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Complexation of a Heptanuclear Polyoxotantalate ~ Chart 1

Anion with K *: Formation of a Supramolecular HO o OH
[K 6-(u-OH>)6-(OH2)g] ¢ Ring Structure® HO

R R
Bernd Morgenstern, Jurgen Sander, Volker Huch, and ino: R=OH
Kaspar Hegetschweiler* tdci: R = N(CHy),

Anorganische Chemie, Universitdes Saarlandes, 5 ) ) )
Postfach 15 11 50, D-66041 Sadrtkan, Germany 1) The resulting, neutral species [iTa;Ox(tdci)g] (1) has
a unique, rather porous [F@a-0)12]1'" double adamantane

Receied September 22, 2000 core. The open structure of this core obviously follows from
the considerable steric demands of the six peripheral tdci ligands
Introduction with _t_heir bulky dimethylamino groups. The (_:on_"nplex i; further
stabilized by the overall zero charge. This is achieved by
Polyoxometalates (POMs) have attracted considerable attenomplete deprotonation of the coordinating hydroxy groups
tion over the past few years, as a consequence of their interesting—18) put only partial protonation(7) of the weakly basic
structural propertidsand their importance in catalysis and in dimethylamino groups, and as a consequence, the resulting
medicine?? Interactions of POMs with proteins could play an negative charge of11 exactly compensates for the positive
important role in biological processes such as HIV-1 protease charge of the complex coreis-Inositol (ino) is sterically
inhibition.* Host—guest interactions, and in particular the role considerably less demanding than tdci (Chart 1), and further-
of small ionic guests as templates, have been discussedmore, there is no way to balance the negative charge of a
intensively> Recently the influence of univalent cations on corresponding complex [F@:(H_sino)g)~. However, both, the
formation and structure has been elucidated for a variety of POM compensation of the negative charge and the stabilization of
complexeg. Additionally, it has been shown that facially the porous architecture can be achieved by binding additional
coordinating polyalkoxides are particularly useful auxiliaries for - cations to the anionic complex. We have succeeded in crystal-
the synthesis of POMs with novel structural properfiéss lizing such an aggregate as a hydrated potassium salt, and here
peripheral ligands, polyalkoxides are capable of shielding an we report a convenient preparation method and the crystal
oligonuclear MOy core thereby preventing subsequent aggrega- strycture of this compound.
tion processes. They further stabilize the surface of the positive
complex core by charge compensation. Tris(hydroxymethyl)- Experimental Section
ethane and related triols have successfully been utilized for the
preparation of a variety of oxo-centered, oligonuclear complexes General. C,H analyses were performed by H. Feuerhake (Anorga-
with Fe"', Mn'" and Mr", VIV and W, and Md”' 8811 and we nische Chemie, Universitales Saarlandes; Ta and K analyses were

: formed by T. Allgayer/Prof. H. P. Beck (Analytische Chemie,
recently reported the preparation of a novel heptanucle¥r Ta Performed by gay : :
complex using the cyclic 1,3,5-trideoxy-1,3,5-tris(dimethyl- Universitd des Saarlandes) using ICPOES and AAS, respectividly.

. R itol (tdci f lexi t (Chart and ®C NMR spectra were measured on a Bruker DRX 500
amino)<is-inositol (tdci) as a surface complexing agent (Char spectrometer (with resonance frequencies of 500.13 and 125.9 MHz

t Metal Bindi ¢ Polvalcohols. 6. Part 5. ref 12 for *H and®3C, respectively) withd scale (ppm) and sodium (trimeth-
etal binding O olyalconals. 6. Part 5. re . H H H
* Author to whom correspondence should be addressed. ylsilyl)propionated, (O ppm) as internal standard. IR spectra were

(1) (a) Baker, L. C. W.; Glick, D. CChem. Re. 1998 98, 3. (b) Jeannin recorded on a Bruker Vector 22 FT IR spectrometer equipped with a
Y. P.Chem. Re. 1998 98, 51. (c) Miler, A.: Peters, F.. Pope, M. ~ Golden Gate ATR unit. Commercially available MeOH (absolute,

