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(54) Title: PROCESS FOR THE PREPARATION OF SUBSTITUTED ARYL PYRAZOLES

& (57) Abstract: The present invention relates to a process for the preparation of pesticidal compounds, and more particularly to
the preparation of pyrazole compounds. In particular, the present invention relates to a process for preparing 1-arylpyrazoles and
1-pyridylpyrazoles which have pesticidal activity. More particularly, the present invention relates to a novel process by which 3,4,5-
trisubstituted 1-arylpyrazoles may be produced directly in a reaction which involves coupling of an aryldiazonium species with an

=

appropriately substituted precursor bearing a desired substituent.
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PROCESS. FOR THE PREPARATION OF SUBSTITUTED ARYL

PYRA,Z@IJES_ e mEl

The present invention relates:to-a process for the preparation of pesticidal compounds, and -

-more particularty. to the preparation of pyrazole compounds. In particular, the present =
.invention relates: to-a-process. for ‘preparing 1-phenylpyrazoles and 1-pyridylpyrazoles, -
hereinafter referred to as 1-arylpyrazoles. . .-

Arylpyrazoles. are described widely in the prior -art and- European Patent Publication Nos -

~EP- 0295117,. EP 0234119, EP..0946515, EP 0871617, EP 0846686 and EP 0918756-

i

- describe manygsuch.compounds. . = . e RN
-Certain-pyrazole derivatives possessing, inter alia, antiparasitic-activity- are already known. -
~For example; EP-A-0234119 discloses 1-arylpyrazeles for the control of arthropod, plant -
nematode=and helminth pests... 1-arylpyrazoles are also disclosed in EP-A-0295117+in -
addition to having arthropodicidal, plant nematocidal and antihelminthic activity, these :
compounds are reported to display antiprotozoal properties. - Similar profiles of activity are ..
also displayed by the l-arylpyrazoles disclosed in EP-A-0295118. . = - . --
-The: prior: art- in- general has_previously described a reaction for forming 1-arylpyrazoles -
which is known -as the Japp-Klingemann reaction. This reaction is well known in the -
chemical literature and is described in Org. React., 1959, 10, 143-178. In this reaction, an -:
aryl diazonium species is reacted with a tri-substituted methane derivative in which two of -
the substituents are electron withdrawing groups. If the third substituent is, like the fourth
substituent, hydrogen then a hydrazone is formed. In the case in which the third -
substituent is a group such as a methylene nitrile then cyclisation occurs .to, produce. an -
arylpyrazolc bearing an electron withdrawing group at the C-3 position, an amine at the C-

5 position'with the C-4 position being unsubstituted.
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" J:Prakt-Chem 1989, 331 describes. the reaction of phenacylmalononitriles with hydrazine or

plienyifiydrazine - to produce phenacylpyrazole derivatives, and the reaction of .-..

- phenacylmalononitriles with diazonium cations to form aminopyrazole derivatives. - -

“. “Howevers-the'reaction suffers-the disadvantage that it takes over 24 hoursto complete and -

-7 duting -that"time " the temperature must be maintained below room temperature. . The

réadtion -also requires recrystallisation of the product after isolation in order to return a - =

product of reasonable purity.

- W098/49358 describes a process for preparing pyrazole derivatives in which an aryl -

diazonium derivative is cyclised to form the pyrazole ring. In this process, the leaving . ..

-+ group which is‘normally lost in this type of reaction is re<incorporated into-the resulting . -.-

pyrazole ring at the carbon 4-posttion having been lost from-the carbon which-forms the 3- ..
©  position- 0f the pyrazole ring. - The advantage of this process is said to be that'it gives
access to' 3;4,5-trisubstituted- 1-aryl pyrazoles. ‘Thus, the substituent which was originally ..
present-at-the C-3 position migrates to the C-4 position during the:cyclisation rather than

" acting as a'leaving groui). "

“"However, *a- significant disadvantage of the .process of-W0.98/40358 is- that the group -~

“installed at ‘the 4-position of the pyrazole ring is constrained- by the chemistry to be - .

elettron-withdrawing, e.g. alkoxycarbonyl. It is therefore necessary ‘to.-perform further - . -

- Synthetic steps to form 3,4,5-trisubstituted pyrazoles with more varied-4-substituents. -
"~ Futhermore, the- groups that can be-introduced in this way are limited to those derivable- -.

" from the 4-substituent originally introduced.

A further method for preparing 4-substitued pyrazoles relies on. further transformations of -
a 3,5-disubstituted-4-[//]-pyrazole, e.g. by introduction of an iodo substituent, and further
synthetic steps. Both of the above strategics suffer from the.disadvantages of long, non-
linear synthetic scquences and lack of versatility in the array of 4-substituents that can be

thus introduced.



WO 2005/023773 PCT/IB2004/002758

3-
EP. 888291 discloses a process for preparing 2,3-dicyanopropionate derivatives by reacting

‘a cyanoacetate with cyanide salt and formaldehyde or a source of formaldehyde- The 2,3-"

dicyanopropionate product is then reacted with a diazonium salt to produce a I-aryl

. pyrazole -compound. However, the resulting I-arylpyrazole is unsubstituted at the 4- . .-

position and-thus further reactions are needed to produce 4-substituted derivatives. - Fhis in
turn leads to additional waste, additional time and reduced yield and purity of the 4- -

substituted product. - . .

It is an aim of the present invention to overcome the various disadvantages associated with

prior art processes. Thus it is an aim of the invention to produce a 1-arylpyrazole in a -

- convenient reaction which'does not require a large amount of.maintenance by laboratory- - -

personnel and which can be completed in.a relatively short time. It is thus an-aim of the - -

present invention to provide a synthetically efficient process for the production of pyrazole
derivatives which allows access to compounds not readily accessible using existing art, and
which. avoids the problems of either having fo leave the reaction for.an extended period of _ -
time or of having to control carefully the conditions so that the temperature does not rise or
fall too much during the period of the reaction so the-reaction fails. It is also an aim to
provide a process in-which the convergency (ie the bringing together of synthetic -
fragments) is maximised. It is thus an aim to-provide a route to the compounds of formula
(I) which offers an.improved yield relative to the-existing roﬁtc;. It is a further aim of the .
process of the present invention to avoid the use of u‘nnecegéary synthetic steps and /or
purification steps. -It is-a further aim of the present inventior; to provide a process which
minimizes the number of synthetic steps required and which avoids the problem of -
competing reactions and/or the disposal of hazardous materials. It is also an aim to provide

a route which gives access to a range of 3, 4 and 5-substituted aryl pyrazoles.

We have found a novel process by which 3,4,5-trisubstituted l-arylpyrazoles may be
produced directly in a rcaction which involves coupling of an aryldiazonium specics with
an appropriatcly substituted precursor bearing a desired substituent. The desired

substituent is introduced concomitantly at thc C-4 position in a process which does not
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involve any rearrangement. Furthermore, the reaction produces the tri-substitued pyrazole -

directly. This removes the need for a lengthy synthetic proeedure and the need for several
work-ups of the intermediate products and results in good yields. The-process of the
present invention has the significant advantage that the C-4 substituent may be built into
the original tetrasubstituted ethane derivative which is -one-of the starting materials and
which is reacted with the aryldiazonium species-to foym the pyrazole. Control of the :..
position of substitution on the resulting pyrazole ring is therefore absolute in the reaction
‘of the present invention. Furthermore, a very wide variety-of 4-substituents may be~
introduced conveniently and directly. - R S T

- - The process of the=invention has a significant advantage relative to WO098/40358 in that
the 3,4,5-trisubstituted aryl pyrazole may be.obtained in a single reaction without the need

for further synthetic procedures.

The present invention thus -provides a process for the preparation of a compound of -

- fOl‘mula(I)‘ S R ...'.__ )

-l. ;--« s i

with a compound ot formula (111)
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Cy
optionally in the presence of an aeid,%zvl‘lerein':

Ar is phenyl or pyridyl, optionally inde_pendcntly substituted. by 1 tQ__A_4 groups selected
.. from the group comprising: Cy alkyl, C alkoxy, Cy.4 alkylthio, C4 alkylsulphinyl, and
Ci4 alkylsulphonyl,- wherein eac;b of»'tﬁeee optional -s’ubs.tituent‘ groups. may itself be
substituted by one or more halgg;en. atoms selected independently; pentafluorosulfur; and -

COOC, galkyl; - . i R ) o o

-R' 1s Cyg alkyl, C,.5 alkenyl provided'that said alkenyl-is' no.t conjugated W'Lth the double 2
bond shown in formula (1V), Cas. cycloalkyl C; 8 alkyl(C;s cycloalkyl) a 5 or 6- '
membered heterocycle which may be saturated, partlally or fully unsaturated desxgnated-, e
‘het’ containing 1, 2 or 3 heteroatoms which are mdependently selected from 1,2,0r3N -
~atoms, l or 2 O atoms and 1 or 2 S atoms, where the valence allows, €8 alkylhet phenyl, ;:n
: C1 s alkylphenyl; wherein each of thc preceding groups may be optionally mdependently

. -substituted by L to 4 groups selected from the-group comprising: haloggn, CMvalkyl, CH-i L
- alkoxy, C4alkylthio, .and -COOC,3 alkyl; whereinieach of these preeeding ,dption_al

. substituent groups may be substituted where possible by one or morg halogen atoms -

ol

. selected independently; or

_ _R' is a group of formula (A):

™
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-wherein 'R? and R* ‘are each independently selected from hydrogen, C4 alkyl, fluoro,

chloro and bromo; or, together with the carbon atom to which they are attached, form a Cs.- .-

6 C}’Cloalky] group’- .

R® and R® are each independently selected from hydrogen, C,4 alkyl, fluoro, chloro and -

bromo;

. or when R*-and R* do not form part of a cycloalkyl group, R? and R; together with the
carbon atoms to which they.are attached, may. form a Cs_; cycloalkyl group;

R’ is hydrogen, C,4-alkyl optionally substituted with one or more halo, or C, 4 alkoxy;

~or R! is a fused bicyclic moiety “AB” where the “A” ring is as defined -as ‘het’ above and the .
“B” ring fused thereto in “AB” is a 5- or 6-membered saturated .or partially or fully
unsaturated carbocycle, .or saturated or partially or fully unsaturated heterocycle where.the
valence allows, which heterocycle contains 1,2,3 or 4 hetero-atoms independently selected
* from 1, 2, 3 or 4 N atoms, 1 or 2 O atoms and | or 2 S atoms; where thie valénce allows,

- _said R' group being linked via the “A” ring to the 4-position of the pyrazole via a carbon- |
carbon bond, : . T

- and said R' group being optionally substituted by -one or more substituents indépendently
selected from halogen, C. alkyl optionally substituted by one or more halogen atoms, C,
alkoxy optionally substituted by one or more halogen atoms, C, alkoxycarbenyl optionally
substituted by one or more halogen atoms, NOy, NHa, CN or $(O),,(Cy.c alkyl optionally .

substituted by one or more halogen atoms) wherem is 0, 1 or 2;
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R’sis-selected from the group comprising: CN, .CF;, CHO, COR and COOR wherein R is

Ci.¢ alkyl optionally. substituted by one or more halogen atoms which may be the same or-

different; I

- -R? is-selected from the group comprising: hydrogen, C,. alkyl optionally substituted- by orfe~- -

+ . . of more halogen atoms which may be the same or different, OH and NH,; - Tl

. R™is-selected ffom the group comprising: CN, COOH, CHO, COR and €OOR wherein R is * -
= Cy alkyl optionally substituted by ene or more halogen atoms which may be the same or

different;
- L.is an'activating .group; and
-X- 1s.a compatible counter ion,
. followed by removal of group L.

The counter ion X™ may be any suitable counter ion normally found in diazonium reactions.
Preferably, X is halogen, HSO4, or tetrafluoroborate and most preferably is .

tetrafluoroborate.

