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General Procedures.  

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. 4-I-o-carborane,1 9-

I-o-carborane,2 4,5-I2-o-carborane,3 4,7-I2-o-carborane1 and 3,6-I2-o-carborane4 were prepared 

according to literature procedures. Toluene was freshly distilled from sodium benzophenone ketyl 

immediately prior to use. All other chemicals were purchased from either Aldrich or J&K Chemical 

Co. and used as received unless otherwise specified. 1H, 13C{1H}, 11B and 19F NMR spectra were 

recorded on a Bruker 400 spectrometer at 400, 101, 128 and 376 MHz, respectively. All chemical 

shifts 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. 

 

Synthesis of 2 and 3. An oven-dried Schlenk flask equipped with a stir bar was charged with 4-I-o-

carborane (1; 27 mg, 0.1 mmol), Pd(PPh3)4 (12 mg, 0.01 mmol), diphenylacetylene (89 mg, 0.5 mmol) 

and dry toluene (1 mL) under an atmosphere of dry nitrogen. The flask was closed, and then stirred at 

80 oC for 72 h. After quenching with water (1 mL) and extraction with ethyl acetate (5 mL × 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 n-hexane as eluent to give the 

product 2 (22 mg, 49%) and 3 (23 mg, 50%). 
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2: White solid. 1H NMR (CDCl3, 400 MHz): δ 7.33 (m, 2H), 7.28 (m, 1H), 7.23 (m, 

2H), 7.09 (m, 3H), 6.94 (m, 3H) (aromatic and olefinic H), 3.87 (s, 1H), 3.57 (s, 1H) 

(cage CH). 13C{1H} NMR (CDCl3, 101 MHz): δ 142.0, 139.7, 137.4, 129.6, 128.9, 

128.8, 128.0, 127.3, 126.7 (aromatic and olefinic C), 59.5, 57.8 (cage C), the Bcage-C was not observed. 

11B NMR (CDCl3, 193 MHz): δ -0.4 (d, JBH = 145 Hz, 1B) (BH), -2.7 (unresolved, 2B) (BH & BC), -

8.0 (d, JBH = 140 Hz, 1B), -11.0 (d, JBH = 160 Hz, 2B), -12.7 (d, JBH = 174 Hz, 1B), -14.2 (d, JBH = 

198 Hz, 1B), -15.7 (d, JBH = 174 Hz, 1B) (BH), -27.0 (s, 1B) (BI). HRMS (DART-positive mode) calcd 

for C16H22B10I
+ [M+H+]: 449.1764. Found 449.1760. 

3: White solid. 1H NMR (CDCl3, 400 MHz): δ 7.36 (m, 2H), 7.28 (m, 3H), 7.10 (m, 

3H), 6.95 (m, 2H) (aromatic CH), 6.89 (s, 1H) (olefinic CH), 3.57 (s, 2H) (cage CH). 

13C{1H} NMR (CDCl3, 101 MHz): δ 141.9, 140.1, 137.4, 129.6, 129.0, 128.7, 128.0, 

127.4, 126.8 (aromatic and olefinic C), 55.2 (cage C), the Bcage-C was not observed. 11B NMR (CDCl3, 

128 MHz): δ -1.3 (d, JBH = 145 Hz, 1B) (BH), -2.5 (unresolved, 2B) (BH & BC), -6.8 (d, JBH = 155 

Hz, 2B), -13.0 (d, JBH = 164 Hz, 1B), -14.2 (d, JBH = 119 Hz, 1B), -15.2 (d, JBH = 153 Hz, 2B) (BH), -

24.1 (s, 1B) (BI). HRMS (DART-positive mode) calcd for C16H22B10I
+ [M+H+]: 449.1764. Found 

449.1761. 

