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The new boron dihalides of the type [HC(CMe)2(NC6F5)2]BX2 (X = Cl, Br, I) have been prepared and
characterized by single-crystal X-ray diffraction. Of the various synthetic approaches explored, the best
method in terms of yield and product purity involves the silylhalide elimination reaction of the silylated
iminoamine [HC(CMe)2(NC6F5)(N{SiMe3}C6F5)] with BX3. Chloroborenium salt
[HC(CMe)2(NC6F5)2BCl][AlCl4] was prepared by treatment of [HC(CMe)2(NC6F5)2]BCl2 with AlCl3 in
CH2Cl2 solution. This salt was also structurally authenticated and represents the first such data for a
b-diketiminate-supported haloborenium cation.

Introduction

The C6F5-substituted b-diketiminate ligand [HC(CMe)2(NC6-
F5)2]H1 has proved to be very useful for the support of a number
of unusual main group entities. Examples include a Lewis acid-
stabilized compound with a boron–oxygen double bond,2 base-
stabilized boron3 and aluminium4 dications and an interesting
methylalumoxane analogue.5

A key to the foregoing developments in boron chemistry was
the availability of the requisite b-diketiminatoboron dihalides,
LBX2. Prior to the present work, the preparation of three b-
diketiminate boron difluorides (1,6 27 and 38) had been reported,
as had the synthesis of [HC(CMe)2(NMe)2]BCl2 (4), the chlo-
ride analogue of 1.9 Compound 1 was prepared in low yield
by treatment of [HC(CMe)3(NMe)2]H with BF3·OEt2 in the
presence of NEt3, while 2 was produced in moderate yield via
the reaction of [HC(CMe)2(N-p-tolyl)2]Li with BF3·OEt2. The
N,N′ unsymmetrically-substituted derivative 3 was isolated in
low yield from the reaction of N-(isopropylidene)isopropylamine
with t-BuLi, followed by the addition of N-methylacetonitrilium
tetrafluoroborate. Compound 4 resulted from the sequence of
reactions summarized in Scheme 1. Two aspects of this scheme

Scheme 1
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are worthy of comment, namely the Al → B exchange reaction
and the equilibrium between the covalent (4) and ionic (4′) forms
of the final product. To the best of our knowledge, b-diketiminate-
supported boron dibromides and diiodides have not been reported
previously. In the present paper, we describe various approaches
to the syntheses of the boron dihalides [HC(CMe)2(NC6F5)2]BX2,
X = Cl (5),10 Br (6), I (7). The X-ray crystal structures of these
compounds are also described.

Results and discussion

Three different approaches were employed for the syntheses of 5,
6, and 7 in order to find the highest yield, most convenient method,
namely base-promoted dehydrohalogenation, salt metathesis, and
trimethylsilyhalide elimination.

The base-promoted dehydrohalogenation method summarized
in eqn (1) involved treatment of an equimolar mixture of the

(1)

aminoimine 8 and Et3N in toluene solution with the appropriate
boron trihalide. Monitoring of these reactions by 11B NMR
revealed that, while the desired products 5, 6, and 7 were
formed, they were contaminated with the Lewis acid–base complex
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Et3N·BX3 and, in the cases of 5 and 6, with at least one as-yet
unidentified boron-containing species.

The first stage of the salt metathesis approach involved the
synthesis of the metal-containing b-diketiminates 9, 10 and 11
(eqn (2)). Compounds 9 and 10 were prepared by treatment of the

(2)

aminoamine 8 with MeLi and NaNH2, respectively, while 11 was
prepared via the reaction of 10 with SnCl2. In turn, each metal-
containing reagent was added to a toluene solution of the boron
trihalide at −78 ◦C. NMR assays of each of the resulting reaction
mixtures revealed that, although the desired products 5, 6 and 7
were formed, the yields were low due to contamination with 8
and/or as-yet unidentified impurities. The reaction of 11 with BI3

resulted in the formation of an amorphous orange-yellow solid
that was not characterized.

