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Treatments of lanthanide nitrate or perchlorate and C,-symmetric
2,2'-hydroxy-1,1'"-binaphthalene-6,6'-dicarboxylic acid (6,6'-H,BDA)
led to diastereoselective self-assembly of nanoscale, porous
molecular adamantanoids [Lns(BDA)s(H20)12]-12DMF (Ln = Gd,
La, la,b). These adamantanoid clusters possess perfect T
symmetry as a result of the C,-symmetric nature of BDA bridging
ligands and Cs-symmetric nature of lanthanide ions. Face-to-face
intercluster hydrogen bonds formed between 2,2'-dihydroxyl groups
of BDA ligands and carboxylate oxygen atoms direct the assembly
of 3D polycages based on chiral molecular adamantanoid building
blocks which possess two different types of open channels.

Well-defined supramolecular architectures with inner cavi-

ties such as molecular cages, capsules, tubes, and cyIinderPe
have received intense attention owing to their implications

in host-guest chemistry,as models of biological systems,
and in catalysis and molecular machidem particular,

metallosupramolecular systems can be readily assemble

from well-chosen metal centers and rigid bridging ligands
by taking advantage of many factors including favorable
symmetry and entropy effects, preprogrammability of the
building blocks, and sometimes the reversibility of metal

ligand ligation? For example, Fujita et al. and Stang et al.

have synthesized a series of nanosized molecular cages
bowls, tubules, and capsules using square-planar Pt(Il) or

Pd(Il) metallocorners andC,- or Cs-symmetric pyridine-
based bridging ligands® Raymond et al. and Saalfrank et
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(1) (a) Aoki, S.; Shiro, M.; Koike, K.; Kimura, EJ. Am. Chem. Soc
200Q 122 576-584. (b) Vilar, R.; Mingos, D. M. P.; White, A. J. P;
Williams, D. J. Angew. Chem., Int. EAL998 37, 1258-1261. (c)
Fleming, J. S.; Mann, K. L. V.; Carraz, C.-A.; Psillakis, E.; Jeffery,
J. C.; McCleverty, J. A.; Ward, M. DAngew. Chem., Int. EA998
37, 1279-1281.

(2) (a) Steed, J. W.; Atwood, J. [Supramolecular ChemistrnyWiley:
New York, 2000. (b) Proulxcurry, P. M.; Chasteen, N. ©oord.
Chem. Re. 1995 144, 347.

(3) (a) Kang, J.; Santamaria, J.; Hilmersson, G.; Rebek, J.,Am. Chem.
Soc 1998 120, 7389-7390. (b) Sauvage, J. Rcc. Chem. Re4998
31, 405-414. (c) Balzani, V.; Gomez-Lopez, M.; Stoddart, JAEC.
Chem. Res1998 31, 611-619.

(4) (a) Lehn, J.-M.Supramolecular Chemistry: Concepts and Perspec-
tives VCH Publishers: New York, 1995. (b) Holiday, B. J.; Mirkin,
C. A. Angew. Chem., Int. E®001, 40, 2022-2043. (c) Dinolfo, P.
H.; Hupp, J. T.Chem. Mater2001, 13, 3113-3125.

5940 Inorganic Chemistry, Vol. 41, No. 23, 2002

al. described a variety of highly symmetricakly clusters
derived from octahedronal metal centers abgd or Cs-
symmetric bis- and tris-bidentate catecholamide ligdiids.
Recently, Yaghi et al. and Zaworotko et al. independently
reported the synthesis of nanometer-sized polygons based
on 1,3-benzenedicarboxylic adid® Recent results also
indicated that rigid metallosupramolecular architectures can
maintain their structures in the absence of guests and thus
pointed to the possibility of reversible access to their void
spaces. However, chemical functionalization of or direct
incorporation of exploitable functional groups into such
metallosupramolecular architectures, which is critical to the
development of functional supramolecular systems, remains
essentially unexplored.

