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ALKYLATION OF ISOLATED THIAMIN YLIDE
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Abstract — Alkylation of isclated thiamin ylide (TY, ) in EtOH under the
neutral conditions afforded thiamin (TH*Cl-, 1) and the alkylated yellow form 4,
which provides direct chemical evidence for the disproportionation of thiamin

ylide into the ion pair of the yellow form (TH*YF-, ) in a protic sclvent.

Thiamin (1) shows markedly different behaviors toward bases depending on the nature and mole ratio of
the base as well as the solvent. Under the aqueous alkaline conditions, treatment of 1 with two moles of
NaOH (with respect to thiamin monochloride, TH*Cl-) gives thiamin thiclate (Na salt of anionic moiety of
7, TS-Na*), while in the presence of two moles of NaOEt in EtOH, 1 yields the yellow form of thiamin (Na
salt of anionic moiety of 6, YF-Na*), On the other hand, neutralization of 1 with an equimolar amount of
NaOEt takes a different course. Maier and Metzler! reported isolation of the tricyelic form 2 (dihydrothio-

chrome), whose chemical properties remain unexplored.
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We assigned the equimolar NaOEt neutraiized product to be thiamin ylide 3, instead of 2. The compound
was isolated in high yield as a mixture with NaCl and remained stable under N3 atmosphere.2 It exhibited
a carbanion character toward a number of electrophiles, such as proton, aldehydes and disulfide, under
neutral condition indicating that its reactivity is the same as those of the in-situ generated thiamin ylide.3

We report here a novel reactivity of the isolated thiamin ylide 3 toward alkylating reagent. Reaction of 3
with RX in EtOH gave thiamin 1 and 2-methyl-6-(1-methyl-2-substituted thio-4-hydroxy-1-butenyl)-5,6-
dihydropyrimido[4,5-d]pyrimidine (S-substituted yellow form, 4) in almost quantitative yields. When the
same reaction was carried out in the presence of equimolar amount of NaOEt, only 4 was obtained in high

yield as shown in Scheme 1 and Table 1.
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Table 1. Reaction of 3 with RX 5
4 RX Yield (%) Scheme 1
4a Mel 91
4b Etl 83

ac 'Kj\ 80
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The structural proofs were based on their spectroscopic data® and chemical behavior of these compounds 4,

Treatment of 4 with HoO or 8iOg treatment resulted in the formation of known ring-opened compounds 5.
No C2-substituted thiamin was obtained. No general synthetic route has yet been found to prepare the

derivative of the yellow form, thus, alkylation reaction is highly versatile synthetic method for com-

pound 4.8

Discussion: The reaction route is shown in Scheme 2.
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Isolation of 4 indicates that 3 reacted with RX as the thiolate anion. We have reported® that the most
characteristic feature of 3 is its disproportionation properties, that is, 3 changes into ion pair 6 in a protic
solvent even under neutral condition.!1 In neutral water, ion pair 6 is converted further into ion pair 7
(thiamin thiolate, TH*TS") via ring-opening of the pyrimidopyrimidine ring by Hz0.3 The results of
alkylation of 3 indicate that this ion pair 6 is directly trapped by RX to afford 1 and 4, the former being
reverted to thiamin ylide in the presence of NaOEt. The disproportionation character of 3 under neutral
condition indicates that it has a chemically ambident anionic character (G~ vs. §°) and its reactivity toward
electrophiles depends upon them as well as the solvent. Thus, a number of derivatives of 4 have been
reported, but the chemical meaning of the yellow form of thiamin with regard to the coenzyme or non-
coenzyme mechanism of thiamin is not fully understood.12 Many hypotheses have been proposed on the
role of the aminopyrimidine ring in the coenzymatic or non-coenzymatic reaction mechanism of thiamin 15
Our results indicate that it plays an important role in the disproportionation step of thiamin ylide in
producing an ion pair of the yellow form 6. Further studies on the reactivity of the isolated 3 are now in

progress.
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