Synthesis and structure of an organic-soluble cage aluminophosphonate
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An X-ray study of the aluminophosphonate [Bu'PO;AlIBu’],
showed it to possess a cubic inorganic Al,O,,P, core
structure surrounded by a sheath of organic groups leading to
enhanced solubility properties in organic solvents.

Since 1982 when aluminophosphates were first recognised as
structural analogues of aluminosilicates they have received
increased attention, primarily as a result of their potential
applications as microporous materials.’ In the intervening time
more than two dozen different structural types of aluminophos-
phates, exhibiting host-guest interactions, have been character-
ized.? However, synthetic routes to this type of compound have
been limited mainly to preparations in aqueous or ethanolic
solutions or via hydrothermal reactions. In most cases, in the
absence of templates dense phases of AIPO, have been
obtained. As an extension of our investigations in the area of
zeolite chemistry,® we were interested in synthesizing an
organic-soluble precursor of AIPO,. Herein, we report the
synthesis, structure and characterization of a highly soluble
aluminophosphonate with organic substituents on both
aluminium and phosphorus atoms.

The cage [Bu'PO;AIBu’], was prepared by addition of an
equimolar tetrahydrofuran solution of ters-butylphosphonic

acid to triisobutylaluminium in n-hexane at 0 °C followed by

stirring at room temperature for 6 h. Recrystallization of
[Bu'PO;AIBu'], from n-hexane afforded octahedron-shaped
colourless crystals.

The compound crystallizes in the tetragonal space group
14,/a, with four discrete molecules in the unit cell.t The
molecular structure of [Bu'PO;A1Bu'],, shown in Fig. 1, is best
described as a cube possessing the symmetry element 4. The
aluminium and phosphorus atoms are positioned on alternating
corners and connected by p-oxygen atoms forming puckered
eight-membered Al,0,P, rings, with torsion angles in the range
54.7 to 69.6° (average 60.4°). Two Al and two P atoms in each

T Crystal structure data: C;,H;,Al,O(,P,, M = 880.70, tetragonal,
spacegroup /4,/a,a = b = 19.376(2),c = 12.765(2) A, U = 4792.4(10)

},Z=4,D = 1221 gcm™, F000) = 1888, A = 0.710 73 A, T =
153(2) K, p(Mo-Ka) = 0.280 mm™!. Intensity data were collected on a
Siemens-Stoe AED?2 four-circle diffractometer with a 0.4 x 0.4 x 0.3
mm crystal mounted on a glass fibre in a rapidly cooled
perfluoropolyether* using an ®-20 scan mode in the range
70<20<400°, —18<h<18 —18<k<18 -—-12<!<12
From the total 4514 reflections, 1129 were independent. The structure
was solved by direct methods.® All non-hydrogen atoms were refined
anisotropically by full-matrix least squares on F? with 1127 reflections.®
The positions of the hydrogen atoms were calculated and the torsion
angles of methyl groups were refined.® Final R, = 0.0632, R, =
0.0982, w' = [c%(F,) + (0.451P)% + 3.500P] where P = (F, +
2F.%)/3. Maximum and minimum heights in final Fourier-difference
map 0.186 and —0.167 A3, respectively. Atomic coordinates, thermal
parameters, bond lengths and angles have been deposited at the
Cambridge Crystallographic Data Centre (CCDC). See Instructions for
Authors, J. Chem. Soc., Dalion Trans., 1996, Issue 1. Any request to the
CCDC for this material should quote the full literature citation and the
reference number 186/212.

=

ring are coplanar within mean deviation (0.021 A), while the
other four oxygen atoms in the ring deviate from the Al,P,
plane by 0.24 to 0.36 A. These four oxygen atoms form a plane
(deviation 0f 0.017 A) parallel to the Al,P, plane with a dihedral
angle less than 1 A,

Both the Al and P atoms are co-ordinated to three p-O
atoms and an alkyl group in a slightly distorted tetrahedral
configuration [O-AlI-O(C) 105.2(1)-114.2(2), O-P-O(C)
108.3(2)-111.0(2)]. The Al-O bond lengths [1.757(3)-1.764(3)
A, average 1.762 A] are slightly longer than those found in
tetrahedrally linked aluminium phosphates [1.721(4)-1.749(3)
A].” However, the P-O bond lengths of 1.521(3) A are
consistent with those found in the literature [1.506(4)—
1.543(4) A],” demonstrating the different effect of the alkyl
group on Al and P atoms. Maeda et al. have reported the first
organic-inorganic composite, aluminium methylphosphon-
ate.®. An adduct of cubic aluminium phosphate [AIPO (H-
CIYEtOH),], has previously been investigated by X-ray
structural analysis.®

