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CHEMICAL BEHAVIOR OF ISOLATED THIAMIN YLIDE IN NEUTRAL
AQUEOQUS SOLUTION — A NEW MECHANISM OF INTERCONVERSION
OF THIAMIN AND THIAMIN THIOLATE
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Abstract — The isolated thiamin ylide (TY) was found to be converted into
thiamin thiolate (TH*TS-, 3) in neutral aqueous solution. The formation of the
ion-pair can best be explained by the disproportionation of the ylide into the
yellow form (TH*YF-, 4) followed by ring-opening by the attack of water to
pyrimido[4,5-djpyrimidine ring of the yellow form. These results suggested a new
mechanism for the interconversion between thiamin (TH*CI) and thiamin

thiolate (Na*tTS).

In order to account for the enzymatic and non-enzymatic reactivity of thiamin 2a, a number of hypothetical
intermediates have been assumed to exist but none had been definitely isolated. We offered the first proof
of their existence with the isolation and characterization of thiamin ylide 1 which was easily isclated as a
mixture with NaCl by neutralization of 2a with an equivalent molar amount of NaOEt in EtOH and

remained stable under nitrogen storage.l

In this study, we examined the chemical properties of the isolated 1 under neutral condition to try to
understand more about the pature of thiamin itself. Formal protonation of 1 was demonstrated by the
reaction with weak acids, that is, when 1 was treated with p-nitrobenzoic acid or p-nitrothiophenocl in
DMSO under neutral condition, it reverted to thiamin p-nitrobenzoate 2b or p-nitrothiophenolate 2¢,
respectively, Here, we report the chemical behavior of the isolated thiamin ylide in HoO under neutral

condition, which is closely related to the alkaline-induced transformation of 2a.

The generally accepted mechanismi starts from the nucleophilic attack of hydroxide anion toward
thiazolium C2 carbon of 2a to form pseudo By. We thought that studying the behavior of the isolated 1 in

neutral water would provide us with some hint as to how protonation of 1 by H20O and subsequent
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Fig 1. NMR spectra of TY in H;O or D0
intramolecular nucleophilic attack of hydroxide anion can generate pseude Bj or its ring-opened free form
of thiamin thiolate (H*TS"), however, this was not the case, When 1 was dissolved in neutral water, the
transient yellow solution that formed turned into a colorless solution in a few minutes. The nmr spectrum
of the colorless solution in HaO or D20 clearly showed the formation of the ion-pair 3 (TH*TS, (1) and Fig.
1). No farther chemical changes occurred when the mixture was left standing overnight. Thus, 1 was
converted into thiamin thiolate 3 in water even under neutral condition. Product isolation was not
attempted. The yellow coloring, whose Apax was identical with that of yellow form of By, indicates that

thiamin thiolate 3 was formed via the yellow form 4 with the gegen cation being thiamin (TH*).

Discussion: Thiamin ylide was found to change into thiazolium thiolate 3 via the yellow form 4 in neutral
water. Water first provides a solvent effect in which ylide 1 disproportionates into 4 and then causes ring-
opening of pyrimido[4,5-d]pyrimidine moiety of 4 to give the stable ion-pair 3. Disproporticnation of 1 into
4 can be explained by assuming an equilibrium or acid or base independent isomerization between ylide 1

and neothiamin (NT) 5 (2).
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Neothiamin 5 itself has not been proved to occur during the transformation of 2, although, some
derivatives have been synthesized.2 Based upon our finding on the chemical nature of 1 in neutral aquecus
solution and the assumption of interconversion between 1 and 5, we propose a new mechanism of

transformation between thiamin 2 and thiamin thiclate (Scheme 1)
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Scheme 1. Asimplified mechanism for base- or acid-induced transformation of TH* Cl-or Na* YF-.

Hopmann et al.3 characterized the alkali-induced transformation of TH*Cl" based on kinetic studies and
reached the following conclusions. {1) Two moles of OH- (NaOH) are needed to generate Na*YF-, with T'Y

as an intermediate. (2) The decay of YF- (the gegen cation is not specified) is not mechanistically clear. (3)



Z*YF- (Z = gegen cation) can change directly into Z*TS-, Horman4 recently confirmed this reaction by
nmr spectroscopy which gave the same results. {(4) No mechanism was found for the regeneration of
TH*CI- from Na*TS under acidic condition. (5) Two moles of H* (HCI) are needed for transformation
from Na*TS- to TH*Cl. (6} Positively charged and negatively charged species are included in the
transformation of TH*Cl" = Na*TS". Hopmann et al. assumed that, in addition to TY, dihydrothiochrome
(TC) would act as an intermediate in the process from TH*Cl to Na+*TS and pseudo B; for the reverse
reaction. However, they emphasized the need for the more experimental facts to understand the total
aspects of thiamin kinetics. Dubois et al.5 also studied thiamin kinetics and reported that an intermediate,
which was generated by the reaction of TH*Cl- with one mole of NaOH, existed in aqueous solution and
assigned it as being pseudo By based on its UV spectrum. However, its reported UV spectrum closely

resembles that of our isolated TY.

The characteristic features of our proposed mechanism are: (1} OH  acts as a base at any pH region to yield
TY from TH*Cl ;6 (2} Z*TS is generated by attack of HoO to Z+YF- and thus mechanistic discussion can
be simplified by considering only interconversion between TH*Cl and Na*YF-; (3) Neutralization of
TH*Cl" or Na*YF-first with a mole of OH (NaOH) or H* (HCl), respectively, gives a neutral intermediate
TY or NT, respectively. They disproportionate into an ion-pair, TH*YF", provided that a fast and acid- or
alkali-independent interconversion takes place between TY and NT.7 This ion-pair intermediate reacts
with a second mole of OH for reaction of TH*Cl- to Na*YF-or H* for the reverse reaction, respectively, to
regenerate TY and afford Na*YF for the forward reaction or NT and TH*Cl for the reverse reaction,
respectively. Thus, we conclude that there are two distinet intermediates, a neutral species (T'Y, which
might be chemically equivalent with NT) and an ionic one (TH*YF") between thiamin (TH*CI') and the

yellow form (Na* YF), These mechanistic features completely satisfy Hopmann’s kinetic demands.

With regard to the fast interconversion between TY and NT, there has been no report on the isolation of
neothiamin, although, the isclation of Na*YF- as a trihydrate has been reported,8 neutralization with an
equimolar guantity of acid has not yet been carried out. If the neutralization product of Na*YF" is
chemically and spectroscopically equivalent to TY,? then it might be possible to unify TY and NT into a
single neutral intermediate of mp 127-129°C.10 To understand more about TY or NT, the electronic states

of both compounds need to be studied from the theoretical standpeint.13
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