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A supramolecular approach based on the self-assembly of a
hydrogen bonding switch with unsaturated pyridyl compounds is
exploited in order to drive the topochemical synthesis of head-to-
tail photodimers via charge-assisted hydrogen bonds.

The self-assembly of photoactive arrangements has received
significant attention in recent years due to the development of
reliable strategies based on the use of distinctive auxiliary
organic molecules'? or metal-complexes.>* In particular, the
design and/or identification of bi- or multifunctional templates
able to direct regio- and stereocontrolled photoproducts with
high yields remains an exciting challenge for crystal engineers.
In recent times, the MacGillivray, Fowler and Lauher’s groups
have demonstrated the use and versatility of some hydrogen
bonding molecules incorporating two hydrogen binding sites
in the design of template-controlled solid-state reactions leading
to either dimers' or polymers.® This approach has been
extended by Shan and Jones to polyfunctional templates such
as tricarballylic acid, 1,2,4,5-benzenetetracarboxylic acid (bta)
to assist covalent synthesis of rctz-4,4'-tetrakispyridylcyclo-
butane from frans-1,2-bis(4-pyridyl)ethylene.®

In particular, a noteworthy structural feature of multi-
component assemblies based on the bta molecule with pyridyl
or amine compounds is the formation of ionic compounds in
the solid state as a consequence of a proton transference
between them.” Such a striking structural feature could be
exploited as an attractive supramolecular switch to modulate
from molecular to ionic assemblies (Scheme 1). Thus, it is
possible to induce the transformation of a homotopic molecule
into an attractive heterotopic template (presence either of
carboxylate or carboxylic groups).

Inspired by the work of Shan and Jones,® we have recog-
nised the potential of the tetratopic bta molecule as a hydrogen
bonding supramolecular-switch, which could be used to steer
the self-assembly of novel photoactive arrangements based on
asymmetrical olefins with enforced head-to-tail stacking
(Scheme 2). In this context, as part of ongoing efforts on the
preparation and design of photoreactive solids based on
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multiple hydrogen binding templates,® taking advantage of
the structural similarity outlined by Shan and Jones,® we have
used molecules very similar to 4,4’-bpe in order to test the
tolerance of this approach in relation to different asymmetrical
olefins. Herein, four examples of supramolecular ionic assemblies:
(bta®7)-2(3,4-Hbpe ") (1), (bta®>")-2(4-HStb ™) (2) and (bta*")-
2(4-CI-HStb™*) (3) and (bta®")-2(4-OH-HStb ") (4) (where
bpe: bipyridylethylene; HStb*: stilbazolium) that lead to the
topochemical formation of head-to-tail photodimers directed
by charge-assisted hydrogen bonds are shown. The crystal
structure bearing the ht-isomer from 4-CI-Stb, which was
obtained from solution (5), is also reported.i

Crystals of 1-4 were prepared by mixing bta and each
pyridyl compound, respectively, in 1 2 molar ratio in
MeOH-DMSO solution. All the compounds were obtained
as single phases and were characterised by elemental analysis,
IR and single-crystal X-ray studies. As expected, all the
structures are built-up from self-assembly of anions and
cations via a charge-assisted carboxylate-pyridinium hydrogen
bonding synthon’ (Scheme 1(b)). The proton transfer in each
structure was confirmed by the structural data and by FT-IR
spectra (Fig. S1, ESIt). The asymmetric unit of each structure
(1-4) contains half a bta>~ anion per cation.

The crystal structure of 1 forms a 3D-hydrogen bonded
network (Fig. 1(a)), which can be described as hydrogen bonded
layers built-up from self-assembly of bta®~ anions linked
by charge-assisted hydrogen bonding between carboxylic and
carboxylate groups [O1---04: 2.517(3) Al (Fig. 1(b)). These
layers are connected through (3,4-Hbpe) " cations via charge-
assisted carboxylate—pyridinium supramolecular moieties along
the a-direction [N1---02: 2.657(8) A]. This cation was found to
be disordered over two sets of positions with relative population
55 : 45.

The cations are stacked in a columnar array along the c-axis.
Such an array provides two different contacts between double
bonds suitable for [2+2] photodimerisation (3.30-3.64 A),
according to the limiting value established by Schmidt (< 4.2 A). 10
A closer look at the structure along the (3 1 0)-plane reveals a
similar 1D packing arrangement to that observed for the
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Fig. 1 (a) View of the crystal structure of 1. (b) 2D hydrogen bonded
network formed by charge-assisted hydrogen bonding between anions
in the be-plane. (c) Interactions between (3,4-Hbpe) ™ cations along the
c-axis.

(bta®>")-2(4,4’-Hbpe ") structure reported by Shan and Jones®
(Fig. 2). The intercalated cation pairs between the anions are
related by a centre of symmetry, anticipating the formation of
the head-to-tail isomer (ht-isomer). Additionally, in the short-
est contact between the cations (3.30 A), both molecules are
oriented in a head-to-head fashion (Fig. 1(c)), which could
lead to the formation of another isomer (hh-isomer).

The crystal structure of 2 also displays similar 1D supra-
molecular ribbons built-up from self-assembly of a three
component supramolecular moiety formed by the interaction
of one bta>~ anion and two stilbazolium cations via the
charge-assisted heterosynthon similar to that observed for 1
[N1---0O1: 2.652(3) A]. These interactions determine the inter-
calation of (4-HStb)* in pairs between the anions stabilised by
n—n interactions (Fig. 3). This interaction mode leads to the
presence of face-to-face contacts between adjacent cations,
which are oriented in a head-to-tail fashion. In spite of such
similitude from a supramolecular perspective, there are some
differences in the resulting packing. In this array just one kind
of contact between double bonds suitable for cycloaddition
was observed (4.14 A). Another remarkable difference is the
preferred formation of intramolecular hydrogen bonds
[02---03: 2.442(3) A], in contrast to that observed for 1.

