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1. General Information 

 

All reactions were carried out in oven-dried glassware under an atmosphere of dry N2 with the rigid 

exclusion of air and moisture using standard Schlenk techniques or in a glovebox. Toluene and THF 

were freshly distilled from sodium benzophenone ketyl immediately prior to use. All chemicals were 

purchased from either Aldrich or J&K Chemical Co. and used as received unless otherwise specified.
 1
H 

and 
13

C{
1
H} NMR spectra were recorded on a Varian 400 or Agilent 400 spectrometer at 400 MHz and 

100 MHz, respectively. 
11

B and 
19

F NMR spectra were recorded on a Bruker 400 spectrometer at 128 

MHz and 376 MHz, respectively. 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·OEt2 (0.00) for boron chemical shifts, and to external CFCl3 (0.00) for fluorine chemical shifts. 

Mass spectra were obtained on a Thermo Fisher Scientific LTQ FTICR-MS spectrometer. Elemental 

analyses were performed with an elementary VARIO EL III elemental analyzer, Shanghai Institute of 

Organic Chemistry, CAS. 

 

2. Experimental Section 

Preparation of Starting Materials (1a-p). 

 

Typical procedure for the preparation of 1-(o’-HOC6H3R
2
)-2-R

1
-o-C2B10H10 (1).

1
 
i
PrMgCl (2.0 M 

in THF, 6.0 mL, 12.0 mmol) was slowly added to a THF solution (25 mL) of o-carborane (5.0 mmol) at 

0 
o
C, and the mixture was stirred at 0 

o
C for 1 h. After replacement of THF with toluene (25 mL), and 

the addition of 2-iodophenols or 2-bromophenols (6.0 mmol) and NiCl2 (130 mg, 1.0 mmol), the 

reaction mixture was heated at 140 
o
C under stirring for 36 h in a closed flask. Then, the reaction was 
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quenched with water (50 mL) and extracted with ethyl acetate (100 mL x 3). The organic portions were 

combined and concentrated to dryness in vacuo. The residue was subjected to flash column 

chromatography on silica gel (300–400 mesh) using hexane/EtOAc (20/1(v/v)) as eluent to give product 

1. 

 

1a: Yield 48%. White solid. mp: 186-188 
o
C. 

1
H NMR (400 MHz, CDCl3): δ 7.57 (d, J 

= 8.0 Hz, 1H), 7.21 (t, J = 8.0 Hz, 1H), 6.94 (t, J = 8.0 Hz, 1H), 6.68 (d, J = 8.0 Hz, 1H) 

(aromatic CH), 5.44 (s, 1H) (cage H), 5.14 (s, 1H) (OH). 
13

C{
1
H} NMR (100 MHz, 

CDCl3): δ 151.7, 132.7, 130.7, 121.9, 120.0, 117.3 (aromatic C), 74.9, 60.0 (cage C). 

11
B{

1
H} NMR (128 MHz, CDCl3): δ -3.3 (2B), -8.7 (2B), -9.3 (2B), -11.0 (2B), -13.0 (2B). IR (KBr): v 

(cm
-1

) 3559, 3103, 2566, 1502, 1453, 1334, 1186, 750. Anal. Calcd for C8H16B10O: C, 40.66; H, 6.82. 

Found: C, 40.77; H, 6.84. 

 

 1b: Yield 28%. White solid. mp: 113-115 
o
C. 

1
H NMR (300 MHz, CDCl3): δ 7.68 (d, 

J = 10.8 Hz, 1H), 7.33 (t, J = 10.8 Hz, 1H), 6.97 (t, J = 10.8 Hz, 1H), 6.87 (d, J = 10.8 

Hz, 1H) (aromatic CH), 5.71 (s, 1H) (OH), 1.74 (s, 3H) (CH3). 
13

C{
1
H} NMR (75 MHz, 

CDCl3): δ 155.6, 134.2, 132.4, 121.5, 119.0, 115.7 (aromatic C), 80.0, 79.6 (cage C), 

23.5 (CH3). 
11

B{
1
H} NMR (128 MHz, CDCl3): δ -2.0 (1B), -5.1 (1B), -9.5 (8B). IR (KBr): v (cm

-1
) 3586, 

2568, 1605, 1453, 1303, 1175, 1094, 751. Anal. Calcd for C9H18B10O: C, 43.18; H, 7.25. Found: C, 

43.47; H, 7.02.  

 

1c: Yield 36%. White solid. mp: 191-192 
o
C. 

1
H NMR (400 MHz, CDCl3): δ 7.55 

(dd, J = 8.8, 6.0 Hz, 1H), 6.67 (td, J = 8.2, 2.8 Hz, 1H), 6.46 (dd, J = 8.8, 2.8 Hz, 1H) 

(aromatic CH), 5.75 (s, 1H) (cage H), 5.37 (s, 1H) (OH). 
13

C{
1
H} NMR (100 MHz, 

CDCl3): δ 163.2 (d, 
1
JC-F = 250.7 Hz), 152.8 (d, 

3
JC-F = 10.4 Hz), 134.2 (d, 

3
JC-F = 

10.0 Hz), 116.3 (d, 
4
JC-F = 3.6 Hz), 109.3 (d, 

2
JC-F = 21.2 Hz), 104.6 (d, 

2
JC-F = 24.5 Hz) (aromatic C), 
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74.2, 59.6 (cage C). 
11

B{
1
H} NMR (128 MHz, CDCl3): δ -3.5 (2B), -8.8 (2B), -9.5 (2B), -11.1 (2B), 

-13.1 (2B). 
19

F NMR (376 MHz, CDCl3): δ -109.7 (m, 1F). IR (KBr): v (cm
-1

) 3547, 3103, 2575, 1609, 

1516, 1425, 1189, 991, 835, 729. Anal. Calcd for C8H15B10FO: C, 37.78; H, 5.95. Found: C, 37.93; H, 

6.00.   

 

1d: Yield 43%. White solid. mp: 203-205 
o
C. 

1
H NMR (400 MHz, CDCl3): δ 7.50 

(d, J = 8.8 Hz, 1H), 6.93 (d, J = 8.4 Hz, 1H), 6.74 (s, 1H) (aromatic CH), 5.77 (s, 1H) 

(cage H), 5.37 (s, 1H) (OH). 
13

C{
1
H} NMR (100 MHz, CDCl3): δ 152.4, 136.0, 

133.6, 122.1, 118.8, 117.3 (aromatic C), 74.2, 59.7 (cage C). 
11

B{
1
H} NMR (128 

MHz, CDCl3): δ -3.3 (2B), -8.7 (2B), -9.4 (2B), -11.1 (2B), -13.0 (2B). IR (KBr): v (cm
-1

) 3543, 3102, 

2571, 1584, 1499, 1411, 1243, 1192, 913, 733. Anal. Calcd for C8H15B10ClO: C, 35.49; H, 5.58. Found: 

C, 35.53; H, 5.59.   

 

1e: Yield 48%. White solid. mp: 190-192 
o
C. 

1
H NMR (400 MHz, CDCl3): δ 7.43 

(d, J = 8.0 Hz, 1H), 6.75 (d, J = 8.0 Hz, 1H), 6.50 (s, 1H) (aromatic CH), 5.42 (s, 

1H) (cage H), 5.28 (s, 1H) (OH), 2.27 (s, 3H) (CH3). 
13

C{
1
H} NMR (100 MHz, 

CDCl3): δ 151.5, 141,4, 132.3, 122.8, 117.7, 117.1 (aromatic C), 75.1, 59.9 (cage 

C), 20.9 (CH3). 
11

B{
1
H} NMR (128 MHz, CDCl3): δ -3.6 (2B), -8.9 (2B), -9.4 (2B), -11.0 (2B), -13.2 

(2B). IR (KBr): v (cm
-1

) 3547, 3105, 2921, 2567, 1619, 1420, 1305, 1190, 1116, 813, 724. Anal. Calcd 

for C9H18B10O: C, 43.18; H, 7.25. Found: C, 43.21; H, 7.32.  

 

1f: Yield 57%. White solid. mp: 180-183 
o
C. 

1
H NMR (400 MHz, CDCl3): δ 

7.47 (d, J = 8.8 Hz, 1H), 6.49 (dd, J = 9.2, 2.4 Hz, 1H), 6.21 (d, J = 2.4 Hz, 1H) 

(aromatic CH), 5.51 (s, 1H) (cage H), 5.37 (s, 1H) (OH), 3.77 (s, 3H) (OCH3). 

13
C{

1
H} NMR (100 MHz, CDCl3): δ 161.1, 152.8, 133.5, 112.7, 107.2, 102.9 

(aromatic C), 75.0, 59.7 (cage C), 55.6 (OCH3). 
11

B{
1
H} NMR (128 MHz, CDCl3): δ -3.9 (2B), -9.1 
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(2B), -9.6 (2B), -11.1 (2B), -13.3 (2B). IR (KBr): v (cm
-1

) 3415, 3113, 2562, 1619, 1520, 1422, 1316, 

1213, 1113, 829, 728. Anal. Calcd for C9H18B10O2: C, 40.58; H, 6.81. Found: C, 40.69; H, 6.82.  

 

1g: Yield 56%. White solid. mp: 136-138 
o
C. 

