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A bis-pyrenyl-terpyridine ligand 1 has been synthesised and
used to prepare zinc homo- and heterocomplexes and their
photophysical properties have been studied. Fluorescence ti-
trations displayed modulation of absorption and emission,
depending on the molarities of the ionic species (Zn2+, H+).
Two single-crystal structures give insights into the formation
of multicomponent supramolecular networks, also present in
solution as shown by NMR and ESI-MS spectroscopy. NMR
spectroscopy revealed fast exchanges of the ligands com-
plexed around the metal ion, which could be reduced at
lower temperature. Conformational (from W to U shape) and

Introduction

The control of molecular motion in photoactive assem-
blies is of interest for understanding the energy and elec-
tron-transfer processes occurring in biological systems. It
may also be useful in the fabrication of supramolecular
photonic devices for energy conversion and storage.[1]

Mechano-devices effecting triggered molecular motions in-
duced by light excitation, electron transfer[2] or ion bind-
ing[3] provide the basis for controlled, dynamic structural
changes based on rotations and translations or coiling/un-
coiling processes. Nanomechanical devices may involve
shape modification between two (or more) forms presenting
different photochemical properties, substrate recognition/
binding or release processes controlled by external stimuli
that induce a motional/mechanical shape switch.[4]

Multicomponent arrays based on metallosupramolecular
complexes are the focus of extensive investigation.[5]
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photophysical changes of the flexible ligand were demon-
strated in the solid and liquid phases. Addition of zinc ions
to the solution of ligands changes the absorption and fluores-
cence spectra noticeably. The zinc complexes do not form
exciplexes; the fluorescence is mainly due to charge-transfer
transitions. The present work illustrates the potential use of
ion-triggered switches to generate mechanical motions that
can be followed photophysically.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2009)

Those involving rack systems and especially those con-
taining multimetallic centres[6] are highly attractive because
of their photophysical and redox properties, which enable
such systems to behave as “molecular wires”.[7] Examples
studied so far that involve linear arrangements of organic
chromophores aligned along a molecular wire scaffold are
relatively rare. In particular, incorporating multiple ligands
that can adapt their geometrical features along a multi-
valent bridge in a donor-bridge/acceptor-ligands scaffold is
attractive. Indeed, the host–guest interactions between the
vicinal multiple chromophoric sites may be mediated by the
bridge, which can control the electronic coupling of the do-
nor (D) and the acceptor (A) groups, as is usually observed
in the natural photosynthetic system.[8]

In this context, we have recently reported the modulation
of photoluminescence properties in a motional process in-
volving the reversible switching between a highly lumines-
cent ligand 1 in a W-shaped state and its poorly luminescent
metallosupramolecular U-shaped complex 2, triggered by
ion complexation/decomplexation reactions (Scheme 1).[3a]

In complex 2, the ligand 1 presents a wrapped U-shaped
conformation, which has the two pyrene moieties posi-
tioned in face-to-face arrangement. This provides a slot
suitable for the intercalation of a terpyridine unit (terpy) 3,
coordinated to the Zn2+ cation and leading to the formation
of a π-donor/π-acceptor/π-donor triad, which presents a
considerable overlap between aromatic groups. Recent stud-
ies of related systems involve tuning of electronic coupling
in chromophore-appended terpyridines by ion complex-



M. Barboiu, L. Prodi, J.-M. Lehn et al.FULL PAPER

Scheme 1. Synthetic scheme for preparation of multicomponent dynamic devices. The SnPr substituents of ligands were omitted for
clarity.

ation as well as tweezer-type binding processes.[9] As a con-
tinuation of these studies on dynamic chemical devices,[3]

we describe herein the ionic modulation of new photoactive
devices based on α,α�-pyrene terpy derivative 1. This ligand
is capable of a butterfly-type molecular motion triggered by
metal ion binding and self-associating in homoduplex 4 (or
10) as well as in multichromophoric site rack-type com-
plexes 8 and 9. In the latter case, the two units of U-shaped
Zn2+ complexes of 1 are aligned along bis-terpy-type oligo-
heterocyclic strands 6 and 7 consisting of alternating pyr-
idine (py) and pyrimidine (pym) subunits connected in α,α�
positions.

