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Monosubstituted organoalumoxanes of formula (RAl&e
normally synthesized by hydrolysis of organoaluminum com-
pounds with water or water contained in hydrated metal $alts.
The simplest derivative, methylalumoxane, i.e., (MeA|©)
MAO, is of great industrial importance, particularly in olefin
polymerizatior?® Full details of the structure of MAO are
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(Mes*AlH,), + 2/3(M628i0)3 benzene

',(Mes*Al0),2CH, + 2Me,SiH, (1)
1-2C4H,

anes and trialkylaluminums or metal hydrides to afford alumi-
num siloxide? or metal siloxide¥d are also known.

The X-ray crystal structuf€?of 1 consists of an almost planar
Al 404 ring involving a crystallographically required inversion
center with each aluminum substituted by a Mes* group oriented
almost perpendicularly to the plane of the,®8} ring. The
tetrameric formula (Figure 1), attributable to the large size of
the Mes* substituents, is the lowest aggregation number known
for alumoxanes in the solid state. The average-®@lbond
length of 1.688(2) A inl is close to the 1.6877(4) A observed
in O[AI{ CH(SiMe3)2} 5]2'4 but shorter than the 1.753(3) A in
O[AI{ CH(SiM&3)2} 2]»ONMes.2* The ring angles at O and Al
are near 15%1and 119. The two O-Al—-C angles at the Al

currently unknown, but analytical and phase separation data have.qnters are differentcé. 125 vs 116) and there are also two

been interpreted in terms of three-dimensional, cage strudibires.
In an important development, it has been shown that the
hydrolysis of Al¢-Bu)s using either water or the hydrated salt
Alx(SOy)3-14H,0 leads to the characterizable compounts (
BuAlO), (n=6°7585or %). X-ray data for the aggregates

short Al++H (o-t-Bu) distances ofa. 2.2 A. The aromatic ring
C(ipso)-C(para) vectors deviate (lma. 7°) from the extended

(10) All manipulations were under a Natmosphere using Schlenk
techniques. C and H analyses bf 3 were satisfactory. (a) [Mes*AlQ]
2CsHs (1-2CsHe): A slurry of (Mes*AlH2), (1.00 g, 1.82 mmol) and (Me

n=6, 8, or 9 show that they have cage structures composed 0fsj0y, (0.27 g, 1.21 mmol, freshly sublimed) ir&s (15 mL) were placed

alternatingus-O andus-Al(t-Bu) units with three-coordinate O
and four-coordinate Al centers. Recent wook related highly

hindered Al imides has suggested that lower aggregate mo-

noorganoalumoxanes (e.g., (RAIOH = 1—4) should also be
obtainable. Attempts to synthesize them via hydrolysis of
sterically encumbered organoaluminum precursors involving the
Mes* substituent led to cleavage of the-AC(Mes*) bond and

the deposition of insoluble materials containing Al and® O.
Noting the effectiveness of the (Mes*Adl precursct in the
synthesis of low-aggregate imido derivativést was thought

in a preheated 85C oil bath to give a colorless solution after 1 h. The
stopcock to the Schlenk line was closed, and the solution was kept at 85
°C for 19 h. The resulting clear solution was slowly (12 h) allowed to cool
to room temperature. Aftara. 3 h colorless crystals began to form. Storage
at+6 °C for five days afforded colorless crystals{2 mm average size)
of 1-2CHe. Yield: 0.89 g, 74.7%H NMR (C;Dg): 0 7.49 (s,m-H, 8H),
7.12 (s, GHe, 12H), 1.72 (sp-CHs, 72H), 1.42 (sp-CHs, 36H). :3C{H}
NMR (C7Dg): 6 157.8 -C), 150.0 p-C), 128.5 (GHs), 120.7 (m-H), 37.7
(0-C(CHs)3), 34.9 p-C(CHa)s), 32.8 0-CHs), 31.7 p-CHs). Mp: 253—
258°C. IR: 1052 (m), 1012 (v styai—o-a) cm™L. Crystals of1-2MesH
(MesH = 1,3,5-MegCgH3) were obtained by recrystallization 4f2CsHg
(0.1 g) from hot (90°C) MesH ¢a 5 mL). Filtration and storage of the
solution for 1 day at room temperature afforded X-ray quality crystals.

that it might also be used to synthesize the related alumoxanegNMR (CeDe): 6 7.53 (s,m-H, 8H), 6.72 (s, CH(Mes), 6H), 2.16 (s, GH

by reaction with suitable oxygen substrates. In this paper the
synthesis of the alumoxane (Mes*Al1) via the reaction of
(Mes*AlH ), with (Me;SiO); and its treatment with AlMgor
AlEt; to produce the adducts [Mes*(R)AIOARMes*AlO)],

(R = Me, 2; Et, 3) are now described.

