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Figure S1:

S2

LACVP optimized geometries of Cpd I of MP5 in #2A,, and #?A, states.

The distances are in A.
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Orbitals: A, 8N T n*sz ay, a5, 'Y 6" 20 o'y’
2A2u: ST‘L n*sz 7'|-:*sz aZu‘L alu,]\L 0-*220 0-*xyﬂ
4A1u: ST‘L n*sz n*sz aluT aZuT‘L 0-*zzo 0-*xyo
2lAlu: ST‘L n*sz n*sz alu¢ aZHT‘L 0-*120 o-*xy0
Table S1:  Relative energies in kcal/mol, group spin densities and group charges of
different states of Cpd I of MP5. A,, and A, represents sum of spin
densities and charges on atoms involved in a,, orbital and a,, respectively.
Spin Density Charges
AE Pre Po Ppor PIm Prest QFC QO onr le Qrest
A2u Alu AZu Alu
2A5, 1 0.00 | 1.02 | 1.05 |-0.87| -0.17 | -0.03 | -0.01 | 0.65 | -0.25|-2.36| 2.59 | 0.22 | 1.16
2A1, | 1.09 ] 1.02 | 1.05 |-0.39| -0.64 | -0.02 | -0.02 | 0.65 |-0.25|-2.43| 2.67 | 022 | 1.16
4A5, 10711099 | 1.05 | 1.29 | -0.35 | 0.01 | 0.01 | 0.64 |-0.25|-2.33| 2.58 | 023 | 1.14
A, 1240 1.02 | 1.04 |-0.16| 1.09 |-0.01 | 0.02 | 0.65 |-0.26 |-2.50| 2.72 | 0.21 | 1.18
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Figure S2 LACVP optimized geometries of reactant complex of Cpd I of MP5 with
styrene, +?RC. The distances are in A.
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Table S2: Relative energies in kcal/mol, group spin densities and group charges of
different states of reactant complex of Cpd I of MP5 with styrene, +°RC.
Spin Density Charges
AE*® PFe Po ppor PIm Prest Pst QFe QO onr QIm Qrest QSt
4RC | 0.00 | 1.01 | 1.04 | 0.89 | 0.01 | 0.00 | 0.06 | 0.64 |-0.27 | 0.19 | 0.23 | 1.12 | 0.08
2RC | 0.23 | 1.03 | 1.04 | -1.03 | -0.03 | -0.01 | -0.01 | 0.64 |-0.26 | 0.23 | 0.23 | 1.14 | 0.03

a with respect to “RC.




Figure S3  Variation of LACVP energy with C-O bond distance for C=0O bond
activation scan for styrene by Cpd I of MP5.
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Figure S4 LACVP optimized geometries of C=0 bond activation transition states
42TS1,,4. The distances are in A and frequencies are in cm™!
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Orbitals: 4TS1,q: O™ n*xz T sz (a2t Os)T a1, 67,2 c'y’
2 TSlrad: ST TC XZ TC sz (alu+ ¢st)¢ aluT¢ 220 0-*xy
Table S3: Relative energies in kcal/mol, group spin densities and group charges of
bond activation transition states, *2TS1 g
Spin Density Charges
AE* Pre Po Ppor PIm Prest Pst QFe QO

onr QIm Qrest QSt
“TS1 | 4.06 | 1.25 | 0.92

0.22 | 0.02 | 0.00 | 0.59 | 0.67 | -0.33 | -0.09 | 0.26

-0.44 | 0.65 | -0.30

0.96 | 0.54
2TS1 | 3.94 | 1.12

0.85 | -0.50 | -0.03 | 0.00
2 Energy is kcal/mol with respect to *RC

-0.02 | 0.24 | 098 | 0.45
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Figure S5 LACVP optimized geometries of different electromers of intermediate, +22.
The distances are in A.

1(FeNpor) = 2.001(2.012){2.0123({2.081})[2.018] {[2.012] }{2.016])
A0-CC) = 107.40109.1) {11393} ({1125} 1095){[ 112.7[}([111.8])

Orbitals:

L9

2-1v (22-IV) {42cnt12} ({42catw}) [42-III] {[zzmt_vz]} ([hcat_zz])

2 : SN n*sz n*sz ¢stT aZuN 31:11\‘L o' 20 (>'*xy0
2-1I1 :: ST‘L 71:*1(11\L n*}’zT ¢stT azuT aluT‘L ()'*z20 O'*XYO
42cat,zz 8N n*sz n*sz o2 T azuN' aluT¢ st 0 G*xyo
42cat,xy :0 N n*sz n*yz o Xy T aZuT¢ aluT¢ ¢st0 c" z20
2 : 3™ n*sz n*sz st ¢ aZuNflluN o' 2o’y
zzcat,yl : 0 N ﬂ:*sz‘L n*sz ¢st 0 aZuT‘L aluT‘L o2’ O'*XYO
2 cat,xz + o N ﬂ:*sz n*sz¢ ¢st 0 aZuT¢aluT¢ 0'*120 O'*Xyo

Table S4: Relative energies in kcal/mol, group spin densities and group charges of of

different electromers of intermediate, +22.

