CROATICA CHEMICA ACTA CCACAA 66 (2) 255-263 (1993)

ISSN 0011-1643
CCA—2136 Original Scientific Paper

Photoelectron (Hel) Spectroscopy of Flavonoids
and Thioflavonoids, 1.
Molecular Orbitals and Ionization Potentials
of Chalcone, Aurone, and 1-Thioaurone

Zoltdn Dinya*, Istvan Komdromi, and Ferenc Sztaricskai

Research Group for Antibiotics of the Hungarian Academy of Sciences,
H-4010 Debrecen, Hungary

Albert Lévai and Gyérgy Litkei

Department of Organic Chemistry, Kossuth University, H-4010 Debrecen, Hungary

Received March 2, 1992

Electronic structure of chalcone (1), aurone (2a) and 1-thioaurone (2b)
has been studied by measuring their Hel PE spectra and the interpretation
of data has been performed by means of semiempirical molecular orbital cal-
culations (PMO, HAM/3, and CNDO/S).

INTRODUCTION

Flavonoids are well-known natural products and some of them are used as medicines
as well.! For the sake of a better understanding of their chemical properties and struc-
ture-activity relationships, a knowledge of their electronic structure is especially im-
portant. Several research groups have already studied the electronic structure of various
flavonoids.? Molecular orbitals and ionization potentials of such compounds were studied
mainly by theoretical means. First experimental results, the vertical ionization poten-
tial values of chalcone (1) derivatives, were published by us in 1975.3

No ultraviolet photoelectron spectral (UPS Hel) data of flavonoids have hitherto
been published. However, the UPS properties of some structural units of flavonoids,
e.g. y-pyrone,*® its thio analogue*® and the oxidized thio derivatives,® chromone and
1-thiochromone’ are known. As a continuation of our previous studies, 23 experimen-
tal and theoretical investigations of the electronic structure of chalcone (1), aurone
(2a) and 1-thioaurone (2b) by means of photoelectron (PE) spectroscopy (Hel) and MO
calculations are reported in our present paper.

* Author to whom correspondence should be addressed.
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Scheme 1.

Quantum chemical calculations can advantageously be utilized for the assignment
of the photoelectron spectra since these methods help to predict the nature and or-
dering of the molecular orbitals. Correlation of the calculated and experimental data is per-
formed by using Koopmans’ theorem®, implying the »frozen orbital« approximation in
the ion and in the neutral molecule. When the errors due to these two approximations
do not cancel out, Koopmans’ theorem fails and the calculated eigenvalues have to be
corrected before applying them to UPS. According to the results of Buemi and Zuc-
carello,’ a class of compounds for which the breakdown of Koopmans’ theorem seems
to be a common feature are the a,f-unsaturated carbonyl compounds. For chalcone (1),
accurate calculations of molecular ionization energies (I’s) are time consuming and, ac-
cording to the results of Buemi and Zuccarello,® relaxation and correlation effects should
also be taken into consideration. The aim of the present paper is a reinvestigation of
this molecule by adopting the HAM/3 method!’-!2 which, in its UPS option, minimizes
errors due to electron relaxation and correlation energies, giving eigenvalues in very
good agreement® with the experimental ones in the whole Hel PE spectrum.

EXPERIMENTAL AND CALCULATIONS

The compounds studied (1, 2a and 2b) were prepared as described in the literature and their
purity was checked by NMR and mass spectroscopy. The gas phase Hel PE spectra were obtained
with a Perkin-Elmer PS 18 photoelectron spectrometer and were internally calibrated against
Xe and Ar lines. Band locations are characterized by the positions of the band maxima considered
to correspond to the vertical ionization energies (I's). Reproducibility was better than +0.05 eV
and the accuracy of the I values was estimated to be £0.05 eV where two decimal places are
quoted, otherwise 0.1 eV. HAM/3 and CNDO/S!3 quantum chemical calculations were per-
formed by the AM1 method!4 for optimized geometries. In the case of 1-thioaurone (2b), only
CNDO/S calculation was performed since, owing to the lack of parameters, the HAM/3 method can-
not be used for sulfur-containing compounds. Data are in accordance with our former results!® and
with the published experimentall®-20 and theoretical?! ones and unequivocally prove that for the
trans-chalcone (1:¢:12.5°, $:31.5° and :14°) the quasiplanar s-cis conformation is favoured. In
the case of aurone (2a) and 1-thioaurone (2b), the dihedral angle between the heterocyclic ring
and the phenyl moiety was 20°, determined by AM1 optimization. Calculations have been per-
formed for the planar s-trans conformation of the trans-chalcone as well and it has been found
that the photoelectron spectrum is independent of the chalcone conformation. For this reason,
only theoretical data optimized by the AM1 method are presented.

