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THEORETICAL STUDY OF THE LOWER SINGLET EXCITATIONS OF [2.2]PARACYCLOPHANE QUINHYDRONES
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The lower excited singlet states of the diastereomeric [2.2]paracyclophane quin-

hydrones 1 and 2 are studied by means of semiempirical m-theory.

The diastereomeric [2.2]paracyclophane quinhydrones 1 and 2 differ by the mutual orienta-
tion of the hydroquinone (H) and p-benzoguinone (Q) moiety. Correspondingly differences can
be seen in the experimental uv-vis spectral) of the pseudogeminal 1 and the pseudo-ortho 2
(cf£. Fig. 1): (i) The extinction of the longest wavelength absorption band is considerably
smaller and slightly red-shifted for 2. (ii) At A=377 nm 2 exhibits a shoulder which becomes
even a band maximum in the case of the analogous [3.3]paracyclophane2) whereas minimum ab-
sorption is found for 1 in this region. (iii) At A=2250 nm 1 shows two well separated absorp-
tion bands whereas only one band is found for g_ (iv) In contrast to the afore-mentioned

differences between the orientational isomers both compounds are characterized due to a

strong absorption band at Az317 nm.
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A first theoretical interpretation of the longest wavelength part of the uv-vis spectra
: s . . 3
of 1 and 2 was given within simple Hickel theory ). However, such an approach without ex-
plicit consideration of electron interaction cannot be used for studying the shorter wave-

length absorptions. Therefore we report in this communication on cur 7-SCF calculations with
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subsequent configuration interaction }

of the lower excited singlet states of 1 and 2. The

inductive effect of the methylene groups, the through-bond interaction via the bridges and

the deformations of the conjugated subsystems are neglected since they seem not to affect

crucially the energies and characters of the lower excited states of quinhydrones. Further-

more n>T* transitions are not treated here since they do not contribute significantly to the

shape of the absorption spectra due to their low intensities.
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Fig. 1. Experimental uv-vis spectra of 1 and 2
and calculated transitions of H, Q, 1', 1, 2"
and 2. Weak (loges2) or forbidden transitions
are indicated by arrows. The excitations are

correlated according to their symmetries.

The two lowest calculated m>m* exci-
tations of H and Q are in good agreement
) . 5) ' '
with experiment™ . 1' and 2' correspond
to 1 and 2, but transanular one-electron
interaction between H and Q via the

transanular resonance integrals is not

taken into account. The orbitals ¢i of

1' and 2' are either localized in H or Q

and can be mapped uniquely with the or-
X H Q

bitals ¢i of H or ¢j of Q, although they
need not to be identical. Besides the
local excitations (LE's) either in H or

Q the charge-transfer excitations (CE's)
can be discriminated. For the lower ex-
cited states only the following CE's with

an electron transfer g=1 are of interest:
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are arranged due to increasing energy.
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h(l) indicates the highest occupied
(lowest virtual) orbital. In 1' and 2°'
CE's or LE's can couple one another but
CE's and LE's cannot. The four CE's
given above form predominantly the tran-
sitions 1, 2, 5 and 7 of 1' and 2'. The
transitions 1 and 2 consist just of the

first two CE's whereas the other ones are

coupled with energetically higher CE's.
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The transitions 3 and 4 correspond to the first LE in Q and H. They are not coupled despite
of their similar energiess) since they belong to different irreducible representations. This
does not apply to the second LE of Q and H. Both are coupled but nevertheless transition 6 is
predominantly the second LE of Q whereas transition 8 that of H since the latter is higher in
energy by about 0.7 ev.

The transanular resonance integrals cause a covalent mixing of the orbitals of H and Q
and the coupling of CE's with LE's becomes possible. Generally the resultant orbitals ¢i re-

main localized mainly in either H or Q, e.g., ¢ and ¢l are localized by more than 96 % in H

h
or Q and we have ¢h2¢§, ¢15¢$. However, (near) degenerate orbitals of H and Q belonging to
the same irreducible representation can lead to orbitals ¢i which are fully delocalized over

H and Q, e.g., ¢ is localized by 40 % in H and results mainly from the covalent mixing of

1+1
the near-degenerate orbitals ¢§ and ¢?+1. But even the small covalent admixtures of orbitals
from the other conjugated subsystem as in the case of ¢h or ¢l is important since it may lead
to allowed transitions being predominantly CE's which would be forbidden otherwise (see the
CE's of 1' and 2'). An example is provided by the first transition of 1 and 2 with an almost
complete electron transfer. Also the second transition is mainly a CE with a slightly smaller
q=0.79 (1) or 0.87 (2) due to the weak coupling with the first LE in Q. The third transition
is dominated by the excitation ¢h+¢l+1 which is no longer tantamount to the firxst LE in H
(dominated by the ¢i+¢? excitation) as in 1' or 2'. Due to the afore~-mentioned nature of the
orbitals ¢h and ¢l+1 it is rather a combination of that LE and the third CE of 1' or 2'
(transition 5) leading to the large g=0.5 value. The corresponding higher energy combination
forms transition 6 (1) or 5 (2) with a g=0.4. The first and second LE in Q are the major com
ponents of the transitions 4 and 5 (1) or 6 (2), respectively. Both are nearly degenerate in
the case of 1. The transition 7 corresponds to the same type of CE as with 1' and 2' now with
gz0.8 and gains its intensity from the small covalent mixing of orbitals of H with those of

Q and v.v. The second LE in H is the leading part of transition 8 with a gz0.3 which derives
from the significant coupling with CE's.

The calculated positions and relative intensities of the lower excitations of 1 and 2
are in good agreement with the experimental band maxima (c¢f. Fig. 1). Our interpretation of
the longest wavelength absorption band and the shoulder at A#377 nm of 2 agrees with that
given earlier3). According to our calculations the absorption at A2317 nm corresponds to an

excitation which consists of the strongly coupled first LE in H and CE's. Furthermore our re-

sults demonstrate that the two bands around 250 nm in the uv-spectrum of 1 arise mainly from
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the transitions 4 and 8 being predominantly the second LE's of Q and H. Contrary to 1 all
transitions 5-8 constitute the single short wavelength band of 2. Consequently this band con-
sists of different types of excitations, viz. the combination of the first LE in H with CE's,
the second LE’s in Q and H, and linear combinations of CE's.

The good agreement between calculated and experimental uv-vis spectra of 1 and 2 as well
as their similarity with those of the corresponding [3.3]paracyclophanes gives evidence of
the insignificance of through-bond interaction via the methylene bridges for the lower exci-
ted states of quinhydrones. This derives from the fact that a transition can manifest any
significant through-bond interaction only if it is dominated by excitations from occupied
orbitals being fully delocalized over H and Q. However, there are no such dominant excita-
tions with all transitions studied here. The transitions 3 and 6 (1) or 3, 5 and 8 (2) are
dominated by excitations ¢i+¢k where the virtual orbital ¢k is delocalized over H and Q. But
this is ineffective with respect to through-bond interaction due to the large energy differ-
ences between the virtual and bridge orbitalse).
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