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1. Table

Table S1. Relative B3LYP energies (kcal mol™) for methane C-H bond hydroxylation by
[Fe'V(O)(NH3)4(L)]" complexes.

oot M) AZPE AH -TAS AG AG AG
(B1) (B1) (B1) (B1) (B1) (B2)  (B2+vdw)
1-0,CCF; °R+CH,  0.00 0.00 0.00 0.00 0.00 0.00 0.00
TSue 37.06 -6.81 29.56 9.89 39.45 34.60 30.19
3, 29.98 -5.16 24.70 9.35 34.05 30.40 26.10
TSres  36.30 -4.56 3251 6.44 38.95 34.86 29.16
P, -15.63 -0.27 -15.23 6.38 -8.85 1581  -20.31
TSua 29.85 4.72 24.74 9.60 34.33 24.57 20.94
3, 21.37 -3.26 18.36 8.29 26.65 15.54 12.71
TSrex  31.50 -3.27 28.62 7.33 35.95 26.09 22.96
P, -15.04 -0.03 -14.43 6.43 -8.00 1509  -19.71
‘R+CH,  7.71 -4.19 451 -2.82 1.68 3.20 0.72
TSue 29.06 -8.45 21.64 5.57 27.21 20.62 16.33
1, 20.62 -7.37 15.02 3.87 18.89 13.89 9.46
TSres 2472 -6.57 19.60 4.73 24.32 18.10 12.52
5P, -27.74 -2.70 -29.37 5.21 2416  -3220  -36.87
TSux 37.68 -7.50 30.82 6.72 37.53 29.17 23.52
o, 29.44 -5.54 25.02 5.55 30.57 20.62 16.04
TSrex 3241 -6.31 27.02 6.26 33.27 23.11 18.57
P, -27.66 -2.29 -29.07 5.74 2333 3222 -36.76
1-NCS  °R+CH, 0.0 0.00 0.00 0.00 0.00 0.00 1.44
TSue 39.31 -5.66 32.52 11.35 43.87 37.68 35.47
3, 29.09 -4.89 25.61 5.23 30.85 15.49 12.83
TSres  36.56 -3.78 33.75 6.43 40.18 25.21 21.08
P, -14.54 1.19 -13.74 9.36 -4.37 1059  -13.47
TSua 29.05 -3.04 25.50 9.89 35.39 24.53 22.30
A, 20.28 -1.99 18.09 9.32 27.41 15.33 14.03
TSrex  30.86 -1.28 29.08 10.36 39.45 27.60 25.91
P, -14.47 0.89 -13.26 7.24 -6.02 -10.76  -13.60
R+CH,  6.68 -2.74 4.35 111 3.25 0.95 0.00
TSue 29.49 747 22.12 7.94 30.06 19.89 17.01
1, 20.78 -6.14 15.99 4.82 20.81 11.38 8.49
TSres  25.08 -5.13 20.81 6.60 27.42 16.99 12.88
5P, -28.53 -1.16 -28.70 5.92 2277 -3048  -33.84
TSux 36.37 -6.15 30.88 6.79 37.68 27.44 23.16
1, 27.99 -4.43 25.36 3.60 28.96 18.91 15.74

