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The multimetal array, controlled by predesigned multidentate Coordination Sites
ligands, has received increasing attention with respect not only to
supramolecular architecturing but also to equilibrium control of a
prototypical dynamic library:? This strategy has opened ways to
create novel functions that have not previously been achieved by
the ligands or the metal ions only. With an interest in finding new
multidentate ligand frameworks, we set out to synthesize a novel
disk-shaped tridentate ligarig® which is capable of arranging to
metal centers in a variety of fashions (Figure 1). This ligand was
designed so that three methyl groups could force the neighboring

benzimidazolyl groups out of the plane of the central aromatic ring.
As a consequence, metal ions should be arrayed on the disk plane
with metak-metal distances of several angstroms. Herein we ‘@

describe the potential ability dfto arrange Ag ions reversibly in

a two-dimensional (2-D) triangular and a three-dimensional (3-D)

tetrahedral fashion. The Agcomplexes ofl were proven to assume O (AgOTH
both sandwich-shaped Aty and tetrahedral Ad, structures which
are in a controllable dynamic equilibrium in solution, depending O
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on the ratio ofl to Ag" ions. The structure of the latter tetrahedral
complex was also confirmed by its single-crystal X-ray analysis. Agslz Agals
The solution behavior of with AgOTf was studied by théH Figure 1. Schematic representation of the reversible conversion between
NMR titration experiment. Upon addition of equimolar AgOTf to  tetrahedral Agl, and sandwich-shaped 4Ly complexes.
1 (JAgOTf]/[1] = 1.0) in a 1:1 CDG—CD;0D solution, the'H

NMR spectrum of the mixture displayed onl tof newhighy @ T | *
spectrum o € mixture displayed only one set of new hignly _

symmetrical signals (Figure 2b). When 0.5 equiv of AgOTf was

further added to the mixture (JAgOTf] = 1.5), the other set of (b)—’_ul |.J'| L

signals completely replaced those before addition with downfield

shift (Figure 2d). Further addition of AgOTf (up to 2 equiv) did (MMLJL |

not change the spectrum at all. Electrospray ionization-time-of-

flight (ESI-TOF) mass spectra of these complexes showed the (& h] deilﬁlt i
signals corresponding to Aty and Agl, complexes when : - T T T .
[AgOTf]:[ 1] = 1:1 and 3:2, respectivelyThe ESI mass spectrum PPM B0 78 76 74 72 70 68 20 18

of a mixture of [AgOTf]:[1]] = 1:1 contains peaks for multiply Figure 2. 'H NMR spectra of the mixture df and AgOTf (500 MHz, 1]
charged cationic species missing two or three triflate counteranions.= 21.3 mM, CDC§CDsOD = 1:1 (viv)): (a) [AgOTf] = 0 mM, (b)

The two main peaks atVz 1302.2 and 818.4 are assignable to the [AEAOTﬂ = 21.3 mM, (c) [AgOTf] = 24.0 mM, and (d) [AgOTf}= 32.0
cationic species, [Ad4(OTf) ]2t and [Agils(OTH]3F, respec- m

tively, verifying the presence of A@, complex in solution. In  ©n these'H NMR spectral changes shows that the sum ofJlapy
contrast, the ESI mass spectrum of a mixture of [AgOTf]# and [Ag1l;] is constant and that these two species are complemen-
3:2 displayed only three main peakswalz 1559.0, 648.0, and 419.6,  tary to each other in the concentration. In addition, the conversion
corresponding to the species [Ag (OTf),]", [Agsly(OTH]?*, and between the two products is quantitative and completed within a
[Ags1,]3t, respectively. These results indicate the formation of both few minutes.

