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Abstract: A tetrabutylammonium bromide catalyzed trifluoro-
methylation/cyclization reaction of o-aralkynylaryl aldehydes with
trimethyl(trifluoromethyl)silane and cesium fluoride has been de-
veloped. A variety of 1-alkylidene-3-(trifluoromethyl)phthalans
were prepared in moderate to excellent yields by tandem nucleo-
philic addition and cyclization.
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The phthalan (1,3-dihydro-2-benzofuran) group is an
important heterocyclic moiety that occurs widely in var-
ious biologically active compounds.1 Moreover, the
phthalan group is a key structural unit in many natural
products, such as pestacin2 and membranolide.3 Conse-
quently, the development of efficient strategies for the
construction of the phthalan scaffold has attracted con-
siderable attention,4 and many reliable and versatile
methods have been developed that involve transition-
metal-catalyzed or base-promoted annulations of o-al-
kynylbenzyl alcohols.5 Most of these protocols suffer
from the need to use metal catalysts or stoichiometric
amounts of base. For example, Wobser and Marks re-
ported a thorium-catalyzed hydroalkoxy-
lation/cyclization of alkynyl alcohols to give
methylene-1,3-dihydro-2-benzofurans.6 Abbiati and co-
workers developed a base-promoted synthesis of
dihydro-2-benzo-furans by domino addition/annulation
reactions of o-alkynylbenzaldehydes with alcohols.7

However, to the best of our knowledge, the synthesis of
trifluoromethylated phthalans has not been explored,
although the incorporation of a trifluoromethyl groups
into aromatic compounds often enhances their biologi-
cal activity, and this has become a powerful and widely
employed tactic in the process of drug design.8 As a part
of our ongoing studies on syntheses of trifluoromethyl-
ated aromatic compounds,9 we wished to prepare triflu-
oromethyl group containing phthalans from cheap and
commercially available trifluoromethylated reagents.
Here, we report a simple and efficient protocol for the
synthesis of 3-trifluoromethylated phthalans by tetrabu-
tylammonium bromide catalyzed tandem nucleophilic
addition and cyclization of o-aralkynylaryl aldehydes

with Ruppert’s reagent, trimethyl(trifluoromethyl)si-
lane (Scheme 1).10

Scheme 1  Tetrabutylammonium bromide catalyzed tandem trifluo-
romethylation/cyclization reactions of o-aralkynylaryl aldehydes
with trimethyl(trifluoromethyl)silane

We chose the reaction of 2-(phenylethynyl)benzaldehyde
(1a) with trimethyl(trifluoromethyl)silane and cesium flu-
oride to screen for the optimal conditions for the reaction
(Table 1). Initially, we investigated various metal cata-
lysts including palladium(II) acetate, copper(II) acetate,
copper(II) triflate, and zinc(II) acetate, and we obtained
the desired product 2a in low yields (entries 1–4). Better
results were obtained when phase-transfer catalysts were
used in the tandem reaction (entries 5–8). For example,
treatment of substrate 1a with tetrabutylammonium bro-
mide (10 mol%), trimethyl(trifluoromethyl)silane (3
equiv), and cesium fluoride (2 equiv) in toluene gave the
desired product 2a in 62% yield (entry 6). We were
pleased to find that the yield of 2a increased to 88% when
20 mol% of tetrabutylammonium bromide was used (en-
try 8). In the absence of catalyst, no cyclization product
was obtained, and the nucleophilic addition product was
obtained instead (entry 9). Subsequently, other sources of
fluoride ion were tested for the generation of trifluoro-
methyl anion. A 73% yield was obtained by using potas-
sium fluoride as the base (entry 10), but
tetrabutylammonium fluoride gave no product (entry 11).
Finally, several solvents (tetrahydrofuran, acetonitrile,
and N,N-dimethylformamide) were examined, but all
were less effective than toluene. It is noteworthy that two
equivalents of water played a key role in the tandem reac-
tions and that the required product could not be obtained
in the absence of water.11 Presumably water enhances the
nucleophilicity of the alkoxide ion and provides the pro-
tons required to form the cyclization product.7

