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ME WET Si0; {L$RASMIK Mn(TPP)Cl, Mn(TDCPP)C] WEREASMLN, 3
SR KK KRS (NaClO) M THRAK P-450 RmmmMikR, HFoR T 5k B0EY
BEBRERRE. SMINSLEEEN SI0; AR, ATHTTERSSNS MR
BRI SIO; HEMIPHERERTREQURSWED, ERSMIHOEMEHERREHE
AN, BBtk 0 B Bl P SR B 0.

RN EMobwy, EMAR P-450, REFRL

AR EHTEY, AARERPRARGHEE P-450 AT THRITRKEIHE
BU AADTFAPEHREmEBHERG BN X RPTERFAH THERELE
BRAKETHR. WA wTRELE bty A RITH PR TFEBFRT - REK
BEAHFRIER L AHLERARG—NZEFEF A, AANEEEELZLR D
HEME AR AE P-450 R AR KRH AT HAEANERTHASAHE
# P-450 IRBRAU THRCEAEZEAARARDHRS P XXHE TAA TN
RltH 4 Si0, B4 AMANE A LT REERTHEEHUME RHLELL
Ber A, I 5 AR ERE (NaOCl) i & K P-450 BBIER, K
HRT R R R TR A SR B B RO R

1 XRER4S

(1) W3 3 =bok (tetraphenylporphyrin, TPP). 1 (2,6- = #.) & & oh ok [tetrakis (2,6-
dichlorophenyl) porphyrin, TDCPP] & 3 45 t F.4-dp 74 6 W, 0t B4, &R Al 4
EaNrel, BAEFRAWE AW,

SiOx(HH™) RALBANETRAACEEFHELEHEE L [5,6], FEAHETAA
PLUERHEA: B2, e RATEMERAE SIO, KEZEANERONHREE,
HAELA A BHETHIE. S0, HAEWE AWML 500 CRE 6o, UREFRAMMERK
EEHMERE.

HHELRPRESHHYERA _EFRMAERN, RAF 6 E HE_ELFRE
SHRFERR KETHREELDELH.

1993-12-20 #RATHN,  1904-06-04 HPIRK. BEA: R  ° EHARBFEERBTE
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(2 ERER P HELTHRFELANEFZ E-FARNSETEA 0.5 #HHK
fEf %, 20mL, 0.29mol-L~! # NaOCl(pH=13) # #tE A A H, FA4MEAN 50mL H
H, FETHESRENE, HEAASERATNHAERN SFEZER.

(3) L# TELAUAEAF Carlo Erba 1106, %407 WK (LY & # 365, &4
Y Nicolet 10DX FT-IR, S EMH N LML 2 103 B (3mx 3mm FE4H
4, PEG20M), Hif 90 C, M4 E®/F 200 €, FID & .

2 BRAre
SEE, AR ERFLFBHN 510, VKU Si02-NH; | Si0s-Im. KRTF. F&
HEETEANHEC, H, N4RRHERHEWL (LK 1)

W1 Si0;-NH;, Si0;-Im. BaESi7ER

Table 1 Elemental analysis results of 5i0;-NHa, 0 N4 OCH ;CH,
5103—1111, /{Sl\
1001w (mass fraction) 0 OCH;CH,CHy R
Sample C H N T
§i0;-NH; 4.18 1.15 110  5:13:1 A
$i0;-Im.  3.88 060 111 8152 A -R=-NH; ®-N N
=% 0

Si0;-NH; Myfrsb Xt M ¥ K 0 Si0, R WA R HHFE. Si0-Im. # FTIR R4,
N B ok ek B A 3140(w), 1570(w), 1550(w), 1220(w) # 930cm™'(m) #i#Rsh Rl K
2060(w)em ™! A & C-H @ARIAMN, SxME4 S RErtnIvERE
H §i0;-NHg, 5i0,-Im. fh ¥ EEENEN LEHE .

