Supplementary Information

Supplementary Methods

General Procedures. All reactions were carried out in oven-dried glassware under an atmosphere of
dry N with the rigid exclusion of air and moisture using standard Schlenk techniques or in a
glovebox. Organic solvents were freshly distilled from sodium benzophenone ketyl immediately
prior to use. Compounds 1b,* 1¢,%3 1e,>3* 1g,% 1i,* 1j,* 1k,* 11,21m,?* 1n,° 10,>* 1p," 19,° 1r.% 6a,°
and (°-MesH)Ir(Bpin)s'® were prepared according to literature procedures. All other chemicals were
purchased from either Aldrich or J&K Chemical Co. and used as received unless otherwise specified.
'H and **F NMR spectra were recorded on a Varian Inova 300 spectrometer at 300 MHz and 282
MHz, respectively. “*C{*H} NMR spectra were recorded on either a Varian Inova 300 spectrometer
at 75 Hz or a Bruker 400 spectrometer at 100 Hz. **'B{*H} NMR spectra were recorded on a Bruker
400 spectrometer at 128 MHz. All signals were reported in ppm unit with references to the residual
solvent resonances of the deuterated solvents for proton and carbon chemical shifts, to external

BF3 OEt; (0.00) for boron chemical shifts and to external CFClI3 (0.00) for fluorine chemical shifts.
Mass spectra were obtained on a Thermo Finnigan MAT 95 XL spectrometer. Elemental analyses
were performed with an elementary VARIO EL I11 elemental analyzer, Shanghai Institute of Organic

Chemistry, CAS.

Preparation of Starting Materials.
(1) Preparation of 1d, 1f, 1h. A representative procedure.

To a THF (15 mL) solution of 9-iodo-o-carborane (2.700 g, 10.0 mmol) and [(PPh3),PdCl,] (280 mg,
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0.4 mmol) was added RMgBr (1.0 M in THF, 50.0 mL, 50.0 mmol) and Cul (76 mg, 0.4 mmol),
respectively, under an atmosphere of dry nitrogen at 0 °C. The resulting mixture was stirred at 45 °C
till the completion of the reaction as monitored by GC-MS. The reaction was slowly quenched with
water at 0°C and extracted with diethyl ether (20 mL x 3). The ether solutions were combined and
concentrated to dryness in vacuo. The residue was subjected to flash column chromatography on

silica gel (230-400 mesh) using n-hexane as eluent to give product 1.

{% 1d: Yield: 81%. White solid. *H NMR (CDCls, 300 MHz): § 7.21 (m, 2H), 7.04 (m,

Bn/‘lg\-//
1d

BBCL'H} NMR (CDCls, 75 MHz): & 144.7, 128.5, 128.0, 124.1 (aromatic C), 53.3, 48.5 (cage CH),

3H) (aromatic CH), 3.44 (s, 1H), 3.39 (s, 1H) (cage CH), 3.21 (s, 2H) (Bcage CH>);

the Beage CH, was not observed; 'B NMR (CDCls, 128 MHz): 6 8.4 (S, 1B) (Beage_CHo), -1.9 (d, Jgn
=148 Hz, 2B) , -8.7 (d, Jgn = 149 Hz, 2B), -13.7 (d, Jgu = 76 Hz, 2B), -14.3 (m, 2B), -15.4 (d, Jgn =

163 Hz, 2B) (BcageH); analysis (calcd., found for CoH1B10): C (46.13, 46.37), H (7.74, 7.69).

{% 1f: Yield: 70%. White solid. *H NMR (CDCls, 300 MHz): § 7.50 (m, 1H), 7.08

©/_%;7 (m, 3H) (aromatic CH), 3.58 (s, 1H), 3.55 (s, 1H) (cage CH), 2.49 (s, 3H) (CHy).
BC{*H} NMR (CDCls, 75 MHz): § 141.7, 136.0, 130.4, 127.5, 125.0 (aromatic C), 53.1, 50.5 (cage
CH), 24.1 (CH3), the Beage_C was not observed. "B NMR (CDCls, 128 MHz): 6 7.7 (s, 1B) (Beage—
C), -1.7 (d, Jgn = 149 Hz, 2B) , -8.4 (d, Jsy = 149 Hz, 2B), -13.5 (d, Jsn = 91 Hz, 2B), -14.2 (d, Ja
=75 Hz, 2B), -15.4 (d, Jgn = 163 Hz, 2B) (BcageH); analysis (calcd., found for CoH15B10): C (46.13,

46.25), H (7.74, 7.46).
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(/</\ 1h: White solid, Yield: 83%. *H NMR (CDCls, 300 MHz): ¢ 7.33 (m, 2H), 6.92
. Q/%r (m, 2H) (aromatic CH), 3.64 (s, 1H), 3.53 (s, 1H) (cage CH). ®*C{*H} NMR
(CDCls, 75 MHz): 6 162.9 (d, Jcr = 244 Hz), 134.1 (d, %Jcr = 7.4 Hz), 114.4 (d, “Jce = 19.7 Hz)
(aromatic C) 53.3, 50.0 (cage CH), the Bcage C was not observed. *'B NMR (CDCls, 128 MHz): § 7.6
(s, 1B) (Beage_C), -1.9 (d, Jsn = 149 Hz, 2B) , -8.4 (d, Jen = 149 Hz, 2B), -13.5 (d, Jgn = 52 Hz, 2B),

-14.0 (m, 2B), -15.1 (d, Jgn = 174 Hz, 2B) (BcageH); analysis (calcd., found for CgH15FB1g): C (40.32,

40.16), H (6.34, 6.20).

(2) Preparation of 1-Silyl-o-carboranes (6b, 6¢). A Representative Procedure.

To a diethyl ether solution (8 mL) of o-carborane (2.0 mmol) was added "BuLi (1.6 M in ether, 1.3
mL) under an atmosphere of dry nitrogen at 0 °C. After stirring for 2 h at 0 °C, TBDMSCI (452 mg,
3.0 mmol) was added at 0 °C and the resulting mixture was stirred overnight at room temperature.
After hydrolysis with water (10 mL) and extraction with diethyl ether (10 mL x 3), the ether
solutions were combined and concentrated to dryness in vacuo. The residue was subjected to flash

column chromatography on silica gel (230-400 mesh) using n-hexane as eluent to give the product 6.

Mo\, TBDMS 6b: Yield 81%. White solid. *H NMR (CDCls, 300 MHz): 6 3.24 (s, 1H)
Me \\\73/ (cage CH), 1.01 (s, 9H) (C(CHs3)3), 0.21 (s, 6H) (SiCHs3), 0.18 (s, 6H) (Bcage
° CHs). BC{*H} NMR (CDCl;, 75 MHz): § 57.1 (cage C), 53.6 (cage CH),

27.2 (C(CHa)3), 19.5 (C(CHa)s), -4.3 (SiCHs), the two Besge CHz were not observed. 'B NMR
(CDCls, 128 MHz): 6 9.9 (s, 1B), 7.9 (s, 1B) (Bcage_CHs3), -5.2 (d, Jsn = 145 Hz, 2B) (BeageH), -10.7

(d, Jen = 177 Hz, 2B) (BeageH), -12.4 (d, Jen = 195 Hz, 2B) (BeageH), -14.7 (d, Jen = 172 Hz, 2B)
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(BcageH); analysis (calcd., found for C1oH30B10Si): C (41.92, 42.32), H (10.55, 10.56).

BDMs ©cC: Yield 81%. White solid. 'H NMR (CDCls, 300 MHz): 6 3.83 (s, 1H) (cage

| Y CH), 1.03 (s, 9H) (C(CHs)3), 0.25 (s, 6H) (SiCHs). *C{*H} NMR (CDCls, 75
6¢c

MHz): 6 62.2 (cage C), 57.3 (cage CH), 27.0 (C(CHz3)3), 19.4 (C(CHs)3), -4.3
(SiCH3). B NMR (CDCls, 128 MHz): § -2.7 (d, Jgn = 156 Hz, 2B), -9.0 (m, 2B), -10.6 (m, 2B),
-11.6 (M, 2B) (BcageH), -12,4 (s, 2B) (Bcage 1); analysis (calcd., found for CgH,4B10l2Si): C (18.83,

19.07), H (4.74, 4.74).
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B(3,6)- or B(3)-borylation of o-carboranes.

Supplementary Table 1. Optimization of reaction conditions.”

