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A b s f r a c f -  Replacement of a 3 ' - a c e t a t e  group of a cephen by an  a l k y l a o i n o  group can 

be mediated by t r i a l k y l s i l y l  trifluarooethanesulphhnaLe6 i n  d i c h l o r o n e i h a n e  o r  

a c e t o n i f r i l e  i n ~ e r  a l i a .  Cooparable y i e l d s  r o  t h e  more usua l  3 ' - iodo  routes have 

been ach ieved ,  us ing  a qu ick  and s imple  p r o c d u r e .  

ICI 1 9 4 0 0 8 ( 1 ) ~  i s  a broad spectrum, i n j e c t a b l e ,  aminorh iazo ly l  cepha lospar in .  A p o s s i b l e  r o u t e  

t o  t h i e  compound ~ " Y O ~ Y ~ S  t h e  c r a n s f o r n a r i o n  of 7 -ao inocepha losporan ic  a c i d  (7-ACA) (&) ro 

3-ethylaminomethyl-7-aminocephalosporanic a c i d  (EAIIACA) (5). 

Cons iderab le  i n t e r e s t  has  been shown i n  t h e  replacement  of t h e  3 ' -acetony group of 

cepha lospor ins  by oxygen and su lphur  n u c l e o p h i l e s ,  and i n  t h e  i n t r o d u c t i o n  of n i t r o g e n  where a 

charged 3 ' - s p e c i e s  r e s u l t s  e.g. c e p h a l o r i d i n e 2 .  Conversions such as & ro & have not  rece ived  

a t t e n t i o n .  One approach would i n v o l v e  t h e  in te rmediacy  of t h e  ooze r e a c t i v e  3-  

iodomethylcephems ( e . g .  &) e i t h e r  as a d i s t i n c t  p r e p a r a t i v e  s t e p  o r  by in g e n e r a t i o n  

( t h e  one-pot p r o ~ e s s ) ~ .  A s  p a r t  of a g e n e r a l  s tudy of t h e  convers ion  of & t o  g a number of 

approaches was i n v e s t i g a t e d  i n  our l a b o r a t o r i e s 4 .  These inc luded  t h e  u s e  of  c r i r n e c h y l s i l y l  

i o d i d e  (TMSI) and t h e  r e l a t e d  s t r a t e g y  of u s i n g  t r i a l k y l s i l y l  trifluoromethanesulphonates 

( c r i f l a r e s ) .  I t  was reasoned t h a t  p o t e n t  s i l y l a t i n g  agents  such as r r i f l a t e s  should promote 

t h e  l e a v i n g  group a b i l i r y  of t h e  3 ' - e s t e r  by way of an i n c i p i e n r  carbonium ion (Scheme I ) .  

Re la ted  f i n d i n g s  have bcen pub l i shed5  r e c e n t l y  by o t h e r  workers. For t h e  i n i t i a l  s t u d l a s ,  

1 ICI 1(YI,W8 - 

' Dedicated t o  P r o f e s s o r  S i r  Derek Barton a n  t h e  occas ion  of h i s  70th b i r t h d a y .  
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N-ethylbenzaldimine (3a)4 .6  was chosen r a t h e r  than e t h y l a n i n e  as  both  base and n u c l e o p h i l e  i n  

o r d e r  co reduce  competing r e a c t i o n s ,  such as B-lactam r i n g  opening and 2 - i somer i sa t ion .  

Y i t h  t r i m e t h y l s i l y l  t r i f l a t e  ( T M S O T ~ )  r e s u l t s  were i n m e d i a t e l y  encouraging.  A f r e r  i n i t i a l  

o y t i m i s a t i o n  of s t o i c h i o o e t r y ,  t empera tu re  and s o l v e n t  (Tab le  I ) ,  t h e  f o l l o w i n g  b a s i c  method 

was adopted:. 

14-Ethylbenzaldinine ( 4 . 5  e q u i v a l e n t s )  was added t o  a s t i r r e d  suspens ion  of 7-ACA ( 5 g )  i n  CH2C12 

( l o 0  ml) a t  room tempera tu re ,  fol lowed by TNSmf ( 4 . 5  eq . )  added over 1 5  minu tes .  A s l i g h t  

e x o t h e r n  caused t h e  t empera tu re  t o  r i s e  t o  26-28°C. A f r e r  2 hours, t h e  convers ion  appeared 

c l e a n  and complere by h p l c .  The r e a c t i o n  mix ture  was drowned i n t o  w a t e r  (300 ml) c o n t a i n i n g  

sodium a c e t a t e  ( 3  eq.) ,  s t i r r e d  v igorous ly  f o r  1 5  m i " . ,  washed v i t h  CHzC12 ( 2  n 150 m l ) ,  

a d j u s t e d  t o  pH 5.0 v i t h  g l a c i a l  a c e t i c  a c i d  and pre-adsorbed o n t o  Sepaheads ' ( 2  x 200 nl). 

