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PROCESS FOR PREPARATION OF SUBSTITUTED 2-HALO-BENZINDENE
COMPOUNDS

The invention relates to a process for the preparation of substituted 2-halo-benzindene
compounds. The invention further relates to a process for the preparation of a metallocene
complex from such substituted 2-halo-benzindene compounds. The invention further
relates to a process for the preparation of a catalyst for a solution polymerization of olefin
from such substituted 2-halo-benzindene compounds.

Substituted 2-halo-benzindene compounds are commercially very attractive and can be
used for preparation of metallocene complexes and can be further used as a catalyst for
olefin polymerization.

Metallocene complexes with bridged benzindenyl ligands have proven to be highly active
in the polymerization of a-olefins such as ethylene after activation with aluminoxane co-
catalysts. However, known processes for the preparation of 2-halo-benzindene
compounds require many steps and are tedious.

For instance, ljpeij, E et al. describes in the Journal of Organic Chemistry, 2002, Vol. 67,
pages 169-176, a process for preparation of 2-bromo-benzindene compound of formula
(5), wherein (wherein R1, R2, R3, R4, R7 and R8 all stand for H) following procedure by
Spaleck, W. et al. in the Organometallics 1994, 13, 954. However this particular process
requires 9 steps process for preparation 2-2-bromo-benzindene compound, considering
the preparation from 2-methyl naphthalene. Also the process requires harsh reaction
conditions such as a temperature of 180 °C for the decarboxylation step and is therefore
also difficult to scale-up.

Rendina, V. et al. also disclosed a similar process in Tetrahedron Letters, 2012, Vol. 53
pages 15-18 for the preparation of bromohydrin compound, which required 8 steps.

These processes rely on 8 to 9 step process for the preparation of 2-bromo-benzindene
compound considering the preparation from 2-methyl naphthalene. Also these processes
suffer from lower yields and harsh reaction conditions.
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Therefore it is an objective of the present invention to provide an economically feasible
simpler process for the preparation of substituted 2-halo-benzindene compounds.

Accordingly, the invention provides a process for the preparation of a substituted 2-halo-
5 benzindene compound, comprising the steps of:
a) Friedel Crafts acylation of an aromatic compound of formula (1) with 3-chloropropionyl

chloride in the presence of a Lewis acid to form a corresponding acylated compound,

Rz R7

Ri Rs formula (1)

wherein R1, R2, R3, R4, R5, R6, R7, R8 each independently stands for H, a hydrocarbon
10  radical having 1-20 carbon atoms, a halide, an alkoxy having 1-6 C atoms, an alkyl

sulphide, an amine, a Si or B-containing group or a P-containing group;

b) cyclization of the acylated compound with a mineral acid to form a corresponding

substituted benzinda-1-one compound of formula (2),

(0]
Ra

8

Ry Ry

Rq Rs formula (2)

15  wherein R1, R2, R3, R4, R7, R8 are as described for formula (1);
c) halogenation of compound of formula (2) with a halogenating agent to form a
corresponding substituted 2-halo-benzinda-1-one compound of formula (3),



10

15

WO 2018/078068 PCT/EP2017/077548

-3-
° X
R4
R3 l.
Rz R7
R Rs formula (3)

wherein R1, R2, R3, R4, R7, R8 are as described for formula (1) and X is halogen;
d) reduction of compound of formula (3) with a reducing agent to form a corresponding
substituted 2-halo-benzinda-1-ol of formula (4),

X

HO,

Ra '

Ra O

Rz Ry
R Rs formula (4)

wherein R1, R2, R3, R4, R7, R8 are as described for formula (1) and X is halogen;

e) dehydration of compound of formula (4) with a dehydration agent to obtain the

substituted 2-halo-benzindene compound of formula (5),
X

g

R3

Ry Rz

formula (5).

According to the process of the invention, the substituted 2-halo-benzindene compound of
formula (5) is obtained by a simple process with fewer steps than by the processes of the

prior art. The yield of the process according to the invention is relatively high and the
reaction conditions are relatively mild. Compounds of formula (5) can be used for the
preparation of metallocene complexes.
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Preferably, R1, R2, R3, R4, R5, R6, R7, R8 each stands for H.

