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a b s t r a c t

Nucleophilic (phenylsulfonyl)difluoromethylation of both alkyl iodides and bromides was successfully
accomplished by using CsF/15-crown-5 as an initiating system in DME, and the amount of 15-crown-5
was found to be critical to the yield of the product. The prepared (phenylsulfonyl)difluoromethylated
alkanes were converted into gem-difluoroalkenes by a base-mediated 1,2-elimination reaction, and the
latter species could be further transformed into trifluoromethyl compounds in the presence of KF/18-
crown-6 or TBAF.

� 2010 Elsevier Ltd. All rights reserved.
Selective incorporation of fluorine atom(s) or fluorine-contain-
ing moieties into organic molecules can often bring about many
profound changes in their physical, chemical, and biological
properties.1,2 Among the fluorine-containing moieties, gem-
difluorovinyl group is of particular interest owing to its high
electrophilicity, isosteric property as a carbonyl group,3,4 as well
as its critical role in some enzyme inhibitors.5 Moreover, gem-
difluoroalkenes are also important synthetic precursors to prepare
other fluorinated compounds and polymers.6

At present, there are several methods to prepare gem-
difluoroalkenes,7 including Wittig-type reactions,8 elimination reac-
tions,9 and Julia–Kocienski olefination.10 Previously, Prakash et al.
reported the preparation of gem-difluoroalkenes by a substitution-
elimination method using primary alkyl halides and difluoromethyl
phenyl sulfone (PhSO2CF2Y).11 Due to the use of a strong base such
as t-BuOK, this method is not compatible with activated alkyl halides
such as benzyl bromides.11 On the other hand, as an alternative re-
agent to PhSO2CF2Y, [(phenylsulfonyl)difluoromethyl]trimethylsi-
lane (PhSO2CF2SiMe3, 1) was successfully applied by us in the
nucleophilic (phenylsulfonyl)difluoromethylation of some base-
sensitive substrates such as enolizable aldehydes under mild condi-
tions.12 Recently, fluoride-initiated cross-coupling reactions
between alkyl halides and RfSiMe3 (Rf = CF3, C2F5, PhSCF2) reagents
ll rights reserved.

: +86 21 64166128.
were reported by Tyrra et al.13a and us.13b Inspired by these results,
we envisioned that a nucleophilic substitution reaction between an
alkyl halide and PhSO2CF2SiMe3 reagent in the presence of a fluoride
ion source could also be possible. More importantly, the prepared
PhSO2CF2-containing alkanes could be further transformed into
trifluoromethyl compounds through gem-difluoroalkene inter-
mediates.14

First of all, we examined the reaction conditions of the nucleo-
philic (phenylsulfonyl)difluormethylation reaction with PhSO2CF2-
SiMe (1) by using iodoethane (2a) as a model substrate. The results
are shown in Table 1. It was found that, when tetrabutylammo-
nium (triphenylsilyl)-difluorosilicate (TBAT) was used as an initiat-
ing system in THF,15 the (phenylsulfonyl)difluormethylation
reaction between reagent 1 and substrate 2a hardly proceeded
(Table 1, entry 1). When KF (2.0 equiv)/DMF or CsF (2.0 equiv)/
15-crown-5 (4.0 equiv)/1,2-dimethoxyethane (DME) was used,13a

product 3a was obtained in 23% and 84% yield, respectively
(Table 1, entries 2 and 3). Although the yield of 3a was satisfactory,
the amount of 15-crown-5 was still too high (4.0 equiv relative to
2a). Therefore, we decided to explore the effect of the amount of
15-crown-5 on the yield of the product. After testing various
amounts from 1.0 to 4.0 equiv (Table 1, entries 3�7), we found that
the amount of 15-crown-5 was critical to the yield of the product.
As shown in Table 1, when the amount of 15-crown-5 was below
2.0 equiv, the yields linearly increased with the amounts of
15-crown-5; however, when the amount of 15-crown-5 was above
2.0 equiv, the yields almost kept intact.
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Table 3
Preparation of gem-difluoroalkenes 4a�e

RCH2CF2SO2Ph RCH CF2
LiHMDS (1.5 equiv)
THF (or DMF), 0 oC3 4

Entry RCH2CF2SO2Ph (3) RCH@CF2 (4) Yielda (%)