1
H NMR (400 MHz, CDCl3): δ 7.47 

(d, J = 8.8 Hz, 1H), 6.95 (d, J = 8.4 Hz, 1H), 6.65 (s, 1H) (aromatic CH), 5.41 (s, 

1H) (cage H), 5.00 (s, 1H) (OH), 1.27 (s, 9H) ((CH3)3). 
13

C{
1
H} NMR (100 MHz, 

CDCl3): δ 154.6, 151.3, 132.2, 119.2, 117.0, 114.3 (aromatic C), 75.0, 59.9 (cage 

C), 34.6, 31.1 (C(CH3)3). 
11

B{
1
H} NMR (128 MHz, CDCl3): δ -3.7 (2B), -9.0 (4B), -11.1 (2B), -13.2 

(2B). IR (KBr): v (cm
-1

) 3570, 3118, 2966, 2575, 1615, 1409, 1309, 1191, 1023, 821, 723. Anal. Calcd 

for C12H24B10O: C, 49.29; H, 8.27. Found: C, 49.35; H, 8.34.  

 

1h: Yield 47%. White solid. mp: 148-151 
o
C. 

1
H NMR (300 MHz, CDCl3): δ 7.32 

(dd, J = 9.9, 2.7 Hz, 1H), 6.94 (td, J = 8.0, 3.0 Hz, 1H), 6.66 (dd, J = 8.7, 4.5 Hz, 

1H) (aromatic CH), 5.41 (s, 1H) (cage H), 5.15 (s, 1H) (OH). 
13

C{
1
H} NMR (100 

MHz, CDCl3): δ 156.9 (d, 
1
JC-F = 239.3 Hz), 148.0 (d, 

4
JC-F = 1.7 Hz), 121.1 (d, 

3
JC-F = 7.7 Hz), 119.2 (d, 

2
JC-F = 26.4 Hz), 118.3 (d, 

3
JC-F = 8.0 Hz), 117.4 (d, 

2
JC-F = 23.1 Hz) (aromatic 

C), 73.9, 59.6 (cage C). 
11

B{
1
H} NMR (128 MHz, CDCl3): δ -3.4 (2B), -8.9 (2B), -9.6 (2B), -11.2 (2B), 

-13.2 (2B). 
19

F NMR (376 MHz, CDCl3): δ -121.3 (s, 1F). IR (KBr): v (cm
-1

) 3570, 3108, 2563, 1508, 

1422, 1334, 1173, 812, 762. Anal. Calcd for C8H15B10FO: C, 37.78; H, 5.95. Found: C, 37.65; H, 5.94.   

 

1i: Yield 57%. White solid. mp: 132-134 
o
C. 

1
H NMR (400 MHz, CDCl3): δ 7.56 (s, 

1H), 7.18 (d, J = 8.4 Hz, 1H), 6.65 (d, J = 8.4 Hz, 1H) (aromatic CH), 5.37 (s, 1H) 

(cage H), 5.24 (s, 1H) (OH). 
13

C{
1
H} NMR (100 MHz, CDCl3): δ 150.4, 132.3, 

130.5, 126.9, 121.4, 118.5 (aromatic C), 73.7, 59.6 (cage C). 
11

B{
1
H} NMR (128 

MHz, CDCl3): δ -3.5 (2B), -8.9 (2B), -9.6 (2B), -11.4 (2B), -13.3 (2B). IR (KBr): v (cm
-1

) 3549, 3106, 

2594, 1491, 1402, 1324, 1188, 1118, 808, 728. Anal. Calcd for C8H15B10ClO: C, 35.49; H, 5.58. Found: 
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C, 35.35; H, 5.64.  

 

1j: Yield 43%. White solid. mp: 77-78 
o
C. 

1
H NMR (400 MHz, CDCl3): δ 7.35 (s, 

1H), 7.00 (d, J = 7.6 Hz, 1H), 6.57 (d, J = 8.0 Hz, 1H) (aromatic CH), 5.45 (s, 1H) 

(cage H), 4.92 (s, 1H) (OH), 2.27 (s, 3H) (CH3). 
13

C{
1
H} NMR (100 MHz, CDCl3): 

δ 149.5, 132.9, 131.4, 131.2, 119.6, 117.2 (aromatic C), 75.0, 59.9 (cage C), 20.6 

(CH3). 
11

B{
1
H} NMR (128 MHz, CDCl3): δ -3.6 (2B), -9.0 (2B), -9.5 (2B), -11.1 (2B), -13.3 (2B). IR 

(KBr): v (cm
-1

) 3631, 3102, 2922, 2589, 1607, 1513, 1409, 1349, 1198, 1079, 813, 727. Anal. Calcd for 

C9H18B10O: C, 43.18; H, 7.25. Found: C, 43.08; H, 7.19.   

 

1k: Yield 50%. White solid. mp: 181-183 
o
C. 

1
H NMR (400 MHz, CDCl3): δ 7.12 

(s, 1H), 6.77 (d, J = 8.8 Hz, 1H), 6.62 (d, J = 8.8 Hz, 1H) (aromatic CH), 5.48 (s, 

1H) (cage H), 5.20 (s, 1H) (OH), 3.77 (s, 3H) (OCH3). 
13

C{
1
H} NMR (100 MHz, 

CDCl3): δ 153.8, 145.8, 120.5, 118.1, 117.7, 116.3 (aromatic C), 74.8, 59.7 (cage 

C), 56.0 (OCH3). 
11

B{
1
H} NMR (128 MHz, CDCl3): δ -3.6 (2B), -9.0 (2B), -9.6 (2B), -11.2 (2B), -13.3 

(2B). IR (KBr): v (cm
-1

) 3362, 3115, 2589, 1512, 1427, 1352, 1279, 1219, 1040, 812, 739. Anal. Calcd 

for C9H18B10O2: C, 40.58; H, 6.81. Found: C, 40.83; H, 6.79.  

 

1l: Yield 64%. White solid. mp: 131-132 
o
C. 

1
H NMR (400 MHz, CDCl3): δ 7.57 

(s, 1H), 7.21 (d, J = 8.4 Hz, 1H), 6.60 (d, J = 8.4 Hz, 1H) (aromatic CH), 5.46 (s, 

1H) (cage H), 4.95 (s, 1H) (OH), 1.28 (s, 9H) ((CH3)3). 
13

C{
1
H} NMR (100 MHz, 

CDCl3): δ 149.3, 144.8, 129.7, 127.6, 119.1, 116.8 (aromatic C), 75.5, 59.9 (cage 

C), 34.4, 31.4 (C(CH3)3). 
11

B{
1
H} NMR (128 MHz, CDCl3): δ -3.6 (2B), -8.9 (4B), -11.1 (2B), -13.2 

(2B). IR (KBr): v (cm
-1

) 3578, 3107, 2965, 2575, 1516, 1404, 1332, 1128, 818, 723. Anal. Calcd for 

C12H24B10O: C, 49.29; H, 8.27. Found: C, 49.59; H, 8.24.   

 



S7 

 

1m: Yield 57%. White solid. mp: 150-152 
o
C. 

1
H NMR (400 MHz, CDCl3): δ 

7.79 (s, 1H), 7.50 (d, J = 7.2 Hz, 2H), 7.44 (m, 3H), 7.36 (t, J = 7.6 Hz, 1H), 

6.76 (d, J = 8.4 Hz, 1H) (aromatic CH), 5.47 (s, 1H) (cage H), 5.19 (s, 1H) 

(OH). 
13

C{
1
H} NMR (100 MHz, CDCl3): δ 151.0, 139.5, 135.2, 131.4, 129.2, 

129.1, 127.6, 126.9, 120.2, 117.7 (aromatic C), 74.9, 59.8 (cage C). 
11

B{
1
H} NMR (128 MHz, CDCl3): 

δ -3.3 (2B), -8.7 (4B), -11.0 (2B), -13.1 (2B). IR (KBr): v (cm
-1

) 3416, 3101, 2587, 1597, 1523, 1488, 

1260, 833, 758, 688. Anal. Calcd for C14H20B10O: C, 53.82; H, 6.45. Found: C, 53.82; H, 6.57.   

 

1n: Yield 40%. White solid. mp: 171-173 
o
C. 

1
H NMR (400 MHz, CDCl3): δ 7.35 (d, J 

= 8.4 Hz, 1H), 7.12 (t, J = 8.4 Hz, 1H), 6.86 (dd, J = 14.4, 8.0 Hz, 1H) (aromatic CH), 

5.82 (s, 1H) (cage H), 5.40 (s, 1H) (OH). 
13

C{
1
H} NMR (100 MHz, CDCl3): δ 151.1 (d, 

1
JC-F = 235.4 Hz), 141.1 (d, 

2
JC-F = 17.3 Hz), 127.5 (d, 

3
JC-F = 3.4 Hz), 121.4, 120.6 (d, 

3
JC-F = 7.8 Hz), 116.2 (d, 

2
JC-F = 18.6 Hz) (aromatic C), 73.8, 59.5 (cage C). 

11
B{

1
H} 

NMR (128 MHz, CDCl3): δ -3.2 (2B), -8.7 (2B), -9.4 (2B), -11.1 (2B), -13.0 (2B). 
19

F NMR (376 MHz, 

CDCl3): δ -139.7 (m, 1F). IR (KBr): v (cm
-1

) 3530, 3104, 2579, 1470, 1554, 1268, 1178, 717. Anal. 