Bpin Bpin

N ot & %

KX ———— KA+ [

N Y e

1a - HBpin 2a 3a
Bopin, yield (%)’

entry cat. (mol%) L (mol%) (eq.) solvent 1a 2a 33
1 [(cod)IrCl]2 (3.5) - 4 THF 40 60 -
2 [(cod)IrCl], (3.5) Py (21) 4 THF 10 23 67
3 [(cod)IrCl], (5.0) 2-MePy (20) 4 THF - 10 90
4 [(cod)IrCl], (3.5) 2-MePy (14) 4 THF - 10 90
5 [(cod)IrCl]2 (2.5) 2-MePy (10) 4 THF - 20 80
6 [(cod)IrCl], (3.5) 2-MePy (21) 4 THF - 2 98
7 [(cod)IrCl]2 (3.5) 2-MePy (21) 2 THF 3 35 62
8 [(cod)IrCl]2 (3.5) 2-MePy (21) 1 THF 12 65 23
o [(cod)IrCl], (3.5) 2-MePy (21) 4 THF - 9 91
10 [(cod)IrCl], (3.5) 2-MePy (32) 4 THF - 2 98
11 [(cod)IrCl], (3.5) 2-MePy (21) 4 toluene 63 37 -
12 [(cod)IrCl], (3.5) 2-MePy (21) 4 DME 9 58 33
13 [(cod)IrCl]2 (3.5) 2-MePy (21) 4 1,4-dioxane - 33 67
14 [(cod)IrCl], (3.5) 4-MePy (21) 4 THF - 5 95
15 [(cod)IrCl], (3.5) 4-'BuPy (21) 4 THF 6 54 40
16 [(cod)IrCl], (3.5) 2,6-Me,Py (21) 4 THF 18 68 14
17 [(cod)IrCl], (3.5) 2,4,6-MesPy (21) 4 THF 32 61 7
18 [(cod)IrCl], (3.5) 2-PhPy (21) 4 THF 8 63 29
19 [(cod)IrCl], (3.5) 4-CF3Py (21) 4 THF 81 9 -
20 [(cod)IrCl], (3.5) 2,6-F,Py (21) 4 THF 71 29 -
21 [(cod)Ir(OMe)]2(3.5) 2-MePy (21) 4 THF - 14 86
22 (cod)Ir(acac) (7.0) 2-MePy (21) 4 THF - 3 97
23 (cod)2IrBF,4(7.0) 2-MePy (21) 4 THF - 2 98
24 (cod)IrBarr (7.0) 2-MePy (21) 4 THF - 14 86
25 [Cp*IrCl;]2 (3.5) 2-MePy (21) 4 THF 100 - -
26 IrCl3 (7.0) 2-MePy (21) 4 THF 100 - -
27 [(cod)RNCI], (3.5) 2-MePy (21) 4 THF 60 40 -
28 Pd(OAc) (7.0) 2-MePy (21) 4 THF 100 - -

“Reaction conditions: 1a (0.2 mmol), Bypin,, [M] catalyst, L, 110 °C (bath), 5 h; Bpin, =

[B(OCMe,CMe,0)],, Bpin = B(OCMe,CMe;0), cod = 1,5-cyclooctadiene, acac = acetylacetonato,

Barr = tetrakis[3,5-bis(trifluoromethyl)phenyl]borate, Py = pyridine. 'GC yield. *80 °C (bath).
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Supplementary Table 2. Optimization of reaction conditions with bipyridine ligands.”

‘ 3.5 mol% [(cod)IrC (Bpin),
I}{{) Rl +4Bpin, 105 %L " _— 6/
N7 THF ,110 °C, 5h <z
1a CB-(Bpin),
yield (%)
entry L 1a CB-(Bpin),
n=1 n=2 n=3
1 2,2’-bipy 2 3(2a) +1 73(3a)+5+4 8+4
2 4,4°-Me,bipy 2  4(a)+2 62Ba)+7+1 17+5
3 4,4’-'Buybipy 3 3(2a)+3  27(3a)+5+2 42+12+3
4 1,10-Phen 4  7(Qa)+4 57(3a)+8+2 8+10
5 3,4,7,8-Me4-1,10-Phen 9 8(2a) +4 35(3a)+11+2 18+13
6+ Py 10  23(2a) 67(3a) -
7+ 2-MePy - 2(2a) 98(3a) -

“Reaction condition: 1a (0.1 mmol), 3.5 mol% [(cod)IrCl],, 10.5 mol% L. "The ratio and selectivity
of borylation products were determined by GC-MS. Noted that there were several geometrical
isomers of borylated species with the same MS using bipyridine ligands. *21 mol% L.

Preparation of B(3,6)-diborylated- or B(3)-borylated-o-carboranes (3 or 2). A Representative
Procedure. An oven-dried Schlenk flask equipped with a stir bar was charged with o-carborane (1)
(0.5 mmol), B,pin, (508 mg, 2.0 mmol), [(cod)IrCl], (11.8 mg, 0.0175 mmol), and 2-methylpyridine
(9.8 mg, 0.105 mmol), followed by dry THF (5 mL). The flask was closed under an atmosphere of
nitrogen and stirred at 110 °C (bath temperature) for 5 h. After hydrolysis with water (10 mL) and
extraction with diethyl ether (10 mL x 3), the ether solutions were combined and concentrated to
dryness in vacuo. The residue was subjected to flash column chromatography on silica gel (230-400
mesh) using n-hexane and ethyl acetate (10/1 in v/v) as eluent to give a mixture of product and
B,pin,. Removal of Bapin, via sublimation at 90 °C under vacuum (0.1 torr) afforded a pure product

20-r or 3a-n.
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Bpin 3a: Yield 83%. White solid. *H NMR (CDCls, 300 MHz): § 3.53 (s, 2H) (cage CH),

/N

'Q\_/ 1.24 (s, 24H) (CHs); *C{*H} NMR (CDCls, 75 MHz): 5 84.2 (OC), 57.6 (cage CH),
N Bpin
3a 24.9 (CH3); "B NMR (CDCl3, 128 MHz): 6 32.7 (s, 2B) (B—Bcage), -0.9 (d, Jgn = 151

Hz, 2B), -6.7 (d, Jen = 156 Hz, 2B) (BcageH), -11.8 (M, 6B) (BcageH & B—Bcage); analysis (calcd.,

found for Cr4H34B1,04): C (42.45, 42.46), H (8.65, 8.71).
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Supplementary Figure 1. Molecular structure of 3a drawn with 30% probability ellipsoids.

203

Bpin 3b: Yield 84%. White solid. *H NMR (CDCls, 300 MHz): 6 3.86 (s, 1H), 3.64 (s,
/N
\/ 1H) (cage CH), 1.26 (s, 24H) (CHs); *C{*H} NMR (CDCls, 75 MHz): 6 84.6 (OC),
| N Bpin
3b 58.0, 53.8 (cage CH), 25.0 (CHs); "B NMR (CDCls, 128 MHz): § 32.4 (s, 2B)

(B~Beage), 0.8 (d, Jgn = 144 Hz, 1B), -4.9 (d, Jg = 156 Hz, 2B), -11.2 (M, 5B) (BeageH), -14.8 (s, 2B)

(Bcage—! & B—Bcage); analysis (calcd., found for C14H33B12041): C (32.21, 32.48), H (6.37, 6.34).

Bpin 3c: Yield 78%. White solid. *H NMR (CDCls, 300 MHz): 6 3.47 (s, 1H), 3.39 (s,

(7N
N 1H) (cage CH), 1.25 (s, 27H) (CHs); *C{*H} NMR (CDCl;, 75 MHz): 6 84.2
Me N7 Bpin

3c
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(OC), 56.6, 50.4 (cage CH), 25.0 (CCH3), the Bcage CHzwas not observed; 'B NMR (CDCls, 128
MHZ) 5 32.9 (S, ZB) (B—Bcage), 9.1 (S, 1B) (BcageMe), 0.6 (d, \JBH = 42 HZ, 1B) (BcageH), '5.5 (d, \]BH =
132 Hz, 2B) (BcageH), -11.8 (M, 6B) (BcageH & B—Bcage); analysis (calcd., found for C15sH3B1204): C

(43.92, 43.93), H (8.85, 8.91).

Bpin 3d: Yield 82%. White solid. *H NMR (CDCls, 300 MHz): 6 7.19 (m, 2H), 7.04
'ZAN
NV (m, 3H) (aromatic CH), 3.47 (s, 1H), 3.45 (s, 1H) (cage CH), 2.22 (s, 2H) (CH),
Bn N Bpin
3d 1.29 (s, 24H) (CHs); ®C{*H} NMR (CDCl;, 75 MHz): ¢ 144.8, 128.5, 127.8,

123.8 (aromatic C), 84.1 (OC), 56.4, 51.7 (cage CH), 24.9(CHj), the Bcage CH> was not observed;
“B{'H} NMR (CDCls, 128 MHz): 6 33.1 (s, 2B) (B—Bcage), 10.0 (S, 1B) (BeageBn), -0.2 (d, Jg = 61
Hz, 1B) (BH), -5.9 (d, Jgn = 113 Hz, 2B) (BcageH), -11.9 (M, 6B) (BcageH & B—Bcage); analysis (calcd.,

found for Co1HaoB1204): C (51.87, 51.50), H (8.29, 8.34).

