6404 Inorg. Chem.1998,37, 6404-6405

Sodium Salt of a Cyclic Aluminophosphonate: Model Compound for the Six-Ring Secondary Building
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Our interest in the formation mechanism and catalytic activity
of molecular sieves has lead us to synthesize model compounds
for secondary building units (SB®&jound in zeolitic frameworks.
Such molecules can be thought of as small fragments of three-
dimensional structures surrounded by a shell of organic ligands '\ o@ P2 o
and they can serve as archetypes of structural moieties found in ) 28 -O"% o7 N O
porous solids. Their solubility in organic solvents allows the o 3
investigation of spectral and structural properties by convenient
solution spectroscopic methods and the information gained from Q-
the study of these models can be utilized in the area of three-
dimensional framework structures. An example of mimicking an
zjcr?cvt?orslglen:glz iﬁg%?;ﬁg;g::;jlgigi ﬁ;ﬂ}jtﬁom{pgu;uélyn- Figure 1. Molecular structure an_d the numbering sc_hemé.dﬂl t-Bu

. . - and Et groups are omitted for clarity. Selected bond distances (A): Al(1)
lustrates this point.These reactive compounds can also be used o(1), 1.776(6); Al(L}-O(6), 1.796(4); Al(2}-O(2), 1.808(6); Al(2}-O(3),
as precursors for the syntheses of new materials by assemblinglL.788(4); AI(3-0(4), 1.784(4); Al(3y-0(5), 1.786(4); P(HO(5),
the preformed building blocks into extended structures. This idea 1.541(4); P(1)-O(6), 1.531(4); P(2)O(1), 1.520(5); P(2)O(2), 1.514(5);
has been recently realized for silicit@luminosilicate’, and P(3)-0(3), 1.536(4); P(3yO(4), 1.541(1).
alumino- and galloaluminophosph&imesoporous materials by
using cubelike (D4R) [$0,08", [Al sSiy(OH)s01]%", and cluster ~ BUPQ)4] (2)** which features both double four-ring and capped
[(Al/Ga)O,Al1(OH),4(H-0)15]* precursors, respectively. The — six-ring units (C6R or &1). However, a number of other SBU
need for a wider variety of building blocks has led to the syntheses analogues have not yet been obtained. Herein, we report the
and structural characterization of a multitude of organic-soluble Synthesis and spectroscopic and structural characterization of a
group 13 and 14 metallophosphonates and -siloxarEse new compound [NETHF)(t-BUPQAIEL,)3], (3). This is the first
simplest species possess squarEld, cores (M= Al, Ga; E molecular model of an ubiquitous structural element in zeolites:
= P, Si)8° and they can be considered as models for the single the single six-ring (6R).
four-ring (4R or 4) SBU. Furthermore, there is an extensive series  The equimolar reaction of NaAlgt, andtert-butylphosphonic
of cubelike metallosiloxanes and metallophosphonates which acid in THF/toluene (1:1) provides compourdas a white
feature a double four-ring motif (D4R or 4-4). More recent work crystalline solid in 14.5% yiel& Both *H and*3C NMR spectra
carried out in our laboratory resulted in the synthesis of a larger of 3 display pairs of signals for the ethyl groups at aluminum at
drumlike molecule fBuPOAIMe] s (1)'° which is analogous to room temperature (22C) suggesting the diastereotopicity. The
a double six-ring (D6R or 6-6) SBU and aluminophosphonate ratio of intensities otert-butyl and AIEt proton signals (9:4:6)
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cluster [Cs(THF)sF(i-BuAl)s(t-BuPGs)4] 2[(i-BUAI) Al »(u-F)a(t- is consistent with the formula [NErHF)({t-BuPQAIEL,)3],.
. The molecular structure & was elucidated by X-ray diffrac-
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Figure 2. Al3Ps0¢ ring in 3 showing the coordination array around Na(1).
Distances across the ring (A): OAP(4), 4.64; O(2y-0(5), 4.92; O(3)
0(6), 5.50. AHO—P bond angles (deg): O(1), 159.1(4); O(2), 151.5(4);
0O(3), 134.6(3); O(4), 157.0(3); O(5), 147.4(3); O(6), 137.6(2). Na(1)
Oring distances (A): O(1), 2.621(6); O(2), 2.545(6); O(3), 2.843(5); O(4),
2.535(5); O(5), 2.740(4); O(6), 2.820(5).

the AlsP;Og units are capped by sodium ions coordinated to the
six oxygen atoms of the ring in a crown-ether binding mode
(Figure 2) with Na-O;ing distances in the range from 2.535(5) to
2.843(5) A. One THF molecule (Na@D(10) = 2.225(4) A)

completes the seven-coordinate environment of this sodium center.
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coordination sphere. The-Al—-0 and C-Al—-C angles are in
the range of 95.1(3)97.1(2) and 123.6(4)126.2(4}, respec-
tively. Thet-BuPQ; groups retain an ideal tetrahedral geometry
around the phosphorus center. The two faces of the;@k rings
are inequivalent, thus rendering the All§roups diastereotopic.
As [t-BuPGAIMe] ¢ (1) also consists of two AP;Og Six-rings
(in this case, however, interconnected via bridgingd atoms),
it is worth to compare metric parameters within thgR0Og ring
of 3 and 1. This comparison reveals slightly shorter-AD (av
1.752(3) A) and P-O (av 1.515(3) A) distances ifh and also
larger variations in bond distances and angles3irtAl—0,
1.776(6)-1.808(6) A; P-O, 1.514(5}%1.541(4) A). In1, the
P—O—Al angles within the AJP;O¢ ring are in a narrow interval
148.4(1)-151.9(1¥. On the other hand, the AIO—P angles in
the distinctly puckered AP;Os rings of 3 vary from 134.6(3) to
159.1(4¥. In the undistorted six-ring of, the O-0O distances
across the ring are in the range of 52831 A while the
corresponding distances & (Figure 2) are considerably shortened
(by more than 0.2 A) as the interaction of Na(1) with oxygens
deforms the ring. This distortion of the &05 ring in 3 is also
reflected in its**P NMR spectrum (singlet, 25.6 ppm). A shift to
lower field with respect to the BuP(OAI),(OCs) signal of C6R
units in 2 (14.7 ppm) is consistent with closing of the average
Al—0O—P anglé® from 158.3 in 2 to 147.9 in 3.

We are currently studying conversion ®into other types of
SBU, such as D6R and C6R.
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