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[err] Abstract: A process for the preparation of a conpound gf f.ormul a
(1), Rerr] represents hal ogen, hal oal kyl, hal oal koxy, 22 April 2004
Rlerr]S(Oferr]-[err] or -SFlerr]; R err] represents hydrogen or hal ogen;
Rlerr] represents hal ogen; R4[err]represents al kyl or hal oal kyl; and n
represents 0, 1 or 2; which process conprises oxidising a conpound of
formula (11); wherein Rerr], Rerr] and Ware as defined above, with
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rpr 1 200 PROEESS FEKTERRIN A HY B R R
1-arylpyrazole pesticides such as 5-amino-1-(2,6-dichloro-4-
trifluoromethylphenyl)-3-cyano-4-trifiuoromethylsulphinylpyrazole

5 known as Fipronil (Pesticide Manual 1 Edition), and for the
intermediates used in its preparation 5-amino-1-(2,6-dichloro-4-
triﬂuoromethylphenyl)—3-cyano-4-triﬂu0romethylthiopyrazole and 5-
amino-1-(2,6-dichloro-4-trifluoromethylphenyl)-3-cyanopyrazol-4-yl
" disulphide. |

10 European Patent Publication No.295117 describes the
preparation of 5-amino-1-(2,6-dichloro-4-trifluoromethylphenyl)-3-
cyano-4-trifluoromethylsulphinylpyrazole by the oxidation of §-amino-
1-(2,6-dichloro-4-trifluoromethylphenyl)-3-cyano-4-
trifluoromethylthiopyrazole with 3-chloroperbenzoic acid. The use of

15 triﬂuoroaéetic acid and hydrogen peroxide (fonning trifluoroperacetic
acid in situ) for the oxidation of sulphides to sulphoxides and/or
sulphones 1s known and is generally useful for the oxidation of electron
deficient sulphides such as trifluoromethylsulphides which are less
readily oxidised than other sulphides. Such procedures have been

20 reported in the literature, for example in the preparation of certain 1-
arylpyrazole pesticides.

A problem encountered in the preparation of 5-amino-1-(2,6-
dichloro-4-triﬂuoromethylpheny])-3-cyéno-4—
trifluoromethylsulphinylpyrazole by the oxidation of 5-amino-1-(2,6-

25 dichloro-4-trifluoromethylphenyl)-3-cyano-4-
trifluoromethylthiopyrazole is the co-formation of the corresponding
sulphone compound 5-amino-1-(2,6-dichloro-4-trifluoromethylphenyl)-
3-cyano-4-trifluoromethyisulphonylpyrazole, which is difficult to
remove from the sulphoxide. A number of oxidants (including amongst

30 others sodium vanadate, sodium tungstate, peracetic acid, performic acid

and pertrichloroacetic acid) have been employed in an attempt to obtain



This invention relates to inproved processes for preparing baagfiydopyrazol e
pesticides such as 5-am no-1 -(2,6-dichloro-4-

trifl uoro%%op&enyl ) - 3-cyano-4-trifl uoronet hyl sul phi nyIPEWE@;d?ds?’i 5 known
[ e I a

as Fipron sticide Manual 11th Edftion), and for the interne tes used
in its preparation 5-am no-I-(2,6-dichloro-4-

trifluoronethyl phenyl)-3-cyano-4-trifluoronethylthiopyrazole and 5- am no-

| -(2,6-dichloro-4-trifluoronethyl phenyl)-3-cyanopyrazol -4-yl disul phi de.

10 European PWﬁCiFIHZQh& F&idsﬁ@clztm oAk dr rvﬁﬁ:ﬁ%ﬂil ?@gi_d%@-eami%-qpar ation of

5-am no-1-(2,6-dichloro-4-trifluoromethyl pheny
cyano- 4- tri f | u@rbedrelilogpt4strifiwarometipyprenpl) S-dygnd-he oxi dati on of 5-am no- |

-(2,6-dichloro-4-trifluor t hyl phenyl ) - 3- cyano-.4-

LT wor ot nyFeHPBE DU PR ESRH Pl JpE SRS R bhe use of 15
trifluoroacetiwiled fbor gk X HRGEALGEY. AXI dtehd dbatémBlodswdrk UOr oper aceti ¢
acid in situ for the oxidation of sul phides to sul phoxi des and/ or

sui phnes i s kioowhtosheanpatisfgetqnr inlong respect of afaert he oxi dation of el ectron
del r ent sul ph eyl gz, A Lot ARELMESHBIL g5 W51 are | s

readi |y oxidised than ot her st des procedures have been 20
reported in thgdrddeapadonide (triflosropecacet acidngivieexpelRpaeailisam of certain |-
aryl pyrazol e pesticjdes. A problemencountered in the preparation of
5-am no- | - ( 2, eterm oty ssleatiyipy; aﬁlﬂd&ﬁl@rret hyl phenyl ) - 3- cyano- 4-

trifluoromet hyl sulyphidu PHEEER! & ubie tRGrfXsARO i@ inDryaRidag- | - (2,6 25

di chl oro-4-trifluoronethyl phenyl)-3-cyano-4- trifluororrethylthiopyrazole is
t he t®-f or mat i pmoxide mixgure on taesypoalds isghat shikgsly dneormsiap ofithd glass
5-amino-1-(2,6:dichlorp-4-trifluoronethyl phenyl)- . _

3-cyano-4-tri 1‘61?’?}’6350‘#& ?’@JFWSPIWSS%H"%FI&S rﬁﬁiéﬁmﬂlydi fficult to remove
fromthe sul phspopdfyead) eRei@mbRint RiipdaRirss, (hiletlabigh dTona sned of

corrosion increases to about 1430um/year. This corrosion occurs as a
result of the formation of hydrogen fluoride, and therefore prohibits the
15 use of this‘ reagent mixture in such vessels.

It has now been found that the addition of a corrosion inhibiting
compound such as boric acid to the reaction mixture inhibits the
corrosion process and reduces the speed of corrosion to a level that is
typically less than Spm/year.

20

European Patent Publication No. 0374061 and J-L.Clavel et.al. in
J.Chem.Soc.Perkin I, (1992), 3371-3375 describe the preparation of 5.
amino-1-(2,6-dichloro-4-trifluoromethylphenyl)-3-cyanopyrazo 1-4-3}1
disulphide, and the further conversion of this disulphide to the

25 : pesticidally active 5-amino-1-(2,6-dichloro-4-trifluoromethylphenyl)-3-
cyano-4-trifluoromethylthiopyrazole by reaction with triflnoromethyl
bromide in the presence of sodium formate and sulphur dioxide in N,N-
dimethylformamide in an autoclave at low pressure (typically 13 bars) at

60°C.



30 others sodiumvanadate, sodiumtungstate, peracetic acidy;pgkffpm ¢ acid
and pertrichloroacetic acid) have been enployed in an attenpt to obtain 22

Apri | 2004,%@,%:}&030760 - 2 PCTI EP99/ ?8@87 an efficient ?’Eﬁl/ﬂpﬁﬂs%el ective
I'C -

oxi dati on Wil |l provide 5-am no-

(2,6-dichloro-4-trifluoronethyl phenyl)-3-cyano- 4-

trifluoronethyl sul phinyl pyrazole in pure formand which nay al so be
utilised for large scale preparations. Al of the above nethods were 5

found to be unsatighaGlePby iatddr Qs HRSRESGon 98 vedP Ok dihdrmid dhikigs now been found
that a mxture of trifluoroacetic acid and hydrogen peroxide

(trifl uoroper axstlison asikifangjahessene dairéagnin the yesstisnd assotiateds of bot h
selectivity and yiel,d. However a problem of using the trifluoroacetic acid
and hydrogen W& e nixture on large scales is that it |eads to

corrosion of the ol@fsverlii BinB@Ssadf toldad sl iFifladroreg! bromidessel s, which is
rapid (typically 300pm year) even at anbient tenperatures, whilst at 80C
the shpeed of eweklyéseseralinwitsindbihew), peayse tha gowecd disulphids, cor r osi on

occurs as a r%gﬁﬂnﬁ fo?-%faie?ﬁllléh% H%&id%%n&’f\l,@é%&ﬁﬁ?oén‘aﬁ?&eih%b gnd therefore

prohi bits the use reagent m Xture 11 such vessels. It has now
been found t hafouhdl@ Eddistablertypically bading & £%6 dedradutioh igo conpound such as

boric acid to the reaction m xtuyre i nhibj the corrosiqn process and
reduces the spd&dengd OE’IP%"SOWﬂPB(Sé‘OP’é\?E%ﬁa 1 QUL 30T y | ess t han

5p. m year. 20 Bt ODa81n Rt orddihyl GArhiaishRe cARdBRlviae J- L. C avel et. al.
in J.Chem Soc. Perkin 1, (1992), 3371-3375 describe the preparation of 5-

10 exothermic nature of the reaction.
In order to overcome these problems and develop a process which
can be used on a large scale other conditions have been sought.
In the above described procedures the reaction was performed by
addition of the trifluoromethyl bromide to a mixture of the other
15 components. A new process has now been deveioped in which the order

of addition is different.