T.; Gatteschi, DChem. Re. 1998 98, 239. (d) Coronado, E.; Gomez- Fluka), EtN (Fluka), DO (ARMAR), KOH (Fluka), and Ta(OCEkJs

Garcia, C. JChem. Re. 1998 98, 273. (e) Klemperer, W. G.; Wall, and TaC4 (both from Aldrich) were used without further purification;

C. G.Chem. Re. 1998 98, 297. _ cis-inositol was prepared according to the method of Anthaid was
2) (a_) Kozhevnikov, I. V.Chem. Re. 1998 98, 171. (b) Mizuno, N.; obtained as a white solid (27% yieldH NMR (ppm, D:O): 3.66

o e 1008 g6, 1o, o 199 (€) Sadakane, M.; Steckhan, -4 o6 (proad signals}C NMR (ppm, DO): 70.7, 76.3. Anal. Calcd
(3) Rhule, J. T.; Hill, C. L.; Judd, D. A.; Schinazi, R. Ehem. Re. 1998 for CeH1:0¢: C, 40.00; H, 6.71. Found: C, 39.65; H, 6.50.

98, 327. {[Ta7012(H _3in0)6] C[K G-UJ-OH 2)6-(OH2)3]} K-19H,0 (2K’19H20)

(4) Judd, D. A; Nettles, J. H.; Nevins, N.; Snyder, J. P.; Liotta, D. C.; Tg a solution ofcis-inositol (250 mg, 1.39 mmol) in boiling MeOH

;gg%l‘]z'fégg'eﬁ’ J.; Schinazi, R. F.; Hill, C. 0. Am. Chem. Soc. 25 added dropwise a solution of Ta(OgH(544 mg, 1.62 mmol,

(5) (a) Miller, A.; Reuter, H.: Dillinger, SAngew. Chem., Int. Ed. Engl. ~ dissolved in 10 mL of MeOH). A white, microcrystalline solid
1995 34, 2328. (b) Rohmer, M.-M.; Benard, M.; Blaudeau, J.-P.; precipitated. Aqueous 1 mol dfhKOH (9.7 mL) was then added. The

Maestre, J.-M.; Poblet, J.-MCoord. Chem. Re 1998 178-180, 1019. mixture was refluxed fo1 h and was allowed to stand at room
(6) Khan, M. I.; Chen, Q.; Salta, J.; O'Connor, C. J.; Zubietdndrg. temperature for another 1 h. The resulting solid was filtered off and
Chem.1996 35, 1880. dried over ROip under reduced pressure. Yield: 388 mg (50%62Kf

(7) Gouzerh, P.; Proust, Chem. Re. 1998 98, 77. . . . .
(8) (a) Hegetschweiler, K.; Schmalle, H.; Streit, H. M.; Schneider, W. 19H,0. Anal. Caled for GeHio70siTar: C, 12.76; H, 3.57; K, 8.07;

Inorg. Chem 199Q 29, 3625. (b) Cornia, A.; Gatteschi, D.; Heget- 18, 37.37. Found: C, 12.85; H, 2.71; K, 7.94; Ta, 37.23. IR §m

schweiler, K.; Hausherr-Primo, L.; Gramlich, Yhorg. Chem1996 2864, 1652, 1400, 1369, 1288, 1150, 1095, 1037, 953, 878, 770, 656,
35, 4414. _ 506.1H NMR (D,0): 4.31 (1H), 4.28 (2H), 3.48 (L H), 3.47 (2HJC
©) fggg'gézloy M.; Chen, Q.; Zubieta,Jl.Chem. Soc., Chem. Commun  NMR: 78.45, 78.15, 70.79, 70.53. Single crystals of compos@ion

(10) (a) Khan, M. I.; Chen, Q.; Hme, H.; Parkin, S.; O’'Connor, C. J.;
Zubieta, JInorg. Chem.1993 32, 2929. (b) Chen, Q.; Goshorn, D. (12) Hegetschweiler, K.; Raber, T.; Reiss, G. J.; Frank, W.rl¢/dV.;

