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Intra- and intermolecular interactions between a thiocarbonyl
group and a pyridinium nucleus
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Abstract—An intramolecular interaction between a thiocarbonyl group and a pyridinium nucleus was found in nicotinium salt 1
having a 1,3-thiazolidine-2-thione moiety, which was elucidated by comparing the 1H NMR chemical shifts and the X-ray
structure with those of standards 2 and 3. Moreover, an intermolecular interaction of the C�S···Py+ was also found in crystalline
state. © 2001 Elsevier Science Ltd. All rights reserved.

Nonbonding S···N,1 S···O,2 S···S3 and S···�4 interactions
have recently been explored in various organosulfur
compounds. These interactions play significant roles in
controlling the molecular conformation, packing struc-
ture in crystals, and molecular recognition. Moreover,
these interactions are interesting in relation to the
bioactivity of a variety of compounds containing sulfur
atoms.

During our studies on the stereoselective reaction of
pyridinium salts having a 1,3-thiazolidine-2-thione moi-
ety with nucleophiles, we presumed an intramolecular
interaction between the pyridinium and the thiocar-
bonyl groups.5 Recently, an intramolecular C�S···S
interaction has been elucidated in the crystal structure
of 1,3-thiazolidine-2-thione derivatives by Nagao and
his co-workers.3a Therefore, confirmation of our predic-
tion will provide insights into further properties of a
thiocarbonyl group. As to pyridinium cations, since
they are observed in a wide variety of organic molecules
such as NAD+, pyridoxal phosphate, bioactive com-
pounds, host–guest compounds and ionic liquids, dis-
closure of a new type of interaction with respect to a
pyridinium cation would be of significant interest. In
this communication, we describe the existence of attrac-
tive intra- and intermolecular C�S···Py+ interactions,
which were elucidated by 1H NMR spectroscopy and
X-ray crystallographic analysis.

As a model compound we selected N-benzyl salt 16

prepared from 3 because of its sufficient stability and
crystallizability for 1H NMR spectroscopic measure-
ments and X-ray analysis. Salt 27 and amide 38 are
standards for 1H NMR and X-ray analysis, respec-
tively. Table 1 shows the 1H NMR chemical shifts for 1
and 2 and the �� values that represent the difference in
the chemical shifts between 1 and 2. Plots of the ��
values to the pyridinium protons are given in Fig. 1. It
is obvious that the �� values are very different in terms
of the position in the pyridinium nucleus. Remarkable
is that ��H2 is very large (1.06), whereas ��H6 is a
negatively very large value (−0.86) in CDCl3. On the
other hand, ��H4 and ��H5 are close to zero. The ��
values are significantly dependent on the solvent
employed; as the solvent polarity increased, the abso-
lute values of ��H2 and ��H6 decreased. This indicates
that the polar solvent disturbs the intramolecular inter-
action by solvation with the pyridinium ring. Since the
N-benzyl group of 1 and 2 can rotate about the C�N
bond freely, the unusual values of the ��H2 and ��H6 in
CDCl3 will not be ascribed to the magnetic anisotropic
effect of the benzyl group. Indeed, the 1H NMR spec-
trum for the corresponding N-methyl pyridinium salt
also showed similar tendency. Therefore, the unusual
downfield shift of H2 and upfield shift of H6 in CDCl3
will be attributable to the intramolecular interaction
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Table 1. 1H NMR chemical shifts of 1 and 2 and the ��
values (ppm)a

�1 �2Solv. ��bProton

CDCl3 H2 10.81 9.75 1.06
8.51 8.57H4 −0.06CDCl3

H5CDCl3 7.91 8.19 −0.28
H6CDCl3 8.93 9.79 −0.86

9.48CD3CN 9.53H2 −0.05
CD3CN H4 8.61 8.57 0.04

8.08 8.14CD3CN −0.06H5
8.93 9.40H6 −0.47CD3CN

DMSO-d6 H2 9.63 9.64 −0.01
H4DMSO-d6 8.80 8.75 0.05

8.25 8.30H5 −0.05DMSO-d6

H6DMSO-d6 9.26 9.46 −0.20

a 1H NMR chemical shifts are measured at 400 MHz.
b Subtracted �2 from �1.