The group L is an electron withdrawing group which stabilises the anion intermediate in
the process. Thus preferably L is a group which is capable of stabilising a negative charge
on an adjacent-carbon atom. The group L must also be removabie. L can be removed -
under basic conditions, for example by base hydrolysis or can be removed by reduction
and/or elimination. The group L is important as it serves to direct the rcaction of the -
diazonium species with the compound of formula (II) but then is removed in the

subsequent stages of the reaction.
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Preferably L is an ester group or a group COR'". More preferably,-L is a group selected .

from: —S(0),R” where pis 1 or 2, (R°0),PO, COOR*and ~COR?,

-wherein R” is selected from: G5 alkyl, Cs¢ cycloalkyl, (CH;)sPh and (CH,), heteroaryl : - -
wherein n = 0, 1. or 2, each of which groups may be optionally substituted on any carbon -+
atom by one or more groups Selected independently from: halogen, hydroXy: cyano, nitro, C;. - -
4 alkoxy, C,4 haloalkoxy,-C,4 alkanoyl, Ci4 haloalkanoyl, C,4 alkylsulphinyl, C,4 .
haloalkylsulphinyl, C,4 alkylsulphonyl, C,4 haloalkylsulphonyl, -Cs§ cyclealkyl and C;g

- halocycloalkyl;-and R? can be hydrogen; and -~ S R =

wherein R'? is selected from: C. alkyl, di-C, 3 alkylamino, C,.g alkylthio,-Cs.3 cycloalkyl,

;- (CHp)oPh and (CHa), heteroaryl wherein n = 0,.1 or 2, each of. which .groups may be -

. optionally -substituted on any.carbon atom by one or more groups-selected independently

- from:-halogen, -hydroxy, cyano, nitro, C;4 alkoxy,-C 4 haloalkoxy, C,.4 alkanoyl, Ciy ==
haloalkanoyl, C,4 alkylsulphinyl, C,;4 haloalkylsulphinyl, C,4. alkylsulphonyl, C,4 - .
haloalkylsulphonyl, Cs.s cycloalkyl and C;_¢ halocycloalkyl; and R'? can be hydrogen.

Preferably L is a group selected from COOR® and COR .
More preferably, L is a group selected from: -COOC, 3 alkyl, -COOPh and -.COOCH,Ph , - .
each being optionally substituted -by one or more groups ‘independently .selected from: - .

halogen, hydroxy, C,4 alkoxy,and C,4 haloalkexy; and -COOH.

-More preferably, L is -COOC, ;- alkyl, optionally substituted by one- or more groups :.
independently selected from: halogen, hydroxy, C,.4 alkoxy, and C,_4 haloalkoxy.

Most preferably L is -COOMe or ~COOEt.

In certain cascs, the nature of the leaving group L means that the resulting intermediate is

in the wrong oxidation statc. Thus, where nccessary, one or more reaction steps may be
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added to ensure the correct oxidation state is reached prior to cyclising to form the aryl

pyrazole. For example, where L is a sulphonyl group it may be necessary to perform-a
reduction step with a conventional reducing agent 'such as sodium amalgam to.bring the

resulting intermediate into the correct oxidation state for subsequent cyclisation to the aryl

pyrazole. Alternatively, the sulphonyl orsulphinyl group may be €liminated using a base -

such as DBY (1,8-diazabicyclo[5.4.0Jundec-7-ene) followed by reduction with a complex- ..

metal hydride such as sodium borohydride.-

. The-process-has a numbet of embodiments which are preferred because the reaction works .

well or because the end product of the process is-of particular utility.

Preferably, the Ar group is tri-substituted, and more preferably it is substituted at the-2-,4-, -~

-and 6- positions with an optional substifuent:selected from the group comprising: halogen, = :

< Cy4-alkyl, Cyj alkoxy, C,4 alkylthio, SFs and -COOC s alkyl, wherein edch of .these -

optional substituent groups may itself be substituted where chiemically possible by one to

three halogen atoms selected independently.

It is further preferred that Ar is phenyl. =

»-: More preferably, Ar is a phenyl group which bears substituents -at-the 2-, 4-, -and 6- >

positions, the substituents at those positiens being independently selected from chloro,

- trifluoromethyl, trifluoromethoxy, and pentafluorcsulfur.

Preferably; R' is selected from: C,.g alkyl, C4.g cycloalkyl, a group of formula (A) where A" -
is as defined above, a 5- or 6-membered heterocyclé which may be saturated or unsaturated
designated ‘hct’, C_g alkylhet, phenyl, and C,_g alkylphenyl, wherein each of the preceding
groups .may bc optionally indcpendently substituted by 1 to 4 groups selected from the
group comprising: halogen, C4 alkyl, C\4 alkoxy, C/4 thioalkoxy, and -COOC,.s alkyl,
wherein each’ of these optional substituent groups may itself be substituted where possible

by one or more halogen atoms selected independently.
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More preferably, R" is.C,.g alkyl, Ca.s.cycloalkyl, a group of formula (A) where A is as

defined above, or a 5- or 6-membered heterocycle which may be saturated or unsaturated . -

designated ‘het’, or C;.galkylhet.

Het. is preferably selected from pyrazolyl, imidazolyl, oxazolyl, isoxazolyl, thiazolyl,
isothiazolyl, furanyl,-thiophenyl, pyrrolyl, and pyridyl wherein the aforementioned groups
may be optionally substituted by 1, 2 or .3 halogen atoms. More preferably, het is selected

- from-pyrazolyl and isoxazolyl; most preferably het is selected-from pyrazol-4-yl, oxazol-3- ..

yl and oxazol-4-yl. Thus when R' is het it is most preferred that it is selected from
pyrazolyl and isoxazolyl; and in particular from pyrazol-4-yl, oxazol-3-yl and oxazol-4-yl.
It is further preferred that R' is selected from C.g cycloalkyl and het, and more preferably
R' is Cy3 cycloalkyl and is ‘most preferably selected- from cyclopropyl and cyclobutyl. -
"Most preferably, R1 is a group of formula (A).

- Thus, a preferred group of compounds of formula (I) that can-be made by the process of : -

the present invention-are those wherein:
R'is a group of formula (A);

Aris 2,6-dichloro-4-trifluoromethylphenyl, 2,6-dichloro-4-pentafluorothiophenyl;2.4,6- - -
trichlorophenyl or 3-chloro-5-trifluoromethylpyridin-2-yl;

- R? is cyano, trifluoromethyl, formyl, or acetyl; =

R?-and R* are each independently selected from hydrogen, methyl, fluoro, chloro and
- bromo or, together with the carbon atom to which they are attached, form a.cyclopropyl,
cyclobutyl or cyélopentyl group;

R® and R® are cach independently sclected from hydrogen, methyl, chloro and bromo;

or, when R? and R* do not form part of a cycloalkyl group, R? and R, together with the
carbon atoms to which they are attached, may form a cyclopentane or cyclohexane group;
and R is hydrogen, methyl, cthyl, trifluoromethyl, chlorodifluoromethyl, pentafluorocthyl,

heptafluoropropyl or methoxy.
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Preferably,R? is cyano. -

Preferably, R’ is amino.

" Thus, .-a -mere preferred group of compounds of formula (I) that can be produced is that -
wherein: -

R'is.a group of formula (A);

- Ar is 2,6-dichloro-4-trifluoromethylphenyl, or 2,6-dichloro-4-pentafluorothiophenyl;
R is cyano; --

R’ is amino;

R? and R* are the same and .are hydrogen, chloro.or bromo;

‘R® and R® are hydrogen; and

* R is hydrogen, trifluoromethyl or chlorodiflueromethyl.

“In the-above definitions, halo means chloro, fluoro, -bromo, or iode. Alkyl and alkoxy
groups containing the requisite number of carbon atoms can be unbranched- or branched-

“-chain.. : - -

- Particularly preferred individual compounds ‘that can-be made by the process.of the - -

invention include:
5-amino-3-cyano-4-(2,2-dibromocyclopropyl)-1-(2,6-dichloro-4-

trifluoromethylphenyl)pyrazole; : =

.+ 5-amino-3-cyano-4-(2,2-dibromocyclopropyl)-1-(2,6-dichloro-4-

* .pentafluorothiophenyl)pyrazole;
5-amino-3-cyano-4-(2,2-dichlorocyclopropyl)-1-(2,6-dichloro-4-

pentafluorothiophenyl)pyrazole; and
5-amino-3-cyano-1-(2,6-dichloro-4-trifluoromethylphenyl)-4-(1-

trifluoromethylcyclopropyl)pyrazole.
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The process is most advantageously used to prepare S-amino-3-cyano-1-(2,6-dichloro-4: =i

_ trifluoromethylphenyl)-4-(1-trifluoromethylcyclopropyl)pyrazole - as  described - in the

.Example Preparation below. .

Ideally, the solvent should be a polar solvent which does not react with either the--
diazonium salt or cation, or with the compound of formula (II). Suitable solvents include
individual solvents or a mixture.of solvents selected from: alcohols such as-methanol, .
ethanol and. propanol, acetonitrile, dimethylformamide; dimethylsulfoxide, ethers. such as

. diethyl ether and tetrahydrofuran, halogenated solvents such as dichloromethane,-pyridine -:: . .
~and water. Preferred solvents include: methanol, acetonitrile, dichloromethane, pyridine

and water or.a mixture including-at least two of these.

The reaction may optionally be carried out under mildly acidic conditions. - Suitable acids
include: sulphuric acid, hydrochloric acid, glacial acetic acid, and tetrafluoroberic acid.
The pH of the reaction mixture may be increased after reaction by addition of avbase to
facilitate the removal of the leaving group L. - Suitable bases include: hydroxides and
carbonates of alkali metals, ammonium hydroxide, or organic bases such as pyﬁdine. The
product may be recovered after reaction by conventional workup procedures. Ideally, the
product is recovered by solvent extraction or cvdporation of the solvent. The product may

be further purified as necessary by column chromatography or b}; recrystallisation.

The diazonium salt of formula (IIl) can be produced by conventional means and may be
prepared in situ for further reaction or can be isolated and used in a subsequent reaction
step. For example, treatment of an arylamine in a suitable solvent such as ethanol or water
with a nitrite ion such as sodium nitrite or isoamyl nitrite in the presence of a strong acid
such as tetrafluoroboric acid or sulphuric acid with optional diethyl ether, at temperatures
between -5 — 60 °C produces a diazonium salt (I1I) which can either be isolated by

filtration or treated with a dicyano compound of formula ().
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Coupling of the in situ generated aryldiazonium cation with the dicyano compound of

formula (II) is achieved by stirring in a suitable solvent such as water, methanol, -
. dichloromethane, and/or acetonitrile, and treatment-with:a cosolvent such as acetic_acid,
followed .by addition of a suitable base such as ammonia solution and/or ammonium

hydroxide at room temperature for 1-24 hours.

. Alternatively, -coupling of the isolated aryldiazonium cation with the dicyano compound of
. formulai. (1) :is- achieved by stirring in-a suitable solvent such as- methanol,.-

dichloromethane, water and/or acetonitrile, and treatment with an optional cosolvent such

as acetic acid, followed by treatment with base at room temperature for 1-24 hours. : -

- Suitable: base additives- include N,N-dimethylaminopyridine,; sodium acetate; -sodium - -

-carbonate;: sodium hydrogen carbonate, ammonia solution, ammonium hydroxide and/or

pyridine. ' _—

In another aspect, the invention provides a process for_the preparation of a compound of

formula (IT) in which R**is CN

-RSa
()

the process comprising treating a compound of formula (1V)
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with-d source of cyanide ions, wherein L, R', and R®. are as defined above.

o~

The compound of formula (IV) can be dissolved in a polar solvent to which an aqueous or
alcoholic cyanide salt is added. The cyanide salt is an inorganic salt and is preferably an .
alkali metal cyanide, with sodium or potassium cyanide being preferred.
For example, reaction of a compound.of formula (IV) with-potassium cyanide in a polar .
solvent such as methanol at temperatures-between 0 — 30 °C for a few.hours followed by

optional addition of a mild acid such as acetic acid produces a compound of formula (II).

=~ In-another.aspect; the invention provides a-process for the preparation of a'compound of: - -

formula (I1) in which R**is CN, COOH, CHO, COR, and COOR wherein L, R' and R® are

as defined above in relation to compounds of formula (B

L‘& :
R
R5?
(1
) ;he process comprising reacting a compound of formula LCH,R? with a base and then
reacting the resulting'}nixtux'é with R®CH(X)R! where X is Cl, Br, I, 15 alkﬂéulphoﬁaté 'o—r .

arylsulphonate at room temperature under an inert atmosphere, for example under a nitrogen -

atmosphere.

Preferably, the base is a metal hydride, such as sodium hydride, or an alkoxide, such as-
sodium methoxide. Any suitable solvent may be used for this rcaction. Preferably, the
solvent is DMF or an alcohol such as methanol, ethanol or propanol, or is an ether-such as- ..

diethyl ether or tetrahydrofuran.

