ERIECSE R Al 1k 2% 2% Eild Vol.31 No.5
20154 5 A CHINESE JOURNAL OF INORGANIC CHEMISTRY 968-974

AR E RSB SR Z IEHEL L

oo SpbRR EALE BEE T R AEES
(edE T RFLFER, M 510641)

FE. GRLT 4 80 BA AR50 R ORI ) R i e S O kS8 G B A T BN AL B W HEAT TR AR, B
THAE NG LORCT k53 %046 & (TBHP) , W BLEE K (PhIO) , AU 7K (H,0,) 0 S IR B 4 i AN ] BOAR B 42 R g 0 45 W %) 12K 2 9
B AL SRR, T 25 4% 1 WK MR AR DAy bt ) T PR 6] X S 2 09 5 ) 5 SR BT 7 W ) 57 S AR A 1 00 i 1 TG (A A G, B
TBHP M J5 B 28 B RN =272 LA PhIO 1 o 0B | 32 2077 0 W) R 34 4800 2 066 T 24 50058 HLO, B 4 Ak nfk i 4 R e A7
AU AR AL DR 0 A, AN TR B S TR 4 Ak iR g Ji AN — o 4 Lk T P FL AR Ak 2 B T RE VS B A i N A S Y Fe
(V)-oxo MR | IR R 5 RIS TEZ I 1:2 A TC A 40, FE AL A 22 o A RISR IS 26 S TR] A4 S0 TR 25 1R 1 Ik e of = 52 17 7= ) 1) 4 A4 %
NG

KW, MR, BR, LR, SR RO il B iR
RESES. 0614.7+11 XERARIRAD A XEHS . 1001-4861(2015)05-0968-07
DOI: 10.11862/CJIC.2015.141

Catalytic Styrene Oxidation by Iron Corroles Bearing Different Substituents
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Abstract: Four meso-substituted iron(IV) corroles having different number of pentafluorophenylor phenyl groups
were synthesized and characterized by UV-Vis, NMR and MS. The catalytic styrene oxidation by these iron
corroles using tert-butyl hydroperoxide (TBHP), iodosylbenzene (PhlO), hydrogen peroxide (H,0,) in acetonitrile
was investigated. The effect of imidazole as axial ligand on the catalytic oxidation was also examined. The results
indicate that the yields of the products depend on oxidants, catalysts and axial ligand. For TBHP, benzaldehyde is
the major product. Styrene epoxide is the major product when using PhlIO oxidant. All iron(lV) corroles studied
cannot effectively catalyze styrene oxidation by using H,0,. Four iron corroles exhibit different activity order when
using different oxidants, and the catalytic process may involve free radical and Fe(V)-oxocorrole species. The axial
coordination of FsC-Feby imidazole gives 1:2 complexes. Also, axial ligand imidazole has different effect on the

oxidation product distribution when using different oxidants.
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Structures of iron(lV) corrole complexes

5,10,15-tris(pentafluorophenyl) iron(IV)corrole,F;sC
-Fe. 'H NMR (CDCls, 400 MHz): 6 -2.38 (s, 4H, B-
pyrrolic), —10.75 (s, 2H, B-pyrrolic), —34.02 (s, 2H, B-
pyrrolic); YF NMR  (CDCl;, 376 MHz): § —156.08 and
-163.87(0-5,15-F 4F), =160.26 (0-10-F,2F),-162.36 (m
-10-F,2F),-166.08 and -166.26(m-5,15-F4F),-168.91
and —169.04 (p-5,10,15-F,3F); UV-Vis (CH;CN): A,/
nm (lg[e/(L-mol™-ecm™)])=364 (4.60), 397 (4.66); MS
(MALDI-TOF): Caled. 848.99 for [M-Cl]* ,Found
848.95.

5, 15-bis(pentafluorophenyl)-10-(phenyl)  iron(IV)
corrole,FC-Fe(lV). 'H NMR (CDCl;, 400 MHz): § 21.97
(s, 2H, 0-10-phenyl), 21.63 (s, 2H, m-10-phenyl),
16.71 (s, 1H, p-10-phenyl), —-1.23 (s, 2H, B-pyrrolic),
-3.02 (d, 2H, B-pyrrolic), -16.15 (s, 2H, B-pyrrolic),
-36.99 (s, 2H, B-pyrrolic); F NMR (CDCl;, 376 MHz):
6 —153.51 and -161.71 (0-5,15-F, 4F), —167.39 (m-
5,15-F, 4F), -167.62 (p-5,15-F, 2F); UV-Vis (CH;CN):
A/ nm (Ig[&/(L-mol™-em™)])=361 (4.57), 389 (4.60),
635 (3.61); MS (MALDI-TOF): Caled. 759.03 for [M-
Cl]J*, Found 758.98.HRMS (ESI): Caled. 759.033 0 for
CyHpFFeNy [M-CIJ", Found 759.032 6.

