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A highly regioselective palladium-catalyzed allylic alkylation of fluorobis(phenylsulfonyl)methane has
been studied. Using different allylic carbonates, a variety of terminal mono-fluoromethylated compounds
were achieved in 85–99% yields with high regioselectivities.
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Mono-fluoromethylated compounds are of great importance in
the field of medicinal1 and material2 chemistry. Therefore, new
synthetic methods for highly stereo-selective introduction of
CFH2 group into organic compounds, using convenient starting
materials, are still desirable. Fuorobis(phenylsulfonyl)methane3

(FBSM) has successfully been demonstrated as a synthetic equiva-
lent of a fluoromethide species.4 Using the fluorinated carbanion
generated from FBSM, thermally unstable species,4 as a nucleo-
phile, transition metal such as palladium4 and iridium5 catalyzed
allylic alkylations of allylic alcohol derivatives has attracted con-
siderable attention since 2006. This type of the reactions,6 which
usually lead to a mixture of the linear product and the branch
product, is one of the powerful methods for preparation of
mono-fluoromethylated compounds. It is possible to control regi-
oselectivity through adjusting catalyst system.5 More recently,
we have successfully developed a methodology for synthesis of
mono-fluoromethylated branch product from allylation of FBSM
catalyzed by iridium.5 In addition, introduction of a fluorine atom
into the aliphatic moiety of liquid crystal compounds dramatically
leads to the change of the physical property.7,2c We envision using
allylic alkylation of FBSM to synthesize mono-fluoromethylated
linear compounds. Herein, we report Pd-catalyzed allylic alkylation
of mono-substituted allylic alcohol derivatives with FBSM and its
potential in synthesis of liquid crystal compounds with a mono-
fluorinated aliphatic group.
ll rights reserved.
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Zhao).
We began our investigations with a reaction of (E)-cinnamyl
methyl carbonate (1a) with 2a in the presence of 2 mol % of
Pd(OAc)2

8 and 4 mol % of DPPE9 in THF at room temperature. To
our delight, after 36 h, a mixture of the linear product (3a) and
the branched product (4a)2 was obtained in 91% yield with a ratio
of 3a/4a in 99/1 (entry 1). The use of 4 Å MS led to somewhat the
improvement of the yield but long reaction time (36 h) (entry 2).
When Cs2CO3 was employed as a base, both the rate and yield were
improved (entry 3). Encouraged by these, a series of bases such as
K3PO4, K2CO3, DBACO, BSA, and DBU were screened. Interestingly,
all of Cs2CO3, K3PO4, K2CO3, and BSA gave the excellent results
without significantly influencing the regioselectivity (entries 4–
6). However, DBASO gave only 15% yield and DBU could not pro-
mote the reaction (entries 7–8). Consequently, we chose K2CO3

as the suitable base since it is more economic. Loading Pd(OAc)2

was decreased from 2% to 1.5%; the yield was reduced as well (en-
try 10). Notably, this reaction could not proceed in the absence of
DPPE, thus, the ligand DPPE is required to assist this AAA reaction
(entry 11). Furthermore, other solvents including DCM and toluene
were screened and we found that DCM gave 86% of 3a along with
4a with an excellent regioselectivity but longer reaction time (en-
try 12). Both THF and toluene resulted in excellent yield and high
regioselectivity (entry 5 vs entry 13). THF was chosen as the suit-
able solvent because of the economic reason and convenient
workout.

With the optimal reaction conditions listed in entry 5 of Table 1,
we further explored the scope of this finding and the preliminary
results were demonstrated in Table 2. All allyl methyl carbonates
including aliphatic, phenyl, aromatic with an electronic-donating

http://dx.doi.org/10.1016/j.tetlet.2010.11.132
mailto:xmzhao08@mail.tongji.edu.cn
http://dx.doi.org/10.1016/j.tetlet.2010.11.132
http://www.sciencedirect.com/science/journal/00404039
http://www.elsevier.com/locate/tetlet


Table 1
Optimizing reaction conditions for Pd-catalyzed allylation of fluorobis(phenylsulfonyl)methane (FBSM)a

O OMe

O

+
Pd(OAc)2 / DPPE

K2CO3, THF, rt

1a

3a
+

F
SO2Ph PhO2S

F

4a

PhO2S SO2Ph

F

2a

SO2Ph

SO2Ph
H

Entry Base Cat. loading (%) Solvent t (h) Yieldb (%) 3a/4ac

1 —d 2 THF 36 91 >99/1
2e 4 Å MS 2 THF 36 98 >99/1
3 Cs2CO3 2 THF 0.5 95 >99/1
4 K3PO4 2 THF 0.5 99 >99/1
5 K2CO3 2 THF 0.5 96 >99/1
6 BSA 2 THF 0.5 99 >99/1
7 DBACO 2 THF 10 15 >99/1
8 DBU 2 THF 10 NR —
9 K2CO3 2 THF 0.5 94 >99/1

