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Experimental Section

General Procedure. All operations were carried out under a dry argon atmosphere
using standard Schlenk and glovebox techniques. All organic solvents were dried and
distilled by standard methods prior to use. 'H, 13C and ''B NMR spectra were recorded
on Bruker DPX 400/500 spectrometer at 400/500, 100/125 and 128/160 MHz,
respectively. All chemical shifts were reported in § unit with references to the residual
solvent resonances of the deuterated solvents for proton and carbon chemical shifts, to
external BF3-OEt2 (0.00 ppm) for boron chemical shifts. NMR multiplicities are
abbreviated as follows: s = singlet, d = doublet, q = quartet, m = multiplet, br = broad
signal. Compound B2Br4(SMe:z)2' was prepared according to literature procedures. All
other chemicals were purchased from either Aldrich, J&K or Acros Chemical Co. and

used as received unless otherwise specified.

Br SM82
\ ¥
) Br~/ “RBr SMe,

N H Iy 1 Me,S  Br N éBr
IQ\_/ "BuLi (2 equiv.) DFX (0.7 equiv.) D\_—/ i
N H —_— = N7 Li o N .\I\IBr

Toluene 80 °C SMe,
o —C 1

—  BH Yield: 52%

Preparation of 1,2-[B2Br2(SMe2):]-1,2-C2B1oH1o (1). To a toluene solution (25
mL) of 0-C2B10Hi2 (691.0 mg, 4.8 mmol) was slowly added via syringe n-BuLi (1.6 M
in n-hexane, 6.0 mL, 9.6 mmol) at 0 °C under stirring. The reaction mixture was
allowed to slowly warm to room temperature and stirred overnight, to which was slowly
added via cannula a toluene solution (25 mL) of B2Bra(SMe2)2 (1582.0 mg, 3.4 mmol).
The reaction mixture was heated and stirred at 80 °C overnight. The formed inorganic
salts were removed by filtration, the residue was extracted with warm toluene (3x40
mL). All the toluene solutions were combined and concentrated to about 3 mL, from
which compound 1 was isolated as a pale-yellow powder (777.0 mg, 52% according to
B2Brs(SMe2)2) via filtration. X-ray quality crystals of 1 were obtained by slow
evaporation from a toluene solution at room temperature. 'H NMR (400 MHz, CsDs):
8 1.35 ppm (s,12H, S(CH3)2). *C{'H} NMR (125 MHz, CsDs): & 21.10 (S(CH3)2),
18.67 ppm (S(CH3)2); cage C atoms were not observed. ''B NMR (160 MHz, CsDs): &
-1.29 (d, Jeu = 144.1 Hz, 3B), -3.05 (s, 2B), -6.34 (d, Jsu = 151.4 Hz, 3B), -9.58 ppm
(d, Jeu = 167.1 Hz, 4B). HRMS (ESI-MS): calcd for C2H10B12Br2 [M+CH30OH-H]:
355.05088. Found: 355.05080. M.p.: 201.5-203.7 °C.
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Preparation of 1,2-[B;Br,C;H4(SMez)2]-1,2-C2B1oH10 (3a). In a 100 mL J-
Young tube, a toluene solution (20 mL) of 1 (90.0 mg, 0.2 mmol) was subjected to
ethylene (1 atm) at room temperature. The reaction mixture was then stirred at room
temperature overnight. After filtration, the volatiles were removed in vacuo. Compound
3a was isolated as a white powder (79.0 mg, 83%). X-ray quality crystals of 3a were
obtained by slow evaporation from a toluene solution at room temperature. 'H NMR
(400 MHz, CD2Cl2): 8 2.39 (s, 12H, S(CH3)2), 0.93 ppm (s, 4H, B-CHz). *C{'H} NMR
(125 MHz, CD2Cl2): 6 82.10 (cage C), 23.52 (S(CHs3)2), 21.39 (S(CH3)2), 17.07 ppm
(B-CHz). '"BNMR (128 MHz, CD2Cl2): 6 4.40 (s, 2B), -2.10 (d, Jsu = 146.7 Hz, 2B),
-5.61 (d, Jeu = 149.8 Hz, 2B), -9.58 (unresolved, 4B), -11.09 ppm (unresolved, 2B).
HRMS (ESI-MS): calcd for C4Hi14B12Br2 [M+CI]: 387.03280. Found: 387.03269. M.p.:
187.5-188.5 °C.
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Preparation of 1,2-[B2Br.CsHs(SMe3):]-1,2-C2B1oHio (3b). To a toluene
solution (10 mL) of 1 (45.0 mg, 0.1 mmol) was added a toluene solution (5 mL) of
