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Figure S1. B3LYP computed a) optimized structure and b) spin density plot of the ground
state (2I1-zs7).
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Figure S2. B3LYP computed potential energy surface (AG in kJ/mol) for the O...O cleavage starting

from 1 species.



Table S1. Computed bond parameters (in Angstroms) of transition states and Fe”=0 species.

B3LYP-D Functional

1I-1s1 Fe-O1 0O1-02 0O3-H1 O0O2-H1
II-t51 1.684 1.968 1.018 1.612
Nl-ts1 1.721 1.780 1.023 1.576
Ml-ts1 1.651 2.450 1.534 1.019
11-1 Fe-Ol Exp!
qI-1 1.652 1.58
2111 1.654
I-¢s1 Fe-O1 0O1-02
I-ts/ 1.672 2.015
1I-1 Fe-Ol Fe-O2 Fe-N1 Fe-N2  Fe-N3 Fe-N4
21I-1(BPMEN) 1.654 1988 1989 2.129 2.035 2.000
’21I-1(TPA)? 1.651 1.993 1971 2.109 1.965 1.974
-5
2II-ts1(BPMEN) 1.656 1.935 1978 2.130 2.045 2.011
21I-ts1(TPA)? 1.654 1932 1.980 2.088 1.972 1.968
B3LYP Functional
II-1s1 Fe-O1 0O1-02 0O3-H1 O0O2-H1
[I-ts1 1.684 1.968 1.018 1.612
N-ts1 1.721 1.800 1.023 1.576
I-¢ts1 1.644 2.456 1.635 1.004
11-1 Fe-Ol  Exp!
qI-1 1.657 1.58
2111 1.651
I-¢s1 Fe-O1 0O1-02
M-ts/ 1.669  2.048
M-ts1 1.654 2.928
[-ts1 1.656 2.594
1A Fe-Ol Fe-O2 Fe-N1 Fe-N2 Fe-N3 Fe-N4
2II-ts1(BPMEN) 1.658 1.923 1991 2.151 2.069 2.016
21I-ts1(TPA)? 1.708 1.863 1.980 2.054 1.995 1.989




Table S2. B3LYP-D computed spin expectation values of Iron species.

BPMEN | <S#**2> | Expected | <S**2> Expected
Spin Spin
BPMEN TPA
1cis
61 s 8.7601 8.75 8.7593 8.75
eis 3.8076 3.75 3.8020 3.75
21 0.7825 0.75 0.7864 0.75
Il-ts1
O1I-s1 8.8563 8.75 8.8486 8.75
N-1s1 3.8406 3.75 -
Hl-ts1 1.6603 0.75 1.4994 0.75
1trans
01 rans 8.7616 8.75 8.7616 8.75
*1 rans 3.8062 3.75 3.8051 3.75
%1 rans 0.7744 0.75 0.7754 0.75
-5
II-2s1 8.8477 8.75 8.8486 8.75
M-2s1 3.7719 3.75 3.8239 3.75
-2s1 1.7343 0.75 1.6382 0.75
1-1
STII-1 6.0608 6.00 6.0558 6.00
3II-1 2.0227 2.00 2.0191 2.00
TII-1 0.0000 0.00 0.0000 0.00
1I-1
11-1 4.7814 3.75 3.7814 3.75
11-1 1.7770 0.75 1.7746 0.75
[I-£s2
MI-ts2 4.6105 3.75 3.8039 3.75
21-£s2 1.6724 0.75 1.6452 0.75
11-2
°1I-2 8.7604 8.75 8.7607 8.75
1-2; 3.8129 3.75 3.8004 3.75
21-2 0.7824 0.75 0.7807 0.75
1I-#53
O11-¢53 8.7599 8.75 8.7609 8.75
l-ts3 3.8083 3.75 3.7992 3.75
2-ts3 0.7861 0.75 0.7757 0.75
11-3
°11-3 8.7595 8.75 8.7610 8.75
“1-3 3.8133 3.75 3.7911 3.75
11-3 0.7841 0.75 0.7722 0.75




1

61 8.7588 | 8.75 8.7621 8.75
1 3.8245 | 3.75 3.8169 3.75
21 0.8629 | 0.75 1.0546 0.75
11-1
“T(1)-1A | 4.7814 | 375
2T(1)-1A | 1.7770 | 0.5
“T(1)-1B | 4.8140 | 3.75
211(1)-1B | 1.7853 | 0.75
‘T(1)-1C | 4.8254 | 3.5
2T(1)-1C | 1.7876 | 0.5




Table S3. B3LYP-D computed Mulliken charge of Iron species.

