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ABSTRACT

Direct access to 3-trifluoromethyl-substituted benzofuranols is presented. The products are obtained in good yields from commercially available
salicylaldehydes by using in situ generated trifluoromethyl diazomethane and boron trifluoride as an activator. As shown in a representative
example, the products can be transformed into the corresponding trifluoromethyl-substituted benzofurans.

Trifluoromethyl-substituted heterocycles have found
widespread use in the drug industry due to the ability of
fluorinated groups to alter essential physical properties of
active pharmaceutical ingredients.1 Among them, benzo-
furan derivatives bearing a trifluoromethyl group at the
C3-position have been surprisingly poorly investigated,
probably due to the few synthetic methods available for
their preparation.2

We recently described reactions in which we used tri-
fluoromethyl diazomethane (F3CCHN2) generated in
situ in a range of transformations, including cyclopropa-
nation, cyclopropenation, and homologation of aldehydes
and cyclohexanones to form trifluoroethyl-substituted

ketones.3 Herein we report our results dealing with the use
of in situ generated F3CCHN2 in the homologation reac-
tion of salicylaldehyde derivatives,4 affording direct access
to dihydrobenzofuranols bearing a trifluoromethyl group
at C3.
Our investigations aimed at the synthesis of benzofur-

anols started with salicylaldehyde as a test substrate under

Table 1. Optimization Studiesa

entry acid equiv yieldb

1 ZrCl4 1.8 18%

2 AlCl3 1.8 traces

3 TiCl4 1.8 10%

4 SnCl4 1.8 nr

5 SbCl5 1.8 25%

6 BF3 3OEt2 1.8 74%

7 BF3 3OEt2 0.3 13%

8 HBF4 3OEt2 1.8 nr

aGeneral procedure: F3CCH2NH3Cl (3.0 equiv) and NaNO2

(3.6 equiv) are stirred for 1 h at 0 �C in CH2Cl2/H2O (30:1), followed
by addition of Lewis acid and salicylaldehyde (0.22 mmol, 1 equiv)
at �78 �C. bYield based on NMR analysis.
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conditions previously reported by us3e for the homologa-
tion of aldehydes to trifluoroethyl-substituted ketones. In
the initial screening experiments, F3CCH2NH2•HCl and
NaNO2 were stirred at 0 �C over 1 h in a mixture of
30:1 CH2Cl2/H2O, which was then cooled over 10 min
to �78 �C; the test substrate (salicylaldehyde) and ZrCl4
were then added. After stirring for 45min, we obtained (3-
trifluoromethyl-2,3-dihydrobenzofuran-2-ol) in 18%yield
and low conversion (Table 1, entry 1). We then screened a
variety of Lewis acids, including AlCl3, TiCl4, SnCl4,
SbCl5, and BF3•OEt2. To our delight BF3•OEt2 proved
to be suitable to mediate the conversion of salicylaldehyde
to 1 in 74% yield (entry 6). However, its use in a sub-
stoichiometric quantity was deleterious to the reaction,

affording product in low yield (entry 7). To exclude the
possibility of Brønsted acid catalysis (HBF4), a control
reaction was performed with HBF4, which failed to give
product under otherwise standard conditions.
Having identified suitable reaction conditions for the

conversion of salicylaldehyde to the corresponding tri-
fluoromethyl-substituted benzofuranol, we examined the
scopeof the reaction.Electron-rich substratesworkedwell,
affording products 2�6 (Table 2) in good yields. More
surprisingly, salicylaldehydes bearing electron-withdraw-
ing groups also furnished products 8�10 (Table 2) in
moderate to good yields. Overall, the method tolerates a
broad range of functional groups and allows quick access
to products with potential for further elaboration. The
configuration of the hemiacetal was unambiguously as-
signed as trans by X-ray crystallographic analysis for
product 3 and assigned by analogy to the other benzofur-
anols produced.
Finally, we were interested in examining the dehydra-

tion of these products, since the corresponding trifluor-
omethyl-substituted benzofurans have been poorly
described in the literature and might serve as useful
heterocyclic building blocks for drug discovery. Satisfy-
ingly with 10 as a test substrate, benzofuran 11 was
obtained in 80% yield by refluxing the starting material
in toluene with p-toluenesulfonic acid and azeotropic
removal of water (Scheme 1).
In conclusion, we have described the conversion of

salicylaldehydes to trifluoromethyl-substituted dihydro-
benzofuranols using a protocol that utilizes trifluoro-
methyl diazomethane generated in situ.5 The heterocyclic
productswere obtained in good yields following a protocol
that is experimentally practical.6 As shown for a proto-
typical case, the furanols may be subjected to dehydration
to furnish the corresponding C3 substituted trifluoro-
methyl benzofurans.
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Table 2. Reaction Scopea

aGeneral procedure: F3CCH2NH3Cl (3.0 equiv) and NaNO2

(3.6 equiv) are stirred for 1 h at 0 �C in CH2Cl2/H2O (30:1), followed
by addition of BF3•OEt2 (1.8 equiv) and substrate (0.22 mmol, 1 equiv)
at �78 �C. b Isolated yield.

Scheme 1. Preparation of a Trifluoromethylated Benzofuran

(5) We believe the mechansim involves the following steps: coordina-
tion of BF3, attack of the diazocompound onto the activated aldehyde,
migration of the phenyl ring, and hemiacetal formation.

(6) Safety Precaution: trifluoromethyl diazomethane is a potentially
explosive compound, and although we never experienced any problem
while performing reactions with dilute solutions of this reagent, we
recommend the use of a blast shield.


