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Synopsis. Disulfite was found to be an excellent oxi-
dizing reagent for a gentle and stereoselective reaction to
produce trans-diols via corresponding epoxides from the cy-
clohexenes, such as 1-p-menthen-8-yl acetate, 1,8-p-mentha-
diene, and 2-pinene.

Disulfite has been frequently used as an antioxidant
or reductant; e.g., sodium disulfite is one of the best
antioxidants for the photostabilization of N-[(4-amino-
phenyl)sulfanyljacetamide and sulfanilamide solutions®
and it has a significant stabilizing effect on Vitamin
C in bottled orange juice kept at room temperature.?
However, although our attempt to use sodium disulfite
as an antioxidant agent for the isolation of oxidases from
plant cells was unsuccessful, it allowed us to discover
that disulfite was concerned with an aerobic oxidation of
olefins to epoxides and glycols. In this paper we describe
the characterization of this oxidation and consider the
mechanism of the reaction.

Results and Discussion

Monoterpenes, such as (R)-1-p-menthen-8-yl acetate
(1), (R)-1,8-p-menthadiene (2), and (1R,5S5)-2-pinene
(8), were incubated at 37 °C for 12 h in an aque-
ous NayS,0s5 solution under various conditions. It was
found that (R)-1-p-menthen-8-yl acetate (1) was ox-
idized to (1R,2S,4R)-1,2-epoxy-8-p-methanyl acetate
(4), (15,2R,4R)-1,2-epoxy-8-p-menthanyl acetate (5),
(15,2S5,4R)-1,2- dihydroxy- 8- p-mentanyl acetate (6),
and (1R,2R,4R)-1,2-dihydroxy-8-p-menthanyl acetate
(7), as shown in Table 1 (Chart 1). Similar results
were found regarding incubation with an NaySO3 so-
lution, though no product was obtained by the use of
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Chart 1.

NayS0y4, NasS203, NayS20g, and NayS,0O7 solutions or
a NayS,05 solution containing 0.01% H3Os. Similarly,
it was found that (R)-1,8-p-menthadiene (2) was oxi-
dized to (1R,2S,4R)-1,2-epoxy-8-p-menthene (8) (13.4%
yield), (15,2R,4R)-1,2-epoxy-8-p-menthene (9) (9.1%),
and (15,25,4 R)-8-p-menthene-1,2-diol (10) (5.3%) with
NayS205 in 50% aq acetone and (1R,5S5)-2-pinene (3)
was oxidized to (1R,2R,3S,5R)-2,3-epoxypinane (11)
(trace) and (1R,25,35,5R)-2,3-pinanediol (12) (33.9%).

The time-course for the oxidation of (R)-1-p-menthen-
8-yl acetate (1) in the NayS20Os solution was followed
and the formation of 1,2-epoxy-8-p-methanyl acetates,
4 and 5, was observed during the earlier period of in-
cubation. However, the amounts of 4 and 5 gradually
decreased with the lapse of incubation time, as shown
in Fig. 1. Such a decrease in the amount of epoxides
may have been due to a further conversion® to the cor-
responding trans-diols (6 and 7), which were the major
products in the above reaction.

The effect of the pH on the oxidation of (R)-1-p-men-
then-8-yl acetate (1) was examined. With the basic so-
lutions, although no oxidation products were obtained,
significant oxidation was observed at pH values lower
than 7.

The requirement of molecular oxygen for the oxida-
tion with disulfite was examined. The total yield of
oxidation products for the reaction performed under a
nitrogen atmosphere was only half that formed for the
reaction under an oxygen atmosphere during a 12-h re-
action at 37 °C. Furthermore, the relative yield de-
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Fig. 1. Time-course for the formation of epoxides (4
and 5) and the glycols (6 and 7) during the aerobic
oxidation of (R)-1-p-menthen-8-yl acetate (1) with
Na28205.
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Table 1.
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Oxidation of (R)-1-p-menthen-8-yl Acetate (1) Em-
ploying Various Conditions

Yield of products/%

Reagents Solvent pH
4 5 6 7

Na2S205 H-O 6.5 0.3 0.2 318 2.7
H.0+0.01%H202 6.5 Tr. Tr. 0 0

50%EtOH 6.5 0.5 Tr. 173 Tr.

50%Acetone 65 71 119 4.5 Tr.

