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Low-viscosity concentrated solutions of alkaline earth metal oxides in
aprotic solvents and methods for preparaion thereof

The invention relates to low-viscosity concentrated solutions of alkaline earth metal
oxides in aprotic solvents and a method for the preparation thersof.

Magnesium alkoxides are necessary, inter alia, to prepare supported olefin
polymerization catalysts of the Ziegler-Natta type. For this purpose, for example,
insoluble alkoxides such as magnesium ethoxids it the form of spherical particles
are used, which are converted into the active form through a reaction with Gtanium
chioride or another compound having a titanium-halogen bond (&.g., Cp,TiCl) (EP
1031580):

Mg(OEth + CpafiCly — Mg{OE,Cly  + CpaTiCh{OE),
{x=0to 2)

Anocther option for preparing supported Zisgler-Natta catalysts is to start with
soluble magnesium alkoxides, While most magnesium alcoholates {(such as
magnesium salts of methanol, ethanol, propanol, isopropancl, tert-butanol, etc.)
are insoluble in aprotic solvents, the magnesium compounds of primary alcohols
having a branch at the 2-pasition prove soluble in hydrocarbons (WO 85/02176).
Thus, for example, the magnesium sslts of 2-methyl-1-pentanal or 2-sthyi-1-
hexanol should dissolve in cyclohexane in concentrations of 1.2 mol/L. Even mixed
magnesium  alkoxides, meaning those with two different alkoxide radicals
Mg{OR'YOR®), may he hydrocarbon-soluble when the corresponding alcohal
R'OHis a primary alcoho!l branched in the 2-position and the corresponding
alcohol R?0H is a secondary alcohol (WO 85/02176).
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One disadvantage of hydrocarbon sclutions which contain no other dissolved metal
besides magnesium is their relatively high viscosities. In addjtion, it is not possible
to prepare such solutions directly by reacting magnesium metal with the alcohol in
the desired hydrocarbon without adding auxiliary agents, which have interfering
effects. To enable a direct reaction at all, the magnesium metal must be activated,
which can be achieved by etching with iodine. However, with this measure, the
speed of reaction is still very low, even when highly-reactive magnesium powder is
used. Patent documert EP 0156512 thus describes the preparation of a diluted
solution of magnesium-di<(2-ethylhexoxide) in dodecane, by using ifodine. At &
reaction temperature of 145°C, a ten-hour reaction time is necessaty, and the
product is obtained in the form of & viscous solution. Another option for activating
magnesium is fo treat the alkaline earth metal with trialkylaluminum compaunds
(WO 2007/026016). This method has the advantage that the product is not
contaminated with iodine. However, the reaction speeds are not satisfaciory, and
viscous products are obtained which have a relatively high degree of contamination
with protic impurities, in particular free aicohol.

To avoid the extremely long reaction times, magnesium alcoholate solutions are
therefore generally prepared from commercially available distkylmagnesium
compounds (RoMg). However, this synthesis route has the disadvantage that a
relatively expensive source of magnesium (namely, the R;Mg compounds, which
must be prepared using haloalkanes) is used. Furthermore, a specific solvent is
implicitly required, namely saturated hydrocarbons: dialkyimagnesium compounds
{dibutylmagnesium, butylethylmagnesium, and butyloctylmagnesium, for example)
are commerciglly available only in saturated hydrocarbonsg such as hexane or
heptane. in addition, during alcoholysis according fo:

R%°R*Mg + 2 ROH — Mg(OR) + R*H + R*H
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saturated hydrocarbons (R*H and R*H, e.qg., butane or octane), are unavoidably
produced. Therefore, direct preparation of magnesium alcoholates in pure aromatic
solvents such as toluene or ethylbenzene is not possible via the route of
commercially available dialkyimagnesium compounds.

