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Isocyanide insertion reaction of a carborane-fused
borirane and isocyanide affinity of the ring
expansion products

Libo Xiang,a Junyi Wang,b Julius Bolch,a Alexander Matlera and Qing Ye *a

The reactions of the carborane-fused borirane (B10H10C2)BN(SiMe3)2 (1) with isocyanides proceed, for the

first time, with a clearly defined sequence of coordination and insertion steps. The first equivalent of iso-

cyanide undergoes selective 1,1-insertion into the borirane unit, affording a four-membered borete ring

(2). A second equivalent initially coordinates reversibly to the boron center. Subsequent heating promotes

its full insertion to generate the α-diimine product (3), which can reversibly capture an additional isocya-

nide molecule. Variable-temperature NMR studies reveal that 3 exhibits a remarkably higher isocyanide

affinity than 2.

Introduction

Boriranes1 (I in Fig. 1) are a class of three-membered boron
heterocycles composed of a tricoordinate boron center and two
saturated carbon atoms. In contrast to their unsaturated
counterparts, i.e. borirenes, boriranes lack aromatic stabiliz-
ation. Therefore, boriranes exhibit higher ring strain energy
and Lewis acidity. The most reported boriranes are synthesized
as Lewis base adducts (II), representing a class of boron-iso-
steres of cyclopropanes.2 However, in sharp contrast to cyclo-
propanes, the reactivity of boriranes has remained largely
underexplored.

In recent years, increasing ring strain via annulation has
emerged as a strategy to unlock the reaction chemistry of borir-
anes. A notable example is the fusion of a borirane ring with
an o-carborane cage through a shared carbon–carbon bond
(III).3 In addition to boosted ring strain energy, the o-carbor-
ane-fused boriranes exhibit boosted Lewis acidity due to the
strong electron withdrawing nature of the o-carborane frame-
work.4 This enables a stronger interaction between the boron
center of the borirane and Lewis bases (IV), which in turn pro-
motes ring-opening,1,5 rearrangement,6 and particularly ring
enlargement reactions.3b,5 The difference in the reactivity of
the o-carborane-fused aminoborirane 1 (Scheme 1) and its
benzo-fused counterpart toward THF clearly highlights the
impact of o-carborane fusing on the reactivity.3a,6 While 1

readily coordinates to THF and subsequently undergoes a ring-
opening rearrangement to afford the first free carboranyl imi-
noborane, its benzo-fused counterpart is not Lewis acidic
enough to bind THF, thereby preventing further reactions.6

The ring enlargement reactions reported for carborane-
fused boriranes include: insertion of a sulfur atom into the B–
CCb bond of a carbene-stabilized borirane;5a σ-bond insertion,
for example, treatment of a carborane-fused borirane with
BBr3, GeCl2 or GaCl3 leads to the insertion of the E–X σ-bond
into the strained ring, with the E–X bond being converted into
a dative interaction; 1,2-insertion of unsaturated polar bonds,
a reaction mode that has demonstrated broad substrate scope,
including alkyl ketones,5 aldehydes,3b,5b nitriles,3b,c,5b CO2,

5b

as well as Bestmann ylide;7 and 1,4-insertion of benzophe-
none, which involves dearomatization of one of the phenyl
rings.3b

Fig. 1 Boriranes (I), carborane-fused boriranes (III), and their Lewis
base (LB) adducts (II and IV).
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Indeed, the high versatility of the ring enlargement reac-
tions highlights the potential of carborane-fused boriranes as
modular building blocks for constructing novel carborane-
based functional molecules.8 Isocyanides exhibit rich reactiv-
ity.9 In particular, their insertion chemistry makes them valu-
able C1 synthons and offers great potential in skeletal
editing.10,11 However, the reactivity between boriranes and iso-
cyanides has not been reported thus far.

Herein, we exploit a carborane-fused borirane of type III,
which features both boosted ring strain energy from annula-
tion and a non-coordinated boron center, to realize for the
first time the reaction of borirane with isocyanides, enabling
the modular construction of carborane-fused boretes and bor-
irane-derived α-diimines.