styrene (13.0 mg, 14 uL, 0.12 mmol) at room temperature. The reaction mixture was
heated and stirred at 45 °C overnight. After removal of the precipitates, the volatiles
were removed in vacuo. The residue was washed by hexane (2x2mL). Compound 3b
was isolated as a white powder (50.0 mg, 91%). '"H NMR (400 MHz, CD2Cl): § 7.35
(brs, 2H, aromatic H), 7.23 (t, ] = 7.9 Hz, 2H, aromatic H), 7.13 (m, 1H, aromatic H),
2.63 (d, J=12.9 Hz, 1H, B-CH), 2.20 (brs, 12H, S(CH3)2), 1.60 (t,J = 13.3 Hz, 1H, B-
CHa), 0.87 ppm (d, J = 13.5 Hz, 1H, B-CHz). BC{'H} NMR (100 MHz, CD2CL): &
148.82 (aromatic C), 129.33 (aromatic (), 128.42 (aromatic C), 126.04 (aromatic C),
34.04 (B-CH), 29.24 (B-CHz), 22.28 ppm (S(CH3)2); cage C were not observed. ''B
NMR (128 MHz, CD2Cl2): 8 6.65 (s, 1B), 3.84 (s, 1B), -1.98 (d, JBu = 148.6 Hz, 2B), -
5.77 (d, Jsu = 148.9 Hz, 2B), -9.93 ppm (unresolved, 6B). HRMS (ESI-MS): calcd for
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CioHi1sB12Br2 [M+C1]: 463.06441. Found: 463.06490. M.p.: 203.5-204.9 °C.
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Preparation of 1,2-[B:BrC¢Hi2(SMe3)2]-1,2-C2B1oHi0 (3¢). To a toluene
solution (10 mL) of 1 (45.0 mg, 0.1 mmol) was added a toluene solution (5 mL) of 1-
hexene (10.0 mg, 15 pL, 0.12 mmol) at room temperature. The reaction mixture was
heated and stirred at 45 °C overnight. After removal of the precipitates, the volatiles
were removed in vacuo. The residue was washed by hexane (2x2mL). Compound 3¢
was isolated as a pale yellow powder (36.0 mg, 77%). X-ray quality crystals of 3¢ were
obtained by slow evaporation from a toluene solution at room temperature. 'H NMR
(400 MHz, C¢De): 6 1.66-1.44 (m, 10H, S(CH3)2, CH2>-CH2CH2CH3, 2H of CH2-CH>-
CH3), 1.34 (m, 2H of CH2-CH2-CH3) 1.08 (m, 1H, B-CH), 0.99 (t, ] = 6.9 Hz, 3H, CHa-
CHs), 0.86 ppm (m, 2H, B-CH>). *C{'H} NMR (125 MHz, CsDs): & 83.26 (cage C),
81.74 (cage C), 35.17 ((CH2-CH2-CH2-CH3), 30.72 (CH2-CH2-CH2-CH3), 26.15 (B-
CH), 24.25 (B-CH2), 23.61 (CH2-CH2-CH2-CH3), 19.93 (S(CH3)2), 14.61 ppm (CHa-
CH3). '"'BNMR (128 MHz, C¢Ds): 6 14.84 (s, 1B), 3.61 (s, 1B), -1.23 (m, unresolved,
2B), -5.46 (d, Jsu = 148.6 Hz, 2B), -9.90 ppm (br, unresolved, 6B). HRMS (ESI-MS):
calcd for CsH22B12Br2 [M+CI]: 443.09619. Found: 443.09547. M.p.: 150.9-152.0 °C.
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Preparation of 1,2-[B2Br.CsHio(SMe2):]-1,2-C2B1oH10 (3d). To a toluene
solution (10 mL) of 1 (45.0 mg, 0.1 mmol) was added a toluene solution (5 mL) of
cyclohexene (10.0 mg, 12 pL, 0.12 mmol) at room temperature. The reaction mixture
was heated and stirred at 80 °C overnight. After removal of the precipitates, the volatiles
were removed in vacuo. The residue was washed by hexane (2x2mL). Compound 3d
was isolated as a white powder (38.0 mg, 80%). '"H NMR (500 MHz, CD2Cl2): & 2.56
(s, 3H, S(CHs3)2), 2.46 (br, 1H, CH>), 2.34 (s, 3H, S(CH3)2), 1.83(s, 1H, B-CH), 1.73
(m, 1H, CH>), 1.68 (m, 1H, CH2), 1.50 (m, 4H, 3H of CHz, 1H of B-CH), 1.24 (m, 1H,
CHa), 1.17 ppm (m, 1H, CHz). *C{'H} NMR (125 MHz, CD:Cl2): § 79.92 (cage C),
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75.20 (cage C), 40.63 (B-C), 38.49 (B-C), 32.37 (CH2), 31.42 (CH2), 28.88 (CH2),
25.50 (CH2), 23.36 (S(CH3)2), 22.17 ppm (S(CH3)2). "B NMR (160 MHz, CD2Cl):
6 75.85 (s, 1B), 4.37 (s, 1B), 0.48 to -0.17 (unresolved, 2B), -5.34 (unresolved, 1B), -
6.57 (unresolved, 1B), -8.76 (unresolved, 5B), -11.82 ppm (d, Jsu = 174.1 Hz, 1B).
HRMS (ESI-MS): calcd for CsH20B12Br2 [M+H20-H]: 423.11420. Found: 423.11304.
M.p.: 183.1-184.2 °C.

