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(57) Abstract: A process for the preparation of a compound of formula (I}, R represents halogen, haloalkyl, haloalkoxy, R4S(O),-,
or -8F;: R? represents hydrogen or halogen; R* represents halogen; R* represents alkyl or haloalkyl; and n represents 0, 1 or 2; which

process comprises oxidising a compound of fermula (11); wherein R, R? and W are as defined above, with trifluoroperacetic acid in

the presence of a corrosion inhibiting.

hal ogen;



PROCESS FOR PREPARI NG 4- TRI FLUOROVETHYLSULPHI NYLPYRAZCOLE DERI VATI VE Thi s

I nvention relates to i nproved processes for preparing | -arylg ol e
pesticides such as 5-am no-1 -(2,6-dichloro-4- 22 April 2004
trifluoromethyl phenyl)-3-cyano-4-trifluoronethyl sul phinyl pyrazole 5 known
as Fipronil (Pesticide Manual 11th Edition), and for the internedi ates used
inits preparation 5-amno-I-(2,6-dichloro-4-

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

| o7 (2, 6 di chl gopeds Fog ieRemRNR YR RIGRSR AL SUAAAR tﬁ&?bw‘aﬁm ygul phi de.

10 European Patent Publication escri reparation of
5-amni no-1-(2, 6-dichl oro hlst"i‘fem“ﬁfb‘ie@?éﬁ%wmﬁ rycegses fOfPreParmg

cyano-4-trifl uqr%},%% k&ﬂi ra.@qurﬁl&cp}'&ﬁ El%m%ﬁgrgqt ion of 5-am no- |

-(2,6-dichloro-4 phenyl
trifluoronet hyltnﬂu@pmemzmhm)«l\}l hya’ﬁedhﬁiﬁummﬁreﬁgmtphmyWﬂoleThe use of 15

triflyoroacetig acid nd h er oxi q fo mng trifluoroperacetic
acid n situ f ‘f"ﬂés l%/(? g@?“@%ﬂ“ﬂkﬁldg@"c‘)& %ﬁg‘ﬁd‘?ﬁ des and/ or

sui phones i s kn&%@meg@ecyﬁn@rp@édabsnax%sfammd Pl blchiprbdat i on of el ectron
deficient sul phides such as trifluoromethylsul ghldes which are | ess

readi |y oxi di sdufledramcbylpbenydud-pranddstriflgoromefhybbiepyrezde frade been 20
reported in the I|t aratign.of certain |-
aryl pyrazol e péStic (ﬁ%{sslﬁ ifior? %btpg gﬁ%@&h’ﬁ%&‘v@? &FF‘“B 'gryelr ation of

5-am no-1-(2, 6-d15d1;ﬁ1tﬂeoro 4- tr| f I uor onet hyl phenyl ) - 3- cyano 4-
trlfluororrethylsul phi nyl pyrazaol e 1i}/"lthe oxi dation of 5-amno-1-(2,6 25 -
di chl'8r o- 4- t ri f | uor onet RyiopsreRatent @9%@-&022@1ﬂ7ﬁ%¥1bﬁé¥1¢1y| t hi opyrazole is

S oo P 5! MerRferibliBe 3OiGD PORGIAGIor5 L ANONBE AR 3.

5-am no-1-(2, 6- or o- tr| ororret
cyano-4—tnﬂuoromethylsulphmylpyrazole by the oxidation of 5-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



3-cyano-4-trifluoromet hyl sul phonyl pyrazol e, which is difficugbhptiooosenove
fromthe sul phoxide. A nunber of oxidants (including anpngst 38 ot hers
sodi um vargaggfifRreS0di um tungstate, peracetic acid, perfoppispaGiseyy and
pertrichloroacetic acid) have been enployed in an attenpt to obt aln 22
April 2004 WD 01! 30760 - 2 PCTI EP99/ 08687 an efficient and regiosel ective
oxi dation which wll provide 5-am no-1I-

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

trifluoromet hyAnSéthQﬁt%){Ji &)éfd%@l%ﬁze'ledBH&?wBQB%ﬁgﬂwi’&@'sci?mﬁ@x al so be
utilised for large scale preparations e above nethods were 5

found to be un(Qaﬁdlslﬁlamt-@Hgilupmnmierlpfespléotcyeno—éﬂot her. It has now been found
that a mxture f tri tlc C|da hydr.age

