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DESCRIPTION

The present invention relates to a process for preparing 
substituted and unsubstituted (2,4-dimethylbiphenyl-3-yl)acetic 
acids and their esters using homogeneous and heterogeneous 
palladium catalysts, and also the intermediates 4-tert-butyl-
2,6-dimethylphenylacetic  acid and 4-tert-butyl-2,6- 
dimethylmandelic acid, and to processes for their preparation.

Biaryl compounds, in particular biphenyl compounds, are 
important intermediates, for example in the preparation of 
pharmaceutical compounds or agrochemicals (see, for example, 
EP-A-835243; WO2004/065366).

A method frequently used for synthesizing biaryls is the Suzuki 
reaction in which iodo- or bromoaromatics and in exceptional 
cases chloroaromatics are reacted with arylboronic acid 
derivatives in the presence of homogeneous and heterogeneous 
palladium catalysts. Reviews describing this method can be 
found, for example, in N. Miyaura, A. Suzuki, Chem. Rev. 1995, 
95, 2457 and Beilina, F. et al., Synthesis 2004, 2419. EP-A- 
1 186 583 teaches the use of supported Pd catalysts.

All homogeneous processes use palladium complexes which are 
expensive or difficult to prepare, or it is required to work in 
the presence of an excess of arylboronic acid to achieve a good 
yield. This not only increases the costs of the process by loss 
of valuable arylboronic acid, but also by more complicated 
purification and isolation processes required to remove excess 
boronic acid and the byproducts formed therefrom, such as 
deboronated aromatics and homocoupling products.

The course of the Suzuki reaction is also influenced decisively 
by the reactivity of the boronic acid or borinic acid used, 
where in particular aromatics deactivated by electron­
withdrawing substituents react more slowly and may give 
homocoupling products. However, this problem is rarely addressed 
in the methodically orientated literature as in most cases the 
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reactions are carried out in a large excess of boronic acid and 
the yields are based only on the conversion of the halogenated 
aromatic. A further disadvantage of the processes described in 
the prior art is thus the competing homocoupling reaction of the 
halogenated aromatics with formation of "symmetrical" biphenyls.

With a view to the disadvantages and problems described above, 
there is an urgent need for a simplified process which can be 
carried out on an industrial scale and in an economic manner for 
the selective Suzuki coupling of substituted and unsubstituted 
phenylacetic acids on an industrial scale and using easily 
accessible and cheap starting materials.

It is an object of the present invention to provide a novel 
process for preparing biaryls which does not have the 
disadvantages of the known processes, is suitable for 
realization on an industrial scale and affords biaryl compounds 
in high yield and purity at optimal catalyst productivity.

It has now been found that substituted and unsubstituted (2,4— 
dimethylbiphenyl-3-yl) acetic acids and their esters of the 
formula (I) are obtained in a surprising high yield and isomeric 
purity by initially reacting 1-tert-butyl-3,5-dimethylbenzene 
with glyoxylic acid or glyoxylic esters of the formula (VI) to 
give 4-tert-butyl-2,6-dimethylmandelic acid and their esters of 
the formula (V) and then reducing these by methods known in 
principle to 4-tert-butyl-2,6-dimethylphenylacetic acid and 
their esters of the formula (IV); these for their part are 
converted by removal of the tert-butyl radical into compounds 
of the formula (III), and bromination gives compounds of the 
formula (II) which are converted into biphenyl compounds of the 
formula (I) using homogeneous and heterogeneous palladium 
catalysts .

The process according to the invention can be illustrated by the 
scheme below:



DK/EP 2451767 T33

(II) (III)

Halogenated phenylacetic acids and their esters are important 
precursors for preparing, for example, biphenyl compounds.

5

10

15

20

25

Feasible methods for synthesizing 4-tert-butyl-2,6- 
dimethylphenylacetic acid may start, for example, with 5-tert- 
butyl-meta-xylene (l-tert-butyl-3,5-dimethylbenzene) . It is 
already known to subject l-tert-butyl-3,5-dimethylbenzene to a 
chloromethylation (Buu-Hoi and P.Cagniant, Bull. soc. chim. 
1942, 889-92; Μ.Crawford and J.H. Magill, J. Chem. Soc. 1957, 
3275-8; Μ. J.Schlatter, US 2,860, 169 (California Research Comp., 
1958)). After cyanation with an alkali metal cyanide, the 
nitrile obtained in this manner can be hydrolyzed to give the 
corresponding phenylacetic acid (Buu-Hoi and P.Cagniant, Bull, 
soc. chim. 1942, 889-92).

This method has the serious disadvantage that it is known 
(Organic Reactions 19 (1972) 422; Ullmann's Encyclopedia of
Industrial Chemistry, 2009, Topic "Ethers") that under the 
conditions of the chloromethylation the highly toxic 
bis(chloromethyl) ether is formed, too. As a consequence, 
technically complicated and expensive precautionary measures 
have to be taken to avoid possible contact with the 
bis(chloromethyl) ether.
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Instead of a chloromethylation, it is also possible to carry out 
a bromomethylation as the first step of this synthesis method. 
However, contact with bis(bromomethyl ether) has to be avoided, 
too .

Another alternative of preparing certain substituted 
phenylacetic acids consists in the acylation of the 
corresponding substituted aromatics in a Friedel-Crafts reaction 
with dichloroacetyl chloride, converting the resulting 2,2- 
dichloro-l-arylethanone with an alkali metal hydroxide into the 
substituted mandelic acid and then ultimately reducing this to 
the phenylacetic acid.

However, it has been found that, in Friedel-Crafts reactions of 
l-tert-butyl-3,5-dimethylbenzene with dichloroacetyl chloride, 
mixtures of mass-isomeric products are formed. These isomeric 
products may be formed either by an unselective reaction of the 
l-tert-butyl-3,5-dimethylbenzene with dichloroacetyl chloride 
or by an isomerization either of the l-tert-butyl-3,5-dimethyl­
benzene or of Friedel-Crafts products in the presence of the 
Friedel-Crafts catalyst.

Accordingly, this synthesis route is not suitable for preparing 
4-tert-butyl-2,6-dimethylmandelic acid and therefrom 4-tert- 
butyl-2,6-dimethylphenylacetic acid in a simple manner with good 
yield and purity.

As substituted phenylacetic acids and their esters including 4- 
tert-butyl-2,6-dimethylphenylacetic acid and its esters are 
important precursors for biphenyl compounds which for their part 
are of importance as precursors for active compounds in crop 
protection, there is a need for a technically simple method for 
preparing 4-tert-butyl-2,6-dimethylphenylacetic acid and its 
esters .

It has now been found that 4-tert-butyl-2,6-dimethylphenylacetic 
acid and its esters of the formula (IV) are obtained in a 
surprisingly high yield and isomeric purity by initially 
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or glyoxylic esters of the formula (VI) to give 4-tert-butyl-
2,6-dimethylmandelic  acid and its esters of the formula (V) and 
then reducing these by methods known in principle to give 4- 
tert-butyl-2,6-dimethylphenylacetic acid and its esters of the 
formula (IV).