Results and Discussion

Ion-Driven Self-Assembly of Ligand 1 in Solution

The synthesis of ligand 1 has already been described.[3c]

This α,α�-pyrene terpy derivative 1, discussed in this paper,
operates under conditions in which the available terpyridine
(terpy) coordination sites can be involved in the orthogonal
binding events of the octahedral metal ions. The conversion
of the bis-terminally pyrene-appended compound 1 into the
corresponding metal complex transforms an unwrapped
free ligand into a wrapped compact coordination complex.
In such complexes of ligand 1, the two terminal α,α�-linked
π-donor pyrene units are situated in a face-to-face arrange-
ment, suitable for (i) the insertion of a flat aromatic π-ac-
ceptor, such as a terpy-like unit in complex 2,[3c] or (ii) in-
sertion of a self-inserted unit of 1 in complex 4, yielding a
compact π–π stacking subset of three overlapping aromatic
rings.
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1H NMR titrations were performed on solutions of
Zn(CF3SO3)2 and 1 in [D3]acetonitrile. Initial complexation
studies revealed that addition of Zn(CF3SO3)2 to the [D3]-
acetonitrile suspensions of 1 caused a rapid dissolution of
the ligand in a Zn2+/1 molar ratio from 0.5:1 to 2:1. All the
titration steps showed very complex broad-signal 1H NMR
spectra at 25 °C, indicative of the presence of exchanging
species in solution. At 268 K the spectra display essentially
sharp signals for ligand 1 located in different magnetic envi-
ronments (Figure 1), consistent with slow interconversion
between complexes 4, [12Zn]2+, and 5, [1Zn]2+, and with the
presence of two isomers for each complex of parallel and
of antiparallel orientation of the pyrene moieties in com-
plexes 5 and 6 (see ref.[3a] for details).

In the homoduplex complex 4, [12Zn]2+, the aromatic
proton signals were overall shielded by 3.0 ppm with respect
to ligand 1 (Figure 1). The pyrenyl substituents are spatially
close to the terpyridine centre and play an important role
in the aggregation process of these compounds in solution.
An important upfield shielding is still present in the spec-
trum of 5, [1Zn]2+, indicative of exchanging equilibria in
solution with homoduplex 4, [12Zn]2+. For this reason, ESI-
MS spectrometry was used to follow the titration of an ace-
tonitrile solution of 1 by a solution of Zn(CF3SO3)2 (Fig-
ure 2) in order to obtain information about the coordina-
tion behaviour of 1 towards Zn2+ ions. The addition of
Zn(CF3SO3)2 to an acetonitrile suspension of 1 caused the
total dissolution of the ligand only at a 1/Zn2+ molar ratio
of 1:0.5. At a ratio of 1/M2+ of 1:0.5, the ESI mass spec-
trum was consistent with the presence of the [12Zn]2+ 4
complex (m/z = 814.5, 100%) (Figure 2). Further addition
of Zn2+ ions led to the progressive conversion of 5 into the
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Figure 1. 1H NMR spectra at 268 K in [D3]acetonitrile of ligand 1,
complex 4, [12Zn]2+, and complex 5, [1Zn]2+, respectively.

[1Zn]2+ 5 complex (m/z = 463.8 and 514, 72.6% (mol/mol)
at the 1/Zn2+ ratio of 1:1 and 84.6% (mol/mol) at the 1/
Zn2+ ratio of 1/2).

