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Introduction
Microporous aluminophosphatesnd gallophosphatékave

Inorg. Chem.1997,36, 6476-6478

report the synthesis and structural characterization of the first
aluminoarsenate D4R derivativiBIAl(u3-OsAsPh)}, (1) and
the bicyclic galloarsonatéBu,Gafu,-O,AsPh)}O (2).

Experimental Section

General Procedures All reactions were performed under an
atmosphere of purified nitrogen using standard inert-atmosphere
techniques. Pentane and tetrahydrofuran were distilled from sodium
benzophenone ketyl prior to use. CQR®las dried by storage over
activated molecular sieves. Gallium trichloride was purchased from
Strem Chemicals and was used without further purification. Phenyl-
arsonic acid and aluminum trichloride were purchased from Aldrich
and used as received'BusGa! and '‘BusAl*? were prepared as
previously described. Solution NMR spectra were recorded on a Bruker
AMX-500 spectrometer using CD&as the internal lock. Chemical
shifts are reported relative to TMS. Infrared spectra were recorded on
a Mattson Galaxy Series FTIR 5000 spectrometer for samples prepared
as KBr pellets. High-resolution mass spectrometric analyses were
provided by the Nebraska Center for Mass Spectrometry. Low-

been intensely studied as catalysts, catalyst supports, andesolution mass spectrai/zvalues are reported for the predominant
sorbents since the initial discovery of aluminophosphates in peak in the isotope pattern. Elemental analyses were performed by
1982. The corresponding arsenate materials have not, howeverschwarzkopf Microanalytical Laboratories, Woodside, NY.

been as extensively investigated. Xu and co-workers have Preparation of [BUAl(u#3-OsAsPh)li (1). A solution of BusAl (2.50

synthesized a family of aluminoarsenates designated AIASO
n® and a family of galloarsenates designated GaAs®

Synthesis of these materials under hydrothermal conditions in
the presence of a template results in the occlusion of organic(_20

amines or ammonium ions. Unlike the case for AlP&hd

g, 12.6 mmol) in 15 mL of THF was added dropwise to a suspension
of phenylarsonic acid (2.55 g, 12.6 mmol) in 15 mL of THF, and the
resulting solution was stirred at room temperature for 15 h. The reaction
solution was concentratdd vacug and the concentrate was cooled
°C) overnight to yieldl as a crystalline white solid. Yield: 2.01

g, 1.77 mmol, 56%.H NMR (CDCl;, 500 MHz): 6 7.86 (d, 8H,

GaPQ materials, calcination of the arsenate materials does not ph-ortho), 7.64 (t, 4H, Ph-para), 7.56 (t, 8H, Ph-meta), 0.86 (s, 36H,

result in retention of the microporous inorganic framework upon
removal of the occluded organic material.

Bu). 13C{H} NMR (CDCk, 125.5 MHz): 6 133.3 (s, Ph-ortho), 130.4

Instead, arsenic (s, Ph-ipso), 130.2 (s, Ph-para), 129.4 (s, Ph-meta), 29.73C$8453},

sublimation and collapse of the porous inorganic structures occur25.61 (br s,C(CHa)s). IR (KBr, cmit): 2940 (vs), 2837 (vs), 2699

above approximately 400C. The low thermal stability of

(m), 1465 (s), 1445 (s), 1385 (m), 1336 (m), 981 (vs), 818 (s), 742 (s),

known aluminoarsenates and galloarsenates, as well as thé&89 (8), 596 (s), 516 (vs), 470 (s). MS (Eyz(assignment, relative

known toxicity of arsenic, limits industrial utility and most likely
accounts for the relatively few reports on these materials.