P.; Scholes, C. P.; Tan, X.; Zubieta,JJ.Am. Chem. S0d992 114 Currao, A.; Nesper, R.; Kradolfer, Rngew. Chem., Int. Ed. Engl.
4667. 1997, 36, 1964.
(11) Liu, S.; Ma, L.; McGowty, D.; Zubieta, JPolyhedron199Q 9, 1541. (13) Angyal, S. J.; Odier, L.; Tate, M. Earbohydr. Res1995 266, 143.
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Table 1. Crystallographic Data for Table 2. Summary of Bond Distances in the Heptanuclear Complex
{[Ta;012(H-3in0)s] C[K 6-(1-OH2)6-(OH2)s]} K- 19H,0 2~ Together with Corresponding Values of the tdci Complefor
empirical formula GeH120K70g1 Ty Comparison
fw 3389.7 2- 1
cryst syst orthorhombic :
space group Pnnm(No. 58) min max av av
a,b,c 12.539(3), 17.010(3), 21.027(4) Oarkoxo—K 2.716(4) 2.783(4) 2.759
z 2 Ooxo—K 2.869(4) 3.028(5) 2.955
T,K 293 u2-H0—K 2.950(7) 3.012(6) 2.974
(Mo Ka), A 0.71073 Onydroxy—K 2.938(7) 3.058(5) 2.991
Peatcd § CNT 3 2.510 H2Oerm— K 2.892(8) 2.92(2) 2.911
u, mmt 8.958 Ooxo—Tacentr 1.987(6) 1.988(6) 1.987 1.982
R1[l > 20(1)]2 0.029 Ooxo—T8periph 1.932(6) 1.959(4) 1.951 1.919
WR2 (all datal) 0.078 Oaikoxo—Ta 2.007(4) 2.026(4) 2.014 2.044
o-C 1.407(9) 1.445(8) 1.431
AR1=J|Fo — Fel/3|Fol. "WR2 = [TW(Fo? — F)F3who]Y2 c-C 1.509(10)  1.538(10)  1.527

19H;0 suitable for X-ray analysis were grown from aqueous solution product and the single crystals have the same elemental
(colorless needles). o composition and showed virtually identical IR spectra, indicating
X-ray Diffraction Analysis . Diffraction data for2K-19H,0 were thus direct formation of this complex upon reaction of Ta-

collected on a STOE IPDS diffractometer using monochromated Mo : . .
Ka radiation and a crystal of approximate dimensions0.@2.3 x 0.5 (OCHy)s, inositol, and KOH. Moreover, NMR spectroscopic

mm (Table 1); 25098 reflections were collected in the range®2:02 measurements m_jD) confirmed that olnly One Species IS Prese”t
0 < 24.15 without significant loss of intensity. The data were corrected 1N @Jueous solution. Both théd and SC spectra exclusively

for Lorentz and polarization effects. An absorption correction was not €xhibited 4 signals with a 1:2:2:1 ratio, indicative of lo&y
performed. The structure was solved using direct methods (SHELXS- symmetry for the six symmetry-equivalent inositol moieties.
97) and refined using full-matrix least-squares calculations (SHELXL- The structure of this complex was established by single-
97)°onF2 C(21) appeared to have a nonpositive definite displacement crystal X-ray analysis. It can be described as an anionic, hepta-
eII|pSO|d_ and was reflned |s_otrc_)p|cally. All other non-hydrogen atqms nuclear [TaO1x(H—3ino)s]’~ moiety which is surrounded by a
were refined with anisotropic displacement parameters. The remaining hexanuclear [§-(u-OHx)s-(OH2)g]®* ring (Figure 1). The

K* counterion was found to be distributed over four symmetry- : A g . .
equivalent sites sharing these sites with three water molecules. Thisl T@701(Hin0)¢] ”~ moiety and the previously described tdci

position (O7w) was therefore refined as an oxygen atom with an complexlllhave closely related structures (Table 2) with a7fTa
occupancy of 120%. Some of the water molecules (Olw, O5w, 07) (2-O)i2l * core consisting of two corner-sharlng. Oy
proved to be disordered and were refined with two positions (labeled @damantane cages. The two adamantane cages define a total of