In C¢Dg, the *'P NMR spectrum of [Bu'PO;AlBu'],
displays a singlet (§ 16.9, 85% H;PO, as standard) consistent
with the structure observed in the solid state. Its gas-phase
composition, as observed in the mass spectrum at m/z 823
(M — Bu), exhibits the molecular ion minus one butyl group as
the base peak.

In summary, the alkylaluminophosphonate has the same
cubic structure as the previously reported soluble alkylalumino-
siloxanes.® Varying the organic substituents on [Bu‘PO,Al-
Bu'], leads to different sizes of the inorganic core. For example,
when trimethylaluminium is used as a starting material, a hexa-
mer is obtained on the basis of mass spectroscopy. Moreover,
we are also studying cleavage of the Al-C bonds in compounds
of the type [Bu'PO,;AlBu'], by hydrolysis with water at room
temperature.

Fig. 1 Crystal structure of [Bu'PO,AlBu'],. Selected bond distances
(A P-O 1.521(3), A1)>O(1) 1.764(3), Al1)-O(2A) 1.757(3),
AK1)}-0O(3B) 1.764(3)

J. Chem. Soc., Dalton Trans., 1996, Pages 3609-3610 3609


http://dx.doi.org/10.1039/DT9960003609

Acknowledgements

This work was supported by the Deutsche Forschungsgemein-
schaft, the Fonds der Chemischen Industrie, the Bundesminis-
terium fiir Bildung und Forschung and the Hoechst AG.

References

1S. T. Wilson, B. M. Lok, C. A. Messina, T. R. Cannan and
E. M. Flanigen, J. Am. Chem. Soc., 1982, 104, 1146.

2 J. M. Bennett, W. J. Dytrych, J. J. Pluth, J. M. Richardson and
J. M. Smith, Zeolites, 1986, 6, 349.

3 V. Chandrasekhar, R. Murugavel, A. Voigt, H. W. Roesky, H.-G.
Schmidt and M. Noltemeyer, Organometallics, 1996, 15, 918; A.
Voigt, R. Murugavel, V. Chandrasekhar, N. Winkhofer, H. W.
Roesky, H.-G. Schmidt and I. Uson, Organometallics, 1996, 15, 1610.

4 J. Kottke and D. Stalke, J. Appl. Crystallogr., 1993, 26, 615.

S G. M. Sheldrick, Acta Crystallogr., Sect. A, 1990, 46, 467.

3610 J. Chem. Soc., Dalton Trans., 1996, Pages 3609-3610

6 G. M. Sheldrick, SHELX 93, University of Géttingen, 1993.

7 R. H. Jones, A. M. Chippindale, S. Natarajan and J. M. Thomas,
J. Chem. Soc., Chem. Commun., 1994, 565, A. M. Chippindale, A. V.
Powell, R. H. Jones, J. M. Thomas, A. K. Cheetham, Q. Huo and
R. Xu, Acta Crystallogr., Sect. C, 1994, 50, 1537; R. H. Jones, J. M.
Thomas, R. Xu, Q. Huo, Y. Xu, A. K. Cheetham and D. Bieber,
J. Chem. Soc., Chem. Commun., 1990, 1170;J. J. Pluthand J. V. Smith,
Acta Crystallogr., Sect. C, 1987, 43, 866; M. Helliwell, B. Gallois,
B. M. Kariuki, V. Kaucic and J. R. Helliwell, Acta Crystallogr., Sect.
B, 1993, 49, 420.

8 K. Maeda, J. Akimoto, Y. Kiyozumi and F. Mizukami, Angew.
Chem., Int. Ed. Engl., 1995, 34, 1199, J. Chem. Soc., Chem. Commun.,
1995, 1033.

9 J. E. Cassidy, J. A.J. Jarvis and R. N. Rothon, J. Chem. Soc., Dalton
Trans., 1975, 1497.

Received 14th June 1996, Communication 6/04199]


http://dx.doi.org/10.1039/DT9960003609

