J. Am. Chem. So2001,123, 34013402

Lanthanum Coordination Networks Based on
Unusual Five-Connected Topologies

De-Liang Long, Alexander J. Blake, Neil R. Champness,*
Claire Wilson, and Martin Schider*

School of Chemistry, The Urmrsity of Nottingham
University Park, Nottingham NG7 2RD, U.K.

Receied August 16, 2000

The design and construction of inorganic coordination networks
has developed rapidly in recent yeanguch attention has been
drawn to the rational design of new network topologies, and a
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of coordinating nitrate anions. Therefore, we have developed a
strategy to incorporate the noncoordinating BPhanion into
lanthanide coordination networks which we anticipated would
generate noninterpenetrating frameworks with large internal
cavities. We report herein two remarkable lanthanide coordination
polymers with unprecedented network structure that were not
predicted by Well$, {[LasL1o(CH3;OH)1,Cl5]Cl(BPhy)g-22CH;-
OH}. 1 and {[Lal,s(CH;OH)(PhB(OMe))](BPhy),+4.5CH;-
OH}. 2 (L = 4,4-bipyridineN,N'-dioxide) consisting of unusual
five-connected lanthanum nodes sustained by bridging ligands
L. These structures verify that the flexible modes and high
coordination of lanthanide ions suit the formation of frameworks
with unusual and highly connected nodes.

Compoundsl and 2 were obtained from the same reaction

variety of extended frameworks has been obtained via the use ofmixture by mixing methanolic solutions of LaCNaBPh, and

polydentate ligands, such as 4blpyridine and its derivatives,
bound to d-block transition metal ioA&ecently, a few examples

have appeared of lanthanide-based frameworks employing poly-

dentate ligands such as sulfoxidesgrboxylates,pyridones and
lactams>8 Although the flexibility of the coordination sphere of
lanthanide ions makes design difficult, this pliability or coordi-

L.° 1 was prepared as the major species with a small proportion
of crystals of2 also being isolated. Crystals of batland2 were
found to be unstable in air and decayed quickly via solvent loss.
X-ray diffraction studies oflL and2 reveal polymeric structures
based on networks of eight- and nine-coordinated La(lll) centers
linked by 4,4-bipyridine-N,N'-dioxide ligands'® The asymmetric

native ambivalence, coupled with the tendency of lanthanides to ynit for 1 comprises four independent lanthanum(lll) centers, ten

adopt high coordination numbers, makes the f-block metal ions
attractive for the discovery of new and unusual network topolo-
gies. We have recently developed a strategy usingoipgridine-
N,N'-dioxide as a bridging ligand for the construction of lanthanide
coordination networks and have reported a Cgtk@ network
and an unprecedented two-dimensional structure étdp®logy’
Although these structures are unusual, they exhibit low con-
nectivity, four-fold and three-fold respectively, due to the presence
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4,4 -bipyridineN,N'-dioxide ligands, four Cl ions, eight BPhr
ions, and a number of methanol solvent molecules. All of the
La(lll) centers act as similar five-connected nodes, although their
coordination number and geometry vary. Besides their five
N-oxide ligands, three La(lll) ions are each further coordinated
by a CI ion and two methanol molecules and have a total
coordination of eight, while the fourth La(lll) ion is coordinated
by four methanol molecules and has a total coordination number
of nine, leaving the fourth Clion uncoordinated and engaged in
hydrogen-bonding with methanol molecules. Thé-bjpyridine-
N,N'-dioxide ligands bridge the metal centers and support a 3D
framework structure of 4° topology*'?(Figure 1) which can be
described by the combination of (6,3) plane nets parallel to the
ab plane linked through zigzag chains propagating along the
crystallographica axis. These linking chains are alternately
distributed on either side of the plane nets, thus forming large
“six-metal-membered” channels of effective cross-sectiorn®f

x 18 A parallel to thea-axis. Most of the space within the
channels is occupied by the bulky BPtcounterions, of which
there are 16 per unit cell. However, despite this, the structure
contains cavities which are large enough to accommodate 44
methanol molecules per unit cell and account4ar2% of the
unit cell volume. Nine methanol molecules form a hydrogen-
bonded chain which is terminated at both ends by solvated
chloride ions.

In contrast, the asymmetric unit f@ris quite simple with only
one unique La(lll) center, which acts as a five-connected node

(8) Wells, A. F.Three-Dimensional Nets and Polyhepvdiley: New York,
1977.

(9) Crystals ofl and2 were produced as follows: A solution of Lacl
6H,0 (0.075 g, 0.2 mmol) and NaBPK0.210 g, 0.6 mmol) in MeOH (30
cm?®) was added dropwise to a solution of ‘4pdpyridine-N,N'-dioxide hydrate
(0.110 g, 0.5 mmol) in MeOH (20 c¥) producing a white emulsion-like
precipitate, which in turn transformed to a pale yellow crystalline product
over 10 h. Almost all the crystals were plate-shaped and were determined to
be compound.. Elemental analyses are consistent with formuld.oh few
prism-shaped crystals were selected and determined by X-ray diffraction to
be compounc®. An attempt to prepar2 quantitatively was unsuccessful.

