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Hel photoelectron spectra of 2-ethenylfuran (1), cis-2-(2-phe-
nylethenyl)-furan (2), trans-2-(2-a-naphthylethenyl)-furan (3), cis-2-
-(2-phenylethenyl)-5-methylfuran (4) and trans-2-(2-a-naphthyl-
ethenyl)-5-methylfuran (5) were recorded. Their assignment is
attempted by comparison with the electronic structure reported
for molecules which can be regarded as constituent fragments of
the title compounds.

INTRODUCTION

The compounds formed from ethene by substituting the hydrogen atoms
with aryl or heterocyclic groups have an interesting electronic structure. It
arises, on the one hand, from the possibility of electron transfer between the
substituents via the ethene bridge and, ond the other hand, from the existence
of different conformations and isomers in which only the position of the ring
heteroatom is varied. Their photoelectron (PE) spectra can provide some
insight into the preferred conformations of these compounds in the gas phase
while their electronic structure can be rationalized by combining the electronic
structures of their constituent fragments. Several investigations have been
reported so far dealing with the PE specira of aryl substituted ethenes, most
of them concerning the trans derivatives of stilbene.!”” The electronic structure
of these compounds was investigated both with the aid of semiempirical cal-
culations and by the composite molecule approach which proved to be more
useful. However, conformations in the gas phase have not been determined
accurately although Maier and Turner® have shown that certain systems in
the PE spectra of stilbene are rather sensitive to conformational changes. By
correlating the ionization energies (E;) measured in the spectra with calculated
MO energies it was possible to conclude that there are no large deviations
from planarity. a-Methyl substituted trans-styrylpyridines constitute an ex-

* Presented at The IUPAC International Symposium on Theoretical Organic
Chemistry, held in Dubrovnik, Croatia, August 30 — September 3, 1982.
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ception with significant deviations from planarity? caused by steric hindrance
of the methyl group. A study of the electronic structure of related compounds
— the thienylarylethenes® has recently been reported.

EXPERIMENTAL

The Hel PE spectra of compounds 1—5 shown in Figures 1 and 2 were re-
corded on a Vacuum Generators UV G3 instrument? at low resolution (= 30 meV)
and at elevated temperature (up to 80°C) of the inlet system. The values indicated
above the systems in the spectra correspond to vertical ionization energies Ej,
expressed in eV. The spectra were calibrated by addition of small amounts of xenon
and argon to the sample flow. The sample compounds were prepared and purified
according to the procedure reported in the literature.l®
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Figure 1. Hel photoelectron spectra of compounds 1, 2, and 4.

RESULTS AND DISCUSSION

A comparison of the PE spectra shown in Figures 1 and 2 reveals that
the methyl derivatives 4 and 5 possess essentially the same spectra as their
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Figure 2. Hel photoelectron spectra of compounds 3 and 5.

parent compounds 2 and 3, respectively. Only slight inductive shifts of some
systems towards lower E; values can be observed. The identity of spectra
implies very similar electronic structures so that no distinction between a
methyl derivative and its parent compound will be made in the subsequent
discussion.

The PE spectrum of 1 can be assigned by comparison with the molecular
fragments furan and ethene, which can be thought of as building blocks for
this molecule. The energy levels and assignments for furan and ethene were
taken from their PE spectra.!®!> The correlation diagram in Figure 3 allows
the assignment of the PE spectrum to be made. The systems at 8.14, 10.07,
10.76 and 15.4 eV correspond to ionization from my, ms;, m, and m; orbitals, res-
pectively. Since the microwave spectroscopic study'® of 1 in the gas phase
showed the molecule to be planar (Cs point group), the m-orbitals belong to
a” symmetry species. The rest of the systems can be attributed to g-ionizations
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Figure 3. Correlation diagram of observed vertical ionization energies E; (in electronvolts) of
furan, ethylene, 1, 4 and naphthalene.