European Patent Publication No. 0374061 describes the
preparation of 5-amino-1-(2,6-dichloro-4-trifluoromethylphenyl)-3-

20 cyanopyrazol-4-yl disulphide by the reaction of 5-amino-1-(2,6~
dichloro-4-trifluoromethylphenyl)-3-cyano-4-thiccyanatopyrazole with
base, and the further conversion of this disulphide to the pesticidally
active 5-amino-1-(2,6-dichloro-4-trifluoromethylphenyl)-3-cyano-4-
trifluoromethylthiopyrazole.

25 European Patent Publication No. 295117 discloses a process for
the preparation of 1-aryl-3,5-disubstituted-pyrazol-4-yl disulphides by
the hydrolysis of the corresponding 4-thiocyanatopyrazole derivatives
using hydrochloric acid in ethanol, or by reduction using sodium
borohydride in ethanol, or by treatment with aqueocus sodium hydroxide

30 under phase transfer conditions in the presence of chloroform and

benzyltriethylammonium chloride.



am no-1-(2,6-dichloro-4-trifluoronethyl phenyl)-3-cyanopyrazgh 4=¥4p04
di sul phide, and the further conversion of this disul phide to the 5@

pesti ci dal jve 5-amino-1-(2,6-dichloro-4-trifluorongfh ) - 3-
cyano-4-t9%§Pg%&ghethylthiopyrazole byaréaction W th trifluﬁ#gﬂgﬁﬁil

brom de in the presence of sodiumformate and sul phur dioxide in NN

di met hyl formarnide in an autoclave at |ow pressure (typically 13 bars) at
60C. 22 April 2004 WO 01130760 3 - PCT/ EP99108687 However on |arger scal es
the reaction is ver ] | _ 1yt S 1140 ybstantial pressure.

I ncrease in the vegﬁgﬁéﬁﬁgﬁé£é§%¥g%§gsE%%é#ét H:ﬂgéﬁé . Moreover it is
necessary to addiotymatopirbidiontreitiyles bralesi diecribed)in BdkebyeagFarear al | y wi t hin
0.5 hour), because the_m xture di sul_phi de, odi um formate, sul phur

di oxi de and N, @@ilﬁpﬁﬁwm"g&lhs@] ng‘nqu%’@ﬁ SE BT ARFSYhl e (typically
| eading to 55%gegsadataion of b QorrdsBYRNA LSl aRUOPT- 89U cFantpiialbale 2 hours at
50C). This requ?rerr(%gt Eifloro rap?ré gddi télaon_ofo t_%?fl ugrongl'ltarh]yl bromde is
not cdnpati bl e derivativehasing & kalt metahdramreenivne taécyahate ingthet i on. I n order to
overcone these praoble and dﬁgeI@%%) [QGess Wﬁich can be used on a | arge
scal e ot her corfif¥P FAEVR® BEERe gﬁ oM R PHE ¥bove described procedures
the reaction was pephkapsRe-fdp procids fir@e Mépakdidniof itdriaoqreyiyel bronide to a
m xture of the other 15 conponents, A new process has now_been devel oped in
whi ch the or dercyawsipyegai-4-viotisylghide mfesmedigtes fromoraminopae®he- Publ i cation No.

0374061 descri bc?%n fazokdl sx’ggern @ aQroblems hvhich [Iifnit its usefilness for

5-am no-1-(2, 6-dichiforo-4=tritluoromethylphenyl)-3
10 application on large scales:
i) the thiocyanation step is generally performed at very low
temperatures,

i) the mixture of bromine and methanol used in the
thiocyanation reaction may form explosive mixtures,

15 i) the above reactions involve heterc-)geneous mixtures, and

iv) it is difficult to obtain complete transformations to product
in either reaction stage.

In order to overcome these problems other conditions have been
sought. Thus the explosive hazard may be avoided in the thiocyanation

20 reaction by replacing the methanol with a mixture of dichloromethane
and water, however this procedure is not efficient on large scales.

The thiocyanation reaction may alternatively be successfully
carried out-using an alkali metal or ammonium thiocyanate in the
presence of hydrogen peroxide and a mineral acid such as hydrochloric

25 acid in a solvent such as an alcohol for example methanol. An improved
procedure for the subsequent hydrolysis step has been found which
involves the use of a base such as an alkali metal hydroxide, for example
sodium hydroxide, in the presence of formaldehyde and a solvent such
as aqueous methanol, however the disulphide thus obtained is very

30 powdery and difficult to filter. Furthermore in order to obtain the above

disulphide in satisfactory quality it is necessary to subject the starting



20 cyanopyrazol - 4-yl disul phide by the reaction of 5-am no- bzfxérilﬁZOOzl
di chl oro-4-trifluoromethyl phenyl)- 3-cyano-4-thi ocyanat opyrazo wth base,

and the f nversion of this disul phide to the pesty active
5-am no-| - él,agioc'i’ﬁ%ghl oro-4-trifl uoronet hyl phenyl) - 3- cyan- Af{&/ﬂ@%%m

trifluoronethylthiopyrazole. 25 European Patent Publication No. 295117
di scl oses a process for the preparation of
1-aryl -3, 5-di substituted-pyrazol -4-yl disul phides by the hydrolysis of the

correspondi ng sk BGHARET UPHIRZAhEHSHIB hlNESnal PRlifupy dr ochl oric acid in

et hanol, or by reduction usi’ng sodium borohydride 1 n ethanol, or by

treat nent w t hefge @osissed adiha thibgydnaionded hgdrolysdesacpéiese t ransfer conditions
in the presence of. chl gorof orm and nzyl triethyl ammoni um chl oride. 22
nor 112004 W0, 011 5iPRb ay B BeitFessed G s OoME L THERARARIOR of t he. above
5-ani no- 1 - ar ylingfieda®r 4t inlikteg paRadsOmar S a1 8 step hRiHaB tcpRfngs | s al so

descri bed in European Patent Publication Nunbers 0374061 and 295117, and
t heseb ar e obt aheredissgvantages wenle elpartnbs prafesedt he correspondi ng

5-am no-1| -aryl -3-cyanopyrazole 5 derivatives using an alkali netal or
ammoni um t hi ocyanate in the presence of brom ne and nmethanol at | ow
terrperatijre. IThe abﬁ\p&saﬂ:iﬁ\eﬁtliqnfmll&&g ptovidd ifprgpred pamate on of

5-am no-1|-aryl -3- cyanopyrazol -4-y | sul phide internedi ates from

5-ami no- | -aryIQCSHOIE‘%HB?%‘fdé onthe PP A PERiF#esl probl ens which linit its

useful ness for  16: ARAAGRIAT M brkRAOIRVARRAES probide biBnieiepeyanat i on step

Is generally perfornmed at very |low tenperatures,
1 process for preparing 5-amino-1-aryl-3-cyano-4-

trifluoromethylsulphinylpyrazole pesticides, which are obtained in high
yield and high purity.

It is a further object of the present invention to provide a process
for preparing 5-amino-1-aryl-3-cyano-4-

15 triﬂuoroméﬂlylsulphinylpyrazole pesticides which is simple and safe to
perform, and which results in minimal vessel corrosion.

It is a further object of the present invention is to provide a process
for the preparation of 5-amino-1-aryl-3-cyano-4-
trifluoromethylsulphinylpyrazole pesticides which includes an efficient

20 recovery procedure for the trifluoroacetic acid.

Tt is a further object of the present invention to provide a
convenient process for preparing 5-amino-1-aryl-3-cyano-4-
trifluoromethylthiopyrazole pesticides and pesticidal intermediates,
which are obtained in high yield and high purity with improved

25 _ transformation of the 5-amino-1-aryl-3-cyanopyrazol-4-yl disulphide.

