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Abstract: The kinetic resolution of 1-methyl-1-phenylpropyl hydroperoxide via
catalytic Sharpless epoxidation with various allylic alcohols has been inves-
tigated. An enantiomeric excess of nearly 20 % of the resolved hydroperoxide
has been observed.

Optically active hydroperoxides which may be used as potential stereoselective oxidizing
reagents are of great interest. Early attempts to obtain homochiral hydroperoxides by the oxidation of
optically active alcohols or their derivatives with highly concentrated hydrogen peroxide showed that
this oxidation proceeds with inversion accompanied by a high degree of racemisation ! . Some chiral
hydroperoxides were obtained by photooxidation of thiazolidines 2, oxidation of 2,3-unsaturated
glycosides with hydrogen peroxide 3, or enzymatic oxidation of linoleic acid by dioxygen 4. Recently, the
resolution of 1-phenylethyl hydroperoxide and unsaturated hydroperoxide enantiomers by liquid
chromatography of the diasterecomeric derivativesS and the formation of optically active diene
hydroperoxides by olefination of a peroxyaldehyde have been reported 6.

It is well known that the Sharpless epoxidation is not only a versatile method for the
preparation of epoxy alcohols with high enantioselectivity 7, but it also represents a possibility for the
kinetic resolution of secondary allylic alcohols 8. Analogously, in the ideal case, the application of
racemic hydroperoxides in the Sharpless epoxidation should lead to the slower reacting hydroperoxide
enantiomer and the corresponding alcohol with the opposite rotation in addition the homochiral epoxy
alcohol should be formed 9.

We present the first results for the kinetic resolution of  1-methyl-1-phenylpropyl
hydroperoxide!? by the catalytic variant of Sharpless epoxidation with various allylic alcohols. Using a
molar ratio of allylic alcohol and hydroperoxide of 1 : 2, the reaction was quenched after half the
amount of hydroperoxide had been consumed:
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racemic prochiral

Ti(OiPr), | L—(+) or D—(-)
DIPT

_OH
0 OH

homochiral

Table 1 clearly shows that, in principle, the expected stereodifferentiation occurs. As could be
determined by a recently elaborated HPLC method 11, after workup the solution contains one
hydroperoxide enantipmer in excess as well as the corresponding alcohol with the opposite rotation
depending on the enabtiomer of diispropyl tartrate (DIPT) used.

The enantiormeric excess (e.e.) obtained is low in the case of allyl alcohol and its methyl-
substituted derivatives. Using cinnamyl alcohol and its phenyl-substituted derivatives, an e.e. up to 16 %
was reached. By application of the stoichiometric Sharpless method the enantiomeric excess increases
to 20-22 %. In every case, the e.e. of the alcohol determined is lower than that of the hydroperoxide.
This observation can -be explained by partial decomposition of the hydroperoxide which may be an
additional source of optically inactive alcohol.

Surprisingly, the allylic alcohol used can be arranged in two groups according to the rotation of
the resulting enriched hydroperoxide enantiomer. Thus, applying e.g. 2-phenylallyl alcohol in the
presence of L—(+)-Dli’T, an excess of the (+)-hydroperoxide was found in the solution, whereas the use
of a-phenylcinnamyl dicohol in the presence of the same DIPT affords the enriched (-)-hydroperoxide
enantiomer. This effdct has been confirmed by the opposite optical rotation using the other DIPT
enantiomer as optical auxiliary. So far, we have no plausible interpretation for this effect.
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1-Methyl-1-phenylpropyl hydroperoxide

Table 1. Kinetic Resolution of 1-Methyl-1-phenylpropyl hydroperoxide 2

allylic alcohol DIPTD hydroperoxide © alcohol ©
(+)% ()% e.e. (+)% (-)% e.e.
allyl alcohol L-(+) 51.5 48.5 30 488 51.2 24
D-(-) 484 51.5 32 516 48.3 33
3-methyl-2-butenol L-(+) 521 419 42 48.6 51.4 2.8
D-(-) 482 51.8 36 51.0 49.0 20
geraniol L-(+) 53.0 47.0 6.0 47.2 52.8 56
D-(-) 413 52.7 54 51.8 48.2 36
2-phenylallyl alcohol L(+) 54.8 45.2 9.6 46.3 53.7 74
D(-) 458 54.2 84 54.1 459 8.2
crotyl alcohol L(+) 46.6 53.4 6.8 51.8 48.2 3.6
D(-) 53.6 46.4 72 47.2 528 56
(E)-2-hexen-1-ol L(+) 46.9 53.1 6.2 52.4 47.6 4.8
D(-) 532 46.8 64 413 527 54
cinnamyl alcohol L-(+) 443 55.7 11.4 52.5 475 5.0
D-(-) 56.9 43.1 13.8 46.6 534 6.7
a-phenylcinnamyl L(+) 418 58.2 16.4 55.0 450 100
alcohol
D-(-) 574 426 14.8 44.4 55.6 11.2

2 All reactions were carried out using hydroperoxide and allylic alcohol in the molar ratio of 2 : 1 with 10 mol % Ti(O-i-Pr)4
and 15 mol % DIPT in the presence of powdercd 3A molecular sieves in dichloromethane at -20° C. After consumption of
nearly half the starting hydroperoxide amount, the reaction mixturc was worked up with aqucous Na3S0y4 sotution, dricd
over NapSOy, and analysed.

b DIPT = diisopropyl tartrate

© The determination of the enantiomeric excess of the hydroperoxide and the corresponding alcohol was acoomplished
by HPLC analysis on a CHIRALCEL OD column !
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