
Tewa/dmn Lm.ws. Vol. 35. No. 46. pp. 8691-8692, 1994 
Elsevia Science Ltd 

Printed in Great Britain 
MM@4039/94 57.oo+o.00 

0040-4039(94)01842- 1 

REDUCTIVE REARRANGEMENTS OF SILYLATED PENICILLIN G l-OXIDE’ 

Pieter A.M. van der Klein, Henk A. Witkamp and Erik de Vroom’ 
Gist-brocades B.V., P.O. Box 1, 2600 MA Delft, The Netherlands 

Abstract: The reaction of penicillin G l-oxide with BSU followed by treatment with tributyl phosphite 
gives, after hydrolysis, crystallime thiaxoline axetidinone 2. Addition of triethylamine after reduction 
resulted in the formation of the isomeric thiazoline azetidinone 3. 

The Cooper rearrangement’ is a well known procedure for the synthesis of thiaxoline azetidinone 2 from 

penicillin G. Compound 2 can be converted into valuable 3’-norcephalosporin antibiotics such as Cefti- 

buten2. In its original form, the reductive rearrangement is performed on esters of penicillin G l-oxide. 

This requires two separate steps and the use of expensive carboxylic acid protective groups such as 

4-methoxybenzyl, 4-nitrobenzyl or diphenylmethyl. In our search for cheap and simpIe processes for the 

preparation of intermediates for cephalosporin antibiotics we have investigated a one-pot procedure for the 

synthesis of 2 using in situ silyl protection of the carboxylic acid function. 

Based on earlier work on the acid-catalyzed ring expansion of penicillin G l-oxide into 3’-deacetoxy- 

cephalosporin3, we reasoned that treatment of penicillin G l-oxide (1) with bis(trimethylsilyl)urea (BSU) 

would be a mild way to silylate the penicillin carboxylic acid moiety. Subsequent reduction with a trialkyl 

phosphite followed by hydrolysis would give the desired thiaroline 2. Indeed, treatment of anhydrous 

penicillin G l-oxide (1) with BSU in toluene followed by reduction with tributyl phosphite at reflux gave, 

after addition of water, the required compound in crystalline form in 65% yield based on 1 (not 

optimized) ‘. 

The 3-methyl-2-butenoic acid thiazoline azetidinone derivative 3 is a key intermediate in the synthesis of 

g-lactam derivatives having modifications that cannot be prepared by means of manipulating the penicillin 

5-membered thiarolidine ring or the cephalosporin 6-membered dihydrothiazine ring. The butenoic acid 

moiety of 3 can, in principle, be removed by ozonolysis followed by base-catalyzed hydrolysis5 or 

electrolysis 6. The NH-function of the resulting compound 4 can serve as starting point for the construction 
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of new 5- or 6-membered rings’. As was the case with 2, the p&ration of 3 from 1 has only been 

reported using carbon esters of the carboxylic acid function ’ * ‘. It occurred to us that the one-pot 

silylation/reduction procedure described above could also be applied towards the synthesis of 3, provided a 

b-induced isomerization is included in the reaction sequence. Thus, treatment of silylated 1 with tributyl 

phosphite as described above, followed by the addition of triethylamine indeed gave, after work-up, 

crystalline 3 in 77% yield (not optimized)‘. 

The results presented here indicate the possibility for the development of inexpensive high yielding one.-pot 

procedures for the synthesis of thiazoline azetidinone derivatives 2 and 3. These compounds can serve as 

intermediates for a variety of &lactam antibiotics having structural modifications. 
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