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General Remarks All manipulations were carried out under an atmosphere of dry, O2-free N2 employing an mBraun glove box and a 

Schlenk vacuum-line. Solvents were purified with a Grubbs-type column system manufactured by Innovative Technology and 

dispensed into thick-walled Schlenk glass flasks equipped with Teflon-valve stopcocks (pentane, hexanes, toluene, CH2Cl2). 

Deuterated solvents were dried over the appropriate agents, vacuum-transferred into storage flasks with Teflon stopcocks and 

degassed accordingly (C6D5Br, C6D6, CD2Cl2, and CDCl3). Toluene and pentane were stored over potassium mirrors, while 

bromobenzene and dichloromethane were stored over 4Å molecular sieves 1H, 13C and 31P NMR spectra were recorded at 25 °C on 

Varian 400 MHz, Agilent 500 MHz and Bruker 400 MHz spectrometers. Chemical shifts are given relative to SiMe4 and referenced to 

the residue solvent signal (1H, 13C) or relative to an external standard (31P: 85% H3PO4). In some instances, signal and/or coupling 

assignment was derived from two-dimensional NMR experiments. Chemical shifts are reported in ppm and coupling constants as 

scalar values in Hz. Combustion analyses were performed in house employing a Perkin-Elmer CHN Analyzer. GC measurements 

were performed using a Chirasil-DEX CB column at 130 °C. All other reagents were purchased from Aldrich, liquids were stored over 

4Å molecular sieves, gases and solutions were used as received. 
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Stoichiometric reactions of  (HBC8H14)2, phosphine under an atmosphere of 13CO2

These reactions were done in a similar fashion and only one is detailed. Tris(t-butyl)phosphine (35 mg, 0.1730 mmol) and (HBC8H14)2 

(23 mg, 0.0943 mmol) were dissolved in 0.80 mL of bromobenzene-d5 in a 20 mL vial. The mixture was stirred and transferred into a 

J-Young tube. The sample was treated by frozen with liquid nitrogen and atmosphere replaced with 13CO2. The sample was then 

warmed to room temperature affording a CO2 pressure of 4 atm.[1] The sample was left at room temperature for 6 hours and monitored 

by NMR spectroscopy.

H BtBu3P +
13CO2

C6D5Br, r.t., 6 h
2.0

+

+

H13COOBC8H14 13CH2(OBC8H14)2

tBu3P-13CH2-OB(OBC8H14)C8H14

H13COOBC8H14: 1H NMR (C6D5Br, 400 MHz): 8.74 (d, 1J13
C-H = 208.0 Hz, H-13COOBC8H14); 13C{1H} NMR (C6D5Br, 100 MHz): 

169.08 (s, H-13COOBC8H14); 13C NMR with proton coupling (C6D5Br, 100 MHz): 169.08 (d, 1J13
C-H = 208.0 Hz, H-13COOBC8H14). 

13CH2(OBC8H14)2: 1H NMR (C6D5Br, 400 MHz): 5.46 (d, 1J13
C-H = 165.0 Hz, 13CH2(OBC8H14)2); 13C{1H} NMR (C6D5Br, 100 MHz): 

85.44 (s, 13CH2(OBC8H14)2); 13C NMR with proton coupling (C6D5Br, 100 MHz): 85.44 (d, 1J13
C-H = 165.0 Hz, 13CH2(OBC8H14)2). 

tBu3P-CH2-OB(OBC8H14)C8H14: 1H NMR (C6D5Br, 400 MHz): 4.32 (dd, 1J13
C-H = 144.9 Hz, 2JH-P = 1.2 Hz, tBu3P-CH2-OB(OB 

C8H14)C8H14); 31P{1H} NMR (C6D5Br, 162 MHz): 43.27 (d, 1J13
C-P = 55.7 Hz, tBu3P-CH2-OB(OB C8H14)C8H14);  13C{1H} NMR 

(C6D5Br, 100 MHz): 52.45 (d, 1J13
C-P = 55.7 Hz, tBu3P-CH2-OB(OB C8H14)C8H14); 13C NMR with proton coupling (C6D5Br, 100 

MHz): 52.45 (td, 1J13
C-H = 144.9 Hz, 1J13

C-P = 55.7 Hz, tBu3P-CH2-OB(OB C8H14)C8H14).
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8.4833
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The stoichiometric reaction between 9-BBN dimer and PtBu3 in the atmosphere of 4 atm 13CO2 at room temperature for 6 hours in C6D5Br

1H NMR spectrum (400M, C6D5Br)
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43.27 ppm (1JC-P =  55.7 Hz)

The stoichiometric reaction between 9-BBN dimer and PtBu3 in the atmosphere of 4 atm 13CO2 at room temperature for 6 hours in C6D5Br

31P{1H} NMR spectrum (162 M, C6D5Br)

Free PtBu3
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12.7761

The stoichiometric reaction between 9-BBN dimer and PtBu3 in the atmosphere of 4 atm 13CO2 at room temperature for 6 hours in C6D5Br

11B{1H} NMR spectrum (128 M, C6D5Br)

9-BBN

O
B

H

R3P

B
H

O



S6
PPM180160140120100 80 60 40 20

169.0780

85.4394

52.1687
52.7223

The stoichiometric reaction between 9-BBN dimer and PtBu3 in the atmosphere of 4 atm 13CO2 at room temperature for 6 hours in C6D5Br

13C{1H} NMR spectrum (100 M, C6D5Br)

1JC-P =  55.7 Hz
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13C with 1H coupling

13C {1H} 

1JC-H =  208.0 Hz

1JC-H =  165.0 Hz

1JC-H =  144.9 Hz

1JC-P =  55.7 Hz

The stoichiometric reaction between 9-BBN dimer and PtBu3 in the atmosphere of 4 atm 13CO2 at room temperature for 6 hours in C6D5Br

13C NMR spectrum (100 M, C6D5Br)
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Stoichiometric reaction between (HBC8H14)2, PPh3 in the atmosphere of 13CO2

This reaction was performed in a similar fashion to that described above, using triphenylphosphine (22 mg, 0.0839 mmol) and 

(HBC8H14)2 (14 mg, 0.0574 mmol).

