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Abstract: Hydrolyses of trimesitylgallium and -aluminum were monitoreddHyNMR spectroscopy in the temperature
range—60 °C to room temperature using deuterated THF as solvent. The first intermediate of the reaction using
water and trimesitylgallium is the monomeric water adduct, @@esOH,)-2THF, 1. Elimination of mesitylene

leads to the dimeric hydroxide (Mg3aOH)-THF, 2. Excess of water gives Mg8a04(OH)4-4THF, 3. As a

result of this reaction course the corresponding hydrolysis of trimesitylaluminum leads teA(M&,)-nTHF, 4

and (MesAIOH),:2THF, 5. The molecular structures of compountls2, and5 have been determined by low
temperature X-ray structure analysis. The Lewis acidities of the mesityl containing hydroxides are discussed and
compared with those of known aryl- and alkyl aluminum and gallium hydroxides.

Introduction (Al;0sMere)~,11 (MeAlOAIMe 3),27,12 and [PhCQ(MeAl),-
OAIMeg] ~.13ab

In contrast, substitution of methyl btert-butyl groups,
reactions of tritert-butylaluminum with water, performed by
Barronet al,, lead to a series of structurally characterized-
butylaluminum hydroxides, -oxidehydroxides, and alumox-
anest* 16 However, the yields of these compounds are low
and the formation of at least two products per reaction exhibits
multiple equilibria rather than explaining the mechanism of the
hydrolysis. Whereas earlier studiésproposed a two-step
mechanism of the hydrolysis in which the organoaluminum
hydroxides are the relevant intermediates, Boleslawski and
Serwatowski® have found by monitoring the reaction course
usingH NMR spectroscopy the complex formation between
R3Al (R = Me, Et,i-Bu) and water (eq 1).

The controlled reactions of organoaluminum or -gallium
compounds with water lead to the formation of alumoxanes or
galloxanes with the general formulas (RM@y (R:-MOMR),

(M = Al, Ga)! The alkyl substituted alumoxanes formed by
the reaction of RAl with water were studied in the 1960s as
catalysts for polymerization reactiofs’ Since Sinn and
Kaminsky found in 1980 that methylalumoxane (MAO) is a
highly active cocatalyst for group 4 metallocenes (e.g.2-Cp
ZrMey,) for ethylene and propylene polymerizatiognsiderable
impetus was given to the structural investigation of alumoxanes
to elucidate their role in these polymerizations. Although the
role of MAO seems to be understoddhe structure of the
catalytic active species of methylalumoxane remains unknown.
Due to rapid exchange reactions and the presence of multiple
equilibriala10crystallographic data on methyl containing alu-

moxanes are rare and limited to the anionic compounds AIR;3 + H,0 = RyAI-OH,

@)

* Author to whom correspondence should be addressed.

® Abstract published im\dvance ACS Abstractdanuary 15, 1996. . .

(1) Alumoxanes or galloxanes are generally species containing an oxygen@luminum hydroxides (eq 2)
bridge binding to two metal atoms MO—M (M = Al, Ga). Oligomeric

The adducts subsequently eliminate alkanes to form dialkyl-

aluminum or gallium alkoxides, bridged by the alkoxy group-@(R)—M

and compounds containing no organic group are generally not included in
this classification. Compounds containing a-Ka(H)—M bridge will in

the present case denoted as hydroxides; see:
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Aluminum Robinson, G. H., Ed.; VCH Publishers, Inc.: New York, 1993;
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which immediately associate to give dimers, trimers, or oligo-
mers (eq 3).
NR,AIOH — (R,AIOH),, 3)

Warming these solutions to room temperature resulted in
subsequent alkane elimination and the formation of alkylalu-
moxanes (eq 4).

(R,AIOH),, — (RAIO),, + nRH 4)

Although the existence of alkylaluminurwater and—hydrox-

ide intermediates has been proven, none have been isolated,

and nothing is known concerning the aggregation of these
compounds, coordination, and stabilization of the hydrogen
atoms by solvent molecules.

In contrast to the oxo chemistry known for aluminda?,
studies of the oxo chemistry of gallium are rare. Even though
Barron reported the isolation of the first galloxafguGaO},°
no crystallographic data are available for this class of com-
pounds?® Structural information on gallium hydroxides is
limited to the trimeric Bu,GaOH},?? the tetrameric (Mg
GaOH), 2% and recently, the dimeric fRaf-OH)Cl]; (Rf =
2,4,6-(CR)3CeH,).2* The same holds for oxo-hydroxo gallium
compounds: structurally investigated is ofyl,; Ga 2010(OH)4®
and the previously reported Mg&a;04(OH)4-4THF (Mes=
2,4,6-(CH)3CgHy).2°

The aim of this work reported here was to elucidate the
formation of MegGa;04(OH),-4THF by following the hydroly-
sis of trimesitylgallium using'H NMR spectroscopy. Our

