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Introduction

In our pursuit ofcloso-boranes as structural elements for
liquid crystalline materials,1-6 we considered 1-aza-closo-do-
decaborane(12) (1a) as a candidate for materials with a high
dipole moment and mesogens with a large dielectric ani-
sotropy.1,4 Such materials are essential electrooptical components
for most nematic-based liquid crystal displays.7

A typical calamitic liquid crystalline molecule requires an
elongated molecular shape8,9 which can be achieved in1a by
placing substituents in the 1 and 12 positions of the cage. A
recently described preparation of N-substituted10-12 derivatives
of azadodecaborane and selective iodination of 1-methyl-1-aza-
closo-dodecaborane(12) (1b) in the 12 position13 have opened
the synthetic possibility of incorporating1a into structures of
typical liquid crystalline molecules.

Here we provide a detailed analysis of 1-phenyl-1-aza-closo-
dodecaborane(12)11 (1c) and assessment of1a as a building
block for liquid crystalline materials. We report ab initio molec-

ular geometry and conformational analysis of1c, electronic
spectra in relation to its electronic structure, and its chemical
reactivity.

Results and Discussion

Synthesis of1c was accomplished according to the literature
procedure11 in 10% overall yield based on decaborane(14). The
last step in the synthesis, a borane insertion reaction, turned
out to be particularly moisture and oxygen sensitive and was
carried out in a drybox. The procedure appears to be general
and has been adopted for preparation of the 4-butoxyphenyl
(1d) and 4-bromophenyl (1e) derivatives, which were obtained
in about 10% overall yields.14

Aryl derivatives1c-1e are white solids which melt at 123,
87, and 151°C, respectively. They show moderate sensitivity
to moisture, which is consistent with the report of facile reactions
of 1 with strong nucleophiles leading to the formation of cage-
opened nido products.11,15 Phenyl derivative1c is transfromed
completely in moist benzene within 24 h, although no ap-
preciable reaction is detected during the first 2 h. Addition of
methanol (10% v/v) to the benzene solution results in fast
solvolysis of 1c as evident from11B NMR spectra14 and in
accord with previous reports of similar reactions.15 Slow reaction
is observed in carefully dried acetonitrile (about 40% after 4 h)
based on the11B and UV spectra. This results from the tendency
of azadodecaborane to reduce the coordination number at the
N-atom.

The solvolysis products were not isolated. Their11B and1H
NMR spectra and also UV spectra are consistent with the nido
structures expected for the product resulting from nucleophilic
cage opening of aza-closo-dodecaborane.11

The molecular geometry of1cwas optimized for its eclipsed
(1c-E) and staggered (1c-S) conformers at the HF/6-31G* level
of theory withCs symmetry constraints (Figure 1). According
to the calculations, both conformers exhibit a similar N-CPh

distance of 1.483 and 1.482 Å (XRD for1e,16 1.46(5) Å), and
the phenyl group is slightly tilted with respect to the cage
molecular axis (RC(4)-N-B(12) ) 178.1°). The presence of the
phenyl substituent results in equal widening of the B-N distance
in both conformers (1.741 Å avg) as compared to the parent
1-aza-closo-dodecaborane1a (calculated, 1.710 Å: GED,17

1.716(9) Å). At the same time the calculated average B2-B3

distance in both conformers is shorter by 0.005 Å than that in
the parent (calculated, 1.821 Å; GED,17 1.825(6) Å).

The calculations favor the eclipsed conformer1c-E (Figure
2), while the staggered form1c-S represents a transition state
on the potential energy hypersurface, based on normal-mode
analysis. The gas phase thermodynamic stability of1c-E is
consistent with the conformational preference of the phenyl ring
lying on a crystallographically imposed mirror plane observed
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in a single crystal of1e.16 Such a comparison, however, is
unreliable. In contrast to the calculations, the phenyl group in
the solid structure of the isoelectronic Ph-B12H11(-2) adopts
an almost ideal staggered conformation with respect to the
cage.18

The calculated (HF/6-31G*) enthalpy and free energy dif-
ferences between the eclipsed and staggered conformers of1c
(Figure 2) are∆Hq

298 ) 0.58 kcal/mol and∆Gq
298 ) 1.92

kcal/mol. These energy differences are almost identical to
those calculated for the isoelectronic 1-phenyl-p-carborane and
Ph-B12H11(-2) which also prefer the eclipsed over the staggered
conformation.14 The calculated HPh‚‚‚HB close contacts in1c-E
are 1.935 and 2.231 Å, while in1c-S these distances are slightly
more favorable at 2.008 and 2.648 Å. In the staggered form,
however, cage hydrogen atoms induce ring puckering (1.6°),
which appears to be less favorable than ring tilting in the
eclipsed conformer.