RESULTS AND DISCUSSION

Hel PE spectrum of chalcone (1) is shown in Figure 1 and the IE values, together
with the assignment, are listed in Table I. Three broad bands are observed in the PE
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Figure 1. Low-energy regions of the Hel PE spectra of (a) chalcone (1), (b) aurone (2a) and (c)
1-thioaurcne (2b)

spectrum (Figure 1) of chalcone (1) between 8 and 12 eV. On the basis of the PMO
theory,?? chalcone (1) can be considered to be derived from the interaction of benzal-
dehyde and styrene?*** (Figure 2). The HOMO of compound 1 originates from the out-
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TABLE I

Experimental 1 values of chalcone (1), aurone (2a) and 1-thioaurone (2b)*

Compd. Ii/eV I2/eV I3/eV I14/eV Is/eV Is/eV I7/eV
1 8.73w(a,f)  (9.10 no=)  (9.36x(A)) (9.462(B))  9.707(A) 10.597(a,f) 11.857(A,B)
2a 8.24n(a,5;C)  9.22 no= 9.227(B) 9.587(A,B) 9.50m(A) 10417 () 12.257(A,B)
2b 7.95 ns 8.157(a,3;C) (9.05 no=) (9.17x(B))  (9.357x(A,B)) 9.45x(A)  10.277(«,8;C)

* The numbering of # MO’s is decreasing. Values represent band maxima. Estimated accuracy is +0.05

eV. A: ring A; B: ring B (phenyl); C: ring C; «,f: a,f-unsaturated enone system. Values in parentheses
correspond to shoulders

of-phase interaction of the HOMO'’s of the two fragments. Owing to the small inter-
action coefficients of the latter at the bonded carbon atoms,?> the conjugation inter-
action should not be large and the HOMO of 1, in accordance with our former find-
ings,® is mainly localized at the styrene moiety stabilized by the inductive effect of the
benzaldehyde (0.23 eV) with respect to the HOMO in styrene. On the other hand, com-
pound 1 is not entirely planar?-31517:18 and the observed stabilization of the HOMO
may result in larger rotation angles than those in compounds (benzaldehyde and
styrene) used for comparison. MO assignments obtained by the PMO method are cor-
roborated by quantumchemical calculation. I values obtained by the HAM/3 method
are in good agreement with the experimental ones, as shown in Figure 3. It does not
apply to those calculated by the CNDO/S method since, in this case, the difference
between the experimental and calculated values is 0.4 — 1.2 eV. HOMO of chalcone (1)
is, therefore, a w orbital localized on the cinnamoyl moiety. Its localization was con-
firmed by our mass spectroscopic studies® as well. I, values obtained in the electron
impact process are in harmony with the UPS data described in this paper.

In agreement with its high intensity, four ionization processes contribute to the
second intense band of the spectrum (9.1 — 9.7 eV). They are in the order of decreasing
I:n,- 7(A), 7(B) and w(A). Relative ordering of the three MO’s obtained by quantum-
chemical calculations and the low I(n,-) value are in agreement with the decrease of
the IR ¥C=0 value if benzaldehyde (1702 cm™!) is compared with chalcone (1) (1666
cm™!).22 However, as observed for other molecules,”? the relative ordering of the lone
pair and & orbitals is incorrectly given by Koopmans’ theorem. The band system
around 10.5 eV originates also from the & type MO localized on the cinnamoyl moiety.
No significant difference between the I values of the s-cis (Z) and s-trans (E) con-
formers was obtained by means of theoretical studies. Besides the favoured s-cis (Z)
form, the presence of s-trans or a related conformer is possible in the vapour phase
in the course of the PE measurement as well. Our results are in full agreement with
the general considerations of Buemi and Zuccarello.® The low I region of the spectra
of 2a and 2b is similar to that of compound 1 (Figure 1). In comparison with the
spectrum of chalcone (1), no new band was observed for aurone (2a). Therefore, as a
result of the inductive effect of the ethereal oxygen and the ring strain, its MO’s can
be considered as shifted chalcone orbitals (Figure 4). Figure 4 shows that the I values
obtained by the HAM/3 method are in good agreement with the experimental data.
The HOMO level is unambiguously the & orbital localized onto the styryl moiety and
extended to the carbonyl group and ethereal oxygen. On the basis of the HAM/3 cal-
culation, the level of the lone-pair electron of ethereal oxygen should be at approx. 11.3
eV and some 7 type MO’s are given between 11.5 and 12 eV values. In the spectrum,
a broad band system is found at about 12.5 eV. A possible reason is that the HAM/3
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Figure 2. PMO interaction diagram of chalcone (1) (O positive, ® negative)
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Figure 3. Experimental and theoretical UPS data of chalcone (1) (O positive, ® negative)

method is less reliable for the strained heterocyclic systems in the higher I region
(above 11 eV). The HOMO of aurone (2a) is less stable by 0.2 eV if compared with
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Figure 4. Experimental and theoretical (HAM/3) UPS data of aurone (2a) (O positive, ® negative)

/-

the flavone while its n,- orbital is more stable by 0.4 eV in the same comparison. Hel
PE properties of 1-thioaurone (2b) are analogous to those of the aurone (2a).
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CONCLUSIONS

The experimental UPS data were excellently reproduced by HAM/3 calculations
and made possible the assignment of the MO’s of chalcone (1), aurone (2a) and 1-
thioaurone (2b). As expected, more sophisticated calculations, including relaxation ef-
fects with optimization of the geometry, are needed to provide quantitative theoretical
estimates of the I’s.
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SAZETAK

He(I) fotoelektronski spektri flavonoida i tioflavonoida I.
Molekulske orbitale i energije ionizacije kalcona, aurona i 1-tioaurona

Zoltdn Dinya, Istvdn Komdromi, Ferenc Sztaricskai,
Albert Lévai i Gyorgy Litkei

Na temelju sprege He(I) fotoelektronspektroskopskih mjerenja i rezultata semiempirijskih
kvatno-kemijskih ra¢una razmotrena je elektronska struktura kalcona, aurona i 1-ticaurona.
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