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The incorporation of organic substructures into inorganic oxide defined by the nitrogen donors of the chelating o-phen ligand,
phases provides a powerful method for structural modification an oxygen donor from eacfiPO;} group of the chelating
and synthesis of novel organithorganic hybrid materials, which ~ methylenediphosphonate ligand, and an oxo group bridging to a
combine the unique features of both the organic and inorganic molybdenum site. Binuclear Mo sites constructed from edge-
substructure$Organic components have been introduced not only sharing octahedra are embedded in the chain, each bonding to
as structure-directing cations in a wide range of materials three diphosphonate ligands. The diphosphonate units, in turn,
including zeolites, mesoporous materials of the MCM-41 class, chelate a Cu site and employ the remaining four oxygen donors
and transition metal phosphate and oxides, but also as ligandsto link three adjacent binuclear molybdenum units.
directly coordinated to the inorganic scaffolding of the matérial. The profound structural consequences of increasing the diphos-
Metal organophosphonate phases are representative hybrid materphonate tether length by one methylene group are evident in the
als which have been extensively studied with respect to the two-dimensional structure d&-2H,0, shown in Figure 2.The
structural consequences of steric demands of the organic subunitstructure may be described as bimetallic oxide phosphate chains
spacer length modifications, and additional functionatitijvetal linked through ethylene bridges of the diphosphonate ligands into
organophosphonate oxide phases.PWRPQ);], constitute a a layer structure. ThECu(o-phen)(MegOe)(H.0)(0sP—)} » chains
subclass of these hybrid materials which conflates the structuralare constructed from noncycf®o,0;¢} clusters linked through
versatility of metal oxides with that of organophosphonate diphosphonate ligands and square pyramidal Cu(ll) sites. The
architectures. Curiously, while numerous soluble oxide clusters copper centers bond to two nitrogen donors from a chelating
of the type [MQO,(OsPR)]" have been described, the only phenanthroline ligand, two oxygen donors from two different
structurally characterized examples of solids are provided by the diphosphonate ligands, and an oxo group bridging to a molyb-
isomorphous two-dimensional phases{Mo0s)3(0sPR)]® In an denum site. Each—POs} unit of the diphosphonate provides two
attempt to extend the chemistry of oxomolybdenum organophos- oxygen donors to adjacent copper sites jurd,O-type bridge
phonate materials, we exploited a strategy previously successfulwhile the third oxygen bonds to an octahedral molybdenum center.
in the preparation of bimetallic phosphonate networks of the The ethylene groups of the diphosphonate ligands serve to bridge
oxovanadium famil, that is, the introduction of a secondary adjacent inorganic chains. The tetranuclear molybdate cluster
metal-ligand component as a charge-compensating unit and, moreembedded in the chain @fexhibits several unusual features. The
significantly, as a structure-directing component. This com- molybdenum centers are arranged in a nonlinear chain of edge-
munication describes the structural consequences on oxomolyb-sharing polyhedra with octahedra at the termini and square
denum-organodiphosphonate phases of secondary metghnic pyramids in the interior locations.
subunits, an approach which combines the spatial transmission Somewhat suprisingly, the structure of the propylene derivative,
of structural information by the diphosphonate ligand and surface 3-2.5H,0, shown in Figure 3, is one-dimensioA&lhe structure
modification of the oxide material by a bidentate organodiimine may be described agVlosO,;} cyclic clusters, linked through
ligand. The prototypical materials of a new family of oxomolyb- diphosphonate ligands into a chain which is decorated ®y-
denum organophosphonates [Cu(o-pheny@(OsPCH,PO;)- oAl - ST TIE—— —
(H-0)] (1), [{Cu(o-phen)s(M04015)(H20),(0sPCHCHPO;)] 7) Al reactl.ons Were.carrle out in Teflon-line mL Parr acid digestion
2H,0 (2:2H:0), and [ Cu(HO);(o-phen){ Cu(o-phenj} (Mos- mmol. 1.10-phenanttroline (0.062 6. 0.313 mmel. methylenediphos-
045)(0OsPCH,CH,CH,PG;)]-2.5H,0 (3-2.5H,0) are described. phonic acid (0.078 g, 0.426 mmol), and water (10.04 g, 557 mmol) were

In a typical reaction, a mixture of CU(S)'.%HZO, MoO,, 1,- heated at 170C for 74 h to give blue crystals in 40% yiel@: Cu-
10.phenanthroiine (o-phen), methylenediphosphonic acid, and (310 0056, 0220 Mol Moc0 109 0828 el 1.
water in the mole ratio 1.0:2.1:1.4:2.0:3500 was heated at 170 (0.039 g, 0.220 mmol), and water (8.64 g, 480 mmol) were heated at
°C for 74 h to give blue plates df in 30% yield” Compounds 180 °C for 44 h to give blue plates in 30% yiel@: Cu(SQ)-5H,0

it (0.0578, 0.228 mmol), NM0oO4-2H,O (0.0448, 0.182 mmol), 1,2-
2 6_1|_nhd3 V:eret prepa:clied lrJ]nder gnall(_)gous :(Egondlthrls. f propylenediphosphonic acid (0.0478, 0.230 mmol), 1,10-phenanthroline
~I'he structure ofl, shown In Figure E, consists ol one- (0.060 g, 0.303 mmol), and water (10.31 g, 572 mmol) were heated at
dimensional chains constructed from corner-sharing Cu(ll) square 140°C for 21 h, and the temperature was subsequently ramped at 10
pyramids and phosphorus tetrahedra, and corner- and edge-sharing C/min to 175°C, whereupon the reaction mixture was heated for an

