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Oxidation of thiophenol by isocalloxazines(flavin analogs) was
found to proceed readily in a cationic micelle solution. The observed
rate enhancement was related to the activation of the thiophenol anion
in the hydrophobic environment of the micelle.

The conversion of thiols to disulfides coupled with reduction of electron-
deficient organic agents has been of much concern in connection with the enzyma-
tic oxidation-reduction process}’z) Recently, it has been reported that the
nucleophilicity of thiol groups bound to cationic hydrophobic aggregates(micelles,

polysoaps, etc.) is remarkably enhanced?_e) probably due to the formation of desol-

vated "hydrophobic ion pairs?7-9) It was also noticed that such thiol groups
undergo air oxidation very readily?’e) This suggests that the efficiency of bio-

logically important oxidation-reduction reactions involving thiol groups would be
improved in the presence of cationic hydrophobic aggregates. The active site of
enzymes is situated in relatively hydrophobic regions and the micelle is said to
possess the hydrophobic environment similar to enzymes%o) Therefore, facilitation
of oxidation-reduction reactions by the micellar environment may have important
bearing with microenvironmental effects in the corresponding enzymatic reactions.
Although aliphatic thiols are slowly oxidized by flavins}l’lz) thiophenol
is not oxidized under ambient conditions unless very eigftron-deficient isoallo-

xazine, 3,10-dimethyl-8-cyanoisoalloxazine is employed.
isoalloxazines bound to a cationic micelle do oxidize thiophenol to diphenyl di-

We report, herein, that

sulfide quite readily.

3-Hexadecyl-10-butylisocalloxazine(I), mp 77-80°C, was prepared from hexa-
decyl iodide and lO-butylisoalloxazinel4)in the presence of K2C03, and identified
by NMR spectroscopy and elemental analysis. The preparation of 3-methyl-10-

ethylisoalloxazine(II) was reported previously%4)
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The reactions of isoalloxazines(ca. 4 x 10-5M) with thiophenol(lO-BM) were
performed in water at 30°C under anaer;Bic(Nz) conditions, and were monitored at
440 nm for I and at 433 nm for II. The reduction of II by thiophenol was not
detected in nonmicellar systems. In contrast, both isoalloxazines(I and II) under-
went facile reduction in the presence of a cationic micelle of hexadecyltrimethyl-
ammonium bromide (CTAB: 3 mM). When excess thiophenol was used, final spectra (>
300 nm) of the reaction mixtures were identical with those of reduced isoalloxa-
zines which had been separately prepared by photoreduction with ethylenediamine-
tetraacetic acid. 15) Introduction of oxygen into the final reaction mixtures rege-
nerated I and II quantitatively, and, in the reaction of II and thiophenol, di-
phenyl disulfide was detected by high pressure liquid chromatography in 93 %

yield based on II. These results clearly indicate that the reaction occurred
according to the above scheme in the cationic micellar system. The pseudo-first-

. -2 -1 . .
g’ was in the range of (1n5) x 10 “s . Since kobsd in

order rate constant, kobs * 10

the nonmicellar system is estimated to be less than 10 “s ~, the cationic micelle
can increase the reduction rate by more than three orders of magnitude. This rate
difference corresponds to the lowering of the activation energy by at least 4
kcal/mol.

The kinetic study in the micellar system(30°C, p = 0.02, 0.02 M phosphate
buffer) was carrled out under the pseudo- flrst-order condltlon([PhSH] (total thio-
phenol) & 10~ M). Plots of k obsd YS* [PhSH] give straight llnes(Flg. 1). There-
fore, the reaction is second-order in thlophenol(Eq. 1). At given thiophenol
concentrations, plots of log ké(apparent third-order rate constant; the slope of

Fig. 1) vs. pH produced bell-shaped curves(Fig. 2). Thus, Eq. 2 is derived,

Vobsd k3'[PhSH].§ [isocalloxazine] (1)
kK __a
' 2 _ - 3
k3'[PhSH] 5 = k,[PhSH] [Phs™] = = app H [Phsnlg 2
app H)

where K, app is the apparent dissociation constant of thiophenol. Curve-fitting of

Eg. 2 for the data of Flg. 2 provides the following values: for I + PhSH, pKi =
6.6, k3 = 5,78 x 10 M s_l; for II + PhSH, pKapp = 6.6, k3 = 3.20 x 10 M 2s-.
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Fig. 1. kobsd vs. [PhSH]% Fig. 2. 1log k3' gg. PH

pH 7.0, [CTAB] = 3.0 x 107 M, [CTAB] = 3.0 x 10 "M, [PhSH],=

3 vol$ ethanol, [I] = 4.02 x 1.06 x 10 M, 3_:01% ethanol,

10-5M, [II] = 4.28 x 10-5M. [1] f54.02 x 10 "M, [II] = 4.28
x 10 "M.

The reaction rates for both isoalloxazines were suppressed with increasing
KCl and phosphate buffer concentratlons(for the reaction of thiophenol and II,
k3 at 0.2 M phosphate/ k at 0.02 M phosphate = 0.12). Probably, thiophenol
oxidation by 1soalloxa21nes would not be subject to general catalysis.

This kinetic situation is in complete accord with that reported by Yokoe
and Bruicel3) for the reaction of 3,10-dimethyl-8-cyanoisoalloxazine and thio-
phenol in a nonmicellar system. The reaction mechanisms proposed by these
authors involve the rate-limiting nucleophilic attack of the thiophenoxide anion.
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Since the nucleophilicity of the thiolate anion is known to be enhanced in cationic

micellar systemle)

the large enhancement of the reduction rate observed in the
present study may also be explained by the enhanced nﬁcleophilicity of the thio-
phenoxide anion. The kinetically determined pKapp value(= 6.6) is very close to
pKa of thiophenol (= 6.5) obtained by spectrophotometric titration in the presence
of 3 mM CTAB. These values are 0.7 pK unit lower than that estimated kinetically
in a nonmicellar systeml3)

We recently found that oxidation of the nitroethane anion by flavins, which
is usually not possible in the nonenzymatic system, does take place with I in

the CTAB m1ce11e.7) However, the reaction did not proceed with II(less hydro-
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phobic isoalloxazine) under comparable conditions. We concluded from the spectro-
scopic evidence that binding of the isoalloxazine ring at the micelle interior
promoted the oxidation reaction. The nitroethane anion may be loosely associated
with the micelle by electrostatic interaction. On the other hand, the rate-CTAB
concentration profile for the reaction of II and thiophenol shows the association
constant between the CTAB micelle and the thiophenoxide ion to be considerably
large(ca. 3 x 103 M-l). This is consistent with the lowering of pKa (0.7 pK
unit) in the micellar system relative to the nonmicellar system. PP

In conclusion, the present study established that the micellar environment
is crucial for the oxidation of thiophenol by conventional flavins. Preliminary
experiments similarly indicate that the reactions of 2-mercaptoethanol and 1,4-
butanedithiol with flavins are remarkably accelerated by cationic micelles.

The authors wish to express their thanks to Professor Toyoki Kunitake for

guidance throughout the study.
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