50%Acetone 3.7 Tr. Tr. 65.7 2.7
50%Acetone 8.0 0.2 Tr. 0 0

Na2SOs 50%Acetone 6.5 3.3 Tr. 22.6 Tr.
Na2SO04 50%Acetone 65 0 0 0 0
Na2S203 50%Acetone 65 0 0 0 0
Na2S206 50%Acetone 65 0 0 0 0
Na2S207 50%Acetone 65 0 0 0 0

creased to 11% in the condition of low dissolved oxygen
by adding glucose oxidase and glucose to the reaction
mixture under a nitrogen atmosphere. This indicates
that the oxidation of (R)-1-p-menthen-8-yl acetate (1)
with sodium disulfite requires molecular oxygen.

These observations are supportive of the pathway for
the epoxidation of the carbon-carbon double bond, as
shown in Fig. 2. It has been reported that the disul-
fite ion, szog-, in aqueous solution exists in equilib-
rium with the hydrogensulfite ion, HSO3.*® Hydro-
gensulfite is a weak acid which dissociates according to
the following equilibrium: HSO3 +H,0=H30% +S03™.
Therefore, there is an equilibrium between SzOg“ and
SO3~.9 The key step is probably the addition of molec-
ular oxygen to SO2~ to give the peroxomonosulfate
ion, SO2~. The observation that no products were ob-
tained in a reaction with the NayS, 05 solution contain-
ing 0.01% H20O, supports the direct action of the SO§‘
ion as an acceptor of molecular oxygen, because SO2~ is
easily oxidized by H2O2 to a stable sulfate ion, SOﬁ”.
The resultant peroxomonosulfate ion, SO%‘, may ab-
stract a proton under acidic conditions to yield the
peroxomonosulfate ion, ~O3SOOH, which can directly
transfer oxygen to a carbon—carbon double bond, as is
the case with various organic peroxy acids.”—

Thus, the disulfite ion is found to be an efficient agent
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Fig. 2. Possible mechanism for the formation of ep-
oxides and glycols by the aerobic oxidation of olefins
with Na2S20s.

for introducing of molecular oxygen into the carbon-
carbon double bond of olefins under mild and aqueous
conditions.

Experimental

GLC analyses were performed on a Shimadzu GC-6A gas
chromatograph equipped with FID and a glass column (3
mmXx2 m) packed with 2% OV-17 on Chromosorb W (AW-
DMCS; 80—100 mesh) by programming the column tem-
perature at 90—250 °C at a rate of 2 °Cmin~!. GLC-MS
were recorded on a Shimadzu QP-1000 mass spectrometer
equipped with an EI ion source operating at 70 eV and in-
stalled with a gas chromatograph equipped with an OV-17
column operating at 80—200 °C at a rate of 3 °Cmin™?.

Materials. (+)- (R)-1-p-Menthen-8-yl acetate (1)
[>99.5% pure on GLC; [a]F +69.1 (¢ 1.02, EtOH); IR Vmax
(film) 1750 cm~? (ester C=0); 'HNMR (CDCls) §=1.2—2.1
(5H, m, -CHz—x3 and YCH-), 1.41 and 1.44 (s, )C(CHs)2),
1.64 (3H, s, 7-Me), 1.96 (3H, s, OAc), and 5.36 (1H, bs,
SC=CH-); MS m/ (rel intensity) 136 (M* —AcOH, 80%),
121 (90), and 93 (100)] was prepared from (+)-(R)-1-p-men-
then-8-ol by acetylation with acetic anhydride. (+)-(R)-1,
8-p-Menthadiene (2) [>99.4% pure on GLC; [a]f +107.8 (c
2.06, EtOH) (lit,'® [a]%’+126.1)] was donated from Ogawa
Perfumery Co., Ltd and (+)-(1R,5S5)-2-pinene (3) [>99.1%
pure on GLC; [0]2+49.0 (¢ 10.2, EtOH) (lit,!? [o]F +51.1)]
was commercial material of Aldrich Chem. Company.

General Procedures. To a reaction vessel containing
a solution (1 cm®, pH 6.5) of 20 molm™® Na3S;0s, 1 mg
of a material, such as (+)-(R)-1-p-menthen-8-yl acetate (1)
in ethanol (0.02 cm?®), was added. Solutions of pH 6.5 were
prepared by adding small amounts of 1 M sodium hydrox-
ide solution (1 M=1 moldm™3). The mixture was bubbled
for 1 min with oxygen, and incubated at 37 °C for 12 h
with continuous shaking. The presence of dissolved molec-
ular oxygen in the solutions was determined by an oxygen
electrode method; the concentration of the dissolved oxygen
in the solution was about 1.5 molm™3.

