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OXIDATION OF ALDEHYDES BY THIAZOLIUM IONS AND
FLAVIN IN A CATIONIC MICELLE
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The reactions of aldehydes with thiazolium ions and flavin were
investigated in the presence of CTABr micelle. The reactions were

found to be facilitated by a cationic micelle.

Very recently, we have shown that 2-(X-hydroxybenzyl)thiazolium ion (active

1)

aldehyde) is readily oxidized by 3-methyllumiflavin(Egs. 2 and 3). We also

reported that a micelle forming thiazolium ion was an efficient catalyst for acyloin

2)

condensation in aqueous solution,

3)

in which the above active aldehyde is involved
as a key intermediate. As a rational extension, it is of interest to examine the
reaction of aldehydes with thiazolium ions and flavin. This may be a good model of
flavin pyruvate oxidase, which catalyzes the oxidative decarboxylation of pyruvate

4)

to give acetate and COZ‘ Meanwhile, Shinkai et al. have reported a detailed study
of the oxidation of aldehydes with cyanide ion and flavin in a cationic micelle.s)
In this paper, we describe the kinetics of oxidation of aldehydes with 3-methyl-

lumiflavin under micellar conditions, employing the following thiazolium salts as

the catalysts.
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As reported previously,l) the reactions were followed by monitoring the decrease
of absorption of flavin (6.9 x 10—5M) at 443 nm under anaerobic conditions at pH
8.76 (0.1 M carbonate, d= 0.11l, 25°C). The effect of surfactant CTABr was examined
by employing benzaldehyde as a substrate. 1In the absence of CTABr, flavin was not

reduced under the conditions of [PhCHO] = 2 x 10 >

6)

M and the catalysts (i, 2 or g) =
1 x 10—3M. However, in the presence of CTABr (8 x 10_3M, a micellar condition),

flavin reduction occurred and the observed zero-order rate constants (v
8

obsd) were

, 6.6 x 1072, and 8.0 x 10 % min! for 1, 2, and 3, respectively. The

3.3 x 107 3
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relative rates are 1 : 2 : 250. A large rate enhancement for 3 may be accounted
for by high local concentration of hydroxide ion and PhCHO on cationic 3 - CTABr
co-micellar surface. 1In fact, the hydrogen at 2-carbon of a micelle forming

thiazolium ion (3) is shown to exchange with the hydrogen of solvent water 16 times

faster than that of a non-micelle forming thiazolium ion Ql).7) Meanwhile, flavin

exists in a bulk water, not in micellar phase, since the absorption spectra of

1 1 1

flavin [443 nm(&= 12,000 M ~cm cm-l)] in water were exactly

, 368 nm(& = 10,000M
the same as those in the presence of CTABr (8 x 10_3M). In organic solvents such as

EtOH and CHCl3, the absorption at 368 nm was found to shift to shorter wave length

[345 nm(€ = 9,000 M—lcm—l)]. Thus the oxidation seems to occur at the micelle-
water. interface.

The values of Vobsd Were found to be first order with respect to each of PhCHO

and thiazolium ion (3) concentration in the presence of CTABr (Figs. 1 and 2).
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Fig. 1. Vobsd vs. [PhCHO]. [CTABr]= Fig. 2. Vobsd vs. [3]. [CTABr]=
-3 -3 .
4 x 107°M, [3] = 1 x 10 2m. 8 x 107°M, [PhCHO] = 2 x 10 M.

These results together with zero-order dependency on flavin are in accord with

the following reaction scheme (Egs. 1 - 3) and kinetic equations (Egs. 4 - 6).

Ka k1, R2CHO
Y k Py (1)
H S S -1 < S
2 C\
OH

c
7
r%" Mo

k
. %2
rl— iii—/lrc% — r— ﬁ—:U«CH3 +u" 2)
H /U\s k_, _C/l\s
H r¥ “oH



Chemistry Letters, 1980 751

ge o k3 Me H 0
gl CH,4 N MéE::H: ;JgN\?? rRI— & CH, . MéEi:H:N N\f7 (3)
- ;I Mée N \“/N\Me /l\;l Mé N N-yMe
C C )
: [Flox] H,0

1+

. CH
R ﬂ\ I 3 4 R%co.m
-Cs 2

k. k k3Ka[T][R2CHO][Flox]

d (Flox) 12 ) ®)
at k_y (Ro/IH'] + 1) (k_, [H'] + k,[Flox])
k_, (5] K ky[Flox], K /1«41 (5)°)
k. k.K
_ 12 a 2
Vobsd = k—- [T] [R CHO] (6)
-1

Namely, Eq. 6 indicates that the rate is first order with respect to thiazolium
ion and aldehyde. 1In Egs. 4 and 6, [T] and [RZCHO] represent total concentrations
of thiazolium ion and aldehyde, respectively.

Oxidation of other aldehydes were also examined under micellar conditions.

The results are shown in the Table. Aromatic and hydrophobic aliphatic aldehydes

Table. The second-order rate constantsa)
kK.kK.K_/K
r%cHO _l2za -1 k
-1 -1 rel
M "min
2_ _ b)
R —CH3CH2 0.009 1
CH3(CH2)5— 1.08 120
Ph- 3.18 350
) _ -3 -3
a) [CTABr] = [R"CHO] = 4 x 10 "M, L@] =1 x 10 "M
b) v was calculated from the initial slope.
obsd

are very reactive as observed in acyloin condensation of aldehydes catalyzed by 3

in aqueous solution.z)

Meanwhile, 2-acylthiazolium ions are known to undergo a rapid hydrolysis in

10)

aqueous alkaline solution, and the reduced 1,4-dihydroflavins are also known

11)

to be easily oxidized by O, to starting flavins. Thus, one may expect that

2

thiazolium ion and flavin can act as catalysts for oxidation of aldehydes under

aerobic conditions. This possibility was examined as follows. A mixture of
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PhCHO (0.1 g, 0.94 mmol), 2/(0.02 g, 0.094 mmol), flavin (0.02 g, 0.083 mmol), and
Et3N (0.05 g, 0.5 mmol) in EtOH (20 ml) was stirred for 24 h at room temperature
under aerobic conditions. After work up, PhCOzEt (0.1 g) was obtained by distilla-

tion (71 %).12)
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