AHRERE TRASENFERT, HEANAGETF, HHTUUm&E MRS T
4 R4, #48 Mn(TPP)ClL, Mn(TDCPP)Cl 7 #xf ¥ & 4B & T 8i0, KW, WA
B, ovkod FRh Ry 28 oh o B3R R

® 2 FEREHTRELFRITFRCOEEERE
Tabel 2 Propylene epoxidation catalyzed by different catalytic systems of Mn{(TPP)Cl

Run Catalytic Systems Reaction time Yield
t/h mol-P.0" /mol-Mn
1 NaOCl/Prop. 12 n. d4
2 Mn(TPP)Cl/NaOCl/Prop. 12 n.d.
3 Ma(TPP)Cl/C2H,Cly /NaOCl/Prop. 12 0
4 Mn(TPP)Cl/C;H,Clz /4-BePy? /NaOCI/Prop. 10 315
5 [Ma(TPP)Cl/NH;-8i03)/C3H,Cl; /NaOCl/Prop. 12 3.7
6 [Mn(TPP)Cl/NH;-5i0:)/NaOCl/ Prop. 5 0.1
T [Ma(TPP)Cl/Im -Si03]/NaOCl/Prop. 9 0.8

&) P.0,=§r:|pj"lene CI;_H:, b) n.d.=Not Detected, ¢) Prop.=Propylene,
d) 4-BePy=4-Benzylpyridine

B Mn(TPP)Cl 5k 84 (NaOCl) WA ¥ i SRR KR EBFAH T THEML
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XZHRFCOHEHFAL, BELYFHENRE KM, &-F Mo(TPP)Cl i E 4R &
BE, THEFSTAL AALYLENBHRASTEN, »4 FEaw, FTUEHR
THRHFELE. BEE, g X F P HH Si0, £48 Mn(TPP)Cl 5 NaClO ## ty#
mERENAAYTULABRESTHEIRTAL, ERFETE (LE2).

MFE 2 FTUEY, ZHREAWNBAZLAHEHEAT, 43HFAEEE&ERS
Mn(TPP)Cl 4 4 # 4.7 (F Run3 5 Run5 b8, T F T HRMAFREF MG LR, TE
FHTLUEFEFANL, BAEY T, YHMEMER T AHTRMA 4-BePy FAH, &
HEFH AL, HEAHE T 31.5(Rund), FHFMR kR (Rund 5 Runb) £ KB
Bk EERNNES, EEIATERSTHHAESBREEER TEFWEEAAER
BREEMNER, EREMSELRNFEP CEAGARARD FHE. EEAELH
HENE AR S ALK NaClO HETE, wHik 8w NaClO, J 5 7 4 8 31T,
WHEHELE 2 F, Mn(TPP)Cl #4845 2 4 .

## Mo(TPP)Cl KRR RT A — I HARTUZHA R L KEREEZFH
H T A4 (Run6RunT), THERB REH Gz 06, ERLERODA/ARE.

® 3 FTEERAEER Mn(TPP)Cl PSR LEIERE
Table 3 Propylene epoxidation catalyzed by supported and unsupported

Mn(TPP)CI catalyst in the aqueous solution of NaCl0

Catalyst Yield

mol-P.O. /mol-Mn(TFPF)CI
Mu(TFP)Cl/4-BePy ) 0.9
Mu({TPP)Cl/(Im.-5i0;) 0.85
Mn({TFF)Cl fd.
Maun(TPP)C1/510 0.27
Mu({TFFP)Cl,/Im. 0.1
Mn(TPP)Cl/Im. /50, 0.30

FIR & B4 E Pt 69 Si0, BB R M ok 5 Mn(TPP)CL 3 3 H ] 4 48 48 2 40 A
5 NaClO W W mAMEH KR ELTRAACEEAN TR F. AR 3 PTLR
B, RALFHRE LT E BLTUTHARAAMKEPAHENF AL, EXREEER
Aok A ¥ B SiO; 4 Mn(TPP)Cl =42 —, WHARAMEHEN Si02 xH
A E 4 R kLR A H#%B. & Mn(TPP)Cl/NaClO #A R REE F YA —&
Btha FEATRELARTAL, 4-BePy B2 Mn(TPP)Cl B A, FH X EH#HE
%, R B ##5 Mo(TPP)C1/Si02-Im./NaClO 4k £ X — 8, A — 0@ # A Si0,
FEAHdREEARR P LR T EANER.