(a” species). Besides this qualitative assignment of the systems up to 18 eV,
the correlation diagram can be used to deduce the number of ionizations oc-
curring in the region of the PE spectrum where electronic systems overlap each
other, e. g. between 12.4 and 15.4 eV. From Figure 3 it can be seen that seven
systems altogether could be expected in this region. In favourable cases such
as this, even the composition of particular MO’s could be predicted from the
correlation diagrams. The my, n; ,and m; orbitals of 1 are probably localized on
the ring atoms, while the i, orbital corresponds essentially to the ethene
n-orbital. Vibrational fine structures can be observed in systems at 8.14 and
10.07 eV with wave numbers of 1290 and 810 cm™, respectively. The observed
progressions probably correspond to ring stretching with a molecular ground
state wave number!* of 1329 cm™ and ring CH in-plane bending. The proposed

modes support the assignment of X and A systems to ionizations from ring
localized orbitals.

The PE spectra of 2 and 4 (Figure 1) can also be assigned by the composite
molecule approach. However, one can use either furan and styrene fragments
or 1 and benzene, both correlations giving the same assignment (Figure 4.) On
the basis of these correlations, the systems at 7.82, 9.03, 9.3, 9.97, 10.48, 12.62
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Figure 4. Comparison of correlation diagrams for 2.

and 15.3 eV can be attributed to ni;—m; ionizations, respectively, while the other
systems correspond to g-orbital ionizations. The assignments for benzene and
styrene were taken from the literature.!®!¢ Since all the valence ionizations in
benzene have been assigned, the correlation with benzene and 1 allows the
assignment of the PE spectrum of 2. This correlation is also useful in the
analysis of those regions of the spectrum where several systems overlap so
that the numbers of ionizations expected in this region cannot be deduced at
all on intensity grounds. The MO properties can be described in qualitative
terms on the basis of the diagram in Figure 4. The mn;, my and m; orbitals are
probably localized mainly on the furan ring while the m, 715 and n; orbitals
should greatly resemble in character the benzene x orbitals. The remaining 3
orbital probably has a significant ethene character. The proposed MO des-
cription is, of course, only tentative but since no large n energy shifts are
observed when 2 is composed of 1 and benzene, the conjugative interactions
between fragments seem to be small, thus justifying our MO description. On
the other hand, small conjugative interactions can also be expected because
of the nonplanarity of this molecule. Although the conformation of 2 in the
gas phase has not been determined, steric hindrance might be reduced by
twisting the bulky phenyl group out of the ethenylfuran plane. Some results
obtained by analysis of the UV spectra in solution tend to suggest that this
might be the case.!?
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The PE spectra of 3 and 5 (Figure 2) can be assigned in the same way as
the previous ones. The correlation diagram (Figure 3) is drawn from the
assigned energy levels of 1 and naphthalene.!’® Systems at 7.62, 8.02, 8.63, 9.57,
9.87, 10.32, 10.97, ~ 13 and 15.5 eV can be assigned to nine m-ionizations; the
rest of the systems to g-ionizations. For the naphthalene PE spectrum no cal-
culations as sophisticated as for benzene!® or furan!’ have been reported so
that the region E; > 13 eV remains unassigned. Therefore, the number of
ionizations corresponding to several unresolved systems in this region cannot
be established on intensity grounds alone. Incompleteness of the energy level
pattern for naphthalene and the high density of energy levels in 5 makes
ambiguous the assignment of its PE spectrum below 13 eV. However, the
ordering of m orbitals seems to be reliable. No conformational predictions for 5
can be made on the basis of the PE spectrum nor has its conformation been
studied by other methods so far.

In conclusion, the studies of the electronic structure of 1—5 by PE spectro-
scopy, using empirical arguments under the composite molecule approach
permit (i) a reliable assignment of all x ionizations, (ii) the deduction of the
number of ionizations corresponding to a particular unresolved system, and
(iii) a rough description of localization properties of these m orbitals. In view
of the fact that these molecules are still far beyond the reach of sophisticated
calculations and that the semiempirical methods can neither assign correctly
all n-ionizations nor derive the number of ionizations within an unresolved
system, the approach employed in this work proved to be a very good option
for analyzing the electronic structure of larger molecules. It is implicitly as-
sumed in this approach that the electronic structure of fragment compounds
is precisely known. If applicable, the composite molecule method can help in
the assignment of many more systems in the PE spectra of large molecules
than just those preceding the g-onset.

