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Controlling the torsion angle via adventitious cation binding
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Abstract—We report herein the synthesis of a linear binuclear ruthenium(II) complex, and the corresponding free ligand, for
which the organic connector is a geometrically-constrained crown ether that binds added cations. © 2003 Elsevier Science Ltd. All

rights reserved.

A growing problem in the field of molecular-scale elec-
tronics concerns how to control and vary the angle
between adjacent subunits so as to optimise electronic
connectivity along the molecular axis. In an effort to
address this issue, we note that certain crown ethers
bind added cations in such a way that their average
conformation changes according to the nature of the
cation.! In particular, the level of structural control
imposed on the crown ether is effected by the size,
shape, charge and polarizability of the guest cation.?
This is particularly evident in the modification in the
shape and rigidity of simple crown ethers upon binding
alkali and alkali earth metal cations of differing ionic
radii.’ Numerous intricate superstructures have been
synthesised over the past decade that incorporate crown
ethers intended to provide a means by which to modify
the overall physical and chemical properties upon
cation binding.* Specific examples include molecular-
scale fluorescent reporters for metal ions,> anion sen-
sors,® switches,” and molecular wires.?

There have been few attempts, however, to use the
crown ether as a modulator by including it as a ratchet
by which to tighten the angle between adjacent phenyl-
ene units. Thus, we have focussed attention on the
biphenylene-based crown ether, DP17-C-5, which has
the polycycle linked through the 2,2'-positions of a
biphenylene group. This compound has the necessary
functionality to bind added cations within its central
cavity (Fig. 1). This cavity is relatively small but,
because of the biphenylene unit, is highly flexible by
way of rotation of one of the phenylene rings. Further-
more, the biphenylene unit is easily functionalised with,
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for example, photoactive transition metal complexes
attached at one or both of the 4,4-positions. The
strategy selected for functionalisation of the crown
ether is outlined in Scheme 1 for the particular case of
equipping the system with terminal ruthenium(II)
bis(2,2":6’,2"-terpyridine) complexes. It should be noted
that prior work has shown that such metal complexes
are photoactive only if substituted with an electron-
withdrawing group like an alkyne.’ It is well known
that the extent of electron delocalisation along the
molecular axis at the triplet level in such photoactive
dyads is controlled by the degree of m-electron conjuga-
tion over the bridging polytopic ligand.!® It is our
conjecture that the extent of electron delocalisation will
be controlled, at least to some degree, by the torsion
angle between the central phenylene rings. The novel
crown ether strap introduced here is intended to
provide the necessary variation in torsion angle.

In this communication, we describe the synthesis of the
functionalised ligand L, and the corresponding ruthe-
nium(Il) bis(2,2":6',2"-terpyridine) complex. To better
illustrate the feasibility of our approach we include the
results of computer molecular modelling studies carried
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Scheme 1. Synthetic procedure used in the preparation of L,
and [Ru(L,)Ru](PFy),.

out for the molecular fragment comprising the central
crown ether and added cations. Results for the extent
of electron delocalisation at different stages of excita-
tion will be reported elsewhere.

The synthetic protocol used for preparation of L, is
illustrated in Scheme 1, starting from the readily avail-
able 3-nitroanisole. Using a slight adaptation of the
literature procedures''!? this starting material can be
converted in three steps to 4,4’-diiodo-2,2’-biphenol,
with an overall yield of 16%. Following the reported
procedure for cyclisation of related structures,'® the
crown ether macrocycle 1'% was prepared in a
respectable 35% yield. Derivative 1 was subsequently
coupled to 4'-ethenyl-[2,2:6',2"|terpyridine 2'° using
standard Sonogashira conditions!® and purified by
column chromatography (basic alumina: EtOAc/petrol)
to afford the ditopic ligand L; in an unoptimized yield
of 43%."7 The corresponding binuclear complex

Ru(L;))Ru was afforded by refluxing L, with
[Ru(terpy)(CH;CN);](PFy),!® in a CHCl;/MeOH/
CH;COCH; mixture. The crude reaction product was
purified by extensive column chromatography [basic
alumina, Et,0/CH;CN/H,O] and anion exchange with
KPF,. The purity of the resultant complex was deemed
to be satisfactory on the basis of standard analytical
techniques.'®

The key feature of this system is the ability to vary and
control the torsion angle between the central phenylene
rings by including cations into the crown ether void. As
such, a set of detailed molecular dynamics simulations
was carried out on L, both in the absence and presence
of added cations (H*, Li*, Na*, K*, Rb*, NH,").%*
Snap-shots of some of the resultant structures are
shown in Figure 2 whilst the corresponding biphenylene
torsion angles and the Pauling radius of the cation are
collected in Table 1. The size of the macrocyclic
polyether ring is consummate for the binding of small
cations and, as a consequence, H*, Li* and Na* cations
are seen to sit comfortably within the guest cavity. It
should be noted that the proton migrates between
identical sites within the polycycle, binding to three
adjacent O atoms at any given time, such that this
structure is highly dynamic. For the larger cations (K*,
Rb*, NH,"), the pocket provided by the polyether is
too small to permit complete ion encapsulation, and the
cations necessarily reside outside the macrocycle core.
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Figure 2. Computer generated ball and stick representations
of the biphenylene portion of L; (A) and in the presence of
Li* (B), Na* (C) and Rb* (D) cations. The calculations were
carried out in vacuo.

Table 1.

Cation Dihedral angle* (°) Variation in dihedral angle® (°) Pauling cation radius (A)c
None 142.59 76.7-159 -

H* 59.86 22.9-98.0 -

Li* 50.89 25.5-95.1 0.60

Na* 61.95 30.8-104 0.95

K+ 79.71 34.3-156 1.33

Rb™* 83.29 49.5-146 1.48

NH,* 81.32 39.7-142 1.48

* Dihedral angle taken from the energy-minimized structure.

® Taken from molecular dynamics simulations, details of which are described in the text.

¢ Taken from Ref. 25.
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We note throughout the series Na* to NH," there is a
good correlation between the calculated biphenylene
torsion angles and the Pauling cation radii. Specifically,
the two phenylene rings become more orthogonal with
increasing cation radius. Similar control of molecular
structure upon cation binding has been reported for
somewhat related biphenylene, bipyridyl and thio-
phene-based crown ether assemblies.?'=>*

It is important to note, however, that there is consider-
able flexibility within these structures. This is apparent
from molecular dynamics simulations that report on the
total variation in the torsion angle during the lifetime
of the cation complex (Table 1). Even so, the energy-
minimised structures provide clear indications that the
dihedral angle about the central biphenylene unit can
be controlled over a wide variation by this strategy. It
now remains to establish whether-or-not cation com-
plexation can alter the degree of electron delocalisation
along the molecular axis.
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