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ABSTRACT

The present describes a process for preparing substituted 2-fluoroacrylic acid derivatives of formula I

2
R
LA NR )
F
by reacting compounds of formula II
1 2
R R
X R (11
F

where X is a Cl, Br, I or a pseudohalogen with at least one base in the presence of at least one
polymerization inhibitor, that are starting materials in the synthesis of polymers used as plastics in

optical wavelengths and as polymeric additives in medicaments.
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Preparation of substituted 2-fluoroacrylic acid derivatives

The present invention relates to a process for the preparation of substituted 2-fluoroacrylic acid

derivatives.

Substituted 2-fluoroacrylic acid derivatives are starting materials in the synthesis of polymers.

These can, e.g., be used as plastics in optical waveguides and as polymeric additives in

medicaments.

Various processes for the preparation of substituted 2-fluoroacrylic acid derivatives are known

from the literature.

Journal of Fluorine Chemistry, 55, 1991, pp. 149 — 162, reveals a process for the preparation of
substituted 2-fluoroacrylic acid derivatives, in particular 2-fluoroacrylic acid esters, by hydrolysis
of a-hydroxymethyl-a-fluoromalonic acid esters, subsequent decarboxylation and renewed

esterification. The process exhibits the disadvantage that only low yields are obtained.

An additional process is known from JP 2001172223 AA, m which it is described that substituted
2-fluoroacrylic acid derivatives can be prepared from 2,2-bromofluoropropionic acid esters. This
process has the disadvantage that the starting materials are not readily available, the process is

accordingly unusable economically and only low yields are obtained.

EP 0415214 Al gives a description of a four-stage process for the preparation of a substituted
2-fluoroacrylic acid derivatives, namely the 2-fluoroarcrylic acid ester, starting from 2,3-dichloro-
l-propene. Additional processes for the preparation of substituted 2-fluoroacrylic acid derivatives
starting from 3-hydroxy-2-fluoropropionates, by reaction with toluenesulfonyl chloride and
removal of the tosylate formed in the presence of potassium phthalimide, are known from Journal
of Fluorine Chemaistry, 1993, 60, pp. 149-162, and from Coll. Czech. Chem. Commun., 1983, 48,
pp. 319-326. These processes have in common the fact that they cannot be used in industrial

processes for economic and safety reasons.

An additional process tor the preparation of substituted 2-fluoroacrylic acid derivatives by reaction
of 3-hydroxy-2-fluoropropionates with dehydrating agents is known from Bull. Soc. Chem. Fr,,
1975, pp. 1633 — 1638. This process likewise has the disadvantage of low reaction yields.

It is common to all processes that either they are unsuitable for satety and economic reasons or they

give excessively low reaction yields.

There accordingly furthermore continued to exist a need for a process for the preparation of

substituted 2-fluoroacrylic acid derivatives which overcomes the disadvantages of the state of the
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art and by which substituted 2-fluoroacrylic acid derivatives can be efficiently prepared in

industrial processes.

Surprisingly, a process for the preparation of substituted 2-fluoroacrylic acid derivatives has been
found in which substituted 3-halo-2-fluoropropionic acid derivatives are converted, in the presence

of bases, to substituted 2-fluoroarylic acid derivatives with good yields and high purities.

A subject-matter of the invention is accordingly a process for the preparation of compounds of the

formula (I):

5 O
R »
F\I/Lﬁ/ \Rs (1)
F.

in which R' and R® are identical or different and are, independently of one another, hydrogen,
C;-Cis-alkyl, C¢-Cys-aryl, C;-C;s-alkoxy, C,-C,o-alkenyl, C¢-Cys-aryloxy, C;-Cjs-arylalkyl, C,-C,s-
alkylthio, C,-C,s~-mono- and dialkylamino, C¢-Cy-mono- and diarylamino or 5- to 8-membered
saturated or unsaturated heterocyclyl, which optionally in addition can be substituted by radicals
chosen from the group consisting of C,-C;s-alkyl, C,-C,¢-alkenyl, C,-C,s-alkoxy, CsCys-aryl,
C.,-C,s-arylalkyl, C,-C,s-alkylthio, halo, hydroxyl, cyano, nitro, amino, carboxyl, C,-C,s-haloalkyl,
C,-Cio-haloalkenyl, C,-C,s-haloalkoxy, C;-C,s-haloalkylthio and 5- to 8-membered saturated or

unsaturated heterocyclyl, or

R' and R’ together form a carbocyclic or heterocyclic and saturated or unsaturated 4- to
8-membered ring which optionally in addition can be substituted by radicals chosen from the group
consisting of C;-C;s-alkyl, C,-Cjo-alkenyl, C,-C s-alkoxy, C¢Cys-aryl, C;-Cs-arylalkyl, C;-C,s-
alkylthio, halo, hydroxyl, cyano, nitro, amino, carboxyl, C,-C;s-haloalkyl, C,-C,,-haloalkenyl,
C,-Cs-haloalkoxy, C;-C,s-haloalkylthio and 5- to 8-membered saturated or unsaturated

heterocyclyl, and

R’ is C,-Cis-alkoxy, C,-C;s-mono- and dialkylamino, C;-C,s-alkylthio, C¢-Cys-aryloxy, Ce-Ca4-
mono- and diarylamino and 5- to 8-membered saturated or unsaturated heterocyclyl which is
connected via a heteroatom, which optionally in addition can be substituted by radicals chosen
from the group consisting of C;-C,s-alkyl, C,-C,¢-alkenyl, C,-C,s-alkoxy, C,-C,s-alkylthio, Cs-C,4-
aryl, C;-C,s-arylalkyl, halo, hydroxyl, cyano, nitro, amino, carboxyl, C,-Cs-haloalkyl, C,-C,c-
haloalkenyl, C,-C,s-haloalkoxy, C,-C;s-haloalkylthio and 5- to 8-membered saturated or
unsaturated heterocyclyl,
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in which compounds of the formula (I1):

