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ELECTROOXIDATIVE SIMULATION OF STEREOSELECTIVITY
IN MICROSOMAL ALLYLIC HYDROXYLATION1
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A comparison of the stereochemistry of liver microsomal y-hydroxylation of some eyclic
o, B-unsaturated ketones with that of electrochemical y-acetoxylation of the corresponding dienol
esters and with that of peracid oxidation of the dienol esters has been carried out.

One of the important processes in metabolism is oxidation catalyzed by the cytochrome P-450
monooxygenase system. Secondary and tertiary amines and amides are oxidized to give N-dealkyl-
ated amines and amides,2 while the oxidation at saturated aliphatic carbon atoms leads to
the formation of hydroxylated me‘cabolites.3

We have suggested previously that an electron transfer process is involved in the liver
microsomal N-dealkylation of amines and a\mi<:1<3,s4’5 and electrooxidative method is one of the best
tools to simulate the microsomal N—dealkylation.‘l’6

On the other hand, microsomal hydroxylation at aliphatic carbons has been suggested to
proceed with homolytic hydrogen abstraction by an iron-oxygen species.7 In a number of studies
on the stereochemistry of enzymatic hydroxylation at primar‘y,8 secondary,9 and tertiary carbon
atoms,10 the configuration of hydroxylated products has been discussed, whereas the mechanism
controlling stereoselectivity of hydroxylation still remains obscure. 1

Previously, we have shown that anodic allylic acetoxylation proceeds with a remarkable stereo-
selectivity. 12 Since both the electrode reactions and the enzymatic reactions have similar hetero-
geneous characters, we compared in the present study the stereoselectivity of liver microsomal
yv-hydroxylation of cyclic o, 83-unsaturated ketones (eq.1) with that of electrochemical y-acetoxyla-
tion of the corresponding dienol esters (eq.2) and with that of peracid oxidation (v-hydroxylation)
of the dienol esters (eq.3) to find an efficient method to simulate the metabolism of steroidal
0, B-unsaturated ketones catalyzed by the cytochrome P-450 monooxygenase system, and also to

get a stereochemical insight into the cytochrome P-450 catalyzed hydroxylation.
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The substrates used in the present study R \ R \

. . Sem—————
(1-3)14 shown in Table 1. The microsomal C H_COOOH
CH,C 65 Y

were A4-3-ketosteroids (‘l—'l)13 and their analogs
(3)

hydroxylation of the cyclic o, B-unsaturated o
ketones (1-7) was carried out with incubation

of the substrates with rat liver microsomes15

prepared under conventional centrifugal conditions. 16 The incubation mixture contained 4 mM
glucose 6-phosphate, 0.5mM NADPH, 5mM MgClz, 0.5unit/ml of glucose 6-phosphate dehydrogen-
ase, 0.1M Tris hydrochloride buffer (pH 7.4), microsomal suspension containing 3.0mg of
protein/ml, and substrate in the concentration of 50 uM (1, 2, and 3) or 1 uM (3H-labe1ed 4,5, 6,
and 14C—labeled 7). After the mixtures were incubated for 10min at 37°C, the reaction was termi-
nated by the addition of methanol. The anodic oxidation of dienol acetates17 was carried out at
room temperature under conditions of controlled potential at 2,0 V vs.SCE with a platinum electrode.
After 2 F/mol of electricity was passed through the solution of 0.5mM dienol acetate and 10mM
potassium acetate as a supporting electrolyte in acetic acid, the reaction mixture was poured into
sodium bicarbonate solution and the products were extracted with ether. The enol acetates were
also oxidized chemically with perbenzoic acid in refluxing ether for 16h to compare the stereochem-
istry with microsomal and anodic oxidations.18 The ethereal solution was washed with sodium bi-
carbonate, dried and evaporated. y-Hydroxylated metabolites produced by microsomal oxidation,
yv-acetoxylated products obtained by anodic oxidation and y-hydroxylated products obtained by
chemical oxidation were detected by comparative TLC19 and HPLC20 with the reference
compounds21 and the isomer ratios of y-substituted products were determined by HPLC.

The following results are shown in Table 1.

(1) With respect to all the compounds examined, microsomal y-hydroxylation and anodic

y-acetoxylation gave R-isomers almost exclusively.

(2) Good accordance of the stereoselectivity between microsomal y-hydroxylation and anodic

Y-acetoxylation was observed.

(3) Comparing with peracid oxidation, a much greater stereoselectivity was observed in

the electrochemical oxidation.

These results strongly suggest that the present electrooxidative method is the most effective
to simulate the metabolism of some steroidal «, R-unsaturated ketones catalyzed by liver cytochrome
P-450 monooxygenase system.

In a number of studies, the microsomal hydroxylation at C-6 position of steroids has been
reported to proceed with {S—orientation22 as same as the present study. The stereoselectivity of
hydroxylation may be determined either at the step of formation of cytochrome P-450-substrate
complex or at some step after the complex is formed. On the other hand, we have proposed pre-
viously that the initial active species in the anodic allylic substitution reaction is a cation radical
formed from one-electron oxidation of the substrate.12 Compared with chemical allylic benzoyloxyl-
‘ation known as the Kharasch-Sosnovsky reaction (cis/trans=0.2-0.3), a remarkable cis-selectivity
observed in the anodic allylic acetoxylation of methylcyclohexenes (cis/trans=2.8-3.4) has been

explained by a selective adsorption of methylcyclohexenes to the anode from the less sterically
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Table 1. Stereoselectivity in Microsomal Hydroxylation, Electrooxidative
Acetoxylation and Chemical Oxidation

Product Ratio (B»isomer/oc-isomer)a

Substrate

Microsomal Electrooxidative Chemical

Method Method Method

1 14.1 +1.2 13.9£0.9 3.0%1.6

2 7.3+1.6 7.2+0.4 3.2+0.8

3 13.5 £ 2.1 13.0 % 0.8 2.9+0.6

4 11.8 2.1 12.3+0.9 2.8*1.1

5 12.1+2.6 13.3 £ 1.7 3.9+0.7

6 8.4 2.7 10.3+1.1 2.9+1.0

7 10.8 £ 1.9 9.0+1.8 3.5+0.5

%A nodic oxidation, peracid oxidation and the incubation of substrates with liver microsomes
of a rat were carried out three times for each substrates.
The isomer ratios (B-isomer/o-isomer) of v-substituted products were given as means = SD.

hindered side, namely the reverse side with respect to the methyl group, followed by the introduc-
tion of an acetoxyl group to the allylic position from the side of solution, that is, the side of the
methyl group to give predominantly the cis-isomer of allylically acetoxylated methylcyclohexenes.
Since the anodic y-acetoxylation of dienol acetates has been proposed to proceed through the simi-
lar mechamism,23 the B-oriented stereoselectivity observed in the present study suggests the simi-
lar steric interaction of electrode-substrate-nucleophile. Thus, the good accordance of the stereo-

selectivity between microsomal y-hydroxylation and anodic y-acetoxylation shown in Table 1 may
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suggest that the similar stereoselective approach of the substrates to the surface of cytochrome
P-450 enzyme is involved in the stereoselectivity determining step of the microsomal y-hydroxyla-
tion of steroidal a,B-unsaturated ketones, while such a control of stereochemistry is not expected
in the chemical oxidation in a homogeneous solution using peracid.
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