Based on the results of the Friedel-Crafts reactions, it was not 
to be expected that the condensation of the l-tert-butyl-3,5- 
dimethylbenzene with glyoxylic acid would take place with such 
a high selectivity and yield.

The process according to the invention can be illustrated by the 
scheme below:

In the formulae (VI), (V) and (IV),

R represents hydrogen, Ci-Cg-alkyl or phenyl,

R' represents hydrogen or Ci-Cg-alkyl,

represents hydrogen or a radical R'CO.

Preferably,

R represents hydrogen or Ci-Cg-alkyl,

R' represents Ci-Cg-alkyl,

R" represents hydrogen or a radical R'CO.

Particularly preferably,
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R represents hydrogen or methyl (especially hydrogen),

R' represents Ci-Cg-alkyl (especially methyl),

R" represents hydrogen or a radical R'CO.

4-tert-Butyl-2,6-dimethylmandelic acid and its esters have 
hitherto not been disclosed. Accordingly, the compounds of the 
formula (V) are novel and form part of the subject matter of the 
present invention. The compounds of the formula (IV) are known 
from the literature.

In the definitions of the symbols given in the formulae above, 
collective terms were used which are generally representative 
for the following substituents:

Halogen: fluorine, chlorine, bromine or iodine.

Alkyl: saturated straight-chain or branched hydrocarbon radicals 
having 1 to 6 carbon atoms, for example Ci-Cg-alkyl such as 
methyl, ethyl, propyl, 1-methylethyl, butyl, 1-methylpropyl, 2- 
methylpropyl, 1,1-dimethylethyl, pentyl, 1-methylbutyl, 2- 
methylbutyl, 3-methylbutyl, 2,2-dimethylpropyl, 1-ethylpropyl, 
hexyl, 1,1-dimethylpropyl, 1,2-dimethylpropyl, 1-methylpentyl, 
2-methylpentyl, 3-methylpentyl, 4-methylpentyl, 1,1- 
dimethylbutyl, 1,2-dimethylbutyl, 1,3-dimethylbutyl, 2,2- 
dimethylbutyl, 2,3-dimethylbutyl, 3,3-dimethylbutyl, 1- 
ethylbutyl, 2-ethylbutyl, 1,1,2-trimethylpropyl, 1,2,2- 
trimethylpropyl, 1-ethyl-l-methylpropyl and l-ethyl-2-methyl- 
propyl.

Suitable solvents for the first step of the process according 
to the invention are inert organic solvents such as, for example, 
methylene chloride, toluene, chlorobenzene, formic acid, acetic 
acid, propionic acid, or water.

Suitable compounds of the formula (VI) are glyoxylic acid, 
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methyl glyoxylate, ethyl glyoxylate, propyl glyoxylate, butyl 
glyoxylate and phenyl glyoxylate.

Preference is given to using glyoxylic acid, methyl glyoxylate 
or ethyl glyoxylate.

Very particular preference is given to glyoxylic acid.

When glyoxylic acid is used, the reaction is preferably carried 
out in a solvent mixture of water and an organic acid such as, 
for example, formic acid, acetic acid or propionic acid. The 
glyoxylic acid can be employed, for example, as a commercial 50% 
strength aqueous solution or as glyoxylic acid hydrate.

Preference is given to a mixture of water and acetic acid or
propionic acid.

Particular preference is given to a mixture of water and acetic
acid.

The amount of glyoxylic acid or glyoxylic acid hydrate to be
used is based on l-tert-butyl-3,5-dimethylbenzene and is from 
0.9 to 2 mol of glyoxylic acid or glyoxylic acid hydrate per 
mole of l-tert-butyl-3,5-dimethylbenzene. Preference is given 
to from 1 to 1.5 mol of glyoxylic acid or glyoxylic acid hydrate 
per mole of l-tert-butyl-3,5-dimethylbenzene.

Suitable catalysts are strong organic acids and inorganic acids, 
such as, for example, para-toluenesulfonic acid, 
trifluoromethanesulfonic acid, phosphoric acid, hydrochloric 
acid or sulfuric acid.

Preference is given to using sulfuric acid.

The acids can be employed in amounts of from 0.1 to 200 mol 
percent based on the amount of glyoxylic acid or glyoxylic acid 
hydrate used. Preference is given to amounts of from 1 to 180 mol 
percent; particular preference is given to amounts of from 5 
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to 150 mol percent.

The first step of the process according to the invention can be 
carried out at temperatures between 0 and 100°C. Preference is 
given to temperatures between 20 and 80 °C.

The reaction times for the first step of the process according 
to the invention are between 1 and 24 hours.

The reaction is usually carried out under atmospheric pressure; 
however, in principle it can also be carried out under elevated 
or reduced pressure.

If the first step of the process according to the invention is 
carried out in the presence of an organic acid such as, for 
example, acetic acid or propionic acid, mixtures of mandelic 
acid and mandelic acid carboxylate, for example mandelic acid 
acetate or mandelic acid propionate, are naturally obtained.

Such a mixture can then be simplified by alkaline or acidic 
hydrolysis to afford the mandelic acid, and this product can 
then be used for the second step of the process according to the 
invention. However, it is also possible to use the mixture of 
mandelic acid and mandelic acid carboxylate in the second step 
of the process according to the invention.

The second step of the process according to the invention can 
be carried out by methods known in principle. Thus, it is 
possible, for example, to reduce mandelic acids on a catalyst 
with hydrogen to give the corresponding phenylacetic acid (see, 
for example, EP-A-554 636).

An alternative is the reduction of mandelic acid with iodide. 
The iodide can be employed, for example, in the form of 
hydroiodic acid (Org. Process Res. & Dev. 1 (1997) 137-48). In 
addition, it is also possible to operate with substoichiometric 
amounts of iodide in the presence of a strong acid and to re­
reduce in situ the iodine formed, using, for example, red 
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The red phosphorus is employed in the second step of the process 
according to the invention in amounts of from 0.67 to 3 mol per 
mole of 4-tert-butyl-2,6-dimethylmandelic acid. Preference is 
given to from 1 to 2 mol per mole of 4-tert-butyl-2,6-dimethyl­
mandelic acid. Excess red phosphorus can be recovered and re­
used .

The iodide source used in the second step of the process 
according to the invention is hydrogen iodide, KI or Nal. In 
principle, it is also possible to use iodine. Preference is 
given to using Nal or KI.

The amount of iodide is from 1 to 30 mol percent (based on 4- 
tert-butyl-2,6-dimethylmandelic acid); preference is given to 
using from 5 to 20 mol percent.

Suitable solvents for the second step of the process according 
to the invention are formic acid, acetic acid, propionic acid, 
etc., mixtures of these solvents, or 70 to 85% strength aqueous 
phosphoric acid. Preference is given to from 70 to 85% strength 
aqueous phosphoric acid and acetic acid; particular preference 
is given to acetic acid.

The strong acid used in the second step of the process according 
to the invention is cone, sulfuric acid, cone, hydrochloric acid 
or 80 to 85% strength aqueous phosphoric acid. Preference is 
given to cone. sulfuric acid and cone, hydrochloric acid. 
Particular preference is given to cone, hydrochloric acid.