Calcd for C8H15B10FO: C, 37.78; H, 5.95. Found: C, 37.95; H, 6.03.  

 

1o: Yield 31%. White solid. mp: 184-185 
o
C. 

1
H NMR (400 MHz, CDCl3): δ 7.45 (d, J 

= 8.0 Hz, 1H), 7.13 (d, J = 7.2 Hz, 1H), 6.85 (t, J = 8.0 Hz, 1H) (aromatic CH), 5.49 (s, 

1H) (cage H), 5.02 (s, 1H) (OH), 2.25 (s, 3H) (CH3). 
13

C{
1
H} NMR (100 MHz, CDCl3): 

δ 150.4, 131.9, 130.7, 123.7, 121.2, 119.7 (aromatic C), 75.3, 60.1 (cage C), 15.8 (CH3). 

11
B{

1
H} NMR (128 MHz, CDCl3): δ -3.5 (2B), -8.9 (4B), -11.1 (2B), -13.2 (2B). IR 

(KBr): v (cm
-1

) 3577, 3109, 2983, 2576, 1460, 1332, 1208, 724. Anal. Calcd for C9H18B10O: C, 43.18; H, 

7.25. Found: C, 43.31; H, 7.25. 
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1p: Yield 55%. White solid. mp: 167-169 
o
C. 

1
H NMR (400 MHz, CDCl3): δ 7.14 (d, J 

= 7.2 Hz, 1H), 6.84 (m, 2H) (aromatic CH), 6.31 (s, 1H) (OH), 5.50 (s, 1H) (cage H), 

3.91 (s, 3H) (OCH3). 
13

C{
1
H} NMR (100 MHz, CDCl3): δ 146.6, 142.7, 123.6, 120.0, 

118.8, 111,1 (aromatic C), 74.7, 59.6 (cage C), 56.6 (OCH3). 
11

B{
1
H} NMR (128 MHz, 

CDCl3): δ -3.9 (2B), -9.4 (2B), -10.0 (2B), -11.5 (2B), -13.6 (2B). IR (KBr): v (cm
-1

) 3496, 3106, 2940, 

2599, 1472, 1441, 1370, 1294, 1245, 1092, 725. Anal. Calcd for C9H18B10O2: C, 40.58; H, 6.81. Found: 

C, 40.51; H, 6.91. 

 

Preparation of 1,3- or 1,4-o-carboranobenzofurans. A Representative Procedure. An oven-dried 

Schlenk flask equipped with a stir bar was charged with 1-(o’-HOC6H4)-o-C2B10H11 (1a, 118 mg, 0.50 

mmol), Pd(OAc)2 (5.6 mg, 0.025 mmol), AgOAc (250 mg, 1.50 mmol) and dry toluene (3 mL) under an 

atmosphere of dry nitrogen. The flask was closed, and then stirred at 80 
o
C for 12 h. After hydrolysis 

with water (3 mL) and extraction with diethyl ether (5 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 (200-300 mesh) using n-hexane as eluent to give the products 2a/3a. 

 

2a: Yield 85%. White solid. mp: 101-102 
o
C. 

1
H NMR (300 MHz, CDCl3): δ 7.41 (m, 

2H), 7.15 (d, J = 8.4 Hz, 1H), 7.06 (t, J = 7.5 Hz, 1H) (aromatic CH), 2.90 (s, 1H) (cage 

H). 
13

C{
1
H} NMR (100 MHz, CDCl3): δ 167.7, 131.8, 126.2, 123.4, 122.1, 115.9 

(aromatic C), 78.9, 61.8 (cage C). 
11

B NMR (128 MHz, CDCl3): δ 0.5 (s, 1B) (Bcage-O), 

-3.3 (d, JBH = 149 Hz, 1B), -9.2 (d, JBH = 136 Hz, 1B), -10.2 (d, JBH = 143 Hz, 1B), -12.4 (d, JBH = 147 

Hz, 1B), -13.3 (m, 1B), -14.1 (m, 1B), -14.9 (m, 1B), -15.7 (m, 1B), -18.1 (d, JBH = 152 Hz, 1B) (BcageH). 

IR (KBr): v (cm
-1

) 3057, 2589, 1608, 1459, 1192, 1156, 1094, 756. Anal. Calcd for C8H14B10O: C, 41.01; 

H, 6.02. Found: C, 41.34; H, 5.98.   
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3a: Yield 9%. White solid. mp: 117-118 
o
C. 

1
H NMR (300 MHz, CDCl3): δ 7.40 (t, J = 

8.1 Hz, 1H), 7.25 (d, J = 8.1 Hz, 1H), 7.18 (d, J = 8.4 Hz, 1H), 7.02 (t, J = 7.8 Hz, 1H) 

(aromatic CH), 4.23 (s, 1H) (cage H). 
13

C{
1
H} NMR (100 MHz, CDCl3): δ 167.3, 

131.2, 125.3, 121.1, 119.9, 115.8 (aromatic C), 78.0, 56.4 (cage C). 
11

B NMR (128 

MHz, CDCl3): δ 3.3 (s, 1B) (Bcage-O), -4.1 (d, JBH = 151 Hz, 1B), -10.2 (d, JBH = 167 Hz, 3B), -11.5 (d, 

JBH = 159 Hz, 2B), -15.0 (d, JBH = 164 Hz, 1B), -15.8 (d, JBH = 179 Hz, 1B), -21.5 (d, JBH = 166 Hz, 1B) 

(BcageH). IR (KBr): v (cm
-1

) 3062, 2591, 1605, 1456, 1145, 1104, 751. Anal. Calcd for C8H14B10O: C, 

41.01; H, 6.02. Found: C, 41.29; H, 6.12.  

 

2b: Yield 54%. White solid. mp: 83-85 
o
C. 

1
H NMR (400 MHz, CDCl3): δ 7.45 (t, J = 

10.8 Hz, 1H), 7.37 (d, J = 10.0 Hz, 1H), 7.17 (d, J = 11.2 Hz, 1H), 7.10 (t, J = 10.0 Hz, 

1H) (aromatic CH), 1.21 (s, 3H) (CH3). 
13

C{
1
H} NMR (100 MHz, CDCl3): δ 167.3, 

132.1, 124.7, 124.3, 122.4, 115.7 (aromatic C), 82.4, 71.0 (cage C), 19.4 (CH3). 
11

B 

NMR (128 MHz, CDCl3): δ 0.3 (s, 1B) (Bcage-O), -5.8 (d, JBH = 149 Hz, 1B), -8.9 (d, JBH = 144 Hz, 1B), 

-10.0 (d, JBH = 143 Hz, 1B), -10.8 (d, JBH = 185 Hz, 1B), -12.3 (d, JBH = 168 Hz, 1B), -13.0 (m, 2B), 

-14.5 (d, JBH = 169 Hz, 1B), -18.1 (d, JBH = 151 Hz, 1B) (BcageH). IR (KBr): v (cm
-1

) 2941, 2569, 1606, 

1456, 1144, 1096, 756. Anal. Calcd for C9H16B10O: C, 43.53; H, 6.49. Found: C, 43.56; H, 6.44.   

 

3b: Yield 39%. White solid. mp: 99-100 
o
C. 

1
H NMR (400 MHz, CDCl3): δ 7.43 (t, J = 

10.8 Hz, 1H), 7.31 (d, J = 10.0 Hz, 1H), 7.22 (d, J = 10.8 Hz, 1H), 7.05 (d, J = 10.0 Hz, 

1H) (aromatic CH), 2.28 (s, 3H) (CH3). 
13

C{
1
H} NMR (100 MHz, CDCl3): δ 167.8, 

131.1, 125.2, 121.0, 120.6, 116.0 (aromatic C), 80.8, 72.8 (cage C), 22.7 (CH3). 
11

B 

NMR (128 MHz, CDCl3): δ 4.2 (s, 1B) (Bcage-O), -8.0 (d, JBH = 139 Hz, 2B), -9.1 (d, JBH = 149 Hz, 2B), 

-11.9 (d, JBH = 142 Hz, 3B), -12.7 (d, JBH = 131 Hz, 1B), -18.3 (d, JBH = 161 Hz, 1B) (BcageH). IR (KBr): 

v (cm
-1

) 3057, 2575, 1613, 1459, 1180, 752. Anal. Calcd for C9H16B10O: C, 43.53; H, 6.49. Found: C, 

43.40; H, 6.45.   
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2c: Yield 80%. White solid. mp: 91-93 
o
C. 

