
Pergamon 
Tetrahedron Letters, Vol. 38, No. 42, pp. 7459-7462, 1997 

© 1997 Elsevier Science Ltd 
All rights reserved. Printed in Great Britain 

~ru-~An_nrY~arce'TXCtl~,:.,~ 0040-4039/97 $17.00 + 0.00 PII: L.1UU"tU " f ' U J T ~ , 7 1 ] U  I I J U  J 

Enantioselective Introduction of a Benzenesulfonylmethyl Substituent at an 
Unactivated Carbon Atom via Chemoenzymatic Methods 

Anita R. Maguire* and Leonard L. Kelleher 

Department of Chemistry, University College Cork, Ireland 

Abstract: Introduction of a benzenesulfonylmethyl group at the unactivated y-carbon 
of carboxylic acid derivatives has been achieved through a combination of rhodium 
acetate catalysed carbenoid C-H insertion and baker's yeast mediated kinetic 
resolution. Access to the two complementary enantiomeric series of 6 with excellent 
enantiocontrol is possible. © 1997 Elsevier Science Ltd. 

Advances in the development of new methodology for enantioselective synthesis in 

recent years have been extensive; for example, enantioselective functionalisation at positions 

or [~ to a carboxylic acid moiety can be readily achieved by existing methods, the former by 

enantioselective enolate alkylation I and the latter by asymmetric conjugate addition, 2 among 

other methods. However,  functionalisation at an unactivated 7-carbon  of carboxylic acid 

derivatives in an enantioselect ive manner  is much less readily achieved using existing 

synthetic methods. 3 We report here enantioselective introduction of benzenesulfonylmethyl 

groups at the unactivated 7-position of  carboxylic acids, achieved through a synthetically 

powerful combinat ion of a transition metal catalysed process and a kinetic resolution via 

biocatalysis. 4 

Regiospecific activation of the unactivated C-H bond at the ~-carbon was achieved 

under mild conditions via rhodium acetate catalysed carbenoid insertion 5 as illustrated in 

Scheme 1. Transformation of the carboxylic acids 1, under standard conditions, via esters to 

13-keto sulfones 2, fol lowed by diazo t ransfer  6 led to the tx-diazo-[~-keto sulfones 3. 

Rhodium(II) acetate catalysed decomposit ion of 3 resulted in essentially quantitative C-H 

insertion to form the o~-benzenesulfonylcyclopentanones 4. The carbenoid insertions were 

complete in just  a few hours in refluxing dichloromethane. While the crude product in some 

reactions contained a mixture of cis and trans isomers of 4, equilibration to form exclusively 

the thermodynamically more stable trans isomers was readily achieved. 

With the racemic cyclopentanone derivatives in hand, the next chal lenge was to 

develop a method to obtain these compounds in enantiomerically pure (or enriched) form. 

Application of biocatalysis 7 leading to a kinetic resolution of the enant iomers  of 4 was 

identified as an appropriate strategy. One of the micro-organisms which has been widely 

investigated in organic synthesis is baker's yeast, Saccharomyces cerevisiae, largely due to its 

ready availability, ease of use and the wide range of substrates which it accepts. 8 While  
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Scheme 1 
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enantioselective reduction of  [~-keto esters with baker's yeast is an extremely successful 

transformation which has been widely exploited in asymmetric synthesis, reduction of [3-keto 

sulfones with baker's yeast has been less successful. 9 Short chain derivatives were 

successfully reduced with yeast, but extension of the alkyl chain resulted in dramatic 

decreases in both the efficiency and the enantioselectivity of the yeast mediated reduction. 

Despite this disappointing precedent, baker's yeast mediated reduction of the tz- 

benzenesulfonylcyclopentanone derivatives 4 was attempted and, as illustrated in Scheme 2, 

resulted in extremely efficient kinetic resolution. 10 By variation of the conditions employed 

for the yeast reduction 1 ! (e.g. concentration of yeast and / or sucrose, reaction time, yeast 

immobil isat ion,  use of  organic solvents,  additives) the eff ic iency,  enantio- and 

diastereoselectivity of the transformation have been optimised for each of the cyclopentanone 

derivatives 4 so that it is possible to obtain samples of each of the cyclopentane derivatives 

2S-4 and 1S,2R-5 in highly enantioenriched form (> 95 %ee). 12 The complementary series of 

the cyclopentanone derivatives could also be readily prepared; Dess-Martin oxidation of the 

cyclopentanols 5 recovered from the yeast reductions gave the 2R-4 series. 
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Scheme 2 

Treatment of ~-keto sulfones with aqueous base leads to cleavage in a retro-Claisen 

type process .  13 Each of  the two complementary  enant iomer ic  series of  ~- 

benzenesulfonylcyclopentanones 4 was treated with aqueous sodium hydroxide resulting in 

efficient ring opening to form the corresponding carboxylic acid derivatives 6 as illustrated in 

Scheme 1. The enantiomeric purities of the carboxylic acids 6 isolated were determined by 

chiral HPLC analysis confirming that the stereochemical integrity at C-4 of  the carboxylic 

acids 6 was, as expected, unaffected under these reaction conditions. For example, a sample 

of cyclopentanone 2R,3R-4 (R = PhCH2, 88 %ee) on treatment with aqueous base furnished 

the carboxylic acid 4R-6 (87 %ee) in 93 % yield. 

In summary, starting from the carboxylic acid derivatives 1, conversion to the racemic 

cyclopentanones 4 is achieved in four steps, the key step involving a rhodium catalysed C-H 

insertion process which regiospecifically activates a remote unactivated C-H bond under mild 

reaction conditions, and is followed by kinetic resolution employing baker's yeast as the 

biocatalyst.  Ring c leavage  under basic condit ions produces eff ic ient ly  the 4- 
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(benzenesulfonylmethyl)carboxylic acids 6. The overall transformation resulting from this 

reaction sequence is the enantioselective introduction of  a benzenesulfonylmethyl substituent 

at the T-position of  the carboxylic acids 1. Most significantly, access to the two 

complementary series with excellent enantioselectivity (> 95 %ee) is possible via this 

methodology. As the reaction conditions involved are quite mild, the sequence should be 

widely applicable. The benzenesuifonylmethyl substituent is a versatile group which can 

either be reductively desulfonylated to leave the methyl substituted compounds, or 

alternatively the sulfone can be used for further synthetic transformations leading to a range 

of valuable chiral synthons. 
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