To study the oxygen dependence in the reaction, the
Na3S20s5 solution was bubbled for 30 min with nitrogen
prior to initiation of the reaction, and the reaction was
carried out under a nitrogen atmosphere (0.49 molm™3
dissolved oxygen in the solution). One of the samples
was treated with the addition of 1.2 U glucose oxidase
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and 8 molm™3 glucose to remove molecular oxygen (<0.15
molm~2 dissolved oxygen).'")

The incubation mixture was extracted with ether after
a regular time interval. Each extract was concentrated by
distillation and then subjected to GLC. The products were
identified by a comparison of GLC and GLC-MS with au-
thentic samples.® The yields of the products were deter-
mined on the basis of the peak areas on GLC, and are ex-
pressed as a relative percent for the total amount of the
entire reaction product extracted.

Oxidation of (R)-1,8-p-Menthadiene (2) with
NazS20s5. According to the above procedure, 50 mg
of 2 in acetone (25 cm®) was added to a 100 cm3-conical
flask containing an aqueous solution (25 cm®, pH 6.5) of
20 molm™2 NayS205. The mixture was bubbled for 1 min
with oxygen and incubated at 37 °C for 24 h with continuous
shaking. After the usual work-up, the reaction mixture (45
mg) was subjected to column chromatography on silica-gel
with ethyl acetate—pentane (1:99) to give (1R,25,4R)-1,2-ep-
oxy-8-p-menthene (8) (5 mg) ['HNMR, (CDCl3) §=1.31 (3H,
s, 10-Me), 1.70 (3H, s, 7-Me), 1.5—2.2 (5H, m, ~-CHa—x2
and JCH-), 3.05 (1H, bs, 2-H), and 4.70 and 4.73 (2H, s,
SC=CH;); MS m/z (rel intensity) 152 (M™, 5%), 137 (15),
109 (23), 95 (27), 93 (32), 81 (30), 67 (100), and 53 (80)],
(15,2R,4R)-1,2-epoxy-8-p-menthene (9) (3 mg) ['HNMR
(CDCl3) 6=1.32 (3H, s, 10-Me), 1.67 (3H, s, 7-Me), 1.5—
2.2 (5H, m, -CH2-x2 and >CH-—), 2.99 (1H, d, J=5.5 Hz, 2-
H), and 4.67 (2H, bs, )C=CHa); MS m/z (rel intensity) 152
(M*, 2%), 137 (3), 109 (10), 95 (25), 93 (15), 81 (41), 67
(100), and 53 (75)], and (1S,25,4R)-8-p-menthene-1,2-diol
(10) (5 mg) ['HNMR (CDCl;) §=1.28 (3H, s, 7-Me), 1.5—
1.8 (4H, m, -CH2—-x2), 1.68 (1H, td, J=3.0 and 14.0 Hz, 3-
Ha), 1.74 (3H, s, 10-Me), 1.93 (1H, dt, J=3.0 and 11.5 Hz,
3-Hb), 2.28 (1H, bm, 4-H), 3.65 (1H, bs, 2-H), and 4.74 (2H,
s, JC=CHaz); MS m/z (rel intensity) 152 (M*—H0, 10%),
137 (19), 119 (13), 109 (13), 95 (32), 81 (30), 67 (100), and
55 (54)].

Preparation of Authentic Samples. Following the
procedure described in the reference, (1R,25,4R)-1,2-ep-
oxy-8-p-menthanyl acetate (4) and (15,2R,4R)-1,2-epoxy-
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8-p-menthanyl acetate (5) were prepard from (+)-(R)-1-
p-menthen-8-yl acetate (1) by epoxidation with m-chloro-
perbenzoic acid. After working-up as usual, the reaction
products were isolated and purified by chromatography on
a silica-gel column with chloroform—benzene (95:5, v/v).
(1R,25,4R)-1,2-Epoxy-8-p-menthene (8), (15,2R,4R)-1,2-ep-
oxy-8-p-menthene (9), and (1R,2R,3S5,5R)-2,3-epoxypinane
(11) were prepared from the corresponding compounds in
the same manner as described above. (15,25,4R)-1,2-Dihy-
droxy-8-p-menthanyl acetate (6), (1R,2R,4R)-1,2-dihydroxy-
8-p-menthanyl acetate (7), (15,25,4R)-8-p-menthene-1,2-diol
(10), and (1R,2S,35,5R)-2,3-pinanediol (12) were prepared
from the corresponding epoxides by hydrolysis with hydro-
chloric acid (pH 4.0).
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