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SCHEME I 

COOH 

Ib, R =  HOCOCHCH-CH-CH-CONH 
I 

NH2 

while a t  pH 9-10.8, and in 0.01 N KOH, the conversion 
proceeded a t  25".  

As the pH was increased, the reaction time for opti- 
mum yield decreased, indicating a dependence of the 
reaction on the concentration of OH- ion. Probably 
the saponification of the lactone is a second-order reac- 
tion and not due to a first-order solvolysis mechanism. 
Cocker and coworkers have shown more rigorously that 
cephalosporin lactones do not solvolytically react with 
nucleophiles in contrast with a variety of cephalospor- 
anic acid derivatives with substituted Me groups that  
do.a 

It should be pointed out that  chromatograms of all 
reaction mixtures showed other uv-absorbing products 
in addition to IIIa.  These were all inactive against 
S. uureus 209P. The major inactive product, which 
gave a positive starch-I2 reaction without KOH treat- 
ment,9 is possibly IIa with its P-lactam ring cleaved. 
As judged from the intensity of its uv absorption, i t  
was estimated to represent the degradation of over 
50yo of IIa.  

Compound IIIa, prepared from either IIa by the 
procedure of this paper or Ia with citrus acetyl esterase, 
suffered extensive decomposition during tlc on silica 
gel or cellulose, as well as upon elution from these chro- 
matograms. Accordingly, to prove that the product 
formed from I Ia  by our method, in fact, was IIIa, a 
stable derivative had to be prepared. This was ac- 
complished as shown in Scheme I .  

Compound I I Ia  was converted into its Ale ester IV 
with CH2S2.I0 Compound IV, however, readily re- 
verted to I Ia  upon elution from celluloqe tlc, a reflection 

This derivative was not studied further. 
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of the known instability of such compounds." If 
IV was treated with Ac2O in pyridine, cephalothin Me 
ester V was obtained. Compound V was sufficiently 
stable to be recovered in satisfactory yield from cellulose 
tlc. 

It is worthy of note that some isomerization of the 
double bond to  the Az compound has been observed 
during the pyridine-Ac20 esterification of the CHZOH 
group of desacetylcephalosporins. That the compound 
isolated in our work was indeed the authentic A3 isomer 
mas indicated by direct comparison with cephalothin 
Me ester prepared by reaction of cephalothin with CH2- 
S2. The compounds showed identical chromatographic 
mobilities, ir and uv spectra, and melting points (with 
undepressed mixture melting point). 

Our results represent the first reported conversion 
of a cephalosporin lactone I1 into an intact hydroxy 
acid 111. Since a method for the transformation of 
desacetylcephalosporanic acids to cephalosporins has 
been published previously, l2 our findings supply the 
final link in the total synthesis of cephalosporins by 
the lactone route. 

Experimental Section 
Desacetylcephalothin Lactonezd (IIa).-To a solution of 550 mg 

of the Na salt of I a  in 6 ml of H2O were added 5 ml of Ale2C0 
and 2 ml of concentrated HCl. The reaction mixture was 
stirred a t  room temperature. The lactone I Ia  continuously 
precipitated from solution, and, after 2 hr, 194 mg of I Ia  waq 
collected by filtration; after an additional 10 hr, another 214 mg 
of I I a  was obtained. The total yield of I I a  was 408 mg (77Yc). 
This material was further purified to remove residual traces of 
Ia. To the crude product I Ia  in 3 1. of MezCO-EtOAc ( 1  : 2 )  was 
added 10 ml of 5% aq NaHC03, followed by 500 ml of HZO. 
The mixture was shaken vigorously, then the phases were allowed 
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