J. Am. Chem. Soc., Vol. 118, No. 6, 1986

O = Mes,;Ga-OH,
<& =MesH

v = (Mes,GaOH),
X = MesgGagO4(OH),

Figure 1. *H NMR spectra of the hydrolysis of MgSa in dependence

intention was to isolate and characterize reaction intermediatesof temperature.

and to compare them to the similar hydrolysis of the homologous
trimesitylaluminum. The intermediates were isolated, crystal-
lized and characterized by low temperature X-ray structure

compounds in organic solvents at low temperatdf€g? The
disadvantage is the low solubility of water in aprotic organic

determination at proceeding stations along the reaction pathway.solvents which may inhibit scaling-up the reactions to prepara-

Results and Discussion

tive quantities. To avoid two-phase reacti6h$HF was used
as phase-transfer reagent. The molar ratio of MetM =

Various methods were applied to decrease the hydrolysis rateAl, Ga) to water was 1:1.

of organoaluminum compounds and to stop the hydrolysis at a

IH NMR spectroscopy was carried out in a range fre®0

required stage. Razuvaev and co-workers described the now’C to room temperature during the hydrolysis of susing

commonly used method of alumoxane synthesis by using
hydrated salts, e.g., Cug®H,0 (eq 5)%

8R,AI + CuSQ-5H,0 —
4R,AIOAIR, + CuSQ-H,0 + 8RH (5)

However, the most convenient procedure is dropwise addition
of water to a stirred solution of organoaluminum or -gallium

(19) Barron, A. R.Comments Inorg. Cheml993 14, 123.

(20) Power, M. B.; Ziller, J. W.; Barron, A. ROrganometallics1992
11,2783.

(21) Two structurally characterized compounds containing-GaGa
units are known but irrelevant for this publication: (a) Néuiew B.;
Gahlmann, FAngew. Chenil993 105 1770;Angew. Chem., Int. Ed. Engl.
1993 32, 1701. (b) Cowley, A. H.; Decken, A.; Olazabal, C. A.; Norman,
N. C. Inorg. Chem.1994 33, 3435.

(22) (a) Naiini, A. A.; Young, V.; Han, H.; Akinc, M.; Verkade, J. G.
Inorg. Chem.1993 32, 3781. (b) Atwood, A. D.; Cowley, A. H.; Harris,
P. R.; Jones, R. A.; Koschmieder, S. U.; Nunn, C. @tganometallics
1993 12, 24. (c) Power, M. B.; Cleaver, W. M.; Apblett, A. W.; Barron,
A. R. Polyhedron1992 11, 477.

(23) (a) Kenney, M. E.; Laubengayer, A. . Am. Chem. S0d.954
76, 4839. (b) Smith, G. S.; Hoard, J. . Am. Chem. Sod959 81, 3907.

(24) Schiuter, R. D.; Isom, H. S.; Cowley, A. H.; Atwood, D. A.; Jones,
R. A,; Olbrich, F.; Corbelin, S.; Lagow, R. @rganometallics1994 13,
4058.

(25) Storre, J.; Belgardt, T.; Roesky, H. W.; Stalke,Ahgew. Chem.
1994 106, 1365;Angew. Chem., Int. Ed. Endl994 33, 1244.

(26) Razuvaev, G. A.; Sangalov, Y. A.; Nelkenbaum, Y. Y.; Minsker,
K. S.lzv. Akad. Nauk. SSSR, Ser. Khit®75 2547.

THF-dg as solvent. Spectra were recorded after warming up in
steps of 10°C and are shown in Figures 1 and 5. Each figure
shows the spectra with the range of temperature.

Figure 1 shows the spectrum of trimesitylgallium-80 °C.
The signal at) 6.72 is assigned to the aromatic protons, that
one até 2.25 to the ortho methyl groups, and that oné at19
to the para methyl groups. After addition of 1 equiv of water
with a syringe, the signal of the water protéhsccurs atd
7.30. This together with the considerable upfield shift of the
mesityl proton signals)6.65 and) 2.22—2.14) clearly indicates
complex formation of Mega OH, (Figure 1,—60°C). Thus,
the first step of the hydrolysis can be described as follows (eq
6):

Mes,Ga+ H,0 — Mes;GaOH,-2THF
1

(6)

The spectra recorded in the range fretB0 °C to 0°C show

no significant differences except a reversible upfield shift of
the signals of the water protons (upd®.47) at the respective
temperature (these spectra are omitted for clarity). The relative
stability of complexl is assigned to the influence of two THF

(27) This type of reactions may produce other products; see below.