The reaction of (Mes*AlH), with (Me;SiO); proceeded
smoothly, under mild conditions, to affort% (isolated as a
benzene or mesitylene solvate) in good vyield (eq 1). This
reaction type, involving a metal hydride reduction of a siloxane

to give a metal oxide and a silane, apparently has not been
described in the literature and represents a new synthetic

approach to alumoxanés. Related reactiod8 between silox-
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(Mes), 18H), 1.73 (sp-CHs, 72H), 1.44 (s,p-CHs, 36H). (b) [Mes*Et-
AIOAIEty(Mes*AlO)]; (3): A slurry of [Mes*AlO]4-2CsHs (0.21 g, 0.16
mmol) in GHe (ca 20 mL) was treated with 0.34 mL of a 1.9 M AlEt
solution (0.64 mmol) in PhMe at room temperature. The resulting clear
solution was stirred for 2 days, and the volatile materials were removed
under reduced pressure to give a pale yellow glass. Recrystallization from
n-pentane (23 mL) at—20 °C for one week afforded colorless crystals of
3-pentane of sufficient quality for X-ray diffraction studies. The cocrys-
tallized pentane is readily lost upon isolation. Yield: 0.10 g, 22.6% (based
on 1). Mp: 139-145 (with gas evolution)H NMR (CgDs): (Al(1)) 0

7.29 (s,mH, 4H), 1.30 (s,0-CHs, 36H), 1.15 (s,p-CHs, 18H), 1.07 (t,
CHa, 6H), 3Jun = 8.4 Hz, 0.86 (q, Chl 4H); (Al(2)) 6 7.44 (s,mH, 2H),

7.22 (s,mH, 2H), 1.80, 1.26, 1.18 (®- andp-CHgz, 18H each); (Al(3))

1.72 (t, CH, 6H), 3Jyn = 7.8 Hz, 0.59 (q, Chl 4H); 1.61 (t, CH, 6H),

3Jun = 8.1 Hz, 0.59, 0.361t, CH,, 2H each). IR: 710 (vs), 640 (vs)

The synthesis o2 was carried out in a similar manner; however, crystals
suitable for X-ray crystallography were not obtained owing to its poor
solubility in hydrocarbon solvents.
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(2, y = 62.58(2}, V = 2204.0(8) &, Deaic=1.050 g cm?3,Z=1,R=
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Figure 2. Thermal ellipsoidal (30%) plot d3. H atoms and ary-Bu
substituents are not shown. Selected bond lengths (A) and angles (deg)
Figure 1. Thermal ellipsoidal (30%) plot of. H atoms are not shown.  are: Al(1)-O(1) = 1.762(5), Al(1}-C(1) = 1.959(7), Al(1}-C(19)
Selected bond lengths (A) and angles (deg) are: AIQ{l) = = 1.946(8), Al(2)-O(1) = 1.850(5), Al(2)-O(2) = 1.853(4), Al(2)-
1.687(2), Al(1)-0O(2) = 1.688(2), Al(2)-O(1) = 1.688(2), Al(2)- O(2A) = 1.819(4), Al(2)-C(21)= 1.995(7), Al(3)-O(1) = 1.901(5),
O(2A) = 1.691(2), Al(1}-C(1) = 1.966(3), Al(2-C(19)= 1.967(3), Al(3)—-0(2) = 1.811(5), Al(3)-C(39) = 1.983(7), Al(3)-C(41) =
O(1)-Al(1)—0(2) = 119.85(10), O(1}Al(1)—C(1) = 125.13(11), 1.965(9), O(13-Al(1)—C(1) = 127.4(3), O(13Al(1)—C(19)= 116.0-
O(2)—Al(1)—C(1) = 114.98(11), Al(1)-O(1)—Al(2) = 151.32(13), (3), C(1)-AI(1)—C(19) = 116.6(3), Al(1)-O(1)—Al(2) = 146.0(3),
O(1)-Al(2) —O(2A) = 117.92(10), O(1)Al(2) —C(19)= 116.66(11), Al(1)—O(1)—Al(3) = 118.2(2), Al(2)-O(1)~Al(3) = 94.9(2), O(1)-
C(19)-Al(2)—0O(2A) = 125.42(11), and Al(XyO(2)-Al(2A) = Al(2)—0(2) = 83.7(2), Al(2)-0O(2)—AI(3) = 97.9(2), Al(2y-O(2)—
150.51(13). Al(2A) = 97.1(2), and O(2YAI(2)—O(2A) = 82.9(2).

