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Intramolecular polarization of the dative B–O bond in the donor–acceptor 
complexes of 1-boraadamantanes with tetrahydrofuran
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The X-ray diffraction studies and B3LYP/6-311G* calculations of the complexes of 1-boraadamantane and 4-bromo-1-bora-
adamantane with THF have revealed that the introduction of a halogen atom results in a shortening of the B–O bond due to
intramolecular polarization.

The donor–acceptor complexes of boron are of great interest
due to the fact that the B-donor (electron lone pair) distance
(B–DLP) is extremely sensitive to the aggregation state with its
pronounced elongation in the gas phase.1–5 For example, in the
MeCN–BF3 complex, the B–N distance is equal to 2.011(7) Å
in a gas phase or 1.630(4) Å in a crystal.5 Elongation of the
B–N bond on change of the media is not a unique feature of the
latter complex; depending on the Lewis acidity and basicity of
the donor and acceptor fragments, the difference in the bond
lengths in the gas and solid states varies from 0.04 Å in the
Me3N–BCl3 complex up to 1.24 Å in the case of the MeCN–
BCl3 complex.1,2,4 Due to such an unusual behaviour of the
B–DLP bond length, such complexes were called ‘partially
bonded molecules’.4

The quantum-chemical calculations of isolated donor–acceptor
boron complexes reproduce experimental values in the gas phase.
On the other hand, calculations taking into account the non-
specific solvation of the complexes within the self-consistent
reaction field model result in the B–DLP distances, which are
observed in the solid state.6,7 Thus, X-ray diffraction analysis
of donor–acceptor boron complexes is of great interest because

the geometry of a molecule in solution is closer to that in the
crystal than in the gas phase according to ab initio calculations.

In contrast to the macroscopic effects on the B–DLP interac-
tion, the intramolecular polarization of this bond was not
analysed previously. This is partially due to the fact that it is
difficult to introduce a polar group into a molecule without
distortion of the boron centre. Thus, from this point of view,
1-boraadamantane (1-BAD), as a rigid polyhedron, is an ideal
acceptor fragment for analysis of both steric (2-substituted
1-BAD) and intramolecular polarization effects (4-substituted
1-BAD) on the B–DLP bond.

Using this idea we synthesised THF complexes of 1-bora-
adamantane 18 and 4-bromo-1-boraadamantane 2.† Compound
2 was obtained in three steps by a modified method9 (Scheme
1). The first step is condensation of triallylborane and propargyl
bromide at 110–125 °C followed by treatment with trimethyl
borate leading to a 1:1 mixture of compounds 3 and 4. The use
of trimethyl borate for the replacement of an allylic group by a
methoxy group allowed us to carry out this procedure under
mild and neutral conditions.† The second step is the hydrobora-
tion of a mixture of 3 + 4 with tetrapropyldiborane (0.5 equiv.)
in THF.10

In order to reveal the role of intramolecular polarization on
the B–O bond length, we carried out X-ray diffraction analysis‡

)3B
Br

B

Br

B

Br

110–125 °C

B
OMe

Br

B
OMe

Br

B(OMe) 3– allylB(OMe)2

3 4

2

B

Br

O

 i, BH3 (0.5 equiv.), Et2O
ii, THF

Scheme  1

† All manipulations with organoboron compounds were carried out in a
dry argon atmosphere.

General method for 2.
(1) A mixture of 3 + 4 was obtained by a modified method9 and