Our interest in these materials is focused on the synthesis of

intensity): 1079 (M — '‘Bu, 100), 965 (M — 3Bu, 6), 889 (M —
2'Bu — C4Hg — Ph, 3), 831 (M — 4'Bu — Ph, 20), 677 (M — 4Bu
— 3Ph, 12). HRMS (Elyn/zfor CasHs7012AI,AS, (MT — 'Bu): calcd,
1078.9193; found, 1078.9245. Anal. Calcd fokodseO010Al 4ASs:

new arsenate phases with improved thermal stability via a ¢ 42.27: H, 4.97: Al, 9.50: As. 26.37. Found: C, 42.82: H. 5.16: Al
molecular precursor approach. This approach complements ourg 31: As, 26.71.

previous research on cyclic and cubic phosphonate and phos- preparation of ['Bu,Ga(uz-0.AsPh),O (2). A solution of Bus-

phate derivatives of aluminum and gallium, which are molecular
models of important secondary building units in, and potential
molecular precursors to, AIRCand GaPQ materialss™® A

Ga (2.00 g, 8.30 mmol) in 15 mL of THF was added dropwise to a
suspension of phenylarsonic acid (1.68 g, 8.30 mmol; Aldrich) in 15
mL of THF, and the resulting clear solution was refluxed for 2 h.

desirable molecular precursor to thermally stable arsenateVolatiles were removedh vacuoto yield a white solid, which was

materials would be an organic-soluble double-four-ring (D4R)
derivative with a cubic MAs401, core capable of fluoride

encapsulation. Encapsulation of fluoride in the D4R secondary
building units of the gallophosphate cloverite has been suggeste

to account for the thermal stability of that matedialHere we

(1) Wilson, S. T.; Lok, B. M.; Messina, C. A.; Cannan, T. R.; Flanigen,
E. M. J. Am. Chem. S0d.982 104, 1146.

(2) Parise, J. BJ. Chem. Soc., Chem. Commud®85 606.

3) (a) Yang, G.; Li, L.; Chen, J.; Xu, R. Chem. Soc., Chem. Commun.
1989 810. (b) Chen, J.; Xu, R.; Xu, Y.; Qiu, J. Chem. Soc., Dalton
Trans.199Q 3319. (c) Chen, J.; Xu, R.; Li, L.; Xu, Y.; Zhou, B.
Solid State Chen199Q 87, 152. (d) Li, L.; Wu, L.; Chen, J.; Xu, R.
Acta Crystallogr.1991, C47, 246.

(4) (a) Chen, J.; Xu, RJ. Solid State Chen1989 80, 149. (b) Chen, J.;
Li, L.; Yang, G.; Xu, R.J. Chem. Soc., Chem. Comm@889 1217.

(5) Mason, M. R.; Mashuta, M. S.; Richardson, JARgew. Chem., Int.
Ed. Engl.1997, 36, 239.

(6) Mason, M. R.; Matthews, R. M.; Mashuta, M. S.; Richardson, J. F.
Inorg. Chem.1996 35, 5756.

(7) Mason, M. R.; Perkins, A. M.; Matthews, R. M.; Fisher, J. D.; Mashuta,
M. S.; Vij, A. Inorg. Chem, submitted for publication.

(8) Mason, M. R.; Matthews, R. M.; Perkins, A. M.; Fisher, J. D; Vij, A.
Inorg. Chem, to be submitted for publication.

(9) Mason, M. RJ. Cluster Scij.in press.

(10) Estermann, M.; McCusker, L. B.; Baerlocher, C.; Merrouche, A.;
Kessler, H.Nature 1991, 352 320.

