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Zuschriften

Die Reaktion des links gezeigten Dichlordi-
borans mit Lewis-Basen (LB) wie Benzo[c]cinnolin
liefert Lewis-S�ure/Lewis-Base-Addukte des ersten Mitglieds einer
neuartigen Familie chelatbildender Lewis-S�uren (LS), 2,2’-Diborabi-
phenyl. Diese Addukte, Analoga von 2,2’-Bipyridin-Komplexen, k,nnen
zu Radikalanionensalzen reduziert werden, die strukturell charakteri-
siert wurden. Lesen Sie mehr in der Zuschrift von Piers et al. auf den
folgenden Seiten.
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Lewis Acid Analogues of Bipyridines

2,2’-Diborabiphenyl: A Lewis Acid Analogue of
2,2’-Bipyridine**

David J. H. Emslie, Warren E. Piers,* and
Masood Parvez

Chelating Lewis bases are indispensable chemical tools as
ligands for Lewis acidic transition metals, and the 2,2’-
bipyridine family of ligands (I) is among the most important.[1]

Conversely, chelating Lewis acids that act as reverse ligands

for anionic centers or bifunctional Lewis bases are less
common.[2] Given the success of I as a bidentate ligand, we
became interested in its boron analogue II as a potential
chelating Lewis acid towards anionic and neutral Lewis bases.
While the former holds promise for preparing novel anionic
heterocycles and boratabiphenyl ligands for transition
metals,[3] use of neutral bifunctional nitrogen Lewis bases
could lead to B2N2 diboraarene adducts which are isoelec-
tronic with all-carbon polycyclic aromatic hydrocarbons
(PAHs).[4] Although PAHs are of fundamental interest for
probing aromaticity,[5] recent interest in PAHs stems from
potential applications in materials chemistry.[6] B2N2 ana-
logues would, in all likelihood, exhibit optical and redox
properties that are markedly different from their parent
hydrocarbons, because of the polarization inherent to such
structures. Herein we report the synthesis of some Lewis base
adducts of a derivative of II that includes bifunctional
pyridazine donors, which lead to novel heterocyclic analogues
of polycyclic aromatic hydrocarbons that contain a {C2B2N2}
core.

Synthesis of the precursor to the Lewis base adducts of the
title molecule, the silated chlorodiborane compound 1, was
accomplished according to the chemistry shown in Scheme 1.

The route involves the construction and deprotonation of a
six-membered boron heterocycle, followed by a C�C bond-
forming coupling reaction to give the desired molecular
framework. Building on methodology first used by Maier
et al.[7] and then developed by Fu and co-workers,[8] the silated
stannacycle shown was used as the precursor to the desired
boracycle. To direct the crucial C�C bond-forming step to the
position ortho to the boron atom, it was necessary to first
block the para position. This was executed by quenching the
lithium salt of the stannacycle with isopropyl iodide.[7b,9] This
reaction proceeded with high regioselectivity (in 81% yield),
and transmetalation of the resulting isopropyl substituted
stannacycle with excess BCl3 proceeded smoothly to give the
para-substituted chloroboracyclohexadiene in excellent yield
(98%). This material was then deprotonated to generate the
organolithium species that was to be coupled in situ; treat-
ment with two equivalents of LiNMe2 is necessary to
deprotonate the boracycle since one equivalent only leads
to the nucleophilic displacement of the chloro group on the
boron center. Although this lithium salt was not isolated, its
1H NMR spectrum was very clean and consistent with the
formulation given in the Scheme. Treatment with a slight
excess of CuCl[10] leads to coupling in the position ortho to
boron, and gives the diamido diborane in an 89% overall
yield (for the two steps) as a mixture of the meso and rac
diastereomers. This material is readily converted back to a
dichloro diborane by treatment with BCl3, to give precursor
compound 1 in 93% yield as a dark-red oil, again consisting of
a diastereomeric mixture of isomers. This oil was stable for
long periods at room temperature under dry, inert atmos-
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pheric conditions and proved a convenient starting material
for subsequent transformations. Although synthetically inten-
sive, the reactions of Scheme 1 are generally high yielding and
we were able to prepare and store quantities of 1 on the gram
scale. Each compound, with the exception of the lithium salts
generated in situ, was isolated and fully characterized; full
details can be found in the Supporting Information.

In chemistry analogous to that reported by Fu and co-
workers for the preparation of borabenzenes,[4d,8] treatment of
dichlorodiborane 1 with Lewis bases such as PMe3 or pyridine
leads to elimination of Me3SiCl and a 1,3-shift of the 1,1’
hydrogen atom to give adducts 2 and 3 [Eq. (1)]. The

bistrimethylphosphane adduct 2 is a crystalline solid and
crystals suitable for X-ray analysis were obtained, which
allowed us to firmly establish that the desired heterocyclic
framework had been constructed. The molecular structure of
2, along with selected metrical parameters, is given in
Figure 1.[11] There are three independent molecules in the
unit cell, which differ mainly in the torsion angles about the
C�C bond linking the two borabenzene rings; other metrical
parameters are essentially identical, so only values from one
of the molecules are presented. The phosphane ligands are
bonded to the trigonal-planar boron nuclei through bonds

which are slightly longer (1.925(4) @) than that found in the
trimethylphosphane adduct of borabenzene (1.900(8) @).[4]

The two borabenzene rings are joined at C11 and C12, which
places the boron atoms in the 2 and 2’ positions as desired.
The rings are twisted by about 1078 such that the boron atoms
are pointing in opposite directions, which is the most sensible
steric arrangement for the monodentate phosphane base.