Preferably, X stands for Br.

Step a)

In step a), an aromatic compound of formula (1) is reacted with 3-chloropropionyl chloride
in the presence of a Lewis acid at a reaction temperature to form a corresponding acylated
compound by Friedel Crafts acylation.

The Lewis acid may e.g. be a metal halide or a non-metal halide. The metal halide may for
example be aluminium chloride or ferric chloride. The non-metal halide may for example
be boron trifluoride or boron trifluoride diethyl etherate;

Other examples of the Lewis acid include tungstophosphate, for example aluminum
dodecatungstophosphate; clay for example montmorillonite; sulphonic acid for example
trifluoromethanesulfonic acid.

The Friedel Crafts acylation of step a) may in principle be performed in any solvent known
to be suitable for Friedel Crafts acylation. Examples of suitable solvents include
halogenated solvents, for example 1,2-dichloroethane (= ethylene dichloride), 1,2-
dichloromethane, chloroform, carbon tetrachloride; disulphide for example carbon
disulphide; and combinations thereof. Particularly preferred is 1,2-dichloroethane.

Step a) may be performed by an addition of the compound of formula (1) to the other
components or vice versa, followed by stirring at a reaction temperature. Preferably, step
a) is performed by adding a solution of the aromatic compound of formula (1) in a solvent
to a solution of 3-chloropropionyl chloride and the Lewis acid in a solvent and stirring at a
reaction temperature. The temperature, pressures and reaction time known to be suitable
for Friedel Crafts acylation by the person skilled in the art may be used. Optimal conditions
can be found using routine experimentation. The obtained mixture comprising the acylated
compound may be subjected to known separation steps to separate the acylated
compound (e.g. extraction with dichloromethane).
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For example, the reaction temperature may be from 0 to 90°C, preferably 20 to 90 °C. At
temperatures below 20°C, the reaction proceeds very slowly and at temperatures of above
90°C, tarring may occur. Preferably, the reaction temperature is chosen to be at least 26
°C and/or at most 50 °C, more preferably at most 30°C. The pressure is preferably
atmospheric pressure (1 bar). The duration of the reaction (stirring) may for example be in
the range from 1.5 to 4 hours, e.g. 2 to 4 hours.

Preferably, the Lewis acid is selected from the group consisting of a metal halide, a non-
metal halide, tungstophosphate, clay and sulphonic acid and preferably step a) is
performed at a reaction temperature of 20-30 °C for 1.5 to 4 hours.

Step b)

In step b), the acylated compound obtained by step a) is cyclized with a mineral acid at a
reaction temperature to form a corresponding substituted benzinda-1-one compound of
formula (2).

The mineral acid may e.g. be sulphuric acid.

Step b) may be performed by an addition of the mineral acid to the acylated compound
obtained by step a) or vice versa, followed by stirring at a reaction temperature. Preferably,
step b) is performed by adding the mineral acid to the acylated compound obtained by
step a), raising temperature of the mixture to a reaction temperature and stirring at the
reaction temperature. The obtained mixture comprising the compound of formula (2) may
be subjected to known separation steps to separate the compound of formula (2) (e.g.
extraction with dichloromethane).

For example, the reaction temperature may be from 40 to 120°C, preferably 80-100 °C, for
example around 90°C. The pressure is preferably atmospheric pressure (1 bar). The

duration of the reaction (stirring) may e.g. be 0.5-1 hour.

Preferably, the mineral acid is sulphuric acid and preferably step b) is performed at a
reaction temperature of 80-100 °C for 0.5-1 hour.

Step ¢)
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In step c), the compound of formula (2) is halogenated with a halogenating agent a
reaction temperature to form a corresponding substituted 2-halo-benzinda-1-one
compound of formula (3).

Halogenation can be carried out e.g. with a brominating or an iodinating agent.

lodination can be carried out with any organic and inorganic iodinating agent. Inorganic
iodinating agent may e.g. be sodium iodide or iodine. The organic iodinating agent may
e.g. be methyl iodide.