 

Synthesis of 5b. An oven-dried Schlenk flask equipped with a stir bar was charged with 4,7-I2-o-

carborane (4b; 40 mg, 0.1 mmol), Pd(PPh3)4 (12 mg, 0.01 mmol), diphenylacetylene (143 mg, 0.8 

mmol) and dry toluene (1 mL) under an atmosphere of dry nitrogen. The flask was closed, and then 

stirred at 80 oC for 120 h. After quenching with water (1 mL) and extraction with ethyl acetate (5 mL 

× 3), the organic portions were combined and concentrated to dryness in vacuo. The residue was 
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subjected to flash column chromatography on silica gel (300-400 mesh) using n-hexane as eluent to 

give the product 5b (60 mg, 80%). 

5b: White solid. 1H NMR (CDCl3, 400 MHz): δ 7.33 (m, 4H), 7.27 (m, 2H), 

7.21 (m, 4H), 7.09 (m, 6H), 6.90 (m, 4H) (aromatic CH), 6.83 (s, 2H) (olefinic 

CH), 3.65 (s, 2H) (cage CH). 13C{1H} NMR (CDCl3, 101 MHz): δ 141.5, 140.2, 

137.2, 129.6, 129.1, 128.6, 128.1, 127.5, 126.9 (aromatic and olefinic C), 56.5 (cage C), the Bcage-C 

was not observed. 11B NMR (CDCl3, 128 MHz): δ -1.1 (d, JBH = 116 Hz, 2B), -4.3 (unresolved, 4B) 

(BH), -12.3 (s, 2B) (BC), -24.7 (s, 2B) (BI). HRMS (DART-positive mode) calcd for C30H31B10I2
+ 

[M+H+]: 753.1513. Found 753.1502. 

 

Synthesis of 5c. An oven-dried Schlenk flask equipped with a stir bar was charged with 3,6-I2-o-

carborane (4c; 40 mg, 0.1 mmol), Pd(PPh3)4 (12 mg, 0.01 mmol), diphenylacetylene (143 mg, 0.8 

mmol) and dry toluene (1 mL) under an atmosphere of dry nitrogen. The flask was closed, and then 

stirred at 100 oC for 96 h. After quenching with water (1 mL) and extraction with ethyl acetate (5 mL 

× 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 n-hexane as eluent to 

give the product 5c (65 mg, 86%). 

5c: White solid. 1H NMR (CDCl3, 400 MHz): δ 7.23 (m, 6H), 7.17 (s, 2H), 7.10 (m, 

6H), 6.89 (m, 8H) (aromatic and olefinic H), 3.34 (s, 2H) (cage CH). 13C{1H} NMR 

(CDCl3, 101 MHz): δ 144.2, 139.9, 136.5, 129.9, 129.7, 128.2, 128.2, 127.6, 127.2 

(aromatic and olefinic C), 57.7 (cage C), the Bcage-C was not observed. 11B NMR 

(CDCl3, 128 MHz): δ 0.1 (d, JBH = 140 Hz, 2B) (BH), -3.8 (s, 2B) (BC), -8.4 (d, JBH = 218 Hz, 2B), -
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10.4 (d, JBH = 143 Hz, 2B) (BH), -24.1 (s, 2B) (BI). Anal. Calcd for C30H30B10I2: C, 47.89; H, 4.02. 

Found C, 47.95; H, 4.26. 

 

General procedure for syntheses of 7. An oven-dried Schlenk flask equipped with a stir bar was 

charged with 4,7-I2-o-carborane (4b; 40 mg, 0.1 mmol), Pd(PPh3)4 (12 mg, 0.01 mmol), 

diphenylacetylene (143 mg, 0.8 mmol) and dry toluene (1 mL) under an atmosphere of dry nitrogen. 

The flask was closed, and then stirred at 80 oC for 120 h. Then, the resulting solution was cooled to 0 

oC, to which was slowly added RMgBr (0.5 mmol, 1.0 M in THF, 0.5 mL). After warming to room 

temperature, the reaction mixture was stirred at 80 oC for 24 h. After quenching with water (1 mL) and 

extraction with ethyl acetate (5 mL × 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 n-hexane as eluent to give the product 7. 