Our recent investigations of metallosupramolecular archi-
ctures built from bridging ligands containing exploitable
functional groups have led to new materials that are capable
of bulk enantioselective separations and chiral sen3i¢e

c{eport here diastereoselective self-assembly of nanoscale,

porousT-symmetric molecular adamantanoids starting from
simple lanthanide(lll) salts an@,-symmetric 2,2hydroxy-
1,2-binaphthalene-6'&licarboxylic acid (6,6H,BDA). We
envisioned that the combination @-symmetric bridging
(ditopic) ligands with potentiallyCs-symmetric (tritopic)
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1a, Ln = Gd, 32%
1b, Ln=La, 46%

metal ions could lead to supramolecular polyhedra wWith
symmetry. Of particular interest to us is the introduction of
the 2,2-dihydroxyl groups in the 6,6-sBDA ligand, which
can be utilized by the resulting polyhedra to form ordered
higher-dimensional networks through intermolecular hydro- Figure 1. A view of the molecular adamantanoid b4 The circles with
gen bonds and, more importantly, are potentially exploitable 'Ncréasing sizes represent C, O, and Gd, respectively.

for enantioselective processes. Strong intermolecular hydrogen-ldeanzed tricapped trigonal prismatic geometry by coordinat-
bonding interactions indeed led to 3D polycages based on

X . ing to three chelating carboxylate groups from three different
chiral T-symmetric Ln(BDA)s (Ln = Gd, La) molecular ¢ g ppA ligands and three water molecules, with S@

adamantanoid building blocks. ~ bond distances of 2.414(7p.519(5) A. Each of the six BDA
As illustrated in Scheme 1, 8;61.BDA was prepared in - groups lies on a crystallographic 2-fold axis and coordinates
excellent yield from 6,6dicyano-2,2-dihydroxy-1,1-bi- to two gadolinium atoms through its two chelating carboxy-

naphthalene, which can be readily synthesized from racemic|gte groups with a GdGd separation of 15.657(1) A. This
1,1-bi-2-naphthol (BINOL).? The clusters with the general  arrangement of metal ions and coordination ligands thus leads
formula of [Lny(6,6-BDA)¢(H20):2]- 12DMF (Ln= Gd, 18, to a molecular adamantanoid with the vertices occupied by
La, 1b; DMF = N,N'-dimethylformamide) were synthesized  the |anthanide ions and the centers of the-BBA ligands.
in moderate yields (32% fola and 46% forlb) from The two naphthalene rings of the BDA ligand are twisted
hydrated lanthanide nitrate or perchlorate and-BfBDA along the pivotal GC bond at the 1/ipositions with a
in DMF at 110°C for 15 days. The crystal formulations were  gihedral angle of 1018 the bulk of the naphthol moieties
based on elemental microanalysis results and thermogravi-gpe pointing away from the cavity of the molecular adaman-
metric analyse$? Both materials are stable in air and tanoid to give rise to a porous cluster. With four crystal-
insoluble in water and common organic solvents such as CH lographic C; axes running through the metal vertices and
CN, EtOH, MeOH, DMF, and DMSO. The IR spectrald  three crystallographicC, axes bisecting three pairs of
and1b exhibited bands characteristic of carboxylate groups opposite BDA edges, each [(6,6-BDA)g(H.0).;] ada-
at 16506-1320 cm™. The very broad peaks around 3414€m  mantanoid ofla possesses perfeEtpoint group symmetry.
suggested the formation of hydrogen bonds in the solid state.\jetal-ligand ligation has thus induced self-resolution (self-
A single-crystal X-ray diffraction study performed da recognition) of the BDA ligands, and all the BDA ligands
reveals a nanosized chiral porous cluster Witsymmetry ~ on each adamantanoid possess the same handedness of

constructed fronCs-symmetric lanthanide centers a@g chirality.
symmetric 6,6BDA groups (Figure 1} The asymmetric A space-filling representation dfa clearly indicates the
unit consists of one-third of a Gd ion, a half 6DA group, formation of a porous, nanosized cage with wide apertures

one coordinated water molecule, and one disordered DMF (Figure 2). The overall size of the clusteri23 A, while
guest molecule. Within each adamantanoid, the Gd atomsthe aperture on each face has diagonal distancesl&fx
reside on crystallographic 3-fold axes and adopt a nearly 15 A, Each adamantanoid cagelaf has an open cavity of
~1700 A3, which is occupied by six DMF guest molecules.

(12) Cui, Y.; Ngo, H. L.; Lin, W.Inorg. Chem 2002, 41, 1033-1035. The porous adamantanoid cluster reported here is quite
(13) TGA shows thataandlb experience 21.8% and 22.0% weight losses

by 330°C, corresponding to the loss of 12 DMF molecules (22.2% diffe_ren_t from _preViOUSIY reported M, p_0|yh6dra which
and 22.9% expected fdrmand1b, respectively). Anal. Calcd (found)  are ionic and tightly closed boxes with little or no aperture