Results and discussion

o-Carborane-fused aminoborirane 1 underwent a rapid and
selective reaction with 1.0 equivalent of RNC (R = Dipp, Xyl or
Mes*) in pentane at room temperature (Scheme 1), leading to
the quantitative formation of a new boron-containing species 2
(2a, δB 41.9; 2b, δB 42.5, and 2c, δB 42.8). Single crystals of 2
were obtained by storing the reaction mixtures at −30 °C in a
glovebox refrigerator over a period of 12 hours. Single crystal
X-ray diffraction analysis of 2a–c revealed the o-carborane-
fused borete structures as depicted in Fig. 2, with one isocya-
nide unit being 1,1-inserted. The exohedral boron within the
borete unit adopts a distorted trigonal planar geometry with a
surrounded angle sum of 360° (2a, 360.0°; 2b, 360.0°; and 2c,
359.8°) and an acute internal angle (2a, 88.98(9)°; 2b, 89.18
(17)°; and 2c, 89.4(2)°). Besides, the dihedral angles C1–B1–
C2–C3 of 2a (−4.668°), 2b (1.517°) and 2c (−2.032°) reflect the
planar geometry of the borete ring. The exocyclic C1–N1
lengths of 1.2599(16) Å (2a), 1.261(3) Å (2b) and 1.266(4) Å (2c)
fall within the range of typical C–N double bond distances. It
should be noted that although isocyanide insertion reactions
also occur in benzo-fused analogues (i.e. benzoborirenes12),
the mono-insertion products are difficult to isolate or even to
observe.12b To date, the only reported example of a mono-
insertion product was achieved using the very bulky
Mes*NC.12a

Interestingly, even the addition of one more equivalent of
the corresponding isocyanide to 2a or 2b at room temperature

does not result in a second insertion. Instead, the isocyanide
coordinates to the boron center of 2a/b to afford adduct 3a/b.
However, since this coordination is rather weak, a dissociation
equilibrium is present in solution at room temperature

Scheme 1 Reaction of 1 with 1.0 equiv. RNC (R: Xyl = 2,6-MeC6H4;
Dipp = 2,6-iPr2C6H4; Mes* = 2,4,6-tBu3C6H2).

Fig. 2 Single crystal structure of 2a (upper), 2b (middle) and 2c
(bottom). Hydrogen atoms have been removed for clarity. Thermal ellip-
soids are drawn at the 50% probability level. Selected bond lengths [Å]
and angles [°]: 2a, B1–C1 1.6341(18), B1–C2 1.6469(18), B1–N2 1.3827
(17), C1–N1 1.2599(16), C1–B1–C2 88.98(9); 2b, B1–C1 1.636(3), B1–C2
1.642(3), B1–N2 1.379(3), C1–N1 1.261(3), C1–B1–C2 89.18(17); 2c, B1–
C1 1.640(5), B1–C2 1.642(4), B1–N2 1.385(4), C1–N1 1.266(4), C1–B1–
C2 89.4(2).
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(Scheme 2), as evidenced by the only slight upfield shift of the
11B NMR signals: 2a δB 41.9 → 36.3, 2b, δB 42.5 → 36.6.
Moreover, storing the pentane solution at −30 °C for 2 hours
affords single crystals of 3a/b suitable for X-ray diffraction ana-
lysis. Redissolving these crystals in pentane affords a solution
displaying the same NMR signals as the aforementioned reac-
tion mixture. In the solid-state structure, the second isocyanide
unambiguously coordinates to the B1 center, with a B1–C4 dis-
tance (3a: 1.6437(16) Å and 3b: 1.656(2) Å) expected for a C →
B dative bond (Fig. 3). In addition, the increased coordination
number at B1 leads to elongation of the surrounding bonds. In
contrast, treatment of 2c with 1.0 equivalent of Mes*NC does
not cause any change in the 11B NMR spectrum. It is neverthe-
less not surprising that 2c cannot further react with Mes*NC
due to the steric hindrance.

On the NMR timescale, a rapid dynamic equilibrium
process results in an averaged chemical shift that reflects the
distribution of the species in equilibrium. Therefore, to gain
further insight into the dissociation equilibrium of isocyanide,
variable-temperature NMR (VT-NMR) experiments were con-
ducted on 3a. As depicted in Fig. 4, as the temperature
decreased, the 11B NMR signal of atom B1 gradually shifted
upfield until it was obscured by the high-field resonances of
the carborane cage. This observation is consistent with the
expected enthalpy-driven formation of the adduct at lower
temperatures. To further estimate the thermodynamic para-
meters of this equilibrium, the 11B-NMR signal of atom B1 in
2a (δB 41.9) as well as that in 3a was required. However, since
the B1 signal of 3a overlapped with the signals of the carbor-
ane cage, its value (δB −4.3) could only be obtained through
theoretical calculations at the M06L/pcSseg-2//PBEh-3c/def2-
mSVP level of theory. To verify the reliability of this compu-
tational approach, the 11B-NMR signal of 2a was calculated
using the same method, which showed excellent agreement
with the experimental value (theo. δB: 40.2 vs. exp. δB: 41.9).
Based on the 11B-NMR signals of atom B1 in 2a (δB 41.9) and
3a (δB −4.3), fitting of the variable temperature data to the
Van’t Hoff equation affords the enthalpy (ΔH° = −38.0 ± 0.8 kJ
mol−1) and entropy (ΔS° = −146.1 ± 3.2 J mol−1 K−1) (R2 =
0.99). See the SI for details. From these values, the Gibbs free
energy at 298 K was estimated to be ΔG° = 5.5 kJ mol−1.

