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CHEMISTRY OF SECOPENICILLINS.  PART I:  
THE NAYLER REACTION REVISITED 

C h i n g - P o n g  Mak and Hans Fliri  
SANDOZ F o r s e h u n g s i n s t i t u t  

B r u n n e r s t r a B e  59, A-1235 Wien, A u s t r i a  

A b s t r a c t :  Reac t ion  of s e v e r a l  penic i l l in  d e r i v a t i v e s  l a - l g  with sodium h y d r i d e / m e t h y l  iod ide  
p a v e  secopenie i l l ins  2a-2g .  A mechanism fo r  th i s  react1-:'on--~s p r o p o s e d .  

In 1971, Nayler  and  e o w o r k e r s  l a  r e p o r t e d  a nove l  r i n g  c l eavage  reac t ion  of  methyl  6 6 - ( t r i -  

pheny lme thy lamino)pen ic i l l ana te  l a  with s t r o n g  a n h y d r o u s  b a s e  (Nai l ,  KtOBu) and methyl  

iodide  to g ive  t h e  seeopenie i l l in  2a. S u b s e q u e n t l y  t h e y  also showed  tha t  t h i s  r eac t ion  is  

appl icable  to 6 ,6 -d ib romopen ic i l l ana t e  l b  b u t  not  to acy laminopenic i l l ins ,  methyl  penic i l lana te  

and 6~-bromopen ic i l l ana te ,  and t h e  p r inc ipa l  p r o d u c t s  ob ta ined  a r e  of  s t r u c t u r e  3 l b ' c .  Detai ls  

of t h i s  r eac t ion  a r e  not  well u n d e r s t o o d  2. 

The  a d v e n t  of  t he  nonc lass ica l  ~ - lac tams  3 and  the  obv ious  po ten t i a l  of  penic i l l in  as p r e c u r s o r  

fo r  t h e i r  s y n t h e s i s  has  p r o m p t e d  many worke r s  to s t u d y  th i s  r eac t ion  with  d i f f e r e n t  C6 

s u b s t i t u e n t s .  S i l y l e t h e r s  of  l c  h a v e  b e e n  s u c c e s s f u l l y  used  in  th i s  p r o c e s s  by  the  Merck 

4 ; in g roup  in t h e i r  s y n t h e s i s  of  th i enamyc in  from penic i l l in  and b y  Hirai  and ooworkers  5 

addi t ion  the  l a t t e r  g roup  d i s c o v e r e d  tha t  2b ob ta ined  from lb  is  comple te ly  racemie ! We h a v e  

been  making e x t e n s i v e  use  of  l b  in connec t ion  with o u r  ea rbapenem p rog ram and  have  i n d e -  

p e n d e n t l y  i n v e s t i g a t e d  t h e  scope  and mechanism of t he  Nayler  r e a c t i o n .  Tab le  I summarizes  

ou r  r e s u l t s .  

In o r d e r  to ra t iona l ize  t h e  format ion  of  racemie  2b and t h e  d i a s t e r eomer i c  mix tu re s  2 f / 2 f  and 

2g /2g '  from the  c o r r e s p o n d i n g  op t ica l ly  and  d ias te reomer ica l ly  p u r e  p r e c u r s o r s  u n d e r  t h e s e  

cond i t ions ,  e i t h e r  base  c a t a l y z e d  r acemiza t ion /ep imer i za t ion  at C5/C4 has  to  o c c u r ,  o r  an 

in t e rmed ia t e  must be  i n v o l v e d  whe re  C5 of  t he  p r e c u r s o r s  has  become t r i g o n a l .  Base  ca ta lyzed  

ep imer iza t ion  can be  e x c l u d e d  b a s e d  on r e s u l t s  ob t a ined  b y  t h e  o r ig ina l  a u t h o r s  Ic .  Hiral 5 

assumed r e v e r s i b l e  d i ssoc ia t ion  of  t he  C5-S bond in a p r e f o r m e d  su lphonium sal t  of  i b  2 for  

the  format ion of  racemic 2b . In  ou r  op in ion ,  h o w e v e r ,  th is  is  not  v e r y  l ike ly  fo r  t he  fol -  

lowing r e a s o n s :  i) t r e a t m e n t  of  l b  with methyl  iodide  in the  a b s e n c e  of  base  ( e n t r y  3) gave  

no seco  p r o d u c t  and no su lphonium sal t2;  opt ica l ly  p u r e  l b  was r e c o v e r e d  q u a n t i t a t i v e l y .  

