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Abstract

The present invention relates to a process for the regioselective synthesis of 1-alkyl-3-halo-

alkylpyrazole-4-carboxylic acid derivatives of formula (I) by cyclization of 2,3-disubstituted

acrylic acid derivatives, and to the hydrazones formed as intermediates in the process.

(1)
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Method for the regioselective s nthesns of 1-alkvl-3-haloalkvl-pyroazole-4-
arboxyllc acid derivatives

The present invention relates to a process for the regioselective synthesis of 1-alkyl-3-halo-
alkylpyrazole-4-carboxylic acid derivatives by cyclization of 2,3-disubstituted acrylic acid

derivatives, and to the hydrazones formed as intermediates in the process.

2-Dihaloacyl-3-dialkylaminoacrylic esters of the formula II (Y=COOAIlk, Z=0) are useful
intermediates for the preparation of dihalomethyl-substituted pyrazolylcarboxylic acid

derivatives which for their part are precursors of fungicidally active compounds (cf.

WO 03/070705).

Pyrazolecarboxylic acid derivatives are usually prepared by reacting acrylic acid derivatives

having two leaving groups (Z and A) with hydrazines.

The reaction with the monoalkylhydrazines gives mainly 1-alkylpyrazoles. However, the
cyclization is frequently not regioselective. As a consequence, depending on the substrate and

the reaction conditions, the unwanted 5-alkylpyrazoles are formed in amounts between 10 and

80% (see Scheme 1).

& H,N— NH

Scheme 1

The synthesis of l-alkylpyrazolecarboxylic acid derivatives by alkylation of pyrazole

derivatives unsubstituted in the 1-position frequently also proceeds with formation of both

regioisomers (see Scheme 2).

R Y R Y 2
\ / : \ / R\ Y
I\ A I\ i
N\N> N\w> T RL/N\Ng
o

Scheme 2
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An alternative route of preparing fluorohaloalkylpyrazolecarboxylic acids 1s the cyclization of,

for example, 4,4-dichloro-2-[(dimethylamino)methylidene]-3-oxobutanoate with alkyl-

hydrazines followed by a halogen exchange.

WO 2005/042468 discloses a process for preparing 2-dihaloacyl-3-aminoacrylic esters by

reacting acid halides with dialkylaminoacrylic esters, followed by their cyclization with
alkylhydrazines.

The European patent application No. 2042482 A1l describes a process for
preparing HCl-free 2-dihaloacyl-3-aminoacrylic esters by-reacting acid fluorides with dialkyl-

aminoacrylic acid derivatives. The process can be carried out in the absence of a base, as a

result of which the removal of halide salts is not required.

WO 2008/092583 describes a process for preparing 3-dihalomethylpyrazole-4-carboxylic acid

derivatives by reacting o,o-fluoroamines in the presence of Lewis acids with acrylic acid

derivatives, followed by their reaction with alkylhydrazines.

WO 2006/090778 discloses a process for preparing 1-methyl-3-difluoromethylpyrazole-

carboxylic esters 'by cyclization of 2-alkoxyﬁ16thyleneﬂuoroacylacetate with methylhydrazine

in the presence of water and a base.

However, the processes above-described all have the disadvantage that the cyclization, even at

low temperatures, proceeds only with unsatisfactory regioselectivity.

The present invention relates to a process which provides regioselective access to 1-alkyl-3-

haloalkylpyrazole-4-carboxylic acid derivatives.

In one aspect the invention relates to a process for preparing 1-alkyl-3-haloalkyl-

pyrazole-4-carboxyhc acid derivatives of the formula (1)

R< Y
'

(1)

in which

R' is selected from the group consisting of C,.j;-alkyl, C;g-cycloalkyl, C,.i,-alkenyl, Cy. -
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alkynyl, Cgs-aryl, Coe-arylalkyl and C; js-alkylaryl groups, each of which may be
substituted by one or more groups selected from the group consisting of -R’, -X, -OR’,
-SR’, -NR’,, -S1R’3, -COOR’, -(C=0)R’, -CN and —CONR,’, where R’ is hydrogen or a
Ci.ip-alkyl group;

5 R’ 1s selected from C,-C;-alkyl groups which may be substituted by one, two or three

halogen atoms selected from the group consisting of F, Cl and Br or by a CF; group;

Y is selected from the group consisting of (C=0)OR”, CN and (C=0)NR'R’, where R’, R*
and R’ independently of one another are selected from the group consisting of Cy_;»-
alkyl, C;s-cycloalkyl, C,;-alkenyl, C,.jy-alkynyl, Cgg-aryl, C;.j9-arylalkyl and Ci_jo-

10 alkylaryl groups, each of which may be substituted by one or more groups selected
from the group consisting of -R’, -X, -OR’, -SR’, -NR’,, -SiR’;, -COOR”’, -(C=0O)R’,
-CN and —CONRj’, where R’ is hydrogen or a C,_j;-alkyl group, and R*and R’ together
with the nitrogen atom to which they are attached may form a 5- or 6-membered ring
which may optionally contain one or more further heteroatoms selected from the group

15 consisting of O, S and an SO, group and which may be substituted by one or more
groups selected from the group consisting of -R’, -X, -OR’, -SR’, -NR’,, -SiR’;,
-COOR’, -(C=0)R”’, -CN and —-CONR;’, where R’ is hydrogen or a C;_j>-alkyl group;

comprising at least one of the reaction sequences consisting of steps (A) and (D), (B) and (D)

or (C) and (D) below:

20 (A) reaction of a 2-acylated or 2-iminoalkylated acrylic acid derivative of the formula (II),

R2/I'K/Y

‘;\

(H),

in which

/ is selected from the group consisting of O, S and N'R''R"', where R'® and R""
independently of one another are selected from the group consisting of C,_j»-

25 alkyl, C;_g-cycloalkyl, C, >-alkenyl, C, j>-alkynyl, Cyg-aryl, Cs.9-arylalkyl and
Cy.9-alkylaryl groups, each of which may be substituted by one or more groups

selected from the group consisting of -R’, -X, -OR’", -SR’, -NR’,, -SiR’;,

-COOR", -(C=0)R", -CN and -CONR,", where R" is hydrogen or a C,_j-alky!



CA 02716381 2015-05-14

30725-953

10

15

20

23

30

_4 -

group, and R' and R" together with the nitrogen atom to which they are
attached may fo.rm a 5- or 6-membered ring which may optionally contain one
or two further heteroatoms selected from the group consisting of O, S and an
SO, group and which may be substituted by one or more groups selected from
the group consisting of -R’, -X, -OR’, -SR’, -NR?, -SiR’3, -COOR’, (C=O)R’,
-CN and -CONR;’, where R’ is hydrogen or a C,.j;-alkyl group;

A is a leaving group selected from the group consisting of OR', SR and
NR"“R", where R' and R" independently of one another are selected from the
group consisting of C,.j;-alkyl, Css-cycloalkyi, Cz-lz-alkenyl, C,.12-alkynyl, Cq.
g-aryl, C,o-arylalkyl and Ci.j9-alkylaryl groups, each of which may be
substituted by one or more groups selected from the group consisting of -R’,
-X,: -OR’, -SR’, -ﬁR’z, -SiR’;, -COOR’, (C=0)R”’, -CN and -CONR;’, where
R’ is hydrogen or a C;,,-alkyl group, and R'? and R" together with the
nitrogen atom to which they are attached may form a 5- or 6-membereci ring
which may optionally contain one or two further heteroatoms selected from the

group consisting of O, S and an SO, group and which may be substituted by
one or more groups selected from the group consisting of -R’, -X, -OR’, -SR’,
-NR’,, -SiR’3;, -COOR’, <(C=0)R’, -CN and -CONR;’, where R’ is hydrogen or
a C;.12-alkyl group; -

with an N-alkylhydrazone of the formula (III)