S o additional 3 h. Green crystals 8fwere recovered in 25% yield.
Mo(VI) octahedra. The coordination sphere of the Cu(ll) site is (8) Crystal data fofl: CyadH:N,CuMo,P,01,, monoclinicP2y/c, a= 11.867-

(1) A, b=10.398(1) Ac=15.695(1) A = 107.937(2), V = 1842.6-

(1) Stupp; S. I.; Braun, P. \Sciencel997, 277, 1242. (3) A3, Z = 4, Deac = 2.536 g cm3; 4418 reflections, Ri= 0.0485,
(2) zapf, P. J.; Haushalter, R. C.; Zubieta,Chem. Communl997, 321 wR2 = 0.1163. B
and references therein. (9) Crystal data fo-2H,0O: Ci3H1s2N.CUMo,PQyy, triclinic P1, a= 7.9401-
(3) Alberti, G. In Comprehensie Supramolecular Chemistrtwood, J. (7) A, b = 10.4771(9) A,c = 12.895(1) A,a = 101.137(1), B =
L., Davis, J. E. D., Vogel, F., Eds.; Pergamon Press: New York, 1996; 104.176(2), y = 110.066(19, V = 930.6(1) B, Z=2,Deac= 2.351 g
Vol. 9, Alberti, G., Bein, T., Eds., p 152. cm3; 4314 reflections, Rk 0.0480, wR2= 0.1104. B
(4) Clearfield, A.Prog. Inorg. Chem1998 47, 373. (10) Crystal data fo3-2.5H,0: CzgH3gCM0sP,NsOys 5, triclinic P1, a =
(5) Harrison, W. T. A.; Dussach, L. L.; Jacobson, Alnbrg. Chem1995 8.8623(3) A,b = 16.9880(5) Ac = 17.1166(5&,&,0{ =91.286(1), B
34, 4774. =95.399(1, y = 102.754(19, V=2 499.7(1) &R, Z = 2, Dearc = 2.205

(6) Finn, R. C.; Zubieta, JJ. Chem. Soc., Dalton Tran200Q 1821. g cn13; 11549 reflections, R¥ 0.0360, wR2= 0.0851.

10.1021/ic0100018 CCC: $20.00 © 2001 American Chemical Society
Published on Web 04/26/2001



Communications

Inorganic Chemistry, Vol. 40, No. 11, 2002467

Figure 1. A polyhedral representation of the chain structurd.ofolor scheme: phosphorus tetrahedra, yellow; copper polyhedra, blue; molybdenum

polyhedra, green; oxygen, red spheres.

Figure 2. A polyhedral representation of the two-dimensional structure
of 2:2H,0.

Figure 3. A polyhedral view of the structure @&-2.5H0.
(H20),(0-phen}?*and{ Cu(o-phemnj} " subunits. There are, thus,

two distinct Cu(ll) environments: a square pyramidal site and

The isolation of3 suggested that a building-block approach to
such chain structures is conceivable. However, attempts to link
preformed clusters through diphosphonate ligands of various tether
lengths under non-hydrothermal conditions proved futile. Fur-
thermore, adopting pH and stoichiometry conditions favoring such
cluster formation under hydrothermal conditions did not yield the
analogous [(MgO15){ OsP(CH,)xPOs}]* chains &k = 1, 2, or 4)
to 3 but rather required the presence of Cu(ll) and phenanthroline
to yield 1, 2, and an unidentified material, respectively. While
cluster preorganization and linkage is an attractive strategy for
structural design, it appears that such synthetic building blocks
persist only under narrowly defined conditions, whereas, in
general, dissociation is evident and the system “selects” the
appropriate structural unit from the species present in the
hydrothermal mix.

The isolation of1—3 illustrates the synergistic influence of
diphosphonate tether lengths and the metajanic component
on the structures of hybrid oxide materials. The organic tether
serves to expand the distance between molybdate polyhedra or
clusters and to direct the relative orientations of{tR&;} termini,
consequently influencing the dimensionality of the material.
However, the structural influences of the variabilities of polyhedral
type and polyhedral connectivities available to the oxometalate
substructures are also determinants which may produce unantici-
pated structural motifs. For example, the common tendency of
the V/P/O and Mo/P/O families to form two-dimensional sub-
structures, based on the MO(P@rototypel® would suggest that
an oxomolybdate material incorporating a diphosphonate of
sufficiently extended tether length to buttress such layers would
adopt overall three-dimensional connectivity. The steric constraints
of the{ Cu(o-phenj} >"subunit can, of course, passivate the surface
of the oxide and result in lower dimensional materials, as
previously observed for [Cu(Z;Bpy)(VO)(OsPCH,CH,CH,-
PG;)]-H20. The one-dimensional structuredimay reflect several
influences: the persistence of thiMos0;5(0sP—),} 4~ core and
the incorporation of significant numbers of passivating subunits,
in this case botH Cu(H,0),(0-phen}?" and{Cu(o-pheny>*.
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The molybdate cluster is Structura"y analogous to the well-known the structures of—3. Figures ShOW|ng the aSymmetl’iC units and thermal

[M0o5s015(0sPR)]* molecular cluster$t*onsisting of a ring of
edge-sharing octahedra.
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