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summary: The oxidation of androst-4-en-3,17-dione with cumene hydroper- 
oxide, catalyzed bychloroiron(III)-5,10,15,20-tetraarylporphinate/N-methyl- 
imidazole systems, was studied under different reaction conditions. The 
chloroiron(III)-5,10,15,2O-tetra(2,6-dichlorophenyl)porphinate/N-methylimi- 
dazole system in dichloromethane was found to be the most effective system 
for the aromatization of the A ring of androst-4-en-3,17-dione. 

Cytochrome P-450 aromatase is a member of the monoxygenase family of heme 
1 

enzymes . The biotransformation of androgens to estrogens is catalyzed in - 
vivo by microsomal cytochrome P-450 aromatase, utilizing three moles each 

2 of NADPH and oxygen . The high-valent iron(oxo intermediate, formed 

by the reductive activation of molecular oxygen by cytochrome P-4503, is 

responsible for the in vivo oxidation of androst-4-en-3,17-dione(l) to -- 
19-hydroxyandrost-4-en-3,17-dione(2), androst-4-en-3,17,19-trionet:) and 

estronetf?). These high-valent iron(oxo intermediates4 are also formed 

by the reaction of iron(II1) porphyrins with different ynooxygen donors 

and are responsible for the hydroxylation of hydrocarbons , epoxidation of 
6 olefins , oxidation of heteroatoms 7 and the cleavage of C-C bonds 8 in 

organic substrates. We report here the oxidation of 1 and other related 

androgens by cumene hydroperoxide(CumOOH)', catalyzed by different chloro- 

iron(III)-5,10,15,20-tetraarylporphinates [TAPFe(III)Cl]/N-methylimidazole- 

(N-MeIm) systems under different reaction conditions. 

In a typical case, the oxidation of 1. by CumOOH catalyzed by C18TPPFe- 

(III)Cl in dichloromethane gave 2 and 3 in 2.7 andl.S%yields respectively. 

Further, the same oxidation when carried out in the presence of N-MeIm gave 

2, 2, and 4 in 31.3, 15.7 and 32.1% yields respectively. The results of 

the oxidation of 1. with CumOOH catalyzed by different TAPFe(III)Cl/N-MeIm 

systems are given in the Table. 

The different products were identified by comparing the Rf valuesl' 

and h.p.1.c. retention times with those of authentic samples (Table). In a 
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typical example, 1 (200 mg, 0.7 mm011 was oxidized using the 

Cl(7.0 mol)/N-MeIm(70.0 mol)/CumOOH(O.2 mm011 system and, 

estrone was isolated by preparative t.1.c. 10 in 5.8% yield 

identity of the isolated estrone was confirmed by 
11 comparison . 

Cl8TPPFe(III)- 

after work-up, 

(10 mg). The 

spectroscopic 

H,C o 

L3P HO 
c 

I 

TABLE: OXIDATION PRODIJCTS'I OF 1 WITR DIFFRRRNT IRON(III)PORPRYRINS/CumOOE 

SYSTRMSb 

S.No. Catalyst Substrate Yield 

_2 3 4 

1. Cl8TPPFe(III)Cl 1 2.7 1.5 - 

2. Cl8TPPFe(III)Cl/N-MeIm 1 31.3 15.7 32.1 

3. TPPFe(III)Cl/N-MeIm 1 37.5 - 

4. Me12TPPFe(III)C1/N-MeIm L 14.3 1.8 

5. C18TPPFe(III)Cl/N-MeIm/CH30H 1 31.3 6.5 - 

6. C18TPPFe(III)Cl/N-MeIm 2 4.3 52.5 

7. C18TPPFe(III)Cl/N-MeIm 1 12.3 

a: Relative yields estimated by h.p.1.c. H.p.1.c. conditions: Zorbax ODS 

column (reversed phase, 15 cm x 4 mm i.d.); acetonitrile solvent (0.4 ml/ 

min.); W detector (260 nm); retention times (min.): I, 7.6; 2, 6.4; 2, 4.9 

and Q, 5.7. 

b: Reaction conditions: substrate (35 mol):porphyrin:CumOOH:N-MeIm in the 

ratio 100:1:25:10 and the reactions were carried out in dry dichloro- 

methane at 25OC for 12 h. 
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The reaction of TAPFe(III)Cl with CumOOH is slow and is accelerated in the 

presence of N-methylimidazole12. Firstly, N-MeIm axially ligates to the 

iron atom by displacing the chloride. Secondly, it acts as an acid-base 

catalyst for the heterolytic cleavage of the O-O bond of the porphyrin- 

Fe-0-0-Cumyl molecule to form iron(oxointermediates [TAPFe(IV)=O]13814. 

This [TAPFe(IV)=O] converts A to 2 either by a concerted pathway or by 

hydrogen abstraction from the 19-methyl group of 1 to form a 19-radical and 

[TAPFe(IV)OH], followed by an oxygen-rebound 
15 hydroxy radical transfer 

from [TAPFe(IV)OH] to give 2. The dehydrogenation of primary alcohols to 

aldehyde is a known reaction of high-valent iron complexes 
16 . The 

iron(W)-oxo intermediates formed by the C18TPPFe(III)Cl/N-MeIm system may 

be responsible for the conversion of 1 to 1. Recently, a similar oxidation 

of 2 to 4 using the F28 TPPFe(III)C1/K02/18-crown-6 system in acetonitrile 17 

followed by acid treatment , and the aromatizationof some methyltetralones 

byu;;:g F20 TPPFe(III)C1/C6H510 in dichloromethane followed by acid treat- 

have been achieved. The aromatization of & has been observed only 

in dichloromethane. No aromatization was observed when the solvent 

contained small quantities of methanol or water. Thus, the present study 

indicates that the C18TPPFe(III)C1/N-MeIm/CumOOH system is a suitable model 

for microsomal cytochrome P-450 aromatase. 
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