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Table S1. B3LYP-D2/B3LYP/wB97XD computed relatives energies of Pathway a and Pathway

b.
Pathway a Pathway b
B3LYP-D2 B3LYP wB97XD B3LYP-D2 B3LYP wB97XD
4 5.2 5.5 24.9 | 5.2 5.5 24.9
| 0 0 0 2 0 0 0
ts.-1 715 85.8 158.5 tsp-1 84.5 108.4 137.4
2ts,-1 64.9 85.0 120.8 2tsp-1 60.7 125.7 102.9
bInt, 55.0 54.3 47.1 ®Int -49.6 -53.3 -60.1
‘Int, 30.9 30.9 55.2 ‘Int -73.7 -76.6 -51.9
2Int, 112.9 114.6 112.1 Int 8.3 6.96 4.8
btsa-2hs 82.0 103.5 1244 StSp-2hs -73.6 -14.5 12,5
tsa-2hs 53.7 82.6 59.6 tsp-2hs - - -
tsa-2is 55.6 79.1 83.1 tsp-2is - -70.3 -59.9
2ts,-2is 68.8 66.0 43.2 2tsp-2is -39.1 -38.0 -
2ts,-2is 64.2 84.9 96.2 2tsp-2)s - -3.8 -
p -196.4 -101.3 -228.36 p -196.44 -101.32 -228.36
p -285.3 -305.7 -316.12 ‘P -285.32 -305.79 -316.12
2p -285.6 -224.9 -221.78 2p -285.69 -224.91 -221.78




(b)

Fig. S1. B3LYP-D2 a) optimized structure (bond lengths in A) of low spin and its b) spin density
plot

Fig. S2. a) B3LYP optimized structure (bond lengths in A) of low spin and its b) spin density plot,
c) wB97XD optimized structure of low spin and its d) spin density plot.



Table S2. B3LYP-D2 computed structural parameters of the [FeY(TAML)O] species, intermediates transition states and Product of Pathway

a.
Bond lengths (A) Bond angle (°)
Fe-N1 Fe-N2 Fe-N3 Fe-N4 Fe-O1 O1-H1 O1-H2 H1-02 H2-C1 C(C1-02 Fe- Fe- O1- o1- N1- N2-
O1-H1 O1-H2 H1-02 H2-C1 Fe-N3 Fe-N4
4 1914 1914 1878 1.878 1.664 - - - - - - - - - 155.7 155.8
| 1.898 1.898 1.887 1.886 1.630 - - - - - - - - - 152.2 152.1
1.87¢ 1.58!
%s,-1  1.892 1.882 1.871 1.875 1.752 1.067 - 1.387 1.423 119.0 169.6 153.8 156.9
%ts,-1  1.894 1.897 1.874 1.872 1.737 1.077 - 1.397 1.435 109.0 169.7 156.9 152.0
bInt, 1911 1919 1889 1905 1.906 154.7 - - - - - - - - 154.7 150.3
‘Int, 1877 1877 1879 1879 1.803 0.982 - - - - - - - - 155.0 155.0
2Int, 1932 1834 1910 1.830 1.760 161.5 - - - - - - - - 161.5 143.6
Sts.-ns 1.884 1.912 1.875 1.877 2.010 - 1.297 1.327 - - 115.9 - 173.8 1604 153.1
*sans 1.901 1904 1.887 1.881 1.974 - 1.470 1.226 - - 129.7 - 170.7 155.6 155.9
%s,-2;s 1.887 1.898 1.883 1.890 1.886 - 1.598 1.174 - - 130.5 - 166.7 156.2 153.9
2ts-2is 1903 1.911 1.883 1.889 1.956 - 1.276 1.335 - - 132.8 - 1749 156.9 155.1
%ts,-2s 1.877 1.878 1.880 1.870 1.848 - 1.457 1.224 - - 131.8 - 173.3 160.2 155.7
5p 1984 1984 1924 1.924 - - - - - - - - - - 159.7 159.7
‘p 1.864 1.867 1.868 1.864 - - - - - - - - - - 1719 1719
p 1.851 1.872 1.853 1.865 - - - - - - - - - - 1709 171.2




Table S3. B3LYP computed structural parameters of the [FeY(TAML)O] species, intermediates, transition states and Product of Pathway a.