1 C6H5(CH2)2CH2CF2SO2Ph (3f) C6H5(CH2)2CH@CF2 (4a) 68b

2 4-MeO-C6H4CH2CF2SO2Ph (3j) 4-MeO-C6H4CH@CF2 (4b) 78b

3 4-Ph-C6H4CH2CF2SO2Ph (3k) 4-Ph-C6H4CH@CF2 (4c) 90
4 1-Naphth-CH2CF2SO2Ph (3l) 1-Naphth-CH@CF2 (4d) 76
5 4-Br-C6H4CH2CF2SO2Ph (3m) 4-Br-C6H4CH@CF2 (4e) 77

Table 1
The optimization of reaction condition

conditionsa

1
(2.0 equiv)

3a

PhSO2CF2SiMe3 CH3CH2CF2SO2PhCH3CH2I

2a
(1.0 equiv)

Entry Conditions 15-Crown-5 (equiv) Yieldb (%)

1 TBAT/THF/0 �C None <10
2 KF/DMF/�20 �C None 23
3 CsF/DME�20 �C 4.0 84
4 CsF/DME/�20 �C 3.0 85
5 CSF/DME/�20 �C 2.0 85
6 CSF/DME/�20 �C 1.5 65
7 CSF/DME/�20 �C 1.0 44
8 CsF/DME/�78 �C 2.0 77
9 CsF/DME/0 �C 2.0 24

10 CsF/DME/�20 �C 2.0 34c

11 CsF/DME/�20 �C 2.0 <10d

a In all cases, the amount of fluoride source was 2.0 equiv relative to that of 2a.
b Yields were determined by 19F NMR spectroscopy using PhCF3 as an internal

standard.
c CH3CH2Br was used as a substrate instead of 2a.
d CH3CH2OTs was used as a substrate instead of 2a.
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Furthermore, an investigation on reaction temperature indi-
cated that the reaction proceeded best at �20 �C (Table 1, entries
5, 8, and 9). In addition, when bromoethane and ethyl tosylate
were used as substrates instead of iodoethane, the product yields
were sharply decreased (Table 1, entries 10 and 11). Finally, the
optimal reaction condition was chosen as follows: using CsF/15-
crown-5 as an initiating system in DME solvent and running the
reaction at temperatures ranging from �20 �C to ambient temper-
ature (Table 1, entry 5).16

By using the optimized condition as standard, we extended the
reaction scope to a variety of alkyl halides to give corresponding
(phenylsulfonyl)difluoromethylated products 3. As illustrated in
Table 2, not only could primary alkyl iodides bearing different chain
length afford products 3a�f in moderate to good yields (Table 2,
entries 1�6), activated bromides such as allyl bromide and benzyl
bromides could also give the corresponding products 3g and
3i�m in similar yields (Table 2, entries 7 and 9�13). However,
the reactions with alkyl halides bearing strong electron-withdrawing
groups, such as ethyl 2-bromoacetate and p-nitrobenzyl bromide,
were not successful (Table 2, entries 8 and 14). It should be
mentioned that, in all cases as shown in Table 2, no formation of
Table 2
Nucleophilic (phenylsulfonyl)difluormethylation of alkyl halides 2

PhSO2CF2SiMe3
CsF/15-crown-5 RCH2CF2SO2PhRCH2X

1 2 3
DME, −20 oC

Entry RCH2X (2) RCH2CF2SO2Ph (3) Yielda (%)

1 CH3CH2I (2a) CH3CH2CF2SO2Ph (3a) 79
2 CH3CH2CH2I (2b) CH3CH2CH2CF2SO2Ph (3b) 65
3 CH3(CH2)2CH2I (2c) CH3(CH2)2CH2CF2SO2Ph (3c) 62
4 CH3(CH2)4CH2I (2d) CH3(CH2)4CH2CF2SO2Ph (3d) 71
5 CH3(CH2)5CH2I (2e) CH3(CH2)5CH2CF2SO2Ph (3e) 72
6 C6H5(CH2)2CH2I (2f) C6H5(CH2)2CH2CF2SO2Ph (3f) 73
7 CH2@CHCH2Br (2g) CH2@CHCH2CF2SO2Ph (3g) 57
8 EtOOCCH2Br (2h) EtOOCCH2CF2SO2Ph (3h) 0
9 C6H5CH2Br (2i) C6H5CH2CF2SO2Ph (3i) 84

