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Abstract: A pyridine derivative (3) and TsOH form a 2 + 2 salt with six hydrogen bonds in the solid state, although there are
equilibria between some aggregation states induced by hydrogen bonding in solution.

Molecular assembly of synthetic compounds has received considerable attention from the viewpoint of
generating nanometer-scale structures.! In the control of aggregate structures, hydrogen bondong plays an
important role. Some excellent works have shown that three or more molecules can form well-defined
aggregates controlled by hydrogen bonding in the solid state? as well as in solution.3 Recently we have
reported that quinoline derivatives, exemplified by 1, form 1 + 1 salts with sulfonic acids in chloroform with
three hydrogen bonds (eq 1).4 The structure of the 1 + 1 salts is assumed to be like 2 on the basis of the X-ray
analysis of the related salt and 1H NMR studies.42. 5 In the course of developing this system, we have tried to
realize salt-assembly system in which several components associate with each other via hydrogen bonding.
Here we describe that in the solid state a pyridine derivative (3),6 in contrast with quinoline derivative 1, forms
a 2 + 2 salt with p-toluenesulfonic acid (TSOH) as shown in eq 2, and that in solution there are equilibria
between some aggregation states induced by hydrogen bonding.
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Pyridine derivative 3 was synthesized as shown in Scheme I. MOM ether 67 was lithiated, transmetalated
and subjected to the nickel-catalyzed coupling reactiond with 5, which was prepared from boronic acid 49 and
2-bromopyridine under Suzuki conditions,!? to give 7. Deprotection of the MOM groups yielded 3.11 The
reference compound (8) in which the OH groups of 3 were converted to methoxy groups was obtained by
methylation of 3.

Recrystallization of the salt between 3 and TsOH from benzene gave colorless prisms. The X-ray
structure!2 of the salt (Figure 1) shows the importance of hydrogen bonding for salt aggregation. Two
sulfonate molecules and two protonated 3 molecules form a 2 + 2 salt with six hydrogen bonds as shown in eq
2. Furthermore, two pyridinium rings are stacked with each other at an interplanar distance of ca. 3.5 A. The
n-stacking interaction between the pyridinium rings serves to stabilize the 2 + 2 salt structure. This salt
structure is very different from the structure of quinolinium salt 2,

It is difficult to determine the solution structure of the salt (3+TsOH). On the basis of 1H NMR studies
described below, however, we conclude that the OH groups of 3 play a significant role in salt aggregation in
solution. Addition of 1 equiv of TsOH to a 10 mM solution of 3 or 8 in CDCI3 caused !H NMR signal
changes. For example, the a-proton of the pyridine ring of reference compound 8 showed a salt-formation-
induced shift {A8 = 8(observed) — (free 3 or 8)} of 0.58 ppm.13 This downfield-shift value remains constant
upon dilution to 1.8 mM. Therefore, we assume that salt 8<TsOH exists as a 1 + 1 salt under these conditions.
On the other hand, A8 values of salt 3-TsOH depend on the concentration of the salt probably due to
aggregation induced by the OH groups. For 1.8 mM, 10 mM and 20 mM solutions, A values were found to be
0.36, 0.24 and 0.18, respectively; increasing the concentration decreases the downfield-shift values. This
decrease of Ad is consistent with the equilibrium shift from the 1 + 1 salt to the 2 + 2 salt in which the stacked
geometry of the pyridinium rings (Figure 1) causes upfield shift of the a-proton due to an anisotropic effect. At
the present stage, however, we have no evidence for the existence of the 2 + 2 salt in solution. Anyway, the
OH groups of 3 paticipate in the aggregation processes of 3*TsOH.
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The salt aggregation seems to be remarkable in a less polar solvent. For example, addition of 1 equiv of
TsOH to a benzene-dg solution of 3 resulted in upfield shift of the a-proton of the pyridine ring (A8 = -0.24).
This result indicates that downfield shift induced by protonation to the pyridine nitrogen is cancelled out by
upfield shift induced by the anisotropic effect in the aggregates.

The presence of hydrogen bonds between the OH groups of 3 and the sulfonate anion in solution was
confirmed by the following results. (1) The 'H NMR signal of the OH protons of 3 (§ 5.35 in CDCl3, 10 mM)
became too broad to be observed upon addition of 1 equiv of TsOH. (2) The infrared absorption band of the
vOH (3560 cm-! in CHCIl3, 20 mM) became weak, and a broad band of 3260-3340 cm! appeared, upon
additon of TsOH.

It should be noted that there are striking differences between pyridine derivative 3 and quinoline
derivative 1 not only concerning the salt structure but concerning a kinetic process.  For a 2:1 mixture of 1 and
TsOH in CDClI3, the exchange process between free 1 and salt-formed 1 is slow on the !H NMR time scale at
30 °C.5 Therefore, two sets of signals (free 1 and salt-formed 1) are observed. For a 2:1 mixture of 3 and
TsOH, however, the exchange between free 3 and salt-formed 3 is fast on the NMR time scale even at —60 °C.

In conclusion, pyridine derivative 3 and TsOH form a 2 + 2 salt induced by hydrogen bonding in the solid
state. This 2 -+ 2 salt may exist even in solution, although there are equilibria between some aggregates. The
results described here show that salt aggregation can be controlled by hydrogen bonding, and that small
structural changes of bases (e.g., quinoline ring — pyridine ring) can also affect salt structures and acid-base
equilibria in solvents of low polarity.
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