Ancther synthesis variant for preparing soluble alkaline earth alooholates lies in the
transalcoholization of insoluble alkaline earth alcoholates prepared from highly
volatile alcohols {for example, ethanol) with & higher-hoiling alcohol, such as:

Mg(OR™): + 2 ROH — Mg(OR), + 2R50H

One disadvantage is the relatively high, cost-intensive lsvel of effort required for
this method: the alooholate Mg(OR®); must first be prepared from the volatile
alcobhol R°OH and magnesium metal, isolated, then reacted with a less volatile
alcohiol, for example 2-ethyihexanol, and the volatile alcohol RPOH must then be
remaoaved, for exarple by distillation,

The relatively high viscosity of magnesium alkoxide solutions is caused by
association phenomena. [t is known that the viscosity can be redused by adding
alkyialuminum compounds. The preferred ratio of alkylaluminum compound to
magnesium alcoholate is between 0.001:1 and 1:1, more preferably 0.01 to 0.1:1,
and very especially preferably 0.03 to 0.05:1 (US 6,734,134).

Finally, patent document WO2010/146122 discloses the preparation of mixed
gikaline earth metal compounds M{OCHR®), JOR ) in a mixture with an
aluminum compound A!(OCH2R€}};§~5¢{QR?)§; in aprofic solvents starling from an
atkaline sarth metal and two different aloohols, whersin:

M is an alkaline earth metal selected from Mg, Ca, Ba, and Sr;
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OCH,R® is an alkoxide radical composed of at least 3 and a maximum of 40 C atoms having a
branch in the 2-position, relative to the O function; i.e., -R® -CHR®R® where R®R’ independently
stand for alkyl radicals Cy — Cyg; R’ is an alkyl radical containing 2-15 C atoms which is either
linear or has a branch at the 3- or higher position (relative to the O function); and the sum of x
and y is a number between 0.01 and 0.8, preferably between 0.02 and 0.3, and especially
preferably between 0.03 and 0.2.

The product solutions prepared by this method have relatively high concentrations of alkaline
earth alkoxide compounds (i.e., cMg > 0.5 mol/kg), and yet the viscosities, at typically > 1,000 cP,
remain unsatisfactorily high (see also the comparative example in the present document).

A simple method is sought which, starting with an inexpensive source of magnesium and with a
high space-time yield, results in less viscous, concentrated (i.e., = 0.5, preferably =2 1.0 mol/kg)
solutions of a magnesium alcoholate in aprotic solvents, preferably aliphatic or aromatic
hydrocarbons. A further aim is for the desired products to have the lowest possible content of
interfering impurities such as iodine, and protic materials such as alcohols and water, so that the
products are suitable for preparing Ziegler-Natta catalysts.

Summary
in one aspect, the present invention refers o soiutions of mixed alkaline earth alkoxide compounds
M(OCHR®),...5(OR")a[O(CHR®),OR}yin a mixture with an aluminum compound A{OCH,R®)s..
{OR")JO(CHR®),OR"]4 in aprotic solvents, wherein
» M is an alkaline earth metal selected from Mg, Ca, Ba, and Sr;
»  OCH,R® is an alkoxide radical composed of at least 3 and a maximum of 40 C
atoms having a branch in the 2-position, relative to the O function; i.e., R® = -CHR'R"
where R', R"" independently stand for alkyl radicals C; — Cg;
« R’is an alkyl radical containing 2-15 C atoms which is either linear or has a
branch at the 3- or higher position (relative to the O function);
«  R%is an alkyl radical containing 1-6 C atoms which is either linear or has a branch at
the 3- or higher position (relative to the O function);
» R%is an alkyl radical containing 2-15 C atoms which is either linear or has a
branch;
¢ n=ahinteger between 1 and 4; and :
e a+bs<2 ¢+d=3, aandccan take any value from 0.01 t0 0.8, and b and d can
take any value from 0.1 to 1.99, wherein the content of dissolved aluminum relative to
the dissoived alkaline earth metal is in the range between 0.2 and about 20 mol%.

In another aspect, the present invention refers to a method for preparing a solution according to
the present invention, characterized in that an alkaline earth metal activated with alkylaluminum
compounds is reacted in an aprotic solvent with an alcohol containing an alkoxy function
HO(CHR®),OR?, a primary alcohol that is unbranched or has a branch at the 3- or higher position
and contains 2-15 C atoms HOR’, and optionally a primary alcohol that is branched at the 2-
position. In yet another aspect, the present invention refers to use of a solution as described
herein for the preparation of polymerization catalysts, in particular heterogenized polyolefin
catalysts of the Ziegler-Natta type. In a further aspect, the present invention refers to use of a
solution as described herein in organic synthesis, for example as a base.