8

R
*—N—N
g/ N\ q

R R (D),

“in which

R*and R’ independently of one another are selected from the group consisting of H, C1-12~alky1,
Cs.g-cycloalkyl, C,.1;-alkenyl, C,.,-alkynyl, Ceg-aryl, Cqo-arylalkyl and C;_ ¢-alkylary!
groups, each of which may be substituted by one more groups selected from the group
consisting of -R’, -X, -OR’, -SR’; -NR’,, -SiR’;, -COOR’, (C=0)R’, -CN and
-CONR;’, where R’ is hydrogen or a C;_;-alkyl group, and R® and R together with the
carbon atom to which they are attached may form a 5- or 6-membered ring which may
optionally contain one or two further heteroatoms selected from the group consisting of

O, S and an SO, group and which may be substituted by one or more groups selected
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from the group consisting of -R’, -X, -OR’, -SR’, -NR”’,, -SiR’;, -COOR’, -(C=0)R’,
-CN and -CONR;’, where R’ is hydrogen or a C,_j;-alkyl group;

(B)  acylation of an acrylic acid hydrazone of the formula (VI);

A (VD)

with an acyl halide of the formula (X), where X is selected from the group consisting of

F, Cl, Brand I,

O
2/“\
R
X (X);
(C) iminoalkylation of an acrylic acid hydrazone of the formula (VI) above with an

a,a-dihaloamine of the formula (XI), where X is selected from the group

consisting of F, Cl, Br and I,

A X (X1);

(D) cyclization of the intermediates obtained in step (A), (B) or (C) to give the

3-haloalkylpyrazole-4-carboxylic acid derivative of the formula (1).

Surprisingly, under the conditions according to the invention, the I-alkyl-3-haloalkyl-
pyrazole-4-carboxylic acid derivatives of the formula (I) can be prepared with good yields,
regioselectivities and n high purity, the process according to the invention thus overcoming the

disadvantages mentioned above of the preparation processes described in the prior art.
General definitions

In the context of the present invention, the term halogens (X) comprises, unless defined

otherwise, elements selected from the group consisting of fluorine, chlorine, bromine and
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lodine, where fluorine, chlorine and bromine are used with preference and fluorine and chlorine

with particular preference.

Optionally substituted groups may be mono- or polysubstituted, where in the case of

polysubstitution the substituents may be identical or different.

Alkyl groups substituted by one or more halogen atoms (-X) are, for example, selected from the

group consisting of trifluoromethyl (CF;), difluoromethyl (CHF,), CFs;CH,, CICH,, CF;CCl..

In the context of the present invention, unless defined otherwise, alkyl groups are straight-chain
or branched hydrocarbon groups which may optionally have one, two or more heteroatoms
selected from the group consisting of O, N, P and S. Moreover, the alkyl groups according to
the invention may optionally be substituted by further groups selected from the group
consisting of -R’, halogen (-X), alkoxy (-OR’), thioether or mercapto (-SR’), amino (-NR’,),
silyl (-S1R’3), carboxyl (-COOR?’), cyano (-CN), acyl (-(C=0)R’) and amide (-CONR;’) groups,
where R’ 1s hydrogen or a C; ;-alkyl group, preferably a C, ,¢-alkyl group, particularly
preterably a Csg-alkyl group, which may have one or more heteroatoms selected from the group

consisting of N, O, P and S.

In the context of the present invention, cycloalkyl groups are, unless defined otherwise,
monocyclic saturated hydrocarbon groups having 3 to 8 carbon ring members, which groups
may optionally contain one, two or more heteroatoms selected from the group consisting of O,
N, P and S. Moreover, the cycloalkyl groups according to the invention may optionally be
substituted by further groups selected from the group consisting of -R’, halogen (-X), alkoxy
(-OR”), thioether or mercapto (-SR”), amino- (-NR”,), silyl (-SiR’;), carboxyl (-COOR”), cyano
(-CN), acyl (-(C=0O)R’) and amide (-CONR;’) groups, where R’ is hydrogen or a C,_,-alkyl
group, preferably a Cyjo-alkyl group, particularly preferably a C;g-alkyl group, which may

contain one or more heteroatoms selected from the group consisting of N, O, P and S.

Specifically, this definition comprises, for example, the meanings cyclopropyl, cyclobutyl,

cyclopentyl and cyclohexyl.

The definition C,-C),-alkyl comprises the largest range defined herein for an alkyl group.
Specifically, this definition comprises, for example, the meanings methyl, ethyl, n-, isopropyl,
n-, 1s0-, sec- and t-butyl, n-pentyl, n-hexyl, 1,3-dimethylbutyl, 3.3-dimethylbutyl, n-heptyl,

n-nonyl, n-decyl, n-undecyl, n-dodecyl.

In the context of the present invention, alkenyl groups are, unless defined otherwise, straight-
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chain or branched hydrocarbon groups which contain at least one single unsaturation (double
bond) and may optionally have one, two or more single or double unsaturations or one, two or
more heteroatoms selected from the group consisting of O, N, P and S. Moreover, the alkeny]
groups according to the invention may optionally be substituted by further groups selected from
the group consisting of -R’, halogen (-X), alkoxy (-OR’), thioether or mercapto (-SR’), amino
(-NR’;), silyl (-SiR’;), carboxyl (-COOR’), cyano (-CN), acyl (-(C=0O)R’) and amide
(-CONR;’) groups, where R’ is hydrogen or a C,_j;-alkyl group, preferably a C,.,g-alkyl group,
particularly preferably a C;g-alkyl group, which may contain one or more heteroatoms selected

from the group consisting of N, O, P and S.

The defimtion C,-Cj,-alkenyl comprises the largest range defined herein for an alkenyl group.
Specitically, this definition comprises, for example, the meanings vinyl; allyl (2-propenyl),
1sopropenyl (1-methylethenyl); but-1-enyl (crotyl), but-2-enyl, but-3-enyl; hex-1-enyl, hex-2-
enyl, hex-3-enyl, hex-4-enyl, hex-5-enyl; hept-1-enyl, hept-2-enyl, hept-3-enyl, hept-4-enyli,
hept-5-enyl, hept-6-enyl; oct-1-enyl, oct-2-enyl, oct-3-enyl, oct-4-enyl, oct-5-enyl, oct-6-enyl,
oct-7-enyl; non-1-enyl, non-2-enyl, non-3-enyl, non-4-enyl, non-5-enyl, non-6-enyl, non-7-enyl,
non-8-enyl; dec-1-enyl, dec-2-enyl, dec-3-enyl, dec-4-enyl, dec-5-enyl, dec-6-enyl, dec-7-enyl,
dec-8-enyl, dec-9-enyl; undec-1-enyl, undec-2-enyl, undec-3-enyl, undec-4-enyl, undec-5-enyl,
undec-6-enyl, undec-7-enyl, undec-8-enyl, undec-9-enyl, undec-10-enyl; dodec-1-enyl, dodec-2-
enyl, dodec-3-enyl, dodec-4-enyl, dodec-5-enyl, dodec-6-enyl, dodec-7-enyl, dodec-8-enyl,
dodec-9-enyl, dodec-10-enyl, dodec-11-enyl; buta-1,3-dienyl, penta-1,3-dienyl.

In the context of the present invention, cycloalkenyl groups are, unless defined otherwise,
monocyclic nonaromatic hydrocarbon groups having 3 to 8 carbon ring members and at least
one double bond, which groups may optionally contain one, two or more heteroatoms selected
from the group consisting of O, N, P and S. Moreover, the cycloalkenyl groups according to the
invention may optionally be substituted by further groups selected from the group consisting of
-R°, halogen (-X), alkoxy (-OR”), thioether or mercapto (-SR”), amino (-NR”,), silyl (-SiR’5),
carboxyl (-COOR”), cyano (-CN), acyl (-(C=0)R’) and amide (-CONR,’) groups, where R’ is
hydrogen or a C,.j-alkyl group, preferably a C,.s-alkyl group, particularly preferably a
Csg-alkyl group, which may contain one or more heteroatoms selected from the group

consisting of N, O, P and S.