The phenyl derivative1c has the electronic state1A′ and its
HOMO (-9.86 eV; A′′) and the LUMO (2.46 eV; A′′) are
shown in Figure 3. While the HOMO and most high-lying
occupied MO’s are localized either on the ring or on the cage,
the LUMO and several lower-lying occupied MO’s (e.g.
HOMO-10) extend over the phenyl ring and the cage. This
indicates some electronic interactions between the two frag-
ments, which is supported by the electronic absorption spectrum
of 1c shown in Figure 4.

The UV spectrum of1c consists of three bands at 262 nm
(log ε ) 2.2), 219 nm (logε ) 3.74), and 193 nm (logε )
4.33), and it closely resembles that of benzene and its derivatives
monosubstituted with auxochromes.19 The two benzene absorp-
tion bands, B and E2 are red-shifted in1c by 1130 and 3330
cm-1, respectively (Figure 4). The magnitude of the E2 band
shift is greater than that observed in toluene19 and anilinium

cation,19 and is similar to that in chlorobenzene19 and methyl
phenyl sulfone.20 Clearly the electronic structure of the nitrogen
atom in1c is different from that in aniline and anilinium cation.
According to the natural bond orbital21 analysis, the N atom
forms the exocyclic bond to the phenyl carbon in1c using an
sp2.3 hybrid. For the endo-cyclic bonding of the N atom to the
boron atoms of the upper belt the nitrogen uses two sp4.5 and
one sp1.9 hybrids.

The benzenoid origin of the absorption bands and the absence
of charge-transfer (CT) transitions in1c have been confirmed
with ZINDO//HF/6-31G* calculations.22 The calculated transi-
tion energies and the corresponding relative oscillator strength
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Figure 1. Optimized (HF/6-31G*) eclipsed molecular structure of
1-phenyl-1-aza-closo-dodecaborane (1c-E).

Figure 2. Extended Newman projection along the long molecular axes
for staggered (a) and eclipsed (b) conformations of 1-phenyl-1-aza-
closo-dodecaborane (1c). The bar represents the phenyl substituent
plane.

Figure 3. Representation of the HOMO (-9.86 eV; A′′) and the
LUMO (2.46 eV; A′′) of 1c-E.

Figure 4. Absorption spectrum for 1-phenyl-1-aza-closo-dodecaborane
(1c) (solid line) and benzene (dashed line) recorded inn-hexane. Inset
shows the B band area. Vertical lines represent the ZINDO calculated
major transitions scaled by 3.2× 104. The calculated transition shown
in the inset is exaggerated 10-fold.
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values are shown in Figure 4 as vertical lines. According to the
calculations all high intensity (>5% relative) transitions above
200 nm involve intra-ring electronic transitions, while the
absorption at 193 nm is composed mostly of intra-cage (196-
197 nm) and ring-to-cage transitions (195 nm).

Ab inito calculations (HF/6-31G*) show that the intracage
B-N polarization in the parent azaborane1a results in a
substantial dipole moment of 4.67 D,23 which is comparable to
that of biphenyl-1-carbonitrile (4.34 D),24 an important structural
element for liquid crystalline materials. Upon substitution of
the nitrogen atom with a phenyl group in1c, the dipole moment
increases to 6.39 D, according to HF/6-31G* calculations.

Cage iodination of1cor 1d at the 12 position proved difficult.
Reaction of I2 or IBr in the presence of AlCl3 in CH2Cl2 or
hexane and under the conditions used for iodination of1b,13

failed to produce the expected 12-iodo derivatives based on
NMR spectra. Attempts at iodination with ICl in CH2Cl2 were
inconclusive.14

A variety of 1-aryl-1-aza-closo-dodecaboranes can be pre-
pared by adaptation of the literature method.11 The electronic
absorption spectrum of1c shows that the azaborane cage only
slightly perturbs the arene spectrum above 200 nm and the ring-
to-cage CT bands lie below 200 nm, according to ZINDO cal-
culations. Ab initio calculations indicate a high dipole moment
for 1c. Relatively low UV absorption combined with a sig-

nificant dipole moment make1c attractive for use in liquid
crystal materials. The major drawback is the solvolytic instability
and difficulties with functionalization of the azaborane cage.
In addition, the pronounced sensitivity to nucleophiles will make
it difficult to find suitable conditions for a successful cross-coup-
ling reaction of iodoazaboranes. Finally, the calculated low acti-
vation energy for the intramolecular rotation around the cage-
ring bond in1c is similar to that found for 1-phenyl-p-carborane.
Even though the latter has been successfully used as a structural
element for liquid crystals,5 low interconversion barriers are
expected to decrease the thermal stability of the liquid crystal
phases.25
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