Description

The objective is achieved by providing mixed alkaline earth alkoxide compounds M(OCH,R®),...
o(OR")[O(CHR®),OR®, in a mixture with an aluminum compound Al(OCH,R%);..
«(OR")JO(CHR®),0R%4 in aprotic solvents, wherein

M is an alkaline earth metal selected from Mg, Ca Ba, and Sr;
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OCH,R® is an alkoxide radical composed of at feast 3 and a maximum of 40 C
atoms having a branch i the Z-position, relative to the O function; L.e., R® = «
CHR'"RM where R", R" independently stand for alkyl radicals C4 — Cyg;

R’ is an alkyl radical containing 2-15 C atoms which is either linear or has a branch
at the 3- or higher position (relative fo the O function);

R® is an alkyl radical containing 1-6 C atoms which is either linear or has a branch
af the 3- or higher posifion (relative to the O function);

R%is an alkyl radical containing 2-15 C atoms which is either linear or has a
branch;

n = an integer betwaen 1 and 4; and

a+b=2, c+d=3, aandccantake any value from 0.01 to 0.8, and b and d can
take any value from 0.1 1o 1.99.

The aprotic solvent is, or contains, on the one hand, one or more gliphatic
compounds confaining 5 10 20 C atoms, whereby cyclic as well as open-chain
compounds are possible. The following are preferred: cyclohexane,
methyloyclohexane, hexane, hepiane, octane, nonane, decane, dodecane, or
decalin, as well as commercially available boiling cuts (benzene fractions).

On the other hand, the aprotic solvent can also contain or be composed of
aromatics, The following are preferred: benzene, toluene, sthylbenzene, xylenas,
and cumens,

In ancther embodiment of the invention, the alkaline earth alkoxide solufion
accarding to the invention can also contain polar aprotic solvents such as ether or
tertiary amines.
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The alcohol (HOCH,R®) which is branched in the 2-position is espacially preferably
selected from the group composed of isobutanol, Z-methyl-1-pentanol, 2-ethyi-1-
butanol, 2-ethyl-1-pentancl, 2-ethyl-d-methyl-1-pentanol, 2-propyl-i-heptanol, 2-
methyl-1-hexancl, 2-ethylhexanol, and 2-ethyi-5-methyl-1-octanol, or any given
mixture of at least two of the listed alcohols. The primary alcchol (HOR') is
preferably selected from the group composed of ethancl, propanol, butanol,
pentanol, hexanol, octanol, decanaol, dodecanol, 3-methylbutan-1-ol, or any given
mixture of at least two of the listed alcohols. The alcohol HO(CHR®),0R®
containing an alkoxy function is preferably a Coq glycol monoether, such as 2-
ethoxyethanol, 3-ethoxy-1{-propancl, 3-ethoxy-1-butanol, 2-(2-ethylhexoxy) ethanol,
2-butoxyethanol, 2-hexyloxysthanol, and 1,3-propylene glycol monobutyl ether ar
any given mixture of at least two of the listed alcohols.