(28) Further evidence for the complete complexation of the water is the
absence of the signal of free water molecules, which resonate in deuterated
THF depending on the concentration around.5.
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Scheme 2 Proposed Pathways for the Reaction of
Trimesitylgallium with Water

MessGa + H0 —C» MessGasOH;

Figure 2. Molecular structure of Me&aOH,-2THF, 1. Anisotropic §
displacement parameters depicting 50% probability. Selected bond '6°°Cl*"'2° OCl
lengths (pm) and angles (deg): €@ 201.1 (average), GeD 204.7

(average), C+Gal-C11 118.7(3), C+Gal-C21 119.2(4), Cl1% MeszGa=(OHz), (Mes;GaOH),
Gal-C21 113.7(4), C+Gal-01 99.1(3), C1+Gal-01 97.8(4),

C21-Gal-01 102.2(3). °°&« / H0

M686G6604(OH)4
molecules, forming hydrogen bonds with the water protons,
proved by X-ray structure analysis (Figure 2). The complex formed by reaction of the hydroxidewith an excess of watég,
The meseform is obviously the preferred configuration of the

galloxane hydroxid@® under these reaction conditions. Indica-
Mes 0@ tions of possible intermediates in this water-induced condensa-
Mes—c[;a-—o:H tion cannot be found in the NMR spectra. We assume that these
Mes 0(] species are too short-lived on thé NMR time scale. Possible

pathways for the reaction of trimesitylgallium with water are
summarized in Scheme33.
These spectroscopical insights challenged the isolation and

formation is not dependent on the amount of water added. characterization of the water adddcand the hydroxid®. The
Addition of an excess of water has no effect on the chemical yrenarative scale hydrolysis was carried out in THF20 °C.

shifts of the mesityl protons. Just the signal of the water protons afier addition of 1 equiv of water (dissolved in THF), the flask
increases and broadens together with a small upfield shift. Theyas stored at-35 °C. and crystals of MeSaOH,-2THF, 1
shape of this signal suggests rapid water exchange in a bis-gjitaple for X-ray diffraction were frozen out. Due to its
adduct of trimesitylgallium and water. sensitivity at temperatures above°G no additional spectro-

The elimination of mesitylene by forming the hydroxide starts scopical data have been obtained. The most remarkable
at 0°C. In addition to the signals of mesitylené 6.74 and structural feature ol is the presence of a water molecule in
2.23), the signal for the hydroxyl protons 6.75) and the  the coordination sphere of the central gallium atom (Figures 2
mesityl protons of the hydroxide (Mg8aOH)-THF, 2, (6 6.62, and 3). The trigonal planar environment of the metal atom in
2.33, and 2.15) appear (Figure 1,°CQ). With increasing the starting material Mg&a is considerably pyramidalized by
temperature the intensities of the signals of mesitylene and of the addition of water to form the trimesitylgallium water adduct.
the hydroxide increase, while the intensities of the signals of |n MegGa the average GeC bond length is 196.8 pm, and
decrease (Figure 1, 15 and 48). When the spectrum (Figure  the C-Ga—C angle is 120.0% (in Ph:Ga these values are on
1, 15°C) was measured after 30 min, only 5% of the water average 196.1 pm and 1209 respectively). Compared to
adductl was converted to the hydroxide. After warming to 18  this the Ga-C bond lengths in the adduttare elongated by 5
°C and a reaction time of ca. 50 min (Figure 1, %) the to 201.1 pm on average. This elongation is also valid for the
conversion rate was just around 30%, implying a much lower triorganogallium ether adductso-MeCsHs):GaOEL3¢ and
reaction rate as expected. Since no spectroscopical evidencgCgHsCH,):GaTHF? even though much less pronounced than
has been found for the proposed stabilization of a monomeric in the present example. The 6@ distance of 204.7 pm if
hydroxide by solvent moleculé8,the reaction must proceed is remarkably short, compared to the above mentioned ether
by an immediate condensation yielding the dimeric hydroxide (32) This is also the reason why Ox(OH)-4THF. 3,15 formed
2:THF .30 (S(?heme 1). After Warm!ng to room temperature and by the hydrolysis of trimesitylgallium on a p‘:eparAative scale using toluene
a reaction time of ca. 18 h the signals of the water adduct a5 solvent. Because the water forms a second phase, the reaction proceeds
had completely disappeared, while signals (next to thos® of  atthe interface, leading to a local excess eOHObviously the bis-adduct
até 6.67, 5.25, and 2.52 are present. These signals are identicaf fmesitylgallium and watefl'H.O-THF te formed. It i also possible

31 0 generate by a two-phase reaction in THF, while the trimesitylgallium

to those of themeseform of MesGaO4(OH)4-4THF, 3, is precipitated before the addition of water.

(33) Temperatures over 18C are necessary at 1mbar to eliminate
(29) Barron and Boleslawski, both proposed such a compound (see refsmesitylene. The final product of the hydrolysis Ga(@E@nnot be formed

18 and 22c). Provided that such a configuration exists, compdnd just by addition of HO to a solution of3 in THF.

containing bulky mesityl groups, should have this preferred configuration. (34) Beachley, O. T.; Churchill, M. R.; Pazik, J. C.; Ziller, J. W.
(30) We propose this structure for (M&OH)-THF, 2, in solution. Organometallics1986 5, 1814.