Bromination can be carried out with any organic and inorganic brominating agent.
Preferably an organic brominating agent is used such as ammonium tribromide salt, for
example pyridinium tribromide or phenyltrimethylammoniumtribromide. Other examples of
suitable halogenating agent include bromine, N-bromosuccinimide and 1,3-dibromo-5,5-
dimethylhydantoin.

The halogenation of step ¢) may in principle be performed in any solvent known to be
suitable for halogenation. Preferably, organic solvents are used. Examples of the solvent
include alcohols, for example methanol or ethanol; aromatic solvents, for example
benzene, toluene, xylene; ethers for example tetrahydrofuran, diethyl ether, dioxane or
dimethoxy ethane; amides for example dimethylformamide and combinations thereof.
Particularly preferred are ethers such as tetrahydrofuran.

Step ¢) may be performed by an addition of compound (2) to the halogenating agent or
vice versa, followed by stirring at a reaction temperature. Preferably, step c) is performed
by adding a solution of the compound (2) in a solvent to a solution of the halogenating
agent in a solvent, raising the temperature of the mixture to a reaction temperature and
stirring at the reaction temperature. The temperature, pressures and reaction time known
to be suitable for halogenation by the person skilled in the art may be used. Optimal
conditions can be found using routine experimentation. The obtained mixture comprising
the compound (3) may be subjected to known separation steps to separate the compound
(3) (e.g. extraction with diethyl ether).
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For example, the reaction temperature may be from 0 to 120°C, preferably 20 to 120 °C.
The addition of compound (2) to the halogenating agent may be performed at a lower
temperature (e.g. at 0-5 °C) than the reaction temperature during the subsequent stirring.
At temperatures below 20°C, the reaction proceeds very slowly and at temperatures of
above 120°C, tarring may occur. Preferably, the temperature is chosen to be at least 26
°C, preferably at least 30 °C and/or at most 100, preferably at most 60°C. The pressure is
preferably atmospheric pressure (1 bar). The duration of the reaction (stirring) may for
example be in the range from 3-10 hours, e.g. 4-8 hours.

Preferably, the halogenating agent is a brominating agent or an iodinating agent and
preferably step c) is performed at a reaction temperature of 20-30 °C for 3-10 hours.

Step d)

In step d), the compound of formula (3) is reduced with a reducing agent at a reaction
temperature to form a corresponding substituted 2-halo-benzinda-1-ol of formula (4).

The reduction of step d) may be carried out with any organic and inorganic reducing agent.
Preferably an inorganic agent is used such as hydrides, for example sodium borohydride
or lithium aluminium hydride. Particularly preferred is sodium borohydride.

The reduction of step d) may in principle be performed in any solvent known to be suitable
for reduction. Preferably, organic solvents are used. Examples of the solvent include
alcohols, for example methanol or ethanol; aromatic solvents, for example benzene,
toluene, xylene; ethers for example tetrahydrofuran, diethyl ether, dioxane or dimethoxy
ethane; amides for example dimethylforamide and combinations thereof. Particularly
preferred is a mixture of an ether such as tetrahydrofuran and an alcohol such as

methanol.

Step d) may be performed by an addition the reducing agent to compound (3) or vice
versa, followed by stirring at a reaction temperature. Preferably, step d) is performed by
adding the reducing agent to a solution of the compound (3) in a solvent, raising the
temperature of a mixture to a reaction temperature and stirring at the reaction temperature.
At the end of the reaction, an acid such as hydrochloric acid may be added to the reaction
mixture. The temperature, pressures and reaction time known to be suitable by the person
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skilled in the art for reduction may be used and optimal conditions can be found using
routine experimentation. The obtained mixture comprising the compound (4) may be
subjected to known separation steps to separate the compound (4) (e.g. extraction with
dichloromethane).

For example, the reaction temperature may be from 0 to 80°C, preferably 40 to 120 °C.
The addition of the reducing agent to the compound of formula (3) may be performed at a
lower temperature (e.g. at 0-5 °C) than the temperature at the subsequent stirring. At
temperatures below 20°C, the reaction proceeds very slowly and at temperatures of above
120°C, tarring may occur. Preferably, the temperature is chosen to be at least 26 °C,
and/or at most 100 °C, preferably at most 30°C. The pressure under which the process is
performed is preferably atmospheric pressure (1 bar). The duration of the reaction (stirring)
may for example be in the range from 10 min to 2 hours.

