ERRET AR I L ik =3 27 it Vol.38 No.1
20224E1 A CHINESE JOURNAL OF INORGANIC CHEMISTRY 39-45

RISEVRE S S X ZHEHNRIRFER R ME

¥ ' OTRAEM F KR AT EES?
(@R FRFFE, M 510006)
CHHEIRFAFERLTFR, M 510641)

TEE : RS2 RS BILYP AW T RIEAR(VAEC S 2 (Mn O corrole) 5 78 £ U LT 54 5% (oxygen atom transfer, OAT)
JSLNE AR AR N H, - HOPQ R (R 52 MR 5 495 2Rk AU 1 R S0 vh XU B S T T I W2 545 TN S S o A g v
(intrinsic reaction coordinate method , IRC)Hl 5 /NAE 17 28 X 4, (minimum-energy crossing point, MECP)I. , 45 % s W & A B
RSB PLIE o RIS IR Hh A7 328 14 WS, T S A 2 T e e e e 1) 23 L e AR R 5 R 1 e HE R AR L 3
Mn"O corrole FARAE . 2V RE 22 Fifl TSR SR H A4 AN M FEA , H = 2SR OB RE AW AR TR 2 . AR B S
WY  AE MECP Ab &) & A e Bl 9T T i = 825, AR5 LA R o SEAIR Y = 5 20 4o Y 205 S 7 AR 04 7 46U 78 S o7 T 28 A4
a7/

SRSBIA : R s AR AL A s R s BURIERIN ; SRR THER SN 5 fre/INBE 38 S,
FESES: 0614711 XERARIRAD: A XEHS: 1001-4861(2022)01-0039-07
DOI: 10.11862/CJIC.2022.005

Oxygen Atom Transfer Reaction Mechanism between
Manganese(V)-Oxo Corrole Complexes and Styrene
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Abstract: The oxygen atom transfer (OAT) reaction pathway of the reaction between styrene and manganese(V)-oxo
corrole complexes (Mn" O corrole) was investigated using the density functional theory B3LYP method. The calcula-
tion results showed that the oxygen atom attacked the 8 carbon atom of the olefinic double bond in styrene to form a
transition state, and the direct oxygen atom transfer pathway was determined via the intrinsic reaction coordinate
method (IRC) and the minimum -energy crossing point (MECP) calculation. The meso - pentafluorophenyl group of
Mn"O corrole can change the electrophilicity of the manganese atom and increase electrostatic repulsion between
the substituent and the oxygen atom, leading to the improvement of oxygen transferability of Mn" O corrole. With the
increase of the pentafluorophenyl group number at the Mn" O corrole, the reaction energy barrier decreases accord-
ingly. Furthermore, the reaction energy barrier of the triplet state is significantly lower than that of the singlet state
pathway, indicating that spin exchange is prone to occur and the reaction proceeds via triplet state pathway. In the
OAT reaction pathway, the reactants in singlet state reach to MECP position firstly, and then change to the triplet
state with spin over easily. After that, the reactants follow the triplet state pathway with a lower transition state to

achieve the product.
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Fig.1  Structures of (a) complexes 1-4 and (b) styrene
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Table 1 Geometric structure parameters of complexes 1-4 in the singlet and triplet states

dyy*/ nm dy,—0" / nm dysn®/ nm ZMnNNN¢/ (°) ZNMnN*/ (°)
Complex
Singlet Triplet Singlet Triplet Singlet Triplet Singlet Triplet Singlet Triplet
1 0.1916  0.1945 0.1549  0.1589 0.0547  0.047 2 22.90 19.51 85.31 86.67
2 0.1915 0.1944 0.1546  0.1588 0.0543  0.0469 22.73 19.40 85.38 86.73
3 0.1915 0.1943 0.1545  0.1587 0.0542  0.0467 22.69 19.34 85.40 86.77
4 0.1914  0.1942 0.1543  0.1586 0.0538  0.046 5 22.54 19.29 85.46 86.77

2 Average distance between the manganese atom and the four nitrogen atoms; " Length of Mn=0 bond; © Distance from the manganese

atom to the corrole plane; ¢ Dihedral angle between the manganese atom and the corrole plane; ¢ Average value of the angles between nitrogen

atoms, manganese atoms and nitrogen atoms on the corrole plane.