Specifically, this definition comprises, for example, the meanings cyclopenten-1-yl,

cyclohexen-1-yl, cyclohepta-1,3-dien-1-yl.

In the context of the present invention, alkynyl groups are, unless defined otherwise, straight-
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chain, branched or cyclic hydrocarbon groups which contain at least one double unsaturation
(triple bond) and may optionally have one, two or more single or double unsaturations or one,
two or more heteroatoms selected from the group consisting of O, N, P and S. Moreover, the
alkynyl groups according to the invention may optionally be substituted by further groups
selected from the group consisting of -R’, halogen (-X), alkoxy (-OR’), thioether or mercapto
(-SR”), amino (-NR’,), silyl (-SiR’;), carboxyl (-COOR’), cyano (-CN), acyl (-(C=0O)R’) and
amide (—CONR,’) groups, where R’ is hydrogen or a straight-chain, branched or cyclic
Ci.pp-alkyl group which may contain one or more heteroatoms selected from the group

consisting of N, O, P and S.

The definition C,-Cy,-alkynyl comprises the largest range defined herein for an alkynyl group.
Spectfically, this definition comprises, for example, the meanings ethynyl (acetylenyl);

prop-1-inyl and prop-2-inyl.

In the context of the present invention, aryl groups are, unless defined otherwise, aromatic
hydrocarbon groups which may contain one, two or more heteroatoms selected from the group
consisting of O, N, P and S and which may optionally be substituted by further groups selected
from the group consisting of -R’, halogen (-X), alkoxy (-OR”), thioether or mercapto (-SR’),
amino (-NR’,), silyl (-SiR’;), carboxyl (-COOR’), cyano (-CN), acyl (-(C=0O)R’) and amide
(-CONR;") groups, where R’ 1s hydrogen or a C;_j,-alkyl group, preferably a C,_js-alkyl group,
particularly preferably a C;g-alkyl group, which may contain one or more heteroatoms, selected

from the group consisting of N, O, P and S.

The detinition Cs_jg-aryl comprises the largest range defined herein for an aryl groups having 5
to 18 skeleton atoms, where the carbon atoms may be replaced by heteroatoms. Specifically,
this defimtion comprises, for example, the meanings cyclopentadienyl, phenyl, cyclohepta-
trienyl, cyclooctatetraenyl, naphthyl and anthracenyl; 2-furyl, 3-furyl, 2-thienyl, 3-thienyl,
2-pyrrolyl, 3-pyrrolyl, 3-isoxazolyl, 4-isoxazolyl, 5-isoxazolyl, 3-isothiazolyl, 4-isothiazolyl,
S-1sothiazolyl, 3-pyrazolyl, 4-pyrazolyl, 5-pyrazolyl, 2-oxazolyl, 4-oxazolyl, 5-oxazolyl,
2-thiazolyl, 4-thiazolyl, 5-thiazolyl, 2-imidazolyl, 4-imidazolyl, 1,2,4-oxadiazol-3-yl,
|,2,4-oxadiazol-5-yl, 1,2,4-thiadiazol-3-yl, 1,2,4-thiadiazol-5-yl, 1,2.4-triazol-3-yl, 1,3,4-
oxadiazol-2-yl,  1,3,4-thiadiazol-2-yl and  1,3,4-triazol-2-yl;  1-pyrrolyl, I-pyrazolyl,
1,2,4-tnazol-1-yl, | -imidazolyl, 1,2,3-triazol-1-yl, 1,3,4-triazol-1-yl;  3-pyridazinyl,
4-pyridazinyl, 2-pyrimidinyl, 4-pyrimidinyl, 5-pyrimidinyl, 2-pyrazinyl, 1,3,5-triazin-2-yl and
1,2,4-triazin-3-yl.

In the context of the present invention, arylalkyl groups (aralkyl groups) are, unless defined
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otherwise, alkyl groups which are substituted by aryl groups, which may have a C,g-alkylene
chain and which may be substituted in the aryl skeleton or the alkylene chain by one or more
heteroatoms selected from the group consisting of O, N, P and S and optionally by further
groups selected trom the group consisting of -R’, halogen- (-X), alkoxy (-OR’), thioether or
mercapto (-SR’), amino (-NR’,), silyl (-SiR’;), carboxyl (-COOR’), cyano (-CN), acyl
(-(C=0O)R’) and amide (—CONR;’) groups, where R’ is hydrogen or a C, ;-alkyl group,
preferably a C, jo-alkyl group, particularly preferably a C;g-alkyl group, which may contain

one or more heteroatoms selected from the group consisting of N, O, P and S.

The definition C;.jy-aralkyl group comprises the largest range defined herein for an arylalkyl
group having a total of 7 to 19 atoms in the skeleton and the alkylene chain. Specifically, this

definition comprises, for example, the meanings benzyl and phenylethyl.

In the context of the present invention, alkylaryl groups (alkaryl groups) are, unless defined
otherwise, aryl groups which are substituted by alkyl groups, which may have a C;-alkylene
chain and which may be substituted in the aryl skeleton or the alkylene chain by one or more
heteroatoms selected from the groups consisting of O, N, P and S and optionally by further
groups selected from the group consisting of -R’, halogen (-X), alkoxy (-OR”), thioether or
mercapto (-SR’), amino (-NR’,), silyl (-SiR’;), carboxyl (-COOR’), cyano (-CN), acyl
(-(C=0)R”) and amide (—CONR,’) groups, where R’ is hydrogen or a C,,-alkyl group,
preferably a C,_jo-alkyl group, particularly preferably a Csg-alkyl group, which may contain one

or more heteroatoms selected from the group consisting of N, O, P and S.

The definition C;_9-alkylaryl group comprises the largest range defined herein for an alkylaryl
group having a total of 7 to 19 atoms in the skeleton and the alkylene chain. Specifically, this
definition comprises, for example, the meanings tolyl, 2.3-, 2.4-, 2,5-, 2.6-, 3.4- or

3,5-dimethylphenyl.

The alkyl, alkenyl, alkynyl, aryl, alkaryl and aralkyl groups may furthermore contain one or
more heteroatoms which - unless defined otherwise - are selected from the group consisting of

N, O, P and S. Here, the heteroatoms replace the carbon atoms specified.

It appropriate, the compounds according to the invention can be present as mixtures of various
possible 1someric forms, in particular of stereoisomers, such as, for example, E and Z, threo and
erythro and also optical 1somers, and, if appropriate, also of tautomers. What is disclosed and
claimed are both the E and the Z 1somers, and also the threo and erythro isomers and the optical

1Isomers, any mixtures of these isomers, and also the possible tautomeric forms.
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Scheme 3 below summarizes the individual variants of the process according to the invention:

X N
(X) |
R8/LR9
(V1)
(B)
o Z
R\ (A) > Y (D)
Y > R
RZ/I'kl/ -+ 9 _N“N\ | Jo- R1 | o -
AT i R N
() N 'l'
| (VII)
Rs)\Rg
A
(C)
NY
|
R1\ P Rﬁ
'}' + \N—R‘O
) R A
X
R8/I\R9 X
(VI) (X1
Scheme 3

The 1-alkyl-3-haloalkylpyrazole-4-carboxylic acid derivatives obtainable by the process

according to the invention are compounds of the formula ()

(b).
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According to the invention, the radicals in formula (I) have the meanings below:

