
We carried out the benzannulation (cyclodimerization) of
conjugated enynes in fluorous biphasic system in the presence
of perfluoro-tagged palladium catalyst and succeeded in reusing
the catalyst for several times.

The development of recyclable catalytic system is an impor-
tant issue for the improvement of catalytic processes in organic
synthesis and some interesting approaches have been reported.
For example, carrying out the reaction under biphasic systems
such as liquid–solid or liquid–liquid phase is a well-known
approach for the recovery and reuse of the catalyst.  A new
approach in this field is the utilization of a combination of organic
solvent and fluorous solvent (fluorous biphasic system) as the
reaction media.1 In this approach, the selective solubility of the
highly fluorinated catalyst in the fluorous phase was utilized to
separate the product and the catalyst efficiently and easily
(Scheme 1).  This concept has been recently applied to many cat-
alytic reactions.2

The recent vast applications of this system in many reactions
led us to consider the possibility of applying this system to the
palladium-catalyzed benzannulation of conjugated enynes (eq 1).3

In this paper we report the first application of fluorous biphasic
system to the palladium-catalyzed benzannulation of conjugated
enynes.

The highly fluorinated palladium catalyst was prepared in
situ from Pd2dba3·CHCl3 (3) and 44 in a mixture of organic sol-
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vent and highly fluorinated solvent such as perfluorodecalin or
hexafluoropropene trimers.5 The facile ligand exchange was
confirmed by the disappearance of the purple color of 3 in the
organic phase.  The color of the fluorous phase turned yellow at
the same time, indicating the formation of the highly fluorinat-
ed palladium catalyst.  The organic layer was then removed,
and the reactions were carried out by the addition of a solution
of enyne to the fluorous solution.

The results of the reactions are summarized in Table 1.
Thus, the benzannulation of a highly reactive enyne 1a6 pro-
ceeded at 65 °C and the product was isolated in 78% yield
(entry 1).  The separation of 2a and the catalyst was quite easy,
and the organic phase which contains the product was easily

separated by a syringe after cooling the reaction mixture to 0
°C.6 We also carried out the reactions of other enynes, and the
products were obtained in good to fair yields (entries 2–5).
Compared to the reaction conditions required for the reaction of
enynes 1a–e in the presence of Pd(PPh3)4 in organic solvents,7

the reactions must be carried out at elevated temperatures and
for a longer periods under this fluorous biphasic system.  This
result may be explained in terms of the low catalytic activity of
the highly fluorinated palladium catalyst.  

To examine the possibility of reusing the catalyst, we car-
ried out the benzannulation of conjugated enynes for several
times in the presence of recovered fluorous catalyst, and the
results are summarized in Tables 2 and 3.  As shown in the
tables, it is possible to recycle the catalyst which was dissolved
in the fluorous phase up to four times without a significant loss
of the catalytic activity.  However, the reactivity of the catalyst
significantly decreased when the reaction was carried out for
more than five times.  The decreased reactivity may be caused
by the oxidation of the fluorinated ligand by the trace amount of
the oxygen in the solvent and/or the loss of palladium species in
the organic phase.8 We are currently re-designing the fluorous
ligand to improve the catalytic activity.  

In summary, we carried out the palladium-catalyzed benz-
annulation using the fluorous biphasic system and succeeded in
recycling the catalyst.  This is the first example of the applica-
tion of benzannulation reaction in fluorous biphasic system,
which is a very clean and efficient method for the synthesis of
substituted benzenes.
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