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The semiempirical SC F-MO-CI calculations were performed with the aid of the

variable fƒÀ-core procedure for a systematic investigation of the ƒÎ-electronic structures and

spectra of a series of pyrones and coumarins including sulfur derivatives. The calculated

results on the ƒÎ-ƒÎ* transitions indicated several significant effects of the heteroatom

replacement upon the polarization direction and oscillator strength. The calculated values

of the singlet ƒÎ-ƒÎ* transition energies for the compounds excepting the thiothia-deriva-

tives and the polarization directions of the lowest two ƒÎ-ƒÎ* transitions of coumarins and

so on were found to be in good agreement with the observed results. Also, the changes

in the ƒÎ-electronic distribution in going from the ground to the lowest 1(ƒÎ, ƒÎ*) and/or

3(ƒÎ
, ƒÎ*) state were in good correlation with a few experimental facts.

The ƒÎ-electronic structures of the compounds in the title are of much interest partly

because many experimental data suggest that the compounds have pseudo-aromatic character

closely related to their topology, and also coumarin itself is known to exhibit an interesting

photodimerization reaction and to work as photosensitizing agent in photodynamic actions.

In this context, several HMO calculations have been performed recently by Zahradnik,

et al.2-4) and by Perelon, et al.5,6) about the ƒÎ-electronic properties of these compounds.

Consequently, various chemical properties have been predicted successfully. Furthermore,

a few spectroscopic studies on the photoexcited states have been carried out particularly for

coumarin, and they have provided experimental data available for the assignment of the lowest

excited states and direction of polarizations.7,8) It seems, however, that any systematic

SCF calculations have not yet been performed concenrning the ƒÎ-electronic transitions.

This paper reports a semiempirical SCF-CI calculation on the ƒÎ-electronic structures

of a series of the compounds in the title for a better understanding of the electronic spectra

and the electronic structures of the photoexcited states.

Method of Calculation

The present calculations have been performed using the Pariser—Parr—Pople method,9,10) and the val-

ence-state ionization potential (I) and electron affinity (A) of the ƒÎ-orbitals are taken as follows with refer-

ence to the paper of Pritchard and Skinner;11)
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(1966).
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I(=C-) 11.42eV; I(=O) 17.28 eV; I(-O-) 34.10eV;
I(=S) 12.50eV: I(-S-) 22.88 eV
A(=C) 0.58eV; A(=O) 2.70 eV; A(-O-) 14.77 cV;
A(=S) 2.70eV; A(-S-) 10.98eV

The two-center repulsion integrals are obtained according to the  Mataga-Nishimoto formula.12) The

core-resonance integrals (ƒÀrs) are evaluated for neighbouring atomic pairs by the variable ƒÀ procedure,13) and

the parametrizations are taken as follows;

βc-c=-0.51 pc-c-1.84(eV)

βc-o=-0.56 Pc-o-2.20

βc-s=-0.33 pc-s-1.80

where Pc-c, Pc-o and Pc_s are the usual ƒÎ-bond orders of the C-C, C-O, and C-S bonds, respectively. In the

configuration interaction (CI) procedure all singly excited configurations are allowed to interact. The

initial values of all the bond lengths in the aromatic ring are assumed as 1.39A, and those of C=O and C=S

bond lengths are taken as 1.24A and 1.68A, respectively. The coordinate axes and numberings of the

presently treated compounds are denoted in the molecular diagrams in Fig. 1.

TABEL I. Experimental Data on Electronic Spectra

a) transition energy of maximum absorption
b) molar extinction coefficient of maximum absorption
c) The spectral data (in cyclohexane) on a- and y-pyrones are taken from the following literatures; R. Mayer, Chem. Ber,

90, 2362 (1957), R. Mayer, Chem. Tech., 10, 418 (1958); R. Mayer and P. Fischer, Chem. Bcr., 95, 1307 (1962).
d) The spectral data (in cyclohexane) on coumarins are taken from the literature: A. Mangini and D. Dal Monte, Atti

Accad. Sci. Ist. Bologna, 5, 20 (1958).