Bpin 3e: Yield 83%. White solid. 1H NMR (CDCls, 300 MHz): § 7.40 (m, 2H) 7.20
©/k\\/ o1 (m, 3H) (aromatic CH), 3.66 (s, 1H), 3.57 (s, 1H) (cage CH), 1.29 (s, 24H)

7 pin

3e (CHa); *C{*H} NMR (CDCls, 75 MHz): ¢ 132.5, 127.3, 127.0 (aromatic C),

84.3 (OC), 56.4, 52.1 (cage CH), 25.0 (CHs), the Bege C was not observed; 'B NMR (CDCls, 128
MHZ)- 5 331 (S, ZB) (B_Bcage), 94 (S, 1B) (Bcage_Ph), 02 (d, \JBH = 50 HZ, 1B) (BcageH), '61 (d, JBH
= 148 Hz, 2B) (BcageH), -11.9 (m, 6B) (BcageH & B—Bcage); analysis (calcd., found for CxoH3B1204):

C (50.87, 51.22), H (8.11, 8.13).

Bpin 3f: Yield 95%. White solid. *H NMR (CDCls, 300 MHz): 6 7.52 (m, 1H), 7.03

Me ',
\\7/
N7 Bpin

3f
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(m, 3H) (aromatic CH), 3.63 (s, 1H), 3.59 (s, 1H) (cage CH), 2.48 (s, 3H) (CsHs—CH3), 1.28 (s, 24H)
(OC-CHs); *C{*H} NMR (CDCls, 75 MHz): § 141.6, 136.0, 130.1, 127.2, 124.7 (aromatic C), 84.3
(OC), 56.1, 53.6 (cage CH), 25.0 (OC—CHa), 24.0 (CsHs—CHs3), the Bcage—C was not observed; g
NMR (CDCls, 128 MHz): 6 33.1 (s, 2B) (B—Becage), 9.0 (5, 1B) (Beage—C), -0.1 (d, Jgn = 121 Hz, 1B)
(BeageH), -6.0 (d, Jgn = 118 Hz, 2B) (BeageH), -12.2 (M, 6B) (BeageH & B-Beage); analysis (calcd.,

found for Co1HaoB1204): C (51.87, 51.68), H (8.29, 8.29).

Bpin 3g: Yield 88%. White solid. *H NMR (CDCls, 300 MHz): 6 7.30 (d, J =
QAE/Q Boi 8.0 Hz, 2H), 7.03 (d, J = 8.0 Hz, 2H) (aromatic CH), 3.64 (s, 1H), 3.54 (s,

7 pin
Me 39 1H) (cage CH), 2.28 (s, 3H) (CgHs—CHs), 1.28 (s, 24H) (OC-CH);

Bc{*H} NMR (CDCls, 75 MHz): § 136.5, 132.5, 128.1 (aromatic C), 84.3 (OC), 56.4, 51.9 (cage
CH), 24.9, 21.3 (CHs3), the Beage C was not observed; "B NMR (CDCls, 128 MHz): 6 36.3 (s, 2B)
(B_Bcage), 125 (S, 1B) (Bcage_c), 28 (d, JBH = 110 HZ, 1B) (BcageH), '29 (d, \]BH = 113 HZ, ZB)

(BcageH), -8.1 (M, 6B) (BcageH & B—Bcage); analysis (calcd., found for Co1H40B1204): C (51.87, 51.76),

H (8.29, 8.41).

Bpin 3h: Yield 94%. White solid. *H NMR (CDCls, 300 MHz): & 7.33 (m, 2H),

/@AEQ 5o 6.88 (m, 2H) (aromatic CH), 3.65 (s, 1H), 3.55 (s, 1H) (cage CH), 1.28 (s,
1 pin

F 3h 24H) (CHs): *C{*H} NMR (CDCls, 75 MHz): § 162.7 (d, *Jcr = 263 Hz),

134.1 (d, *Jcr = 7.3 Hz), 114.1 (d, “Jcr = 19.6 Hz) (aromatic C), 84.3 (OC), 56.5, 52.1 (cage CH),
25.0 (CHs), the BeageC was not observed; 'B NMR (CDCls, 128 MHz): ¢ 32.5 (s, 2B) (B—Bcage), 8.9

(S, 1B) (Bcage_C), '03 (d, JBH = 116 HZ, 1B) (BcageH), '60 (d, JBH = 108 HZ, ZB) (BcageH), '119 (m,
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6B) (BcageH & B—Bcage); F NMR (CDCls, 282 MHz): 6 -116.7 (m, 1F); analysis (calcd., found for

CaoH37B1204F): C (49.00, 48.98), H (7.61, 7.50).

Bpin 3i: Yield 89%. White solid. *H NMR (CDCls, 300 MHz): 6 7.30 (d, J =

/@AE@ Boi 7.8 Hz, 2H), 7.15 (d, J = 7.8 Hz, 2H) (aromatic CH), 3.65 (s, 1H), 3.55 (s,
N7 pin

cl 3 1H) (cage CH), 1.28 (s, 24H) (CHs); **C{*H} NMR (CDCls, 75 MHz): §

133.9, 133.2, 127.4 (aromatic C), 84.4 (OC), 56.6, 52.4 (cage CH), 25.0 (CHg), the Bcage C was not
observed; 'B NMR (CDCls, 128 MHz): ¢ 33.1 (s, 2B) (B—Bcage), 8.8 (S, 1B) (Bcage—C), -0.3 (d, Jgn =
137 Hz, 1B) (BcageH), -6.0 (d, Jgn = 133 Hz, 2B) (BcageH), -12.0 (M, 6B) (BcageH & B—Bcage); analysis

(calcd., found for CyoH37B1,04Cl): C (47.41, 47.15), H (7.36, 7.24).

Bpin 3j: Yield 89%. White solid. *H NMR (CDCls, 300 MHz): § 7.49 (d, J =
/@/f‘@/ 7.5 Hz, 2H), 7.42 (d, J = 7.5 Hz, 2H) (aromatic CH), 3.68 (s, 1H), 3.58 (s,
N7 Bpin
FsC 3 1H) (cage CH), 1.28 (s, 24H) (CHs); *C{*H} NMR (CDCls, 75 MHz): 6

132.8, 124.0, 107.8 (aromatic C), 84.5 (OC), 56.7, 52.9 (cage CH), 25.0 (CHg), the Bcage C was not
observed; and the CF;was not observed due to the poor solubility of 3j; *B NMR (CDCls;, 128
MHZ):  32.4 (5, 2B) (B—Bcage), 8.4 (5, 1B) (Boage—C), -0.6 (d, Jan = 131 Hz, 1B) (BeageH), -6.1 (d, Jen
= 115 Hz, 2B) (BeageH), -12.1 (M, 6B) (BeageH & B-Beage); *°F NMR (CDCls, 282 MHz): 6 -62.5 (s,

3F); analysis (calcd., found for C»1H37B1204F3): C (46.69, 46.67), H (6.90, 6.79).

Bpin 3k: Yield 91%. White solid. *H NMR (CDCls, 300 MHz): 6 3.48 (s, 1H),

TZA
| /\/@ 3.41 (s, 1H) (cage CH), 1.25 (s, 24H), 1.22 (s, 12H) (CHs), 0.78 (m, 2H),
Bpin 2 “Bpin

3k
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0.75 (m, 2H) (CHy); *C{"H} NMR (CDCls, 75 MHz): 6 84.1, 82.7 (OC), 56.2, 50.9 (cage CH), 24.9
(CHs), the two B—CH, was not observed; *'B NMR (CDCls, 128 MHz): J 33.0 (s, 3B) (Bpin), 11.5 (s,
1B) (Bcage_CHz), '0.6 (d, \JBH = 125 HZ, 1B) (BcageH), '6.3 (d, JBH = 134 HZ, ZB) (BcageH), '12.3 (m,

6B) (BcageH & B—Bcage); analysis (calcd., found for Cx2Ha9B130¢): C (48.03, 48.01), H (8.98, 8.94).