subsequently recrystallized from hot acetonitrile to afford clear colorless
crystals. Yield of2: 1.65 g, 2.19 mmol, 53%H NMR (CDCl;, 500
MHz): 6 7.94 (d, 4H, Ph-ortho), 7.69 (t, 2H, Ph-para), 7.59 (t, 4H,
h-meta), 1.17 (s, 18Bu), 1.08 (s, 18HBuU). 3C{H} NMR (CDCls,
25.5 MHz): ¢ 134.4 (s, Ph-ortho), 131.0 (s, Ph-para), 130.3 (s, Ph-
ipso), 129.8 (s, Ph-meta), 30.33 (sQELz)3), 30.30 (s, CCH3)3), 25.02
(s, C(CHza)3), 25.00 (s,C(CHg)s). IR (KBr, cm1): 3066 (w), 2927
(vs), 2836 (vs), 2699 (w), 1464 (s), 1445 (s), 1360 (m), 1089 (s), 896
(vs), 813 (s), 743 (s), 723 (s), 592 (m), 469 (m). MS (Ei)z
(assignment, relative intensity): 753 (MHD.2), 695 (M — 'Bu, 100),
639 (M — 'Bu — C4Hg, 5), 581 (M — 3Bu, 27), 525 (M — 3Bu —
C4Hs, 22). HRMS (El)m/z for CyH3:0:5Ga'GaAs (M — 'Bu):
calcd, 694.9576; found 694.9570. Anal. Calcd fogHheOsGaAS;:
C, 44.72; H, 6.17; Ga, 18.54. Found: C, 44.67; H, 6.31; Ga, 19.56.
X-ray Crystallography for 1. A crystal of 1 with dimensions 0.20
x 0.15x 0.10 mm was obtained by crystallization from chlorobenzene.
X-ray diffraction data were collected on a Siemens three-circle platform
diffractometer equipped with a CCD detector maintained reéat°C,
and theX-axis fixed at 54.74 The frame data were acquired with the
SMART software using Mo k& radiation ¢ = 0.710 73 A) from a

(11) Kovar, R. A.; Derr, H.; Brandau, D.; Callaway, J. Borg. Chem.
1975 14, 2809.

(12) (a) Lehmkuhl, H.; Olbrysch, O.; Nehl, Hiebigs Ann. Cheml973
708. (b) Uhl, W.Z. Anorg. Allg. Chem1989 570, 37.
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Table 1. Crystallographic Data foruAl(us-OsAsPh)kL (1) and Table 3. Selected Bond Distances (A) and Angles (deg) for
[tBUZGa@tz-OzASPh)]zO (2) [IBUZGa(Itz-OzASPh)]zO (Z)a
1 2 Distances
_ *
i GO Cigmeas AR el Ceonr  pewg
Cysialsysiem thombohedral  orthorhombic A0 Ly cec(l 196200
space group R3 Pbcn ) )
a A 15.8223(6) 18.819(4) Angles
b, é 15.8223(6) 8.959(2) O(1)-As—0(2) 106.7(1)  O(1)*Ga-C(5)  106.1(2)
& ke 38-6‘033%) %2-2752(4) O(1)-As—0(3) 1152(2) O(3}Ga—C(l)  107.2(2)
v 7900-2(6) 23280) O(1-As—C(9)  111.9(2) O(3}Ga-C(5)  110.2(2)
s 0(2)-As—0(3) 105.8(1)  C(1}Ga—C(5) 125.5(2)
Deatea g T %gfg) %956?3) 0(2)-As—C(9) 106.8(2)  As-O(1)-Ga* 131.6(2)
R (WR or Ry) 0.0567 (0.1447) 0.036 (0.041Y O(3)-As—C(9) 110.0(2) As-O(2)—As* 114.9(3)
O(1)*~Ga—0(3)  98.2(1) As-O(3)-Ga 128.4(2)
AR = Y ||Fo| — IFcll/3|Fol; WRe = [Y[W(Fo? — FAA/S [W(F?)7]*2. O(1)*—Ga—-C(1) 106.2(2)

PR = z||F0| - |Fc||/Z|F0|; Ry = [ZW(‘F0| - |Fc|)2]/zW(F02)]l/2-
Table 2. Selected Bond Distances (A) and Angles (deg) for

aThe asterisks indicate symmetry-related atoms.

[‘BuAl(us-OsAsPh)L (1) in a random orientation. Data were collected using Mo fiédiation
Distances (A =0.710 73 A) on an Enraf-Nonius CAD4 diffractometer equipped
As(1)-0(1) 1.653(6) Al(1}-0(2) 1.749(6) with a graphite-crystal, incident-beam monochromator. Three repre-
As(1)-0(2) 1.636(6) Al(1>0(3) 1.765(6) sentative check reflections showed a gradual loss of intensity which
As(1)—0(4) 1.657(6) Al(13-O(4A) 1.747(6) totaled 8.3% during the course of data collection. A linear decay
As(2)-0(3) 1.634(6) Al(2)-0(1) 1.750(6) correction was applied, as were Lorentz and polarization corrections.
Angles The structure was refined on a VAX computer using the MJiEN

