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Computational Methods 

This research was performed using the Gaussian 09 software package.1 The B3LYP2-5/6-31G(d)6-8 level of theory was 
employed based on published calibrations versus coupled clusters calculations for Co-methyl complexes by Piecuch et al.9 
Calculations were done in DMSO solvent using the SMD continuum solvent model.10 All reasonable spin states (low, 
intermediate and high spin) for each dn electron configuration were evaluated for each metal and for all stationary points. The 
discussion in the paper focuses on those spin states determined to be the lowest on their respective free energy surfaces. All 
thermodynamic data were calculated assuming T = 298.15 K and P = 1 bar. The vibrational frequencies were calculated to 
ascertain each stationary point as a minimum energy or transition state structure and unscaled frequencies utilized to make 
enthalpic and entropic corrections. 

 

 
Table S-1. Relative free energies of possible spin states of deprotonation reaction of products. Type-a: 
[(MII(diimine)2(=CH2)(Cl)]

- + H2O, Type-b: [(M
II(diimine)2(=CH2)(OH2)] + Cl

-, Type-c: [(MII(diimine)2(=CH2)] + H2O + Cl
- ; 

MII = TiII through CuII. The spin states are described by a number after the type of product. For example, “Prod-a3” represents 
product type-a with triplet spin state. 
 
* Products types a and b could not be found for the nickel(II) complex deprotonation product. 
** Products types a and b could not be found for the copper(II) complex deprotonation product. As the only possible spin state 
for copper (II) is doublet, therefore “Prod-c2” (doublet-product type-c) is the most stable product for copper(II) complex 
deprotonation reaction. 
 

  ∆G (kcal/mol) 

Ti(II) 

Prod-a3 rel to Prod-a1 26.3 
Prod-b3 rel to Prod-b1 6.9 
Prod-c3 rel to Prod-c1 4.6 

Prod-a1 rel to (Prod-c1 + cl-) -16.3 
Prod-b1 rel to (Prod-c1 + h2o) 6.4 

V(II) 

Prod-a4 rel to Prod-a2 -1.5 
Prod-b4 rel to Prod-b2 8.0 
Prod-c4 rel to Prod-c2 5.4 

Prod-a4 rel to (Prod-c2 + cl-) 20.0 
Prod-b2 rel to (Prod-c2 + h2o) 10.3 

Cr(II) 

Prod-a3 rel to Prod-a1 -25.3 
Prod-a5 rel to Prod-a1 -20.3 
Prod-b3 rel to Prod-b1 -5.1 
Prod-b5 rel to Prod-b1 -20.1 
Prod-c3 rel to Prod-c1 -27.7 
Prod-c5 rel to Prod-c1 -20.1 

Prod-a3 rel to (Prod-c3 + cl-) 13.4 
Prod-b5 rel to (Prod-c3 + h2o) 17.5 

Mn(II) 

Prod-a4 rel to Prod-a2 -13.2 
Prod-a6 rel to Prod-a2 17.6 
Prod-b4 rel to Prod-b2 4.6 
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Prod-b6 rel to Prod-b2 33.2 
Prod-c4 rel to Prod-c2 5.6 
Prod-c6 rel to Prod-c2 11.6 

Prod-a4 rel to (Prod-c2 + cl-) 8.0 
Prod-b2 rel to (Prod-c2 + h2o) 5.5 

Fe(II) 

Prod-a3 rel to Prod-a1 7.7 
Prod-a5 rel to Prod-a1 34.3 
Prod-b3 rel to Prod-b1 19.2 
Prod-b5 rel to Prod-b1 29.0 
Prod-c3 rel to Prod-c1 15.2 
Prod-c5 rel to Prod-c1 5.3 

Prod-a1 rel to (Prod-c1 + cl-) 1.4 
Prod-b1 rel to (Prod-c1 + h2o) 4.3 

Co(II) 

Prod-a4 rel to Prod-a2 21.8 
Prod-b4 rel to Prod-b2 15.5 
Prod-c4 rel to Prod-c2 10.8 

Prod-a2 rel to (Prod-c2 + cl-) 3.9 
Prod-b2 rel to (Prod-c2 + h2o) 6.6 

Ni(II) Prod-c3 rel to Prod-c1 5.5 
  
 
Table S-2. Metal-methyl distance (Å) in other spin states of deprotonation transition states. The lowest energy spin states are 
shown in Bold. 
 
metal M-CH3 Distance (Å) in R  M-CH3 Distance (Å) in TS 

VII 2.12 (d) 
 

2.01 (d) 
2.21 (q) 

 
CrII 2.09 (t) 2.01 (t) 

2.14 (quin) 

 
FeII 2.01 (s) 1.91 (s) 

2.10 (quin) 

 
CoII 1.98 (d) 1.92 (d) 

 
NiII 1.93 (s) 1.98 (s) 

 
CuII 1.97 (d) 1.97 (d) 

 
The only complex that involves shrinking of the metal-methyl bond is CoII-methyl complex, for which the reactants and 
deprotonation transition state are both low-spin (doublet), and which has a much lower activation free energy (-14.6 kcal/mol) 
than the other divalent metal ions studied. Metal-methyl bond distances in lower spin states of deprotonation transition states are 
given in Table S-2. It can be observed that except for Ni(II) complex, the metal-methyl bond distances involve shrinking from 
reactants to transition states if they are compared in same spin states.
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Figure S-1. Relative free energies of the lowest energy spin states of deprotonation reaction products type-a, type-b and type-c 
providing the structures. 
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