involved the addition of propargyl bromide (15.8 ml, 0.177 mol) to a
suspension of phenothiazine (0.2 g) in triallylborane (23.87 g, 0.178 mol)
at 50 °C followed by heating the reaction mixture up to 125 °C. The
mixture was kept at 125 °C for 2 h; then, it was allowed to chill to room
temperature. It was treated with trimethyl borate (1.0 equiv.), and the
resulting solution was stirred at room temperature for 5 h. Distillation
in vacuo yielded 21.98 g (51%) of 1 and 2 as a 1:1 mixture (according
to 1H NMR). Characteristic data of 3 and 4: bp 110–113 °C (1 Torr).
1H NMR (200 MHz, CDCl3) d: 0.8–2.6 (m, 20H, intricate multiplet of
aliphatic protons), 3.59 and 3.63 (s, 6H, B–OMe of 3 and 4), 3.89 (s,
2H, CH2–Br), 4.90 and 5.09 (s, 2H, C=CH2), 5.88 (d, 1H, C=CH–CH,
3J 5 Hz). 11B NMR (64.21 MHz, CDCl3) d: 53.3. Found (%): C, 48.52;
H, 6.56; B, 4.15; Br, 32.87. Calc. for C10H16BBrO (%): C, 49.44; H,
6.64; B, 4.45; Br, 32.89. 

(2) To a solution of a mixture of 3, 4 (30.46 g, 0.125 mol) in THF
(10 ml) tetrapropyl diborane (0.081 mol) in THF (15 ml) was added.
The mixture was kept at room temperature for 30 h with stirring. Then,
volatile substances were distilled off in a vacuum (1 Torr), and 30 ml of
n-pentane was added to the residue. The mixture was cooled to –78 °C;
the precipitate formed was washed with n-pentane (2×5 ml) and dried
in vacuo. Characteristic data for 2: yield 33% (based on isomer 3, 66%);
mp 76–78 °C. 1H NMR (200 MHz, CDCl3) d: 0.6–2.5 (m, 17H, intricate
multiplet with the evaluated multiplet of the CH2–CH2 fragment of
THF), 3.92 (m, 4H, O–CH2 of THF), 4.62 (m, 1H, CH–Br). 11B NMR
(64.21 MHz, CDCl3) d: 9.5. 13C NMR (50.32 MHz, CDCl3) d: 24.6
[C(3)–C(4) of THF], 29.0 (C-2, C-8, C-9), 32.8 (C-7), 33.6 (C-6, C-10),
41.3 (C-3, C-5), 69.2 (CH2OCH2 THF), 69.8 (C-4).
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of 1 and 2. In addition, we have performed the DFT calculation
(B3LYP functional) of complexes 1 and 2 and the model THF
complex of 4-fluoro-1-boraadamantane 5 using the 6-311G*
basis set.§

X-Ray diffraction analysis of 1 at 153 K was reported
recently.11 Taking into account that the molecular geometry is
sensitive to temperature, we redetermined this structure at 120 K
to minimise systematic errors related to a libration correction
for 1 and 2 within the LTS model.12 General features of the
molecular geometry in both structures are close to each other
(Figures 1 and 2). The only difference in the geometry of two

independent molecules of 1 is the degree of distortion of the
twist conformation of the THF ring.

In both crystals, the boron atom is characterised by a slightly
distorted tetrahedral configuration. The distortions are reflected
in an increase in the C(2)B(1)O(1) bond angles up to 110.3(2)–
110.9(1)° in comparison to the other values 107.0(1)–108.0(2)°.
In both of the structures, the electron lone pair (LPO) of the
O(1) atom is in the antiperiplanar orientation to the B(1)–C(2)
bond with the pseudotorsion angle LPOO(1)B(1)C(2) equal to
175 or 178° in 1 or 2, respectively. We propose, therefore, that
the widening of the C(2)B(1)O(1) angle as well as the trend to
elongation of the B(1)–C(2) distance in comparison to B(1)–
C(8) and B(1)–C(9) ones, may be in part the manifestation of
the LPO®σ*[B(1)–C(2)] charge transfer.