References for the processes to prepare compounds of formula (11) when R = CN. CO3R,

COR, CHO and COOH include: WO2000035871; JP2002249476:
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Sharygin et al, Khimicheskoe Mashinostroenie 1 Teckhnologiya, 1986, 23, 17-20;

Chakravarti et al, Bulletin of the Calcutta School of Tropical Medicine, 1966, 14, 1, 15;
and Larcheveque et al, Synthesis, 1991, 2, 162.

In certain circumstances, the reaction to produce the compound of formula (I) can be
carried out in a single step from a compound of formula (II) without isolating the
compound of formula: (I1I). The.compound of formula (II) is produced from.the compound .-

of formula (LV) in situ by reaction of the compound of formula (IV) with a source of

cyanide ions.
- Thus in another-aspect the present invention provides a process for preparing a compound %~
of formula (I) in which R® is NH; - ' - ‘

R? R’

(V)

witha source of cyanide i1ons to produce a compound of formula (I1)
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L
i#

RSa
(1

* r..and subsequently treating the reaction mixture with a compound of formula (I1I) = LEE
Ar—N=N'X
(Hn)

.. -Wherein Ar_, L, Rl, R3, and X" are as defined above in relation to the compounds. of formula - -

- (I) and R® is CN. The compound of formula (II) is isolated after workup and then is -
reacted with a compound of formula (II[) which may be formed in a separate step and - -

added. to the reaction or may be formed in situ from a suitable precursor...

In another aspect of the invention, the present invention provides.a process for preparing.a

compound, of formula (IV),

e

(V)

wherein L, R' and R® are as defined in relation to the compounds of formula (1), the

- process comprising the step of reducing a compound of formula (V)
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with a complex metal hydride in the presence of acid, wherein L, R' and R? are as defined

- above in relation to formula (I).

For example, a compound of formula (V) in a mild acidic solvent such as acetic.acid may
be treated with a selective reducing agent such as sodium triacetoxyborohydride to produce

a compound of formula (IV).

Compounds of formula (V) in which L is COOR and R® is CN can, for _exz;mple, be made
by‘.condensation of methyl cyanoacetate with an aéid chloride in an aproﬁc solvent such as
dichloromethane in thg presence of a Lewis A_acid, such as magnesium chloride and a mild
base, such as triethylamine. The-reaction is carried out at low temperature, preferably
between —78 and 0 °C.

Acid chlorides can be made using conventional ﬁwthods, for example by reaction of the

corresponding carboxylic acid with oxalyl chloride.

In an alternative embodiment, compounds of formula (IV) may also be synthesised under
Knoevenagel conditions by. condensation of an alkyl .cyanoacetate such as methyl
cyanoacetate and a suitable aldehyde, R'CHO at ambient temperature in the presence of a
mild base such as. lriethylaminé or piperidine-and solvent such as dichloromethane or

acetic acid.

R'CHO may be obtained according to conventional procedures.
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WhenR'is a group of formula (A), the following sequence may optionally be utilised.
‘Cyclopropanation of an a,B-unsaturated ester (VI), in the presence of a hydride donor such
- as sodium hydride, in a polar solvent such as dimethyl sulfoxide and a suitable carbene

" source such as trimethylsulfoxonium iodide provides an ester of formula (VII).

Reduction of (VII) with a reducing agent such as a.complex hydride, preferably lithium
aluminium hydride, provides the alcohol (VII1) Which can then be oxidised with a suitable
agent such as pyridinium chlorochromate in "a suitable “aprotic solvent such as :-

dichloromethane to yield the desired aldehyde (IX).

RL. _CO.Et 7 y 7 R 5
| :/“\ 2 R%COZE'[ _ R%OH R RN\ _CHO.
2 4 : -R6 RG ) S ° . 2
R R ) R » R4 R? R4 R R’ R’
(\./I)_:.- . (Vi) _ - (VI - (X)

The compounds of formula (II) are novel .compounds. In another aspect, the invention

provides a compound of formula (1I)

wherein L, R', R* and R* are as defined above in relation to the compounds of formula (I).

Certain of the compounds of formula (IV) are novel and in another aspect, the invention

thus provides a compound of formula (TV)
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(V)
" wherein L, R' and R? are as defined above in relation to the coxnpounds of formula (D).

Certam of the compounds of formula (V) are novel and in another aspect the invention

thus provides a compound of formula V)

" “wherein L, R" and R? are as defined above in relation to the compounds of 'fomiui.a—(.l)'.'

Certain of the comﬁOunds of formula (IX) are novel and in another aspect, the invention

thus pr ovndes a compound of formula (IX)

6 N
R R

(1X)

wherein R%, RY, RS, R7-and R¥ is as defined above in relation to the-compounds of formula - -

()

In the case of the novcl compounds of formulac (11), ((V), (V) and (IX). the identities of

~ the preferred and most preferred substituents in each case is the same. and corresponds
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directly- with; the preferred and most preferred substituents defined in relation to the:-

- process of the present invention for preparing compounds of formula (I). o S

The skilled man will appreciate that the compounds of the invention could be made by

‘methods:other than those hereiﬁ described, by adaptation of the methods herein described =:.-

- -and/or -adaptation of methods known in the art; for-example the art described herein, or :~.

" using standard textbooks suchas - - -

** "Comprehensive - Organic Transformations - A Guide to Functional = Group ™

Transfonnattons" RC Larock, Wiley-VCH (1999 or later editions),

"March's “Advanced Organic Chemistry - Reactions, Mechamsms and Structure”, MB

Smith, J. March, Wiley; (5th edition or later) -

- “Advanced Organic Chemistry, Part. B, Reactions and Synthesis”, FA Carey, RJ Sundberg, -

Kluwer Atadémic/Plenum Publications, (2001 or later editions), - . _

", “"Organic ’-‘S_ynthe"sis - The Disconnection Approach", S Warren (Wiley), (1982 or later -
. editions),... o

- «"Désigning Organic Syntheses".S Warren (Wiley) (1983 or later:editions), "Guidebook To. - +

-Organic Synthesis" RK Mackie and DM Smith (Longman) (1982.or later editions), etc:,-

= and-the references therein as a guide. .~

It is to be understood that the synthetic transformation methods mentioned herein are -

exemplary only and they may be carried out in various different sequences in order that the

desired compounds-can be efficiently assembled.” The skilled chemist will exercise his <.

judgement and skill as. to the most efficient sequence of reactions for synthesis of a given
target compound. For example, substituents may be added to and/or chemical -
transformations performed upon, different intermediates to those mentioned -hereinafier in
conjunction with a particular reaction. This will depend inter aliéz on factors such as the
nature of other functional groups present in a particular substrate, the availability of key
intermediates and the protecting group strategy (if any) to be adopted. Clearly, the type of
chemistry involved will influence the choice of reagent that is used in the said synthctic

steps, the need, and type. of protecting groups that are employed, and the scquence for
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accomplishing the synthesis. The procedures may be adapted as appropriate to the reactants, - .-

- reagents and other reaction parameters in a. manner that will be evident to the skilled person -

- by reference to standard textbooks and to the examples provided hereinafter. .- .~ -

It will be apparent to-those skilled in.the art that sensitive functional groups may need to be -

protected and deprotected during synthesis of a compound of the invention. This. may be -

achieved by conventional methods, for example as dqséﬁbed. in “Protective Groups in .-

Organic Synthesis” by TW Greene and PGM Wauts, John Wiley & Sons Inc (1999),-and

Instruments used to acquire characterising data

Nuclear magnetic resonance (NMR) spectral data were obtained using Varian Inova 300, - -

Varian Inova 400, Varian Mercury 400, Varian Unityplus 400, Bruker AC 300 MHz,

Bruker AM 250 MHz, or Varian T60 MHz spectrorﬁeters, the observed chemical shifts )

being consistent with the proposed structures. Mass spectral (MS) data were obtained on a
Finnigan Masslab Navigator, a Fisons Instruments Trio 1000, or a Hewlett Packard GCMS
system model 5971 spectrometer. The calculated and observed ions quoted refer to the
isotopic composition of lowest mass.  HPLC ‘means high - performance liquid

chromatography. Room temperature means 20 to 25°C.

Preparations

The following Preparations illustrate the synthesis of certain intermediates used in the *

o

preparation of the Examples below. =

Preparation 1 ] o
~ Methyl 2,3-dicyano-3-[| —(tn'ﬂuoromclh){l)'cyclof)ropyl]propanoate
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To a solution of Preparation 7 (73.0 mg, 0.33 mmol) in methanol (0.43 ml) was added
potassium cyanide (0.02 g, 0.33 mmol) and the reaction mixture was stirred at room .

temperature for 2 h before concentrating in vacuo to give Preparation 1 (74 mg). -

Alternativé synthesis
To. a solution of 'Preparation. 7 (100 mg, 0.46-mmol) in ﬁiethaﬁdl (2 ml) at 0°C was added
potassium cyanide (35 mg, 0.55 mmol). The reaction mlxture was then stirred for 1 h
before silica’ (2 g) and acetic acid (54.7 mg, 0.91 mmol) were- added and the mlxture was
.concentrated in vacuo. The residue was loaded on to an. IsoiuteTM cartridge (snhca 10g) -
and punﬁed with gradient elution, pentane : diethyl ether [1-: O o | : 1]. The appropriate .

" fractions were combined and concentrated to give Preparation 1 (60 mg, 0.24 mmol) as a

colourless oil.

Preparation 2 . - . o
Methyl 2,3-dicyano-3-[2-(triﬂu()romethyl)cyclopropyl]pmpanoéte'

~Toa solullon of Preparatlon 8 (524 mg, 2 39 mmol) in methanol (10 ml) at 0°C was added
‘potasswm cyamde (187 mg, 2.87 mmol). The mixture was stirred at 0°C for 1 h and at
room tempcrature for 30 min, before silica was added, followed by acetic acid (215 mg,
3.59 mmol) in mcthanol (0.5 ml). The reaction mixture was concentrated in vacuo. The
crude material was punﬁcd by column chromatography usmg an Isolute™ cartridge (silica,
10 g) and gradient elution, dicthyl cther : pentane [1 : 1 to 2 : 1]. The appropriate fractions

were concentrated to give Preparation 2 (526 mg, 2.14 mmol) as an oil.

Preparation 3

Methyl 2,3-dicyano-3-(1-mcthylcyclopropyl)propanoate
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CH, o CH,

To a solution of Preparation 9 (1 g, 6.09 mmol) in methanol (25 ml) at room temperature

was ‘added- potassium cyanide (475 mg, 7.31 mmol) and the resulting mixture was stirred

for 2 h. To the feaqtioﬁ mixture was added silica and the solution was dried, transfefred to

a flash chromatography column, and purified with gradient elution, ethyl acetate :
A yclohexane [1.: 10 to 1 0]. The appropnate fractions were concentrated to give

Preparation 3 (705 mg, 3.67 mmol, 60%). NMR (CDCI3, selected data) : 0.6 (m, 2H), 0.85.
-(m, 1H), 1.3 (s, 3H), 2.65 (d, 1H), 3.0 (d, 1H), 3.85 (m, 1H), 3.9 (s;3H).

Pregaratmn 4
- 6- Chloropyndme 3- dnazomum tetraﬂuoroborate

Cl.
N7
| P -
NN
F\E?,F_
F

To a stirred solution of 5-amino-2-chloropyridine (655 mg, 5.09 mmol) in ethanol (2 ml)at -
25°C ‘was added tetrafluoroboric acid (éM in water—, 1.34 ml, 10.69 mmol). Isoamyl nitrite -
(0.74 ml, 5.34 mmol) was added dropwise and the reaction mixture was stirred for 30 min *
at--5°C. The reaction mixture was filtered ‘and the precipitate washed with absolute
-ethanol and diethyl ether to give Preparation 4 (960 mg, 4.22 mmol, 83%) as a pale yellow -
s'olitd. NMR (CD30D, sclected data) : 7.25 (d, 1H), 8.65 (dd, 1H) 9.5 (s, 1H).

