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Introduction
Mulliken1 predicted the importance not only of intermolecular distance but
also of mutual orientation for charge-transfer (CT) interaction between an
electron donor (D) and acceptor (A). Others®’’ have elaborated his theory sin-
ce, but detailed experimental proof of the stereochemical requirements for
CT is still lacking, since the geometry of CT complexes in solution is large-
ly unknown, and furthermore since for any given D/A pair only a limited number
(often only one or none) of crystalline complexes is available.
We have therefore undertaken the synthesis of cyclophanes containing an elec-
tron donor-acceptor pair in a known mutual orientation, which can be varied in

a predictable way by structural modification of the molecule.

Results and discussion

The cyclophanes Ia, b and ¢ were synthesized. These were chosen because the
intermolecular complex between a closely related electron-acceptor (II) and

electron—donor (III) displays a distinct CT absorption band ()hax = 435 nm in

4

CH2012) not masked’' by the individual absorptions of II and III.

* To whom all inquiries should be directed.
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The mutual orientation of D and A in both Ia and Ib is such that their centers
are superimposed, while the interplanar distance in Is is smaller than in Ib.
In Ic however, the centers of D and A are no longer superimposed as is also
indicated by PMR data. While in Ia and Ib, H1 and H2 are isochronous with & =
6.20 ppm for Ia and 6 = 6.21 ppm for Ib, they are anisochronous in Ic with

6y = 6.04 ppm and 8y = 6.34 ppm (all in CDCl3 relative to TMS).
1 2

Cyclophanes Ia, b and c display longwavelength absorption (cf. Pig. 1) attrib-
utable to intramolecular CT interaction as shown by the applicability of
Beer's law. For Ia (m =n = 5) and Ib {m = n = 6) this CT absorption is very

weak, being weakest for the compound (Ia) where the D-A distance is ghortest.

Fig 1 1n CH,CL, at 20°
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Thus we conclude that a short D-A distance is not a sufficient requirement for
an intense CT transition in the complex studied. Our results indicate that an
intense CT transition in this complex can not occur when the centers of D and
A are superaimposed. On the other hand a shift of the donor towards one of the
imide rings in the acceptor as present in Ic, strongly enhances CT intensity.

The Mulliken theory1’5

of CT implies that an intense transition from the
ground state to the first CT state will only occur when there is significant
resonance interaction between the no-bond state [Y(D,A)] and the first dative
state [Y(D+A")]. This interaction is mainly governedz’3 by the overlap between
the highest occupied molecular orbital (HOMO) of D and the lowest unoccupied
molecular orbital (LUMO) of A. The orbital coefficients of HOMO and LUMO as
calculated by the HMO methoésare indicated below.

+28

Full and open circles
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negative signs respectively
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It is clear that in a centrosymmetrical (02) complex, with a twofold axis
through the centers of D and A (such as Ia and Ib!), HOMO and LUMC belong to
different symmetry classes (B and A resp.) of the 02 point group, which makes
their overlap zero regardless of the interplanar distance.

The relative intensities of the CT transitions in Ia, b and c thus fully
agree with the Mulliken theory of CT, irrespective of questlons3 about the
contribution of CT interaction to the ground state stabilization of molecular
complexes. Even the small intensity difference between Ia and Ib can be logi-
cally explained: the longer polymethylene chains in Ib (m = n = 6), make this
homologue somewhat more flexible than rigid Ia (m = n = 5), and consequently
the greater deviations from strict 02 symmetry enhance the CT-transition in

Ib, despite the increased distance between D and A.

The syntheses of Ia, b, ¢ and other electron donor-acceptor cyclophanes as

well as the significance of their properties in relation to the corresponding
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intermolecular complexes will be discussed 1n forthcoming papers.
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