(10) Crystal datay [LaL 1o CHsOH)1oCl3]Cl(BPhy)s:22CH;OH} . 1, mono-
clinic, Pc, a = 15.134(3) A,b = 47.621(8) A,c = 22.431(4) A, =
91.947(23, V= 16156(8) &, T = 150 K,Z = 2, R1 = 0.091,wR2 = 0.230,

S= 1.110.{[LaL2,5(CHgOH)(PkB(OMe)Z)](BPm) -4.5CHOH}.. 2, orthor-
hombic, Pbcny a = 48.422(7) A b = 21.958(3) A,c = 15.814(2) AV =
16814(73, A3, T= 150 K,Z = 8, Rl = 0.081,wR2 = 0.192,S = 1.147.

(11) The topological symbol refers to the “shortest circuits” formed around
the La connecting nodes; thus (a) fbithe 46° symbol indicates that four
4-gons and six 6-gons are adopted around each La node, (B)fier £6°8?

symbol indicates that six 4-gons, two 6-gons and two 8-gons are adopted
around each La node.
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Figure 1. (a) View, along the crystallographi axis, of the “six-metal-membered” channels in compouhdTwo-dimensional (6,3) nets, viewed
“side-on” (red and blue) are interlinked via zigzag chains (gregr))View along the crystallographic axis in compound. showing the (6,3) plane
nets (laterally displaced with respect to each other, red and blue) which run parallektoglane and are linked via zigzag chains (green) to give the
3D network observed. Similar plane nets are observed in comp2u@) View along the crystallographic axis in 1, illustrating the zigzag chains
(green) linking (6,3) nets.

Figure 2. View along the crystallographic axis in compound2
illustrating the “eight-metal-membered” and “four-metal-membered”
channels. BP}1 anions, MeOH solvent molecules and hydrogen atoms
are omitted for clarity.

as inl. Besides the five 4,4ipyridineN,N'-dioxide ligands and

a methanol molecule, an unusual bidentate POMe),] ~ anion
was found to chelate the La(lll) center. X-ray studies revealed y
that2 has a 3-D structure of*’8” topology;*°which is closely  Figyre 3. Coordination sphere around the La(lll) centergitiustrating
related to the %6° topology found forl, both of them having  the arrangement of the 4BipyridineN,N'-dioxide ligands that bridge
five-connected nodes. Ifcan be considered as consisting of plane  adjacent La(lll) nodes. A similar orientation is observed.itHydrogen
nets joined by zigzag chains alternately distributed on opposing atoms are omitted for clarity. (Lanthanum, left-hatched; oxygen, cross-
sides of the plane nets, th@ris composed of similar (6,3) plane  hatched)

nets joined by zigzag chains witkwery pair alternating on
opposing sides of the plane nets (Figure 2). In contrast to
compoundl, compound2 has two kinds of channels, namely
square “four-metal-membered” and rectangular “eight-metal-
membered” ones. These two types of channel have effective cross
sections of~8 x 8 A and 8x 27 A, respectively. As in the case

of 1, most space within these channels is occupied by the bulky
BPh,~ counterions, of which there are 16 per unit cell, with the
residual cavities filled by 36 methanol molecules which accoun
for ~11% of the crystal volume.

The [PhB(OMe)]~ anion originates from the methanolysis
of BPh,~.22 This is the first isolation of the intermediate product
[Ph,B(OMe),]~ from the methanolysis reaction of BPhunder
such mild conditions, although the final product [B(OM€)has
been observed in [GC(CN)}{B(OMe)}]-1.6MeOH and other
intermediate products can be envisaged.

Although a large number of examples of three-, or four-
connected networks based on d-block metal ions have been
reported; to our knowledge there are only two examples of
previously known five-connected networKsBoth of these
structures have Ag(l) metal nodes, one adopting a square-

pyramidal geometi#? and the other a trigonal bipyramid
geometry:*® as would be expected for five-coordinate transition
metal ions. Unlike d-block metal ions, however, lanthanide ions
have high coordination numbers, a property that can be employed
partially as links to construct networks; furthermore, the geometry
of these links is potentially widely variable. The geometry of the
five links around the nodes ih and 2 cannot be described by
¢ any simple polyhedron since three links are coplanar and the other
two occupy sites on theameside of the plane (Figure 3), unlike
a trigonal bipyramidal geometry. It seems unlikely that d-block
metal ions could generate such nodes, however distorted their
shape. Therefore, it can be seen that lanthanide ions have their
own, and inherently more flexible, role to play in producing new
coordination frameworks. It is also clear that the anions and
ligands will have an important role to play in the construction of
highly connected lanthanide-based frameworks. The success in
production of unusually connected compouddmd? indicates
a new future direction for the development of coordination
networks and the discovery of new topological constructs.
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