1
H NMR (400 MHz, CDCl3): δ 7.35 (dd, J 

= 8.4, 5.6 Hz, 1H), 6.87 (dd, J = 8.8, 2.0 Hz, 1H), 6.78 (td, J = 8.8, 2.0 Hz, 1H) 

(aromatic CH), 2.92 (s, 1H) (Cage H). 
13

C{
1
H} NMR (100 MHz, CDCl3): δ 168.8, (d, 

3
JC-F = 13.4 Hz), 165.0 (d, 

1
JC-F = 249.9 Hz), 124.1 (d, 

3
JC-F = 10.8 Hz), 122.3 (d, 

4
JC-F 

= 2.9 Hz), 109.5 (d, 
2
JC-F = 23.5 Hz), 104.3 (d, 

2
JC-F = 26.3 Hz) (aromatic C), 78.1, 62.1 (cage C). 

11
B 

NMR (128 MHz, CDCl3): δ 0.6 (s, 1B) (Bcage-O), -3.2 (d, JBH = 151 Hz, 1B), -9.1 (d, JBH = 135 Hz, 1B), 

-10.1 (d, JBH = 146 Hz, 1B), -12.3 (d, JBH = 141 Hz, 1B), -13.3 (m, 1B), -14.1 (m, 1B), -14.8 (m, 1B), 

-15.6 (m, 1B), -17.9 (d, JBH = 149 Hz, 1B) (BcageH). 
19

F NMR (376 MHz, CDCl3): δ -106.6 (m, 1F). IR 

(KBr): v (cm
-1

) 3068, 2602, 1620, 1487, 1430, 1195, 1136, 1099, 962, 848. Anal. Calcd for C8H13B10FO: 

C, 38.08; H, 5.19. Found: C, 38.35; H, 5.25.   

 

3c: Yield 11%. White solid. mp: 144-145 
o
C. 

1
H NMR (400 MHz, CDCl3): δ 7.18 (dd, 

J = 8.4, 5.6 Hz, 1H), 6.90 (dd, J = 9.2, 2.4 Hz, 1H), 6.74 (td, J = 8.8, 2.4 Hz, 1H) 

(aromatic CH), 4.21 (s, 1H) (cage H). 
13

C{
1
H} NMR (100 MHz, CDCl3): δ 168.4 (d, 

3
JC-F = 13.5 Hz), 164.9 (d, 

1
JC-F = 248.1 Hz), 121.3 (d, 

4
JC-F = 2.7 Hz), 120.4 (d, 

3
JC-F 

= 10.9 Hz), 108.4 (d, 
2
JC-F = 23.7 Hz), 104.2 (d, 

2
JC-F = 26.0 Hz) (aromatic C), 77.4, 

56.4 (cage C). 
11

B NMR (128 MHz, CDCl3): δ 3.6 (s, 1B) (Bcage-O), -3.9 (d, JBH = 144 Hz, 1B), -9.9 (d, 

JBH = 182 Hz, 3B), -11.4 (d, JBH = 165 Hz, 2B), -14.8 (d, JBH = 154 Hz, 1B), -15.7 (d, JBH = 169 Hz, 1B), 

-21.1 (d, JBH = 166 Hz, 1B) (BcageH). 
19

F NMR (376 MHz, CDCl3): δ -108.2 (m, 1F). IR (KBr): v (cm
-1

) 

3061, 2878, 1621, 1482, 1139, 1096, 984, 847. HRMS (EI): m/z Calcd for C8H13B10FO
- 
: 252.1963. 

Found: 252.1966.   

 

 2d: Yield 22%. White solid. mp: 116-118 
o
C. 

1
H NMR (400 MHz, CDCl3): δ 7.32 (d, 

J = 8.4 Hz, 1H), 7.16 (d, J = 1.6 Hz, 1H), 7.05 (dd, J = 8.4, 1.6 Hz, 1H) (aromatic 

CH), 2.91 (s, 1H) (cage H). 
13

C{
1
H} NMR (100 MHz, CDCl3): δ 168.1, 138.0, 124.8, 

123.8, 122.6, 116.6 (aromatic C), 78.0, 61.8 (cage C). 
11

B NMR (128 MHz, CDCl3): δ 
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0.3 (s, 1B) (Bcage-O), -3.3 (d, JBH = 151 Hz, 1B), -9.1 (d, JBH = 151 Hz, 1B), -10.4 (d, JBH = 167 Hz, 1B), 

-12.4 (d, JBH = 149 Hz, 1B), -13.5 (m, 1B), -14.2 (m, 1B), -15.0 (m, 1B), -15.7 (m, 1B), -18.1 (d, JBH = 

153 Hz, 1B) (BcageH). IR (KBr): v (cm
-1

) 3046, 2571, 1605, 1474, 1415, 1193, 1063, 853, 823. Anal. 

Calcd for C8H13B10ClO: C, 35.75; H, 4.88. Found: C, 35.37; H, 4.97.  

 

3d: Yield 6%. White solid. mp: 135-138 
o
C. 

1
H NMR (400 MHz, CDCl3): δ 7.19 (s, 

1H), 7.15 (d, J = 8.0 Hz, 1H), 7.01 (d, J = 8.0 Hz, 1H) (aromatic CH), 4.20 (s, 1H) 

(cage H). 
13

C{
1
H} NMR (100 MHz, CDCl3): δ 167.7, 137.4, 123.9, 121.5, 120.3, 

116.6 (aromatic C), 56.4 (cage C), another cage C was not observed. 
11

B NMR (128 

MHz, CDCl3): δ 3.6 (s, 1B) (Bcage-O), -3.7 (d, JBH = 149 Hz, 1B), -9.7 (d, JBH = 182 

Hz, 3B), -11.2 (d, JBH = 157 Hz, 2B), -14.7 (d, JBH = 162 Hz, 1B), -15.5 (d, JBH = 164 Hz, 1B), -21.1 (d, 

JBH = 160 Hz, 1B) (BcageH). IR (KBr): v (cm
-1

) 3046, 2571, 1605, 1473, 1415, 1193, 1062, 823. HRMS 

(EI): m/z Calcd for C8H14B10ClO
+
: 270.1708. Found: 270.1701.   

 

2e: Yield 79%. White solid. mp: 119-122 
o
C. 

1
H NMR (400 MHz, CDCl3): δ 7.26 (d, 

J = 8.0 Hz, 1H), 6.96 (s, 1H), 6.85 (d, J = 8.0 Hz, 1H) (aromatic CH), 2.87 (s, 1H) 

(cage H), 2.37 (s, 3H) (CH3). 
13

C{
1
H} NMR (100 MHz, CDCl3): δ 167.9, 142.8, 

123.4, 122.9, 122.8, 116.3 (aromatic C), 79.0, 62.2 (cage C), 21.8 (CH3). 
11

B NMR 

(128 MHz, CDCl3): δ 0.4 (s, 1B) (Bcage-O), -3.6 (d, JBH = 150 Hz, 1B), -9.7 (m, 2B), 

-12.7 (d, JBH = 153 Hz, 1B), -13.5 (m, 1B), -14.3 (m, 1B), -15.1 (m, 1B), -15.9 (m, 1B), -18.4 (d, JBH = 

153 Hz, 1B) (BcageH). IR (KBr): v (cm
-1

) 3046, 2922, 2571, 1619, 1424, 1197, 1117, 1063, 823, 725. 

Anal. Calcd for C9H16B10O: C, 43.53; H, 6.49. Found: C, 43.92; H, 6.57.  

 

3e: Yield 13%. White solid. mp: 151-154 
o
C. 

1
H NMR (400 MHz, CDCl3): δ 7.10 (d, 

J = 8.0 Hz, 1H), 6.99 (s, 1H), 6.82 (d, J = 7.6 Hz, 1H) (aromatic CH), 4.19 (s, 1H) 

(cage H), 2.38 (s, 3H) (CH3). 
13

C{
1
H} NMR (100 MHz, CDCl3): δ 167.5, 142.0, 
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122.4, 121.9, 119.3, 116.4 (aromatic C), 78.1, 56.2 (cage C), 21.9 (CH3). 
11

B NMR (128 MHz, CDCl3): 

δ 3.3 (s, 1B) (Bcage-O), -4.2 (d, JBH = 159 Hz, 1B), -10.3 (d, JBH = 161 Hz, 3B), -11.7 (d, JBH = 157 Hz, 

2B), -15.1 (d, JBH = 158 Hz, 1B), -15.9 (d, JBH = 164 Hz, 1B), -21.6 (d, JBH = 169 Hz, 1B) (BcageH). IR 

(KBr): v (cm
-1

) 3074, 2919, 2571, 1618, 1440, 1258, 1159, 1108, 985, 812. Anal. Calcd for C9H16B10O: 

C, 43.53; H, 6.49. Found: C, 43.80; H, 6.54.  

 

2f: Yield 80%. White solid. mp: 106-107 
o
C. 

1
H NMR (400 MHz, CDCl3): δ 7.26 

(d, J = 8.4 Hz, 1H), 6.68 (d, J = 2.0 Hz, 1H), 6.57 (dd, J = 8.4, 2.0 Hz, 1H) 

(aromatic CH), 3.80 (s, 3H) (OCH3), 2.90 (s, 1H) (cage H). 
13

C{
1
H} NMR (100 

MHz, CDCl3): δ 169.3, 163.0, 123.5, 118.5, 108.5, 101.6 (aromatic C), 79.2, 62.8 

(cage C), 55.9 (OCH3). 
11

B NMR (128 MHz, CDCl3): δ 0.4 (s, 1B) (Bcage-O), -3.6 

(d, JBH = 150 Hz, 1B), -9.8 (d, JBH = 156 Hz, 2B), -12.7 (d, JBH = 149 Hz, 1B), -13.5 (m, 1B), -14.4 (m, 

1B), -15.2 (m, 1B), -15.9 (m, 1B), -18.3 (d, JBH = 153 Hz, 1B) (BcageH). IR (KBr): v (cm
-1

) 3051, 2930, 

2586, 1613, 1440, 1297, 1190, 1150, 1102, 848, 825. Anal. Calcd for C9H16B10O2: C, 40.89; H, 6.10. 