Bpin 31: Yield 88%. White solid. "H NMR (CDCls, 300 MHz): 6 3.96 (s, 2H) (cage CH),

5@ 1.25 (s, 24H) (CHs); *C{*H} NMR (CDCls, 75 MHz): 6 84.8 (OC), 54.6 (cage CH),
| N7 Bpin

3l 25.0 (CH3); B NMR (CDCl3, 128 MHz): § 32.4 (s, 2B) (B—Bcage), -3.3 (d, Jgn =
152 Hz, 2B) (BcageH), -11.0 (m, 4B) (BcageH), -12.6 (S, 4B) (Bcage—! & B—Bcage); analysis (calcd.,

found for Cr4H32B1204l,): C (25.95, 26.07), H (4.98, 4.79).
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Supplementary Figure 2. Molecular structure of 3| drawn with 30% probability ellipsoids.
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- 3m: Yield 85%. White solid. *H NMR (CDCls, 300 MHz): 6 3.37 (s, 2H) (cage
Bpin
Me;@\ CH), 1.26 (s, 30H) (CHs); *C{*H} NMR (CDCls, 75 MHz): ¢ 84.1 (OC), 50.5
Me N7 Bpin
(cage CH), 25.0 (CCHs), the two Bcage CH3Were not observed; B NMR (CDCls,
3m g
128 MHz): ¢ 33.0 (S, 2B) (B—Bcage), 9.0 (S, 2B) (Bcage—CHs3), -4.6 (d, Jgn = 131 Hz, 2B) (BcageH),
-11.8 (d, Jgn = 138 Hz, 4B) (BcageH), -15.1 (s, 2B) (B—Bcage); analysis (calcd., found for C16H3B1204):

C (45.30, 45.02), H (9.03, 8.70).

Bpin 3n: Yield 63%. White solid. *H NMR (CDCls, 300 MHz): § 3.96 (s, 1H), 3.72 (s, 1H)
(A
l\\— (cage CH), 1.30 (s, 12H), 1.28 (s, 12H) (CHs); *C{*H} NMR (CDCls, 75 MHz): 6
¢ Bpin
|
3n 84.7, 84.5 (OC), 59.8 (cage CH), 25.1, 25.0 (CHs); *'B NMR (CDCls, 128 MHz): 6

32.9 (s, 2B) (B—Bcage), 1.1 (d, Jgn = 123 Hz, 1B), 0.4 (d, Jen = 96 Hz, 1B), -4.6 (d, Jen = 179 Hz, 1B),
'59 (d, JBH = 148 HZ, 1B), '89 (d, \]BH = 161 HZ, 1B) (BcageH), '116 (m, 3B) (BcageH &. B_Bcage),
-25.1 (S, 2B) (Bcage—| & B—Bcage); analysis (calcd., found for C14H33B1204l): C (32.21, 32.13), H (6.37,

6.40).

Bpin  20: Yield 76%. White solid. *H NMR (CDCls, 300 MHz): § 7.57 (m, 2H) 7.32 (m, 3H)

7 (aromatic CH), 3.80 (s, 1H), 3.72 (s, 1H) (cage CH), 1.26 (s, 12H) (CHs); *C{*H} NMR
" % (CDCls, 75 MHz): 6 133.4, 128.6, 127.9 (aromatic C), 84.4 (OC), 57.0, 56.6 (cage CH),
25.0 (CH3), the Beage C were not observed; "B NMR (CDCls, 128 MHz): ¢ 32.9 (s, 1B) (B—Bcag),
-1.4 (M, 4B) (BeageH & Beage—Ph), -6.8 (d, Jan = 168 Hz, 1B) (BeageH), -8.4 (d, Jgn = 154 Hz, 1B)
(BcageH), -11.6 (d, Jen = 158 Hz, 1B) (BcageH), -13.7 (M, 3B) (BcageH & B—Bcage); analysis (calcd.,

found for C14H2781102): C (4856, 4837), H (786, 782)
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2p: Yield 89%. White solid. *H NMR (CDCls, 300 MHz): ¢ 7.37 (m, 2H), 7.27 (m,
1H), 7.10 (m, 5H), 6.93 (m, 3H) (aromatic CH & olefinic CH), 3.53 (s, 1H), 3.36 (s,

1H) (cage CH), 1.26 (s, 12H) (CHs); *C{*H} NMR (CDCls, 75 MHz):  142.9, 138.0,

137.4, 129.4, 129.0, 128.0, 127.8, 127.0, 126.4 (aromatic and olefinic C), 84.3 (OC),
55.8, 55.5 (cage CH), 24.9 (CHj3), the Bcage-C was not observed; 1B NMR (CDCls, 128 MHz): ¢ 32.9
(s, 1B) (B—Beage), -1.6 (M, 3B) (BeageH & Beage—C), -6.7 (d, Jgn = 190 Hz, 1B), -8.3 (d, Jgn = 152 Hz,
1B) (BcageH), -11.6 (M, 5B) (BcageH & B—Bcage); analysis (calcd., found for CH33B1102): C (58.93,

59.05), H (7.42, 7.38).

Supplementary Figure 3. Molecular structure of 2p drawn with 30% probability ellipsoids.

24: Yield 83%. White solid. *H NMR (CDCls, 300 MHz): 6 4.11 (s, 2H), (cage CH), 1.27

I (s, 12H) (CHs); *C{*H} NMR (CDCls, 75 MHz): 6 84.9 (OC), 60.6 (cage CH), 25.0

(CHs); B NMR (CDCls, 128 MHz): § 32.6 (S, 1B) (B—Bcage), 1.3 (d, Jan = 149 Hz, 2B),

-3.7 (d, Jgn = 124 Hz, 1B), -6.7 (d, Jgn = 151 Hz, 1B), -10.4 (d, Jen = 169 Hz, 1B), -11.8 (d, Jgu =
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161 Hz, 2B) (BcageH), -26.0 (S, 3B) (Bcage—| & B—Bcage); analysis (calcd., found for CgH,1B110:l,): C

l

Iic‘i.- flf / \LQ\/ n

(18.41, 18.64), H (4.06, 4.04).

=

Supplementary Figure 4. Molecular structure of 2q drawn with 30% probability ellipsoids.

Bpin 2r: Yield 89%. White solid. *H NMR (CDCls, 300 MHz): & 7.65 (m, 2H), 7.41 (m, 3H)

D;(—\ ) (aromatic CH), 3.71 (s, 2H) (cage CH), 1.27 (s, 12H) (CHs); **C{*H} NMR (CDCls, 75
3~ ~Ph
2r MHz): ¢ 133.4, 129.8, 128.3 (aromatic C), 84.4 (OC), 58.5 (cage CH), 25.0 (CHjs), the

Beage—C Was not observed; 'B NMR (CDCls, 128 MHz): ¢ 32.8 (s, 1B) (B—Bcage), -1.4 (d, Jpn = 145
Hz, 2B) (BeageH), -4.5 (5, 1B) (Beage—Ph), -6.7 (d, Jan = 142 Hz, 1B) (BeageH), -12.3 (M, 6B) (BeageH &

B—Bcage); analysis (calcd., found for C14H27B110,): C (48.56, 48.93), H (7.86, 8.00).
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Gram scale synthesis of 3a.

Bpin
3.5 mol% [(cod)IrCl],
N _ 21 mol% 2-MePy N
IS+ Boping VAN
N THF, 110 °C N Bpin
1a 3a
1.44 g 3.759,95%

An oven-dried Schlenk flask equipped with a stir bar was charged with o-carborane (1) (1.44 g, 10
mmol), B,pin, (10.16 g, 40 mmol), [(cod)IrCl], (236 mg, 0.35 mmol), and 2-methylpyridine (195 mg,
2.1 mmol), followed by dry THF (80 mL). The flask was closed under an atmosphere of nitrogen and
stirred at 110 °C (bath temperature) for 5 h. After hydrolysis with water (80 mL) and extraction with
diethyl ether (80 mL x 3), the ether solutions were combined and concentrated to dryness in vacuo.
The residue was subjected to flash column chromatography on silica gel (230-400 mesh) using
n-hexane and ethyl acetate (10/1 in v/v) as eluent to give a mixture of product and B,pin,. Removal

of Bypin, via sublimation at 90 °C under vacuum (0.1 torr) afforded a pure product 3a (3.75 g, 95%).

Preparation of 3-Bpin-0-C,B1oH1; (2a).

An oven-dried Schlenk flask equipped with a stir bar was charged with o-carborane (1) (72 mg, 0.50
mmol), B,pin, (152 mg, 0.60 mmol), [(cod)IrCl], (11.8 mg, 0.0175 mmol), and 2,6-dimethylpyridine
(9.8 mg, 0.105 mmol), followed by dry THF (5 mL). The flask was closed under an atmosphere of
nitrogen and stirred at 80 °C for 12 h. After hydrolysis with water (10 mL) and extraction with
diethyl ether (10 mL x 3), the ether solutions were combined and concentrated to dryness in vacuo.
The residue was subjected to flash column chromatography on silica gel (230-400 mesh) using
n-hexane and ethyl acetate (10/1 in v/v) as eluent to give 2a as a white solid (60 mg, 44%).

Bpin  2a: 'H NMR (CDCls, 300 MHz): & 3.56 (s, 2H) (cage CH), 1.26 (s, 12H) (CHs); “*C{*H}
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NMR (CDCls, 75 MHz): & 84.4 (OC), 56.3 (cage CH), 25.0 (CHs); **B NMR (CDCls, 128 MHz): 6
32.9 (s, 1B) (B-Buage), -1.4 (d, Jgn = 147 Hz, 2B), -7.5 (d, Jgn = 157 Hz, 1B), -8.0 (d, Jgn = 80 Hz,
1B) (BcageH), '12.5 (d, JBH = 164 HZ, 5B) (BcageH &. B_Bcage), ‘11.8 (d, JBH = 173 HZ, 1B) (BcageH);

analysis (calcd., found for CgH23B1,0,): C (35.56, 35.41), H (8.58,8.55).

