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The reaction of o-(trimethylsilyl)phenyl triflate with CsF
and propene oxide in the presence of chloroform gave an isomer-
ic mixture of trichloroalkyl phenyl ethers in 72% yield. The re-
action of 1,2-epoxy-5-hexene with benzyne afforded 1,2-epoxy-
6-phenyl-3-hexene in 66% yield. Thus, single bond insertion of
one of the C–O bonds of epoxides and ene reaction proceeded
chemoselectively.

Arynes are very useful intermediates for their insertion abil-
ity to carbon–carbon and carbon–heteroatom double and single
bonds.1 Recently, many insertion reactions of benzyne with
Sn–Sn, Sn–C, N–C, and C–C single bonds using o-(trimethyl-
silyl)phenyl triflate (1) as a benzyne precursor have been report-
ed.2 However, there are very few reports on the reaction of ben-
zyne with epoxides 2. Ghosh et al. reported the formation of N-
(9-carbazoyl)-2-chloroaniline (1.3%) by the reaction of 2-car-
boxybenzene diazonium chloride with propene oxide (2a).3

Nakayama et al. also reported the reaction of benzyne with
1,3-benzodithiole-2-thione in the presence of propene oxide
(2a) to give tetracyclic sulfonium chloride.4 While 2a was only
used as a proton trapping reagent in these reactions, one true ex-
ample to react an epoxide with benzyne was reported by Peňa
et al.5 Benzyne inserts into one of the C–O bonds of styrene
oxide to form 2,3-dihydrobenzofuran (32%) as the major
product together with five other reaction products. Very recently,
palladium-catalyzed three component coupling reaction of allyl-
ic epoxides with benzyne was reported.6 We have reported the
reaction of benzyne prepared from benzenediazonium carboxyl-
ate with THF in the presence of chloroform, which produced
novel phenyl ethers in moderate yields.7 These results prompted
us to investigate the reaction of benzyne with epoxides. Herein,
we report a simple cascade approach for the synthesis of chlori-
nated alkyl phenyl ethers from benzyne, epoxides, and chloro-
form.

We first investigated the reaction of 2a with benzyne. Treat-
ment of 2a with benzenediazonium carboxylate in refluxing
chloroform resulted in the formation of biphenylene in 12%
yield. No product relating to 2a was obtained. However, when
10 equivalents of 2a was treated with triflate 1, CsF, and chloro-
form in CH3CN at rt, an isomeric mixture of 3,3,3-trichloro-2-
methylpropyl phenyl ether (3a) and 3,3,3-trichloro-1-methyl-
propyl phenyl ether (3a0) was obtained in 48 and 24% yields, re-
spectively (Scheme 1). When tetrabutylammonium fluoride
(TBAF) was used as a fluoride source, phenyl ethers 3a and
3a0 were obtained in 2 and 1% yields, respectively.8 In the ab-
sence of chloroform, phenyl ethers 3 or products relating 2a
were not obtained.

Since CsF was found to be a good fluoride source, we then
investigated the other epoxides under these conditions. Treat-
ment of 1,2-butene oxide (2b) (10 equiv) with triflate 1, CsF,

and chloroform at rt resulted in the formation of 2-(trichloro-
methyl)butyl phenyl ether (3b) and 3,3,3-trichloro-1-ethylpropyl
phenyl ether (3b0) in 39 and 26% yields, respectively. Similarly,
1,2-hexene oxide (2c) or 1,2-octene oxide (2d) afforded 3c and
3c0 in 37 and 25% yields, or 3d and 3d0 in 19 and 6% yields,
respectively (Table 1).

When cyclopentene oxide (2e) was allowed to react with tri-
flate at rt in acetonitrile, trans-1-phenoxy-2-(trichloromethyl)-
cyclopentane (3e) was obtained in 32% yield (Scheme 2). Sim-
ilarly, cyclohexene oxide (2f) was allowed to react with benzyne
and chloroform to afford trans-1-phenoxy-2-(trichloromethyl)-
cyclohexane (3f) and trans-1-chloro-2-phenoxycyclohexane
(4) in 28 and 6% yields, respectively. These results suggested
that the intermediate for this reaction would be not carbocation
but oxonium ion. Thus, tandem reaction of benzyne, epoxides
2, and chloroform to give phenyl ethers 3 was achieved.

When deuteriochloroform was used instead of chloroform,
ortho deuterated 3a and 3a0 were obtained. Thus, the reaction
might proceed as follows: Epoxide 2 reacts with benzyne to give
the corresponding betaines a, which abstract a proton of chloro-
form to give oxonium ions b. Trichloromethyl anion attacks the
�-carbon of oxygen to afford final ethers 3 (Scheme 3).
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Table 1. Reaction of 2 with benzyne and CHCl3

2 equiv Time/h
Products (Yield/%)

3 30

2a 10 16 48 24
2a 5 24 43 21
2b 10 24 39 26
2c 10 16 37 25
2d 10 24 19 6
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Interestingly, when 1,2-epoxy-5-hexene (2g) was used as
a substrate, a mixture of (E)- and (Z)-1,2-epoxyy-6-phenyl-4-
hexene (5a) was obtained in 68% yield (E:Z = 65:35). Similar-
ly, allyl glycidyl ether (2h) reacted with triflate to give 3-phenyl-
prop-1-enyl glycidyl ether (5b) in 65% yield (E:Z = 60:40),
suggesting that the ene reaction proceeded predominantly
(Scheme 4). Previously, many authors reported the ene reaction
of benzyne with alkenes, however many gave [2þ 2] or [4þ 2]
adducts as side products.9 The present reaction provided ene re-
action products exclusively.

Thus, a cascade approach to trichloroalkyl phenyl ethers
from epoxides, benzyne, and chloroform was achieved. The
presents result opened a door to the reaction of benzyne with ep-
oxides.
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