The producis according to the invention are generally prepared as follows:
commercially available alkaline earth metal, preferably magnesium metal, which is
preferably in the form of a powder, granules, or shavings, is placed in an
aphydrous aprotic solvent, preferably aromatic or aliphalic hydrocarbons, in an
agitator vessel which iz renderad inert, (2., dried and provided with a protective
gas {(nitrogen or argon). An alkylaluminum compound (for example, a
trialkylaluminum such as tristhylaluminam or ibutylaluminum, an alkylaluminum
hydride such as dibutylaluminum hydride, an alkylaluminum halide such as
dibutylaluminum  chioride, or an alkoxyaluminum compound such as
diethylaluminum ethoxide) is added, and stirring is performed for five minutes fo
two hours at 20 to 180°C, preferably 40 to 120°C. The optimal guantity of
altkvlaluminum compound depends on the quality of the alkaline earth metal, in
particular the quality of the magnesium, and the guantity of alcohats added in the
subsequent step. The molar ratio of alkylaluminum compound 1o the alcohols is
generally between 0.0001 and 0.1 to 1, preferably between 0.005 and 0.04 to 1,
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An alcohol HO(CHR®,OR® containing an alkoxy function, a branched alcohol
HOCHzR®, and a primary alooho! which is unbranched or which has @ branch at the
3- or higher position and containg 2-18 C atoms (HOR') are then added. The
addifion may be catried out either in succession in any desired sequence, or in &
mixture. The primary aleohol R'OH is preferably added first, then the ofher two
alcohols, The addiiion may be earied out at temperatures between 0 and 180°C,
preferably bstween 40 and 140° C. The addition Is very especially preferably
carried out at the boiling point of the solvent used; thus, in the case of tolusne, for
example, al approximately 110°C, The mwaction thne depends on the reactivity of
the alkaline earth metal used, in particular the magnesium, and on the acidity of the
alcohiol used, the stoichiometric ratic of alkaling earth metal, in particutar
magnesivm, to the alcohols, and the reaction temperature, as well as the
requirements for the end product, in particular the allowable or desired residual
content of free alcohol. When the alkaline earth metal, in particular the magnesiurm,
fs used in excess {preferably in 1 to 300% excess, pariculatly 10 to (0% excess),
a reaction ime of one fo six houwrs ts sufficient when the reflux procedure is used.
In contrast, products having & desired, higher residual alcohol content are preparad
with excess alcohol, e.g., § to 20 mal%.

After the reaction is completed, which is identifiable by the cessation of the
hydrogen flow, then any excess alkaline earth metal, in particular magnesium
metal, which may be present is removed from the desired product solution. Thig
can be carried out by decanting, filtration, or centrifugation,

The products prepared using the method according to the invention are of
surprisingly low viscosity despite a high alkaline earth metat concentration of = 0.5
molfkg, preferably 2 1.0 mailkg, and have a low content of protic impurities. The
alkaline warth metal concentrations are preferably in the range of approximately 0.4
to 1.6 mmol/g, especially preferably between 0.7 and 1.4 mmollg. The viscosities,
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measured at room temperature, are generally less than 300 ¢P, preferably less
than 200 cP, especially preferably less than 100 ¢P. The content of protic
impurities relative fo the dissolved alkaline earth metal element is generally
betwean 0.1 and 40 mol%, preferably between 1 and 30 mal%.

The content of dissolved aluminum relative to dissolved alkaline earth mefal is in
the range between 0.2 and 20 mol%, preferably between 1 and 8 mol%. The
propartion of primary alcohol HOR?, which is unbranched or which has a branch at
the 3- or higher position and contains 2-156 C atoms, to the total alcohol content is
between 0.5 and 40 mol%, preferably between 1 and 20 mol%, especially
preferably between 1.5 and 10 mol%. The proportion of the alcohol HO(CHR®),OR®
containing an alkoxy function to the total alcohol content is between 5 and 98.5
mol%, preferably 10 to 88 mol%. Preferably, the production solution according {0
the invention contains 0.1 to 80 mol%, especially preferably 1 to 40 mol% free
alcohal, relative to the alkaline earth metal present in the solution.

The products according to the invention are used for the preparation of
polymerization catalysts, and in particular heterogenized polyolefin catalysts of the
Ziegler-Natta type. The products according {0 the invention may furthermore be
used in organic synthesis, in particular as bases.

Exampies

All reactions were carried out in dry glass equipment rendered inert with argon.
Commercially available magnesium shavings were used. The concentralions of Mg
and Al were measured by inductively coupied plasma (ICP). The content of profic
impurities was determined gasometrically by reaction with an approximately 1%
LIAIH, solution in THF under ice cooling.
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The gas quanfiies measured in the synthesis typically exceed the anticipated
value, because the reaction hydrogen s salvent vapor-saturated, and because
gasecus hydrocarbons are released from the trialkyl aluminum compound that is
used (e.g., ethane from tristhylaluminum).