Furthermore, 3a and 3b were found to undergo a slow
transformation at room temperature, requiring about 8 days to
form a new three-coordinate boron-containing species
showing a 11B-NMR resonance at δB 46.7 (3a′) and δB 45.5 (3b′),

respectively, accompanied by a distinct color change from
yellow to reddish-brown. Heating the sample to 80 °C signifi-
cantly accelerated this process, affording the same product
within only 4 hours. In contrast to 3a/b, in which the isocya-

Fig. 4 11B NMR (192 MHz, toluene-d8) spectra of 3a at various
temperatures.

Fig. 3 Single crystal structure of 3a (upper) and 3b (bottom). Hydrogen
atoms have been removed for clarity. Thermal ellipsoids are drawn at
the 50% probability level. Selected bond lengths [Å] and angles [°]: 3a,
B1–C1 1.6913(17), B1–C2 1.7000(16), B1–C4 1.6437(16), B1–N2 1.4957
(16), C1–N1 1.2630(15), C1–B1–C2 85.11(8); 3b, B1–C1 1.688(2), B1–C2
1.711(2), B1–C4 1.656(2), B1–N2 1.496(2), C1–N1 1.2609(18), C1–B1–C2
84.79(10).

Scheme 2 Equilibrium between 2a/b and 3a/b in pentane.
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nide coordinated to boron readily dissociates so that only the
molecular signals of 2a/b can be detected by high-resolution
mass spectrometry (HRMS), the spectra of 3a′/3b′ clearly
display molecular signals corresponding to 2a/b with an extra
equivalent of the respective isocyanide. This suggests that the
second isocyanide becomes firmly incorporated through inser-
tion (Scheme 3). However, all attempts to grow single crystals
of 3a′/3b′ were unsuccessful. Therefore, we decided to further
convert them into Lewis base adducts, which facilitate crystalli-
zation. To this end, 3a′/3b′ was further treated with one more
equivalent of the respective isocyanide at room temperature.
The tricoordinate boron signal disappeared rapidly, indicating
that the isocyanide indeed coordinated to the tricoordinate
boron center, affording 4a/b (Scheme 3). This was further con-
firmed by single crystal characterization (Fig. 5).

In sharp contrast to 2a/b, which mainly exist in a non-co-
ordinated form in the presence of one equivalent of isocyanide
at room temperature, 3a′/3b′ readily form adducts under the
same conditions, with the equilibrium (Scheme 4) shifting
gradually toward dissociation of the adducts upon heating. As
shown in Fig. 6, VT-NMR data of 4a show that upon increasing
the temperature, the signal corresponding to the three-coordi-
nate boron species appears and gradually shifts downfield,
reaching 45.7 ppm at 100 °C. This value is nearly identical to
that of 3a′ (46.7 ppm), indicating that 4a exists predominantly
in the non-coordinated form in solution at 100 °C. To quantify
the thermodynamic parameters of this equilibrium, the 11B
resonance of the four-coordinate species in 4a was obtained by
DFT calculations (δB −8.2), since this signal is obscured within
the resonance region of the carborane cage and thus difficult
to identify experimentally. To ensure the reliability of the cal-
culated NMR shifts, we also computed the 11B chemical shift
of 3a′, which showed agreement with the experimental value
(theo. δB 41.5 vs. exp. δB 46.7). Van’t Hoff fitting of the data
gave the enthalpy (ΔH° = −45.1 ± 2.9 kJ mol−1) and entropy
(ΔS° = −153.1 ± 8.3 J mol−1 K−1) (R2 = 0.98). At 298 K, the
corresponding Gibbs free energy is ΔG° = 0.5 kJ mol−1. See the
SI for details. Remarkably, 3a′ exhibits higher isocyanide

affinity than 2a (3a′: −45.1 ± 2.9 kJ mol−1 vs. 2a: –38.0 ± 0.8 kJ
mol−1). This may be attributed to the presence of additional
electron-withdrawing imino groups near the three-coordinate
boron center in 3a′. Furthermore, likely due to steric hin-
drance, further heating of 4a/b did not promote insertion of
the third equivalent of isocyanide. No detectable spectral
changes occurred even after prolonged heating at 110 °C in
toluene-d8 for one week.Scheme 3 Synthesis of 4a/b via 3a’/3b’.