I

02
# /
'CF >\
of
Supplementary Figure 5. Molecular structure of 2a drawn with 30% probability ellipsoids.

B(2)-borylation of m-carborane.

Supplementary Table 3. Optimization of conditions for B(2)-borylation of m-carborane ?

Bpin
ﬁ%\ B,pin, 3.5 mol% [(cod)irCll, @ . D{C—\\/\@ oo
<z 21 mol% L, THF <z U
5h Bpin
4 5 5'
Entry L(mol%) T/°C B.pin, Yield (%)°
(equiv) 4 5 5  other

1 2-MePy 110 4 - 77 - 23

2 2-MePy 110 10 - 63 - 37

3 2-MePy 80 4 - 70 - 30

4 2-MePy 80 2 5 84 4 7

5 2-MePy 80 15 6 85 4 5

6 2,6-Me,Py 80 2 6 85 4 5

7 4-'BuPy 80 2 25 63 8 3
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8 2-PhPy 80 2 46 50 4 -
9 2,6-F2Py 80 2 39 60 1 -
10° 2,2>-bipy 80 2 20 29 31 20
11¢ 4.4°-Mesbipy 80 2 10 47 19 24

“Reaction condition: 4 (0.2 mmol), 3.5 mol% [(cod)IrCl],, 21 mol% L. °GC vyield. ‘Other: geometrical isomers of
diborylated o-carboranes. 914 mol% L.

Bpin

1.5 eq. Bypiny ,
T///'\\ 3.5 mol% [(cod)IrCl], %
AN AT

<z 21 mol% 2-MePy <z
THF, 80 °C,5h
4 5
74%

Supplementary Figure 6. Regioselective synthesis of 2-Bpin-m-carborane.

Preparation of 2-Bpin-m-C,B1oHi1 (5). An oven-dried Schlenk flask equipped with a stir bar was
charged with m-carborane (72 mg, 0.50 mmol), B,pin; (191 mg, 0.75 mmol), [(cod)IrCl], (11.8 mg,
0.0175 mmol), and 2-methylpyridine (9.8 mg, 0.105 mmol ), followed by dry THF (5 mL). The flask
was closed under an atmosphere of nitrogen and stirred at 80 °C for 5 h. After hydrolysis with water
(10 mL) and extraction with diethyl ether (10 mL x 3), the ether solutions were combined and
concentrated to dryness in vacuo. The residue was subjected to flash column chromatography on
silica gel (230-400 mesh) using n-hexane and ethyl acetate (30/1 in v/v) as eluent to give 5 as a white

solid (100 mg, 74%).

Bpin  5: Yield 74%. White solid. *H NMR (CDCls, 300 MHz): d 2.92 (s, 2H) (cage CH), 1.27 (s,

Q/t;\ 12H) (CHs); “C{*H} NMR (CDCls, 75 MHz): ¢ 84.2 (OC), 57.0 (cage CH), 24.9 (CHs);
5 B NMR (CDCls, 128 MHz): ¢ 34.8 (s, 1B) (B—Bcage), -5.0 (d, Jgr = 162 Hz, 2B) (BcageH),
'80 (m, ZB) (BcageH), '111 (d, JBH = 163 HZ, 4B) (BcageH), '152 (m, ZB) (BcageH & B_Bcage);

analysis (calcd., found for CgH23B110,): C (35.56, 35.43), H (8.58, 8.74).
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/fgjk i
Supplementary Figure 7. Molecular structure of 5 drawn with 30% probability ellipsoids.

B(4)-borylation of o-carboranes.

Supplementary Table 4. Optimization of B(4)—H borylation reaction.”

2 equiv Bypin,
3.5 mol% [(cod)IrCl],

|<>j[8i] 14mol% L l;/<> 151 . |//</\>
\ THF, 110 °C N'Z N~

6 Bp|n Bpln
. Time Yield (%)
Entry  [SI] - (hy 6 7 8 othert
1 TMS 4.4 -Mexbipy 1 5 54 5 36
2 ™S a4-dtbpy 1 4 43 12 41
3 T™S 2,2°-bipy 1 8 69 8 15
4 TES 2,2°-bipy 1 5 80 1 11
5 TBDMS  2.2’-bipy 1 10 8 - 4
6 TBDMS  2.2’-bipy 3 4 90 - 6
7 TBDMS  2.2’-bipy 5 . 8 - 12

*

Reactions were conducted on 0.2 mmol scale in a closed flask. TMS = trimethylsilyl, TES =
triethylsilyl, TBDMS = tert-butyldimethylsilyl; 4,4’-Meybipy = 4,4’-dimethyl-2,2’-bipyridine,
4,4’ -dtbpy = 4,4’-di-tert-butyl-2,2’-bipyridine, 2,2’-bipy = 2,2’-bipyridine. 1GC yield. }Other:
geometrical isomers of diborylated o-carboranes.

Preparation of B(4)-borylated o-Carboranes (8). A Representative Procedure.

An oven-dried Schlenk flask equipped with a stir bar was charged with 1-TBDMS-o-carboranes (0.5
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mmol), Bopin, (254 mg, 1.0 mmol), [(cod)IrCl], (11.8 mg, 0.0175 mmol), and 2,2'-bipyridine (10.9
mg, 0.07 mmol ), followed by dry THF (5 mL). The flask was closed under an atmosphere of
nitrogen and stirred at 110 °C (bath temperature) for 3 h. After hydrolysis with water (10 mL) and
extraction with diethyl ether (10 mL x 3), the ether solutions were combined and concentrated to
dryness in vacuo. The residue was subjected to flash column chromatography on silica gel (230-400
mesh) using n-hexane and ethyl acetate (10/1 in v/v) as eluent to give a mixture of product and
B,pin,. Removal of B,pin, by sublimation at 90 °C under vacuum (0.1 torr) afforded the pure product
1.

To a solution (2 mL) of 7 (0.3 mmol) (acetone for 7a and 7b; MeOH/DCM (2/1 in v/v) for 7c)
was added CsF (182 mg, 1.2 mmol). The mixture was stirred at room temperature for 1 h for 7a,7b
and 20 min for 7c. After filtration, the filtrate was concentrated to dryness in vacuo. The residue was
subjected to flash column chromatography on silica gel (230-400 mesh) using n-hexane and ethyl

acetate (10/1 in v/v) as eluent to give product 8.

|(//L\\ TBDMS  73: Yield 92%. White solid. *H NMR (CDCls, 300 MHz): ¢ 3.46 (s, 1H) (cage CH),
A/
if/_j 1.24 (s, 6H), 1.23 (s, 6H) (OC(CHs)2), 1.01 (s, 9H) (C(CHa)s), 0.23 (s, 3H), 0.22 (s,
pin
7a 3H) (SiCHs); *C{*H} NMR (CDCls;, 75 MHz): ¢ 83.6 (OC), 67.6 (cage C), 61.9
(cage CH), 27.1 (C(CHs)s), 25.0, 24.8 (OC(CHa)z), 19.4 (SiC(CHs)s), -4.2 (SiCH3); B NMR
(CDCl3, 128 MHz): ¢ 34.3 (s, 1B) (B-Bcage), -0.7 (d, Jgn = 152 Hz, 1B), -1.0 (d, Jen = 143 Hz, 1B),

-5.9 (d, Jgn = 144 Hz, 2B), -9.8 (m, 2B), -10.9 (m, 2B) (BcageH), -12.4 (M, 2B) (BcageH & B—Bcage);

analysis (calcd., found for C14H37B110,Si): C (43.74, 43.73), H (9.70, 9.73).
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Me 7N\, TBPMS  7h: Yield 92%. White solid. "H NMR (CDCls, 300 MHz): § 3.27 (s, 1H) (cage
\7

Me CH), 1.24 (s, 6H), 1.23 (s, 6H) (OC(CHs),), 1.0 (s, 9H) (C(CHs)s), 0.21 (s,
Bpin
7b 3H), 0.20 (s, 3H) (SiCH3), 0.20 (s, 3H), 0.16 (S, 3H) (Bcage-CHa); *C{'H}

NMR (CDCls, 75 MHz): ¢ 83.3 (OC), 58.9 (cage C), 55.1 (cage CH), 27.1 (C(CHa)s), 25.2, 24.7
(OC(CH3)y), 19.4 (SiC(CHa)s), -4.3 (SiCH3), the two Beae—CHs were not observed; B NMR
(CDCls, 128 MHz): 6 33.8 (s, 1B) (B—Bcage), 10.9 (5, 1B), 8.6 (s, 1B) (Beage—C), -4.1 (d, Jsn = 134 Hz,
2B), -9.8 (d, Jgy = 143 Hz, 2B), -11.1 (d, Jsn = 179 Hz, 2B) (BesgeH), -14.0 (M, 2B) (BeageH &

B—Bcage); analysis (calcd., found for C16H41B110,Si): C (46.59, 47.11), H (10.02, 10.02).

