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1) General Methods 

Unless otherwise noted, all manipulations were carried out under an atmosphere 

of nitrogen by using standard Schlenk techniques or glovebox techniques. Solvents 

were purified by an Mbraun SPS-800 Solvent Purification System. KHMDS, nBuLi, 3-

hexyne, 2-(2-bromophenyl)acetaldehyde and CrCl2 were obtained from Strem, Aldrich, 

TCI, Alfa Aesar, Acros, Adamas-beta, J&K and others. PhSiD3 was prepared according 

to the reported method. [1] 

1H, 13C, and 31P NMR spectra were recorded on a Bruker ARX500 spectrometer 

(FT, 500 MHz for 1H; 125 MHz for 13C; 202 MHz for 31P) at room temperature, unless 

otherwise noted. High-resolution mass spectra (HRMS) were recorded on a Bruker 

Solarix XR FTMS mass spectrometer using ESI (electrospray ionization) source. 

Susceptibility experiment was performed on Quantum Design MPMS XL-5 SQUID 

(superconducting quantum inference device) magnetometer on crystalline sample. 

Elemental analyses were tested on a Vario EL elemental analyzer at the Analytical 

Center of Peking University. Infrared Spectroscopy was recorded on a Bruker Tensor 

27 using a KBr pellet. Using 2-(2-bromophenyl)acetaldehyde instead of 2-

bromobenzaldehyde, the neutral cyclopentadienyl-phosphine ligand L was prepared 

according to our reported procedures,[2] as a mixture of double-bond isomers which 

cannot be separated from each other.  

 

2) Experimental Details 

Preparation of the ligands (1): 

 

A typical procedure for the preparation of 1: Under an atmosphere of nitrogen, 

the neutral cyclopentadienyl-phosphine ligand (with double-bond isomers, 0.1 mmol) 

was dissolved in 10 mL Et2O. Then KHMDS (0.1 mmol in 0.2 mL Toluene) was added 
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in and the mixture was stirred for 12 h. After reaction, precipitate was washed by Et2O 

(The double-bond isomers could not be deprotonated and thus would be washed by 

Et2O) and dried in vacuo to give pure target compounds as yellow powders. 

1a: Yellow powder, isolated yield 25 % (0.025 mmol, 12.3 mg). 

Crystal suitable for X-ray diffraction was grown from the mixture 

of THF and toluene at room temperature. 1H NMR (500 MHz, d8-

THF) δ: 0.79 (t, J = 7.5 Hz, 6H, CH3), 1.06 (t, J = 7.5 Hz, 6H, CH3), 2.23-2.27 (m, 4H, 

CH2), 2.45-2.50 (m, 4H, CH2), 3.94 (s, 2H, CH2), 6.57-6.60 (m, 1H, CH), 6.82-6.85 (m, 

1H, CH), 7.01-7.05 (m, 2H, CH), 7.26-7.34 (m, 10H, CH); 13C NMR (125 MHz, d8-

THF) δ: 19.54 (2CH3), 20.00 (2CH3), 20.78 (2CH2), 20.83 (2CH2), 32.02 (d, J = 22.0 

Hz, CH2), 108.19 (d, J = 2.5 Hz, Quant. C), 114.51 (2Quant. C), 115.36 (2Quant. C), 

125.29 (CH), 129.11 (2CH), 129.15 (2CH), 129.20 (2CH), 129.26 (2CH), 130.92 (CH), 

130.97 (CH), 132.19 (CH), 134.46 (d, J = 7.5 Hz, Quant. C), 135.04 (d, J = 12.5 Hz, 

2CH), 139.23 (d, J = 7.5 Hz, 2Quant. C), 152.59 (d, J = 14.0 Hz, Quant. C); 31P NMR 

(202 MHz, d8-THF) δ: -13.80. 

 

1b: Yellow powder, isolated yield 20 % (0.020 mmol, 8.5 mg). 

