gave an o i l y  r e s i d u e ,  

which was p u r i f i e d  by column chromatography t o  g lve  t h e  1 , 2 - s e c o p e n i c ~ l l i n s ,  whose 

so lu t ion  i n  dry methylene c h l o r i d e  was t r e a t e d  wl th  dry  t r i e t h y l a m i n e  (1.1 eq.1 a t  

O'C for 2 h .  Evaporation of t h e  s o l v e n t  gave an o i l y  r e s i d u e ,  which was p u r i f i e d  

by column chromatography t o  g i v e  t h e  compounds ( - ]  whose S -C2 bond was c leaved.  1  

The spect roscopic  da ta  f o r  a l l  t h e  new compounds prepared (6 - 21 were summarlzed 
lu 
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i n  T a b l e .  

~X&k&8ke~txk-Xc~d2E~%&L;4;Q&zd~%&k6~ke~txk~%xe%~k~%xkL~ekkxkkkkxcXcxte;2~ekkQckk- 
~ & d ~ k ~ i t ~ % k & ~ & Q X k 1 ; ~ 2 ~ k X Q & Q t X ~ 6 Q k X R ~ k % a d k k '  - TO a s t i r r e d  solution o f  p - n i t r o -  

b e n z y l  68-phthalimidylpenicillanate I ( 200  mgl and t h e  a b o v e  dlam compound (51 

( 1 7 0  mg) i n  d r y  b e n z e n e  (10  ml) a n d  d r y  m e t h y l e n e  c h l o r i d e  ( 1 0  m l l  was  a d d e d  a 

c a t a l y t ~ c  amoun t  o f  r h o d l u m  a c e t a t e  a t  room t e m p e r a t u r e .  The  m i x t u r e  w a s  t h e n  h e a t -  

e d  a t  70 a 8O0C f o r  10  h .  Removal o f  t h e  s o l v e n t  gave  a n  o i l ,  w h i c h  was c h r o m a t o -  

g r a p h e d  o n  s i l l c a  g e l  u s i n g  b e n z e n e - a c e t o n e  ( 9 7 1 3  a 9614 v l v )  as e l u a n t  t o  a f f o r d  

t h e  compound I ( 3 0 6  mg, 86  % ) ;  IR v:::i3 cm-I : 1 7 8 0 ,  1 7 4 5 ,  1730 (C=O) ,  a n d  1350 

(NO2) ; NMR (CDC13) 6 : 1 . 9 5  (3H,  s ,  CH3) ,  4 . 5  ( l H ,  s ,  s C H < I ,  4 .76  ( ( l H ,  s ,  N-CH:) , 

5 . 4  ( l H ,  d ,  J = 4 . 5  Hz, C4-HI ,  5 . 5 0  ( l H ,  d ,  J = 4.5  Hz ,  C  -HI.  3  

A  s o l u t i o n  o f  t h i s  compound I ( 3 0 6  mgl i n  d r y  m e t h y l e n e  c h l o r ~ d e  ( 3 5  ml l  was  

o z o n i z e d  a t  -7H•‹C u n t i l  t h e  s o l u t l o n  t u r n e d  b l u l s h - g r e e n .  When t h e  excess o z o n e  

had  b e e n  p u r g e d ,  d i m e t h y l  s u l f i d e  (1 m l )  was a d d e d  a n d  t h e  s o l u t i o n  was  a l l o w e d  t o  

s t a n d  a t  room t e m p e r a t u r e  f o r  12  h .  The  o r g a n i c  l a y e r  w a s  washed  w l t h  w a t e r  a n d  

w i t h  b r i n e  a n d  d r i e d  (Na2S041.  E v a p o r a t i o n  o f  t h e  s o l v e n t  g a v e  a n  o i l y  r e s l d u e ,  

w h i c h  was  p u r l f i e d  b y  c o l u m n  c h r o m a t o g r a p h y  u s i n g  m e t h y l e n e  c h l o r i d e - a c e t o n e  198 : 

