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DFT-optimized geometries for complexes 1 to 3 and some derivatives, with 
t
Bu groups (except the C

1
 atoms) and most H atoms omitted for clarity. 
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Optimized geometry of anti-2 
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Optimized geometry of M1-mod 

 
 

Optimized geometry of 5-mod 

 

Optimized geometry of P-mod 

 

Optimized geometry of 7-mod 
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Table S1: Selected geometrical parameters for compounds 2 and 3 (distances in Å, angles 

in deg.) 

Parameter syn-2 syn-2R anti-2 anti-2R syn-3 anti-3 

Mo1 – P3 2.292 2.301 2.287 2.314 2.300 2.285 

Mo2 – P3 2.581 2.590 2.592 2.600 2.603 2.609 

P3 – H/C 1.436 1.426 1.429 1.419 1.886 1.875 

Mo1 – C6 1.966 1.970 1.964 1.966 1.970 1.965 

Mo1 – C7 1.970 1.965 1.976 1.961 1.957 1.970 

Mo1 – P3 – Mo2 144.1 146.4 139.9 144.4 138.4 134.1 

Mo1 – P3 – H/C 111.1 108.6 117.2 111.7 116.2 119.6 

Mo2 – P3 – H/C 102.5 104.8 102.6 103.9 105.3 105.5 

C6 – Mo1 – C7 82.8 82.9 82.1 82.5 80.8 82.6 

C6 – Mo1 – P3 90.5 98.4 90.8 89.0 95.7 91.5 

C7 – Mo1 – P3 98.8 93.9 90.9 87.9 93.7 89.9 
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Table S2: Molecular orbitals of syn-2. 

OM 

Energy (eV) 

Assignment 

Projection 

LUMO 141 

 

-1.73 

 

*MoP 

 

 Contributions (%): Mo1 29, Mo2 4, P3 35, H76 0, CO’s 13, Ar 6, Other 13 

HOMO 140 

 

-4.52 

 

LPMo2 + LPMo1 

 

 Contributions (%): Mo1 12, Mo2 62, P3 2, H76 1, CO’s 4, Ar 14, Other 5 

MO 139 

 

-4.66 

 

LPMo2 

 

 Contributions (%): Mo1 7, Mo2 55, P3 2, H76 1, CO’s 2, Ar 22, Other 11 

MO 138 

 

-4.87 

 

LPMo2+ πM-CO 

 

 Contributions (%): Mo1 49, Mo2 19, P3 3, H76 2, CO’s 17, Ar 6, Other 5 
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MO 137 

 

-5.02 

 

πMo-CO 

 

 Contributions (%): Mo1 61, Mo2 0, P3 2, H76 1, CO’s 28, Ar 1, Other 7 

MO 136 

 

-5.52 

 

MoP 

 

 Contributions (%): Mo1 30, Mo2 7, P3 39, H76 0, CO’s 6, Ar 4, Other 13 

MO 132 

 

-7.24 

 

MoP 

 

 Contributions (%): Mo1 17, Mo2 21, P3 38, H76 0, CO’s 1, Ar 5, Other 18 
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Table S3: Molecular orbitals of syn-2R. 

OM 

Energy (eV) 

Assignment 

Projection 

LUMO 141 

 

-1.59 

 

*MoP 

 

 Contributions (%): Mo1 26, Mo2 6, P3 31, H8 0, CO’s 13, Ar 12, Other 12 

HOMO 140 

 

-4.56 

 

LPMo2 + πMoP 

 

 Contributions (%): Mo1 22, Mo2 40, P3 5, H8 0, CO’s 5, Ar 18, Other 9 

MO 139 

 

-4.63 

 

LPMo2+ πMo-CO 

 

 Contributions (%): Mo1 42, Mo2 24, P3 4, H8 2, CO’s 14, Ar 8, Other 6 
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MO 138 

 

-4.79 

 

LPMo2+ πMo-CO 

 

 Contributions (%): Mo1 24, Mo2 48, P3 1, H8 1, CO’s 8, Ar 13, Other 6 

MO 137 

 

-4.88 

 

πMo-CO 

 

 Contributions (%): Mo1 57, Mo2 5, P3 1, H8 0, CO’s 27, Ar 2, Other 8 

MO 136 

 

-5.88 

 

MoPMo 

 

 Contributions (%): Mo1 16, Mo2 19, P3 43, H8 1, CO’s 3, Ar 8, Other 11 

MO 133 

 

-7.17 

 

MoP 

 

 Contributions (%): Mo1 16, Mo2 22, P3 39, H8 0, CO’s 0, Ar 5, Other 17 
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Table S4: Molecular orbitals of anti-2. 

