
The photochemical reaction of perfluoroalkyl iodide with
α-chlorostyrenes in the presence of hexabutylditin under oxy-
gen atmosphere produced fluoroalkylated α,β-unsaturated
ketones in moderate to good yields.

For the synthesis of perfluoroalkylated organic molecules,
the building-block strategy has now become one of the most
convenient approaches, and considerable efforts have been
devoted to the development of the synthesis of the fluorine-con-
taining building blocks.  The perfluoroalkylated α,β-unsaturat-
ed ketones 2 are expected to be important building blocks for
various interesting fluoroalkylated heterocyclic compounds.1–3

Now, we have found a novel synthesis of the ketones 2 starting
from α-chlorostyrenes 1 using perfluoroalkyl radicals and
molecular oxygen (Scheme 1).

Previously, we found the photochemical reaction of perflu-
oroalkyl iodide with styrene in the presence of hexabutylditin
under oxygen atmosphere to produce the fluoroalkylated alco-
hol mainly and the ketone 2 as a side product.4 In order to
obtain the ketone 2 selectively, the reaction conditions and
some olefins such as α-halostyrenes and α-trimethylsilyl-
styrenes were examined.  Among the various attempts, in the
reactions of α-chlorostyrene 1a with perfluorohexyl iodide, flu-
oroalkylated ketones were obtained in good yield as a mixture
of 2a, 3a and 4a (Scheme 2).5,6 Although three types of
ketones (2a−4a) were produced in this reaction, the treatment
of the reaction mixture consisting of 2a, 3a and 4a with NEt3
and NaHCO3 in ether gave 2a as the sole product in 60% over-
all yield.  Thus, a practical one-pot procedure was carried out
for the synthesis of 2a directly from α-chlorostyrene as shown
in Scheme 2.

A solution of perfluoroalkyl iodide (0.40 mmol), α-
chlorostyrene 1a (1.20 mmol), and (Bu3Sn)2 (0.44 mmol) in
benzene (3 mL) was irradiated using a metal halide lamp
(National Sky-beam MT-70) in a Pyrex tube under O2 atmos-
phere for 5 h.  In order to consume the perfluoroalkyl iodide
completely, 1.1 eq of  (Bu3Sn)2 was required.  The reaction
mixture was evaporated and the residue was dissolved in ether
(2 mL).  After treatment of the solution with Et3N (0.1 mL) and
NaHCO3 (130 mg) for 2 h at room temperature, the ketone 2a
was isolated in 42% yield using a silica gel column chromatog-
raphy, followed by gel permeation chromatography.  Various
α-chlorostyrenes and related compounds were further examined

and the corresponding ketones (2) were obtained in moderate to
good yields (Table 1).  The length of the fluoroalkyl chains and
the substituents on the benzene ring (p-Me and p-Cl) showed
little effect on the yields of 2 (Table 1; entries 1–5).  In 2-naph-
thyl, the ketones 2 were obtained in nearly the same yields with
those in phenyl (Table 1; entries 9–11), but the yields in 1-
naphthyl were slightly lower (Table 1; entries 6–8).  The present
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reaction was only applicable to the olefins possessing an aro-
matic ring at the α-position; in the reaction with 2-chloro-1-
octene, the desired fluoroalkylated ketone was not produced.

The oxyfluoroalkylation described here is a very unique
example for the formation of fluoroalkylated ketones directly
from olefins using a perfluoroalkyl radical and molecular oxy-
gen; the use of molecular oxygen for the selective oxidation of
organic substrate is very attractive and challenging.7–9 As α-
chlorostyrenes were readily synthesized from styrenes with
PhSeCl3 or acetophenones with PCl5,

10,11 this method is very
convenient and practical for the synthesis of various perfluo-
roalkylated α,β-unsaturated ketones.

Interestingly, Et3N is an effective reagent for the conver-
sion of 3a to 2a (Scheme 2).  Since Et3N easily added to 3a to
form the Michael adduct 5a, the more thermodynamically sta-
ble isomer 2a was formed almost quantitatively via
addition–elimination reactions (Scheme 3).  Further studies on
the reactions of 2a are now in progress.
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