*TSRex 31.37 -4.94 27.93 4.49 32.42 22.90 19.48
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P, -28.48 -1.11 -28.59 5.82 -22.76 -30.30 -33.72
1-NC *R+CH, 0.00 0.00 0.00 0.00 0.00 0.00 0.42
TShe 40.21 -6.18 33.74 8.68 42.42 37.73 34.29
¥y 29.69 -5.23 26.00 4.66 30.67 17.49 13.73
3T Skeo 36.94 -3.55 34.27 6.51 40.78 26.22 21.12
P, -12.94 0.41 -11.83 5.36 -6.46 -11.49 -15.35
*TShx 28.93 -3.42 24.67 10.39 35.05 24.09 20.87
. 20.17 -1.77 18.66 7.99 26.64 14.95 12.70
T SRen 31.64 -1.73 30.80 6.05 36.85 26.91 24.14
P, -12.83 0.04 -11.94 4.95 -6.98 -12.36 -16.51
*R+CH;, 6.80 -2.69 5.02 -2.46 2.56 1.93 0.00
*TShs 30.56 -7.72 23.14 7.15 30.28 21.68 17.82
%1y 22.22 -5.93 17.44 5.80 23.24 14.79 10.74
5T Skeo 26.41 -5.33 22.64 4.25 26.88 19.74 14.52
P, -27.18 -1.06 -26.16 2.57 -23.59 -30.46 -34.84
5T Skx 36.00 -6.49 29.79 7.26 37.06 27.17 21.91
I 27.69 -4.86 23.74 5.75 29.49 18.74 14.57
T Sgex 31.27 -5.07 27.16 5.84 33.00 22.39 18.05
P, -27.32 -1.31 -26.98 3.69 -23.28 -30.43 -34.85
1-F *R+CH, 0.00 0.00 0.00 0.00 0.00 0.00 0.48
TShe 40.64 -5.55 35.04 8.30 43.35 37.23 35.68
¥ 26.99 -5.05 22.93 5.79 28.73 15.21 11.82
3T Skeo 37.55 -3.45 35.55 5.12 40.67 26.09 21.18
P, -5.76 0.61 -4.28 5.98 171 -9.12 -13.39
T Sux 30.87 -3.58 27.61 7.32 34.94 26.25 23.23
I, 22.71 -1.99 21.12 7.37 28.49 17.85 15.81
3T SRen 35.61 -1.63 34.79 6.47 41.27 29.70 27.10
P, -5.89 0.66 -4.88 7.27 2.39 -9.40 -13.67
SR+CH, 6.17 -2.49 5.10 -3.93 1.17 1.73 0.00
ST She 30.01 -7.16 23.45 6.41 29.86 20.87 17.19
Sy 20.20 -5.40 15.81 5.90 21.72 12.71 90.18
5T Skes 26.72 -5.37 22.49 4.92 27.42 18.71 13.81
P, -24.73 -1.01 -23.76 3.17 -20.58 -32.88 -37.01
*TShx 37.77 -6.30 32.23 6.02 38.26 29.32 24.42
I, 26.93 -4.83 23.53 4.65 28.19 15.31 12.22
T Skex 32.43 -5.55 28.14 4.89 33.04 19.00 15.15
P, -24.65 -1.53 -25.00 5.09 -19.91 -32.85 -36.91
1-Cl *R+CH, 0.00 0.00 0.00 0.00 0.00 0.00 1.19
TShe 36.67 -5.45 30.66 9.24 39.90 35.90 32.79
