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As part of another study we recently required pure samples
of trans-{3-methylstyrene oxide, 1, and trans-G-ethylstyrene
oxide, 2. Related oxides, such as styrene oxide, 3, are usually
prepared from the olefin via an intermediate halohydrin; when
this reaction sequence was used for trans-8-methylstyrene
and (-ethylstyrene, mixtures of cis and trans oxides were
obtained. Similar results were recently reported by Marshall
and Prager,! who prepared their halohydrin intermediate by
sodium borohydride reduction of the corresponding ketone.
As these oxides were intended to be starting materials in a
study of the stereochemistry of ring openings of oxides, a te-
dious separation of these sensitive compounds into the con-
stituent isomers did not appear practical. Pure cis and trans
oxides have been prepared by direct epoxidation of the ap-
propriate olefin; however, aryl oxides are very sensitive to
acids and therefore unstable under the usual epoxidizing
conditions.?2 Several methods?® have been employed to
minimize the amount of acid present; we wish to report here
the successful preparation of 1, 2, 3, and several other related
reactive oxides using a two-phase system similar to one de-
scribed by Anderson and Veysoglu.?

Although samples of 1 and 2 were required, we were also
interested in the methodology associated with the preparation
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Table I. Summary of Results from Two-Phase
Epoxidations ¢4
Aryl Ofefin Product Reaction Time Yield (%)@
thr.)
H H 0 CH3
CH
H
1
H H O CgHg
CoH
H
2
0
o~ o -
3
0
4
0.
©i© @'@ 8 "~
5
Q
6
0,
00" e
7

@ Determined by NMR. ® The yields of these oxiranes prepared
via bromohydrin are given in the Experimental Section. ¢ Registry
no. for the aryl olefins from top to bottom: 873-66-5; 1005-64-7;
100-42-5; 95-13-6; 208-96-8; 447-53-0; 827-54-3. ¢ Registry no.—1,
23355-97-7; 2, 69140-50-7; 3, 96-09-3; 4, 768-22-9; 5, 22058-69-1;
6, 2461-34-9; 7, 20861-99-8.

of related labile aryl oxiranes. The reactivity of one such oxi-
rane, indene oxide, 4, has been studied in some detail by Berti
et al.* Consequently this compound was chosen as our initial
target molecule. Berti et al. have shown that 4 is easily opened
by weak acids to yield mixtures of cis and trans diols.? In order
to minimize destruction of 4, we chose therefore to examine
two-phase systems, dichloromethane and aqueous phosphate
buffer {pH 8).6 On oxidizing indene with 1 equiv of m-CPBA
in dichloromethane in the presence of the phosphate buffer,
reaction was not complete; however, when a second equivalent
of m-CPBA was added, all the indene present was consumed
and very little, if any, ring-opened product formed. If two or
more equivalents of m-CPBA were added initially in one
portion, epoxidation was not complete.

Epoxidation of trans-3-methylstyrene and trans-g-eth-
ylstyrene with 2 equiv of m-CPBA in the two-phase system
developed for indene yielded the trans oxides, in each case in
high yield (90%) and uncontaminated by the cis isomer. In
addition to the two styrene derivatives, 2-vinylnaphthalene,
styrene, and 1,2-dihydronaphthalene were oxidized to the
respective oxiranes in high yield (see Table I).

Although acenaphthene can be oxidized to 1,2-epoxya-
cenaphthene®? under carefully controlled conditions using
m-CPBA by a procedure using only one solvent, the reported
yield was relatively low (35%). Furthermore, formation of
acenaphthenone and other compounds complicated the iso-
lation of the oxirane. We therefore subjected acenaphthene
to the above-mentioned two-phase oxidation and obtained

This article not subject to U.S. Copyright. Published 1979 by the American Chemical Society
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the corresponding epoxide in essentially quantitative yield;
no detectable amounts of the ketone or ring-opened products
formed. The oxide was readily identified by a comparison with
authentic material prepared via the intermediate bromohy-
drin. Thus, this two-phase procedure appears superior to the
previously described direct epoxidation.

The above results establish that this two-phase procedure
enables one to prepare by direct epoxidation a number of re-
active aryl oxiranes. The procedure has proven to be invalu-
able for the preparation of cis- or trans-oxiranes where other
methods have yielded mixtures.

Experimental Section

Synthesis of Epoxides Using m-CPBA in a Two-Phase System.
To a stirred solution of 1.16 g of indene in dichloromethane-phos-
phate buffer (the buffer was prepared by adding sufficient aqueous
0.1 M Na;HPO4 to 0.1 M NaH,PO, until the pH was 8.0) (200 mL;
1:1) was added m-CPBA (1.73 g) in small portions over a 10-min pe-
riod at 0 °C. After stirring for 5 h at room temperature, 1.73 g of m-
CPBA was added in small portions to the mixture at 0 °C over a sec-
ond 10-min period. The mixture was stirred at room temperature for
5 hand the organic layer was separated, washed with saturated sodium
thiosulfate and water, anid dried over anhydrous sodium sulfate. The
NMR spectrum of the crude reaction product showed that indene
epoxide (4) was produced in ~100% yield. A pure sample of 4 (1.26 g
91% yield, mp 30 °C (lit. mp 29-30 °C)) was prepared by crystalli-
zation from petroleum ether. The NMR and mass spectra of this
sample were identical with that of an authentic sample prepared from
trans-1-hydroxy-2-bromoindane. The same yield of oxirane formed
when a sodium bicarbonate solution (pH 8.0) was substituted for the
phosphate buffer.

