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SUMMARY
The empirical molecular orbital

(L. C. A. 0 . ·M. 0.)

method of theoretical

'Quantum chemistry is used to be the calculation of the energy levels and the
electron distribution in thiazole and a number of its derivatives. The specific
value of carbon (position 2) atom of thiazolium ring takes interesting facts. The
results have been used for the interpretation of the mechanism of thiaminecatalyzed reactions.

Thiamine, in the form of thiamine pyrophosphate (TPP; Fig. 1), is the
1:oenzyme of a number of metabolic pathways by which carbon-carbon bonds immediately adjacent to carbonyl groups are cleaved.ll The enzyll}atic mechanism have
been studied by Pullman et al.2l and Breslow,3l,4l and thiamine and other thiazolium salts have been employed as their model compounds of TPP to analyze the
mechanisms. The most representive of these reactions are the decarboxylation
and oxidative decarboxyration of pyruvic acid and of a variety of other a -keto
acids.
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Recent experimental works on deuterum exchange rates in a number of
thiazole and its derivatives, as well as nuclear magnetic resonance measurements
on substituted thiamine derivatives, give new quantitative properties on physical
and chamical data of the thiazolium ring, which might be suitable for understanding
of the theor~tical problems concerned. The Breslow's mechanisms involves, as a
first step, the loss of a protone from position 2 of thiazolium ring with the a -keto
acid or aldehyde to give the active intermediate. This phenomena takes account of
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the lability of the hydrogen on position 2 in thiazolium ring, and therefore, it is a
primary problem to determine electron distribution in the position. In this paper,
the electron density of position 2 of thiazolium ring by the molecular orbital
calculation investigated.
The calculations have been carried out by the molecular orbital method of
quantum chemistry in the linear-combination of atomic orbital-molecular orbital
(L.C.A.O.-M.O.) approximation,5l the same method used in the previous theoretical
study,6l with suitable parameters are adapted for the various heteroatoms. In the
simple Hucke) approximation method it is necessary to assign a numerial parameter,
the resonance integral f3, to each different type of bond; and another, the coulomb
integral a, to each different type of atom.
The major parts of this calculation are used for the calculated value by
Pullman and Pullman,7l and the coulomb integral of the sulfur atom is used to be
the parameter by Sappenfield and Kreevoy.Bl
The numbering of the atoms used in the calculations is indicated in Fig. 2.

Fig.

2

As each atom participates in the 1r ·electron system with one electron
one orbital, the total conjugated system involves five (thiazole), seven
methylthiazole), nine (4,5-dimethylthiazole and 3,4-dimethylthiazolium ion),
Energy Level
eleven ( 3 ,4,5,-trimethylthiazolium ion) molecular orbitals.

and
( 4·
and
and

Total Energy: There was no symmetry in the molecular skeletons and the secular
equations of the five, seven, nine, and eleven order and they cannot be reduced.
Its eigen vector value against eigen value and energy level for each orbital were
the following:
The total energy of the 11: -electron system in ground state of each str ucture
models was as follows:
Thiazole
4-Methylthiazole
4, 5-Dimethylthiazole
3, 4-Dimethylthiazolium ion
:l, 4 ,5-Trimeth ylthiazolium ion

6.48 {3

11.46 ,8
16. 44,8
21.01 {3
26.10,8
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Hence, the energy differences between 4,5 -dimethylthiazole and 3,4dimethylthiazolium ion were equivalent to be about 4, 57 f' (91.4 Kcaljmole; f' is
the usual resonance integral of the molecular orbital method, whose approximate
value is 20 Kcaljmole).
rr -Electron Density: Table II shows the data of calculated elecrron density of each
compound.
Table

2

lt-Eiectron Charge Distribution
Compound
Thiazole
4-Methylthiazole
4,5-Dimethylthiazole
3/t-Dimett'tjlthiazolium ion
3/.5-Trimethyl thiazolium ion

* see

11- electron

1
1.77
1.67
1.75
1.76
1.75

2
1.03
1.00
1.00
Q86
0.83

ch
3
1.08
1.07
1.07
1.28
1.29

e on atom"

4

5

1.07
1.11
1.07
1.00
099

1.03
0.99
1.05
1.04
1.07

Fig. 2 for numbering system

On the thiazolium ion ring (3, 4- dimethylthiazolium ion and 3, 4, 5 trimethylthiazolium ion), the rr- electron charge distribution difference between
the carbon of position 5 and that of 2 were equivalent to be about 0. 21. On the
4-methylthiazole, the density differences between the carbon of position 5 and that
of ~ were equivalent to be about 0. 04 . The bonding force between hydrogen and
carbon (position 2) of thiazolium ring have the influence on the d-orbital of the sulfur
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atom, i.e., it may be assumed to be that dx2 , dyZ , and dz2 ·orbitals of the sulfur
atom concerne in the a ·bonding orbital form, and then, the dxy, dyz, and dzx·
orbitals take parts in the rr -electron orbital system7),9) . The calculation method
of Parieser·ParrlO) was used of the rr ·electron system of the thiazole molecule
by Bouscasse et a[.ll> , and they were good agreement between the calculated and
the experimental value for electronic transition energies and dipole moment. The
total rr·electron charge in this paper was good agreement with the data of
Bouscasse et al., From this calculated data, specific value of carbon (position 2)
atom of thiazolium ring takes interesting facts.
The results have been used for
the interpretation of the mechanism of thiamine-catalyzed reactions.

REFERENCES

1)

L.T.Reed and D.J,Cox: "The Enzymes," vol.I, Academic Press Inc., New York,
p 215(1968)

B.Pullman and C. Spanjaard: "Electronic Aspects of the Mechanism of Thiamine·
Catalyzed Reactions," Biochimica et Biophysica Acta 46, pp 576-587(1961 )
3) R.Breslow: "Rapid Deuterium Exchange in Thiazolium Salts." The Journal of
the America! Chemical Society 79, pp 1762-1763 (Apr. 1957)
4) R.Breslow: "On the Mechanism of Thiamine Action," The Journal of the
American Chemical Society 80, pp 3719-3726 (July, 1958)
2)

5)

A.Streitwieser, Jr.: "Molecular Orbital Theory for Organic Chemists," John
Wiley & Sons, Inc., New York, pp 33-62 (1961 )

6)

K.Makino and F.Inoue: "The Electronic Consideration of the Intermediate in
Bonavita's Assay Method of Pyridoxal Derivati ves, " Jikeikai Medical Journal
15,4, pp 326-328 (1968)

B.Pullman and A.Pullman: "Quantum Biochemistry," John Wiley & Sons, Inc.,
New York and London,p 108 (1963)
8) D.S.Sappenfield and M.Kreevoy; "The Electronic Structure of Oxygen and Sulfur
Heterocycles, "Tetrahedron 19, Suppl. 2, pp 157-172 (1963)
7)

9)

R. A. Ologson and J.M.Landesberg: "Hydrogen-Deuterium Exchange in Some
Heterocyclic Cations Containing Nitrogen and Sulfur, "The Journal of the
American Chemical Society 88, 18, pp 4263-4264 (Sept. 1966)

R.Pariser and R.G.Parr: "A Semi-Empirical Theory of the Electronic Spectra
and Electronic Structure of Complex Unsaturated Molecules," The Journal of
Chemical Physics 21, pp 466-471 (1953)
11) L.Bouscasse, E.J.Vincent and ].Metzger: "Physicochemical Study of the Thiazole
Ring, "Bulletin. Societe Chimique de France, 1967, 4, pp 1182-1185 (1967)
10)