Figure 2. Distribution curves of the complexes 5 (�) and 6 (�)
resulted in the titration of a solution of ligand 1 in CH3CN by a
solution of Zn2+ ion in CH3CN (at initial ligand 1 concentration
of 0.001 ). The data points were plotted using the integral surface
of characteristic MS-chromatogram peaks obtained from ESI mass
spectra.

Solid-State Structure of the Homoduplex Complex 10

Layering an acetonitrile solution of 1/Zn(CF3SO3)2 (2:1
and 1:1, mol/mol) with isopropyl ether (5:1, v/v) resulted in
the formation of yellow crystals, which were investigated by
X-ray crystallography. Despite their favourable aspect, only
poor crystals could be obtained, but nonusable data could
be collected even using a high-intensity synchrotron X-ray
source. Fortunately, by layering an acetonitrile solution of
1/Cu(CF3SO3)2 (2:1, mol/mol) with isopropyl ether (5:1,
v/v), crystals suitable for X-ray analysis were obtained. We
can consider that the complexes 4 [12Zn](CF3SO3)2 and 10
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[12Cu](CF3SO3)2 are isostructural: self-complementary
homoduplex complexes which self-assemble in the solid
state as intriguing architectures, resulting from the multiple
π–π stacking and CH–π interactions of the pyrene substitu-
ents.

The unit cell of 10 [12Cu](CF3SO3)2 was found to contain
two [12Cu2+] complexes, together with four triflate counteri-
ons and four isopropyl ether molecules. The molecular and
the crystal packing structures of 10 are presented in Fig-
ure 3. In the structure, two ligands 1 and one Cu2+ ion form
a duplex. The copper cations presenting an octahedral ge-
ometry are coordinated by two terpy units of the ligand 1
(the average Cu2+–N distance is 2.28 Å). In complex 10 the
ligand 1 presents two different wrapped U-shaped confor-
mations: one has the two pyrene substituents relatively posi-
tioned in a face-to-face (parallel) arrangement and the
other one in an antiparallel conformation (Figure 3, a),
confirming the 1H NMR results. It provides for each mole-
cule a slot suitable for the intercalation of a terpy unit of
ligand 1 coordinated to the Cu2+ cation, leading to the for-
mation of two π-donor/π-acceptor/π-donor triads, pres-
enting a considerable overlap between aromatic groups with
an average centroid–centroid distance of 3.50 Å.

Figure 3. Crystal structure of complex 10 [12Cu](CF3SO3)2: (a)
stick representation; (b) representation of the arrangements of the
entities in the crystal; the nPrS substituents and H atoms have been
omitted for clarity.

In the crystal structure, the duplex 10 presents a tight
contact with the four neighbouring ones by taking advan-
tage of three π–π stacking interactions of the two pyrene
side arms of two different molecules (average distance of
3.90 Å) and four CH–π interactions between one pyrene
moiety and two pyrene side arms emanating from two dif-
ferent neighbouring molecules (average distance = CH–
pyrene plane of 2.80 Å) (Figure 3, b). The anions and sol-
vent molecules fill the interstices between the complex cat-
ions.

Synthesis of Rack-Type Complexes 8 and 9

Addition of 1/Zn(CF3SO3)2 mixtures (1:1 mol/mol) to
acetonitrile suspensions of ligands 6 or 7[10] caused a rapid
dissolution of the ligands to give red solutions of the com-
plexes 8 [126Zn2](CF3SO3)4 and 9 [127Zn2](CF3SO3)4,
respectively. They showed a very complex and 1H NMR
spectrum with broad signals at 25 °C, indicative of the pres-
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ence of several exchanging species in solution. ESI mass
spectra of the acetonitrile solutions of 8 and 9 were consis-
tent with the presence of the [12Zn26]4+ (m/z = 557.7, 80%),
[1Zn3]2+ (m/z = 691.9, 40%), [12Zn26Tf]3+ (m/z = 793.50,
20%) and respectively [12Zn27]2+ (m/z = 633.7, 80%),
[1Zn7]2+ (m/z = 767.9), [12Zn27Tf]3+ (m/z = 869.50, 60%)
species in solution.