Crystal suitable for X-ray diffraction was grown from the mixture 

of THF and toluene at room temperature. 1H NMR (500 MHz, d8-

THF) δ: 0.84 (t, J = 5.0 Hz, 6H, CH3), 0.93-0.96 (m, 6H, CH3), 1.07 (t, J = 5.0 Hz, 6H, 

CH3), 1.16 (m, 6H, CH3), 2.09-2.15 (m, 2H, CH), 2.31-2.36 (m, 4H, CH2), 2.45-2.49 

(m, 4H, CH2), 4.14 (d, J = 4.0 Hz, 2H, CH2), 6.93-6.96 (m, 1H, CH), 7.00-7.07 (m, 2H, 

CH), 7.29-7.31 (m, 1H, CH); 13C NMR (125 MHz, d8-THF) δ: 19.62 (2CH3), 20.02 

(4CH3), 20.13 (2CH3), 20.67 (2CH2), 20.79 (2CH2), 21.03 (CH), 21.23 (CH), 32.45 (d, 

J = 26.5 Hz, CH2), 110.98 (d, J = 20 Hz, Quant. C), 114.39 (2Quant. C), 115.25 (2Quant. 

C), 124.43 (CH), 128.95 (CH), 130.74 (d, J = 6.3 Hz, CH), 132.02 (d, J = 3.8 Hz, CH), 

133.49 (d, J = 22.5 Hz, Quant. C), 155.12 (d, J = 30.0 Hz, Quant. C); 31P NMR (202 

MHz, d8-THF) δ: -8.64. 

 



 

S4 

 

1c: Yellow powder, isolated yield 23 % (0.023 mmol, 11.6 mg). 1H 

NMR (500 MHz, d8-THF) δ: 0.83 (t, J = 6.0 Hz, 6H, CH3), 1.05 (t, 

J = 6.0 Hz, 6H, CH3), 1.16-1.36 (m, 10H, CH2), 1.63-1.68 (m, 6H, 

CH2), 1.78 (d, J = 10.5 Hz, 2H, CH), 1.93-1.97 (m, 4H, CH2), 2.30-2.34 (m, 4H, CH2), 

2.44-2.48 (m, 4H, CH2), 4.10 (d, J = 3.0 Hz, 2H, CH2), 6.91-6.93 (m, 1H, CH), 6.98-

7.03 (m, 2H, CH), 7.29-7.30 (m, 1H, CH); 13C NMR (125 MHz, d8-THF) δ: 18.46 

(2CH3), 18.88 (2CH3), 19.65 (2CH2), 19.73 (2CH2), 26.57 (2CH2), 27.07 (d, J = 6.3 Hz, 

2CH2), 27.21 (d, J = 10.0 Hz, 2CH2), 29.25 (d, J = 8.0 Hz, 2CH2), 30.87 (d, J = 15.0 

Hz, 2CH2), 31.65 (d, J = 22.0 Hz, CH2), 34.23 (d, J = 12.4 Hz, 2CH), 109.26 (Quant. 

C), 113.22 (2Quant. C), 114.04 (2Quant. C), 123.16 (CH), 127.62 (CH), 129.93 (d, J = 

4..38 Hz, CH), 130.87 (CH), 131.72 (d, J = 14.9 Hz, Quant. C), 154.23 (d, J = 19.9 Hz, 

Quant. C); 31P NMR (202 MHz, d8-THF) δ: -18.18. 

 

Preparation of chromium chloride complexes (2) 

A typical procedure for the preparation of 2: Under an atmosphere of nitrogen, 

the yellow THF solution of 1a (49.1 mg, 0.1 mmol) was added into the suspension of 

CrCl2 (12.3 mg, 0.1 mmol) in THF (5 mL) at room temperature. The resultant brown 

mixture was stirred for 12 h and the solvent was removed and dried in vacuo. After the 

addition of Et2O (8 mL) to the black residue, the solution was filtered through Celite, 

and the solvent was removed and dried in vacuo. Single crystals of 2a suitable for X-

ray crystallography were obtained by recrystallization from Et2O at -30 °C. 

 

2a: Dark red powder, isolated yield 62 % (0.062 mmol, 33.4 mg). 