The crystal structure a2 is shown in Figure 4. (35) Malone, J. F.; McDonald, W. S. Chem. Soc. A97Q 3362.
(31) The chemical shifts we have published previously belong to the (36) Atwood, D. A.; Cowley, A. H.; Jones, R. A. Coord. Chem1992

racemic galloxane hydroxide. X-ray structure investigation reveals the same 26, 69.

cell dimensions we have published recently (see ref 25). (37) Neunitier, B.; Gahlmann, FChem. Ber1993 126, 1579.
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Figure 3. The coordination sphere of the water molecule in Mes
GaOH,-2THF, 1, depicting only the ipso carbon atoms of the aromatic

substituents (C1, C11, C21) at the gallium atom and the oxygen atoms

of the THF molecules (02, 03), involved in hydrogen bonding: (a)
visualizes the pyramidalization of the M&a subunit, while (b)

elucidates the mean geometrical features of the water hydrogen bridges

to the THF molecules.

adducts, certainly due to the higher polarity and lesser sterical

strain of the small water molecule. Although the gallium atom
exhibits no longer trigonal planar geometry it is equally remote
from showing ideal tetrahedral environment (Figure 3a). The
average €&Ga—C angle is 117.2while the average 6Ga—C
angle is 17.5more acute. In the triorganogallium ether adducts
this difference is about £25%37In the triorganoaluminum ether
adductg8 this difference is on average less distinctive (105.6/
113.0 in (CeHsCHy)3AI -OE,3° 103.8/114.4 in (0-MeCgHa)3
Al-OER*° and 101.5/1162in MesAl-THF 41). Like in the
structure of (PESIO)%RAI+OH,(THF),,2 both hydrogen atoms

J. Am. Chem.

Soc., Vol. 118, No. 6, 19988

Figure 4. Molecular structure of (Me&aOH}-THF, 2. Anisotropic
displacement parameters depicting 50% probability. Selected bond
lengths (pm) and angles (deg): Gall 197.9(2), GatO1 194.9(2),
01-Gal-O1A 80.4(1), C+Gal-Ci1B 125.7(1), GatOl-GalA
99.6(1), O+Ga—C1 106.43(6), 0+Ga—C1B 114.50(6).

2 are similar to those in (MemCl)..** A single THF molecule

is coordinated to the organometallic skeleton vig@H---O-
(THF) hydrogen bond. This THF molecule slots into a cavity
left by the stacking of two rings donating both OH groups of

of the water molecule are involved in hydrogen bonds to a single adjacent rings in a rather disordered way. Hence on first sight

THF molecule each. The (HOYHO(THF) distances of 186.4
(H1a) and 189.2 pm (H1b) and the®t--O(THF) distances of

this THF molecule is a lattice solvent molecule captured in a
way known from intercalation clathrates rather than involved

266.3 (03) and 267.2 pm (02) indicate medium strong hydrogen in hydrogen bonding. The structural parameters ofa@H:+-O-

bonding#® The nonlinear arrangement (HOWO(THF) with
an angle of 166.3at Hla and 154%at H1b is in accordance
with common bonding of this type. However, it is worthy to

note that the water molecule shows no trigonal planar environ-

ment. The sum of the bond angles (3%hlculated from the
freely refined hydrogen positions or 342alculated from the
two O(THF) positions) indicates a considerable pyramidal
geometry of the water molecule (Figure 3b). Apparently the
water oxygen atom employs only one of thé spbitals in the
bonding to the gallium atom rather than both.

If the hydrolysis of trimesitylgallium is not stopped by
freezing out at 0C, but the solution ofl in THF is allowed to
warm up to room temperature and stirred for an additional 24
h, it is possible to isolate the dimesitylgallium hydroxi2lén
nearly quantitative yield after removing all volatiles. Single

crystals suitable for X-ray structure analysis were obtained by

crystallization from THF. The molecular structureif shown
in Figure 4.

The molecule of (Meg£5aOH)-THF, 2, consists of a central
Ga0, four-membered ring. All ring atoms are located on a
mirror plane. Furthermore there is a center of inversion in the
center of the ring. The conformation of the mesityl groups in

(38) Lalama, M. S.; Kampf, J.; Dick, D. G.; Oliver, J. ®rganometallics
1995 14, 495.

(39) Rahman, A. F. M.; Siddiqui, K. F.; Oliver, J. P.Organomet. Chem
1987 319, 161 and references therein.

(40) Barber, M.; Liptak, D.; Oliver, J. ®Organometallics1982 1, 1307.

(41) (a) Jerius, J. J.; Hahn, J. M.; Rahman, A. F. M. M.; Mals, O.; lisley,
W. H.; Oliver, J. P.Organometallics1986 5, 1812. (b) Srini, V.; De Mel,
J. Oliver, J. POrganometallics1989 8, 827.

(42) Apblett, A. W.; Warren, A. C.; Barron, A. RCan. J. Chem1992
70, 771.