. . R, 3 . .
in which R', R* and R’ have the abovementioned meanings
and X 1s Cl, Br, I or a pseudohalogen,

are reacted

in the presence of at least one base selected from the group consisting of alkaline earth hydroxides,
-carbonates,  -hydrogenphosphate, -phosphates, alkali metal hydroxides, -carbonates,
-hydrogenphosphates, and phosphates,

and in the presence of at least one polymerization inhibitor

to give compounds of the formula (1),

characterized in that the compound of the formula (I) is separated from the reaction mixture during

the preparation.

In accordance with one aspect of the present invention, there is provided a process for the preparation

of compounds of the formula (I):

e
R
F

in which R' and R” are identical or different and are, independently of one another, hydrogen, C,-Cs-

alkyl, Cy-Cyy-aryl, or C,-C,s-alkoxy, and
R is C,-Cs-alkoxy

in which compounds of the tormula (11):

1 2 O
R R
X "\RS (11)
=

in which R', R* and R’ have the abovementioned meanings

and X 1s Cl, Br, I or a pseudohalogen,
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are reacted
in the presence of
at least one base,

a high-botling-point polar aprotic solvent selected from the group consisting of ethylene glycol
dibutyl ether, diethylene glycol dimethyl ether, tetraethylene glycol dimethyl ether,
dimethylformamide, dimethyl sulfoxide, sulfolane, ortho-dichlorobenzene or N-methylpyrrolidone,

and mixtures thereof, and

at lecast one polymerization inhibitor selected from the group 2.2.6.6-tetramethylipiperidine N-oxyl,
sutfur, p-benzoquinone, 4-tert-butylcatechol, phenothazine, di-tert-butylhydroxytoluene (BHT) or

mixtures thereof,
to give compounds of the formula (I).

In a preferred embodiment, R' and R” are, independently of one another, can be identical or different
and are preferably hydrogen, C;-Cg-alkyl, C¢-Cyy-aryl, C-Ci-alkoxy, C,-Cg-alkenyl, C,-Cyy-aryloxy,
C,-Cyp-arylalkyl, C,-Cq4-alkylthio, C,-Cg-mono- and dialkylamino, C,-C,,~-mono- and diarylamino or
5- to 8-membered saturated or unsaturated heterocyclyl, which optionally in addition can be
substituted by radicals chosen from the group consisting of C,-Cy-alkyl, C,-Ci-alkenyl, C,-C,-alkoxy,
Co-Coy-aryl, C5-C5-arylalkyl, C,-Ce¢-alkylthio, amino, halo, cyano, carboxyl, hydroxyl, nitro, C,-C-
haloalkyl, C,-C4-haloalkenyl, C,-C¢-haloalkoxy, C,;-C4-haloalkylthio and 5- to 8-membered saturated
and unsaturated heterocyclyl, or R' and R” together form a carbocyclic or heterocyclic and saturated
or unsaturated 4- to 8-membered ring, which optionally in addition can be substituted by radicals
chosen trom the group consisting of hydroxyl, cyano, nitro, amino, carboxyl, C,-Cs-alkyl or C¢-Coy-
aryl. R' and/or R” are particularly preferably C,-C-alkyl, C-Cs-alkoxy, Co-Cay-aryl or hydrogen. R’
and/or R” are very particularly preferably methyl, ethyl, propyl, isopropyl, n-butyl, isobutyl, s-butyl,

t-butyl, n-pentyl, phenyl or hydrogen.

R® is preferably C,-Ce¢-alkoxy, C-Cg-mono- and dialkylamino, C,-Cg-alkylthio, C.-C,,-aryloxy,
Co-Cry-mono- and diarylamino or 5- to 8-membered saturated or unsaturated heterocyclyl which is
connected via a nitrogen atom, which optionally in addition can be substituted by radicals chosen
from the group consisting of C~-Cg-alkyl, C,-Cy-alkenyl, C,-Cg-alkoxy, C¢-Cyy-aryl, C,-C,s-arylalkyl,
C,-Ce-alkylthio, amino, halo, cyano, carboxyl, hydroxyl, nitro, C,-C,-haloalkyl, C,-C4-haloalkenyl,
C,-Ce-haloalkoxy and C,-Cs-haloalkylthio. R is particularly preferably methoxy,
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ethoxy, n-propoxy, Isopropoxy, t-butoxy, n-pentoxy, n-hexoxy, cyclopropoxy, cyclobutoxy,
cyclopentoxy, cyclohexoxy, cycloheptoxy, ethylamino, diethylamino, methylamino,
dimethylamino, butylamino, dibutylamino, propylamino, dipropylamino, benzylamino, phenoxy,
pyrrolidinyl, piperazinyl or pyridazinyl. Methoxy, ethoxy, propoxy, methylamino, ethylamino,
pyrrolidinyl, piperazinyl or pyridazinyl are very particularly preferred.