7a: Yield 86%. White solid. 1H NMR (CDCl3, 400 MHz): δ 7.43 (m, 4H), 

7.28 (m, 6H), 7.11 (m, 6H), 7.03 (m, 6H), 6.89 (s, 2H), 6.79 (m, 4H), 6.44 

(brs, 4H) (aromatic and olefinic H), 3.49 (s, 2H) (cage CH). 13C{1H} NMR 

(CDCl3, 101 MHz): δ 142.0, 139.2, 137.6, 133.2, 129.3, 128.7, 128.5, 128.0, 128.0, 127.9, 126.9, 126.2 

(aromatic and olefinic C), 51.5 (cage C), the four Bcage-C were not observed. 11B NMR (CDCl3, 128 

MHz): δ -5.5 (unresolved, 8B) (BH & BC), -14.5 (unresolved, 2B) (BH). HRMS (DART-positive mode) 

calcd for C42H44B10N
+ [M+NH4

+]: 670.4471. Found 670.4470. 

7b: Yield 82%. White solid. 1H NMR (CDCl3, 400 MHz): δ 7.28 (m, 2H), 

7.16 (m, 8H), 7.04 (m, 10H), 6.85 (s, 2H), 6.76 (m, 4H), 6.55 (brs, 4H) 

(aromatic and olefinic H), 3.86 (s, 2H) (cage CH), 2.34 (s, 6H) (CH3). 
13C{1H} 
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NMR (CDCl3, 101 MHz): δ 142.8, 142.0, 138.8, 137.6, 134.8, 130.9, 129.3, 128.6, 128.3, 128.1, 127.9, 

126.9, 126.3, 125.2 (aromatic and olefinic C), 51.6 (cage C), 23.4 (CH3), the four Bcage-C were not 

observed. 11B NMR (CDCl3, 193 MHz): δ -4.5 (unresolved, 4B), -6.6 (unresolved, 4B) (BH & BC), -

13.8 (unresolved, 2B) (BH). HRMS (DART-positive mode) calcd for C44H45B10
+ [M+H+]: 681.4519. 

Found 681.4505. 

7c: Yield 88%. White solid. 1H NMR (CDCl3, 400 MHz): δ 7.20 (m, 4H), 7.10 

(m, 8H), 7.02 (m, 8H), 6.88 (s, 2H), 6.78 (m, 4H), 6.44 (brs, 4H) (aromatic 

and olefinic H), 3.48 (s, 2H) (cage CH), 2.26 (s, 6H) (CH3). 
13C{1H} NMR 

(CDCl3, 101 MHz): δ 142.0, 139.1, 137.7, 137.1, 134.1, 130.3, 129.3, 129.2, 

128.6, 128.1, 127.9, 126.9, 126.2 (aromatic and olefinic C), 51.4 (cage C), 21.6 (CH3), the four Bcage-

C were not observed. 11B NMR (CDCl3, 193 MHz): δ -5.8 (unresolved, 8B) (BH & BC), -14.6 

(unresolved, 2B) (BH). HRMS (DART-positive mode) calcd for C44H45B10
+ [M+H+]: 681.4519. Found 

681.4513. 

7d: Yield 87%. White solid. 1H NMR (CDCl3, 400 MHz): δ 7.34 (d, J = 

7.7 Hz, 4H), 7.11 (m, 10H), 7.06 (m, 6H), 6.90 (s, 2H), 6.82 (m, 4H), 

6.50 (brs, 4H) (aromatic and olefinic H), 3.45 (s, 2H) (cage CH), 2.35 

(s, 6H) (CH3). 
13C{1H} NMR (CDCl3, 101 MHz): δ 142.1, 139.0, 138.2, 137.7, 133.2, 129.3, 128.8, 

128.6, 128.0, 127.9, 126.9, 126.2 (aromatic and olefinic C), 51.5 (cage C), 21.5 (CH3), the four Bcage-

C were not observed. 11B NMR (CDCl3, 193 MHz): δ -5.8 (unresolved, 8B) (BH & BC), -14.3 

(unresolved, 2B) (BH). HRMS (DART-positive mode) calcd for C44H45B10
+ [M+H+]: 681.4519. Found 