Found: C, 40.64; H, 6.06.   

 

3f: Yield 6%. White solid. mp: 128-129 
o
C. 

1
H NMR (400 MHz, CDCl3): δ 7.10 (d, 

J = 8.4 Hz, 1H), 6.72 (s, 1H), 6.55 (d, J = 8.4 Hz, 1H) (aromatic CH), 4.18 (s, 1H) 

(cage H), 3.80 (s, 3H) (OCH3). 
13

C{
1
H} NMR (100 MHz, CDCl3): δ 168.9, 162.7, 

120.0, 117.5, 107.9, 101.4 (aromatic C), 78.3, 56.2 (cage C), 55.8 (OCH3). 
11

B 

NMR (128 MHz, CDCl3): δ 3.6 (s, 1B) (Bcage-O), -4.1 (d, JBH = 150 Hz, 1B), -9.5 

(d, JBH = 129 Hz, 2B), -10.3 (d, JBH = 135 Hz, 1B), -11.6 (d, JBH = 155 Hz, 2B), -149 (d, JBH = 155 Hz, 

1B), -16.0 (d, JBH = 143 Hz, 1B), -21.3 (d, JBH = 166 Hz, 1B) (BcageH). IR (KBr): v (cm
-1

) 3051, 2929, 

2578, 1613, 1495, 1440, 1296, 1190, 1151, 1102, 1029, 848, 825. HRMS (EI): m/z Calcd for 

C9H17B10O2
+
: 265.2231. Found: 265.2236.   
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2g: Yield 75%. White solid. mp: 177-179 
o
C. 

1
H NMR (400 MHz, CDCl3): δ 7.30 

(d, J = 8.4 Hz, 1H), 7.16 (d, J = 1.6 Hz, 1H), 7.07 (dd, J = 8.4, 1.6 Hz, 1H) 

(aromatic CH), 2.89 (s, 1H) (cage H), 1.30 (s, 9H) ((CH3)3). 
13

C{
1
H} NMR (100 

MHz, CDCl3): δ 168.0, 156.2, 123.2, 122.5, 119.3, 113.0 (aromatic C), 79.0, 62.2 

(cage C). 35.4, 31.4 (C(CH3)3). 
11

B NMR (128 MHz, CDCl3): δ 0.6 (s, 1B) (Bcage-O), 

-3.4 (d, JBH = 154 Hz, 1B), -9.4 (d, JBH = 136 Hz, 1B), -10.0 (d, JBH = 157 Hz, 1B), -12.5 (d, JBH = 150 

Hz, 1B), -13.3 (m, 1B), -14.1 (m, 1B), -14.9 (m, 1B), -15.7 (m, 1B), -18.2 (d, JBH = 156 Hz, 1B) (BcageH). 

IR (KBr): v (cm
-1

) 3047, 2963, 2585, 1617, 1487, 1423, 1204, 864, 829, 652. Anal. Calcd for 

C12H22B10O: C, 49.63; H, 7.64. Found: C, 50.08; H, 7.64.   

 

3g: Yield 10%. White solid. mp: 197-200 
o
C. 

1
H NMR (400 MHz, CDCl3): δ 7.20 

(s, 1H), 7.15 (d, J = 8.0 Hz, 1H), 7.04 (d, J = 8.0 Hz, 1H) (aromatic CH), 4.20 (s, 

1H) (cage H), 1.31 (s, 9H) ((CH3)3). 
13

C{
1
H} NMR (100 MHz, CDCl3): δ 167.5, 

155.4, 122.2, 119.0, 118.3, 113.1 (aromatic C), 78.2, 56.2 (cage C). 35.3, 31.4 

(C(CH3)3). 
11

B NMR (128 MHz, CDCl3): δ 3.7 (s, 1B) (Bcage-O), -3.9 (d, JBH = 142 

Hz, 1B), -9.9 (d, JBH = 169 Hz, 3B), -11.3 (d, JBH = 162 Hz, 2B), -14.8 (d, JBH = 

135 Hz, 1B), -15.6 (d, JBH = 145 Hz, 1B), -21.2 (d, JBH = 162 Hz, 1B) (BcageH). IR (KBr): v (cm
-1

) 3063, 

2963, 2596, 1615, 1485, 1420, 1165, 862, 830, 703, 651. Anal. Calcd for C12H22B10O: C, 49.63; H, 7.64. 

Found: C, 49.60; H, 7.75.   

 

2h: Yield 51%. White solid. mp: 120-123 
o
C. 

1
H NMR (400 MHz, CDCl3): δ 7.11 

(m, 3H) (aromatic CH), 2.91 (s, 1H) (cage H). 
13

C{
1
H} NMR (100 MHz, CDCl3): δ 

163.7, 157.6 (d, 
1
JC-F = 242.7 Hz), 126.8 (d, 

3
JC-F = 9.4 Hz), 118.8 (d, 

2
JC-F = 24.1 

Hz), 116.6 (d, 
3
JC-F = 8.4 Hz), 110.8 (d, 

2
JC-F = 25.8 Hz) (aromatic C), 78.0, 61.5 

(cage C). 
11

B NMR (128 MHz, CDCl3): δ 0.6 (s, 1B) (Bcage-O), -3.3 (d, JBH = 148 Hz, 1B), -9.1 (d, JBH = 

156 Hz, 1B), -10.4 (d, JBH = 181 Hz, 1B), -12.3 (d, JBH = 145 Hz, 1B), -13.4 (m, 1B), -14.2 (m, 1B), 
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-14.8 (m, 1B), -15.7 (m, 1B), -18.1 (d, JBH = 153 Hz, 1B) (BcageH). 
19

F NMR (282 MHz, CDCl3): δ 

-120.4 (m, 1F). IR (KBr): v (cm
-1

) 3064, 2963, 2579, 1592, 1476, 1260, 1172, 1098, 877, 823. Anal. 

Calcd for C8H13B10FO: C, 38.08; H, 5.19. Found: C, 38.25; H, 5.56.  

 

3h: Yield 5%. White solid. mp: 138-140 
o
C. 

1
H NMR (400 MHz, CDCl3): δ 7.13 (m, 

2H), 6.97, (m, 1H) (aromatic CH), 4.21 (s, 1H) (cage H). 
13

C{
1
H} NMR (100 MHz, 

CDCl3): δ 163.3 (d, 
4
JC-F = 1.8 Hz), 157.0 (d, 

1
JC-F = 241.1 Hz), 125.6 (d, 

3
JC-F = 9.2 

Hz), 118.1 (d, 
2
JC-F = 23.9 Hz), 116.3 (d, 

3
JC-F = 8.3 Hz), 107.4 (d, 

2
JC-F = 25.9 Hz) 

(aromatic C), 77.4, 56.3 (cage C). 
11

B NMR (128 MHz, CDCl3): δ 3.4 (s, 1B) (Bcage-O), -4.0 (d, JBH = 

156 Hz, 1B), -10.1 (d, JBH = 166 Hz, 3B), -11.5 (d, JBH = 158 Hz, 2B), -15.0 (d, JBH = 151 Hz, 1B), 

-15.8 (d, JBH = 167 Hz, 1B), -21.4 (d, JBH = 174 Hz, 1B) (BcageH). 
19

F NMR (282 MHz, CDCl3): δ -121.8 

(m, 1F). IR (KBr): v (cm
-1

) 3065, 2589, 1590, 1475, 1257, 1155, 984, 873, 772. Anal. Calcd for 

C8H13B10FO: C, 38.08; H, 5.19. Found: C, 38.50; H, 5.39.   

 

2i: Yield 25%. White solid. mp: 118-121 
o
C. 

1
H NMR (400 MHz, CDCl3): δ 7.37 

(m, 2H), 7.08 (d, J = 8.4 Hz, 1H) (aromatic CH), 2.90 (s, 1H) (cage H). 
13

C{
1
H} 

NMR (100 MHz, CDCl3): δ 166.1, 131.9, 127.6, 127.3, 123.6, 116.9 (aromatic C), 

77.7, 61.5 (cage C). 
11

B NMR (128 MHz, CDCl3): δ 0.4 (s, 1B) (Bcage-O), -3.3 (d, 

JBH = 149 Hz, 1B), -9.0 (d, JBH = 160 Hz, 1B), -10.5 (d, JBH = 191 Hz, 1B), -12.4 (d, JBH = 151 Hz, 1B), 

-13.4 (m, 1B), -14.2 (m, 1B), -15.0 (m, 1B), -15.7 (m, 1B), -18.1 (d, JBH = 153 Hz, 1B) (BcageH). IR 

(KBr): v (cm
-1

) 3046, 2578, 1453, 1264, 1194, 1076, 821, 694, 651. Anal. Calcd for C8H13B10ClO: C, 

35.75; H, 4.88. Found: C, 35.84; H, 4.99.   

 

3i: Yield 9%. White solid. mp: 131-133 
o
C. 