X 1s preferably Cl or Br. X 1s particularly preterably chlorine.

The context of the invention encompasses all definitions of radicals, parameters and explanations
cited above and below, mentioned in general terms or in preferred ranges, in any combination with

one another, i.e. also between the respective ranges and preferred ranges.

Alkyl or alkoxy or alkylthio is, in the context of the invention, a straight-chain, cyclic or branched
alkyl or alkoxy or alkylthio radical with from 1 to 15 (C,-C,;s), preterably from 1 to 12 (C,-C,;) and
particularly preferably from 1 to 6 (C;-C¢). By way ot example, alkyl 1s methyl, ethyl, n-propyl,
iIsopropyl, n-butyl, isobutyl, s-butyl, t-butyl, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
cycloheptyl, n-pentyl, 1-methylbutyl, 2-methylbutyl, 3-methylbutyl, neopentyl, 1-ethylpropyl,
n-hexyl, n-heptyl, n-octyl, n-decyl and n-dodecyl. Preferably, alkyl 1s methyl, ethyl, n-propyl,
isopropyl, n-butyl, isobutyl, s-butyl, t-butyl, cyclopropyl, cyclobutyl, cyclopentyl, n-hexyl,
cyclohexyl, n-pentyl, 1-methylbutyl, 2-methylbutyl, 3-methylbutyl, neopentyl, 1-ethylpropyl and
cyclohexyl. Particularly preferably, alkyl is methyl, ethyl, n-propyl, 1sopropyl, n-butyl, isobutyl,
s-butyl, t-butyl, n-pentyl and n-hexyl. By way of example and preferably, alkoxy is methoxy,
ethoxy, n-propoxy, isopropoxy, n-butoxy, isobutoxy, s-butoxy, t-butoxy, n-pentoxy, n-hexoxy,
cyclopropoxy, cyclobutoxy, cyclopentoxy, cyclohexoxy or cycloheptoxy. By way of example and
preferably, alkylthio is methanethio, ethanethio, n-propanethio, isopropanethio, n-butanethio,
iIsobutanethio, s-butanethio, t-butanethio, n-pentanethio, 1-methylbutanethio, 2-methylbutanethio,

3-methylbutanethio, neopentanethio, 1-ethylpropanethio and n-hexanethio.

Alkenyl is, in the context of the invention, a straight-chain, cyclic or branched alkenyl radical with
from 2 to 10 (C,-C,p), preferably with from 2 to 6 (C,-C¢) carbon atoms. By way of example and
preferably, alkenyl is vinyl, allyl, isopropenyl and n-but-2-en-1-yl.

Aryl is, in the context of the invention, an aromatic radical with from 6 to 24 backbone carbon
atoms, in which no, one, two or three backbone carbon atoms per ring, in the entire molecule

however at least one backbone carbon atom, can be replaced by heteroatoms chosen from the group
consisting of nitrogen, sulfur or oxygen; however, aryl is preferably an aromatic carbocyclic radical
with from 6 to 24 backbone carbon atoms. The same applies for the aromatic part of an arylalkyl

radical. Furthermore, the aromatic carbocyclic or heteroaromatic radicals can be substituted with up
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to five identical or different substituents per ring chosen from the group consisting of C,-Cs-alkyl,
C,-Cs-alkenyl, C;-C4-alkoxy, amino, C,-C s-arylalkyl, carboxyl, C,-Cg-mono- and dialkylamino,
halo, nitro, cyano, carboxyl, C,-Cs-haloalkyl, C,-Cs-haloalkenyl, C;-Cs-haloalkoxy, C;-Ce-
haloalkylthio and hydroxyl.

Preferred examples of C¢-Cuxs-aryl are phenyl, o-, p- or m-tolyl, naphthyl, phenanthrenyl,
anthracenyl or fluorenyl. Examples of heteroaromatic Cs-Cys-aryl In which one, two or three
backbone carbon atoms per ring, in the entire molecule however at least one backbone carbon
atom, can be replaced by heteroatoms chosen from the group consisting of nitrogen, sulphur and
oxygen are pyridyl, pyrimidyl, pyridazinyl, pyrazinyl, thienyl, furyl, pyrrolyl, pyrazolyl,
imidazolyl, thiazolyl, oxazolyl or isoxazolyl, indolizinyl, indolyl, benzo[b]thienyl, benzo[b]turyl,

indazolyl, quinolyl, isoquinolyl, naphthyridinyl, quinazolinyl, benzofurany! or dibenzoturanyl.

Arylalkyl is, in each case independently of one another, a straight-chain, cyclic or branched alkyl
radical according to the above definition which can be substituted once, several times or
completely by aryl radicals according to the above definition. An example of arylalkyl is benzyl.
Preference is given to arylalkyls with from 7 to 15 (C;-C,;s) carbon atoms; particular preference is

given to arylalkyls with from 7 to 10 (C;-C,0) carbon atoms.

Aryloxy is, in the context of the invention, a C¢-Cy4-aryl radical of the above detinition which 1s
connected via an oxygen atom. By way of example, the aryl radical can be further substituted by
radicals chosen from the group consisting of C,-Cs-alkyl, C,-Ce¢-alkenyl, C,-C¢-alkoxy, amino,
C,-Cys-arylalkyl, carboxyl, C;-Cg-mono- and dialkylamino, halo, nitro, cyano, carboxyl, C;-Cs-
haloalkyl, C,-C¢-haloalkenyl, C,-C¢-haloalkoxy, C;-Cs-haloalkylthio and hydroxyl. By way of
example and preferably, aryloxy is phenoxy.