Example 1. Preparation of magnesium bis(2-butoxyethanclate) in mixed
toluene/heptane with the addition of 3.5 mol% ethano] (relative o the total alechol
content)

13.5 g of magnesium shavings, 2186 g of toluene, and 80 g of heptane were placed
in a 0.6-L doublejacketed glass reactor equipped with a reflux condenser and a
dropping funnel. 7.6 g of a 25% solution of friethylaluminum in toluene was then
injected, and the mixture was heated to the boiling point. 2.3 g of sthanol and 163
g of 2-butoxyethanol were added dropwise over a petiod of 120 minutes. 15.1 L of
gas was evolved (107% of theoretical yield). After the dosing, the reactor contents

were refluxed for an additional 90 minutes, resulting in further evolution of 0.3 L of
gas,

After cooling to approximately 80°C, the light gray suspension was siphoned off
and filtered. 425 g of a non-viscous liguid was obtained which had a meagnesium
content of 1.26 mmol/g (corresponding to a conversion of 102% of theoretical
vield). The product solution aiso contained 0.035 mmolfg of aluminum and had a
protic imputity content of 0.23 mmol/g.

Yield: 96 % of theoretical
Viscosity (Brookfield): 10 cP
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Comparative example 1: Preparation of magnesium bis {(2-butoxyethanolate) in
mixed ioluenefheptane without addition of a primary alcohol which is unbranched
or which has a branch at the 3- or higher position and contains 2-15 C atoms HOR'

14.7 g of magnesium shavings, 215 ¢ of toluene, and 90 g of heplane were placed
in a 0.5-L double-jacketed glass reactor equipped with & reflux condenser and a
dropping funnel. 7.6 g of a 25% solution of friethvieluminum in toluene was then
injected, and the mixiure was heated to the boiling point. At internal temperatures
of around 104°C, 16.3 g of 2-butoxyethanol (ethylene glycol monobuiyl ether) was
added dropwise over a period of 90 minutes. 3.4 L of gas (24% of theorstical vield)
was evolved, and the solution became increasingly viscous and dark (almost
black). After the dosing, the reactor contents were refluxed for an additional four
hours, resulting in further evolution of 0.6 L of gas.

After cooling o approximately 80°C, the dark gray suspension was siphoned off
and filtered, 411 g of a viscous fluld having a magnesium content of 0.27 mmalfg
(corresponding to a conversion of 22% of theorelical) was obtained. The product
solution also containegd 0.034 mmol/g of aluminum and had a profic impurity
content of 2.20 mmolfg.

Yield: 18 % of theorstical

Example 2. Preparation of magnesium bis(2-2-ethylhexoxy)ethanolate) in oluene
with the addition of 1.5 mol% ethanol {relative to the total alcohol use)

14.7 g of magnesium shavings and 304 g of toluene were placed in a 0.5-1 double-
jacketed glass reactor equipped with a reflux condenser and a dropping funnel. 7.6
g of a 25% solution of tethylaluminum in toluene was then injected, and the
mixture was heated to the boiling point, 0.87 g of ethanal and 238 g of 2-2(-
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ethylhexoxy)ethanol were added dropwise over a pericd of 120 minutes. 12.5 L of
gas was evolved (86% of theoretical yield). After the dosing, the reactor contents
were reflined for an additional four hours, resulting in further evolution of 2.4 L of
gas.

Adter cooling to approximately 80°C, the light gray suspension was filtered. 539 g of
an almost clear liquid was obtained which had a magnesium content of 1,11
mmol/g (corresponding to a conversion of 103% of theoretical yield). The product
solution also contained 0.032 mmolfg of aluminum and had a profic impurity
content of 0.030 mmol/g.

Yield: 89 % of theoretical
Viscosity (Brookfield): 10 ¢P

Compargtive example 20 Attempted preparation of magnesium  bis(2-(2-
ethylhexoxyjethanolate) in toluene without addition of a primary aleohol which is
unbranched or which has a branch at the 3- or higher posttion and contains 2-15 C
atoms HOR'

14.7 g of magnesium shavings and 304 g of ioluene were placed in a 0.5-L double-
jacketed glass reactor equipped with a reflux condenser and a dropping funnel. 7.6
g of a 25% solution of tiethylaluminum in toluene was then injected, and the
mixture was heated fo the bolling point. 240 g of 2-2(-ethylhexoxylethanol was
added dropwise over a period of 120 minutes. 1.2 L of gas was evolved (8% of
theoretical vield). After the dosing, the reactor contents were refluxed for an
additional four hours, resulting in no further evolution of any gas.

