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Tributyl(3,3,3-trifluoro-1-propynyl)stannane as
an efficient reagent for the preparation of various

trifluoromethylated heterocyclic compounds
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Abstract—Tributyl(3,3,3-trifluoro-1-propynyl)stannane was readily synthesized from 2-bromo-3,3,3-trifluoropropene in one step.
The 1,3-dipolar cycloaddition of the stannane with diazomethane, phenylazide, and acetonitrile oxide smoothly proceeded to give
the corresponding (tributylstannyl)trifluoromethyl-pyrazole, -triazole, and -isoxazole in good yields, respectively. These heterocyclic
compounds are proved to be useful building blocks for the regioselective introduction of a functional group such as an aryl group or
iodine.
� 2004 Elsevier Ltd. All rights reserved.
Fluorinated heterocyclic compounds have recently re-
ceived much attention due to their unique potential for
pharmaceuticals and agrochemicals.1 For instance, Celec-
oxib bearing a trifluoromethyl substituent on the pyraz-
ole-ring shows anti-inflammatory and analgetic activity
without the undesirable side effects associated with other
non-steroidal anti-flammatories.2 As the facile introduc-
tion of fluorine(s) into heterocyclic rings has still been
limited, the development of new practical methods for
their construction remains a formidable task. As a part
of our study on the preparation of fluorinated building
blocks,3 we focused on the synthesis of useful fluori-
nated five-membered heterocyclic compounds. To this
end, the 1,3-dipolar cycloaddition reactions especially
should provide a convenient route to various five-mem-
bered heterocyclic structures. Although there are some
reports on the synthesis of trifluoromethylated heterocy-
cles by using various trifluoromethylated alkynes and
1,3-dipoles, no useful functional groups was embedded
in those trifluoromethylated alkynes.4 Consequently,
further elaboration of the resultant 1,3-adducts has been
limited. On the other hand, organostannane derivatives
have been utilized as powerful reagents for construction
of a variety of organic compounds.5 On the basis of
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these consideration, we expected that the use of tribu-
tyl(3,3,3-trifluoro-1-propynyl)stannane (1) as a dipolar-
ophile should give the corresponding highly potential
five-membered heterocyclic adducts. We report herein
a facile one step synthesis of 1, its reaction with various
1,3-dipoles, and the useful transformations of the result-
ing trifluoromethylated stannylheterocycles.

Our initial study paid attention to the facile preparation
of 1. Because the reported method was far from practi-
cal, and as a result no synthetic applications were inves-
tigated.6 One possible procedure for the synthesis of 1
would be the stannylation of metal 3,3,3-trifluoropropy-
lide. According to a slightly modified procedure
reported by Yamazaki et al., lithium 3,3,3-
trifluoropropylide was prepared from readily available
2-bromo-3,3,3-trifluoropropene.7 The successive addi-
tion of chlorotributylstannane (Bu3SnCl) to the solution
afforded the desired product 1.8 Although 1 was less sta-
ble hydrolytically than its non-fluorinated tin analog,
the purification using bulb-to-bulb distillation under re-
duced pressure worked well to give 1 as a pale yellow liq-
uid (bp; 90–100 �C/0.5mmHg) in 57% yield (Scheme 1).9
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Initially, the addition of an ethereal solution of diazo-
methane to 1 at 0 �C for 1.5h produced the correspond-
ing trifluoromethylated stannylpyrazole (2) in 70% yield,
exclusively (Scheme 2).10 The structural assignment of
this isomer was performed on the basis of the compari-
son of the corresponding 19F chemical shift value in the
literature.11 The regioselectivity of the reaction can be
explained in terms of HOMO–LUMO interactions as
discussed in the literature.12 The cycloaddition should
be considered to be controlled by HOMO (diazometh-
ane)–LUMO (1). The feasibility of the cross-coupling
reaction of 2 with 4-iodoacetophenone as an aryl iodide
was investigated under various conditions. The prelimi-
nary reaction under the standard conditions with Pd(0)
catalysts and Cu(I) in DMF afforded no desired ad-
ducts. One reason for the difficulty of this cross-coupling
reaction should be attributable to the sterically encum-
bered trifluoromethylated stannane. When we applied
slightly modified conditions reported by Corey and
co-workers,13 this cross-coupling reaction smoothly
proceeded to give the corresponding aryl(trifluoro-
methyl)pyrazole (3a) in 71% yield.14

Under the similar conditions, the cross-coupling reac-
tion of 2 with 1-iodo-4-nitrobenzene also proceeded to
give the corresponding pyrazole (3b) in 81% yield.
Furthermore, introduction of iodine to the trifluoro-
methylated pyrazole ring was examined. 5-Iodo-4-(tri-
fluoromethyl)pyrazole (3c) was readily prepared via
room temperature iodination in 83% yield. The struc-
tures of two products are shown in Figure 1.

Secondly, the reaction between 1 and phenylazide was
conducted in trimethylorthoformate for 36h at 80–
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Figure 1. (4-Trifluoromethyl)pyrazoles.
85 �C. The corresponding 1-phenyl-4-tributylstannyl-5-
trifluoromethyl-1,2,3-triazole (4) was obtained in
66% yield, exclusively (Scheme 3).15 The regioselective
formation of the cycloadduct (4) suggests that the cyclo-
addition should be controlled by HOMO (phenylazide)–
LUMO (1). The higher reaction temperature (above
90 �C) resulted in the contamination of another regio-
isomer.4a Iodination of 4 with iodine also provided the
desired 4-iodo-1-phenyl-5-trifluoromethyl-1,2,3-triazole
(5) in 81% yield, as shown in Scheme 3.

Finally, we have investigated the cycloaddition behavior
of 1 with acetonitrile oxide as a representative nitrile
oxide. In contrast to above dipoles, treatment of 1 with
acetonitrile oxide generated in situ in THF at 45 �C for
12h afforded the corresponding trifluoromethylated
tributylstannyisoxazole (6) as an inseparable mixture
of regioisomers in 77% combined yield (Scheme 4).16

The structural assignment of these isomers was per-
formed on the basis of the comparison of the corre-
sponding 19F chemical shift value in the literature.4b,17

Attempts to improve this regioselectivity were unsuc-
cessful at this stage.

The cross-coupling reaction of 6 with 4-iodoacetophe-
none was also examined under various conditions.
Either of the isomers (6a and 6b) underwent arylation
giving the corresponding aryl(trifluoromethyl)isoxazole
(7) with essentially the same regioisomeric ratio in 90%
yield under the optimum conditions18 (Scheme 5). Regio-
isomers of arylated isoxazole could be cleanly separated
to each other. These coupling reactions required Cu(I)
salt as a co-catalyst, and the use of Cu(I) thiophene-2-
carboxylate (CuTC) under these conditions offered
advantage over CuI.19
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In summary, we have demonstrated the facile preparation
of 1 and its usefulness for the construction of trifluoro-
methylated five-membered heterocyclic compounds via
1,3-dipolar cycloaddition reactions. Additional tributyl-
stannyl groups on the heterocyclic rings have worked well
for the regioselective introduction of various substituents
into the rings. Further studies on their synthetic utility are
now in progress in our laboratory.
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