681.4514. 
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7e: Yield 93%. White solid. 1H NMR (CDCl3, 400 MHz): δ 7.36 

(d, J = 8.2 Hz, 4H), 7.12 (m, 6H), 7.04 (m, 6H), 6.90 (s, 2H), 

6.82 (m, 8H), 6.48 (brs, 4H) (aromatic and olefinic H), 3.79 (s, 

6H) (OCH3), 3.41 (s, 2H) (cage CH). 13C{1H} NMR (CDCl3, 101 MHz): δ 160.2, 142.1, 138.9, 137.7, 

134.5, 129.3, 128.7, 128.0, 127.9, 126.9, 126.2, 113.7 (aromatic and olefinic C), 55.2 (OCH3), 51.5 

(cage C), the four Bcage-C were not observed. 11B NMR (CDCl3, 128 MHz): δ -5.9 (unresolved, 8B) 

(BH & BC), -15.1 (unresolved, 2B) (BH). HRMS (DART-positive mode) calcd for C44H45B10O2
+ 

[M+H+]: 713.4417. Found 713.4392. 

7f: Yield 81%. White solid. 1H NMR (CDCl3, 400 MHz): δ 7.38 (m, 

4H), 7.14 (m, 6H), 7.05 (m, 6H), 6.98 (m, 4H), 6.91 (s, 2H), 6.80 (m, 

4H), 6.47 (brs, 4H) (aromatic and olefinic H), 3.48 (s, 2H) (cage CH). 

13C{1H} NMR (CDCl3, 101 MHz): δ 163.6 (d, 1JCF = 247.6 Hz), 141.8, 139.4, 137.5, 134.9 (d, 3JCF = 

7.7 Hz), 129.3, 128.8, 128.0, 127.9, 127.1, 126.4, 115.1 (d, 2JCF = 20.2 Hz) (aromatic and olefinic C), 

51.6 (cage C), the four Bcage-C were not observed. 11B NMR (CDCl3, 193 MHz): δ -5.7 (unresolved, 

8B) (BH & BC), -14.2 (unresolved, 2B) (BH). 19F NMR (376 MHz, CDCl3): -114.6 (m, 1F). HRMS 

(DART-positive mode) calcd for C42H39B10F2
+ [M+H+]: 689.4018. Found 689.3992. 

7g: Yield 85%. White solid. 1H NMR (CDCl3, 400 MHz): δ 7.32 (m, 4H), 7.23 

(m, 2H), 7.08 (m, 10H), 6.89 (m, 4H), 6.83 (s, 2H) (aromatic and olefinic H), 

3.15 (s, 2H) (cage CH), 0.45 (s, 6H) (CH3). 
13C{1H} NMR (CDCl3, 101 MHz): 

δ 142.7, 138.4, 137.6, 129.5, 129.0, 128.3, 128.0, 127.0, 126.4 (aromatic and olefinic C), 54.5 (cage 

C), the four Bcage-C were not observed. 11B NMR (CDCl3, 193 MHz): δ -4.1 (d, JBH = 146 Hz, 2B) 

(BH), -6.9 (unresolved, 6B) (BH & BC), -14.7 (unresolved, 2B) (BH). HRMS (DART-positive mode) 
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calcd for C32H37B10
+ [M+H+]: 529.3893. Found 529.3890. 

7h: Yield 54% (70% using THF as the solvent). Light yellow oil. 1H NMR 

(CDCl3, 400 MHz): δ 7.36 (m, 4H), 7.28 (m, 2H), 7.12 (m, 10H), 6.93 (m, 4H), 

6.88 (s, 2H) (aromatic and olefinic H), 3.19 (s, 2H) (cage CH), 1.03 (m, 6H) 

(CH3), 0.88 (m, 4H) (CH2). 
13C{1H} NMR (CDCl3, 101 MHz): δ 142.6, 138.3, 137.6, 129.5, 129.0, 

128.3, 128.0, 127.0, 126.4 (aromatic and olefinic C), 53.3 (cage C), 12.7 (CH2), the four Bcage-C were 

not observed. 11B NMR (CDCl3, 193 MHz): δ -4.7 (unresolved, 4B), -6.8 (unresolved, 3B) (BH & BC), 

-8.5 (d, JBH = 121 Hz, 1B), -15.3 (unresolved, 2B) (BH). HRMS (DART-positive mode) calcd for 

C34H41B10
+ [M+H+]: 557.4206. Found 557.4209. 