If the solvent used is 80 to 85% strength aqueous phosphoric 
acid, the addition of a further acid may naturally be dispensed 
with.

The second step of the process according to the invention can 
be carried out at temperatures between +20 and +120°C.
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The reaction is usually carried out under atmospheric pressure; 
however, in principle it can also be carried out at elevated or 
reduced pressure. The reaction times for the second step of the 
process according to the invention are between 1 and 24 hours.

If the second step of the process according to the invention is 
carried out using iodide, the isolation of the product of the 
first step may also be dispensed with, and both steps may be 
combined in a one-top reaction.

The preparation of 4-tert-butyl-2,6-dimethylphenylacetic acid 
and its esters by the process according to the invention is to 
be illustrated by the preparation examples.

The process for preparing 2, 6-dimethylphenylacetic acid and its 
esters of the formula (III) is characterized in that 4-tert- 
butyl-2,6-dimethylphenylacetic acid and its esters of the 
formula (IV) are reacted in a manner known in principle under 
conditions under which the tert-butyl radical is removed:

in which R has the meanings given above.

In general, this will take place by transferring the tert-butyl 
radical of the 4-tert-butyl-2,6-dimethylphenylacetic acid and 
its esters in the presence of a catalyst to an acceptor.

The acceptor used may be an aromatic hydrocarbon such as, for 
example, toluene, ortho-xylene, meta-xylene, para-xylene, 
ethylbenzene or 1,2,4-trimethylbenzene. Preference is given to 
toluene, ortho-xylene, meta-xylene and para-xylene. Particular 
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preference is given to toluene and meta-xylene.

The acceptor is usually employed in the excess, based on 4-tert- 
butyl-2,6-dimethylphenylacetic acid or its ester. Here, the 
amount of acceptor is from 3 to 50 mol per mole of 4-tert-butyl- 
2, 6-dimethylphenylacetic acid or its ester. Preference is given 
to from 3 to 25 mol per mole.

Suitable catalysts for transferring the tert-butyl radical from 
the 4-tert-butyl-2,6-dimethylphenylacetic acid or its ester to 
the acceptor are, in principle, typical Friedel-Crafts catalysts 
such as Aids, AlBrs, FeCls, HF or strong acidic ion exchangers. 
The reaction is preferably carried out in anhydrous HF.

The anhydrous HF is usually employed in excess, based on 4-tert- 
butyl-2,6-dimethylphenylacetic acid or its ester. Here, the 
amount of anhydrous HF is from 5 to 50 mol per mole of 4-tert- 
butyl-2,6-dimethylphenylacetic acid or its ester; preference is 
given to from 7 to 25 mol per mole.

The transfer of the tert-butyl radical from the 4-tert-butyl- 
2, 6-dimethylphenylacetic acid or its ester to the acceptor can 
be carried out at temperatures between -20 and 150°C. Preference 
is given to temperatures between 0 and 120°C, particularly 
preferably between 30 and 80°C.

The reaction is carried out at pressures from 1 to 100 bar, 
preferably at pressures of from 3 to 20 bar,

The reaction times are between 1 and 24 hours.

The process for preparing 3-bromo-2,6-dimethylphenylacetic acid 
and its esters of the formula (II) takes place by bromination 
of 2,6-dimethylphenylacetic acid and its esters of the formula 
(III) :



DK/EP 2451767 T312

in which R has the meanings given above.

5

10

15

20

25

30

35

Preferably, the bromination is carried out on 2,6- 
dimethylphenylacetic acid or its esters of the formula (III) 
where R = methyl or hydrogen, particularly preferably where 
R = hydrogen.

Suitable for use as solvents for the bromination are customarily 
employed inert organic solvents such as, for example, methylene 
chloride, chloroform, 1,2-dichloroethane, acetic acid or 
propionic acid. Preference is given to methylene chloride, 
acetic acid and propionic acid; particular preference is given 
to acetic acid.

The bromine is usually employed in amounts of from 1 to 2 mol 
per mole of 2,6-dimethylphenylacetic acid or its esters of the 
formula (III) . Preference is given to amounts of from 1.1 to
1.5 mol per mole.

The reaction temperature for the bromination is between 0 and 
100°C. Preference is given to a temperature between 20 and 80°C.

The reaction is usually carried out under atmospheric pressure; 
however, in principle, it can also be carried out at elevated 
or reduced pressure.

The reaction time for the bromination is between 1 and 24 hours.

It may be considered very surprising that, in particular even 
taking into account the results of the analogous chlorination, 
that this bromination affords the 3-bromo-2,6- 
dimethylphenylacetic acid or its esters in such a high 
selectivity and yield (see preparation examples).
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in which

R has the meanings given above,

R2 represents hydrogen, halogen, Ci-Cg-alkyl, C2-C6-alkenyl, C2- 
Cg-alkynyl, Ci-Cg-alkoxy, Ci-Cg-haloalkyl, Ci-Cg-haloalkoxy, 
cyano, nitro, (preferably hydrogen, halogen or Ci-C4-alkyl; 
particularly preferably hydrogen or fluorine, especially 4- 
fluoro)

and 

n represents 0, 1, 2 or 3 (especially 1),

is characterized in that a compound of the formula (II) 

(II)

in which

R has the meanings given above and

X represents halogen (preferably chlorine or bromine; 
particularly preferably bromine) is reacted in the presence of 
a base and a palladium catalyst, if appropriate in a solvent, 
with a compound of the formula (A)
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which may be selected from the following groups:

(a) boronic acid of the formula (A-a) in which

m represents 2,

p represents 1,

Q represents a hydroxyl group, or the anhydrides, dimers and
trimers formed therefrom, and

R2 and n have the meanings given above,

(b) cyclic boronic esters of the formula (A-b) in which

m represents 2,

p represents 1,

Q represents a Ci-C4~alkoxy group, where the two Q substituents 
together with the boron atom to which they are attached via the 
oxygen atom form a 5- or 6-membered ring which may be substituted 
by Ci-C4-alkyl; preference is given to the groupings below:

R2 and n have the meanings given above,

(c) boronates of the formula (A-c) in which
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m represents 3,

p represents 1,

Q represents hydroxy, fluorine, Ci-C4~alkoxy or Cg-Cio-aryloxy and 

where the negative charge of the boron anion is compensated by 
a cation;

R2 and n have the meanings given above,

(d) a diphenylboric acid of the formula (A-d) in which

m represents 1,

p represents 2,

Q represents hydroxy, Ci-C4-alkoxy or Cg-Cio-aryloxy and

R2 and n have the meanings given above,

(e) a triarylborate salt of the formula (A-e), in which

m represents 0,

p represents 3 and

R2 and n have the meanings given above,

(f) a difluoroborate salt of the borinic acid of the formula 
(A-f), in which 

m represents 2, 

p represents 2,

Q represents fluorine, 
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where the negative charge of the boron anion is compensated by 
a cation,

R2 and n have the meanings given above,

(g) a tetraarylborate salt of the formula (A-g), in which

m represents 0,

p represents 4,

where the negative charge of the boron anion is compensated by 
a cation;

R2 and n have the meanings given above,

The reaction of the boron compounds is preferably carried out 
in the presence of at least one solvent selected, for example, 
from the group consisting of water, aliphatic ethers, optionally 
halogenated aromatic or aliphatic hydrocarbons, alcohols, 
esters, aromatic or aliphatic nitriles and dipolar aprotic 
solvents such as dialkyl sulfoxides, N,N-dialkylamides of 
aliphatic carboxylic acids or alkylated lactams.

