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Concomitant crystallization of two polymorphs—a ring and a helix:
concentration effect on supramolecular isomerism
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For the first time in Ag coordination chemistry, two
supramolecular isomers, a ring and a helix, are isolated from
the same mother liquor as a result of concentration effects.

During the past years, there has been considerable interest in the
supramolecular architectures that can possibly be obtained by the
combination of organic building blocks with transition metal ions.
In this context, it has been shown that coordination polymers
constructed from rigid organic ligands show parallels with some
standard inorganic compounds such as ie. graphite, diamond or
wurtzite.> However, with more flexible building blocks, the
structures become less predictable.® When considering likely
transition metal geometries, some predictions can be made, as to
whether for instance a one- or two-dimensional compound is
expected. But weaker supramolecular forces such as hydrogen
bonding, m-interactions, or the coordination ability of the counter
anions as well as the presence of solvent molecules are all able to
strongly influence the final framework,'* making polymorphism
and pseudo-polymorphism more probable. Polymorphism is a
phenomenon observed throughout all branches of chemistry as
soon as a solid crystalline compound has the possibility to adopt at
least two different arrangements in the solid state.’ One example of
polymorphism can be supramolecular isomerism in which the
packing is insofar different, as for instance coordination polymers
versus monomers can be obtained.® Different polymorphs may
have very different physical and chemical properties, and are
therefore interesting study objects. Supramolecular crystal engi-
neering is a related attractive research field with the aim of exerting
more control over the solid state structures.”®

So far, our group has been interested in the design of predictable
low-dimensional polymers containing alkaline earth metal ions.” !>
With a view to oxide materials, we now aim at single source
precursors containing all metal ions necessary for the desired
product. In order to synthesize mixed metal compounds, a series of
ligands derived from pyridine was designed, possessing two
different coordination sites encoded for two types of metal ions
(Scheme 1). We here report on two compounds obtained with the
ligand L for n = 2 and AgClO,. These two compounds are
important because they are the first examples in silver coordination
chemistry, yielding two polymorphs (a ring and a helix) as a
function of concentration in the same reaction sample. It is
reasonable to expect such phenomena in future studies owing to
the weakness of the forces implied in the structure formation, both
structures being apparently of similar energy.
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Scheme 1 Ligand designed for accepting two different metal ions.

Single crystals of both compounds are obtained in an H-tube,
with an aqueous solution of silver salt on one side, a THF solution
of ligand on the other side, both connected via a mixture of both
solvents. Slow diffusion of the ligand into the metal salt solution
and vice versa yields the ring-forming compound [Ag(L)]CIOy, 1,
which was obtained on the side of the silver salt. 1 crystallizes in
the triclinic space group P1 (no. 2)'* with half of a molecule per
asymmetric unit. In a molecule, two metal ions are bridged by two
ligands L to form an oval-shaped ring (Fig. 1a). The shortest
contact across the loop is the Ag-Ag contact of 3.146(1) A, the
longest is between opposite hydrogen atoms in C;Hy-groups at ca.
20 A (Fig. 1b). Interestingly, the short Ag-Ag contact is not
bridged by anions in a pincer fashion as observed in coordination
polymers formed by pairs of one-dimensional chains where silver is

a)

b)

Fig. 1 a) View of the molecular structure of 1, H-atoms omitted for
clarity; b) top-view of 1, showing Ag-Ag closest contacts; anions omitted
for clarity (symmetry operation (') —x, —y, —z).
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bridged by other anions such as NO; .'"* Among the Ag-O
contacts that can be considered as weak interactions between
the cation and the perchlorate anion, the shortest is Agl-O9
[2.931(1) A]. The Agl-N distances [2.150(6) (N1) and 2.155(6) A
(N2')] are almost identical, and the angle N1-Agl-N2' [167.8(2)°]
is far from linear due to the deformation resulting from Ag-Ag
contacts. There is no obvious reason from solid state packing why
the silver atoms should come that close to each other if it were not
for metal-metal interactions. The rings are arranged in a parallel
fashion with the empty space in between filled with the perchlorate
anions. Some of the oxygen atoms of the latter are weakly bonded
to the hydrogen atoms of the ligand L, the shortest bond being
O7---Hl' 2.28 A).