Magnetic susceptibility (Evans’method): μeff = 3.1 ± 0.1 μB in C6D6 

at 296 K. 1H NMR (500 MHz, d8-THF) δ: 0.89 (br), 1.12 (br), 2.78 

(br), 3.37 (m), 5.33 (br), 6.30 (br), 7.30 (m), 8.16 (br), 11.52 (br), 

13.19 (br), 14.75 (br), 18.63 (br). Anal. Calcd. for C32H36ClCrP: C, 71.30; H, 6.73. 

Found: C, 71.12; H, 7.17. HRMS calcd. for C32H36ClCrP [M]+: 538.1643, found 

538.1639. IR (KBr, cm-1) υ: 2964 (s), 2930 (s), 2871 (s), 1465 (m), 1436 (s), 1096 (w), 
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1067 (w), 748 (s), 696 (s), 504 (m). 

2b: Dark green powder, isolated yield 58 % (0.058 mmol, 27.3 mg). 

Magnetic susceptibility (Evans’method): μeff = 3.2 ± 0.1 μB in C6D6 

at 296 K. 1H NMR (500 MHz, d8-THF) δ: 0.89 (br), 1.11 (br), 3.38 

(m), 3.41 (br), 3.58 (br), 5.33 (br), 6.42 (br), 7.02 (m), 7.30 (br), 7.45 (br), 7.73 (br), 

8.19 (br), 9.05 (br), 16.12 (br). Anal. Calcd. for C26H40ClCrP: C, 66.30; H, 8.56. Found: 

C, 65.82; H, 8.66. HRMS calcd. for C26H40ClCrP [M]+: 470.1956, found 470.1952. IR 

(KBr, cm-1) υ: 2964 (s), 2930 (m), 2872 (m), 1463 (m), 1371 (w), 1058 (w), 752 (m), 

445 (w). 

2c: Dark green powder, isolated yield 46 % (0.046 mmol, 25.4 mg). 

Magnetic susceptibility (Evans’method): μeff = 3.0 ± 0.1 μB in C6D6 

at 296 K. Magnetic susceptibility (SQUID): μeff = 3.5 μB at room 

temperature. 1H NMR (500 MHz, d8-THF) δ: 0.89 (br), 1.12 (br), 1.29 (br), 3.38 (m), 

3.41 (br), 3.58 (br), 5.33 (br), 6.66 (br), 7.30 (br), 8.52 (br), 11.34 (br), 13.45 (br), 16.36 

(br), 26.13 (br). Anal. Calcd. for C32H48ClCrP: C, 69.74; H, 8.78. Found: C, 69.24; H, 

8.85. HRMS calcd. for C32H48ClCrP [M]+: 550.2582, found 550.2583. IR (KBr, cm-1) 

υ: 2961 (m), 2927 (s), 2854 (m), 1449 (m), 1374 (w), 1267 (w), 895 (w), 751 (w), 525 

(w), 441 (w). 

 

Preparation of chromium(I) dinitrogen complexes (3) 

A typical procedure for the preparation of 3: Under an atmosphere of nitrogen, 

potassium graphite (14.9 mg, 0.11 mmol) was added into the solution of 2a (53.9 mg, 

0.1 mmol) in THF (5 mL) at room temperature. The resultant dark brown mixture was 

stirred for 6 h and the solvent was filtered and then dried in vacuo. The black residue 

was washed by hexane (10 mL) and dried in vacuo to get the raw product. Single 

crystals of 3a suitable for X-ray crystallography were obtained by recrystallization from 

Et2O at -30 °C.  
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3a: Black powder, isolated yield 67 % (0.022 

mmol, 35.6 mg). Magnetic susceptibility 

(Evans’method): μeff = 5.2 ± 0.1 μB in C6D6 at 

296 K. 1H NMR (500 MHz, d8-THF) δ: 0.89 

(br), 1.12 (br), 1.29 (br), 3.38 (m), 3.41 (br), 

3.58 (br), 5.33 (br), 6.81 (br), 7.30 (br), 7.34 

(br). Anal. Calcd. for C96H108Cr3N6P3: C, 72.30; H, 6.83; N, 5.27. Found: C, 72.15; H, 

7.25; N, 4.45. IR (KBr, cm-1) υ(N2): 1933, 1752. 

