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Titanocene(III) mediated radical cyclization of a-bromo
carbonyl compounds: synthesis of tri-substituted tetrahydrofurans
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Abstract—A novel and efficient methodology has been developed for the construction of synthetically important tri-substituted
tetrahydrofuran derivatives from bromo-alkenes and bromo-alkynes by radical cyclization reactions using the radical initiator
Cp2TiCl, generated in situ from commercially available titanocene dichloride and Zn dust in tetrahydrofuran under argon.
� 2005 Elsevier Ltd. All rights reserved.
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The use of radical reactions in organic synthesis have in-
creased over the last two decades.1 Intramolecular radi-
cal cyclization is an especially useful synthetic protocol
for the construction of five- and six-membered carbocy-
clic and heterocyclic rings.2 The classical method for
carbon–carbon bond formation involving radical chem-
istry consists of the reactions of bromo-olefinic com-
pounds in the presence of tributyltin hydride and
AIBN. Disadvantages of using tin hydrides have led to
other reagents being used in recent years.3 Although sil-
anes,4 germanes5 and other metal hydrides are good
alternatives to tin hydrides, some of these suffer from
limitations such as high cost, poor yields, toxicity and
cumbersome reaction conditions. Moreover, radicals a
to carbonyl groups have been considered unsuitable for
carbon–carbon bond formation using tin hydrides due
to the stabilized nature of the radical that favours its
reduction.6 Hence, an efficient and convenient synthetic
methodology to accomplish carbon–carbon bond forma-
tion using a radical a to a carbonyl group is desirable. In
continuation of our studies7 towards the total synthesis
of natural products by radical cyclization using Cp2TiCl
as the radical initiator, we report here for the first time a
mild and efficient methodology for the preparation of tri-
substituted tetrahydrofurans in good yields by intramo-
lecular radical cyclizations of a-bromo carbonyl com-
pounds in the presence of Cp2TiCl. Tetrahydrofuran
derivatives are versatile precursors for the synthesis of
naturally occurring cytotoxic or anti-tumour agents8
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and also for the construction of a variety of sesquiter-
penes and other natural products.9 A report on the gen-
eration of radicals from a-bromo carbonyl compounds
in the presence of Cp2TiCl and their use in Reformatsky
reactions appeared recently.10 More recently, and when
we were almost at the end this work, Bennett and co-
workers reported11 the titanocene(III) mediated reduction
of organic halides under photoirradiation conditions.

The bromo-compounds 1 on radical cyclization using
Cp2TiCl in THF under argon for 1 h afforded12 the cyc-
lized products 2 in good to excellent yields (Scheme 1).
The radical initiator Cp2TiCl was generated

13 in situ from
commercially available titanocene dichloride (Cp2TiCl2)
and Zn dust in tetrahydrofuran under an argon.

A series of bromo-alkynes 1a–g and the bromo-alkene
1h were subjected to radical cyclization reaction and
the results are summarized in Table 1. The stereochem-
istry of the cyclized products 2a–h was established by
comparison with those prepared in our earlier work.14

Compound 2h was found to be an inseparable mixture
21
R = Me, OH, OMe, OEt

Scheme 1.
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Table 1. Titanocene(III)-mediated cyclization of bromo-alkynes and alkenes
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a Products were characterized by IR and NMR analysis and were compared with the spectra of authentic samples.
b Yields refer to pure isolated products.
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of two isomers in a ratio of 1:1 with respect to the C-4-
Me. The starting bromo-ethers were prepared from the
corresponding cinnamyl esters or acids by reaction with
NBS in the presence of the appropriate alcohol follow-
ing the standard procedure.8,9,15 The a-bromo acid 1g
also underwent radical cyclization smoothly using three
equivalents of Cp2TiCl under the same reaction condi-
tions but in slightly poorer yield. It is noteworthy that
the generation of radicals from 1 by Cp2TiCl is very
selective as revealed by the fact that treatment of com-
pounds 3, 4 and 5 separately with Cp2TiCl under the
same reaction conditions did not produce radicals at all
and left the starting compounds unchanged. Thus, it can
be concluded that Cp2TiCl generates radicals selectively
and very efficiently from a-bromo carbonyl compounds.
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In conclusion, a mild and efficient methodology for the
construction of synthetically important tri-substituted
tetrahydrofurans from bromo-alkynes and a bromo-
alkene has been successfully developed by way of radical
cyclizations using Cp2TiCl as the radical initiator. The
ring closure of precursors which would give 2-alkyl ana-
logues of 2 has not been attempted.
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