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Abstract. Direct oxidation of racemic B-hydroxyketones 1a-c under Sharpless oxidation conditions resulted
in the enantiomeric a,B-dihydroxyketones 2a in 97% ee, 2b in 86% ee and 2¢ in 95% ee respectively, in
37-58% of isolated yield. The oxidation is assumed to proceed via an allylic enolate intermediate.
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In our recent publication we showed that substituted racemic and prochiral cyclobutanones undergo Baeyer-
Villiger oxidation while subjected to Sharpless oxidation conditions, resulting in enantiomeric lactones.' In the
present study we have investigated the direct oxidation of a-substituted ketones with 5- and 6-membered ring
and with an open chain (1a, 1b and 1e¢ respectively’) under Sharpless oxidation conditions. Surprisingly enough,
we found that these ketones resulted in o,p-dihydroxyketones (2a-¢ respectively) instead of Baeyer-Villiger
oxidation products under ordinary oxidation conditions. (Scheme 1). Since the enantiomerically pure o-
hydroxyketones are of great importance as the chiral building blocks in the synthesis of several natural products’,

we have investigated the reaction in a more detail. The obtained results are presented in the Table.
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The stereoselectivity of hydroxylation depended on the substrate and varied from 86-97% ee in the best
examples. The highest stereoselectivity (97% ee) was obtained in the case of a-hydroxymethyl cyclopentanone
1a. It is noteworthy that the oxidation of the open chain ketone 1-hydroxy-2-methyl-3-butanone 1¢ also occurs
with high enantioselectivity (up to 95% ee). The oxidation of a-hydroxymethyl cyclohexanone proceeds with
slightly lower selectivity (86% ee). We observed that the present direct oxidation process required bigger

reagent/substrate ratio than both the ordinary Sharpless epoxidation process® and the lactonization of

5051



5052

cyclobutanones.' So, the best results were obtained at the ratio of the substrate/Ti(OiPr),/(+)-DET/t-BuOOH
1/3/3.6/1.2. Also, the data revealed that the bigger excess of +-BuOOH in the reagent diminished the yield (cf.
Table, No. 6 and No. 7). In this case a considerable amount of the substrate remained unchanged. The isolated
yields of dihydroxyketone 2 were up to 37% for 2a, up to 54% for 2¢ and up to 58% for 2b. In the case of 2b it
can be definitely stated that the conversions of racemic substrate 1b >50% occurs without the enantiomeric purity
of the of dihydroxylated product 2b being reduced. (Table No. 4 and No.5).

In the case of cyclic substrates the formation of w-hydroxy ketoacid 3 (oxidative cleavage product) was
detected. The amount of isolated ketoacid 3 was slightly bigger in the case of 5-carbon ring than in the case of 6-
carbon ring. (see Table, Nos. 1-6).

Table. Hydroxylation of B-hydroxyketones at Sharpless oxidation conditions.’

Conditions Product Recovered
No | Compound | Ti(OiPr),/(+)DET | t-BuOOH | time 2 3 1
ratio (eq) eq h [yield% | [a]y* | ee%® | yield% | yield% | [o],® | ee%’
1 1a 1.5/1.8 1.5 48 11 +53° 75 9 56 +21° 10
2 1a 2429 1.2 46 32 +81° 97 12 33 +40° 24
3 1a 3/3.6 1.2 46 37 +79° 97 12 23 +32° 21
4 1b 1.5/1.8 1.5 46 20 +101° 86 5 54 0 0
5 1b 23728 1.15 46 55 +101° 86 8 15 0 0
6 1b 3/36 1.2 46 58 +101° 86 8 3 0 0
7 1b 3/3.6 3 46 15 +96° 85 9 37 0 0
8 1c 3/3.6 1.2 46 29 -10° 95 - 49 +5° 15
9 1c 3/3.6 1.2 92 47 -10° 93 - 30 +10° 29
10 1c 3/3.6 1.2 168 54 -10° 91 - 21 +13° 35
11 1d 3/3.6 1.2 72 - - - - 4 - -
12 le 3/3.6 1.2 72 - - - - e - -

measured in 96% ethanol

determined by HPLC and/or 'H and *C NMR spectra of the primary R-(-)-a-methoxyphenylacetic acid mono esters
measured in CH,Cl,

determined by HPLC from the R-(-)-a-methoxyphenylacetic acid esters

the substrate remained unchanged

It has been shown that the titanium enolates of ketones can be oxidized by fert-butylhydroperoxide affording o~

o A0 o

hydroxy ketones with good diastereoselectivity.® It has also been found that the asymmetric dihydroxylation of
methyl- and trimethylsilyl enol ethers with OsO, using AD-mix-catalysts results in o-hydroxy ketones with
excellent enantioselectivity.” Salen Mn(IlI) complexes® and oxaziridines * have found to be efficent in the synthesis
of a-hydroxy ketones.

Our present results can be rationalized on the assumption that B-hydroxy ketones form a kinetic enolate with
the Sharpless reagent. The presence of B-hydroxy group and the branching of the substrate in a-position favour the

formation of the allylic enolate 4 particularly. Then the oxidation of the formed allylic units proceed via the
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Sharpless oxidation mechanism, resulting in the epoxides S. These epoxides rearrange in acidic media in a,p-

dihydroxyketones 2 (Scheme 2).
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The assumption that the allylic intermediates are formed in the process of oxidation is supported by the fact
that the existance of the OH-group in B-position is essential for oxidation. Thus, a-branched ketones, which do
not bear B-hydroxy group (a-methylcyclopentanone 1d and a-methylcyclohexanone 1e) were not oxidized at
ordinary reaction conditions. (see Table, No.11 and No.12).

The formation of an allylic achiral intermediate necessarily causes the racemization of the substrate. Indeed,
we found that in the case of compound 1b the unreacted substrate did not reveal optical activity. This points to the
possible formation of enolate in the equilibrium process. However, in the case of compounds la and lc the
recovered substrate from the reaction mixture revealed optical activity (ee up to 35%). This is an indication that
enantioselection does exists in the enolate formation step, but in the case of 1a and le¢ the ketone/enolate
equilibrium is shifted towards the ketone reducing the influence of the kinetic racemization.

The formation of «,B-dihydroxyketones 2 was accompanied by the oxidative cleavage of the C-C bond,
resulting in ®-hydroxy ketoacids 3. The excess of +-BuOOH (3 equivalents of +-BuOOH instead of usual 1.2
equivalents) diminishes the yield of ketone diol 2. At the same time we did not observe any substantial increase
in the amount of cleavage product 3. Thus, one might assume that the excess of +-BuOOH supresses the
formation of enolate 4 and, therefore, the subsequent oxidation.

The structure of the substrates and the products was determined by 3C NMR. (at 500 MHz Bruker AMX-
500 instrument. 2D 'H-'H and 'H-">C COSY correlations were applied when necessary). The characterictic
chemical shifts are presented in 19 The ee of the compounds were determined using R-(-) a-methoxyphenyl
acetic acid esters of the compounds by HPLC and/ or by C NMR spectra.“ The absolute configurations of the
compounds were not specially determined. The structures in Figs 1 and 2 correspond to Sharpless AE face-
selection rule for (+)-DET. 12
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