 

3b: Black powder, isolated yield 68 % (0.034 

mmol, 31.5 mg). Magnetic susceptibility 

(Evans’method): μeff = 4.2 ± 0.1 μB in C6D6 at 

296 K. 1H NMR (500 MHz, d8-THF) δ: -1.90 (br), 

-0.04 (br), 0.89 (br), 1.11 (br), 1.29 (br), 2.04 (br), 

3.38 (m), 3.41 (br), 3.58 (br), 3.84 (br), 5.33 (br), 

5.68 (br), 7.13 (m), 7.30 (br), 7.33 (br), 8.05 (br). Anal. Calcd. for C52H80Cr2N4P2: C, 

67.36; H, 8.70; N, 6.04. Found: C, 67.51; H, 8.68; N, 5.50. IR (KBr, cm-1) υ(N2): 1957, 

1748. 

 

Preparation of chromium complexes 4-7 

A typical procedure for the preparation of 4-7: Under an atmosphere of N2, 

phenylsilane (32.5 mg, 0.3 mmol) was added into the solution of 3a (159.5 mg, 0.1 

mmol) in THF (5 mL) at room temperature. The resultant dark brown mixture was 

stirred for 12 h and then the solvent was removed in vacuo. Single crystals of 4 suitable 

for X-ray crystallography were obtained by recrystallization from hexane at -30 °C.  
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4: Black powder, isolated yield 35 % (0.053 

mmol, 60.6 mg). Magnetic susceptibility 

(Evans’method): μeff = 3.3 ± 0.1 μB in C6D6 at 

296 K. 1H NMR (500 MHz, d8-THF) δ: -5.64 

(d), -0.87 (br), -0.51 (br), -0.20 (br), -0.04 (br), 0.11 (br), 0.29 (br), 0.89 (br), 1.11 (br), 

1.29 (br), 3.38 (m), 3.41 (br), 3.58 (br), 4.89 (br), 7.33 (br), 7.36 (m), 7.39 (br), 7.57 

(br), 7.58 (br), 8.72 (br). Anal. Calcd. for C70H80Cr2N2P2Si: C, 73.53; H, 7.05; N, 2.45. 

Found: C, 74.31; H, 6.96; N, 2.26. IR (KBr, cm-1) υ(N2): 1761. 

 

5: Black powder, isolated yield 53 % (0.16 mmol, 109.7 mg). 

Magnetic susceptibility (Evans’method): μeff = 3.6 ± 0.1 μB in 

C6D6 at 296 K. Magnetic susceptibility (SQUID): μeff = 4.5 μB 

at room temperature. 1H NMR (500 MHz, d8-THF) δ: -7.54 (br), 

0.78 (m), 1.01 (m), 1.18 (br), 1.62 (br), 3.27 (m), 3.47 (br), 4.89 (br), 5.22 (br), 6.52 

(br), 6.67 (m), 6.96 (m), 7.21 (m), 7.38 (br), 7.41 (br), 7.43 (br), 7.80 (br), 7.81 (br), 

10.76 (br), 13.12 (br), 22.31 (br), 32.50 (br). Anal. Calcd. for C44H46CrN2P: C, 77.06; 

H, 6.76; N, 4.08. Found: C, 77.50; H, 7.01; N, 4.07. IR (KBr, cm-1) υ: 3056 (m), 2965 

(s), 2928 (s), 2871 (m), 1583 (s), 1471 (s), 1245 (w), 748 (s), 693(s), 543 (w), 452(w). 

 

6: Black powder, isolated yield 46 % (0.14 mmol, 95.9 mg). 