Particular preference is given to solvents selected from the 
group consisting of THF, dioxane, diethyl ether, diglyme, methyl 
tert-butyl ether (MTBE), tert-amyl methyl ether (TAME), dimethyl 
ether (DME), 2-methyl-THF, acetonitrile, butyronitrile, 
toluene, xylenes, mesitylene, anisol, ethyl acetate, isopropyl 
acetate, methanol, ethanol, propanol, butanol, ethylene glycol, 
ethylene carbonate, propylene carbonate, N,N-dimethylacetamide, 
N,N-dimethylformamide, N-methylpyrrolidone, water and mixtures 
of these.

Very particular preference is given to mixtures with the 
environmentally friendly solvent water.

Moreover, it has been observed that the addition of small amounts 
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of water to the organic solvents contributes to a substantial 
suppression of the competing homocoupling reaction.

However, owing to the solubilities of the starting materials and 
the products formed, it is generally not possible to dispense 
entirely with the presence of a solvent. Accordingly, the 
organic solvents are preferably used as cosolvents.

The solvent mixtures according to the invention may comprise 
from 0.1 to 95% by volume and preferably from 1 to 60% by volume 
of water, based on the mixture of water and the organic solvent.

Since an acid is formed in the reaction, it is advantageous to 
scavenge the acid formed by addition of a base. The base may 
either be present from the beginning or metered in continuously 
during the reaction (semi-batch process).

Suitable bases in accordance with the present invention are, for 
example, primary, secondary and tertiary amines such as, for 
example, alkylamines, dialkylamines, trialkylamines, which may 
be cyclic or open-chain; alkali metal and alkaline earth metal 
salts of aliphatic and/or aromatic carboxylic acids, such as 
acetates, propionates or benzoates; alkali metal and alkaline 
earth metal carbonates, bicarbonates, phosphates, 
hydrogenphosphates and/or hydroxides; and also metal alkoxides, 
in particular alkali metal or alkaline earth metal alkoxides, 
such as, for example, sodium methoxide, potassium methoxide, 
sodium ethoxide, magnesium methoxide, calcium ethoxide, sodium 
tert-butoxide, potassium tert-butoxide or alkali metal 
isoamylates. Preferably, the base is a carbonate, hydroxide or 
phosphate of lithium, sodium, potassium, calcium, magnesium or 
cesium. Particular preference is given to NaOH, KOH, potash and 
soda .

In addition to the neutralization of the acid formed, the base 
employed may also have a positive effect on the course of the 
reaction by activating the arylboronic acid to anionic boronate 
species. In addition to the bases mentioned above, such an 



DK/EP 2451767 T318

5

10

15

20

25

30

35

activation may also be achieved by addition of fluoride salts 
such as, for example, CaF, NaF, KF, LiF, CsF or TBAF.

Suitable for use as catalytically active palladium catalysts or 
precatalysts are any palladium (11) compounds, palladium(O) 
compounds and palladium on any customary inorganic carrier 
material such as, for example, alumina, silica, zirconia, 
titanium dioxide or carbon, particularly preferably palladium 
on activated carbon. For the present process, it was found that 
an amount of from 0.0001 to 5 mol% of the catalytically active 
metal compound (calculated for the metal), preferably from 0.001 
to 3 mol%, based on the starting material, is sufficient.

The palladium catalysts employed are generally generated in situ 
from at least one palladium (11) salt or a palladium(O) compound 
and the appropriate phosphine ligands. However, they may also 
be employed directly as palladium(0) compound without any 
reduction of the initial catalytic activity.

The heterogeneous palladium catalyst can be used as water-moist 
or dry powder or as water-moist or dry powder compressed to 
shaped articles.

Suitable palladium sources are, for example, selected from the 
group consisting of palladium trifluoroacetate, palladium 
f luoracetylacetonate, Pd(OAc)2, Pd (OCOCH2CH3) 2, Pd(OH)2, PdC12, 
PdBr2, Pd(acac)2 (acac = acetylacetonate) , Pd(NOs)2, Pd(dba)2, 
Pd2dbas (dba = dibenzylideneacetone), Pd (CH3CN) 2CI2, Pd (PhCN) 2CI2, 
Li[PdC14], Pd/C or palladium nanoparticles.

A preferred embodiment provides the use of methyl-di (C3-8- 
alkyl) phosphine or tri(Cs-s-alkyl) phosphine ligands branched in 
the alkyl moiety or salts thereof, particularly preferably of 
methyl-di (tert-butyl)phosphine and tri (tert-butyl)phosphine as 
ligand.

The trialkylphosphine may also be employed as trialkylphos­
phonium salt such as, for example, as tetrafluoroborate (Org.
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Lett. 2001, 3, 4295), perchlorate or hydrogensulfate and 
released therefrom in situ using a base.

The molar ratio of palladium to phosphine ligand should be 
between 4:1 and 1:100 and as preferably between 1:1 and 1:5, 
particularly preferably between 1:1 and 1:2.

However, according to the invention, it has also been possible 
to employ Pd[P(t-But) 3] 2, the preparation of which is described 
in (JACS 1976, 98, 5850; JACS 1977, 99, 2134; JACS 2001, 123, 
2719), directly.

When carrying out the reaction, the catalyst system (Pd + ligand) 
can be added jointly or separately, either at room temperature 
or at elevated temperature. The system may be prepared 
separately shortly before the reaction by combining a Pd salt 
and the ligand (in situ process) , or it may be added in 
crystalline form. It is also possible to add first the ligand 
and then the palladium salt directly to the reaction.

According to the present invention, the halogenated aromatics 
of the formula (II) and the boron compounds of the formulae (A- 
a) to (A-c) are employed in an equimolar ratio. However, 
alternatively, one of the two components (II or A), preferably 
the boron compounds (A-a) to (A-c), may be employed in excess. 
It is also possible to carry out the reaction in a meter- 
controlled manner, where one of the two reaction components is 
slowly metered in during the reaction. For this purpose, use is 
preferably made, for example, of a solution of the boronic acid 
or the boronate, while the halogen component, the catalyst and, 
if appropriate, the base are initially charged.

From the boron compounds of the formulae (A-d) and (A-f), from 
0.5 to 0.7 equivalents (preferably 0.55 equivalents), based on 
the compound of the formula (II), are employed.

From the boron compounds of the formula (A-e) , from 0.3 to 0.5 
equivalents (preferably 0.35 equivalents), based on the compound 
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From the boron compounds of the formula (A-g), from 0.25 to 0.4 
equivalents (preferably 0.3 equivalents), based on the compound 
of the formula (II), are employed.