It is a further object of the present invention to provide a process
for preparing 5-amino-1-aryl-3-cyano-4-trifluoromethylthiopyrazole
pesticides and pesticidal intermediates, which is simple and safe to
perform, is operated at lower pressures and temperatures, and in which

30 side reactions are minimised.



ii) the mxture of brom ne and net hanol used in the thi ocygﬁlf\b}i%ogeacti on
may form expl osive mxtures, 15 iii) the above reactions involve
heterogen%?blﬁuﬁi,@tures, and iv) it iss difficult to obtapprgpsrisele
transformations to product in eithér®réaction stage. In order to overcone
t hese probl ens other conditions have been sought. Thus the expl osive
hazard may be avoided in the thiocyanation 20 reaction by replacing the
met hanol with a m xture of dichl oronethane and water,- however this
procedure is not eftfigﬂuﬁg&rq%;bc{@m@ 264k BRentioh6 pidlidgyanati on reaction may
alternatively be successtul carrled out usi ng an alkali netal or

anmmoni um t hi oc yemehient prodebsefopprepainges-ahinbyldarpg®oyaneporioid-ydnd a m ner al

acid such as hydrochloric,, 25 acid in a,solvent, such.as . al cohol for
exanmpl e met hané!splph&ﬁieipﬁséﬂﬁ‘eéﬂteﬁf‘ @8%?@“‘?‘6”:’3 %@“@ﬂﬁgﬁéﬂéﬁa aﬂé/dr olysis step
has been foundpwiiffty. i Nvol ves the use of a base such as an al kali netal

hydroxi de, for exdnpl’e sodi um hydroxide, in the presence of fornaldehyde
and absol vent suchltisasfustherabiest ofthepresint inveyionde proviledisinglohi de t hus

obtained is very 30 powdery and.dif.ficult .tQ filter,,FEurthernore in order
to obtain the 5%8\%0"9 i%’tﬁr%;%fla%siawlgcgﬁ@#lgé 8?6 Yrq"%%’ﬁ?/ﬁ it is necessary to

subj ect the st @ishiphifle pastibidal inteRAOHR W FOrh/530MHAE 1 2ryIRCT/ EP99/ 08687 mat eri al
5-am no-| -aryl - 3-cyanopyrazole to additional purification before it is
used i n the thcwigRyatdonteanedisfoir ol ysis reactions. Hence it may be

appreci ated that tpe %@ﬁé&soﬁ;%f SARPHREAS HyEnrich to pftIdelaGheiils f OF an

i ndustrial process, a e step net cki ng t hese di sadvant ages
woul docl ear |y Her prepafing 1Seahind-hargses@nopyirapobhtyl disulpkidé pesticidpl ovi de i nproved
or more intermediates which is simple and safe to perform, utilises readily

available materials, allows efficient isolation of the product and does not

require additional purification of the 5-amino-1-aryl-3-cyanopyrazole

starting material.

15 It is‘a further object of the present inventibn to provide a

convenient process for preparing 5-amino-1-aryl-3-cyano-4-

trifluoromethylsulphinylpyrazole pesticides by a three step process

starting from 5-amino-1-aryl-3-cyanopyrazoles.

These and other objects of the invention will become apparent

20 from the following description, and are achieved in whole or in part by

the present invention.

According to a feature of the present invention there is provided

an improved process (A) for the preparation of a compound of formula

25 O:



econom cal nethods for the preparation of pesticides. It isng$hfﬁ%4object
of the present invention to provide a convenient : 10 process for preparing
5-anino-I-aryI-S-cyano-4--trifluoronethylsulphinylpyrazole pesti ci des,
which are obtained in high vyield and-hi7gh purity. It is a further object
of the present invention to provide a process for preparlng

5-ami no-1-aryl -3-cyano-4 15 trifluorQrFgsoyl sul p yl pyrazol e pesti ci des
which is sinple and safe to perform and results in mniml vessel
corrosion. It is a further object of the eseh& invention is to provi de a
process for the preparation of 5:-am-HaN~ary- 3-cyano-4-

trifluoronethyl sul phinyl pyrazol e pest|C|ges fhi ch i ncl udes an. efficient 20
recovery procedure for the trifluoroacels } It is a further object of
the present invention to provide a convenlﬁ process for -preparing
5-am no-1|-aryl -3-cyan- 4- tr|fluoronethylth| pyLazol e pesticides and
pesticidal internediates,” which are obtainedyin high yield and high purity
with inproved. 25 transfornatlon of .the 5-am Il-aryl 3-'cyanopyr azol - 4-yl
di sul phide. It.iis a further. object.of the pr sent |nvent|on to prOV|de a
process for preparing. 5-anino:1 : '

-aryl - 3-cyano- 4- trrfluoronethylthlopyrazoleG)pest|C|des and pest|CIdaI

i nt er nedi at es,  whi ch H&%W (fg&gnéqﬁ 3orm is operated at [ ower

pressures and terrperatures n- whi c € reactions are m.nimsed.

22 April 2004 W) 01/F8b17e§£éscnt§hﬁo§’ﬁ[hﬁilaw[)@ﬂ'€rablytnﬁuaohmﬂtyﬂl)ar Obj ect of
the present i nvent| on t'o provide 4 .
s haloalkoxy (preferably tnﬂuoromethoxy) R’ S(O) , or -SFg; -

R2 represents hydrogcn or halogen (for example chlonne or’

. _ bromme) _
| - R3 reprcsents haloacn (for cxample chlorme or brommc), :
- R4 represeats alkyt.or haloalkyl; and e
nrepresents() 1 or?. whxchprocess compnscs omdlsmga o i

| - compound of formula ([I) ’
- CF3$

a4

SR
. whcrem R1 R2 and W are as herembefore deﬁned mth

mﬂuoroperacetlc acld in the presence ofa corrosmn mh1b1tmg
: oompound which'is boric a01d _ '
| o Ina prefcrred cmbodxmeut of thc mvenuon the tnﬂuoroperacetlc -
aad is gcneratcd in situ by the reactlon of trifluoroacetic acid and .

hydrogen peroxide. Accordmerly, this embodment compnscs trealmg a



conveni ent process for prepar| ng 5-am no- I-aryI 3- cyanopyraé 9 laxAr ¥4

di sul phi de pesticidal "internedi ates, whifch are obtained in gAﬁ yield and
high purity. It is a - further obj ect- of the present invention to provide a
single step process. for.-preparing 5-anino-I-aryl-3-cyanopyrazol -4-yl

di sul phide pesticidal {intermediates from5-anino- | -aryl-3 cyanopyrazole
internediates. It is a further object of the present invention to provide a
process 10 for OGFIEPQS‘M n@foanalm(ﬂbas defiydd-aBove with pyfhazedceds gdid didul phi de
pesti ci dal |nt dlatﬁs |ch is siinple and safe to perform utilises
readily avail a EFTXI; allows efficient isolation of the product and
does not require addl ti onai purification of the _

5-am no-1-aryl - 3-cyanopyr:azole starting material. 15 It is a further

obj ect of :the presentnlefMaRiringsR shecifle@¥i Bhe plescRAPYEREAIH 'AACess for
preparing 5- amino-1 -aryl -3-cyano-4- trifluoronet hylsul phinyl pyrazol e
pestici des by a mRrSsU3iehp opbonebed- célaalratlbd@a'fmgrfnom one to six carbon

5-ami no- I -aryl ol es, The nd.ot.hetr obje I nvention
will becone appa?@ﬁ?qp‘%ér?ﬁbﬁm?‘?é}‘?e& e‘é&ﬁ %B’éw %‘i‘fg"ﬁl,shagﬂ%&gfe achi eved
in whole or in p f’%ﬁﬁlﬁ] C a feature of

the present |nvefrgllftic|i O%lﬁ?l%g?)gafé; pr Vi ang)lrbrl%p?@oag%%lﬁ?%gggs. (A) for the

preparation of arccspeqmalydxaofngffﬁfmhato A% chibpn adinsAprefdratl9@de wherein W

represents nitrogen or. - , Rl represents hal ogen, hal oal kyl. (preferably
trifluoronethyl )%‘WC)ISPBWSMBXW‘E pF BOEt halpgeniatoms selesidgiieam dhegine,RaS( 0) -

or -SF5; R2 repr%ﬁﬁ%gam/glrogggg or hal .ogen. (for exarrple chI o i ne or
' thn Rl rcpresents R‘iS(O)n andms 0 orl the process may

' brmg about ondahon to the com:spondmg compound in whmh nis 1 or’
o .' 2, respcctweiy '

Thc corroswn mlubttmg compound is gencrally bonc acid,
Thc amount of corrosmn mhlbmng compound used is gcnerally
- 0.08-0 22 molar cquwalcnts and’ prefembly a.bout 0. 08~0 1 molar
:eqmvalents : L S :
* The amount of tnﬂuoroacetlc acld employed is. genera]ly from 14—-
- 15 molar cqulvalents '

The amount of hydroacn perox1dc mﬂucnc&; the rwcuon sincean.
.excess wﬂl lead to the formation of the correspondmg sulphone of the
compound of fonnula () whilst a deficiency wﬂl lead to mcomplete

