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Summary: Reaction of [Cr(η6-C6H5Li)2]‚tmen with (RR′)-
NBCl2 (R ) R′ ) SiMe3; R ) R′ ) iPr; R ) SiMe3, R′ )
tBu) and B2Br2(NMe2)2, respectively, in hexane yielded
the strained [1]borachromoarenophanes [Cr{(η6-C6H5)2-
BNRR′}] (4a-c; R ) R′ ) SiMe3; R ) R′ ) iPr; R )
SiMe3, R′ ) tBu) and [2]borachromoarenophanes [Cr-
{(η6-C6H5)2(BNMe2)2}] (5), respectively, in moderate
yields as dark red solids; compounds 4c and 5 were
structurally characterized. 4c exhibits the largest arene-
arene tilt angle (26.6(3)°) reported for any [n]metal-
loarenophane.

Our recent investigations on both strained1 and
unstrained2a-e [1]borametallocenophanes led to com-
pounds of the type [Fe{(η5-C5H4)2BNR2}] (1; R ) various
ligands), which represent the first examples of [1]-
ferrocenophanes with a bridging first-row element. Such
strained ansa-ferrocenes are well-known with various
bridging main-group elements as well as transition
metals and have attracted considerable interest, due to
their possible use as precursor molecules for the syn-
thesis of novel organometallic polymers via ring-opening
polymerization (ROP).3 In contrast to the well-docu-
mented chemistry of [1]ferrocenophanes, related [1]-
metalloarenophanes have been scarcely investigated
and are restricted to a very few silicon- and germanium-
bridged chromium and vanadium complexes of the type
[M{(η6-C6H5)2ER2}] (2a,b, M ) Cr, E ) Si, R ) Me, Ph;
3, M ) V, E ) Si, R ) various ligands).4

The present paper reports on the syntheses and full
characterizations of the complexes [Cr{(η6-C6H5)2-

BNRR′}] (4a-c: R ) R′ ) SiMe3; R ) R′ ) iPr; R )
SiMe3, R′ ) tBu) and [Cr{(η6-C6H5)2(BNMe2)2}] (5) as
the first examples of [1]- and [2]metalloarenophanes
with a bridging first-row element. Compounds 4a-c
were obtained from reactions of the corresponding
aminodihaloboranes with a suspension of [Cr(η6-C6H5-
Li)2]‚tmen according to eq 1 and isolated as dark red

crystalline solids in yields ranging from 42% to 48%.5
All complexes are extremely sensitive toward air and
moisture and decompose readily in polar solvents such
as MeOH, CH2Cl2, DMF, and DME at ambient temper-
ature with formation of [Cr{(η6-C6H6)2] and various
phenylborane species. This enhanced sensitivity in
solvents commonly used as electrochemical standard
mediums prevented collection of CV data: similar
behavior was reported for the silicon analogues 2a,b.4

The NMR spectroscopic data, which closely resemble
those of 2a,b, indicate a significantly tilted structure
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for 4a-c in solution.4a-c In particular, the high-field-
shifted and separated 1H NMR signals for the ortho,
meta, and para hydrogen atoms of the aryl ligands
ranging from δ 3.63 to 4.77 ppm corroborate the pres-
ence of strained molecules.4b The 11B NMR resonances
between δ 43.2 and 50.4 ppm match those of 1, thus
being in the expected range for aminodiarylboranes.

According to the aforementioned synthesis the related
[2]borachromoarenophane [Cr{(η6-C6H5)2(BNMe2)2}] (5)
was obtained in 39% yield as a crystalline solid from
reaction of the diborane(4) B2Br2(NMe2)2 (eq 2).6 Al-

though showing a similar appearance with respect to
color and sensitivity, the diboron-bridged species 5
represents a significantly less strained molecule. For
example, this becomes evident from the less shielded
resonances (δ 4.46-4.69 ppm) of the aryl protons in the
1H NMR spectrum. Those signals are also less sepa-
rated, thus showing only one broad resonance for the

meta and para hydrogen atoms. Further spectroscopic
data such as the 11B NMR signal at δ 46.3 ppm meet
the expectations.