Fig. 5 Single crystal structure of 4a (upper) and 4b (bottom). Hydrogen
atoms have been removed for clarity. Thermal ellipsoids are drawn at
the 50% probability level. Selected bond lengths [Å] and angles [°]: 4a,
B1–C1 1.673(2), B1–C2 1.665(2), B1–C4 1.634(2), B1–N4 1.5178(19), C1–
N2 1.281(2), C5–N1 1.263(2), C5–C1 1.517(2), C1–B1–C2 99.65(11); 4b,
B1–C1 1.676(4), B1–C2 1.671(5), B1–C4 1.644(5), B1–N4 1.515(4), C1–N2
1.277(4), C5–N1 1.265(4), C5–C1 1.526(4), C1–B1–C2 98.8(2).

Scheme 4 Equilibrium between 3a’/3b’ and 4a/b in pentane.
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Conclusion

In summary, we have for the first time realized the isocyanide
insertion reaction of a carborane-fused borirane derivative,
further demonstrating the potential of boriranes as versatile
BC2 synthons. This type of transformation offers a new strategy
for constructing next-generation bora-heterocyclic compounds.
Moreover, detailed NMR experiments, isolation and character-
ization of intermediates allowed the reaction sequence to be
clearly elucidated. This provides a general picture of isocyanide
promoted ring expansion reactions of boracycles. The double-
insertion product exhibits a significantly higher isocyanide
affinity than the mono-insertion product, reflecting the non-
negligible electron-withdrawing effect of the imino substitu-
ents in enhancing the Lewis acidity of the boron center.

Experimental section
General procedures

All manipulations were conducted under an atmosphere of dry
argon, using either a standard Schlenk line or a glovebox.
Solvents were purified by distillation from Na/K under dry
argon. C6D6 was degassed by three freeze–pump–thaw cycles
and stored over molecular sieves. Borirane 1 was prepared
according to a published procedure.3a NMR spectra were
acquired on a Bruker Avance 400 (1H: 400.1 MHz, 11B:
128.4 MHz, 13C: 100.6 MHz) NMR spectrometer at 298 K.
Variable-temperature NMR experiments were performed on a
Bruker Avance III 600 spectrometer (1H: 600 MHz, 11B:
192 MHz). 1H, 13C{1H} and 1H{11B} spectra were referenced to
external TMS. 11B and 11B{1H} NMR spectra were referenced to
external BF3·OEt2. High resolution mass spectrometry (HRMS)
was performed with a Thermo Fisher Scientific Q-Exactive MS

System. Elemental analysis (C, H, and N) was performed on a
Vario MICRO Cube CHNS analyzer.

Synthesis of 2

RNC (1 eq., 0.25 mmol) was added to borirane 1 (80 mg,
0.25 mmol) in 1 mL pentane at room temperature. After stir-
ring for 0.5 h at room temperature, the reaction system was
cooled to −30 °C for 12 h. The crystals were separated from the
mother liquid by filtration, washed with cold pentane, and
dried under vacuum to give analytically pure 2.

2a (light green block crystals, 96 mg, 83%): 1H NMR (C6D6):
δ = 6.90 to 6.84 (m, 3H, CH of Xyl), 3.64 to 2.18 (m, 10H, BH),
2.01 (s, 6H, CMe3), 0.23 (s, 18H, SiMe3);

1H{11B} NMR (C6D6): δ
= 6.91 to 6.85 (m, 3H, CH of Xyl), 3.04 (s, 1H, BH), 3.00 (s, 1H,
BH), 2.88 (s, 2H, BH), 2.75 (s, 2H, BH), 2.58 (s, 2H, BH), 2.20 (s,
2H, BH), 2.01 (s, 6H, CMe3), 0.23 (s, 18H, SiMe3);

11B NMR
(C6D6): δ = 41.9 (s, BN(SiMe3)2), 2.5 (d, J = 152.3 Hz, BCb), −0.9
(d, J = 150.1 Hz, BCb), −4.5 (d, J = 150.1 Hz, BCb), −8.6 to −11.1
(m, BCb);

11B{1H} NMR (C6D6): δ = 42.0 (s, BN(SiMe3)2), 2.5 (s,
BCb), −1.0 (s, BCb), −4.5 (s, BCb), −9.2 (s, BCb), −10.6 (s, BCb);
13C{1H} NMR (C6D6): δ = 146.0 (C of Xyl), 125.1 (C of Xyl),
124.8 (C of Xyl), 89.1 (C of Cb), 18.3 (CMe3), 3.4 (SiMe3); HRMS
(m/z): [M + H2O] calcd for C17H39N2B11Si2O, 464.3625; found
464.3616.

