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Summary: N-alkylthiazolium halides are transformed by KO, into the corre-

2
sponding thiazolin-2-ones and thiazolin-2-thiones; the same reactions occur

with thiamine, whose thiazolin-2-one pyrophosphate has been reported to be

a strong inhibitor of pyruvic dehydrogenase.

The importance of the chemistry of superoxide ion 0.° and its use in

2

. . . . 1 . .
organic synthesis are widely recognized , whereas the role of this ion in

. . . . 2 . .
biological systems is still a matter of controversy '3. Firmly established
properties of 02T are its relatively low basicity (pK = 4.8)4 and its high
nucleophilicity as shown in the reactions with alkyl halidess and

carboxylic estersé. Therefore, a reactivity of 02T can be forecast toward
thiazolium salts for which reactions at C2 with nucleophiles have been
reported by others7 and recently by us . Here we describe the reaction of
some N-alkylthiazolium halides (1) with potassium superoxide KO2 and the
biological implications thereby derived when a natural thiazolium salt,
namely thiamine is considered.

Treatment of compounds (la-c) with an excess of finely crushed KO2 in
benzene or DMSO gave after the appropriate work—upg, two products in va-

. . . 1
riable yields depending on the solvent 0, namely the N-alkylthiazolin-2-one

(2) and the corresponding thio—analogue (3). Compounds (2) and (3) were

a;R'=H, R"=Me, X=1
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characterized by their spectroscopic datalo and the X-ray analysis11 of one

of them, viz. (3b).

Two pathways can be envisaged for the formation of the thiazolinone (2),
2 2
of (1) to give the thiazolinehydroperoxy radical (4) (path a), the other

one involving as an initial step the attack of 0 as a nucleophile at C

where 02T acts as a base to give the N-thiazolium ylide (5) (path b)(Scheme

1). The former reaction is in line with the aforementioned pr‘oper‘tiesS'6 of

027 and thiazolium salts7'8; the latter is consistent with the high kinetic

acidity of the proton at C, in thiazolium salts 12 and the thermodynamic

2
stability of the resulting y|ide.13

The evolution of intermediates (4) or
(5) into the product (2) may involve a further amount of 02T and/or
molecular oxygen.A distinction between route a and b appears at present
very difficult. For instance, although route a is supported by conversion

of (la) into the product (2a) and (3a) in the same ratio under
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argon atmosphere as on exposure to air, route b cannot be ruled out because
the molecular oxygen required in this sequence may be provided by one of
the steps of route a. Compound (3) does not appear to derive from (2) since
the ratio between these products (n.m.r.) was proved to be constant
throughtout the entire reaction. On the other hand compound (3) can be
rationalized to arise from the hydroxide ion induced7 opening of the
thiazole ring by C-S bond cleavage to give the a-formylaminothiocenolate
system (6) (path c). This is transformed by reaction with (1) into the
adduct (7) which| then fragments by S-C(vinyl) bond cleavage into the
thiazoline thione (3) and the enamide (8). This Scheme is supported by some
observations from the reaction of the thiazolium iodide (1d) with KOZ' In
addition to thiazolines (2d) and (3d), a species was also detected by
GLC-MS whose molecular peak (237 m/g) corresponds to (8d); the hydrolysis
of this reaction mixture gave 4-phenylacetophenone (9d).

The conversion of thiazolium salts into thiazolin-2-ones is a potential
obnoxious reaction in biological systems if one considers that thiamine
thiazolone pyrophosphate has been shown to be a very strong inhibitor of
pyruvic dehydrogenase, the enzyme utilizing thiamine pyrophosphate as a

14

cofactor We have therefore turned our attention to thiamine and observed
that in the form of its chloride hydrochloride (le) it reacts readily (lg,
DMSO, 0.5 h, r.t.) with KO2 (0.5g) to give among several other unidentified
products, the thiamine thiazo’in-Z—onelS (2e) (TLC, HPLC, MS) and its
thio-analogue16 (3e) (MS). Unfortunately, potassium superoxide in DMSO
appeared unsuitable as a mode! with thiamine pyrophosphate because of the
dephosphorylation of the latter under these conditions. However thiazolines
(2e) and (3e) were identified also in this case. Therefore, the actual
conversion of thiamine pyrophosphate into its thiazolinone by superoxide

ion and the eventual effects in vivo should be studied by rather a

biochemical methodology then a refinement of the chemical model.
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