| 29.41 -3.89 25.62 8.07 33.68 31.82 28.88
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T Skes 35.34 -2.63 32.81 7.94 40.75 37.88 33.81
P, -16.86 0.81 -15.10 4.98 -10.11 -13.39 -16.73
*TShx 29.93 -3.83 25.97 8.53 34.50 24.85 22.23
¥, 21.61 -1.89 19.52 9.15 28.67 16.00 14.20
3T SRen 30.48 -2.18 28.86 6.38 35.25 26.09 24.11
P, -16.82 1.24 -14.26 3.99 -10.26 -13.83 -14.23
*R+CH, 6.54 -2.70 5.38 -4.32 1.06 1.22 0.00
T She 28.43 -7.21 21.84 6.33 28.17 20.51 17.33
*ly 19.67 -6.16 14.90 4.36 19.26 12.86 9.64
T Skeo 24.04 -5.16 19.87 5.58 25.45 18.13 13.79
P, -29.17 -1.15 -28.11 1.74 -26.37 -31.07 -34.63
*TShx 36.47 -6.03 31.03 6.78 37.82 27.57 23.06
1, 28.42 -4.82 24.53 5.46 29.99 19.42 16.07
5T SRen 31.62 -5.15 28.59 2.60 31.19 22.03 18.50
P, -29.10 -1.43 -29.28 4.32 -24.95 -31.38 -34.94
1-N; *R+CH, 0.00 0.00 0.00 0.00 0.00 0.00 2.35
*TShx 28.87 -4.50 23.94 9.31 33.23 22.97 21.59
I, 19.85 -2.73 17.19 8.55 25.74 13.34 12.90
T SRex 30.64 -2.24 28.36 8.65 37.00 25.39 24.43
P, -13.56 0.66 -12.41 6.41 -6.00 -10.59 -13.17
SR+CH, 5.44 -3.58 2.07 -0.64 1.42 0.07 0.00
T She 28.94 -7.70 20.93 8.86 29.79 20.01 17.98
5y 19.85 -6.17 13.98 7.71 21.69 11.33 9.40
5T Skeo 24.69 -6.09 19.47 5.83 25.30 17.06 13.88
P, -27.40 -1.73 -28.99 7.91 -21.08 -32.97 -35.46
*TShx 35.00 -6.71 28.02 9.26 37.28 24.84 21.33
I, 26.36 -5.67 21.92 4.90 26.82 15.82 13.57
T Sken 30.53 -5.69 25.54 6.44 31.98 17.51 14.89
P, -27.37 -1.87 -27.85 4.43 -23.42 -32.50 -35.03
1-OH *R+CH, 0.00 0.00 0.00 0.00 0.97 0.00 2.10
*TSkx 28.48 -4.33 24.25 7.77 32.99 23.21 21.84
¥, 19.24 -3.03 17.21 4.84 23.02 13.83 14.00
3T SRen 35.22 2,77 32.73 7.41 41.11 27.65 26.58
P, -4.17 -1.16 -4.75 6.23 2.45 -11.66 -14.62
SR+CH, 4.18 -3.41 1.56 -2.53 0.00 0.18 0.00
*TSus 30.23 -8.97 22.18 4.74 27.89 21.00 18.63
Sy 19.63 -7.28 14.30 2.94 18.21 11.32 9.38
T Skes 27.10 -6.51 22.29 3.00 26.26 17.70 14.34
P, -23.19 -2.91 -24.24 2.74 -20.53 -32.46 -34.77