The reaction is generally carried out at a temperature between 
10 and 200°C, preferably between 20 and 140°C, and at a pressure 
of up to 100 bar, preferably at a pressure between atmospheric 
pressure and 40 bar.

The reaction is preferably carried out with exclusion of 
atmospheric oxygen under an atmosphere of protective gas, for 
example under an argon or nitrogen atmosphere.

Owing to the catalyst activities and stabilities, it is possible 
to use extremely small amounts of catalyst in the process 
according to the invention, so that the catalyst costs, compared 
to the known Suzuki reactions, are not limited for the process 
in question.

In the process according to the invention, catalyst contents of 
from 0.0001 to 5 mol%, particularly preferably < 0.1 mol%, based 
on the halogen component, are used.

Owing to the small amounts of catalyst, in most cases, the 
catalyst may remain in the end product. However, alternatively, 
there may also be a purification of the biaryls obtained by 
filtration, for example through celite.

Boronic acids of the formula (A-a) in which

m represents 2,

p represents 1,

Q represents a hydroxyl group and
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R2 and n have the meanings given above

can be obtained by reacting arylmagnesium halides (Grignard 
reagents) with trialkyl borates, preferably in a solvent such 
as, for example, THF. To suppress the competing formation of 
arylborinic acids, the reaction has to be carried out at low 
temperatures (-60°C) and excess reagents have to be avoided, as 
described in R.M. Washburn et al., Organic Syntheses Collective 
Vol. 4, 68 or in Boronic Acids, Edited by Dennis G. Hall, Wiley- 
VCH 2005, p.28ff.

Cyclic boronic esters of the formula (A-b), in which

m represents 2,

p represents 1,

Q represents in each case a Ci-C4~alkoxy group, where the two Q 
atoms together with the boron atom to which they are attached 
via the oxygen atom form a 5- or 6-membered ring may be 
substituted by Ci-C4-alkyl, can be prepared as described in 
Boronic Acids, Edited by Dennis G. Hall, Wiley-VCH 2005, p.28ff.

Boronates of the formula (A-c) in which

m represents 3,

p represents 1,

Q represents hydroxyl, fluorine, Ci-C4-alkoxy or Cg-Cio-aryloxy 
(preferably, Q represents fluorine) and

R2 and n have the meanings given above,

where the negative charge of the boron anion is compensated by 
a cation, which is illustrated by the formula below:
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can be obtained as described in J.P. Genet et., Chem. Rev. 2008, 
108, 288-325.

In the context of the present invention, the boronates of the 
general formula (A-c) contain a cation (M+) selected from alkali 
metals and alkaline earth metals such as, for example, Li, Na, 
K, Cs, Mg, Ca and Ba or from tetraalkylammonium cations such as, 
for example, NMe4+, NEt4+, NBu4+ or from trialkylammonium cations 
such as HNEta+ or MgX+, preferably Na, K, Mg.

Diphenylborinic acid of the formula (A-d), in which 

m represents 1, 

p represents 2,

Q represents hydroxyl, Ci-C4-alkoxy or Cg-Cio-aryloxy and

R2 and n have the meanings given above, 

can be obtained by reacting optionally substituted 
phenylmagnesium halide with trialkyl borate, as described in 
scheme 1.

Scheme 1

(A-d)

R2 has the meanings given above,
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Hal represents chlorine, bromine, iodine.

A particularly preferred starting material is bis(4- 
fluorophenyl)borinic acid.

This step of the process can be carried out at temperatures 
between 10 and 70°C; preference is given to temperatures between 
15 and 55°C.

Triarylborate salts of the formula (A-e), in which

m represents 0,

p represents 3 and

R2 and n have the meanings given above

can be described as in H.C. Brown et al. J. Organomet. Chem. 
1988, 73, and in H.C. Brown et al. "Borane reagents", Harcourt 
Brace Jovanovich, Publishers, (1988).

Difluoroborate salts of borinic acid of the formula (A-f), in 
which

m represents 2,

p represents 2,

Q represents fluorine,

where the negative charge of the boron anion is compensated by 
a cation selected from alkali metals and alkaline earth metals 
such as, for example, Li, Na, K, Cs, Mg, Ca and Ba or from 
tetraalkylammonium cations such as, for example, NMe4+, NEt4+, 
NBu4+ or from trialkylammonium cations such as HNEts4 or MgX+, 
preferably Na, K, Mg,

R2 and n have the meanings given above, 
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can be obtained as described in T. Ito et al., Synlett 2003, No.
10, 1435-1438.

Tetraarylborate salts of the formula (A-g), in which 

m represents 0,

p represents 4,

R2 and n have the meanings given above, 

where the negative charge of the boron anion is compensated by 
a cation selected from alkali metals and alkaline earth metals 
such as, for example, Li, Na, K, Cs, Mg, Ca and Ba or from 
tetraalkylammonium cations such as, for example, NMe4+, NEt4+, 
NBu4+ or from trialkylammonium cations such as HNEtshor MgX+, 
preferably Na, K, Mg,

can be obtained as described in J. Serwatowski et al., 
Tetrahedron Lett. 2003, 44, 7329.

The general or preferred radical definitions or illustrations 
given above can be combined with one another as desired, i.e. 
including combinations between the respective ranges and 
preferred ranges.

The compounds of the formulae (I), (II), (HI) and (IV) are
known from the prior art, for example WO 97/36868, 
WO 2005/016873, WO 2008/067911, Recueil des Travaux Chimiques 
des Pays-Bas et de la Belgique, 79, 1960, 1211-1222, Acta Chemica 
Scandinavica, 17, 5, 1963, 1252-1261, Bulletin de la Societe 
Chimique de France, 9, 1942, 889-892) .

The preparation of the biphenyl compounds by the process 
according to the invention is to be illustrated by the 
preparation examples.
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Preparation examples

Example 1: 4-tert-Butyl-2,6-dimethylmandelic acid acetate
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A mixture of 89 g of 50% aqueous glyoxylic acid solution 
[0.6 mol], 400 ml of glacial acetic acid and 81.1 g [0.5 mol] 
of l-tert-butyl-3,5-dimethylbenzene is initially charged. 
Starting at room temperature, 85.8 g of 96% strength sulfuric 
acid [0.84 mol] are added dropwise over a period of 15 minutes, 
during which time the temperature of the reaction mixture 
increases to about 35°C. The mixture is heated to 60°C and 
stirred at this temperature for 9 hours. The cooled reaction 
mixture is then stirred into 750 ml of ice-water. The mixture 
is extracted three times with in each case 150 ml of methylene 
chloride, the combined organic phases are washed with 100 ml of 
saturated aqueous NaCl solution, dried over sodium sulfate and 
concentrated under reduced pressure. This gives 136.7 g of a 
yellowish thick oil, which, according to GC/MS(sil.), has the 
following composition:

2.6 area% of l-tert-butyl-3,5-dimethylbenzene (4.4% of the 
starting material employed)

23.7 area% of 4-tert-butyl-2,6-dimethylmandelic acid (27.4% of 
theory) 

67.2 area% of 4-tert-butyl-2,6-dimethylmandelic acid acetate
(66% of theory)