Spin Density Charges

AE? PFe Po Ppor PIm Prest Pst QFe QO onr le Qrest QSt
42 -8.51 | 2.14| 0.19 | -0.07 | 0.02 | 0.00 | 0.72 | 0.81 | -0.48 | -0.19| 0.25 | 1.00 | 0.61
42-I11 -3.19 1 090 | 0.19 | 092 | 0.01 | 0.00 | 0.98 | 0.67 | -0.49 | 0.18 | 0.23 | 1.06 | 0.33
Vear | -12.091]2.72 1 0.16 | -0.11 | 0.06 | 0.00 | 0.17 | 0.86 | -0.54 | -0.29 | 0.18 | 0.94 | 0.86
42 Catxy 304 | 292 |-0.11| 008 | -0.03 | 0.00 | 0.13 | 0.81 | -0.48 | -0.35| 0.25 | 0.90 | 0.88
22 -4.03 | 1.29 |1 0.26 | 0.08 | -0.01 | 0.01 | -0.64 | 0.72 | -0.46 | -0.19 | 0.27 | 1.02 | 0.64
22 catyz | -18.40 1 0.99 | 0.06 | -0.05 | -0.01 | 0.00 | 0.01 | 0.69 | -0.51 |-0.28 | 0.25 | 0.90 | 0.94
22 catxz | -16.58 1099 | 0.07 | 0.03 | -0.01 | 0.00 | -0.08 | 0.70 | -0.52 | -0.29 | 0.25 | 0.89 | 0.98

a with respect to “RC.
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Figure S6 Variation of LACVP energy with O-C-C angle (ring closure) for rebound
scan for styrene.
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Figure S7 LACVP optimized geometries of styrene epoxide product, #23. The
distances are in A.
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Orbitals 43 L A n*yZT o’ 2T a, ¥ a,,V b5’ o'y’
23 5N n*szl ﬂ*sz st 0 azuN a luN o' 20 O.*Xyo
Table S5: Relative energies in kcal/mol, group spin densities and group charges of of
of styrene epoxide product, +23.
Spin Density Charges
AE? PFe Po ppor PIm Prest Pst QFe QO onr QIm Qrest QSt

43 -30.56 | 2.85 | 0.02 | 0.01 | 0.10 | 0.00 | 0.03 | 0.94 | -0.49 | -0.29 | 0.20 | 1.01 | 0.65
3 -33.39 | 1.03 | -0.01 | -0.02 | -0.01 | 0.00 | 0.00 | 0.78 | -0.47 | -0.31 | 0.28 | 0.99 | 0.72

a with respect to “RC.
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Table S6: Relative energies in kcal/mol, group spin densities and group charges of
LAC3P+*// LACVP species.
Spin Density Charges
AE? PFe Po Ppor Pm Prest Qre Qo onr Qm Qrest
A2u Alu A2u Alu

4Aq, 1.80 | 1.06 | 0.99 | 1.00 | -0.06 | 0.00 | 0.01 | 0.57 | -0.13 | -0.78 | 096 | 0.26 | 1.12
2A,, 0.93 1.10 | 0.99 | -0.64 | -0.41 | -0.02 | -0.01 | 0.57 | -0.12 | -0.90 | 1.06 | 0.26 | 1.13
‘AL 1.61 1.07 | 0.99 | -0.09 1.02 | -0.01 | 0.02 | 0.59 | -0.13 | -0.98 | 1.11 | 0.25 | 1.17
2A L, 1.04 1.11 ] 099 | -032 | -0.73 | -0.03 | -0.02 | 0.59 | -0.14 | -091 | 1.07 | 0.25 | 1.14

