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Fig. 1 The structure of porphyrins

IFS 120 HR (4 000~ 150 em™ ', Csl ). Bruker 400 M Hz
(CDCB ). Varian E-115 (77K, X ,hd4mm
,10 *mol /L CH Cl . DPHH (g= 2 003 6), 0.8T,
9. 460 GHz). . GCYHA
1.3
131 53F% AKHK 10, 15, 20= K Ker ok ( HPTPP)f= 53F (458 F A )R K -10, 15,
20=2R A=t (BrBPT PP)# &% [6] ; 3.8 92 3.

1.3.2 53F{[44(10, 15,20 =% 5 =hop £ ) KA KL |-1- A& 1RE 0, 15,20=
F APk (p-RT PP /p—F: TPP, Cox Hes NsO2) 49 & 5k 0.360 ¢ BrBPTPP  0.600 g

HPTPP 50mLDMF . 65C 10 h, , 50 mL CHCE.,
8 CHCE, : G , -
(2: 1) , BrBPTPP , CHCB , :
CHCE ., p-HBTPP/p-HTPP 0. 520 g, 75. o .
1.3.3 %k (1) 4k (L) ek BT &4 89 & A% p-TeTPP/p-12 TPP 0. 200 g, 30
mL, 30 mL, (10 ) , , .
5h, ( ). . 100 HCl
3, 3, , . \ G
CHCB , CHCL: / (70% 1) \ (1) -
(1) . 16 HCI 3, 3. ,
. p-Fe(lll) TPPCl/p-Fe(Ill) TPPCI 0. 184 g, 81 0% .
1L3.4 4 ()45 (1) ek R B A4 8 A A p-lTPP/p-Ib TPP 0. 150 g, 30

m L, 30m L, (10 ) , R 2.0 ¢
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Mn(OAc)2 20 mL , 1.5h, .
(1.3.3) , . , G , CHCL
\ CHCL/ (8 1) {)- (1)
\ 10% HCl 3, . CHCL- . p-
Mn(IIl) TPP Cl jp Mn(Il) TPP Cl° 2FRO 0. 136 g, 78. Yo .
1L3.5 & (Il )4k (I1 ) eh kBT 24069 & A& p-HTPP/p-F TPP 0. 100 g, 20
m L, 20 mL , I.SgCo(OAC)z 10 mL ,
10 min, R 4 , . s
“ G- 7 . , , , , p-
Co(l ) TPP/p-Co( ) TPP° 2H0 0. 060 g, 53 & .
1.3.6 4 (1) % (1) % (I1 ) 293K K= kibe 540 89 & & 1.3.1 HPTPP
H TPP . [7]
1.4 P450
; . , U
. (101. 325 kPa) ,
s (1. 0O mmol) , 2-
\ - (9* 1,10 mL) ) (555 mmol) , P450
. (306t 0.57C, (101. 325 k Pa) , 3.0 h
2
21
2 1.1 TEM4 p-HTPPp—t TPP 1.
1 )
% 1 p-te TPP/p—teT PP BRI B A% & BBC &40 69 7L & o0 W a4
Tab. 1 Elemental analysis data of p—H, TPP /jp -H, TPP and its binuclear complexes
we Mo wu Mo wy Mo
p—H TPP [p -H, TPP(Cy, Hys N50,) 84. 02(84.02)  5.02(5 02) 8. 48(8. 52
p~FeTPPCl /p -Fe TPP Cl( Co2 Ho Ch Fee N5 O2) 73. 44(73. 95) 4. 05(4 15) 7.32(7.52
p-MnTPPCl/p-MnTPPCl® 2H, O (Cor Hss CbM m N5 O4) 1. 77(72. 99) 4.12(4 06) 7.37(7.33
p—CoTPP/p—CoTPP 2T O( Co Hss Co2Ns Os) 75.90(75. 42) 4.55(4 51) 7.76(7. 65
212 BINTR R E 2
2 , .
D) X )
2 1.3 & ki p-1bTPP/p-tk TPP 3312, 982, 73lem
N-H , Fe(HI ) .M n(HI ) , Co (H )

, 1000 cm™ ' , (N- H)
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& 2 BAPoh oA Al 695 ST RO 4 38 (CHCE 7 7))
Tab. 2 UV —is data of porphyrin dimer and its binuclear com plexes (CHCl)

v I II I
sh. Soret sh- CT
Q- Qoo Qeo-1y Qeo-0)
p-H,T PP /p -H, TPP Ay /nm 419. 5 5157 5515 591.5 645.5
X 10 93. 8 36.7 1. 74 1. 09 0. 829
p—FeTPPCllp—FeTPPCl  Auax/nm 380.3 417.9 5107 575.9 692. 7
X 104121 23.9 2.7 0. 543 0. 448
p-MnTPPCl/p-MnTPPCl Auu /nm 377.1 402.7 478 7 5307 583.3  620. 1
X 10*13.7 11.7 24.3 1.32 2. 38 2. 80
p—Co TPP /p —Co TPP Aax /nm 411.5 527. 9
X 10! 68. 5 3.72
( 3) M- N
r)- () (l)- Iy (I)- (I)
) M- Cl )
SN + 3 s + 2

