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Abstract—A novel catalytic effect of bismuth(III) salts such as BiCl3, Bi2O3, and Bi(NO3)3·5H2O has been disclosed in new
palladium(II)-catalyzed Michael-type hydroarylation of nitroalkenes with aryltin compounds. The reaction is atom economical in
the tin compounds and slightly fewer than four aryl groups of tetraaryltins can be transferred to the products. © 2002 Elsevier
Science Ltd. All rights reserved.

Recently, we have reported palladium(II)-catalyzed
atom economical Michael-type hydroarylation of �,�-
unsaturated ketones and aldehydes with aryltin
compounds1 as one of our series of studies on organic
transformations using organoheteroatom compounds
such as organoborons,2 organoantimonys,3 and
organobismuths.4 We now communicate our prelimi-
nary results of application of this reaction to nitroalke-
nes to give the corresponding hydroarylation products5

where various bismuth(III) salts work as good catalysts
for improving their yield. The catalysis of bismuth(III)
salts on a variety of organic transformations including
carbon-carbon bond forming reactions is of current
interest.6

At first, �-nitrostyrene (1a, 2 mmol) was treated with
tetraphenyltin (2h, 0.5 mmol) in the presence of PdCl2
(0.02 mmol) and LiCl (4 mmol)7 in AcOH (20 mL) at
25°C for 20 h. As a result, the Michael-type hydroaryla-

tion product, 2-nitro-1,1-diphenylethane (3ah), and
biphenyl (4h) were obtained in 14% (0.28 mmol) and
23% (0.23 mmol) isolated yields, respectively (Eq. (1)).
The use of five times PdCl2 (0.10 mmol) resulted in the
increase of both 3ah (52% yield, 1.04 mmol) and 4h
(39% yield, 0.39 mmol) (Table 1, Entry 1). Here, the
yield of 3ah was much improved than that of 4h and
just above two phenyl moieties of 2h were transferred
to the product 3ah.

Since we have already shown that antimony(III) chlo-
ride worked quite effectively in Pd(II)-catalyzed
Michael-type hydroarylation of �,�-unsaturated
ketones and aldehydes with organoborons,2b,2c we
looked for various Lewis acidic metal salts to accom-
plish a highly atom economical transformation produc-
ing 3ah. Eventually, it was disclosed that a variety of
bismuth(III) salts such as BiCl3, Bi2O3, and Bi(NO3)3·
5H2O worked as quite effective catalysts for this

(1)
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Table 1. Pd(II)-catalyzed hydroarylation of nitroalkenes (1) using aryltin compounds (2) in the presence and absence of
Bi(III) salta

Entry 1 2 Bi(III) salt (mmol) Isolated yield (%)b

Ar 3R 4

Ph1 Ph BiCl3 0.1 83 (52c) 16 (39c)
Ph Bi2O3 0.05Ph 852 15

Ph3 Ph Bi(NO3)3·5H2O 0.1 81 9
Ph BiCl3 0.14 82 (59)p-MeC6H4 10 (31)
Ph BiCl3 0.1p-MeOC6H4 81 (50)5 15 (33)
Ph BiCl3 0.16 88 (50)p-ClC6H4 6 (43)
Ph BiCl3 0.1p-BrC6H4 85 (53)7 13 (35)

m-NO2C6H48 Ph BiCl3 0.1 77 (37) 16 (36)
Ph BiCl3 0.1n-C7H15 78 (68)9 3 (16)

Ph10 p-MeC6H4 BiCl3 0.1 76 (67c) 17 (19c)
p-MeC6H411 p-ClC6H4 (63) (24)
p-ClC6H4 BiCl3 0.1Ph 13 (13c)12 62 (71c)
Ph3SnCld BiCl3 0.1 27 (39c)13 37 (44c)Ph
Ph2SnCl2

e BiCl3 0.1 70 (70c)Ph 13 (19c)14

a Reaction conditions: 1 (1 mmol), 2 (0.25 mmol), PdCl2 (0.05 mmol) and LiCl (2 mmol) in AcOH (10 mL) at 25°C for 20 h.
b The yields obtained in the absence of Bi(III) salt are shown in parentheses. Based on 2; 1 mmol as Ar group: 1 mmol of 3 and 0.5 mmol of 4

correspond to 100% yield, respectively.
c Double scale reaction.
d 0.33 mmol.
e 0.5 mmol.

transformation8,9 as in the cases of the so far known
BiCl3 catalysis in Mukaiyama-aldol and some Michael-
type reactions.10 Thus, the addition of BiCl3 (0.1 molar
amount of 1a) improved the yield of 3ah from 52% to
83% by the sacrifice of the yield of 4h from 39% to 16%
as shown in Entry 1. Similar trends were also observed
in the reactions using various nitrostyrenes having a
substituent at the aromatic ring and 1-nitro-1-nonene
(Table 1). The most atom economical reaction we
found so far is that between 1-(p-chlorophenyl)-2-
nitroethene (1d) and tetraphenyltin (2h) in the presence
of BiCl3, where 88% of hydroarylation product 3dh was
isolated, showing that 3.52 phenyl moieties of Ph4Sn
were transferred to the product 3dh. Some other phenyl
moieties were employed to produce biphenyl (6% yield,
0.24 phenyl moieties) (Entry 6). At present, this cata-
lytic reaction could not be applied to �-alkyl-substi-
tuted nitroalkenes such as 2-nitro-1-phenyl-1-propene
and 1-nitro-1-cyclohexene.

Among other aryltin compounds examined, tetrakis(p-
methylphenyl)tin (2i) and diphenyltin dichloride gave
reasonable yield of the corresponding hydroarylation
product, 3ai, 3di, and 3ah, respectively (Entries 10, 11,
and 14), but in the cases of tetrakis(p-chlorophenyl)tin
(2j) (Entry 12), triphenyltin chloride (Entry 13), and
tributylphenyltin the yield of 3 was lower even in the
presence of BiCl3. Other bismuth(III) salts such as
Bi2O3, Bi(NO3)3·5H2O were also revealed to be as effec-
tive as BiCl3 (Entries 2 and 3).

The reaction seems to proceed via transmetallation of
Sn(IV) moiety of aryltins by Pd(II) to give an
ArPd(II)X (X=Cl or OAc) species which adds to
nitroalkenes activated by coordination of Bi(III) salt to
the oxygen of nitro group to afford such an alkylpalla-

dium species as A. From the species A, a palladium
species is eliminated in the state of divalent Pd to give
a bismuth enolate B, protonolysis of which gives the
hydroarylation product. Further study to widen the
applicability of this hydroarylation including enantiose-
lective reaction11 and to clarify the reaction mechanism
is now in progress.
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