Agsl, and Agls complexes in solution depending on the ratio  “°F NMR study of1 suggested the presence of an encapsulated
[AgOTf]/[1]. Plot of [Agsli/([Agsls+[Agsls]) and [AgsLy)/ triflate anion inside the Agy complex.%F NMR spectrum of Agl,

([Ag414+[Agsly]) as a function of [AgOT/]] (Figure 3) based (see Supporting Information) displayed two separate signals as two
singlets,0 92 ppm (3F) and 85 ppm (9F), whereas in the cases of

*To whom correspondence should be addressed. E-mail: shionoya@ Agsl, and AgOTf only one signald( 85 ppm) was observed for

?[}‘;’Q arﬁ‘“}g'r‘g’l?yaocfl.?okyo each® These results suggest that one triflate anion is encapsulated
* Rigaku Corporation. in the Ag:1, complex and that the exchange of the triflate anions
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Figure 3. Plot of [Agal4]/([Ag4l4]+[Agsly)) (filled circles) and [Agly)/
([Ag4l4)+[Agsly]) (open circles) versus [AgOTI]L].
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Figure 4. (a) Molecular structure of Ags complex, (b) a view of the

cavity in which one ligand is omitted, and (c) Agons arranged in a

tetrahedral fashion and a G8O; anion coordinating to three of the four
Ag* ions (Adh, Ag? and Ad) from the inside.

between the inner and outer cavity is rather slow compared with
the NMR time scale. The significant downfield shift observed with
the encapsulated triflate anion is probably due to desolvation effect
or coordination effect of anion to Agions.

The formation of Agl4 complex highly depends on the size and
shape of counteranions employed. Upon additon of equimolar
AgPFs to a solution ofl in a 1:1 CDC{—CD3;OD, Agsl, complex
and free ligandl mainly formed, whereas Af, complex was
generated only slightly as was observed in tAeilNNMR spectra.
Further addition of AgP§ completed the formation of Ad,
complex. These results indicate that the stability of thelig
complex is gained by a template triflate anion in the core, leading
to the exclusive formation of the Atp complex even when the
ratio of Agt to 1 is 1:1.

We first tried the X-ray analysis of crystals obtained from a
mixture of 1 and AgOTf, but due to the disorder of solvent and
anion molecules no sufficient data were obtaifidthe structure
of Agsls complex was finally determined when AgGHD; was
used in place of AgOTf as the Agsource (Figure 458 The crystal
structure revealed that four Adgons are tetrahedrally arranged by

four tridentate ligand4 resulting in a tetrahedral Afy, structure
including a methanesulfonate anion in the cavity. Each Aan
binds to three imidazole nitrogen atoms of different ligands, and
three of the four Ag ions, Ad to Ag?, display a distorted tetrahedral
geometry having a AgO (methanesulfonate) bond, whereas*Ag
assumes a distorted trigonal planar coordination without a@g
bond (Figure 4c). Thus, four Agons are not equivalent; the Ag
Ag distances between AgAg?, and Ag@ are shorter (5.86 A in
average) than those of AgAg" (n = 1—3) distances (6.53 A in
average?y.

In summary, a disk-shaped tridentate ligafdallows 2-D
triangular and 3-D tetrahedral arrays of Aigns, highly dependent
on the metatligand ratio. In addition, the dynamic equilibrium is
accompanied by the encapsulation and the release of a triflate
anion: in other words, the tetrahedral Agcomplex encapsulates
one triflate or one methanesulfonate anion in the cavity, whereas
the sandwich-type Ag, complex has no space for guest molecules.
Such a controllable dynamic system will be potentially applicable
to specific anion recognition and transport based on predesigned
molecular motion.
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(7) Crystal data for A@.4'(CH3SQ)4: 0124H12(Ag4N2401384, M = 2794.17.
Trigonal, space group-3,a = b = 40.805(3) A,c = 60.529(0) Ao =
p =90, y =120°, V = 87282.4 R, Z = 24. FinalR indicates [ >
20(1)): R, = 0.0887, wR = 0.1280. GOF orfF2 = 1.118.

(8) The crystal of Agl,CH;SO; was obtained from a mixture of AgGH
SO; and 1 in the ratio of 3:2 where Ag, complex is predominantly
formed in the solution. This is due to the equilibrium shift fromsAgto
of Ags4l4CH3SO; through the crystallization process.

(9) *H NMR spectrum of Agly*CH3;SO;~ was highly symmetrical at room
temperature, and these signals did not show any changes even at low
temperature (193 K). These results indicate that the encapsulagS0eH
is rotating in the Agl, capsule above 193 K.

JA028659N

@

~

J. AM. CHEM. SOC. = VOL. 124, NO. 49, 2002 14511