as A and B) with site occupancies of 50%. AllHC) hydrogen atoms . I e A | . .
were placed at calculated positions using a riding model and isotropic eight fused TeeO—Ta-O—Ta-O six-membered rings. Six of

displacement parameters which were fixed at/idf the correspond-  theS€ rings have the central Ta(1) atom in common. All the
ing heavy atom prior to the final refinement. The hydrogen atoms of fings are slightly puckered and have an almost ideal chair
the bridging water ligands, the nondisordered terminal water ligand, conformation® The central Ta(1) atom is placed on a center
and the equatorial hydroxy groups (except O16) were located in a of inversion and has a regular octahedral FaDordination
difference Fourier map and were refined freely with variable isotropic environment consisting entirely of inorganic Oligands. The
displacement parametetss, of H(801) appeared to be unusually small  remaining six Ta atoms also have an approximately octahedral
and was fixed at 1ldeq of O(8). Further hydrogen atoms were not  TaQ; geometry with coordination spheres consisting of three
cor13|dered. A total of 3558 unique _data were usgd for_ the fl_nal facially oriented inorganic @' ligands and the three axial
reflpement of 370 parameters. The minimum and maximum in the final alkoxo oxygens of an inositol ligand. The entire resultingd
residual electron density map werel.3 and+1.6 e A3, .

skeleton can be described as an aggregate of seveg TaO

Results and Discussion octahedra which are fused exclusively by common vertexes.
_ ) S _ ) Although structures withexclusibe corner sharing of M@
The direct reaction ofis-inositol and TaGdin MeOH in the octahedra are well established in solid state materials such as

presence of a noncoordinating weak base gNEEsulted inthe  ReQ; 17 this structure type is extremely rare in POM chemigtry.

precipitation of a white solid. ThéH and 13C NMR spectra The central [Ta01]*** double adamantane core has a rodlike
(D20) showed that this product represented a mixture of various shape, and this rod is surrounded by the six inositol moieties,

species. In the presence of excess KOH, this mixture reactedarranged in such a way that the midpoints of the corresponding
slowly to give the heterometallic aggregate {Dg,H-sin0)s] C- Ce-rings define a regular trigonal antiprism (Figure 1b). This
[Ke-(u-OHz)e-(OHz)g] ™ (27), which crystallized as the hydrated  4ntiprism deviates only slightly from regular octahedral sym-
potassium saleK-19H;0 in the form of colorless needles after  metry (the two equilateral triangular bases have lengths 0f8.49

a period of several weeks. Since this reaction produces a wastes 53 A whereas the legs of the isosceles triangles have lengths
amount of HNE4CI as a copreapltate, the |solat|on of the of 9.12-9.19 A), and the [T#D12(H_sin0)]7~ unit of 2~ has
compound as a pure substance in a reasonable yield provedys,oximateDsy symmetry (the crystallographic symmetry is
difficult. We therefore developed a straightforward synthetic ¢, As shown in Figure 2, the [F®12*** rod of 1 is almost
route, using Ta(OCh)s, cis-inositol, and KOH as starting
material. The complex could then be isolated as a pure substancé R —
with reasonable yield (50%), and single crystals could be grown (16) Puckering parameters for the various—T&Ta—O—Ta-O rings

; O ; ; according to Cremer and Pople (Cremer, D.; Pople, J. Am. Chem.
from aqueous solution within a few days. The primary reaction S0c.1975 97, 1354-1358): Q — 0.47 A, — 0.9-1.7°,

(17) Wells, A. F. Structural inorganic chemistry5th ed.; Clarendon

(14) Sheldrick, G. M.SHELXS97, a program for the solution of crystal Press: Oxford, U.K., 1984.
structures University of Gdtingen: Gdtingen, Germany, 1997. (18) (a) Arimondo, P. B.; Calderazzo, F.; Hiemeyer, R.; Maichléshfoer,
(15) Sheldrick, G. MSHELXL97, a program for the refinement of crystal C.; Marchetti, F.; Pampaloni, G.; Shie, J.Inorg. Chem 1998 37,

structures University of Gdtingen: Gitingen, Germany, 1997. 5507. (b) Johansson, A.; Kessler, V. Bolyhedron200Q 19, 1791.