7i: Yield 81%. White solid. 1H NMR (CDCl3, 400 MHz): δ 7.31 (m, 4H), 7.23 

(m, 2H), 7.14 (d, J = 7.2 Hz, 4H), 7.06 (m, 6H), 6.88 (m, 6H) (aromatic and 

olefinic H), 3.18 (s, 2H), 0.67 (m, 2H), 0.55 (m, 2H), 0.44 (m, 2H), 0.23 (m, 

2H), -0.05 (m, 2H) (cage CH). 13C{1H} NMR (CDCl3, 101 MHz): δ 142.8, 138.4, 137.7, 129.5, 129.0, 

128.3, 128.0, 126.9, 126.4 (aromatic and olefinic C), 53.4 (cage C), 6.8, 6.4 (CH2), the four Bcage-C 

were not observed. 11B NMR (CDCl3, 193 MHz): δ -5.2 (unresolved, 3B), -7.1 (unresolved, 3B) (BH 

& BC), -9.3 (d, JBH = 135 Hz, 2B), -15.2 (unresolved, 1B), -16.5 (unresolved, 1B) (BH). HRMS 

(DART-positive mode) calcd for C36H41B10
+ [M+H+]: 581.4206. Found 581.4207. 

7j: Yield 48%. White solid. 1H NMR (CDCl3, 400 MHz): δ 7.32 (m, 4H), 7.24 

(m, 2H), 7.10 (m, 10H), 6.92 (m, 4H), 6.86 (s, 2H) (aromatic and olefinic H), 

3.20 (s, 2H) (cage CH), 1.84 (m, 2H), 1.73 (m, 2H), 1.64 (m, 4H), 1.16 (m, 

12H), 0.93 (m, 2H) (CH2). 
13C{1H} NMR (CDCl3, 101 MHz): δ 142.5, 138.6, 137.7, 129.5, 128.9, 

128.4, 128.0, 126.9, 126.5 (aromatic and olefinic C), 51.8 (cage C), 33.3, 32.6, 28.3, 28.0, 26.6 (CH2), 
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the four Bcage-C were not observed. 11B NMR (CDCl3, 128 MHz): δ -4.9 (unresolved, 5B), -6.8 

(unresolved, 2B) (BH & BC), -9.4 (unresolved, 1B), -16.1 (unresolved, 2B) (BH). HRMS (DART-

positive mode) calcd for C42H53B10
+ [M+H+]: 665.5145. Found 665.5142. 

7k: Yield 79%. Light yellow oil. 1H NMR (CDCl3, 400 MHz): δ 7.32 (m, 4H), 

7.25 (m, 2H), 7.09 (m, 10H), 6.90 (m, 4H), 6.83 (s, 2H) (aromatic and olefinic 

H), 5.83 (m, 2H), 4.85 (m, 4H) (olefinic H), 3.26 (s, 2H) (cage CH), 1.91 (m, 

2H), 1.79 (m, 2H) (CH2). 
13C{1H} NMR (CDCl3, 101 MHz): δ 142.5, 138.6, 138.1, 137.5, 129.5, 129.0, 

128.3, 128.0, 127.1, 126.5, 114.1 (aromatic and olefinic C), 53.2 (cage C), the four Bcage-C were not 

observed. 11B NMR (CDCl3, 193 MHz): δ -4.3 (unresolved, 2B), -6.6 (unresolved, 5B) (BH & BC), -

8.1 (unresolved, 1B), -14.8 (unresolved, 2B) (BH). HRMS (DART-positive mode) calcd for C36H41B10
+ 

[M+H+]: 581.4206. Found 581.4208. 

