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Abstract

The transesterification and hydrolysis of [n%-p-C4H,(CH,PO,Et,),]JCK{CO), afforded the organometallic bisphosphonic acid
[9®-p-C4H,(CH,PO,H,),ICH{CO), (3) in 81% isolated yield. The bisphosphonic acid complex has been characterized by NMR and IR
spectroscopies and its molecular structure determined by X-ray crystallographic analysis which represents the first structural analysis of
an organotransition metal derived phosphonic acid. Compound 3 reacts with Zn(NO,), in aqueous methanol to give a hybrid
inorganic—organometallic material in which the arene chromium tricarbonyl fragment remains intact.
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Layered phosphonates have received a great deal of
attention recently owing to the wide variety of actual
and potentially unique properties that such materials
possess. The practical applications of metal phospho-
nates include energy storage, catalysis, ion exchange
and enantioselective intercalation reactions [1-6]. Hong
and Mallouk have successfully used bisphosphonic acids
for the self-assembly of thin films possessing electroac-
tive properties including a phosphonic acid derivative of
ferrocene [7]. To date, the preparation of hybrid inor-
ganic—organic phosphonate materials has been restricted
to the use of fairly simple organic phosphonic acids,
although Bujoli and coworkers have recently reported
the use of a phosphonic acid functionalized manganese
porphyrin for the preparation of a catalytically active
metal phosphonate [8].

The intercalation of organometallic molecules into
layered inorganic matrices has also been of theoretical
and practical interest largely owing to their potential
application as semiconductors, superconductors and cat-
alysts [9]. Lee and Thompson prepared a layered zirco-
nium hydrogen phosphate—~manganese tricarbonyl com-
pound by incorporating the organometallic molecule
into the acidic layered host a-Zr(HPO,), - H,O. Subse-
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quent photolysis of the intercalated manganese carbonyl
led to the dissociation of a carbonyl ligand and forma-
tion of a surface-supported organometallic complex con-
taining manganese phosphinol bonds [10]. The intercala-
tion of organometallic guest molecules into hosts such
as tantalum sulfide, iron oxide chloride, zeolitic materi-
als and urea has also recently been studied [11-14].

Our interest in this area is largely focused on the
micro-environmental control of catalytically active
molecules and the synthesis of stable pre-formed
organometallic phosphonic acids. These acids can be
used as building blocks for the preparation of covalently
bonded three-dimensional inorganic—organometallic hy-
brid networks which may subsequently act as bifunc-
tional or heterogenized catalysts. This communication
describes the synthesis and first X-ray crystal structure
analysis of an organotransition metal phosphonic acid
and its subsequent incorporation into a hybrid inor-
ganic—organometallic network.

The arene chromium tricarbonyl molecule was cho-
sen as an ideal model for the formation of a hybrid
organometallic phosphonate owing to the ease of syn-
thesis, expected stability, and good spectroscopic han-
dles. The synthetic strategy that we employed relied on
the well known transesterification of a phosphonic acid
diethylester using bromotrimethylsilane (TMSBr), fol-
lowed by ester cleavage via aqueous hydrolysis to give
the desired phosphonic acid. Thus, treatment of [n%-p-
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C¢H,(CH,PO,Et,),]Cr(CO),, 1 [15] with TMSBr in
dichloromethane resulted in the formation of [7%%-p-
C¢H,(CH,PO,(SiMe,),), ICH(CO);, 2. This reaction
can be monitored conveniently using >'P NMR spec-
troscopy, and a characteristic upfield shift from 24.2 ppm
in the diethylester complex to 6.7 ppm for the trimethyl-
silyl ester is observed. The hydrolysis of 2 proceeded
smoothly in acetone and the resulting organometallic
bisphosphonic acid [5®p-C(H ,(CH,PO,H,),}-
Cr(CO);, 3 was isolated as a pale yellow powder in
81% yield following work-up (Scheme 1). ! Compound
3 is both light- and air-sensitive in solution and in the
solid state. The infra-red spectrum of compound 3
contains two intense absorptions in the carbonyl region