This procedure was also used to prepare the epoxides listed in Table
L

(E)-1-Phenyl-2-methylethylene oxide (1): colorless oil; MS 134
(MH); NMR (CDCl3) 61.43 (3H,d,J = 5.0 Hz), 3.00 (1 H,m), 3.55 (1
H,d,J = 1.8 Hz), 7.20-7.32 (5 H, m).

(E)-1-Phenyl-2-ethylethylene oxide (2): colorless oil; MS 148
(M*); NMR (CDCl3) 6 1.06 (3 H,t,J = 7.5 Hz),1.71 (2H, qd, J = 7.5,
5.6 Hz), 294 (1 H, td, J = 5.6, 1.7 Hz), 3.62 (1 H, d, J = 1.7 Hz),
7.28-7.36 (5 H, m).

1,2-Epoxyacenaphthene (5): mp 83-84 °C (lit.8 mp 83-84 °C);
MS 168 (M*); NMR (CDCl3) 6 4.81 (2 H, s), 7.39-7.77 (6 H, m).

1,2-Epoxy-1,2,3,4-tetrahydronaphthalene (6): colorless oil; bp
89-91 °C/1 mm Hg (lit.!3 bp 73-75 °C/0.4 mm Hg); NMR (CDCl;)
61.73(1H, m),2.40 (1H,m), 2.53 (1 H, m),2.78 (1 H, m), 3.72 (1 H,
m), 3.84 (1 H, d, J = 4.0 Hz), 7.09-7.40 (4 H, m).

(2-Naphthyl)ethylene oxide (7): mp 55-56 °C (lit.1° mp 54-56
°C); MS 170 (M+); NMR (CDCl3) 6 2.89 (1 H, dd, J = 5.0,2.5 Hz), 3.21
(1H,dd,J =5.0,4.0Hz),4.00 (1 H,dd, J = 4.0,2.5 Hz), 7.27-7.84 (7
H, m).

Synthesis of Epoxides via the Trans Halohydrins. (E)-1-
Phenyl-2-methylethylene Oxide (1). When trans-£-methylstyrene
was converted to a halohydrin and treated with 2 N KOH as described
for acenaphthene, a mixture of trans and cis epoxides in the ratio of
5:2 (determined by NMR) was obtained. Because of their instabilities
the two isomers were not separated. Cis epoxide: NMR (CDCls) 6 1.05
(8H,d,J =5.0Hz),3.29 (1H,m),4.02(1H,d,J = 4.8Hz),7.17-7.36
(6 H, m).

(Z)-1-Phenyl-2-ethylethylene Oxide. When trans-3-ethylsty-
rene was subjected to the above procedure a mixture of trans and cis
epoxides formed (ratio of 5:3 (determined by NMR)). Cis epoxide:
NMR (CDCl3) 6 0.89 (3 H, t,J = 7.5 Hz), 1.00 (1 H, m), 1.23 (1 H, m),
3.09 (1 H,m), 4.05 (1 H, d, J = 4.6 Hz), 7.23-7.36 (5 H, m).

1,2-Epoxyacenaphthene (5). To a solution of acenaphthene (152
mg) in THF (100 mL) and HoO (25 mL) was added freshly purified
NBS (213 mg) and the solution was stirred overnight at room tem-
perature. The reaction mixture was poured into cold water, extracted
with ether, dried over anhydrous sodium sulfate, and concentrated.
The crude trans-1-bromo-2-hydroxyacenaphthene was isolated by
thick-layer chromatography (silica gel, ethyl acetate-hexane, 1:4) and
the NMR (CDCl;) spectram of this compound showed resonances at
§2.81 (1 H, broad s, OH), 5.46 (1 H, s), 5.81 (1 H, s), and 7.45-7.79 (6
H, m). The bromohydrin thus obtained without further purification
was treated with 2 N KOH (100 mL) in CHCl3 (100 mL) at 50 °C for
2 h. The organic layer was separated, washed with water, and dried
over anhydrous sodium sulfate. The solvent was removed in vacuo
and the residue was purified by recrystallization (ether—petroleum
ether {1:1)) to give 1,2-epoxyacenaphthene (5), mp 83-84 °C, 89 mg

0022-3263/79/1944-1352801.00/0

Notes

(53% overall yield). The NMR and mass spectra of this compound

were identical with those of a sample prepared by a two-phase system
using m-CPBA.

1,2-Epoxyacenaphthene was converted to 1-acenaphthenol by
LiAlH, reduction. To a slurry of LiAlH, (18 mg) in 10 mL of dry THF
was added 20 mg of 1,2-epoxyacenaphthene and the solution was
stirred overnight at room temperature under Ny. The reaction mixture
was decomposed using cold water and worked up as usual to yield
1-acenaphthenol, mp 147-148 °C, 16 mg (80% yield). The NMR
spectrum of this compound was identical with that of an authentic
sample.

Registry No.—cis-1-Phenyl-2-methylethylene oxide, 4541-87-1;
cis-1-phenyl-2-ethylethylene oxide, 69140-51-8; trans-1-bromo-2-
hydroxyacenaphthene, 69140-52-9; 1-acenaphthenol, 6306-07-8.
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Boron-substituted carbanions show considerable promise
as synthetic intermediates and have proved especially effec-
tive in Wittig-type condensations with carbonyl compounds
to form substituted alkenes.}-5 The synthesis of bis(phenyl-
thio)methaneboronic esters from the readily available bis-
(phenylthio)methyllithium® was undertaken as a logical ex-
tension of this work.

Reaction of trimethyl borate with bis(phenylthio)methyl-
lithium followed by workup with aqueous acid yielded bis-
(phenylthioymethaneboronic acid (1), which proved unstable
to storage and was not fully purified, but was readily converted
to the cyclic esters 2 by treatment with pinacol, 1,3-pro-
panediol, or 2,2-dimethyl-1,3-propanediol.
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