Preparation 5

2-Chloropyridine-3-diazonium tetrafluoroborate
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4-
Ns + F
~ Foyo
N ? F
B Cl / I F - B
N

To a stirred solutlon of3 -amino-2- chloropyndme (655 mg, 5.09 mmol) in ethanol (2 ml) at

-5°C was added tetraﬂuorobonc acid (8M in water, 1. 34 ml 10. 69 mmol). Isoamyl nitrite

(0.74 ml, 5.34 mmdi) was added dropwise and the reaction mixture was stirred for 30 min *°

* dat room temperature. -

The reaction mixture was'f Itered and the i)r'ecipitate washed with absolute ethanol and -

- dlethyl ether to gwe Prcparatlon 5 (988 mg, 4. 35 mmol 86%) as a wh1te/pmk solid. NMR- .- -

‘(CD3OD sélected- data) 77.55 (m lH) 8.85 (m lH) 8.95 (m lH)
3:‘_7-"‘" R

o,

_Pregaratlon 6 - - : | -
Ethyl 2,3- dxcyano -3- cyclopropylpropanoatc o

To a solution of Prgparahon 11 (1.71 g, 7.62 mmol) in methanol (50 m ) at 0°C was added .

potassium cyanide (O 59 g, 9.14 mmol) and the reaction mixture was stlrrcd overnight.

Silica and acetic acid (7.62 mmol) were added and the solution was coxlcentrated in vacuo. .

The crude product was loaded on to an Isolute™ cartridge (50 g) and eluted with
pentane/diethyl ether [1 : 0 to 1 : 1]. The appropriate fractions '"w.e'r_e combined and .-
concentrated to give Preparation 6 (400 mg, 1.6 mmol) as a yellow oil. NMR (CDC13, :

" selected- ddtd) 1.25 (m, 3H), 1.45, (m, IH), 1.75 (m, 1H), 195 (m, IH) (3 25 m, lH) 3.75
(m, TH), 3.9 (s, 3H), 3.95 (m. IH), 4.15 (m, 2H).
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Preparatlon 7
Methyl (2) -2- cyano 3 [l (tnﬂuoromethyl)cyclopropyl]acrylate

FF

F .

N

) \ \N
o -9

CH

Ple

... To a solution of Preparation 12 (15.5 g, 66.0 mmol) in anhydrous acetic acid (78 ml) was -

~added. dropwise under mtrogen sodium triacetoxyborohydride (14.0 g, 66 0 mmol) n.-.

) .j,;Aacetlc acid (78.ml). The reaction mlxture was then stirred ovemlght at room temperature

. To the reaction mixture was added hydrochloric acid (2N, 250 ml_)_and the mixture was )
extracted with dichloromethane (4 x 250 ml): The combined extracts were washed with
~ brine and' concentrated in vacﬁo. The>residue was partitioned between éaturated aqueous -
sodium bicarbonate solution (250 ml) and dichloromethane (250 ml) and adjusted to pH 1
by addition of cbncenrrated hydrochloric acid. The 'mixture was then extracted with -
dichloromethane and the combined extracts were concentrated in vacuo to give Preparation -

7 (4.6 g). NMR (CDCI3, selected data) : 1.6 (m, 2H), 1.8 (s, '2H‘),‘_3.9_‘(._s, 3H), 7.9 (s, 1H).

o Pregaratmn 8 .
- Mcthyl (2)-2- cyano -3-[2- (tnﬂuoromethyl)cyclopropyl]acrylatc

To a solution of pyridinium chlorochromate (4.52 g,i 20.95 mmol) in dichloromethanc (20

ml) at room temperature was added silica (2.5 g) followed by Preparation 13 (1.85 g, 13.2
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mmol) -in dichloromethane (10 ml). The reaction mixture was then stirred at room

-temperature for 2 h before adding diethyl ether (100 ml) filtering“through Florisil®, and - -

washing with diethyl ether. The filtrate was concentrated in vacuoto give the intermediate
- aldehyde (1.4 g). :

To a solution of the intermediate aldehyde (860 mg, 6.09 mmol) in acetic aéid' (1.5 ml) was
added methyl cyanoacetate (0.54 ml, 6.12 mmol) via syringe. To this mixture was added -
piperidine (52 mg, 0.69 mmol) in acetic acid (0.5 ml) and the reaction mixture was stirred -
overnight at room temperature. | ‘

Water (20 ml) was added and the solution was extracted with diethyl ether (3 X210 Vm‘l)‘.
The combined ethereal layers were washed with water (30 ml), saturated aquéous sodium
bicarbonate solution (30 ml) and brine (20 ml) before drying (MgSQy) and concentrating in -

vacuo. The residue was purified by column chromatography with gradient elution, diethyl

ether : pentane [1 : 3 to | : 1]. The appropriate fractions were concentrated to give .

Preparation 8 (970 mg, 4.43 mmol).

Preparation 9
Methyl 2-cyano-3-(1-meth ylcyddpropy])acrﬂate

=N o

CH;O . CH,

- To crudc Preparatlon 10 (19 97 mmol maxxmum) was added methyl cyanoacetate (l 76 ml,
| 19 97 mmol) at room tempcrature Aﬁcr 15 min, further methyl cyanoacetate (0. 5 ml 5.67
mmol) was added and the rcacllon mixture was allowed to stand for 45 min..

The reaction mixturc was washed with aqueous sodium blcarbonatc solutxon (60 ml) and
extr acted with dichloromethane (3 x 50 ml). The combined extracts were drlcd (MgSOsy),
filtered and concentrated in vacuo. To the residue, methyl cyanoacetate (I ml, 11.33
mmol) was added followed by piperidine (0.1 ml) and the mixture was stirred overnight.
Saturated aqueous sodium bicarbonate ‘solution (75 ml) was addcd and the aqueous phase

was extracted with dichloromethane (3 x 60 ml). The combined extracts were dried
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(MgSQy), filtered and concentrated in vacuo.. . --The crude product was purified by

- column chromatography (silica) with gradient eJution, ethyl acetate : cyclohexane [3 : 7 to.. -

| : 1). The appropriate fractions were concentrated to- give Preparation 9 (380 mg, 2.30
mmol, 11%). NMR (CDCI3, selected data) : 1.1 (t, 2H), 1.15 (t, 2H), 1.55 (s, 3H), 3.85 (s,
3H), 7.0 (s, 1H). ‘ - -

Preparation 10

1-Methylcyclopropanecarboxaldehyde

CHO

2

P 1999-209202: US6180627; EP 997474 J Amer Chem Soc, 1998, 120, 3, 605: US
4713477; US4754059. ' ' :

~ Preparation 11 -
Ethyl 2-[2-cyano-_3-methoxy—3-oxdprop-_1-enyl]cyclopropanecarboxylate

To a solution of ethyl 2-formyl-1-cyclopropanecarboxylate (2 g, 14.0 mmol) in acetic acid
(3.5 ml) at room temperature was added methyl cyanoacetate (1.38 g, 1.23 mi, 13.9 mmol)
dropwise, via syringe. To this mixture was added piperidine (119 mg, 138ul, 1.4 mmol) in
acetic acid (2.1 ml) and the reaction mixture was stirred at room temperature for | h. To -
the reaction mixture was added water (50 ml) and the mixture was extracted with diethyl
ether (3 x 25 ml). The combined extracts were washed with saturated aqueous sodium
hydrogen carbonate solution (30 ml), dried (Na;SQy) and concentrated in vacuo. The crude

product was purificd by column chromatography using an Isolutc™ cartridge (silica. 70 g)
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with gradient elution, cyclohexane : diethyl ether [85 : 15 to 50 : 50]. The appropriate

fractions were combined and-concentrated to give Preparation 11 (1.71 g, 7.67 mmol).

Pr(_a_paration 12

Methyl 2-cyano-3-ox0-3-[1 -(trifluoromethyl)cyclopropyl]propanoate

" To a solution of metflyl cyalidaéefate (16.17_g, 163.1 mmol) in‘ acetonitrile (250 ml), under
nitrogen and 'cool-édA usiﬁg an ice/aéetbﬁe bath, was added magnesium chloride (15.61 g,
164.0 mmol). -After stirring for 5 min, triethylamine (45.48 ml, 326.3 mmol) was added
and the slurry was stirred for a further 1.5 h. To the slurry was added dropwise Preparation .
14 (28.0 g, 162.3 mmol) in dichloromethane (40 ml), maintaining the temperature of the
reaction mixture at approximately 0°C. To the reaction mixture was added hydrochloric

acid (2N, 250 ml), followed by fert-butyl methyl ether (250 ml). The organié layer was

separated and the aqueous layer was re-extracted with tert-butyl methyl ether (250 ml). . ..

- The combined organic phases were then washed with brine.and concentrated in vacuo. To~ =

the residue was added dichloromethane (500 ml) and the solution was extracted with

-saturated aqueous éodium hydrogen carbonate solution (2 x 500 ml). To the combined - -

aquedus extracts was added dichloromethane (300 ml) and the mixture was adjusted to pH
1 by addition of concentrated hydrochloric acid (40 ml). The organic phase was separated,
washed with water, dried and concentrated in vacuo to give Preparation 12 (12.7 g)as ared .

oil.. NMR (CDCI3, selected data) : 1.3 (m, 2H), 1.5 (m, 2H), 3.9 (m, 3H), 13.5 (s, 1H).

Preparation 13

2-(Trifluoromethyl)cyclopropyljmethanol
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HO

F
F ¥

.Litbt‘li'um‘éluminium hydride (1M in diethyl ether, 13.2 ml, 13.2 mmol) was added to diethyl. -
-ether (20.ml) via syringe and the solution was cooled to 0°C. To this solution.was added -
Preparation 15. (2.4 g, 13.2 mmol) in diethyl ether (10 ml), dropwise via syringe before
warmigg to room temperature and leaving overnight. The reaction mixture was-cooled to
-.0°C .and water (0.5 ml) added, followed by aqueous sodium hydroxide solution (IN, 0.5
~.ml) and further water (1.5 ml). The mixture was warmed to room temperature and filtered
through.Celite®, washing with diethyl ether (200 ml). The filtrate was then concentrated -

in vacuo to give Preparation 13 (2.5 g, 17.86 mmol).

" Preparation 14

1-(Trifluoromethyl)cyclopropanecarbonyl chloride

o)

ci '
F .
. ‘_ .

F

To a solution of Preparation 16 (25.0 g, 162.3 mmol) in anhydrous dichloromethane (‘250 -
ml),. under nitrogen, was added dropwise N, N-dimethylformamide (15 drops); followed by
further dropwise addition of oxalyl chloride (21.2 ml, 243.5 mmol). The reaction ‘mixture
was then stirred overnight, under nitrogen, at room temperature before ‘concentrating in

' _vacuo to give Preparation 14 (28.0 g) as an oil.

Preparation 15

Et}lyl 2-(trifluoromethyl)cyclopropanecarbox ylate

0
0

F \—CH,

F e
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Sodium hydride (60% dispersion in oil, 2.61 g, 65.45 mmol) was washed with hexane (50
ml) and the solvent removed via syringe under nitrogen. To the sodium hydride was-added
dimethyl sulfoxide (80.ml), followed by trimethylsulfoxonium iodide (14.4 g, 65.45 -
mmol), added portiohwise. The reaction mixture was stirred at room temperature=for 2 h
and a solution of ethyl 4,4 4-trifluorocrotonate (10 g, 8.88ml, 59.50 mmol) in" dimethyl
sulphoxide (40 ml) was added dropwise. The reaction mixture was then stirred at roem
temperature for 60 h before adding ice/water (250 ml) and extracting with diethyl ether (3
x 100 ml). The combined ethereal extracts were washed with brine (100 ml), dried
(MgS0,), filtered and concentrated in vacuo. The residue was purified by column
chromat'ography, elutinngith diethyl ether/pentane [1 : 1]. The fractions were then -
distilled at atmospheric pressure to give Preparation 15 (1.4 g, 7.69 mmol).

Preparation 16

1-(Trifluoromethyl)cyclopropanecarboxylic acid

Q .
OH
F.

F7%

Dmowski, W; Wolniewicz, A; Journal of Fluorine Chemistry 102 (2000) 141-146.

Prebaration 17

2.6-dichloro-4-(trifluoromethyl)phenyldiazonium tetra‘ﬂuoroborz_ite
CF,

Cl Cl

To a stirred solution of 2,6-dichloro-4-(trifluoromethyl)aniline (11.74 g, 0.05 mol) in

cthanol (12 ml) at -5°C was added tetratluoroboric acid (48% in water, 14 ml. 0.11 mol). A
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white precipitate formed accompanied by an increase in temperature to 5°C. The reaction "

mixture was recooled to — 5°C. Isoamyl nitrite (6.58 g, 56.1 mmol) was added dropwise -

over 5 min, the temperature rose to 3°C. The reaction mixture was cooled to —5°C -and
stirred for 5 min before allowing to warm to ambient temperature for 30 min. The reaction
mixture was filtered and the precipitate washed with absolute ethanol (11 ml) and diethyl
ether (IAO ml) to give Preparation 17 (14.91 g, 89%) as a crystalline solid.