. transformatlon, and in either event an lmpure final product is obtamcd
Thus the amount of hydrogcn peroxldc used in the reaction (gcnera]ly as
"a 35% aqueous, solutlon) is generally from 1.3-15 cquwalcnts
preferably about 1.31-1.35 eqmvalcnts and more preferably about 1 3.: '

equwa]ents



bromne);. , R3 represents hal ogen (for exanple chlorine *052 Hope), R4
represents al kyl . or hal oal kyl; and . n represents 0,1 or V\E‘F’Cﬁh O?)L(rFocess

conpri ses \‘%bfgﬂ ?d ong @' conpound of fgrmula (H:" CF3S V\hese;Eng.ﬂsﬁs-,RZ and W
are as herel ore defined, with tfifluoroperacetic acid in the presence

of a corrosion inhibiting conpound,, which is boric acid. lii .a
preferred enbodi nent of the. invention the trifluoroperacetic acid is
generated in situ by the reaction of trifluoroacetic acid and hydrogen

peroxi de. Accordi frgd Béacttoﬂlﬁge%eﬁﬁ?b@ﬁ’éﬁne@%@fénﬁﬁfatﬁréSﬁfrbrﬁgoa 22 April 2004
conpound of forgula (I1) as define above with trifluoroacetic acid and

hydr ogen peroﬂﬁo@aﬂijﬂrp&s@l}mtlﬁb@%lgecspecr fied -in the present .
speci fication'al kxlfum[l%&&s%%ss c1'“g1[h %ﬂ?e &?%P‘fﬂlug%ggé %ﬁ?ﬂ IS%/I having from

one to six carbon era one

at herw se- Spe@htﬂhﬁﬁoé’b@p@ﬁixidﬂconcenﬁﬂﬂeﬁabmj'krm(rycﬁhﬁgsﬂthal ght- or branched-
chain al kyl or al kOX\t/r respectjvely havi ng fromone to six carbon atons
(preferabl y ofgpansive triffjopasyetic apidwhith B@sisiiglfer ts orexgsioa ofar ogen at ons

sel ected from, &é&&%}{]%aﬁ]g’eﬂicreﬁl%r‘a&quB%ﬂg ROl WA ERbodaGR! esent s RAS(O)n-

and n is-0O or rocess nmay ri n about oxi to t he
correspondi ng an angoptna sélve thisipedblah, ite réaction thixtnespeqtiencbéd/. The corrosi on

| nhi biting Corg)& H)hur (ﬁo}ggner aI ;|)a¥t ot}%ei, t(r:iﬂ%griogéetic acid removed by
distillation. An excess of ethanol was then added to the residue to form

10 ethyl triﬂuoroacetate which was then removed by distillation. The
product was then crystallised from a mixture of ethanol/water. This
procedure was found to have two disadvantages:

i) the ethanol/water mixture does not provide sufficiently pure 5-
amino-1-(2,6-dichloro-4-trifluoromethylphenyl)-3-cyano-4-

15 triﬂuoromethylsulphinylpyrazole; and .

i) the recycling of trifluoroacetic acid via the acid hydrolysis of
ethyl trifluoroacetate is a complex process on a large scale and generates
a large quantity of unwanted sodium sulphate thus presenting a waste
problem.

20 A new procedure has now been found which solves both of these
problems and thus provides a simple and efficient method for the
preparation of 5-amino-1-(2,6-dichloro-4-trifluoromethylphenyl)-3-
cyano-4-triﬂuoromethylsulphinylpyraiole in high yield and purity, and
in addition provides an efficient recovery procedure for trifluoroacetic

25 acid. In this process, when the reaction in trifluoroacetic acid and
hydrogen peroxide is judged to be complete, the excess of hydrogen
peroxide is generally quenched with sulphur dioxide (or equivalent
reagent), chlorobenzene is added and the trifluoroacetic acid removed by
distillation. Typically the trifluoroacetic acid is removed by azeotropic

30 distillation under reduced pressure. An alcohol such as methanol,

ethanol or isopropanol (preferably ethanol) is then added to the residue



The. anobunt of corrosion inhibiting conpound used is general by, 12004
0. 08-0. 22-nol ar equi val ents, and preferably about.0.08-0:1 m)f\gr

equl val en anpunt o tri uor o etic aci enpl oye a Yy rom
i val o0 01730560 fotrifl ggeL i d ! dl%mr?)fdﬂ%” f

14. 15 nolar equival ents: The anount of hydrogen per oxi 52 I nf'Tuences-t he
reaction since an .excess will lead to the formation of the correspondi ng
sul phone. ofthe- conpound of fornmula (I);, whilst. a deficiency will |ead
to inconplete, transformation, and in either event an inpure final product

is. obtained. aHSmed RLARBIPIOTC Rl Mﬂﬁtﬂﬁﬁ@f&ﬁfe@ﬁnﬁ%&%@&e& {dI the reaction.

(generally as a 35% aqueous solution) is generally from1.3-1.5
equi val ents, ghost 4} &boviengdhodami®il-2,88ichlppd-dal ents and nore preferably

about 1.33 equival ent,s 2 ril WO 01/.30760 .- 9 _PCT/ EP99/ 08687 The
reaction is geﬁ@gﬁwﬁﬁ'wgﬁ?é‘%yﬁoégi °é?"gleld?“gp‘8’f3"1?yfﬁ?ho- 15C and |
preferably at abasllisek2The alcdhdl s Bedporiteit 607 @ ands rauesd préskitef he use of

trifluoroacetic acid and hydroge(r peroxi de concerns the recovery and
recyc¥ing of t the mBxasgrepled yeatouf §1G, diltsred eanddheproducimaghediand essenti al f or

t he operation gljieda}gva&[%?gmg%o% eXe%}%%Lf%ﬁﬁth%‘iﬁ?n&wLﬂuﬂﬂﬁ procedure that -

was devel oped In an a np 0 SO I'S proble e reaction mxture
was quenched silt¥et shich hxoongatbie déthalomixtyparias abotling point f | uor oaceti ¢ aci d

renoved by distillation, An excess.of ethanol. was then added to the
resi due to for ¥ C@Elm%ghﬁtgﬂ @5}%&6@?05?@3%?%@1 E\Régﬁ‘i“ﬁen removed by
distillation. Jx?_&alliﬁ’e&igﬁ W 5-akfio- 1 (BEL RhIoRs-lehifl 8 EmEthPih ey it ur e of
et hanol /water. This :
10 cyano-4-trifluoromethylsulphinylpyrazole in good yield and quality.
Thus a preferred aspect of the process of the invention as
described above further comprises adding chlorobenzene to the reaction
mixture on completion of the oxidation reaction, and recovering the
trifluoroacetic acid by distillation,
15
According to a further feature of the present invention there is
provided an improved process (B) for the preparation of a compound of

formula (II) as defined above; which process comprises the addition of

sulphur dioxide to a mixture comprising a disulphide of formula (III):

2 RZ
W R | S
| P P
Rl Rl

(D)

20

wherein R1, R2 and W are as hereinbefore defined, a formate salt,
trifluoromethy! bromide and a polar solvent. The polar solvent is
generally selected from N,N-dimethy!formamide, N,N-
25 dimethylacetamide, N-methylpyrrolidinone, dimethylsulphoxide,



procedure was found to have two di sadvantages: i) the ethang) M\ﬁitz%mmxture
does not provide sufficiently pure 5- amno-1

-(2, 6-di chighPadsd ri f | uor onet hyl phe_nyIQ-S cyano-4 15 PCT/EP99/08687
trifluoronet hyfsul phi nyl pyrazol e; and™i i) the recycling of trifluoroacetic
acid via-the acid hydrolysis of ethyl trifluoroacetate is a conplex
process on a | arge scale and generates a large quantity of unwanted sodi um
sul phate thus presenting a waste problem 20 A new procedure has now been

found which SOEM&%IQ@tﬁEx%eth?@ﬁ@sph&raHMeedﬁﬁ efHerk shbiis R6.Qi des a sinple and
efficient nethod for the preparation of

5- ani no- | - (2, 6tetialyvirefian4nd dinfetheoxy ethaneh itlipprefeyabjy §,N-
cyano-4-trif|u ro sul.phi ale i nd purity, and in
addi tion pr ovi ”@Ef]é?%lggfe&iﬁ% ﬁéﬁv ﬁmﬁ’}%clgdﬂ&éﬁf)mﬁid? 1¥Fuor oacetic 25
acid. In this anmlph\dﬁaeoi SifpHobae! mer préferablyN,MOr oacetic acid and
hydrogen peroxi de is judged to be conplete, the excess.of hydrogen
perox?de is gefisednlpreamedened with sul phur dioxide (or equival ent
reagent), chlorobenzene is added and the trifluoroacetic acid renoved by
distillation. Typically the trifluoroacetic acid is renoved by azeotropic
30 distillation unfigradvadapeedf parfemitigehe procah edthalhis sidehofas net hanol
et hanol or isoprgpanol (preferably ethanol) is then added to the residue 22
April 2004 WD 3HY - 10 PCTIEP99/ 08687 and warmed to about 80C until a
S?EU%' 3” Ihls for ZEOH) ﬁi&%:kﬁﬁébﬁﬁﬁ]i;ﬁﬂdé&foﬁxﬁﬂ&ﬁll?@&ﬂ%@ﬂnﬁﬂ@ 5-amno-.1

i chl oro-4-
trifHQoromet hybpfh@meﬁhﬂbmﬁe Mmlﬁrlsgbpmim&yﬁbémqﬂ% nyI pyr azol e
crystallises. The .al ohoI S« SYEY pressure, 5

the mixture co %&‘YJ ?)1563 ?t% %u}gﬁ‘ﬂgt‘%é e%%%yd shed and

more slowly W1thout risk of degradatlon, thus providing a more

convenient and safe process,
ii) the new process is efficient being characterised by good yields
15 of producf and high transformation of disulphidé, and
iii) the rate of addition of sulphur dioxide may be controlled so
that any increase in the reaction temperature and/or pressure can be
maintained at a safe level, thus allowing large scale reactions to be
performed safely (including for example typical commercial reactors

20 having about 15m3 volume).