2b (light green block crystals, 93 mg, 74%): 1H NMR (C6D6):
δ = 7.07 (m, 3H, CH of Dipp), 2.76 (sep, J = 6.8 Hz, 2H, CH of
iPr), 1.31 (d, J = 6.9 Hz, 6H, Me of iPr), 1.11 (d, J = 6.7 Hz, 6H,
Me of iPr), 0.25 (s, 18H, SiMe3);

1H{11B} NMR (C6D6): δ = 7.07
(m, 3H, CH of Dipp), 3.03 (s, 1H, BH), 2.99 (s, 1H, BH), 2.87 (s,
2H, BH), 2.76 (s, 2H, BH), 2.76 (sep, J = 6.8 Hz, 2H, CH of iPr),
2.65 (s, 2H, BH), 2.19 (s, 2H, BH), 1.31 (d, J = 6.9 Hz, 6H, Me of
iPr), 1.10 (d, J = 6.8 Hz, 6H, Me of iPr), 0.25 (s, 18H, SiMe3);

11B
NMR (C6D6): δ = 42.5 (s, BN(SiMe3)2), 2.1 (d, J = 143.2 Hz, BCb),
0.7 (d, J = 149.7 Hz, BCb), −4.5 (d, J = 147.3 Hz, BCb), −9.8 (m,
BCb);

11B{1H} NMR (C6D6): δ = 42.4 (s, BN(SiMe3)2), 2.6 (s, BCb),
−0.8 (s, BCb), −4.5 (s, BCb), −9.3 (s, BCb), −10.4 (s, BCb);

13C{1H}
NMR (C6D6): δ = 144.0 (C of Dipp), 135.8 (C of Dipp), 125.9 (C
of Dipp), 122.9 (C of Dipp), 89.6 (C of Cb), 29.0 (CHMe2), 25.2
(CHMe2), 21.1 (CHMe2), 3.6 (SiMe3); HRMS (m/z): [M + H]+

calcd for C21H46N2B11Si2, 503.4223; found 503.4227; elemental
analysis: calcd for C21H45B11N2Si2: C, 50.38; H, 9.06; N, 5.60;
found C, 50.28; H, 9.04; N, 5.47.

2c (yellow block crystals, 110 mg, 75%): 1H NMR (C6D6): δ =
7.35 (s, 2H, CH of Mes*), 3.54 to 2.24 (m, 10H, BH), 1.43 (s,
18H, CMe3), 1.32 (s, 9H, CMe3), 0.26 (s, 18H, SiMe3);

1H{11B}
NMR (C6D6): δ = 7.35 (s, 2H, CH of Mes*), 3.06 (m, 2H, BH),
2.90 (s, 2H, BH), 2.79 (s, 1H, BH), 2.74 (s, 1H, BH), 2.14 (s, 2H,
BH), 1.43 (s, 18H, CMe3), 1.32 (s, 9H, CMe3), 0.26 (s, 18H,
SiMe3);

11B NMR (C6D6): δ = 42.8 (s, BN(SiMe3)2), 2.4 (d, J =
136.6 Hz, BCb), −0.7 (d, J = 136.2 Hz, BCb), −4.4 (d, J = 138.7
Hz, BCb), −10.3 (m, BCb);

11B{1H} NMR (C6D6): δ = 43.3 (s,
CbBN4), 2.5 (s, BCb), −0.4 (s, BCb), −4.4 (s, BCb), −9.7 (s, BCb);
13C{1H} NMR (C6D6): δ = 146.3 (C of Mes*), 144.6 (C of Mes*),
138.3 (C of Mes*), 122.4 (C of Mes*), 90.8 (C of Cb), 37.1
(CMe3), 34.7 (CMe3), 32.8 (CMe3), 31.7 (CMe3), 3.9 (SiMe3);
HRMS (m/z): [M + OH]− calcd for C27H58ON2B11Si2, 603.5111;

Fig. 6 11B NMR (192 MHz, toluene-d8) spectra of 4a at various
temperatures.
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found 603.5154; elemental analysis: calcd for C27H57B11N2Si2:
C, 55.45; H, 9.82; N, 4.79; found C, 55.03; H, 9.96; N, 4.88.