*TShn 33.68 -7.41 26.53 6.83 34.34 25.00 21.64
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I, 23.49 -6.58 18.19 4.43 23.59 11.38 9.84
*T SRex 30.25 -6.31 25.55 3.76 30.28 16.57 14.01
P -23.16 -3.08 -24.84 4.06 -19.81 -32.40 -34.71

AG (B1) relative energies at B3LYP/BL1 level;
AG (B2) relative energies at B3LYP/B2//B3LYP/B1 level;
AG (B2+vdw) relative energies at BSLYP-D/B2//B3LYP/BL1 level.
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Table S2. Relative PBEO energies (kcal mol™) for methane C-H bond hydroxylation by
[Fe'V(O)(NH3)4(L)]" complexes.

Point AE(el) AZPE AH -TAS AG AG
(B1) (B1) (B1) (B1) (B1) (B2)

1-0,CCF; *R+CH, 0.00 4.33 0.00 0.00 1.94 0.00
*TShe 33.50 -2.68 26.96 6.54 35.44 31.22

*ly 25.12 -0.69 21.07 6.08 29.08 25.82

T Shx 26.99 0.01 23.16 7.13 32.23 21.89

¥, 18.24 1.08 16.38 4.72 23.04 12.40

*R+CH, 5.26 0.00 2.47 -4.41 0.00 0.93

*TShe 22.30 -4.33 14.79 4.78 21.51 14.05

51, 12.01 291 6.44 4.05 12.43 5.70

T Shx 32.98 -3.48 25.89 6.37 34.20 24.82

5, 24.38 -1.66 20.76 2.14 24.84 15.59

1-NCS  *R+CH, 0.00 2.86 0.00 0.00 0.00 1.04
*TShe 35.78 -2.40 30.23 9.44 39.67 35.32