! Experimental procedure for 3: a Schlenk flask was charged with
[n5-p-C4H ,(CH, PO, Et,),]C(CO), [15] (0.165¢g, 0.321 mmol) and
CH,C1, (15mD. Then bromotrimethylsilane (0.68 ml, 5.2 mmol) was
added. The solution was stirred for 24h and the solvent removed
under oil-pump vacuum. The residue was taken up in acetone (15ml)
and water (0.074ml, 4.1 mmol) was added via syringe. The solvent
was removed under oil-pump vacuum and the residue triturated with
dichloromethane (3 X 15ml). The resulting pale yellow powder was
collected by filtration, washed with ether, and dried under oil-pump
vacuum to give 3 (0.105g, 0.261 mmol, 81%). A small portion was
crystallized from acetone-d; to give 3-(CD;),CO as cubes suitable
for X-ray analysis. Spectral data for 3: IR (cm !, KBr): »(O-H)
3400-2600, »(CO) 1957, 1883, »(P-0) 1280-900. 'H NMR
(acetone-dg): 84.60 (C4H,, m, br), 2.81 (2CH,, s, br). *'P{'H}
NMR (acetone-dg): §16.4 (s).

03

Fig. 1. ortep diagram of the structure of 3. Hydrogen atoms and
acetone solvate molecule have been omitted for clarity.

of the spectrum at 1957 and 1883cm™! which are a
characteristic of the local C,, symmetry of a chromium
arene tricarbonyl molecule and broad absorptions at
3400-2600 and 1280-900cm™', typical of organic
phosphonic acids (v,_gy and vp_g).

A single crystal of 3 was obtained by crystallization
from acetone-d, and the X-ray crystal structure was
solved (Fig. 1). * To the best of our knowledge this
represents the first structurally characterized organotran-
sition metal phosphonic acid. The geometry of 3 is a
piano stool and bond distances and angles are typical of
symmetrical 1,4-disubstituted chromium arene tricar-
bonyls. The phosphonic acid groups are syn to one
another and directed away from the chromium tricar-
bonyl fragment presumably to avoid steric interaction
with the chromium-coordinated carbonyl ligands. Sur-
prisingly, the substituted arene ring is syn-eclipsed ( EE)
with respect to the carbonyl ligands and one might
expect a staggered conformation (S) based on both
electronic and steric considerations, especially in view
of the fact that the alkylphosphonic acid substitutents
are electron donating as evidenced by the IR and 'H

* Crystal data for 3 (C14H,4CrO P, ): M, = 460.22, monoclinic,
P2, /c, a= 10.9960(8)A,°b =122501(8) A, c=14.1874(DA, B =
92.236(62°, V=1909.6(2) A%, D, .q=1601gem™* for Z=4, A=
0.71073 A, u=0.816mm™', T=153(2)K. A yellow-green crystal
with dimensions 0.125X 0,100 X 0.100mm? was placed and optically
centered on an Enraf-Nonius CAD-4 diffractometer. The crystal’s
final cell parameters and crystal orientation matrix were determined
from 25 reflections in the range 24.1 <26 < 36.2°. Data were col-
lected with the indices hkl, resulting in the measurement of 5276
unique reflections. The structure was refined to convergence [A /o
<0.001] with R(F)=13.70%, wR(F?)=12.18% and GOF =1.011
for all 2490 unique reflections [ R(F) = 5.37%, wR(F?)=9.75% for
those 1343 data with F, > 4(F,)]



R.W. Deemie et al. / Journal of Organometallic Chemistry 538 (1997) 257-259 259

Zn(NO3); . - -
H203PCH2—@—CHZP03H2 — inorganic-organometallic
; MeOH polymer
Cr.,
oc” | ™co
co
3
Scheme 2.

NMR data (vide supra). Gilbert et al. [16] suggested that
the conformation in symmetrical and asymmetrical 1,4-
disubstituted chromium arene tricarbonyls can be inde-
pendent of electronic and steric effects and the potential
surface that dictates the carbonyl orientation can often
be flat. It has also been suggested that subtle crystal
packing forces can often play a significant role and this
cannot be ruled out in 3. A detailed analysis of the
crystal structure and conformation in 3 will be pub-
lished at a later date.