The most satisfactory method for the preparation of 5, 6 and
7 from the twin standpoints of yield and purity involved the
silylhalide elimination route (eqn (3)) hence this is the method that

(3)

is described in the Experimental section. The silylated aminoimine

12 was prepared by treatment of the sodium derivative 10 with
Me3SiI.3 Compound 12 is thermally unstable hence it is important
to generate and use this reagent in situ. Treatment of a freshly
prepared toluene solution of 12 with the appropriate boron
trihalide resulted in the isolation of virtually quantitative yields
of 5, 6 and 7. The silyhalide elimination method has also proved
to be an excellent method for the synthesis of amidinate-supported
boron dihalides.11

Given that (a) the chloroborenium salt [HC(CMe)2(NC6-
F5)2BCl][AlCl4] (13) is a precursor to an AlCl3-stabilized oxob-
orane, and (b) there are no structural data available for halobore-
nium salts,12 we sought a crystalline example of such a compound.
Compound 13 was prepared originally by the metal exchange-
autoionization reaction of [HC(CMe)2(NC6F5)2AlCl2] with BCl3

following the procedure described earlier by Kuhn et al.9 for the
synthesis of [HC(CMe)2(NMe)2BCl][AlCl4]. However, in order
to obtain crystals of 13 suitable for X-ray diffraction study, we
prepared this salt by treatment of 5 with an equimolar quantity
of AlCl3 in CH2Cl2 solution. The yield of 13 was close to quanti-
tative.

Compounds 5, 6, 7 and 13 are crystalline solids. Each compound
was characterized on the basis of HRMS and multinuclear
NMR. The 11B chemical shifts for the boron dihalides fell
in the range of d +4.82 for 5 to −22.07 ppm for 7, while
that for borenium cation 13 was apparent at d 28.84 ppm.13

Comparable 11B chemical shifts have been reported9 for the
borenium cations [HC(CMe)2(NC6F5)2BF]+ (d 23.05 ppm) and
[HC(CMe)2(NC6F5)2BCl]+ (d 32.16 ppm). A further distinctive
feature of 13 was the detection of the characteristically sharp
singlet at d 102.3 ppm due to the [AlCl4]− anion.14

Compounds 5, 6, 7 and 13 were also characterized on the
basis of single-crystal X-ray diffraction studies. Details of the
data collection and structure refinement appear in Table 1 and
a selection of geometrical parameters is assembled in Table 2.
The boron dichloride 5 and the corresponding dibromide 6 are
isomorphous and crystallize in the orthorhombic space group
Pbcn with Z = 4. Individual molecules of 5 and 6 are each

Table 1 Selected crystal data, data collection and refinement parameters for 5, 6, 7 and 13

5 6 7 13

Formula C17H7BCl2F10N2 C17H7BBr2F10N2 C17H7BF10I2N2 C17H7AlBCl5F10N2

Formula weight 510.96 599.88 693.86 644.29
Crystal system Orthorhombic Orthorhombic Triclinic Triclinic
Space group Pbcn Pbcn P1̄ P1̄
a/Å 21.996(4) 7.457(5) 7.372(1) 12.270(3)
b/Å 7.2823(15) 11.566(5) 11.711(2) 14.185(3)
c/Å 11.470(2) 22.002(5) 13.175(2) 14.556(3)
a/◦ 90 90 88.476(6) 89.71(3)
b/◦ 90 90 87.593(6) 81.36(3)
c /◦ 90 90 75.717(7) 77.91(3)
V/Å3 1837.2(6) 1897.6(16) 1101.2(3) 2448.1(8)
Z 4 4 2 4
Dc/g cm−3 1.847 2.100 2.093 1.748
F(000) 1008 1152 648 1264
Crystal size/mm 0.3 × 0.3 × 0.3 0.25 × 0.10 × 0.10 0.25 × 0.20 × 0.18 0.2 × 0.2 × 0.1
h range/◦ 2.95–27.49 2.88–27.38 2.39–27.48 1.42–26.02
No. of reflns collected 3857 6513 7532 13783
No. of indep reflns 2104 2133 5015 9534
R1 [I>2r(I)] 0.0388 0.0558 0.0296 0.0626
wR2 (all data) 0.1111 0.1068 0.0978 0.2371
Peak and hole/e Å−3 0.318 and −0.273 0.830 and −0.410 0.721 and −1.286 0.609 and −0.425
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Table 2 Selected bond distances (Å) and angles (◦) for 5, 6, 7 and 13