Mono- and diarylamino is, in the context of the invention, an amino group which is bonded to one or
two identical or different Cq-Co4-aryl radicals of the above definition and is connected via the
nitrogen atom. By way of example, the aryl radical can be additionally substituted by radicals
chosen from the group consisting of C,-Ce-alkyl, C,-Cg-alkenyl, C,-Cs-alkoxy, amino, C4-Cs-
arylalkyl, carboxyl, C,-Cg-mono- and dialkylamino, halo, nitro, cyano, carboxyl, C;-Cs-haloalkyl,
C,-Cs-haloalkenyl, C;-C¢-haloalkoxy, C,-Cs-haloalkylthio and hydroxyl.

In the context of the invention, 5- to 8-membered saturated or unsaturated heterocyclyl is
preferably a saturated or unsaturated heterocycle radical, with up to 3 identical or difterent
heteroatoms from the series S, N and/or O, which is connected via a ring carbon atom, ring nitrogen

atom, ring oxygen atom or ring sulfur atom. By way of example, the 5- to 8-membered saturated or

unsaturated heterocyclyl can be further substituted by radicals chosen from the group consisting of
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C,-Ce-alkyl, C,-Ce-alkenyl, C,-Cs-alkoxy, amino, C,-Cs-arylalkyl, carboxyl, C,-Cg-mono- and
dialkylamino, halo, nitro, cyano, carboxyl, C;-C¢-haloalkyl, C;-Cs-haloalkenyl, C,-Cs-haloalkoxy,
C,-C¢-haloalkylthio and hydroxyl. Preference is given to a 5- to 8-membered saturated heterocyclyl
with up to 2 identical or different heteroatoms from the series S, N and/or O. By way of example and
preferably, mention may be made of azepanyl, pyrrolidinyl, piperidinyl, piperazinyl, morpholinyl or

tetrahydrofuryl.

Monoalkylamino or dialkylamino is, in the context of the invention, an amino group which is bonded
to one or two identical or different and cyclic, noncyclic, straight-chain or branched alkyl
substituents which preferably exhibit(s) in each case from 1 to 15 carbon atoms. Particularly
preferably, the amino group is bonded to one or two identical or different and cyclic, noncyclic,
straight-chain or branched alkyl substituents which preferably exhibit(s) from 1 to 12 carbon atoms,
very particularly preferably exhibit(s) from 1 to 8 carbon atoms. By way of example, the alkyl
radical can be additionally substituted by radicals chosen from the group consisting of C;-Ce-alkyl,
C,-Ce-alkenyl, C;-Cs-alkoxy, amino, C,-C,s-arylalkyl, carboxyl, C,-Cs-mono- and dialkylamino,
halo, nitro, cyano, carboxyl, C;-Cs-haloalkyl, C,-Cs-haloalkenyl, C,-Cs-haloalkoxy, C;-Ce-
haloalkylthio and hydroxyl.

By way of example and preferably, monoalkylamino is methylamino, ethylamino, n-propylamino,

isopropylamino, t-butylamino, n-pentylamino and n-hexylamino.

By way of example and preferably, dialkylamino is N,N-dimethylamino, N,N-diethylamino, N-ethyI-
N-methylamino, N-methyl-N-n-propylamino, N-isopropyl-N-n-propylamino, N-t-butyl-
N-methylamino, N-ethyl-N-n-pentylamino and N-n-hexyl-N-methylamino.

Haloalkyl or haloalkenyl or haloalkoxy is, in the context of the invention, a straight-chain, cyclic or

branched alkyl or alkenyl or alkoxy radical according to the above definition which is substituted

once, several times or completely by halogen atoms.

By way of example and preferably, C,-C,s-haloalkyl is dichloromethyl, difluoromethyl,
fluoromethyi, trifluoromethyl, trichloromethyl, 2,2,2-trifluoroethyl, trifluoromethyl,
pentafluoroethyl, heptafluoropropyl, nonafluorocyclopentyl, nonachlorocyclopentyl,

heptafluoroisopropyl and nonafluorobutyl.

By way of example and preferably, C,-Cs-haloalkeny! is chloroethylene, dichloroethylene or

trifluoroethylene.

By way of example and preferably, C,-C¢-haloalkoxy is difluoromethoxy, fluoroethoxy,

fluoromethoxy, trifluoromethoxy, trichloromethoxy and 2,2 2-trifluoroethoxy.
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Haloalkylthio is, in the context of the invention, a straight-chain, cyclic or branched radical with
from 1 to 15 carbon atoms, preferably with from 1 to 6 (C,-Cg) carbon atoms, which 1s substituted
once, several times or completely by halogen atoms. By way of example and preferably, C;-C,s-
haloalkylthio is  chloroethylthio,  chlorobutylthio,  chlorohexylthio,  chloropentylthio,
chlorododecylthio,  dichloroethylthio,  fluoroethylthio, trifluoromethylthio and  2,2)2-
trifluoroethyithio.

Halogen is fluorine, chlorine, bromine or iodine. Pseudohalogen can, by way of example and

preferably, be cyanide, cyanate or thiocyanate.