Preferably, the reducing agent is a hydride and preferably step d) is performed at a
reaction temperature of 20-30 °C for 10 minutes to 2 hours.

Step e)

The compound of formula (4) is dehydrated by a dehydration agent at a reaction
temperature to obtain the substituted 2-halo-benzindene compound of formula (5).

Dehydration can be carried out with any organic and inorganic acid. Inorganic acids may
e.g. be sulphuric acid or phosphoric acid. Organic acids may e.g. be p-toluenesulphonic
acid.

The dehydration of step €) may in principle be performed in any solvent known to be
suitable for dehydration. Preferably, organic solvents are used. Examples of the solvent
include aromatic solvents, for example benzene, toluene, xylene; ethers for example
tetrahydrofuran, diethyl ether, dioxane or dimethoxy ethane; amides for example
dimethylforamide and combinations thereof. Particularly preferred are aromatic solvents

such as toluene.

Step €) may be performed by an addition of the dehydration agent to compound (4) or vice
versa, followed by stirring at a reaction temperature. Preferably, step e) is performed by
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addition of the dehydration agent to a solution of the compound (4) in a solvent, raising the
temperature of the mixture to a reaction temperature and stirring at the reaction
temperature. The temperature, pressures and reaction time known to be suitable by the
person skilled in the art for dehydration may be used and optimal conditions can be found

using routine experimentation.

For example, the reaction temperature may be from 60 to 140 °C. At temperatures below
60 °C, the reaction proceeds very slowly and at temperatures of above 140 °C, tarring may
occur. Preferably, the temperature is chosen to be at least 80 °C, more preferably at least
110 °C and/or at most 125 °C, preferably at most 110 °C. The pressure under which the
process is performed is preferably reflux pressure of solvents. The duration of the reaction
(stirring) may for example be in the range from 10 min to 2 hours.

Preferably, the dehydration agent is an organic acid or an inorganic acid and at a reaction
temperature of 60-140 °C for 3-10 hours.

Further processes

The present invention further relates to a process for the preparation of a metallocene
complex comprising the process for the preparation of the substituted 2-halo-benzindene
compound according to the invention and providing the metallocene complex from the
substituted 2-halo-benzindene compound. The process for the preparation of the
metallocene complex comprises reacting the substituted 2-halo-benzindene compound
with a suitable compound to obtain the desired metallocene complex. For example, the
substituted 2-halo-benzindene compound may be reacted with e.g.
dibenzolc,e][1,2,7]oxadiborepine-5,7-diol) to obtain 2,2'-Biphenyl-2,2'-diylbis-3H-
cyclopentafalnaphthalene, which in turn may be reacted with ZrCl4 to obtain a metallocene
complex [2,2'-Di-(n5-cyclopenta[a]naphthalen-2-yl)biphenyl]zirconium dichloride.

The present invention further relates to a process for the preparation of a catalyst
comprising the process for the preparation of the metallocene complex according to the
invention and

- reacting a solution of a co-catalyst in a solvent with the metallocene complex to
form a pre-catalyst solution,
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- adding the pre-catalyst solution to an inorganic support material to form a pre-
catalyst mixture and
- stirring the pre-catalyst mixture at an elevated temperature under vacuum to form

the catalyst.

The present invention further relates to a process for the preparation of a catalyst
comprising the process for the preparation of the metallocene complex according to the
invention and

- adding a solution of a co-catalyst in a solvent to an inorganic support material to
give a treated support,

- adding a metallocene complex to the treated support to give a pre-catalyst mixture
- stirring the pre-catalyst mixture at an elevated temperature under vacuum to form

the catalyst.

The catalyst may be used e.g. in a solution polymerization of olefins. The olefin to be
polymerized can be one type of olefin or can be mixtures of different olefins. The
polymerization thus includes homopolymerization and copolymerization. Examples of
olefins are ethylene and a-olefins such as propylene, 1-butene, 1-pentene, 4-methyl-1-
pentene, 1-hexene, 1-octene, 1-nonene, 1-decene and styrene; conjugated and non-
conjugated dienes such as butadiene, 1,4-hexadiene, 5-ethylidene-2-norbornene,
dicyclopentadiene, 4-methyl-1,4-hexadiene and 7-methyl-1,6-octadiene; and cyclic olefins
such as cyclobutene, but is not limited thereto. The a-olefins may optionally contain
heteroatoms, like for example O, N, S and P.