5 6 7 13

C(1)–C(2) 1.377(3) C(1)–C(2) 1.372(6) C(1)–C(2) 1.391(5) C(1)–C(2) 1.371(9)
C(2)–C(1A) 1.377(3) C(2)–C(1A) 1.372(6) C(2)–C(3) 1.388(5) C(2)–C(3) 1.392(9)
C(1)–N(1) 1.346(3) C(1)–N(1) 1.345(6) C(1)–N(1) 1.337(5) C(18)–C(19) 1.416(9)
C(1A)–N(1A) 1.346(3) C(1A)–N(1A) 1.345(6) C(3)–N(2) 1.340(5) C(19)–C(20) 1.383(9)
B(1)–N(1) 1.529(3) B(1)–N(1) 1.519(6) B(1)–N(1) 1.533(4) C(1)–N(1) 1.361(7)
B(1)–N(1A) 1.529(3) B(1)–N(1A) 1.519(6) B(1)–N(2) 1.523(4) C(3)–N(2) 1.366(7)
B(1)–Cl(1) 1.882(2) B(1)–Br(1) 2.054(5) B(1)–I(1) 2.222(4) C(18)–N(3) 1.353(8)
B(1)–Cl(1A) 1.882(2) B(1)–Br(1A) 2.054(5) B(1)–I(2) 2.342(4) C(20)–N(4) 1.377(8)

N(1)–B(1) 1.417(9)
C(1)–C(2)–C(1A) 123.6(3) C(1)–C(2)–C(1A) 123.6(7) C(1)–C(2)–C(3) 120.5(4) N(2)–B(1) 1.442(9)
C(2)–C(1)–N(1) 119.8(2) C(2)–C(1)–N(1) 119.4(5) C(2)–C(1)–N(1) 119.8(3) N(3)–B(2) 1.450(9)
C(2)–C(1A)–N(1A) 119.8(2) C(2)–C(1A)–N(1A) 119.4(5) C(2)–C(3)–N(2) 119.3(3) N(4)–B(2) 1.432(9)
C(1)–N(1)–B(1) 123.41(18) C(1)–N(1)–B(1) 123.2(5) C(1)–N(1)–B(1) 118.3(3) B(1)–Cl(1) 1.740(8)
C(1A)–N(1A)–B(1) 123.41(18) C(1A)–N(1A)–B(1) 123.2(5) C(3)–N(2)–B(1) 118.5(3) B(2)–Cl(2) 1.714(8)
N(1)–B(1)–N(1A) 109.9(2) N(1)–B(1)–N(1A) 110.3(6) N(1)–B(1)–N(2) 108.1(3)
N(1)–B(1)–Cl(1) 110.37(6) N(1)–B(1)–Br(1) 110.54(16) N(1)–B(1)–I(1) 112.6(2) C(1)–C(2)–C(3) 123.7(6)
N(1)–B(1)–Cl(1A) 109.99(7) N(1)–B(1)–Br(1A) 110.20(16) N(1)–B(1)–I(2) 107.9(2) C(18)–C(19)–C(20) 121.1(6)
N(1A)–B(1)–Cl(1) 109.99(7) N(1A)–B(1)–Br(1) 110.20(16) N(2)–B(1)–I(1) 113.0(2) C(1)–N(1)–B(1) 121.4(5)
N(1A)–B(1)–Cl(1A) 110.37(6) N(1A)–B(1)–Br(1A) 110.54(16) N(2)–B(1)–I(2) 107.0(2) C(18)–N(3)–B(2) 122.0(5)
Cl(1)–B(1)–Cl(1A) 106.17(17) Br(1)–B(1)–Br(1A) 104.9(4) I(1)–B(1)–I(2) 108.04(15) C(2)–C(1)–N(1) 118.7(6)