Bases within the meaning of the invention are, e.g., alkaline earth or alkali metal hydroxides,
amides, alkoxides, carbonates, hydrogenphosphates, or phosphates, such as, for example,
sodamide, lithium diethylamide, sodium methoxide, potassium tert-butoxide, sodium hydroxide,
potassium hydroxide sodium carbonate, potassium carbonate, sodium phosphate, potassium
phosphate, sodium hydrogenphosphate or potassium hydrogenphosphate, and also tertiary amines,
such as trimethylamine, triethylamine, tributylamine, diisopropylethylamine, tripentylamine,
trihexylamine, trioctylamine, N,N-dimethylaniline, piperidine, N-methylpiperidine, N,N-dimethyl-
aminopyridine and also imidazole, 1,4-diazabicyclo[2.2.2]octane (DABCO),
1,5-diazabicyclo[4.3.0]non-5-ene (DBN), 1,8-diazabicyclo[5.4.0Jundec-7-ene (DBU), 1,1,3,3-
tetramethylguanidine (TMG), 7-methyl-1,5,7-triazabicyclof4.4.0]dec-5-ene (MTBD) and 2,8,9-
triisopropyl-2,5,8,9-tetraaza-1-phosphabicyclo[3.3.3Jundecane (TTPU) or mixtures of these bases.
Preference i1s given to the use of bi- or tricyclic bases, trialkylamines or inorganic carbonates,
hydrogencarbonates, hydroxides, hydrogenphosphates or phosphates. Particular preference 1s given
to the use of 1,4-diazabicyclo[2.2.2]octane (DABCO), 1,5-diazabicyclo[4.3.0]non-5-ene (DBN),
},8-diazabicyclo[5.4.0]Jundec-7-ene (DBU), 1,1,3,3-tetramethylguanidine (TMG), 7-methyl-1,5,7-
triazabicyclo[4.4.0]dec-5-ene (MTBD), 2,8,9-triisopropyl-2,5,8,9-tetraaza- 1 -phosphabi-
cyclof[3.3.3Jundecane (TTPU), friethylamine, trimethylamine, tributylamine, trihexylamine,
trioctylamine, imidazole, dipotassium hydrogenphosphate, potassium phosphate, disodium
hydrogenphosphate, sodium phosphate, potassium carbonate, sodium carbonate, sodium hydroxide,
potassium hydroxide or mixtures of these bases. Very particularly preferably, use 1s made, as base,
of 1,4-diazabicyclof[2.2.2}octane (DABCO), 1,5-diazabicyclo[4.3.0]non-5-ene (DBN), 1,8-diaza-
bicyclo[5.4.0Jundec-7-ene (DBU), triethylamine, trimethylamine, tributylamine, sodium carbonate,

potassium carbonate, sodium phosphate or potassium phosphate.

The process according to the invention can, for example, be carried out in the presence or in the
absence of a solvent. The process according to the invention is preferably carried out in the

presence of a solvent.
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Use may be made, as solvent in the process according to the invention, by way of example and
preferably, of polar aprotic solvents, such as sulfoxides, such as, e.g., dimethyl sulfoxide, such as
ethers, such as, e.g., polyethylene glycols, ethylene glycol dimethyl ether, ethylene glycol diethyl
ether, ethylene glycol dibutyl ether, diethylene glycol dimethyl ether, tetraethylene glycol dimethyl
ether, dioxane, tetrahydrofuran or 1,2-dimethoxyethane, such as sulfones, such as, e.g., sulfolane
(tetramethylsultone), such as amide solvents, such as, e.g., dimethylformamide, N-methyl-
pyrrolidone, N-methylcaprolactam or dimethylacetamide, such as ketones, such as, e.g., dipropyl
ketone or methyl tert-butyl ketone, or nitriles, such as, e.g., benzonitrile or benzyl nitrile, or
halogenated aromatic compounds, such as, e.g., chlorobenzene or ortho-dichlorobenzene, or
mixtures of such solvents. Use is preferably made, as polar aprotic solvents, of polyethylene
glycols, ethylene glycol dimethyl ether, ethylene glycol diethyl ether, ethylene glycol dibutyl ether,
diethylene glycol dimethyl ether, tetracthylene glycol dimethyl ether, dimethylformamide, dimethyl
sulfoxide, sulfolane, ortho-dichlorobenzene or N-methylpyrrolidone, or mixtures of such solvents.
The process according to the invention is particularly preferably carried out in the presence of a
high-boiling-point solvent. In the context of the invention, a solvent is then regarded as a high-
boiling-point solvent if the boiling point of the solvent at a pressure of 1 bar is > 140°C. Use is very
particularly preferably made, as high-boiling-point polar aprotic solvent, of ethylene glycol dibutyl
ether, diethylene glycol dimethyl ether, tetraethylene glycol dimethyl ether, dimethylformamide,
dimethyl sulfoxide, sulfolane, ortho-dichlorobenzene or N-methylpyrrolidone, or mixtures of such

solvents.

Use may be made, as polymerization inhibitor, by way of example and preferably, of free nitroxyl
radicals, such as, for example, 2,2,6,6-tetramethylpiperidine N-oxyl, sulfur, p-benzoquinone, 4-tert-
butylcatechol, phenothiazine, di-tert-butylhydroxytoluene (BHT) or sterically hindered phenols, or
mixtures of these polymerization inhibitors. Use is preferably made of di-tert-butylhydroxyltoluene

(BHT).