(43) (a) Emsley, JChem. Soc. Re 198Q 9, 91. (b) Jeffrey, G. A,;
Saenger, WHydrogen Bonding in Biological StructureSpringer Verlag:
Berlin, New York, 1991; references therein. (c) Desiraju, G.ARta
Crystallogr. 1993 B49 880.

(THF) arrangement prove this interpretation: ir&®H---O-
(THF) distance of 200.2 pm (0202 282.7 pm) together with
the linearity of the G-H---O(THF) unit reveals only very weak
hydrogen bonding between the THF molecule and the com-
plex*? The Ga-C (197.9 pm) and GaO distances (194.4 pm)
closely match the values reported for related structures (200/
193.5 pné22 and 198.7/195% in (‘Bu,GaOH); 197/196 in
(Me;GaOH)?%). The infrared spectrum of indicates the
presence of OH groups. It shows the characteristic (OH)
vibrations. A sharp band (3653 ci) for the stretching
frequency of the free hydroxide and a broad band (3401Em
for bridging OH groups, which can be explained by partial
release of the coordinating THF molecules. Even though the
hydroxide2 is stable in solution in absence of® (see above)
and in the solid state at room temperature, elimination of
mesitylene at higher temperatures by forming the stable gal-
loxane (MesGaQ)occurs?®® This may be the reason why we
were unable to get a reliable mass spectrum of comp@.ind
To prove the applicability of the hydrolysis of gallium to
aluminum compounds, we also monitored the reaction course
of trimesitylaluminum with water usingH NMR spectroscopy
(Figure 5). Figure 560 °C) shows the chemical shifts of
trimesitylaluminum in deuterated THF at60 °C. The reso-
nance ab 6.61 is due to the aromatic protons of Mak the
resonances ai 2.25 and 2.15 belong to the and p-methyl
groups of the mesityl groups. After addition of 1 equiv of water
at this temperature, the complex formation is substantiated by

(44) Leman, J. T.; Barron, A. ROrganometallics1989 8, 2214.

(45) The temperature of decomposition in the solid state depends on the
pressure. It begins at 13 at 103 mbar and at 172C at atmospheric
pressure. However, in a solution ®fn toluene the galloxane is formed at
atemperature around 10CQ. Spectroscopical data of (MesGaOH NMR
(CsDs, 250 MHZ) 6 6.63 (s, 12 H, Ar-H), 6.59 (s, 6 H, Ar-H), 2.57 (s, 36
H, 0-CHa), 2.49 (s, 18 H,0-CH3), 2.06 (s, 18 Hp-CHjs), 2.00 (s, 9 H,
p-CHa); MS (El, %) m/iz = 1844 (M', 10), 1725 (M —Mes, 100), 1606
(M*t—2Mes, 80).
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Figure 6. Molecular structure of (Me#\IOH),:2THF, 5. Anisotropic
displacement parameters depicting 50% probability. Selected bond

9.0 80 70 60 50 40 30 =20 10 &1MH lengths (pm) and angles (deg) (average)—£&1197.9, A-O 182.2,
O—AlI-080.8, CG-Al—C 119.4, AHO—AI 98.8, O-Al—-C 107.3 and
‘ O =MesgAFOH, < =MesH V = (Mes,AlOH), [ 118.5, two lattice THF solvent molecules have been omitted for clarity.

Figure 5. *H NMR spectra of the hydrolysis of Mgl in dependence

analysis (the microcrystalline water adduct decomposes within
of temperature.

24 h). In contrast, we isolated the hydroxiléca. 60% yield)®

by controlled hydrolysis in THF (see Experimental Section).
The characteristic OH vibrations &fcan be found in the IR
spectrum (3703 cmt, sharp band) for free OH groups and as
a broad band (3380 cr¥) for coordinated OH groups. The
stability of 5 in the solid state is comparable to that of the
gallium hydroxide2,> but in solution (also in coordinating THF)

5 undergoes slow decomposition at room temperature. How-
ever, single crystals suitable for X-ray diffraction were obtained
by crystallization from THF. Similar t@, a single molecule

of (MesAIOH),-2THF, 5, shows a central AD, four-membered
ring (Figure 6). Different t®, the asymmetric unit i is made

up of a whole independent molecule. Furthermore, two THF
molecules are coordinated to the two pregef@H groups rather
than only one disordered like i@ This gross structural
arrangement already indicates higher polarity of theHCbond

an upfield shift of the signals of the mesityl protoris §.59,
2.18, and 2.15) and by the presence of signals of complexed
water protonsd 9.20, Figure 560 °C).28 In comparison to

the homologous gallium compourid the trimesitylaluminum
water complex MesAl-OH,-nTHF 4 is stable at that temper-
ature. The difference of the complexes are the acidities of the
water protong8 which is shown by the distinct upfield shift of
the signals for the water protons (froin7.20 for1 to ¢ 9.20

for the trimesitylaluminum water addué). Further indications

for the higher Lewis acidity of aluminum compounds compared
to the homologous gallium compounds is revealed by the
temperature of the elimination of mesitylene (the analogue
reaction for eq 2 o} starts at-10°C, versus OC for 1, Figure

