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Two significantly different conformations in crystal: formation
of a molecular dimer governed by cation–p interactions
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Abstract—Two significantly different conformations were observed in crystal of 1, which form an unsymmetrical molecular dimer
governed by cation–p interactions between a pyridinium cation and a phenyl ring, whereas compound 2 forms a head-to-tail type of
dimer.
� 2006 Elsevier Ltd. All rights reserved.
It has been well documented that various non-covalent
intermolecular interactions dramatically affect the crys-
tal structure, and, therefore, elucidation of the relation-
ship of the interaction types with the molecular packing
modes is one of the most important subjects1 in supra-
molecular chemistry and in crystal engineering. Among
attractive interactions, cation–p interaction2 between a
pyridinium cation and an aromatic ring has become of
interest in the recent years because it plays a key role
for the formation of a wide variety of complexes, such
as folded,3,4 dimeric,4 oligomeric,5 zipper-like6 and
helical7 architectures as well as inclusion complexes8 in
crystal or in solution.

We have previously reported the formation of a head-to-
tail type of dimer for an N-methylpyridinium compound
in crystal through cation–p interactions.4 In this letter,
we describe that two significantly different conforma-
tions were observed in crystal of 1, which form an
unsymmetrical molecular dimer governed by pyridi-
nium–p interactions, whereas compound 2 forms a
head-to-tail type of dimer.4

1-Benzyl-3-benzylcarbamoylpyridinium bromide (1) and
1-benzyl-3-phenethylcarbamoylpyridinium bromide (2)
were prepared to investigate the chain length effect on
their geometries. These compounds comprise three rings
a, b and c; the central ring b is a pyridinium ring and
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both a and c correspond to the phenyl rings of the N-
benzyl group attached to the pyridinium and the amide
functional group, respectively.

Recrystallization of compound 1 from acetonitrile–hex-
ane gave crystals suitable for X-ray analysis. A remark-
able feature in the X-ray structure of 19 is that the
asymmetric unit contains two independent molecules,
A and B, having significantly different conformations
from each other, as shown in Figure 1. The two phenyl
rings, a and c, of A are located on the same side of the
pyridinium ring b, whereas those of B are located on
the opposite side of the pyridinium ring. Another signi-
ficant feature is that these molecules, A and B, form a
perpendicularly twisted molecular dimer through two
cation–p interactions between the phenyl and the pyr-
idinium rings. Rings Aa and Bb are very close to each
other and are arranged face-to-face with an interplanar
separation of about 3.44 Å, which is close to the sum
of van der Waals radii. The two rings Ab and Bc also
exhibit pyridinium–p stacking; the angle between the
two planes is about 36� with 3.45 Å of interatomic
distance between C(3) and C(16 0). It should be noted
that 2.91 Å of interatomic contact between the carbonyl
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Figure 1. ORTEP drawing for compound 1 containing two indepen-
dent molecules A and B. Bromide ions and hydrogen atoms are
omitted for clarity.

Figure 3. Optimized geometry of the cationic part of 1 predicted by
DFT calculations at B3LYP/6-31G* level.
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oxygen O(2 0) and C(5) of the pyridinium ring suggests
the existence of C@O� � �Py+ type of cation–p interaction
that we have previously reported.10

Superimposition of the molecules, A and B, where their
pyridinium rings are fixed at the same position, clearly
shows the distinct differences in the geometries between
them (Fig. 2). The torsion angles around the phenyl
rings are significantly different from each other; the
N(1)–C(7)–C(8)–C(9) and N(2)–C(14)–C(15)–C(16) an-
gles for molecules A and B are 32.9� and 76.8�, and
61.4� and 41.7�, respectively. The angles of 32.9� and
41.7� for rings Aa and Bc indicate nearly periplanar ori-
entation of them with respect to the pyridinium ring and
the amide moiety, respectively, suggesting the existence
of torsional strain around them. Furthermore, consider-
able strain was also observed in molecule A at the bond
angles around the N-benzyl pyridinium moiety; the
N(1)–C(7)–C(8) angle of 113.5(2)� in molecule A is much
larger than that of 110.0(2)� in molecule B. In addition,
the C(7)–C(8)–C(9) angle of 122.8(2)� in A is also larger
than that of 120.5(3)� in B. These observations strongly
suggest that the formation of a twisted dimer is accom-
panied with significant steric strain.

