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The electronic structures of uracil, lumazine, and alloxazine, and all their possible 

tautomeric isomers have been calculated by the LCAO MO SCF method based on variable beta 

approximation. The calculated singlet transition energies for diketo forms agree quite well with 

the experimental results. The present theory suggests that some tautomeric forms of lumazine 

and alloxazine will behave as both electron donors and electron acceptors. In biological systems, 

uracil, lumazine, alloxazine, and isoalloxazine will act as both oxidizers and reducers through 

hydrogen bonds with some molecules, such as protein and DNA.

In order to correlate the biological activities with 

the electronic structure of molecules, many quantum 

mechanical calculations have been made.1) How-

ever, the calculations have always included some 

ambiguities in the estimation of basic parameters,

particularly in the core integral,β μυ･ It has bccn

Shown2) that the Pariser-Parr-Pople method based

on variable β modification with NM gamma3)

can very nicely calculate various molecular pro-

perties, such as electronic spectra, charge distribu-
tions, and bond orders, associated with the π-

electronic structure of conjugated systems.
In a variable β approximation,βco associated

with an enol-type bond is given by the same 

expression as that associated with a keto-type bond.

Similarly, the βcN concerned with an amino-type

bond is given by the same formula as for the βcN

of an aromatic C-N bond. Therefore, we can 

remove some uncertainties from the theory. 

Uracil, lumazine, and isoalloxazine show im-

portant biological activities and have many tauto-
meric isomers, so they will be very interesting 

molecules for our theoretical consideration. In
-this paper

, the π-elcctronic structures of these

molecules will be calculated by the SCF MO

method based on variable β modification with

NM gamma.

Calculations 

The detail of the method used in this paper 

have been described in previous papers.2) In the

variable β procedure, precise geometry is not

required, and all bond lengths have been chosen

as 1.40 A. Bond angles of 120℃ have been as-

sumed throughout. 
The transition energies have been calculated by 

including configuration interactions between all 
singly-excited configurations within 3.5 eV of the 
lowest-excited singlet state. The parameters used 
are summarized in Table 1. For convenience, 
molecules are marked by code numbers, shown in 
Fig. 1. A -j has the same heteroatom arrangement 
as the corresponding L -j.

TABLE 1. PARAMETERS

2) K. Nishimoto and L. S. Forster, Theoret. chim. 
Acta, 3, 407 (1965); 4, 155 (1966). 

3) K. Nishimoto and N. Mataga, Z. Physik. Chem. 
[Frankfurt], 12, 335 (1957).

*1 Presented at the 19th Annual Meeting of the 
Chemical Society of Japan, Tokyo, April, 1966. 

1) For example; a) A. Pullman and B. Pullman, 
Bull. soc. chim. France, 1958, 766; 1959, 549; b) J. 
Ladik and T. A. Hoffmann, Biopolymers, Symposia No. 
1, 117 (1964); c) A. Veillard and B. Pullman, J. 
Theoret. Biol., 4, 37 (1963) ; d) C. Nagata, A. 
Imamura, Y. Tagasbira and M. Kodama, This Bulletin, 
38, 1638 (1965).
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Fig. 1.

Results and Discussion 

Electron Affinities and Ionization Potentials. 

The electron affinity, A, and the ionization potential, 

I, of a given molecule are very important in the 

study of oxidation-reduction reaction and charge 

transfer complex formation. According to Koop-

man's theorem,4) I and A are given by the 

negative of the highest occupied orbital energy, 

a,, and the lowest vacant orbital energy, sI-, 

respectively. The calculated orbital energies are 

summarized in Table 2. As has been shown in 

previous papers,2) the experimental ionization 

potentials might be smaller by about 1.1 eV than 
the calculated values. From this table, the electron 

affinities of diketo forms may be expected to be 

quite large. Therefore, they will be good electron 
acceptors and oxidizers in some reactions. The 

present calculations suggest that L-6, L-8 and 
A-6 will be both electron donors and electron 

acceptors, for their ionization potentials are small 

and they have large electron affinities. It may, 

therefore, be expected that they will form charge 

transfer complexes by themselves.

Rearrangement through Hydrogen Bonds. 
In the present molecules, there is a possibility of 
rearrangement through the hydrogen bond. For 
example, in isoalloxazine (A-2), which is the 
parent nucleus of Vitamine 132, the following type 
of hydrogen bond will be formed with biological, 
systems:

A-2 A-8

where X and Y represent electronegative atoms,, 
oxygen or nitrogen. When we name A-8 as aa 
conjugate isomer of A-2 and A-2 as the mother 
molecule, the following isomer groups are obtained:

TA肌E 2. HIGHEST OCCUPIED(ε1)AND LOWEST VACANT'

(ε1')ORBITAL ENERGIES OF URACIL, LUMAZINE,

ALLOXAZINE, AND THEIR ISOMERS (in eV)

4) T. Koopman, Physica, 1, 104 (1933).
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From Table 2, mother molecules may be expected 
to be good electron acceptors or oxidizers, whereas 
the conjugate isomers should be good electron 
donors or reducers. In other words, uracil (U-1), 
lumazines (L-1, L-2), alloxazine (A-1), and isoal-
loxazine will behave as both electron donors and 
acceptors in oxidation-reduction reactions in 
biological systems, through hydrogen bonds with 
protein or DNA. In order to discuss this type of 
tautomerization quantitatively, we need to make 
total energy calculations. 