*l, 24.29 -1.71 20.97 6.12 27.10 12.24

T Shx 26.20 -0.05 22.70 10.36 33.06 22.74

¥, 17.21 0.88 15.56 7.95 23.51 13.18

*R+CH, 4.52 0.00 2.09 -1.13 0.96 0.00

*TShe 22.90 -4.49 15.67 7.78 23.45 14.78

°l, 12.43 -2.99 7.81 5.47 13.29 5.24

ST Skx 31.85 -2.88 26.54 7.50 34.04 24.07

*l, 23.07 -1.61 19.83 5.45 25.28 15.24

1-NC *R+CH, 0.00 2.73 0.00 3.47 0.00 0.26
*TShe 36.82 -2.85 31.17 11.70 39.40 34.81

31, 24.62 -2.11 21.66 7.47 25.67 12.86

T Shx 26.08 -0.20 23.19 11.44 31.17 21.49

¥, 17.06 0.81 15.48 11.12 23.13 12.07

*R+CH, 452 0.00 2.75 0.82 0.09 0.00

5T Ske 23.85 -4.75 16.53 11.05 24.11 15.36

%1, 13.60 -3.04 9.48 7.79 13.81 7.14

ST Skx 31.41 -3.40 25.89 10.31 32.73 22.95

%1, 22.65 -1.19 20.26 7.89 24.69 14.10

1-F *R+CH, 0.00 2.70 0.00 2.74 0.69 0.65
TShx 28.19 -0.62 25.00 11.04 34.00 24.24

¥, 19.83 0.59 18.20 9.78 25.94 15.38

SR+CH, 3.77 0.00 2.05 0.00 0.00 0.00

5T Ske 22.84 -4.58 16.24 8.91 23.10 15.28

51, 11.46 -3.18 6.85 7.85 12.66 5.13

*T Shx 33.15 -3.49 27.58 9.64 35.18 25.41
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%1, 21.81 -2.00 18.46 7.70 24.13 10.92
1-Cl *R+CH, 0.00 351 0.00 0.00 1.73 1.06
*TShe 33.23 -2.35 27.50 7.46 36.71 33.60
31, 24.83 -1.14 20.60 7.29 29.62 28.22
T Shx 27.10 -0.93 22.75 7.89 32.38 23.14
¥, 18.58 0.80 16.52 6.73 24.99 13.88
*R+CH, 4.09 0.00 1.86 -3.59 0.00 0.00
*TShe 21.62 -4.30 14.18 6.86 22.77 15.02
*l, 11.03 -3.37 5.27 5.04 12.04 5.92
*TShx 31.86 -3.35 25.43 7.05 34.21 24.20
5, 23.47 -1.92 19.21 5.04 25.98 15.72
1-OH *R+CH, 0.00 2.89 0.40 0.00 1.71 2.06
T Shx 25.73 -0.41 22.41 9.68 33.40 22.49
*l, 16.49 0.83 14.22 10.25 25.78 12.45
*R+CH, 1.98 0.00 0.00 -1.30 0.00 0.00
T She 22.98 -4.83 16.02 7.01 24.33 16.90
51, 11.23 -3.02 7.01 5.39 13.71 6.12
T Shx 29.12 -3.41 22.88 9.25 33.44 22.44
5, 18.45 -2.63 14.60 5.07 20.98 13.18
1-N; *R+CH, 0.00 3.06 0.00 0.00 1.63 2.05
T Skx 25.98 -1.20 22.26 6.80 30.69 22.24
*l, 16.76 0.82 14.85 8.01 24.49 12.45
’R+CH, 3.17 0.00 1.13 -2.76 0.00 0.00
5T She 22.16 -4.40 14.87 7.47 23.98 16.13
°1, 11.43 -2.95 6.73 4.84 13.19 6.12
*TShx 30.56 -3.87 24.50 6.07 32.20 22.46
5 21.42 -2.63 16.92 5.16 23.71 13.18

T

AG (B1) relative energies at PBEO/B1 level;

