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Synopsis. The charge-transfer (CT) complexes of some
sterically hindered [2.2]metapara- and [2.2]paracyclophanes
as n-donors with 2,3-dichloro-5,6-dicyano-p-benzoquinone
(DDQ) and tetracyanoethylene (TCNE) as m-acceptors have
been investigated by electronic as well as infrared spectros-
copy. Electronig, steric, and transannular effects governing
the formation and stability of the CT complexes studied are
discussed.

The transannular electronic interactions in the
[2.2]paracyclophanes were the subject of several spec-
troscopic investigations in the last decades.!”® These
studies dealt mainly with the question of how the elec-
tronic effects of substituents in one ring are transferred
to the second ring of the [2.2]paracyclophane mol-
ecule.

This paper dealt with the visible and infrared spec-
tra of intermolecular complexes of di-t-butyl[2.2]-
metaparacyclophanes (1—3), diisopropyl[2.2]paracy-
clophanes (4,5), 4-t-butyl[2.2]paracyclophane (6) as well
as 4-trimethylsilyl[2.2]paracyclophane (7) and both
acceptors DDQ and TCNE. A new absorption band
due to neither donor 1—7 nor acceptor was observed in
the visible region for the CT complexes studied. In
two cases two new absorption bands were observed
(Table 1). These two absorption bands may be
explained as due to electron transition from two high-
est occupied 7-molecular orbitals of an electron donor
to the lowest vacant #-molecular orbital of an electron
acceptor.

It has been reported that the Amax values for the CT
complexes were used as a measure of the n-base

strengths of the donors used.? Comparison of the Amax
values for the CT complexes of the donors 1—5 with
both DDQ and TCNE demonstrates that the n-base
strengths of the donors follow the order: 4>5>1>2>3.
Also, [2.2]paracyclophanes (4 and 5) are more basic

R=t-butyl

>

R=isopropyl

-
=d
R

Table 1. CT Spectral Data for Complexes between Donors 1—7 and DDQ),
TCNE in Dichloromethane at 20 °C
Amax € K 1P
Donor Acceptor
nm Imol™lcm™! 1 mol™! eV
1 DDQ 632 109 121.45 8.17
2 DDQ 597 100 93.71 8.31
3 DDQ 562 117 72.24 8.46
4 DDQ 659 98 137.56 8.07
5 DDQ 650 118 129.43 8.10
6 DDQ 597 144 95.26 8.31
7 DDQ 587 196 91.44 8.35
1 TCNE 563, 425 49 78.08 8.14, 9.09
2 TCNE 537, 425 69 65.27 8.28, 9.09
3 TCNE 499 86 52.56 8.52
4 TCNE 580 95 86.12 8.05
5 TCNE 575 108 81.03 8.08
6 TCNE 541 115 70.52 8.26
7 TCNE 532 136 67.36 8.31
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than [2.2]metaparacyclophanes (1—3). In order to
explain this trend of basicity two factors must be dis-
cussed; electronic and steric. In the metaparacyclo-
phanes (1—3) the transannular electronic interactions
are absent, since the two aromatic nuclei are perpen-
dicular to each other,!® and thus the unsubstituted
part of compound 1 and 2 may be formally considered
as p-xylene. The higher values of the Am’s of the CT
complexes of donors 1—3 with TCNE in Table 1 rela-
tive to p-xylene-TCNE complex (Amx=460 nm!?)
indicated that the substituted ring in 1 and 2 mainly
formed complexes with the acceptors. Accordingly,
the electronic effects of the t-butyl groups are prevail-
ing over steric ones. The presence of two t-butyl
groups in the p-position in 1 and in the m-position in
2 is responsible for the greater steric hindrance and
consequently lower z-basicity of 2 relative to 1.V

As reported in Table 1, the CT complexes of 4 with
DDQ and TCNE absorb at 659 and 580 nm respec-
tively. The CT complexes of its analogue 4,13-di-¢-
butyl[2.2]paracyclophane (4, R=t-butyl) with the same
acceptors absorb at 663 and 595 nm respectively.1?
These results reveal that the ¢-butyl-substituted cyclo-
phane is more basic than the isopropyl-substituted
one. In other words, the electron-releasing character is
stronger than the steric one. Accordingly if we com-
pare the basicity of di-t-butyl-substituted [2.2]meta-
paracyclophanes (1—3) with that of diisopropyl-
substituted [2.2]paracyclophanes (4 and 5) the former
basicity is expected to be larger than that of the latter.
Contrary to the expectation the latter was larger than
the former as shown in Table 1. This behevior arises
undoubtly from transannular electronic interactions
within paracyclophanes 4 and 5 .

