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The HOF‚CH3CN complex discovered over a decade
ago1 is probably the best oxygen transfer agent organic
chemistry has to offer. It is simply prepared by bubbling
nitrogen-diluted fluorine into aqueous acetonitrile and
is stable at 0 °C for a few hours. It reacts very efficiently
with a large variety of organic compounds resulting either
in their oxidation or in transferring an oxygen atom from
the reagent to the substrate.2 One of the most useful
reactions of this complex is with olefins resulting in their
epoxidation,3 but its reactions with triple bonds has not
yet been investigated.

Several methods for the oxidation of alkynes are
described in the literature involving different types of
reagents such as metal oxidants,4 hydrogen peroxide
catalyzed by metal complexes,5 [fluoro(trifluoromethane-
sulfonyloxy)iodo]benzene,6 and dimethyldioxirane,7 each
used for a specific substrate. We found that the HOF‚
CH3CN complex is able to replace all the above reagents,
usually in better yields and always under much milder
conditions.

The reaction of diphenylacetylene (1) with 2.5 equiv8

of HOF‚CH3CN gave both benzil (2) as the main product
(55% yield) and benzophenone (3) (35% yield), a product
resulting from a loss of a carbon atom. A small amount
of R-fluoro-R-phenyl acetophenone (4)9 was also formed.
Aliphatic acetylenes such as 4-octyne (5) on the other
hand formed a mixture of cis and trans isomers of the
R,â-epoxy-4-octanone (6) as the major product (83%
yield).5a Small amounts (<10%) of 4-heptanone (7) (again
as a result of loss of a carbon) and 4,5-octane-dione (8)5b

were also detected. Working with less than 1 mol equiv
resulted in cis- and trans-3-octen-4-one (2:3 ratio) 95a as
the major product, indicating that the epoxides 6 result
from epoxidation of the respective unsaturated ketones
(Scheme 1).

Oxidation of alkynes has been attempted several times
in the past resulting in a commonly suggested mecha-
nism.10 This mechanism (Scheme 2) involves an oxirene
A which, although never isolated, was assumed to be the
first step. It has been also assumed that A can either
undergo an additional oxidation to give a double epoxide
B or lead via concerted rearrangement to an intermediate
C and a ketene of type D. These intermediates give rise
to all products described as shown in Scheme 1.

It was interesting to study the case of 1-pheny-1-
pentyne (10), an acetylene possessing both an aromatic
and an aliphatic side chain. The reaction with HOF‚CH3-
CN produces indeed a combination of all expected prod-
ucts with the diketone 1111 and 1-phenyl-1-butanone (12)
(22% yield) being the major components. The enone 1312

(cis:trans ) 2:3), its epoxide 14,12 and the R-fluoro ketone
1511 were also obtained in small quantities.

Using substrates bearing electron-withdrawing sub-
stituents on the triple bond, such as 4-phenyl-3-butyne-
2-one (16) and methyl phenylpropyolate (17), gave a
narrower product distribution. The ynone 16 required a
10-fold excess of the HOF‚CH3CN complex in order to
achieve a full conversion. The product which proved to
be 1-phenyl-1,2-propanedione (18), obtained in nearly
quantitative yield, resulted from the rearrangement of
the respective intermediate D (Scheme 2). In the case of
17 where such a rearrangement is less favorable, the
diketo ester 1913 was obtained (in its hydrate from) as
the only product in very high yield.

Symmetrical acetylenes with electron-withdrawing
groups also react well. 2,5-Dimethyl-2,5-diacetoxy-3-
hexyne (20), gave a single product identified as 2,5-
dimethyl-2,5-diacetoxy-3,4-hexanedione (21),14 a product
formed via the bis epoxide B (Scheme 2).