AG (B2) relative energies at PBE0/B2// PBEO/BL1 level.
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Table S3. Spin populations of the reactant, transition state,
[Fe'(O)(NH3)4(L)]", (1-L) with L=F, N3, NC',NCS", CI', and OH".2

intermediate, and product for

RC TSy IM TSge P

S=1 S=2 S=1 S=2 S=1 S=2 S=1 S=2 S=1 S=2

o/n o/n o/u o/n o/n o/u o/n o/n o/u o/i
Fe | 1.32/1.32 | 3.18/3.18 | 2.42/1.04 | 3.98/2.87 | 2.81/0.99 | 4.26/2.82 | 2.45/1.26 | 4.15/3.13 | 1.99/1.95 | 3.78/3.78
O | 0.77/0.77 | 0.58/0.58 | 0.04/0.51 | 0.08/0.38 | 0.06/0.09 | 0.26/0.09 | 0.24/-0.10 | 0.22/0.01 | 0.00/0.01 | 0.01/0.01
1-F CH; | 0.00/0.00 | 0.00/0.00 | -0.41/0.55 | -0.45/0.57 | -0.97/0.98 | -0.97/0.98 | -0.76/0.83 | -0.59/0.83 | 0.00/0.00 | 0.01/0.01
H® | 0.00/0.00 | 0.00/0.00 | 0.03/-0.05 | 0.03/-0.04 | 0.00/0.02 | 0.00/0.01 | 0.01/0.01 | 0.01/0.02 | 0.00/0.00 | 0.00/0.00
Fe —/1.29 | 3.17/3.17 —/1.01 4.02/2.93 —1/0.98 4.19/2.87 —/1.41 4.11/3.19 | —/1.94 | 3.75/3.78
0] —/0.76 | 0.62/0.62 —/0.53 0.06/0.43 —/0.08 0.27/0.04 | —/-0.10 | 0.28/-0.14 | —/0.01 | 0.01/0.01
1-Ns CH; | —/0.00 | 0.00/0.00 —/0.54 | -0.51/0.55 | —/0.97 | -0.97/0.97 | —/0.72 | -0.83/0.82 | —/0.00 | 0.01/0.01
HP —/0.00 | 0.00/0.00 | —/-0.05 | 0.03/-0.04 | —/0.00 0.00/0.00 —/0.01 0.01/0.01 | —/0.00 | 0.00/0.00
Fe | 1.26/1.26 | 3.13/3.13 | 2.52/1.02 | 3.98/2.90 | 2.82/0.99 | 4.24/2.85 | 2.52/1.33 | 4.15/3.17 | 2.01/2.01 | 3.81/3.81
O | 0.80/0.80 | 0.65/0.65 | 0.11/0.52 | 0.12/0.44 | 0.09/0.10 | 0.30/0.05 | 0.17/-0.06 | 0.31/-0.13 | 0.00/0.00 | 0.01/0.01
1-NC CH; | 0.00/0.00 | 0.00/0.00 | -0.61/0.58 | -0.47/0.56 | -0.97/0.97 | -0.97/0.97 | -0.73/0.79 | -0.82/0.83 | 0.01/0.01 | 0.01/0.01
H° | 0.00/0.00 | 0.00/0.00 | 0.05/-0.05 | 0.02/-0.04 | 0.01/0.00 | 0.00/0.00 | 0.00/0.01 | 0.01/0.01 | 0.00/0.00 | 0.00/0.00
Fe | 1.26/1.26 | 3.13/3.13 | 2.41/1.01 | 3.99/2.89 | 2.77/0.98 | 4.23/2.84 | 2.47/1.42 | 4.05/3.15 | 2.03/2.02 | 3.82/3.82
O | 0.78/0.78 | 0.61/0.61 | 0.09/0.51 | 0.09/0.42 | 0.25/0.10 | 0.30/0.05 | 0.18/-0.10 | 0.27/-0.13 | 0.00/0.01 | 0.01/0.01
1-NCS CH; | 0.00/0.00 | 0.00/0.00 | -0.42/0.58 | -0.47/0.57 | -0.97/0.97 | -0.97/0.97 | -0.71/0.73 | -0.60/0.84 | 0.01/0.01 | 0.01/0.01
H° | 0.00/0.00 | 0.00/0.00 | 0.03/-0.05 | 0.02/-0.04 | 0.01/0.00 | -0.00/0.00 | 0.00/0.01 | 0.01/0.01 | 0.00/0.00 | 0.00/0.00
Fe | 1.31/1.31 | 3.17/3.17 | 2.50/1.04 | 3.95/2.93 | 2.74/1.00 | 4.20/2.88 | 2.54/1.46 | 4.08/3.06 | 2.02/2.02 | 3.80/3.80
O | 0.76/0.76 | 0.60/0.60 | 0.12/0.52 | 0.11/0.41 | 0.28/0.09 | 0.31/0.04 | 0.28/-0.11 | 0.30/-0.08 | 0.01/0.01 | 0.01/0.01
1-Cl CH; | 0.00/0.00 | 0.00/0.00 | -0.62/0.56 | -0.47/0.57 | -0.97/0.95 | -0.96/0.97 | -0.78/0.72 | -0.72/0.91 | 0.01/0.01 | 0.01/0.01
H° | 0.00/0.00 | 0.00/0.00 | 0.04/-0.05 | 0.03/-0.04 | 0.01/0.00 | 0.00/0.00 | 0.01/0.01 | 0.01/0.00 | 0.00/0.00 | 0.00/0.00
Fe —/1.32 | 3.19/3.19 —/1.03 3.98/2.93 —/0.96 4.23/2.82 —/1.44 416/3.12 | —/1.91 | 3.76/3.76
1-OH o] —/0.74 | 0.58/0.58 —/0.51 0.02/0.43 —/0.07 0.21/0.07 | —/-0.08 | 0.23/-0.09 | —/0.00 | 0.00/0.00
CH; | —/0.00 | 0.00/0.00 —/0.53 | -0.46/0.53 | —/0.98 | -0.98/0.98 | —/0.65 | -0.85/0.82 | —/0.01 | 0.01/0.01
HP —/0.00 | 0.00/0.00 | —/-0.06 | 0.04/-0.05 | —/0.00 0.01/0.01 —/0.01 0.01/0.01 | —/0.00 | 0.00/0.00