5, —10 °C, mesitylene:d 6.74 and 2.23). While the mesityl

signals of the (MegA\IOH),:2THF, 5, overlap with the signals and hence much more effective hydrogen bontfitigan in2

of the water adduct, the progress of the reaction can be seeNare the shorp-OH-+-O(THF) distances of 191.2 (H1) énd
from the decreasing intensity of the signals of the water protons 186.1 pm (H2) (O3+03 268.4, 02+04 264.4 prﬁ) together
(6 9.20-9.15)" and the increasing intensities of the signals of | . " "p o (}H---O(THF).u,nit (angle at H1 175.6 and at
Ehe hydroxide protoqs§(7.69) of5 (Figure 5,-10°C and+1Q . H2 163.2) reveals strong hydrogen bonding between the THF
C). Furthermore Figure 5 shows the spectrum of the dimesi- molecule and the:-OH groups. Despite the higher sterical
tylaluminum hydroxide5 at room temperature. The signals at crowding in5 compared t@ (thé metal-carbon bond lengths
0 6.58, 2.23, and 2.15 are due to the mesityl protons; the Signalhappens to be the same2rand5, 197.9 pm, but the metal
atd 7.69 belongs to the hydroxide protonswof However, the oxygen bonds irb are 12.2 pm s:hortér thar,1 B 182.2 pm)
rate of mesitylene elimination is much faster than thdt iAfter the THE molecules coorainate much more tightly .to the ,OH
warming to 10°C and a reaction time of 10 min (Figure 5, 10 hydrogen atoms, indicating a more pronounced-EH++-0f-

o 0, H
C) already 75% of the water addudtis converted to the (THF) charge polarization and hence higher acidity of the

hydroxide. .Th|s s due to the' known vigorous reaction of hydrogen atom is compared t®. Comparison of the chemical
organoaluminum compounds using water and shows furthermore,

. . o . shifts and the characteristic OH vibrations of the known
the higher oxophilicity and acidity of aluminum compared to organoaluminum and -gallium hydroxy compounds with the
gallium?8

herein reported aryl compounds (Table 1) show higher acidities
We assume that the high acidity of the water proton i P y b ( ) g

) ) of the mesityl compounds, which may be due to the electron
the reason why we could not obtain crystals suitable for StrUCt“rewithdrawing effect of the aryl groups. Likewise, higher

(46) The acidity of the herein reported hydroxy and water protons acidities of the aluminum compounds compared to the homolo-

depends on the Lewis acidity of the oxygen bonded metal center, the anglegous gallium compounds can be derived from the data. The
between M-O(H)—M, and on the solvent.

(47) Like in 1, the chemical shift of the water protons #flepends on (49) Also Barron mentioned this phenomenon that hydrolyses of the
the temperature. aluminum compounds lead to lower yields compared to the homologous
(48) See, for example: Greenwood, N. N.; EarnshawCRAemistry of gallium compounds (see ref 15).

the ElementsPergamon Press: Oxford, 1984; p 252. (50) Manzer, L. E.; Parshall, G. Wnorg. Chem 1976 15, 3114.



Hydrolysis of Trimesitylgallium and Trimesitylaluminum

Table 1. Chemical Shifts (ppm) of Hydroxide Protons an@H)
Vibrations (cnt!) of Organoaluminum and Gallium Compounds

compd 0 v(OHY

MesAl-OH,?18 8.0

Et;Al-OH218 7.79

BUsAl-OH,218 8.18

MesAl-OH,, 42 9.2¢

MesGaOH,, 1 7.2C

(Me,AlOH) 218 6.50

(ELAIOH)218 6.2%

(BuAIOH) 218 6.30°

(IBUQAloH)?,l4 2.02 3584
(‘BuAlIOH)3-2THF* 3.42 3690
(‘BUAIOH)3*MeCN® 3.2¢ 3586
(‘BuAIOH)3-2MeCN# 3.90' 3594
(‘BUAIOH) 215 1.1 3697
(MesAIOH),+2THF,5 7.6% 3702
(Me,GaOH)* ~357P
(‘Bu,GaOH), THF222¢ 4.82 3285
(‘Bu,GaOH)??¢ 0.73 3610
(‘Bu,GaOH)??» 0.73 3613
(‘Bu,GaOH)y??2 0.77 3610
[RiGa(OH)CIp?* 0.2¢9 3675
(MesGaOH)-2THF, 2 5.7% 3653
IBU7A|402(OH)15 2.29 3675
Bu7Als03(OH), 2.56,1.72 3681, 3599
BugAl ¢04(OH),5 2,71 3610, 3599
BusAl 604(OH),6 2.48 3424
MessGasO4(OH)s-4THF, 325 6.47,5.25i 3673
Bu12Gay2010(OH)44ELO® 1.1¢0 3600

aNo structural informations? In EtO. ¢ In THF-dg. ¢ In CgDs. € In
CDCl. *Nujol mull. ¢ Transferred fromu. " Coordinated OH! It re-
mains doubtful, that the electron withdrawing effect of the mesityl
groups in3 should be higher than the increasing acidity of aluminum
compared to the isostructural compoudid rac-, meseform.

cocatalytic activity of the four-coordinated aluminum cage
compounds'BUAlO), (n = 6, 7, 9) in zirconocene polymeri-
zation of ethylene, recently reported by Barron and co-worKers,

J. Am. Chem. Soc., Vol. 118, No. 6, 1986

are stabilized by THF molecules. The aggregation number of
the intermediates and the coordination of the hydroxy groups
was proved by X-ray structure analysis. Furthermore we have
compared the Lewis acidity of known aluminum- and gallium-
oxo compounds depending on the organic substituents.