1s selected from the group consisting of C,.p;-alkyl, Csg-cycloalkyl, C,.i,-alkenyl,
Co.p-alkynyl, Ceg-aryl, C;j9-arylalkyl and C;_j9-alkylaryl groups, each of which may be
substituted by one or more groups selected from the group consisting of -R’, -X, -OR’,
-SR’, -NR",, -S1R’;, -COOR’, -(C=0O)R’, -CN and —-CONR,’, where R’ is hydrogen or a
Ci.12-alkyl group;

is selected from C,-C;-alkyl groups which may be substituted by one, two or three

halogen atoms selected from the group consisting of F, Cl and Br or by a CF; group;

1s selected from the group consisting of (C=O)OR3, CN and (C=O)NR4R5, where R°, R*
and R’ independently of one another are selected from the group consisting of
Cip-alkyl, Csg-cycloalkyl, C,.jo-alkenyl, C,. ,-alkynyl, Cgsg-aryl, C;je-arylalkyl and
Cq.9-alkylaryl groups, each of which may be substituted by one or more groups
selected from the group consisting of -R’, -X, -OR’, -SR’, -NR’,, -SiR’;, -COOR’,
-(C=0)R’, -CN and -CONR;’, where R’ is hydrogen or a C,_,-alkyl group, and R* and
R’ together with the nitrogen atom to which they are attached may form a 5- or
6-membered ring which may optionally contain one or more further heteroatoms
selected from the group consisting of O, S and an SO, group and which may be
substituted by one or more groups selected from the group consisting of -R’, -X, -OR’,
-SR”, -NR",, -S1R"3, -COOR”’, -(C=0O)R’, -CN and —CONR,’, where R’ is hydrogen or a
Ci_1»-alkyl group.

In a preferred embodiment of the present invention, the radicals in formula (1) have the

R!
5
R
Y
10
15
20
R!
R2
25
30 Y

meanings below:

s selected from the group consisting of methyl, ethyl, n-propyl and isopropyl,

1s selected from the group consisting of chloromethyl, bromomethyl, dichloromethyl,
trichloromethyl, fluoromethyl, difluoromethyl, trifluoromethyl, chlorofluoromethyl,
dichlorotluoromethyl, chlorodifluoromethyl, 1-chloroethyl, 1-bromoethyl, 1-fluoro-
ethyl, 2-fluoroethyl, 2,2-difluoroethyl, 2,2,2-trifluoroethyl, 2-chloro-2-fluoroethyl,
2-chloro-2-difluoroethyl, 2,2-dichloro-2-fluoroethyl, 2,2, 2-trichloroethyl,

pentafluoroethyl and 1,1, 1-trifluoroprop-2-yl; 1,2,2,2-tetrafluoroethyl,

is selected from the group consisting of (C=0)OR’, CN and (C=0)NR'R’, where R’, R’

and R’ independently of one another are selected from the group consisting of methyl,
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ethyl, n-propyl and 1sopropyl.

In a particularly preferred embodiment of the present invention, the radicals in formula (I) have

the meanings below:
R 1S methyl,
5 R° 1s selected from the group consisting of trifluoromethyl and difluoromethyl,
Y is selected from the group consisting of (C=O)OR’, where R’ is methyl or ethyl.
Step (A)

In a first embodiment of the present process, which is the result of combining reaction steps (A)
and (D), intially 2-acylated or 2-iminoalkylated acrylic acid derivatives of the formula (II) are
10 reacted with N-alkylhydrazones of the formula (IIlI) (Scheme 4). Subsequently, the

intermediates formed in step (A) are cyclized to give the 3-haloalkylpyrazole-4-carboxylic acid

derivatives of the formula (1) (Step D).

Z
8
R (A) 2)]\ Y (D)
2/H\/Y - R - -
" I " 9: —NTN 1 R NL acid
AN R s N
(I1) (1) N
| (VI1)
RS/I\RQ
15 Scheme 4

Possible intermediates which may, in accordance with the present invention, result from

reaction step (A) are the acrythydrazones of the formula (VII)




10

[5

, . CA 02716381 2010-08-20
BCS 07-3129-Foreign Countries

- 13 -

This formula includes in particular the 2-acylhydrazinoprop-2-enoates of the formula (VIla)

and the hydrazinoaminium salts of the formula (V1Ib)

Zk/Y
R

1 |
R |

\Nr\r‘“
N

Iy

8
R (VIla),

anion-

(VIIb),

in which the radicals R', R, R® to R'' and Y have the meanings described above and which

optionally have a counterion (anion’) selected from the group consisting of CI', BF,, PF¢, SbF¢

and AICI, .

The process step (A) according to the invention is preferably carried out in a temperature range

of from -20°C to +150°C, particularly preferably at temperatures of from -10°C to +70°C

The process step (A) according to the invention is generally carried out under atmospheric
pressure. However, alternatively, it 1s also possible to operate under reduced pressure to remove

the highly volatile dialkylamines.

The reaction time 1s not critical and may, depending on the batch size and the temperature, be

chosen from a range of between a few minutes and a number of hours.

When carrying out the process step (A) according to the invention, 1 mol of the acrylic acid
derivative of the formula (1I) is reacted with from 0.5 mol to 3 mol, preferably from 0.5 mol to

1.5 mol, particularly preferably with an equimolar amount, of the hydrazone of the formula

(11).
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Preferably, the hydrazone of the formula (IlI), dissolved in the solvent, is inttially charged, and
the acrylic acid derivative of the formula (II) is added. However, it is also possible to reverse

the order.

The reaction can be promoted by adding catalysts, such as, for example, CH;COOH, H,SO,,
KHSO,, NaH,PO,, HCI, CF;COOH, CH;COONa.

Work-up and 1solation of the intermediates 1s generally not required, and the reaction mixture

obtainable from step (A) can be used immediately or after storage for the cyclization step (D).

The acrylic acid derivatives of the formula (II) can be obtained by the processes described

above, 1n connection with the prior art.

In the context of the present invention, preference i1s given to using 2-acylated or
2-iminoalkylated acrylic acid derivatives of the formula (II) selected from the group consisting
of ethyl (2-ethoxymethylene)-4,4-difluoromethylacetoacetate, ethyl-(2-ethoxymethylene)-4.4,4-
trifluoromethylacetonitrile, 2-[(dimethylamino)methylidene]-4,4,4-trifluoro-3-oxobutanenitrile,
N-1-(trifluvoromethyl)-3-(dimethylamino)-2-(ethoxycarbonyl)prop-2-en-1-ylidene]-N-methyl-
methanaminium  chloride,  ethyl  2-(difluoroacetyl)-3-(dimethylamino)acrylate, = N-1-
(difluoromethyl)-3-(dimethylamino)-2-(ethoxycarbonyl)prop-2-en-1-ylidene]-N-methyl-
methanaminium tetrafluoroborate and N-[3-(dimethylamino)-2-(ethoxycarbonyl)-1-(1,1,2,2-

tetrafluoroethyl)prop-2-en-1-ylidene]-N-methylmethanaminium chloride.

In the context of the present invention, the N-alkylhydrazones of the formula (111) are preferably
selected from the group consisting of 1-methyl-2-(1-methylethylidene)hydrazine, 1-methyl-2-
(1,2,2-trimethylpropylidene)hydrazine, 1-methyl-2-(1-methylpropylidene)hydrazine, 1-cyclo-
hexylidene-2-methylhydrazine,  1-methyl-2-(phenylmethylidene)hydrazine,  1-methyl-2-(1-
phenylethylidene)hydrazine, I-(diphenylmethyhidene)-2-methylhydrazine en cthyl-

2[(dimethylamino)methyhidene]-4,44-trifluoro-3-oxo-butanoat.