Notes

Figure 1. Molecular architecture of the complex anid@r): (a) The
entire {[Ta;O12(H-3in0)s] C[Ks-(u-OH,)s-(OH2)s]} ~ aggregate. The
seven Ta centers are represented as orange octahedra’ taiths

Inorganic Chemistry, Vol. 40, No. 20, 2005309

Figure 2. Space-filling models of (a) [FhiTa;O1(tdci)s] (1), (b)
[Ta701(H-3iN0)g 7, and (e [TarOr(H-3in0)e] C[K 6-(-OHy)e-(OHy)g] } ~

(27) showing the lipophilic (C, H: blue color) and hydrophilic (O:
red color) regions of the molecular surface. Hydrogen atoms bonded
to oxygen atoms are omitted. The partially protonated nitrogen atoms
of 1 and the K cations of2™ are represented by yellow and gray
spheres, respectively.

lipophilic region is represented by the six cyclohexane residues;
it is located around the two poles of the rod. The poles
themselves, together with the equator, represent the hydrophilic
parts of the anion. In particular, the equatorial region may be
regarded as a torus-like hydrophilic pocket. This pocket is filled
by the [Ks-(u-OH,)s-(OHy)g]®" ring (Figure 2). The obvious
function of this ring is (by analogy with the partially protonated
dimethylamino groups of) filling of empty space and charge
compensation.

The six K" cations of the ring structure are generated by two
crystallographically independent positions (K1 and K2). The
ring is exactly planar (Figure 1c). It is an almost regular hexagon
with K-++K distances of 4.02 A (K#-K2) and 3.86 A (K2:-

K2). These rather shortKK distance® are due to exclusive
face sharing of the six fused coordination polyhedra. Five
different types of oxygen atoms are involved in the binding of

as gray spheres, the oxygen atoms as red spheres, and the carbon atortliese K cations (Figure 1c): (i) Each of the six inorganic
of the cyclohexane residues by a black stick model. Hydrogen atoms Q,, ™" anions bonded to the Tal center additionally binds two

are omitted for clarity. (b) Ball and stick model of the rod-shaped{Ta
(u2-On] 't core together with the positions of the six inositolato
ligands, indicated by the trigonal antiprism defined by the midpoints
of the six cyclohexane rings. (c) Ball and stick model of the surrounding
[Ke-(1-OHy)s-(OH,)g] ¢ ring together with some oxygen atoms of the
anion, showing the different types of oxygen atoms bonded to the K
centers: six inorganic @ anions (orange bonds), six-H,O molecules
(solid red bonds), 6 bridging hydroxy and 12 terminal alkoxo groups
of the inositol ligands (black bonds), and eight terminally coordinating
water molecules (broken red bonds).

completely shielded by the bulky, lipophilic dimethylamino
groups, whereas the [fAx(H-3in0)]’~ anion of 2~ has a
bipolar structure with lipophilic and hydrophilic zones. The

K* cations and has thus a;-O—K,;Ta geometry with a
coordination number of 4. (ii) Two of the three axial alkoxo
groups of each inositol ligand which are coordinated to a
peripheral Ta atom undergo further binding of & Kenter
giving rise to a Ta-u,-O(C)—K bridge with trigonal pyramidal
geometry for the oxygen atom. (iii) One of the three equatorial
hydroxy groups of each inositol ligand bridges two Kations

and has (together with the proton and the carbon atom) a
coordination number of 4 (Figure 3a). The coordination
environment of the K cations is completed by (iv) six bridging

(19) Walba, D. M.; Richards, R. M.; Hermsmeier, M.; Haltiwanger, R. C.
J. Am. Chem. S0d 987, 109, 7081.
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Figure 3. Selected structural properties2f. (a) the (H-3ino)K;TaO;
fragment (with hydrogen atoms omitted); (b) the coordination polyhedra
of the two types of K cations.

u2-H0 ligands and (v) eight terminally coordinating,®
ligands (Figure 3b). Bridging of Kcations by water ligands is