Encouraged by the above results, we have expanded the
tolerance of this approach in relation to other stilbazole
derivatives with the presence of chloro and hydroxy groups
on the 4’ position of the aromatic ring. When the reactions are
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Fig. 2 View of the 1D-ribbons self-assembled by the charge-assisted
carboxylate—pyridinium hydrogen bonding synthon in the structure of 1.

Fig. 3 View of the stacking of 4-(HStb) " cations self-assembled by
the charge-assisted carboxylate—pyridinium hydrogen bonding synthon
in the structure of 2.

carried-out with such molecules, supramolecular arrays of
(bta®")-2(4-CI-HStb ™) (3) and (bta®")-2(4-OH-HStb™) (4)
resemble the 1D architectures of those observed for 1 and
2 with some structural variation for 4. The formation of
1D-ribbons allows the interaction between pairs of antiparallel
(4-C1-HStb) ™ cations stabilised by m—m interactions and
with distances of 3.84 A between the double bonds (Fig. 4).
However, in the crystal structure of 4 as a consequence of the
presence of the OH™ group on the aromatic ring there are
additional intermolecular hydrogen bonding interactions
between the carboxylic groups and the cations [O4---O5:
2.656(4) A]. Thus, this interaction determines that the cations
adopt a parallel-displaced arrangement with large distances
between the double bonds of neighbouring molecules (centroid
to centroid: 5.78 A). This organisation differs notably from the
face-to-face m-stacking observed in the structures 1-3. Never-
theless, the stacking of adjacent ribbons along the c-axis leads
to favourable short contacts between double bonds localised
inter-ribbons with distances of 3.83 A (Fig. 5).

UV irradiation of crystals of all the assemblies 1-4 induced
internal cracks associated with the formation of the photo-
products, except the crystals of 4 that do not suffer evident
changes under exposure at 302 nm. Such changes suggested
that at least the photoreactivities of 1-3 do not proceed via
single crystal to single crystal transformation in either case."’
The '"H NMR characterisation of the products obtained after
UV irradiation for 2 days of 1, 2, 3 and 4 confirms the
cycloaddition reaction only for 1, 2 and 3 (Fig. S2-S5, ESI+).
Compound 4 is photostable either at 302 or 354 nm. The
spectra of the photoproducts from 2 and 3 reveal a quanti-
tative conversion (100%), showing the total disappearance of
the signals corresponding to the starting olefin together with
the presence of additional signals characteristic of the C-H
protons of the cyclobutane derivatives, respectively. The
stereochemistry of the dimers from 2'> and 3 was confirmed
by single-crystal X-ray diffraction analyses. It is important to
note that such dimers are obtained in low yields by photo-
irradiation in solution (ca. 15-20%).>“ In contrast, the
spectrum of the product obtained from 1 showed the forma-
tion of a mixture of the hh and ht-stereoisomers with a total
conversion of ca. 82%. The formation of such mixture is

Fig. 4 View of the stacking of 4-(CI-HStb) " cations within the 1D
ribbons found in the crystal structure of 3, showing short contacts
between double bonds.
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Fig. 5 Stacking of 1D ribbons observed in the crystal structure of 4,
showing short contacts between double bonds. The H atoms are
omitted for clarity, except those atoms involved in the hydrogen
bonding interactions.

|

associated with the presence of two short contacts between the
molecules (see Fig. 1(c)). Compound 4 does not display
reactivity, in spite of having a short distance value between
potentially reactive double bonds. Apparently, the formation
of additional hydrogen bonding due to the OH™ group with
the bta>~ anion reduces the molecular motion to afford the
resulting dimer from inter-ribbon contacts.

On the other hand, to our surprise, slow evaporation during
4-5 weeks of a diluted solution of a mixture of bta and
4-CI-Stb produces a mixture of crystals with different morpho-
logies to that observed for 3. X-Ray analysis reveals a new
ionic supramolecular assembly bearing the rctt-ht-isomer,
which was obtained from solution. Such dimerisation has been
probably induced by ambient UV-light. This result suggests
the persistence and robustness of the charge-assisted hydrogen
bonding synthon and/or the formation of ionic supermolecules
in solution. The crystal structure corroborates the formation
of the head-to-tail photodimer. The same structure was
obtained from the re-crystallisation of 3 in DM SO-methanol,
after irradiation with UV-light in the solid state.

The crystal structure of 5 forms 1D supramolecular chains
from the self-assembly of bta?~ anions and stilbazolium
cations via charge-assisted heterosynthons similar to that
observed for 1 [N1---03: 2.556(3) Al (Fig. 6). The interaction
among adjacent chains through hydrogen bonds generates a
3D hydrogen bonded network with cavities occupied by
DMSO molecules.

In summary, we have demonstrated the ability of tetratopic
btc acid in supramolecular assistance to promote solid-state
synthesis of head-to-tail photodimers®”!? of different asymmetrical
olefins via the charge-assisted carboxylate—pyridinium hydrogen
bonding synthon. Conventionally, [2+ 2] cycloadditions assisted
by hydrogen bonding templates produce almost exclusively
rett-cyclobutane-like and/or head-to-head compounds, which
are unsuitable for the preparation of another stereochemical
configurations that are difficult to access (i.e., rtct and/or
head-to-tail isomers). The preferential obtention of this con-
figuration is a direct consequence of the syn orientation
of the available functional groups on the homotemplate
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Fig. 6 View of 1D supramolecular chains found in the crystal
structure of 5.

(-OH, COOH and pyridines) exploited for the alignment of
the olefins.! Further studies on the combination of this tetra-
acid with other stilbazole derivatives in the solid state are in
progress.
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