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Letters
Preparation and characterization of diphenylboron cation
in solution
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Abstract—The electrophilic abstraction of chloride ion by SbCl5 from diphenylchloroborane in CD3NO2 resulted in a transient
species of which 11B NMR chemical shift appeared at 20 ppm. This was indicative of diphenylboron cation, stabilized with electron
donor O-atom of two nitromethane molecules. The experimental 11B chemical shift for the solvated diphenylboron cation is in good
agreement with that calculated by GIAO-HF/6-311+G(2d,p)//B3LYP/6-31+G(d).
� 2004 Elsevier Ltd. All rights reserved.
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The expected Lewis acidity of the boronium ion, avail-
able in organic reactions, is of interest in connection
with the long-standing question of the nature of the
ionic species.1 Davidson and French2 reported the
observation of diphenylboron cation, Ph2B

þAlCl4
�, by

the treatment of diphenylchloroborane and aluminum
trichloride in ethyl methyl ketone and also Ph2B

þClO4
�

prepared by metathesis of Ph2BCl and AgClO4 in
nitromethane or sulfolane. However, the cationic boron
species could be isolated only as the 2,20-bipyridyl salt,
[(C6H5)2B(bpy)]

þ ClO4
�.2b Recently, we found that

diphenylboron perchlorate (Ph2BClO4) was character-
ized to possess a covalent character in the B–O bond.3 It
is reported that diphenylboryl hexachloroantimonate
(Ph2BSbCl6) was used to be an effective catalyst for
Friedel–Crafts acylation of aromatic compounds with
acid chlorides, acid anhydrides, and acyl enolates.4

Although the catalyst, Ph2BSbCl6, was prepared from
diphenylchloroborane and SbCl5 in dichloromethane
for 1 h stirring, we measured 11B NMR spectra of the
above mixture that showed only a characteristic signal
of starting diphenylchloroborane at 64.2 ppm. Further-
more, it should also be noted that SbCl5 alone catalyzed
the acylation reaction of veratrole with acetyl enolate to
give 3,4-dimethoxyacetophenone in quantitative yield in
the present study. Actually, in our experiments the
electrophilic abstraction of chloride ion by AlCl3, BCl3,
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and SbCl5 from diphenylchloroborane did not proceed
in nonpolar solvents such as benzene, chloroform, and
dichloromethane and, furthermore, ionization did not
occur by AlCl3 even in polar nitromethane. This non-
reactivity evidently reflects the lack of ionization nec-
essary for B–Cl bond of diphenylchloroborane.
Therefore, it should be noted that the diphenylboron
cation reported in the literatures is unclear with respect
to the cationic character. Figure 1 shows several struc-
tures of the historical boron cations2;5 based on the
studies on its conductance, UV spectra, 1H NMR
spectra, and MO calculation at a lower level. As
described above, it has not been yet clear whether the
historical boron cation could be formed by SN1 path-
way. In this meaning it is important to observe the
transient cationic species including the structural infor-
mation. We disclose herein evidence of novel boron
cationic reaction of diphenylchloroborane with strong
Lewis acid SbCl5 in nitromethane at room temperature
B
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Figure 1.
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Scheme 1. A boron cationic reaction of diphenylchloroborane in nitromethane.
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as shown in Scheme 1, which is monitored in situ by
using 11B and 13C NMR spectroscopy, and the cationic
species is confirmed by a correlation between the cal-
culated and the experimental 11B NMR chemical shifts.

11B and 13C NMR spectra were measured on a JEOL
JNM-A500 FT-NMR spectrometer operating at 160.35
and 125.65MHz, respectively. Chemical shifts are
expressed in ppm downfield from external BF3ÆOEt2 for
11B and internal TMS for 13C NMR. All experimental
manipulations were conducted in NMR tube under
rigorously anhydrous conditions in a dry glove box
equipped with an oxygen free argon atmosphere at room
temperature. When 1.0M SbCl5 solution in CH2Cl2
(0.13mmol, 130lL) was added to a solution of diphenyl-
chloroborane 1 (0.1mmol, freshly prepared in a NMR
tube with molecular sieves 4A) in CD3NO2, a dark
yellow color appeared from the solution. When 11B and
13C NMR spectra were measured, the 11B NMR signal
for one species was found at d 19.8 ppm, shifted to
considerably lower frequency relative to Ph2BCl 1. The
13Cpara NMR signal of this species was observed at
d 129.5 ppm, shifted by 5.1 ppm to lower frequency rel-
ative to 1, as compared in Table 1. This low frequency
shift is inconsistent with the expected cationic character,
which would be accompanied by a decrease in electron
density.5e;6 It may be considered that the cleavage of B–
Cl bond in diphenylchloroborane in CD3NO2 by the
strong Lewis acid SbCl5 resulted in a solvated cation
containing sp3 hybridized boron atom rather than in a
cation containing an sp hybridized boron atom. Two
equivalents of pyridine (0.2mmol) in CD3NO2 were
added to the dark solution of the cation 3 of which the
11B NMR chemical shift was observed at 11.1 ppm to
give the pyridine-complex (Scheme 1). The relative
intensity of 13C NMR spectra of the complex was
obtained 1:1 for phenyl and pyridine carbons. The
chemical shift of para-carbon of pyridine ring in pyri-
dine-complex shifted 8.7 ppm lower frequency than that
Table 1. 13C NMR (125.65MHz) spectra concerning the reaction of diphen