The process according to the invention is preferably carried out at a temperature of 50°C to 200°C,

particularly preferably at 70 to 180°C and very particularly preferably at 130°C to 170°C.

The molar ratio of the polymerization inhibitor to the compounds of the formula (II) used is, for

example, between 1*¥10° and 1*10"', preferably between 5*10° and 5*10” and particularly

preferably between 1*¥10™ and 1¥10~.

The molar ratio of the compounds of the formula (II) used to the base used is, for example, between

0.1 and 10, preferably between 0.3 and 2 and particularly preferably between 0.5 and 1.5.
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In the process according to the invention, the polymerization inhibitor, solvent and base are, for
example, introduced first. By way of example, the mixture can then be heated to the reaction
temperature and a vacuum can be applied. By way of example, the addition of the compounds of
the formula (II) can then be begun. Likewise, by way of example as well, only the base and the
solvent might first be added and the polymerization inhibitor might be mixed with the compounds
of the formula (II) and, for example, only then might be added. The addition of the reaction
components and mixtures takes place, e.g. in metered fashion. The compounds of the formula (I)

can, for example, be separated continuously in the process according to the invention, e.g. by

distillation.

The process according to the invention is preferably carried out so that the polymerization
inhibttor, the solvent and the base are first introduced and the mixture is heated to the reaction
temperature. Preferably, a vacuum 1s then applied and the compounds of the formula (II) are added.

Preterably, the compounds of the formula (I) produced are separated during the reaction.

Preterably, this takes place by distillation.

Many ot the compounds in the process according to the invention are commercially available or

can be prepared by analogous processes known from the state of the art which are known to a

person skilled in the art.

It 1s certainly preferred to prepare the compounds of the formula (II}) from compounds of the

formula (III), in which the compounds of the formula (III):

1 2
R R
HO R3 (111)

in which R', R” and R’ exhibit the meanings mentioned for the compounds of the formula (1),
are reacted

optionally in the presence of at least one solvent and

optionally 1n the presence of at least one base

with halogenating agents to give compounds of the formula (II).
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Use may be made, as halogenating agent for the preparation of the compounds of the formula (1I),
by way of example and preferably, of thionyl chloride, thionyl bromide, phosphorus trichloride,
phosphorus tribromide, sulfuryl chloride, sulfuryl bromide or HX with X = CI, Br or F, or mixtures

of these compounds. Use 1s particularly preferably made of thionyl chloride.

The process for the preparation of the compounds of the formula (II) 1s preferably carried out 1n the
presence of at least one inert solvent. Preferred solvents in the process for the preparation of the
compounds of the formula (II) are inert nonpolar aliphatic or aromatic solvents, such as, for
example, benzene toluene, xylene, various petroleum ethers, hexane, cyclohexane, optionally
halogenated hydrocarbons, such as, ¢.g., carbon tetrachloride, or mixtures of such organic solvents.
Particularly preferred are benzene, hexane, petroleum ethers, toluene, p-xylene and xylene isomer

mixture, or mixtures of such solvents.

Moreover, the preparation of the compounds of the formula (II) from the compounds of the formula
(IIT) is preferably carried out in the presence of a base. In this case, use 1s preferably made, as
bases, of alkaline earth or alkali metal hydroxides, alkoxides, carbonates, hydrogenphosphates or
phosphates, such as, for example potassium tert-butoxide, sodium hydroxide, potassium hydroxide,
sodium carbonate, potassium carbonate, sodium phosphate, potassium phosphate, sodium
hydrogenphosphate or potassium hydrogenphosphate, and also tertiary amines, such as
trimethylamine, triethylamine, tributylamine, diisopropylethylamine, N,N-dimethylaniline,
piperidine, pyridine, N-methylpiperidine, N,N-dimethylaminopyridine  and also
1,4-diazabicyclo[2.2.2]octane (DABCQ), 1,5-diazabicyclo[4.3.0]non-5-ene (DBN), 1,8-diaza-
bicyclo[5.4.0]Jundec-7-ene  (DBU), 1,1,3,3-tetramethylguanidine (TMG), 7-methyl-1,5,7-
triazabicyclof4.4.0]dec-5-ene  (MTBD) and 2,8,9-triisopropyl-2,5,8,9-tetraaza-1-phosphabi-
cyclo[3.3.3]Jundecane (TTPU), or mixtures of these bases. Use 1s particularly preterred of bi- or
tricyclic bases, pyridine, N-methylpiperidine, N,N-dimethylaminopyridine or piperidine, or

mixtures of these bases.

The process for the preparation of the compounds of the formula (II) from compounds of the

formula (III) is preferably carried out at a temperature of from 0°C to 25°C, particularly preferably
at from 0°C to 5°C.

The molar ratio of the halogenating agents to the compounds of the formula (IIl) 1s, for example,

between 0.8 and 1.5 and preferably between 1.0 and 1.5.

The preparation of the compounds of the formula (II) from the compounds of the formula (I1I) is

preferably carried out under essentially anhydrous conditions. Under essentially anhydrous
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conditions means that the water content, based on the amounts of the reaction mixture used, s

preferably between 0.0001% by weight and 1.0% by weight.