Notes

The remaining charge of1 of the entire aggregat2 is
compensated by an additionaltKcation. It was, however,
difficult to locate this cation unambiguously. Seven additional
peaks were located in a difference Fourier map, and these
corresponded mainly to the water of crystallization. The most
intense of these peaks (O7w) exhibited a sensible environment
for a K cation. Since this peak lies on a general position, and
only one countercation is required for charge balance, the cation
must therefore be distributed over the four symmetry-equivalent
sites?? A refinement of electron density of this site revealed a
peak height corresponding to 1.2 oxygen atoms. This amount
corresponds closely to the average of onedation and three
oxygen atoms. It appears though that the countercation and three
water molecules occupy the four symmetry-equivalent positions
at random. Such a model is not unreasonable, because K
bond distances correspond approximately to wabeater
distances in a hydrogen-bonded structure. The random distribu-
tion of these atoms leads to a characteristic disordering of some
of the water molecules with partially occupied positions
indicated as A and B. This disorder also affects one of the
terminally coordinating water molecules ®f which exhibited
a significantly different K-O bond distance depending on the
presence or absence of the countercation in its neighborhood.

Conclusions

This paper reports the second example of a POM with a
double adamantane structure. Our results clearly confirmed that

well-established both in finite complexes and also in solid state the use of polyalcohols as peripheral ligands is a promising

structureg%21 A remarkable property of the>-H,O bridges is,
however, the arrangement of the four ligated atoms (2H, 2K)

strategy for obtaining POMs of unusual structure. The formation
of the [Tg012]*" core in the presence of both tdci ani-

around the water oxygen. These form a distorted square pyramidinositol is a strong indication that ligands with @s-1,3,5-

rather than the expected tetrahedral geometry. This pecu"arcyclphexanetriol structure are (_aspecially s_,uited to gen_erate thi_s
feature is obviously due to hydrogen bonding between the particular gl;fometry. As noted in th_e prewously descrlbed tdci
bridging water ligands and the alkoxo groups of the inositolato 0mplex1,* the heptanuclear species is not the direct product

moieties bonded to K(average ®-0O distance, 2.82 A; average
O---H distance, 2.09 A; average-H---O angle, 153). K(1)

and K(2) differ with respect to their coordination numbers
(Figure 3b). K1 is bonded to two terminal water ligands and
has a coordination number of 10. Its coordination polyhedron

in the reaction of TaGlwith the polyol ligand and NEt but
forms in a slow aggregation process in aqueous solution. The
present investigation also confirms our previously reported
assertions that additional shielding and charge compensation
are necessary to stabilize the open/Jg]!** core. In the tdci

can be described as a distorted bicapped square antiprism. KZOMPplex1, this is achieved by the bulky, partially protonated

binds only one terminal water ligand and has a coordination
number of 9 with an irregular coordination polyhedron. The
rather long K-O distances (K1, 2.783(4)3.028(5) A, average
2.933 A; K2, 2.716(4)3.058(5) A, average 2.901 A) are
obviously a consequence of these high coordination number

(20) (a) Sellmann, D.; Allmann, C.; Heinemann, F.; Knoch, F.; Sutter, J.
J. Organomet. Chem1997, 541 291. (b) Kilic, Z.; Yildiz, M,;
Hokelek, T.; Erdogan, BJ. Chem. Soc., Dalton Tran$998 3635.

(21) (a) Anderson, T. H.; Lingafelter, E. @cta Crystallogr.1951 4, 181.

(b) Beurskens, G.; Jeffrey, G. A. Chem. Physl964 41, 917.

dimethylamino groups. However, in thes-inositol complex
the required stabilization is only possible by an additional
binding of six K* cations to the equatorial area of the anion,
and the formation of the [F®:,(H-3ino)s]’~ core and of the

s [Ke-(1-OHy)s-(OHy)g]®* ring are obviously mutually conditional.
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space group of lower symmetry. In the monoclinic space giRjm

(B = 90.16(3Y, 6851 unique data, 630 parameters,-R0.033, wR2

(all data)= 0.087), the four symmetry-equivalent positions of O7w
split into two pairs of crystallographically independent sites due to
the lack of a mirror plane. However, a refinement of the electron
density of the two independent sites did not reveal any difference
within significance.
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