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Epoxides are very important building blocks in organic
synthesis.! Dioxiranes, either isolated or generated in
situ, have been shown to be extremely versatile epoxi-
dation reagents.?~® In nearly every case, the generation
of dioxiranes uses potassium peroxomonosulfate (KHSOs)
as oxidant (Scheme 1).”# During our recent study on
asymmetric epoxidation using the fructose-derived ketone
(1), we found that hydrogen peroxide (H,O,) could be used
as primary oxidant in combination with acetonitrile (eq
1).8! High yields and ee’s were obtained for a number of
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olefins. In this epoxidation, peroxyimidic acid 2 is likely
to be the active oxidant for the formation of the dioxirane
(eq 2).%° The epoxidation requires substantially less
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solvent and salts compared to the procedure using Oxone,
along with being operationally simple. To further extend
this oxidant system (H,O,—CH3CN) to the dioxirane-
mediated epoxidation, we have tested a variety of achiral
ketones as possible catalysts. Among those tested, tri-
fluoroacetone (CF;COCH3) was found to be a particularly
active catalyst. Herein we wish to report our recent
studies in this area.

In our previous studies of the asymmetric epoxidations
with Oxone as oxidant, it has been found that the pH of
reaction mixture is a very important factor to the
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efficiency of the epoxidation reactions. Higher pH is
usually beneficial to both the conversion and ee’s.®>—¢ A
similar phenomenon was also observed in the asymmetric
epoxidation when H,0, was used as the oxidant.®' In
current studies, the pH effect was further investigated
using trifluoroacetone (CF;COCHj3) and tetrahydropyran-
4-one as catalyst. The reaction was run in a 1:1 mixture
of CH3CN and aqueous EDTA solution (4 x 10™* M) using
trans--methylstyrene as substrate. The reaction pH was
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Figure 1. Plot of the conversion of trans-5-methylstyrene
against pH using CF;COCHj3 as catalyst (5 mol %). Reactions
were carried out with trans-g-methylstyrene (1 mmol), ketone
(0.05 mmol), and H,O, (4 mmol) in CH;CN (1.5 mL) and
aqueous EDTA (4 x 10* M) (1.5 mL) at 0 °C for 10 h.
Conversions were determined by GC.

adjusted by adding K,CO3; or AcOH and monitored by a
pH meter. It was found that both ketones gave the best
conversions at pH around 11.0 while trifluoroacetone
showed much higher activity (the pH effect of trifluoro-
acetone is shown in Figure 1).1

Upon the determination of the optimal reaction pH, a
number of ketones were then investigated as epoxidation
catalyst using trans-g-methylstyrene as substrate. In all
cases, the ketone was used in 30 mol % and the reactions
were stopped after 10 h. As shown in Table 1, among
these ketones tested, trifluoroacetone (CF;COCHz;) showed
the highest activity.*? A complete conversion of substrate
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Notes

Table 1. Epoxidation of trans-f-Methylstyrene Using
Different Ketones?

Entry Ketone Cat (eq.) T(C) t(h) Conv. (%)
0
n
1 n=1 0.3 0 10 5
2 n=2 0.3 0 10 20
3 n=3 0.3 0 10 2
o}
4 @ 0.3 0 10 15
o]
5 o 0.3 0 10 8
o]
)J\coza
6 R=Me 0.3 0 10 1
7 R=Na 0.3 0 10 8

8 A 0.3 0 10 <1
9 C‘\/ﬁvc' 0.3 0 10 46

10 FsCiCHs 0.3 0 10 100

a All reactions were carried out with trans-g-methylstyrene (1
mmol), ketone (0.3 mmol), and H,O, (4 mmol) in CH3CN (1.5 mL)
and aqueous K,COj solution (1.5 M in 4 x 10~ M EDTA) (1.5
mL) at 0 °C for 10 h. Conversions were determined by GC.

was obtained under the reaction conditions. The high
efficiency displayed by this CF;COCH3;—H,0,—CH3;CN
system suggested that this would provide a valuable
epoxidation procedure. We therefore decided to test
various olefins to ascertain the generality of the reaction.