Solid-State Structure of Rack-Type Complex 9

Layering a solution of complex 9 [127Zn2](CF3SO3)4

(yield 100%) in acetonitrile with isopropyl ether (5:1, v/v)
resulted in the formation of only red crystals of 9 that were
investigated by X-ray crystallography. Despite their favour-
able aspect, only a partially resolved crystal structure of
9 was obtained. The data collected using a high-intensity
synchroton X-ray source are representative of a severe dis-
order among the triflate anions, acetonitrile solvent mole-
cules and terminal ligand nPrS moieties, precluding the suc-
cessful refinement of the structure. The complex [127Zn2]
was, however, relatively stable against data refinement.

The unit cell of 9 was found to contain four [127Zn2]
entities, together with triflate counterions and isopropyl
ether solvent molecules. The well-resolved structure of the
complex cation [127Zn2] demonstrates the connectivity in
agreement with the two-rack-type structure, resulting from
self-assembly of two ligands 1 and two Zn2+ ions together
with one ligand 7 (Figure 4). In complex 9, the Zn2+ ions
display distorted octahedral coordination geometry. The
average Zn–N distances are 2.30 Å for both pyridine and
pyrimidine nitrogen atoms. The two ligand 1 molecules are
crystallographically nonequivalent, consistent with the

Figure 4. Crystal structure of complex 9 [12Zn27](CF3SO3)4: (a)
stick representation; (b) representation of the arrangements of the
entities in the crystal; the nPrS substituents and H atoms have been
omitted for clarity.
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presence of similar parallel and antiparallel relative orienta-
tions of the pyrene moieties in the complex. The four py-
rene π-donor moieties provide a double slot suitable for the
intercalation of a two-site π-acceptor ligand 7 coordinated
to the Zn2+ cation, leading to a considerable overlap be-
tween aromatic groups with an average centroid–centroid
distance of 3.50 Å. The terpy unit of the ligand 1 presents
a slight deviation from planarity but in complex 9 these
moieties are almost parallel (average distance of 7.1 Å) and
perpendicular to the plane of the two-site ligand 7. The
phenyl ring orthogonal to the plane of the ligand 7 is in-
tercalated between the terpy units, also indicating strong π–
π stacking interactions (Figure 4, a).

In the crystal lattice the complex cations 9 pack into par-
allel layers that are alternately stratified above each other
in an ABAB arrangement. One molecule of complex 9 pres-
ents tight contact with the four neighbouring ones by tak-
ing advantage of four π–π stacking interactions (Figure 4,
b) of the four pyrene side arms (average distance of 3.90 Å).
The anions and solvent molecules fill the interstices be-
tween the complex cations.

Photophysical Properties of Complexes 2, 4, 5, 8 and 9

The most relevant photophysical data of the ligand 1 and
complexes 2, 4, 5, 8 and 9 are gathered in Table 1, while the
absorption spectra in dichloromethane solution are shown
in Figure 5.

Table 1. Photophysical properties of ligand 1 and of its complexes
2, 4, 5, 8 and 9 at room temperature.

λmax εmax λmax Φ Solvent
[nm] [M–1 cm–1] [nm]

1[a] 348 59200 404 0.33 CH2Cl2
348 62500 401 0.34 CHCl3/CH3CN

4 342 125400 550 �5�10–5 CH2Cl2
341 128000 565 �5�10–5 CH3CN

5 342 69100 575 �5�10–5 CH2Cl2
342 71400 589 �5�10–5 CH3CN

2 340 70200 527 �5�10–5 CH2Cl2
341 71100 573 �5�10–5 CH3CN

8 341 121000 591 �5�10–5 CH2Cl2
341 123200 608 �5�10–5 CH3CN

9 341 119600 563 �5�10–5 CH2Cl2
341 121500 537 �5�10–5 CH3CN

[a] The lifetime of τ = 2.6 ns is similar in both solvent systems.