Br SMe2
SMe2 @
(2.5 equiv.) /
|/\ /
'Br Benzene, 60 °C ovn \v
SMe2 —’/
MeZS Br
3e
Yield: 99%

Preparation of 1,2-[B:Br.C7Hio(SMe2)2]-1,2-C2B10H10 (3€). To a benzene
solution (10 mL) of 1 (45.0 mg, 0.1 mmol) was added a toluene solution (5 mL) of
norbornene (240.0 mg, 0.25 mmol) at room temperature. The reaction mixture was
heated and stirred at 60 °C overnight. After cooling down to room temperature, colorles
crystals were generated immediately. The supernatant was removed with a syringe, and
the volatiles in the residue were removed in vacuo. Compound 3e was isolated as a
white solid (54.0 mg, 99 %). Owing to poor solubility of 3e in CsDs or CD2Clz, *C
NMR spectrum was not feasible. '"H NMR (400 MHz, CD2Cl2): § 2.58 (br, 2H), 2.35
(br, 12H, S(CH3)2), 1.62 (d, J =7.9 Hz, 2H), 1.31 (d, J = 7.3 Hz, 2H), 1.25 ppm (d, J =
7.1 Hz, 2H). "B NMR (160 MHz, CsDs): & -0.36 (d, Jsu = 138.4 Hz, 2B), -7.04 (d, JsH
= 125.2 Hz, 4B), -9.93 (unresolved, 4B), -11.72 ppm (d, Jsu = 163.0 Hz, 2B). HRMS
(ESI-MS): calcd for CoH10B12Br2 [M+H20-H]: 435.11426. Found: 435.11382. M.p.:
202.9-204.3 °C.
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Preparation of 1,2-[B:Br.CsHi4(SMe3)]-1,2-C2B1oH10 (5a). To a toluene
solution (20 mL) of 1 (90.0 mg, 0.2 mmol) was added a toluene solution (5 mL) of 4-
octyne (23.0 mg, 31 pL, 0.2 mmol) at room temperature. The reaction mixture was

