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Summary: Polypeptide-bound porphinatoiron(II1) was synthesized. This polymer 
could catalyze the hydroxylation of aniline with H202 more effectively, and 
catalyze the monooxygenase-type oxidation 

sf 
olefins more selectively in the 

porphinatoiron (III)-02-NaBH4-Me4NOH system than non-bound porphinatoiron. 

Cytochrome P-450 plays an important role in metabolizing biomolecules and 
xenobiotics. This enzyme can catalyze the oxidation of various substrates by 
the introduction of one oxygen atom into a substrate from molecular oxygen. 
Recently many attempts have been made to reproduce the reactivity in chemical 
systems with a simple metalloporphyrin. The hemin of cytochrome P-450 is, 
however, fixed in the apoprotein and the reactivity is thought to be 
influenced by the protein around hemin. In the cytochrome P-450 model 
reactions little attention has yet been paid to these environmental effects.3l 
Therefore we synthesized porphinatoiron(III) covalently bound to polypeptide 
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(1) and examined its reactivity as a 
cytochrome P-450 model. In such a model 
compound, the formation of u-0x0 dimer of 
porphinatoiron should be inhibited, and 
furthermore the polypeptide chain around 
hemin should modify the reactivity. 

Polymer 1 was synthesized as follows. 
Films of poly-Y-methyl-L-glutamate (2)4) 
were converted into acyl azide films (2) 
according to Minamoto's methods5) with 
slight modifications. These acyl azide films 
were coupled with (5-p-aminophenyl-10,15,20- 
triphenylporphinato)iron(III) chloride (i)6) 
in abs. pyridine with heating. The heating 
and the use of pyridine as a solvent caused 
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the films to pulverize to afford the powdered polymer with a large surface 
area. Under these conditions acyl azide groups are known to be partially 
converted into isocyanate groups. 5, Porphyrins were thought to be linked to 
the polymer by either amide bonds as illustrated or ureido bonds (polymer- 
NHCONH-porphyrin). The unreacted acyl azide and isocyanate groups were 
converted into amide and ureido groups by aq. NH3, then the polymer was washed 
with dil. HCl, water, and acetone until the washings were no longer colored to 
afford polymer I-A (pale brown powder, mp>300°C; insoluble in water and all 
organic solvents tested). To examine the reproducibility of the method, the 
above procedures were repeated, and polymer 1-B was obtained. In the IR 
spectrum of polymer Lthe absorption bands of methyl ester (1730cm-l), acyl 
azide (2180cm-l) and isocyanate (2290cm-') were not observed, and amide bands 
(1655,1640cm-1) were detected. The degree of incorporation of porphinatoiron 
into the polypeptide was determined by atomic absorption analysis. 
Porphinatoiron(II1) 1.0 umole was bound to 15.2 mg of polymer I-A and 16.1 mg 
of 1-B. From this result the ratio of glutamine residues/porphinatoiron was 
estimated to be about 110. Polymer I-A and 1-B contained almost the same - 
amounts of porphinatoiron and gave the same IR spectrum, showing that the 
synthetic method is reproducible. 
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a; H NNH2*H20/EtOH 7OOC.2.5 hr, b; NaN02/0.2N HCl O°C 30 min, 
c: li! Q/ pyridine 20°C 24 hr+50°C 48hr, 2) aq.NH3, 3) 2N HCl. 
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In order to investigate the cytochrome P-450-like reactivities of polymer 
1, we first examined the hydroxylation of aniline with H202 (Fig. 1).7) When 
FeC13, FeS04 or non-bound porphinatoirons such as (5-p-acetamidophenyl- 
10,15,20-triphenylporphinato)iron(III) chloride (FeMNHAcPTPPC1) and tetra- 
mesitylporphinatoiron(III) chloride (FeTMPCl) which is unable to form a )1-0x0 
dimer because of steric hindrance8) were used, the yield of p-aminophenol 
based on aniline (based on porphyrin) did not exceed 0.2% (40%). On the other 
hand, when polymer A-A or f-B was used, it reached 4.9% (980%) or 4.1% (820%), 
respectively, at 3 min. ') Polymers L-A and L-B had almost the same reactivity, 
so that the high reactivity of polymer 1 is reproducible. Under the same 
conditions, the consumption of aniline did not exceed 10% in the presence of 
non-bound porphyrin, while with polymer Lit reached 35% (Fig. 2). Thus, the 
polypeptide-bound porphinatoiron (III) (1) was found to catalyze the oxidation 
of aniline far more effectively than non-bound iron compounds. 

