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Highly efficient synthesis of 4-trifluoromethylfuran derivatives
via a sequential deprotection-annulation reaction
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Abstract—(E)-O-protected-2-trifluoromethyl-1-bromo-1-substituted allylic alcohol reacted with terminal alkynes under Sonogashira
reaction condition to give the corresponding (E)-2-en-4-ynoic alcohol derivatives, which was further converted to the corresponding
4-trifluoromethylfuran derivatives via a sequential deprotection-annulation reaction in moderate to excellent yields.
� 2006 Elsevier Ltd. All rights reserved.
Table 1. Preparation of (E)-O-protected-2-trifluoromethyl-1-bromo-1-
substituted allylic alcohol 2a–c
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a MeOH 70
b MeI 79
c BnBr 58

a Isolated yield after chromatography.
Polysubstituted furans play an important role in organic
chemistry because of their presence as a structural unit
in many biologically active and naturally occurring com-
pounds.1 There has been considerable interest in
organofluorine compounds as pharmaceutical and agro-
chemical agents as well.2 The introduction of fluorine
atoms may alter the physiochemical and biological
properties of organic compounds.3,4 Although many
fluorinated furans have been reported,5,6 it is still desir-
able to develop an efficient method for the synthesis of
trifluoromethylated furans. Recently, a stereoselective
lithium–bromine exchange reaction of O-protected-
2-trifluoromethyl-1,1-dibromoallylic alcohols has been
developed in our laboratory.7 Based on this work, we
would like to report a synthetic approach towards the
polysubstituted 4-trifluoromethylfurans through a
sequential deprotection-annulation reaction.

O-Protected-2-trifluoromethyl-1,1-dibromoallylic alcohol
1 stereoselectively underwent a lithium–bromine ex-
change reaction in THF, followed by quenching with
methanol, methyl iodide or benzyl bromide, to give the
corresponding (E)-O-protected-2-trifluoromethyl-1-
bromo-1-substituted allylic alcohol (2a, 2b and 2c) in
58–79% yields (Table 1). The structures of 2a–c were
established by their 1H, 19F and 13C NMR spectra.7
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Compounds 2a–c reacted with a series of terminal alky-
nes under Sonogashira reaction condition to give the
corresponding coupling products 3 in 47–97% yields
(Table 2). The TBS group was removed with TBAF at
0 �C, followed by cyclization and aromatization, to give
the corresponding 2,3-disubstituted-4-trifluoromethyl-
furans 6 in 42–94% yields (Table 2). However, in the
case of R being n-pentyl, no furan derivative was
obtained (entries 6 and 12) (Scheme 1).

The structure of 2,3-disubstituted-4-trifluoromethyl-
furans was characterized with 1H, 13C and 19F NMR
spectra.8,9 For example, the 1H NMR and 1H 13C COSY
spectra of compound 6aa showed two singlets at 6.17
(1H) and 7.65 (1H) ppm which were assigned to 3-H
and 5-H of the furan ring. Two signals at 103.8 and
141.0 (q, J = 6.0 Hz) ppm in 13C NMR were assigned
to 3-C and 5-C of the furan ring, which was also in
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Table 2. Palladium-catalyzed reaction of 2 with terminal alkynes, followed by the treatment with TBAF

Entry 2 R R 0 3 (Yield, %)a 6 (Yield, %)a

1 2a H Ph 3aa, 90 6aa, 87
2 2a H 4-MeO–Ph 3ab, 93 6ab, 94
3 2a H 4-MeOOC–Ph 3ac, 80 6ac, 83
4 2a H 4-Me–Ph 3ad, 87 6ad, 82
5 2a H CH2OBn 3ae, 91 6ae, 46
6 2a H n-Pentyl 3af, 97 —
7 2b Me Ph 3ba, 96 6ba, 86
8 2b Me 4-MeO–Ph 3bb, 95 6bb, 86
9 2b Me 4-MeOOC–Ph 3bc, 87 6bc, 50
10 2b Me 4-Me–Ph 3bd, 96 6bd, 85
11 2b Me CH2OBn 3be, 85 6be, 42
12 2b Me n-Pentyl 3bf, 89 —
13 2c Bn Ph 3ca, 59 6ca, 73
14 2c Bn 4-MeO–Ph 3cb, 47 6cb, 76
15 2c Bn 4-MeOOC–Ph 3cc, 55 6cc, 67

a Isolated yield.
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Scheme 1.

Figure 1. The ORTEP view of 6bc and 6cb with all H atoms omitted for clarity.
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agreement with the literature.10 The single crystal X-ray
diffraction study of 6bc and 6cb further proved the ste-
reochemistry of the furans (Fig. 1).11

A possible mechanism for the formation of 2,3-disubsti-
tuted-4-trifluoromethylfurans was proposed in Scheme
2,12 which involved the deprotection of TBS group of
3 with TBAF, followed by a ring-forming through intra-
molecular nucleophilic attack to alkyne in 5-Exo-Dig
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Scheme 2.
mode. Consequently, intermediate 5 was aromatized to
the final products 6 in situ. The formation of dihydro-
furan 5 (R = H, R 0 = CH2OBn, Scheme 2) was moni-
tored by 1H NMR, in which there was a singlet at
6.57 ppm characteristic for the double bond on the five
member ring, a singlet at 5.08 ppm for the CH2 group
of the ring, and a triplet at 4.88 ppm (J = 6.9 Hz) for
another proton on the exocyclic double bond. Unfortu-
nately, it was difficult to isolate the pure dihydrofurans
O
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5, which were labile to cyclization during the course of
the workup.13

In summary, we have developed an efficient method for
the preparation of CF3-containing polysubstituted fur-
ans, which is potentially useful for further conversion
to the trifluoromethylated analogues of natural and bio-
logically active compounds.
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