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Abstract

One-pot sequential esterification of 1,2-dihydroxy-3-ferrocenylpropane1, catalysed by lipase fromPseudo-
monas cepacia, allowed kinetic resolution of the racemate, affording (−)-(R)-1-acetoxy-2-hydroxy-3-ferrocenyl-
propane (−)-2, and (+)-(S)-1,2-diacetoxy-3-ferrocenylpropane (+)-3, in high chemical yield and enantiomeric
excess. © 1999 Elsevier Science Ltd. All rights reserved.

Optically active ferrocene derivatives are widely employed as chiral ligands in asymmetric reactions1

and there is continuing interest in the development of efficient procedures to prepare them in enantiopure
form.2 Planar chiral compounds are mainly accessible from diastereoselective metallation of suitable
optically active ferrocene derivatives by means ofortho-lithiation–electrophilic quenching sequences.3

Chiral ferrocenes possessing anα-stereogenic carbon on a side chain are generally prepared from
enantiopureN,N-dimethylaminoethylferrocene, by stereospecific displacement of the dimethylamino
group with nucleophiles.4

As a valid alternative, biocatalysed reduction of prochiral ferrocenyl ketones5 or kinetic resolution of
racemic mixtures ofα-hydroxyalkylferrocenes6 or 1-hydroxymethyl-2-substituted ferrocenes7 by lipase-
catalysed esterification has allowed access to several enantiopure alcohols.

Conversely, relatively few examples of optically active ferrocenes bearing vicinal hydroxy groups
have been described, derived from pinacol coupling of planar chiral ferrocenecarboxyaldehydes3 c,8 or
Sharpless’ dihydroxylation of ferrocenyl olefins.9 Since 1,2-diols are valuable as synthetic intermediates
because they are readily transformed into epoxides, aziridines and aminoalcohols, we decided to inves-
tigate lipase-catalysed esterifications of the previously unreported 1,2-dihydroxy-3-ferrocenylpropane1,
and we report herein the results obtained.

Preliminary esterifications of (±)-110,11 in tert-butyl methyl ether using vinyl acetate as acyl donor
in the presence of lipases from different sources (porcine pancreas,Candida cylindracea, Candida an-
tarctica, Mucor mieheiandPseudomonas cepacia) showed that all the enzymes converted the substrate,
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although with quite different rates, to give the primary monoacetate2 with low enantiomeric excess. No
trace of the isomeric monoacetate was detected.

Prolonging the reaction time, the formation of diacetate3 occurred only in negligible amounts in the
presence of lipases from porcine pancreas andC. cylindracea. With the other enzymes tested diester3
in good yield and unconverted monoacetate2, both in nonracemic form, were obtained. Optimal kinetic
resolution was achieved when lipase fromP. cepaciawas used as the catalyst and a satisfactoryE value
(E=73) relative to the second step of the esterification was calculated (Table 1).

Table 1
Enzymatic esterification of ferrocene diol (±)-1aa

In a preparative run usingP. cepacialipase, the esterification of (±)-1 was quenched after 40 h by
filtering the enzyme, and following chromatographic purification, the compounds (−)-2 and (+)-3 in a
ratio of almost 1:1 were obtained with ee values of 90 and 92%, respectively. Hydrolysis of the purified
esters with K2CO3 in MeOH afforded the diols (−)-1 and (+)-1 in high yields.12 TheS-stereopreference
of P. cepaciawas assessed by comparison of the optical and chromatographic properties of (+)-1 with
those of a reference sample prepared from ferrocene and enantiopure (S)-benzylglycidyl ether.13

The observed behaviour indicated that the enzyme displays its enantioselectivity in the esterification of
the secondary hydroxyl group of the monoacetate2, which is generated in situ with high regioselectivity
but low enantioselection in the first step of the reaction and then subsequently acylated stereoselectively.
The acylation course and lipase stereopreference are in agreement with reported data for the sequential
kinetic resolution of the 1-aryl-1,2-ethandiols and 3-(aryloxy)-1,2-propanediols mediated byP. cepacia
lipase,14 allowing a similarity between the aryl and ferrocenyl moieties in the sterical features required
for the enzyme recognition to be deduced.15

Further studies on the application of this enzymatic procedure to the kinetic resolution of other
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dihydroxyferrocenyl derivatives and the use of enantiopure diols in the synthesis of bifunctionalised
ferrocenes are in progress.
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