H BPh3P +
13CO2

C6D5Br, r.t., 12 h
2.0

+

+

H13COOBC8H14 13CH2(OBC8H14)2

H3COBC8H14 C8H14B-O-BC8H14

Ph3P-13CH2-OBC8H14(OBC8H14)

H13COOBC8H14: 1H NMR (C6D5Br, 400 MHz): 8.64 (d, 1J13
C-H = 206.5 Hz, H-13COOBC8H14); 13C{1H} NMR (C6D5Br, 100 MHz): 

169.06 (s, H-13COOBC8H14); 13C NMR with proton coupling (C6D5Br, 100 MHz): 169.08 (d, 1J13
C-H = 206.5 Hz, H-13COOBC8H14). 

13CH2(OBC8H14): 1H NMR (C6D5Br, 400 MHz): 5.47 (d, 1J13
C-H = 164.7 Hz, 13CH2(OBC8H14)2); 13C{1H} NMR (C6D5Br, 100 MHz): 

85.47 (s, 13CH2(OBC8H14)2); 13C NMR with proton coupling (C6D5Br, 100 MHz): 85.47 (d, 1J13
C-H = 164.7 Hz, 13CH2(OBC8H14)2).

Ph3P-CH2-OBC8H14(OBC8H14): 1H NMR (C6D5Br, 400 MHz): 5.06 (d, 1J13
C-H = 146.3 Hz, Ph3P-13CH2-OBC8H14(OBC8H14)); 31P{1H} 

NMR (C6D5Br, 162 MHz): 17.74 (d, 1JC-P = 70.8 Hz, Ph3P-13CH2-OBC8H14(OBC8H14));  13C{1H} NMR (C6D5Br, 100 MHz): 57.42 (d, 
1JC-P = 70.8 Hz, Ph3P-13CH2-OBC8H14(OBC8H14)); 13C NMR with proton coupling (C6D5Br, 100 MHz): 57.42 (td, 1J13

C-H = 146.3 Hz, 
1JC-P = 70.8 Hz, Ph3P-13CH2-OBC8H14(OBC8H14)).

H3
13COBC8H14: 1H NMR (C6D5Br, 400 MHz): 3.57 (d, 1J13

C-H = 142.4 Hz, H3
13COBC8H14); 13C{1H} NMR (C6D5Br, 100 MHz): 

52.68 (s, H3
13COBC8H14); 13C NMR with proton coupling (C6D5Br, 100 MHz): 52.68 (q, 1J13

C-H = 142.4 Hz, H3
13COBC8H14).
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The stoichiometric reaction between 9-BBN dimer and PPh3 in the atmosphere of 4 atm 13CO2 at room temperature for 12 hours in C6D5Br

1H NMR spectrum (400M, C6D5Br)

8.64 ppm (1JC-H =  206.5 Hz)
5.06 ppm (1JC-H =  146.3 Hz)

5.47 ppm (1JC-H =  164.7 Hz)
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-5.4213

17.5179
17.9579

25.1980

17.74 ppm (1JC-P =  70.8 Hz)

The stoichiometric reaction between 9-BBN dimer and PPh3 in the atmosphere of 4 atm 13CO2 at room temperature for 12 hours in C6D5Br

31P{1H} NMR spectrum (162 M, C6D5Br)

Free PPh3
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58.1444

11.2501

The stoichiometric reaction between 9-BBN dimer and PPh3 in the atmosphere of 4 atm 13CO2 at room temperature for 12 hours in C6D5Br

11B{1H} NMR spectrum (128 M, C6D5Br)
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The stoichiometric reaction between 9-BBN dimer and PPh3 in the atmosphere of 4 atm 13CO2 at room temperature for 12 hours in C6D5Br

13C{1H} NMR spectrum (100 M, C6D5Br)

57.42 ppm (1JC-P =  70.8 Hz)
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The stoichiometric reaction between 9-BBN dimer and PPh3 in the atmosphere of 4 atm 13CO2 at room temperature for 12 hours in C6D5Br

13C  NMR spectrum (100 M, C6D5Br)
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Stoichiometric reaction between (HBC8H14)2, P(4-methylphenyl)3 in the atmosphere of 13CO2

In a similar fashion,Tri(4-methylphenyl)phosphine (31 mg, 0.1018 mmol) and (HBC8H14)2 (24 mg, 0.0983 mmol) were combined and 

reacted with CO2. 