Comparative example 1: 1-(4-tert-Butyl-2,6-dimethylphenyl)-2,2- 
dichloroethanone
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4.06 g [25 mmol] of 5-tert-butyl-2,6-dimethylbenzene and 4 g 
[27 mmol] of dichloroacetyl chloride are initially charged in 
25 ml of carbon disulfide. With exclusion of atmospheric 
moisture, 10 g [75 mmol] of AlCls are then added a little at a 
time at 10-15°C over a period of about 25 minutes. The mixture 
is then stirred at 10-15°C for 2 hours, allowed to warm to room 
temperature and stirred for a further 2 hours. The reaction 
mixture is diluted with about 50 ml of methylene chloride and 
stirred into ice-water. The phases are separated, the aqueous 
phase is extracted with 30 ml of methylene chloride, the 
combined organic phases are washed with 25 ml of saturated 
aqueous NaCl solution, dried over sodium sulfate and 
concentrated under reduced pressure. This gives 6.4 g of a brown 
oil which, according to GC/MS, comprises 7.9 area% of 1-(4- 
tert-butyl-2,6-dimethylphenyl)-2,2-dichloroethanone (7.4% of 
theory) .

Example 2: 4-tert-Butyl-2,6-dimethylmandelic acid

0

Me
Me

Me

127.4 g of a mixture comprising 64.2 area% of 4-tert-butyl-2,6- 
dimethylmandelic acid acetate and 24.8 area% of 4-tert-butyl-
2,6-dimethylmandelic  acid are initially charged in 335 ml of 
water. The mixture is heated to 65°C, and at 75-80°C, 163.7 g 
of 45% strength aqueous sodium hydroxide solution are then added 
dropwise. After 4 hours at 80°C, the mixture is allowed to cool 
to room temperature, 196 g of 48% strength sulfuric acid are 
added dropwise, the suspension is stirred with 500 ml of water, 
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the solid is filtered off with suction and washed four times 
with in each case 100 ml of water. After drying, about 100 g of 
a solid remain.

1H-NMR (ds-DMSO): δ = 1.24 (s, 9H), 2.30 (s, 6H), 5.35 (s, 1H), 
6.98 (s, 2H) ppm.

m.p.:120.5-122°C

Example 3: 4-tert-Butyl-2,6-dimethylphenylacetic acid

o

Me.

OH
.Me

MeMe'
Me

A mixture of 47.2 g of 4-tert-butyl-2,6-dimethylmandelic acid 
[0.2 mol], 21.7 g of 37% strength hydrochloric acid, 9.3 g of 
red phosphorus and 3.3 g of KI in 150 ml of glacial acetic acid 
is heated at 100°C for 16 hours. The excess of phosphorus is 
filtered off with suction and washed three times with in each 
case 70 ml of glacial acetic acid. The filtrate is substantially 
concentrated on a rotary evaporator at a bath temperature of 
50°C/60 mbar. The resulting residue is stirred in 180 ml of 
water and, by addition of about 215 g of 10% strength aqueous 
sodium hydroxide solution, dissolved. This solution is extracted 
twice with in each case 150 ml of methyl tert-butyl ether (MTBE) 
and then adjusted to pH 1 using 48% strength sulfuric acid. The 
precipitated solid is filtered off with suction, washed four 
times with in each case 50 ml of water and dried. This gives 
37.2 g of 4-tert-butyl-2,6-dimethylphenylacetic acid in a purity 
of 99.1 GC area% (yield about 83.6% of theory).

1H-NMR (ds-DMSO) : δ = 1.29 (s, 9H), 2.33 (s, 6H), 3.68 (s, 2H) ,
7.05 (s, 2H) ppm.

m.p.:163.5-164.5°C
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A mixture of 2.89 g of 4-tert-butyl-2,6-dimethylmandelic acid 
and 7.75 g of 4-tert-butyl-2,6-dimethylmandelic acid acetate, 
4.5 g of 37% strength hydrochloric acid, 1.86 g of red 
phosphorus and 0.66 g of KI in 30 ml of glacial acetic acid is 
heated at 100°C for 16 hours. Excess phosphorus is filtered off 
with suction and washed three times with in each case 10 ml of 
glacial acetic acid. The filtrate is substantially concentrated 
on a rotary evaporator at a bath temperature of 50°C/60 mbar. 
The resulting residue is diluted with 25 ml of water and, by 
addition of 10% strength aqueous sodium hydroxide solution, 
dissolved. This solution is extracted twice with in each case 
20 ml of MTBE and then adjusted to pH 1 using 48% strength 
sulfuric acid. The resulting greasy solid is taken up in 
methylene chloride. This solution is extracted with 25 ml of 
water, dried over sodium sulfate and concentrated using a rotary 
evaporator. This gives 7.66 g of 4-tert-butyl-2,6- 
dimethylphenylacetic acid in a purity of 99.0 GC area% (yield 
about 86% of theory).

Example 5: 2,6-Dimethylphenylacetic acid

o

16.52 g [75 mmol] of 4-tert-butyl-2,6-dimethylphenylacetic acid 
and 100 ml of toluene are initially charged in a 250 ml 
autoclave. After cooling to 0°C, 40 ml of HF are added and the 
autoclave is closed. The reaction mixture is then stirred at 38- 
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40°C for 4 hours. Toluene and HF are then distilled off at 
20°C/100 mbar. The residue is diluted with 65 ml of water and, 
with ice-cooling, made alkaline using 100 ml of 10% strength 
aqueous sodium hydroxide solution. The solution is extracted 
once with 65 ml of MTBE and once with 35 ml of MTBE, the aqueous 
phase is then, with ice-cooling, adjusted to pH 1 using 32% 
strength hydrochloric acid, then precipitate formed is dissolved 
in 130 ml of methylene chloride, the organic phase is dried and 
the solvent is removed under reduced pressure. This gives 
11.91 g of a white solid which, according to GC(sil.), comprises 
95.8% of 2,6-dimethylphenylacetic acid (92.6% of theory).

Example 6: 3-Bromo-2,6-dimethylphenylacetic acid

o

At 45°C, a solution of 62.5 g [391 mmol] of bromine in 120 ml 
of glacial acetic acid is added dropwise over a period of 1 hour 
to a solution of 47.6 g [290 mmol] of 2,6-dimethylphenylacetic 
acid in 300 ml of glacial acetic acid. The reaction mixture is 
then stirred at 45°C for another 16 hours and concentrated on a 
rotary evaporator. The solid obtained is stirred in 180 ml of 
methylcyclohexane at room temperature for 4 hours. After 
filtration, the residue is washed twice with in each case 60 ml 
of methylcyclohexane and then dried. This gives 64.9 g of a 
solid. GC(sil.) analysis: 97.7% pure (89.9% of theory).

Example 7: 3-Bromo-2,6-dimethylphenylacetic acid

o

At 45°C, a solution of 8.5 kg [53.2 mol] of bromine in 10 1 of 
glacial acetic acid is added dropwise to a solution of 6.86 kg 
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[40.45 mol] of 2, 6-dimethylphenylacetic acid in 40 1 of glacial 
acetic acid. The reaction mixture is then stirred at 45°C for 
another 16 hours and concentrated on a rotary evaporator. The 
solid obtained is stirred in 10 1 of cyclohexane at room 
temperature. After filtration, the residue is washed a little 
at a time with 10 1 of cyclohexane and then dried. This gives 
8.43 kg of a solid.