0(2)-As(1)-0(1) 110.4(3)  O(2)As(1)-C(5) 109.1(3) software package. The Patterson method revealed the positions of

- - - arsenic and gallium atoms; the remaining atoms were located in
8&3_?:8%_853 ﬁgigg 8%%?28;_8((?0\)3 llﬂg((g)) subsequent difference Fourier syntheses. Hydrogen atoms were located

O(1)-As(1)-C(5) 108.4(3) O(3YAs(2)-C(13) 107.9(2) by difference maps and added to the structure factor calculations, but
O(4A)—Al(1)—O(2Fr 105.7(3) O(4AFAI(L)-C(1p 112.3(4) their positions were not refined. All non-hydrogen atoms were refined
0O(2)-Al(1)—0(3) 108.2(3) O(3)Al(1)—C(1) 112.3(3) anisotropically. Thermal parameters for hydrogen atoms were set to
O(4A)—Al(1)—O(3p 107.3(3) O(1YAl(2)—O(1Ay  106.9(2) 1.3B¢q of the carbon atoms to which they were bound. Of 3341 data
O(2)-Al(1)—C(1) 110.6(4) O(1YAl(2)—C(11) 112.0(2) collected (maximum @ = 49.9, Mo Ka, u = 36.1 cnT?), 3333 were
As(1)-0O(1)—Al(2) 148.5(4) As(2-O(3)—Al(1) 148.0(4) unique. The final residuals for 169 parameters refined against 2162
As(1)—-0(2)—Al(1) 157.1(4) As(1)}O(4)—-Al(1B)2 143.1(4) unique data witH > 30(l) wereR = 3.6% andR, = 4.1%. Selected

a A and B indicate symmetry-related atoms. crystallographic data fo2 are given in Tables 1 and 3.

Results and Discussion

fine-focus tube. Cell constants were determined from sixty 30-s frames. An equimolar reaction of phenylarsonic acid wiBusAl in
A complete hemisphere of data was scannedvof®.3”) with a run g P y

time of 30 s/frame at the detector resolution of 54312 pixels. Fifty THF y_lelds EBUAI(/‘3'_O3ASPh)]4 (,1) in 56% yleld.. Compound
frames were collected to determine crystal decay. The crystal showed® 1S highly Symmgtrlcal, as evidenced by a singget-butyl
no decomposition. An additional 1271 frames were collected for the resonance and a single set of phenyl resonances firthéMR
data set. The frames were processed on an SGl-Indy/Indigo 2 Spectrum. The 1:1 ratio dért-butyl to phenyl substituents in
workstation using the SAINT software to give thél file corrected the H NMR spectrum, the lack of hydroxyl substituents on
for decay and for Lorentz and polarization effects. An absorption arsenic as evidenced by infrared spectroscopy, and the results
correction was performed using the SADABS progréni.he structure of elemental analyses all confirm a formulByAl(uz-Os-
was solved by direct methods using SHELXS“%nd refined by the  AsPh)},. Successive loss of fouert-butyl and three phenyl
least squares method df?, using SHELXL-93 incorporated in  gybstituents is evident in the electron impact mass spectrum,
SHELXTL-PC V 5.03!® All non-hydrogen atoms were refined  gnd exact mass measurement on the base pealz 41078.9,
anisotropically. Hydrogen atoms were placed in their geometrically assigned to the M— 'Bu fragment, confirms compourntito
generated positions and refined as a riding model. The phenyl be a tetramerr( = 4) in the gas’phase Retention of the
substituent on As(2) lies on the 3-fold axis, leading to a disordered . . o "y .
phenyl substituent which was adequately modeled by restraining the tetrame'rlc structure in 50"4“0” IS con.SIStent with .NMR spec-
C—C bond distances and angles to those in the ordered phenyl groupsfOSCOPIC data, and a cubic tetrameric structure is confirmed
and making this ring and As(2) coplanar. A similar disorder was fOr the solid state by X-ray crystallography.
observed in the analogous aluminophosphon@eA](us-OsPPh)}. CompoundL (Figure 1) crystallizes in the rhombohedral space
Of 15 871 data collected (maximun® 2= 56.7, Mo Ka, u = 2.634 groupR3 with one-third of the molecule in the asymmetric unit.
mm1), 4251 were unique. The final residuals for 198 parameters Symmetry expansion around the 3-fold axis passing through
refined against 1834 unique data witk- 20(1) wereR, = 5.7% and As(2) and Al(2) yields the complete molecule with a cubig-Al
WR; = 14.5%. Selected crystallographic data fare given in Tables As;01, core analogous to the cubic /40, cores in the
land 2. crystallographically characterized aluminophosphates and alu-
X-ray Crystallography for 2. A colorless plate of2 with minophosphonateduAl(us-OsPPh)}.8 ['BuAl(u3-OsPBU)]48
dimensions of 0.46< 0.33 x 0.20 mm was mounted on a glass fiber [MeAl(us-OsPMe)8  [BuAl(uz-OsPBu)]st® and [Al-
(PQy)(HCI)(EtOH)]4.2® The ALAs.O1, core is best described
as a cube with alternating aluminum and arsenic atoms at the