The formate salt is generally an alkali metal or ammonium salt,
preferably sodium formate.
The reaction temperature during the addition of the sulphur
25 dioxide is generally from 35-55°C, preferably from about 35-50°C,
most preferably from about 43-47°C, which allows efficient control of
the heat from the exothermic reaction. Below 35°C the reaction tends to
proceed too slowly to be useful for an industrial process. At
temperatures above 55°C the yield and quality of product is reduced.
30 The sulphur dioxide is generally added at such a rate that the

temperature is maintained within the above defined range. On large



dried in vacuo. Chlorobenzene has been fgund to be the only b@QH?&h4al
sol vent which is-conpatible with the i X ufe, has a boiling poi
significantly higher than that of trifluoroacetic acid, and alloms
crystallisation of 5-am no-I-(2,6-dichl oro-4- trlfluoronethylphenyl) 3 10
cyano- 4- trlfluoronethyISUIphlnyIpyrazoIe in good yield and quality. Thus a
‘descri-bed above

preferred aspect %g_lle proceﬁs of . t he mve;besl on as-

further conprised hY ECRFBIY GEHSE AUt pYsT @ PQSEHP%dePﬁef@ﬁhl)é on

conpl etion of thg r | f1 uoroacetic
acid by distillat |rmr$.£?%ﬂ ggcsrﬁ%g P&trhdd r?% 9?0 ?u > i’??e present

i nvention there b&nshéwm@woﬁtﬂnalﬁﬁhﬁﬁﬁﬁﬁsﬁ"g%@ﬁﬁmﬁ@n51‘1\5 -fi38udtE.epar ation of
a conpound of formula (I1I) as defined above; which process conprises the

addi tion of sul phurThﬁwlad@ttooofatnﬂtwrmnethybbtpnnkl digulphide sfifgpmutie of -
formula (111): 2 . R2_and Ware as .hereinbefore defined,
a formate salt, f[ﬂ() QI)SF‘C‘B% ﬁ?p%ﬁdé‘?r?dehéﬁﬂo‘hveﬂﬁmawW@léﬁimlarhe pol ar
solvent is geneggldof ed fram NN-di met hyl formam de, N, N 25 -

di met hyl acet am -de, aﬁg‘ht?lc%oyrrol i di none, dinethyl'sul phoxi de, 22 April 2004

WO 01/30760 - 11, P%E%Bﬁﬂ&ﬁ&ﬂp&ﬁiﬁbﬁid&%@di%@éﬁéiﬁl‘lf‘ﬁb&hp%@ram de and
ethers such as- di o n tetrah drofuran and di methoxyethane. It is

preferably N, N-- & aifae tq\thmdeﬁuhﬂumfafemdm(ﬂﬁ and
N-rethyl pyrrol i 'p@&@&bxy a%o{f?f SHhi HAREIAE. Wneh bob PeflifurefiRE © Preferably
" ‘,employed the yleld of product i is lowered and transformatlon of .. %
. - dlsulphxdc tends to be mcompletc whlst-an exccss of sulphur dxoxide : S
L lcads to degradanon during evaporation of the solvent in the work-up
. : The amount of formate salt: used is gcneraliy 4-6 molar .
: .‘ eqmvalents relatlvc to'the chsulphlde of. formuia (Il'l) preferably about e
: "4.555.5 molar cqulvalents A ]omt reductxon in the amount of sulphur '
- . dxoxxde and fonnatc salt can be madc until the ratio of sulphur
L dloxlde dxsulphxde is from. about 1. 2 1 and the ratm of formatc -
. .".-.salt dlsulphldelsfrom about 4:5:1. . |
% Byusing the. process according to the above descnptxon the

_' o pressurc in the vessel is generaﬂy easily mmntamed in the safe rangc of
L 36 bars

The disulphide used in the process of the present invention may be obtained through -
any suitable source. Preferably, the disulphide is prepared by a process which
comprises adding sulphur monochloride (S,Cl,) to a solution in an organic solvent of

a compound of formula (IV):



5 dinmethyl formam de. The advantages of performng the proce§§f§%%?mghis

order of addition are: i) the m xture of disul phide of fornu '),

sodi um fo 10 trifluoronethyl_ hronm de and pol ar solbyehbedgakaf €r ably
. 0760~ : - - N

N, N- di net yfﬂ?‘:’or mam de) is stable ang'?’so t he sul phur di oxi 3@2 may ﬁe added

nore slowy without risk of degradation, thus providing a nore convenient

and safe process, ii) the new process is efficient being characterised by
good yields 15 of product and high transformation of disul phide, and iii)
the rate of addition of sul phur dioxide may controlled so that any

i.ncrease in the reaction tenperature and/ essure can be nmaintained at

a safe level, thus allowi ng | arge scal ctions to be perforned safely
(including for exanple typical co ~reactors 20 having about 15n8
volune). The formate salt is generally ap al kali metal or amoni um salt,
preferably sodiumformate. The read®?i.on erature during the addition of
the sul phur 25 dioxide is generally -55C, preferably from about
35-50C, nost preferably from about 43t47 whi ch allows efficient control
of the heat fromthe exotherm c reacti Offf Bel ow 35C the reaction tends to"
proceed too slowy to be useful for an ifpgustrial process. At tenperatures
above 55C the yield and quality of product is reduced. 30 The sul phur

di oxide is generally added at such a r that the tenperature is

mai ntai ned within the above defined range. On large - 12 22 April 2004

scal es this is geneghabihRIcR? shdW otibs harenbsoR defidednour period, preferably

The reaction is preferably conducted in a solvent selected from
5 toluene, dichloromethane or dichloroethane, or aliphatic or aromatic
nitriles such as acetonitrile, propionitrile, methylglutaronitrile and
benzonitrile; or mixtures thereof, optionally as a mixture with
chlorobenzene (which is present when a chlorobenzene solution of the
compoun& of formula (IV) obtained from the previous reaction stage is
10 used). Acetonitrile optionally in the presence of chiorobenzene is the
preferred solvent for the reaction. The reaction is very sensitive to the
effect of solvent and whilst it may be convenient to use toluene since a
toluene solution of (IV) may be available from the previous reacﬁon

stage, a significant amount of the monosulphide (V):

NC CN

2 R2
W R ~w
| P P
Rri rl
15
Q%)



during about 1-1.5 hours. An addition time of about 1-1.5 h@?"}k‘?ﬁri 4 been
shown to be optimal in mnimsing the formati on of by-products. e nol ar
rati o of tywblls@eonet hyl brom de: di suj phide of fornula (ddrpeobiasks ef erably
from3:1 to 5:1. It is convenient to enploy a nolar ratio of about 3:1..
The amount of sul phur di oxide used is generally froth 1'.2=1.5 nolar

equi valents relative to the disul phide O forrmula (111) and preferably
about 1.3 nolar, equivalents: Wen only' 1 equivalent is .enployed the

yiel d of product-i g deaweNetbrmadissa by foaha wheh iR @hditiods &l phi de tends to,
be inconplete, whilst-an excess of sul phur: dioxide. |eads to degradation
duri ng evapor attipHYst- Mergows thegmeduchistvee sy ke filger whee tdwepaie  of f or mat e

salt. used is I - ' relative to the disul phide
of .formula. (I %W?J}'gé’ea}%él @%% batble fﬂ%k%o\{’?aé%%o eﬂ’%%f&%?al ents. A joint
reduction in t hddidomofd proportion piacetotditrileitol eheavldefeaombe. Wherd thean be made

until'. the ratio qQf sul phur ,.-di oxide: di sul phide,is from about 1.2:1 and
the r&tio of f&FaTHPRISPE ?".“H’Flé%ﬁﬁﬂ?f@?dssi‘fcaﬁﬁcﬁ@%’iﬂeﬁhs?“I‘.OwByl’fusi ng the

process accor dirﬁ%o&tﬁpﬁiﬁ@inﬁﬁﬂ%%&ﬂﬁ&ﬁiaﬁ&‘tﬂeﬁ%efg?é@%ﬁg%?fﬁlé‘ the 'vessel is

general ly easily maintained i'n the safe range o s. The
di sul phi de- usedréduct (V) ipsatisfastoriof t he present invention may be obtained