R2 WHAYMI4ERESI=EZSTH NPA BT Wiberg 2% (WI)
Table 2 NPA charges and Wiberg bond orders (WI) of complexes 1-4 in the singlet and triplet states

Qu Qo Qo' Qsu” Wly,—o
Complex
Singlet Triplet Singlet Triplet Singlet Triplet Singlet Triplet Singlet Triplet
1 0.345 0.436 -0.132  -0.314 -0.303 -0.266 -0.042  -0.170 2.078 1.940
2 0.348 0.436 -0.120  -0.308 -0.274  -0.225 -0.075 -0.211 2.089 1.943
3 0.349 0.437 -0.112  -0.302 -0.231 -0.169 -0.119  -0.268 2.096 1.947
4 0.359 0.437 -0.101 -0.296 -0.199  -0.118 -0.155 -0.320 2.107 1.952

*NPA charge of the skeleton of corrole; » Total NPA charge of the three substituents.
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Fig.2  Optimized geometrical structures of each reaction state of complex 1 in the OAT process in the triplet state
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Table 3 Selected geometric structure parameters and NPA charges of reactants, transition states

and products in the singlet and triplet states

Complex Multiplicity Substance dyy—o / nM de_o/nm ZMnNNN / (°) Qg

1 Singlet Reactant 0.1551 0.3835 22.99 -0.423
Transition state 0.164 4 0.1700 20.50 -0.262

Product 0.179 8 0.138 7 18.60 -0.158

Triplet Reactant 0.1589 0.403 3 19.69 -0.423

Transition state 0.1710 0.2211 17.55 -0.354

Product 0.226 4 0.144 9 12.96 -0.109

2 Singlet Reactant 0.154 6 0.3812 22.77 -0.423
Transition state 0.164 1 0.1709 29.21 -0.265

Product 0.180 2 0.138 4 18.72 -0.158

Triplet Reactant 0.158 8 0.399 6 19.40 -0.423

Transition state 0.168 7 0.205 7 16.75 -0.296

Product 0.2219 0.1450 13.60 -0.107

3 Singlet Reactant 0.154 5 0.617 8 22.42 -0.423
Transition state 0.1639 0.171 3 20.36 -0.268

Product 0.173 8 0.146 1 18.98 -0.189

Triplet Reactant 0.158 6 0.4597 19.27 -0.423

Transition state 0.1679 0.248 8 17.75 -0.378

Product 0.2156 0.1453 14.37 -0.100

4 Singlet Reactant 0.1542 0.3920 22.52 -0.424
Transition state 0.163 6 0.172'1 20.20 -0.271

Product 0.180 1 0.138 4 18.30 -0.162

Triplet Reactant 0.158 5 0.398 1 19.19 -0.424

Transition state 0.166 6 0.2583 17.66 -0.373

Product 0.202 2 0.146 0 14.88 -0.094

*NPA charge of the B carbon atom of styrene.
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Fig.3 Oxygen transfer mechanism of manganese(V)-oxo corrole complexes with styrene
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Fig.4 Potential energy diagram of OAT reaction between complexes 1-4 and styrene in the singlet and triplet states
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Table 4 Selected geometric structure parameters of
MECEP of complex 4 in OAT process

dyy—o / nM di_ o/ nm
Reaction state
Singlet Triplet Singlet Triplet
Reactant 0.1542  0.1585 03920 03981
MECP 0.1570 0.1570 03339 03339
Transition state 0.1636  0.166 6 0.1721  0.2583
Product 0.1801  0.2022 0.1384  0.1460
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