Magnetic susceptibility (Evans’method): μeff = 3.8 ± 0.1 μB in 

C6D6 at 296 K. 1H NMR (500 MHz, d8-THF) δ: 0.84 (m), 0.85 

(br), 0.87 (br), 1.08 (m), 1.13 (br), 1.26 (br), 1.69 (br), 1.99 (m), 

2.27 (br), 3.34 (m), 3.36 (br), 3.54 (br), 4.25 (br), 5.30 (br), 6.52 

(m), 7.13 (m), 7.15 (m), 7.17 (br), 7.29 (br), 7.31 (br), 7.32 (br), 7.41 (br), 7.88 (br), 

7.89 (br), 8.47 (br). Anal. Calcd. for C45H47CrNP: C, 78.92; H, 6.92; N, 2.05. Found: 

C, 78.37; H, 7.42; N, 1.92. IR (KBr, cm-1) υ: 3056 (w), 2965 (s), 2927 (s), 2869 (m), 

1628 (w), 1585 (s), 1480 (s), 1368 (m), 1315 (m), 748 (s), 695 (s), 539 (w). 
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7: Red powder, isolated yield 45 % (0.14 mmol, 82.6 mg). 

Magnetic susceptibility (Evans’method): μeff = 3.7 ± 0.1 μB in 

C6D6 at 296 K. 1H NMR (500 MHz, d8-THF) δ: -0.35 (br), 0.78 

(br), 1.01 (m), 1.06 (br), 1.19 (br), 1.39 (br), 1.62 (br), 3.26 (br), 

3.27 (br), 3.29 (br), 3.30 (br), 3.47 (br), 5.22 (br), 7.24 (br), 9.93 

(br), 10.78 (br). Anal. Calcd. for C40H48CrP: C, 78.53; H, 7.91. Found: C, 79.32; H, 

8.27. HRMS calcd. for C40H48CrP [M]+: 611.2893, found 611.2888. IR (KBr, cm-1) υ: 

3055 (w), 2964 (s), 2927 (s), 2870 (m), 1569 (w), 1461 (m), 1092 (w), 1062 (w), 1024 

(w), 747 (m), 697 (m), 501 (w). 
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3) Examination of IR Spectra 

 

Figure S1 IR spectrum of 2a in KBr pellet at room temperature 

 

 

Figure S2 IR spectrum of 2b in KBr pellet at room temperature 
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Figure S3 IR spectrum of 2c in KBr pellet at room temperature 

 

 
Figure S4 IR spectrum of 3a in KBr pellet at room temperature 

 



 

S11 

 

 
Figure S5 IR spectrum of 3b in KBr pellet at room temperature 

 

 
Figure S6 IR spectrum of the product obtained from reduction of 2c with KC8 in THF 

under N2 
 



 

S12 

 

  

Figure S7 IR spectrum of 4 in KBr pellet at room temperature 
 

 
Figure S8 IR spectrum of 5 in KBr pellet at room temperature 
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Figure S9 IR spectrum of 6 in KBr pellet at room temperature 

 

 

Figure S10 IR spectrum of 7 in KBr pellet at room temperature 
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4) Copies of NMR Spectra of New Compounds 

 
Figure S11 1H NMR of 1a at room temperature 

 

 
Figure S12 13C{1H} NMR of 1a at room temperature 
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Figure S13 31P{1H} NMR of 1a at room temperature 

 

 

Figure S14 1H NMR of 1b at room temperature 
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Figure S15 13C{1H} NMR of 1b at room temperature 

 

 

Figure S16 31P{1H} NMR of 1b at room temperature 
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Figure S17 1H NMR of 1c at room temperature 

 

 

Figure S18 13C{1H} NMR of 1c at room temperature 
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Figure S19 31P{1H} NMR of 1c at room temperature 

 

 

Figure S20 1H NMR of 2a at room temperature 
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Figure S21 1H NMR of 2b at room temperature 

 

 

Figure S22 1H NMR of 2c at room temperature 
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Figure S23 1H NMR of 3a at room temperature 

 

 

Figure S24 1H NMR of 3b at room temperature 
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Figure S25 1H NMR of 4 at room temperature 

 

 

Figure S26 1H NMR of 5 at room temperature 
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Figure S27 1H NMR of 6 at room temperature 

 

 

Figure S28 1H NMR of 7 at room temperature 
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5) Copies of SQUID Spectra of Complexes 2c and 5  

 

Magnetic susceptibility measurements (Fig. S29) at variable temperature with a 

superconducting quantum inference device (SQUID) show that the effective magnetic 

moment of 2c at room temperature (μeff ≈ 3.5 μB) is higher than the spin-only value (2.8 

μB) expected for an S = 1 state, suggesting an unquenched orbital momentum 

contribution. 

