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Elucidation of the formation of cation–p complexes and their
conformational behavior in solution by CD spectroscopy
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Abstract—Circular dichroic exciton Cotton effects were observed for some pyridinium salts and a quinolinium salt having a benzyl
or a naphthylmethyl group, which revealed the existence of an intramolecular cation–p interaction. The sign of the Cotton effects
deduced the relative position of the two chromophores.
� 2004 Elsevier Ltd. All rights reserved.
The circular dichroic exciton Cotton effect is signifi-
cantly important in determination of the absolute con-
figuration of a variety of compounds.1,2 In addition,
this effect reflects the conformations of the chiral mole-
cules in solution when the steric and electronic effects
favorably restrict the conformational flexibility.1,2

In the course of our studies on the conformation control
of pyridinium compounds,3,4 we have found that 2b hav-
ing a pyridinium ring and a benzyl group is geometri-
cally restrained4 by an intramolecular cation–p
interaction.5 The X-ray analysis clarified that the pyridi-
nium and phenyl rings lie parallel to each other and the
two rings are arranged face-to-face (Fig. 1).4 The 1H
NMR studies suggested the conformation in solution
to be similar to the X-ray structure.4

To clarify its conformational details in solution and to
obtain further evidence for the existence of an intramo-
lecular cation–p interaction, we focused on CD spectro-
scopy due to its remarkable ability for conformational
analysis in solution. We report here that CD exciton
Cotton effects provide evidence for the existence of a
cation–p interaction and reveal the conformation of
the cation–p complex.
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Nicotinic amides 1a and 1b and pyridinium salts 2a, 2b4

and 3,6 and quinolinium salt 47 were employed for the
conformational studies. The UV and CD spectra8 of
1a and 1b in CH3CN are shown in Figure 2. The UV
spectra of both 1a and 1b exhibit two bands around
270 and 220nm, which can be assigned to the p–p* tran-
sition (B band) of the pyridine moiety9 and the
p–p* transitions (K band) of the phenyl and pyridine
rings, respectively.9 In the CD spectra, positive Cotton
effects appear at the p–p* (B band) region of the pyri-
dine moiety (Fig. 2a and b). This positive sign would
be associated with the directionality of the twisting of
the C3–CO bond toward the pyridine ring.10 Another
strong positive Cotton effect is present at the 223nm
region of 1a with respect to the p–p* absorption of the
phenyl group attached to the chiral center (Fig. 2a),
whereas no such band is present in 1b (Fig. 2b).
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Figure 1. Reported ORTEP drawings of 2b. (a) Side view; (b) top view.
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Figure 2. CD and UV spectra of (a) 1a and 2a and those of (b) 1b and 2b in CH3CN.

Figure 3. Schematic relative position of the two chromophores down

the N–C bond with chirality.
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The UV spectra for 2a and 2b are very close to those of
1a and 1b as shown in Figure 2. The absorption bands of
them can be analogously assigned to the case of 1. The
CD spectrum of 2a shows two positive Cotton effects,
which closely resembles that of 1a. In contrast, the spec-
trum of 2b is significantly different from that of 1b, sug-
gesting the larger contribution of a cation–p interaction
into the conformation of 2b. A remarkable feature is the
significant difference in the CD curves between 2a and
2b in spite of a small structural difference between them.
The CD spectrum of 2b exhibits exciton couplet at the
200–260nm region with the first strong positive exciton
Cotton effect at around 236nm and the second strong
negative exciton Cotton effect at around 214nm. The
crossover point of 224nm is very close to the absorption
bands of p–p* of the phenyl and pyridinium rings, indi-
cating that this couplet would be a result of the exciton
coupling between the two chromophores. These obser-
vations strongly suggested that the conformational flex-
ibility of 2b is significantly diminished by an
intramolecular cation–p interaction. The benzyl group
is a much better substituent than a phenyl group to take
an effective orientation for the formation of a cation–p
complex, which would cause significant differences in
the CD spectra between 2a and 2b.

The plus sign of the observed CD couplet in 2b implies
that the two chromophores take a disposition as shown
in Figure 3. This is in agreement with the previously re-
ported X-ray geometry of 2b with respect to the relative
position of the two moieties (Fig. 1b).4 The positive Cot-
ton effect around 282nm suggests that the chirality
about the C3–CO axis will be M according to the liter-
ature,10 which is also consistent with that of the X-ray
structures (Fig. 1).4 These observations lead to a conclu-
sion that the conformation of 2b in solution is very sim-
ilar to that in the crystal.

It should be noted that the De values receive temperature
effects but scarcely receive solvent effects. When the
measurements were carried out in the range of 5–60 �C
in CH3CN, the De values decreased with raising of the
temperature.11 This phenomenon is a general feature
of flexible molecules because the higher temperature
enhances the molecular motion and results in the
decreasing of the De values.12 Although it has been
known that polar solvents weaken a cation–p inter-
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Figure 4. CD and UV spectra of (a) 3 and those of (b) 4 in CH3CN.

S. Yamada et al. / Tetrahedron Letters 45 (2004) 7475–7478 7477
action,13 little effect was observed in the present sys-
tem,14 suggesting a larger interaction energy in this
intramolecular complex.

The CD measurements of 3 and 4 were also carried out
to clarify their conformations and the existence of a
cation–p interaction in solution. Since they have a naph-
thylmethyl or quinolinium moiety possessing a long-axis
polarized electric dipole transition moment, it is easy
to evaluate the exciton Cotton effects. Both CD
spectra6,7 exhibit splitting Cotton effects as expected
(Fig. 4a and b). The crossover points of 3 and 4 are
228 and 241nm, respectively, which are closely associ-
ated with the p–p* absorption of the naphthylmethyl
group (226nm for 3) and the quinolinium ring (241nm
for 4). The CD curve for 3 is nearly a mirror image to
that of 2b due to the opposite absolute configuration
of the chiral auxiliary. The CD spectrum of quinolinium
4 does not resemble the corresponding pyridinium deriv-
ative 2b because of the different absorption behavior of
the quinolinium moiety from that of the pyridinium
ring. However, an exciton couplet with a positive sign
around 220–260nm and a positive Cotton effect associ-
ated with the B band of the quinolinium around
336nm reflect similar conformational behavior to 2b
(Fig. 4b). These observations apparently provide evi-
dence for the existence of a cation–p interaction in 3
and 4 in solution.

In summary, the observation of an exciton couplet
between a pyridinium (quinolinium) and a benzyl (naph-
thylmethyl) group clarified the existence of an intra-
molecular cation–p interaction in the pyridinium and
quinolinium salts 2b, 3, and 4. Moreover, the sign of
the chirality reveals the relative position of the two chro-
mophores. To the best of our knowledge, these are the
first examples for the elucidation of cation–p interac-
tions by CD spectroscopy. These findings should be use-
ful in the studies of cation–p interactions in various
systems. Further studies on the related conformation
switching system are now in progress.
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