Experimental Section

Melting points were determined in sealed capillaries and are
uncorrected. Mass spectra were obtained on a Finnigan MAT 8230 or
MAT 95 mass spectrometer operating with an electron beam energy
of 70 eV for El mass spectra. Infrared spectra (46800 cnTl) were
obtained using Bio Rad FTS-7. IR samples were prepared as Nujol
mulls on KBr plates.*H NMR spectra (THFds solution) were obtained
on MSL-400 Bruker and AM-250 Bruker spectrometers. Variable
temperaturéH NMR spectra were measured on the MSL-400 Bruker
spectrometer. Chemical shifts are reported relative to external TMS.
Elemental analysis were carried out by the Analytische Labor des
Anorganischen Instituts, Giingen.

All procedures were performed under purified nitrogen using Schlenk
techniques. Solvents were distilled from sodium, and degassed prior
to use. Volatiles were removed vacuo (10-2 mbar). MesGa and
MesAl were prepared as previously reporféd!

(Mes;Ga-OH,)-2THF (1). A solution of degassed 4@ (42 uL,

2.34 mmol), dissolved in THF (10 mL), was added dropwise to a cooled
(—30 °C) solution of MesGa (1.0 g, 2.34 mmol) in THF (20 mL).
Storing at—35 °C for 24 h yielded colorless crystals. Due to its
sensivity at temperatures above’© no further analytical data were
obtained: *H NMR (400 MHz,—60°C) ¢ 7.30 (s, 2 H, OH); 6.65 (s,

6 H, Ar-H); 2.22-2.14 (s, 27 H, 2,4,6-C}).

(Mes,GaOH),-THF (2). A solution of degassed4® (126uL, 7.0
mmol), dissolved in THF (20 mL) was added dropwise to a cooled
(—30°C) solution of MesGa (3.0 g, 7.0 mmol) in THF (50 mL). The
solution was warmed to room temperature. After additional stirring
for 24 h all volatiles were removed under reduced pressure. The
remaining solid was washed withrhexane (20 mL) and filtered.
Crystallization from THF yields 2.45 g (97%) & mp 172°C dec.

shows that three-coordinate aluminum is not a prerequisite. TheH NMR (400 MHz)d 6.62 (s, 8 H, Ar-H); 5.75 (s, 2 H, OH); 2.33 (s,

discussed latent Lewis acidity, resulting of the ring strain present
in the cluster, may be the driving force for the equilibrium shown
ineq 7.

(‘BUAIO) + (17>-C4Hy),ZrMe, =
[(7°-CoHe),ZrMe][(‘BUAIO) Me] (7)
Unfortunately, the methyl transfer product cannot be isolated.

Provided that it is possible to characterize the condensation
products of our hydroxides by X-ray determination it may be

24 H, 2,6-CH); 2.15 (s, 12 H, 4-Ch); IR (cm™t ) 3653 (s,vOH),
3410 (s, bryOH), 3015 (s), 1750 (m), 1719 (m), 1600 (vs), 1553 (s),
1412 (m), 1288 (m),1050 (vs), 1027 (m), 840 (vs), 586 (s), 564 (s),
542 (s), 479 (s). Anal. Calcd (%) forgHs.Ga0; (722.31): C, 66.51,;
H, 7.54. Found: C, 65.5; H, 7.6.

MessGagO4(OH)44THF (3). A solution of degassed4@ (18uL,
1.0 mmol), dissolved in THF (5 mL), was added dropwise to a cooled
(=10 °C) solution of2 (1.08 g, 1.5 mmol) in THF (30 mL). The
solution was warmed slowly to room temperature. After additional
stirring for 72 h all volatiles were removed under reduced pressure.
The remaining solid was washed witkhexane (20 mL) and filtered.
Crystallization from THF yields 0.73 g (94%) 8 mp >300°C; *H

possible to isolate such compounds, because the higher LewisyMR (250 MHz) 6 6.67 (s, 12 H, Ar-H); 5.25 (s, 4 H, OH); 2.52 (s,

acidity of the mesityl metalloxanes could stabilize methyl

36 H, 2,6-CH); 2.17 (s, 18 H, 4-Ch); IR (cm™Y) 3673 (syOH), 3520

transfer products. Furthermore it is possible to generate distinct(s, br,»OH), 3015 (s), 1718 (m), 1600 (vs), 1557 (s), 1412 (m), 1291

zirconocene-metalloxane compounds by using the characterized
hydroxides for studying the role of the methylalumoxane in the

(M),1056 (vs), 1028 (s), 848 (s), 589 (M), 542 (s); MS (EI, ¥4}
=1264 (M — 4THF, 15); 1228 (M— 4THF — 2H,0, 100); 1109 (M

metallocene catalyzed polymerization of olefines. These results ~ 4THF — 2H:0 — Mes, 23). Anal. Calcd (%) for feH10Ga012

will be reported elsewhere.

