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ABSTRACT

The electrophilic cyclization of 2-(1-alkynyl)-2-alken-1-ones in the presence of various alcohols or carbon-based nucleophiles offers an efficient
and straightforward route to highly substituted iodofurans under extremely mild reaction conditions. The iodo derivatives are potential syntheti c
intermediates for amplification of molecular complexity.

The furan rings widely occur as key structural subunits in
numerous natural products, which can find a variety of
applications as pharmaceuticals, flavor and fragrance com-
pounds.1 Furthermore, highly substituted furans are of
significant interest since they are useful and versatile
synthetic intermediates for access to heterocyclic and acyclic
compounds.2 As a consequence, much attention has been paid
to the synthesis of furan derivatives either by traditional
methods3 or by transition-metal-catalyzed reactions, including

cyclization of allenyl ketones4 and 3-alkyn-1-ones,5 cyclo-
isomerizations of (Z)-2-en-4-yn-1-ols,6 Pd-catalyzed cycliza-
tion of (Z)-2-iodoalk-2-enyl ketones,7 etc. Recently, Larock
reported an interesting AuCl3-catalyzed cyclization of 2-(1-
alkynyl)-2-alken-1-ones leading to substituted furans8 (eq 1).

(1) (a) Katritsky, A. R.AdVances in Heterocyclic Chemistry; Academic
Press: New York, 1982. (b) Sargent, M. V.; Dean, F. M. InComprehensiVe
Heterocyclic Chemistry; Katrizky, A. R., Rees, C. W., Eds.; Pergamon
Press: New York, 1984; Vol. 4, pp 599-656. (c) Nakanishi, K.Natural
Products Chemistry; Kodansha: Tokyo, 1974. (d) Bird, C. W.; Cheeseman,
G. W. H.ComprehensiVe Organic Chemistry; Pergamon: New York, 1984.
(e) Vernin, G. The Chemistry of Heterocyclic FlaVouring and Aroma
Compounds; Ellis Harwood: Chichester, U.K., 1982.

(2) (a) Lipshutz, B. H.Chem. ReV.1986,86, 795-819. (b) Maier, M.
In Organic Synthesis Highlights II; Waldmann, H., Ed.; VCH: Weinheim,
Germany, 1995; pp 231-242. (c) Benassi, R. InComprehensiVe Hetero-
cyclic Chemistry II; Katritzky, A. R., Rees, C. W., Scriven, E. F. V., Eds.;
Pergamon Press: Oxford, 1996; Vol. 2, pp 259-295.

(3) For recent reviews, see: (a) Hou, X. L.; Cheung, H. Y.; Hon, T. Y.;
Kwan, P. L.; Lo, T. H.; Tong, S. Y.; Wong, H. N. C.Tetrahedron1998,
54, 1955-2020. (b) Keay, B. A.Chem. Soc. ReV.1999,28, 209-215.

(4) (a) Ma, S.; Zhang, J.; Lu, L.Chem.sEur. J.2003,9, 2447-2456.
(b) Ma, S.; Zhang, J.Chem. Commun.2000, 117-118. (c) Hashmi, A. S.
K.; Schwarz, L.; Choi, J.-H.; Frost, T. M.Angew. Chem., Int. Ed.2000,
39, 2285-2288. (d) Marshall, J. A.; Bartley, G. S.J. Org. Chem.1994,59,
7169-7171. (e) Marshall, J. A.; Wang, X.-J.J. Org. Chem.1991, 56, 960-
969. (f) Hashmi, A. S. K.; Ruppert, T. L.; Knöfel, T.; Bats, J. W.J. Org.
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In a more recent study, the analogous cyclization reaction
has been achieved using Cu(I) catalyst in DMF.9 The metal
salt employed was suggested to facilitate the reaction by a
dual function as both a Lewis acid and coordination reagents
with alkynes. However, in these reactions, an air-sensitive
catalyst or high-temperature reaction were required.9 In our
ongoing efforts to develop new methodologies for the
synthesis of heterocycles, we have succeeded in the con-
struction of fully substituted 5-ylidene-2,5-dihydrofurans with
high regio- and stereoselectivity through electrophilic cy-
clization of (Z)-enynols.10 Halofurans are important deriva-
tives that provide further structural elaboration by a variety
of C-C, C-N, or C-S bond-forming reactions.11

In this paper, we report the cyclization of 2-(1-alkynyl)-
2-alken-1-ones12 by a more convenient and efficient approach
involving electrophilic cyclization using a wide range of
nucleophiles for the synthesis of 3-iodofuran derivatives. This
procedure generally produces good to excellent yields of
iodofurans in a short reaction time.

