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Radical promoted cyclizations of aromatic carbonyl compounds to
benzopyrans using titanocene(III) chloride
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Abstract—Aromatic carbonyl compounds undergo smooth intramolecular radical cyclization with alkenes or alkynes using titano-
cene(III) chloride to furnish the corresponding benzopyrans. The radical initiator, Cp2TiCl, was prepared in situ from commercially
available titanocene dichloride (Cp2TiCl2) and zinc dust in THF under argon.
� 2006 Elsevier Ltd. All rights reserved.
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Carbon–carbon bond formation either by ionic or radi-
cal pathways for the preparation of complicated organic
molecules provides an important tool in organic synthe-
sis.1 Transition metal mediated reactions are one of the
most attractive methods2 for this purpose in synthetic
organic chemistry. The intramolecular carbonyl-ene
reaction is recognized3 as a useful method for carbon–
carbon bond formation and has been well studied. Var-
ious methods have been reported with most involving an
oxacyclic ring formation through a C–C single bond via
ionic reactions.4 In the course of our research5 to devel-
op new methods for C–C bond formation using radical
chemistry, we report a facile cyclization of aromatic car-
bonyl compounds containing an internal radical accep-
tor such as an alkene or an alkyne using titanium(III)
chloride (Cp2TiCl) to obtain substituted benzopyrans
which constitute an important class of biologically
active oxygen heterocycles.6

Titanocene(III) chloride is a well-known reagent7 for
generating carbon-centred radicals from epoxides. Very
recently, diastereoselective inter- and intramolecular
pinacol couplings of aldehydes have been reported8

using a titanium(III) complex. Based on this observa-
tion, we performed a radical promoted cyclization of
aromatic carbonyl compounds 1 containing an internal
radical acceptor such as an alkene or an alkyne using
Cp2TiCl in THF under argon (Scheme 1). The radical
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initiator, Cp2TiCl, was prepared in situ from commer-
cially available titanocene dichloride (Cp2TiCl2) and
zinc dust in THF under argon. We observed that the
intermolecular coupling product was the major product
when Cp2TiCl was added to compound 1 in the normal
way. However, slow addition of carbonyl compound 1
to the reagent (Cp2TiCl) yielded the cyclized product 2
in good yield without any of the coupling product.

Thus, a number of aromatic carbonyl compounds were
subjected to radical cyclization reaction with titano-
cene(III) chloride and the results are summarized in
Table 1.

It was found that the reaction was faster with aldehydes
(observed by TLC) (Table 1, entries 1–4) compared to a
ketone (Table 1, entry 5). Under optimum reaction con-
ditions, a solution of the carbonyl compound in THF
was slowly added to a solution of 2 equiv of titano-
cene(III) chloride in THF under argon.9 It is noteworthy
that 7-endo cyclization was unsuccessful for compound
1f; only the self-coupling product was obtained in good
yield (Table 1, entry 6). In the case of aliphatic alde-
hydes no desired product was obtained on radical cycli-
zation; it is likely that the reduced product was
obtained, however, which was not fully characterized.
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Table 1. Cyclization of carbonyl compounds using titanocene(III) chloride

Entry Substrate Time (h) Product Yielda (%)

1

CHO

O
1a

2.5

O

OH

2a

75

2

CHO

O
1b

3

O

OH

2b

72b

3

CHO

O
OMe
1c

2.5
O

OH

OMe
2c

70

4

CHO

O
OMe

1d

3
O

OH

OMe
2d

68b

5

COCH3

O
1e

24

O

OH

2e

55

6

CHO

O
COOMe

1f

Only self-coupling product formed 80

a Yields refer to pure isolated products.
b Mixture of two isomers in a 2:1 ratio (determined from the 1H NMR of the crude product).

5950 S. Jana, S. C. Roy / Tetrahedron Letters 47 (2006) 5949–5951
In a separate experiment, it was observed for the first
time that 1 equiv of Cp2TiCl in the presence of excess
zinc was sufficient for the entire consumption of the
starting carbonyl compounds. A reasonable mechanistic
pathway is proposed as depicted in Scheme 2.

Initially, titanocene(III) chloride will generate a benzyl
radical at the carbonyl carbon of 3, which reacts with
the alkyne (or olefin) producing a new radical centre 4.
The resulting titanium(IV) species would then further
be reduced by excess zinc dust present in the reaction
medium to give the intramolecularly stabilized radical
5. Finally, decomposition with saturated aqueous NaH2-
PO4 and work-up furnishes the product 2. All new com-
pounds were fully characterized by spectral and analyt-
ical data.

In conclusion, we have developed a method to synthe-
size benzopyrans by radical cyclization of aromatic car-
bonyl compounds using titanium(III) chloride as the
radical initiator. To our knowledge, this is the first time
that 1 equiv of a titanocene(III) reagent has been
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reported for complete conversion of aromatic carbonyls
to the corresponding benzopyrans in the presence of ex-
cess zinc.
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