C(19)–C(18)–N(3) 119.3(6)
C(2)–C(3)–N(2) 117.6(6)
C(19)–C(20)–N(4) 119.6(5)
C(3)–N(2)–B(1) 121.2(6)
C(20)–N(4)–B(2) 121.8(5)
N(1)–B(1)–N(2) 117.2(6)
N(3)–B(2)–N(4) 115.9(6)
N(1)–B(1)–Cl(1) 122.2(5)
N(3)–B(2)–Cl(2) 122.2(5)
N(2)–B(1)–Cl(1) 120.7(6)
N(4)–B(2)–Cl(2) 121.9(5)

located on sites of C2v symmetry; consequently, both C3N2B rings
are planar (Fig. 1). A second such plane, which is orthogonal
to the C3N2B plane, encompasses the two chloride substituents,
the boron atom and C(2). The two C6F5 substituents, which are
rendered equivalent by the existence of the foregoing planes,
are orthogonal to the C3N2B ring. As might be expected, the
bond distances and angles for the latter ring are identical within
experimental error. The analogous diiodide 7, which crystallizes
in the triclinic space group P1̄ with Z = 2, exhibits several features
that distinguish its structure from those of the lighter congeners
(Fig. 2). Due to the steric demands of the iodide substituents, the
C3N2B ring develops an envelope shape such that the boron atom is
located 0.484 Å above the C3N2 plane and the sum of bond angles
for the b-diketiminato ring is 704.5(4)◦. A further consequence
of the bulky iodide moieties is that the X–B–X bond angle for 7

Fig. 1 Molecular structure of [HC(CMe2)2(NC6F5)2]BCl2 (5) showing the
atom number scheme for selected atoms. Thermal ellipsoids are shown at
the 30% probability level. All hydrogen atoms have been omitted for clarity.

Fig. 2 Molecular structure of [HC(CMe2)2(NC6F5)2]BI2 (7) showing the
atom number scheme for selected atoms. Thermal ellipsoids are shown
at the 30% probability level. All hydrogen atoms have been omitted for
clarity.

(108.04(15)◦) is more obtuse than those of the lighter congeners
(av. 105.5(4)◦) and the B(1)–I(2) bond, which is over 0.1 Å longer
than the B(1)–I(1) bond, is arranged in an almost perpendicular
fashion with respect to the C3N2 plane. The chloroborenium salt
13 crystallizes in the triclinic space group P1̄ with Z = 4 and
there are two crystallographically-independent ion pairs in the
asymmetric unit, one of which is illustrated in Fig. 3. There
are no unusually short interionic contacts. Comparison of the
structures of 5 and 13+, the cation of 13, reveals that chloride
anion abstraction from 5 causes the geometry at boron to
change from approximately tetrahedral to trigonal planar. As a
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Fig. 3 Structure of one of the crystallographically independent ion
pairs of [(HC(CMe2)2(NC6F5)2)BCl][AlCl4] (13) showing the atom number
scheme for selected atoms. Thermal ellipsoids are shown at the 30%
probability level. All hydrogen atoms have been omitted for clarity.

consequence of the change of hybridization at boron from sp3 to
sp2 and the emergence of a positive charge at this center, both the
B–N and B–Cl distances decrease by >0.1 Å. The average C–C
(1.377(11) Å), C–N (1.361(10) Å) and B–N (1.441(9) Å) bond dis-
tances for 13+ are very similar to those for [HC(CMe)2(NAr)2BPh]+

(Ar = C6F5, 2,6-diisopropylphenyl), the only other structurally
characterized borenium cations of this type.12,15 As pointed out
previously,15 such cations feature six p-electrons.