NMR (D20, selected data) : 8.3 (s, 2H).

Examples' - . .

EXAMPLE 1

5-amino-1 -[2,6-dichloro-4-( triﬂuofomethyl)phenyl]-4-[ 1-( triﬂuofbmcthyl)cycloprbpvlk

1 H-pyrazole-3-carbonitrile

: To a solutlon of tetrafluorobori¢ acid (54%, O 54 g, 6.15 mmol) in dlethyl ether was added "
. water (l ml) and- 2,6-dichloro-4- (tnﬂuoromethyl)phcnylamme 0.5 & 2. 17 mmol). The
mixture was stlrred for 10 min and then cooled to 0°C. To the mixture was added sodium
nitrite (0.15 g, 2.17 mmol) in water (0.3 ml) and the rcaction mixture was stirred for 1h.
The solid material was collected by filtration, washed with aqueous tetrafluoroboric acid (2
ml)and water (2 ml) and dricd OVemight in vacuo to give the diazonium salt.

A soludon of Prebaratio'n .'I (74 mg, 0.30 mmol) in methanol (I ml) was adjusted to pH 4
by additjon of glacial acetic acid (0.18 g) and cooled to 0°C. To this solution was added
the diazonium salt (100 mg. 0.30 mmol) and the reaction mixture was stirred overnight.

Sodium carbonate (0.19 g) was added and the solution was filtered, dried and concentrated
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in vacuo to give the product. NMR (CDCI3, selected data) : 1.15 (s; 2H), 1.5 (s, 2H), 4.9 -

(s, 2H), 7:8 (s, 2H).

Alternative procedure:

To a solution of Preparation 1 (1 00 mg, 0.41 mmol) in methanol (1 ml), at 0°C, was added
pyridine (0.1 ml, ,1.22_ mnrol) and 4-dimethylaminopyridine (10 mg, 0.08 mmol). The
mixture was stirred at 0°C for 15 min, before addition of Preparation 17 (133 mg, 0.41
mmol) The reaction mixture was then stirred at 0°C for 3 h. An aliquot of the rcaction
mrxture (O 5 ml) was extracted and concentrated in vacuo. To the residue was added water
(5 ml) and the solution was extracted with drchloromethane 3 x 3 ml) The combined -
extracts were dned (MgSO4) and concentrated in vacuo to give an amber oil (51.3 mg). —
bGC MS analysrs indicated the oil contamed Example 1 (43 l%, peak area ratio). '"H nmr

_conﬁnned the presence of the compound of Example 1.

Altcrnatwe procedure

. Toa solutron of Prcparatlon 1 (50 mg, O 20 mmol) in methanol (O 5 ml) at 0°C, was added .
A pyndme (0.03 ml 0.30 mmol) The mixture was stlrred at O°C for 15 min, before addmon
of Preparation 17 (67 mg, 0.20 mmol). The reaction mixture was then str_rred at 0°C for 3
- h,-be—fore concentrating in vacuo and adding water (5 ml) to ‘thc residue. The resultant
golgtjon wae ve‘xtr_acted with dichloromethane (3 x 3 ml) and the combined extracts were
dried (MgS0a4) and concentrated in vacuo to give an amber oil (73.2 nrg), GC-MS analysis
indicat.ed the oil centained Example 1 (47.8%, peak area ratio). 'H nmr confirmed the -

_presence of the compound of Example 1.

Alternative procedure:

To Ereparatiorr 1 (100 mg, 0.41 mmol) was added methanol (1 ml) and the mixture was
sonicated for a few minutes. To the solution was added Preparation 17 (170 mg, 0.52
mmol) in mecthano! (1.3 ml) and sodium hydrogen carbonate (100 mg, 1.19 mmol). The
reaction mixturc was then stirred at room temperature for 4.5 h. After 4.5 h, a samplc

removed from the reaction mixture was analysed by GC-MS and showed that Example |
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(15.4 %, peak area ratio) was present. After 80 h, GC-MS showed Example | (16.4%,

peak area ratio) was present. ‘The remaining reaction mixture was heated at 50°C for 3 h

before concentrating in vacuo to give the compound of Example 1 (19.2% peak area ratio)

according to GC-MS.

Alternative procedure:

To Preparation 1 (105 mg, 0.43 mmol) was added methanol (I m!) and the mixture was
sonicated for a few minutes. The solution was cooled using an ice bath and stirred for 15
min. To the solution was added Preparation 17 (180 mg, 0.55 mmol) in methanol (1.5 ml) ~
and sodium acetate (48 mg, 0.59 mmol). The reaction mixture was then stirred at room

temperature for 4.5 h. After 4.5 h, a sample was removed from the reaction mixture,

analysed.by GC-MS and showed the compound of Example 1 (30.7%, peak area ratio) was =~

present.

~Alternative procedure: - .
- To a solution of Preparation 1 (100 mg, 0.4]1 mmol) in methanol (1 ml) was added acetic -
_apid (0.07 ml, 1.2 mmol). The reaction mixture was cooled to 0°C and Preparation 17 (134

mg, 0.41 mmol) was added. The reaction mixture was allowed to warm te room

temperature and sodium carbonate (129 mg, 1.2 mmol) was added. The reaction mixture -

was then_ stir_red at room temperature for 2 h. After. 2 h, an aliquot_ removed from the
reaction mixture indicated the compound of Example 1 (27.5%, peak area ratio) had

formed.: .

Alternative procedure:
To a solution of Preparation 1 (100 mg, 0.41 mmol) in methanol (1 ml) was-added aqueous
potassium carbonate solution (2M, 0.2 ml, 0.4 mmol). The mixture was stirred at room
temperature for 30 min and Preparation 17 (134 mg, 0.41 mmol) was added. The reaction
mixturc was then stirred at room temperature for 24 h. After 2 h, an éliquot removed from
the reaction mixture indicated the compound of Example 1 (12.7%, peak arca ratio) was

present.
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EXAMPLE 2 ‘ .
5-amino-1-[2,6-dichloro-4-(trifluoromethyl)phenyl]-4-[2-(trifluoromethyl)cyclopropyl]-

lH-pyraio_le-B-carbonitrile

N
F
\\ F
/\N\ w, ©
_ cl Cl
F——F
F

. To.concentrated sulphuric acid (1.19 g, 12.2 mmol) at 0°C was added sodium nitrite (168
mg, 2.44 mmol). The mixture was- stirred at room temperature for 10 min, before acetic -

Cacid (27 ml) .was added. .To. this solution was- added 2,6-dichloro-4-

-+ (trifluoromethyl)phenylamine . (510 mg; 2.24 mmol) ‘in-acetic acid (4'ml) via syringe at

0°C. The mixture was warmed to room temperaturé,_with stirring, and then heated at 55°C
for 1 h.- After cooling to room temperature, the mixture was added dropwise to Preparation
2 (500 mg, 2.03 mmol) in acetic acid (6 ml). The final reaction mixture was then stirred at
room temperature for 1 h. . o o o _ :

Water (30 ml) was added followed by dichloromethane (50 ml). The two layer system was
separated and the aqueous phase extracted with dichloromethane (2 x 20). The combined

organic layers were then stirred vigorously with concentrated ammonium hydroxide

solution (70 ml) and water (20 ml) overnight. The two layers were separated and the -

organic phase washed with water (100 ml) and brine (50 ml), dried (MgSO,) and

concentrated. The crude product was purified by column chromatography using an .-

Isolute™ cartridge (silica, 10 g) and gradient elution, pentane : diethyl ether [1 : 0 to 3 :1
tol: 1]. The appropriate fractions were concentrate(_l to give the product (169 mg, 0.39
mmol) as a white solid. MS (ES) : M/Z [MH+] = 429.0, C15H8CI2F6N4 +H re({uircs
429.0. NMR (CDCI3, sclected data) : 1.4 (m, 1H), 1.5-(m, 1H), 1.85 (m, 1H), 2.05 (m,
1H). 3.65 (s, 2I1), 7.75 (s. 2H).
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EXAMPLE 3
S-amino-1-[2 6-dichloro-4-(trifluoromethyl)phenyl]-4-(1-methylcyclopropyl)-1H-

pyrazole-3-carbonitrile

N
N
CH
N/ \ 3
°N NHz
Cl Cl
F
F F -

To a cooled solution of sodium nitrite (176 mg, 2.56 mmol) in concentrated sulphuric acid
(700 ].-ll)' was added glacial acetic acid (2'ml). The mixture was stirred for 15 min and 2,6-
dichloro-4-(trifluoromethyl)phenylamine (546 mg, 2:38 mmol) in glacial acetic acid (4 ml) -
was added dropwise. After stirring for a further 15 min, the reaction mixture was heated at
57°C-for 1 h. Upon cooling to-room temperature; the mixture was added carefully to a
solution of Preparation 3 (300-mg, 1.83 mmol) in glacial acetic acid (6 ml) and water (10
“ml), ensuring the temperature of the reaction mixture did not rise above 14°C. The
reaction mixture was then allowed to warm to room. temperature and stirred for 2 h.

Water (40 ml) was added and the resulting mixtufé was extracted with dichloromethane (2
x 50 ml). The combined extracts were dried (Na;SO4) and concentrated in vacuo. To the
residue was added water (10 ml) and ammonia (0.88M, 10 ml) and the solution was stirred
overnight. To the solution was added dichloromethane (60 ml) and the mixture was
washed with water (2 x 40 ml). The organic layer was separated, dried (Na,SO,) and
concentrated in vacuo. The crude product was puritied by column chromatography (silica)
eluting with hexane followed by ethyl acetate and cyclohexane [1 : 1]. The appropriate
f'rac-tiokns were concentrated to give the product (490 mg, 1.31 mmol, 83%). NMR

(CDCI3, sclected data) : 0.7-0.9 (m, 4H), 1.35 (s, 3H), 3.7 (s, 2H). 7.8 (s, 2H).
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EXAMPLE 4

5-amino- 1-(6-chloropyridin-3-yl)-4-(1 methylcyclopropyl) lH—pvrazo]e 3 carbonitrile

To a SOIUthﬂ of Preparatlon 4 (45 mg, 0.20 mmol) in acetonitrile (2 ml) at 0°C was added
Preparatlon 3 (25 mg, 0.13 mmol). The reactlon mlxture was then stirred at 0°C for 20 min
and at room temperature for 3h. The reaction mixture was concentrated in vacuo and to the
' resiQﬁe was -added dichloromethane (2 ml) and- saturated ammonium hydroxide solﬁtion
(1.5 ml). The fni-xtufe was stirred fof_ 1 h, before water (IO'ml) was added and the mixtﬁre
was e;(tract.ed- with dichlororﬁethane 3 x IQUr>nl). The combined extracts v-verc dried
(Na,SO4) and concentrated ;‘n'va'cuo. ,.

To the residue was added dichloromethane (2 ml), water (2 ml) and ammonia solution
(0.88M, 2 ml) and the mixture was stirred vigorously for 5 h. Water (10 ml) was added
and the resulting mixture was extracted with dichloromethane (2 x 10 ml). The combined
extracts were dried (Na;SO4) and concentrated in vacuo. The crude product was purified
by column chromatography (silica) with gradient elution, ethyl acetate : cyclohexane [3 : 7
to 1 : 1]. The appropriate fractions were combined and concentrated to give the product
(24 mg, 68%) as an orange solid.

NMR (CDCI3, selected data) : 1.7-1.9 (m, 4H), 1.3 (s, 3H), 7.5 (d, 1H), 7.9 (dd, 1H), 8.7
(s, IH).