TABLE II. Calculated Result of Electronic Spectra

12) N. Mataga and K. Nishimoto, Z. Phys. Chem., 13, 140 (1957).
13) K. Nishimoto and L.S. Forster, Theor. Chim. Acta, 4, 155 (1966).
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a) singlet ƒÎ-ƒÎ* transition energy

b) triplet ƒÎ-ƒÎ* excitation energy

c) oscillator strength

d) the angle of polarization direction tneasured counterclockwise to the x-axis
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Result and Discussion

Electronic Spectra 

The theoretical results obtained here are listed in Table II. As for a series of coumarins

excepting (XII), fairly good agreement is found between the theoretical and experimental

values of the lowest 1(ƒÎ,ƒÎ*) transition energies. The lowest transitions of coumarins are

polarized considerably close to the long molecular axis. In the case of coumarin, such pro-

perty of polarization direction can be supported experimentally by the polarized fluorescence

spectrum obtained by Song and Gordon.8) The phosphorescent state of coumarin has been

assigned to 3(ƒÎ,ƒÎ*) state by Song and Gordon.8) The theoretical value of the 3(ƒÎ,ƒÎ*)1 ex-

citation energy for coumarin, however, is too low as compared with the observed value of 2.71

eV.8)

As for a series of a-pyrones excepting (IV), fairly good agreement is found between the

theoretical and experimental spectra. The increasing order of the theoretical 1(ƒÎ,ƒÎ*), transition

tenergies of a-pyrones is IV<II<III(I just in agreement with the corresponding order for

coumarins, but the ordering of the theoretical values of oscillator strengths is dissimilar to that

for coumarins in which the intramolecular charge-transfer interaction upon the 1(ƒÎ,ƒÎ*)1 ex-

citation is partly induced through the CI mixing. The polarization direction of the

transition of a-pyrones is also close to the x-axis.

The theoretical values of the 1-(ƒÎ,ƒÎ*)1 transition energies of y-pyrones are not in so good

agreement with the observed values excepting the 1(ƒÎ,ƒÎ*)1 transition for y-thiopyrone.

Fig. 1. Molecular Diagrams at the Ground,

Lowest singlet and triplet (ƒÎ,ƒÎ*) states

Top, middle and bottom numbers at each molecular

diagram refer to the ground, lowest singlet and triplet

(ƒÎ,ƒÎ*) states, respectively. Endocyclic and exocyclic

heteroatoms are denoted as X and Y, respectively. Fig. 2

ƒÎ -Electronic Distributions

The changes in the 7-electronic distributions upon excitations to the 1(ƒÎ
,ƒÎ*)1 and 3(ƒÎ,ƒÎ*)1

states are known from the molecular diagrams in Fig. 1-3. As for a series of coumarin
,

the exocyclic heteroatoms release ƒÎ-electrons upon the excitations unlike many other aromatic
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carbonyls and thiocarbonyls. This electronic

distribution change appears to take place in

the order of 1(ƒÎ,ƒÎ*),<3(ƒÎ,ƒÎ*), for coumarin,

and of 3(ƒÎ,ƒÎ*),<1(ƒÎ,ƒÎ*)1 for other sulfur-con-

taining coumarins. Also, the mobile 7r-bond-

order of the C(3)-C(4) bond in the a-pyrone

moiety exhibits a remarkable decrease upon

the excitations. This takes place in the order

of 1(ƒÎ,ƒÎ*),<3(ƒÎ,ƒÎ*)1 for coumarins with the

carbonyl group, and of 3(ƒÎ,ƒÎ*)1<1(ƒÎ,ƒÎ*)1 for

coumarins with the thiocarbonyl group. These

theoretical results mentioned above are in

good correlation with the experimental facts

that not the singlet but triplet excited coumarin

molecule undergoes a photodimerization reac-

tion yielding trans head-to-head dimer efficient-

ly,14)and that the vibrational structure due to

C-C stretching appears in the phosphorescence

of coumarin.8) In the case of a-pyrones, such

changes in thea-electronic distribution general-

ly takes place in the order of 3(ƒÎ,ƒÎ*)1<1(ƒÎ,ƒÎ*)1

in a way reverse to coumarin. In the case of

y-pvrones also, excitations to the 1(ƒÎ,ƒÎ*), and/

or 3(ƒÎ,ƒÎ*)1 state causes a remarkable decrease in

the mobile ƒÎ-bond-order of the C(2)-C(3) bond.

This takes place in the order of 1(ƒÎ,ƒÎ*)1<

3(ƒÎ
,ƒÎ*), for y-pyrones with the carbonyl group,

and of 3(ƒÎ,ƒÎ*),<1(ƒÎ,ƒÎ*), for y-pyrones with

the thiocarbonyl group. This decrease of the

a-bond-order may cause a large geometrical

change upon the excitations. In fact it has

been reported that the O-O transition in the

vibrational structure of the first intense bands

are forbidden in the case of the y-pyrone and

y-thiapyrone spectra.15)

Fig. 3.
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