The epoxidation was carried out at apparent pH
around 11.0, which could be easily obtained by using a
1.5 M K,COj3 aqueous solution. The reaction was run at
0 °C to slow the decomposition of H,O, and the peroxy-
imidic intermediate. As shown in Table 2, a variety of
terminal, cyclic, acyclic, trans-, cis-, and trisubstituted
olefins have been epoxidized with good yields. Functional
groups such as hydroxy, TMS, ester, and alkynes can be
tolerated under this reaction condition. For those more
reactive substrates, the epoxidation was completed using
10 mol % ketone within 4 h. For those less reactive
substrates, 30 mol % ketone was required to gain a high
conversion. For substrates such as trans-stilbene and
trans-7-tetradecene with poor solubility (Table 2, entries
2 and 6), the epoxidation did not give a reasonably high
conversion when CH3;CN was used as the organic solvent.
However, a good conversion could be obtained by running
the epoxidation in a mixed solvent of CH;CN—DMM (1:
2, v/v).23 Under this mixed solvent system, the decom-
position of H,O, or the peroxyimidic intermediate might
become slow, and the epoxidation could be carried out at
room temperature. To further illustrate the usefulness

(13) The epoxidation also proceeded using CH3CN as a reagent in
other solvents. For example, an 84% yield was obtained for 5-meth-
ylstyrene oxide when the epoxidation was carried out using 4 equiv of
CH3CN in butanol. However, for most substrates, the epoxidations
were much slower using butanol as solvent instead of CH3CN.
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Table 2. Epoxidations of Olefins Using H,O, as Oxidant
and CF3;COCHj3; as Catalyst?

Cat. (mol%) Time (h) Yield (%)P

Entry Substrate

1 PN 10 4 936
P 30 6 896¢
3 P " 0H 30 5 846b
4 N0 10 10 646e
5 Ao 10 10 706¢
61 s g, 5 946¢

= OH
TN\ 30 4 764n
8 II 10 4 g36¢
9 O 10 4 709

10 10 4 866¢

ol

11 10 4 816f
-

12 10 4 8068

13 10 3 806¢
14 nCaHii S 30 8 896e

.

a All reactions were carried out with olefin (1 mmol), CF3COCH3
(0.1-0.3 mmol), and H;02 (4 mmol) in CH3CN (1.5 mL) and
aqueous K,COj solution (1.5 M in 4 x 1074 M EDTA) (1.5 mL) at
0 °C unless otherwise noted. P Isolated yield. ¢ The reaction was
carried out with CH3CN—DMM (1/2) (8.5 mL) and aqueous K,CO3
solution (1.5 M in 4 x 107 M EDTA) (1.5 mL) at 0 °C for 1 h and
at room temperature for 5 h. 9 The reaction was carried out with
CH3CN—DMM (1/2) (5.5 mL) and aqueous K>CO3 solution (1.5 M
in 4 x 104 M EDTA) (1.5 mL) at 0 °C for 1 h and at room
temperature for 4 h.

of this epoxidation, the epoxidations of two selected
olefins (a-methylstyrene and trans-stilbene) were carried
out on a 100 mmol scale (see the Experimental Section).
The epoxidation worked well in each case.

Trifluoroacetone (CF3;COCHz3) has been shown to be a
very active promoter for in situ epoxidation using Oxone
as oxidant at neutral reaction conditions (pH 7—7.5) with
stoichiometric amount of ketone.*1* Our observation that
CF3COCH; could be used in a catalytic amount when the
epoxidation was carried out at high pH using H,0, as
oxidant suggested that this ketone could also be catalyti-
cally active at high pH with Oxone. To this end, a pH
effect of CF;COCH3; using Oxone was then carried out
(Figure 2). Indeed, the pH has a large effect on the
epoxidation. At pH 10.0, an 80% conversion of trans-f-
methylstyrene was obtained using a catalytic amount of
ketone (5 mol %). With 10 mol % CF3;COCHj3, trans-3-
methylstyrene and 1,2-dihydronaphthalene could be ep-
oxidized in 82% and 92% yield, respectively.
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Figure 2. Plot of the conversion of trans-S-methylstyrene
against pH using CF;COCHg; as catalyst and Oxone as oxidant.
Reactions were carried out with trans-g-methylstyrene (1
mmol), ketone (0.05 mmol) in CH;CN—DMM (1/2) (15 mL),
and aqueous EDTA (4 x 1074 M) (10 mL) at 0 °C. Oxone (1.38
mmol in 6.5 mL of 4 x 107 M EDTA) was added via syringe
pump over 1.5 h. The pH of the reaction mixture was adjusted
by adding K,CO3z; or AcOH and monitored by a pH meter.
Conversion was determined by GC.