8i0; 84 Mn(TPP)Cl WAR H &Y 2 RA U FEHE MR, XTHESTE
A @ iR M o & 4B H @ #, Mn(TPP)Cl % Si0, R H 2 HRH, £
FRFT# %, REHFH Ma(TPP)Cl 2 FRH-RAS B, Sok4HERK, BTF%
b S0, FWHALFER, Mo(TPP)ICl AHEEHESREHATLU A4, AR Ymts
5i0; EHWEEH AL FRAAEHELRZE, Mn(TPP)Cl HFAHF, RBMWH —EH
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FRERBESGEE, RAHBIFHFEAAES BER, BRSO BT AR N %

.

-

Vield {scil-P, Ofacl-Min)

B 1 FE Im./Mn(TPP)C] BRtk (r) ¥

Fig.1

Ty 06

EEEERNEN

the catalytic reactivity

The effect of different molar ra-
tio (r) of Im./Mn(TPP)Cl on

P— . e 8 —— @,

B3

Fig.3

H 4 [] [] 1
ih

LR EERE

propene epoxidation

Si0;-Im. M Mn(TPP)Cl(a) .
Mn(TDCPP)CI(b) Sif7AMFn

The catalytic reactivities of a)
Mn{TDCPP)CL, b) Mn{TPP)Cl
supported on Si0-Im. for

A [

H 2 F8 Mn{TPP)Cl 2R

Mn(TPP)Cl/Si0O,-Im. W

UV-VIS #EHREE

Fig.2 The UV-VIS diffuse reflectance

spectra of Mn(TPP)Cl/Si0;-
Im. catalysts with different
loaded amount of Mn(TPP)CI

ETFERAEES HAL RN MEER
Ao hTEHEM, M4 Si0; REHW
Mn(TPP)Cl ER BN HR U EAHE
BHEH. H1SHTRERLARYLS,
Mn(TPP)C1 #38 & 0¥ 1 F| &5 3£ FR o
Wik %. &REW: % Mno(TPP)Cl EH &
F W HEEE K (FH Im./Mo(TPP)Cl
EREHR), TREAEATHFFALK
Pt fk, T Mn(TPP)Cl tyE f &R,
Mn(TPP)Cl # Si0, @ A K4 B &
RAW, ZXARNFRACES BHR
AHTEHEEAANREEEHEEEH. &
Im./Mn(TPP)C] 4 F -4 & B b bt (150:1),
18 45 4 4 ) 2% 3 R OF S 1L BB E
% B Mn(TPP)Cl # SiO, # & #{r E 4

B 5 Mn(TPP)Cl WM AR EHATRE. SHTRELY, ERANEFAEES AR
£, BEEAKE ARG AECEEXHE AT F Im /Mn(TPP)Cl R LR
AR BB FRYGEL BA U AR THHE—FHAR (LHE2). BFeTRUGENE
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R LA 3 Si0, R WKL E® Mo(TPP)Cl # oA BNEHRARME. AETT
BLE . M3 Im./Mn(TPP)Cl /R HL{E &3 i, Mn(TPP)C1 # 4 38 & 4 ¥ (478nm) 7
SR HEEREMA LithEH 1500 o, FBEREE N FHE L, ThEFHRERTA
AW TREANHIRASE, HY Im /Mo(TPP)Cl SR L fii & F 150:1 B, XM
BHESHARY R4S, Mo(TPP)Cl HEEABHRFELT, EAHBEFHELHHTE
b, R AL e 8.