GC analysis: 99.3% pure (85.3% of theory).

Example 8: Methyl 3-bromo-2,6-dimethylphenylacetate

At about 15°C, a solution of 3.67 kg [23 mol] of bromine in 9 1 
of glacial acetic acid is added dropwise to a solution of 
3.175 kg [17.82 mol] of methyl 2, 6-dimethylphenylacetate in 18 1 
of glacial acetic acid. The mixture is then stirred at 15°C for 
another 2.5 hours, in order to warm to room temperature and 
stirred at room temperature for 48 hours. The reaction mixture 
is poured into 170 1 of ice-water and extracted twice with in 
each case 60 1 of methylene chloride. After removal of the 
solvent, 4 kg of a residue remain which, according to GC/MS, 
comprise 81.2% of methyl 3-bromo-2,6-dimethylphenylacetate 
(70.9% of theory) .

Comparative example 2: 3-Chloro-2,6-dimethylphenylacetic acid

o

At 10-15°C, 9.22 g [130 mmol] of chlorine gas are slowly 
introduced into a solution of 16.4 g [100 mmol] of 2,6- 
dimethylphenylacetic acid in 100 ml of glacial acetic acid. The 
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reaction mixture is then stirred at room temperature for 16 
hours and then poured into 500 ml of water. The precipitated 
solid is filtered off with suction, washed with water and dried. 
This gives 18.8 g of a white solid which, according to GC(sil.), 
has the following composition: 86.4% of 3-chloro-2,6- 
dimethylphenylacetic acid (corresponds to a yield of 81.8% of 
theory), 8.8% of dichloro-2,6-dimethylphenylacetic acid (isomer 
1), 3.8% of dichloro-2,6-dimethylphenylacetic acid (isomer 2).

Preparation of (4'-fluoro-2,4-dimethylbiphenyl-3-yl)acetic acid 
from 4-fluorophenylboronic acid

With exclusion of oxygen, 101.6 g [415 mmol] of (3-bromo-2,6- 
dimethylphenyl) acetic acid, 59.26 g [415 mmol] of 4- 
fluorophenylboronic acid and 2.67 g [8.29 mmol] of n- 
tetrabutylammonium bromide are suspended in a mixture of 74.1 g 
[833 mmol, 45% strength] of sodium hydroxide solution and 210 g 
of water under argon. 218 mg [0.205 mmol] of palladium on carbon 
[10%] are added, and the reaction mixture is stirred at 90°C for 
12 hours. After the reaction has ended (monitored by GC) , the 
reaction mixture is cooled to about 40°C and 22.8 g of sodium 
hydroxide solution [45% strength] and 50 g of cyclohexane are 
added. The organic phase is separated off at 40°C and 
concentrated under reduced pressure. This gives 312 mg of 4,4'- 
difluorobiphenyl.

The aqueous phase is admixed with 200 g of toluene and then 
adjusted to pH 1.25 using 32% strength hydrochloric acid. The 
suspension is heated to 65°C, and the organic phase is separated 
off at this temperature. The aqueous phase is extracted at 65°C 
with 200 g of toluene, and the combined organic phases are then 
filtered through Celite, the Celite is washed with 100 g of 
toluene and the filtrate is cooled to about 5°C. The precipitated 
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solid is filtered off with suction and washed with pre-cooled 
toluene and dried. This gives 101.2 g [98.6% pure, 93% of theory] 
of 4'-fluoro-2,4-dimethylbiphenyl-3-yl)acetic acid.

1H-NMR (ds-DMSO): δ = 2.11 (s, 3H), 2.29 (s, 3H), 3.68 (s, 2H), 
6.97-7.30 (m, 6H), 12.36 (s, 1H) ppm.

Preparation of (4'-fluoro-2,4-dimethylbiphenyl-3-yl)acetic acid 
from 4-fluorophenyltrifluoroborate potassium salt

With exclusion of oxygen, 4.50 g [18.34 mmol] of (3-bromo-2, 6- 
dimethylphenyl) acetic acid, 3.94 g [19.48 mmol] of 4- 
fluorophenyltrifluoroborate potassium salt and 59.2 mg 
[0.18 mmol] of n-tetrabutylammonium bromide are suspended in a 
mixture of 3.43 g [38.61 mmol, 45% strength] of sodium hydroxide 
solution, 4 g of n-butanol and 20 g of water under argon. 9.78 mg 
of palladium on carbon [10%] are added, and the reaction mixture 
is stirred at 84°C for 12 hours. After the reaction has ended 
(monitored by GC) , the reaction mixture is cooled to room 
temperature and 5 g of water and 40 g of ethyl acetate are added. 
Using 32% strength hydrochloric acid, the pH of the mixture is 
adjusted to 2, and the mixture is then filtered through Celite. 
The organic phase is separated off and the aqueous phase is 
extracted with ethyl acetate. The combined organic phases are 
dried and concentrated. This gives 3.8 g of a white solid which, 
according to GC-MS, has the following composition: 94.1% of (4'- 
fluoro-2,4-dimethylbiphenyl-3-yl)acetic acid and 3.4% of (3- 
bromo-2,6-dimethylphenyl) acetic acid.

Preparation of (4'-fluoro-2,4-dimethylbiphenyl-3-yl)acetic acid 
from bis(4-fluorophenyl)borinic acid

With exclusion of oxygen, 6 g [24.5 mmol] of (3-bromo-2,6- 
dimethylphenyl) acetic acid, 3 g [13.5 mmol] of bis (4- 
f luorophenyl) borinic acid and 79 mg [0.24 mmol] of n- 
tetrabutylammonium bromide are suspended in a mixture of 4.58 g 
[51 mmol, 45% strength] of sodium hydroxide solution, 3.24 g of 
n-butanol and 20 g of water under argon. 13 mg [0.012 mmol] of 
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palladium on carbon [10%] are added, and the reaction mixture 
is stirred at 85°C for 12 hours. After the reaction has ended 
(monitored by GC), the reaction mixture is cooled to RT and 10 g 
of water and 50 g of ethyl acetate are added. The pH of the 
mixture is adjusted to 1.5 using 32% strength hydrochloric acid. 
The organic phase is separated off and the aqueous phase is 
extracted with ethyl acetate. The combined organic phases are 
dried and concentrated. This gives 6.81 g of (4'-fluoro-2,4- 
dimethylbiphenyl-3-yl) acetic acid [89.8% pure, 96.4% of theory].