1
H NMR (400 MHz, CDCl3): δ 7.36 (d, 

J = 8.8 Hz, 1H), 7.24 (s, 1H), 7.10 (d, J = 8.8 Hz, 1H) (aromatic CH), 4.21 (s, 1H) 

(cage H). 
13

C{
1
H} NMR (100 MHz, CDCl3): δ 165.8, 131.3, 126.5, 126.4, 120.3, 



S15 

 

116.7 (aromatic C), 77.4, 56.4 (cage C). 
11

B NMR (128 MHz, CDCl3): δ 3.5 (s, 1B) (Bcage-O), -3.7 (d, 

JBH = 144 Hz, 1B), -9.8 (d, JBH = 176 Hz, 3B), -11.2 (d, JBH = 155 Hz, 2B), -14.8 (d, JBH = 148 Hz, 1B), 

-15.5 (d, JBH = 165 Hz, 1B), -21.2 (d, JBH = 167 Hz, 1B) (BcageH). IR (KBr): v (cm
-1

) 3046, 2578, 1453, 

1264, 1194, 1076, 821, 694, 651. HRMS (EI): m/z Calcd for C8H14B10ClO
+
: 270.1708. Found: 270.1709.   

 

2j: Yield 28%. White solid. mp: 68-70 
o
C. 

1
H NMR (400 MHz, CDCl3): δ 7.19 (m, 

2H), 7.02 (d, J = 8.8 Hz, 1H) (aromatic CH), 2.88 (s, 1H) (cage H), 2.34 (s, 3H) 

(CH3). 
13

C{
1
H} NMR (100 MHz, CDCl3): δ 165.6, 132.4, 131.9, 125.9, 123.6, 

115.4 (aromatic C), 78.9, 61.9 (cage C), 20.8 (CH3). 
11

B NMR (128 MHz, CDCl3): 

δ 0.6 (s, 1B) (Bcage-O), -3.4 (d, JBH = 147 Hz, 1B), -9.4 (d, JBH = 132 Hz, 1B), -10.1 (d, JBH = 112 Hz, 

1B), -12.5 (d, JBH = 148 Hz, 1B), -13.4 (m, 1B), -14.2 (m, 1B), -14.9 (m, 1B), -15.7 (m, 1B), -18.2 (d, 

JBH = 152 Hz, 1B) (BcageH). IR (KBr): v (cm
-1

) 3053, 2922, 2591, 1478, 1267, 1202, 1063, 816. Anal. 

Calcd for C9H16B10O: C, 43.53; H, 6.49. Found: C, 43.76; H, 6.48.  

 

3j: Yield 6%. White solid. mp: 84-87 
o
C. 

1
H NMR (400 MHz, CDCl3): δ 7.19 (d, J 

= 8.4 Hz, 1H), 7.05 (d, J = 8.8 Hz, 2H) (aromatic CH), 4.19 (s, 1H) (Cage H), 2.34 

(s, 3H) (CH3). 
13

C{
1
H} NMR (100 MHz, CDCl3): δ 165.3, 131.8, 130.8, 125.0, 

120.2, 115.3 (aromatic C), 78.0, 56.2 (cage C), 20.9 (CH3). 
11

B NMR (128 MHz, 

CDCl3): δ 3.5 (s, 1B) (Bcage-O), -4.0 (d, JBH = 146 Hz, 1B), -10.2 (d, JBH = 165 Hz, 

3B), -11.5 (d, JBH = 162 Hz, 2B), -14.9 (d, JBH = 152 Hz, 1B), -15.8 (d, JBH = 144 Hz, 1B), -21.4 (d, JBH 

= 163 Hz, 1B) (BcageH). IR (KBr): v (cm
-1

) 3064, 2923, 2584, 1475, 1259, 1209, 1143, 810. Anal. Calcd 

for C9H16B10O: C, 43.53; H, 6.49. Found: C, 43.83; H, 6.60.   

 

2k: Yield 12%. White solid. mp: 69-70 
o
C. 

1
H NMR (400 MHz, CDCl3): δ 7.04 

(d, J = 9.2 Hz, 1H), 6.94 (dd, J = 9.2, 2.8 Hz, 1H), 6.90 (d, J = 2.8 Hz, 1H) 

(aromatic CH), 3.79 (s, 3H) (OCH3), 2.89 (s, 1H) (cage H). 
13

C{
1
H} NMR (100 
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MHz, CDCl3): δ 161.5, 154.9, 126.4, 117.8, 116.2, 108.4 (aromatic C), 78.8, 61.8 (cage C), 56.2 (OCH3). 

11
B NMR (128 MHz, CDCl3): δ 0.8 (s, 1B) (Bcage-O), -3.3 (d, JBH = 140 Hz, 1B), -9.4 (m, 1B), -10.1 (m, 

1B), -12.3 (d, JBH = 151 Hz, 1B), -13.3 (m, 1B), -14.2 (m, 1B), -14.7(m, 1B), -15.6 (m, 1B), -18.2 (d, 

JBH = 152 Hz, 1B) (BcageH). IR (KBr): v (cm
-1

) 2924, 2590, 1476, 1193, 1037, 805, 548. Anal. Calcd for 

C9H16B10O2: C, 40.89; H, 6.10. Found: C, 41.12; H, 6.18.   

 

2l: Yield 25%. White solid. mp: 117-119 
o
C. 

1
H NMR (400 MHz, CDCl3): δ 7.42 

(d, J = 8.8 Hz, 1H), 7.35 (s, 1H), 7.05 (d, J = 8.8 Hz, 1H) (aromatic CH), 2.90 (s, 

1H) (cage H), 1.31 (s, 9H) ((CH3)3). 
13

C{
1
H} NMR (100 MHz, CDCl3): δ 165.4, 

145.6, 129.0, 125.6, 119.8, 115.1 (aromatic C), 79.3, 62.0 (cage C). 34.7, 31.6 

(C(CH3)3). 
11

B NMR (128 MHz, CDCl3): δ 0.6 (s, 1B) (Bcage-O), -3.4 (d, JBH = 147 Hz, 1B), -9.5 (d, JBH 

= 133 Hz, 1B), -10.1 (m, 1B), -12.5 (d, JBH = 153 Hz, 1B), -13.4 (m, 1B), -14.2 (m, 1B), -15.0 (m, 1B), 

-15.7 (m, 1B), -18.3 (d, JBH = 152 Hz, 1B) (BcageH). IR (KBr): v (cm
-1

) 3055, 2963, 2608, 1616, 1479, 

1364, 1199, 825, 809, 698. Anal. Calcd for C12H22B10O: C, 49.63; H, 7.64. Found: C, 49.55; H, 7.71.   

 

2m: Yield 29%. White solid. mp: 142-145 
o
C. 

1
H NMR (400 MHz, CDCl3): 

δ 7.61 (d, J = 8.8 Hz, 1H), 7.58 (s, 1H), 7.51 (d, J = 7.6 Hz, 2H), 7.45 (t, J = 

7.2 Hz, 2H), 7.37 (t, J = 7.2 Hz, 1H), 7.20 (d, J = 8.4 Hz, 1H) (aromatic CH), 

2.96 (s, 1H) (cage H). 
13

C{
1
H} NMR (100 MHz, CDCl3): δ 167.0, 139.5, 

135.9, 130.7, 129.2, 127.8, 127.2, 126.6, 121.9, 116.0 (aromatic C), 78.7, 61.9 (cage C). 
11

B NMR (128 

MHz, CDCl3): δ 0.6 (s, 1B) (Bcage-O), -3.3 (d, JBH = 149 Hz, 1B), -9.1 (d, JBH = 130 Hz, 1B), -10.1 (d, 

JBH = 142 Hz, 1B), -12.4 (d, JBH = 153 Hz, 1B), -14.1 (m, 2B), -14.9 (m, 1B), -15.5 (m, 1B), -18.1 (d, 

JBH = 148 Hz, 1B) (BcageH). IR (KBr): v (cm
-1

) 3050, 2594, 1467, 1199, 835, 762, 694. Anal. Calcd for 

C14H18B10O: C, 54.17; H, 5.84. Found: C, 54.59; H, 5.98.  
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3m: Yield 8%. White solid. mp: 155-157 
o
C. 

1
H NMR (400 MHz, CDCl3): δ 

7.62 (dd, J = 8.8, 2.0 Hz, 1H), 7.51 (m, 2H), 7.44 (m, 3H), 7.36 (t, J = 7.6 Hz, 

1H), 7.23 (d, J = 8.8 Hz, 1H) (aromatic CH), 4.27 (s, 1H) (cage H). 
13

C{
1
H} 

NMR (100 MHz, CDCl3): δ 166.6, 139.9, 134.8, 130.1, 129.1, 127.6, 127.1, 

125.7, 118.5, 115.9 (aromatic C), 77.9, 56.3 (cage C). 
11

B NMR (128 MHz, CDCl3): δ 3.6 (s, 1B) 

(Bcage-O), -3.9 (d, JBH = 151 Hz, 1B), -9.9 (d, JBH = 177 Hz, 3B), -11.3 (d, JBH = 156 Hz, 2B), -14.8 (m, 

2B), -21.3 (d, JBH = 168 Hz, 1B) (BcageH). IR (KBr): v (cm
-1

) 3063, 2582, 1466, 1198, 1119, 825, 758, 

693. Anal. Calcd for C14H18B10O: C, 54.17; H, 5.84. Found: C, 53.79; H, 5.91.  

 

2n: Yield 68%. White solid. mp: 123-124 
o
C. 