& 3 Wobok B R A AR BL &4y T AREHE B2
Tab.3 Far-infrared band assignment for p —th TPP/p-H T PP and its binuclear complexes

p-IeTPP/  p-FeTPPCI/ p-MnTPPCl/  p-CoTPP/
p-lbTPP  p-FeTPPCl  p-MnTPPCl  p-CoTPP

418.2 ¢ 428. 1 414. 1 m 419.3 w pyrrole core
3714 m 383.5w v,— Cl
340. 9 m 3250 m 334.9 w 341. 6 w pyrrole core
301.4 m 272. 8 w 295.9 w 289. 6w Vuat ring def.
2522 247.5 v 243.0 v 248.0 v Vuat Ting def.
241. 4 w 216. 6 w 208. 4 w 209.9 w Vuat ring def.
189 6 w 192. 4 191. 3 w
158 4 w 153 1 m
2 1.4 'H## £k E p-tkTPP/p-tk TPP 'HNMR BrBPT PP 1ol
, BrBPTPP , (8
4.47,2 37 ppm), - CBO- - CH-
N- H BrBPTPP (& - 2 76ppm),
4 H, .Fe(lll )-Fe(Ill ), Mn (Il ) M n
(1Y, Co(Il )~Co(Il ) , ,
'"HNMR H , . W
= - 276 ppm H .

2 1.5 JREEER#E 77K CHCR pFe(lll) TPPCl /p-Fe(lll) TPPCI EPR g
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gl=574g =212, (Walker , 1984) Fe(Ill) TPPCI EPR g
.p-Mn(lll) TPPC1/p-Mn (Il ) TPPCL p-Co (I ) TPP/p-Co(Il ) TPP Mn(IIT)
TPPCL, Co(Il ) TPP EPR . ,
22 P450
P450 4,

R 4 & B RE S T R KRR

Tab- 4 The results of hydroxylation of cyclohexane catalyzed by metalloporphyrin dimers and monomers

Y/
/
(¢ /mmol (c/mmol) (¢ 10mmol)(cK 10mol) %
p-FeTPPCl /p -Fe TPPCI(0. 01) A(0.5) 33. 37 15. 99 0. 890
B(L 0) 25.78 15. 64 0. 747
FeTPPCI( 0. 02) A(0.5) 23. 00 8. 55 0. 572
B( 1 0) 14. 30 7. 84 0. 400
p-MnTPPCl/p-MnTPPCI(0. 01) A(0.5) 20. 60 7.62 0. 508
MnTPPCI(0. 02) A(0.5) 14. 68 6.72 0. 386
p-Co TPPfp —Co TPP( 0. 01) A(0. 5) 12. 60 10. 30 0.413
CoTPP(0. 02) A(0.5) 4. 82 4. 52 0. 168
A ; B2
P450
2 4 2 2
1.3 25
(Brookfield , 1985) .
( 2,
, : Fe(lIl) -Fe(lIl )> Mn
(1) -Mn(Il1)> Co(Il )~Co(Il ),
Bl , (- () (IIT )
(0. 064nm) , ,
0. 060~ 0. 069nm
L1 p—Fe (Il )
T PPCl/p—Fe(ll) TPPCI
2 4 2 2 2

Fig. 2 Configllration of porphyrin dimers
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The Synthesis of Porphyrin Dimers with Bis-Iiron(IIl ),
Bis-Manganese([1] ) , Bis-Cobalt(Il ) and as the Model of

Cytochrome P450 to Catalyze Hydroxylation of Cyclohexane

Liu Zhanliangx Huang Jinwang Lao Cailin Ji Liangnian

Abstract Bisiron(IIl), bis—manganese(IH) and bis—cobalt (I ) porphyrins dimers linked
by flexible alkoxyl chains have been synthesized and characterizaed by EA, IR, UV-is,

'"H-NMR and EPR spectroscopy. These binuclear complexes as model systems of cy—

tochrome P450 are effective for the hydroxylation of cyclohexane with molecular oxygen

under mild conditions and have better catalytic activities than the corresponding

monomers. The catalytic activities of binuclear complexes decrease in following order bis—
iron(lIl )> bis-manganese(IIl )> bis—cobalt(I ).
Keywords porphyrin dimer, binuclear complexes, model system of cytochrome P450, hy-

droxylation of cyclohexane
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