The different geometries for the monoboron- and
diboron-bridged complexes in solution, as already indi-
cated by the NMR spectroscopic data, were proven by
X-ray structure determinations (Figure 1).7 Suitable
single crystals of 4c and 5 were obtained from hexane
at -30 °C. [Cr{(η6-C6H5)2B{NtBu(SiMe3)}}] (4c) crystal-
lizes in the monoclinic space group P21/c, and the
molecule adopts approximate Cs symmetry in the crys-
tal. The much greater tilt angle of 26.6(3)° with respect
to 14.4° for the silylene-bridged analogue [Cr{(η6-C6H5)2-
SiMe2}] (2b)4b proves the expected effect of the small
bridging boron atom, which affords a molecule with a
significantly greater intrinsic strain. As a consequence,
the Cr-Cipso distances are smaller while the Cr-Cpara
distances are larger in 4c than in 2b. The two benzene
rings adopt an almost eclipsed position, indicated by the
torsion angle cg1-C11-C21-cg2 ) 2.0(5)°. The diboron-
bridged complex [Cr{(η6-C6H5)2(BNMe2)2}] (5) crystal-
lizes in the orthorhombic space group Pna21, and the
molecule adopts C2 symmetry in the crystal. The
significantly decreased strain of 5 in comparison with
4c is reflected in a smaller tilt angle of only 10.1(3)°.
The benzene rings adopt now a staggered geometry, as

(5) Spectroscopic data for 4a: 1H NMR δ 0.43 (s, 18 H; SiMe3), 3.63
(m, 4 H; o-C6H5), 4.53 (m, 4 H; m-C6H5), 4.73 (m, 2 H; p-C6H5); 11B-
{1H} NMR: δ 50.4; 13C{1H} NMR δ 5.39 (SiMe3), 74.84, 79.52, 82.32
(C6H5); MS (70 eV) m/z (%) 377 (12) [M+], 325 (15) [M+ - Cr], 310 (53)
[M+ - Cr - CH3], 299 (19) [M+ - C6H5], 248 (19) [M+ - C6H5 - Cr],
160 (14) [(Me3Si)2N], 78 (6) [C6H5], 73 (38) [SiMe3], 52 (2) [Cr]. Anal.
Calcd for C18H28BCrNSi2: C, 57.27; H, 7.48; N, 3.71. Found: C, 57.00;
H, 7.28; N, 3.83. Spectroscopic data for 4b: 1H NMR δ 1.25 (d, 3J(H,H)
) 7.02 Hz, 12 H; Me), 3.63 (sept, 3J(H,H) ) 7.02 Hz, 2 H; CHMe2),
3.82 (m, 4 H; o-C6H5), 4.59 (m, 4 H; m-C6H5), 4.77 (m, 2 H; p-C6H5);
11B{1H} NMR δ 43.2; 13C{1H} NMR δ 24.44 (Me), 48.68 (CHMe2), 74.69,
79.83, 82.31 (C6H5); MS (70 eV) m/z (%) 265 (18) [M+ - Cr], 250 (100)
[M+ - Cr - CH3], 165 (15) [M+ - iPr2N - Cr], 100 (2) [iPr2N], 78 (6)
[C6H5], 58 (6) [iPrN], 52 (4) [Cr]. Anal. Calcd for C18H24BCrN: C, 68.14;
H, 7.63; N, 4.42. Found: C, 67.98; H, 7.51; N, 4.39. Spectroscopic data
for 4c: 1H NMR δ 0.49 (s, 9 H; SiMe3), 1.54 (s, 9 H; tBu), 3.66 (m, 4 H;
o-C6H5), 4.55 (m, 4 H; m-C6H5), 4.72 (m, 2 H; p-C6H5); 11B{1H} NMR
δ 47.41; 13C{1H} NMR δ 6.47 (SiMe3), 34.70 (tBu), 73.12, 73.93, 79.18,
79.23, 82.18 (C6H5); MS (70 eV) m/z (%) 361 (3) [M+], 309 (2) [M+ -
Cr], 294 (100) [M+ - Cr - CH3], 238 (10) [M+ - Cr - SiMe3], 222 (8)
[M+ - Cr - SiMe3 - CH3], 165 (9) [M+ - Cr - tBuNSiMe3], 144 (79)
[tBuNSiMe3], 73 (72) [SiMe3], 57 (56) [tBu], 52 (12) [Cr]. Anal. Calcd
for C19H24BCrNSi: C, 63.14; H, 7.81; N, 3.88. Found: C, 62.84; H, 7.24;
N, 3.61.