Optimized geometries of 1 and single point energies for
the cationic parts of A and B were predicted by DFT
calculations at B3LYP/6-31G* level to evaluate the de-
Figure 2. Superimposition of molecules A and B.
gree of distortion of A and B.11 The optimized structure
is very different from the X-ray structures of A and B,
and has an extended geometry, as shown in Figure 3.
The single point energies of A and B are much higher
than the optimized energy,11 suggesting the existence
of significant strain in both of them. Comparison of
the energies between A and B clarifies 13.48 kcal/mol
of instability of A than B, which is in agreement with
the severe deformation in torsion angles and bond an-
gles in A as described above.

X-ray packing diagram revealed the formation of infi-
nite columns along the a axis by self-assembling of the
dimeric units, where the interplanar separation between
rings Aa and B 0b of the neighboring dimer is about
3.46 Å (Fig. 4). Moreover, the columns are arranged
in an oppositely parallel manner with an interaction be-
tween Ab and B 0a rings along the c axis, the interplanar
separation of which is 3.50 Å. These features clearly
show that the cation–p interaction governs not only
the formation of the dimer, but also the arrangement
of the dimeric units so as to promote cation–p interac-
tions as much as possible in the crystal structure.
Although the dimeric unit has considerable steric strain
as described above, the stabilization energy resulting
from the formation of the network of cation–p interac-
tions would more than compensate for the strain energy
of the dimer.
Figure 4. Packing diagram of 1 viewed along a axis. The hydrogen
atoms are omitted for clarity.
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X-ray structural analysis of 2, having a longer chain
length than 1, was carried out to clarify the chain length
effect on the packing structure.12 Since crystals of 2 were
not obtained until addition of chloroform, using a chlo-
roform–methanol solvent system performed the recrys-
tallization. The packing diagram shows face-to-face
and head-to-tail type of dimeric arrangement with cen-
trosymmetry, as shown in Figure 5. This obviously indi-
cates the existence of cation–p interaction between rings
2b and 2c. The interplanar separation between a pyrid-
inium and a phenyl ring is about 3.34 Å. On the other
hand, no cation–p interaction was observed in ring 2a.
The packing diagram also shows no network structure
of the cation–p interactions because chloroform mole-
cules surround the dimer. The geometry of this dimeric
complex is very close to that of the corresponding N-
methyl pyridinium salt that we have previously re-
ported,4 suggesting the generality for the geometry of
this type of compounds.

The significant difference in the interaction modes be-
tween 1 and 2 is definitely dependent on their chain
lengths. The relatively smaller difference in the distances
between Aa–Ab and Bb–Bc in 1 allows the two cation–p
interactions of Aa� � �Bb and Ab� � �Bc to give an unsym-
metrical dimer, which enables the construction of an effi-
cient stacking network of cation–p interactions despite
having considerable strain. On the other hand, forma-
tion of such dimer is geometrically difficult in compound
2 due to having a longer chain length than 1; as a result,
centrosymmetric dimer may be alternatively produced.

In solution, the existence of intermolecular cation–p
interactions in 1 and 2 was evidenced by the Dd values,
which are the differences in the 1H NMR chemical shifts
of 1 and 2 with 1-benzyl-3-methylcarbamoylpyridinium
bromide as a reference compound:13 Dd values for 1:
H2, 1.37; H4, 0.10; H5, �0.36; H6, �1.57; Dd values
for 2: H2, 1.46; H4, 0.07; H5, �0.30; H6, �1.72. Both
Dd values for 1 and 2 are very close each other; in addi-
tion, the trend of the Dd values are similar to that of the
previously reported 1-methyl-3-phenethylcarbamoyl-
pyridinium bromide.4 These studies strongly suggest
Figure 5. Dimeric structure of compound 2. The hydrogen atoms,
bromide ions and chloroform molecules are omitted for clarity.
that 1 and 2 would form dimeric structures close to
the X-ray geometry of 2.

The occurrence of more than one independent molecule
in the asymmetric unit of the crystals is not uncommon.
Hydrogen bonding is known to be a main factor for
such phenomenon.14 However, there is no example
caused by cation–p interactions. In addition, to the best
of our knowledge, there has been little known about
molecular dimers composed by two significantly differ-
ent conformers.

In summary, we have found that the asymmetric unit of
compound 1 contains two independent molecules having
significantly different conformations from each other,
and they form an unsymmetrical twisted molecular di-
mer. The origin of these unusual structural features
would be the stabilization of the crystal by formation
of a network structure of pyridinium–p interactions.
The results reported here will provide an insight into
the system of conformation controlling in various pyrid-
inium compounds.
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a = 106.948(17), b = 107.899(18), c = 97.734(17), V =
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