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SYNTHESIS OF 3-HYDROXY CEPHEMS 

Woodward Research I n s t i t u t e ,  4002 Basel ,  Swi tzer land 

The compounds 2, r e a d i l y  produced from n a t u r a l  

p e n i c i l l i n  V ,  a r e  converted t o  3-hydroxy ce- 

phems 1 through an e f f i c i e n t  th ree - s tep  reac- 

t i o n  sequence. 

3-Hydroxy cephem e s t e r s  1 have gained considerable  i n t e r -  

es t  s i n c e  t h e y  were f i r s t  produced from n a t u r a l  cephalospo- 

i n s  1 ( 2 ) .  

COOR 

R removable group 

R '  P ~ C H ~ ,  P ~ O C H ~ ,  e t c .  

Not s u i t a b l e  themselves a s  a n t i b i o t i c s ,  they  con ta in  an 

en01 func t ion  t h a t  r e p r e s e n t s  a s t r u c t u r a l  f e a t u r e  al lowing 

t h e    reparation of novel  cephem d e r i v a t i v e s  ( Z ) ,  ( 3 ) .  Cer ta in  

of t h e s e  d i s p l a y  high a n t i b i o t i c  potency. The production of 



1 ,  consequently, from na tu ra l ly  occurring p e n i c i l l i n s  a s  an 

economical base has been the independent task  of research groups 

i n  Europe, Japan and the  United S ta t e s .  

Some recent  solut ions t o  t h i s  synthet ic  problem were 

presented i n  l ec tu re s  a t  t h e  Symposium of the Chemical Socie- 

t y  (London) on "Recent Advances in  the Chemistry of P-Lactam 

Ant ib io t ics"  a t  Cambridge, England ( 4 ) ,  ( 5 ) .  These lec tures  

prompt us t o  d isc lose  some of the  r e s u l t s  achieved a t  the 

Woodward Research I n s t i t u t e .  

The important intermediate 2 i n  one of our routes  t o  

3-alkoxy cephems from p e n i c i l l i n s  ( 6 )  can be used t o  prepare 

the t a r g e t  compounds. Since 2 was not  r ead i ly  cyclized di- 

r e c t l y  t o  1, a protect ing reagent fo r  t h e  en01 2 was devised, 

such t h a t  i n  a f i n a l  reac t ion  s t e p  the  en01 function could be 

l i be ra t ed  t o  produce the 3-hydroxy cephems 1. 

Thus, e t h e r i f i c a t i o n  of 2 was e f f ec t ed  by an excess of 

diphenyldiazomethane i n  t h e  minimum amount of dioxane. After 

14 h r  a t  60°C a mixture (1:l) of the  E and Z isomeric en01 

benzhydrylethers 3 was i so l a t ed  in  about 90% y ie ld  by chromato- 
1 

graphy . 
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1 Correct ana ly t i ca l  and spectroscopic data  ( i r ,  nmr, uv) 

were obtained fo r  a l l  compounds mentioned. 
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Cyclization with concomitant elimination of p-toluene- 

s u l f i n i c  ac id  occurred with b& isomers 3 on treatment with 

1 . 2  equivalents of 1.5-diazabicyclo L5.4.01 undec-5-ene i n  

tetrahydrofuran during 45 min a t  room temperature (6 ) .  Work- 

up with aqueous acid,  followed by sodium bicarbonate treatment 

gave a mixture of the two cyc l ic  en01 e the r s  4 and 5 i n  a 3:l 

r a t i o ,  respect ively.  After addi t ional  chromatographic pu r i f i -  

cat ion the  y ie ld  was 75 t o  80%. Although isomers 4 and 5 can 

be separated by extensive s i l i c a  ge l  chromatography t h e i r  mix- 

t u re  was used fo r  fur ther  transformation. 
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DBU 

3 - o D . 3 o c ~ ~ h 2  .. + on.? 
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R benzyl, p-nitrobenzyl R ' PhOCH* 

The two en01 e the r s  4 and 5 were converted i n t o  the ex- 

pected 3-hydroxy cephem e s t e r s  l a  i n  y ie lds  of up t o  92% when 

they were t r ea t ed  fo r  40 min with a 5% so lu t ion  of t r i f l uo ro -  

a c e t i c  ac id  in  methylene chloride a t  room temperature. 

COOR 
CF COOH 

3 
4 + 5  - 

R benzyl, p-nitrobenzyl R ' PhOCH2 



The fol lowing p h y s i c a l  d a t a ,  obta ined on t h e  pure  

3-hydroxy cephem p-ni t robenzyl  e s t e r  l a ,  a r e  t y p i c a l :  

uv (e thano l )  

i r  ( K B r  ) 

nmr (CDC13) 

(6. ppm) 

mass 

(CHC13; c = l )  

m.p. 

3.40 (2H. ABq, J = 17 H Z )  

4.57 (2H, s) 

5.05 (lH, d ,  J = 5 H Z )  

5.35 (2H, ABq, J = 14 H Z )  

5.70 (IH, ad ,  J = 5, l o  nz )  

6.6 - 8.4 (lOH, m )  

11.40 ( l H ,  broad s )  

96-99°C (from t o l u e n e )  
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