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Oxidative Cleavage of Epoxides with Ammonium Molybdate-H,0O, System:
An Efficient Route to o-Hydroxy Ketones
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Epoxides are efficiently converted into c-hydroxy ketones
by employing ammonium molybdate-H,O, system. The o-
hydroxy ketones are prepared without the formation of o.-
hydroxy aldehydes, via 1,2-diols as intermediates. The products
are formed with excellent yields under very mild conditions.

Epoxides are valuable intermediates for asymmetric syn-
thesis of complex organic compounds.! These are used in the
synthesis of enantiomerically enriched compounds either by
kinetic resolution of racemates? or asymmetric ring opening of
meso epoxides.3*

o-Hydroxy ketones (o-ketols) are present in many of the
biologically active compounds such as antitumour agents and
drugs.>® Available methods for their preparation include the
oxidation of ketones via enol ethers,” or enolate anions,®® oxi-
dation of diols,!0 the acyloin!! and benzoin!? condensation, par-
tial reduction of 1,2-diketones,'® oxidation of epoxides!* and
alkenes,!® reaction of various acyl anion equivalents®® and acyl
lithiums with ketones and aldehydes” and reductive coupling
reactions of acid halides with ketones and aldehydes.’® Among
them, the oxidation of 1,2-diols and epoxides occupy a promi-
nent position. To the best of our knowledge, there are only a
few reports available in the literature for the oxidation of epox-
ides to a-hydroxy ketones.!* Hence it has been considered to be
of great interest to develop mild and efficient methods for the
oxidation of epoxides to the corresponding o-hydroxy ketones.
Here we report a mild and efficient method for the oxidative
ring opening of epoxides with ammonium molybdate-H,0,
system to corresponding o-hydroxy ketones ( Scheme 1).

In the recent past molybdenum based reagents have emerged
as efficient oxidants in organic synthesis.’®> Ammonium molyb-
date catalyzes various oxidation reactions such as oxidation of
alcohols,?° olefin epoxidation! and regioselective bromination.??
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Oxidation of epoxides in presence of ammonium molybdate
proceeds rapidly affording high yields of the corresponding -
hydroxy ketones. When the reaction is carried out in the absence
of ammonium molybdate, the reaction did not proceed even on
prolong time. Thus it is assumed that ammonium molybdate is
essential for the oxidation of epoxides. Progress of the reaction

is monitered not only by a visible change in the color of the
reaction mixture (from white to yellow) but also from tlc dur-
ing the course of the reaction. After completion of the reaction
as indicated by tlc the reaction mixture is filtered off, washed
with water and extracted with chloroform to give the o-hydroxy
ketones. The results are summerized in Table 1. The reaction
proceeds very fast in the case of N-substituted epoxides (entries
1h-1j) when compared to O-substituted epoxides (entries
la-1g). However, the reaction does not have any limitations
with respect to the substitution which has been later confirmed
by carrying out same reaction with styrene epoxide (entry 1K)
to obtain 2-hydroxyacetophenone (entry 2k).

To explain the exact path of the reaction it is believed that
reaction proceeds by epoxide ring opening to corresponding 1,2-
diols which subsequently undergo oxidation selectively to give
o-hydroxy ketones. Differentiation of secondry alcohol from pri-
mary is a key step in this. However, this has been confirmed
independently by subjecting intermediary phenyl 1,2-ethanediol
to the similar conditions which has generated the desired 2-
hydroxyacetophenone [UV 245 nm; IR 3371 cm™ (OH), 1797
cm™ ( C=0)]. In the earlier reports the above system was used
for the selective oxidation of secondary alcohols in the presence
of primary alcohols.?® Therefore it is predicted that reaction is
proceeds via the formation of 1,2-diols which further undergo
selective oxidation to give corresponding c-hydroxy ketones.
The mechanism is similar to those reported in the
literature,”010.14b.14h

Table 1. Oxidative ring opening of epoxides with ammonium molybdate-H,0; system

Entry R Reaction Time/ min Product Yield/ %
la CgHsOCH, 60 2 9%
Ib 2-CH;-C4H,OCH, 60 % o4
1e 3-CH;0-CsH,OCH, 60 2% 95
1d 4-CH,0-C¢H,OCH, 60 2 o4
le 4-CH;CONH-C4H,OCH; 60 2% »
if OCH, 60 2f o
ig C@’OCHZ 60 2g 92

= o]
lh /\‘ NCH, 45 2h 96
o
5}
1i 45 2% 94
| NCH,
o
. [ .
1 45 2 96
NCH,
o]
1k CgHs 45 2k 9
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There have been some reports where the primary hydroxyl
group of 1,2-diols is oxidized in presence of secondry alcohols.?*
The oxidation of 1,2-diols appears to be a straightforward route
to prepare o-hydroxy aldehydes. However the present method
provides a-hydroxy ketones without formation of c-hydroxy
aldehydes.

The typical procedure involves stirring a mixture of the
ammonium molybdate (1 mmol) and epoxide (1 mmol) in THF.
Hydrogen peroxide (2 mL of 30% aquoeus solution) was added
and the reaction proceeded at room temperature. After comple-
tion of reaction as indicated by tlc, the reaction mixture was fil-
tered off and washed with water, extracted with chloroform. The
organic layer was separated and dried over Na,SO,. The residue
was purified by silica gel using hexane : ethyl acetate (7 : 3) as
eluent to get pure product in good yield. All the products have
been characterized by 'H NMR, IR, mass spectroscopy.

In conclusion, a synthetically useful and practical approach
for the preparation of o-hydroxy ketones in one-pot by the
opening of epoxides with ammonium molybdate-H,O, system
has been developed. This method has a potential for the prepa-
ration of o-hydroxy ketones of biological interest.
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