After cooling to approximately 80°C, the light gray suspension was fillered. 545 g of
an almost clear fiquid was obtained which had a magnesium content of <0.01
mmol/g {(corresponding t© & conversion of 0% of theorelical yield). The product
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solution also contained 0.032 mmoll/g of aluminum and had a profic impurity
content of 2,50 mmal/g.

Yield: 0% of theoratical

Comparative example 3:Preparation of magnesium bis(2-ethylhexanolate) in
toluene/heptane with the addition of 4 mol% ethano! in the absence of an alcohal
containing an alkoxy function t-i-’::)(t_‘;HRs)nORg

18.9 g of magnesium shavings, 443 g of toluans, and 40 g of heptane were placed
in a 0.5-L doublejacketed glass reactor equipped with a reflux condenser and a
dropping funnel. 8.6 g of a 25% solution of friethylaluminum in toluene was then
injected, and the mixture was heated to the bolling point. 3.11 g of ethanol and 215
g of Z-ethylhexancle were added dropwise over a period of two hours. 14,7 L of
gas was evolved (78% of theoretical yield). After the dosing, the reactor contents
were refluxed for an additional 270 minutes, resulting in further evolution of 2.9 L of
gas without foaming (in total, 17.6 L, or 85% of theoretical vield).

After cooling to approximately 80°C, the reaction mixture was siphoned off and
filtered. 615 g of & light gray, clear liquid was obtained which had a magnesium
content of 1.24 mmol/g (corrasponding o a conversion of 108% of theoretical
vield). The product solution also contained 0.033 mmolfg of aluminum and had a
protic impurity content of 0.25 mmol/g.

Yield: 98 % of theoretical
Viscosity (Brookfield): 3,700 cP

Example 2: Preparation of mixed magnesium bis(2-ethylhexanolateYmagnesium
bis(Z-butoxyethanolate) solution in tluene/heptane with the addition of 4 mol%
ethanol (relative to the total alcohol use)
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18.4 g of magnesium shavings, 443 g of toluene, and 40 g of heptane were placed
in a 0.6-L double-jacketed glass reactor equipped with a reflux condsnser and a
dropping funnel. 8.6 g of & 25% solution of triethylaluminum in toluene was then
injected, and the mixture was heated to the boiling point. 3,0 g of ethanol and a
mixture of 108 g of 2-ethylhexanol and 97.5 g of 2-butoxyethano! were added
dropwise over a period of two hours. 17.2 L of gas was evolved (83% of theoretical
yield). After the dosing, the reactor contents were refluxed for an additional 120
minutes, resulting in further evolution of 1.8 L of gas (in total, 19.0 L, or 103% of
theoretical vield).

After cooling to approximately 80°C, the reaction mixture was siphoned off and
fiitered. 602 g of a light gray, clear liguid was obtained which had a magnesium
contant of 1.26 mmollg (corresponding to a conversion of 104% of theoretical
yield). The product solution also contained 0.025 mmolfg of aluminum and had a
profic impurity content of 0.23 mmol/g.

Yield: 88 % of theoretical
Viscosity {Brookfield): 80 cP

Comparative examples 1 and 2 were carred out according to the technical
teaching of WO 2007/026016 A1; ie., the magnesium was activated with
trialkylaluminum  solutions, and the reactions with the branched alcohol
HO(CHR®),.OR® were caried out at the boliing point.

When 2-butoxyethanol was used in toluene/heptane in the absence of a primary
alcohol HOR' which is unbranched or which has a branch at the 3- or higher
position and contains 2-15 C atoms for a six-hour reaction time, a conversion of
approximately only 18% of the theoretical yield of the desired magnesium
alcoholate was obtained (comparative example 1), A strong increase in viscosity
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was observed. The method product also had an extremely high content of protic
impurifies: 2.30 mmollg, corresponding to 370 mol% relative to dissolved
magnesium, In the presence of 3.6 mol% ethanol, over a shortened reaction time
of 3.5 hours, the target product was reached with 96% vield (example 1).
Consequently, the content of protic impurities was very markedly decreased to only
18%. The product viscosity was extremely low (10 cP) despite the very high
product concentrations.