H B(4-MePh)3P +
13CO2

C6D5Br, r.t., 24 h
2.0

+

(4-MePh)3P-13CH2-OB(OBC8H14)C8H14

+

H13COOBC8H14 13CH2(OBC8H14)2

H3COBC8H14 C8H14B-O-BC8H14

H13COOBC8H14: 1H NMR (C6D5Br, 400 MHz): 8.62 (d, 1J13
C-H = 208.3 Hz, H-13COOBC8H14); 13C{1H} NMR (C6D5Br, 100 MHz): 

169.80 (s, H-13COOBC8H14); 13C NMR with proton coupling (C6D5Br, 100 MHz): 169.80 (d, 1J13
C-H = 208.3 Hz, H-13COOBC8H14). 

13CH2(OBC8H14)2: 1H NMR (C6D5Br, 400 MHz): 5.47 (d, 1J13
C-H = 164.6 Hz, 13CH2(OBC8H14)2); 13C{1H} NMR (C6D5Br, 100 MHz): 

85.43 (s, 13CH2(OBC8H14)2); 13C NMR with proton coupling (C6D5Br, 100 MHz): 85.43 (d, 1J13
C-H = 164.6 Hz, 13CH2(OBC8H14)2).

(4-MePh)3P-13CH2-OBC8H14(OBC8H14): 1H NMR (C6D5Br, 400 MHz): 5.09 (d, 1J13
C-H = 146.5 Hz, (4-MePh)3P-CH2-OB 

(OBC8H14)C8H14); 31P{1H} NMR (C6D5Br, 162 MHz): 17.53 (d, 1JC-P = 71.7 Hz, (4-MePh)3P-13CH2-OB (OBC8H14)C8H14);  13C{1H} 

NMR (C6D5Br, 100 MHz): 57.42 (d, 1JC-P = 71.7 Hz, (4-MePh)3P-13CH2-OB(OBC8H14)C8H14); 13C NMR with proton coupling 

(C6D5Br, 100 MHz): 57.42 (td, 1J13
C-H = 146.3 Hz, 1JC-P = 71.7 Hz, (4-MePh)3P-13CH2-OB(OBC8H14)C8H14).

H3
13CO-BC8H14: 1H NMR (C6D5Br, 400 MHz): 3.57 (d, 1J13

C-H = 142.5 Hz, H3
13COBC8H14); 13C{1H} NMR (C6D5Br, 100 MHz): 

52.68 (s, H3
13COBC8H14); 13C NMR with proton coupling (C6D5Br, 100 MHz): 52.68 (q, 1J13

C-H = 142.5 Hz, H3
13COBC8H14).
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The stoichiometric reaction between (4-methylphenyl)3P and 9-BBN dimer  at atmosphere of 4 atm 13CO2 at room temperature for 1.5 hours in 
C6D5Br

1H NMR spectrum (400M, C6D5Br)
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-7.9292

5.5351

The stoichiometric reaction between (4-methylphenyl)3P and 9-BBN dimer  at atmosphere of 4 atm 13CO2 at room temperature for 1.5 hours in 
C6D5Br

31P{1H} NMR spectrum (162 M, C6D5Br)

(4-methylpheny)3P-B adducts

Free Phosphine
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27.8418

The stoichiometric reaction between (4-methylphenyl)3P and 9-BBN dimer  at atmosphere of 4 atm 13CO2 at room temperature for 1.5 hours in 
C6D5Br

11B{1H}  NMR spectrum (128 M, C6D5Br)

P-B adducts

9-BBN
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The stoichiometric reaction between (4-methylphenyl)3P and 9-BBN dimer  at atmosphere of 4 atm 13CO2 at room temperature for 1.5 hours in 
C6D5Br

13C{1H}  NMR spectrum (100 M, C6D5Br)
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The stoichiometric reaction between (4-methylphenyl)3P and 9-BBN dimer  at atmosphere of 4 atm 13CO2 at room temperature for 24 hours in 
C6D5Br

1H NMR spectrum (400 M, C6D5Br)

H13COOBC8H14

13CH2(OBC8H14)2

H3
13COBC8H14

(4-Methylphenyl)3P-13CH2-OBC8H14(OBC8H14) 
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17.7532

The stoichiometric reaction between (4-methylphenyl)3P and 9-BBN dimer  at atmosphere of 4 atm 13CO2 at room temperature for 24 hours in 
C6D5Br

31P{1H} NMR spectrum (162 M, C6D5Br)

P-B adducts

Free phosphine

(4-Methylphenyl)3P-13CH2-OBC8H14(OBC8H14) 
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58.4867
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The stoichiometric reaction between (4-methylphenyl)3P and 9-BBN dimer  at atmosphere of 4 atm 13CO2 at room temperature for 24 hours in 
C6D5Br

11B{1H}  NMR spectrum (128 M, C6D5Br)

Free 9-BBN

(4-Methylphenyl)3P-13CH2-OBC8H14(OBC8H14) 
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85.4348

169.7925

The stoichiometric reaction between (4-methylphenyl)3P and 9-BBN dimer  at atmosphere of 4 atm 13CO2 at room temperature for 24 hours in 
C6D5Br

13C{1H}  NMR spectrum (100 M, C6D5Br)

HCOOBC8H14

CH2(OBC8H14)2

H3COBC8H14

(4-Methylphenyl)3P-13CH2-OBC8H14(OB C8H14) 
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The stoichiometric reaction between (4-methylphenyl)3P and 9-BBN dimer  at atmosphere of 4 atm 13CO2 at room temperature for 24 hours in 
C6D5Br

13C NMR spectrum (100 M, C6D5Br)