1
H NMR (400 MHz, CDCl3): δ 7.21 (m, 

2H), 7.02 (m, 1H) (aromatic CH), 2.97 (s, 1H) (cage H). 
13

C{
1
H} NMR (100 MHz, 

CDCl3): δ 154.7 (d, 
2
JC-F = 12.3 Hz), 149.9 (d, 

1
JC-F = 251.1 Hz), 128.7 (d, 

3
JC-F = 10.8 

Hz), 122.8 (d, 
3
JC-F = 6.2 Hz), 118.9 (d, 

4
JC-F = 2.3 Hz), 118.8 (d, 

2
JC-F = 10.5 Hz) 

(aromatic C), 78.3, 61.6 (cage C). 
11

B NMR (128 MHz, CDCl3): δ 0.4 (s, 1B) (Bcage-O), 

-3.3 (d, JBH = 148 Hz, 1B), -9.0 (d, JBH = 157 Hz, 1B), -10.5 (d, JBH = 194 Hz, 1B), -12.3 (d, JBH = 145 

Hz, 1B), -13.4 (m, 1B), -14.2 (m, 1B), -14.9 (m, 1B), -15.6 (m, 1B), -18.1 (d, JBH = 148 Hz, 1B) (BcageH). 

19
F NMR (376 MHz, CDCl3): δ -133.0 (m, 1F). IR (KBr): v (cm

-1
) 3055, 2580, 1628, 1487, 1450, 1263, 

1185, 1093, 782, 726. Anal. Calcd for C8H13B10FO: C, 38.08; H, 5.19. Found: C, 38.57; H, 5.28.   

 

3n: Yield 9%. White solid. mp: 137-140 
o
C. 

1
H NMR (400 MHz, CDCl3): δ 7.19 (d, J 

= 8.8 Hz, 1H), 7.03 (d, J = 7.6 Hz, 1H), 6.97 (td, J = 8.0, 4.0 Hz, 1H) (aromatic CH), 

4.23 (s, 1H) (cage H). 
13

C{
1
H} NMR (100 MHz, CDCl3): δ 154.4 (d, 

2
JC-F = 12.8 Hz), 

150.1 (d, 
1
JC-F = 249.8 Hz), 127.9 (d, 

3
JC-F = 3.7 Hz), 121.6 (d, 

3
JC-F = 6.3 Hz), 118.0 

(d, 
2
JC-F = 17.0 Hz), 115.5 (d, 

4
JC-F = 3.9 Hz) (aromatic C), 77.4, 56.3 (cage C). 

11
B 

NMR (128 MHz, CDCl3): δ 3.5 (s, 1B) (Bcage-O), -3.7 (d, JBH = 144 Hz, 1B), -9.9 (d, JBH = 185 Hz, 3B), 

-11.2 (d, JBH = 151 Hz, 2B), -14.8 (d, JBH = 165 Hz, 1B), -15.6 (d, JBH = 159 Hz, 1B), -21.2 (d, JBH = 
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168 Hz, 1B) (BcageH). 
19

F NMR (376 MHz, CDCl3): δ -133.5 (m, 1F). IR (KBr): v (cm
-1

) 3062, 2588, 

1628, 1594, 1488, 1446, 1140, 782, 729. HRMS (EI): m/z Calcd for C8H13B10FO
- 
: 252.1963. Found: 

252.1966.   

 

2o: Yield 30%. White solid. mp: 97-98 
o
C. 

1
H NMR (400 MHz, CDCl3): δ 7.22 (d, J = 

7.6 Hz, 2H), 6.94 (t, J = 7.6 Hz, 1H) (aromatic CH), 2.88 (s, 1H) (cage H), 2.34 (s, 3H) 

(CH3). 
13

C{
1
H} NMR (100 MHz, CDCl3): δ 166.3, 132.8, 126.0, 125.6, 121.8, 120.7 

(aromatic C), 79.3, 61.8 (cage C), 15.4 (CH3). 
11

B NMR (128 MHz, CDCl3): δ 0.4 (s, 

1B) (Bcage-O), -3.4 (d, JBH = 153 Hz, 1B), -9.5 (d, JBH = 144 Hz, 1B), -10.2 (m, 1B), 

-12.5 (d, JBH = 158 Hz, 1B), -13.2 (m, 1B), -14.1 (m, 1B), -15.0 (m, 1B), -15.8 (m, 1B), -18.3 (d, JBH = 

156 Hz, 1B) (BcageH). IR (KBr): v (cm
-1

) 3047, 2956, 2584, 1607, 1456, 1197, 1096, 775. Anal. Calcd 

for C9H16B10O: C, 43.53; H, 6.49. Found: C, 43.87; H, 6.50.  

 

3o: Yield 6%. White solid. mp: 87-89 
o
C. 

1
H NMR (400 MHz, CDCl3): δ 7.22 (d, J = 

7.2 Hz, 1H), 7.06 (d, J = 7.2 Hz, 1H), 6.91 (t, J = 7.2 Hz, 1H) (aromatic CH), 4.20 (s, 

1H) (cage H), 2.37 (s, 3H) (CH3). 
13

C{
1
H} NMR (100 MHz, CDCl3): δ 165.9, 132.1, 

125.9, 124.6, 120.7, 117.2 (aromatic C), 78.4, 56.4 (cage C), 15.6 (CH3). 
11

B NMR 

(128 MHz, CDCl3): δ 3.3 (s, 1B) (Bcage-O), -4.0 (d, JBH = 158 Hz, 1B), -10.2 (d, JBH = 

159 Hz, 3B), -11.5 (d, JBH = 154 Hz, 2B), -14.9 (d, JBH = 153 Hz, 1B), -15.7 (d, JBH = 176 Hz, 1B), 

-21.5 (d, JBH = 169 Hz, 1B) (BcageH). IR (KBr): v (cm
-1

) 3057, 2926, 2583, 1608, 1458, 1263, 1166, 

1143, 836, 739. Anal. Calcd for C9H16B10O: C, 43.53; H, 6.49. Found: C, 43.87; H, 6.53.  

 

2p: Yield 37%. White solid. mp: 162-165 
o
C. 

1
H NMR (400 MHz, CDCl3): δ 7.00 (m, 

3H) (aromatic CH), 3.94 (s, 3H) (OCH3), 2.93 (s, 1H) (cage H). 
13

C{
1
H} NMR (100 

MHz, CDCl3): δ 156.5, 147.6, 127.1, 122.8, 115.2, 113.9 (aromatic C), 79.0, 61.7 (cage 

C), 56.4 (OCH3). 
11

B NMR (128 MHz, CDCl3): δ 0.5 (s, 1B) (Bcage-O), -3.3 (d, JBH = 
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150 Hz, 1B), -9.3 (d, JBH = 138 Hz, 1B), -10.2 (d, JBH = 132 Hz, 1B), -12.2 (d, JBH = 145 Hz, 1B), -13.3 

(m, 1B), -14.2 (m, 1B), -14.7 (m, 1B), -15.7 (m, 1B), -18.1 (d, JBH = 147 Hz, 1B) (BcageH). IR (KBr): v 

(cm
-1

) 3106, 2939, 2599, 1591, 1472, 1441, 1370, 1294, 1245, 1092, 1009, 725, 484. HRMS (EI): m/z 

Calcd for C9H16B10O2
- 
: 264.2164. Found: 264.2161.  

 

3p: Yield 9%. White solid. mp: 148-150 
o
C. 

1
H NMR (400 MHz, CDCl3): δ 6.98 (m, 

2H), 6.85 (m, 1H) (aromatic CH), 4.22 (s, 1H) (cage H), 3.94 (s, 3H) (OCH3). 
13

C{
1
H} 

NMR (100 MHz, CDCl3): δ 156.3, 147.7, 126.2, 121.8, 113.2, 111.9 (aromatic C), 78.1, 

56.2 (cage C), 56.3 (OCH3). 
11

B NMR (128 MHz, CDCl3): δ 3.5 (s, 1B) (Bcage-O), -3.8 

(d, JBH = 142 Hz, 1B), -10.1 (d, JBH = 161 Hz, 3B), -11.4 (d, JBH = 155 Hz, 2B), -14.9 

(d, JBH = 149 Hz, 1B), -15.7 (d, JBH = 164 Hz, 1B), -21.4 (d, JBH = 163 Hz, 1B) (BcageH). IR (KBr): v 

(cm
-1

) 3106, 2926, 2599, 1591, 1472, 1441, 1370, 1294, 1245, 1193, 1092, 1009, 725. HRMS (EI): m/z 

Calcd for C9H17B10O2
+
: 265.2231. Found: 265.2228.   

 

One-pot preparation of 2q-t. 
i
PrMgCl (2.0 M in THF, 6.0 mL, 12.0 mmol) was slowly added to a THF 

solution (25 mL) of o-carborane (720 mg, 5.0 mmol) at 0 
o
C, and the mixture was stirred at 0 

o
C for 1 h. 

After replacement of THF with toluene (25 mL), and addition of 1q-t (6.0 mmol) and NiCl2 (130 mg, 

1.0 mmol), the reaction mixture was heated at 140 
o
C under stirring for 36 h in a closed flask. Then, the 

reaction was quenched with water (50 mL) and extracted with ethyl acetate (100 mL x 3). The organic 

portions were combined and concentrated to dryness in vacuo. The residue was subjected to flash 

column chromatography on silica gel (300–400 mesh) using hexane as eluent to give 2q-t. 