Even  when p e r f o r m i n g  t h e  e x p e r i m e n t  in t h e  p r e s e n c e  of  ba se ,  b e s i d e s  racemic 2b ,  op t ica l ly  

p u r e  l b  could  be  r e c o v e r e d  ( e n t r y  2) ;  i i)  i f  su lphonium sal t  format ion i n d e e d  p r o c e e d e d  

el iminat ion,  why should  t h e  p r o d u c t s  not  be  a lky la ted  f u r t h e r  ? 

We a re  in f a v o r  of  a mechanism which i n v o l v e s  an a n i o n - i n d u c e d ,  c o n c e r t e d  n o n - s y n c h o n o u s  7 

[3+2] c y c l o r e v e r s i o n  to g ive  aeyc l ic  t h ioa ldehyde  4, which s u b s e q u e n t l y  e i t h e r  enol izes  to g ive  

v iny l th io l a t e  7, o r  r e c y c l i z e s  b y  addi t ion  of  t he  enamide anion to g ive  cycl ic  th io la tes  5 /6 ,  

d e p e n d i n g  on the  r e s p e c t i v e  r e l a t i v e  r a t e s  ( scheme 1).  Th is  r i n g  c lo su re  is con t ro l l ed  b y  the  

n a t u r e  of  t h e  s u b s t i t u e n t s  R 1 / R  2, l e ad ing  to  racemic p r o d u c t s  from aohi ra l  4 (R 1 = R 2) and  
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R.2 R2 .~4 R SCH3 
R ~ R  3 H 

O~.--- 1~14~,. ' "CH3 O~__,NRS o~NHR 8 
CO2CH3 

1 2 3 

R 5 = V:C(CH3) 2 

COOCH 3 

R 6 = acylamino, H, Br 

TABLE I 

start, mat. product 

recov, yield 

ENTRY No R I R 2 R I R 2 R 3 R 4 1 [%] of 2 [%] 
,,,, 

la ~3CNH (~3CNH H SCH 3 H 40 25 

lb* Br Br Br Br SCH 3 H 78 

1 

2 

3 lb** 

4 lb*** 

lc* 

Id 

le* 

l f *  

lb* 

Ib** 
lb*** 

l c * , l f *  
le* 

ig* 

Br 

H 2a 

2b 

Br 100 

Br Br disulfides 10/10' (20 %) were isolated 40 

HO OH 
H MeCH 2c H MeCH SCH 3 H 20 63 

(R) - -  (R) 

~SiO -~SiO 
MeCH H 2d "MeCH H H SCH 3 42 

(R) - -  (R) 

Br H 2e H Br SCH 3 H 8 8 

2 f  MeCH Br SCH 3 H 

B r  

2f' 

2g 

2g' 

--~.SiO 
Br fMeCH 

(s) 

OH 

(R) 

OH 
MeCH Br H SCH 3 

(R) 

OH 
Br MeCH H SCH 3 

(s) 

OH 
Br MeCH SCH 3 H 

(s) 