(4-Methylphenyl)3P-13CH2-OBC8H14(OB C8H14) 

H3COBC8H14

CH2(OBC8H14)2

HCOOBC8H14
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The stoichiometric reaction between (4-methylphenyl)3P and 9-BBN dimer  at atmosphere of 4 atm 13CO2 at room temperature for 24 hours in 
C6D5Br

13C NMR spectrum (100 M, C6D5Br)

H3
13COBC8H14

(4-Methylphenyl)3P-13CH2-OBC8H14(OBC8H14) 
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Isolation of as (R3PCH2O)(HC(O)O)B(C8H14) (R = tBu 1, 4-MeC6H4 2) 
After testing NMR spectra of the stoichiometric reaction between (HBC8H14)2, tris(t-butyl)phosphine in the atmosphere of 13CO2, the 

sample above was taken into glove-box and trasferred into a 20 mL vial. The solution was layered with 8.0 mL of hexanes. The 

mixture was left at room temperature for overnight to obtain color less crystals (15 mg) for X-ray analysis. 

1: 1H NMR (C6D5Br): 0.91 – 1.30 (m, 2H, C-H for (HBC8H14), overlapping with the resonance of tBu), 1.09 (d, 3JC-P = 13.2 Hz, 27 H, 

3 x C(CH3)3), 1.74-1.79 (m, 2H), 1.94-1.99 (m, 4H), 2.07-2.23 (m, 6 H), 4.36 (d, 1J13
C-H = 143.8 Hz, 2 H), 8.91 (d, 1J13

C-H = 198.6 Hz, 

1 H). 13C{1H} NMR (C6D5Br): 25.33, 28.64, 32.02, 36.98 (d, 2JC-P  = 28.1 Hz), 52.41 (d, 1JC-P  = 54.4 Hz), 165.54. 31P{1H} NMR 

(C6D5Br): 42.55 (d, 1JC-P = 54.4 Hz). 11B{1H} NMR (C6D5Br): 8.83 (s). Anal. Calcd. for C22H44BO3P (398.37): C, 66.33; H, 11.13; N, 

0. Found: C, 65.41; H, 11.14; N, 0. (Repeated analyses resulted in consistently low carbon analysis. This is attributed to the formation 

of boron-carbide during combustion.)

"tBu3P-13CH2-O B
O

B

+ "tBu3P-13CH2-O B
O

O

H
+H13COOBC8H14 C8H14B-O-BC8H14
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1H NMR spectrum (400M, C6D5Br) (species 1)
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31P{1H} NMR spectrum (162 M, C6D5Br) (species 1)
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13C with 1H coupling
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2: After testing NMR spectra of the stoichiometric reaction between (HBC8H14)2, P(4-methylphenyl)3 in the atmosphere of 13CO2, the 

sample was taken into glove-box and trasferred into a 20 mL vial. The solution was layered with 8.0 mL of hexanes. The mixture was 

left at room temperature for two days to obtain colorless crystals (12 mg) for X-ray analysis. (note: this crystal has low solubility in 

C6D5Br, therefore, CD2Cl2 was used  for NMR spectroscopy). 1H NMR (CD2Cl2): 0.62 – 0.72 (m, 2H, C-H for (BC8H14)), 1.33 -1.93 

(m, 12H, BC8H14)), 2.33 (s, CH3 for (4-MePh)3P), 2.47 (s, 9 H, 3 x CH3 on (4-MePh)3P for 2), 4.99 (d, 1J13
C-H = 145.8 Hz, 2 H, P-

CH2O on 2), 7.15-7.20 (m, phenyl for (4-MePh)3P), 7.43 (dd, 3JH-H = 8.0 Hz, 4JH-P = 2.7 Hz, 6 H, phenyl for 2), 7.57 (dd, 3JH-P = 11.9 

Hz, 3JH-H = 8.0 Hz, 6 H, phenyl for 2), 8.33 (d, 1J13
C-H = 200.6 Hz, 1 H). 31P{1H} NMR (CD2Cl2): 16.87 (d, 1J13

C-P = 71.5 Hz), -8.20 (s, 

free (4-MePh)3P). 11B{1H} NMR (CD2Cl2): 10.28 (bs). 13C{1H} NMR (CD2Cl2): 21.37 (CH3 for (4-MePh)3P), 21.97, 21.98(CH3 for 

(4-MePh)3PCH2-O-B(OC(O)H)C8H14), 25.58, 32.31, 58.86 (d, 1JC-P  = 71.5 Hz, P-13CH2-O), 115.53 (dd, 1JC-P = 86.6 Hz, 2J13
C-C = 1.8 

Hz, C-P-13CH2), 131.00 (d, 2JC-P = 12.7 Hz, phenyl carbon on phosphine),  134.14 (d, 3JC-P = 9.4 Hz, phenyl carbon on phosphine), 

146.46 (d, 4JC-P = 3.0 Hz, phenyl carbon on phosphine), 167.74 (H13COO). Anal. Calcd. for C31H38BO3P (500.41): C, 74.40; H, 7.65; 

N, 0. Found: C, 73.48; H, 7.61; N, 0.( Repeated analyses resulted in consistently low carbon analysis. This is attributed to the 

formation of boron-carbide during combustion.)
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SpinWorks 3: bbo_p31_dec CD2Cl2 D:\\ twang2 177

16.6529

-8.1975

17.0949

31P{1H} NMR spectrum (162 M, CD2Cl2) (species 2)

