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Ultraviolet spectra of 4-phenyl-[2.2]paracyclophane and of the 4,7- and
4,13-diphenyl derivatives were interpreted. MINDO/3 total molecular energy
and PPP—CI-1 energies of singlet transitions were calculated for different
values of the dihedral angle of the phenyl ring with respect to the benzene ring
of paracyclophane. Although most of the theoretical transitions correspond to
local excitation within the PCP fragment, some of them result in a transfer of
electron charge to the phenyl substituents.

( Keywords: CT transitions; Electronic specira; Intramolecular CT complex;
Phenyl-[2.2 | paracyclophanes; Local excitation transitions)

Elektronenspektren und Konformationen von Mono- und Diphenylderivaten des
[2.2] Paracyclophans

~ BEs werden die UV-Spektren von 4-Phenyl-[2.2]paracyclophan, 4,7- und
4,13-Diphenyl-[2.2]paracyclophan interpretiert. Fir verschiedene Dieder-
winkel der Phenylringe relativ zu dem Benzolring des Paracyclophans wurden
MINDO/3-Rechnungen fiir die Gesamtenergie und PPP—CI-1 Rechnungen
fiir die Singlet-Uberginge durchgefiihrt. Die meisten der berechneten Uber-
ginge gehoren zu lokalen Anregungen innerhalb des PCP-Fragments, einige
sind jedoch einem Elektronentransfer zu den Phenylsubstituenten zu-
zuschreiben.

Introduction

In this communication we present theoretical considerations con-
cerning the conformations of some phenyl derivatives of [2.2]para-
eyclophane, PCP, and the interpretation of their UV spectra based on

0026-9247/83/0114/1023/$ 02.40



1024 A. K. Wisor and L. Czuchajowski:

calculations of the electronic transition energies. The compounds under
consideration were: 4-phenyl-[2.2]paracyclophane, A, 4,7-diphenyl-
[2.2]paracyclophane, B, and 4,13-[2.2]paracyclophane, C, obtained
recently in this laboratory?. 2, Fig. 1.

Theoretical interpretation of the electronic speetra of layer
compounds like derivatives of [2.2]paracyclophane or some of the

A B C

Fig. 1. Investigated phenyl derivatives of [2.2]paracyclophane: A 4-phenyl-

[2.2]paracyclophane; B 4,7-diphenyl-[2.2]paracyclophane; C 4,13-diphenyl-

[2.2]paracyclophane; the boat-shaped configuration of the benzene rings in the
PCP fragment is not shown

charge transfer complexes usually encounters some difficulties3-5.
There are two major factors responsible for this. First, the considered
molecules are composed of the two fragments, lying one above other,
and each of them representing a =-eleetron and often aromatic
structure. They exhibit a strong transanular interaction affecting both
the geometry and spectroscopic properties of the molecule-10, This
makes the proper estimation of the interaction energy between two =-
electron moieties (a problem so important in the quantum-chemical
approach) even more important. The other objection, potentially more
dangerous for the standard n-electron approaches to the considered
class of compounds is the fact that a pure electronic treatment, based
on the Born-Oppenheimer approximation, B—O0, is not always
applicable to the dimers or the dimer-like structures. Electronic spectra
of such compounds are affected by the vibronic couplings. However, in
the case of PCP and its derivatives, so called strong coupling occurs
which, in fact, affects the B—O transition energies only to a minor
extent. Moreover, when only  energies of the transitions, not their
oscillator strengths are considered, it is possible to incorporate the
vibronic effects into the n-electron treatment by an appropriate
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parametrisation of the resonance integrals between both n-electron
components of the molecule.

In view of this, it can be easily recognized that the most important
step in the theoretical treatment of the title compounds is to choose a
proper procedure to estimate resonance and Coulomb integrals in-
volving orbitals belonging to the different n-electron moities. The
authors’ experience based on previous papers?: 8 points out that the
most suitable are those parametrisations which express one- and two-
electron integrals in terms of the -overlap integrals, e.g. Hinze-
Beveridge, H—B, parametrisation*!. A slightly modified version of the
original H—B parametrisation was proposed8, which proved to be
particularly useful in predicting electronie spectra of the eyclophane
type compounds. Although this procedure of determination of
resonance integral admits a new empirical parameter, it appears fully
justified in view of the thorough discussion of this problem focused on
the layer-type structures presented recently by Vogler!2.