Terminal arylacetylenes react quickly with the oxidiz-
ing complex to produce benzaldehydes. Small amounts
of further oxidation to the corresponding acids could also
be detected. Thus, the reaction of phenyl acetylene (22)
with 5 mol equiv of the oxidizing complex yielded 85% of
benzaldehyde (23) and 5% of benzoic acid (24). Electron-
donating or -withdrawing substituents on the aromatic
ring do not affect the outcome. The oxidation of 4-methyl
phenyl acetylene (25) gave 80% 4-methyl benzaldehyde
(26) and 9% of 4-methylbenzoic acid (27), and 4-chlo-
rophenylacetylene (28) was likewise converted to 4-chlo-
robenzaldehyde (29) accompanied by a small amount of
4-chlorobenzoic acid (30) (Scheme 1).

The reaction of terminal aliphatic alkynes is less
efficient than the ones described above. 1-Heptyne (31)
and 1-octyne (32), for example, require a considerable
excess of the oxidizing agent in order to achieve a full
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conversion, resulting in a complex mixture of products
composed of the corresponding R,â-epoxy aldehydes 3315

and 34,16 R,â-unsaturated ones 35 and 36,17 R-keto
aldehydes 3718 and 38,19 one carbon smaller aldehydes

39 and 40, and additional small amounts of the corre-
sponding acids 41 and 42.

Terminal aliphatic alkynes containing an adjacent
electron-withdrawing group are even less reactive with
the electrophilic HOF‚CH3CN, and 3-acetoxy-1-octyne
(43) with its acetoxy group does not react even after
prolonged treatment with a large excess of the oxidant.

In conclusion, it was found that the HOF‚CH3CN
complex efficiently oxidizes internal carbon-carbon triple
bonds. In contrast to some previous reports of the
oxidation of alkynes,4 the HOF‚CH3CN complex, being a
strong electrophile, reacts more rapidly with aromatic
alkynes than with aliphatic ones. All products obtained
can be explained by assuming a primary formation of an
“oxirene species” which undergoes further rearrangement
or oxidation reactions (Scheme 2).

Experimental Section

1H NMR spectra were recorded using Bruker AC-200 with
CDCl3 as a solvent and Me4Si as an internal standard. The
proton broad band decoupled 13C NMR spectra were recorded
at 90.5 MHz. Here too, CDCl3 served as a solvent with TMS as
an internal standard. GC-MS spectra were measured with a VG
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micromass 7070H instrument. IR spectra were recorded as neat
films, in CHCl3 solution or in KBr pellets on a Bruker Vector22
FTIR spectrophotometer. The spectral properties of all products
presented in this work are in excellent agreement with the
literature. With the exception of the commercial compounds, they
all have been referenced in the previous section.

General Procedure for Working with Fluorine and
Producing HOF‚CH3CN. Fluorine is a strong oxidant and a
corrosive material. It should be used only with an appropriate
vacuum line constructed in a well-ventilated area. If elementary
precautions are taken, work with fluorine is relatively simple,
and we have had no bad experiences working with it. A proposed
detailed setup for working with pure fluorine and details for
producing the HOF‚CH3CN complex have been published re-
cently.20 For the occasional user, prediluted 10% fluorine in
nitrogen, which is commercially available, simplifies the whole
process.

General Oxidation Procedure. About 2.5 mmols of an
alkyne were dissolved in 10-20 mL of CHCl3. The mixture was

then cooled to 0 °C and added to 3-10-fold excess of the HOF‚
CH3CN complex. After about 5-10 min, the reaction mixture
was warmed to room temperature, neutralized with sodium
bicarbonate, filtered, evaporated almost to dryness, extracted
with CHCl3, and dried over MgSO4. When necessary, the
products were isolated and purified by flash chromatography
using Merck Silicagel 60 H, P.E/EtOAc serving as eluent. The
outcome of the reaction was analyzed by NMR (1H, 13C, and 19F),
IR, and GCMS. The spectral data of the noncommercial known
products were compared with the literature reports, and in every
case an excellent agreement was obtained.
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