#Values from Mulliken population analysis. ° The transferred hydrogen.
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Table S4. Mulliken charge analysis of the reactant, transition state, intermediate, and product for

[Fe'(O)(NH3)4(L)]", (1-L) with L = CF5CO5’, F, N3, NC',NCS’, CI', and OH".2

RC TSH TSre

S=1 S=2 S=1 S=2 S=1 S=2 S=1 S=2 S=1 S=2

o/m o/m o/m o/n o/m o/n o/m o/m o/n o/m
Fe 0.42/0.42 0.75/0.75 0.56/0.59 0.91/0.72 0.56/0.39 0.96/0.66 0.56/0.44 0.90/0.76 0.58/0.56 0.88/0.90
(0] -0.52/-0.52 -0.49/-0.49 | -0.71/-0.61 | -0.59/-0.60 | -0.77/-0.68 | -0.69/-0.66 | -0.68/-0.61 | -0.66/-0.59 | -0.51/-0.51 | -0.49/-0.51
1-0,CCFs CH; | -0.13/-0.13 -0.13/-0.13 | -0.04/-0.07 | -0.02/0.07 0.01/0.01 0.02/0.01 0.01/0.02 0.13/0.13 0.23/0.23 0.24/0.25
HP 0.13/0.13 0.13/0.13 0.31/0.32 0.23/0.32 0.31/0.30 0.30/0.31 0.34/0.32 0.35/0.33 0.36/0.35 0.36/0.37
Fe 0.46/0.46 0.81/0.81 0.71/0.44 0.90/0.54 0.70/0.46 0.90/0.71 0.71/0.48 0.92/0.79 0.62/0.71 0.91/0.91
(0] -0.59/-0.59 -0.56/-0.56 | -0.67/-0.64 | -0.60/-0.62 | -0.70/-0.73 | -0.77/-0.71 | -0.62/-0.60 | -0.68/-0.62 | -0.50/-0.47 | -0.51/-0.50
-F CH; | -0.13/-0.13 -0.13/-0.13 | -0.16/-0.14 | -0.08/0.12 0.01/0.01 0.01/0.01 0.09/-0.03 0.06/0.08 0.22/0.25 0.25/0.24
HP 0.13/0.13 0.13/0.13 0.32/0.32 0.27/0.32 0.30/0.30 0.32/0.32 0.35/0.32 0.34/0.34 0.35/0.37 0.36/0.36
Fe —/0.35 0.68/0.68 —/0.32 0.77/0.63 —/0.30 0.79/0.61 —/0.39 0.86/0.68 —/0.64 0.87/0.87
(0] /-0.54 -0.52/-0.52 —1/-0.64 -0.64/-0.63 —/-0.71 -0.74/-0.69 —/-0.59 -0.67/-0.61 —/-0.48 -0.52/-0.51
1-Ns CH; /-0.13 -0.13/-0.13 —/-0.12 -0.04/-0.10 —/0.01 0.01/0.01 —/0.06 0.03/0.09 —/0.24 0.24/0.24
HP° —/0.13 0.13/0.13 —/0.31 0.28/0.33 —/0.29 0.32/0.30 —/0.32 0.34/0.33 —/0.36 0.36/0.36
Fe 0.31/0.31 0.63/0.63 0.47/0.24 0.78/0.55 0.51/0.25 0.81/0.51 0.53/0.33 0.82/0.58 0.53/0.52 0.81/0.80
(0] -0.53/-0.53 -0.53/-0.50 | -0.68/-0.62 | -0.59/-0.60 | -0.68/-0.69 | -0.72/-0.66 | -0.64/-0.61 | -0.67/-0.59 | -0.51/-0.51 | -0.50/-0.50
1-NC CH; | -0.13/-0.13 -0.13/-0.13 | -0.08/-0.08 | -0.05/0.08 0.01/0.01 0.02/0.01 0.09/0.02 0.06/0.08 0.22/0.22 0.25/0.24
HP° 0.13/0.13 0.13/0.13 0.31/0.30 0.26/0.33 0.33/0.30 0.32/0.31 0.35/0.32 0.35/0.33 0.35/0.35 0.36/0.36
Fe 0.30/0.30 0.63/0.63 0.64/0.29 0.72/0.61 0.51/0.28 0.82/0.54 0.57/0.38 0.85/0.62 0.56/0.54 0.84/0.84
(0] -0.53/-0.53 -0.50/-0.50 | -0.62/-0.61 | -0.58/-0.60 | -0.77/-0.68 | -0.71/-0.65 | -0.63/-0.60 | -0.66/-0.59 | -0.51/-0.52 | -0.50/-0.50
1-NCS CH; | -0.13/-0.13 -0.13/-0.13 | -0.10/-0.09 | -0.05/-0.07 0.01/0.01 0.02/0.01 0.11/0.06 0.19/0.08 0.22/0.22 0.25/0.24
HP 0.13/0.13 0.13/0.13 0.27/0.31 0.26/0.32 0.31/0.30 0.32/0.31 0.35/0.32 0.35/0.33 0.35/0.35 0.36/0.37
Fe 0.28/0.28 0.63/0.63 0.44/0.28 0.74/0.60 0.49/0.30 0.79/0.59 0.48/0.38 0.82/0.63 0.50/0.50 0.82/0.81
(0] -0.54/-0.54 -0.51/-0.51 | -0.68/-0.63 | -0.58/-0.62 | -0.77/-0.70 | -0.74/-0.69 | -0.67/-0.62 | -0.67/-0.60 | -0.50/-0.51 | -0.50/-0.50
1-Cl CH; | -0.13/-0.13 -0.13/-0.13 | -0.07/-0.10 | -0.05/0.07 0.01/0.01 0.02/0.01 0.04/0.08 0.12/0.03 0.23/0.24 0.24/0.25
HP 0.13/0.13 0.13/0.13 0.32/0.31 0.26/0.32 0.31/0.30 0.32/0.31 0.34/0.33 0.35/0.33 0.36/0.36 0.36/0.36
Fe —/0.64 0.79/0.79 —1/0.46 0.88/0.78 —/0.48 0.90/0.76 —/0.48 0.97/0.77 —/0.86 0.93/0.92
(0] —/-0.60 -0.58/-0.58 —1-0.67 -0.62/-0.65 —/-0.77 -0.78/-0.74 —/-0.59 -0.68/-0.63 —/-0.50 -0.51/-0.51
1-OH CH; —/-0.13 -0.13/-0.13 —/-0.16 -0.11/-0.14 —/0.00 0.01/0.01 —1/0.02 -0.01/0.06 —1/0.23 0.23/0.23
HP —/0.13 0.13/0.13 —/0.32 0.28/0.33 —/0.30 0.31/0.32 —/0.32 0.33/0.33 —/0.35 0.36/0.36