Entry Compound d (13C)/ppm: pheny

Cortho Cmeta

1 Ph2BCl 138.3 129.4

2 Ph2B(CD3NO2)2 SbCl6 134.6 129.1

3 Pyridine¼Py

4 Ph2B(Py)2 SbCl6
135.3 128.7

5 Ph2B(THF)2 SbCl6
b 133.6 129.1

6 Ph2B(CH3CN)2 SbCl6
c 132.9 129.3

a The chemical shifts d 13C(ipso) are not given. Most likely these NMR signa
b The chemical shift of THF was found 73.6 ppm for C2;5 and 26.4 ppm for
c The chemical shift of CH3CN was found 120.4 ppm for CN and 4.0 ppm fo
of the pyridine, and is closer to pyridinium ion (entry 4
in Table 1). These results confirmed the structure of the
complex as the four coordinate boronium salt 4. While
addition of 2 equiv of acetonitrile to the solvated cation
3 moved the 11B chemical shift to be 0.9 ppm. This again
moved on forming boronium salt 4 at 11.1 ppm with the
further addition of pyridine. When two equivalents of
THF were added to the solvated cation 3, the 11B NMR
spectra was shifted to 17.5 ppm to give the THF-sol-
vated diphenylboron cation.

An ab initio calculation of the 11B chemical shift was
carried out by using the method GIAO-HF/6-
311+G(2d,p)//B3LYP/6-31+G(d).7 All quantum chemi-
cal calculations were carried out with the GAUSSIANGAUSSIAN 98
program suite.8 The results are summarized in Table 2.
As reported previously, the optimized structure of the
free diphenylboron cation 2 at B3LYP/6-31+G(d) level
was found to be a linear structure, where two phenyl
rings are perpendicular,3a and the 11B chemical shift was
calculated to be 85.5 ppm (from the standard of
BF3ÆOEt2).

9 The calculated 11B chemical shift of the
solvent-coordinated species, starting from the free
diphenylboron cation 2 and one nitromethane, found to
be 54.5 ppm, which is far from the observed value of
19.8 ppm while the calculation on the species involving
two solvent molecules could be converged to give opti-
mized structure 3 with 11B of 20.7 ppm. The agreement
between the calculated and found values suggests that
the actual structure of diphenylboron cation observed
may not be far from the optimized structure where
boron cation was stabilized by dative interaction of each
O-atom of two nitrometanes. The B–O bond length
(1.637�A) of 3 is longer than the former value of 1.545�A
(entries 1 and 2 in Table 2) and the N–O bond remains
comparable to that of neutral nitromethane. The boro-
nium salt 4 was calculated using the same procedure and
a good correlation between the calculated and experi-
mental 11B NMR chemical shifts was obtained (entry 4
ylchloroborane with SbCl5 in CD3NO2

lborona d (13C)/ppm: pyridine moiety

Cpara Cortho Cmeta Cpara

134.6

129.5

151.1 125.1 137.3

129.2 148.3 129.5 146.0

128.1

129.7

ls are broad.

C3;4.

r CH3.



Table 2. Optimized structures and the correlation of experimental and calculated 11B NMR shifts

Entry Structurea Expt.b in CD3NO2 Calcdc d (ppm)

d (ppm) Line width (Hz)

1 B

1.5451.525

133.6º

113.3º112.9º
O

N O
H3C +

48.4º

–– –– 54.5

2

+

B

N

N

1.637

126.6º

CH3

CH3

O

O

O

O

106.9º
89.3º

3

1.58451.0º

19.8 740 20.7

3

B

O

O

+

1.599

1.621

100.0º

111.3º

107.0º

119.7º55.3º

17.5 430 15.5

4

B

N

N

+

110.7º

117.2º1.619 106.2º

109.8º

1.6504

52.3º

11.1 250 9.0

5

B
N

N

+

106.4º

120.0º 102.8º

1.591

C

C

CH3

CH3

1.60473.4º

0.9 470 �0.2

aOptimized structures using B3LYP/6-31+G(d).
b The chemical shifts are expressed in ppm downfield from BF3OEt2.
c Calculated using GIAO-HF/6-311+G(2d,p) for B3LYP/6-31+G(d) optimized structures.
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in Table 2). The THF and acetonitrile coordinated
cations were also optimized and found a good agree-
ment between the calculated and observed values
(entries 3 and 5 in Table 2). These results suggest that
the structure of all solvated cations may not be far from
the optimized structures shown in Table 2. The 13C
chemical shifts in Table 1 and their intensities are well
explicable by the optimized structures in Table 2.
Successful capture of diphenylboron cation in nitro-
methane solvent is due to the rather large Lewis acidity
(a ¼ 0:22) and the relatively small Lewis basicity
(b ¼ 0:22) of the solvent10 in order to cause the ioniza-
tion and coordination, respectively. Namely solvents
such as dichloromethane and chloroform, which have
solely acidic properties could not promote any reaction,
while solvents with pronounced basic character such as
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acetonitrile and pyridine form 1:1 adducts with 1.11

Thus, the subtle balance of both abilities of respective
solvents is important in order to obtain the diphenyl-
boron cation species.

In conclusion, the heterolysis of diphenylchloroborane
by the strong Lewis acid SbCl5 in nitromethane provides
convincing evidence of a novel boron cationic reaction.
The observed diphenylboron cation is most reasonably
ascribed to the nitromethane solvated cation 3 stabilized
by electron donor O-atom of two nitromethane mole-
cules. It is converted easily to the coordination of two
molecules of MeCN or THF solvent from MeNO2 and
finally to the dipyridine salt 4.
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