10 4-MeO-C6H4CH2Br (2j) 4-MeO-C6H4CH2CF2SO2Ph (3j) 83
11 4-Ph-C6H4CH2Br (2k) 4-Ph-C6H4CH2CF2SO2Ph (3k) 79
12 1-Naphth-CH2Br (2l) 1-Naphth-CH2CF2SO2Ph (3l) 77
13 4-Br-C6H4CH2Br (2m) 4-Br-C6H4CH2CF2SO2Ph (3m) 51
14 4-O2N-C6H4CH2Br (2n) 4-O2N-C6H4CH2CF2SO2Ph (3n) Trace

a Isolated yield.
gem-difluoroalkenes was observed probably owing to the weak
basicity of CsF.

Having achieved nucleophilic substitution of alkyl halides with
PhSO2CF2SiMe3, we turned our interest into the preparation of
gem-difluoroalkenes by a base-mediated 1,2-elimination reaction
from product 3. According to the modified procedure using
LiHMDS as a base,17 gem-difluoroalkenes 4a�e were obtained in
moderate to excellent yields from 3f and 3j�m (Table 3).

With gem-difluoroalkenes 4 in hand, their further transfor-
mations were taken into account. In the presence of wet KF and
18-crown-6,18 gem-difluoroalkenes such as 4b�e gave trifluorom-
ethylated products 5b�e in moderate yields, but gem-difluoroalk-
ene-containing aliphatic chain 4a failed to give the CF3-containing
product 5a (Table 4, entries 1�5). Considering that tetrabutylam-
monium fluoride (TBAF) can act both as a good nucleophilic fluori-
nating agent and as a phase-transfer catalyst (PTC), we applied
TBAF to replace wet KF/18-crown-6 system in the reaction. Much
to our delight, it was found that in the presence of TBAF, the trans-
formation could smoothly proceed at ambient temperature to af-
ford the desired products 5b�e in satisfactory yields (Table 4,
entries 2�5).19

In conclusion, an improved protocol to prepare gem-difluoroalk-
enes has been achieved by (phenylsulfonyl)difluoromethylation of
alkyl halides using PhSO2CF2SiMe3 (1) and subsequent base-
mediated 1,2-elimination. Taking CsF/15-crown-5 as an initiating
system in DME, (phenylsulfonyl)difluoromethylation of both
simple alkyl iodides and activated alkyl bromides smoothly
proceeded. It was found that the amount of additive 15-crown-5
was critical to the yield of the product. The prepared (phenylsulfo-
nyl)difluoromethylated alkanes were converted into gem-
difluoroalkenes by a base-mediated elimination reaction, and the
latter species could be further transformed into trifluoromethyl
compounds in the presence of wet KF/18-crown-6 or TBAF reagent.
a Isolated yield.
b The reactions were carried out in DMF.

Table 4
Further transformations of gem-difluoroalkenes 4

RCH CF2
Condition A

or Condition B
RCH2CF3

4 5

Condition A: KF, 18-crown-6, DMF(wet), 80−140 oC
Condition B: TBAF, THF, rt.

Entry RCH@CF2 (4) RCH2CF3 (5) Yielda (%)

1 C6H5(CH2)2CH@CF2 (4a) C6H5(CH2)2CH2CF3 (5a) 0 (0)
2 4-MeO-C6H4CH@CF2 (4b) 4-MeO-C6H4CH2CF3 (5b) 57b (56)
3 4-Ph-C6H4CH@CF2 (4c) 4-Ph-C6H4CH2CF3 (5c) 58 (66)
4 1-Naphth-CH@CF2 (4d) 1-Naphth-CH2CF3 (5d) 60 (55)
5 4-Br-C6H4CH@CF2 (4e) 4-Br-C6H4CH2CF3 (5e) 64b (61b)

a Isolated yield obtained by using either condition A or condition B (data in
parentheses).

b Determined by 19F NMR using PhCF3 as an internal standard.
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Therefore, in certain cases, the (phenylsulfonyl)difluoromethyl
functionality (in combination of an additional fluoride ion source)
can be considered as a synthetic equivalent of trifluoromethyl
group.
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