Bond lengths (A)

Bond angle (°)

Fe-N1 Fe-N2 Fe-N3 Fe-N4 Fe-O1 O1-H1 O1-H2 H1-02 H2-C1 (1-02 Fe- Fe- O1- Oo1- N1- N2-
O1-H1 O1-H2 H1-02 H2-C1 Fe-N3 Fe-N4
4 1.880 1.880 1910 1.910 1.665 - - - - - - - - - 156.1 156.1
2 1.889 1.889 1.894 1.894 1.629 - - - - - - - - - 152.3 1523
“ts.-1 1.897 1.902 1.878 1.878 1.720 1.142 - 1.289 - 1443 117.2 - 174.2 - 154.2 1544
%ts,-1  1.872 1.897 1.895 1.881 1.725 1.116 - 1.326 - 1430 1114 - 171.9 - 156.0 1524
®Int, 1.892 1908 1910 1918 1.910 0.979 - - - - - - - - 1544 150.3
‘Int, 1.881 1.881 1.879 1.879 1.806 0.981 - - - - - - - - 154.7 154.7
ZInt, - - - - - - - -
Stss-ns 1.920 1.882 1.887 1.890 2.020 - 1.277 - 1.358 - - 126.6 - 1746 1589 151.5
“tss-ns  1.887 1.901 1904 1.890 1.994 - 1.471 - 1.238 - - 1413 - 175.7 154.4 155.5
ts-2is 1.889 1.895 1.885 1.898 1.911 - 1.549 - 1.200 - - 1414 - 172.6 1563 152.7
%ts,-2is 1.891 1.892 1.908 1.909 1.966 - 1.307 - 1.327 - - 140.7 - 175.0 155.3 154.8
%ts,-2; 1.874 1.877 1.886 1.876 1.867 - 1.432 - 1.248 - - 141.7 - 173.2 159.8 154.1
op 1978 1.978 1.909 1.909 - - - - - - - - - - 166.6 166.6
p 1.863 1.863 1.870 1.870 - - - - - - - - - - 172.0 172.0
2p 1.858 1.870 1.852 1.861 - - - - - - - - - - 1713 1713




Table S4. wB97XD computed structural parameters of the [FeY(TAML)O] species, intermediates, transition states and Product of Pathway a.

Bond lengths (A) Bond angle (°)

Fe-N1 Fe-N2 Fe-N3 Fe-N4 Fe-O1 O1-H1 O1-H2 H1-02 H2-C1 C(C1-02 Fe- Fe- O1- o1- N1- N2-
O1-H1 O1-H2 H1-02 H2-C1 Fe-N3 Fe-N4

4 1.876 1.877 1883 1.882 1.638 - - - - - - - - - 153.9 153.9

| 1.868 1.870 1.857 1.858 1.667 - - - - - - - - - 1529 153.2
“s,-1 1.860 1.861 1.857 1.870 1.742 1.098 - 1.275 - 1.423 118.7 - 167.1 - 159.0 153.7
%ts,-1 1.854 1.868 1.871 1.861 1.760 1.139 - 1.203 - 1439 119.2 - 119.2 - 153.9 154.9
bInt, 1875 1890 1891 1.899 1.889 0.972 - - - - - - - - 154.6 150.5
‘Int, 1867 1865 1.859 1.859 1.784 0.975 - - - - - - - - 155.5 155.5
2Int, 1903 1804 1913 1810 1.735 0.977 - - - - - - - - 163.7 1.810
Sts.ns 1.872 1.880 1.864 1.844 2.017 - 1.241 - 1.371 - - 116.2 - 172.2 157.8 156.7
*sans 1.904 1.890 1.887 1.901 1.994 - 1.471 - 1.238 - - 141.3 - 175.8 154.4 1555
%s,-2is 1.885 1.893 1.902 1.877 1.942 - 1.417 - 1.245 - - 129.3 - 171.2 1555 1555
2ts-2is 1909 1.891 1.892 1.908 1.966 - 1.307 - 1.327 - - 140.7 - 175.0 1554 154.8
%ts;-2s 1900 1.907 1.874 1.879 1.971 - 1.226 - 1.379 - - 130.9 - 1724 156.4 154.9
5p 1959 1959 1908 1.908 - - - - - - - - - - 162.3 1623
P 1.849 1.858 1.858 1.858 - - - - - - - - - - 1721 1721
p 1.831 1852 1.833 1.863 - - - - - - - - - - 172.0 172.2




Table S5. B3LYP-D2 computed spin density values of the [FeY(TAML)O] species, intermediates, transition states and Product of Pathway a.