 

Figure S29 SQUID spectrum of complex 2c  

 

Magnetic susceptibility measurements (Fig. S30) at variable temperature with a 

superconducting quantum inference device (SQUID) show that the effective magnetic 

moment of 5 at room temperature (μeff ≈ 4.5 μB) is higher than the spin-only value (3.9 

μB) expected for an S = 3/2 state, suggesting an unquenched orbital momentum 

contribution. 
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Figure S30 SQUID spectrum of complex 5 
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6) X-ray Crystallographic Studies  

Single crystals suitable for X-ray analysis were grown in solution of Et2O, Hexane, 

or the mixture of Et2O and Hexane in -30 °C. Data collections were performed at 180 

K on Rigaku diffractometer, using monochromated Mo Kα radiation (λ = 0.71073 Å). 

The structures were solved by SHELXTL or Olex program.[3,4] Refinement was 

performed on F2 anisotropically for all the non-hydrogen atoms by the full-matrix least-

squares method. The hydrogen atoms were placed at the calculated positions and were 

included in the structure calculation without further refinement of the parameters. H(3) 

in complex 4 was located from difference electron density map. Crystal data, data 

collection and processing parameters for compounds 1a, 1b, 2a-c, 3a,b, and 4-7 are 

summarized in following tables. Crystallographic data (excluding structure factors) 

have been deposited with the Cambridge Crystallographic Data Centre as 

supplementary publication nos. CCDC-1907376 (1a), CCDC-1860877 (1b), CCDC-

1860868 (2a), CCDC-1860867 (2b), CCDC-1903190 (2c), CCDC-1860876 (3a), 

CCDC-1860875 (3b), CCDC-1907372 (4), CCDC-1907373 (5), CCDC-1907375 (6), 

CCDC-1907374 (7). Copies of these data can be obtained free of charge from the 

Cambridge Crystallographic Data Centre. Solvent molecules in some crystals could not 

be located appropriately. Thus, the diffused electron density associated with these 

solvent molecules were removed by SQUEEZE routine in PLATON. 
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Figure S31 ORTEP drawing of 1a. Thermal ellipsoids are shown at the 30% probability 
level. Hydrogen atoms are omitted for clarity. 
 

Table S1   Selected Bond Lengths (Å) and Angles (deg) for 1a. 
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Table S2 X-ray crystallographic data for 1a 
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Figure S32 ORTEP drawing of 1b. Thermal ellipsoids are shown at the 30% 
probability level. Hydrogen atoms are omitted for clarity. 
 

Table S3   Selected Bond Lengths (Å) and Angles (deg) for 1b. 
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Table S4 X-ray crystallographic data for 1b 

 

 

 

 

 



 

S30 

 

 
Figure S33 ORTEP drawing of 2a. Thermal ellipsoids are shown at the 30% probability 
level. Hydrogen atoms are omitted for clarity. 
 

Table S5   Selected Bond Lengths (Å) and Angles (deg) for 2a. 
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Table S6 X-ray crystallographic data for 2a  
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Figure S34 ORTEP drawing of 2b. Thermal ellipsoids are shown at the 30% 
probability level. Hydrogen atoms are omitted for clarity. 
 

Table S7   Selected Bond Lengths (Å) and Angles (deg) for 2b. 
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Table S8 X-ray crystallographic data for 2b 
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Figure S35 ORTEP drawing of 2c. Thermal ellipsoids are shown at the 30% probability 
level. Hydrogen atoms are omitted for clarity. 
 

Table S9   Selected Bond Lengths (Å) and Angles (deg) for 2c. 
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Table S10 X-ray crystallographic data for 2c 
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Figure S36 ORTEP drawing of 3a. Thermal ellipsoids are shown at the 30% probability 
level. Hydrogen atoms are omitted for clarity. 
 