OM 

Energy (eV) 

Assignment 

Projection 

LUMO 141 

 

-1.69 

 

*MoP 

 

 Contributions (%): Mo1 31, Mo2 3, P3 34, H8 0, CO’s 12, Ar 7, Other 13 

HOMO 140 

 

-4.60 

 

LPMo2 

 

 Contributions (%): Mo1 17, Mo2 58, P3 1, H8 1, CO’s 5, Ar 12, Other 6 

MO 139 

 

-4.81 

 

Mo-Ar 
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 Contributions (%): Mo1 14, Mo2 47, P3 3, H8 0, CO’s 4, Ar 21, Other 10 

MO 138 

 

-4.88 

 

LPMo2+ πMo-CO 

 

 Contributions (%): Mo1 42, Mo2 27, P3 2, H8 4, CO’s 12, Ar 9, Other 5 

MO 137 

 

-5.01 

 

πMo-CO 

 

 Contributions (%): Mo1 60, Mo2 2, P3 2, H8 0, CO’s 27, Ar 1, Other 7 

MO 136 

 

-5.49 

 

MoP 

 

 Contributions (%): Mo1 28, Mo2 7, P3 41, H8 0, CO’s 5, Ar 5, Other 14 
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MO 135 

 

-6.45 

 

MoP 

 

 Contributions (%): Mo1 10, Mo2 10, P3 23, H8 0, CO’s 5, Ar 2, Other 49 

MO 132 

 

-7.36 

 

MoP 

 

 Contributions (%): Mo1 18, Mo2 18, P3 27, H8 0, CO’s 1, Ar 4, Other 31 
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Table S5: Molecular orbitals of anti-2R. 

OM 

Energy (eV) 

Assignment 

Projection 

LUMO 141 

 

-1.52 

 

*MoP 

 

 Contributions (%): Mo1 28, Mo2 5, P3 32, H8 0, CO’s 10, Ar 14, Other 12 

HOMO 140 

 

-4.56 

 

LPMo2 + πMoP 

 

 Contributions (%): Mo1 20, Mo2 39, P3 7, H8 0, CO’s 4, Ar 18, Other 10 

MO 139 

 

-4.64 

 

πMo-CO + LPMo2 

 

 Contributions (%): Mo1 55, Mo2 17, P3 2, H8 3, CO’s 14, Ar 4, Other 5 

MO 138 

 

-4.80 

 

LPMo2+ πMo-CO 

 

 Contributions (%): Mo1 17, Mo2 55, P3 1, H8 1, CO’s 5, Ar 15, Other 6 
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MO 137 

 

-4.90 

 

πMo-CO 

 

 Contributions (%): Mo1 58, Mo2 5, P3 1, H8 0, CO’s 27, Ar 2, Other 7 

MO 136 

 

-5.85 

 

MoPMo 

 

 Contributions (%): Mo1 13, Mo2 22, P3 41, H8 0, CO’s 3, Ar 8, Other 13 

MO 133 

 

-7.25 

 

MoP 

 

 Contributions (%): Mo1 17, Mo2 18, P3 31, H8 0, CO’s 1, Ar 5, Other 28 
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Table S6: Molecular orbitals of syn-3. 

OM 

Energy (eV) 

Assignment 

Projection 

LUMO 145 

 

-1.64 

 

*MoP 

 

 Contributions (%): Mo1 27, Mo2 3, P3 35, Me 2, CO’s 14, Ar 5, Other 13 

HOMO 144 

 

-4.44 

 

LPMo2 

 

 Contributions (%): Mo1 10, Mo2 64, P3 1, Me 0, CO’s 4, Ar 14, Other 6 

MO 143 

 

-4.68 

 

Mo-Ar + LPMo1 

 

 Contributions (%): Mo1 19, Mo2 46, P3 2, Me 0, CO’s 6, Ar 20, Other 8 
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MO 142 

 

-4.91 

 