(13) SADABS Siemens Analytical Instruments Division: Madison, WI,
1996.

(14) Sheldrick, G. M.SHELXS-90, Program for the Solution of Crystal

Structures University of Gdtingen: Gadtingen, Germany, 1986. (17) MolEN, An Interactie Structure Solution Procedur&nraf-Nonius:
(15) Sheldrick, G. MSHELXL-93, Program for the Refinement of Crystal Delft, The Netherlands, 1990.

Structures University of Gdtingen: Gdtingen, Germany, 1993. (18) Yang, Y.; Schmidt, H.-G.; Noltemeyer, M.; Pinkas, J.; Roesky, H.
(16) SHELXTL 5.03, Program Library for Structure Solution and Molecular W. J. Chem. Soc., Dalton Tran$996 3609.

Graphics Siemens Analytical Instruments Division: Madison, WI,  (19) Cassidy, J. E.; Jarvis, J. A.; Rothon, RINChem. Soc., Dalton Trans.
1995. 1975 1497.
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Figure 2. ORTEP drawing of Bu,Gaf>-O,AsPh)LO (2). Thermal
ellipsoids are drawn at the 50% probability level. Hydrogen atoms are
omitted for clarity.

imposed 2-fold rotation axis passing through the oxo bridge,

Figure 1. ORTEP drawing of 'BuAl(us-OsAsPh)k (1). Thermal 0O(2), between arsenic centers. Arserixygen bond distances
ellipsoids are drawn at the 40% probability level. Hydrogen atoms are within the eight-membered heterocycle are comparable to those
omitted for clarity. observed in GaAsP2 (1.652-1.696 AfP and in the alumi-

noarsenates noted aboveéDistances for the AsO—As linkage

vertices, and @,-0xo bridge along each edge. Aluminum and are significantly longer (1.764(3) A). Galliurpxygen dis-
arsenic atoms are in distorted tetrahedral environments with tances in2 are within the range reported for the related
O—AI—-0 and O-As—O angles ranging from 105.7(3) to 108.2-  heterocycles'Bu,Gafu,-O.P(OH)Ph)} (1.944(4) A)5 ['Bu,Ga-
(3)° and from 110.4(3) to 111.0(2)respectively. Aluminurm (u2-O.PPh)]2 (1.950(8), 1.969(7) A¥ and [MeGafuy-O,-
oxygen distances ifh range from 1.747(6) to 1.765(6) A, and PPh)]» (1.9384(12), 1.9295(12) A¥
As—O distances range from 1.634(6) to 1.657(6) A. These Formation of2 can be rationalized by elimination of water
distances are comparable to those previously reported forfrom [Bu,Gaf>-O,As(OH)Ph)} with the formation of two
tetrahedral aluminum and arsenic atoms in the aluminoarsenatesavorable six-membered rings. Phenylarsonic acid is known
a-AlAsO, (AI—0 1.741(2) A, 1.743(2) A; AsO 1.665(2) A, to eliminate water to form AsO—As linkages under mild
1.666(2) AR and AIAsQ-1 (Al-O 1.718-1.751 A; As-O heating?® A metal-mediated condensation of phenylarsonic acid
1.649-1.698 A)% Intracage Al-As diagonal distances average has also been reported to occur during the solvothermal synthesis
5.66 A, suitable for encapsulation of fluoride. of [(V203)(PhsAss014)].24 Reaction of phenylarsonic acid and