5, 15-bis(phenyl)-10-(pentafluorophenyl) iron(lV)
corrole,FsC-Fe(lV). 'HNMR (CDCl,;, 400 MHz): 8 23.96
(s, 2H, 0-5-phenyl or o-15-phenyl), 22.83 (s, 2H, o-5-
phenyl or 0-15-phenyl), 18.93 (s, 2H, p-5-phenyl and
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p-15-phenyl), 2.32 (s, 2H, m-5-phenyl or m-15-
phenyl), 2.01 (s, 2H, m-5-phenyl or m-15-phenyl),
-2.06 (s, 2H, B-pyrrolic), =2.15 (s, 2H, B-pyrrolic),
-8.80 (s, 2H, B-pyrrolic), —=38.23 (s, 2H, B-pyrrolic);
YF NMR (CDCl;, 376 MHz): 6 —-158.41 and -166.31
(0-10-F, 2F), -165.65 (p-10-F, 1F), -171.67(m-10-F,
2F); UV-Vis (CH;CN): A, / nm (Ig[e/(L+mol™ - em™)])=
360 (4.48), 400 (4.55), 637 (3.60);MS (MALDI-TOF):
Caled. 669.08 for [M-Cl] *, Found 669.04. HRMS
(ESI):Caled. 669.080 1 for CyHgFsFeN,* [M-CI]*,
Found 669.079 6.

5,10,15-tris(phenyl) iron(V) corrole, F,C-Fe(lV).'H
NMR (CDCl;, 400 MHz): 6 24.78 (s, 2H, o-phenyl),
23.61 (s, 2H, o-phenyl), 22.77 (s, 2H, o-phenyl),
19.32 (s, 2H, p-phenyl), 17.04 (s, 1H, p-phenyl), 6.15
(s, 2H, B-pyrrolic), -2.39 (s, 2H, m-phenyl), -2.52 (s,
2H, m-phenyl), -3.49 (s, 1H, m-phenyl), -3.61 (s, 1H,
m-phenyl), -5.52 (s, 2H, B-pyrrolic), -6.70 (s, 2H, B-
pyrrolic), —40.18 (s, 2H, B-pyrrolic); UV-Vis (CH;CN):
A/ nm (Ig[e/(L-mol™ - ecm™)])=356 (4.47), 403 (4.54),
638 (3.63);MS (MALDI-TOF): Caled. 579.13 for [M-
ClIJ*, Found 579.09 for [M-CI]".
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Scheme 2 Catalytic oxidation of styrene by iron corroles
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Yield vs time plot of FisC-Fe catalyzed styrene oxidation with different oxidants
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Table 1 Ironcorroles catalyzed oxidation styrene by using TBHP and PhIO in CH;CN

Oxidant Catalyst Yield 1% SO Selectivity / %
BA PA SO Total
TBHP Fi:C-Fe 72(42) 12 10(16) 83(60) 12(27)
F.,C-Fe 64(41) 12 8(13) 73(56) 11(23)
FsC-Fe 57(41) 1( 5(9) 63(51) 8(18)
F,C-Fe 55(38) 1(1 49) 60(48) 7(19)
Ph1O FisC-Fe 14(3) 14(14) 34(35) 62(57) 55(61)
F,,C-Fe 13(7) 9(10 26(29) 48(46) 54(63)
FsC-Fe 11(5) 911 34(36) 54(52) 63(69)
F,C-Fe 10(5) 23(25) 50(53) 83(83) 60(64)

Note: Reaction time: 6 h; The molar ratio of catalyst/oxidant/styrene: 1:100:1000; Yields are based on concentration of oxidant; Yields

in parentheses were obtained in argon condition; Selectivity of SO is the percentage of SO in total products
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Table 2 UV-Vis spectral data of F;;C-Feand imidazole complexes in CH;CN solvent

Ao / nm (Igfe / (L-mol™-em™)])

Corrole
Soret Q
F.sC-Fe 364 sh'(4.60) 397(4.66) 543 sh(4.02) 710(3.63)
F:C-Fe (Im) 331 sh'(4.51) 405(4.72) 543(4.13) 730(3.67)
F.C-Fe (Im), 314(4.34) 422 (4.84) 563(4.02) 605(4.17)
ssh: shoulder peak
x3 HMEEEI FC-Fe BUEXLRTZHR LM
Table 3 Effect of imidazole in the catalytic oxidation with F;;C-Fe in CH;CN
Yield / % SO
BA PA SO Total selectivity / %
TBHP FisC-Fe 72 1 10 83 12
FisC-Fe: Im(1:10, molar ratio) 81 1 14 96 15
PhIO FisC-Fe 14 14 34 62 55
FsC-Fe: Tm(1:10, molar ratio) 34. 5 18 57 32

Note: Reaction time: 6 h; The molar ratio of catalyst/Im/oxidant/styrene:1:10:100:1000. Yields are based on concentration of oxidant; Selectivity

of SO is the percentage of SO in total products.
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