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Haloalkynes are highly versatile synthons for synthetic organic
chemistry.1 Traditionally, they are employed as a source of
acetylides via metal-halogen exchange (Scheme 1A).2 As first
shown by Ott,3a and later in an enantiocatalytic version by
Jorgensen,3g haloalkynes can also be used as equivalents of an
electrophilic acetylenic unit upon reaction with nucleophiles via
an addition-elimination protocol (B).3,4 On the other hand,
Boger demonstrated that phenylalkynylbromide and -iodide can
serve as effective sources of the corresponding X+ ion when
reacted with aryl lithium species (C).5 Herein, we wish to report
that alkynylhalides can serve as a source of both X+ and
acetylide ions in the same transformation (Scheme 1D).

During our ongoing studies on alkynylation of sp2-carbons
with alkynyl halides,4c we found an interesting transformation:
cyclopropylphenyl ketone 1a, in the presence of KHMDS,
reacted with phenylethynyl bromide 2a to afford a mixture of
brominated cyclopropylphenyl ketone 3 and propargyl alcohol
4 (eq 1). Moreover, ketone 3, upon reaction with phenyl
acetylide, was converted to propargyl alcohol 4, thus supporting

the intermediacy of 3 in the formation of 4. We found this result
quite interesting, as generally reactions of enolates with alkynyl
halides result in the R-alkynylation of the carbonyl compound
(Scheme 1B).3 Apparently, the reaction proceeded via the
following pathway (Scheme 2). Base-induced enolization of
cyclopropylphenone 1 produced enolate i, which by the aid of
alkynylbromide 2, got brominated at the R-position to form 3.5

The carbonyl group of the latter undergwent a nucleophilic attack
by the produced phenylacetylide ii to give alkoxide iii, which,
upon protonation, furnished alcohol 4. R-Bromoalkoxide iii
neither under the reaction conditions nor when generated from
4 underwent known cyclization6 into spiro cyclopropyl oxirane
5.6c Gratifyingly, it was found that employment of less-strained
isobutyrophenone 1b under similar reaction conditions led to
exclusiVe formation of alkynyl epoxide 5ba in 92% yield (eq
2)!

Next, the scope of this cascade transformation was explored.
First, the nature of halogen at the alkynyl halide was examined.
It was found that alkynylbromide is superior over the iodide in
that reaction (Table 1, entry 1). On the other hand, employment
of phenylalkynyl chloride led to the formation of the R-alky-
nylated ketone7 apparently via the alternative aforementioned
path B (Scheme 1).3 The cascade epoxidation reaction appeared
to be quite general with respect to the carbonyl component as a
variety of R,R-disubstituted aryl ketones8 1 were easily converted
into the corresponding epoxides (entries 1-9). Thus, isopropyl-,
cyclobutyl-, and cyclohexylphenylketones 1b-d (entries 1-3),
as well as electronically different aryl- and heteroaryl ketones
1e-j (entries 4-9), smoothly reacted with 2a to produce
epoxides 5 in good to excellent yields. Ketones possessing
different �-substituents readily reacted with 2a producing the
corresponding epoxides in high yields albeit with low degrees
of diastereoselectivity.9 Cascade cyclization of different aryl-,
heteroaryl-, and alkylalkynyl bromides with isobutyrophenones
proceeded uneventfully, providing the corresponding alkynyl
epoxides in good yields (entries 10-15). Remarkably, silyl
bromoalkynes 2f and 2g were also efficiently employed in this
reaction to give epoxides 5bf and 5bg in 42% and 82% yields,
respectively (entries 16-17). The latter, upon treatment with
TBAF, was easily desilylated into the corresponding terminal
alkynyl epoxide, a useful synthon for organic chemistry10a (entry
17).

Of note, it was found that 5ca, obtained from 1c (entry 2), upon
silica gel chromatography with 10% dichloromethane in hexane,
quantitatively rearranged11 into the R-alkynylcyclopentanone 6 (eq
3). Alternatively, 6 can be directly obtained from 1c upon acidic
workup in 75% yield (eq 3).