d i s c a r d i n g  t h e  s u p e r n a t a n t  l i q u o r .  E l u t i o n  o f f  t h e s e  Sepabeads through a f u r t h e r  1000 ml of 

S e ~ a b e a d s ,  f i r s t  v i t h  H20, then  wi th  2% MeCII/H20 a t  1 5  d l n i n . .  gave 2 i n  38% y i e l d  a f t e r  

f r e e z e - d r y i n g .  D e s p i t e  t h e  modest y i e l d ,  t h e  o p e r a t i o n a l  s i m p l i c i t y  and the absence  of b o t h  

l a c t o n e  (4) and 7-deeacetylcephalosporanic a c i d  (GI by-products  ( h p l c )  p o i n t e d  t o  p o t e n t i a l  

advantages.  



HETEROCYCLES, Vol 28, No 2. 1989 

T W  Opt imisa t ion  of r e a c t i o n  c o n d i t i o n s  f o r  &+a with  regard to  

BtoichiomeLry and t empera tu re  

a)  Added i n  two p o r t i o n s 6 :  & ( 6  e q . ) ,  then TMSOTf ( 5  e q . ) ,  then  3 ( 6  eq.) 

T- Eff fecr  of vary ing  s o l v e n t  f o r  & +a u s i n g  N-erhy lbenza ld in ine  (g) 

(4 .5  e q . )  and THSOTf ( 4 . 5  e q . )  a t  23°C. 

Solvent CH2C12 MeCN MeN02 Me 

X 
Reaction <2 4.5 s5 >5 >5 >5 >5 
time 

a) 7-ACA remained unreacred a f t e r  s e v e r a l  hours .  

b) Carr ied  o u t  a t  -10% ( l i q u i d  SO2). 

C l e a r l y  from Table 11, t h e  r e a c t i o n  proceeded f a s t e r  i n  a c e t o n i t r i l e  t h a n  i n  d ich la romethane  

v i t h  no l o s s  of y i e l d .  None of the o r h e r  s o l v e n t s  or the v a r i o u s  a d d i t i o n  modes t r i e d  

( s i o u l t a n e o u s  or i n v e r s e  a d d i t i o n ,  pre-mining of iwine  and t r i f l a t e  o r  in g e n e r a t i o n 8  of 

t r i f l a t e  from t e t r a m e t h y l s i l a n e  and t r i f l i c  a c i d )  i n  CH2C12 gave crmparable r e s u l t s .  

Other  factors which might i n f l u e n c e  t h e  y i e l d  were cons idered .  Tempering t h e  r e a c t i v i t y  of 

the 7-amino group (pK, 4.4) of 7-ACA by S c h i f f  base fo rmat ion9 ,  gave  decreased y i e l d s  of 



produc t  ( h p l c  e s t i m a t i o n ) .  However, t h e  use  of b u l k i e r  ~ i l y l  g r o u p s ,  t o  a f f o r d  more s t a b l e  N- 

p r o r e c t i o n  and reduce t h e  l i k e l i h o o d  of @-lactam r i n g  opening,  proved more successful. 

R e s u l t s  are sunmarised i n  Table 111. Whereas t - b u t y l d i u e r h y l s i l y l  t r i f l a r e  was equ iva len t  i n  

e f f i c a c y  t o  TMSOTF, t r i - i s o p r o p y l s i l y l  r r i f l a t e    TIP SOT^)^^ gave g r e a t l y  i n c r e a s e d  h p l c  

y i e l d s ,  and, with o p t i n i s e d  work-up c o n d i t i o n s  ( v i d e  i n f r a ) ,  i s o l a t e d  y i e l d s .  Again 

a c e t o n i t r i l e  as a l t e r n a t i v e  s o l v e n t  gave a very  r a p i d  r e a c t i o n  ( 5  n i n . ) ,  bur t h e  r e l a t i v e  y i e l d  

was no b e t t e r  fhan wi th  TMSOTf. A t y p i c a l  modif ied procedure i s  as fo l lows :  

7-ACA (18.4 nM) i n  d r y  C1I2Cl2 ( 5 0  ml) was s r i r r e d  wi th  I l -erhylbenzaldimine (42 mM1, and TIPSOTf 

(92 nN) added aver 1 5  n i n .  A f t e r  3 h . ,  1 M  H C 1  ( 1 0  o l )  and 111 "Bu4NtP- i n  THF (1 ml) were 

added. The aqueous phase was s e p a r a t e d ,  washed wi th  C H 2 C 1 2  ( 2  r 20 ml) below 10°C, and t h e  pH 

was adjusted t o  6 . 7  with NEt3, fol lowed by a d d i t i o n  of e -co luanesu lphonic  a c i d  (6 g) t o  pH 1 .7 .  

