Coordination-directed assembly of trigonal and tetragonal
molecular boxes encapsulating anionic guests
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M,L; and M,L, box-like complexes {[Ag,(pbbimb),]-
[CF;S0;], 1 and [Cu,(mbbimb),][C1O,], 2} with respective
S; and S, symmetry, in which anionic molecular guests are
accommodated, have been synthesized and structurally
characterized.

The inclusion of guest molecules into host structures has drawn
much attention due to its potential importance in molecular
recognition, ion exchange, chemical sensors, separation and
transportation.! Whilst organic supramolecular systems have
been well developed to mimic biological induced-fit receptors or
capsules,” artificial inorganic species have the great advantage
of incorporating magnetic, electronic, optical and catalytic
properties.* The rational design of discrete molecular archi-
tectures with defined shape and size containing inner cavities
for inclusion represents a burgeoning field, and a number of
well-characterized entities have been constructed.* Exodentate
linear or tripodal ligands, represented by various M,L, and
M,L, molecular squares and metallacycles, have been vigor-
ously exploited.® Even larger entities may include huge cages
like [{Pd(en)(NO;),}5(tpb)sl® [en = ethylenediamine, tpb=
1,3,5-tris(3,5-pyrimidyl)benzene], [Nig(tpst)sCl,,]” {tpst = 2,4,6-
tri[(4-pyridyl)sulfanylmethyl]-1,3,5-triazine}, and cubocta-
hedral, dodecahedral and super-adamantanoid molecular
architectures.?

Interestingly enough, some compositionally and geometric-
ally different but topologically identical assembly pairs, for
example, M,L¢® and M¢L,,"* M,L,,"" and M,,Ls,'* have been
obtained by deliberate combination of different metal ions and
ligands. In contrast, the much simpler pairs, M,L; and M;L,,
M,L, and M,L,, have scarcely been investigated, although the
trigonal M,L, cage’ and tetragonal M,L, cage' have been
spectroscopically characterized. Herein we report the syntheses
and structural characterization of two canonical molecular
boxes: the trigonal M,L; [Ag,(pbbimb),][CF;SO,], 1 and tetra-
gonal M, L, [Cu,(mbbimb),][CIO,], 2.

The ligands 1,4-bis(benzimidazol-1-ylmethyl)-2,3,5,6-tetra-
methylbenzene (pbbimb) and 1,3-bis(benzimidazol-1-yl-
methyl)-2,4,6-trimethylbenzene (mbbimb), feature mainly in
their exobidentate coordination mode with the benzene ring as
the base and two free-rotating benzimidazole rings as anchors.
They can be easily prepared, by a similar procedure to that
reported earlier,'> by the replacement reactions of 1,4-
bis(bromomethyl)-2,3,5,6-tetramethylbenzene and  1,3-bis-
(bromomethyl)-2,4,6-trimethylbenzene with benzimidazole.
Complex 1 was prepared by the reaction of Ag(CF;SO;) with
ligand pbbimb in a molar ratio of 2:3 in MeOH-MeCN, while
2 was prepared from Cu(ClO,),*6H,0 and ligand mbbimb in
MeOH as indicated in Scheme 1.} Single crystals suitable for
X-ray analysis§ were obtained by slow evaporation of solvent
for 1 and diffusion of Et,O into the reaction mixture for 2.

1 Electronic supplementary information (ESI) available: a view of the
one-dimensional multicompartmental chain in 2 and colour versions
of Figs. 1 and 2. See http://www.rsc.org/suppdata/dt/b0/b0101180/
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Fig. 1 Perspective view of the [Ag,(pbbimb),

Single-crystal structural analysis showed that the [Ag,-
(pbbimb);]** cation in 1 is a five-component molecular aggre-
gate consisting of two silver(1) ions and three pbbimb ligands as
shown in Fig. 1. Every Ag(1) ion is triangularly coordinated by
three imino nitrogen atoms belonging to three C; symmetrically
arranged ligands which adopt a cis-conformation with the two
benzimidazole rings nearly perpendicular to the base phenyl
ring, thus generating a trigonal prism with a triflate anion
encapsulated in its center. The C; axis passes through the two
Ag(1) atoms with a perpendicular mirror across the middle
point, so that the trigonal box has S; symmetry. The included
triflate anion shows three-fold disorder with two of the oxygen
atoms lying in the C; axis and interacting with the two Ag(r)
ions [2.543(3) A]. The dimensions of the internal cavity may be
described by the Ag—Ag separation (7.5 A) and the edge length
of the equilateral triangle (9.7 A) defined by the centers of the
three phenyl rings.

The [Cu,(mbbimb),]*" cation in 2 is a cationic box as shown
in Fig. 2. Four mbbimb ligands adopt a cis-conformation to
bridge two copper (1) ions, each held by the benzimidazole arms
from four different ligands via Cu—N coordination to metal ions
in a square planar geometry. The base phenyl rings “turn up” to
enclose the box within which resides a perchlorate anion. There
is a crystallographically imposed C, axis passing through the
two Cu*' ions and a ¢}, mirror across the center of the molecule,
resulting in S, symmetry of the box. Along the C, axis the
perchlorate anions are arranged alternately inside and outside
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Scheme 1 Preparation of 1 and 2.

Fig.2 Top view of the [Cu,(pbbimb),]J** cationic box showing its tetra-
gonal prismatic shape.

the box, both being four-fold axially disordered around two of
the oxygen atoms riding on the axis. These oxygen atoms inter-
act with Cu®* ions (2.388 and 2.659 A) to generate a one-
dimensional multicompartmental column as shown in Fig. S1.}
The whole crystal is stacked side-by-side in such columns leav-
ing perchlorate anions located within or between the columns.
The intermetallic distance of 7.4 A and the vertical distance of
10.3 A between two parallel phenyl rings defines the size of the
cavity in the tetragonal box.