 

General procedure for syntheses of 8. An oven-dried Schlenk flask equipped with a stir bar was 

charged with 3,6-I2-o-carborane (4c; 40 mg, 0.1 mmol), Pd(PPh3)4 (12 mg, 0.01 mmol), 

diphenylacetylene (143 mg, 0.8 mmol) and dry toluene (1 mL) under an atmosphere of dry nitrogen. 

The flask was closed, and then stirred at 100 oC for 96 h. Then, the resulting solution was cooled to 0 

oC, to which was slowly added RMgBr (0.5 mmol, 1.0 M in THF, 0.5 mL). After warming to room 

temperature, the reaction mixture was stirred at 80 oC for 24 h. After quenching with water (1 mL) and 

extraction with ethyl acetate (5 mL × 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 n-hexane as eluent to give the product 8. 
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8a: Yield 95%. White solid. 1H NMR (CDCl3, 400 MHz): δ 7.47 (m, 4H), 7.31 

(m, 6H), 7.17 (m, 2H), 7.09 (m, 4H), 7.01 (m, 6H), 6.96 (s, 2H), 6.69 (m, 4H), 

6.34 (brs, 4H) (aromatic and olefinic H), 3.38 (s, 2H) (cage CH). 13C{1H} 

NMR (CDCl3, 101 MHz): δ 142.7, 140.8, 136.9, 133.4, 129.5, 129.5, 128.5, 

128.0, 128.0, 127.6, 127.1, 126.9 (aromatic and olefinic C), 56.5 (cage C), the four Bcage-C were not 

observed. 11B NMR (CDCl3, 193 MHz): δ -2.9 (d, JBH = 140 Hz, 2B) (BH), -5.2 (s, 4B) (BC), -11.4 (d, 

JBH = 228 Hz, 2B), -12.7 (d, JBH = 148 Hz, 2B) (BH). HRMS (DART-positive mode) calcd for 

C42H44B10N
+ [M+NH4

+]: 670.4471. Found 670.4469. 

8b: Yield 91%. White solid. 1H NMR (CDCl3, 400 MHz): δ 7.38 (d, J = 6.9 

Hz, 2H), 7.20 (m, 12H), 7.09 (d, J = 7.4 Hz, 2H), 6.99 (m, 6H), 6.67 (s, 2H), 

6.56 (m, 6H) (aromatic and olefinic H), 3.58 (s, 2H) (cage CH), 2.33 (s, 6H) 

(CH3). 
13C{1H} NMR (CDCl3, 101 MHz): δ 142.2, 141.7, 141.2, 136.8, 135.3, 

130.8, 129.6, 129.4, 128.3, 128.0, 127.5, 127.2, 126.9, 125.5 (aromatic and olefinic C), 55.5 (cage C), 

23.3 (CH3), the four Bcage-C were not observed. 11B NMR (CDCl3, 128 MHz): δ -2.8 (d, JBH = 113 Hz, 

2B) (BH), -4.8 (s, 4B) (BC), -11.7 (unresolved, 4B) (BH). HRMS (DART-positive mode) calcd for 

C44H45B10
+ [M+H+]: 681.4519. Found 681.4512. 

8c: Yield 86%. White solid. 1H NMR (CDCl3, 400 MHz): δ 7.24 (s, 2H), 

7.12 (m, 12H), 6.99 (m, 8H), 6.70 (m, 4H), 6.32 (m, 4H) (aromatic and 

olefinic H), 3.36 (s, 2H) (cage CH), 2.29 (s, 6H) (CH3). 
13C{1H} NMR 

(CDCl3, 101 MHz): δ 142.6, 140.8, 137.1, 136.9, 134.3, 130.4, 129.4, 

129.4, 129.2, 128.0, 127.8, 127.5, 127.2, 126.8 (aromatic and olefinic C), 56.6 (cage C), 21.6 (CH3), 

the four Bcage-C were not observed. 11B NMR (CDCl3, 193 MHz): δ -2.6 (d, JBH = 152 Hz, 2B) (BH), 
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-4.5 (s, 4B) (BC), -11.9 (unresolved, 4B) (BH). HRMS (DART-positive mode) calcd for C44H45B10
+ 

[M+H+]: 681.4519. Found 681.4514. 

