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&tract; Thioanisole derivatives (J&-) were found to be oxygenated by a reconstituted system 

of purified Wtochrome P-450 to give sulfoxides (2a-e), -__ Logarithms of ViMx were found to be 

correlated linearly with one electron oxidation potentials of the sulfides (Ep) suggesting the 

oxygenation to proceed via Me electron transfer frc%n sulfides to the active species of the 

enzyme* 

Enzjmuitfc actlvfties of cytachrowe P-450 have drawn considerable attenttons fn recent pars 

because of its important roles in living bodfes. 1) Earlier Hamflton and others postulated as a 

key species of oxidasa2) an iron bould "oxenoid" which is analogous to Canpound I of peroxidase, 391 

Since peroxidase function of eytochrome P-450 was found, 5) a fen more observations have appeared 

to suport this "oxenoid" fntermediate by extensive investigations with enzyme-model system, 6.7) 

In the enzymatic oxidation of hydrocarbons large primary kinetic isotope effects were observed 

recently in the hepatic cytochrom P-450 dependent hydruxylations of benzylic position of 1,3- 

diphenylpropane (Ri,/kD q 11)') and norbomane (kH/kD = ll.!i),') which suggest that the rate- 

determining step of the ctxygenatfon is the hydrogen abstraction from the hydrocarbons uith the 

%xenoid" intermediate. 

Recently we revealed one clear-cut example of one siq enzymatic oxygenation of dfvalent 

sulfur canpounds to the corresponding monooxides by a reconstituted system with purified cytochromc 

P45O.‘O) He also reported that sulfides are good substrates for the oxygenation wlth cytochrome 

P-450 enzyme'system and oxidized to the corresponding sulfoxides. 11) The same enzymatic system 

was also found to oxidfze acyclic sulfides to opt?calfy active sulfoxides by asyarnetric oxidation.' 

Since the "oxenoid" intermediate is conbidercd to be hfghly electron deficient, the S-oxygenation 



would be initiated by an electron transfer from a divalent sulfide to the "oxenoid", generating 

the corresponding sulfide cation radical, as in the oxidative demethylatlon of aminopyrine with 

horseradish peroxidase. 13) This paper deals with kinetic evidence to support this electran 

transfer mechanism for the S-oxygenation of thiaanisole derivatives (la-e) by Purified rabbit -- 

liver microsanal cytachrume p-450. 

cytochrane P-450 
l 

NADPH / OG 

X = a, CH30; b. CH3; c, H; d, Cl; es ND2 

(11 

HRTERIALS: Cytochrcxna P-450 was obtained in purified form frcm hepatic microsomes of phenobar- 

bital treated rabbit by Imai's method.14) NASH-cytochrome P-450 reductase was purified by the 

nrethod of Iyanagl with sane modifications. 15) 

KINEDC CONDITIONS: The reconstituted system (1.1 nnmle of cytochrume P-450, 1.7 nmole of 

reductase) was allowed to stand at room temperature for 10 minutes in UV micro-cell, and then was 

diluted by 0.1 M phosphates buffer (pii 7.7) containing 1 mole of NADPH and 6.6 x 10W3% of 
detergent (Emalgen 913; KAD-ATRAS Chemicals) to 1 ml. After measuring the natural consumption 

of N4DPH by following absorbance at 340 nm due to NADPH, a methanolic solution of substrate ( 

2 - 30 pl, 20 mM) was intrPduced into the UV micro-cell to initiate the reaction. The oxidation 

of sulfide was monikred at several time intervals by following the consumption of NADPH. 

OTHER MEASUREUENT: Cyclic voltamnograms of substrates were obtained as 0.1 rnM solution of 

acetonitrile containing 0,il H of nBu4NC104 (scane rate; 300, 150 and 50 m volt/set). 

Maesument of the differqnce spectra caused by the ;$i;$~n of sulfides to the purified cytochrane 

P-450 was taken place as described in recent papers. ' 

When 40 - 600 fl of sulfides (la-e) were incubated in the reconstituted system with -_ 

cytochrome P-450, characteristic NADPH consunption was observed. In the oxidation of sulfides 

by liver microsomal cytocllrome P-450 containing NADPH generating system, 10) corresponding 

sulfoxides were found to be produced as the sole products (analyzed by GLC and TLC), and the 

co-production of hydroxylatad derivatives of aromatic ring was not observed. And this result is 

In agreement with the recent work. 16) Since a small amount of NADPH was found to be devoured by 

substrates even with a complete system minus cytochroam P-450, rates of oxygenation wre 

calculated by subtracting the rate of this undesired side reaction from the overall rate of the 

HADPH consunW.ion. Vmax:and Km were calculated from the Lineweaver-5urk plots of the rate 
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constants of the S-oxygenation, obtained in a linear line, and are listed In the Table. All the 

sulfides were found to be compounds of typical type I. 17a.b) 

Table Comparison of kinetics of oxidation of WADPH in the reconstituted system of purified 

cytochrome P-450 with one electron oxidation potential (Ep) 

substrate lull vmax Ep") t binding 

[ LIB! ) ( Wmfn ) ( nmole/min/nmle P-450 ) ( volt vs SCE 1 type 

la 63 20 18 1.26 - -0.78 I 

b 77 19 17 1.41 -0.31 I 

c 110 15 14 1.53 0 I 

d 135 23 25 1.55 0.11 I 

e 31 12 11 1.85 0.79 _b) 

a) Oxidation potentials were measured in 0.1 M of nBu4ClO4 / CH$N. 

b) It ts not measurable, see ref. 17b. 

Inspection of the data in Table reveals obviously that Vmax of the oxygenation increases 

with the increase of electron donating ability of the substituent In accordance with the expected 

electrophilic nature of the "axenoid" intermediate. 181 While the rates of the oxidations of 

these sulfides (la-e) with hydrogen peroxIde are already kncun to be correlated nicely wlth -- 

Harnnett u-values ( p= -1.17), "I Vmax in Table were found to be correlated better with cr+- 

values rather than u-values ( P’ = -0.16). These results cannot be explained by simple 

nucleophilic attack of divalent sulfur atMn on the elec&ophilic centra of the active oxygen 

species. In order to shed light on the electron transfer machanism, one electron oxidation 

potentials of the sulfides were measured by cyclic voltanmetry and found to be correlated with 

a+-values. Thus log(vmax]'s of enzymatic oxidations of the sulfides are correlated linearly 

with one electron oxidation potentials as shown in Fig. except ltJ. These results suggested 

clearly that the S-oxygenation is initiated by one electron transfer from the divalent sulfide to 

the "oxenoid" as illustrated below (eq. 2). The rather small substituent effect on the Vmax can 

be rationalized in term of the extremely facile nature of the one electron transfer process 

cyt. P-460 (Fe0)3+ 

Ard-CH, L Arz-CH, + (Fe0)2+ ___+ A+!-CH, + FeIII 
rate detennfnfng 

step 



because of the highly elactrcwdemandlng character of the “oxmid”. 

An alternative mechanism involving a sulfide dfcatfon is unlikely since lBD-labeled own 

is scare&y incorporated in sulfoxide &uhen &was oxygenated by lfver mlcrosws Sn a 

phosphate buffer solution using H2'80.2G) 

Figure Relationship betwen Ep and log Ymex of p-substituted phenyl met@1 sulfides 

Ep (volt vs SCE) 
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