2  v / v l  a s  e l u a n t  t o  g i v e  t h e  rno l - compound  111) 1285 mg, 9 3  % ) ;  l a l D  -61 .61 '  1CHCl3, 
%% 

c = 0 .091 ;  NMR (CDCl3I 6 : 2 . 3 3  (3H,  s ,  CH3),  4 .15  ( I H ,  s ,  sCHCI, 5 . 6 0  ( l H ,  d ,  J = 

5 . 5  Hz, C4-HI,  5 . 7 5  L ~ H ,  d ,  J = 5 . 5  Hz, C3-HI ; Anal. c a l c d  f o r  C  39H27N5016S : C '  

5 4 . 7 0 ;  H, 3 . 3 5 ;  N ,  7 . 8 8 .  Found : C ,  5 4 . 7 4 ;  H, 3.42; N ,  8 . 1 9  %. 

K:i::2k:~:xk%?;:kk252;?;Ld22~t~k;t~kizL~%kkKek%::x&%~x%~5k%txkk2%kkxk~ki%ct<%~%G 
2;EkkkRtwi$2;keaki%i~x&L~%~k%e::keke~Lkt.1~ecd,&i2i~~%k~ttxk~?;Ckk2~%;k~LL2E~tEk- 
t~L:kt~k%;ki~k~ikki~b,:c~xkx~x:~r~k%~xk.1t?:.~.kxIEkk.t~~~~~o,~o,;2~~kkk%kk~id,%~tc~t~k~$.ttx.tL- 
a c e t o a c e t a t e  ( 1 3 )  - %~%%aa%2.%aaa2.%""2. A  s o l u t i o n  o f  t h e  a b o v e  en01 k e t o n e  I ( 1 . 0 5  g )  a n d  N- 

c h l o r o s u c c i n ~ r n i d e  ( 1 6 7  mg) i n  d r y  m e t h y l e n e  c h l o r i d e  ( 5 0  m l )  was  s t i r r e d  f o r  1 . 5  h  

a t  -78-C u n d e r  n i t r o g e n .  A f t e r  f i l t r a t ~ o n  of t h e  r e a c t i o n  m i x t u r e ,  t h e  f i l t r a t e  w a s  

e v a p o r a t e d  t o  g i v e  a n  011, w h i c h  was  c h r o m a t o g r a p h e d  o n  s l l i c a  g e l  u s i n g  m e t h y l e n e  

c h l o r i d e - a c e t o n e  ( 9 8  : 2  v l v )  a s  e l u a n t  t o  a f f o r d  t h e  d i c h l o r o  compound I ( 3 2 0  mg, 

CHC13 cm-' : 1 8 0 0 ,  1 7 5 0 ,  1730  (C=Ol ,  27 .6  8 ) ;  [ e l D  -90.97O (CHC13, c = 0 . 0 3 8 ) ;  IR vmax, 

a n d  1350 (NO2);  NMR (CDC1 1 6 : 2 .64  (3H.  s ,  CH31, 5 . 2 3  (2H. S .  CH2Ar) ,  5 . 2 9  IZH, 5 ,  
3  

CH2Arl .  5 . 3 9  (ZH, s ,  CH2Ar) ,  5 . 8 0  ( I H ,  d ,  J = 5.2  Hz, C4-HI,  5 . 9 3  (1H. d ,  J = 5 . 2  H z ,  

C3-HI ; A n a l .  c a l c d  f o r  C  H  O  N SC12 : C ,  5 1 . 1 5 ;  H ,  2 . 8 9 ;  N, 7 . 3 7 .  F o u n d :  C ,  50.66; 39 27 16  5  

1%. 2.44: N, 7 . 5 8  '6. F u r t h e r  e l u t i o n  w l t h  m e t h y l e n e  chloride-acetone ( 9 7  : 3  % 96 : 4  

V / V )  g a v e  t h e  m o n o c h l o r o  compound I  ( 4 5 0  mg, 41.6 8 ) ;  I n l D  -60.34'  1CHCl3, c = 



