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Abstract. Epoxides are important intermediates in organic synthesis, ketone-hydrogen peroxide
was a clean and efficient catalytic oxidant for the epoxidation of olefins.Eleven ketone- hydrogen
peroxide systems were used in the epoxidation of a-pinene to 2,3-epoxypinane, acetone- hydrogen
peroxide system gave the best yield and selectivity (91.8% and 97.5% in turn) among the eleven
systems. Other two kinds of terpenes, three kinds of aromatic olefins, and three kinds of
cycloolefins were oxidized under the acetone-hydrogen peroxide system with yields among 72.6%
to 93.2%. For aromatic olefins and cycloolefins, the reactant with the electron-donating group gave
a higher yield than those with the electron-withdrawing group.

Introduction

Epoxides of terpenes, aromatic olefins and cycloolefins are important intermediates in the synthesis
of fragrance/flavor compounds and other fine chemicals. For example, the epoxide of a-pinene can
be used to synthesize a series of fragrance/flavor compounds, such as 3-pinanol), 3-pinone'®,
bacdanol®!] sandalore!(as shown in Fig 1). The epoxide of S-pinene were intermediate to
synthesize perilla alcohol and its derivatives” ). 2-Phenylethanol®® and phenylacetaldehyde! were
synthesized by the epoxidation of styrene; catechol was synthesized by the epoxidation of

cyclohexene!'”.
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Fig 1. a-Pinene and its several derivatives
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In the past few years, the common oxidant of epoxidation were Oxone
(2KHSOsKHSO3K,S04)!" ' and peracetic acid!'®!. The disadvantages of Oxone were large solid
waste emission!'®. Peracetic acid were unstable and easy to decompose; it should be used as soon as
possible once it was prepared. Transition metal compounds were used as epoxidation agents in
some cases, such as manganese sulfate(MnSO4)!'”!, methyltrioxorhenium (MeRO; or MTO)!'*!,

tungsten superoxide anion salt ({{W( = 0)(01)(H,0)](n-0)}*)"), coordination compound of

molybdenum  (positive ion was tetraphenylphosphonium[PPhs]", negative ion was
[MoO(O,)x(saloxH)])°". The high price and usually high toxicity of most transition metals limit
their applications in epoxidation reactions. Hydrogen peroxide was an environmentally friendly
oxidant because it would turn into water after the reaction, without the emission of other wastes.
Lian-he Shu and Yi-an Shi®"! reported the epoxidation of olefins in catalytic systems of different
ketones-hydrogen peroxide and found that the highest conversion of olefins can be obtained when
the catalytic system was trifluoroacetone-hydrogen peroxide. However, the low boiling point of
trifluoroacetone (21.9 °C) usually limit its application in the reactions under room temperature or
reflux, even ignoring its high price. The screening of an inexpensive and effective catalytic system
become important for the epoxidation reaction. Xiang-wen He, et al. of our team, reported the
epoxidation of the a-pinene in acetone-hydrogen peroxide catalytic system and gave an optimized
yield of 86.8% of 2,3-epoxypinane **. Acetone is a cheap reagent and has a proper boiling point
(56.1 °C), compared with trifluoroacetone. The mechanism of the catalytic system of
ketone-hydrogen peroxide in epoxidation was shown in Fig 2.2
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Fig 2. The mechanism of catalytic system of ketone-hydrogen peroxide in epoxidation

Experimental

In this paper, 11 catalytic systems of ketones-hydrogen peroxide were studied in the epoxidation of
o-pinene (Fig 3.). The dosage of a-pinene was 3.40g(25mmol), Nn(H,O,): n(a-pinene) = 5: 1.The pH
was adjusted to 10 by adding the powder of sodium bicarbonate, the ratio of acetonitrile to
deionized water =4:1(in volume), the total volume of the reaction system was 100 mL.The reaction
was carried out at 40 °C for 4 h. The mixture was extracted three times with CH,Cl,, dried with
anhydrous Na,SOs. The solvent was removed under reduced pressure.
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Fig 3. The epoxidation of a-pinene

Based on the optimized reaction condition of the epoxidation of a-pinene, two kinds of terpenes,
three kinds of aromatic olefins and three kinds of cyclenes were epoxided, which including:
[-pinene(a), camphene(b), 4-methylstyrene(C), styrene(d), 4-chlorostyrene(e),
4-methylcyclohexen(f), cyclohexene(g) and 3-cyclohexen-1-carboxylic acid (h).

The structure of the epoxides was determined by data of MS from GC/MS; the molecular
formulae were further determined by data of accurate mass from high-resolution TOF MS. The
yields and selectivity of 2,3-epoxypinane were calculated from data of GC.
2,3-Epoxypinane, MS:mVZ(%):152(1, M), 137(41),119(11), 109(64), 83(45), 67(100), 55(40),
41(60), 27(17). Accurate Mass (molecular formula): 152.117830 (C;oH;60).

a: MS: mvZ (%): 152(1, M), 137(36), 123(53), 109(53), 91(36), 79(100), 67(55), 55(48), 41(80).
Accurate Mass (molecular formula): 152.119802 (C;oH;60).

b: MS: m/Z (%):151(4, M-1), 131(100), 123(6),119(2), 109(38), 105(12), 94(50), 89(17), 67(20),
55(12), 41(25), 37(17), 27(9). Accurate Mass (molecular formula): 152.115408 (C,0H;60).