TBDMs  7¢: Yield 89%. White solid. *H NMR (CDCls, 300 MHz): 6 3.84 (s, 1H) (cage

AN
\Z

| CH), 1.27 (s, 6H), 1.26 (s, 6H) (OC(CHs),), 1.01 (s, 9H) (C(CHs3)3), 0.24 (s, 6H)
Bpin
7c (SiCH3); *C{*H} NMR (CDCls, 75 MHz): 6 84.2 (OC), 63.9 (cage C), 58.6

(cage CH), 27.0 (C(CHs)3), 25.2, 24.7 (OC(CHz3),), 19.4 (SiC(CHj3)3), -4.4 (SiCHy); B NMR
(CDCls, 128 MHz): 6 33.4 (s, 1B) (B—Bcage), -2.8 (d, Jgn = 163 Hz, 2B), -9.1 (m, 2B), -10.5 (m, 1B)
(BcageH), -11.6 (m, 3B) (BcageH & B—Bcage), -12.9 (S, 2B) (Bcage—!); analysis (calcd., found for

C1H35B111,0,Si): C (26.43, 26.47), H (5.54, 5.82).
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Supplementary Figure 8. Molecular structure of 7c drawn with 30% probability ellipsoids.

AN 8a: Yield 95%. White solid. *"H NMR (CDCls, 300 MHz): 6 3.60 (s, 2H) (cage CH), 1.24 s,
Iz\\\—;

12H) (CHs); *C{*H} NMR (CDCl;, 75 MHz): § 83.7 (OC), 56.1, 55.9 (cage CH), 24.9
Bpin

82 (CHy); “B NMR (CDCly, 128 MHz): § 33.9 (s, 1B) (B-Beage), -1.5 (d, Jgn = 168 Hz, 2B)

(BcageH), '81 (d, \]BH = 137 HZ, ZB) (BcageH), '121 (m, 3B) (BcageH &. B_Bcage), '139 (d, \JBH = 182

Hz, 3B) (BcageH); analysis (calcd., found for CgH23B1105): C (35.56, 35.65), H (8.58, 8.62).

Supplementary Figure 9. Molecular structure of 8a drawn with 30% probability ellipsoids.
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8b: Yield 94%. White solid. *H NMR (CDCls, 300 MHz): & 3.40 (s, 2H) (cage CH),

Me -
7\
\\7/

Me 1.24 (s, 6H), 1.22 (s, 6H) (OC(CHjs),), 0.21 (s, 3H), 0.19 (s, 3H) (BCHs); *C{‘*H}
Bpin

8b  NMR (CDCls, 75 MHz): 6 83.4 (OC), 49.2, 49.0 (cage CH), 25.1, 24.8 (OC(CHys)y),
the two Beage—CH3 Were not observed; 'B NMR (CDCl3, 128 MHz): 6 35.1 (s, 1B) (B—Bcage), 9.6 (S,
ZB) (Bcage—CH3), '5.0 (d, \]BH = 145 HZ, ZB) (BcageH), ‘11.5 (m, 4B) (BcageH & B_Bcage), '14.3 (d, \JBH

=169 Hz, 2B) (BcageH); analysis (calcd., found for C19H27B110,): C (40.27, 40.58), H (9.12, 9.19).

8c: Yield 95%. White solid. *H NMR (CDCls, 300 MHz): 6 4.06 (s, 2H) (cage CH), 1.32

O+
N

1~ (s, 12H) (CHs3); C{*H} NMR (CDCls, 75 MHz): J 84.4 (OC), 53.4, 53.1 (cage CH),
Bpin
8c  25.2, 24.8 (CH3); "B NMR (CDCl3, 128 MHz): 6 35.1 (S, 1B) (B—Beage), -4.6 (d, Jgn =
161 Hz, 2B), -11.7 (m, 2B) (BcageH), -13.1 (M, 6B) (BcageH, Beage—| & B—Bcage); analysis (calcd.,

found for CgH21B11,0): C (18.41, 18.33), H (4.06, 3.94).

Transformation of 3,6-(Bpin),-o-carborane (3a)

Preparation of 3,6-Diphenyl-o-carborane (9)

An oven-dried Schlenk flask equipped with a stir bar was charged with 3a (198 mg, 0.5 mmol),
bromobenzene (236 mg, 1.5 mmol), Pd(PPhs)4 (115 mg, 0.1 mmol) and Cs,CO3 (490 mg, 1.5 mmol),
followed by dry cyclohexane (5 mL). The flask was closed under an atmosphere of nitrogen and
stirred at 150 °C (bath temperature) for 8 h. After cooled to room temperature, water (10 mL) and 30%
H,O, (5 mL) aqueous solution were successively added and the mixture was stirred at room

temperature for 15 min. After extraction with diethyl ether (10 mL x 3), the ether solutions were
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combined and concentrated to dryness in vacuo. The residue was subjected to flash column
chromatography on silica gel (230-400 mesh) using n-hexane and ethyl acetate (100/1 in v/v) as
eluent to give a white solid. Removal of biphenyl byproduct via sublimation at 90 °C under vacuum

(0.1 torr) gave the pure 3,6-diphenyl-o-carborane (9) as a white solid (120 mg, 81%).

Ph 9: 'H NMR (CDCls, 300 MHz): & 7.62 (m, 4H) 7.40 (m, 6H) (aromatic CH), 3.85 (s,
|;’\\Q/ 2H) (cage CH); *C{*H} NMR (CDCls, 75 MHz): ¢ 133.3, 130.0, 128.4 (aromatic C),
N7 Ph

9 59.2 (cage CH), the two Bage—C Were not observed; "B NMR (CDCls, 128 MHz): 6

‘2.2 (d, \JBH = 149 HZ, ZB) (BcageH), '3.7 (S, ZB) (Bcage_Ph), '11.2 (d, \JBH = 182 HZ, ZB) (BcageH),
-12.8 (d, Jgn = 173 Hz, 4B) (BcageH); analysis (calcd., found for C14H20B10): C (56.73, 56.18), H

(6.80, 6.71).

Preparation of 3,6-Diallyl-o-carborane (10)

Compound 3a (198 mg, 0.5 mmol), allyl chloride (230 mg, 3.0 mmol), Pd(dba), (58 mg, 0.1 mmol)
and Cs,CO3 (490 mg, 1.5 mmol) were mixed in toluene (6 mL). The resulting mixture was stirred at
room temperature under nitrogen atmosphere for 8 h. After hydrolysis with water (10 mL) and
extraction with diethyl ether (10 mL x 3), the ether solutions were combined and concentrated to
dryness in vacuo. The residue was subjected to flash column chromatography on silica gel (230-400
mesh) using n-hexane as eluent to give 10 as a colorless liquid (97 mg, 87%).

10: *H NMR (CDCls, 300 MHz): & 5.80 (m, 2H) (CH=CH,), 4.96 (m, 4H) (CH,=CH),

3.25 (s, 2H) (cage CH), 2.01 (d, J = 6.9, 4H) (Bcage—CH>); *C{*H} NMR (CDCl;, 75

X MHz): ¢ 135.9, 115.7 (olefinic C), 57.6 (cage CH), the two Bcage-CH, were not

observed; *'B NMR (CDCls, 128 MHz): 6 -2.3 (d, Jgn = 145 Hz, 2B) (BcageH), -4.0 (S, 2B) (Beage—C),
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-12.4 (m, 6B) (BcageH); analysis (calcd., found for CgH2oB10): C (42.83, 43.31), H (8.99, 8.94).

Preparation of 3,6-Dihalogen-o-carborane (11). A Representative Procedure.

An oven-dried Schlenk flask equipped with a stir bar was charged with 3a (198 mg, 0.5 mmol), PhX
(X = Bror I; 1.5 mmol), Pd(PPhs)4 (58 mg, 0.05 mmol) and ‘BuOK(168 mg, 1.5 mmol), followed by
dry THF (7 mL). The flask was closed under an atmosphere of nitrogen and stirred at 80 °C for 24 h.
After cooling to room temperature, water (10 mL) and 30% H,O, (5 mL) aqueous solution were
successively added and the mixture was stirred at room temperature for 15 min.. After extraction
with diethyl ether (10 mL x 3), the ether solutions were combined and concentrated to dryness in
vacuo. The residue was subjected to flash column chromatography on silica gel (230-400 mesh)

using n-hexane as eluent to give 11.