Eir%)‘idkaf’?d“c'\“fods"(*fla dC)* ?l'()é)d(_'SliS),;\leb4'5%4'zg)?E',\ll'3'725 through the faces of the polyhedr&.Moreover, to our
. . Anal. Calc oun or au 3 N , . !
(52.01); H, 4.67 (4.32); N, 4.33 (4.71?. e knowledge, clustefl represents the largest molecular ada-

(14) X-ray single-crystal diffraction data fdawere collected on a Siemens  mantanoids that have been crystalloaraphically characterized
SMART CCD diffractometer. Crystal data fde: cubic, space group ry grap y

Fd3 (No. 203),a = 36.392(4) A,V = 48196(10) &, Z = 8, pcaica = and is a rare example of chiral .molecular polyh_edrons.
tl)-10% gcm:;;,2 /é(M?I K?) = 1-_};52 Sﬂrg) L Lgalsé-gquares rtefm?rrée?t The packing of admantanoid clusters @& is also
ased on retlections with> 2o(l) an parameters led to . ] .
convergence, with a final RE 0.070, WR2= 0.177, and GOF= noteworthy. Each conformationally rigid adamantanoid
1.09. cluster oflahas 12 hydroxyl groups (O3) and 12 carboxylate
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directions. Furthermore, smaller rhombus-shaped channels
with dimensions of~6 x 8 A have formed via the
arrangement of four adjacent adamantanoid clusters of
opposite chirality in the (011) planes; the void space is filled
by six other DMF molecules. Calculations using PLATON
indicate thatlahas 59% of total volume occupied by solvent
moleculest® Highly directional hydrogen bonding iba has
clearly steered the packing of adamantanoid clusters into a
porous 3D polycage. The present results exemplify hierarchi-
cal control in the self-assembly of supramolecular systems

. - , with interactions of varying strength.
Figure 2. Left: A space-filling model of the adamantanoid cagelafs .
viewed down the [011] direction. Right: A view showing the inclusion of We have also prepared the lanthanum analdbuén a

DMF molecules inside an adamantanoid cagd af procedure similar to that used for the preparatiofafCell
parameter determinatidfipowder X-ray diffraction, IR, and
microanalysis results indicated tHdi is isostructural td.a.
The insolubility of1a and1b, presumably due to extensive
intercluster hydrogen bonds, has precluded further investiga-
tions of their solution properties. Nevertheless, the ability
to exchange the included DMF molecules has been demon-
strated; theH NMR spectrum indicated that40% of the
included DMF molecules iib have been exchanged upon
soaking a solid sample dfb in DMSO-ds overnight. The
powder X-ray diffraction pattern of a DMSO-exchanged
sample oflb was similar to that of a pristine solid dfb.
Figure 3. A view of six hydrogen bonds between the faces of adjacent In conclusion, we have synthesmed novel nanosized chiral
adamantanoid clusters @& The O2-03 distance is 2.71(1) A, while the ~ POrous molecular adamantanoids witsymmetry based on
02-H3b—03 angle is 176.5(1) C,-symmetric binaphthyldicarboxylate ligands a@glsym-
metric lanthanide(lll) ions. Metalligand coordination has
directed the self-resolution of racemic BDA ligands to form
chiral molecular adamantanoids of [J(6,6-BDA)e(H20)1],
while hydroxyl groups on the peripheries of BDA ligands
allow for the molecular adamantanoids to self-assemble into
a unigqueT,-symmetric polycage through preordered hydro-
gen bonds. This work thus illustrates the hierarchical control
in the formation of supramolecular assemblies via a com-
bination of metat-ligand ligation and hydrogen-bonding
interactions. Ongoing work is aimed at enlarging the open
channels of the polycages through structural modifications
of dicarboxylic acid bridging ligands and exploiting these
novel supramolecular assemblies for potential applications
in adsorption, ion exchange, size-selective catalysis.
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Face-to-face intercluster hydrogen bondd anthus lead (15) Attempts to synthesize homochiral solids based on molecular adman-

. . tanoids have failed. Enantiopure 6H,BDA epimerizes even at 110
to a neutral 3D polycage witfi, symmetry, as shown in °C to give bulk racemic samples @ in the presence of Gd(N{R.
Figure 4. Rhombus-shaped zigzag channels with dimensiong16) Spek, A. LPLATON Version 1.62; University of Utrecht: Utrecht,
- 1999.

of ~11 x 15 A have resulted and are formed by Stacking of (17) it cell parameters fatt: cubic,a = 36.573(6) AV = 48920(16)
adamantanoid clusters of opposite chirality along the [011] As,

Figure 4. A space-filing model oflaas viewed down the [011] direction.
Two types of rhombus-shaped open channels are clearly visible.
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