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Abstract—Upon irradiation through Pyrex with a xenon lamp (h�>300 nm), terminal acetylenes undergo highly selective
selenoperfluoroalkylation with perfluoroalkyl iodide and diphenyl diselenide. In this reaction, perfluoroalkyl and phenylseleno
groups are selectively introduced into the terminal and internal positions of acetylenes, respectively.
© 2003 Published by Elsevier Ltd.

Radical addition reactions of heteroatom compounds
to unsaturated compounds are one of the most useful
methods for introducing heteroatom functions into
organic molecules. Along this line, we have developed a
series of addition reactions of group 16 heteroatom
compounds to unsaturated compounds, e.g. bisselena-
tion of alkynes1 and allenes2 with (PhSe)2; thioselena-
tion of alkynes,3 alkenes,4 allenes,5 enynes,3 and
vinylcyclopropanes;6 sequential addition of (PhSe)2 to
alkynes and alkenes.7 These reactions clearly demon-
strate the efficacy of the heteroatom-mixed systems for
the highly selective introduction of two (or more) het-
eroatom functions into organic molecules. In this
paper, we wish to report a photoinduced selenoper-
fluoroalkylation of aromatic acetylenes by use of a
novel mixed system of group 16 and 17 heteroatom
compounds.8

Perfluoroalkyl groups (Rf) are important fluorous tags,9

and, to introduce such fluorous tags into organic
molecules, perfluoroalkyl iodides (Rf-I) are utilized as
representative perfluoroalkylating reagents. For exam-
ple, the iodoperfluoroalkylation of carbon–carbon
unsaturated compounds such as alkenes and alkynes
proceeds by a radical-chain mechanism initiated by
various radical initiators.10 Although many kinetic
studies of the addition of Rf-I to alkenes and alkynes
have been conducted by using the photoinitiation tech-

nique, the applications of the photoinitiation to synthe-
sis of organofluorous compounds are rare.11,12 On the
other hand, diphenyl diselenide undergoes homolytic
dissociation to generate PhSe�,13 which may abstract
iodine atom from nC10F21I to generate nC10F21

�. There-
fore, we have developed a highly selective selenoper-
fluoroalkylation of terminal acetylenes by using a novel
binary system of Rf-I and (PhSe)2 under photo-
irradiation conditions.

To build up the selenoperfluoroalkylation, it is impor-
tant to know the rate constant for the iodine abstrac-
tion from nC10F21I by radical intermediates. Thus, we
first examined the estimation of the iodine-transfer rate
by employing the 5-hexenyl radical clock system. The
reaction of 1,6-heptadiene (1, 1 M) with Rf-I in ben-
zotrifluoride (BTF)14 upon irradiation with visible light
afforded the acyclic and cyclic adducts (3 and 4) with
the ratio of 44/56 (Eq. (1)). Since the rate constant (kc)
for cyclization of 5-hexenyl radical is 2.0×105 s−1,15 the
rate constant for the iodine abstraction of radical inter-
mediates from nC10F21I is roughly estimated to be 2.6×
105 M−1s−1. On the other hand, 5-hexenyl radical
capturing ability of (PhSe)2 is reported to be 1.2×107

M−1s−1,16 which is about fifty times faster than the
iodine transfer rate constant. Whereas, nC10F21

� is more
reactive toward unsaturated compounds compared with
PhSe�. With these kinetic considerations in mind, we
have designed and examined highly selective selenoper-
fluoroalkylation of terminal acetylenes by using a Rf-I–
(PhSe)2 binary system, which makes it possible to intro-
duce perfluoroalkyl and phenylseleno groups into the
terminal and internal positions of acetylenes, respec-
tively, with an excellent regioselectivity (Eq. (2)).
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In a Pyrex glass tube (10 mm×75 mm) under N2

