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Increasing desire to design functional solid-state materials has
promoted the search for and development of new synthetic strategies
as a means to tune and/or enhance the respective properties.
molecular building block (MBB) approach has emerged as a suitable
route toward the construction of such materfaldetal—ligand-
directed assembly, using the MBB approach, has shown promise
toward the logical design and synthesis of a class of functional
materials known as metabrganic assemblies.Nevertheless,
flexible MBBs based on single metal iohdo not promote the
rational design of atypical metabrganic assemblies unless the
rigidity and directionality have been introduced through control of
the geometry and angles within the metal coordination sphere.
Accordingly, in addition to the bridging functionality and the
necessary rigidity of the ligand, its ability to saturate the coordina-
tion sphere of the selected metal and induce directionality is ideal. -
Our approach has been to render each heterocoordinated singléigure 1. (a) Optical image of. X-ray crystal structure df: (b) illustration
metal ion, formed in situ, rigid and directional using ligands that ©f indium MBB, InNx(CG)4, which can be viewed as a 4-connected node,

. . . L . cisdNN2(COy),, (c) space-filling representation of a 2-D Kagolager (color
permit the completion of the metal ion coordination sphere via a scheme: carbore gray, hydrogen= white, nitrogen—= blue, oxygen=

heterochelating functionality. Recently, we successfully employed red, indium= green), and (d) a schematic representation of the Kagome
this novel strategy in the design and synthesis of a metaanic lattice.

cube based_ on bridging 3-90nnected building ur_lits,gj}lwhere PDC is coordinated to two In(lll) metals by forming a five-
the metat-nitrogen bonds direct the topology while thecarboxy- membered ring via N- and O-heterochelation, and in a monodentate

late oxygen atoms complete the octahedral coordination sphere Offashion through the carboxylate in the 5-position. @0,),, where
the metal and lock it into its position through the formation of three the In—N bonds and Ir-(5-carboxylate) bonds direct the topology
rigid five-membered rings via N- and O-chelation. (positioning each In at 120/is-avis 2,5-PDC) and the-carboxy-
Here, we report the expansion of this approach to other MBBS, |46 oxygens merely complete the In(lll) coordination sphere, can
namely MN,(CG)4 (containing two N- and O-chelating moieties o roqarded as a quasi-planar 4-connected building GigitaN,-
and two bridging carboxylates at the remaining open metal sites; (CO,), (Figure 1b). The assembly of the 4-connected nodes results
Figure 1b), permitting the formation, in situ, of 4-connected building in the generation of three- and six-membered windows to give an
units. Their assembly with 2,5-pyridinedicarboxylic acid (25-H g era) kKagomelattice topology. The anionic layers stack in an
PDC), a ligand containing concurrently the chelating and bridging ABCDEF fashion, the interlayer separation of 8.585 A equ&ls
functionality, has permitted the construction of two supramolecular ot yhe |ongest unit cell parameter, to create a honeycomb-like pattern
isomers based on 4-connected vertexes, namely a fegdnic with hourglass-shaped channels along [001] with a diameter

octahedron, M1 and a 2-D metatorganic framework having a |4 jation in the range ca. 0-8..2 nm (see Supporting Information

Kagorrietopology. , Figure S2). The disordered interlayer HTMDP cations are located
Reaction between 2,5-RDC and In(N@)3-2H;0 in an EtOH/ in the wider areas of the channel, hexagonal cavities, and point

H,O solution in the presence of 4#imethylenedipiperidine toward the trigonal windows. To our knowledge, metatganic

(TMDP) yields a homogeneous microcrystalline matetihe as- frameworks with Kagorhéattice topology are scaréeven though
synthesized compound was characterized and formulated byinorganic Kagomeompounds are relatively abund4nt.