The existence of steric hindrance in a donor-accep-
tor system tends to inhibit the interections between the
electron-poor m-orbitals of acceptor with the electron-
rich n-orbitals of donor, and hence the basic character
of donor will be decreased with increasing the steric
hindrance, i.e., the absorption of its CT complexes will
be shifted to shorter wavelengths. Consequently, on
the basis of steric requirements, the CT complexes of 4
with DDQ and TCNE should absorb at shorter wave-

Table 2.
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lengths than those of 5, since the two isopropyl groups
in 4 are pseudo-geminally oriented, and hence more
sterically hindered than in the pseudo-ortho case (5)
On the contrary, the donor 4 exerts higher basic char-
acter than 5 as reported in Table 1 for the values of
Amax- This may be explained as due to the difference in
exiton splitting of the electronic states of the two
donor molecules.

The association constants for complex formaation
indicate a marked sensitivity to substituent effects and
follow the same sequence as the corresponding Amax
values. A linear correlation between the association
constants and the position of the Amax of the long wave-
length CT band has been observed for the two series of
complexes.

It is worthwhile to point out that the low K values of
the CT complexes of 4-trimethylsilyl[2.2]paracyclo-
phane (7) with DDQ and TCNE and the absorption at
relatively shorter wavelengths than the CT complexes
of 4-t-butyl[2.2]paracyclophane (6) with the same
acceptors are in agreement with the low electronega-
tivity of the silicon atom with respect to the carbon
one.

It has been reported that for a series of CT com-
plexes the relationship between K and & values is
generally linear,'® and when the electron donor is ster-
ically hindered the & values will be reduced.'? The CT
complexes in the present work reveal no regular rela-
tionship between K and ¢ values. This behavior is
believed to be due to the steric hindrance in the donor
molecules, which decreases in the following order:

2>1>3 and 4>5>6.

The empirical relation derived by Aloisi and
Pignataro!¥ were used to determine the ionization
potentials (IP) of the free donors (1—7) and their
values are given in Table 1; they are another measure
of the relative m-basicities of these electron donors.
The high IP values in case of the DDQ-complexes is
due to the high electron affinity of DDQ with respect
to TCNE.1®

The infrared spectra of some CT complexes as well
as their free components are summarized in Table 2.
The data reveals that in case of the CT complexes with

IR Spectra (KBr) of Some Free Donors and Acceptors

and Their CT Complexes (cm™!)

Complex Free acceptor Compl. acceptor Free donor Compl. donor
2-DDQ 2225(CN) Very weak 1353, 1240, 1360, 1250
1670(CO) 1690, 1660 925(CMej;) 930
1555(C=C) 1550 790, 720(ArH) 800, 728
1175(C-Cl) 1160
2-TCNE 2260, 2220(CN) 2240, 2200 1100(CMe3) 1105
1085, 960, 920 1077, 950, 910 880, 790, 728 885, 800, 732
(C-CN) (ArH)
5-DDQ 2225(CN) Very weak 2850(aliph. CH) 2857
1670(CO) 1685, 1660 1370, 1350 1378, 1360
1175, 800(C-Cl) 1170, 793 (CHMe,)
882, 840(ArH) 890, 845
5-TCNE 2260, 2220(CN) 2245, 2208 2850(aliph. CH) 2855
1110, 1085, 960 1105, 1080, 952 1370, 1350 1375, 1356
(C-CN) (CHMe;)
840, 720(ArH) 845, 727
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DDQ the C=0 at 1670 cm™! splits into two bands,
whereas that of the C=N group is weaken. In case of
the TCNE-complexes, the two bands characteristic of
the C=N groups show a red shift. Comparison of the
infrared spectra of the CT complexes with those of the
free components reveals an apparent shift of the bands
of the acceptor to lower wavenumbers. However those
of the donor are shifted to higher values indicating a
decrease in the electron density in the donor part of the
CT complex. This behavior is characteristic of n-n*
transitions.!6)

In conclusion, the spectroscopic studies of this type
of donor-acceptor interactions revealed the important
role played by both electronic effects of the electron-
releasing groups and the transannular electronic
interactions of the z-electron clouds of the two aro-
matic rings with one another in [2.2]paracyclophane
relative to the eteric factors.

Experimental

Reagents. The electron donors 1—7 were prepared
according to the procedure described in Ref 17. Tetracya-
noethylene and 2,3-dichloro-5,6-dicyano-p-benzoquinone
(Janssen Chimica) were used without further purification.
Dichloromethane (Merck) was dried over phosphorus pen-
taoxide and distilled as described in Organicum.®

Physical Measurements. Association constants (K) and
molar extinction coefficients (¢) of the CT complexes studied
have been determined by utilizing the Rose-Drago equa-
tion:19,20)

CpCale — &)
d — da

where Cp and Ca are the initial concentrations of donor and
acceptor respectively, €a is the molar absorbance of the accep-
tor, da is the absorbance at the initial concentration of the
acceptor, and d corresponds to the total absorbance at any
given wavelength for a cell of 1.0 cm path length.

The visible spectra were scanned on a Beckman UV 5230
recording spectrophotometer in stoppered silica cells (1.0
cm). All scans covered the range from 350 to 800 nm. The
infrared spectra were recorded on a Perkin-Elmer 157 G
spectometer.

— Cp—Cs + M,
€ —€p

K1 =
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