heated and stirred at 80 °C overnight. After removal of the precipitates, the volatiles
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were removed in vacuo. The residue was washed by hexane (2 x 2 mL). Compound 5a
was isolated as a yellow powder (72.0 mg, 77%). X-ray quality crystals of Sa were
obtained by recrystallization from toluene at -30 °C. 'H NMR (400 MHz, CsDs): 6 2.25
(m, 4H, CH2), 1.33 (m, 4H, CH>), 1.23 (s, 6H, S(CH3)2), 0.92 ppm (t, J = 7.2 Hz, 6H,
CH3). PC{'H} NMR (125 MHz, CsDs): & 37.69 (CH3), 24.44 (CH>), 21.22 (S(CH3)2),
14.92 ppm (CH2); cage C were not observed. "B NMR (160 MHz, CsDs): & 34.39 (s,
2B), 1.05 (d, Jsu = 139.6 Hz, 2B), -7.76 (unresolved, 2B), -9.15 ppm (unresolved, 6B).
HRMS (ESI-MS): calcd for CioH24B12Br2 [M+H20-H]: 451.14561. Found: 451.14539.
M.p.: 128.9-131.4 °C.
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Preparation of 1,2-[B:Br:CisH10(SMez)]-1,2-C2B1oH10 (S5b). To a toluene
solution (20 mL) of 1 (45.0 mg, 0.1 mmol) was added a toluene solution (5 mL) of
diphenylacetylene (27.0 mg, 0.15 mmol) at room temperature. The reaction mixture
was heated and stirred at 80 °C overnight. After removal of the precipitates, the volatiles
were removed in vacuo. The residue was washed by hexane (2x3mL). Compound Sb
was isolated as an orange powder (43.0 mg, 77%). '"H NMR (400 MHz, CsDs): & 6.82
(m, 6H, aromatic H), 6.74 (m, 4H, aromatic H), 1.15 ppm (s, 6H, S(CH3)2). *C{'H}
NMR (125 MHz, C¢Ds): & 143.25 (aromatic C), 129.08 (aromatic C), 127.63 (aromatic
C), 126.54 (aromatic C), 21.75 ppm (S(CH3)2), cage C were not observed. ''"B NMR
(128 MHz, CD2Cl2): 6 28.66 (brs, 2B), -0.55 (d, Jsu = 149.3 Hz, 2B), -8.08 (unresolved,
2B), -10.19 ppm (unresolved, 6B). HRMS (ESI-MS): calcd for Ci6H20B12Br2 [M+H20-
H]: 519.11463. Found: 519.11368. M.p.: 155.5—157.1 °C.
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Preparation of 1,2-[B2C1sH36Br2Sis]-1,2-C2B10H10 (6). To a toluene solution (20 mL)
of 1 (45.0 mg, 0.1 mmol) was added a toluene solution (5 mL) of
bis(trimethylsilyl)acetylene (25.0 mg, 34 pL, 0.15 mmol) at room temperature. The
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reaction mixture was heated and stirred at 100 °C overnight. After removal of the
precipitates, the volatiles were removed in vacuo. The residue was washed by hexane
(2x3mL). Compound 6 was isolated as a pale-yellow powder (56.0 mg, 85%). X-ray
quality crystals of 6 were obtained by slow evaporation from a toluene solution at room
temperature. "H NMR (400 MHz, CsDs): & 1.24 (s, 3H, B-CHs), 0.99 (s, 3H, B-CH3),
0.65 (s, 6H, Si(CH3)2Br), 0.62 (s, 6H, Si(CH3)2Br), 0.13 ppm (s, 18H, Si(CH3)3). 3C{'H}
NMR (125 MHz, CeDs): 6 207.89 (C=C=C), 85.34 (C=C(TMS)2), 18.26 (B-CH3),
12.03 (B-CH3), 9.05 (Si(CHs)2Br), 8.27 (Si(CHs)2Br), 1.27 ppm (Si(CHs)s), cage C
were not observed. !'B NMR (160 MHz, CsDe): 8 73.95 (brs, 1B), 69.17 (brs, 1B), 2.32
(unresolved, 1B), 1.31 (unresolved, 1B), -6.72 (unresolved, 3B), -8.54 to -9.66
(unresolved, 4B), -12.80 ppm (unresolved, 1B). HRMS (FT-MS): calcd for
CisH46B12B12Sis [M]: 664.22322. Found: 664.22411. M.p.: 132.9 °C(decom.).

