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Table | Synthetic Porphyring and Metalloporphyrins

No ' | phenyl substitutents porphyrins metalloporphyrins_{
1 (3,4,5-OCHy), TTOMPP - FeTTOMPPC!
) MaTTOM PPCI
} CoTTOMPPCI
2 (m-OCH,,p~OH), | THMPP FeTHMPPC!
MnTHMPPC!
| CoTHMPPC!
3 (—OCH)), TOMPP i FeTOMPPOAc
- ’ MaTOMPPOAC
4 {(p—C), TPCPP FeTPCPPCI
MaTPCPPCI
5 (p~OCH)), TMPP FeTMPPCI
MnTMPPC!
6 (o—OC,H,), TOEPP FeTOEPPC!
7 (o-Br), TOBPP FeTOBPPC!
] (»~NOy), TNPP FeTNPPOAc
9 {0~NO,,p—NO,), TENPP FeTENPPCI
10 (m—Cl), TMCPP FeTMCPPCI

R 2 FEMHEET ELEENER
Table 2 EfTects of Different Porphyrin Ligands on the Catalytic Activity (t=30T)

catalyst (0.02 mmal) cyclohexanol mmol(yield %) cyclohexanone mmol(yield%)

FeTHMPPCI 0.171(2.85) ' 0.131(2.18)
FeTOMPPCI 0.140(2.33) 0.072(1.20
FeTTOMPPCI 0.117(1.95) 1 0.084(1.40)
FeTOEPPC] 0.110(1.83) 0.047(0.78)
FeTPCPPCl ' 0.093(1.55) 0.090(1.50)

FeTPPC! 0.084(1.40) 0.057(0.95)
FeTMPPC! 0.079(1.17) 0.061(1.02)
FeTMCPPC! 0.057(0.95) 0.035(0.58)
FeTOBPPOAC 0.051(0.85) ) 0.010(0.17)
FeTNPPOAc 0.014(0.23) 0.011(0.18)

—

cyclohexane 6.0mmol ascorbic acid 1.0mmol

solvent: [acetone: water=9:1 ] 5ml

R, FREMIREN, ROSRET, MRS, pH. REYMELNE LA
PHERUFERNERISINE2 R3IRH4I RS, #6. AR2TL. HFRAK
W, EINEELERKFY: FeTHMPPCl> FeTOMPPCl> FeTTOMPPCl > FeTOEPPCl >

FeTMPPCl> FeTPCPPCI > FeTl?PCi > FeTMCPPCI >FeTOBPPOAC >FeTNPPOAC. X F
FeTHMPPCl LA R ALE R BT A A H A FEHEA m-OCH, 1 ,—OH. #
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O, MELT. BMB—HE, MPEMLEL O, BRMFAN, FBI2R%E RLER, £X
FEERBTFER, EHITHFRAT, MXFHERAOBRKRERRTURELESE, 7
RXFHHS NS FRAEREHE T RAEARMERN. i MP REHBMERYHS —ME
BRTART FEHHLR(MP),0, FeTTOMPPCI MBELEARE =R, THHFUESL
fEF#E-OCH, HMTARENHRENNK, BRIURENILLM S, FeTOBPPOAC (B
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Tablc 3 Effccts of Diffcrent Mctalloporphyrins on the Catalytic Activity (t=31T7)

calalyst time cyclohexanol cyclohexanone

. _©0Immol) | (hours) | mmol(yicld%) | mmol(yicld%)
FecTHMPPCI | 2.5 1 0.17212.87) 0.129(2.15)
MnTHMPPCI 25 1 0.041(0.68) 0.030(0.50)
CoTHMPP . 25 | 0.039(0.65) 0.021(0.35)
FeTOMPPOACc 25 0.138(2.30) 0.071(1.18)
MnTOMPPOAc | 2.5 0.029(0.49) 0.006(0.10)

FeTTOMPPCI 30 0.113(1.88) 0.094(1.57)

MnTTOMPPCI 30 6.028(0.49) 0.033(0.54)
- CoTTOMPP . 30 0.011(0.19) 0.018(0.31)
FeTPCPPCI 3.0 0.094(1.56) 0.091(1.51)
MaTPCPPCI 3.0 i 0.032(0.53) 0.019(0.32)

cyclohexanc 6.0 mmol, ascorbic acid 1.0 mmol,
solvent: [acctonc:buffer(pH = 6)=9:1)(5ml) l
R4 TR G L EEQR M
Table 4 Effccts of Diffcrent Axial Ligands on the Catalytic Activity(time 8 hours,t= 30T)

(A) FcHMPPCI(0.03mmol)

Taxialligsnd  + | cvclohexanol | cyclohexanane
(6.0mmol) mmol(yicld %) mmol(yicld %)
thiosalicylic acid 0.190(3.17) 0.101(1.68)
thiophenol ’ 0.054(0.87) 0.025(0.41)
thioalcohol 0.032(0.53) 0.020(0.33)
thioglycolic acid 0.022(0.37) 0.009(0.16)
3—~thiohydracrylic acid 0.039(0.65) . 0.013(0.30)
thilphane 0.014(0.23) trace
2~methyl—benzothiazole 0.049(0.82) 0.062(1.03)
pyridine 0.043(0.72) 0.004(0.06)
collidine 0.003(0.005) 0.004(0.07)
imidazole 0.013(0.21) 0.007(0.12)
I-methylimidazole 0.013(0.21) trace
thioalcohol—pyridine 0.053(0.89) 0.192(3.20)