The pyridine adduct 3 is also easily prepared and is a B2N2

analogue of the aromatic hydrocarbon ortho-quaterphenyl. In
contrast to yellow 2, bispyridine adduct 3 is strongly purple in
color (lmax(CH2Cl2)= 504 nm, e= 2B 103 mol�1dm3cm�1),
which suggests extended conjugation throughout the four
contiguous aromatic rings. The synthesis of other B2N2

congeners of aromatic hydrocarbons can be realized by
making use of the chelating ability of the 2,2’-diborabiphenyl
framework. Reaction of 1 with bifunctional nitrogen bases
such as pyridazine or benzo[c]cinnoline similarly leads to the
loss of Me3SiCl and the generation of the novel heterocyclic
compounds 4 and 5, which contain a {C2B2N2} molecular core,
in good yields (Scheme 2). These compounds are analogues of
the polycyclic aromatic hydrocarbons triphenylene and
dibenzo[g,p]chrysene, respectively, and are intensely colored
with strong charge-transfer absorptions (4 : deep red,
lmax(CH2Cl2)= 509 and 545 nm, e= 1.6 B 104 and 2.0 B
104 mol�1dm3cm�1; 5 : deep red, lmax(CH2Cl2)= 501 nm, e=
1.8 B 104 mol�1dm3cm�1). Ab initio molecular-orbital compu-
tations carried out using MacSpartan Plus at the 6-31G* level
on the unsubstituted parent of triphenylene analogue 4
indicate that the HOMO is associated with the pyridazine
part of the molecule, while the LUMO is localized largely on
the 2,2’-diborabiphenyl moiety. These absorptions thus pre-
sumably arise through charge transfer of an electron from the
HOMO to the LUMO, a notion supported by the observed
shift in the value of lmax to higher energies when the spectrum
of 5 was acquired in less polar solvents (lmax= 499 and 493 nm
in THF and hexane, respectively).

The synthesis of compounds 4 and 5 demonstrates the
ability of 1 to act as a precursor for a potentially wide variety
of PAH analogues with novel optical[12] and redox[13] proper-
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Figure 1. Molecular structure of 2. Selected bond lengths [@]: P1-B1
1.925(3), C7-C8 1.396(4), C7-B1 1.491(4), C8-C9 1.393(4), C9-C10
1.404(4), C10-C11 1.393(4), C11-B1 1.494(4), C11-C12 1.505(4);
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118.1(2), B1-C11-C12 125.3(2), C7-B1-C11 118.4(3), C7-B1-P1 117.0(2),
C11-B1-P1 124.6(2); selected torsion angles [8]: B1-C11-C12-C13
70.5(4), B1-C11-C12-B2 �107.0(3).
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ties. For example, cyclic voltammetry experiments on these
compounds (1 mm 4 (or 5); 0.1m NBu4PF6, THF, 20 mVs�1,
potentials relative to a saturated calomel electrode (SCE)
using Cp*2 Fe as an internal standard (Cp*= h5-C5Me5)) show
two reversible one-electron reductions for each compound (4 :
E1/2=�1.25 V, �1.85 V; 5 : E1/2=�1.03 V, �1.45 V). The
former compound is harder to reduce than the dibenzo[g,p]-
chrysene analogue as it most likely has a planar geometry,
whereas 5 probably assumes a less aromatic, twisted geometry
resulting from steric interactions between the 3,3’ protons of
the diborabenzene moiety and the opposing 3,3’ protons of
the benzo[c]cinnoline fragment, in analogy to the structure of
the parent hydrocarbon.[14] Since addition of electrons
disrupts the aromaticity of the molecules, reduction of 5 is
inherently more facile than for the (presumably) planar
triphenylene analogue 4.

Indeed, compound 5 can be chemically reduced by the
one-electron source Cp*2 Co, to selectively form the radical
anion of 5, as shown in Scheme 2. The ESR spectrum of this
paramagnetic species exhibits a broad signal with a giso value
of 2.003 and little discernable hyperfine structure at either
room temperature or 100 K. Its structure was confirmed
crystallographically, and is shown in Figure 2.[15] As expected,

the framework is twisted considerably about the {C2B2N2}
core (note the torsion angles associated with this part of the
molecule) to alleviate steric interactions between the C�H
groups of C22/C33 and C31/C42. The B�N bond lengths of
1.466(4) and 1.482(4) @ are shorter than that found for the
pyridine adduct of borabenzene (1.56 @)[4e] but similar to
those found for amide derivatives of boratabenzene (for
example, 1.45 @ for NMe2 derivatives of boratabenzenes[16]).
This suggests that some of the aromatic character of the
{C2B2N2} core of the molecule is retained when an electron
populates the LUMO. However, the N1�N2 bond length of
1.430(4) @ is considerably longer than this bond in free
benzo[c]cinnoline (1.292(3) @). While some lengthening of
this bond should be expected upon coordination to a Lewis
acid,[17] we note that the LUMO in the neutral complexes is
slightly N�N antibonding in character. More meaningful
analysis of this data will follow with structural character-
ization of 5 and [5]2�.

In conclusion, we have developed a reliable synthetic
route to a precursor of the novel chelating Lewis acid 2,2’-
diborabiphenyl and examined its complexation chemistry
with simple monodentate Lewis bases, and the bifunctional
dinitrogen bases pyridazine and benzo[c]cinnoline. Adducts
of the latter are isoelectronic with polycyclic aromatic hydro-
carbons, which have many applications in materials chemis-
try.[18] In addition to further development of this theme of
research, the propensity of 2,2’-diborabiphenyl to chelate
anionic Lewis bases, and the coordination chemistry of the
resulting 2,2’-diboratabiphenyl derivatives is being devel-
oped.

Complete experimental details including synthesis and
characterization of all new compounds can be found in the
Supporting Information.
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