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Ru(11)-cornered coordination cage that senses guest inclusion by color

changeT
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Upon guest recognition, a self-assembled hexa-ruthenium
coordination cage shows a chromic shift resulting from the
slight conformational change in the panel ligand.

Color change triggered by molecular recognition is a basic
phenomenon that leads to applications to sensors. In general,
sensor molecules consist of a recognition site (e.g., crown ethers,
cyclodextrins, calixarenes, ezc.) and a chromophore that relays the
recognition events.' The preparation and combination of both the
portions by conventional synthetic methods are usually tedious
and the connection of the two functions requires careful molecular
design that often makes the molecules sophisticated. Here, we
report that, despite its very simple structure, a Ru(ll)-cornered
coordination cage (1) possesses both high molecular recognition
ability and sensing function. The analogous Pd(i1)- and Pt(11)-
cornered cages (2 and 3, respectively), which we have previously
reported, provide efficient hydrophobic cavities capable of
inducing new properties and reactions of the enclathrated
molecules.” In addition to the similar unique binding properties,
the Ru(1r) cage shows a clear chromic shift upon guest inclusion in
the cavity. We suggest that the guest inclusion induces a
conformational change in the triazine panel which causes a
bathochromic shift in the MLCT band.
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The Ru(in)-cornered cage complex 1 was readily prepared by
treating [Ru([12]aneS,)(H,0)(dmso)[(NOs), (4)* with 2.4,6-tri(4-
pyridyl)-1,3,5-triazine (5) in H,O at 100 °C for 2 h (Fig. la).
Addition of an excess of THF into the resultant red solution
precipitated the orange powder of 1 in 98% yield. The structure of
1 was unambiguously confirmed from NMR, CSI-MS, and X-ray
analyses. The "H NMR spectrum of 1 showed four broad signals
in the aromatic region (Fig. 1b) due to two conformations of the
coordinated S4 macrocyclic ligand: a major asymmetric conforma-
tion and a minor symmetric conformation.** 2D-DOSY analysis
clearly showed the appearance of all the signals at the same
diffusion coefficient (log D = —9.84), which is the same value as
that of the analogous Pd(i)-cage 2. Cold-spray ionization
mass spectrometry (CSI-MS) analysis® clearly confirmed the
formation of 1. The CSI-MS spectrum of 1 showed clear signals
for [I — (NO3 ), + (dmso),]"* (m = 4-10, n = 0-17); e.g. mlz =
5412 1 — (NO3 )s + (dmso)of", 5827 [I — (NO3 ),
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Fig. 1 (a) Schematic representation showing the self-assembly of the
Ru(1)-cornered cage complex 1, and (b) '"H NMR spectrum of 1
(500 MHz, D,0, 300 K).
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Fig. 2 Crystal structures of (a) 1 and (b) 1>(6),;. Hydrogen atoms,
solvent molecules, and counter anions are omitted for clarity.f
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Fig. 3 (a) Schematic representation of the encapsulation of 1-adamanta-
nol (6) within 1 (the orange and red circles represent 1), and (b) '"H NMR
spectrum of 1(6)4 (500 MHz, D,0O, 300 K).

+ (dmso)g]™, 638.7 [1 — (NO3 )s + (dmso)s]*", 7624 [1 —
(NO; )5 + dmso]*".

Single crystals suitable for X-ray analysis were obtained by slow
evaporation of water from an aqueous solution of 1 at room
temperature. The X-ray crystallographic analysis revealed the
expected cage structure (Fig. 2a). The salient structural feature of 1
is that, unlike the Pd(11)-cage 2 or Pt(i)-cage 3, the pyridine rings
attached to the triazine rings are twisted and are no longer
coplanar due to the steric effects of the bulky ([12]aneS4)Ru
units.* The twist angles between the pyridine rings and the triazine
rings are 1.4-26.6° (avg. 10.3°).

In water, organic molecules are exchanged within the hydro-
phobic cavity of cage 1. Guest encapsulation was performed by
suspending an excess of guest molecules (ca. 10 eq.) into an
aqueous solution of 1 at room temperature for a few minutes.
Guest inclusion was monitored by '"H NMR analyses. For
example, on encapsulation of 1-adamantanol (6) in 1 in D,0O, the
"H NMR spectrum showed a down-field shift for the aromatic
protons in 1 and an up-field shift for the adamantane protons in 6
(Fig. 3b). The ratios of the integrals for the signals revealed the
formation of a 1 : 4 host-guest complex.

Vapor diffusion of acetonitrile into an aqueous solution of 1 and
an excess of 6 produced orange plate crystals of 1>(6)4. X-Ray
analysis of 1>(6), clearly revealed that four guest molecules 6 were
encapsulated within 1 (Fig. 2b). Unlike guest-free Ru-cage 1,
the host framework of 1>(6), is more similar to that of the

Absorbance

T T T 1
200 300 400 500 600
Wavelength / nm

Fig. 4 UV-vis absorption spectra of 1 and 1=>(6)4 (0.1 mM in H,0).

Pd(1)-analogue 2>(6),.* As a result of four tightly packed
adamantanol molecules, the triazine panels in 1 became more
coplanar, and the twist angles between the pyridine rings and
triazine rings reduced to 0.2-10.9° (avg. 3.3°).

An orange solution of 1 slightly turns red after the encapsulation
of 6. A UV-vis spectroscopic study clearly showed spectral changes
upon guest encapsulation in 1. Ru(i)-cage 1 has a broad MLCT
absorption band in the visible region (1.« = 414 nm in H,O)
(Fig. 4). The MLCT band of 1>(6); was red-shifted by 20 nm
compared to that of guest-free cage 1.° Similar bathochromic shifts
were observed when other adamantane derivatives such as
2-adamantanol and 1-cyanoadamantane were encapsulated in 1
(see ESI¥). It is very likely that this spectral change is derived from
the change in the extended electronic conjugation between the
pyridine rings and the electron deficient triazine ring which is
correlated with the planarity of the ligand 5 in 1.”

In summary, we have achieved the self-assembly of hexa-
ruthenium cage complexes that can encapsulate various organic
molecules. Unlike the reviously reported Pd(i1)- or Pt(i1)-analogous
cage, the Ru(i)-cage shows a clear chromic shift upon guest
inclusion in the cavity due to a MLCT transition change.
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