16.87 ppm (1JP-C =  71.5 Hz)

Free (4-MePh)3P
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PPM4440363228242016128 4 0-4-8-12-16-20-24

SpinWorks 3: bbo_b11_dec CD2Cl2 D:\\ twang2 177

10.2883

11B{1H} NMR spectrum (128 M, CD2Cl2) (species 2)
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SpinWorks 3:

167.7449

134.1797
134.1044
131.0572
130.9570
129.6238
129.5677
115.8664
115.1799

58.9680
58.3943

32.3090
25.5865
21.9809
21.9692

146.4437
146.4675

21.3682

13C{1H} NMR spectrum (125 M, CD2Cl2) (species 2)
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Catalytic Reactions 
These reactions were done in a similar fashion and only one is detailed. 

Catalyst: tBu3P

Tri(t-butyl)phosphine (1.5 mg, 0.00741 mmol)2 and (HBC8H14)2 (23 mg, 0.0943 mmol) were dissolved in 0.70 mL of bromobenzene-

d5 in a 20 mL vial. The mixture was stirred and transferred into J-Young tube. The sample was frozen with liquid nitrogen and the 

atmosphere was replaced with 13CO2. The sample was warmed to room temperature to give a pressure of CO2 of 4 atm.1 The sample 

was left at room temperature and monitored by NMR spectroscopy. 

H B
4.0 mol% tBu3P

13CO2, C6D5Br, r.t., 15.5 h

+

+

H13COOBC8H14 13CH2(OBC8H14)2

tBu3P-13CH2-OBC8H14(OBC8H14)

H3COBC8H14 C8H14B-O-BC8H14
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1.000
0.989

0.848
0.833

4.104PPM10.09.08.07.06.05.04.03.02.01.00.0

8.5041

5.6706
5.2595
4.5448
4.1819
3.7445
3.3882

9.0232

The reaction between 9-BBN dimer and 13CO2 catalyzed by PtBu3 at room temperature for 15.5 hours in C6D5Br

1H NMR spectrum (400M, C6D5Br)

H13COOBC8H14

13CH2(OBC8H14)2

H3
13COBC8H14
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PPM4.804.704.604.504.404.304.204.104.003.90
4.5448

4.1819

The reaction between 9-BBN dimer and 13CO2 catalyzed by PtBu3 at room temperature for 15.5 hours in C6D5Br

1H NMR spectrum (400M, C6D5Br)

tBu3P-13CH2-OB (OBC8H14)C8H14
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PPM46.045.645.244.844.444.043.643.242.842.442.041.641.240.8

43.1934
43.5330

The reaction between 9-BBN dimer and 13CO2 catalyzed by PtBu3 at room temperature for 15.5 hours in C6D5Br

31P{1H}  NMR spectrum (162 M, C6D5Br)

tBu3P-13CH2-OB (OBC8H14)C8H14
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PPM90 80 70 6050 40 30 20 10 0 -10-20
56.8999
58.7465

The reaction between 9-BBN dimer and 13CO2 catalyzed by PtBu3 at room temperature for 15.5 hours in C6D5Br

11B{1H} NMR spectrum (128 M, C6D5Br)
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169.1471

85.4350

52.6467
52.3847
52.9359

The reaction between 9-BBN dimer and 13CO2 catalyzed by PtBu3 at room temperature for 15.5 hours in C6D5Br

13C{1H}  NMR spectrum (100 M, C6D5Br)

13CH2(OBC8H14)2

H3
13COBC8H14H13COOBC8H14

13CO2
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PPM54.254.053.853.653.453.253.052.852.652.452.252.051.851.651.4

52.6467

52.3847

52.9359

The reaction between 9-BBN dimer and 13CO2 catalyzed by PtBu3 at room temperature for 15.5 hours in C6D5Br

13C{1H}  NMR spectrum (100 M, C6D5Br)

tBu3P-13CH2-OB(OBC8H14)C8H14
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PPM1701601501401301201101009080706050403020100

168.1524
170.2583

83.7998
85.4354
87.0724

50.5400
51.9541
53.3736
54.7878

The reaction between 9-BBN dimer and 13CO2 catalyzed by PtBu3 at room temperature for 15.5 hours in C6D5Br

13C NMR spectrum (100 M, C6D5Br)

H13COOBC8H14

13CH2(OBC8H14)2

H3
13COBC8H14
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PPM55.655.254.854.454.053.653.252.852.452.051.651.250.850.450.049.649.248.8

50.5400

51.9541

53.3736

54.7878

50.9195

51.4693

52.3584
52.9014

53.7973

54.3471

The reaction between 9-BBN dimer and 13CO2 catalyzed by PtBu3 at room temperature for 15.5 hours in C6D5Br

13C NMR spectrum (100 M, C6D5Br)

H3
13COB C8H14

tBu3P-13CH2-OBC8H14(OBC8H14)
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Catalyst: Ph3P

In a similar fashion triphenylphosphine (2.0 mg, 0.00763 mmol)3, (HBC8H14)2 (23 mg, 0.0943 mmol) were dissolved in 0.80 mL of 

bromobenzene-d5 under a 13CO2 atmosphere. 