In summary, we have explored a number of synthetic
routes to boron dihalides supported by the b-diketiminate lig-
and [HC(CMe)2(NC6F5)2]−. The best synthetic approach from
the standpoints of yield and product purity involves a silyl-
halide elimination methodology. The new boron dihalides have
been structurally authenticated as has the haloborenium salt
[HC(CMe)2(NC6F5)2BCl][AlCl4].

Experimental

General procedures

All manipulations and reactions were performed under a dry,
oxygen-free, catalyst-scrubbed argon atmosphere using a com-
bination of standard Schlenk techniques or in an M-Braun
or Vacuum Atmospheres drybox. All glassware was oven- and
vacuum-dried and argon flow-degassed before use. All sol-
vents were distilled over sodium benzophenone ketyl, except
dichloromethane, which was distilled over CaH2, and degassed
prior to use. Compounds 8,1 103 and 123 were prepared according
to the literature methods. The boron trihalides, AlCl3, NaNH2 and
Me3SiI were obtained from commercial sources and used without
further purification.

Physical measurements

Low-resolution CI mass spectra were collected on a Finnigan
MAT TSQ-700 mass spectrometer and high-resolution mass
spectra were recorded on a VG Analytical ZAB-VE or Waters
Micromass Ultima instrument. All MS analyses were performed
on samples that had been sealed in glass capillaries under an argon

atmosphere. 1H, 19F, 27Al, and 11B NMR spectra were recorded
in CD2Cl2 solution at 295 K on a GE EQ-300 instrument (1H,
300 MHz; 19F 282 MHz; 27Al 78 MHz; 11B 96 MHz) immediately
following removal of the sample from the drybox. 1H and 13C{1H}
chemical shift values are reported in parts per million (ppm)
relative to SiMe4 (d 0.00), using residual solvent resonances as
internal standards. 11B and 27Al NMR data are referenced to
BF3·OEt2 and AlCl3/D2O, respectively (d 0.00). Melting points
(uncorrected) were obtained on a Fisher-Johns apparatus after
flame-sealing the samples in glass capillaries under an argon
atmosphere.

X-Ray crystallography

For compounds 5, 6, 7 and 13, a crystal of suitable quality
was removed from a Schlenk flask under a positive pressure
of argon, covered immediately with degassed hydrocarbon oil
and mounted on a glass fiber. The X-ray diffraction data were
collected at 153 K on a Nonius Kappa CCD diffractometer
equipped with an Oxford Cryostream low-temperature device and
a graphite-monochromated Mo-Ka radiation source (k = 0.71073
Å). Corrections were applied for Lorentz and polarization effects.
All structures were solved by direct methods16 and refined by full-
matrix least-squares cycles on F 2. All non-hydrogen atoms were
allowed anisotropic thermal motion, and hydrogen atoms were
placed in fixed, calculated positions using a riding model (C–H
0.96 Å). Selected crystal data, and data collection and refinement
parameters are listed in Table 1.

Syntheses

Preparation of [HC(CMe2)2(NC6F5)2]BCl2 (5). A solution of
0.66 mL of 1.0 M BCl3 in hexane was added to a freshly
prepared solution of 12 (0.663 mmol) in 115 mL of toluene at
ambient temperature. The reaction mixture was allowed to stir
overnight, following which the solvent mixture and Me3SiCl were
removed under reduced pressure. Pale yellow solid 5 was isolated
in virtually quantitative yield. Compound 5 undergoes thermal
decomposition starting at ∼140 ◦C. 1H NMR (CD2Cl2): d 2.09 (s,
6H, CH3), 5.88 (s, 1H, c-CH). 11B NMR (CD2Cl2): d 4.82 (sharp, s).
19F NMR (CD2Cl2): d −42.11 (d, o-F, 4F, 3J = 17.2 Hz), −153.86
(t, p-F, 2F, 3J = 21.4 Hz), −161.99 (m, m-F, 4F). MS (CI−, CH4):
m/z 509 (M−). HRMS (CI−, CH4): calcd for C17H7BN2F10Cl2, m/z
509.9920; found, 509.9918.

