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ABSTRACT

Allyl carbonates undergo palladium-catalyzed decarboxylative allylation of trifluoroethyl phenyl sulfones. The success of the allylation, which is
not efficient under typical strong base-mediated conditions, is the result of mild conditions thanks to a progressive delivery of ethoxide. Indeed,
ethyl allyl carbonates act as a latent source of ethoxide for generation of the trifluoroethyl carbanion that reacts with theπ-allylpalladium complex.
The utility of the method is illustrated in a new approach to difluoromethyl compounds.

Within the ever-growing field of organofluorine chem-
istry, finding novel applications for simple and easily
available fluorinated building blocks is of prime interest
and highly challenging. In this context, new reactions that
allow the introduction of fluoroalkyl moieties into organic
molecules are eagerly sought after.1 Among the variety of
synthetically important fluoroalkyl groups, fluoromethyl
groups represented by CF3, CF2H, and CFH2 are the
smallest units that are known to play important roles in
a wide field of science, especially in medicinal chemistry.2

Therefore, development of efficient methods for the synthe-
sis of fluoromethylated compounds is in great demand.
Trifluoromethyl trimethylsilane, Me3Si�CF3, called the

Ruppert�Prakash reagent, is one of the most successful
trifluoromethyl anion sources to obtain trifluoromethyl-
ated compounds.3 A difluoromethyl variant of this reagent,
Me3Si�CF2H, has also been investigated.4 Unlike the huge
amount of information reported in the chemistry of fluoro-
methyl anions, the potential of the trifluoroethyl carba-
nion CF3CH2

� has been scarcely explored essentially
because of the feared defluorination reaction.5 Undeniably,
the alkylation of carbanions bearing a trifluoromethyl
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group is one of the most difficult tasks in carbanion chem-
istry. Although some reactions of such carbanions have been
reported,6 practical alkylation of trifluoroethyl carbanions
and their synthetic application remain important synthetic
challenges. Since our research group has recently focused on
the synthetic utility of monofluoromethylated phenylsulfone
derivatives such as FBSM7,8 and FBDT,9 we next became
interested in 2,2,2-trifluoroethyl phenylsulfones, CF3CH-
RSO2Ph 1,10�12as precursors of trifluoroethyl carbanions
CF3CRH

�. In addition to the utility of the phenylsulfonyl
group in synthetic organic chemistry, the trifluoroethyl
phenylsulfonyl moiety itself is of great importance as a key
component in biologically active compounds, for example,
stromelysin-1, a potent inhibitor of MMP-3.13

Anearly studybyUneyamaandMomota in 1989 revealed
that alkylation of the phenylsulfonyl 2,2,2-trifluoroethyl
carbanion is problematic.12 After careful investigation, 3
equiv of LDA and tetraethylammonium chloride in THF-
HMPA plus 10 equiv of methyl iodide provided the methy-
lation product in 80% yield. However, allyl iodide gave the
allylated 2,2,2-trifluoroethyl phenylsulfone in only 12%
yield and other alkylating agents (ethyl iodide, benzyl
bromide) failed to react. In 2011, we reported a new
approach toward R-carbonyl CF3-bearing quaternary cen-
ters based on a palladium-catalyzed intramolecular decar-
boxylative allylation.14 We surmised that failures en-
countered in allylation of the trifluoroethyl carbanion in
the studies by Uneyama would be solved under the neutral
reaction conditions of an intermolecular palladium-
catalyzeddecarboxylative allylation.The generated trifluoro-
ethyl carbanions CF3CRH

� should be dually stabilized
by the electron-withdrawing phenylsulfonyl group and the
cationic allyl palladium ligand.15,16 Herein, we report effi-
cient conditions for allylation of 2,2,2-trifluoroethyl phenyl-
sulfones 1 through a palladium-catalyzed decarboxyl-
ative allylation with allyl carbonates 2 to provide allylated

sulfone derivatives 3 that feature a tertiary or a quaternary
trifluoromethylated carbon center. The products obtained
are of great interest not only as components of biologically
active compounds but also as precursors of difluoromethy-
lated compounds after three successive reductive treatments
(Scheme 1).

Our investigations started with the reaction conditions
for the decarboxylative allylation of R-trifluoromethyl
β-keto esters:14 2.5 mol % tris(dibenzylideneacetone) di-
palladium [Pd2(dba)3] and1,2-bis(diphenylphosphino) ethane
(dppe) in THF. Under these conditions in the presence of
ethylallyl carbonate2a, theallylationofphenyl trifluoroethyl
phenylsulfone 1a takes place within 1 h at 40 �C to provide
thedesiredallylatedphenyl trifluoroethylphenylsulfone3a in
92% yield (Table 1, entry 1). Further optimization of the
reaction conditions using a variety of palladium(II) sources,
ligands includingmono- and bidentate phosphines, solvents,
and various ligand-to-palladium ratios did not improve the
yields (see Table S1 in the Supporting Information).
We next examined the substrate scope for the decarbox-