process whi eh compPt SUSNE Epadt G sREh HintBBets Msketeisseas) "t o a ol uli on
in an organi ¢ 99l4vaEdy, &f/w parecompound of formula (TV): 22 April 2004 WO
01/30760 - 13 H2N '
10 The quality of solvent used may affect the reaction since the
presence of certain impurities can influence the yield of product (with
the formation of (V) as by-product). Thus when acetonitrile is employed
as solvent it is preferred that the content of water is <t000ppm, the
content of ethanol is <1500ppm and the content of ammonia is
15 <100ppm.. 1t is also preferable to avoid the presénce of even low
amounts of acetone or N,N-dimethylformamide in the solvent mixture
since, for example, the presence of about 100ppm of acetone in
dichloromethane may have a negative impact on the yield of product.
The order of addition of the reagents is an important feature of the
20 reaction. Thus it is very important to add the sulphur monochloride to a
solution of compound of formula (IV) (rather than the reverse). A rapid
addition time for the sulphur monochloride is a preferred feature of the
process. Thus if the sulphur monochloride is added during 1 mfnute, the
disulphide (III) crystallises about 15 seconds after the completion of the
25 addition (and all of the compound of formula (IV) has been consumed).
When added over a 15 minute period the disulphide (IIT) crystallises in
mid-addition and as a result the disulphide (IIT} co-crystallises with the
remaining compound of formula (IV). Washing the impure product so
obtained with a large excess of acetonitrile does not effect removal of

30 the unreacted compound of formula (IV). The time for the sulphur



R2 PCT/ EP99/ 08687 (1V) wherein RI, R2 and Ware as herei nbefore defined.
The reaction is preferably conducted in a solvent selected from 5 toluene,
di chl or onet hane or di chl oroet hane, or -alhisphatic or aronati c22®@iptridogs such
as acetonitrile, propionitrile, methylglutaronitrile and benzonitrile; or
m xtures thereof, optionally as a m xture with chl orobenzene (which is

present when a chI orobeﬁlzi%p,ﬁu@@mtmg ' eiehieds dfatigrul a (1V)
obtai ned fromthe previous reaction’'stage is 1 used). Acetonitrile

optionally in lshsbcpises:eascfeﬂmfrs €hl orobenzene is the preferred solvent for

the reaction. The action i s_very sensitive.to th of sol vent and
whilst it may be’ cgﬁ\féﬁqe@ﬂlﬁs hedoalled (prsfcrably tafivpr mﬁﬁy})gﬁlﬂ%ﬁéo’gol ution of

(I'V) may be av @%Lh Vi Oug_reaction stage, a significant
amount of the %ﬁgc%‘?q‘p’%@ﬁ&{’ 8{@%5?% 22 April 2004 WD 01730760 - 14
PCT/ EP99108687 is generally formed as a by product when these conditions
are enpl oyed. I\/brer:epresdsms-fﬂIbHuct is very slowto filter when toluene is

enpl oyed, al t hough agl acceptable filtration rate nay be obtained by
addition of a propdif PehR3epernbhalogen referablyechlasingbne sol ut'i on. When the

o “monosul pni de. 1 nbuEi R B BrE ShBau Ao BRRRIR0r 111 Cration of the
product (111) is sabi.afiacy qmsdlcmoro4-mﬂuo:omcmy1pheny1)-3-cyano-4-
tnﬂuoromethylsulphmylpyrazole
A particularly preferred compound of formula (I is:
" S-amino-1-(2, 6-d1chloro*4*tnﬂuoromethylphcnyl)—B -cyano—4-
mﬂuoromothylthxopyrazole '
A parucu!arly preferred compouud of formula (III) Ls-_
o _' 5 “amino-1-(2, 6-d1chioro-4-mﬁuoromcthylphcnyl)-3~ '
cyaﬁopyrazol-4-yl d1sulph1de ' ) ‘ :
- Compounds of formula (ID, ([lI) and (IV) are known.

Aceordmg toa further feature of the present invention the
process (A), and (B) can_be combined to prepare a compound of ,
formula (1) from a compound of formuta (IV).

The above process (A), and (B) ‘when combined togcther

i Lo:m a ipar'aow.daﬂy useful and efficient method for the preparatlon of
_ Fiproni -

" The disulphide used in the process of the present invention may be obtained ﬂitough
- any suitable source. Preferably, the disulphide is prepared by a process which
comprises adding sulphur monochloride {S,Cl,) to a solution in an organic solvent of
.2 compound of formula (IV)
L The follomng non-hmmng examples illistrate the .
: iﬁﬁention;" : _ '
o Preparatlon of 5-ammo-1-(2,6-dxchloro—4- R

tnﬂuoromethylphenyl)-3-cyano~4—tnﬂuoromethylsulphmylpyrazole _



The sul phur nonochloride used in the process i's generally fppRry99oft- 99. 9%
w w pure. 10 The quality of sol vent used Fréy"affect the reaction since the
presence of certain inpurities can influence the yield of product (wth
the formation of (V) as by-product). Thus when acetonitrile is enployed as
solvent it is pref dirifbchrdabetic b (1660E I 506l wad &idell o £Hu@QOPPM the

content of ethanol,.is <1500ppm and the content of amonia .i's 15 <100ppm It
is also pref eraﬁﬂ?‘gmp&faﬁrm%h@,%dﬁéé@t@é-@ﬂuemm)@hcaﬂh@mm@f acet one or
N, N-di met hyl f or yjama de. i n.the solvent . m xture . since, for exanple, the
presence of abo%‘g)g%nﬁgg% 3%%9?%%‘?3?& L‘H%‘H‘?% ‘f‘}?aﬁ‘féd(?ﬁy have a negative
I mpact on the yoeR&oDfin Rl ' ddi il f > reagents is an
i mpor t ant feature"of.gturllg%Eg%ﬁ%(gggﬁ(%g@%@fgflﬁg%g&ggpqus (gf(rat ant to add the
sul phur nmonochl 85%wéwt b3amol} wiasiadded aver 2 howe widlstafiaitabning the( 1'V) (1 at her

t han t he reversFQ A rapi_?%orcgddition,ti me for :the sul phur nonochloride is a
preferred feat uf&rsraRfét @84 the miyare keptap hissmpabradirdehl ori de i s

added during 1 minute, the disul phide (I1'1) crystallises about 15 seconds
after the conpl &uthend-GthoutseWhen thd tiansfonmatian dadiehchefl 97-88%canthpound of formul a

(1'V) has been cqn . adde 1 1 Lut e ry od..t he disul phi de
(111) crystalli g‘é@Hﬁ‘@ﬁ%Wﬁ{\‘g‘ﬁgiaﬂ“b"ﬁij“&%’%é“é‘ﬁ’é"%é@ﬂ?‘%m‘i’ﬁtgﬁaé“ﬁ‘éﬂ)bhi de (111)
co-crystal | i ses 3wyhdb-1-Aefluci@n@hyliulshoa PPREELE r@bhddarak aidgtMy Washing the

i mpure product so_ obtained with a | arge excess of dcetonitrile does not

effect renoval &FLEAnalysis)avlpbwdinxidcovisadaied tofauenshiany w@imne The time for
e 200" - L5y e, A bl g ) 20 (1.
hal oal k' yl ( pr eiGhicatbenzénei(3 10gpwanmidad hod tha ahixairkplaged upderedducabl y
trifluoromet hox}f’%essourre Efi%rrllz 0?7 t0 0.04 atmosphere) and heated to 47-50°C with

azeotropic distillation. A homogeneous fraction containing recovered

trifluoroacetic acid was obtained. During the distillation additional

chlorobenzene (1625g) was added continuously in order to maintain a

constant volume. At the end of the azeotropic distillation the reactor

contents were maintained at 47-50°C under reduced pressure (0.04

atmbsphere), and a homogeneous fraction of chlorobenzene distilled.

After release of the vacuum, the reactor was heated to 40°C, ethanol

(207g) and chlorobenzene (235g) added, and the mixture heated to 80°C

with stirring to give a solution, On cooling to 40°C the product

crystallised. The reactor was placed under progressively reduced

pressure (from 0.13 to 0.03 atmos;pherc) and the ethanol distilled at

40°C. The vacuum was released and the mixture cooled to 5°C during

3.5 hqurs and left for a further 0.5 hour. The product was filtered off,

washed wi_th cold chlorobenzene, then with cold aqueous ethanol, then

with water, and dried in vacuo at 135°C to give the title compound

(407.5g), in a typical yield of 89% and purity of 95.5%.