In summary, we report an efficient trifluoroacetone
(CF3COCHj3)-catalyzed epoxidation using hydrogen per-
oxide (H,0,) as primary oxidant at high pH. The ketone
can be used in a catalytic amount. The reaction is mild
and gives good yields for a number of olefin substrates.
The usage of H,O, as oxidant significantly reduces the
amount of the solvent and salt introduced. We believe
that this procedure is operationally simple and will
provide a valuable epoxidation method.

Experimental Section

The general experimental information is similar to those
recently described.’¢ Hydrogen peroxide (H20) is potentially
explosive. Although no incidents occurred by our experience, care
must be taken in handling this compound. In the epoxidation
reaction, EDTA is used to minimize the decomposition of H,O,
catalyzed by any trace metals. All the epoxides in Table 2 are
known compounds and give satisfactory spectroscopic charac-
terization. The corresponding references for these epoxides are
included in Table 2.

General Epoxidation Procedure for Table 2. To a mixture
of an olefin (1 mmol) and CF;COCH3 (0.1—0.3 mmol) in CH3CN
(1.5 mL) and aqueous K,CO3 (1.5 M in 4 x 1074 M EDTA, 1.5
mL) was added H,O, (30%, 0.4 mL, 4 mmol) at 0 °C. Upon
stirring at 0 °C over the indicated time,> the reaction mixture
was extracted with hexane or ether, washed with aqueous
Na,S,03 (1 M) and brine, dried (Na,SO,), filtered, concentrated,
and purified by flash chromatography on silica gel (buffered with
1% NETt3) to give the pure epoxide product.

o-Methylstyrene Oxide.¢ To a mixture of a-methylstyrene
(11.8 g, 0.1 mol) and CF3COCHg; (1.12 g, 0.01 mol) in CH3;CN
(150 mL) and aqueous K,CO3 (1.5 M in 4 x 107 M EDTA, 150
mL) was added H,0; (30%, 40 mL, 0.4 mol) at 0 °C. Upon stirring
at 0 °C for 3 h, the reaction mixture was extracted with hexane
(3 x 300 mL). The combined organic layers were washed with
aqueous Na,S;03 (1 M) (3 x 50 mL) and brine (100 mL), dried
(NazS0.,), filtered, concentrated, and purified by flash chroma-
tography on silica gel (buffered with 1% NEt3) using hexanes—
ether (1/0—10/1) as eluent to give a-methylstyrene as a colorless

(14) For epoxidation promoted by the acyclic analogues of trifluo-
roacetone, see ref 5i.

(15) Efficient stirring is important to the epoxidation. Poor stirring
frequently leads to lower conversions and requires longer reaction
times.
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liquid (10.8 g, 80.6%): *H NMR ¢ 7.40—7.25 (m, 5H), 2.98 (d, J
= 5.4 Hz, 1H), 2.81 (d, J = 5.4 Hz, 1H), 1.72 (s, 3H).
trans-Stilbene Oxide.® To a mixture of a suspension of
trans-stilbene (18.02 g, 0.1 mol) and CF;COCHj3; (3.36 g, 0.03
mol) in CH;CN—DMM (1/2 v/v, 750 mL) and aqueous K,COs (1.5
Min4 x 1074 M EDTA, 150 mL) was added H,O, (30%, 40 mL,
0.4 mol) at 0 °C. Upon stirring at 0 °C for 1 h and at room
temperature for 5 h, the reaction mixture was extracted with
hexane (3 x 500 mL). The combined organic layers were washed
with aqueous NazS;03 (1 M) (3 x 50 mL) and brine (100 mL),
dried (Na;SO.), filtered, concentrated, and purified by flash
chromatography on silica gel (buffered with 1% NEts) using

Notes

hexanes—ether (1/0—100/1) as eluent to give trans-stilbene oxide
as a white solid (18.3 g, 93.3%): *H NMR ¢ 7.40—7.15 (m, 10H),
3.88 (s, 2H).
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