It must be underlined that complexation with d10 Zn2+

ions does not usually introduce low-energy metal-centred
or charge-transfer states, so that MC, MLCT or LMCT
bands are not expected to be present in the absorption spec-
trum of these complexes. As a consequence, the absorption
spectra should be regarded as the sum of the transitions
involving the ligands present in the different species, per-
turbed by metal ion complexation[11] and π-stacking inter-
actions among them. In the 320–400 nm region, all the
complexes behave very similarly, both in acetonitrile and in
dichloromethane solution. In particular, the pyrene-centred
band laying in this spectral region experiences a blueshift
at its maximum, but with a noticeable increase of the ab-
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Figure 5. Room temperature absorption spectra of the complexes
2, 4, 5, 8 and 9 in CH2Cl2.

sorption tail in the red part of the spectrum. The overall
effect can be explained by taking into account two different
phenomena. The first one is due to the complexation of the
ligand with the metal ion, which decreases the electronic
density on the terpy moiety and, as a consequence, perturbs
the delocalisation of the electronic density to the pyrene
unit, leading to the observed blueshift of the band. More-
over, this process makes the terpy unit easier to be reduced,
so that a charge-transfer transition from the pyrene (Eox =
+1.18 V vs. SCE in acetonitrile)[11c,11d] becomes possible. In
addition, as can be clearly observed in the X-ray structures,
metal ion complexation brings the two pyrene moieties of
1 and the terpy-type unit of the second ligand 1, 3, 6 or 7
in close proximity, so that π-stacking interactions between
those three units can be established. Interactions of this
kind are expected to cause a broadening of the bands of
the chromophore involved, as indeed observed. This argu-
ment is not valid for complex 5, which, in fact, presents the
least pronounced tail of all the complexes studied in this
work. As far as complex 5 is concerned, however, it is noted
that the absorption in the 370–420 nm region depends on
the solvent as it is more pronounced in dichloromethane.
This finding supports the attribution of this band to a
charge-transfer transition, in agreement with earlier dis-
cussions.[3c]

All five complexes examined, both in dichloromethane
and in acetonitrile solutions, show a very weak (Φ �
5�10–5), large and unstructured fluorescence band in the
480–750 nm region. The excitation spectra, again in all
cases, are proportional to the absorption ones. In acetoni-
trile solution, the typical band of ligand 1 can also be ob-
served. However, in the spectra of the complexes, this band
shows a reduced intensity (�2% with respect to that of the
free ligand) and, at the same time, an unquenched excited-
state lifetime as well as a corrected excitation spectrum that
is proportional to that of the ligand. These findings are a
clear indication that such a signal is due to the small por-
tion of the ligand that, in this solvent, is dissociated accord-
ing to the equilibrium discussed below. In dichloromethane,
where the association is stronger, the contribution of this
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band is almost negligible. The fluorescence band of the
complexes can in theory be attributed, because of its shape,
energy and solvent dependency, to: (i) a charge-transfer
transition, from the pyrene moiety to the coordinated terpy
unit, (ii) the formation of intramolecular excimers (involv-
ing the two pyrene chromophore of the same ligand) or (iii)
the formation of exciplexes (involving the pyrene chromo-
phores of one ligand and the terpy moiety of a second li-
gand). This latter term is clearly absent in 5, where, how-
ever, a large fluorescence band is still observed, while the
typical excimer fluorescence from a couple of pyrene chro-
mophores lies at much higher energies. These arguments
strongly support the attribution of such a band to a charge-
transfer transition.