Proposed reaction mechanism for the formation of 6 2
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Figure S1. Proposed reaction mechanism for the formation of 6
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Crystal Data

X-ray Structure Determination. Single crystals were immersed in Paraton-N oil
and sealed under argon in thin-walled glass capillaries. All data were collected at 296
K or 173 K on a Bruker Kappa ApexIl Duo Diffractometer using Mo-Ka radiation. An
empirical absorption correction was applied using the SADABS program.® All
structures were solved by direct methods and subsequent Fourier difference techniques
and refined anisotropically for all non-hydrogen atoms by full-matrix least squares
calculations on F2 using the SHELXTL program package.* All hydrogen atoms were
geometrically fixed using the riding model. Crystal data and details of data collection
and refinement are given in Table S1. Details of the crystal structures were deposited
in the Cambridge Crystallographic Data Centre with CCDC 2104196-2104201 for 1,
3a, 3¢, 3e, S5a and 6, respectively.
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Table S1. Crystal Data and Summary of Data Collection and Refinement for 1,

3a-0.5toluene, 3¢, 3e, 5a and 6.

Compound 1 3a-0.5toluene 3c
Formula CsH22B12BrS) Ci115H30B12B12S:2 CioH28B12B12S
Mw 447.89 522.01 469.92
Crystal size (mm®)  0.40 x 0.30 x 0.20 0.50 x 0.40 x 0.30 0.40x 0.30x0.20
Crystal system monoclinic triclinic triclinic
Space Group 12/a P-1 P-1
a, A 13.0965(6) 7.1932(5) 10.2053(6)
b, A 10.4041(5) 9.4805(6) 10.4663(7)
c, A 14.1531(6) 18.3732(12) 11.7394(7)
o, deg 90 76.724(2) 90.808(2)
B, deg 99.845(3) 86.032(2) 111.709(2)
Y, deg 90 73.8340(2) 108.033(2)
v, A3 1900.06(15) 1171.24(13) 1095.94(12)
V4 4 2 2
Deaca Mg/m® 1.566 1.480 1.424
Radiation (A) 0.71073 0.71073 0.71073

26 range, deg
u, mm’!
F(000)
No. of obsd reflns

No. of params
refnd

Goodness of fit
R1

wR2

5.030 to 55.844

4.468

880

2278

103

1.023

0.0254

0.0625

5.712 to 50.496

3.636

522

4236

262

1.051

0.0418

0.1094

4.566 to 50.496

3.786

468

3945

226

1.043

0.0417

0.1025
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Compound

3e

5a

6

Formula
Mw
Crystal size (mm?®)
Crystal system
Space Group
a, A
b, A
c, A
a, deg
B, deg
Y, deg
v, A’
zZ
Deaica Mg/n’®
Radiation (A)
260 range, deg
1, mm’!
F(000)