I soprapanol  (6Onl) was r u n  s lowly  i n t o  t h e  r a p i d l y  s t i r r e d  s o l u t i o n .  ihe pH a d j u s t e d  to 3.0 

wi th  llEt3, and t h e  s o l u t i o n  cooled t o  OW. Addir ion of a f u r t h e r  a l i q u o t  of isopropanol  (60 

ml) d r o p v i s e  g a v e  a p r e c i p i t a t e ,  which was f i l t e r e d ,  washed w i t h  ace tone  ( 2  x 15 m l )  and d r i e d  

LO g i v e  EAIIACA e - r o l u e n e s u l p h o n i c  a c i d  s a l t  ( 4 . 1  g .  52.1Z y i e l d ,  87% s t r e n g t h  by q u a n t i t a r i v e  

nmll1 us ing  male ic  a c i d  as i n t e r n a l  s t a n d a r d ) .  

A t t e n t i o n  was a l s o  tu rned  t o  t h e  nature of t h e  n u c l e o p h i l e  i n  o r d e r  t o  t e s t  i f  va ry ing  i t s  pKa 

and s r e r i c  b u l k i n e s s  would i n c r e a s e  t h e  p r e f e r e n c e  fo r  a t t a c k  a t  C-3'. It h a s  been r e p o r t e d 4  

t h a t  4-1102- (E) and 4-11e0- (k) analogues of l i - e rhy lbenza ld io ine  (3) g i v e  less  good r e s u l t s  

i n  a TnSI-pronored r e a c t i o n  than (5). Using E O T f ,  t h e  4 - t - b u t y l - l 2  (g) and 2- 

rrimerhylsilyloxy(~)12~13 11-et l lylbenzaldinine analogues were a l s o  s l i g h t l y  i n f e r i o r  t o  t h e  

p a r e n t  iwine ( r e l a t i v e  y i e l d s  of 0.9 and 0 . 8  r e s p e c t i v e l y ) ,  whereas t h e  2 .4 .6 - r r ine rhy l  

analogue (6)12.14 gave  i n d i c a t i o n s  of improvements depending on t h e  work-up ( r e l a t i v e  y i e l d  

>1 .2 ) .  

Other  a s p e c t s ,  such as e s t e r  l e a v i n g  g roups  other than a c e t a t e  and a l t e r n a t i v e  s t r o n g  a c i d s  

e . g .  THS s u p e r a c i d s ,  were i n v e s t i g a t e d  wi thou t  r e a l i s i n g  f u r t h e r  i n p i o v e n e n t s .  

I n  conc lus ion ,  a p r a c t i c a l ,  o p e r a t i o n a l l y  s imple  p rocedure ,  wi th  p o t e n t i a l  f o r  s c a l i n g - u p ,  has  

been developed f o r  i n t r o d u c i n g  a l k y l a o i n o  groups a t  C-3' of 7-ACA. The nethod appears  

n e c h a n i s t i c a l l y  d i s t i n c t  f row t h e  more u s u a l  TMSI based procedures15.  
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Table  111 g -93 "sing v a r i o u s  t r i f l a t e  r e a g e n t s  ( 4 . 5  e q . )  with  

I l - e ihy lbenza ld in ine  ( 4 . 5  eq. )  a t  23% i n  CH2C1~. 

Trialkylsilyl triflate Me3S1 tBuMe2 1PgSi0Tf IPr3SiOTf 
OTf SiOTf . ' (2.2eq.) then 

MelSlOTf 

Relative 
yield 

( W c  
peak 

area 
ratlo) 

Aqueous 1 .o 1 0  
w o k  -up 

EAMACA ~ ~ e ~ d a l  18.1 30 3 dl 22.3 52 h) 
pTsOH crystals 

41, 

~ t r e n g t h ~ )  83 98 92 87 
% 

a)  e. 105 producr  remained e)  as a l on  s o l u t i o n  i n  THF 

unrecovered i n  s o l u t i o n  f) conc. BC1 (0.54 molar e q . )  

b )  determined by nnr us ing  male ic  and nBu41iP (0.05 molar eq. )  

a c i d  as i n t e r n a l  s t a n d a r d  e )  40% aq. HF 

C )  as a l H  s o l u t i o n  i n  THF h )  b u f f e r i n g  problems i n  work-up 

d )  e m u l s i f i c a t i o n  problems 
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