Fluorescence Titration Experiments of 1

Because of the presence of different complexation equi-
libria between 1 and metal ions, it appeared of interest to
perform titration experiments in CHCl3/CH3CN solutions
with Zn2+ and H+ ions. As expected from the already dis-
cussed photophysical properties of 4 and 5, the addition of
Zn2+ ions to a solution of 1 leads to noticeable changes in
the absorption (Figure 6, a) and fluorescence (Figure 6, b)
spectra. From the analysis of the absorption and emission

Figure 6. (a) Absorption spectra in CHCl3/CH3CN (v/v, 1:1) and
(b) room temperature fluorescence spectra (λexc 290 nm, isosbestic
point) in CHCl3/CH3CN (v/v, 1:1) of 1 and upon addition of in-
creasing amounts of Zn(ClO4)2.
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spectra taken during the titration experiments, the following
cumulative association constants could be obtained for the
different equilibria (1) and (2).

Zn2+ + 1 h 52+ log β11 = 8.0�0.3 (1)

Zn2+ + 2*1 h 42+ log β12 = 14.6�0.5 (2)

According to the above-proposed model, which supports
the formation of the two complexes 4 and 5 also in solution,
the calculated absorption and fluorescence spectra of the
species formed can be obtained and are shown in Figure 7,
parts a and b, respectively. As can be seen from the com-
parison of Figures 5, 6 and 7 and from the data collected
in Table 1, the spectra are very similar to those observed
when directly dissolving the relative complexes.

Figure 7. (a) Calculated absorption spectra of the species formed
during the titration of 1 with Zn(ClO4)2 in CHCl3/CH3CN (v/v,
1:1): 1 (�), 4 (······) and 5 (- - - - -); (b) calculated fluorescence
spectra (λexc 290 nm, isosbestic point) of the species formed during
the titration of 1 with Zn(ClO4)2 in CHCl3/CH3CN (v/v, 1:1): 4
(- - - -) and 5 (······).

Interestingly, addition of triflic acid leads to qualitatively
similar results. In particular with a blueshift of the absorp-
tion band at 341 nm an increase of the absorption in the
380–500 nm region could be observed (Figure 8). This was
accompanied by a complete quenching of the fluorescence
band of the ligand already after the addition of half an
equivalent, and the appearance, at the end, of a large weak
band with a λmax at 618 nm. This suggests that the proton-
ation of 1 led to the U-shaped conformation of the ligand.
Moreover, the addition of half an equivalent of acid re-
sulted in the formation of a dimeric complex like in 4, prob-
ably self-associated through H bonds between pyridine/pro-
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tonated pyridine groups. Then, the addition of 1 equiv. of
acid resulted in the formation of the monoprotonated mo-
nomeric complex, like in 5. These findings support the con-
clusion that photophysical changes observed during the for-
mation of the different zinc complexes do not directly in-
volve the metal ion, whose main effect is to change the elec-
tronic density of the ligand upon coordination.

Figure 8. Absorption spectra in CHCl3/CH3CN of 1 and upon ad-
dition of increasing amounts of triflic acid.

Conclusions

The present results illustrate the design, synthesis and
photophysical properties of three conformational switches,
displaying extension–compression motions on metal-ion co-
ordination, accompanied by a continuous change of their
optical properties. The bistable pyrene-terpyridine-pyrene-
based receptor 1 converts from a W to a U shape upon ion-
metal cation complexation. The U form of 1 is capable of
substrate binding through insertion between the lateral
donor-pyrene arms of acceptor-terpyridine-type systems,
with the participation of the metal ions simultaneously co-
ordinating the binding units of such multicomponent dy-
namic devices. The coupling of ionically triggered changes
in the shape of the ligand 1 with the quenching of the fluo-
rescence of the pyrene fluorophore previously observed in
complex 2[3c] is consistent with the energy transfer between
the pyrene and terpyridine units, in homoduplex complex 4
as well as in heteroduplex rack-type complexes 8 and 9.
Further attempts to synthesise larger ligands are currently
in progress to extend this work toward nanoscale molecular
optical wires.