8d: Yield 93%. White solid. 1H NMR (CDCl3, 400 MHz): δ 7.37 (d, J = 

7.6 Hz, 2H), 7.17 (m, 2H), 7.10 (m, 8H), 7.04 (m, 6H), 6.98 (s, 2H), 6.71 

(m, 4H), 6.35 (brs, 4H) (aromatic and olefinic H), 3.35 (s, 2H) (cage CH), 

2.34 (s, 6H) (CH3). 
13C{1H} NMR (CDCl3, 101 MHz): δ 142.5, 140.9, 

138.2, 137.0, 133.4, 129.5, 128.7, 128.0, 127.5, 127.1, 126.8 (aromatic and olefinic C), 56.5 (cage C), 

21.5 (CH3), the four Bcage-C were not observed. 11B NMR (CDCl3, 193 MHz): δ -2.9 (d, JBH = 102 Hz, 

2B) (BH), -5.1 (s, 4B) (BC), -11.3 (d, JBH = 235 Hz, 2B), -12.8 (d, JBH = 111 Hz, 2B) (BH). HRMS 

(DART-positive mode) calcd for C44H45B10
+ [M+H+]: 681.4519. Found 681.4518. 

8e: Yield 92%. White solid. 1H NMR (CDCl3, 400 MHz): δ 7.45 (m, 

4H), 7.18 (m, 2H), 7.11 (m, 4H), 7.01 (m, 12H), 6.72 (d, J = 7.0 Hz, 

4H), 6.32 (brs, 4H) (aromatic and olefinic H), 3.37 (s, 2H) (cage CH). 

13C{1H} NMR (CDCl3, 101 MHz): δ 163.6 (d, 1JCF = 247.5 Hz), 143.0, 

140.7, 136.7, 135.2 (d, 3JCF = 7.7 Hz), 129.6, 129.5, 128.1, 127.8, 127.0, 115.0 (d, 2JCF = 20.2 Hz) 

(aromatic and olefinic C), 56.8 (cage C), the four Bcage-C were not observed. 11B NMR (CDCl3, 193 

MHz): δ -2.8 (d, JBH = 108 Hz, 2B) (BH), -5.4 (s, 4B) (BC), -11.4 (d, JBH = 166 Hz, 2B), -12.7 (d, JBH 

= 153 Hz, 2B) (BH). 19F NMR (376 MHz, CDCl3): -113.5 (m, 1F). HRMS (DART-positive mode) calcd 

for C42H39B10F2
+ [M+H+]: 689.4018. Found 689.4018. 
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8f: Yield 90%. White solid. 1H NMR (CDCl3, 400 MHz): δ 7.22 (m, 6H), 7.08 (m, 

8H), 6.86 (m, 4H), 6.75 (m, 4H) (aromatic and olefinic H), 2.92 (s, 2H) (cage CH), 

0.50 (s, 6H) (CH3). 
13C{1H} NMR (CDCl3, 101 MHz): δ 141.7, 141.2, 136.9, 129.7, 

129.6, 128.1, 127.6, 127.2, 127.0 (aromatic and olefinic C), 57.6 (cage C), the four 

Bcage-C were not observed. 11B NMR (CDCl3, 193 MHz): δ -2.9 (d, JBH = 147 Hz, 2B) (BH), -6.1 (s, 

4B) (BC), -11.2 (d, JBH = 219 Hz, 2B), -12.5 (d, JBH = 152 Hz, 2B) (BH). Anal. Calcd for C32H36B10: 

C, 72.69; H, 6.86. Found C, 72.75; H, 7.07. 