Br 11a: Yield 73%. White solid. *H NMR (CDCls, 300 MHz): § 4.14 (s, 2H) (cage CH):;
;;\/_\/ BC{'H} NMR (CDCls;, 100 MHz): 6 63.4 (cage CH); **B{*H} NMR (CDCls, 128 MHz):
N Br

11a 5 '18 (d, \JBH = 145 HZ, ZB) (BcageH), '114 (m, 6B) (Bcage_Br & BcageH), 123 (d, \]BH =

96 Hz, 2B) (BcageH); analysis (calcd., found for C,H10B1Br»): C (7.95, 8.21), H (3.34, 3.33).

| 11b: Yield 78%. White solid. *H NMR (CDCls, 300 MHz): 6 4.13 (s, 2H) (cage CH);

;;\/\/ BCc{"H} NMR (CDCls, 100 MHz): ¢ 64.3 (cage CH); 'B NMR (CDCl;, 128 MHz): ¢
1/ |

11b -0.1 (d, Jgy = 151 Hz, 2B), -8.7 (d, Jen = 134 Hz, 2B), -9.9 (d, Jgy = 162 Hz, 4B)
(BcageH), -27.8 (s, 2B) (Bcage—l); analysis (calcd., found for C;H10B1ol2): C (6.07, 6.10), H (2.55,

2.53).
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Preparation of 3,6-Diacetoxy-o-carborane (12).
Compound 3a (198 mg, 0.5 mmol), Cu(OAc), (545 mg, 3 mmol), KF (175 mg, 3 mmol) and 4 A
molecular sieve (150 mg) were mixed in CH3CN (2.5 mL) in a 25 mL Schlenk flask. The mixture
was heated at 80 °C under O, atmosphere (1 atm) for 12 h. After hydrolysis with water (10 mL) and
extraction with diethyl ether (10 mL x 3), the ether solutions were combined and concentrated to
dryness in vacuo. The residue was subjected to flash column chromatography on silica gel (230-400
mesh) using n-hexane/ethyl acetate (10/1 in v/v) as eluent to give 12 as a white solid (104 mg, 80%).
OAc 12: 'H NMR (CDCls, 300 MHz): 6 4.79 (s, 2H) (cage CH), 2.17 (s, 6H) (COCHs);

3c{*H} NMR (CDCls, 100 MHz): § 170.0 (C=0), 55.7 (cage CH), 22.5 (CHs); 'B

OAc
12 NMR (CDCl3, 128 MHz): 6 -4.3 (s, 2B) (Bcage_o), -7.4 (d, Jgn = 150 Hz, 2B) (BcageH),

-15.7 (d, Jgn = 164 Hz, 4B) (BcageH), -18.1 (d, Jgn = 156 Hz, 2B) (BcageH); analysis (calcd., found for

CsH1sB1004): C (27.69, 27.66), H (6.20, 6.15).

Preparation of 3,6-Diamino-o-carborane (13).

To a THF solution of MeONH; (6.0 mL, 3.0 mmol), prepared in situ from the reaction of
MeONH; HCI (251 mg, 3.0 mmol) with NaH (85 mg, 3.5 mmol) at room temperature for 12 h, was
slowly added "BuLi (1.6 M, 1.9 mL, 3.0 mmol) at -78 °C under an atmosphere of dry nitrogen. After
stirring at room temperature for 30 min, a THF solution (4 mL) of 3a (198 mg, 0.5 mmol) was added.
The resulting mixture was heated in a closed flask at 80 °C for 8 h. After hydrolysis with water (10
mL) and extraction with diethyl ether (10 mL x 3), the ether solutions were combined and

concentrated to dryness in vacuo. The residue was subjected to flash column chromatography on
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silica gel (230-400 mesh) using n-hexane/ethyl acetate (4/1 in v/v) as eluent to give 13 as a white
solid (78 mg, 90%).
NH, L
13: 'H NMR (CDCls, 400 MHz): § 3.58 (s, 2H) (cage CH), 1.45 (s, 4H) (NH,);
/N
'Q\\_/ NH,C{*H} NMR (CDCls, 125 MHz): 6 62.5 (cage CH); 'B NMR (CDCls, 128 MHz): §
13
1.1 (s, 2B) (Bcage—N), -6.4 (d, Jgn = 147 Hz, 2B) (BcageH), -16.3 (d, Jgn = 158 Hz, 4B)
(BcageH), -19.1 (d, Jgn = 150 Hz, 2B) (BcageH); analysis (calcd., found for C;H14B1oN2): C (13.79,

13.98), H (8.10, 8.07), N (16.08, 15.77).

Preparation of 3,6-Diazide-o-carborane (14).

To a THF suspension (3 mL) of 3a (198 mg, 0.5 mmol), CuCl (104 mg, 1.05 mmol) and KF (70 mg,
1.2 mmol) was added TMSN3 (138 mg, 1.2 mmol). The resulting mixture was stirred at 60 °C for 24
h. After hydrolysis with water (10 mL) and extraction with diethyl ether (10 mL x 3), the ether
solutions were combined and concentrated to dryness in vacuo. The residue was subjected to flash
column chromatography on silica gel (230-400 mesh) using n-hexane/ethyl acetate (100/1 in v/v) as

eluent to give the product 14 as a white solid (94 mg, 83%).

N3 14: *H NMR (CDCls, 300 MHz): 6 3.67 (s, 2H) (cage CH); *C{*H} NMR (CDCls, 75
s MHz): 6 57.2 (cage CH); *'B NMR (CDCls, 128 MHz): 6 -4.2 (5, 2B) (Beage—N), -4.6 (d,
N7 N,

14 Jgn = 117 Hz, 2B) (BeageH), -14.6 (d, Jgr = 166 Hz, 4B) (BeageH), -17.0 (d, Jan = 153 Hz,

2B) (BcageH); analysis (calcd., found for C;H10B1oNs): C (10.62, 10.46), H (4.45, 4.45), N (37.14,

37.05).
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Preparation of 3,6-Ditriazolyl-o-carborane by Click Reaction.

Compound 14 (68 mg, 0.3 mmol) and diethyl but-2-ynedioate (123 mg, 0.72 mmol) were dissolved
in toluene (1 mL). The resulting mixture was stirred at 95 °C for 5 h. After removal of the solvent in
vacuo, the residue recrystallized from n-hexane/diethyl ether (5/1 in v/v) to give 15 as a white solid

(141 mg, 83%).

CO,Et 15: *H NMR (CDCls, 300 MHz): 6 5.33 (s, 2H) (cage CH), 4.52 (q, J = 7.2 Hz,
N

N\~ ~CO,Et 4H), 4.43 (g, J = 6.9 Hz, 4H) (CHy), 1.45 (t, J = 7.2 Hz, 6H), 1.39 (t, J = 7.2
Iﬁ Hz, 6H) (CHs), **C{*H} NMR (CDCls, 75 MHz): § 159.6, 159.2 (C=0), 139.2,

SN
N 138.8 (olefinic C), 64.0, 62.1 (OCH,), 60.6 (cage CH), 14.2, 13.9 (CHs), *'B

EtO,C CO,Et

15 NMR (CDCls, 128 MHz): ¢ -2.8 (m, 2B) (BcageH), -7.1 (s, 2B) (Beage—N), -12.9

(m, 6B) (BcageH); analysis (calcd., found for Ci1gH30B10NsOs): C (38.16, 37.95), H (5.34, 5.31), N

(14.83, 14.79).

BN
~

Supplementary Figure 10. Molecular structure of 15 drawn with 30% probability ellipsoids.

Preparation of 3,6-[B(OH),],-0-Carborane (16).

To a solution of 3a (396 mg, 1.0 mmol) in ether (15 mL) was added diethanolamine (260 mg, 2.5
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mmol). After a few minutes, a white precipitate was formed, and the reaction was allowed to
continue until the starting material was completely consumed as monitored by TLC (~18 h). The
precipitate was then filtered off, washed with ether, and dried to afford a white solid. The solid was
dispersed in ether (20 mL), to which was added HCI (0.5 M, 16 mL). The mixture was stirred till it
became homogeneous. The resulting solution was extracted with ether (10 mL x 3), and the organic
portions were combined and concentrated to dryness in vacuo to give the pure product 16 as a white
solid (198 mg, 85%).

B(OH), 16: *H NMR (DMSO-ds, 300 MHz): 6 8.11 (s, 4H) (OH), 4.32 (s, 2H) (cage CH);
IZ/\/%\ BC{*H} NMR (DMSO-ds, 100 MHz): 6 58.9 (cage CH): “'B{*H} NMR (DMSO-ds,

B(OH),

16 128 MHz): 6 31.5 (s, 2B) (B-0), -2.0 (M, 2B), -6.9 (m, 2B), -11.3 (M, 6B) (BeageH):;

analysis (calcd., found for C,H14B1,0,): C (10.36, 10.24), H (6.09, 5.89).