 

2q: Yield 5%. White solid. mp: 64-66 
o
C. 

1
H NMR (400 MHz, CDCl3): δ 7.36 (dd, J = 

15.2, 8.4 Hz, 1H), 6.95 (d, J = 8.4 Hz, 1H), 6.19 (t, J = 8.4 Hz, 1H) (aromatic CH), 2.96 

(s, 1H) (cage H). 
13

C{
1
H} NMR (100 MHz, CDCl3): δ 169.3 (d, 

3
JC-F = 4.7 Hz), 157.5 

(d, 
1
JC-F = 254.5 Hz), 132.8 (d, 

3
JC-F = 8.9 Hz), 114.2 (d, 

2
JC-F = 17.9 Hz), 111.7 (d, 
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4
JC-F = 3.7 Hz), 109.5 (d, 

2
JC-F = 18.8 Hz) (aromatic C), 75.0, 62.2 (cage C). 

11
B NMR (128 MHz, 

CDCl3): δ 0.5 (s, 1B) (Bcage-O), -3.6 (d, JBH = 148 Hz, 1B), -8.5 (d, JBH = 164 Hz, 1B), -10.1 (d, JBH = 

195 Hz, 1B), -12.4 (d, JBH = 146 Hz, 1B), -13.5 (d, JBH = 177 Hz, 2B), -15.0 (d, JBH = 160 Hz, 1B), 

-16.0 (d, JBH = 170 Hz, 1B), -17.5 (d, JBH = 163 Hz, 1B) (BcageH). 
19

F NMR (376 MHz, CDCl3): δ -116.8 

(m, 1F). IR (KBr): v (cm
-1

) 3044, 2926, 2577, 1634, 1589, 1447, 1197, 1023, 784. HRMS (EI): m/z 

Calcd for C8H13B10FO
- 
: 252.1963. Found: 252.1966.  

 

2r: Yield 10%. White solid. mp: 82-84 
o
C. 

1
H NMR (400 MHz, CDCl3): δ 7.26 (m, 

1H), 6.98 (d, J = 8.4 Hz, 1H), 6.84 (d, J = 7.6 Hz, 1H) (aromatic CH), 2.93 (s, 1H) 

(cage H), 2.50 (s, 3H) (CH3). 
13

C{
1
H} NMR (100 MHz, CDCl3): δ 168.2, 135.5, 131.3, 

124.4, 124.1, 113.5 (aromatic C), 78.9, 62.9 (cage C), 18.1 (CH3). 
11

B NMR (128 

MHz, CDCl3): δ 0.3 (s, 1B) (Bcage-O), -4.2 (d, JBH = 148 Hz, 1B), -9.1 (d, JBH = 150 Hz, 1B), -10.2 (d, 

JBH = 148 Hz, 1B), -12.6 (d, JBH = 150 Hz, 1B), -14.0 (d, JBH = 172 Hz, 2B), -15.1 (d, JBH = 157 Hz, 1B), 

-16.5 (d, JBH = 195 Hz, 1B), -18.0 (d, JBH = 165 Hz, 1B) (BcageH). IR (KBr): v (cm
-1

) 3046, 2922, 2571, 

1619, 1424, 1196, 1117, 1063, 823. Anal. Calcd for C9H16B10O: C, 43.53; H, 6.49. Found: C, 43.62; H, 

6.93.  

 

2s: Yield 25%. White solid. mp: 93-95 
o
C. 

1
H NMR (400 MHz, CDCl3): δ 7.30 (t, J 

= 8.4 Hz, 1H), 6.74 (d, J = 8.4 Hz, 1H), 6.55 (d, J = 8.4 Hz, 1H) (aromatic CH), 3.88 

(s, 3H) (OCH3), 2.90 (s, 1H) (cage H). 
13

C{
1
H} NMR (100 MHz, CDCl3): δ 169.2, 

155.9, 132.5, 114.1, 108.3, 104.6 (aromatic C), 77.1, 63.1 (cage C), 56.0 (OCH3). 

11
B NMR (128 MHz, CDCl3): δ 0.4 (s, 1B) (Bcage-O), -4.2 (d, JBH = 148 Hz, 1B), -9.2 (d, JBH = 140 Hz, 

1B), -9.8 (m, 1B), -12.8 (d, JBH = 128 Hz, 2B), -13.5 (d, JBH = 159 Hz, 1B), -15.3 (d, JBH = 185 Hz, 1B), 

-16.5 (d, JBH = 161 Hz, 1B), -17.7 (d, JBH = 152 Hz, 1B) (BcageH). IR (KBr): v (cm
-1

) 3054, 2944, 2571, 

1609, 1494, 1437, 1282, 1201, 1081, 776. Anal. Calcd for C9H16B10O2: C, 40.89; H, 6.10. Found: C, 

40.95; H, 6.14.   
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2t: Yield 28%. White solid. mp: 102-104 
o
C. 

1
H NMR (400 MHz, CDCl3): δ 8.18 

(d, J = 8.4 Hz, 1H), 7.89 (t, J = 9.2 Hz, 2H), 7.65 (t, J = 8.4 Hz, 1H) 7.48 (t, J = 

7.6 Hz, 1H), 7.35 (d, J = 9.2 Hz, 1H) (aromatic CH), 2.92 (s, 1H) (cage H). 
13

C{
1
H} 

NMR (100 MHz, CDCl3): δ 167.5, 133.0, 129.2, 129.0, 128.7, 128.6, 125.2, 121.8, 

119.0, 116.2 (aromatic C), 79.2, 62.6 (cage C). 
11

B NMR (128 MHz, CDCl3): δ 0.5 (s, 1B) (Bcage-O), -3.9 

(d, JBH = 152 Hz, 1B), -9.2 (d, JBH = 136 Hz, 1B), -10.0 (d, JBH = 112 Hz, 1B), -12.3 (d, JBH = 156 Hz, 

1B), -13.8 (d, JBH = 172 Hz, 2B), -14.8 (d, JBH = 169 Hz, 1B), 16.6 (d, JBH = 189 Hz, 1B), -17.7 (d, JBH 

= 146 Hz, 1B) (BcageH). IR (KBr): v (cm
-1

) 3056, 2573, 1625, 1587, 1521, 1200, 1061, 816, 750. Anal. 

Calcd for C12H16B10O: C, 50.68; H, 5.67. Found: C, 50.65; H, 5.72. 

 

3. Crystal Data and Summary of Data Collection and Refinements 

 

X-ray Structure Determination. All data were collected at 293K on a Bruker SMART 1000 CCD 

diffractometer using Mo-Kα radiation. An empirical absorption correction was applied using the 

SADABS program.
2
 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.
3
 All hydrogen atoms were geometrically 

fixed using the riding model. Crystal data and details of data collection and structure refinements are 

given in Table S1. 

CCDC 1961649-1961653 (2b, 2g, 2s, 3b and 3h) contains the supplementary crystallographic 

datafor 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. 

 

http://www.ccdc.cam.ac.uk/data_request/cif
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Table S1. Crystal Data and Summary of Data Collection and Refinement for 2b, 3b, 2g, 3h and 2s. 

compound 2b 3b 2g 3h 2s 

formula C9H16B10O C9H16B10O C12H22B10O C8H13B10FO C9H16B10O2 

crystal size 

(mm) 

0.11 × 0.1 × 

0.05 

0.2 × 0.15 × 

0.12 

0.22 × 0.2 × 

0.18 

0.12 × 0.1 × 

0.08 

0.3 x 0.25 x 

0.22 

fw 248.47 248.47 290.39 252.43 264.47 

crystal system Triclinic Monoclinic Monoclinic Monoclinic Monoclinic 

space group P-1 P21/n P21/m P21/n P21/n 

a Å 6.678(1) 12.865(1) 6.703(1) 6.681(1) 10.104(1) 

b Å 7.725(1) 7.029(1) 9.329(1) 20.124(2) 10.567(2) 

c Å 14.170(2) 14.895(1) 13.382(1) 9.432(1) 26.989(4) 

α, deg 83.442(3) 90 90 90 90 

β, deg 89.351(3) 90.789(2) 92.850(2) 92.779(2) 95.920(2) 

γ, deg 67.197(3) 90 90 90 90 

V, Å
3
 669.0(2) 1346.8(2) 835.7(2) 1266.7(2) 2866.1(7) 

Z 2 4 2 4 8 

Dcalcd, Mg/m
3
 1.233 1.225 1.154 1.323 1.225 

radiation (λ) Å 0.71073 0.71073 0.71073 0.71073 0.71073 

2θ range, deg 5.76 to 60.98 5.48 to 61.32 4.36 to 61.30 4.04 to 61.46 4.14 to 57.96 

μ, mm
-1

 0.063 0.063 0.060 0.079 0.068 

F(000) 256 512 304 512 1088 

no. of obsd 

reflns 
4034 4167 2736 3944 7574 

no. of params 

refnd 
182 182 126 181 381 

goodness of fit 1.057 1.051 1.076 1.047 1.0194 

R1 0.0569 0.0435 0.0587 0.0455 0.0550 

wR2 0.1326 0.1266 0.1472 0.1202 0.1441 
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