The co-catalyst employed according to the present invention can be an aluminium- or
boron-containing co-catalyst. Suitable aluminium-containing co-catalysts comprise
aluminoxanes and alkyl aluminium. The aluminoxanes usable according to the present
invention are well known and preferably comprise oligomeric linear and/or cyclic alkyl
aluminoxanes represented by the formula: R® — (AIR® —O), — AIR® for oligomeric, linear
aluminoxanes and (- AIR® — O -)n for oligomeric, cyclic aluminoxanes; wherein n is 1-40,
preferably n is 10-20; m is 3-40, preferably m is 3-20 and R® is a C+ to Cs alkyl group and
preferably a methyl group. Further other organoaluminum compounds can be used such
as trimethylaluminum, triethylaluminium, triisopropylaluminum, tri-n-propylaluminum,

triisobutylaluminum, tri-n-butylaluminum, triamylaluminium; dimethylaluminium ethoxide,
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diethylaluminium ethoxide, diisopropylaluminium ethoxide, di-n-propylaluminium
ethoxide, diisobutylaluminium ethoxide and di-n-butylaluminium ethoxide;
dimethylaluminium hydride, diethylaluminium hydride, diisopropylaluminium hydride, di-n-
propylaluminium hydride, diisobutylaluminium hydride, di-n-butylaluminium hydride and

tetra-isobutyl-aluminoxane.

Suitable boron-containing co-catalysts include perfluorophenylboranes and/or
perfluorophenylborates as described for instance by Chen, E., Marks, T.,in Chemical
Reviews 2000, 7100, 1391-1434.

Preferably, the co-catalyst is an organoaluminum co-catalyst. More preferably,
methylaluminoxane (MAOQ) is used as the co-catalyst.

In a preferred embodiment, the catalyst comprises an inorganic support material. When a
support material is present, the support material is preferably an inert support material,
more preferably a porous inert support material. Examples of porous inert support
materials are talc and inorganic oxides. Preferably, the support material is in a finely
divided form.

Suitable inorganic oxide materials include group 2A, 3A, 4A and 4B metal oxides such as
silica, alumina and mixtures thereof. Other inorganic oxides that may be employed either
alone or in combination with the silica or alumina are magnesia, titania, zirconia and the
like. Preferably, the catalyst comprises a support material and the support material is
alumina or silica, more preferably a silica, most preferably a silica having a surface area

between 200 and 900 m?/g and a pore volume between 0.5 and 4 ml/g.

The preferred Al/Zr molar ratio to be employed in the process for preparing the
metallocene complex is between 10 and 1000, more preferably between 50 and 500, most
preferably between 75 and 300.

The elevated temperature for forming the catalyst may be a temperature between 20 and
150 °C, preferably between 40 and 100 °C.
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It is noted that the invention relates to all possible combinations of features described
herein, preferred in particular are those combinations of features that are present in the
claims. It will therefore be appreciated that all combinations of features relating to the
composition according to the invention; all combinations of features relating to the process
according to the invention and all combinations of features relating to the composition
according to the invention and features relating to the process according to the invention

are described herein.

It is further noted that the term ‘comprising’ does not exclude the presence of other
elements. However, it is also to be understood that a description on a product/composition
comprising certain components also discloses a product/composition consisting of these
components. The product/composition consisting of these components may be
advantageous in that it offers a simpler, more economical process for the preparation of
the product/composition. Similarly, it is also to be understood that a description on a
process comprising certain steps also discloses a process consisting of these steps. The
process consisting of these steps may be advantageous in that it offers a simpler, more

economical process.

The invention is now elucidated by way of the following examples, without however being
limited thereto.