8g: Yield 66%. White solid. 1H NMR (CDCl3, 400 MHz): δ 7.23 (m, 6H), 7.16 (s, 

2H), 7.09 (m, 6H), 6.88 (m, 4H), 6.80 (m, 4H) (aromatic and olefinic H), 3.00 (s, 

2H), 0.69 (m, 2H), 0.56 (m, 2H), 0.45 (m, 2H), 0.24 (m, 2H), 0.08 (m, 2H) (cage 

CH). 13C{1H} NMR (CDCl3, 101 MHz): δ 141.7, 141.2, 137.0, 129.7, 129.6, 128.1, 

127.6, 127.2, 127.0 (aromatic and olefinic C), 57.1 (cage C), 6.5, 6.3 (CH2), the four Bcage-C were not 

observed. 11B NMR (CDCl3, 193 MHz): δ -4.6 (d, JBH = 119 Hz, 2B) (BH), -6.1 (s, 4B) (BC), -12.8 (d, 

JBH = 153 Hz, 2B), -13.6 (d, JBH = 117 Hz, 2B) (BH). Anal. Calcd for C36H40B10: C, 74.45; H, 6.94. 

Found C, 73.97; H, 6.84. 

 

X-ray Structure Determination. The data of 2, 3, 5c, 7j, 8a and 8g were collected at 170 K on a 

Bruker APEX DUO diffractometer. An empirical absorption correction was applied using the 

SADABS program.5 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 on F2 

using the SHELXTL program package.6 All hydrogen atoms were geometrically fixed using the riding 

model. Crystal data and details of data collection and structure refinements were given in Table S1. 
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CCDC 2091154-2091159 (2, 3, 5c, 7j, 8a and 8g) 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. 

 

Table S1. Crystal Data and Summary of Data Collection and Refinement for 2, 3, 5c, 7j, 8a and 8g. 

Compound No. 2 3 5c 7j 8a 8g 

formula C16H21B10I C16H21B10I C30H30B10I2 C42H52B10 C42H40B10 C36H40B10 

crystal size(mm3) 
0.1 x 0.08 x 

0.06 

0.15 x 0.1 x 

0.08 

0.15 x 0.08 

x 0.06 

0.1 x 0.08 x 

0.06 

0.1 x 0.03 x 

0.001 

0.15 x 0.08 

x 0.08 

fw 448.33 448.33 752.44 664.93 652.84 580.78 

crystal system Monoclinic Monoclinic Monoclinic Monoclinic Monoclinic Monoclinic 

space group P21 P21/n C2/c P21/c C2/c P21/c 

a, Å 8.418(1) 11.446(1) 24.055(1) 12.154(1) 17.353(2) 19.531(1) 

b, Å 12.482(1) 12.797(1) 10.937(1) 18.859(1) 10.570(1) 21.599(1) 

c, Å 10.406(1) 14.484(1) 17.081(1) 17.606(1) 19.807(1) 17.610(1) 

β, deg 113.774(1) 99.139(1) 133.676(1) 99.467(1) 97.064(9) 116.151(1) 

V, Å3 1000.6(1) 2094.6(1) 3250.2(1) 3980.5(1) 3605.4(7) 6668.5(2) 

Z 2 4 4 4 4 8 

Dcalcd, Mg/m3 1.488 1.422 1.538 1.110 1.203 1.157 

radiation(λ), Å 1.34139 1.34139 1.34139 1.34139 1.34139 1.34139 

2θ range, deg 8.1 to 109.8 8.0 to 109.8 8.3 to 110.0 7.6 to 109.9 7.8 to 110.8 5.6 to 109.9 

μ, mm-1 8.382 8.008 10.273 0.274 0.302 0.285 

F(000) 440 880 1464 1416 1368 2448 

no. of obsd reflns 3331 3963 3099 7535 3340 12640 

no. of params refnd 244 244 190 514 235 829 

goodness of fit 1.092 1.065 1.074 1.282 1.055 1.026 

R1 0.0229 0.0320 0.0412 0.0538 0.1009 0.0595 

wR2 0.0544 0.0777 0.1046 0.1641 0.2362 0.1372 
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