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Abstract

Cyclic 3-alkyl-1,2-cyclopentanediones undergo a direct asymmetric oxidation with the DET/Ti(OiPr)4/
tBuOOH oxidative system, resulting in enantiomeric a-hydroxy compounds and ring-cleaved hydroxylated
acids (lactones) up to 95% ee. # 2000 Elsevier Science Ltd. All rights reserved.
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The titanium tetraisopropoxide/diethyl tartrate/tert-butyl hydroperoxide (Ti(OiPr)4/DET/
tBuOOH) catalyst system developed by Sharpless et al.1 has been widely used in the asymmetric
oxidation of allylic alcohols1 and sul®des.2 Recently, we found that several ketones are also oxi-
dized under the conditions of the Sharpless oxidation: cyclobutanones undergo asymmetric
Baeyer±Villiger oxidation,3 resulting in enantiomerically enriched lactones,4 and b-hydroxy-
ketones undergo asymmetric a-hydroxylation,5 resulting in a,b-dihydroxy ketones6 in high
enantiomeric purity. On the basis of these results, it may be assumed that the unique properties of
the Ti/DET complex could be used more extensively in asymmetric synthesis.
We investigated the oxidation of di�erent 3-alkyl-cyclopentane-1,2-diones7 1 using Sharpless

oxidation conditions and found that they undergo a direct asymmetric oxidation, resulting in
enantiomerically enriched products (Scheme 1). The results obtained are presented in Table 1.
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The formation of two major types of oxidation product was observed: primary hydroxylation
products 2 and derivatives of more oxygenated, ring-cleaved, hydroxylation products 3 (isolated
as lactones 4). The enantiomeric purity of both types of the products is high in the case of 3-
alkylsubstituted substrates 1a and 1b, while in the case of the hydroxyethyl substrates 1c and 1c0

the enantiomeric purity of the products is moderate. In the case of the silyl protected substrate
1c0, the ee is considerably higher than in the case of the unprotected OH compound 1c. The latter
may result in a complex where two chiral ligands are attached. This may cause opposite face
selection and reduce the total enantioselectivity. Also, the deprotection of 1c0 that occurs during
the course of the oxidation may reduce the enantioselectivity.
We assume that at ®rst the a-hydroxylation reaction results in hemiacetals 2a, 2b and 2c, or

enols 2a0 and 2b0, correspondingly.8 In the case of the hydroxyethyl substrates (1c and 1c0), the
primary oxidation products form bicylic intramolecular acetals 2c. All these hydroxylated dike-
tones 2a and 2b may be oxidized further, resulting in the ring cleavage products, i.e. the deriva-
tives of the aliphatic diacids 3 (isolated as lactones and esters 4a and 4b, respectively) (Scheme 2).
In the same way, the bicyclic acetal 2c oxidizes further, resulting in the lactones 4c and spiro-

Table 1
Oxidation of cyclopentanediones under Sharpless oxidation conditionsa
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dilactone 4c00. In the case of the substrate 1c0, the hydrolysis was performed in a methanolic
mixture and a methyl ester 4c0 was also formed, together with the spiro-dilactone 4c00 (Scheme 3).
We assume that the Ti catalyst forms, at ®rst, in enolate complex 5 with substrate 1. This

complex is responsible for the asymmetric induction and directs the facial selection. Then, the
intermediate epoxide 6 undergoes methanolysis, resulting in formation of the acetal 2 (Scheme 4).
The structures of all the reaction products obtained were established on the basis of NMR studies
(2D 1H±1H and 1H±13C COSY correlation was applied when necessary).9 To determine the
absolute con®guration of compound 2a0, the di-(R)-MPA ester 8 from compound 2a0 and the
corresponding diastereomeric ester mixtures from racemic 2a0 were made. The 13C NMR spectra
of the diastereomeric mixture rac-8 and 8 (Scheme 5) gave regular and well-de®ned e�ects derived
from the second aromatic nucleus (the ester of the tertiary alcohol), shifting the C-1 (0.30 ppm),
C-4 (0.32 ppm) and H-4 (0.18 and 0.17 ppm) signals in opposite directions. On the basis of these
values, the absolute con®guration of 2a0 was determined assuming that the same regularities are
observed as are known for secondary alcohols10 (in the present case the position of the carbinol
proton is replaced by the methyl group). Thus, the R con®guration is proposed for 2a0 on the
basis of all 1H and 13C chemical shifts11 and their analysis, as described in the literature.10

Scheme 2.

Scheme 3.

Scheme 4.
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