#Values from Mulliken population analysis. ° The transferred hydrogen.
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2. Schematic MO diagram of *TSye, * TSk, ~TShe, and “TSy, for [Fe'(O)(NHs)4(L)]". () 1-F; (b)
1-Cl; (c) 1-NCS; (d) 1-NC; (e) 1-Ng; (g) 1-OH. Quasi-restricted orbitals were employed.
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Fig. Sla Schematic MO diagram of *TSyc, *TSuz, “TShe, and *TSy, for 1-F.
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Fig. S1b Schematic MO diagram of *TSys, *TShz, >TShe, and TSy, for 1-Cl.
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Fig. S1c Schematic MO diagram of *TSy, 3TSH,I, TSho, and °TSy, for 1-NCS.
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Fig. S1d Schematic MO diagram of TSho, 3TSHn TSHe, and *TShx for 1- NC
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Fig. Sle Schematic MO diagram of *TSy, “TSue, and *TSy, for 1-Ns.
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Fig. S1f Schematic MO dlagram of 3TSH 5TSH and TSH for 1-OH.
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3. The energy profile of methane hydroxylation by the [Fe'(O)(NH3)4(L)]" complexes in the
triplet and quintet states at the B3LYP/B2//B3LYP/B1 level. (a) 1-F; (b) 1-ClI; (c) 1-NCS; (d) 1-NC;
(e) 1-Ns; (f) 1-OH.
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Fig. S2a Schematic Gibbs free energy (AG) surfaces for methane hydroxylation by 1-F in acetonitrile
solution.
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Fig. S2b Schematic Gibbs free energy (AG) surfaces for methane hydroxylation by 1-Cl in acetonitrile
solution.
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In system (c) 1-NCS
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Fig. S2c Schematic Gibbs free energy (AG) surfaces for methane hydroxylation by 1-NCS in
acetonitrile solution.
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Fig. S2d Schematic Gibbs free energy (AG) surfaces for methane hydroxylation by 1-NC in acetonitrile
solution.
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Fig. S2e Schematic Gibbs free energy (AG) surfaces for methane hydroxylation by 1-N3 in acetonitrile
solution.
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In system (f) 1-OH
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Fig. S2f Schematic Gibbs free energy (AG) surfaces for methane hydroxylation by 1-OH in acetonitrile
solution.
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Fig. S3 Correlation of methane hydroxylation °c-pathway barrier height with BDE oy without inclusion
of the REreon. Models tested were [Fe'V(O)(NHs)4(L)]* (1-L) with L = N3, OH",NC,NCS’, F, CI', and
CF3COy.
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Fig. S4 Correlation of methane hydroxylation *z-pathway barrier height with BDEoy without inclusion
of the REgeon. Models tested were [Fe'(O)(NHs)4(L)]" (1-L) with L = Ng", OH, NC",NCS, F, CI', and

CF3COy.