[(BPMEN)Fe!'-OOH]?*" species
Fe 0]} 02
1cis
1 cis 2.005 -0.322 -0.523
Heis 1.671 -0.242 -0.529
21 cis 1.378 -0.241 -0.547
I-ts1
Il-ts1 1.748 -0.065 -0.517
M-2s1 1.398 0.1847 -0.729
2-ts1 0.611 -0.324 0.230
1trans
61 rans 1.790 -0.166 -0.450
* trans 1.582 -0.243 -0.433
%1 trans 1.283 -0.228 -0.427
III-ts1
I-2s1 1.607 -0.113 -0.423
MI-1s1 1.538 -0.388 -0.225
2l-ts1 1.375 -0.470 -0.264
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Figure S3. B3LYP computed a) optimized structure and b) spin density plot of the ground
state (°II1-zs1).
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Figure S4. B3LYP computed potential energy surface (AG in kJ/mol) for the O...O bond
cleavage starting from 1,5 species.

Note:- Although all the structures were successfully optimized with B3LYP-D functionals,
transition states *IlI-¢s/ and *I1l-ts1 could not be achieved. For these two species single point
B3LYP-D calculations on the B3LYP geometries are performed. As these transition states are
high-lying, these are unlikely to affect the mechanistic conclusions derived.



Figure SS. B3LYP-D computed Eigen-value plot incorporating energies computed for d-
based orbitals for %1 species (energies are given in eV).



0.00

Figure S6. B3LYP-D computed Eigen-value plot incorporating energies computed for d-
based orbitals for *II-ts/species (energies are given in eV).



Figure S7. B3LYP-D computed Eigen-value plot incorporating energies computed for d-
based orbitals for 1,5 Species (energies are given in eV).
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Figure S8. B3LYP-D computed Eigen-value plot incorporating energies computed for d-
based orbitals for ®II1-zs/species (energies are given in eV).
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Figure S9. B3LYP computed of relaxed potential-energy scan for dihedral angle rotation
from cis to trans isomer.

When the frans-isomer is generating through relaxed scan from the cis-isomer where the
benzoic acid dihedral angle is rotate in step wise fashion and its maximum estimate is
computed to be 51.9 kJ/mol barrier, indicating the likely hood of obtaining both the isomers
under ambient conditions.



Figure S10. B3LYP computed potential energy surface (AG in kJ/mol) for the electrophilic
attack pathway for the ortho-hydroxylation reaction.



Fe-01=1.921 A

ﬂ ©  |o1-Cl=1407A
'}

(a) (b)

Figure S11. B3LYP-D optimized structure of the ground state of a) °II-2 and b) °II-3.



Figure S12. B3LYP-D Computed spin density plot of 2II-1(2) species.
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Figure S13. B3LYP-D computed spin density plots of (a) “I[-1B and (b) “II-1C.
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Figure S14. Computed orbitals of a) Fe(dy,)? and b) Fe(d,,) of II-1B); c¢) Fe(dyy)* and d)
Fe(dy,) of II-1C



Table S4. B3LYP-D computed Mulliken spin densities for FeV=0 isomers.

Fe O
41I(1)-1A 2985 0.757
21I(1)-1A 1.103  0.970
411(1)-1B 2975 0.748
21I(1)-1B 1.131  0.933
41I(1)-1C 2996 0.768
211(1)-1C 1.062 1.019
41(2)-17 2985 0.757

21(2)-12 1.103  0.970




Figure S15. B3LYP computed potential energy surface (AG in kJ/mol) (green for BPMEN
and red for TPA?). All energies are in kJ/mol.
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