Immobilisation of ketone catalyst: a method to prevent ketone catalyst from
decomposing during dioxirane-mediated epoxidation of alkenes
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Covalent attachment of trifluoromethyl ketone catalyst to a
solid support such as silica gel increased the stability of
catalyst dramatically, so solving an intrinsic problem of
dioxirane-mediated epoxidation of alkenes catalysed by
ketones.

Dioxiranes have been shown to be powerful and environmen-
tally safe oxidants, which can be generated in situ from ketones
and Oxone® (2KHSOs-KHSO,4-K2S0,4).1 In principle, only a
catalytic amount of ketone is required and, moreover, with a
chiral ketone there exists the opportunity for catalytic asym-
metric epoxidation.2 However, an intrinsic problem of this
catalytic epoxidation procedure is that the turnover number
(TON) of ketone catalysts is generally very low owing to their
instability under the epoxidation conditions. It has been
generaly known that ketone catalysts can be destroyed via
Baeyer—Villiger oxidation and/or formation of 1,2,4,5-tetrox-
ane etc.t

We proposed that the decomposition of ketone catalysts in
the dioxirane-mediated epoxidation of akenes could be pre-
vented by covalent attachment of ketone catalysts to a suitable
solid support,3 since, as shown in Fig. 1, site isolation of
catalytic centres can minimise the possibility of 1,2,4,5-tetrox-
ane formation, and, moreover, the migration of a solid-bound
alkyl chain in the Baeyer—Villiger oxidation step may need
larger movement energy than that of the homogeneous
analogue. Of course, this approach can provide an additional
advantage of easy recycling of catalyst.

To test our rationale, we prepared a new silica-bound
trifluoromethyl ketone 1 and compared its stability in the
dioxirane-mediated epoxidation of alkenes with its homoge-
neous analogue, 1,1,1-trifluorododecan-2-one 2. Here we report
our preliminary results.

The silica-bound trifluoromethyl ketone 1 was simply
prepared by the reaction of 1,1,1-trifluorodode-11-cen-2-one 34
with 3-mercaptopropylsilanised silica gel 45 in the presence of
«,o’-azoisobutyronitrile (AIBN) asaradica initiator in acetoni-
trile (Scheme 1).6 The fluorine and sulfur analyses of 1 (F,
2.61%; S, 2.90%) indicated that 0.45 mmol g—1 of tri-
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fluoromethyl ketone moiety was incorporated and the coupling
yield of 3 with 4 was 50%. Thus, 0.45 mmol g—1 of unreacted
thiol groups exist in the silica-bound trifluoromethyl ketone 1.
The attachment of trifluoromethyl ketone moieties to silica gel
in the slicabound ketone 1 was also confirmed via IR
spectroscopy (1766 cm—1 for ve_o).

In order to compare the catalytic efficiency and stability of
silica-bound ketone 1 with its homogeneous analogue 2, the
epoxidation of akenes were carried out with Oxone® in a
MeCN-H,O solvent system under the modified condition
employed by Shi and co-workers.” The results are summarised
in Table 1.

As shown in Table 1, the silica-bound ketone 1 exhibited
comparable catalytic activity with that of its homogeneous
analogue 2. In a ratio of ketone:olefin of 0.5:1 at room
temperature, epoxidation of akenes using 2.07 equiv. of
Oxone® and 8.7 equiv. of K,CO3 was complete within 5 min
after addition of Oxone® and K-COs;, and afforded the
corresponding epoxides in very high yield.®8 Most of the
oxidised products were obtained in nearly pure form by simple
filtration of the ketone 1, followed by extraction of organic
product and evaporation of the solvent. The observed results
suggest that trifluoromethyl ketone moiety on silicagel remains
highly exposed to the reactants and thus substrates can access to
the catalytic sites easily.

The silica gel supported trifluoromethyl ketone 1 could be
easily recovered after reaction by simple filtration and the
recovered ketone 1 was reused several times without any
significant loss of activity. All epoxidations of trans-p3-
methylstyrene using the recycled ketone 1 afforded trans-p3-
methylstyrene oxide in nearly quantitative yield, even after
tenth use.® As we proposed, the retainment of the catalytic
activity during severa cycles can be explained by that the
decomposition of the supported ketone catalyst 1 via Baeyer—
Villiger oxidation and/or 1,2,4,5-tetroxane formation® pro-
ceeds much more slowly than that of its homogeneous analogue
2. We could not find any carbonyl peak of the Baeyer—Villiger
oxidation product (ester) in the IR spectrum of 1 recovered after
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Table 1 Epoxidations of alkenes with Oxone® catalysed by silica-bound
ketone 1 or its homogeneous anal ogue 22

Yield (%)?

Entry Alkene Using catalyst 1  Using catalyst 2
1 N 94 93
2 Ph/\/ >08 >98
3 m >98 >98
4 @ >08 >08
5 Q/\ >98 >98

Cl

6 >98 >98
Ph

7 O/ >98 >08
[e]

8 C>< j 71 67
(o]

9 >98° >08

T

@ The reaction conditions were not optimised: substrate (1 equiv.), ketone
catalyst (0.5 equiv.) Oxone® (2.07 equiv.) and K,CO; (8.7 equiv.) in
MeCN-aqueous EDTA (4 x 10—+ M) (1.5/1, v/v) at room temperature.
Under such conditions, the blank reaction (the epoxidation of trans-f3-
methylstyrene only with Oxone®) gave the epoxide only up to 16% yield.
 Yields were determined by GC and '"H NMR analysis of crude products.
©93% of «-pinene oxide and ca. 5% of «-campholenic aldehyde. 4 84% of
«-pinene oxide and ca. 15% of «-campholenic aldehyde.
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10 runs. In contrast to the silica-bound catalyst 1, ca. 85% of its
homogeneous analogue 2 was decomposed after a first run of
the epoxidation of trans-p-methylstyrene. The main decom-
posed products were ester 5 (ca. 8%) and 1,2,4,5-tetroxane 6
(ca. 77%) (Scheme 2). The structure of 6 was assigned by NMR
and HRMS analyses.1t

In conclusion, we have achieved excellent results for the
heterogeneous dioxirane-mediated epoxidation of alkenesusing
silicagel supported trifluoromethyl ketone 1. This silica-bound
ketone was reused ten times without loss of activity. This
retainment of the catalytic activity during several cycles was
explained by that the decomposition of the supported ketone
catalyst 1 via Baeyer—Villiger oxidation and/or 1,2,4,5-tetrox-
ane formation® proceeds much more slowly than that of its
homogeneous analogue 2. Thus, this type of immobilisation of
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ketone catalysts will provide a possibility to increase their
stability, which is an intrinsic problem of dioxirane-mediated
epoxidation catalysed by ketones. The current study will also
provide some insight for the development of new chiral ketone
catalysts. In the search for efficient ketone catalysts for
asymmetric epoxidation, both turnover number and enantiose-
lectivity are crucial issues to be considered.

This research was supported by a grant from Korea Institute
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