Examples
1.1 Synthesis of 2,3-dihydro-1H-cyclopenta[a]naphthalen-1-one, compound of formula (2)

(wherein R1, R2, R3, R4, R7 and R8 all stand for H)

i) Chloropropionyl 0

chloride, AICI5, .
el OO
ii) H,SO,, 90 °C

In a flask equipped with a magnetic stirrer, a solution of naphthalene (50 g, 0.39 mol) in

ethylene dichloride (200 mL) was gradually added to a solution of 3-chloropropionyl
chloride (37. 5 mL, 0.39 mol) and aluminium chloride (65 g) in ethylene dichloride (100 mL)
at room temp. After 2 h of stirring at room temperature, the ethylene dichloride layer was
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poured on 200 g of crushed ice and was extracted with dichloromethane. The combined
organic extract was washed by aq K-COs , dried on sodium sulphate and filtered. Finally
the solvent was evaporated on rota vac under reduced pressure. To the residual oil
obtained, concentrated H.SO4 (100 mL) was added dropwise, and the mixture was heated
at 90° C for 40 min. After being cooled to room temperature, the mixture was poured
slowly on 500 g of crushed ice and the reaction mixture was extracted with DCM. The
combined organic layers were washed with water, saturated aq NaHCOs, brine, dried over
Na>SO4, and filtered, and the volatiles were removed in vacuo (43 g, 61% yield)

1.2 Synthesis of 2-bromo-2,3-dihydro-1H-cyclopenta[a]naphthalen-1-one, compound of
formula (3) (wherein R1, R2, R3, R4, R7 and R8 all stand for H and X is Br)

To a cold THF (25 mL) solution (0°C) of pyridinium tribromide (3.5 g, 0.01 mol), the THF
(25 mL) solution of 2,3-Dihydro-1H-cyclopenta[a]naphthalen-1-one (2 g, 0.01 mol) was
added slowly. Then the temperature was raised to room temperature and the reaction
mixture was stirred for 8 h. A formation of white crystalline solid is observed at the end of
the reaction. To this reaction mass, water (100 mL) was added and the mixture was
extracted with diethyl ether, dried over anhydrous Na>SQO4, filtered and evaporated to
dryness resulting in yellow oil. To the yellow oil ethanol was added and compound was
precipitated at -20 °C to obtain yellow solid 1.9 gm (66% yield).

1.3 Synthesis of 2-Bromo-2,3-dihydro-1H-cyclopenta[a]naphthalen-1-ol, compound of
formula (4) (wherein R1, R2, R3, R4, R7 and R8 all stand for H and X is Br)

(o) Br HO Br

SYEENPYS
w1

Methanol
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To a solution of 2-bromo-2,3-dihydro-1H-cyclopenta[a]naphthalen-1-one (1.5 g, 0.005 mol)
in THF (16 mL) and methanol (8 mL), sodium borohydride (0.23 g, 0.006 mol) was added
slowly at 0 °C. There is evolution of gas from reaction mixture during addition. Then the ice
bath was removed and the reaction was stirred for 1h at room temperature. Finally, a
solution of hydrochloric acid in water (2.5%, 25 mL) was added to the reaction mixture.
Then the reaction mixture was extracted with dichloromethane (2 x 20 mL). The combined
organic phases were dried over sodium sulfate and filtered. The organic solvents were
removed under reduced pressure to give 1.4 g (93% yield) of 2-bromo-2,3-dihydro-1H-
cyclopentala]naphthalen-1-ol.

1.4 Synthesis of 2-Bromo-3H-cyclopenta[a]naphthalene, compound of formula (5) (wherein
R1, R2, R3, R4, R7 and R8 all stand for H and X is Br)

HO Br Br

[ mon
sofr-10¢

To a solution of 2-bromo-2,3-dihydro-1H-cyclopenta[a]naphthalen-1-ol (1.4 g, 0.005 mol) in
warm toluene (10 mL), p-toluenesulfonic acid (0.18 g, 0.0009 mol) was added. The mixture
was heated to reflux for 30 min with Dean-Stark trap to remove water. Then the mixture
was cooled to room temperature and washed with sat Na.COs solution and water. The
organic fraction was dried over anhydrous Na>SQO, filtered and the solvent was removed
under reduced pressure. The residue was purified by flash chromatography on silica gel
60-120 (eluent: hexane/ethyl acetate) to give 0.68 g (52% yield).