In summary, we have demonstrated that bromo- and iodoalkynes
can serve as efficient sources of both halogen+ and acetylide12
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species in the same cascade transformation. This allowed for
development of a novel and efficient one-step synthesis of alky-
nylepoxides, highly valuable organic synthons,10 from easily
available enolizable ketones.

Acknowledgment. The support of the National Science Foun-
dation (Grant CHE-0710749) is gratefully acknowledged.

Supporting Information Available: Preparative procedures, ana-
lytical and spectral data. This material is available free of charge via
the Internet at http://pubs.acs.org.

References

(1) For a review on preparation of haloalkynes, see: (a) Zhdankin, V. V. Alkynyl
Halides and Chalcogenides. In ComprehensiVe Organic Functional Group
Transformations; Katritzky, A. R., Meth-Cohn, O., Rees, C. W., Eds.;
Pergamon: New York, 1995; p 1011. For chemistry of alkynyl halides,
see: (b) Odedra, A.; Wu, C.-J.; Pratap, T. B.; Huang, C.-W.; Ran, Y.-F.;
Liu, R.-S. J. Am. Chem. Soc. 2005, 127, 3406. (c) Yamamoto, Y. Chem.
ReV. 2008, 108, 3199. (d) Takeuchi, R.; Tsuji, Y.; Fujita, M.; Kondo, T.;
Watanabe, Y. J. Org. Chem. 1989, 54, 1831–1836. (e) Siemsen, P.;
Livingston, R. C.; Diederich, F. Angew. Chem., Int Ed. 2000, 39, 2632.

(2) For example, see: (a) Polson, G.; Dittmer, D. C. Tetrahedron Lett. 1986,
27, 5579. (b) Buckle, D. R.; Fenwick, A. E. J. Chem. Soc., Perkin Trans
1 1989, 3, 477. (c) Abou, A.; Foubelo, F.; Yus, M. Tetrahedron 2007, 63,
6625. (d) Sasaki, T.; Morin, J.-F.; Lu, M.; Tour, J. M. Tetrahedron Lett.
2007, 48, 5817. (e) Gosmini, C.; Begouin, J.-M.; Moncomble, A. Chem.
Commun. 2008, 28, 3221. (f) Trofimov, B. A.; Sobenina, L. N.; Stepanova,
Z. V.; Ushakov, I. A.; Petrova, O. V.; Tarasova, O. A.; Volkova, K. A.;
Mikhaleva, A. I. Synthesis 2007, 3, 447.

(3) (a) Ott, E.; Dittus, G. Chem. Ber. 1943, 76, 80. (b) Tanaka, R.; Miller,
S. I. Tetrahedron Lett. 1971, 21, 1753. (c) Zieglerc, G. R.; Welch, A.;
Orzwhs, C. E.; Kikkawa, A.; Miller, S. I. J. Am. Chem. Soc. 1963, 85,
1648. (d) Kende, A. S.; Fludzinski, P. Tetrahedron Lett. 1982, 23, 2373.
(e) Kende, A. S.; Fludzinski, P.; Hill, J. H.; Swenson, W.; Clardy, J. J. Am.
Chem. Soc. 1984, 106, 3551. (f) Jonczyk, A.; Kulinski, T.; Czupryniak,
M.; Balcerzak, P. Synlett 1991, 639. (g) For enantiocatalytic version, see:
Poulsen, T. B.; Barnardi, L.; Aleman, J.; Overgaard, J.; Jorgensen, K. A.
J. Am. Chem. Soc. 2006, 129, 441.

