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Abstract: Alkynyl boranes, generated in situ from lithium acetylides and boron
trifluoride etherate, were found to react with oxiranes under mild reaction
conditions to afford p-hydroxyacetylenes in high yields.

The oxirane ring cleavage by metal acetylides to form p-hydroxyacetylenes is
one of useful synthetic tools in organic chemistry. Classical alkali acetylides,
however, suffer from low yields and become unapplicable as the degree of substi-

1)

tution of the oxiranes is increased. Several reports appeared concerning the

improvement of the process; performing the reaction in an aprotic polar solvent
2) 3)

ethylalkynyl alanes in place of the alkali acetylides In spite of these

such as dimethylsulfoxide or hexamethylphosphoric triamide

4)

; employing di-

efforts, however, the ring opening reaction with metal acetylides still requires
a long reaction time and/or a high temperature, and often the yields of the
p-hydroxyacetylenes are not very high.

We now wish to report a useful method for the alkynylation of oxiranes by the
use of alkynyl boranes by which g-hydroxyacetylenes are obtained in high yields
under mild reaction conditions.

5)

(THF) by the reaction of lithium acetylides with boron trifluoride etherate and

The alkynyl borane reagents were prepared in situ at ~78°C in tetrahydrofuran

were then treated with various oxiranes at the same temperature as shown in the
following Scheme. The results are summarized in Table.
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Table. The Synthesis of P—Hydroxyacetylenes
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a) All the products gave satisfactory spectral data (NMR, IR).

b) These compounds had satisfactory elemental composition by high-resolution
mass spectrometry.

c) Isolated yields.

d) The molar ratio of oxirane:acetylene was 1:1.5.

€) The molar ratio of oxirane:acetylene was 1:2.

f) These compounds were identical (NMR, IR, GC) with authentic samples prepared
by the lithium acetylide methodz)’B) which was claimed to give trans-alkynyl-

cycloalkanols.
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The present reaction is characterized by the following features. 1) The
reaction was quite rapid even at -78°C, and various p-hydroxyacetylenes were
obtained in high yields. 2) Alkynyl groups were introduced regioselectively at
the less hindered site in the case of monocalkyl-substituted oxiranes. Styrene
oxide, however, gave a mixture of products which were obtained by the substitu-
tion reaction at both more and less hindered sites, showing a cationic character
at the transition state. 3) Functional groups such as halogen, ester or ketal
were found to be unaffected under the present reaction conditions. 4) When
cyclohexene oxide was employed, alkynylated products with trans-configuration
were stereospecifically obtained.

Although the precise reaction mechanism is not fully clear, we feel that the
assumption of alkynyldifluoro boranes as the intermediate may account for the

above mentioned features of the reaction.
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A typical procedure is described for the synthesis of 2-(2-phenylethynyl)-1-
cyclohexanol: Under a nitrogen atomosphere, a solution of n-butyllithium in
hexane (0.96 ml, 1.5 mmol) was added to a THF solution (2 ml) of phenylacetylene
(153 mg, 1.5 mmol) at -78°C, and the mixture was stirred for 10 min. Then, boron
trifluoride etherate (0.2 ml) was added to the solution and the stirring was con-
tinued for 10 min at -78°C. Finally, a THF solution of 7-oxabicyclo(4,1,0)-
heptane (cyclohexene oxide, 98 mg, 1 mmol) was added, and after stirring for 30
min at -78°C, the reaction was quenched by adding agueous ammonium chloride. The
organic materials were extracted with ethyl acetate and dried over Na2804. After
the removal of the solvents, 2-(2-phenylethynyl)-l-cyclohexanol (198 mg, quant.)
was obtained by thin layer chromatography (silica gel).

NMR (CDClS) § 1.2-2.2 (9H, m), 2.3-2.6 (1H, m), 3.4-3.7 (1H, m), 7.2-7.5 (5H, m).
IR (neat) 3350, 2230 cm_l. Found m/e 200.1241. Calcd for C14H160, 200.1202.
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