c: MS: nvZ (%):134(31, M), 119(13), 105(100),91(31), 63(3), 51(6), 39(3), 27(2),17(16). Accurate
Mass (molecular formula): 134.072164 (CoH,00).

d: MS: nVZ (%):119(57, M-1), 105(2),91(100), 77(9),51(14), 45(1), 39(17),29(3). Accurate Mass
(molecular formula): 120.055969 (CsHsO).

e: MS: mVZ (%): 154(40, M), 139(3), 125(100), 119(67), 111(3), 99(6), 89(83), 75(6), 63(17), 39(6),
29(3). Accurate Mass (molecular formula): 154.016107 (CsH;OCI).

f: MS: mVZ (%): 111(5, M-1), 97(100), 84(52), 55(52), 43(29),41(90). Accurate Mass (molecular
formula): 112.087733 (C;H,,0).

g: MS: mvZ (%): 97(14, M-1), 83(100), 79(7), 69(26), 65(3), 54(43), 41(71), 31(3), 27(29).
Accurate Mass (molecular formula): 98.072835 (C¢H;00O).

h: MS: m/Z (%): 142(9, M), 124(100), 114(15), 100(30), 82(30), 70(72), 63(2), 55(39), 44(76),
38(42), 29(32). Accurate Mass (molecular formula): 142.061231 (C7H;005).

Results and discussion

The yields and selectivity of 2,3-epoxypinane in the epoxidation of a-pinene by ketones-hydrogen
peroxide systems were shown in Table 1.
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Table 1. Yields and selectivity of 2,3-epoxypinane by epoxidation of a-pinenein ketones
-hydrogen peroxide systems
Entry Ketone Yield/% Selectivity/%

O

1 )k 91.8 975

(@]
2 )‘\’(O\ 90.2 94.9
(o]
3 é 78.1 96.0

72.7 81.5

JL/
o]
5 )Lé/y 64.8 81.8
4
(o]

6 )k 62.8 67.5
7 @0 60.3 69.1

8 é 60.2 82.2

. 56.0 61.6

10 M 532 59.9

1n )k 23.7 30.5

(C)HC CHLCI

According to Table 1, the optimized yield of 2,3-epoxypinane was 91.8% with the selectivity of
97.5% when the epoxidation was carried out in acetone-hydrogen peroxide catalytic system(Entry
1). Methyl pyruvate-hydrogen peroxide system ranked top 2 with a yield of 90.2% and selectivity of
94.9% of 2,3-epoxypinane(Entry 2). Tetrahydro-4H-pyran-4-one -hydrogen peroxide system gave a
yield of 78.1% and a high selectivity of 96.0% (Entry 3) which are greater than those of
cyclohexanone (yield of 60.2%, selectivity of 82.2%, Entry 8) evidently due to the existence of
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electron withdrawing oxygen atom(s) on the tetrahydropyran ring. But some ketones with electron
withdrawing multi-chlorine atoms(hexachloroacetone, 1,1,3-trichloroacetone ) (Entry 6 and 11) or
carbonyl groups (2,4-pentanedione, Entry 10) did not give high yields or selectivity partly because
of the stereo-hindrance effect of multi-chlorine atoms or carbonyl group. Other aliphatic
ketones-hydrogen peroxide catalytic systems (Entry 4 and 5) gave moderate yields of
2,3-epoxypinane (72.7% and 64.8% in turn) and selectivity of over 81%.

The epoxidation of eight olefins was carried out in acetone-hydrogen peroxide system under the
optimized reaction condition of that of a-pinane. The yields of the eight epoxides were shown in
Table 2.

Table 2. The epoxidations products of eight olefinsin acetone-hydrogen peroxide system

Entry Olefin Structure of Compound Yield/%
a /§5 76% 93.2
b @i @@ 91.6
c E; 5 88.5
——
d ES 5 87.3
e (5 (S 82.5
g @ O} 78.7

COOH

As shown in Table 2, the epoxidation of terpenes under acetone-hydrogen peroxide system gave
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satisfied yields of 91.6% and 93.2% (Entry a and b), that of aromatic olefins gave yields among
82.5% to 88.5% (Entry c, d, and €), and that of cycloolefins gave yields among 72.6% to 89.4%
(Entry f, g, and h). Furthermore, the property of the substituent group has a great influence on the
yield of the epoxides. For example, the electron-donating methyl group adding to cyclohexene
could raise the yield of the epoxides from 78.7% to 89.4%; on the other hand, the
electron-withdrawing carboxyl group adding to cyclohexene could decrease the yield from 78.7% to
72.6%. Similar effects exist on the epoxidation of aromatic olefins.

Conclusions

The catalytic epoxidation of a-pinene in ketone-hydrogen peroxide system was optimized by using
11 ketones. Acetone-hydrogen peroxide system shows satisfied effect with a yield of 91.8% and a
selectivity of 97.5% of 2,3-epoxypinane. Other two kinds of terpenes, three kinds of aromatic
olefins, and three kinds of cycloolefins were oxidized under the above optimized condition with
yields of 72.6%-93.2%. For aromatic olefins and cycloolefins, the reactant with the
electron-donating group gave a higher yield than that with the electron-withdrawing group.
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