Despite of similar molecular geometries of 1 and 2, a
comparison of B(1)–O(1) distances reveals surprisingly that the
introduction of the bromine atom at the axial position causes
the shortening of the B(1)–O(1) bond from 1.647(2) Å in 1 to
1.621(3) Å in 2. In contrast, the deviation of the boron atom
from the C(2)C(8)C(9) plane (d) in 1 and 2 is less sensitive to
the introduction of the substituent, and it is equal to 0.512 and
0.517 Å, respectively. Note that, although the B–O bond lengths
in 1 and 2 are similar to the B–N distance in the complex of
2-methyl-1-boraadamantane with (S)-(–)-phenylethylamine
(1.641 Å),13 the degree of pyramidalization of the boron atom
in the later compound is more pronounced (d = 0.537 Å). Thus,
the d value is more characteristic of the description of B–DLP
bonds for different donor systems.

The observed variation of the B(1)–O(1) bond lengths in 1
and 2 may result from either intramolecular polarization of this
bond by the dipole of the C–Br bond [the angle between the
B(1)–O(1) and C(4)–Br(1) lines is 9°] or polarization by polar
crystal media. Taking into consideration that molecules are
assembled into ‘tail-to-tail’ dimers by the Br(1)···Br(1A)
(–x + 1, –y + 1, –z + 1) intermolecular contacts [Br(1)···Br(1A)
3.743(1) Å, C(4)Br(3)Br(3A) 163.8(1)°] in the crystal of 2, we
cannot exclude that the reason of the observed shortening of the
B(1)–O(1) bond in 2 is the influence of a crystal field or a
specific shortened contact. However, B3LYP/6-311G* calcula-
tions§ have revealed that the observed variation of the B–O
bond lengths in 1 and 2 remained the same in the case of
isolated molecules.

It was mentioned above that quantum-chemical calculations
of the isolated molecule lead to an increase of donor–acceptor

‡ Crystallographic data. Crystals of 1 (C13H23BO, M = 206.12) are
monoclinic, space group P21/c, at 120 K: a = 13.413(6), b = 19.160(9)
and c = 9.574(5) Å, b = 102.61(1)°, V = 2401(2) Å3, Z = 8 (Z' = 2),
dcalc = 1.140 g cm–3, m(MoKα) = 0.68 cm–1, F(000) = 912. Crystals of 2
(C13H22BOBr, M = 220.30) are triclinic, space group P1, at 110 K:
a = 6.534(2), b = 9.753(3) and c = 11.073(3) Å, a = 110.390(9)°, b =
= 99.353(11)°, g = 98.835(9)°, V = 635.6(3) Å3, Z = 2 (Z' = 1), dcalc =
= 1.489 g cm–3, m(MoKα) = 32.10 cm–1, F(000) = 296.

The intensities of 16910 (1) and 7041 (2) reflections were measured
with a Smart 1000 CCD diffractometer [l(MoKα) = 0.71072 Å, w-scans
with a 0.3° step in w and 15 s per frame exposure, 2q < 56° (1) and 58°
(2)]; 5748 (1) and 3342 (2) independent reflections [Rint = 0.0596 (1),
0.0342 (2)] were used in a further refinement. The absorption correction
was applied semiempirically from equivalents. The structures were solved
by a direct method and refined by the full-matrix least-squares technique
against F2 in the anisotropic–isotropic approximation. Hydrogen atoms
were located from the Fourier synthesis and refined in the isotropic
approximation. For 1, the refinement converged to wR2 = 0.1454 and
GOF = 1.074 for all independent reflections [R1 = 0.0623 was calculated
against F for 3476 observed reflections with I > 2s(I)], and for 2 to
wR2 = 0.1014 and GOF = 1.060 for all independent reflections [R1 =
= 0.0412 was calculated against F for 2810 observed reflections with
I > 2s(I)]. All calculations were performed using SHELXTL PLUS 5.0. 

Atomic coordinates, bond lengths, bond angles and thermal param-
eters have been deposited at the Cambridge Crystallographic Data Centre
(CCDC). These data can be obtained free of charge via www.ccdc.cam.uk/
conts/retrieving.html (or from the CCDC, 12 Union Road, Cambridge
CB2 1EZ, UK; fax: +44 1223 336 033; or deposit@ccdc.cam.ac.uk).
Any request to the CCDC for data should quote the full literature citation
and CCDC reference numbers 250912 and 250913. For details, see ‘Notice
to Authors’, Mendeleev Commun., Issue 1, 2004.
§ All calculations were carried out with the Gaussian 98 program
package,14 in which fine grid (75302) is the default for evaluating
integrals numerically and the 10–8 hartree disignation is the default for
the SCF convergence. As convergence criteria threshold limits 1.5×10–5

and 6×10–5 a.u. were used for maximum force and displacement,
respectively.