Preparation of (4'-fluoro-2,4-dimethylbiphenyl-3-yl)acetic acid 
from difluoro[bis(4-fluorophenyl)]borate potassium salt

With exclusion of oxygen, 2.9 g [11.85 mmol] of (3-bromo-2,6- 
dimethylphenyl) acetic acid, 1.98 g [7.1 mmol] of 
difluoro[bis(4-fluorophenyl)]borate potassium salt and 38.2 mg 
[0.12 mmol] of n-tetrabutylammonium bromide are suspended in a 
mixture of 2.21 g [24.88 mmol, 45% strength] of sodium hydroxide 
solution, 2.3 g of n-butanol and 12 g of water. 6.3 mg 
[0.006 mmol] of palladium on carbon [10%] are added, and the 
reaction mixture is stirred at 85°C for 12 hours. After the 
reaction has ended (monitored by GC) , the reaction mixture is 
cooled to RT and 7 g of water and 40 g of ethyl acetate are 
added. The pH of the mixture is adjusted to 1.5 using 32% 
strength hydrochloric acid. The organic phase is separated off 
and the aqueous phase is extracted with ethyl acetate. The 
combined organic phases are dried and concentrated. This gives 
3 g of (4'-fluoro-2,4-dimethylbiphenyl-3-yl)acetic acid [98% of 
theory] .

Preparation of (4'-fluoro-2,4-dimethylbiphenyl-3-yl)acetic acid 
from sodium tetrakis(4-fluorophenyl)borate dihydrate

With exclusion of oxygen, 350 mg [1.44 mmol] of (3-bromo-2,6- 
dimethylphenyl) acetic acid, 198 mg [0.43 mmol] of sodium 
tetrakis(4-fluorophenyl)borate dihydrate and 4.6 mg 
[0.014 mmol] of n-tetrabutylammonium bromide are suspended in a 
mixture of 268 mg [3.02 mmol, 45% strength] of sodium hydroxide 
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solution, 405 mg of n-butanol and 2 g of water under argon. 
1.53 mg of palladium on carbon [10%] are added, and the reaction 
mixture is stirred at 90°C for 12 hours. After the reaction has 
ended (monitored by GC) , the reaction mixture is cooled to RT

5 and 1 g of water and 20 g of ethyl acetate are added. The pH of 
the mixture is adjusted to 1.5 using 32% strength hydrochloric 
acid and the mixture is then filtered through Celite. The organic 
phase is separated off and the aqueous phase is extracted with 
ethyl acetate. The combined organic phases are dried and 

10 concentrated. This gives a white solid which, according to GC-
MS, has the following composition: 1.6% of 4,4'-
difluorobiphenyl, 0.78% of (2,6-dimethylphenyl)acetic acid and 
96.44% of (4'-fluoro-2,4-dimethylbiphenyl-3-yl)acetic acid [98% 
of theory].
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Patentkrav

1. Fremgangsmåde til fremstilling af forbindelser med formlen

(IV)5

10

15

20

25

r
i hvilken R står for hydrogen, Ci-Cg-alkyl eller phenyl, 
kendetegnet ved, at man omsætter 4-tertiærbutyl-3,5- 
dimethylbenzen med forbindelser med formlen (VI)
OHC-COOR (VI),
i hvilken R har de ovenfor anførte betydninger,
i givet fald i nærvær af R'-COOH, hvorved R' står for hydrogen 
eller Ci-Cg-alkyl, til forbindelser med formlen (V)

(V)
r

i hvilken R har de ovenfor anførte betydninger, og R" står for 
hydrogen eller en rest R' CO,
og derefter reducerer denne forbindelse.

2. Fremgangsmåde ifølge krav 1, hvorved
R står for hydrogen eller Ci-Cg-alkyl,
R' for Ci-Cg-alkyl,
R'' for hydrogen eller en rest R'CO.

3. Fremgangsmåde ifølge krav 1, hvorved R står for hydrogen 
eller methyl,
R' for Ci-Cg-alkyl,
R'' for hydrogen eller en rest R'CO.
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4 .
R
R'

5.

Fremgangsmåde ifølge krav 1, hvorved 
står for hydrogen, 
for methyl,
for hydrogen eller en rest R'CO.

5

10

15

20

Forbindelser med formlen (V)
-COOR

H,C.

P"n

CH.

H,C

i hvilken R og R" har de ovenfor anførte betydninger.

6. Fremgangsmåde til fremstilling af forbindelser med formlen 
(I), kendetegnet ved, at man ifølge krav 1 omsætter 1- 
tertiærbutyl-3,5-dimethylbenzen med forbindelser med formlen 
(VI) til forbindelser med formlen (V) og derefter reducerer 
disse til forbindelser med formlen (IV); disse omsættes igen ved 
afspaltning af tert.-butylresten til forbindelser med formlen 
(III), og ved bromering får man forbindelser med formlen (II), 
som under anvendelse af forbindelser med formlen (A) i nærvær 
af en base og en palladium-katalysator, i givet fald i et 
opløsningsmiddel, omsættes til biphenylforbindelser med formlen 
(I) :
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di) (Hi)

5

10
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20

25

r
i hvilken
R står for hydrogen, Ci-Cg-alkyl eller phenyl,
R' og R'' har de ovenfor anførte betydninger,
R2 står for hydrogen, halogen, Ci-Cg-alkyl, C2-Cg-alkenyl,
C2-Cg-alkinyl, Ci-Cg-alkoxy, Ci-Cg-halogenalkyl, Ci-Cg- 
halogenalkoxy, cyano, nitro,
n står for 0, 1, 2 eller 3,
og
A kan være udvalgt fra følgende grupper:
(a) boronsyre med formlen (A-a), i hvilken
m står for 2,
p står for 1,
Q står for en hydroxylgruppe eller de deraf dannede
anhydrider, dimerer og trimerer, og
R2 og n har de ovenfor anførte betydninger,
(b) cykliske boronsyreestere med formlen (A-b), i hvilken
m står for 2,
p står for 1,
Q står for en Ci-C4~alkoxygruppe, hvorved de to Q-
substituenter sammen med boratomet, med hvilket de er forbundet 
via oxygenatomet, danner en 5- eller 6-leddet ring, der kan være 
substitueret af Ci-C4-alkyl,
R2 og n har de ovenfor anførte betydninger,
(c) boronater med formlen (A-c), i hvilken
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5

10

15

20

25

hvilken

m står for 3,
P står for 1,
Q står for hydroxy, fluor, Ci-C4-alkoxy eller Cg-Cio-
aryloxy, og
hvorved den negative ladning af boranionen kompenseres ved hjælp
af en. kation;
R2 og n har de ovenfor anførte betydninger,
(d) en diphenylborinsyre med formlen (A-d), i hvilken
m står for 1,
P står for 2,
Q står for hydroxy, Ci-C4-alkoxy eller Cg-Cio-aryloxy, og
R2 og n har de ovenfor anførte betydninger,
(e) et triarylboratsalt med formlen (A-e), i hvilken
m står for 0,
P står for 3, og
R2 og n har de ovenfor anførte betydninger,
(f) et difluorboratsalt af borinsyren med formlen (A-f), i

m står for 2,
P står for 2,
Q står for fluor,
hvorved den negative ladning af boranionen kompenseres ved hjælp
af en kation,
R2 og n har de ovenfor anførte betydninger,
(g) et tetraarylboratsalt med formlen (A-g), i hvilken
m står for 0,
P står for 4,
hvorved den negative ladning af boranionen kompenseres ved hjælp 
af en kation; R2 og n har de ovenfor anførte betydninger.


