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ABSTRACT. Product yields were determined for the reaction of styrene with sodium hypochlorite
(NaOCl) in CH.Cl, with various substituted manganese porphyrin complexes as catalysts. In the presence
of the electron withdrawing group and ortho-substituted manganese porphyrin complexes, reaction rate
and epoxide selectivity are increased. Also reaction rate and epoxide selectivity are largely increased
by the presence of imidazole which behaves as axial ligand of the manganese porphyrin complexes.
By the kinetic study with Michealis-Menten equation, the factor significantly affected to catalytic ability
is K., value. A large binding affinity consists with the low K. With theoretical analysis by EHMO calcula-
tion, the results are in good agreement with experimental data.
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489, ortho-chlorotetraphenyl-porphyrin free li-
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Table 1. Epoxidation of styrene with NaQCl in the presence of various substituted MnTPPCI®. reaction time

2hr
Product distribution®
Complex Conversion Selectivity
epox. phac. ben.al.
Mn{p-OCH)TPPCI 29 16 7 5 55
Mn{e-OCH,)TPPCl 42 P2 12 6 57
MnTPPCI 63 35 23 5 56
Mn(p-CHTPPCI 80 49 24 7 61
Mn(o-CIYTPPC] 91 67 19 S 74

“Condition : MnTPPC1 (0.0125X 107 mol), Styrene (4X10~%mol), NaOCI(7X10~3mol). PTA (Benzyldimethyltet-
radecylammoniumchloride, 0.05X10~*mol), CH.Cl, (10 m/} at room temperature. *Epox=styrene oxide, ph.ac

= phenylacetealdehyde, ben.al=benzaldehyde.
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Table 2. Epoxidation of styrene in the presence of pyridine’ reaction time 1hr

Product distribution

Complex Conversion Selectivity
epox. ph.ac. ben.al.
Mn@-OCH,)TPPCl 68 38 25 5 62
Mne-OCH;)TPPCI 89 68 15 6 77
MnTPPCI 80 60 15 S 75
Mn{-CTPPCI 92 64 23 5 70
Mn{o-C)TPPCI 98 80 14 4 82

¢Condition : MnTPPCI (0.0125X107* mol), Styrene (4X10~*mol), NaOCI{7 X107 mol). PTA (Benzyldimethyltet-
radecylammoniumchloride, 0.05X 1073 mol), phridine (0.62>X 10~ mol), CH.Cl, (10 m?) at room temperature.

Table 3. Epoxidation of styrene in the presence of imidazole® reaction time 0.5 hr

Product distribution

Complex Conversion Selectivity
€pox. ph.ac. ben.al.
Mn(p-OCH,)TPPCI 79 51 22 6 64
Mn(e-OCH,)TPPCI 98 74 19 5 76
MaTPPCI 95 68 22 5 72
Mn{p-CYTPPCI 98 69 23 6 70
Mnfe-CDTPPCI 100 78 19 3 78

aCondition : MnTPPCI (0.0125X 10~ * mol), Styrene (4 X1072mol), NaOCI (7X10~2 mol). PTA (Benzy!dimethyltet-
radecylammoniumchloride, 0.05X 1072 mol), Imidazole (0.62X107 mol}, CH.Cl; (10 m/) at room temperature.
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Fig. 1. Compared conversion of styrene eposidation
catalyzed Mn(e-OCH;)TPPCl with various amines.
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Fig. 2. Double reciprocal plot for the Mn(e-Cl)TPPCI
catalyzed epoxidation of styrene.

Table 4. Kinetic parameters for epoxidation of styrene
catalyzed by various manganese porphyrins

Complex K., Vinax
Mn(p-OCH,)TPPCIL 1.707 0.342
Mn{p-OCH,)TPPC! 0233 0.142
MnTPPCl 0.883 0.460
Mn(-C)TPPC1 0470 0.450
Mn(e-CHTPPCI 0.081 0.148

Condition : MaTPPCI (0.007X 10~ mol).  NaOCI(7X
103 mol). PAT (Benzyldimethyltetradecylammonium-
chloride (0.1X10"*mol), Imidazole (0.62X 10~ mol).
CH,ClL (10 m/). Styrene (1~ 10 mmol) at room tempe-
rature,

254F dhEAL FoldE ¥ o vk
phenyl718] ortho $1X}el] A¥7}7t =45 gL
PAH Fedol A Ve Fol v Ao}z ziTE
Z7H [ES]e] ¢A =7} 24 27KAL K, 3D3kd
AMAHeE E FviedE 71AE ¢ ¢ sk
0|5 7 Zul9] K,, Vea &3 2849 FAE v
waled B Vi, R K 38 3] o %
& Uk 2] 7hA) &9 FeljA] Mn@p-OCHy)
TPPCI8] 7% 713 2 Z2u%5¢ 7HA 3 ded
01 Vo T2 03422 thh m2Xnt K, o)
L7072 F7H9) HAE s BelA BB gHHoR
EAshs FAY <ol A2 el HAukg-e)
=9jA 288E & 5 stk Mne-CHTPPCIS] 3¢
N & 848 1o F8e Vi 82 01482
2be el F344)9) A7) 00812 I F

Table 5. Parameters for the EHMO calculation

Atmic orbital Exponent H; (eV)
H 1is 13 -136
C 2s 1.625 ~-214
2p 1.625 ~114
N 2s 1.95 -26.0
2p 1.95 —134

Mn 4s 097 —-975

4p 0.97 —5.89

3d 5.15(0.51391) -1167

1.70(0.69291)

Table 6. Descriptions of EHMO caleulation

. Axial Net Charge R.O.P
Porphyrin ligand pK, M o M-0)
0 no axial — 254730 —1.48690 05037
ligand
M(V) Pyridine 529 249580 —152665 04813
|
L imidazole 665 249328 —153884 04722

713, gk €A o BAIR FHA S o]
WokA|7] & 713 L 2P L v iz
A7} 2228 ANAHQY Eo)RAYL Vi FHE
the K. 3HE2H 9] A0l 29 dgfe) o F&
&4 £ slsich

EHMO study. =7t ToA4E4 oz AL
¥ 2etddl ol FAI3 o glo] 2 WG &
Q%G mAe A 2tes] ©ld) E o] H
Q47+2 EHMO A+e $3sigch

£ Al4doll AH8-% porphyrin ligand9] ¥el: Dy
8 HAEE FAT NH )2 e 2d¢
ARg-sh el el A Alel| Al$-® parameters
Table 5 el et

zt A7 Ae|, ZE, o)z FL& oo ¥R
B AE9] X-ray crystallography datad AMg3}3]
12 e

£ QFelA ub3- ol A=)z active spe-
cies(O=Mn(V)ell AT AALE Pt 454 4
227 AjAEE T 5 dek o] 2R
Aol oo A AP 32 gl AL A
Moz oy AR 3t Qe FFo) ulsy e}
4o 22 staAe)s} o2 g Holehe 7HAslA
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Fig. 3. Energy diagram for L-Mn(NH, )(O)(L=Pyri-

dine, Imidazole).
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