The trigonal prism represents the simplest and therefore
the smallest three-dimensional molecular architecture.* Its
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topological criterion is to join two 3-connecting nodes together
by three node-to-node connections (M,L; or M;L,), and simi-
larly, that of the tetragonal prism is to link two 4-connecting
nodes by four node-to-node connections (M,L, or M,L,).*1
Two strategies can be found to construct the same topology but
different compositional molecular architectures. The difference
lies in the fact that either the 3- or 4-connecting node is
provided by the metal (as in M,L; and M,L,) or by the ligand
(as in ML, and M,L,). Fujita et al. have presented NMR and
ESI-MS evidence for the presence of the Dy, symmetric M;L,
cage using the tridentate ligand 1,3,5-tris(4-pyridylmethyl)-
benzene and Pd(en)(NO;),,"* however, few of the reported
M,L; complexes with internal cavities have approached the
normal trigonal prismatic shape observed in our study.

The most similar complex to 1 is the trigonal gold(r)
cage [Auy(P,Phen),** [P,Phen = 2,9-bis(diphenylphosphino)-
1,10-phenanthroline]'*® which has D; symmetry but encapsul-
ates TI™ or Na™ cations. Another example may be Lehn’s
eleven-component “molecular cylinder” formed by two flat cir-
cular hexaphenylhexaazatriphenylene ligands that form the top
and bottom and three bridging tetrapyridine groups as well as
six central Cu* ions.'” Other cases are usually helical complexes
deviating from a regular trigonal prism geometry.'”® On the
other hand, while an M,L, cage with D,, symmetry has been
prepared by Dalcanale and Jacopozzi'* from two preformed
cavitands and four square-planar metal bistriflates, the tetra-
gonal M, L, molecular box is scarce. Steel and McMorran have
managed to construct a coordinatively saturated quadruply
stranded helical cage'® via combination of square-planar pal-
ladium ions and 1,4-bis(3-pyridyloxy)benzene ligands. Another
M,L, molecular box,” reported by Steel and O’Keefe is
[Ag,L,(NO;),] [L = 2,7-bis(2-pyridyloxy)naphthalene] in which
only two of the four ligands act as bidentate bridges while the
other two are monodentate.

To the best of our knowledge, such M,L; and M,L, molec-
ular boxes with S; and S, symmetry represent the first crystal-
lographically characterized examples most approaching the
canonical trigonal and tetragonal prisms in the solid state,
respectively. The assembly process is remarkably controlled by
the coordination geometries of the metal ions and facilitated



by the semi-rigid exobidentate ligands. In contrast to the
many molecular hosts capable of recognizing and complexing
cationic or neutral guests, encapsulation of anionic molecules is
usually difficult, but no less important.'®*! The M- - - O inter-
actions may play an important role in the inclusion of anionic
guests by these boxes. Further investigation on the inclusion of
other guests is currently in progress.

This work is supported by the National Natural Science
Foundation of China and the Natural Science Foundation of
Guangdong Province.

Notes and references

i Preparation of 1: To a MeCN (10 mL) solution of silver trifluoro-
methanesulfonate (0.52 g, 2 mmol) was added a MeOH (10 mL) solu-
tion of pbbimb (1.2 g, 3 mmol) and the mixture was stirred for 30 min at
room temperatue. After filtration, the filtrate was left standing for sev-
eral days to produce colorless crystals upon slow evaporation of the
solvent. Yield 0.65 g. Found: C, 56.37; H, 4.91; N, 9.84. Anal. calcd.
for CyoH,5FsAg,N,06S,: C, 56.61; H, 4.60; N, 9.91%. IR (KBr, cm™):
v 3119(m), 3046(w), 1618(m), 1431(m), 1251(vs), 1178(s), 1047(s),
810(m), 762(w), 637(m), 576(m), 518(m), 444(w).

Preparation of 2: Copper(i1) perchlorate hexahydrate (0.37 g, 1

mmol) and mbbimb (0.76 g, 2 mmol) were dissolved in 10 mL of
methanol. The mixture was stirred for 3 hours at room temperature.
After filtration, slow diffusion of diethyl ether into the mixture afforded
blue block crystals. Yield 0.90 g. Found: C, 58.54; H, 4.93; N, 11.29.
Anal. caled. for C,pHgCl,Cu,N,cO,4: C, 58.65; H, 4.69; N, 10.96%. IR
(KBr, cm™): v 3122(w), 3067(w), 2974(w), 2916(w), 2869(w), 1612(m),
1524(m), 1462(m), 1402(m), 1325(w), 1294(m), 1240(m), 1191(m),
1087(vs), 1014(w), 924(w), 746(m), 623(m), 479(w), 428(w).
§ Crystal data for 1: M =1697.4, hexagonal, space group P6;/m,
a=14.0129(12), ¢=23.1193) A, U=3931.5(7) A}, Z=2, T=293 K,
crystal size 0.23 x 0.18 x 0.02 mm?, 2247 unique reflections measured,
final R1=0.0716 and wR2=0.1935 for 1329 observed [I> 2a(])]
reflections.

2: M =2046.81, tetragonal, space group I4/m, a=18.6162(11),
c=16.1840(13) A, U=5608.8(7) A}, Z=2, T=293 K, crystal size
0.48 X 0.17 X 0.15 mm?®, 2679 unique reflections measured, final
R1=0.1070 and wR2=0.2353 for 2289 observed [I> 2a(I)] reflec-
tions. All anionic molecules are badly disordered in the crystal,
partially responsible for relatively high R values. CCDC reference
number 186/2322. See http://www.rsc.org/suppdata/dt/b0/b0101180/ for
crystallographic files in .cif format.
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