interaction.9 Fig. 2 shows the ORTEP representa-
tions.10 Their geometries are very different in the rela-
tive position of the sulfur atom toward the pyridinium
nucleus; while the S atom of 3 is on the side of the
pyridinium ring, that of 1 is almost on the middle of the
pyridinium ring. The S···C3 distance of 3.051(5) A� for 1
is surprisingly shorter than the sum of van der Waals
radii of the sulfur and carbon atoms (3.65 A� ).11 On the
other hand, the S···C3 distance of 3.211(3) A� for amide
3, is much longer than that of 1.12 Significant structural
difference is also observed in the bond angles around
the amide carbonyl groups. As shown in Fig. 3, the
N1-C1-C3 angle of 116.4(4)° for 1 is smaller and the
N1-C1-O1 angle of 121.6(4)° is larger than those of 3
[118.8(3)° and 119.1(4)°, respectively]. The correspond-
ing general bond angles for N-acyl-1,3-thiazolidine-2-
thiones are in the range of 119–120° and 117–118°,
respectively.13 The shorter S···C3 distance and the bond
angle deformation can be attributable to the attractive
force of the thiocarbonyl with the pyridinium ring.
Additional evidence for the C�S···Py+ interaction is that
the torsion angle of the carbonyl group relative to the
pyridinium ring for 1 [C2-C3-C1-O1 58.0(7)°] is much
larger than the corresponding angle for 3 [33.7(4)°].
This torsion angle deformation in 1 arises from the
rotation of the C1�C3 bond so that the thiocarbonyl
group efficiently approaches the pyridinium nucleus at
the sacrifice of resonance stabilization of the pyridinium
with the carbonyl groups. All of these characteristic

Figure 1. Plots of �� values for pyridinium hydrogens.

Figure 3. Bond angles around amide carbonyls (a) for 1 and
(b) for 3.

between the thiocarbonyl group and the pyridinium
nucleus.

Comparison of X-ray structures between 1 and 3 led to
unambiguous evidence for the noncovalent C�S···Py+

Figure 2. (a) ORTEP representation of 1 at the 50% probability level. Selected interatomic distances (A� ): S1···C3 3.051(5), S1···C2
3.494(5), S1···C4 3.426(6), S1···C5 4.109(6), S1···C6 4.382(5), S1···N2 4.085(5); (b) ORTEP representation of 3 at the 50%
probability level. Selected interatomic distances (A� ): S1···C2 4.073(3), S1···C3 3.211(3), S1···C4 3.287(3), S1···C5 4.182(3), S1···C6
4.829(3), S1···N2 4.800(3).
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structural features in 1, the short S1···C3 distance, the
smaller N1-C1-C3 angle, and the larger twist angle in
the carbonyl group, strongly suggest the existence of
the intramolecular C�S···Py+ interaction.

The X-ray packing structure for 1 apparently shows not
only the existence of an intramolecular interaction but
also an intermolecular interaction in the crystal. As can
be seen from Fig. 4, the sulfur atom of the thiocarbonyl
group is sandwiched by the two pyridinium nuclei. The
S1···C6� distance of 3.65 A� is an almost similar value to
the sum of van der Waals radii. The sulfur atom is
placed on the line connecting C3 and C6�, which is the
shortest line between the two pyridinium nuclei, indi-
cating the sulfur atom is attracted by both pyridinium
rings. It is remarkable that another sulfur atom S2 in
the thiazolidine ring is very close to C4� with the
interatomic distance of 3.46 A� , suggesting the contribu-
tion of two sulfur atoms to the intermolecular interac-
tion. No such intermolecular interaction was observed
in 3. Stoddart and his co-workers have reported that
tetracationic cyclophane, cyclobis(paraquat-p-phenyl-
ene), makes an inclusion complex with tetra-
thiafulvalene with a higher free energy of complexation
than the other �-components, and the distance between
the sulfur atom and the pyridinium ring in the complex
is 3.54 A� .14 These observations seem to be related to
our results and might support the intermolecular
C�S···Py+ interaction in the crystalline state described
above.

The observed unusual chemical shifts for H2 and H6
described earlier can be explained as resulting from
following: (1) the C�S···Py+ interaction would change
the charge densities of the pyridinium protons; (2)
X-ray structure of 1 indicates that H2 lies in a deshield-
ing area, which would result in downfield shift of H2.
Although the origin of the C�S···Py+ interaction is still
unclear, one of possible attractive force may be a
cation-� interaction15 because of the large polarizability
of the thiocarbonyl group.

Further studies on the origin of the force of this
C�S···Py+ interaction are now in progress.
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