LPMo2+ πMo-CO 

 

 Contributions (%): Mo1 34, Mo2 30, P3 4, Me 5, CO’s 11, Ar 12, Other 5 

MO 141 

 

-5.01 

 

πMo-CO 

 

 Contributions (%): Mo1 59, Mo2 1, P3 2, Me 0, CO’s 29, Ar 1, Other 8 

MO 140 

 

-5.34 

 

MoP 

 

 Contributions (%): Mo1 36, Mo2 1, P3 38, Me 2, CO’s 6, Ar 3, Other 13 

MO 139 

 

-6.44 

 

MoP + MoCp 

 

 Contributions (%): Mo1 13, Mo2 6, P3 27, Me 4, CO’s 2, Ar 2, Other 46 
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MO 136 

 

-7.04 

 

MoP 

 

 Contributions (%): Mo1 18, Mo2 15, P3 26, Me 3, CO’s 2, Ar 4, Other 31 
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Table S7: Molecular orbitals of anti-3. 

OM 

Energy (eV) 

Assignment 

Projection 

LUMO 145 

 

-1.58 

 

*MoP 

 

 Contributions (%): Mo1 29, Mo2 4, P3 34, Me 2, CO’s 12, Ar 6, Other 13 

HOMO 144 

 

-4.55 

 

LPMo2 + LPMo1 

 

 Contributions (%): Mo1 19, Mo2 55, P3 1, Me 1, CO’s 5, Ar 12, Other 6 

MO 143 

 

-4.75 

 

Mo-Ar + LPMo1 

 

 Contributions (%): Mo1 24, Mo2 3, P3 1, Me 0, CO’s 7, Ar 16, Other 8 
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MO 142 

 

-4.90 

 

LPMo2+ πMo-CO 

 

 Contributions (%): Mo1 35, Mo2 26, P3 3, Me 5, CO’s 13, Ar 11, Other 7 

MO 141 

 

-4.97 

 

πMo-CO 

 

 Contributions (%): Mo1 49, Mo2 14, P3 1, Me 0, CO’s 23, Ar 6, Other 6 

MO 140 

 

-5.32 

 

MoP 

 

 Contributions (%): Mo1 33, Mo2 2, P3 39, Me 2, CO’s 6, Ar 4, Other 14 

MO 139 

 

-6.29 

 

MoP 
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 Contributions (%): Mo1 10, Mo2 12, P3 27, Me 2, CO’s 4, Ar 3, Other 41 

MO 136 

 

-7.19 

 

MoP + MoCp 

 

 Contributions (%): Mo1 18, Mo2 12, P3 18, Me 2, CO’s 1, Ar 5, Other 43 
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Table S8: DFT/B3LYP-calculated stretching wavenumbers ν(cm
1

) and relative 

intensities for syn and anti isomers of compounds 2 and 3. 

 syn-2 syn-2R anti-2 anti-2R syn-3 anti-3 

CO,symm. 1999 (100) 1999 (100) 2023 (100) 2015 (100) 1997 (100) 2015 (100) 

CO,asymm. 1944 (87) 1946 (75) 1970 (58) 1965 (61) 1938 (81) 1962 (61) 

 

 

 

Table S9: DFT/B3LYP-calculated relative Gibbs Free Energies (Kcal/mol) in the gas phase. 

 syn-2 syn-2R anti-2 anti-2R syn-3 anti-3 5-mod P-mod 7-mod M1-mod 

ΔG298K 1.9 0 3.9 3.0 1.2 0 2.3
a
 6.5

b
 9.6

c
 28.2

d
 

a 
Relative to syn-2R + HSnMe3. 

b 
Relative to anti-3 + HSnMe3. 

c 
Calculated for the reaction anti-3 + 

HSnMe3 → 7-mod + H2. 
d 
Relative to 1 + HSnMe3. 
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Energy profile for the rotation scan resulting from increasing the dihedral angle 

H8P3Mo1C7 in anti-2 by 45
o
 steps. 

 
 

 

Rotation 
Energy 

(kcal/mol) 

0 (anti-2) 0.0 

45 6.1 

90 8.5 

135 0.3 

180 (~syn-2R) 4.8 

225 0.3 

270 6.7 

315 2.5 

360 (~anti-2R) 1.7 

405 2.8 
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