REFERENCES

1. I. Novak, L. Klasinc, and J. V. Knop, Z. Naturforsch. 32a (1977) 886.

2. G. Distefano, U. Mazzucato, A. Modelli, S. Pignataro, and
G. Orlandi, J. Chem. Soc. Faraday Trans, 2, 71 (1975) 1583.

3. G. Distefano, F. P. Colonna, and G. Orlandi, Z. Phys. Chem. Neue
Folge, 107 (1977) 175.

4. I. Novak, L. Klasine, J. V. Knop, and T. Bluhm, Z. Naturforsch.
35a (1980) 844.

5.E. J. Mcalduff and T. Chan, Can. J. Chem. 56 (1978) 2714.

6. S. Millefiori, G. Scarlata, A. Millefiori, and D. Carbone, Z
Phys. Chem. Neue Folge 128 (1981) 63.

7.T. Kobayashi, K. Yokota, and S. Nagakura, Bull. Chem. Soc. Jpn.
48 (1975) 412.

8. J.P. Maier, and D. W. Turner, J. Chem. Soc. Faraday Trans. 2, 69 (1973) 196.

9. L. Klasinc, B. Kova¢, and B. Rus§c¢ié, Kem. Ind. (Zagreb) 23 (1974) 569.

10 G. Karminski-Zamola and K. Jakop¢ié¢, J. Heterocyclic Chem. 18
(1981) 193.

11. W. von Niessen, W.P. Kraemer, and L. S. Cederbaum, J. Electron
Spectrosc. Relat. Phenom. 8 (1976) 179.
L. Klasinc, A. Sablji¢, G. Kluge, J. Rieger, and M. Scholz,
J. Chem. Soc. Perkin Trans. 2, (1982) 539.

12. C. R. Brundle and D. B. Brown, Spectrochim. Acta 27A (1971) 2491.

13. R. G. Latypova, L. Y. Gubaidullin, U. M. Dzhemilev, and N. M.
Pozdeev, Zh. Strukt. Khim. 21 (1980) 197.



14

15.
16.
17.
18.
19.

PHOTOELECTRON SPECTROSCOPY OF HETEROCYCLES 287

.J. M. Angelelli, A.R. Katrittzky, R. F Pinzelli, and R. D. Top-
som, Tetrahedron 28 (1972) 1037.

H.J. Chiang and S. D. Worley, J. Electron Spectrosc. Relat. Phenom.
21 (1980) 121.

T. Munakata, K. Kuchitsu, and Y. Harada, Chem. Phys. Lett. 64
(1979) 409.

F. A. Bottino, G. Scarlata, D. Sciotto, and M. Torre, Spectrochim.
Acta 36A (1980) 205.

T. Munakata, K. Ohno, Y. Harada, and K. Kuchitsu, Chem. Phys.
Let. 83 (1981) 243.

W. von Niessen, L. S. Cederbaum, and W. P. Kraemer, J. Chem.
Phys. 65 (1976) 1378.

SAZETAK
Fotoelektronska spektroskopija heterociklickih spojeva. 1-(2-furil)-2-arileteni
I. Novak, L. Klasinc, G. Karminski-Zamola i K. Jakopcié¢

Snimljeni su Hel fotoelektronski spektri 2-etenilfurana (1), cis-2-(2-feniletenil)-

-furana (2), trans-2-(2a-naftiletenil)-furana (3), cis-2-(2-feniletenil)-5-metilfurana (4)
i trans-2-(2-o-naftiletenil)-5-metilfurana (5). Asigniranje spektara izvrSeno je uspo-

rel

dbom s poznatim elektronskim strukturama molekula koje predstavljaju konsti-

tucijske fragmente navedenih spojeva.