5-amino- 1 -(2-chloropyridin-3-yD)-4-(1-methylcyclopropyl)-1 H-pyrazole-3-carbonitrile
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A solution. of Preparation 5 (45 mg, 0.20 mmol) and Preparation 3 (25 mg, 0.13 mmol) in
drchloromethane (2 ml), concentrated ammoma (2 ml) and water (2 ml) was stirred
ovemlght at room temperature The reaction mlxture was waqhed with water (10 ml) and |
extracted with drchloromethane (7 X 7 ml) The extracts were dned (NaZSO4), filtered and .
‘ concentrated in vacuo. The residue was punﬁed by column chromatography with gradient |
Aelutron ethyl acetate : cyclohexane [4:1to7:3]. The appropriate fractions were
concentrated to glve the product (7 mg, 0.03 mmol, 20%) MS (ES) : M/Z [MH+] =
274 12, C13H12C1N5 +H requrres 274 1. NMR (CDC13 selected data) O 7 0. 9 (m 4H)
1.3 (s 3H),. 3 9 (s, 2H), 745 (m, IH) 7 85 (dd, IH) 8.55 (m, TH).

EXAMPLE 6 o
Ethyl 2-{5-amino-3-cyano-1-[2.6-dichloro-4-(trifluoromethyl)phenyl]-1H-pyrazol-4-

yl}cyclopropanecarboxylate

0
N 0
Vi
LCH3
N/ \
: ‘N NH,
(o] Cl
F
F7OF

To a stirred solution of 2,6-dichloro-4-(trifluoromethyl)phenylamine (3.0 g, 13 mmol) in
cthanol (3 ml) at -5°C was added tetrafluoroboric acid (48% in water, 27.3 mmol). To the

mixture was added isoamyl nitritc (1.8 ml, 13.6 mmol). dropwise over 10 min, and the
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reaction mixture was stirred for 30 min at room temperature. The solid was filtered and -

washed: with ethanol, followed by dicthyl ether, to give.the diazonium salt (3.2g, 9.73 "
mmol, 75%) as a white solid. -

To a solution of Preparation 6 (50 mg, 0.20 mmol) in acetonitrile (2 ml) at 0°C was added
diazonium-salt (65 mg, 0.20 mmol). The reaction mixture was then allowed to warm to
room temperature with stirring. The solution was concentrated under a stream of nitrogen
and to the residue was added dichloromethane (2.5 ml), ammonia (0.880, 2.5 ml) and water
(2.5 ml), with vigorous stirring.

. The mixture was partitioned between water (20 ml) and dichloromethane (20 ml) and the
two layers were separated. The aqueous layer was extracted with dichloromethane (2 x 10
ml) and fhe cor_ﬁbined‘ 'organjc layers were dried (Na,SO4) and concentrated in vacuo. The
residue was loaded on to an Isolute™ column (silica, 2 g) in a mixture of cyclohexane and
dichloromethane mixture (4 : 1) and eluted with cyclohexane : ethyl acetate {1 : 0 to 3 : 7].

- . The apprqpxji_atc fractions were combined and concentrated to give the product (15 mg,

-0 O>3 mmol, 17 %) as an orange oil. MS (ES) : M/Z [MH+] =433.42, C17H13C]2F3N402
"+H requlres 433.04459. NMR (CDCI3, selected data) : 1.35 (t, 3H), 1.6-1.7 (m, 2H) 19—~

20(m lH) 2.0-2.1 (m, lH) 3.65 (s, 2H) 4.2 (q, 2H), 8.8 (m, 2H)
Further compounds that can be prepared by the process of the present invention include:

" EXAMPLE 7
5 Ammo 3-cyano-4-(2.2- dlbromocyclopropyl) 1 (2 6-dichloro-4-

trifluoromethylphenyl)pyrazole

| The compound is an off-white solid, m.p. 178-179°C. & (CDCls): 2.28 (d,2H), 2.61
(t,IH), 3.80 (brs,2H), 7.8 (s,2H). MS (thermospray): M/Z [M+H] 516.4;
C14H7BrCl,F3Ng+H requires 516.84.

EXAMPLE 8

5-Amino-3-cyano-4-(2.2-dibromocyclopropyl)-1-(2.6-dichloro-4-

pentafluorothiophenyl)pyrazole
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The .compound is a ‘white solid, m.p. 178-180°C. & (CDCls): 2.29 (d,2H), 2.60

. (4,1H), -3.89 (brs,2H), 7.93 (d,2H). MS  (thermospray): - M/Z [M+H] 574.7,
Cy3H7Br,CLFsN4S+H requires 574.81. . o

EXAMPLE 9
5-Amino-3-cyano-4-(2.2-dichlorocyclopropvl)-1-(2.6-dichloro-4-

pentafluorothiophenyl)pyrazole
. The compound is an off-white solid, m.p. 90-95°C. § (CDCl;): 2.23 (m, 2H) 2.56
(t,1H), 3. 84 (br.s,2H), 7.83 (s,2H). MS (thermospray) M/Z [M+H] 487 3; C13H7Cl4F5N4S

+ H requires 486.9.

EXAMPLE 10
5-Amino-3- cyano ] (2 6 dlCthTO 4- tnﬂuoromethylphenyl) 4- (4-methylphenyl)pyrazole
The compound is an off-white crystalhne solid, m.p. 243-4°C NMR(CDC13) 2. 42

(s, 3H), 3 87 (br. s, 2H), 7.33 (d, 2H), 7.44 (d, 2H), 7.82 (s, 2H) MS (thermosprdy) M/Z
| [M+H]4111 C1gH]1CI2F3N4+H requires 41104

&A;M_PM A
5-Amino- 3 -cyano-1-(2.¢ 6 dlohloro 4 tnﬂuoromethylphenyl)-4 phenylpvrazole
The compound is a whlte SOlld m. p. 198-9°C. NMR(CDC13) 3.9 (br s, 2H) 7.4

(m, 1H), 7.52 (m, 4H), 7.82 (s, 2H). MS (thermospray) : M/Z [M+H] 397.1;
C17HgCloF3N4+H requires 397.02.

EXAMPLE 12 B
5-Amino-3-cyano-1-(2.6-dichloro-4-trifluoromethylphenyl)-4-(3-nitrophenyl)pyrazole
The compound is an pale yellow solid, m.p. 212-4°C. NMR(CDCI3): 4.02 (br. s,

2H), 7.75 (t, 1H), 7.86 (s, 2H), 7.98 (dd, 1H), 8.26 (dd, 1H), 8.41 (dd, tH). MS
(thermospray) : M/Z [M+NH 4] 459.2: C17HgClyF3N507 + NHy requires 459.03.
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EXAMPLE 13 ,
5-Amino-4-(4-bromophenyl)-3-cyano-1-(2,6-dichloro-4-trifluoromethylphenyl)pyrazole
The compound is an off-white solid, m.p. 242-4°C. NMR(CDCl3): 3.9 (br. s, 2H),

743 (d, 2H), 7.64 (d; 2H), 7.82 (5, 2H). MS (thermospray): M/Z [M+H] 474.7;
C17HgBrClpF3Ny4+H requires 474.9. S .

EXAMPLE 14
5-Amino-4-(4-chlorophenyl)-3-cyano-1-(2,6-dichloro-4-trifluoromethylphenyl)pyrazole
The compound is an off-white solid, m.p. 235-7°C. NMR(CDCI3): 3.9 (br. s, 2H),

7.5 (s, 4H), 7.82 (s, 2H). MS (thermospray): M/Z [M+H] 430.8; C;7HgCl3F3N4+H
requires 430.98. -

EXAMPLE 15
5-Amino-3-cyano-1-(2,6-dichloro-4-trifluoromethylphenyl)-4-(4-fluorophenyl)pyrazole
The compound is a white solid, m.p. 222-3°C. NMR(CDClI3): 3.87 (br. s,.2H), 7.22

(m, 2H), 7.54 (m, 2H), 7,82 (s, 2H). MS (thermospray): M/Z [M+H] 415.0; -
C|7HgClyF4N4+H requires 415.01.

EXAMPLE 16
5-Amino-3-cyano-4-(3,5-dichlorophenvyl)-1-(2,6-dichloro-4-

trifluoromethylphenylpyrazole
The compound is a white solid, m.p. 228-30°C. NMR(CDCl3): 3.92 (br. s, 2H),

7.38 (d, 1H), 7.43 (d, 2H), 7.82 (s, 2H). MS (thermospray): M/Z [M+H] 464.7,
C17H7Cl4F3Ng+H requires 464.9.

EXAMPLE 17
5-A111i110-4-(3-<§h1()r0-4-ﬂuorophenﬂ)—B-cvano-l -(2.6-dichloro-4-

trifluoromethylphenyl)pyrazole
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The compound is an off-white solid, m.p. 197-8°C. NMR(CDCI3): 3.9 (br. s, 2H),

7.3 (t, 1H), 7.45 (m, 1H), 7.59 (dd, 1H), 7.82 (s, 2H). MS (thermospray) : M/Z [M+H]
448.9; C|7H7CI3F4Ng+H requires 448.98.

EXAMPLE 18
5. Amino-3-cyano-1-(2.6-dichloro-4:trifluofomethylphenyl)-4-(3-

-~ methoxycarbonylphenyl)pyrazole

The compound is a light brown solid, m.p. 214-6°C. NMR(CDCI3): 3.95 (s + br. s,

5H), 7.6 (t, 1H), 7.79 (d, IH), 7.80 (s, 2H), 8.05 (d, 1H), 8.09 (s, 1H). MS (thermospray):
M/Z [M+NHy] 472.2; C19H|1ClpF3N402+NHy4 requires 472.06.

" EXAMPLE 19
5-Amino-4-(3-aminophenyl)-3-cyano- 1-(2,6-dichloro-4-trifluoromethylphenyl)pyrazole

The compound is a pale brown crystalline solid, m.p. 187°C. NMR(CDCl3): 2.8

- (br. s, 2H), 3.94 (br. s, 2H), 6.7 (d, 1H), 6.87 (s, 1H), 6.89 (d, 1H), 7.28 (dd ,1H), 7.8 (s,
2H). MS (thermospray): M/Z [M+H] 412.1; C17H9ClpF3Ns+H requires 412.03.

EXAMPLE 20
5-Amino-3-cyane-1-(2,6-dichloro-4-trifluoromethylphenyl)-4-( 4-methoxypheny1)pyrazole

.The compound is an off-white crystalline solid, m.p. 222°C with softening at

192°C.. NMR(CDCl3): 3.88 (s + br. s, 5H), 7.06 (d, 2H), 7.47 (d, 2H), 7.81 (s, 2H). MS
(thermospray): M/Z [M+H] 427.4; C|gH|{ClpF3N40+H requires 427.03.

EXAMPLE 21
5-Amino-3-cyano- 1 -(2.6-dichloro-4-trifluoromethylphenyl)-4-(3.4-

methylenediox yphenvi)pyrazole

The compound is a pale brown crystalline solid, m.p. 222°C with softening at

198°C. NMR(CDClI3): 3.86 (br. s, 2H), 6.03 (s, 2H), 6.86 (d, IH), 6.9 (m, 2H), 7.81 (.

2H). MS (thermospray): M/Z [M+H] 440.7; C |gH9ClyF3N4Oo+H requires 441.01.
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EXAMPLE22 - A
5-Amino-3-cyano-1-(2.6-dichloro-4-trifluoromethylphenyl)-4-(3 .4-

dimethoxyphenyl)pyrazole

The compound is a pale pink crystalline solid, m.p. 250°C.
NMR(CDCI3):3.88 (br. s, 2H), 3.94 (s, 3H), 3.97 (s, 3H), 6.99 (d, 1H), 7.01 (m,

.2H), 7.81 (s; 2H). MS (thermospray): M/Z [M+H] 457.0; C19H|3CloF3N405+H

requires 457.05.

EXAMPLE 23
5-Amino-3-cyano-1-(2.6-dichloro-4-trifluoromethylphenyl)-4-(3-fluorophenylpvrazole

The compound is a white crystalline solid, m.p. 164°C. NMR(CDCI3): 3.96 (br. s,
2H), 7.04 (m, 1H), 7.13 (m, 1H), 7.18 (m, 1H), 7.24 (m, 1H), 7.81 (s, 2H). MS
(thermospray): M/Z [M+H] 415.0; C{7HgClpF4N4+H requires 415.01.

EXAMPLE 24 _ '
5-Amino-4-(3-chlorophenyl)-3-cyano-1-(2,6-dichloro-4-trifluoromethylphenylpvyrazole

The compound is a white crystalline solid, m.p. 161-2°C. NMR(CDCl3): 3.94
- (br.s, 2H), 7.38 (m, 1H), 7.47 (m, 2H), 7.‘51 (m; 1H), _7_.81 (s, 2H). MS (thermospray):-M/Z -..
[M+H]-431.1; C17HgCI3F3N4+H requires 430.98.