We have already reported the porphinatoiron(III)-02-NaBH4-Me4NOH system 
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Fig.1. The p-Hydroxylation of Aniline. 
A typical procedure is described in 
note 7). -o- ; Polymer I--A, -o- ; 
Polymer L-B, -m- i 
-cl- ; FeTMPCl, -A- i 
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Fig-Z. The Consumption of Aniline. 
A typical procedure is described 
in note 7). -*- ; Polymer l-B, 

-w- ; 
FeTMPCl. 

FeMNHAcPTPPCi, _.(7: 1 

Table I. The Oxidation of Olefins in the Porphinatoiron-02-NaBH4-Me4NOH System. 

Substrates Products 
Yields( 

Polymer 1-A FeMNHAcPTPPCl Time(hr) 

styrene 1-phenylethanol 97 
cyclohexene cyclohexanol 18 

2-phenylpropane 2-phenyl-2-propanol 71 
2d:,;;;;~;z:-;~3- 12 

l,l-diphenylethylene l,l-diphenylethanol 71 
2b&;3,2-tetraphenyl- 17 

trans-stilbenec 

cis-stilbenec 

1,2_diphenylethanol 18 

benzyl alcohol 24( 
1,2_diphenylethanol 16 
benzyl alcohol 19( 

100 

44 

5.9)b 
41 
46 

40 
4.2) 

39 

20 
0.75) 

54 
20 

0.84) 
54 

0.5 

12 

0.9) 1.0 

1.0) 14 

0.37) 1.0 

0.37) 1.0 

A typical procedure was described in note 9). a, Based on olefins. b, The 
yield ratio of the hydroxylated product/another product. c, A mixture of 
benzene (1 ml) and methanol (1 ml) was used as a solvent. 
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as a cytochrome P-450 model.2) In this system, tetraphenylporphinatoiron(III) 
activates molecular oxygen and catalyzes the hydroxylation, the coupling, and 
the cleavage of olefins. We next examined the oxidation of olefins in this 
system using polymer 1 (Table I).l') FeMNHAcPTPPCl oxidized 2-phenylpropene 
into 2-phenyl-2-propanol (the hydroxylated product; yield, 41%) and 2,3- 
dimethyl-2,3-diphenylbutane (the coupled product; 46%), while with polymer 1 
the coupling of the olefin was largely suppressed (12%) and the yield of 2- 
phenyl-2-propanol was increased (71%). Similar reactivity was seen when l,l- 
diphenylethylene was used. FeMNHAcPTPPCl oxidized trans-stilbene into 1,2- 
diphenylethanol (the hydroxylated product; 20%) and benzyl alcohol (the 
cleaved product: 54%). The yield ratio of 1,2_diphenylethanol/ benzyl alcohol 
was 0.37. On the other hand, with polymer 1 the above ratio was increased to - 
0.75. The same reactivity was seen when cis-stilbene was used. From these 
results polymer 1 was found to catalyze the hydroxylation of olefins (the 
monooxygenase-type oxidation) more selectively than non-bound porphinatoiron. 

As described above the polypeptide-bound porphinatoiron(II1) (l_) was 
found to have distinctive and interesting reactivities. Further studies on 
mechanism and various other reactivities of polymer 1, as a preferable 
cytochrome P-450 model compound are in progress. 
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