Table S11   Selected Bond Lengths (Å) and Angles (deg) for 3a. 
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Table S12 X-ray crystallographic data for 3a  
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Figure S37 ORTEP drawing of 3b. Thermal ellipsoids are shown at the 30% 
probability level. Hydrogen atoms are omitted for clarity. 
 

Table S13   Selected Bond Lengths (Å) and Angles (deg) for 3b. 
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Table S14 X-ray crystallographic data for 3b  
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Figure S38 ORTEP drawing of 4. Thermal ellipsoids are shown at the 30% probability 
level. Hydrogen atoms are omitted for clarity. 
 

Table S15   Selected Bond Lengths (Å) and Angles (deg) for 4. 
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Table S16 X-ray crystallographic data for 4  
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Figure S39 ORTEP drawing of 5. Thermal ellipsoids are shown at the 30% probability 
level. Hydrogen atoms are omitted for clarity. 
 

Table S17   Selected Bond Lengths (Å) and Angles (deg) for 5. 
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Table S18 X-ray crystallographic data for 5  
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Figure S40 ORTEP drawing of 6. Thermal ellipsoids are shown at the 30% probability 
level. Hydrogen atoms are omitted for clarity. 
 

Table S19   Selected Bond Lengths (Å) and Angles (deg) for 6. 
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Table S20 X-ray crystallographic data for 6  
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Figure S41 ORTEP drawing of 7. Thermal ellipsoids are shown at the 30% probability 
level. Hydrogen atoms are omitted for clarity. 
 

Table S21   Selected Bond Lengths (Å) and Angles (deg) for 7. 
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Table S22 X-ray crystallographic data for 7  
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7）Studies of the Hydride Ligand in Complex 4 

The doublet at -5.6 ppm (Fig. S42) might be assigned to the hydride, which 

disappeared if it is substituted by the deuteride in the reaction between 3a and PhSiD3. 

 
Figure S42 1H NMR spectra of hydride and deuteride in complex 4 

 

The generation of H2 was detected at 4.55 ppm by 1H NMR (Fig. S43) in the 

quenching reaction between complex 4 and the acid [H(OEt2)2][B{C6H3(m-CF3)2}4]. 

 
Figure S43 In situ 1H NMR of quenching reaction between 4 and [H(OEt2)2][B{C6H3(m-CF3)2}4] 
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The signal at -3.3 ppm (Fig. S44) might be assigned to the deuteride in the product 

obtained from the reaction between 3a and PhSiD3. 

 

 

Figure S44 2H(D) NMR spectrum of the product obtained from reaction between 3a and PhSiD3 

 

Figure S45 2H(D) NMR spectrum of PhSiD3 
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8）Calculational Details 

 

Table S23 The relationship between S and energy of 3a 

S S=1/2 S=3/2 S=5/2 S=7/2 

Energy/Hartree -8208.79718545 -8208.79814890 -8208.82674870 -8208.73158987

 

Table S24 The relationship between S and energy of 3b 

S S=0 S=1 S=2 S=3 

Energy/Hartree -5019.98938298 -5020.02801418 -5020.05349330 -5019.99628679

 

The calculation part was carried out with the GAUSSIAN 09 program package.[5] 
The energy was calculated at the M06L/def2TZVP level.[6] According to the results of 
energy calculations (Tables S23-S24), the electron configurations (for 3a, S = 5/2, the 
lowest energy is about -8208.827 a.u.; for 3b, S = 2, the lowest energy is about -
5020.053 a. u.) can be assigned to the ground states of 3a and 3b, which indicates the 
numbers of unpaired electrons in 3a and 3b are 5 and 4, respectively. In addition, the 
complexes 3a and 3b have solution magnetic moments of 5.2 ± 0.1 μB and 4.2 ± 0.1 μB 
measured by Evans’ method in C6D6 at 296 K, which indicates the numbers of unpaired 
electrons in 3a and 3b are 4.25 and 3.32, respectively. Therefore, the experimental 
results are generally consistent with the calculational results.  
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