EXAMPLE 25
5-Amino-3-cyano-1-(2,6-dichloro-4-trifluoromethylphenyl)-4-(2-fluorophenyl)pyrazole

The compound is a white crystalline solid, m.p. 197°C. NMR(CDClI3): 3.9 (br. s,
2H), 7.18 (m, 2H), 7.4 (m, 1H), 7.6 (m, 1H), 7.81 (s, 2H). MS (thermospray): M/Z [M+H]
415.0; Cy711gCloF4N4+H rcquires 415.01.

EXAMPLE 26

5-Amino-3-cyano-1-(2.6-dichloro-4-trifluoromethylphenyl)-4-(2-methoxyphenyl)pyrazole
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The compound is-a white crystalline solid, m.p. 193°C. NMR(CDCl3): 3.89 (s,

3H),3.91 (br. s, 2H), 7.0 (d, 1H), 7.09 (t, 1H), 7.37 (dd, 1H), 7.5 (d, 1H), 7.78 (5, 2H). - = =

- 'MS (thermospray):: M/Z [M+H} 427.0; C{gH1 1 CloF3N4O+H requires 427.03." =

EXAMPLE 27

- 5-Amino-3-cyano-1 -(2,6-dichloro-4-trifluoromethylphenyl)-4-(2-methylphenyl)pyrazole ™

The compound is a pale brown crystalline solid, m.p. 199-202°C.-* NMR(CDCl3):

2.32 (s, 3H), 3.62 (br. s, 2H), 7.33 (m, 4H), 7.81 (s, 2H) MS (thermospray) M/Z [M+H]
T 411.0; C18H1 1C12F3N4+H requires 411.04. o

EXAMPLE 28

IS-Ar:hino-B-C\}aﬁo;l —('2,6;dichloro-4—triﬂuoromethylphenyl)-4-(2-
trifluoromethylphenyhpyrazole '
- The compound is a white crystalline solid, m.p: 210-2°C: NMR(CDCl3): 3.57 (br.

s, 2H),-7.49 (d, 1H), 7.6 (m, 1H), 7.69 (m, 1H), 7.81 (s, 2H), 7.83 (m, 1H). MS -
(thermospray): M/Z [M+H] 465.0; C1gHgCloFgN4+H requires 465.01.

"EXAMPLE 29
5-Amino-4-(2-chlorophenyl)-3-cyano-1-(2.6-dichloro-4-trifluoromethylphenyl)pyrazole
«- The compound is a pale brown crysfallinc solid, m.p. 192-3°C..- NMR(CDCIl3):

3.76 (br. s; 2H), 7.4 (m, 2H), 7.52 (m, 2H), 7.8 (s, 2H). MS (thermospray): M/Z [M+H]
- 431.2; €17H8CI3F3N4+H requires 430.98. :

EXAMPLE 30
5-Amino-3-cyano-1-(2,6-dichloro-4-trifluoromethylphenyl)-4-(1 -naphthyl)pyrazole
The compound is an off-white crystalline-solid, m.p. 208°C. NMR(CDCIl3): 3.65

(br.s, 2H), 7.6 (m, 4H), 7.75 (m, 1 H), 7.85 (m, 2H), 7.97 (m, 2H). MS (thermospray):M/Z.
[M+H] 447.0; Co1H | ClpF3Ng+H requires 447.04.
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EXAMPLE 31

5-Amino-3-cyano-1-(2,6-dichloro-4-trifluoromethylphenyl)-4-(3-pyridyl)pyrazole A
- The compound is an off-white solid, m.p. 265-7°C. NMR(CDCI3): 4.38 (br. s, 2H),

7.55 (m; 1H), 7.82 (s, 2H), 8.07 (d, 1H), 859 (m, IH), 8.92 (5, IH). MS
.(thermospray):M/Z [M+H] 398.2; C1gHgClpF3N5-+H requires 398.01:.. *

EXAMPLE 32
5-Amino-3-cyano-1-(2.6-dichloro-4-trifluoromethylphenyl)-4-(4-pyridyl)pyrazole
The compound is a white solid, m.p. 266-8°C (decomp.). NMR(CDCIl3): 4.1 (br.s,

*2H), 7.52 (d, 2H), 7.82 (s, 2H), 8.71 (d, 2H). MS (thermospray): M/Z [M+H] 397.9; -
C16HgClpF3Ns+H requires 398:01. o - ' -

EXAMPLE 33
5-Amino-3-cvano-1-(2.6-dichloro-4-trifluoromethylphenyl)-4-(2-thienyl)pyrazole

The compound is a white solid. A sample recrystallised from methanol had m.p.
206-7°C. NMR(CDCIl3): 4.01 (br. s, 2H), 7.18 (m, 1H), 7.38 (m, 2H), 7.79 (s, 2H). MS
(thermospray): M/Z [M+H] 403.2; C;sH7ClpF3N4S+H requires 402.98..

EXAMPLE 34 »
5-Amino-3-cyano-1-(2.6-dichloro-4-trifluoromethylphenyl)-4-(3-thienyl)pyrazole
The compound is a'white crystalline solid, m.p. 210-2°C., NMR(CDCI3): 3.9 (br. s,

2H), 7.41 (m, 1H), 7.5 (m, 2H), 7.81 (s, 2H). MS (thermospray): M/Z [M+H] 403.3;
C| 5H7ClpF3N4S-+H requires 402.98.

~

EXAMPLE 35
" 5-Amino-3-cvano- 1 -(2.6-dichloro-4-trifluoromethylphenyl)-4-(2-turanyl)pyrazole

The compound is a very light pink crystalline solid 195-6°C. NMR(CDCI3):4.46
(br. s. 2H), 6.52 (d, 1H). 6.78 (d, 1H), 7.43 (s. 1H), 7.86(s, 2H).MS (thermospray) :M/Z
[M+H]387.1: Cy5H7CIhFF3N4O+H requires 387.0.
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EXAMPLE 36 )
5-Amino-3-cyano-1-(2,6-dichloro-4-trifluoromethylphenyl)-4-(3-furanyl)pyrazole
The compound is a white solid, m.p. 180-1°C.. NMR(CDCl3): 3.79 (br. s, 2H), 6.79

(s, 1H), 7.6 (i, 1H), 7.78 (m, 1H), 7.82(s, 2H).MS (thermospray): M/Z [M+H] 386.9; - -
C15H7CloF3N4O-+H requires 387.0. T L _

EXAMPLE 37
5-Amino-3-cyano-1=(2.6-dichloro-4-methylphenyl)-4-(2-furanyl)pyrazole
The compound as a white solid, m.p. 191.5-192.5°C. NMR(CDCI3): 2.43 (s, 3H),

4.43 (br. 8, 2H), 6.53 (m, 1H), 6.79 (m, 1H), 7.32 (s, 2H), 7.47 (s, 1H). Microanalysis :
Found 'C; 53.79, H, 2.87, N, 16.65%; C|5H|oCloF3N40 requires C, 54.07, H, 3.03, N,
16.82%. : ' SR |

EXAMPLE 38
5-Amino-3-cyano-1-(2.,6-dichlorophenyl)-4-(2-furanyl)pyrazole
The compound is a light brown solid, m.p. 222.6°C. NMR(CDCl3): 4.42 (br. s,

2H), 6.52 (m, 1H), 6.78 (m, 1H), 7.5 (m, 4H). MS (thermospray) : M/Z [M+H] 318.8; . -
C14HgClpN4O+H requires 319.01.. '

EXAMPLE 39
5-Amino-4-(2-n-butylphenyl)-3-cyano-1-(2,6-dichlorophenyl-4-

trifluoromethylphenyl)pyrazole
The compound is a white solid, m.p. 117.1-117.7°C. NMR(CDCl3): 0.87 (t, 3H),

1.25 (m, 2H), 1.46 (m, 2H), 2.6 (m, 2H), 3.6 (br. s, 2H), 7.39 (m, 2H), 7.47 (m, 2H), 7.81
(s, 2H). MS (thermospray) : M/Z [M+H] 453.0; Co1H}7CloF3Ng+H requires 453.09.
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EXAMPLE 40

5-Amino-3-cyano-4-(2.3-dichlorophenyl)-1-(2.6-dichlorophenyl-4-

trifluoromethylphenyl)pyrazole

The compound is a white solid, m.p. 201-202°C. NMR(CDCl3): 3:79 (br. s, 2H),

7.38 (dd, 1H), 7.44 (d, 1H), 7.58 (d, 1H), 7.82 " (s, 2H). Microanalysis : Found C,
143.66, H, 1.51, N, 11.97%; C17H3Cl4F3Ny4 requires C, 43.81, H, 1.51, N, 12.02%.

EXAMPLE 41

5-Amino-4-(3-bromoisoxazol-5-yl)-3-cyano-1-(2,6-dichloro-4-

trifluoromethylphenyl)pyrazole , .
The compound is a-white crystalline solid, m.p. 227°C. NMR(CDCIl3): 4.86 (br. s, 2H),

'6.78 (s, 1H), 7.83 (s, 2H). MS (thermospray): M/Z [M+NHy] 482.8;

C4H5BrClpF3N5O+NHy4 requires 482.94.

EXAMPLE 42
Amino-3-cyano-1-(2,6-dichloro-4-trifluoromethylphenyl)-4-(2-methylthiazol-4-
ylpyrazole

The compound is a white solid, m.p. 226-8°C. NMR(de¢-dmso): 2.72 (s, 3H), 6.6
(br. s,-2H), 7.53 (s, 1H), 7.8 (s, 2H). MS (thermospray): M/Z [M+H] 418.2;
C15HgClpF3N5S+H requires 417.99.

EXAMPLE 43
5-Amino-4-(5-bromothien-2-yl)-3-cyano-1-(2.6-dichloro-4-trifluoromethylphenyl)pyrazole
The compound is an off-white solid, m.p. 214°C. NMR(CDCI3): 3.99 (br. s, 2H),

7.1 (m, 2H), 7.8 (s, 2H). MS  (thermospray): M/Z [M+NHg] 498.0;

C5HgBrClyF3N4S+NH4 requires 497.92.
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EXAMPLE 44

5-Amino-3-cyano-1-(2,6-dichloro-4-trifluoromethylphenyl)-4-(5-

trifluoromethylsulphenylthien-2-yl)pyrazole

‘The compound.is a white solid, m.p. 162-3°C. NMR(CDCI3): 4.12 (br. s, 2H), 7.39
(d, 1H), 746 (d, 1H), 7.8 (s, 2H). MS (thermospray): M/Z[M+H] 502.9;
C16HgCloFgN4Sy+H requires 502.94.

EXAMPLE 45
5-Amino-3-cyano-4-(3.4-dibromoisoxazol-5-yl)-1-(2,6-dichloro-4-

-trifluoromethylphenyl)pyrazole
The compound is a white solid, m.p. 279°C. NMR(CDCI3): 4.49 (br. s, 2H), 7.82

(s, 2H). MS (thermospray) : M/Z [M+NHgy] 561.0; C14H4BrpClF3N5O+NHy4 requires

560.85.

EXAMPLE 46
5-Amino-4-(2-chlorofuran-3-yl)-3-cyano- 1 -(2,6-dichloro-4-rifluoromethylphenyl)pyrazole
The compound is a white solid, m.p. 153°C. NMR(CDCI3): 4.86 (br. s, 2H), 6.73

(d, 1H), 749 (d, lH), 7.82 (s, 2H). MS (thermospray) : M/Z [M+H] 421.0;
C15HgCl3F3N4O+H requires 420.96.

EXAMPLE 47
5-Amino-4-(2-bromofuran-3-yl)-3-cyano-1-(2,6-dichloro-4-

trifluoromethylphenyl)pyrazole
The compound is a white solid. NMR(dg-dmso): 6.18 (br. s, 2H), 6.74 (d, 1H), 7.93
(d, TH). 8.26 (s, 2H). MS (thermospray) :  M/Z [M+H] 464.3; C|5HgBrClpF3N40+H

requires 404.91.
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EXAMPLE 48

5-Amino-3-cyano-1-(2,6-dichloro-4-trifluoromethylphenyl)-4-(2-trifluoromethylthiofuran-
3-yhpyrazole

The compound is a white solid, m.p.162°C. NMR(CDCI3): 3.96 (br. s, 2H), 6.85
(d, 1H), 7.82 (d, 1H), 7.82 (s, 2H). MS (thermospray) : M/Z [M+NHy4] 503.6;

C16HgClpFgN4OS+NH4 requires 503.98.