H B
4.0 mol% Ph3P

13CO2, C6D5Br, r.t., 19 h

+

+ C8H14-B-O-BC8H14

H13COOBC8H14 13CH2(OBC8H14)2

Ph3P-13CH2-OB(OBC8H14)C8H14

H313COBC8H14
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PPM10.09.08.07.06.05.04.03.02.01.0
8.3588
8.8751

5.2600
5.6710

4.8722
5.2389

3.3877
3.7443

The reaction between 9-BBN dimer and 13CO2 catalyzed by PPh3 at room temperature for 19 hours in C6D5Br

1H NMR spectrum (400M, C6D5Br)

13CH2(OBC8H14)2

H3
13COBC8H14H13COOBC8H14

Ph3P-13CH2-OBC8H14(OB C8H14)
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PPM5.705.605.505.405.305.205.105.004.904.804.704.604.504.40
5.2600

5.6710

4.8722

5.2389

The reaction between 9-BBN dimer and 13CO2 catalyzed by PPh3 at room temperature for 19 hours in C6D5Br

1H NMR spectrum (400M, C6D5Br)

Ph3P-13CH2-OB(OBC8H14)C8H14
13CH2(OBC8H14)2
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PPM24222018161412108 6 4 2 0-2-4-6-8-10-12
17.6213
18.0578

-5.4290

The reaction between 9-BBN dimer and 13CO2 catalyzed by PPh3 at room temperature for 19 hours in C6D5Br

31P{1H} NMR spectrum (162 M, C6D5Br)

Free PPh3

Ph3P-13CH2-OB(OBC8H14)C8H14
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PPM1201101009080706050403020100-10-20-30-40-50

12.4337

57.9732

The reaction between 9-BBN dimer and 13CO2 catalyzed by PPh3 at room temperature for 19 hours in C6D5Br

11B{1H} NMR spectrum (128 M, C6D5Br)
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PPM1601501401301201101009080706050403020

169.1383

85.4509

57.0103
57.7182
52.6818

The reaction between 9-BBN dimer and 13CO2 catalyzed by PPh3 at room temperature for 19 hours in C6D5Br

13C{1H}  NMR spectrum (100 M, C6D5Br)

H13COOBC8H14

13CH2(OBC8H14)2

Ph3P-13CH2-OB(OBC8H14)C8H14
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PPM170160150140130120110100908070605040

168.2409
170.3172

83.8166
85.4500
87.0833

55.4620
56.1656
56.9119
57.6215
58.3740
59.0775

The reaction between 9-BBN dimer and 13CO2 catalyzed by PPh3 at room temperature for 19 hours in C6D5Br

13C NMR spectrum with 1H coupling (100 M, C6D5Br)

H13COOBC8H14

13CH2(OBC8H14)2

Ph3P-13CH2-OB(OBC8H14)C8H14
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Catalyst: (4-MeC6H4)3P

Similarly a solution of (HBC8H14)2 (23 mg, 0.0943 mmol) in 0.70 mL C6D5Br was added 0.1 mL of tri(4-methylphenyl)phosphine 

stock solution  (0.082 M in C6D5Br) in a 20 mL vial was pressured with 13CO2. The sample was then warmed up to room temperature 

and the pressure of CO2 was 4 atm.1 The sample was left at room temperature and then monitored by NMR spectroscopy. The reaction 

was completed in 19 h.

H B
4.3 mol% (4-MePh)3P

13CO2, C6D5Br, r.t., 19 h

+ + (4-MePh)3P-13CH2-OBC8H14(OBC8H14)

+

H13COOBC8H14 13CH2(OBC8H14)2

C8H14B-O-BC8H14H3COBC8H14
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0.999

2.443

4.095PPM9.28.88.48.07.67.26.86.46.05.65.24.84.44.03.63.22.8
8.3167

8.8377

5.2583
5.6693
5.2703
4.8982
4.9043

3.3878
3.7441

The reaction between 9-BBN dimer and 13CO2 catalyzed by P(4-methylphenyl)3 at room temperature for 18.5 hours in C6D5Br

1H NMR spectrum (400M, C6D5Br)

1JC-H =  146.1 Hz
H13COOBC8H14

13CH2(OBC8H14)2

(4-MePh)3P-13CH2-OBC8H14(OBC8H14)

H3
13COBC8H14
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PPM2725 2321 1917 1513 11 9 7 5

17.2486
17.6971

1JC-P =  72.7 Hz

The reaction between 9-BBN dimer and 13CO2 catalyzed by P(4-methylphenyl)3 at room temperature for 18.5 hours in C6D5Br

31P{1H} NMR spectrum (162 M, C6D5Br)

Ph3P-13CH2-OBC8H14 (OBC8H14)
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PPM1101009080706050403020100-10-20-30-40
56.9460
58.6580

The reaction between 9-BBN dimer and 13CO2 catalyzed by P(4-methylphenyl)3 at room temperature for 18.5 hours in C6D5Br

11B{1H} NMR spectrum (128 M, C6D5Br)
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169.6659

85.4354

52.6674
56.9947
57.7187

The reaction between 9-BBN dimer and 13CO2 catalyzed by P(4-methylphenyl)3 at room temperature for 18.5 hours in C6D5Br

13C{1H}  NMR spectrum (100M, C6D5Br)

(4-MePh)3P-13CH2-OBC8H14(OBC8H14)

H13COOBC8H14

13CH2(OBC8H14)2
H3

13COBC8H14
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PPM180160140120100 80 60 40 20 0