Example 2 and comparative example show the results upon usage of a long-chain
alkoxy-substituted alcohol, the 2-(2-ethylhexoxy)ethanol. jn this case, it was
impossible {o initiate any reaction at all without the use of a primary alcohol which
is unbranched or which has a branch at the 3- or higher position and contains 2-15
C atoms HOR7, whereas a highly concentrated, low-viscosity solution of
magnesium bis{2-{Z-ethyihexoxy)ethanolate) was obtained at 99% vield when 1.5
mol¥% ethanol was used.

Comparative example 3 was worked in accordance with the teachings of
WO2010/146122, without the use of an alcohol containing an alkoxy function
HO(CHR®),OR®, and a highly concentrated solution of magnesium bis(2-
ethythexanclate) in toluene/heptane was prepared. The vield and the content of
protic impurities were indeed in the desired ranges, but the viscosity was exiremely
high, at 3,700 ¢P.

In the last example 3, a mixdure of Hwee different alcohols was used.  In this case,
equal molar amounts of 2-ethylhexanol and the alcohol cortaining an alkoxy
function, 2-butaxyethanol, were used. When 4 mol% ethano! was used, a sofution
cortaining the desired mixiure of magnesium bis(2-ethylhexanolate) and
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magnesium bis{2-butoxyethanolate) was obtained at a very favorable vield. The
viscosity was comparatively very low, at 80 cP,
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Claims

1. Solutions of mixed alkaline earth alkoxide compounds

M(OCH2R®);....(OR )[O(CHR®),OR®y in @ mixture with an aluminum

compound A{OCH2R%)3...4(OR")JO(CHR®),OR% in aprotic solvents, wherein
¢ M is an alkaline earth metal selected from Mg, Ca, Ba, and Sr;
e OCH,R%is an alkoxide radical composed of at least 3 and a
maximum of 40 C atoms having a branch in the 2-position, relative to
the O function; i.e., R® = -CHR'"R"! where R'®, R"" independently stand
for alkyl radicals Cq ~ Cyg;
e R’is an alkyl radical containing 2-15 C atoms which is either linear
or has a branch at the 3- or higher position (reiative to the O function);
e R%is an alkyl radical containing 1-6 C atoms which is either linear
or has a branch at the 3- or higher position (relative to the O function);
¢ R%is an alkyl radical containing 2-15 C atoms which is either linear
or has a branch;
e n = an integer between 1 and 4; and
e a+bs2 c+d=3, aandccan take any value from 0.01 to 0.8,
and b and d can take any value from 0.1 to 1.99, wherein the content of
dissolved aluminum relative to the dissolved alkaline earth metal is in
the range between 0.2 and about 20 mol%.

2. The solutions according to claim 1, characterized in that the alkaline earth
metal concentration is in the range of 0.4 to 1.6 mmol/g, preferably between 0.7
and 1.4 mmol/g.

3. The solutions according to claims 1 to 2, characterized in that the contents of
protic impurities relative to the dissolved alkaline earth element are generally

between 0.1 and 40 mol%, preferably 1 and 30 mol%.

4, The solutions according to claims 1 to 3, characterized in that the content of
dissolved aluminum relative to the dissolved alkaline earth metal is in the range
between 1 and 8 mol%. '
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5. The solutions according to claims 1 to 4, characterized in that preferably a C,-
C4 glycol monoether — e.g., 2-ethoxyethanol, 3-ethoxy-1-propanol, 3-ethoxy-1-
butanol, 2-(2-ethylhexoxy) ethanol, 2-butoxyethanol, 2-hexyloxyethanol, and 1,3~
propylene glycol monobutyl ether or any given mixture of at least two of the listed
alcohols ~ is used as the alcohol containing an alkoxy function HO(CHRa)nORg.

6. The solutions according to claims 1 to 5, characterized by containing 0.1 to 80
mol%, especially preferably 1 to 40 mol% free alcohol, relative to the alkaline
earth metal present in the solution.