BA# i Mo(TPP)Cl THEX AN EHEE P-450 R EHELFTEF AL
WER R, ERREFEMARE ATEH—SRGHAERE RNESAHETHR
BAKEA LA FMEA S Mo(TDCPP)CL #4740 &, S8 T EFHRMEE.

HF Mo(TDCPP)Cl # tyEEE PRG-I EXHF AU NIHBFERCE
BEHETFHEARE, ESHANERPRANESHELREKEE M, AEF XA
skod M FHM 8 Si0, HE A MK, Im. /Mn(TDCPP)Cl #ER L r & 150:1, A FE &
REAGTERLELAHRFEMIN R, SRLE 3 SETLAFREEFRA 12
/B, Mn(TDCPP)CI/SiO,-Im./NaClO # 4k £ B4 F H F AL 4K T 67, 4
Mn(TPP)C1/8i0z-Im./NaClO 4 & K b 6 89 30 4, BE &N A ETHREAREFR
ARBEEAEEN R REERZ 57T EHRGFF M KB .

3 &g
Mn(TPP)Cl &4 A AN ER B FERER SO, HE2F, THHAEALTHETA
R, THELAERER P AEHFEMN. LEAEERSER ZE, Mo(TPP)Cl
WEERA EEH*E. Mn(TDCPP)Cl 24845, Wi i &M S0 WA 5, 0 bk
B4z KL RFAREGLEE, A4 mNEdE TR BnRanER.
ESHENEE P LKL BEAEES Mo(TDCPP)Cl 8282 FHRNHERE
%

& % TR
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Propylene Epoxidation Catalyzed by a Biomimetic System of Cytochrome P450 Sup-
ported Metalloporphyrin on 5i0;

Suo Jishuan Li Shuben Wang Hongli

(State Key Laboratory for Oxo Synthesis and Selective Oxidation, Lanzhou Institute of Chemical
Physics, Chinese Academy of Sciences, Langhou 730000)

Abstract S5i0; supports chemically modified by amine, imidazole were prepared and
used to support Mn(TPP)Cl, Mn{TDCPP)CI for constructing the biomimetic systems of
cytochrome P-450 with the single oxygen donor (NaClO) as the terminal oxidant. With
such catalytic systems, the propylene could be epoxidized under mild conditions in the
aqueous solution of sodium hypochlorite. This fair catalytic behavior compared with that
of the unsupported Mn(TPP)C]l was ascribed to the axial ligation of organcfunctional
group on the $i0; surface to the central metal of the metalloporphyrins, and the site
isolation of active centers which would prevent the formation of y-oxo-dimers.

The factors which would affect the epoxidation of propylene catalyzed by the sup-
ported metalloporphyrins were:

(1) The preparation method of supported Mn(TPP)Cl, with the supported catalysts
prepared by impregnaton of Mn{TPP)Cl or co-impregnation of Mn(TPP)Cl with imidazole
on 5103, they exhibited a small catalytic activity for propylene epoxidation compared with
the catalyst impregnated with Mn(TPP)Cl on the SiO; support chemical modified by
imidazole. The former could result in the aggregation of Mn(TPP)Cl on the Si0; surface,
thus the site isolation of the active center could not be functioning properly.

(2) The loaded amount of Mn(TPP)CI on the support would affect the catalytic
reactivity directly. The lower loaded amount of Mn(TPP)Cl, the higher catalytic activity
for the propylene epoxidation, when the molar ratio of Im./ Mn(TPP)Cl was at 150:1, the
system exhibited the best reactivity.

(3) The metalloporphyrin with steric hindrance preventing effect [such as
Mn(TDCPP)Cl] supported on Si0; modified chemically by imidazole exhibited higher
catalytic activity for propylene epoxidation.

Keywords: Epoxidation, Cytochrome P-450, Metalloporphyrin
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