The N-alkylhydrazones of the formula (IIl) have been described in the literature (Zhurnal
Organicheskor Khimit (1968), 4(6), 986-92.) and can be obtained by reacting commercially
available hydrazines of the formula (VIII) with carbonyl compounds of the formula (IX) (see

Scheme 95).
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(1X) (Vi) un

Scheme S

According to the invention, the radicals in formulae (III), (VIII) and (IX) have the meanings

below:

R ts selected from the group consisting of C,_j,-alkyl, Cs¢-cycloalkyl, C,.j5-alkenyl, C;.q5-
alkynyl, Csg-aryl, C; jo-arylalkyl and C; jo-alkylaryl groups, each of which may be
substituted by one or more groups selected from the group consisting of -R’, -X, -OR”,
-SR’, -NR’;, -SiR’;, -COOR’, -(C=0)R’, -CN and —CONR;’, where R’ 1s hydrogen or a
Ci.1p-alkyl group;

R®and R’ independently of one another are selected from the group consisting of C;_j»-

alkyl, Csg-cycloalkyl, C, ;-alkenyl, C,.j>-alkynyl, C¢g-aryl, C,9-arylalkyl and C;yo-
alkylaryl groups, each of which may be substituted by one more groups selected from
the group consisting of -R’, -X, -OR’, -SR’, -NR’,, -SiR’;, -COOR’, -(C=0O)R’, -CN
and -CONR,’, where R’ is hydrogen or a C,.;>-alkyl group, and R® and R’ together with
the carbon atom to which they are attached may form a 5- or 6-membered ring which
may optionally contain one or two further heteroatoms selected from the group
consisting of O, S and an SO, group and which may be substituted by one or more
groups selected from the group consisting of -R’, -X, -OR’, -SR’, -NR’,, -SiR’s,
-COOR”, «(C=0)R’, -CN and -CONR;’, where R’ is hydrogen or a C,_j,-alkyl group.

According to the invention, the radicals in formulae (III), (VIII) and (IX) have the preferred

meanings below:

Rl

RS

1s methyl, ethyl, n-propyl, isopropyl, n-butyl, sec-butyl, tert-butyl;

s selected from the group consisting of H, methyl, ethyl, n-propyl, isopropyl, n-butyl,

sec-butyl, tert-butyl, phenyl, tolyl, cyclohexyl;

1s selected from the group consisting of H, methyl, ethyl, n-propyl, isopropyl, n-butyl,

sec-butyl, tert-butyl, phenyl, tolyl, cyclohexyl.

Alternatively, R® and R’ together with the carbon atom to which they are attached may form a
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5- or 6-membered ring.

According to the invention, the radicals in formulae (III), (VIIl) and (IX) have the following

particularly preferred meanings:

R’ 1s methyl;

R’ 1s selected from the group consisting of H, methyl, tert-butyl, phenyl;
R’ 1s selected from the group consisting of H, methyl, tert-butyl, phenyl.

According to the invention, preference is given to using ketones of the formula (IX) selected
from the group consisting of acetone, benzophenone, pinacolone, cyclohexanone,

benzaldehyde, with acetone and benzaldehyde being particularly preferably used.

A further advantage of the process according to the invention is the fact that, to prepare the
N-methylhydrazones of the formula (III), 1t 1s possible to use aqueous methylhydrazine
solutions and the explosive concentrated methylhydrazine, which 1s also used as rocket fuel, 1s

not necessarily required.

[n two turther embodiments of the process according to the invention which result when the
reactions steps (B) and (D) or (C) and (D) are combined, acrylic acid derivatives of the formula
(V1) are acylated (step (B)) or iminoalkylated (step (C)) and finally cyclized to give the 3-halo-

alkylpyrazole-4-carboxylic acid derivatives of the formula (1) (step D).
Step (B): Acylation

In one embodiment of the process according to the invention, the acrylic acid hydrazones of the
formula (VI) are acylated with haloalkylcarbonyl halides of the formula (X) according to
Scheme 6 below to give the 2-acylacrylic acid hydrazones of the formula (VIla). In formula
(X), R” has the above meanings and X is a halogen atom selected from the group consisting of

I, Cl or Br, preferably from the group consisting of F and Cl, particularly preferably F.

In the context of the present invention, the acylating agent used is preferably a

haloalkylcarbonyl halide of the formula (X) selected from the group consisting of

difluoroacetyl chloride, difluoroacetic anhydride, difluoroacetyl fluoride, trifluoroacetyl

chloride and trifluoroacetyl fluoride.

The acrylic acid hydrazones of the formula (VI) used in step (B) are preferably selected from

the group consisting of ethyl (2E)-3-[1-methyl-2-(propan-2-ylidene)hydrazinyl]prop-2-enoate,
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ethyl (27)-3-[1-methyl-2-(propan-2-ylidene)hydrazinyl]prop-2-enoate, methyl 3-[1-methyl-2-
(propan-2-ylidene)hydrazinyl]prop-2-enoate, propy| 3-[ 1-methyl-2-(propan-2-ylidene)-
hydrazinyl]prop-2-enoate, ethyl (2E)-3-[1-methyl-2-(3,3-dimethylbutan-2-ylidene)hydrazinyl]-
prop-2-enoate, methyl 3-[1-methyl-2-(3,3-dimethylbutan-2-ylidene)hydrazinyl]prop-2-enoate,
methyl  3-[1-methyl-2-(phenylmethylidene)hydrazinyl|prop-2-enoate,  (2E)-3-[1-methyl-2-
(phenylmethylidene)hydrazinyl]prop-2-enenitrile and methyl 3-[1-ethyl-2-(propan-2-yhidene)-
hydrazinyl]prop-2-enoate.

O
O
Y Y
1 f R’ )J\X Rj I

Step (B) R\N (X) R\N
| > |

|N N

|
(V1) (Vlla)

Scheme 6

According to the invention, the acylation is carried out at temperatures of from -20°C to
+150°C, preterably at temperatures of from -20°C to +100°C, particularly preferably at from

-10 to 50°C, and under atmospheric pressure.

The reaction time 1s not critical and may, depending on the batch size and the temperature, be

chosen from a range between a few minutes and a number of hours.

According to the invention, 1 mol of the acrylic acid hydrazone of the formula (VI) is reacted
with from 0.5 mol to 3 mol, preferably from 1.2 mol to 1.5 mol, particularly preferably with

equimolar amounts, of the haloalkylcarbonyl halide of the formula (X).

Preferably, the hydrazinoacrylic acid derivative of the formula (V1) dissolved in the solvent is

initially charged, and the haloalkylcarbonyl halide of the formula (X) is added. However, a

reverse order 1s also possible.
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The acylation is preferably carried out in the presence of a base. Preterence i1s given here to
organic bases, such as trialkylamines, alkylpyridines, phosphazenes and 1,8-diazabi-
cyclof[5.4.0]lundecene (DBU); alkali metal hydroxides, such as, for example, lithium hydroxide,
sodium hydroxide or potassium hydroxide, alkali metal carbonates (Na,CO;, K,CO;) and
alkoxides, such as, for example, NaOMe, NaOFLt, NaOt-Bu, KOt-Bu.

Suitable solvents are, for example, aliphatic, alicyclic or aromatic hydrocarbons, such as, for
example, petroleum ether, n-hexane, n-heptane, cyclohexane, methylcyclohexane, benzene,
toluene, xylene or decaline, and halogenated hydrocarbons, such as, for example, chloro-
benzene, dichlorobenzene, dichloromethane, chlorotorm, carbon tetrachloride, dichloroethane
or trichloroethane, ethers, such as diethyl ether, duisopropyl ether, methyl tert-butyl ether,
methyl tert-amyl ether, dioxane, tetrahydrofuran, 1,2-dimethoxyethane, 1,2-diethoxyethane or
anisole; nitriles, such as acetonitrile, propionitrile, n- or isobutyronitrile or benzonitrile;
ketones, such as acetone, methyl ethyl ketone, methyl 1sobutyl ketone or cyclohexanone;
amides, such as N,N-dimethylformamide, N,N-dimethylacetamide, N-methylformanilide,
N-methylpyrrolidone or hexamethylphosphoric triamide; sulphoxides, such as dimethyl
sulphoxide, or sulphones, such as sulpholane. Particular preference is given to using toluene,
xylene, chlorobenzene, n-hexane, cyclohexane or methylcyclohexane, very particularly

preferably toluene or xylene.