elemental microanalysis and single-crystal X-ray diffraction studies ~ p“rans pyramidal INNCO5), building unit has been produced
as In(2,5-PDGYHTMDP)(EtOH)(HO), (1).” The purity of1 was from the reaction of the same starting materialtjN'-dimethyl-
confirmed by similarities between simulated and experimental X-ray ¢, - mide (DMF), EtOH, and 1,2-diaminocyclohexane (1,2-
powder diffraction (XRPD) (see Supporting Information Figure S1). DACH), which gives rodlike crystals formulated ase@5-

In the_ crystal structu_re of (Figure 1), each indium metal ion is PDC)y(1,2-HDACH)(DMF)s(EtOH)(H:0), (2) by elemental
coordinated to two nitrogen atoms and four oxygen atoms of four ieanalysis and single-crystal X-ray diffraction studiés The
independent 2,5-PDC ligands, respectively, to form an octahedral o ota110graphic analysis &revealed that its structure is composed
surrounding In(lll) in the MBB, InN(CO,),4. Each independent 2,5- of discrete metatorganic octahedra, [2,5-PDC);.6~ In the
t University of South Florida. f:rystal. §tructure oR (Figure 2), each qnionic octahedron resides
*Institute of Applied Physics of Academy of Sciences of Moldova. in position around the crystallographic center of symmetry and
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Figure 2. (a) Optical image of. Crystal structure o2: (b) illustration of
INN2(CO,)s MBB, which can be viewed as a 4-connected nadesInN2-

(COy)2, (c) a view of the octahedron cage with one encapsulated ethanol

molecule (space-filing model), (d) a schematic representation of the
octahedron, (e) space-filling view through a corner, and (f) space-filling
view along the trigonal windows (color scheme: carbogray, hydrogen

= white, nitrogen= blue, oxyger red, indium= green).

consists of six In(lll) ions occupying the vertexes of the octahedron

linked by 12 2,5-PDC ligands, forming the octahedron edges. Each

In(lll) ion is coordinated to two nitrogen and five oxygen atoms
(InN2(CO,),) from four 2,5-PDC ligands (Figure 2b). As I the
In—N bonds and the i (5-carboxylate) bonds direct the topology
while the a-carboxylates complete the metal ion coordination
sphere, resulting in a 4-connected node (i@D,),. Distortion from

the ideal octahedron can be characterized by the maximal deviation

from the average hn distance value (8.378 A) and from thedn
In—In ideal angles of 6Dand 90; 0.192 A (2.29%), 2.6%(4.35%),
and 0.28 (0.31%), respectively (see Supporting Information). The
isolated octahedron, [§2,5-PDC);]%", possesses an overdl}
symmetry.

Interesting structural features of compouRdare its internal
cavity and triangular windows. The cavity of the octahedron cluster

encapsulates one EtOH molecule, which is statistically disordered

around the center of symmetry. Six DMF and two EtOH molecules
are partially situated in the eight triangular windows of the
octahedron. The remaining EtOH and@®molecules are located

in the interstices between the octahedra, as illustrated in Figure

S3. The discrete octahedra are linkectisyl,2-HDACH via N—H-
-0 hydrogen bonds to generate a 3-D network.

Although a mixture of isomers of 1,2-DACH can be used in the
synthesis, only the cis isomer is found to direct the formatio®. of
Therefore,cis-1,2-DACH acts as a structure directing agent and,
as a result, compoun@ offers potential for separation and
recognition of the cis and trans isomers of 1,2-DACH. It should

also be noted that crystal structures containing the cis isomer are

rarel?

To the best of our knowledge, the §(@,5-PDC),]¢ polyhedron
represents the first example of anM, metal-organic octahedron.
A polynuclear MM 1, complex!®and ML 4,22 and ML polyhedra

have been reported; nevertheless, molecular octahedral assemblies

are rare.

Here we have illustrated the utilization of single-metal-ion-based
MBBs, via heterochelation and bridging, as a means toward the
design and synthesis of metalrganic assemblies, both discrete
and extended. Present work is in progress to broaden this approach
to other multifunctional ligands containing simultaneously the
chelating and bridging functionality, as well as to other molecular
building blocks, MXY .
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