Synthesis of 3

RNC (0.32 mmol, 2 eq.) was added to borirane 1 (50 mg,
0.16 mmol, 1 eq.) in 1 mL pentane at room temperature. Then
the reaction system was quickly cooled to −30 °C for 2 h. The
crystals were separated from the mother liquid and dried as an
analytically pure product of 3a or 3b. 3a and 3b can also be
obtained through the reaction of 2a or 2b and 1 eq. of RNC in
pentane.

3a (colorless needle crystals, 97 mg, 88%), 1H NMR (C6D6):
δ = 6.91 to 6.84 (m, 3H, CH of Xyl), 6.71 (t, J = 7.8 Hz, 1H, CH
of Xyl), 6.55 (d, 2H, J = 7.6 Hz, CH of Xyl), 3.67 to 2.16 (m,
10H, BH), 3.06 (s, 6H, Me of Xyl), 2.02 (s, 6H, Me of Xyl), 0.26
(s, 18H, SiMe3);

1H{11B} NMR (C6D6): δ = 6.91 to 6.85 (m, 3H,
CH of Xyl), 6.74 to 6.70 (m, 1H, CH of Xyl), 6.57 (d, J = 7.6 Hz,
2H, CH of Xyl), 3.04 (s, 1H, BH), 2.97 (s, 1H, BH), 2.87 (s, 2H,
BH), 2.76 (s, 2H, BH), 2.64 (s, 2H, BH), 2.21 (s, 2H, BH), 2.07 (s,
6H, Me of Xyl), 2.03 (s, 6H, Me of Xyl), 0.27 (s, 18H, SiMe3);

11B
NMR (C6D6): δ = 36.3 (s, BN(SiMe3)2), 2.0 (d, J = 138.1 Hz, BCb),
0.8 (d, J = 146.2 Hz, BCb), −4.9 (d, J = 148.2 Hz, BCb), −8.9 (m,
BCb);

11B{1H} NMR (C6D6): δ = 36.5 (s, BN(SiMe3)2), 2.0 (s, BCb),
−0.8 (s, BCb), −4.8 (s, BCb), −10.3 (s, BCb);

13C{1H} NMR (C6D6):
δ = 146.1 (C of Xyl), 135.0 (C of Xyl), 125.2 (C of Xyl), 124.7 (C
of Xyl), 124.1 (C of Xyl), 122.8 (C of Xyl), 89.1 (C of Cb), 18.3
(CHMe2), 18.2 (CHMe2), 3.5 (SiMe3); HRMS (m/z): only 2a was
detected. Elemental analysis: calcd for C26H46B11N3Si2: C,
54.24; H, 8.05; N, 7.30; found C, 53.95; H, 8.14; N, 7.12.

3a′ (brown oil): 1H NMR (C6D6): δ = 6.88 to 6.81 (m, 3H, CH
of Xyl), 6.75 to 6.67 (m, 3H, CH of Xyl), 3.45 to 2.76 (m, 10H,
BH), 2.02 (s, 6H, Me of Xyl), 1.74 (s, 6H, Me of Xyl), 0.31 (s,
18H, SiMe3);

1H{11B} NMR (C6D6): δ = 6.87 to 6.81 (m, 3H, CH
of Xyl), 6.75 to 6.67 (m, 3H, CH of Xyl), 3.06 (s, 2H, BH), 2.86
(s, 2H, BH), 2.74 (s, 2H, BH), 2.63 (s, 2H, BH), 2.25 (s, 2H, BH),
2.03 (s, 6H, Me of Xyl), 1.74 (s, 6H, Me of Xyl), 0.31 (s, 18H,
SiMe3);

11B NMR (C6D6): δ = 46.7 (s, BN(SiMe3)2), 1.93 to −0.69
(m, BCb), −5.0 (d, J = 138.7 Hz, BCb), −10.8 (m, BCb);

11B{1H}
NMR (C6D6): δ = 46.6 (s, BN(SiMe3)2), 1.4 (s, BCb), −0.4 (s, BCb),
−5.0 (s, BCb), −10.6 (s, BCb);

13C{1H} NMR (C6D6): δ = 151.4 (C
of Xyl), 144.1 (C of Xyl), 127.7 (C of Xyl), 124.5 (C of Xyl), 123.8
(C of Xyl), 123.4 (C of Xyl), 77.8 (C of Cb), 19.1 (CHMe2), 18.0
(CHMe2), 4.3 (SiMe3); HRMS (LIFDI): calcd for C26H46B11N3Si2,
577.4254; found 577.4248.