Preparation of [HC(CMe2)2(NC6F5)2]BBr2 (6). The prepara-
tive procedure for 6 is the same as that described for 5 using
0.66 mL of a 1.0 M solution of BBr3 in hexane. Pale yellow
solid 6 was isolated in virtually quantitative yield. Compound
6 undergoes thermal decomposition starting at ∼100 ◦C; the solid
assumes a dark brown color at ∼190 ◦C. 1H NMR (CD2Cl2):
d 2.11 (s, 6H, CH3), 6.06 (s, 1H, c-CH). 11B NMR (CD2Cl2): d
−1.49 (sharp, s). 19F NMR (CD2Cl2): d −141.04 (d, o-F, 4F, 3J =
17.2 Hz), −153.49 (t, p-F, 2F, 3J = 21.4 Hz), −161.71 (m, m-F,
4F). MS (CI−, CH4): m/z 599 ([M − H]−). HRMS (CI−, CH4):
calcd for C17H7BN2F10Br2, m/z 596.8831; found, 596.8832.

Preparation of [HC(CMe2)2(NC6F5)2]BI2 (7). A 20 mL toluene
solution containing 0.259 g (0.663 mmol) of BI3 was added to
a freshly prepared solution of 12 (0.663 mmol) in 115 mL of
toluene at ambient temperature. The reaction mixture was allowed
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to stir overnight, following which the solvent and Me3SiI were
removed under reduced pressure. Bright yellow solid 7 was isolated
in virtually quantitative yield. Compound 7 starts to undergo
decomposition at ∼70 ◦C and melts to a deep red liquid at ∼180 ◦C.
11B NMR (CD2Cl2): d −22.07 (sharp, s). 1H NMR (CD2Cl2): d 2.15
(s, 6H, CH3), 6.38 (s, 1H, c-CH). 19F NMR (CD2Cl2): d −139.94 (d,
o-F, 4F, 3J = 21.4 Hz), −153.05 (t, p-F, 2F, 3J = 21.4 Hz), −161.24
(m, m-F, 4F). MS (CI−, CH4): m/z 693 ([M − H]−). HRMS (CI−,
CH4): calcd for C17H6BN2F10I2, m/z 692.8554; found, 692.8557.

Preparation of [HC(CMe2)2(NC6F5)2]BCl][AlCl4] (13). Alu-
minium trichloride (0.053 g, 0.397 mmol) was added to 30 mL of a
methylene chloride solution of 0.200 g (0.391 mmol) of 5 at 25 ◦C
and the reaction mixture was allowed to stir overnight. Removal
of the solvent under reduced pressure afforded an essentially
quantitative yield of white solid 13. Crystals of 13 suitable
for X-ray diffraction study were obtained from a methylene
chloride/hexane (1:1) solvent mixture at room temperature. The
melting point of 5 is 195–198 ◦C. 1H NMR (300 MHz, CD2Cl2): d
2.77 (s, 6H, Me), 7.66 (s, 1H, c-CH). 19F NMR (282 MHz, CD2Cl2):
d −145.46 (m, 4F, o-F), −146.17 (m, 2F, p-F), −156.897 (m, 4F,
m-F). 11B NMR (96 MHz, CD2Cl2): d 28.84. 27Al NMR (78 MHz,
CD2Cl2): d 102.34. MS (CI+, CH4): m/z 475 ([M − (AlCl4)]+.
HRMS (CI, CH4): calcd for C17H6BClF10N2, m/z 475.015971;
found, 475.016373.
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