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Synthesis and Reaction of Unsymmetrical Tetraarylbismuthonium Salts.
First Isolation of Bismuthonium Salts Bearing All Different Aryl Groups
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Successive treatment of triarylbismuth difluorides (1) with a
Lewis acid, Me3SiCN, and aryltributylstannanes (2) in CH,Cl
gives unsymmetrical tetraarylbismuthonium salts (3) in moderate
to good yield. The migratory aptitude of an aryl ligand in
[Ph3ArBi'][BF41 (3a,b) in the C-arylation of 2-naphthol is
Ph>p-Tol>p-Ans.

Unsymmetrically polyarylated onium compounds, especially
chiral ones, have been receiving considerable interest, since their
stereochemical behaviors present useful information on the
pseudorotation and ligand coupling processes.!:2 Although a
variety of methods are available for the synthesis of this class of
compounds derived from the Group 15 elements, little is known
for the preparation of bismuth derivatives. The only reported
synthesis of unsymmetrical tetraarylbismuthonium compounds
involves the Bi—C bond cleavage of pentaarylbismuthoranes. as
the key step.® However, this method does not assure the
selective cleavage when two or more analogous aryl ligands are
attached to the hismnuth center.  Herein, we report a new method
for the synthesis of unsymmetrical tetraarylbismuthonium salts,
based on the ULewis-acid promoted reaction between
triarylbismuth  difluorides and aryltributylstannanes.  This
method enabled us to obtain the first bismuthonium salts having
the chiral center on the bismuth atom. Some reactions are
examined for these new onium compounds.

Successive treatment of triphenylbismuth difluoride (1a) with
BF3°OEt), Me3SiCN, and aryltributylstannanes (2a-e) in
CH,Cly gave aryltriphenylbismuthonium tetrafluoroborates (3a-
e) in 44-85% vyields (Scheme |; Table 1, runs 1-5).56 A
typical example is as follows: to a stirred mixture of 1a (478 mg,
1.00 mmol), BF3°0OEt; (0.13 cm3, 1.0 mmol), and CH,Cl, (5
cm?) was added Me3SiCN (0.13 c¢cm3, 1.0 mmol) at 0 °C under
argon. After | h tributyl(2-methoxyphenyl)stannane (2¢, 398
mg, 1.00 mmol) was added and the resulting mixture was stirred
for 24 h under gentle reflux to complete the reaction.
Evaporation of the solvent under reduced pressure left an oily
residue, which was washed with hexane (5 cm3 X 3), passed
through a short silica-gel column with CH,Cl; as the eluent, and
crystallized from EtpO-CH»Cl, to give 2-methoxyphenyl-
(triphenyl)bismuthonium tetrafluoroborate (3¢, 539 mg, 85.0%)
as colorless crystals. When Me3SiOTf (OTf = OSO,CF3) was
used in place of BF3*OEty, the corresponding triflate (3f) was
obtained (Table 1, run 6). These Lewis acids play dual
important roles; they initially enhance the electrophilicity of the
bismuth center of 1a and then are transformed to the
corresponding counter anions of 3. No reaction took place in
the absence of such Lewis acids. p-Chlorophenyl, ct-naphthyl,
and 0-(N, N-dimethylaminomethyl)phenyl groups were not
efficiently transferred to the bismuth center by the present method.

The methylthio substituent of 3d can be readily alkylated on
the sulfur atom by EtI-AgBF4 to give the corresponding
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Scheme 1.

Table 1. Arylbismuthonium salts obtained?

Run 1 Lewisacid 2 Salt 3 Yield/%
1 1a BF3+OFEt) 2a 3a (X=BF4) 76
2 1a BF3+OFEt; 2b 3b (X=BF4) 71
3 la BF3+«0Et, 2¢ Jc (X=BFy4) 85
4 la BF30OFEt, 2d 3d (X=BF4) 79
5 1a BF3+OFEt, 2e 3e (X=BFy) 44
6 1a Me3SiOTf 2¢ 3f(X=0ThHb 72
7 1b BF3+OFEty 2b 3h 71
8 1c BF3+OEt, 2b 3i 70
9 1b BF3°OFty 2d 3j 60

a Reagents were used in an equimolar ratio. ? Ar = 0-MeOCgHa.

heterobis(onium) salt 3g (Scheme 2).  However, attempted
alkylation of 3e by Etl-AgBF4 failed, showing a lower
nucleophilicity of the ortho-sulfur atom in 3e.
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The present methodology finds use in the selective synthesis
of bismuthonium salts bearing all different aryl ligands. Thus,
the BF3*OFEty-promoted reaction of unsymmetrical triarylbismuth
difluorides (1b,c¢) with 2b,d afforded the corresponding
bismuthonjum tetrafluoroborates (3h-j) bearing all different aryl
ligands in 60~71% yields (Scheme 3; Table 1, runs 7-9).7 This
is the first example of the bismuthonium salts having chiral center
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Reagents and conditions: i, BF3*OEt, (1 eq), CHClp, 0°C, 1 h;
ii, Me3SIiCN (1 eq), r.t., 5 h;iii, 2b or 2d, reflux, 20 h.

Scheme 3.
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on the bismuth atom, i.e., a potential precursor of optically active
bismuthonium compounds.?

Unsymmetrical bismuthonium salts 3a,b underwent C-
arylation with sodium 2-naphtholate, giving 1-aryl-2-naphthols 4
in almost quantitative yields (Scheme 4).1° The migratory
aptitude of the aryl ligands is Ph>p-MeCgHs>p-MeOCgHu,
which is the same as that observed in a similar C-arylation using
p-TolpAr3 nBiCO3 (n = 1,2; Ar= p-NOyCgHs, p-MeOCgHa,
Ph).!!  As was proposed by Barton and coworkers, 1! the ligand
coupling of an intermediary pentavalent species, Ph3ArBiOCgH7
is most likely to involve the attack of the -electrons of the enolate
moiety on the ipso-carbon of the Ar-Bi bond.

R

ONa I |
oH oH
C -0
THF, =78 °C~r.t.

4a 4b; R = Me
4c; R = OMe

R/H ratio?®

Salt  Coupling products (yield)

3a 4a (88%) 4b (10%)  Me/H (25/75)
3b 4a (94%) 4c (2%) MeQ/H (6/94)
@ Relative migratory aptitude

Scheme 4.
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