Materials and Methods

The phenyl derivatives of [2.2]paracyclophane were obtained according
to Ref.1.2: 4-phenyl-[2.2]paracyclophane, m.p.114-116°C, 4.,7-diphenyl-
[2.2]paracyclophane  (melts  with  decomp.) and  4,13-diphenyl-
[2.2]paracyclophane, m.p.158-160°C. The UV spectra were recorded in
95%, ethanol on a Cary 118 spectrophotometer and on a Specord UV-VIS
C.Zeiss instrument.

Calculations of the singlet transition energies were carried out by an SCF
method in the PPP—CI-1 approximation with Hinze-Beveridge para-
metrisationil. All details of parametrisation are given elsewhere®. Here we
consider only the problem of the parametrisation of the resonance integrals. In
the H—B approximation the resonance integral 8 is given by

Bij=05(Zi+ Zj) Sy (yij—2C)ry) W

where Z;, Z;denote the number of =-electrons in the center 7 and j, Sy and y;jare
the overlap and Coulomb two-center integrals, respectively, and 7 is the
distance between centers ¢ and j.

A typical feature of that kind of approximation for the resonance integral is
the presence of parameter ¢ in the formula. In the original H—B
approximation Cg__ pis equal to 0.545. However, in our recent application3, 8
the value of C was differentiated depending on the type of the orbitals involved
in the 8;; integral. In the present calculations we also followed that scheme and
assume: C' = Cpy_p for all orbitals belonging to the same aromatic unit;
C = 5Cg__p for orbitals belonging to different benzene units of PCP or for
those belonging to a phenyl substituent and a not adjacent benzene ring of
PCP; C =1.10y__g for orbitals belonging to a phenyl substifuent and an
adjacent benzene ring of PCP. (The value of 1.1 was used because it reproduces
correctly the UV spectrum of biphenyl in which the dihedral angle is 42°, see
Fig. 3).
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Rotation of the phenyl substituent with respect to the adjacent benzene
unit of PCP is taken into account by the fact that the resonance integral is
proportional to the corresponding overlap integral between p, orbitals. The
latter is calculated assuming that p, orbitals are perpendicular to the benzene
unit. In other words, they rotate together with the rotating phenyl fragment.

The geometry of considered molecules was adopted from benzene, bi-
phenyl!3 and PCP4.15, Interplanar distance in PCP was assumed to be 3.11 A,
interring CC bond between phenyl and POP was adopted to be equal to 1.49 A
In the CI part of the calculation, 40 and 50 singly excited configurations were
taken into aceount for mono- and diphenyl derivatives, respectively. Energies
of the singlet transitions were calculated for different values of the dihedral
angle ¢. To fix the optimum value of the dihedral angle, the total molecular
energy vs. dihedral angle ¢ was calculated by the MINDO/3 method.

Results

The simple model consideration of the investigated compounds
shows that one can expect neither a planar conformation nor a
perpendicular one of the phenyl ring(s); the stable conformation is
resultant of three factors: (i) m-electron interaction with the adjacent
benzene ring of PCP, (ii) m-electron interactions with the second
benzene ring of PCP, and (iii) repulsion with the hydrogen atoms of the
methylene bridges, interaction H,—H, Fig.2. The calculated
dependence of the total molecular energy on the dihedral angle ¢ is
shown in Fig.2. It appeared that one should expect two stable
conformations: the first one with lowest energy occurs at ¢, = 48°, the
second one at ¢; = 113°. Additional calculations showed that the values
of gy and ¢; are practically insensitive to the assumed values of the
other structural parameters, like the length of the interring C;—C,
bond or the value of the adjacent C;—C;,—C; angle, see Fig. 2. It may be
stated that so called relaxation effects will not change the estimated
optimum values of ¢y, although they affect rather strongly the values of
the molecular energy of the conformers. The difference between
molecular energies of the two stable conformers is equal to
12.7kcal/mol. The barrier of rotation occuring at 93° is equal to
19.3 kcal/mol with respect to the o; conformer, and 6.6 kecal/mol with
respect to the g, conformer. The rather high value of the second barrier
of rotation at 0°, i.e. for the planar conformation, may be substantially
lowered by the mentioned relaxation effects. The same conformations
of phenyl rings were adopted for the diphenyl derivatives of PCP.