Experimental Section
General Methods: Compound 1 was prepared according to pro-
cedures described in the literature.[3a] All reagents were obtained
from commercial suppliers and used without further purification.
THF was distilled from benzophenone/Na. All organic solutions
were routinely dried using sodium sulfate (Na2SO4). The solvents
used for the photophysical measurements were acetonitrile and
dichloromethane from Merck (UVASOL). Column chromatog-
raphy was carried out on Merck alumina activity II–III. 1H NMR,
13C NMR, COSY and NOESY spectra and NMR ionic modula-
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tion experiments were recorded with a 250 MHz Bruker spectrome-
ter with samples dissolved in CDCl3, NO2CD3 or CD3CN, with
the use of the residual solvent peak as reference. Mass spectromet-
ric studies were performed in the positive-ion mode using a quadru-
pole mass spectrometer (Micromass, Platform II). Samples were
dissolved in acetonitrile and were continuously introduced into the
mass spectrometer through a Waters 616HPLC pump (flow rate
of 10 mLmin–1). The temperature (60 °C) and the extraction cone
voltage (Vc = 5–10 V) were usually set to avoid fragmentations. The
microanalyses were carried out at Service de Microanalyses, Institut
Charles Sadron, Strasbourg.

Photophysical Studies: UV/Vis absorption spectra were obtained by
using a Perkin–Elmer Lambda 16 spectrophotometer. Uncorrected
emission and corrected excitation spectra were obtained with a Per-
kin–Elmer LS 50 spectrofluorimeter. The fluorescence lifetimes
(uncertainty �5%) were obtained with an Edinburgh single-photon
counting apparatus, in which the flash lamp was filled with D2.
Luminescence quantum yields (uncertainty �15%) were deter-
mined using quinine sulfate in 0.5  H2SO4 aqueous solution (F =
0.546).

X-ray Diffraction Experiments for 9 and 10: Red single crystals of
C160H136F12N16O13S10Zn2 (9) were grown from acetonitrile and
yellow single crystals of C112H84Cu1F6N8O6S6 (10) from an aceto-
nitrile/isopropyl ether mixture. X-ray diffraction data measure-
ments for 9 were collected at 173 K and were carried out at beam-
line ID11 at the European Synchrotron Facility (ESRF) at Greno-
ble. A wavelength of 0.32826 Å was selected using a double crystal
Si(111) monochromator. Single-crystal data for 10 were collected
at 173 K using a Gemini four-circle diffractometer (Oxford-Dif-
fraction) with graphite-monochromated Mo-Kα radiation. ω-scans
were used in all cases. The structure was solved using the ab initio
charge flipping method with the Superflip program[12a] and refined
using the CRYSTALS software.[12b] The H atoms were all located
in a difference map, but repositioned geometrically by initially re-
fining them with soft restraints on the bond lengths and angles to
regularise their geometry and Uiso(H) (in the range 1.2–1.5 times
Ueq of the parent atom), after which the positions were refined with
riding constraints. The structure of 10 appeared to contain much
disorder in the solvent and counterions, but contrary to the disor-
der in the structure of 9, this could be reasonably well modelled.

Basic structural data for 9 and 10 are as follows. 9: a =
18.3166(17) Å, b = 40.2845(30) Å, c = 21.0461(19) Å, α = 90°, β =
103.652(4)°, γ = 90°, V = 15090.6(1) Å3, space group P21/c. 10: a
= 16.3788(2) Å, b = 17.9072(3) Å, c = 19.1840(3) Å, α =
111.7143(17)°, β = 109.9913(14)°, γ = 90.7414(12)°, V =
4849.35(15) Å3, space group P1̄, 179036 reflections measured,
12461 independent reflections with I � 2σ(I) used for refinement
with 1114 parameters; R = 0.128. wR = 0.141.

CCDC-714171 contains the supplementary crystallographic data
for 10. These data can be obtained free of charge from The Cam-
bridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/
data_request/cif.
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