On the ligand side of the H-tube, single crystals of the same
composition [Ag(L)]ClO,, 2 are found. However, the unit cell
dimensions are different in length and angles, 2 crystallizing in the
monoclinic space group C2/¢ (no. 15)."* Instead of forming
molecular units in a ring-form, the loops (with two ligand
molecules per two silver cations) in 1 open up to yield a single
stranded helix where three ligand molecules are coordinated to
two silver cations (Fig. 2). The chain thus obtained, ---L-Ag-L—
Ag-L---, has the ligand again in a U-shaped conformation, all-
gauche, similar to the ring described above for 1. The silver ions are
distributed along a zig-zag chain in the direction of the b-axis, with
shortest Agl-Agl’ distances of 3.781(2) A, excluding metal-metal
interactions. The Agl-N distances in 2 are 2.158(7) and 2.161(6) A
for N2 and N1, respectively. The two pyridine rings within one
ligand are at their shortest distance [4.39(1) A] measured from N1
to N2, thus excluding m-stacking. The N-N distance through space
between two different ligands is 3.59(1) A with the centers of these
pyridine rings 3.742(6) A apart, and almost completely offset by
34 A, excluding efficient ©—r interactions. The height of one full
turn of the helix, measured from Agl to the next Agl in the chain,
is 7.104 A, corresponding to the h-parameter of the unit cell.

Whereas molecular boxes or rings as observed in 1 are well
described,'® single helical arrangements remain quite rare, even
though they are highly interesting due to their inherent chirality.>'°
Even rarer are examples for concomitant polymorphs, one of
them having a helical structure. The compound [{HC(3-
Phpz);}Ag)(BF,) (pz = pyrazolyl) yields two polymeric poly-
morphs from the same solvent combination, but it is not clear
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Fig. 2 Side-view of one helical single-strand structure of 2, H-atoms
omitted for clarity (symmetry operation (') —x + 0.5, y + 0.5, —z + 0.5).

from the description whether they crystallize simultaneously or
in parallel assays.'” Two polymeric polymorphs out of the same
solution at room temperature are described for a Cu(l)
compound.'® A hexamer and a zig-zag-structure, but not a helix,
are observed for a Cu(ir) compound.'® For other M(11) metal ions,
temperature, solvent and pressure dependent polymorphism has
been observed.”® It has been discussed recently that the anion tunes
the secondary self-assembly, leading to rings, helices or chains.?!
This can be excluded in our case. Another theory of ring-opening
polymerization also does not fit in our case as both crystals occur
at the same time.? In fact, in this case, a concentration effect can
be proposed. On the side with AgClO, in water, Ag cations are in
excess with respect to ligand L, so that fragments of [AgL]" are
formed as ligand diffuses towards this compartment of the H-tube.
In our polar solvents, the dissociation of the possible soft species
[AgLFP" to yield [AgL.]*" and [Ag]" is probably entropically
favored, leading to an anti-cooperative effect. To confirm this
hypothesis, formation constants of the different species will have to
be determined in different solvents. On the other side, ligand L is
in excess with respect to Ag", and fragments of the type [Ag(L)-]"
can be formed, which would lead to the helical structure
upon polymerization with other such fragments or [Ag(L)[".
The presence of such species in varying ratios as a function of
time and concentration could be confirmed by electrospray mass
spectrometry.

This is therefore the first case of supramolecular isomerism
induced by concentration effects, both polymorphs coexisting in
the same solution, where a ring and a helical Ag(T) compound are
formed. After total diffusion, only the ring, compound 1, is found,
so that compound 2 can be considered as a kinetic product,
whereas the ring forming isomer 1 is the thermodynamically more
stable product. With other anions as counter ions, only the ring
isomer has been obtained and observed so far, but this will be the
subject of another publication.”®
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Notes and references

+ In an H-tube, 0.011 g (0.05 mmol) of AgClO, were dissolved in 5 ml of
water and introduced into one side of the tube whereas the other was filled
with 5 ml of a THF-solution containing 0.036 g (0.11 mmol) of ligand. The
two solutions were put into contact with each other via a 1 : 10 mixture of
water and THF. Single crystals of 1 were collected on the silver salt side,
whereas compound 2 formed on the other side of the H-tube. Yields: 9.3 mg
of 1 (0.018 mmol, 36% with respect to AgClO4) and 11.4 mg of 2
(0.022 mmol, 45% with respect to AgClO,). Elemental analysis for 1:
calculated: C 36.70, H 3.08, N 5.35%; found: C 36.01, H 3.16, N 5.07%.
Elemental analysis for 2: calculated: C 36.70, H 3.08, N 5.35%; found: C
35.86, H 3.25, N 4.91%. IR for 1 (KBr, cm™'): 3092 (w), 2919 (s), 2852 (s),
2308 (vw), 1718 (vw), 1689 (w), 1580(w), 1449 (m), 1342 (m), 1252 (w), 1245
(m, sh), 1100 (m, sh), 825 (w), 810 (w, sh). IR of 2 (KBr, cm ') 3094 (w),
2953 (w), 1722 (s), 1610 (m), 1560 (m), 1447 (w), 1424 (m), 1340 (m), 1297
(s), 1242 (m), 1100 (m, sh), 812 (w, sh). ES-MS (crude reaction mixture):
[AgL]" (424 miz), [AgL(CIO,)]" (631), [AgLo]" (740), [AgoLo(CIOS)]" (948).
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