lines of the AI(1)-C(1) and Al(2-C(19) bonds. The es- Of the compound{Al4(t-Bu),(us-O)(u-OH)}® bears some
sentially perpendicular orientations of the aromatic rings and resemblance since it features two edge-sharingDAfour-
the deviation from idealized geometries at the Al and C(ipso) membered rings. The formula 08—Alg(Mes*)s(Et)s(us-
carbons are consistent with the steric congestion provided by O)s—features an Al:O'R ratio of 6:4:10, and the addition of a
the four ring Mes* substituents. The “open” planar structure further 2 equiv of AIR (as attempted in eq 2) would change
of 1 may be contrasted with the related tetrameric organoalu- this to 8:4:16 (i.e., 2:1:4) which is the same as that found for
minum imides which display cubane Al; structuress diorganoalumoxanes (i.e.,ROAIR ). Thus,3 represents a
Although the structure of indicates that the Al centers are Midpoint in the “titration” of alumoxanes with organoaluminum
quite hindered, the two-coordinate O atoms have a more opencompounds. Since commercial MAO features a significant

environment. Accordingly, it was decided to trelawith 4 AlMe 3 component;3*such structures may be of relevance to

equiv of either AlMg or AlEt; according to eq 2% Even the actual structure of the active component in the MAO/A{Me
cocatalyst. For example, a recently proposed nfodeblves

(Mes*AlO), + 4AIR; — a cage compound of formula 4D;2(CHs),4 interacting with

" * one Al(CHs)s molecule and a metallocene. The inclusion of a
AMes (R)_AIOA_IRZ(MES AlO)}, + 2AIR; (2) further equivalent of Al(CH)s in this model system would give
(2, R=Me; 3, R=E) an overall Al:oxide:alkyl ratio of AlgO12(CHz)3o or 3:2:5 which
is the same as the 6:4:10 ratio observed3or
Initial testing of cocatalytic properties df for ethylene
polymerization have indicated no activity. Thus¢ca 5 mM

though 4 equiv of AIR were added, only 2 equiv were
consumed. A crystal structufg of the product was obtained
for the ethyl derivative3. This showed (Figure 2) thad h ) . ;
consisted of a centrosymmetric-AD ladder framework com-  Solution of a 1:1 mixture ofL and ¢*CsHs)2ZrMe; in PhMe
posed of three edge-fused (Al-Qjngs. It may be described effects no polymerization of e'thylene under 1 atm of pressure
as an adduct of two Mes*(E)AIOAlEmolecules to a central at either 25 or 85C. The addition of 2 equiv of AlMg(i.e.,

dimeric (Mes*AlO), unit. The O and Al atoms within the ladder 10 mM concentration) also results in no polymerization. of
are three- and four-coordinate, respectively, with-@ dis- ethylene even at 10TC. It seems probable that the large size

tances in the range 1.811¢5).901(5) A. The terminal Mes*- of the Mes* substituent inhibits catalytic activity, and the lack
. ) : Co . i 5_ i i i

(Et)Al substituents feature a three-coordinate Al with a shorter OPI' reaction betweet and ¢7°>-CsHs).ZrMe is consistent with
Al(1)—O(1) distance of 1.762(5) A which is comparable to the thIS VIEW.
exocyclic Al-O distance (1.750(3) A) in the dimef(t- Acknowledgment. We thank the donors of the Petroleum Research
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The novelty in the structure & is that it seems to be the Supporting Informatio_n Available: _Tables of data coIIecti_on )
first structurally characterized product formed by the addition Parameters, atom coordinates, bond distances and angles, anisotropic
of a trialkylaluminum to an alumoxane. A ladder structure of thérmal parameters, and hydrogen coordinates (28 pages). See any

this type has not been observed previously although the structurecurrent masthead page for ordering and Internet access instructions.
JA9713901

(15) Cesari, M.; Cucinella, S. mhe Chemistry of Inorganic Homo- and
HeterocyclesHaiduc, .. Sowerby, D. B., Eds.; Academic: New York, 1987; (16) (a) Barron, A. ROrganometallics 199514, 3581. (b) Thorn-Csayi,
Vol. 1, Chapter 6, p 167. E.; Dehmel, J.; Dahlke, B. Reference 2d, p 91.