Supplementary Discussion

Mechanistic Study (Control Experiments). NMR Tube Reactions
6 eq. 2-MePy

(a) [(cod)IrCl], (cod)IrCl(2-MePy)

dg-THF A
[(cod)IrCl], (13.3 mg, 0.04 mmol) and 2-methylpyridine (2-MePy, 11.4 mg, 0.12 mmol) were mixed
in dg-THF (0.5 mL) in a J. Young valve NMR tube in glovebox. The reaction was monitored by ‘H
NMR at room temperature. After the solvent and excess 2-MePy were removed in vacuo, a clean *H
NMR spectra of (cod)IrCl(2-MePy) (A) was obtained in dg-THF. Orange single crystals of complex

A was obtained after this solution stood at room temperature for 1 day.
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Supplementary Figure 11. Molecular structure of A drawn with 30% probability ellipsoids.
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Supplementary Figure 12. *H NMR spectrum of experiment (a)
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(c) [(cod)IrCl], 6o 2-MePy= [Ir"(Bpin); + CIBpin + COD

dg-THF THFl l (11" (Bpin)3
ROBpin HBpin

B,pin, (10.1 mg, 0.04 mmol), [(cod)IrCl], (13.3 mg, 0.04 mmol), and 2-methylpyridine (11.4 mg,
0.12 mmol) were mixed in dg-THF (0.5 mL) in a J. Young valve NMR tube. The tube was closed and

heated at 110 °C (bath temperature). The reaction was monitored by !B NMR.

ROBpin

lIr]'"(Bpin),. 'l'll :“

G \ HBpiﬂ ’1‘ \ 2h
3

1h
2

05h

B:pin;
v"\|.

\‘\ H

\ Oh

e e o e
40 35 30 25 20 15 0 5 0
1 (ppm)

Supplementary Figure 13. Time-dependent “*B{"H} NMR spectra of experiment (c)

of OR
H H ' '

I I B B
-H SN THF 2N

O O . g, SHexane oo _THE oo

B A e T

To a n-hexane solution (10 mL) of dry pinacol (60 mg, 0.50 mmol) was added dropwise BCl;

(c1)

solution (0.75 mL, 1 M in hexane, 0.75 mmol) via syringe at 0 <C. The reaction mixture was stirred

for 1 h at room temperature. The solution was condensed under vacuum to about 0.5 mL giving a
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crude CIBpin solution.' The residue was dissolved in THF, which was monitored by *'B NMR. The
signal at 22 ppm corresponding to ROBpin resulted from the reaction of CIBpin with THF is in

accordance with that observed in experiment (c).

A CIBpin in THF r3
J
I\ 110 °C 20 min
- / N —
|
[ ClBpin in THF 2
| rt. 20 min
| 1
( ClBpin in n-Hexane
40 35 30 25 20 5] 0 5 0
i (ppm)

Supplementary Figure 14. Time-dependent **B{"H} NMR spectra of reaction (c1)

Bpin Bpin
© I(///\% 3.5 mol% [(cod)IrCll, & A -
av/ \\ A/ + HBpin
AN 4 eq. Bopin, AR .
¥ 21 mol% 2-MePy " Bpin
1a dg-THF

The reaction was conducted under standard conditions (4 equiv B,piny, 3.5 mol% [(cod)IrCl],, 21
mol% 2-methylpyridine) in dg-THF (0.5 mL) in a J. Young valve NMR tube and monitored by *H

and 'B NMR.
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Supplementary Figure 15. Time-dependent *H NMR spectra of experiment (e)
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Supplementary Figure 16. Time-dependent “*B{"H} NMR spectra of experiment (e)
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Borylation Reaction of 1a Catalyzed by (#°-MesH)Ir(Bpin)s

N 7 mol% (7°-MesH)Ir(Bpin);
(f) |/\\_/ 4 eq. B,pin > 3a+ HBpin
ENZ - Boping
¥ 21 mol% 2-MePy 98%
1a THF GC yield

An oven-dried Schlenk flask equipped with a stir bar was charged with o-carborane 1a (14.4 mg, 0.1
mmol), Bypin; (101.6 mg, 0.4 mmol), (#°-MesH)Ir(Bpin); (4.9 mg, 0.007 mmol), and
2-methylpyridine (2.0 mg, 0.021 mmol), followed by dry THF (1 mL). The flask was closed under
an atmosphere of nitrogen and stirred at 110 °C (bath temperature) for 5 h. The reaction was then
quenched with wet hexane. The hexane solution was subjected to GC-MS analyses, showing that 3a

was formed in 98% GC yield.

X-ray Structure Determination. All data were collected at 293K on a Bruker SMART 1000 CCD
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 F? using the SHELXTL program package.™® All hydrogen atoms were geometrically
fixed using the riding model. Crystal data and details of data collection and structure refinements are
given in Table S5.

CCDC 1500326-1500335 (2a, 2p, 2q, 3a, 3l, 5, 7c, 8a, 15 and complexes A) contains the
supplementary crystallographic data for this paper. These data can be obtained free of charge from

The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif.
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Supplementary Table 5. Crystal Data and Summary of Data Collection and

Refinement.
compound 3a 3l 2p 2q 2a
formula C14H34B1204 C14H32B12 1204 C22H33B110; CeH21B11120; CsH23B1102
crystal size (mm) 0.25x0.22x0.15 0.25x0.15x0.05 0.15x0.1x0.02 0.12x0.1x0.08 0.28x0.25x0.20
fw 396.13 647.91 448.39 521.96 270.17
crystal system triclinic monoclinic triclinic monoclinic monoclinic
space group P-1 P2i/c P-1 P2i/c P21/n
a, A 11.531(6) 11.871(2) 9.444(2) 11.516(1) 6.734(2)
b, A 12.628(7) 13.081(1) 11.410(3) 13.637(1) 20.302(5)
c, A 18.211(10) 17.992(1) 13.233(3) 12.824(1) 12.248(3)
a, deg 91.95(1) 90 68.38(1) 90 90
B, deg 91.00(1) 101.31(10) 80.64(1) 102.71(2) 93.54(1)
7, deg 116.46(1) 90 73.26(1) 90 90
v, A 2371(2) 2739.6(3) 1266.8(5) 1964.6(3) 1671.4(7)
Z 4 4 2 4 4
Deatca, Mg/m® 1.110 1.571 1.176 1.765 1.074
radiation () A 0.71073 0.71073 0.71073 0.71073 0.71073
26 range, deg 3.91052.0 3.5t061.2 4.01t0 60.0 3.6t061.1 4.0t055.0
, mm™ 0.066 2.314 0.065 3.197 0.058
F(000) 840 1256 472 984 568
no. of obsd reflns 9252 8418 7243 6019 3709
no. of params refnd 558 297 320 212 194
goodness of fit 1.026 1.027 1.045 1.034 0.955
R1 0.0858 0.0441 0.0716 0.0249 0.0881
wR2 0.1924 0.1121 0.1691 0.0548 0.2300




compound 5 7c 8a 15 A
formula CgH23B1102 C14H35B111,0,Si CgH23B110; Ci18H30B10NgOs  Cy14H19CIIrN
crystal size (mm) 0.25x0.2x0.18 0.18x0.165x0.12 0.32x0.28x0.25 0.25x0.22 x 0.2 0.15x0.1x0.05
fw 270.17 636.22 270.17 566.58 428.95
crystal system monoclinic orthorhombic monoclinic triclinic monoclinic
space group P2i/c Pbca P21/n P-1 P2i/c

a, A 8.374(3) 12.192(2) 6.699(1) 7.088(1) 10.507(1)
b, A 18.502(7) 14.089(2) 20.308(2) 13.346(1) 10.840(1)
c, A 10.724(4) 33.150(5) 12.120(1) 15.578(2) 12.435(1)
a, deg 90 90 90 77.22(1) 90

B, deg 91.29(1) 90 93.87(1) 79.09(1) 107.49(1)
7, deg 90 90 90 79.59(1) 90

v, A? 1661.1(11) 5694.0(15) 1645.1(3) 1396.2(3) 1350.6(2)
VA 4 8 4 2 4

Deatcd, Mg/m® 1.080 1.484 1.091 1.348 2.110
radiation () A 0.71073 0.71073 0.71073 0.71073 0.71073

26 range, deg 2.2t055.4 4.61t0 39.2 5.21058.5 3.2t061.2 4.1t0613
0, mm™ 0.059 2.261 0.059 0.096 10.061
F(000) 568 2480 568 588 816

no. of obsd reflns 3849 6601 5052 8460 4152

no. of params refnd 194 280 244 383 155
goodness of fit 1.007 1.169 1.050 1.044 1.024

R1 0.0692 0.0765 0.0770 0.0523 0.0242
wR2 0.1721 0.2001 0.2009 0.1254 0.0559
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