10

15

WO 2018/078068 PCT/EP2017/077548
-15-

CLAIMS

1. A process for the preparation of a substituted 2-halo-benzindene compound,
comprising the steps of:
a) Friedel Crafts acylation of an aromatic compound of formula (1) with 3-

chloropropionyl chloride in the presence of a Lewis acid to form a corresponding
acylated compound,

Rz R7

Ri Rs formula (1)

wherein R1, R2, R3, R4, R5, R6, R7, R8 each independently stands for H, a
hydrocarbon radical having 1-20 carbon atoms, a halide, an alkoxy having 1-6 C
atoms, an alkyl sulphide, an amine, a Si or B-containing group or a P-containing
group;

b) cyclization of the acylated compound with a mineral acid to form a

corresponding substituted benzinda-1-one compound of formula (2)
o}
Ra

R3

8

Ry Rz

Rq Rs formula (2)

wherein R1, R2, R3, R4, R7, R8 are as described for formula (1);
c) halogenation of compound of formula (2) with a halogenating agent to form a
corresponding substituted 2-halo-benzinda-1-one compound of formula (3).
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o X
R4
R3 l.
Ry Ry
R Rs formula (3)

wherein R1, R2, R3, R4, R7, R8 are as described for formula (1) and X is halogen;
d) reduction of compound of formula (3) with a reducing agent to form a
corresponding substituted 2-halo-benzinda-1-ol (4)

X

HO
Ra
Rs l.
R2 R7
5 R Rs formula (4)

wherein R1, R2, R3, R4, R7, R8 are as described for formula (1) and X is halogen;
e) dehydration of compound of formula (4) with a dehydration agent to obtain the

substituted 2-halo-benzindene compound of formula (5)
X

R3

g

Rz R7

formula (5).
10

2. The process according to claim 1, wherein R1, R2, R3, R4, R5, R6, R7, R8 each
stands for H.

3. The process according to any one of the preceding claims, wherein X stands for Br.
15
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The process according to any one of the preceding claims, wherein the Lewis acid
is selected from the group consisting of a metal halide, a non-metal halide,
tungstophosphate, clay and sulphonic acid and preferably step a) is performed at a
reaction temperature of 20-30 °C for 1.5 to 4 hours.

The process according to any one of the preceding claims, wherein the mineral
acid is sulphuric acid and preferably step b) is performed at a reaction temperature
of 80-100 °C for 0.5-1 hour.

The process according to any one of the preceding claims, wherein the
halogenating agent is a brominating agent or an iodinating agent and preferably
step c) is performed at a reaction temperature of 20-30 °C for 3-10 hours.

The process according to any one of the preceding claims, wherein the reducing
agent is a hydride and preferably step d) is performed at a reaction temperature of
20-30 °C for 10 minutes to 2 hours.

The process according to any one of the preceding claims, wherein the dehydration
agent is an organic acid or an inorganic acid and preferably step e) is performed at
a reaction temperature of 60-140 °C for 3-10 hours.

A process for the preparation of a metallocene complex comprising the process for
the preparation of the substituted 2-halo-benzindene compound according to any
one of claims 1-8 and providing the metallocene complex from the substituted 2-

halo-benzindene compound.

A process for the preparation of a catalyst for a solution polymerization of olefins,
comprising the process for the preparation of the metallocene complex according
to the claim 9 and

reacting a solution of a co-catalyst in a solvent with the metallocene complex to
form a pre-catalyst solution,

adding the pre-catalyst solution to an inorganic support material to form a pre-
catalyst mixture and

stirring the pre-catalyst mixture at an elevated temperature under vacuum to form

the catalyst.
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11. A process for the preparation of a catalyst for a solution polymerization of olefins,
comprising the process for the preparation of the metallocene complex according
to the claim 9 and
adding a solution of a co-catalyst in a solvent to an inorganic support material to
give a treated support,
adding a metallocene complex to the treated support to give a pre-catalyst mixture
and
stirring the pre-catalyst mixture at an elevated temperature under vacuum to form
the catalyst.
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