ylative allylation under the best reaction conditions. Tri-
fluoroethyl phenylsulfones 1b�g having a variety of
aromatic groups at the reaction center were effectively
allylated to provide the desired products 3b�g that feature
a quaternary trifluoromethylated carbon center in 91 to
99% yields (entries 2�7). Substitution of the benzene ring
as well as group position did not affect yield and reactivity.
Alkyl, allyl, cinnamyl, and chloro substituted substrates
1h�lwere also efficiently transformed into the correspond-
ing allylated trifluoroethyl phenylsulfones 3h�l in over
90% yields. The reaction of nonsubstituted trifluoroethyl
phenylsulfone 1m with allyl ethyl carbonate (2a) or cinna-
myl ethyl carbonate (2b) provided the desired allylation
products 1j, k having a tertiary stereocenter, although the
yields were low due to competitive bis-allylation (entries
13�14). Fortunately, changing the ligand from dppe to
1,1’-bis(diphenylphosphino)ferrocene (dppf) improved the
yields of monoallylation significantly (entries 15 and 16),
while bis-allylation was selectively observed in a high yield
of 97% when 2 equiv of allyl carbonate were used in the
presence of dppe (entry 17). Evaluation of ethyl methallyl
carbonate (2c) in this decarboxylative process required
adjustment of the reaction conditions: rac-BINAP was
used as a diphosphine ligand in toluene at 110 �C.With this
appropriate protocol, products 3m�o were obtained in

Scheme 1. Strategies for Allylation of Trifluoroethyl Sulfones 1
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77 to 98% yields (entries 18�20). The reaction of 1k with
2bproceeded in the presenceof dppf to give symmetrical 3p
in 96% yield (entry 21).

The reaction proceeds via an oxidative addition of the
allyl carbonate to the Pd(0)�phosphine complex to form a
cationic π-allyl Pd complex with an ethoxide counteranion
and concomitant elimination of CO2. Substrate 1 is depro-
tonated by the ethoxide anion and reacts with the π-allyl
Pd complex leading to the product 3 and regeneration of
thePd(0) catalyst in a reductive elimination step (Figure 1).
To further demonstrate the utility of the products, two

examples of functional group transformation were per-
formed. The symmetric bis-allyl compound 3j was con-
verted to a synthetically attractive cyclopentene derivative
4 under Grubbs’ olefin metathesis conditions6j in 95%
yield (Scheme 2). The unsymmetric bis-allyl compound 3k

and symmetrical 3p were submitted to three successive
reductions, which include a reductive desulfonylation step

to afford compounds 6a,b that possess a difluoromethyl
group at a nonactivated position; such compounds are
otherwise difficult to obtain by other methods.17

In summary, we have developed a practical intermole-
cular decarboxylative allylation of trifluoroethyl phenyl-
sulfones 1 that provide medicinally attractive building
blocks 3.18 The decarboxylative allylation is remarkable
for its high yields and provides compounds that are not
accessible under conventional base-mediated allylations.
The products can be converted to difluoromethyl com-
pounds after removal of the traceless phenyl sulfonyl group.
This methodology introduces a novel approach to difluor-
omethyl compounds.17 Further utility of trifluoroethyl
phenylsulfones CF3CHRSO2Ph 1 as precursors of the tri-
fluoroethyl carbanions CF3CRH� are under investigation.
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Figure 1. Putative mechanism of decarboxylative allylation.

Scheme 2. Examples of Utility of 3j, 3k, and 3p

Table 1. Substrate Scope

entry 1 R1 2 ligand 3

yielda

(%)

1 1a Ph 2a dppe 3a 92

2 1b 4-MeC6H4 2a dppe 3b 91

3 1c 4-MeOC6H4 2a dppe 3c 98

4 1d 3,4-Me2C6H3 2a dppe 3d 97

5b 1e 3,4-MeO2C6H3 2a dppe 3e 93

6 1f 4-iPrC6H4 2a dppe 3f 91

7 1g 4-tBuC6H4 2a dppe 3g 99

8 1h Me 2a dppe 3h 91

9 1i CH2CH2CH2Ph 2a dppe 3i 93

10 1j CH2CH=CH2 2a dppe 3j 90

11 1k CH2CH=CHPh 2a dppe 3k 97

12 1l Cl 2a dppe 3l 95

13 1m H 2a dppe 1j 20

14 1m H 2b dppe 1k 29

15c 1m H 2a dppf 1j 58

16d 1m H 2b dppf 1k 52

17e 1m H 2a dppe 3j 97

18f 1b Me 2c BINAP 3m 95

19f 1j CH2CH=CH2 2c BINAP 3n 77

20f 1k CH2CH=CHPh 2c BINAP 3o 98

21c,d,g 1k CH2CH=CHPh 2b dppf 3p 96

a Isolated yield. bReaction time was 2 h. cReaction time was 8 h.
dReaction was carried out at 60 �C. e 2 equiv of 2a were used. fReaction
conditions: 1 (0.1mmol), [Pd2(dba)3] (2.5mol%), rac-BINAP (6mol%),
toluene, reflux, 8 h. g 2 equiv of 2b were used.
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