The process for the preparation of the compounds of the formula (II) from the compounds ot the
formula (III) is, for example, carried out so that first the base and the solvent are introduced. This
mixture can, for example, first be heated to from 30 to 100°C. The mixture is preferably heated to
from 60 to 90°C. The formation of unwanted secondary components can be markedly reduced by
addition of a temperature of 30°C to 100°C. By way of example, the halogenating agents and the
compounds of the formula (IIT) are mixed in a separate container. The mixture of the halogenating
agents and of the compounds of the formula (III) can then be added to the mixture of base and
solvent. By way of example, however, the halogenating agents and the compounds of the formula
(I1I) can likewise first be mixed and introduced. By way of example, the mixture of base and
solvent can then first be heated and then, by way of example, be added at a temperature of from
30°C to 100°C. By way of example, the addition of the reaction components and mixtures 1s

carried out in metered fashion.

The process for the preparation of the compounds of the formula (II) from the compounds of the
formula (II1) is first preferably carried out so that the base and the solvent are introduced. This
mixture is then preferably heated to from 60°C to 90°C. Preferably, the halogenating agent is
introduced into another container and the compounds of the formula (I11) are added. This mixture 1s

preferably added in metered fashion to the mixture of base and solvent.

The compounds of the formula (III) are commercially available or can be prepared by analogous

processes known from the state of the art which are known to a person skilled in the art.

The formation of unwanted secondary products can be reduced using the process for the
preparation of the compounds of the formula (II) from the compounds of the formula (III).
Moreover, with the process, compounds of the formula (I1I) are prepared in good yields even with

the use of small amounts of halogenating agents and at low temperatures.

The purification of the compounds of the formula (II) and also of the compounds of the formula (I)
can be carried out according to processes known to a person skilled in the art, for example by

extraction with solvents, distillation or crystallization.

The compounds of the formula (I) can be prepared, by the process according to the invention, in
high yields and in high purity in an industrially simple way. The process for the invention does not
require the handling of chemicals which, because of their hazard potential, require specialist

expenditure and it can be carried out without problems even on a relatively large scale. It 1s 1n
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particular surprising that the process according to the invention produces the compounds of the

formula (I) in high yields and in high purity.

The compounds of the formula (I) prepared according to the invention are suitable in particular for

the preparation of plastics and polymeric additives in medicaments.

The following examples serve to clarify the invention without in this connection being limited

thereto.
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Examples

1. Preparation of methyl 3-chloro-2-fluoropropionate

An amount of thionyl chloride of 743 g (6.3 mol) is introduced into a sulfonation pan and cooled to
5°C. An amount of methyl 3-hydroxy-2-fluoropropionate of 748 g (98%, 6.00 mol) is metered in at
5>+ 5°C mn accordance with the evolution of gas. After complete addition, the mixture is
subsequently stirred at 0°C to 30°C. An amount of pyridine of 24 g (0.30 mol) and 332 g of toluene
are introduced into a second sulfonation pan, the mixture i1s heated to 80°C and the chlorination
mixture from sulfonation pan | is metered herein in accordance with the evolution of gas. After
complete addition, the mixture 1s subsequently stirred at 80°C. Subsequently, first toluene is
distilled off under reduced pressure (200 — 500 mbar) via a packed column, followed by the
fractional distillation of the product at 20 mbar (boiling point: 70°C). An amount of product of
742 g (5.28 mol, 88% yield) is obtained as colorless liquid.

2. Preparation of methyl 2-fluoroacrylate

An amount of di-tert-butylhydroxytoluene (BHT) of 4 g (0.02 mol), 500 g of N-methylpyrrolidine
(NMP) and 360 g (2.2 mol) of tribasic sodium phosphate are introduced into a sulfonation pan and
the mixture is heated to 150°C. An amount of di-fers-butylhydroxytoluene (BHT) of 51 mg
(2.2*10™ mol) is introduced into the distillation receiver of the vertical recovery bend. A vacuum of
300 mbar 1s applied and the metered addition of a total 0of 287 g (98%, 2.0 mol) of methyl 3-chloro-
2-fluoroproplonate 1s begun. The metered addition is continued in the degree in which the methyl
2-fluoroacrylate 1s distilled over. When no more distillate stream passes over, the vacuum is
lowered to 150 mbar. When no more product passes over even here, the pressure is raised by
addition of nitrogen. The distillation bottoms are cooled and discharged via the bottom valve. The

product is obtained after distillation as a colorless liquid (205 g, 95%, 1.87 mol, 93.5% yield).

3. Preparation of ethyl 3-chloro-2-fluoropropionate

An amount of thionyl chloride of 8.99 g (0.08 mol) was introduced at 20-25°C into a dry 50 ml
round-bottomed flask under a nitrogen atmosphere. Ethyl 3-hydroxy-2-fluoropropionate (10.0 g,
0.07 mol) were subsequently metered in in 1 h and the mixture was subsequently stirred at ambient
temperature for a further 2 h. An amount of toluene of 3.98 g (0.04 mol), together with 0.286 g of

pyridine (5 mol%), were introduced into a second round-bottomed flask with an Anschutz head and
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the mixture was heated to 80°C. The mixture from the lst round-bottomed flask was added
dropwise to the preheated solution in 1 h at 75-85°C. Solvents were distilled off under reduced

pressure and the residue was subsequently finely distilled at 120°C and 10 mbar. 4.1 g of distillate

were obtained as a colorless hquid.