(4) For selected examples on employment of alkynyl halides as sources of
electrophilic alkynyl units in transition metal catalyzed transformations,
see: (a) Frederick, M. O.; Mulder, J. A.; Tracey, M. R.; Hsung, R. P.;
Huang, J.; Kurtz, K. C. M.; Shen, L.; Douglas, C. J. J. Am. Chem. Soc.
2003, 125, 2368. (b) Dunetz, J. R.; Danheiser, R. L. Org. Lett. 2003, 5,
4011. (c) Seregin, I. V.; Raybova, V.; Gevorgyan, V. J. Am. Chem. Soc.
2007, 129, 7742. (d) Miura, T.; Iwasawa, N. J. Am. Chem. Soc. 2002, 124,
518. (e) Mamane, V.; Hannen, P.; Fürstner, A. Chem.sEur. J. 2004, 10,
4556. (f) Philippe, J. L.; Chodkiewicz, W.; Cadiot, P. Tetrahedron Lett.
1970, 21, 1795. (g) Herve, A.; Rodriguez, A. L.; Fouquet, E. J. Org. Chem.
2005, 70, 1953. (h) Soderquist, J. A.; Colberg, J. C. Tetrahedron Lett. 1994,
35, 27.

(5) Boger, D. L.; Brunette, S. R.; Garbaccio, R. M. J. Org. Chem. 2001, 66, 5163.
(6) For synthesis of epoxides from R-bromoketones, see: (a) Russell, G. A.;

Ros, F. J. Am. Chem. Soc. 1985, 107, 2506. (b) Bai, A. P.; Guo, Z. R.; Hu,
W. H.; Shen, F.; Cheng, G. F. Chin. Chem. Lett. 2001, 12, 775. (c) For
base-mediated cyclization of alcohols into oxasiropentanes, see: Braun, M.;
Dammann, R.; Seebach, D. Chem. Ber. 1975, 108, 2368.

(7) Reaction of 1b with phenylalkynyl chloride under standard reaction
conditions led to R-alkynylated product, exclusively.

(8) Employment of primary and secondary enolizable ketones, as well as
nonaromatic ketones, led to complex mixtures of products.

(9) Cyclizations of 1k,l with 2a produced unseparable mixtures of diastereomers
5ka, 5la. See Supporting Information for details.

(10) For example, see: (a) Denichoux, A.; Ferreira, F.; Chemla, F. Org. Lett.
2004, 6, 3509. (b) Hashmi, A. S. K.; Pradipta, S. AdV. Synth. Catal. 2004,
346, 432. (c) Miura, T.; Shimada, M.; Ku, S.-Y.; Tamai, T.; Murakami,
M. Angew. Chem., Int. Ed. 2007, 46, 7101. (d) McDonald, F. E.; Schultz,
C. C. J. Am. Chem. Soc. 1994, 116, 9363. (e) Deutsch, C.; Lipshutz, B. H.;
Krause, N. Angew. Chem., Int. Ed. 2007, 46, 1650. (f) Marshall, J. A.;
DuBay, W. J. J. Am. Chem. Soc. 1992, 114, 1450. (g) Wang, L.; Maddess,
M. L.; Lautens, M. J. Org. Chem. 2007, 72, 1822. (h) Katritzky, A. R.; Li,
J. J. Org. Chem. 1995, 60, 638.

(11) For selected examples on cationic rearrangement of epoxides into ketones,
see: (a) Anderson, A. M.; Blazek, J. M.; Garg, P.; Payne, B. J.; Mohan,
R. S. Tetrahedron Lett. 2000, 41, 1527. (b) Kita, Y.; Matsuda, S.; Inoguchi,
R.; Ganesh, J. K.; Fujioka, H. J. Org. Chem. 2006, 71, 5191.

(12) The involvement of free acetylide species in this transformation was
additionally supported by the results of the following cross-over experiment.
See Supporting Information for details.

JA806178R

Table 1. Synthesis of Alkynyl Epoxides

a Isolated yields. b Iodoalkynylbenzene was used. c KHMDS was used
as a base. d The reaction was performed at 0 °C. e Yield of the
desilylated product. See Supporting Information for details.
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