Possible intermediates which, according to the present invention, may result from reaction step

(B) are, usually, the 2-acylhydrazinoacrylic acid derivatives of the formula (VIIa).
The intermediates formed can, without prior work-up, be used for the cyclization step (step D).

Alternatively, the intermediates can be isolated by suitable work-up steps and, if appropriate,

further purification, and they can be used at a later point in time for the cyclization (step D).

The acrylic acid hydrazones of the formula (V1) have been described in the literature (see
Chem. Ber. 1975, 108 (7), 2161-2170; Bulletin de la Societe Chimique de France (1976), (1-2,
Pt. 2), 260-4), and they can be prepared according to Scheme 7 or 8 below.
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R
(V1)
Scheme 7
"
1
8 R
y R N7
R? \R1 '
A e
1\/
(IV) (1) i)
Scheme 8

Step (C) Iminoalkylation

[n a further embodiment of the process according to the invention, the acrylic acid hydrazones
of the formula (V1) are iminoalkylated with at least one a,a-dihaloamine of the formula (XI),
according to Scheme 9 below to give the hydrazinoaminium salts of the formula (VIIb). In

10 formula (XI), X and R have the above meanings.

NY
o
\I\I’/
N
\ R +R" [LX]
8)\ 9 N
RH\ RH\ R R J\ Y
+ 2 yd
N_R" + L] /N—Rm (V1) R1 l
R2 - R2 < > R\NN“’J
X X  [LX]- base |
X N
|
(XI) (X) Rs/kRg
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Scheme 9

In Scheme 9 [L] 1s a Lewis acid.

In the context of the present invention, the iminoalkylating agent of the formula (XI) used
may be 1,1,2,2-tetrafluoroethyl-N,N-dimethylamine, 1,1,2,2-tetrafluoroethyl-N,N-diethylamine,
1,1,2-trifluoro-2-(trifluoromethyl)ethyl-N,N-dimethylamine, 1,1,2-trifluoro-2-(trifluoromethyl)-
ethyl-N,N-diethylamine (Ishikawa reagent), 1,1,2-trifluoro-2-chloroethyl-N,N-dimethylamine or
1,1,2-trifluoro-2-chloroethyl-N,N-diethylamine (Yarovenko reagent). Here, preference is given
to 1,1,2,2-tetrafluoroethyl-N,N-dimethylamine and 1,1,2,2-tetrafluoroethyl-N,N-diethylamine,

and particular preference is given to 1,1,2,2-tetrafluoroethyl-N,N-dimethylamine.

The acrylic acid hydrazones of the formula (VI) used in step (C) are preferably selected from
the group consisting of ethyl (2E)-3-[1-methyl-2-(propan-2-ylidene)hydrazinyl]prop-2-enoate,
ethyl (27)-3-[1-methyl-2-(propan-2-ylidene)hydrazinyl]prop-2-enoate, methyl 3-[1-methyl-2-
(propan-2-ylidene)hydrazinyl|prop-2-enoate, propyl 3-[ 1-methyl-2-(propan-2-ylidene)-
hydrazinyl]prop-2-enoate, ethyl (2E)-3-[1-methyl-2-(3,3-dimethylbutan-2-ylidene)hydrazinyl]-
prop-2-enoate, methyl 3-[1-methyl-2-(3,3-dimethylbutan-2-ylidene)hydrazinyl]prop-2-enoate,
methyl  3-[1-methyl-2-(phenyimethylidene)hydrazinyl]prop-2-enoate,  (2E)-3-[1-methyl-2-
(phenylmethylidene)hydrazinyl]prop-2-enenitrile and methyl 3-[1-ethyl-2-(propan-2-ylidene)-
hydrazinyl]prop-2-enoate.

In a preferred embodiment of the process according to the invention, the a,a-dithaloamine 1s
initially reacted with a Lewis acid [L], such as, for example, BF;, AICl;, SbCls, SbFs, ZnCl,,

PFs, and the mixture of the hydrazinoacrylic ester of the formula (VI) and a base, neat or

dissolved 1n a suitable solvent, 1s then added.

Preference is given to organic bases such as trialkylamines, alkylpyridines, phosphazenes and
1,8-diazabicyclo[5.4.0Jundecene (DBU), alkali metal hydroxides, such as, for example, lithium
hydroxide, sodium hydroxide or potassium hydroxide, alkali metal carbonates (Na,COx,

K,CO;) and alkoxides, such as, for example, NaOMe, NaOEt, NaOt-Bu, KOt-Bu.

The reaction of the a,a-dihaloamines of the formula (X1) with the acrylic acid hydrazones of

the formula (VI) is usually carried out at temperatures of from -50 to 70°C, preferably trom -20

to 60°C, particularly preferably from -10 to 50°C.

The reaction can be carried out under reduced pressure, under atmospheric pressure or under

elevated pressure and 1s preferably carried out under atmospheric pressure.
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The reaction can be carried out in the absence of a solvent or in a solvent. The reaction 1s
preferably carried out in a solvent. Suitable solvents are, for example, selected from the group
consisting of aliphatic and aromatic hydrocarbons, such as, for example, n-hexane, benzene or
toluene, which may be substituted by fluorine and chlorine atoms, such as methylene chloride,
dichloroethane, fluorobenzene, chlorobenzene or dichlorobenzene; ethers, such as, for example,
diethyl ether, diphenyl ether, methyl tert-butyl ether, isopropyl ethyl ether, dioxane, diglym,
dimethylglycol, dimethoxyethane (DME) or THF; nitriles, such as methylnitrile, butylnitrile or
phenylnitrile; amides, such as dimethylformamide (DMF) or N-methylpyrrolidone (NMP), or
mixtures of such solvents, with acetonitrile, dichloromethane, THF, DME and ethyl acetate

being particularly preterred.

The base and the acrylic acid hydrazone of the formula (VI) are preferably employed in

equimolar amounts, based on the o,a-dihaloamines of the formula (XI). The base can also be
used in excess. According to the invention, the ratio of base:hydrazinoacrylic acid derivative 1s

from 1.5:1 to 0.9:1, preferably from 1.4:1, particularly preferably from 1.3:1 to 1.05:1.

Owing to the susceptibility of the o,a-dihaloamines to hydrolysis, the reaction 1s to be carried

out under an atmosphere of inert gas in apparatus free from water.

Possible intermediates which may result in accordance with the present invention from reaction

step (C) are usually the hydrazinoaminium salts of the formula (VIib).
The intermediates formed can be used without prior work-up for the cyclization step (step D).

Alternatively, the intermediates can be isolated by suitable work-up steps and, if appropriate,

further purification and can be used at a later point in time for the cyclization (step D).
Step (D): Cychization

According to the invention, the cyclization of the intermediates obtainable from steps (A), (B)
or (C) is carried out at temperatures of from -20°C to +150°C, preferably at temperatures of

from -10°C to +100°C, particularly preferably at from -10 to 50°C, and under atmospheric

pressure.

The reaction time i1s not critical and can be chosen from a relatively wide range, depending on

the batch size.

According to the invention, the ring closure to the pyrazole is carried out in the presence of an

acid. Here, the carbonyl compound R°R’C=0 is cleaved off. The carbonyl compounds can be
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separated off and recycled into the preparation of hydrazones of the formula (111).
Usually, step (D) is carried out after step (A), (B) or (C) without a change ot solvent.

Ideally, all reaction steps of the process according to the invention are carried out in the same

solvent.