3b (off-white block crystals, 93 mg, 74%): 1H NMR (C6D6): δ
= 7.08 to 7.04 (m, 3H, CH of Dipp), 6.97 to 6.93 (m, 1H, CH of
Dipp), 6.83 to 6.81 (m, 2H, CH of Dipp), 3.39 (sept, J = 6.9 Hz,
2H, CH of iPr), 2.80 (sep, J = 6.8 Hz, 2H, CH of iPr), 1.31 (d, J =
6.9 Hz, 6H, Me of iPr), 1.09 (d, J = 6.8 Hz, 6H, Me of iPr), 1.07
(d, J = 6.9 Hz, 12H, Me of iPr), 0.27 (s, 18H, SiMe3);

1H{11B}
NMR (C6D6): δ = 7.08 to 7.06 (m, 3H, CH of Dipp), 6.97 to 6.94
(m, 1H, CH of Dipp), 6.84 to 6.82 (m, 2H, CH of Dipp), 3.39
(sep, J = 6.9 Hz, 2H, CH of iPr), 3.06 (s, 1H, BH), 2.99 (s, 1H,
BH), 2.88 (s, 2H, BH), 2.79 (sep, J = 6.8 Hz, 2H, CH of iPr), 2.77
(s, 2H, BH), 2.72 (s, 2H, BH), 2.21 (s, 2H, BH), 1.31 (d, J = 6.9
Hz, 6H, Me of iPr), 1.10 (d, J = 6.7 Hz, 6H, Me of iPr), 1.07 (d, J

= 6.9 Hz, 12H, Me of iPr), 0.27 (s, 18H, SiMe3);
11B NMR (C6D6):

δ = 36.6 (s, BN(SiMe3)2), 2.1 (d, J = 145.3 Hz, BCb), 0.6 (d, J =
146.7 Hz, BCb), −4.9 (d, J = 146.4 Hz, BCb), −9.8 (m, BCb);

11B
{1H} NMR (C6D6): δ = 36.4 (s, BN(SiMe3)2), 2.1 (s, BCb), −0.6 (s,
BCb), −4.9 (s, BCb), −10.2 (s, BCb);

13C{1H} NMR (C6D6): δ =
145.5 (C of Dipp), 144.0 (C of Dipp), 135.9 (C of Dipp), 129.9 (C
of Dipp), 125.8 (C of Dipp), 123.6 (C of Dipp), 123.0 (C of
Dipp), 89.7 (C of Cb), 30.0 (CHMe2), 29.0 (CHMe2), 25.2
(CHMe2), 22.6 (CHMe2), 21.1 (CHMe2), 3.8 (SiMe3); HRMS (m/
z): only 2b was detected. Elemental analysis: calcd for
C34H62B11N3Si2·0.2C5H12: C, 59.83; H, 9.22; N, 5.98; found C,
60.77; H, 8.92; N, 6.02.

3b′ was a brown oily residue that could not be purified, and
no satisfactory NMR spectra were obtained. However, some
diagnostic resonances were observed (see Fig. S46 and S47),
and HRMS data support the proposed formulation. 1H NMR
(C6D6): δ = 7.06 to 6.99 (m, 7H, CH of Dipp), 6.87 to 6.85 (m,
2H, CH of Dipp), 3.37 (sep, J = 7.2 Hz, 2H, CH of iPr), 2.89
(sep, J = 6.9 Hz, 2H, CH of iPr), 1.25 (d, J = 6.9 Hz, 6H, Me of
iPr), 1.10 (d, J = 6.9 Hz, 18H, Me of iPr), 0.37 (s, 18H, SiMe3);
11B NMR (C6D6): δ = 45.5 (s, BN(SiMe3)2), 2.1 to −0.2 (m, BCb),
−5.2 (d, J = 154.3 Hz, BCb), −10.3 (br, BCb);

11B{1H} NMR
(C6D6): δ = 45.5 (s, BN(SiMe3)2), 1.6 (s, BCb), 0.1 (s, BCb), −5.1 (s,
BCb), −10.3 (s, BCb); HRMS (LIFDI): calcd for C34H62B11N3Si2,
689.5506; found 689.5514.

Synthesis of 4

When the toluene solution 3 was stored at room temperature, it
gradually converted to a brown oil 3′, reaching full conversion
within 8 days. Subsequent addition of 1 equivalent of RNC to
the resulting solution afforded 4. Alternatively, heating 3 at
80 °C for 4 h followed by the addition of one equivalent of RNC
also led to the formation of 4. The reaction mixture was allowed
to stand at −30 °C for 12 h, after which the resulting crystals
were collected from the mother liquor, washed with cold
solvent, and dried to give analytically pure 4a (orange block crys-
tals, 74 mg, 66%) or 4b (orange block crystals, 47 mg, 35%).