EXAMPLE 49

5-Amino-3-cyano-1-(2;6-dichioro-4-trifluoromethylphenyl)-4-(2-

trifluoromethylsulphinylfuran-3-yl)pyrazole

The compound is a white solid, m.p.141-142°C. NMR(CDCI3): 5.64 (br. s, 2H),
76.65(d, 1H), 7.8 (d, 1H), 7.82 (s, 2H). MS (thermospray): M/Z ~ [M+H]  502.8; -
C16HgClpFgN4O2S+H requires 502.96.

EXAMPLE 50A AND 50B

5-Amino-3-cvano-1-(2,6-dichloro-4-trifluoromethylphenyl)-4-(2-trifluoromethylfuran-3-

yl)pyrazole and 5-amino-3-cyano-1-(2,6-dichloro-4-trifluoromethylphenyl)-4-(5-

trifluoromethylfuran-3-yl)pyrazole

Combination and evaporation of suitable fractions following chromatography of the
reaction mixture gave 5-amino-3-cyano-1-1(2,6-dichloro-4-trifluoromethylphenyl)-4-(2-
trifluoromethylfuran-3-yt)pyrazole as a white solid, m.p. 155-7°C. NMR(CDCI3): 3.79
(br. s, 2H), 6.70 (d, I1H), 7.70 (d, 1H), 7.82 (s, 2H). MS (thermospray): M/Z [M+H]
454.8; C16HgClpFgN4O+H requires 455.0.

The residue obtained by evaporation of fractions containing longer retained
materials  was  further purified to give  5-amino-3-cyano-1-(2,6-dichloro-4-
triftuoromethylphenyl)-4-(5-trifluoromethylfuran-3-yl)pyrazole as an amorphous pale

brown solid. NMR(dg-dmso): 6.55 (q, 1H), 6.64 (s, 1H), 7.1 (br. s, 2H), 8.28 (s, 2H). MS
(thermospray) : M/Z [M+H] 471.0; CgHgClF gN4O+H requires 472.02.
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EXAMPLE 51
5-Amino-3-cyano-1-(2,6-dichloro-4-trifluoromethylphenyl)-4-(5-trifluoromethylfuran-2-
ylpyrazole- L e

The compound is a pale yellow solid, m.p. 148-151°C. NMR(CDCl3): 3.53 (br. s,

2H), 6.87 (d,-1H), 6.96 (d, 1H), 7.82 (s, 2H). MS (thermospray).:-M/Z [M+H] 455.1;
C16HgCloFgN4O+H requires 455.0.

EXAMPLE 52
5-Amino-3-cyano-4-(2.5-dichlorofuran-3-yl)-1-(2.,6-dichloro-4-

trifluoromethylphenyl)pyrazole
The compound is a white solid, m.p. 193-194°C.  NMR(CDCl3): 3.9 (br. s, 2H),

6.52 (d, 1H), 7.8 (s, 2H). MS (th_grmosbray) S M/Z [M+H] 454.7;
C15H5CI4F3N40O+H requires 454. -
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CLAIMS

1.. - A-process for the preparation of a-compound of formula (1)

said process comprising the step of reacting a compound of formula (11)

L—§7 .
R1

RSa
(1)

with a compound of formula (I11)

Ar—N=N"X

()

optionally in the presence of an acid, wherein:

Ar 1s phenyl or pyridyl, optionally independently substituted by 1 to 4 groups sclected
from the group comprising: Cy alkyl, C,.4 alkoxy, C .4 alkylthio, C,.y alkylsulphinyl, and

Cy.4 alkylsulphonyl wherein cach of thesc optional substituent groups may itself be
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substituted by- one or more halogen atoms selected independently; -halogen;

pentafluorosulfur; and -COOC, g alkyl -

R' is Crs alkyl, C,.5 alkenyl provided that said alkenyl is not conjugated with the double

bond shown in formula (1V), Css cycloalkyl, Cs alkyl(Css cycloalkyl), a 5- or 6- -

~ .membered heterocycle wihich may be saturated, partially or fully unsaturated designated - -

" “het” containing 1,2 or 3 heteroatoms, which are independently selected from 1,2 or3 N
- atoms, 1 or2 O atoms and 1 or 2 S atoms, where the valence allows, C,:3 alkylhet, phenyl,. -

- C\.g alkylphenyl; wherein each of the preceding groups may be optionally independently

substituted by I to 4 groups selected from the group comprising: halogen, C,4 alkyl, Cj4 .

alkoxy,  C4 alkylthio," and -COOC, g alkyl; wherein each- of these preceding optional . -

substituent groups may be substituted where possible by one or more halogen atoms

" . gelected independently; or

R is a group of formula (A):

(A)

wherein R? and R are each independently selected from hydrogen, C,. alkyl, fluoro,

chloro and bromo, or, together with the carbon atom to which they are attached, form a C;.

6 cycloalkyl group;

R® and R® arc cach independently sclected from hydrogen, C,_4 alkyl, fluoro, chloro and

bromo:;
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or when R? and R* do not form part of a cycloalkyl group, R? and R6, together with the

carbon atoms to which they are attrached, may form a Cs_7 cyclalkyl group;

R’is hydrogen, Cy.4 alkyl optionally substituted with one or more halo, or C_4 alkoxy;

. -or:R' is a fused bicyclic moiety “AB” where the “A” ring is as defined as ‘het’ above and - -

the “B” ring fused thereto in “AB” is a 5- or 6-membered saturated or partially or fully .

unsaturated carbocycle, or saturated or partially or fully unsaturated heterocycle where the - -

valence allows, which heterocycle contains I, 2, 3 or 4 hetero-atoms independently
selected from 1, 2, 3 or 4 N atoms, 1 or 2 O atoms and 1 or 2 S atoms, where the valence -
allkows, said R group being linked via the “A” ring to the 4-position of the pyrazole via a
¢ arbon-carbon bond,

and said R' group being optionally substituted by one or more substituents independently
selected from halogen, C,. alkyl optionally substituted by one or more halogen atoms, C.4
alkoxy optionally substituted by one or more halogen atoms, C; alkoxycarbonyl
optionally substituted by one or more halogen atoms, NO,, NH,, CN or S(O)m(Ci¢ alkyl

optionally substituted by one or more halogen atoms) where m is 0, 1 or 2;

R’ is selected from the group comprising: CN, CF3;, CHO, COR and COOR wherein R is
C. alkyl optionally substituted by one or more halogen atoms which may be the same or .

different;

R is selected from the group comprising: hydrogen, Cy alkyl optionally substituted by

one or more halogen atoms which may be the same or different, OH and NHj;

R is selected from the group comprising: C\N, COOH, CHO, COR and COOR wherein R

is Cy. alkyl optionally substituted by one or more halogen atoms which may be the same

or different;

L. is an activating group: and
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X- 1s a compatible counter i0n,
followed by removal of group L.

2.° - A process for the preparation of a compound of formula (II) in-which R* is CN

R’
L
RSa
(1)

the process comprising treating a compound of formula (IV)

|_—-<\7R1

(V)

with a source of cyanide ions, wherein L, R! and R? are as defined in claim 1.
3. A process for the preparation of a compound of formula (IT)

L_g_‘
R1

RSa

(1

in which R*™ is CN, COOIlIl, CHO, COR, and COOR whercin R is C alkyl optionally

substituted by onc or morce halogen atoms which may be the same or different,
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the process comprising reacting a compound of formula LCH,R? with a base and then
reacting - the resulting mixture with R*®*CH(X)R' where: X is Cl,Br, I, C3
alkylsulphonate or arylsulphonate at room temperature under an inert atmosphere,

wherein L, R' and R® are as defined in claim 1.

4, A process for preparing a compound of formula (I) in which R’ is NH,

O]

said process comprising a first step of reacting a compound of formula (1V)
L
Aﬁ\_ R’

(V)
with a source of cyanide ions to produce a compound of formula (II) and subsequently

treating the resulting mixture with a compound of formula (II1)
Ar—N=N"X
(nn

- R ; . : :
wherein Ar, L, R' R” and X arc as defined in claim 1.

5. A process for preparing a compound of formula (IV). the process comprising

the step of reducing a compound of formula (V)
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V)
with a complex metal hydride in the presence of acid, wherein L, R' and R are as defined

in claim 1.
6. A compound of formula (IT)
L .
R’
RSa
(I

wherein L, R!, R® and R* are as defined in claim 1.

7. A compound of formula (IV)

wherein L, R' and R’ are as defined in claim 1.

8. A compound of formula (V)
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wherein R?, R*, R®, R7 and R® are as defined in claim 1.

10.

A process or compound as claimed in any of claims 1 to 9, wherein L, when
present, is a group selected from: — S(O)pR9 where p is 1 or 2, R°%(0),PO,
COOR’ and —COR ',

wherein R? is selected from: Cis alkyl, C33 cycloalkyl, (CH;),Ph and (CH,),
heteroaryl wherein n = 0, 1 or 2, each of which groups may be optionally
substituted on any carbon atom by one or more groups selected independently
from: halogen, hydroxy, cyano, nitro, C,4 alkoxy, Cj.4 haloalkoxy, C;4
alkanoyl, C.4 haloalkanoyl, C,. alkylsulphinyl, C,4 haloalkylsulphinyl, C,4
alkylsulphonyl,  C,4 haloalkylsulphonyl, Cjg cycloalkyl and Cjg

halocycloalkyl; and R? can be hydrogen; and

whercin R' is selected from: Cis alkyl, di-C,.g alkylamino, C)g alkylthio, C.g
cycloalkyl, (CHz),Ph and (CHy), heteroaryl whercin n= 0, 1 or 2, each of which

groups may be optionally substituted on any carbon atom by onc or more groups
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selected independently from: halogen, hydroxy, cyano, nitro, C,4 alkoxy, Cj4

haloalkoxy, C;.4 alkanoyl, C,4 haloalkanoyl, C,4 alkylsulphinyl, C,4
haloalkylsulphinyl, Ci.4 alkylsulphonyl, C,;4 haloalkylsulphonyl, C;4
cycloalkyl and Cj;. halocycloalkyl; and R'® can be hydrogen.

A process or compound as claimed in any of claims 1 to 10, wherein Ar, when
present, is tri-substituted, and more preferably it is substituted at the 2-, 4-, and
6- positions with an optional substituent selected from the group comprising:
halogen, Ci4 alkyl, Ci4 alkoxy, C,4 aalkylthio, SFs and -COOC,3 alkyl,
wherein each of these optional substituent groups may itself be submitted where

chemically possible by one to three halogen atoms selected independently.

A process or compound as claimed in claim 11, wherein Ar, when present, is a
phenyl group which bears substituents at the 2-, 4-, and 6-positions, the
substituents at those positions, the substituents at those positions being
independently selected from chloro, trifluoromethyl, trifluoromethoxy, and

pentafluorosulfur.

A process or compound as claimed in any of claims 1 to 12, wherein R', when
present, is selected from: C,3 alkyl, C45 cycloalkyl, a group of formula (A)
where A is as defined above in claim 1, a 5- or 6-membered heterocycle which
may be saturated or unsaturated designated ‘het’, C, g alkylhet, phenyl, and C,4
alkylphenyl, wherein each of the preceding groups may be optionally
independently substituted by 1 to 4 groups selected from the group comprising:
halogen, C,.4 alkyl, C .4 alkoxy, C,.4 thioalkoxy, and -COOC, alkyl, wherein
each of these optional substitucnt groups may itself be substituted where

possible by one or more halogen atoms selected independently.

A process or compound as claimed in claim 13, wherein R' is selected from: C.

s alkyl. Cyg cycloalkyl, a group of formula (A) where A is as defined above in
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claim 1, or a 5- or 6-membered heterocycle which may be saturated or

unsaturated designated ‘het’, or C, alkylhet, wherein each of the preceding
groups may be optionally independently substituted by 1 to 4 groups selected
from the group comprising: halogen, C,4 alkyl, C 4 alkoxy, C,4 thioalkoxy,
and -COOC, g alkyl, wherein each of these optional substituent groups may
itself be substituted where possible by one or more halogen atoms selected

independently.

A process or compound as claimed in any of claims 1 to 14, wherein R3, when

present, is cyano.

A process or compound as claimed in any of claims | to 15, wherein R, when

present, is amino.
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