Conclusions

We have shown that the hydrolysis of trimesitylaluminum
and -gallium can be controlled by using THF as a coordinating
solvent. Through monitoring the hydrolysis by4 NMR

(1553.90): C, 54.11; H, 6.62; Ga, 26.92. Found: C, 54.2; H, 6.2; Ga,
25.7.

(Mes;AlOH) »-2THF (5). A solution of degassed 4@ (93 uL, 5.2
mmol), dissolved in THF (20 mL), was added dropwise to a cooled
(—30°C) solution of MesgAl (2.0 g, 5.2 mmol) in THF (40 mL). The
solution was warmed slowly to room temperature. After additional
stirring for 12 h all volatiles were removed under reduced pressure.

spectroscopy the reaction parameters necessary to isolate andhe residue was washed witkhexane (20 mL), filtered, and dried
characterize the intermediates were determined. The first stepracuo(10~° mbar): yield 1.10 g (59%}%; mp 157°C dec;'H NMR

of the hydrolysis is the formation of the monomeric water
adduct, which is stabilized by complex formation with coordi-
nating THF. Similarily, the dimeric dimesitylmetal hydroxides

(51) Harlan, C. J.; Bott, S. G.; Barron, A. B. Am. Chem. Sod 995
117, 6465.

(250 MHz) 8 7.69 (s, 2 H, OH); 6.58 (s, 8 H, Ar-H); 2.23 (s, 24H,
2,6-CHy); 2.15 (s, 12 H, 4-Ch); IR (cm™* ) 3703 (s,vOH), 3380 (s,

br, vOH), 3022 (s), 1752 (m), 1718 (m), 1600 (vs), 1541 (s), 1412
(m), 1286 (m), 1089 (m), 1046 (vs), 839 (vs), 607 (vs), 571 (s), 543
(s), 422 (s). Anal. Calcd (%) for 8HeoAl O, (708.94): C, 74.55; H,
8.81. Found: C, 71.0; H, 8.3.
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Table 2. Crystal Data ofl, 2, and5

compd 1 2 5
formula GsHs:GaGs CaoHs:Ga03 CsoH74A1 205 5
fw 589.48 722.27 817.05
cryst size [mm] 0.4x 0.3x 0.1 0.7x 0.7x 0.5 0.5x 0.3x 0.3
space group P2;/c Ccca R
a[pm] 1347.5(3) 1142.3(1) 1185.3(3)
b [pm] 1657.9(2) 2164.4(2) 1251.1(3)
c[pm] 145.0(2) 1485.6(2) 1710.2(4)
o [deqg] 90 90 69.34(2)

p [deg] 91.22(3) 90 85.53(2)

y [deq] 90 90 84.96(2)

V [nm?] 3.2388(10) 3.6730(7) 2.3608(10)
z 4 4 2

pc [Mg m—9] 1.209 1.306 1.149

u [mm™t 0.881 1.502 0.107
F(000) 1264 1520 888
26-range [deg] 845 7—-45 6-55

no. of reflns measd 5268 1766 14561
no. of unique refins 4230 1202 10898
no. of restraints 0 47 315
refined param 360 139 608

R1 [1>20(1)] 0.0992 0.0234 0.0565
wR22 [all data] 0.2463 0.0704 0.1666

g1; g2 0; 26.98 0.035; 5.44 0.089; 0.922
highest diff peak 0.523 0.231 0.715

[106e pnT9)

AWR2 = {[3w(Fc* — oZ)Z]/[ZW(F A Pwt=

+g2P; P =

[Fo? + 2F2)/3.

= 0%(Fo’) + (91-PY

Crystallographic Studies The intensities for all structures were
collected on a Stoe-Siemens-AED instrument with graphite-monochro-
mated Mo Ku radiation ¢ = 71.073 pm). Data were collected from

Storre et al.

oil-coated rapidly cooled crystatdat low temperatures with a profile-
fitted method®® The structures were solved by direct or Patterson
methods with SHELXS-98* All structures were refined by full-matrix
least-squares procedures Bf) using SHELXL-93° The hydrogen
atoms were geometrically idealized and refined, using a riding model.
The uncoordinated THF molecules in the structur® efere refined,
using similarity restraints for-13 distances and for the ADPs. Relevant
crystallographic data fot, 2, and5 can be found in Table 2.
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