4a: 1H NMR (C6D6): δ = 6.78 to 6.66 (m, 7H, CH of Xyl), 6.50
(d, J = 7.6, 2H, CH of Xyl), 3.66 to 2.22 (m, 10H, BH), 2.09 (s,
6H, Me of Xyl), 2.01 (s, 6H, Me of Xyl), 1.75 (s, 6H, Me of Xyl),
0.36 (s, 18H, SiMe3);

1H{11B} NMR (C6D6): δ = 6.78 to 6.67 (m,
7H, CH of Xyl), 6.52 (d, J = 7.6, 2H, CH of Xyl), 3.11 (s, 1H, BH),
2.88 (s, 3H, BH), 2.81 (m, 2H, BH), 1.70 (s, 2H, BH), 2.29 (s, 2H,
BH), 2.09 (s, 6H, Me of Xyl), 2.01 (s, 6H, Me of Xyl), 1.75 (s, 6H,
Me of Xyl), 0.36 (s, 18H, SiMe3);

11B NMR (C6D6): δ = 0.2 (br,
BCb), −5.4 (d, J = 141.7 Hz, BCb), −10.5 (br, BCb);

11B{1H} NMR
(C6D6): δ = 0.0 (br, BCb), −5.4 (s, BCb), −10.2 (br, BCb);

13C{1H}
NMR (C6D6): δ = 150.9 (C of Xyl), 144.0 (C of Xyl), 135.4 (C of
Xyl), 123.9 (C of Xyl), 122.9 (C of Xyl), 78.1 (C of Cb), 19.1
(CHMe2), 18.2 (CHMe2), 18.1 (CHMe2), 5.0 (SiMe3); elemental
analysis: calcd for C35H55N4B11Si2: C, 59.47; H, 7.84; N, 7.93;
found C, 59.83; H, 8.07; N, 7.61.

4b: 1H NMR (C6D6): δ = 7.02 to 6.91 (m, 7H, CH of Dipp),
6.84 to 6.82 (m, 2H, CH of Dipp), 3.38 (sep, J = 7.0 Hz, 2H, CH
of iPr), 2.81 (sep, J = 6.8 Hz, 2H, CH of iPr), 2.40 (br, 2H, CH of
iPr), 1.27 (d, J = 6.9 Hz, 6H, Me of iPr), 1.24 (d, J = 6.8 Hz, 6H,
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Me of iPr), 1.06 (d, J = 6.9 Hz, 24H, Me of iPr), 0.33 (s, 18H,
SiMe3);

1H{11B} NMR (C6D6): δ = 7.03 to 6.91 (m, 7H, CH of
Dipp), 6.84 to 6.82 (m, 2H, CH of Dipp), 3.38 (sep, J = 7.0 Hz,
2H, CH of iPr), 3.09 (s, 1H, BH), 2.92 (s, 1H, BH), 2.86 (s, 2H,
BH), 2.80 (sep, J = 6.8 Hz, 2H, CH of iPr), 2.72 (br, 2H, CH of
iPr), 2.41 (s, 2H, BH), 2.26 (s, 2H, BH), 1.27 (d, J = 7.0 Hz, 6H,
Me of iPr), 1.24 (d, J = 6.9 Hz, 6H, Me of iPr), 1.06 (d, J = 6.9 Hz,
24H, Me of iPr), 0.33 (s, 18H, SiMe3);

11B NMR (C6D6): δ = 2.4
to −0.5 (m, BCb), −5.1 (d, J = 161.2 Hz, BCb), −10.3 (br, BCb);

11B
{1H} NMR (C6D6): δ = 1.8 (s, BCb), 0.1 (s, BCb), −5.2 (s, BCb),
−11.3 (s, BCb);

13C{1H} NMR (C6D6): δ = 144.9 (C of Dipp),
141.7 (C of Dipp), 134.9 (C of Dipp), 125.4 (C of Dipp), 124.4 (C
of Dipp), 123.1 (C of Dipp), 122.7 (C of Dipp), 122.4 (C of
Dipp), 77.8 (C of Cb), 31.6 (CHMe2), 29.7 (CHMe2), 28.9
(CHMe2), 28.7 (CHMe2), 24.9 (CHMe2), 24.4 (CHMe2), 22.7
(CHMe2), 22.2 (CHMe2), 21.1 (CHMe2), 4.1 (SiMe3); HRMS
(LIFDI): calcd for C47H79N4B11Si2, 876.6867; found 876.6906.
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