Fel o1 H1 H2 02 C1

4 1.279 0.757 - - - -

2 1.061 0.585 - - - -
ftsa-1 1.607 0.290 -0.017 - 0.519 -
2tsa-1 1.690 0.139 0.012 - -0.447 -
bInt, 3.202 0.381 0.005 - - -
%Int, 1.788 0.036 0.010 - - -
?Int, 0 0 0 - - -

8tsa-2hs 3.173 0.216 - 0.109 0.557 0.141
*tsa-2hs 3.143 0.201 - -0.119 -0.698 0.010
tsa-2is 2.319 0.038 - 0.110 0.795 -0.031
2tsa-2is 2.468 0.051 - -0.108 -0.625 -0.095
2tsa-2is 0.513 0.026 - 0.120 0.717 -0.016
p 3.914 - - - - -
p 2.663 - - - - -

2p 1.187 - - - - -




Table S6. B3LYP computed spin density values of the [FeY(TAML)O] species, intermediates , transition states and product of Pathway a.

Fel o1 H1 H2 02 C1

4 1.274 0.766 - - - -

2 1.040 0.580 - - - -
ftsa-1 1.649 0.251 0.251 - 0.419 -
2tsa-1 1.653 0.153 0.012 - -0.382 -
bInt, 3.206 0.381 0.004 - - -
%Int, 1.804 0.037 0.009 - - -

?Int, 0 0 0 - - -
8tsa-2hs 3.217 0.195 - 0.195 0.583 0.151
*tsa-2hs 3.154 0.197 - -0.123 -0.688 0.004
tsa-2is 2.358 0.026 - 0.116 0.757 -0.028
2tsa-2is 2.450 0.062 - -0.115 -0.614 -0.077
2tsa-2is -0.003 -0.050 - 0.166 -0.031 0.084

p 3.921 - - - - -

p 2.664 - - - - -

2p 1.228 - - - - -




Table S7. wB97XD computed spin density values of the [FeY(TAML)O] species and their intermediates and transition states and product of
Pathway a.

Fel 0O1 H1 H2 02 C1

4 2.312 0.645 - - - -

2 1.577 -0.708 - - - -
ftsa-1 1.500 0.414 -0.033 - 0.496 -
2tsa-1 1.866 -0.433 0.052 - -0.531 -
bInt, 3.273 0.381 0.003 - - -
%Int, 1.804 0.014 0.009 - - -

?Int, 0.805 -0.601 0.393 - - -
8tsa-2hs 3.211 0.222 - 0.101 0.560 0.178
tsa-2hs 3.154 0.197 - -0.123 -0.688 0.004
tsa-2is 2.618 0.124 - 0.108 0.714 0.023
2tsa-2is 2.451 0.062 - 0.008 -0.614 -0.077
2tsa-2is 2.628 0.067 - -0.109 -0.584 -0.137

p 3.996 - - - - -

p 2.744 - - - - -

p 0.990 - - - - -




-305.7

Fig. S3. B3LYP computed energy surface for the formation of cyclohex-2-enone from cyclohex-
2-enol via O-H bond activation (pathway a) by FeV=0 species (AG in kimol?).
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Fig. S4. wB97XD computed energy surface for the formation of cyclohex-2-enone from cyclohex-
2-enol via O-H bond activation (pathway a) by FeV=0 species (AG in kimol?).
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(d)

Fig. S5. B3LYP-D2 a) optimized structure (bond length in A) and b) its spin density plot of the
transition state “ts,-1.
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Fig. S6. B3LYP a) optimized structure (bond length in A) and b) its spin density plot of the
transition state %ts,-1, c) optimized structure and d) its spin density plot of the transition state
ZtSa‘2is.
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Fig. S7. wB97XD a) optimized structure (bond length in A) and b) its spin density plot of the
transition state 2ts,-1, c) optimized structure and d) its spin density plot of the transition state
2tSa‘2i5.
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Table S8. B3LYP-D2/B3LYP/wB97XD computed structural parameters of the transition states of Pathway b.