Suitable solvents are, for example, aliphatic, alicyclic or aromatic hydrocarbons, such as, for
example, petroleum ether, n-hexane, n-heptane, cyclohexane, methylcyclohexane, benzene,
toluene, xylene or decaline, and halogenated hydrocarbons, such as, for example, chloro-
benzene, dichlorobenzene, dichloromethane, chloroform, carbon tetrachloride, dichloroethane
or trichloroethane, ethers, such as diethyl ether, diisopropyl ether, methyl tert-butyl ether,
methy! tert-amyl ether, dioxane, tetrahydrofuran, 1,2-dimethoxyethane, 1,2-diethoxyethane or
anisole: nitriles, such as acetonitrile, propionitrile, n- or isobutyronitrile or benzonitrile;
ketones, such as acetone, methyl ethyl ketone, methyl isobutyl ketone or cyclohexanone;
amides, such as N,N-dimethylformamide, N,N-dimethylacetamide, N-methylformanilide,
N-methylpyrrolidone or hexamethylphosphoric triamide; sulphoxides, such as dimethyl
sulphoxide, or sulphones, such as sulpholane; alcohols, such as methanol, ethanol, n- or
isopropanol, butanol. Particular preference is given to using toluene, xylene, chlorobenzene,

n-hexane, cyclohexane or methyicyclohexane, ethanol, very particularly preferably ethanol,

toluene, xylene and water.

Suitable acids are selected from the group consisting of HCI, H,SO,, CF;COOH, CF;SO;H,
CH;COOH; particular preference is given to HCl and H,SO,.

After the reaction has ended, for example, the solvents are removed and the product is 1solated

by filtration or initially extracted with water, the organic phase is separated off and the solvent

1s removed by distillation.

The process according to the invention is illustrated in more detail by the examples below.

However, the examples are not to be interpreted as limiting.
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Preparation Examples

Examplel: Ethyl 3-(difluoromethyl)-1-methyl-pyrazole-4-carboxylate

F O

5.8 g (25 mmol) of ethyl 2-(ethoxymethylidene)-4,4-difluoro-3-oxobutanoate are initially charged
5 in 25 ml of acetonitrile, and 2.25 g of methyl-2-(1-methylethylidene)hydrazone are added over a
period of 5 min. The mixture is stirred at RT for 1 h, and 0.5 ml of 10% strength HCI is added.

GC shows only one isomer. The mixture is concentrated and the product is washed with cold

water. Yield 4.83 g (94%).
“F-NMR (CDCly): 6 =-117.2 (d) ppm.

10 '"H-NMR (CDCl): 6= 1.35 (t, 3H); 3.96 (s, 3H); 4.31 (kw, 2H); 7.10 (t, 1H), 8.15 (s, 1H) ppm.

Example 2: Ethyl 3-(diﬂuoromethyl)-1H~pyrazble-4-carboxylate

In a departure from Example 1, (1-methylethylidene)hydrazone is used.

Yield 92%.

Example 3:

15 48.8 gof 1,1,2,2-tetrafluoroethyldimethylamine are initially charged in 500 ml of acetonitrile,
and 330 g of BF; (19% strength solution in CH;CN) are added slowly. Subsequently, 55 g of
ethyl 3-[1-methyl-2-(1-methylethylidene)hydrazino]prop-2-enoate are metered in over a period
of 15-20 min, and the mixture is stirred at RT for 1.5 h. I ml of HCI 1s added to the mixture,
and the acetonitrile is removed under reduced pressure. The light-yellow precipitate formed is

20 washed with water and dried. Yield: 58 g, (94% of theory), m.p. 64-65°C, w.w.% 99%.

Example 4: Ethyl 3-(chlorofluoromethyl)-1-methyl-1H-pyrazole-4-carboxylate

Cl O

o O
R A
N.
)



CA 02716381 2015-05-14

30725-953

_74 -

In a d'eparture from Example 1, 2-(ethoxymethylidene)-4-chloro-4-fluoro-3-oxobutanoate is

used.
PF-NMR (CDCl,): §=-133.8 (d, J=47.5) ppm.

Example 5: Ethyl 4,4-difluoro-2-{[1-methyl-2-(phenylmethylidene)hydrazinoj-

J mefhylidene}-3-oxobutanoate

6.2 g of 2-methyl-1-phenylhydrazone and 9.3 g of ethyl 2-(difluoroacetyl)-3-(dimethyi-
amino)acrylate are initially charged in 100 ml of toluene, and 5.7 g of potassium bisulphate are
added. The reaction mixture is then heated at 35-40°C and stirred at the same temperéture for
10 8 h. The salts are separated off, and the solvent 1s then removed under reduced pressure. This
gives ethyl 4,4-difluoro-2-{[1-methyl-2-(phenylmethylidene)hydrazino}methylidene}-3-

oxobutanoate as a solid (91% yield). The 1somer ratio according to NMR 1s 53/39%.

"TH-NMR (278 K, CDCN»): &= 1.08 (t, 3H); 1.23 (t, 3H); 3.44 (s, 3H); 3.52 (s, 3H); 4.14 (m,
2H); 6.0 (t, 1H); 6.37 (t, I1H); 7.4 —7.98 (m, 7H) ppm.
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CLAIMS:
1. A process for preparing a 1-alkyl-3-haloalkylpyrazole-4-carboxylic acid
derivative of the formula (I): '

RS Y
[\
N.
N
I

(D

in which:

R' is selected from the group consisting of C).j2-alkyl, Cs.g-cycloalkyl, C,.jz-alkenyl,
C,.1p-alkynyl, Ce.g-aryl, Cr.19-arylalkyl and C;.j9-alkylaryl groups, each of which may be
substituted by one or more groups selected from the group consisting of -R’, -X, -OR’, -SR’,
-NR’,, -SiR’3, -COOR’, -(C=0O)R’, -CN and -CONR;’, where R’ is hydrogen or a C;.j-alkyl

group;

R’ is selected from C;-Cs-alkyl groups which may be substituted by one, two or three halogen

atoms selected from the group consisting of F, Cl and Br or by a CF3 group;

Y is selected from the group consisting of (C=O)OR3 , CN and (C=O)NR4R5 , where R?, R
and R’ independently of one another are selected from the group consisting of C.j2-alkyl,
Cs.g-cycloalkyl, C,.12-alkenyl, C,.1z-alkynyl, Ce.g-aryl, C7.19-arylalkyl and C;.j9-alkylaryl
aroups, each of which may be substituted by one or more groups selected from the group
consisting of -R’, -X, -OR’, -SR’, -NR’,, -SiR’3, -COOR’, -(C=0)R’, -CN and -CONR;’,
where R’ is hydrogen or a C,.j;-alkyl group, and R* and R’ together with the nitrogen atom to
which they are attached may form a 5- or 6-membered ring which may optionally contain one
or more further heteroatoms selected from the group consisting of O, S and an SO, group and

which may be substituted by one or more groups selected from the group consisting of -R’,
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-X, -OR’, -SR’, -NR’,, -SiR’;, -COOR’, -(C=0)R’, -CN and -CONR;’, where R’ 1s hydrogen
or a Cy.12-alkyl group;

comprising at least one of the reaction sequences consisting of steps (A) and (D), (B) and (D)

or (C) and (D) below:

(A) reaction of a 2-acylated or 2-iminoalkylated acrylic acid derivative of the formula (II):

A (1)
in which:

Z is selected from the group consisting of O, S and N'R!R'"! where R'’ and R"
independently of one another are selected from the group consisting of C,.2-alkyl,

C;.g-cycloalkyl, C,.i2-alkenyl, C,.12-alkynyl, Ce-s-aryl, Cs.19-arylalkyl and C;.9-alkylaryl