10 K2CO3 1.5 THF 6 86 >99/1
11f K2CO3 2 THF 24 NR —
12 K2CO3 2 DCM 10 94 >99/1
13 K2CO3 2 Toluene 0.5 99 >99/1

a Reaction conditions: 2 mol % Pd(OAc)2, 4 mol % DPPE, 100 mol % of 1a, 100% of base and 105 mol % 2a at room temperature.
b Isolated yields.
c Determined by 19F NMR.
d No base was added.
e 100 mg 4 Å MS were used.
f No ligand was employed.
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or electronic-withdrawing group, and heterocyclic substrates gave
the corresponding linear product in excellent yield with high reg-
ioselectivity (entries 1–11, Table 2). Notably, ethyl 2-fluoro-2-
(phenylsultonyl)acetate 2b in racemic form was used instead of
FBSM 2a under the optimized conditions and it also gave the cor-
responding linear product 3l in 85% yield with a ratio of 3l/4l in
99/1 (entry 12).

Attempt to study on Pd-catalyzed asymmetric alkylation (AAA)
of 2b in racemic form, a combination of [Pd(C3H5)Cl]2 and Trost’s
ligand was employed as a catalyst and this AAA reaction of 2b
was conducted under a similar condition. As a result, compound
5 was obtained in 60% yield with 18% ee (Eq. 1). The detailed stud-
ies on Pd-catalyzed AAA of 2b are currently under way.
OCO2Me
PhO2S CO2Et

F

1a
2b

[Pd(C3H5)Cl]2 / L*

K2CO3, THF, rt

F

CO2Et
SO2Ph

∗

5

L*: N N

PPh2Ph2P

O O

H

18% ee
60% yield ð1Þ
To explore the synthetic utility of the product obtained, a
representative example was illustrated in Eq. 2. The phenylsulfo-
nyl groups and double bond on 3k10 were readily removed and
reduced in one-pot by using activated magnesium11 and 3ka10
was produced in 99% yield.3 Also, 3ka may be converted into
3kb according to the known procedure.12 Compared with a
known liquid crystal compound 40-butylbiphenyl-4-carboni-
trile,13 3kb may exhibit good physical property of liquid crystal
(Eq. 2).
Ph
F

SO2Ph
SO2Ph

Mg, CH3OH

0°C
Ph

3k 3ka
F

F

1) I2, HIO3
CH3CO2H

2) CuCN

NC

3kb

99% ð2Þ
In conclusion, we have developed a convenient method for
preparation of mono-fluoromethylated compounds via a highly
regioselective palladium-catalyzed alkylation of FBMS with various
allyl methyl carbonates. This method will be able to apply to syn-
thesize liquid crystal compounds containing terminal mono-fluori-
nated aliphatic group.



Table 2
Regioselective Pd-catalyzed allylations of FBSM with allyl methyl carbonatesa

R O OMe

O

R+
Pd(OAc)2 / DPPE

K2CO3, THF, rt
1

3
+F

SO2Ph

R

PhO2S
F

4
PhO2S SO2Ph

F

2

SO2Ph

SO2PhH

Entry R NuH Product Yieldb (%) 3/4c

1 Ph 2a 3a 96 >99/1 (99/1)e

2 3-MeOC6H4 2a 3b 99 >99/1
3 4-MeOC6H4 2a 3c 99 >99/1
4 4-MeC6H4 2a 3d 99 >99/1
5 4-BrC6H4 2a 3e 95 >99/1
6 3-CF3C6H4 2a 3f 93 >99/1
7 2-ClC6H4 2a 3g 90 >99/1
8 4-ClC6H4 2a 3h 99 >99/1
9 2-Thienyl 2a 3i 99 >99/1

10 Cyclohexyl 2a 3j 96 >99/1
11 4-PhC6H4 2a 3k 99 >99/1
12 Ph 2bd 3l 85 >99/1
13 Me 2a 3mg 86 84/16 (88/12)f

a Reaction conditions: 2 mol % Pd(OAc)2, 4 mol % DPPE, 105 mol % of 1, 100 mol %
K2CO3, and 100 mol % 2 at room temperature.

b Isolated yields.
c Determined by 19F NMR.
d Compound 2b was used instead of 2a in this case.
e Determined by HPLC.
f Determined by 1H NMR.
g A mixture of (E)-isomer and (Z)-isomer in a ratio of 91/9 determined by 1H

NMR.
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