W represents --CR3-; R2 and R3 represent hal ogen (preferabbyAgnhg@rne) A
particularly preferred conmpound of formuleyr(4) is: 5-am no-1-(
ichloro-4-trifluoronethyl phenyl)-3 -cyano- 4-
trifluoromethylsul phinyl pyrazole. A particula.rly preferred conpound of
formula (11) is:

5-am no-1-(2,6. drchloro--4 trrfluoronethylphenyl) 3-cyan- 4- ,
#rifluoronethylthiopyrazole. A particularly preferred. conpound. of formula

(i) is: 5=am no-1--(2;6- di hl oro-4-trifluoromethyl phenyl) - 3-
cyauopyrazol - 4-yl di sul émgjt‘,orrpounds of formula (11), (II11) and (W) are
known. " According to a fPEéﬂ&%t:&ﬁﬁ’fMﬁm‘ah gllﬁoﬁr@ xﬁkhl*)f:bv?mion the process

(A), and..(B) can-be conbined to prepare formula (1) froma
conpound of formul a triflyyrontethey Iply - %ﬁdhmsméth)rlthmpﬁa(za) when conbi ned

together forma partic ffic met hod for the
preparation of- Fiproni EL(%W og?ageﬁ%alghg e‘aasrfﬂg? adpigEsd Sof the present
i nvention rmay be 0bhﬁ11ﬁtﬁd(26ﬂﬁ5ﬁ%—44ﬁﬂuo%ﬁ1&tﬁ Ren$DW. Iy, t he

di sul phide is prepared by abfr ocess which c%]?rprn?ges&%afnag&ﬁ phur

© nonochl oride (S2 ClZ)dlSt“lPh&leé 148, 6#23m01émwghdmﬂwdﬂommdo¢6439 iwenpound of
invention. . Exanpl e TP aag: ATop gk (RBR aBbas S B ey
trifluoronethyl phenyb@!ecﬁmﬂﬁaﬂmréméthylfﬂrmfd@ (Ed1RYD.630nRIY) AMALD ThekQbisy
| was heated to 45°C and sulphur dioxide (19.5g, 0.304mol) added over
1.5 hours and the temperature maintained between 43°C and 47°C
during the reaction and for a further 0.75 hour. The pressure was
released to effect degassing for 1.5 hours, with cooling of the vessel to
25-300(2, 1 hour after the release of pressure. When the internal pressure
reached atmospheric pressure the mixture was treated with sodium
bicarbonate and the N,Nﬂimethylformamide partially evaporated whilst
heating to 50-70°C at reduced pressure. The residue was cooled to 40°C
and added slowly to water with stirring at 20-25°C. The product was
filtered, washed (hot water) and dried in vacuo at 100°C to give the title
compound (182.3g) in typical yields of 95% and purity of 96.6%.
Example 3
Preparation of 5-amino-1-(2,6-dichloro-4-
triﬂuoromethylphenyl)-3-cyanopyrazol-cl-yl disulphide
Acetenitrile (837g) was added to a chlorobenzene solution
(627.8g) which contained 5-amino-1-(2,6-dichloro-4-
triﬂuoronieﬂ1ylphenyl)-S-cyanopyrazoIe (366.6g, 1.14mol). The mixture
was heated at 50-64°C under reduced pressure (0.5 atmosphere) and
dried by the distillation of about 45ml of the acetonitrile. After coeling
to 18°C, sulphur monochloride (77g, 0.57mol) was added rapidly over 1



22 April 2004 Triuoroacetic acid (1660g," 14.5nol) was -added, g mgki rred
.solution of 5-am no-1-(2,6-"dichloro-4-trifluoronet vyi phenyF)-3-cyano- 4
triflubronethylthiopyrazole (436g, 1.0 ﬁol’). and boric acid (5 g, 0.08nmpl)
in a glass reactor at 12C_Hydrogen peroxide (131.5 g of 35%w w,
1.35nm01) - was added over 2 hours. whilst maintaining the tenperature at
12C, and the m xture. kept at this tenperature for a further 4-5 hours.
When the transformation had reached 97:98% or t(Pe @gou t of unwanted
5-ami no- | - ( 2, 6- di B StuCPPPRIIL Pidhe e prerspsgd to 357C and was

3-cyan-4-trifl Uor&%&hﬁhﬁybmﬂygﬁﬁié@mﬂﬂ%é %ﬁi&ﬁq cfaed A% dotigloed by HPLC

anal ysi s), sul phur di oxide was added"to quench any remal ning hydrogen
peroxi de, and t hefumthgrtQd Bowrelhetmixhaelwat thdiDdepB8Ged Go rédndve hgdogen Chl or obenzene
(370g) was added d. i xture aced under, reduced, .pressure (fromO0.17
to 0.04 atnmospher %qorécﬁ?gg%g%??%mt@ab?w%g@e\aﬁﬂ PT?Q%%?P%BFEEWE‘{%H lation. A
honogeneous fract gt O Nhakrk MehdsFIaY pfelshre. Wt Eodinparfi%cc aci d was
obtained. During the distillation additional chl orobgnzene_.'( 16259) was
added conti nuous| gmmganiawgeadded torbiing the pH4o 6 8dhseded tovsoCandtheAt the end of
the azeotropic digti.)l ati eact.or .. content s wer.e. mai.ngai,ned at 47-50C
under reduced pr eé@&?céﬁitgggftﬁtzg‘{asntggﬁﬁ@rce O,m aeﬁ%fngrz %%%‘é%%n&@e‘flr action of

chl or obenzene di stig95PedinderAbtiin togiiwatietind conjound@68/Ty) inftgpitact or was
heated to 40C, ethanol #2%17{%) and chl orobenzene (235g) added, and the
mi'xture heated toYBB®f A8 A BgiYo gi ve a solution. On cooling to 40C
the product crystallised. ‘-The reactor was placed under progressively
reduced pressure (fromO0.13 to 0.03 atnosphere) and the ethanol: distilled
at 40C. The vacuum was rel eased and the m xture cooled to 5C during 3.5
hours and left for a further 0.5 hour. The product was filtered off,

washed with cold chl orobenzene, then with cold aqueous et hanol, then




with water, and dried in vacuo at 135C to give the title co
(407.5g), in a typical yield of 89% and purity of 95.5% %R\?&%Oﬁprll
2004 Exanple 2 Preparation of 5-am no-3-cyauo-1-(2, 6- dichl oro-4- trifluo ro
m et hyl phenyl)-4-trifluo ronmethylthiopyrazole Sodiumformate (76g, 1.11nol)
was added to a m xture of 5- am no- |

-(2,6-dichloro-4-trifluoronethyl phenyl) -3 - cyanopyrazol 4-yi  disul phide
(157.5g, 0.223npl) and N, N-di net hyl fornmam de (643g) in a glass reactor.
After purging with nitrogen at 2 bars, the reactor was seal ed and
trifluoromethyl bromi de (101g, 0.682npl) added. The reactor was heated to
45C and sul'ﬁh&@i oxi de (19.5g, 0.304npl) added over 1.5 hours and the

t enper at ure nai nt ai neg bet ween* 43C and 47C during the reaction and for a
further 0:75 hour. Th preAq:mo@s fof & %&a fect dégagsing for 1.5
hours vvrth cooling o t vesseflma?o 25fiil ﬁq}“ﬁéu?’ 8 ?he rel ease of
pressure ‘VWhen the in ressure reached atnDSpherlc pressure the

m: xt ur e-was treated W|th SOdI um  bi carbonat e. and the N, -N-di’ rrethylforrram de
‘parti.alty evaporated- whi |-st- heati ngGR_o,S - 70C app educed piessure. The
resrdue was ‘cool ed t'o:40C." and’ added sl o Yteghat er with stirri ng at
20-25C. . The product. vvas - fil teréd; washed -fhot ter)-.and dri ed in vacuo at
,1OOC 16.gi-ve the titlé" corrpound (I 8@2@9-._. %t ypi cal yields of 95% and
purrty of 96.6% .- Exangl e 3 Preparatroz{f 5-Jani no-1-¢2, 6- di‘chl oro- 4-
t-ri:i"uor-omet hyl phenyl’)=3- cyanopyr azol . phi-de’ - A0t oni trile (8379)
wis :added to-a chl orobenzene sol utl on’ (627 ",| ch cont ai ned .
Shamnol-(26d|chloro 4- : S o .

- o _- ';wheremWrepresentsmtrogen or -CII:3 .
Rl represets halogen, haloalkyl, haloalkoxy, R4S(0)n- or -SFS, o
- ,RZ represents hydrogen or halogen ' ’
o _R3 representshalogen, _ .‘
‘ ‘._R4 represents allcyl orhaloalkyl and . |
.‘ ) nrepresentsO I or2 whxch process compnses ox1dlsmg a.

compound of formula ('H)

CF3S |

Wherem Rl R2 and W are as deﬁncd above w1th
mﬂuoroperacctlc acxd in thc presence of a corrosmn m}nhltmg |

: compound whrcm rs boric acid.