'H NMR (400 MHz, CDCls): 5.67 (dd; J =44 Hz, 3 Hz; CHH); 5.31 (dd; J = 13 Hz, 3 Hz; CHH);
4.30(q,J=7Hz, CH,), 1.35(t, J =7 Hz, CHs) ppm.

4. Preparation of ethyl 2-fluoroacrylate

An amount of N-methylpyrrolidine (NMP) of 10 ml (0.1 mol) was introduced into a 3-necked
round-bottomed flask and mixed with 6.19 g of K;PO4. The suspension was heated to 150°C and a
vacuum of 300 mbar was applied. Ethyl 3-chloro-2-fluoropropionate (4.1 g, 27 mmol) were
metered in and the product was simultaneously distilled off. An amount of ethyl 2-fluoroacrylate of
2.7 g was obtained as a colorless liquid which was contaminated with approximately 15% of NMP.
The excess NMP could be removed by means of extraction with water. An amount of product of

1.3 g was obtained as a colorless liquid. (Yield 42%).

'H NMR (400 MHz, CDCl;): 5.14 (ddd; J = 48 Hz, 5 Hz, 4 Hz; CHF); 4.32 (qd, J = 7 Hz, 1 Hz;
CH,), 3.95(dd, J = 4 Hz, 1 Hz, CHCI); 3.90 (dd, J = 5 Hz, 3 Hz, CHCI); 1.34 (t, J = 7 Hz, CH;)
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CLAIMS:;
[. A process for the preparation of compounds of the formula (I):
> O
R
A
1 N~ L3
RJﬁ/ 2 ()
F

in which R" and R” are identical or different and are, independently of one another, hydrogen, C,-Cs-alkyl,

Co-Coy-aryl, or C-Cs-alkoxy, and
R’ is C-Cs-alkoxy

in which compounds of the formula (II):

2 O
R R
g (I
F

in which R', R” and R" have the abovementioned meanings
and X 1s Cl, Br, | or a pseudohalogen,

arc reacted

in the presence of

at least one base,

a high-boiling-point polar aprotic solvent selected from the group consisting of ethylene glycol dibutyl
cther, diethylene glycol dimethyl ether, tetracthylene glycol dimethyl ether, dimethylformamide, dimethyl

sulfoxide, sulfolane, ortho-dichlorobenzene or N-methylpyrrolidone, and mixtures thereof, and

at least one polymerization inhibitor selected from the group 2.2.6.0-tetramethyipiperidine N-oxyl. sulfur.

p-benzoguimone,  d-tert-butylcatechol, phenothiazine,  di-tert-butylhydroxytoluene (BHT) or mixtures

thereof,

to give compounds of the formula (1).
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2. The process as claimed in claim 1, characterized in that R’ and/or R* is hydrogen.
3. The process as claimed in either of claims 1 or 2, characterized in that R’ is methoxy or ethoxy.
4, The process as claimed in any one of claims 1 to 3, characterized in that the base is

1,4-diazabicyclo[2.2.2]octane (DABCO), 1,5-diazabicyclof4.3.0jnon-5-ene  (DBN), 1 ,8-diaza-
bicyclo[5.4.0Jundec-7-ene (DBU), tricthylamine, trimethylamine, tributylamine, sodium carbonate,

potassium carbonate, sodium phosphate or potassium phosphate, or mixture of these bases.

. The process as claimed in any one of claims 1 to 4, characterized in that the reaction 1s carried out

at a temperature of 130°C to 170°C.

6. The process as claimed in any one of claims 1 to §, characterized in that the mole ratios ot the

compounds of the formula (II) to the base used are between 0.5 and 1.5.

7. The process as claimed in any one of claims 1 to 6, characterized in that the compound of the

formula (I) 1s separated from the reaction mixture during the preparation

8. The process as claimed in any one of claims 1 to 3, characterized in that the compounds of the
formula (II):
1 2 O
R. R |
3
X>S/\R (11)
F

in which R', R? and R have the meanings listed in claim 1
and X is Cl, Br, I or a pseudohalogen,

are prepared by reaction of the compounds of the formula (I11):

1 2 0O
R R
HO)S/\Rs (1)
F

with halogenating agents.
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9. The process as claimed 1n claim 8, characterized in that use 1s made, as halogenating agent, of
thionyl chloride, thionyl bromide, phosphorus trichloride, phosphorus tribromide, sulfuryl chloride,

sulfuryl bromide or HX with X = CI, Br or F, or mixtures of these compounds.

10. The process as claimed in claim 8, characterized in that the process is carried out in the presence
of at least one other solvent chosen from the group consisting of benzene, hexane, petroleum ethers,

toluene, p-xylene and xylene 1somer mixtures, or mixtures of such solvents.

11. The process as claimed In any one of claims 8 to 10, characterized in that the process 1s carried
out in the presence of a base chosen from the group consisting of bi- or tricyclic bases, pyridine,

N-methylpiperidine, N,N-dimethylaminopyridine or piperidine, or mixtures of these bases.

12. The process as claimed in any one of claims 8 to 11, characterized in that the mole ratio of

compounds of the formula (II1) to the halogenating agents is between 1.0 and 1.5.

13. The process as claimed in any one of claims 8 to 12, characterized in that the at least one base and
the high-boiling-point polar aprotic solvent are heated to from 60°C to 90°C before or during the addition

of the compounds of the formula (11I) and/or of the halogenating agents.
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