AE? PFe Po Ppor PIm Prest Pst QFc QO onr QIm Qrest QSt
‘RC 0.00 | 292 | 0.00 | -0.03 | 0.08 | 0.01 | 0.03 | 091 | -0.03 | -0.37 | 0.18 | 1.02 | 0.30
4TS1 4.40 1.33 | 0.87 | 0.17 0.01 0.00 | 0.62 | 058 | -0.12 | -0.11 | 032 | 091 | 0.43
92 -15.01 | 2.26 | 0.14 | -0.11 0.01 0.00 | 0.70 | 0.67 | -0.14 | -0.20 | 0.27 | 1.03 | 0.38
-1 | -7.06 | -7.06 | 0.88 | 0.19 0.93 0.01 | 0.00 | 0.61 | -0.16 | 0.14 | 0.22 | 1.09 | 0.09
2catn | -20.66 | 2.80 | 0.13 | -0.13 | 0.04 | 0.00 | 0.16 | 0.88 | -0.28 | -0.31 | 0.16 | 0.92 | 0.64
ecaxy | 12.56 | 3.13 | -0.26 .08 -0.05 | 0.00 | 0.09 | 088 | -0.19 | -0.51 | 0.22 | 0.90 | 0.71
43 -44.61 | 292 | 0.00 | -0.03 | 0.08 | 0.01 | 0.03 | 091 | -0.03 | -0.37 | 0.18 | 1.02 | 0.30
RC -0.02 | 1.12 | 0.97 | -1.05 | -0.03 | 0.00 | 0.00 | 0.50 | -0.11 | 0.25 | 0.24 | 1.13 | -0.01
’TS1 5.55 1.20 | 0.79 | -0.50 | -0.03 | 0.00 | -0.48 | 0.60 | -0.05 | -0.15 | 0.26 | 0.98 | 0.38
2 -10.55 | 1.33 | 0.22 | 0.04 | -0.01 | 0.01 | -0.59 | 0.61 | -0.15 | -0.17 | 0.26 | 1.01 | 0.43
2., -24.53 | 1.00 | 0.05 | -0.06 | -0.01 | 0.00 | 0.01 | 0.67 | -0.23 | -0.33 | 0.22 | 0.92 | 0.75
2 -23.29 | 1.01 | 0.06 | 0.01 -0.01 | 0.00 | -0.06 | 0.67 | -0.23 | -0.33 | 0.23 | 091 | 0.75
23 -40.63 | 1.05 | -0.01 | -0.03 | -0.01 | 0.00 | 0.00 | 0.72 | -0.04 | -0.39 | 0.25 1.00 | 0.46

a with respect to “RC.
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Table S7: Relative energies in kcal/mol, group spin densities and group charges in
dielectric medium (g = 5.708)..
Spin Density Charges
AE? Pre Po ppor PIm Prest QFe QO onr le Qrest
Azu Alu A2u Alu

‘A -3.59 | 0.99 | 1.05 1.29 -2.33 | 0.01 | 0.01 | 0.64 | -0.25 | -0.35 | 2.58 | 0.23 | 1.14
2A -3.12 | 1.11 | 097 | -0.89 | -0.16 | -0.03 | -0.01 | 0.65 | -0.33 | -2.33 | 2.58 | 0.23 | -0.01
‘A -2.78 | 1.05 | 1.00 | -0.15 1.08 | -0.01 | 0.02 | 0.65 | -0.31 | -248 | 2.72 | 0.22 | 1.21
2A L -2.65 | 1.10 | 097 | -048 | -0.56 | -0.02 | -0.01 | 0.64 | -0.33 | -240 | 2.66 | 0.23 | 1.20

AE® PFe Po ppor Pim Prest Pst QFC QO QpOr QIm Qrest QSt
‘RC 0.00 | 1.05 | 1.00 | 0.94 0.01 0.00 | 001 | 064 | 030 | 0.28 | 024 | 1.11 | 0.02
‘TS1 7.81 1.23 | 0.90 | 0.34 0.03 0.00 | 048 | 0.66 | -0.33 | -0.03 | 0.26 | 0.99 | 045
2 525 1241 | 0.12 | -0.11 0.04 | 0.00 | 0.53 | 0.82 | -0.52 | -0.22 | 0.23 | 0.05 | 0.74
“2-1I1 340 | 0.89 | 0.20 | 0.92 0.01 0.00 | 098 | 0.67 | -0.49 | 0.19 | 024 | 032 | 1.07
Vean | 038 | 273 | 0.18 | -0.09 | 0.06 0.00 | 0.11 | 0.84 | -0.57 | -0.29 | 0.18 | 0.90 | 0.93
eaxy | 046 | 241 | 0.12 | -0.11 0.04 | 0.00 | 0.53 | 0.80 | -0.50 | -0.37 | 0.26 | 0.88 | 0.94
43 3.01 | 285 | 0.03 | 0.00 0.10 | 0.00 | 0.02 | 093 | -049 | -0.30 | 0.20 | 1.02 | 0.65
RC 026 | 108 | 1.00 | -1.04 | -0.03 | -0.01 | 0.00 | 0.64 | -0.30 | 0.28 | 0.24 | 1.12 | 0.02
’TS1 3.83 1.09 | 090 | -0.77 | -0.04 | 0.00 | -0.19 | 0.64 | -0.31 | 0.12 | 0.25 1.06 | 0.24
2 2.83 094 | 0.11 | -0.06 | -0.01 | 0.00 | 0.02 | 0.68 | -0.52 | -0.28 | 0.25 | 0.83 | 1.04
2. 2774 | 097 | 0.07 | -0.05 | 0.00 | 0.00 | 0.02 | 0.68 | -0.51 | -0.28 | 0.25 | 0.85 | 1.01
22 301 | 098 | 0.07 | -0.05 | -0.01 | 0.00 | 0.01 | 0.69 | -0.52 | -0.29 | 0.25 | 0.83 | 1.04
23 4.98 1.03 | 0.00 | -0.02 | -0.01 | 0.00 | 0.00 | 0.78 | -0.47 | -0.30 | 0.29 | 0.98 | 0.72

a with respect to “RC.