2, A prooess according to clarm 1in whrch the tnﬂuoroperaoetlc acrd is |
generated in situ by the reaction of trifluoroacetic acid and hydrogen peroxide.
3. A process according fo claim 1 or claim 2 in which the amount of

corrosion inhibiting compound used is about 0. 08-0.2 molar equivalents.



trifluoroniethyl phenyl)-3-cyanopyrazol e (366. 6g, 1. 14nol ). ggA ﬁgﬂe was -
heat ed at 50-64C under reduced pressure (0.5 atnosphere) an 8 é) by the
distillation of about 45mlL of the acetonitrile. After cooling to 18C,
sul phur nonochloride (779, 0.57npl) was added rapidly over 1 22 April 2004
18 mnute. The tenperature of the m xture increased to 35C and was

mai ntai ned at 35C by cooling until the egotherm ceased and for a further
0.3 hour. The mi xture was then degassed (to renove hydrogen chloride) by
heati ng at 40C under reduced pressure, and then heated at 80C for 1 hour
at at mospheric ptess Uk procddstatodingl to By bve ke precediigoiaings Wahichaded to
bring the pihdunt 6f tifldoromueit add empldyed ifrdr 84-18 nestaraiquivialehir ed of f, washed
wi th chl or obenaeBel ageprovéssiadcerdirigcio dhy ek ofdhe BreCeding elinvsn N e Ji Ve t he
~title conpaamelrt 3BydPeeniperdxide el in theebsttion isTtord Y3ang eQfivaateur i ty. 22
April 2004 19 - @Al M} pidcess aokorditigdo @A ofiddf the brdcBing ERPAS intviich tAE 2
conpound ofreaétivnigiperfdningd at Kemperatpfeasididbs1gipgeggen; . kl'iepresnts’ al kyl
or halo n. repregents nbewaccardmglb@hyaﬁ@éﬁﬁé FeRaing eRMmMOwWhidh firthgr 2: R
represents dmprizesaddind cibrobénzeha komkeltdaction Rﬂ:dtgé@lrbomple@bn obihe oxidglion
represents repeliohgami Ricovtiing U triflubieactio atd by RisafAidhs ni trogen or - CR3,

8. A process accordmg to any one of the preceding claims wherein the

compound of formula (ll) is prepared by adding sulphur dioxide to a mixture comprising a
disuiphide of formula ({l1):

wherein R‘,_-R2 and W are as defined in claim 1, a formate salf, {rifluoromethyi
bromide and a polar solvent.

9, A process according to claim 8 in which the solvent is N, N-
dimethylformamide.

10. A process according to claim 8 or 9 in which the reactlon temperature
dunng the addition of the sulphur dioxide is from 35-55°C.

11. A process according to claim 8, 9.or 10 in which the sutphur dioxide is
added over a 0.5-2 hour period.

12, A process according to any one of claims 8 to 11 in which the molar ratio

of triflucromethyl bromide:disulphide of formula (Ilf) is from 3:1 to 5:1.



conmpound of forrmula {Ilj ~R wherein R', R2 and Ware as qsflnﬁgogbove
wth trlfllloroperacetlc acid in the presence. of a. corrosi‘on®

inhibiting' ,: 2. A process according to claim1 in which the
trifluoroperacetic acid is generated in situ by t he reaction of
trifluoroacetic acid and hydrogen peroxide. 3. A process according to claim
| or claim2 in which the anount of co&r05|on i nhi biting conmpound used is
about 0.08-0.2 nol ar equival ents. conpound whi ch is boric acid. 22 Apri
2004 20 4. A process according to any one of the preceding clainms in which

oA sl t%ﬁ%ﬁ%ﬁ%ﬁ%ﬁ%&?bﬁé‘szd*'ﬁ"sfm*“‘““'@‘% et i

. S

whi ch t he ﬁflrmu?gr ||pf hydr:)gen per oxi derggt\g‘é i&ﬁs't he regg?i@gﬁ Hig‘fn'rom 1. 3 1 5
equi val ents. .PT 0% BRReSESRORHMto bR aﬁé(opaginﬁfs tbh% .@wﬁﬁﬁ

~whi ch the foﬁﬁ@t’e's@ﬂubéd Wuf:@[:fmédﬁhlpﬁud alayh al nts

. process accordi g5 to RBEbc@éLea o%h?ﬁﬁ bf‘&al tEEM pnse

conpri.ses agsh oﬁrhﬂ’? Ll on t he
oxi dation a@ﬁ%g'ﬁgﬁmg fm%df]g t g?t%?l fs?ét]g ac%ﬁ?’éﬂ&ﬁ g S '

distillation. 8.4 prQ m@g&ﬁfdﬂ.{g}g clefin 3% 8% %)fa[)athﬁﬁ o ﬁgﬁgbll' é:fl ai s

wherein the conpoundighuth@y:mul a ((11) 1's prep a ur di oxide
t.o.a mxture conprising a dISU| phide of formul a (III) vvhereln R, /R
and Ware as défined-in claim1, a forrate- salt irifluoromethyl brom de
and a polar solvent, 9. ‘A process a&&aEé) GNal m.8 in which the sof vent
is N, N - A -

wherein W represents nitrogen or -CR;
R represents halogen, haloalkyl, haloalkoxy, R*S(0),;or —-SF;
R? represents hydrogen or halogen;
R® represents halogen;
R* represents alkyl or haloalkyl; and
N represents 0, 1 or 2; which process comprises:
(a) adding sulphur monochloride (S,Cl,) to a solution, in an organic
solvent, of a compound of formula (V):



di et hyl f ormam de. 10. A process according to claim8 or -Eﬁg4the
reaction tenperature during the addition of the sul phur dio?ﬁﬂe is from
35-55C. 11. A process. according to claim8, 9 or 10 in which the sul phur
dioxide is added over a 0.5-2 hour period. 12. A process according to any
one of clains 8 to 11 in which the nolar ratio of trrfluoronethyl
br om de: di sul phide of formula (111) is $pom 3:1 to 5:1. 22 April 2004 21
13. A process according to any one of clainms 8 to 12 in which t he anount of
-sul-phur_di.oxide. used is tronrl 2-1.5 nol ar .equiyal ents, relative to the
drsulphrde of - fornmuf a- (111) 14. “A .process: ngdrng to any one of clains
. 8 {013 . which the anount-'of - formte sfltNysed relative to the
dlsulphrde of fornula (FLEY “i's fronﬁ% ‘Iarrequrvalents . 15.. A process
accordrng to,any.one of clainm 8 to whi ¢ furt her conprises using the
resultrng conpound of formila (11) dspa sta.trng material in the process as
defiined in..any one -of .claims 1--to 7. ¥B: ,p,upess according to claim1l for
the - preparatron of a conpound of . forml [gr): wherein Wrepresents
nrtrogen or- - CR3;- ‘R represents hal .ogen, alkyl hal oal koxy, R4S(O R; or
-SF5; “R2. represents hydrogen of hal.ogen, RS represents hal ogen; R4
represents'alkyl Nelg hanaIkyI “and- N represgmts ®, 1 or 2; which process
conprlses c(a). addlng sil.phur monochl.oride. (SZC&Z) to a solution, in an
organi‘e:: solivent - of .a: conpound of-. fornulgv@lV)

: wherein R', R®and W are as defined above, to produce a disulphide of
formuta (ll1); RS PR e

wherein R, R?and W are as defined above;

{b) adding sulphur dioxide to a mixture comprising the said disulphide of
formula (H1), a formate salt, trifluoromethyi bromide and a polar
solvent to produoe a compound of formula (&),

CF38.

wherein R', RZand W are as defined above, and .



22 April 2004 22 wherein R, R2and Ware as defined above, Ag %ng a
di sul phide of formula (111); wherein W R2 and Ware as define
addi ng sul phur dioxide to a m xture conprising the said disul phide of
formula (111), a formate salt, trifluoronmethyl brom de and a pol ar
solvent, .to produce a conpound of forrmula (11); CF3S CN wherein R, R2 and
Ware as defined above, and 22 April 2094 23 (c) oxidizing the sai d
conmpound of formula (Il) with trifluoroperacetic acid in the presence of
boric acid as clained in the process according to claiml. 17. A process
according to any one of claims I to 7 or 16 in which the conpound of
formula (1) is: 5-amno-1-(2,6-dichloro-4-trifluoronethyl phenyl)-3-cyano 4-
trifluoromethyl sui phiighdxainzak aidBmpbund GEREAIA AHWNIEiItRLFsheratetio Bed Of
claims 8 tan fie preschbe ioNboMY deiil Ad\GainRa!i e toddss hesdithhg td daim 1.5 5- - am no-|
- (2, 6-di cht oro- 47 ri fA protsysRichordngas Bhy ofe 66/d@Imé1 to 7 or 16 in which the
trifluoromeohipband ahbnmj[@m i@zol e.

- 5-amino-1-(2,6-dichloro-4-trifluoromethylphenyl)-3-cyano4-

trifluoromethylsulphinylpyrazole.

: 18. A process according to any one of claims 8 to 15 or 16 in which the

compound of formula (H) is

5—-amino-1-(2,6-dichioro4-trifluoromethylphenyl)-3-cyano-4-
trifluoromethyisulphinylpyrazole.