(6) Spectroscopic data for 5: 1H NMR δ 2.80 (s, 6H; Me2N), 2.84 (s,
6H; Me2N), 4.46 (br, 6 H; m-/p-C6H5), 4.69 (br s, 4 H, o-C6H5); 11B{1H}
NMR δ 46.3; 13C{1H} NMR δ 0.59 (Me2N), 43.68 (Me2N), 77.22, 78.22,
80.36 (C6H5); MS (70 eV) m/z (%) 316 (100) [M+], 273 (22) [M+ - NMe2],
263 (16) [M+ - Cr], 211 (2) [M+ - (Me2N)2B2], 132 (14) [M+ - Cr -
Me2NBC6H5], 51 (30) [Cr]. Anal. Calcd for C16H22B2CrN2: C, 60.80;
H, 7.02; N, 8.87. Found: C, 60.95; H, 6.82; N, 8.54.

(7) Crystal data for 4c: C19H28BCrNSi, Mr ) 361.33, monoclinic,
space group P21/c (No. 14), a ) 6.391(4) Å, b ) 11.612(2) Å, c ) 25.490-
(3) Å, â ) 97.13(2)°, V ) 1877(1) Å3, Z ) 4, Fcalcd ) 1.28 cm-3, µ(Mo
KR) ) 0.66 mm-1, T ) 223(2) K. 8109 reflections measured, of which
4075 were unique (Rint ) 0.070), solution by direct methods,8a

refinement8b on F2 to R1 ) 0.069 for observed data and wR2 ) 0.169
for all data. Crystal data for 5: C16H22B2CrN2, Mr ) 315.98, orthor-
hombic, space group Pna21 (No. 33), a ) 18.989(4) Å, b ) 8.7368(8) Å,
c ) 9.422(3) Å, V ) 1563.2(5) Å3, Z ) 4, Fcalcd ) 1.34 Mg m-3, µ(Mo
KR) ) 0.72 mm-1, T ) 203(2) K, 3367 reflections measured, of which
3054 were unique (Rint ) 0.045), solution by direct methods,8a

refinement8b on F2 to R1 ) 0.062 for observed data and wR2 ) 0.161
for all data.

(8) (a) Sheldrick, G. M. SHELXS-97, Program for Crystal Structure
Solution; University of Göttingen, Göttingen, Germany, 1997. (b)
Sheldrick, G. M. SHELXL-97, Program for Crystal Structure Refine-
ment; University of Göttingen, Göttingen, Germany, 1997.
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Figure 1. Molecular structures of 4c (left) and 5 (right).9 Selected distances (Å) and angles (deg) for 4c: B-N ) 1.398(6),
B-C21 ) 1.601(7), B-C11 ) 1.617(7), C11-C12 ) 1.410(6), C14-C15 ) 1.385(7), Cr-C11 ) 2.084(5), Cr-C14 ) 2.182-
(5); C11-B-N1 ) 129.3(5). Selected distances (Å) and angles (deg) for 5: B1-N1 ) 1.390(9), B1-B2 ) 1.718(12), B2-N2
) 1.376(9), B2-C21 ) 1.590(10), C21-C22 ) 1.432(8), C14-C15 ) 1.396(8), Cr-C11 ) 2.142(6), Cr-C14 ) 2.159(6),;
C11-B1-N1 ) 120.3(5), N1-B1-B2 ) 129.4(6), N2-B2-B1 ) 127.3(6).
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indicated by the torsion angle cg1-C11-C21-cg2 )
11.4(5)°. Besides, the boron-nitrogen (1.390(9) and
1.376(9) Å) and boron-boron distances (1.718(12) Å) are
in the expected range for B-N double and B-B single
bonds, respectively. Currently, investigations on utiliz-
ing the aforementioned borachromoarenophanes as
precursors for the buildup of polymeric materials are
in progress. Preliminary polymerization studies show
that 4a undergoes ring opening upon treatment with
BuLi with formation of dimers, as indicated by mass
spectrometry. Thermally induced ROP, however, ap-
pears to be less suitable, since heating of the [1]-
borachromoarenophanes to temperatures above 200 °C
is accompanied by decomposition and deposition of
chromium metal.
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