0 . 0 4 4 ) ;  IR v:::l3 cm-' : 1 7 9 5 ,  1 7 5 0 ,  1730  (C=O),  a n d  1350 (NO2);  NMR (CDCl31 6 : 

2.60 (3H. s ,  CH31, 4 . 3 3  I lH ,  s ,  SCH:); Anal. c a c l d  f o r  CjgH28016N5SC1 : C ,  5 2 . 2 3 ;  

H, 3.04; N, 7 . 6 2 .  Found : C ,  5 2 . 6 2 ;  H, 3 . 1 7 ;  N, 7 .86  8 .  T h u d  e l u t i o n  w i t h  me thy -  

l e n e  c h l o r i d e - a c e t o n e  (96  : 4 v l v )  g a v e  t h e  s t a r t i n g  m a t e r i a l  & ( 3 0 0  mg) . 

g - N i t r o b e n z  1 i5R 6 R l - 3 - A c e t ~ l - 2 - b i s ~ n i t r o b e n ~ ~ l o x ~ c a r b o n ~ l ~ - ~ - ~ Q ~ Q ~ & ~ ~ ~ ~ ~ & ~ ~ ~ ~ ~ -  
%55%%%%5%2~%5%5%~5%%%%5%%55 %%%%%%% %%%%%5%% %%% 5"u%55% % 5 % 

3-carbox l a t e  ( 1 4 k  - 
%%5%%5%%Xb%%%C55% 

TO a s t i r r e d  s o l u t i o n  o f  t h e  a b o v e  m o n o c h l o r o  compound I&&) 

( 3 0 0  mg) i n  d r y  t e t r a h y d r o f u r a n  ( 2 0  m l )  w a s  a d d e d  d r o p w i s e  a s o l u t i o n  o f  p o t a s s i u m  

t e r t - b u t o x i d e  ( 3 9  mg) i n  d r y  x - b u t a n o l  ( 1 0  m l )  a t  -15-C u n d e r  nitrogen. A f t e r  

s t i r r i n g  f o r  2  h  a t  -10 % -15-C,  m e t h y l e n e  c h l o r l d e  a n d  b r m e  w e r e  a d d e d  a n d  t h e  

m i x t u r e  w a s  a l l o w e d  t o  s t a n d  a t  room t e m p e r a t u r e .  The  m e t h y l e n e  c h l o r i d e  l a y e r  

w a s  s e p a r a t e d  a n d  d r i e d  i N a 2 S 0 4 ) .  E v a p o r a t i o n  o f  t h e  s o l v e n t  g a v e  a n  o i l y  r e s i d u e  

w h i c h  was p u r i f ~ e d  by column c h r o m a t o g r a p h y  u s i n g  m e t h y l e n e  c h l o r i d e - a c e t o n e  ( 9 8  : 

2  v l v )  as e l u a n t  t o  g l v e  t h e  penam compound I ( 1 9 0  mg, 66  % I  a s  a c o l o r l e s s  p l a t e s ,  

m.p .  249 % 251DC ( f r o m  m e t h y l e n e  c h l o r i d e - n - h e x a n e l ;  I n l D  +108.54O (CHC13, c = 0 . 0 1 9 ) ;  

IR vEX:3 c m - I  : 1 8 0 5 ,  1 7 6 0 ,  1 7 3 5  IC=O),  a n d  1 3 5 0  (NO2);  NMR (CDC13) 6 : 2 . 5 1  (3H, 

s ,  CH3),  5 . 6 3  (1H. d ,  J = 4 . 3  Hz, C5-HI, 5 . 7 5  ( l H ,  d ,  J = 4 . 3  Hz, C6-HI; &. c a l c d  

f o r  C39H28015N5S.CH2C12 : C, 5 1 . 1 7 ;  H, 2 . 8 5 ;  N, 7 . 3 3 .  Found : C, 5 1 . 1 8 ;  H, 3 .14 ;  N ,  

7 . 4 6  %. 
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