85.4345
83.7916
87.0687

50.5541
51.9701
53.3659
54.8022
55.5273
56.2483
56.9828
57.6992
58.4428
59.1592

168.6714
170.7284

The reaction between 9-BBN dimer and 13CO2 catalyzed by P(4-methylphenyl)3 at room temperature for 18.5 hours in C6D5Br

13C  NMR spectrum (100M, C6D5Br)

H13COOBC8H14

13CH2(OBC8H14)2

H3
13COBC8H14

(4-MePh)3P-13CH2-OBC8H14(OB C8H14)
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PPM65 63 61 59 57 55 53 51 49 47 45

50.5541
51.9701
53.3659
54.8022
55.5273
56.2483
56.9828
57.6992
58.4428
59.1592

The reaction between 9-BBN dimer and 13CO2 catalyzed by P(4-methylphenyl)3 at room temperature for 18.5 hours in C6D5Br

13C NMR spectrum (100M, C6D5Br)

(4-MePh)3P-13CH2-OBC8H14(OBC8H14)

H3
13COBC8H14
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Catalyst: (3,5 Me2C6H3)3P

Performed as above using  (HBC8H14)2 (23 mg, 0.0943mmol) and 0.10 mL tri(3,5-dimethylphenyl)phosphine stock solution (0.082 M 

in C6D5Br) under  13CO2. The sample was then warmed up to room temperature and the pressure of CO2 was 4 atm.1 The sample was 

left at room temperature and monitored by NMR spectroscopy. The reaction was completed in 14.5 h.

H B

4.3 mol% (3,5-dimethylphenyl)3P

13CO2, C6D5Br, r.t., 14.5 h

+

(3,5-dimethylphenyl)3P-13CH2-OBC8H14(OBC8H14)

+

H13COOBC8H14 13CH2(OBC8H14)2

C8H14B-O-BC8H14H3COBC8H14
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1.000

2.783

3.575PPM9.08.07.06.05.04.03.02.01.00.0
8.3051
8.8261

5.2606
5.6718
4.9882
4.9940
5.3547
5.3600

3.3888
3.7451

The catalytic reaction between and 9-BBN dimer and 13CO2 catalyzed by P(3,5-dimethylphenyl)3 at room temperature for 14.5 hours in C6D5Br

1H NMR spectrum (400 M, C6D5Br)

H13COOBC8H14

13CH2(OBC8H14)2

13CH3OBC8H14

(3,5-dimethylphenyl)3P-13CH2OBC8H14(OB C8H14)
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PPM323028262422201816141210 8 6

17.5527
17.9973

The catalytic reaction between and 9-BBN dimer and 13CO2 catalyzed by P(3,5-dimethylphenyl)3 at room temperature for 14.5 hours in C6D5Br

31P NMR spectrum (162 M, C6D5Br)

(3,5-dimethylphenyl)3P-13CH2OBC8H14(OBC8H14)
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PPM1201101009080706050403020100-10-20-30-40-50

56.9079
58.7374

The catalytic reaction between and 9-BBN dimer and 13CO2 catalyzed by P(3,5-dimethylphenyl)3 at room temperature for 14.5 hours in C6D5Br

11B NMR spectrum (128 M, C6D5Br)
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169.3333

85.4344

52.6736
57.0638
57.7809

The catalytic reaction between and 9-BBN dimer and 13CO2 catalyzed by P(3,5-dimethylphenyl)3 at room temperature for 14.5 hours in C6D5Br

13C{1H} NMR spectrum (100 M, C6D5Br)

H13COOBC8H14

13CH2(OBC8H14)2

13CH3OBC8H14

(3,5-dimethylphenyl)3P-13CH2OBC8H14(OB C8H14)
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PPM1801701601501401301201101009080706050403020100

83.7974
85.4332
87.0667

50.5500
51.9717
53.3874
54.8065
57.0418
57.7602
56.2990
55.5953
58.4981
59.2116

168.3408
170.4223

The catalytic reaction between and 9-BBN dimer and 13CO2 catalyzed by P(3,5-dimethylphenyl)3 at room temperature for 14.5 hours in C6D5Br

13C{1H} NMR spectrum (100 M, C6D5Br)

H13COOBC8H14

13CH2(OBC8H14)2

(3,5-dimethylphenyl)3P-13CH2OB C8H14(OB C8H14)

13CH3OBC8H14



S64

PPM666462605856545250484644

50.5500
51.9717
53.3874
54.8065

57.0418
57.7602
56.2990
55.5953

58.4981
59.2116

The catalytic reaction between and 9-BBN dimer and 13CO2 catalyzed by P(3,5-dimethylphenyl)3 at room temperature for 14.5 hours in C6D5Br

13C{1H} NMR spectrum (100 M, C6D5Br)

(3,5-dimethylphenyl)3P-13CH2OBC8H14(OBC8H14)

13CH3OBC8H14
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Larger scale and Lower Catalyst loardings:

The vial with (HBC8H14)2  (100 mg, 0.410 mmol) and PR3 (1.0 mol% PtBu3; 1.0 mol% PPh3; 1.0 mol% P(4-MethylPhenyl)3, based on 
the amount of H-BC8H14) was added with 1.1 mL of C6D5Br. The mixture was stirred till all (HBC8H14)  was dissolved before it was 
transferred into J-Young tube which was then tightened with Teflon cap. The sample was treated by frozen and atmosphere replaced 
with 13CO2. The sample was then warmed to room temperature affording a CO2 pressure of 5.3 atm.1 The reactions were monitored by 
1H, 31P, 11B and 13C NMR spectroscopy. When all (HBC8H14)2  was consumed after 35-36 h at room temperature, 13CO2 was released 
and another 100 mg (HBC8H14)  was added to the sample. The samples were left at room temperature for another one day, finding that 
MeO-BC8H14 was the major product (96-98%) and the minor product is CH2(OC8H14)2. 