No. of obsd reflns
No. of params refnd
Goodness of fit
R1

wR2

Ci3H31B12B2Ss
541.04
0.50x 0.40 x 0.30
orthorhombic
Pnma
13.4739(3)
14.7910(3)
11.6500(3)
90
90
90
2321.76(9)

4
1.551
0.71073
4.622 to 50.496
3.672
1088

2151
139
1.054

0.0239

0.0597

C12H30B12B12S
495.96
0.50x 0.40 x 0.30
monoclinic
Ce
9.8716(5)
26.4281(15)
9.6977(5)
90
114.1930(10)
90
2307.8(2)

4
1.427
0.71073
5.194 to 50.496
3.600
992
4155
244
1.035
0.0273

0.0698

CisH46B12Br2Si4
664.45
0.50 x 0.40x 0.30
triclinic
P-1
9.2458(3)
13.6832(5)
14.5973(5)
75.7550(10)
85.9640(10)
87.7300(10)
1785.04(11)

2
1.236
1.54178
6.666 to 136.840
4216
680
6401
350
1.090
0.0528

0.1429
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Computational Data

Geometry optimizations were carried out with the Gaussian09 program, Revision D.01°
at the B3LYP®-D37/6-31++G(d,p) level of density functional theory. Frequency
calculations were made to determine the characteristics of all stationary points as energy
minimum or transition states and obtain thermal corrections. Intrinsic reaction
coordinates (IRC)® were calculated to confirm that transition states lead to relevant
intermediates. The solvent effect of toluene was taken into consideration by performing
single-point solvation energy calculations with the conductor-like polarizable
continuum model (CPCM)° using UAKS radii.

AG-toluene
Br I:_3r * B3LYP-D3/6-31++(d,p)

Figure S2. Energy profile calculated for the reaction of 1 with ethylene at the B3LYP-
D3/6-31++g** level of theory.

H
|

_H . B. M
BH ~B-

@IIB : o H
B\H AH = -38.3 kcal/mol g—H

1
H

Figure S3. Calculated ring strain energy for carborane-fused diborane at the B3LYP-
D3/6-31++g** level of theory.
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Cartesian coordinates:
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-1.04977300
-0.53443700
-2.13649800
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-4.27067500
-4.14292600
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-3.87043200
-5.08226000
-5.60952400
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-6.52735100
-5.31203200

-1.46926700
0.32745000
-1.32695400
0.03438600
-0.91683500
-0.02578800
0.83726300
1.67491300
1.88970300
2.55156800
1.35369100
-1.35646500
-0.92397500
-0.29877700
0.87457900
-1.13324300

0.15664400
-0.80069400
0.12375300
1.31245100
2.26978900
1.34534200

6.04322200
7.86377600
8.17321300
8.18449700
8.34065800
5.78881700
4.71443700
6.29623400
6.14464500

6.19687900
6.11758800
3.74416400
7.91113100
8.09283100
8.20100400
8.43446400
5.87779700
4.80754200
6.42749800
6.21649400
2.42254400
2.57016000
2.42258600
2.57100300
3.27147500
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0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000

2.92830400
2.83005500
3.52245400
1.81983700
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5.03257000
2.31272000
3.10148800
2.43862000
1.93606000
3.48863600

1.91701900
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3.53592900
3.17006200
4.50452500

4.18411000
5.27714500
2.76496300
2.87476800
1.45128100
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Figure S23. C{'H} NMR spectrum of compound 3d.
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Figure S24. '"B{'H} NMR spectrum of compound 3e.
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Figure S26. 'H NMR spectrum of compound 3e.
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Figure S27. '"B{'H} NMR spectrum of compound 5a.
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Figure S33. '"H NMR spectrum of compound 5b.
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Figure S35. '"B{'H} NMR spectrum of compound 6.
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