Preliminary investigations indicate that the
organometallic phosphonic acid forms a hybrid inor-
ganic—organometallic material. A methanolic solution
of compound 3 reacted instantaneously with hydrated
zinc nitrate in methanol and gave a pale yellow floccu-
lent precipitate. After filtration, washing of the precipi-
tate with water, methanol and ether, and vacuum drying,
a yellow-green solid 4 was obtained (Scheme 2). * The
new hybrid material is remarkably robust for a chromium
arene tricarbonyl derivative. It is air-stable, insoluble in
water, polar and non-polar solvents and even concen-
trated mineral acids, although it can eventually be dis-
solved in aqueous 30% hydrogen peroxide.

The IR spectrum of 4 contains the expected bands in
the carbonyl region at 1960 and 1876cm™’ indicating
that very little distortion of the carbonyl ligands occurs
when 3 is encapsulated into the matrix and suggesting
that the arene chromium tricarbonyl moiety remains
intact. An intense broad band in the region 1200-
1000cm™" is also observed arising from the —PO,
absorptions. Analysis by X-ray powder diffraction
showed no diffraction patterns suggesting that an amor-
phous structure was present. The complete lack of
solubility in organic and polar solvents suggests a hy-
brid polymeric structure. Our current efforts are directed

* Elemental analysis indicates a Zn /Cr ratio of 2.3:1.

towards growing single crystals of 4 to analyze further
the molecular structure and the preparation of alterna-
tive organometallic phosphonic acids with rigid arene
substituents which may allow the formation of a more
ordered structural network.

The results described herein suggest that a preformed
organometallic phosphonic acid can be readily encapsu-
lated into a stable inorganic phosphonate matrix and we
believe that the possibility for controlling the micro-en-
vironment of the organometallic moiety exists with
judicious choice of phosphonic acid.

Acknowledgements

We are grateful for support from The George Wash-
ington University in the form of University Facilitating
Funds and a Junior Scholar Incentive Award (to D.A K).

References

[1] S.B. Ungashe, W.L. Wilson, H.E. Katz, G.R. Scheller and T.M.
Putvinski, J. Am. Chem. Soc., 114 (1992) 8717.
[2] M. Ogawa and K. Kuroda, Chem. Rev., 95 (1995) 399 and
references cited therein.
[3] M.E. Thompson, Chem. Mater., 6 (1994) 1168.
[4] G. Alberti, U. Constantino, in J.L. Atwood, J.E.D. Davis and
D.D. MacNicol {eds.), Inclusion Compounds 5, Oxford Univer-
sity Press, Oxford, 1991, Chapter 5.
[5] A. Clearfield, Inorganic Ion Exchange Materials, CRC Press,
Boca Raton, FL, 1982.
[6] G. Cao, H.-G. Hong and T.E. Mallouk, Acc. Chem. Res., 251
(1992) 420 and references cited therein.
[7] H.-G. Hong and T.E. Mallouk, Langmuir, 7 (1991) 2362.
[8] D. Deniaud, B. Schollorn, D. Mansuy, J. Rouxel, P. Battioni
and B. Bujoli, Chem. Mater., 7 (1995) 995.
[9] S.L. Suib, Chem. Rev., 93 (1993) 803 and references cited
therein.
[10} C.F. Lee and M.E. Thompson, Inorg. Chem., 30 (1991) 4.
[11] J.S.0O. Evans and D. O’Hare, Chem. Mater., 7 (1995) 1668.
[12] K. Chatakondu, M.L.H. Green, J. Qin, M.E. Thompson and P.J.
Wiseman, J. Chem. Soc. Chem. Commun., (1988) 223.
[13] H. Schafer-Stahl and R. Abele, Angew. Chem. Int. Ed. Engl., 19
(1980) 477.
[14] A.G. Anderson, J.C. Calabrese, W. Tam and 1.D. Williams,
Chem. Phys. Lett., 134 (1987) 392.
[15] R.W. Deemie and D.A. Knight, Inorg. Chim. Acta, in press.
[16] T.M. Gilbert, AAH. Bond and R.D. Rogers, J. Organomet.
Chem., 479 (1994) 73.