Table S1. The reaction with additonal (HBC8H14)  to convert formate and CH2(OC8H14)2 to methoxyl product

Catalysts/Time Formate CH2(OC8H14)2 MeOC8H14
tBu3P/35 h 0 2 98
Ph3P/36 h 0 4 96
(4-MePh)3P/36 h 0 2 98

0.24 mol% PtBu3 catalyzed reduction of CO2 with (HBC8H14)  at room temperature

The vial with (HBC8H14)2  (100 mg, 0.410 mmol) and 0.10 mL PtBu3 stock solution (0.0198 M)4 was added with 1.00 mL of C6D5Br. 
The mixture was stirred till all (HBC8H14)2  was dissolved before it was transferred into J-Young tube which was then tightened with 
Teflon cap. The sample was treated by frozen and atmosphere replaced with 13CO2. The sample was then warmed to room temperature 
affording a CO2 pressure of 5.3 atm.1 The reactions were monitored by 1H, 31P, 11B and 13C NMR spectroscopy at 1.5 h, 4 h, 8 h, 12 h, 
14 h and 16 h. The reaction was completed in 16 h.

0.0180 mol% PtBu3 catalyzed reduction of CO2 with (HBC8H14) :

The vial with (HBC8H14)2  (100 mg, 0.410 mmol) was added 0.10 mL of stock solution of PtBu3 ( 0.00148 M)5 in C6D5Br and 1.00 
mL of C6D5Br. The mixture was stirred till all (HBC8H14)2  was dissolved before it was transferred into J-Young tube which was then 
tightened with Teflon cap. The sample was treated by frozen and atmosphere replaced with 13CO2. The sample was then warmed to 
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room temperature affording a CO2 pressure of 5.3 atm.1 The sample was then warmed up to room temperature and heated at 60 °C and 
monitored by NMR spectroscopy.

0.018 mol% P(tBu)3

60 oC, 31 h 20min
+ CO2H-B3.0 BH3CO + O(BC8H14)2

1.0 mol% PPh3 and 2.0 mol% PPh3 catalyzed reduction of 13CO2 with (HBC8H14) :

1.0 mol% PPh3 reaction: The vial with (HBC8H14)2 (100 mg, 0.410 mmol) was added 0.10 mL of stock solution of PPh3 ( 0.082 M) 
in C6D5Br and 1.00 mL of C6D5Br. The mixture was stirred till all (HBC8H14)  was dissolved before it was transferred into J-Young 
tube which was then tightened with Teflon cap. The sample was treated by frozen and atmosphere replaced with 13CO2. The sample 
was then warmed to room temperature affording a CO2 pressure of 5.3 atm.1 The sample was then warmed up to room temperature and 
monitored by 1H, 31P, 11B and 13C NMR spectroscopy.  2.0 mol% PPh3 catalyzed reaction sample was prepared in the same 
procedure: The vial with (HBC8H14)2  (100 mg, 0.410 mmol) was added 0.20 mL of stock solution of PPh3 ( 0.082 M) in C6D5Br and 
0.90  mL of C6D5Br.
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Comparision of induction periods in reactions catalyzed 2.0 mol% and 1.0 mol% PPh3
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Footnotes

1. The amount of 13CO2 filled was calculated to be 0.195 mmol. The volume of J-Young tube is 2.0 mL. Therefore, the pressure 
of 13CO2 at the beginning was calculated as following: P= nRT/V = 0.19466 x 0.0821 x 298/1.2 = 3.97 atm when 0.8 mL of 
bromobenzene was used. When 1.1 mL of bromobenzene was used, the pressure of 13CO2 at the beginning was calculated as 
following: P=nRT/V = 0.19466 x 0.0821 x 298/(2.0-1.1) = 5.29 atm.

2. Tri(t-butyl)phosphine (15.0 mg, 0.0741 mmol) was dissolved in 1.00 mL of bromobenzene-d5 and 0.10 mL of the mother 
solution was taken to prepare the sample.

3. Triphenylphosphine (20.0 mg, 0.0763 mmol) was dissolved in 1.00 mL of bromobenzene and 0.10 mL of the mother solution 
was taken to prepare the sample.

4. The stock solution was prepared in the following steps: a) 40.0 mg of tri(t-butyl)phosphine was dissolved in 1.00 mL of 
bromobenzene-d5 to obtain 0.198 M solution; b) 0.10 mL of the above 0.198 M solution was taken and diluted into 1.00 mL 
bromobenzene-d5 solution to obtain 0.0198 M solution.

5. The stock solution was prepared in the following steps: a) 30.0 mg of tri(t-butyl)phosphine was dissolved in 1.00 mL of 
bromobenzene-d5 to obtain 0.148 M solution; b) 0.10 mL of the above 0.148 M solution was taken and diluted into 1.00 mL 
bromobenzene-d5 solution to obtain 0.0148 M solution; c) 0.10 mL of the 0.0148 M solution was taken and diluted into 1.00 
mL bromobenzene-d5 solution to obtain 0.00148 M solution.