- groups, each of which may be substituted by one or more groups selected from the group

consisting of -R’, -X, -OR’, -SR’, -NR’,, -SiR’3, -COOR’, -(C=0)R’, -CN and -CONRy’,
where R’ is hydrogen or a C,.j>-alkyl group, and R and R" together with the nitrogen atom
to which they are attached may form a 5- or 6-membered ring which may optionally contain
one or two further heteroatoms selected from the group consisting of O, S and an SO, group
and which may be substituted by one or more groups selected from the group consisting of
-R’. -X, -OR’, -SR’, -NR’,, -SiR’3, -COOR’, -(C=0)R’, -CN and -CONR;’, where R’ 1s
hydrogen or a C,.jz-alkyl group;

A 1s a leaving group NR'?R!3, where R'? and R" independently of one another are selected
from the group consisting of C.jz-alkyl, Cs.g-cycloalkyl, Ca.| »-alkenyl, C,.12-alkynyl,
Ce.s-aryl, C.10-arylalkyl and Cs.je-alkylaryl groups, each of which may be substituted by one
or more groups selected from the group consisting of -R’, -X, -OR’, -SR’, -NR’», -S1R’;,
-COOR’, -(C=0)R’, -CN and -CONRy’, where R’ is hydrogen or a C;.1»-alkyl group, and R'



10

15

CA 02716381 2015-05-14

30725-953
-27 -

and R"® together with the nitrogen atom to which they are attached may form a 5- or 6-
membered ring which may optionally contain one or two further heteroatoms selected from
the group consisting of O, S and an SO, group and which may be substituted by one or more
groups selected from the group cOnsisting of -R’, -X, -OR’, -SR’, -NR’,, -SiR’;, -COOR’, -
(C=0)R’, -CN and -CONR,’, where R’ is hydrogen or a C,.;>-alkyl group; '

with an N-alkylhydrazone of the formula (I1I):

8

R
N
9 \_ 1

R R am
in which:

R® and R’ independently of one another are selected from the group consisting of H,
Ci.12-alkyl, Csg-cycloalkyl, Cs.1z-alkenyl, C;.12-alkynyl, Ce.g-aryl, C7.19-arylalkyl and
C7-19-alkylary1 groups, each of which may be substituted by one more groups selected from
the group consisting of -R’, -X, -OR’, -SR’, -NR’,, -SiR’3, -COOR’, -(C=0O)R’, -CN and
-CONRy’, where R’ 1s hydrogen or a C,.1»>-alkyl group, and R® and R’ together with the
carbon atom to which they are attached may form a 5- or 6-membered ring which may
optionally contain one or two further heteroatoms selected from the group consisting of O, S
and an SO, group and which may be substituted by one or more groups selected from the
group consisting of -R’, -X, -OR’, -SR’, -NR’;, -SiR’3, -COOR’, -(C=0O)R’, -CN and
-CONR>’, where R’ 1s hydrogen or a C.j;-alkyl group;

(B) acylation of an acrylic acid hydrazone of the formula (VI):
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-
8
N R
AN <
9
R (VD
with an acyl halide of the formula (X):
O
2 /U\
R™ X ®

wherein X 1s selected from the group consisting of F, Cl, Br and I;

(C) iminoalkylation of an acrylic acid hydrazone of the formula (VI) above with an

a,0-dithaloamine of the formula (XI):

(X1)
wherein X is selected from the group consisting of F, Cl, Br and [;

(D) cyclization of the intermediates obtained in step (A), (B) or (C) to give the

3-haloalkylpyrazole-4-carboxylic acid derivative of the tormula (I).

2. The process according to claim 1, wherein as intermediate of step (A), (B) or

(C), a 2-acylated or a 2-iminoalkylated hydrazinoacrylic acid derivative of the formula (VI):



10

15

20

CA 02716381 2015-05-14

30725-953

.20 -

R (V1)

in which the radicals R', R, Rg, R9, Y and Z are as defined in claim 1, 1s formed.

3. The process according to claim 1 or 2, wherein the reaction sequence consists
of steps (A) and (D). '

4, The process according to claim 1 or 2, wherein the reaction sequence consists
of steps (B) and (D).

J. The process according to claim 1 or 2, wherein the reaction sequence consists
of steps (C) and (D).

6. The process according to any one of claims 1 to 5, wherein the acyl halide of

the formula (X) in step (B) is selected from the group consisting of difluoroacetyl fluoride and

difluoroacetyl chloride.

7. The process according to any one of claims 1 to 6, wherein the ao,a-

dihaloamine of the formula (XI) 1n step (C) 1s 1,1,2,2-tetrafluoroethyl-N,N-dimethylamine.

8. The process according to any one of claims 1 to 7, wherein the 2-acylated or
2-iminoalkylated acrylic acid derivative of the formula (II) 1s selected from the group
consisting of N-1-[(trifluoromethyl)-3-(dimethylamino)-2-(ethoxycarbonyl)prop-2-en-1-
ylidene]-N-methylmethanaminium chloride, N-1-[(difluoromethyl)-3-(dimethylamino)-2-
(ethoxycarbonyl)prop-2-en-1-ylidene}-N-methylmethanaminium tetrafluoroborate and N-|3-
(dimethylamino)-2-(ethoxycarbonyl)-1-(1,1,2,2-tetrafluoroethyl)prop-2-en-1-ylidene]-N-

methylmethanaminium chloride.
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9. The process according to any one of claims | to 8, wherein the N-
alkylhydrazone of the formula (III) 1s selected from the group consisting of 1-methyl-2-(1-
methylethylidene)hydrazine, 1-methyl-2-(1-phenylethylidene)hydrazine, 1-methyl-2-(1,2,2-
trimethylpropylidene)hydrazine, 1-methyl-2-(1-methylpropylidene)hydrazine, 1-
cyclohexylidene-2-methylhydrazine, 1-methyl-2-(phenylmethylidene)hydrazine, 1-
(diphenylmethylidene)-2-methylhydrazine, ethyl 2-[(dimethylamino)methylidenel]-4,4,4-

trifluoro-3-oxobutanoate.

10. The process according to any one of claims 1 to 8, wherein the acrylic acid
hydrazone of the formula (VI) in steps (B) and (C) is selected from the group consisting of
ethyl(2E)-3-| I-methyl-2-(propan-2-ylidene)hydrazinyl|prop-2-enoate, ethyl(27)-3-[1-methyl-
2-(propan-2-ylidene)hydrazinyl|prop-2-enoate, methyl 3-[ 1-methyl-2-(propan-2-
ylidene)hydrazinyl|prop-2-enoate, propyl 3-[ 1-methyl-2-(propan-2-ylidene)hydrazinyl]prop-
2-enoate, ethyl(2E)-3-[ 1-methyl-2-(3,3-dimethylbutan-2-ylidene)hydrazinyl|prop-2-enoate,
methyl-3-[ 1-methyl-2-(3,3-dimethylbutan-2-ylidene)hydrazinyl]prop-2-enoate, methyl 3-[1-
methyl-2-(phenylmethylidene)hydrazinyl|prop-2-enoate, (2E)-3-[1-methyl-2-
(phenylmethylidene)hydrazinyl]prop-2-enenitrile and methyl 3-[1-ethyl-2-(propan-2-
ylidene)hydrazinyl|prop-2-enoate.

11. A 2-acylatéd or 2-iminoalkylated acrylic acid hydrazone of the formula (VII):
Z
3 Y
o
R
)
Rg\fN
8
R (VII)

in which the radicals R' to R®, Y and Z are as defined in claim 1.

12. A 2-acylacrylic acid hydrazone for the formula (VIla):
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(VIIa)

in which the radicals R' to R® and Y are as defined in claim 1.

13. A salt of the formula (VIIb):

10 11
R N +-R

|

R~ anion

(VIIb)

5  in which the radicals R' to R® and Y are as defined in claim 1, and anion is selected from the

group consisting of Cl', BF4, PFg, SbF¢ and AICl,.
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