T 7 (B) F<TTOMPPCI(0.03mmol)

Tthioglycolic acid~pyridine | 0.280(4.60) | 0.091(1.08)
thioalcohol—pyridine 0.092(1.53)- 0.110(1.83)

cycloi‘\cxanc 6.0mmol, solvent:(acetone:water = 9:1)5ml
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B, EXOLXHCA RO R, BOEMRIK. R 3 ER, Fe(IMP, Mn(T)P A Co(T)iHy
dz YU LIRS, 15 0, NG, o MR, AH I 0-0 WMiLWH, ©iRA
FEREAEAEG M. M Cu(TTP A0 Ni(IT)P, 750 o YUH, EITRA UL, TR & Roh
AL M FeP>MnP> CoP, FeP A 8 W Al (L& #E vl (B Wi 1° Fe(MM EA4E 0 0.64 A,
AT LN 2 A RO A FARTE 2 . R 4 BER T SR i ARt (L e B o, 4
—RMIRRS AT —SH, XRRASHHUTROY, EMNAARRMAREE. I XM R
RCLRAE M RO DR Pl il o B n RCEE S O R B TR, RBRAM R LR H T 3R
ACR L4 FRXS P OERE FIrERP 2. D= XMk EIMARELSY IMAS



- 422 E B E M 74

EAL A, Mkﬁﬂﬁ?%ﬂ %M%%Eﬁbwm4wmmmmmfm#“wnmnﬁrﬁm

FERZE). ULHIA R B cyto-P4SO LRI T45 AR & 2 M. pH e AELIF M1 B2 o5 41)
TR S UL AR B RPERI L OREAE, pH L BRI E SR AL L. i cyto—P4S0
KNI R AR R B e, 3 6 af W, ALY WVERRA, ThOERAS (L3R E W Fn
HRERIH ™ Rt A

RS pH AMULBHEONN
Table 5§ Effect of pH on the Catalytic Activity

| wxialligand | pH_ | cyclohexanol(mmol) | cyclohexanonc(mmel)
40 LN x107 f 9.90x 107 _
L—cystcine 6.0 167%1072 | 1.64%107°
(0.06mmo) 8.0 8.30x 107 ] 780% 107
40 | 5.90x 1077 | 1.88% 107
thiopheno! 60 6.20x 1072 2.93x 1077
(0.06mmol) 8.0 ‘ 3.40x107° L trace

cyclohcxane(6.0 mmol), FeTHMPPCI(0.0meoi)
solvent:[acetonc : buffer (pH=9) Sml, t=30C, timc: Rhours
& 6 W/ LR R BRI R
Table 6 Effcct of [sub)/ [CAT] on the catalytic activity

FeTHMPPCI {sub] cyclohexanol cyclohcxanone
(mmo?) [CAT] mmol(yicld%) mmol(yield %)
0.005 1260 micro micro
0.010 600 0.020(0.34) 0.010(0.160)
0.020 300 0,057(0.95) -0.026(0.43)
0.030 200 0,068(1.13) 0.031(0.52)
0.040 . 150 0.072(1.20) 0.040(0.67)

cyclohexane (6.0mmol), thiophenol(6.0mmol), t=30C
solvent (acctonc @ water=9 ¢ 1)5ml, time:24hours
J & RO AE Sy AR A S RER B 5 RN R, O, 1 RHEDE AT L)W
MP LT, HTERTARMERRESR SR K O,-MP, {CA] H MG IRTIRRA K
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W, WAE () f (b) AT
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(b)FcTHMPPCI(0. 02mmol)—'$§§ﬁ£3&5ﬁ$(6 Ommol)—Mc.NOH
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HYDROXYLATION OF CYCLOHEXANE CATALYZED
BY VARIOUS METALLOPORPHYRINS
. JiLiangnian  Liu Min
(Biotechnology Research Center, Department of Cher;u‘.\'lry. Zhongshan University ,Guangzhou 510275)
Hsich Ankang

(Department of Chemistry, National University of Singapore, Singapore)

The sclective oxidation of cyclohcxane to cyclohexanol and cyclohexanonce was realized in
the model system of cytochrome P-450 consisting of metalloporphyrins, molccular oxygen,
ascorbic acid and substrate. The products, cyclohexanol, and cyclohexanonc were found to be
sensitive to the peripheral substitution pattern of the metalloporphyrins. The cffects of the cen-
tral mctal jon, the axial ligand, the ratio of substratc to catalyst, and pH on the reaction were
investigated and finally the rcaction mechanism of the activation of molccular oxygen by the

mctalloporphyrins was proposcd.

Keywords:  metalloporphyrin  cytochrome P-450 cyclohexane