atmosphere were placed ethynylbenzene (5a, 0.2 mmol)
and heneicosafluoro-n-decyl iodide (2, 0.1 mmol) in
BTF (0.05 mL). The mixture was irradiated with a
xenon lamp (500 W) at 40°C17 for 10 h,18 and during
the irradiation, diphenyl diselenide (6, 0.2 mmol) was
added separately19 six portions (i.e. total of 0.2 mmol of
(PhSe)2 was added). After the reaction was complete,
the corresponding selenoperfluoroalkylated product
(7a) as a single stereoisomer (E-isomer),20 was formed
in 82% yield along with small amounts of the bissele-
nated adduct to 5a (i.e. 8a). Purification of the
selenoperfluoroalkylated products was performed by
using a preparative HPLC.21,22

Similar conditions can be employed with aromatic
acetylenes bearing an electron-donating group (5b and
5c) or an electron-withdrawing group (5d) in the p-posi-
tion, giving the corresponding selenoperfluoroalkyla-
tion products (7b, 7c, and 7d) with high selectivity
(Table 1, entries 2–4). In the case of 1-ethynylcyclohex-
ene (5e), the reaction also proceeded efficiently (Table
1, entry 5). However, in the case of aliphatic acetylenes
such as 1-dodecyne, the reaction does not proceed at
all. The difference of the reactivity of aromatic acetyl-
enes and aliphatic ones is most probably due to the
difference of the stability of the corresponding vinylic
radical intermediates. In general, vinylic radicals gener-
ated from aliphatic acetylenes are �-radicals,23 whereas
�-aryl-substituted vinylic radicals are assumed to be
�-radicals,24 which are more stable compared with the
aliphatic �-radicals.25,26

Figure 1 indicates the UV-visible spectra of nC10F21I
and (PhSe)2. nC10F21I exhibits its absorption maximum
in 270 nm, and its absorption reaches to 350 nm. On
the other hand, the absorption maximum of (PhSe)2

Table 1. Selenoperfluoroalkylation of acetylenesa

Figure 1. UV-visible spectra of nC10F21I and (PhSe)2.
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Scheme 1.

exhibits in 330 nm, and its absorption continues to
about 500 nm. In this selenoperfluoroalkylation reac-
tion, two possible mechanistic pathways are assumed
for the generation of nC10F21

�, i.e. (i) nC10F21I under-
goes photoirradiated homolytic dissociation to generate
nC10F21

�, which adds to terminal acetylenes directly; (ii)
(PhSe)2 undergoes homolytic dissociation to generate
PhSe�, which abstracts iodine atom from nC10F21I to
generate nC10F21

�.

Thus, we next examined the reaction by shading from
the light of wavelength below 400 nm with a filter to
avoid the homolytic dissociation of nC10F21I. When the
reaction was conducted upon irradiation with a xenon
lamp through the filter (>400 nm) for 1.5 h with
ethynylbenzene as a substrate, the desired selenoper-
fluoroalkylation product was obtained in 44% yield.
Therefore, a possible mechanistic pathway in these
reactions may include the following (see Scheme 1): (i)
upon irradiation with the light of wavelength over 300
nm, (PhSe)2 (6, �max=330 nm) undergoes homolytic
dissociation to generate PhSe�, which abstracts iodine
atom from nC10F21I to generate nC10F21

�, (ii) nC10F21
�

adds to aromatic acetylene (5), forming �-
perfluoroalkyl-substituted vinylic radical (10); (iii) the
vinylic radical intermediate (10) which undergoes SH2
reaction with (PhSe)2 to provide 7.

In summary, the highly selective selenoperfluoroalkyla-
tion of aromatic acetylenes has been attained by using
a mixed system of perfluoroalkyl iodide and diphenyl
diselenide. This selenoperfluoroalkylation of aromatic
acetylenes is a useful procedure for introducing
perfluoroalkyl and phenylseleno groups into acetylenes
regioselectively. Further study along these lines is now
in progress.
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