By analogy to our previous results concerning the formation tBusGa at 0°C followed by warming to room temperature also
of ['BuxGafu,-O,P(OH)Ph)} from reaction of phenylphosphonic  produced only2, ruling out dehydration during recrystallization
acid with'BusGa; we anticipated that reaction of phenylarsonic from hot acetonitrile. Attempts to convetto [‘Bu,Gafuy-
acid with 'BusGa would yield [Bu,Gafu,-O,As(OH)Ph)L, 0O.As(OH)Ph)} by addition of water resulted in no reaction, as
potentially capable of subsequent thermolysis to form the monitored by!H NMR spectroscopy.
gallium analog ofl, ['‘BuGaf3-OsAsPh)}. Instead, reaction Hydrolysis could potentially yield elimination of 2 equiv of
of phenylarsonic acid with'BusGa yields [Bu,Gafu,-Oy- isobutane with the formation of an oxo bridge between the
AsPh)pO (2) as a white crystalline solid in 53% yield after gallium centers. We are pursuing synthetic routes to similar
recrystallization from hot acetonitrile. Infrared spectroscopy molecules with an adamantane-likef4Os core (M= Al, Ga).
clearly shows the absence of hydroxyl substituents on arsenic.Organic-soluble precursors with##%0s adamantane cores may

A 2:1 ratio oftert-butyl to phenyl substituents in tHél NMR be unique precursors for the synthesis of new phosphate
spectrum o proves that the absence of hydroxyl substituents materials.

is not the result of'BuGafts-OsAsPh)}, formation. The mass Acknowledgment is made to the donors of the Petroleum
spectrum of2 exhibits a weak molecular ion peakfz 753) Research Fund, administered by the American Chemical Society

and a base peak(2695) assignable to the M- 'Bu fragment,  (Grant 29723-G3), for support of this research. The single-crystal
each 18 units lower than would be expected f@ujGaf- CCD X-ray facility at the University of Idaho was established

O,AS(OH)Ph)}.  This result suggests that the absence of ity the support of the NSF-Idaho EPSCoR program (Grant
hydroxyl substituents is due to dehydration during the formation OSR-9350539) and the M. J. Murdock Charitable Trust,

of 2. The lack of hydroxyl substituents on arsenic, the Vancouver, WA.

observation of two equally intengert-butyl resonances in the

1H NMR spectrum, the mass spectrometric data, and analytical Supporting Information Available: Tables of crystal data and

refinement details, positional and thermal parameters, and complete

results are all in agreement with the formulatior2ads [Bu- bond distances and angles foand2 (12 pages). Ordering information
Gafu-O-AsPh)EO containing an AsO—As linkage. is given on any current masthead page.

The molecular structure & (Figure 2) is confirmed in the
solid state by X-ray crystallography. The bicyclic 88,05 1C971168X
cpre is composed of tW(PLZ_OZASPh grOUpS. bridging two (21) Landry, C. C.; Hynes, A.; Barron, A. R.; Haiduc, |.; Silvestru, C.
distorted tetrahedral gallium centers, forming a &a0, Polyhedron1996 15, 391.
heterocycle. The GAs;Os core is completed by @»-oxo (22) Hahn, F. E.; Schneider, B.; Reier, F.-&/.Naturforsch. BL99Q 45,
bridge between the two arsenic centers. The BwGag,- 134.

(23) Doak, G. O.; Freedman, L. @rganometallic Compounds of Arsenic,
Antimony, and BismutlJohn Wiley and Sons, Inc.: New York, 1970;
p 45.

(20) Goiffon, A.; Jumas, J. C.; Maurin, M.; Philippot, B. Solid State (24) Salta, J.; Chang, Y.-D.; Zubieta, J. Chem. Soc., Chem. Commun.
Chem.1986 61, 384. 1994 1039.

0O,AsPh) monomer units are related by a crystallographically