Electronic Spectra. Calculated lower singlet 
transition energies and the oscillator strengths are 
given in Table 3. It should be noted that the 
electronic spectra of some mother forms are ex-
pected to be very similar to those of their conjugate 
isomers. For example, the spectra of L-2 and L-5 
or A-2 and A-5 are very similar. Therefore, an 
electronic spectral investigation of the tautomeric 
equilibrium will be rather difficult in some cases. 

It will be interesting to discuss the solvent effect 
on electronic absorption spectra from the electro-
static point of view, that is, on the basis of change in 
dipole moments on excitation. According to 
McRae,5) the frequency shift in a transition from 
the ground state to the i-th excited state of an 
isotropic molecule is given approximately by:

(1)

where Δυref represents the frequency shift induced

by a non-polar reference solvent. μ and α are

the dipole moment and the polarizability of the 

solute molecule respectively. The suffixes 0 and i 

refer the ground and ith excited states respectively. 

The reaction field, R, is given by:

where 

D: static dielectric constant 

no : solvent refractive index 

a; cavity radius

The first term of Eq. (1) gives a shift due to the 
change in dipole moment associated with the 
electronic transition. The second term measures 
a shift due to the change in dispersion force, which 
always contributes to a red shift, because ai>a0. 
Therefore, the first term determines the direction 
of the shift.
The calculated π-moments of the ground state

and the lower excited states are given in Table 4. 

The solvent arrangement is favorable for the 

ground-state dipole of the solute molecule and 
remains unchanged upon excitation, agreeing 

with the Franck-Condon principle. When the 

-solvent arrangement is unfavorable for an excited-

TABLE 3. LOWER SINGLET TRANSITION ENERGIES (eV) 
AND OSCILLATOR STRENGTHS (f) OF URACIL, LUMAZINE, 

ALLOXAZINE, AND THEIR ISOMERS

state dipole, dipole-dipole interaction should 
contribute to a blue shift. Unfortunately, there is 
no reliable method for the calculation of a sigma-
moment. However, Table 4 suggests that some 
transitions (for example, the second lowest transi-
tion of L-2) are shifted in the blue direction in a 
polar solvent by dipole-dipole interaction.
The π-electron densities calculated for various

electronic states are given in Table 5. This table 

shows that the charge distributions in the present 

molecules deviate greatly from the uniformity. 

In this case, a short-range interaction, such as a 

hydrogen bond formation, will be superior to a 

long range dipole-dipole interaction. The hydro-

gen bond-forming power of μth electronegative

atom will, to a first approximation, be estimated

5) E. G. McRae, J. Phys. Chem., 61, 562 (1957).

6) H. DeVoe and I. Tinoco, Jr., J. Mol. Biol., 4, 
518 (1962). 

7) W. Pfluderer, Chem. Ber., 90, 2582 (1957). 
8) G. F. Maley and G. W. E. Paint, J. Biol. Chem., 

234, 641 (1959). 
9) J. Koziol, Photochem. Photobiol., 5, 41 (1955).
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TABLE 4. CALCULATED π-MoMENTS(Dπ)FoR VARIouS ELECTRoNIC STATES OF DIKETo FoRMs(IN UNIT oF D)

θx gives an angle between the transition moment vector and x-axis of the molecule.

TABLE 5. CALCULATED NET CHRAGES IN VARIOUS ELECTRONSC STATES oF DIKETO FORMS(IN UNIT OF e)

by the net charge. We may classify the changes 
in charge distributions on excitation as: 

A) An increase in the negative net charge at an 
aromatic nitrogen. In this case, the proton-
accepting power of a nitrogen lone pair increases 
on excitation, so that a red shift may be expected 
in a proton-donating polar solvent . 

B) An increase in the positive net charge at an

amino-type nitrogen. In this case, the proton-

donating power of an N-H bond increases on. 

excitation. Therefore, a red shift may be anticipatedd 

in a proton-accepting polar solvent. 

The remarkable changes in charge distributions. 

are summarized in Table 6, which shows us that 

L-2 and A-2 have a possibility of a blue shift in a 

proton-donating polar solvent through hydrogen
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TABLE 6. REMARKABLE CHANGES IN CHARGE DISTRIBUTIONS ON EXCITATIONS

A means an increase in negative net charge at an aromatic nitrogen, which should contributes a red 

shift by a hydrogen bond formation. 
B means an increase in positive net charge at an amino type nitrogen, which contributes to a red shift. 
C means a decrease in negative net charge at an aromatic nitrogen contributing to a blue shift.

bond formation. At any rate, Tables 4 and 6 

will be useful for a theoretical examination of the 

spectral behavior of diketo forms in polar solvents. 
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