Having identified the optimal reaction conditions,12

we explored the substrate scope with respect to the
o-alkynylaryl aldehyde (Scheme 2). 
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Initially, we examined the effects of substituents on the
aryl group of the aralkyne moiety. Both electron-rich and
electron-deficient aryl groups were tolerated and the cor-
responding products were obtained in moderate to good
yields (2b–h). Aldehydes containing p-, m-, and o-tolyl
groups gave the corresponding products 2b–d in yields of
71, 82, and 77%, respectively. The 4-methoxylphenyl

product 2e was obtained in 72% yield. Similar results
were obtained for the 4-chlorophenyl and 4-bromophenyl
products 2f and 2g, respectively. The configuration of
product 2f was unambiguously confirmed by single-crys-
tal X-ray diffraction analysis (Figure 1).13 

The electron-deficient 4-cyanophenyl-substituted alde-
hyde gave the corresponding product 2h in 53% yield. In-
terestingly, the 2-thienyl group was also compatible with
the reaction, and the corresponding product 2i was ob-
tained in 83% yield. However, with alkanols, the cycliza-
tion reaction failed although the nucleophilic addition
proceeded smoothly.

Table 1  Optimization of the Reaction Conditions

Entrya Base Catalyst (mol%) Solvent Yieldb (%)

1 CsF Pd(OAc)2 (10) toluene 18

2 CsF Cu(OAc)2 (10) toluene 31

3 CsF Cu(OTf)2 (10) toluene 38

4 CsF Zn(OAc)2 (10) toluene 26

5 CsF TBAF (10) toluene 54

6 CsF TBAB (10) toluene 62

7 CsF Bu4NOAc (10) toluene 46

8 CsF TBAB (20) toluene 88

9 CsF – toluene 0

10 KF TBAB (20) toluene 73

11 TBAF TBAB (20) toluene 0

12 CsF TBAB (20) THF 5

13 CsF TBAB (20) MeCN 20

14 CsF TBAB (20) DMF 10

15c CsF TBAB (20) toluene 0

a Reaction conditions: 1a (0.3 mmol), TMSCF3 (3 equiv), base (2 
equiv), catalyst, 0 °C, 1 h, then H2O (2 equiv), stirring, 80 °C, 6 h.
b Isolated yield.
c In the absence of H2O.
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Figure 1 Structure of product 2f

Scheme 2  Trifluoromethylation/cyclization of o-aralkynylaryl alde-
hydes with trimethyl(trifluoromethyl)silane. Reagents and condi-
tions: 1b–p (0.3 mmol), TMSCF3 (0.9 mmol), CsF (0.6 mmol),
TBAB (0.06 mmol), toluene, 0 °C, 1 h, then H2O (2 equiv), stirring,
80 °C, 6 h.
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We also investigated the effects of ring substituents on the
aryl aldehyde moiety. Methoxy-substituted o-aralkynyl-
benzaldehydes gave the corresponding product 2j–m in
55–65% yield. 5-Chloro-2-(phenylethynyl)benzaldehyde
gave the corresponding product 2n in 62% yield. Electron-
deficient 5-(trifluoromethyl)-2-(phenylethynyl)benz-
aldehyde gave product 2o in 71% yield. To our surprise, the
reaction of 2-(phenylethynyl)thiophene-3-carbaldehyde
also proceeded successfully to give the thienofuran product
2p in 93% yield.

In summary, we have developed a tetrabutylammonium
bromide catalyzed tandem trifluoromethylation/cycliza-
tion reaction. In the presence of tetrabutylammonium bro-
mide and cesium fluoride, a variety of o-aralkynylaryl
aldehydes underwent tandem nucleophilic addition and 5-
exo-dig heterocyclization with trimethyl(trifluorometh-
yl)silane to give the corresponding (Z)-1-alkylidene-3-
(trifluoromethyl)phthalans in moderate to excellent
yields. This regio- and stereospecific reaction shows good
functional-group tolerance. The one-pot procedure and
the use of an inexpensive catalyst and trifluoromethyl
source are significant advantages of this reaction. The
process might facilitate the synthetic applications of tri-
fluoromethyl-containing building blocks and provides a
new option for constructing the 1,3-dihydro-2-benzofuran
ring system.
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