Figure 1 General view of the complex of 1. Principal bond lengths (Å,
the average values for two independent molecules according to XRD):
B(1)–O(1) 1.647(2), B(1)–C(2) 1.618(3), B(1)–C(8) 1.615(3), B(1)–C(9)
1.610(3); bond angles (°): C(9)–B(1)–C(2) 110.9(2), C(9)–B(1)–C(8)
109.9(2), C(2)–B(1)–C(8) 110.6(2), C(14)–O(1)–C(11) 109.3(1), C(14)–
O(1)–B(1) 117.5(1), C(11)–O(1)–B(1) 119.2(1), C(9)–B(1)–O(1) 107.2(1),
C(2)–B(1)–O(1) 110.7(1), C(8)–B(1)–O(1) 107.33(15).
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Figure 2 General view of the complex of 2. Principal bond lengths (Å)
according to XRD: B(1)–O(1) 1.621(3), B(1)–C(2) 1.614(4), B(1)–C(8)
1.601(4), B(1)–C(9) 1.609(4); bond angles (°): C(8)–B(1)–C(9) 110.2(3),
C(8)–B(1)–C(2) 110.1(3), C(9)–B(1)–C(2) 109.9(2), C(8)–B(1)–O(1)
108.3(2), C(9)–B(1)–O(1) 108.0(2), C(2)–B(1)–O(1) 110.3(2), C(14)–
O(1)–C(11) 109.8(2), C(14)–O(1)–B(1) 119.7(2), C(11)–O(1)–B(1) 118.5(2).
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bond lengths. In particular, in the case of 1, 2 and 5, the B–O
bond lengths become as long as 1.717, 1.699 and 1.702 Å,
respectively. General features of molecular geometry in 1 and 2
in isolated molecules are close to those found in the solid. In
particular, the antiperiplanar orientation of the LP of O(1)
towards the B(1)–C(2) bond and distortion of the boron centre
remain the same. Despite an elongation with respect to that in
the crystal, the relative difference between B–O bond lengths in
1 and 2 is also observed in the isolated molecules, and it is
equal to 0.018 Å. As regards the small increase of the B(1)–O(1)
distance in fluorine-substituted compound 5, it is in line with
the decrease of the dipole moment of the C–F bond in com-
parison to C–Br. Note that, although the B–O distance in a gas
phase becomes significantly longer, the d value is less sensitive
to polarization, and it is equal to 0.495, 0.502 and 0.501 Å for
1, 2 and 5, respectively. Thus, we can conclude that this value,
at least in the case of 1-boraadamantane, is not characteristic of
the description of the B–DLP bond in different media.

A topological analysis of the electron density function r(r)
demonstrated that, according to published data,2,6,7 the B–O
bond in complexes 1, 2 and 5 corresponds to an intermediate
type of atomic interactions. The values of r(r) at the critical
point (3, –1) of the B–O bond correlate with its lengths and
attain a maximum value (0.502 eÅ–3) in the case of complex 2.
Despite the elongation of B–O bonds, the distance from the
critical point (3, –1) to the boron atom remains the same. Thus,
intramolecular polarization mainly influences the donor fragment.

In summary, we can conclude, based on an X-ray diffraction
study and DFT calculations of the THF complexes of 1-bora-
adamantane and 4-bromo-1-boraadamantane, that a decrease of
the B(1)–O(1) bond length in the 4-bromo analogue is an
intrinsic feature of this system, and it is mainly governed by the
intramolecular polarization of the B–O bond by the dipole
moment of a C–halogen dipole.
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