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Abstract: In the presence of 1,5-diphenylimidazole, iron porphyrin modified by binaphthyl 
groups on one side exhibited increased rate in epoxidation of olefins and shape selective 
oxidation. Spectrophotometric study supports the inhibition of the formation of the six- 
coordinated bisimidazole complex. Oxidation within the modified cavity is proposed. 

Modelling reaction of cytochrome P-450 monooxygenases is one of the recent topics in 

bioorganic chemistry and many reports relating mechanistic standpoint have been published so 

far in this fie1d.l Very recently X-ray crystallographic analysis of cytochrome P-450CAM 

revealed the structural detail around the reaction center, 
2 

which possesses two different 

sites, i.e. a substrate/oxygen binding and a thiolate-ligand coordinating site. For con- 

struction of the modelling system which closely mimics the natural ones, the oxygenation 

reaction with iron porphyrin in the presence of a nitrogen (or more desirably a thiolate) 

base must be examined. As far as the use of iron porphyrins, the formation of the six-coor- 

dinated complexes is an unavoidable problem, 3,4 and the reports so far have been limited only 

to use symmetrical porphyrins excluding nitrogen bases. 

We synthesized "BINAP porphyrin" (A) which possesses rigid backbones of binaphthyl 

groups as space-limiting walls and two alkoxy side arms closely locate to the central metal.5 

These auxiliary groups can cooperatively control substrate binding at the transition state of 

oxygenation and its catalytic reaction is expected to exhibit high shape selectivity. The 

added nitrogen base can coordinate only at the unhindered side not to lead an undesirable 

six-coordinate iron complex (2) and can block oxidation reaction at this side of the 
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central metal are not effective for the inhibition of the second coordination of the 

imidazole. 

Next, we examined iron porphyrin-catalyzed epoxidation of olefins with iodosobenzene. 9 

In the presence of excess amounts both of the oxidant and of olefins, every run exhibited 

linear pseudo-first order behavior. Rate and turnovers for the epoxidation of simple ole- 

fins were shown in Table 1. As observed in the spectroscopic study the added imidazole exhi- 

bited the marked effect on the oxidation rate. The catalytic activity of FeTMPCl in the 

presence of 0.01 M 1,5-Ph2Im extremely decreased in 0.15-0.018 amplitude (compare entries 1 

and 2, 8 and 9, respectively), while the catalyst 1 showed increase in epoxidation rates. 

Turnover number and selectivity also incresed in accord with the concentration of the nitro- 

gen ligand. However, N-methylimidazole, which favors the six-coordinated complex with &, 

exhibited the inhibitory properties of the epoxidation (entry 5). FeTpivPPCl also exhibited 

marked decrease in the epoxidation rate by the addition of the diphenylimidazole (entries 6 

and 7). These kinetic results completely coincided with those obtained by the above spectro- 

photometric study. Competitive epoxidation of olefins would sensitively reflect the steric 

environment around the central metal at the oxygen transfer stage. When FeTMPCl was used as 

a catalyst, an 1:l mixture of 2,3-dimethyl-2-butene and styrene (overall 2.0 mmol olefins 

with 0.01 M 1,5-Ph2Im, under the same conditions as shown in Table 1) preferentially gave 

Table 1. Catalytic Epoxidation of Olefins with Iron Porphyrins. 
a 

Epoxide 

Run Catalyst Olefin 1,5-Ph21m rate turnovers selectivity/ %b 

/M turn0vers.s 
-1 

after 2 h 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

FeTMPCl 

k 

FeTpivPPCl 

FeTMPCl 

1 

FeTMPCl 

Cyclooctene 0 

0.01 

Styrene 

0 

0.01 

O.lC 

0 

0.01 

n 
” 

0.01 

0 

0.01 

0.1 

2,3-Dimethyl- 0 
2-butene 

0.01 

6.0 

0.91 

3.1 1.9X103 

5.6 3.3X103 

1.0 5.1X102 

Q4 4.4X102 

0.04 1.9X103 

8.6 2.9X103 

0.16 6.2X102 

3.7 1.9X103 

4.1 2.3X103 

4.5 2.0X103 

6.6 1.2X103 

4.4 

4.0x103 

1.2x103 

2.0X103 

100 

100 

96 

100 

64 

100 

93d 

9od 

77d 

95d 

94d 

68 

72 

a 
Experimental conditions: in CH2C12 (1.0 ml) with the catalyst (1.OX1O-4 mmol); olefin 

(2.0 mmol), iodosobenzene (0.5 mmol) and n-tridecane (GC standard) at 20 'C. 
b 

Selec- 

tivity is based on mm01 of epoxide/ mm01 of oxidant consumed. ' N-Methylimidazole was 

used. 
d 

5 - 6 % of phenylacetaldehyde was detected by 
1 
H-NMR. 
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