The conformational analysis results obtained by the direct energy
calculation can be compared with the conclusions drawn from the
conformational dependence of the UV spectra. Fig.3 shows the
dependence of the energy of the first intense band on the dihedral angle
@p. For all molecules a maximum batochromic effect is observed when
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Fig.2. MINDO/3 molecular energy vs. dihedral angle of the phenyl ring in
4-phenyl-[2.2]paracyclophane
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Fig.3. Energy of the first intense singlet transition vs. the dihedral angle of
phenyl ring (PPP—CI-1 results) for the phenyl derivatives of [2.2]para-
cyclophane shown in Fig. 1; the dashed line represents biphenyl
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Fig. 4. The experimental spectra of phenyl derivatives of [2.2]paracyclophane
(in 959, ethanol) and the theoretical singlet transition energies according to
PPP—CI-1; theoretical values refer to the most stable (MINDO/3) con-
formation ; the dashed line represents the experimental spectrum of biphenyl

the conformation of the phenyl rings approaches 90°. It should be noted
that two conformations correspond to the experimental energy of UV
transition, e.g. for 4-phenyl-[2.2]paracyclophane ¢, is approximately
equal to 60°, ¢; to 120°. Thus, both conformations predicted by UV
spectra are equally deviating from planarity.

The interpretation of the UV spectra is given in Tabs. 1-3 and in
Figs. 4 and 5. Experimental spectra show three maxima at 276, 222 and
206 nm for compound A, at 294, 220 and 207 nm for B and at 294, 221
and 206 nm for €. Some of them are accompanied by shoulders: at
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Fig.5. Correlation diagram of 4-phenyl-[2.2]paracyclophane

238nm for A, at 306 and 240nm for B and at 306 and 241 for C. The
theoretical results are in very satisfactory agreement with the
experimental data for molecules A and B and a little less for molecule C,
because according to the calculation the first maximum in the latter
compound is shifted towards a shorter wavelength region.

Discussion

Formally, any phenyl derivative of PCP can be regarded as an
intramolecular CT complex with PCP being a donor fragment and
phenyl substituent(s) an acceptor. From this standpoint in Tabs. 1-3
characteristics of the theoretical transitions are given, indicating
loealization of the excitation6. To the first observed band in the
monophenyl -derivative, the 276nm maximum, four theoretical
transitions were assigned, but only two of them show sufficient
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intensity to be observed in the spectrum. Similarly the second band, the
222 nm maximum plus shoulder at 238 nm, correspond to two intensive
transitions at 233.8 and 219.1nm. Most of the theoretical transitions
correspond to local excitation within a donor part i.e. the PCP
fragment. Some of them, however, exhibit high participation of the CT-
like transition resulting in a transfer of an electron charge from the
PCP fragment to the phenyl substituent, e.g. theoretical maxima
at 233.8, 206.2, and 203.8nm in the monophenyl derivative. In
diphenyl derivatives there are two bands which exhibit predominant
CT character: 224.1, 202.5nm in compound B and 208,8, 200.4 in C.
Several others are of mixed CT and LE character. In all three
compounds there are few theoretical maxima localized in the acceptor
part, i.e. in the phenyl fragment. In the mono-derivative there is one
wavelength of that character at 260.5nm and four in each dipheny!
derivative (Tab.2 and 3).

Analysing the electronic spectra of the considered molecules from
the point of view of their components we can emphasize the following
points. In all cases several bands appear which can be easily retrieved in
the spectrum of PCP. For instance, bands at 262.9nm (A), 266.6nm
(B), 268.5nm (C) correspond to the 254nm band of PCP. Similarly,
shoulders at 233.8nm (A), 233.7nm (B) and 235.1nm (C) refer to the
weak band at 232nm in PCP, and the bands at 219.1nm (A), 216.6 nm
(B) and 225.3nm (C) can be ascribed to the 223nm band of PCP.
Analysis of the maxima at 260.5nm (A), ca.253nm (B) and ca. 256 nm
(C) shows that they have to be identical with the nonactive transition in
the benzene molecule at 254 nm ; the other benzene transition, 204 nm,
can be recognized in the ca.207nm maximum in the B and C
derivatives.

The similarity of the spectra of the [2.2 paracyclophane]
derivatives with those of the parent molecule can be explained by
comparing their orbital energies (Fig.5). Each orbital level of the 4-
phenyl derivative can be ascribed to a corresponding orbital level of its
components.

Owing to the twisted conformation of the phenyl ring with respect
to PCP one cannot expect any extended delocalization of n-electrons
between them. That is the main reason why the general electronic
structure of a PCP derivative retains many features of that of the
parent molecule.
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