OH 
MeCH 

(R) 
2f/2f'=56/44 78 

2g/2g'=37/63 63 

in a parallel experiment the reaction was stopped on purpose to check the properties 
of recovered Ib. 
reaction perfo-rmed in the absence of base. 
lb was exposed to sodium hydride in furan as a solvent; after 5 days 1% 2-propanol was 
a--~ded. 
the OH group was in situ protected .a# tr imethyls i ly lether;  acidic work up. 
2e is racemic; in addition 9 % 3 (R =Br) and 8 % methyl 6~ - bromopenicillanate were 
isolated; we assume that Le was equilibrated to a mixture of 6~/6B-bromo isomers. 
acidic work up 
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to  c h i r a l  p r o d u c t s  f rom c h i r a l  4 ;  f o rma t ion  of  t h e  t h e r m o d y n a m i c a l l y  l e s s  s t a b l e  c i s - p r o d u c t  2a 

from l a is  p r o b a b l y  due  to  a c h e l a t e d  d i a n i o n i c  s p e c i e s  A .  

scheme  1 

I~ 2 H 

R I ~ s  - 

0 ~ NRS 
5 

.i.+. 

H .... \H 

R s 

A 

j~2 S R 2 S- 
. : : 

~ 0 , ~  NR s 
4 6 

13+2] = H 

R 2 I:1 SR2,~ 

o . - J . _  " o "  " . -  
~02CH3 R5 

1 7 

Stepwi se  fo rma t ion  of  4 v i a  5 i s  d i s r e g a r d e d  for  t h e  fo l lowing r e a s o n :  t h e  d i s u l f i d e  10 o b -  

t a i n e d  from l b  b y  e x p o s u r e  to  sodium h y d r i d e  in  t h e  a b s e n c e  of  m e t h y l  iod ide  ( e n t r y  4) was  
8 

s h o w n  to  b e  an  i n s e p a r a b l e ,  o p t i c a l l y  i n a c t i v e  m i x t u r e  of  meso ( I 0 ' )  a n d  d , !  (10) i s o m e r s  ; 

t h i s  mus t  h a v e  b e e n  fo rmed  b y  o x i d a t i v e  d i mer i za t i on  of  t h e  r a e e m i z e d  t h i o l a t e  5 /6 .  On t h e  
• D + o . . - -  . . 

o t h e r  h a n d ,  op t i ca l l y  ae tzve  10 ([c~]21 = 171 ) cou ld  be  o b t a i n e d  w a  _8 u n d e r  eond i t zons  
9 which  p r e s u m a b l y  i n v o l v e  t h i o l a t e  5 ( s c h e m e  2 ) ;  in  o r d e r  to  g ive  o p t i c a l l y  a c t i v e  10, 5 mus t  

b e  c o n f i g u r a t i o n a l l y  s t a b l e  10 . 

s cheme  2 

_ -- 0 .,t_.._ N R, 

~02C H 3 I b ) 

Br H H Br Br H H Br 

10' O~j~ N~.R s ~ r  10 0 "~ N'~RS R sN- ~0 

a)  i )  1 eq .  2 - m e r c a p t o b e n z t h i a z o l e ,  t o l u e n e ,  90 ° 13; i i )  c a t .  E t3N,  CH2CI 2, r . t .  

b )  c a t .  E t 3 N / 2 - m e r c a p t o b e n z t h i a z o l e ,  CH2C12, r . t .  

T h e r e  i s  ample  p r e c e d e n c e  f o r  e y e l o r e v e r s i o n  r e a c t i o n s  of  s a t u r a t e d  f ive  m e m b e r e d  h e t e r o -  
11 

cyc l e s  b e a r i n g  a n e g a t i v e  c h a r g e  a n d  we b e l i e v e  t h a t  s u c h  a m e c h a n i s m  is  a lso  o p e r a t i v e  in  
12 

r e l a t e d  c a s e s  . A more d e t a i l e d  i n v e s t i g a t i o n  on  t h i s  p r i n c i p l e  i s  p r e s e n t l y  b e i n g  u n d e r t a k e n  

in o u r  l a b o r a t o r y .  T h e s e  r e s u l t s ,  t o g e t h e r  wi th  s y n t h e t i c  a p p l i e a t i o n s  of  t h e  N a y l e r  p r o c e s s ,  

will b e  r e p o r t e d  s h o r t l y .  
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