Electrophile-promoted cycloaddition of unsaturated com-
pounds has proven to be an elegant synthetic route to the
wide variety of halogenated heterocyclic compounds.13

However, most of the recent reports focused on arylalkynes
bearing ortho-related heteroatomic nucleophiles,14 whereas
only limited reports have been presented in the literature by
employing other type of alkynes.10,12,15Here, we found that
alkyne 1 readily undergoes electrophilic cyclization in the
presence of a wide range of nucleophiles under mild reaction
conditions (eq 2). We began our investigation with1a bear-
ing a phenyl group at the end of an alkyne moiety. The
reaction of 1a in CH2Cl2 with methanol, iodine, and
carbonate bases, such as NaHCO3 (15 h, 51%) or Na2CO3

(3h, 88%), afforded iodinated furan2a in reasonable yields
at room temperature. Interestingly, when K3PO4 was em-
ployed as a base, the desired product was isolated in 94%
yield within 30 min.

The use of organic base of Et3N resulted in the formation
of 2a in low (18%) yield. Thus, we chose the following
reaction conditions for furan formation: 1.5 equiv of
methanol, 1.1 equiv of I2, and 1.1 equiv of K3PO4 in CH2-
Cl2 stirred at room temperature for an appropriate time. The
results are summarized in Table 1. In most cases, the ring-
closure products of2a-2m were obtained in good to high
yields within 30 min. We first investigated the scope of
nucleophiles. It was found that, in addition to methanol, a
variety of alcohols could be used as effective nucleophile
for this reaction. Treatment of2a with phenol resulted in
the formation of2b with a phenoxy group in 80% yield.
The reaction of1awith propargylic alcohol or allylic alcohol
afforded2cand2d in 99 and 88% yield, respectively. Bulky
alcohols, such asL-borneol reacted, with1asmoothly to give
2e in 91% yield. Not only alcohols but also carbon
nucleophiles of silyl enol ether (Table 1, entry 8) or an
electron-rich aromatic compound, likeN,N-dimethylaniline
(Table 1, entry 9), can be used, furnishing iodocyclization
products2h and2i with a newly formed carbon-carbon bond
in 47 and 60% yield, respectively. The present I2/K3PO4-
based methodology worked well with substrates bearing an
aromatic ring as well as a vinylic group at the end of alkyne
moiety (Table 1, entry 7) to produce the cyclization products.
In contrast to the results of AuCl3-catalyzed reaction,8 alkyne
of 1d bearing a TMS group reacted smoothly with I2 to afford
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derivative2l was obtained in 59% yield. Acyclic 2-alken-
1-one1g also underwent a smooth annulation reaction with
MeOH to produce furan2m in 50% yield. The utility of
3-iodofurans produced by this chemistry as useful synthetic
intermediate for further elaboration was briefly investigated
by Pd-catalyzed Sonogashira reaction of2a, which afforded
alkynylated product3 in 41% yield.

On the basis of the results obtained above, a plausible
reaction mechanism is shown in eq 4,16 which involves (i)
cyclic iodonium ion4 formation through coordination of the
triple bond with an iodine cation; (ii) the anti attack of the
oxygen onto the iodonium ion led to the formation of
intermediate5; (iii) 1,4-addition of a nucleophile to the C-C
double bond to afford furan derivative2.

In summary, we have demonstrated that electrophilic
cyclization of 2-(1-alkynyl)-2-alken-1-ones17 with a various
nucleophiles using the I2/K3PO4 system yields highly sub-
stituted halofurans in good to excellent yields under ex-
tremely mild conditions. The iodo derivatives are potential
synthetic intermediates for amplification of molecular com-
plexity. Further investigation into the scope and limitations
of this electrophilic cyclization is underway.
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Table 1. Iodocyclization of 2-(1-Alkynyl)-2-alken-1-ones

a Unless noted, all of the reaction was carried out using I2 (1.1 equiv)
and K3PO4 (1.1 equiv) at room temperature for 30 min.b Two isomers were
obtained in the ratio of 1:1.c The reaction was carried out for 3 h using I2
(3 equiv) and K3PO4 (3 equiv).
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