7. A method for preparing a solution according to claim 1, characterized in that an
alkaline earth metal activated with alkylaluminum compounds is reacted in an
aprotic solvent with an alcohol containing an alkoxy function HO(CHR®),OR®, a
primary aicohol that is unbranched or has a branch at the 3- or higher position
and contains 2-15 C atoms HOR’, and optionally a primary alcohol that is
branched at the 2-position.

8. The method according to claim 7, characterized in that trialkyl, alkyl-alkoxy,

and/or alkyl-halide compounds are used as an alkylaluminum compound.

9. The method according to claim 7 or 8, characterized in that hydrocarbons are
used as a solvent, wherein either aliphatic solvents selected from the group
consisting of cyclohexane, methylcyclohexane, hexane, heptane, octane,
nonane, decane, dodecane, decalin, and commercially available boiling cuts
(benzene fractions) or aromatic solvents selected from the group consisting of

benzene, toluene, ethylbenzene, xylenes, and cumene are used.

10. The method according to claims 7 to 8, characterized in that the reaction
takes place at temperatures between about 0 and 180°C, preferably between
about 40 and 140°C, particularly at the boiling temperature of the solvent.

- 11. The method according to claims 7 to 10, characterized in that a C,-C4 glycol

monoether — e.g., 2-ethoxyethanol, 3-ethoxy-1-propanol, 3-ethoxy-1-butanol, 2-
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(2-ethylhexoxy) ethanol, 2-butoxyethanol, 2-hexyloxyethanol, and 1,3-propylene
glycol monobutyl ether or any given mixture of at least two of the listed alcohols —
is preferably used as an alcohol containing an alkoxy function HO(CHR®),OR®;
isobutanol, 2-methyl-1-pentanol, 2-ethyl-1-butanol, 2-ethyl-1-pentancl, 2-ethyl-4-
methyl-1-pentanol, 2-propyl-1-heptanol, 2-methyl-1-hexanol, 2-ethythexanol, and
2-ethyl-5-methyl-1-octanol, or any given mixture of at least two of the listed
alcohols is used as an alcohol branched at the 2-position (HOCH;R®); and
ethanol, propanol, butanol, pentanol, hexanol, octanol, decanol, dodecanol, 3-
methylbutan-1-ol, or any given mixture of at least two of the listed alcohols is
used as a primary alcohol which is unbranched or which has a branch at the 3- or
higher position and contains 2-15 C atoms (HOR").

12. The method according fo claims 7 to 11, characterized in that first the aicohol
(HOR") is added, and only then the alcohol containing an alkoxy function
HO(CHR®),OR® and the alcohol that is branched at the 2-position (HOCH,R®) are
added.

13. Use of a solution according to any one of claims 1 to 6 for the preparation of
polymerization catalysts, in particular heterogenized polyolefin catalysts of the

Ziegler—Natta type.

14. Use of a solution according to any one of claims 1 to 6 in organic synthesis,

for example as a base.
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Abstract

The invention relates to concentrated low-viscosity solutions of mixed alkaline earth

alkoxide compounds

M(OCH;R®),..5(OR").[O(CHR®),0R%, in a mixture with an aluminum compound
A(OCHR®)3...4(OR')IO(CHR®),OR%4 in aprotic solvents, wherein

e M is an alkaline earth metal selected from Mg, Ca, Ba, and Sr;

e OCH,R%is an alkoxide radical composed of at least 3 and a
maximum of 40 C atoms having a branch in the 2-position, relative to
the O function; i.e., R® = -CHR'"R" where R'®, R''independently stand
for alkyl radicals Cq — Cqg;

e R’is an alkyl radical containing 2-15 C atoms which is either linear
or has a branch at the 3- or higher position (relative to the O function;

e R%is an alkyl radical containing 1-6 C atoms which is either linear

or has a branch at the 3- or higher position (relative to the O function);

e R%is an alkyl radical containing 2-15 C atoms which is either linear

or has a branch:
e n=an integer between 1 and 4; and

e a+bs2 c+d=s3, aandc can take any value from 0.01 to 0.8,

and b and d can take any value from 0.1 to 1.99.