Bond lengths (A) Bond angle (°)

Fe-N1 Fe-N2 Fe-N3 Fe-N4 Fe-O1 O1-H1 O1-H2 H1-02 H2-C1 C(C1-O2 Fe- Fe- O1- Oo1- N1- N2-
O1-H2 O0O1-H1 H2-C1 H1-02 Fe-N3 Fe-N4

B3LYP-D2
“tsp-1  1.920 1.915 1.890 1.893 1.740 - 1.371 - 1.199 1445 134.9 - 174.2 - 1523 153.5
%tsp-1  1.877 1.894 1.873 1.892 1.684 - 1.470 - 1.178 1.441 116.0 - 161.3 - 150.8 154.1
Stsp-ns 2.027 2.035 1.973 1.963 1.993 1.807 - 1.009 - 1.343 - 114.8 - 116.7 1444 145.0
%tsp-2;; 1.876 1.879 1.891 1.879 1.844 2.220 - 0.983 - 1.377 - 103.5 - 105.6 155.8 158.4
B3LYP
“tsp-1  1.910 1.901 1.904 1.914 1.777 - 1.266 - 1.257 1.444 160.3 - 160.3 - 151.6 152.2
%ts,-1  1.874 1.883 1.883 1.883 1.737 - 1.336 - 1.242 1442 1175 - 1523 - 153.6 153.0
Stsp-ns 2.035 1.972 1.962 1.972 1993 1.807 - 1.008 - 1.343 - 114.8 - 116.7 145.0 1443
%tsp-s  1.891 1.893 1.898 1.898 2.138 1.554 - 1.058 - 1.342 - 120.8 - 1253 160.3 158.1
%tsp-2is 1.879 1.891 1.878 1.876 1.843 2.220 - 0.982 - 1.377 - 103.5 - 105.5 155.7 1584
%tsp-2,; 1.880 1.884 1.896 1.886 1.882 2.317 - 0.981 - 1.373 - 109.7 - 99.0 158.1 1545
wB97XD
“ts,-1  1.880 1.895 1.893 1.874 1.739 - 1.452 - 1.162 1.439 134.2 - 174.6 - 152.2 154.2
%ts,-1  1.874 1.883 1.883 1.894 1.737 - 1.336 - 1.242 1442 1175 - 1523 - 153.6 153.0
Stsp-ns 2.006 1.964 1.952 1.997 2.008 1.770 - 1.010 - 1.320 - 111.5 - 116.2 147.0 145.6
%tsp-s  1.876 1.885 1.886 1.879 2.124 1.511 - 1.066 - 1.329 - 117.6 - 125.7 160.3 158.7
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Table S9. B3LYP-D2/B3LYP/wB97XD computed spin density values of the transition states of Pathway b.

B3LYP-D2 Fe 01 H1 H2 02 C1
B3LYP-D2
ftsp-1 2.853 0.267 0.008 -0.138
tsp-1 1.462 -0.225 0.014 -0.157
8tsp-2ns 3.981 0.133 -0.004 0.001 -0.097
2tsp-2is 1.386 0.086 -0.006 -0.034 -0.437
B3LYP
ftsp-1 2.998 0.134 0.026 -0.287
2tsp-1 1.668 -0.374 0.035 -0.311
8tsp-2ns 3.980 0.133 -0.004 0.001 -0.097
2tsp-2is 2.672 0.059 -0.000 0.012 0.015
2tsp-2is 1.386 0.086 -0.006 -0.034 -0.437
2tsp-2is 1.277 0.105 -0.004 -0.037 -0.391
wB97XD
ftsp-1 3.010 0.032 0.000 -0.177
2tsp-1 1.668 -0.374 0.035 -0.317
Stsp-2ns 4.049 0.107 -0.000 0.004 -0.000
2tsp-2is 2.734 0.074 0.004 0.006 0.004
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Fig. S8. Computed Eigen-value plot incorporating energies computed for d-based orbitals for
alpha and beta spin corresponding to the ground state (*tsy-1) (energies are given in eV).
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Fig. S9. B3LYP computed energy surface for the formation of cyclohex-2-enone from cyclohex-
2-enol via C-H bond activation (pathway b) by FeV=0 species (AG in kimol?).
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Fig. S10. wB97XD computed energy surface for the formation of cyclohex-2-enone from
cyclohex-2-enol via C-H bond activation (pathway b) by FeV=0 species (AG in kimol?).
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