(11 11 uor oper dedePiemsy ey Gyrsgaen Puftdore S VA R Bad b "o bot h

sel ectivity arkdlnée&fo@ ammugfep&aﬁbmmmme absv@ﬂeth&g wérkf | uoroacetic acid
and hydr ogen eroxide m xture on large scales is that it leads to

corr dsi on of tﬂQéﬂ tocheginsatisfartagsinene rasgens of angther.eact i on vessel s, which is

rapid (typical |y OCRNGEN Ry B i R Aa LEIRELAL I GS, V1 | U at 80C

the speed of corrosion increases 'S corrosion

occurs as a rigsidden pbrokide (thﬂt:mpetmueEczhygiwmaelfehuemt@en and therefore
prohibits the 15 use of this reagent m xture in such vessels. It has now
been found t halesRf bothseterbiyaPdyieddr r osi on inhibiting conpound such as

bor i ¢ acid to the saaRE ARoBbtlotSin BY Aflksiobdife a@EIPRaRER 0cess and

reduces the speed of corrosion to a level that Iis typically less than
5p. mi§ear. peroxide mixture on large scales is that it leads to corrosion of the glass

linings of industrial reaction vessels, which is rapid (typically

300pm/year) even at ambient temperatures, whilst at 80°C the speed 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.



20 European Patent Publication No. 0374061 and J-L.d avel ebjak g4
J. Chem Soc. Perkin 1, (1992), 3371-3375 describe the preparation of 5-

am no-1 - ( =dichl oro-4-trifl uoronethyl phenyl)-3-cyanopyr, adls
di sul phi d§‘,"§‘é‘?}j o Curiher comvorer oh BRI S Y phi Rty

pesticidally active 5-am no-I-(2,6-dichloro-4-trifluoronethyl phenyl)- 3-
cyano-4-trifluoronethylthiopyrazole by reaction with trifl uoronethyl
brom de in the presence of sodiumformate and sul phur- di oxi de in NN\

di met hyl f or mar ni de{i&»@e@?oﬁlﬁ%‘ik&k@ﬂ%mﬁ&ﬂn% B hdrhoyPgh | v 13 bars) at
60C. 22 April 2004 WO 01130760 3 - PCT/ EP99108687 However on | arger scales

the reaction i ssultriy aguistdntinliressyviaiindicase octhe vess¢land assadisedint i al pressure.
i ncrease in the veiS}el and associ ated operator hazard. Moreover it is
necessary to aBRf '™ f 1 uoromet hyl bronide 5 quickly (generally within

0.5 hour), becausembhevérikue@saly @iadphttidgoromsag bidini® mat e, sul phur
di oxi de and N, N-di net hyl f ormam de has been found to be unstable (typically

| eadi ;g t o 55%eely ractabin withind.5 howih Feeysothe prigurcaf disglphiden 2 hours at
50C). This reqyj+ 0 i d. b d290: '{lgh’ | bromide is
not conpati bl eyﬁﬁ?%él{e’ iuépl{eugg{ogledr@(r;hg%wr‘gp brﬁéeth%lrd e?Jreg{anH%n. In order to
over conme t hesefquho b nmsabld (Geicallp Rading 108585 degrhdatibn it@n be used on a | arge

scal e other conditions haye been ught . the above descri bed procedures
the reaction M%W%&br%é‘%mtﬁﬂﬁﬁ‘f’gﬁﬁt 64%% 1§ 1SR B St hyl bromide to a
m xture of theratd\kition of trifluoromethy! bromide is not compatible with the
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.



15 conponents. A new process has now been devel oped in whi cazwﬁlﬂ)ger of
addition is different. European Patent Publication No. 0374061 descri bes
the prep | f 5-amino-I-(2,6-dichloro-4-trifluoro )-3 20
cyanopyr a(}gﬁﬁ)m?oodi sul phi de by the 7éaction of 5-amino-I- : géPgQ‘%w

di chl oro-4-trifluoromet hyl phenyl) - 3-cyano-4-thi ocyanat opyrazole with base,
and the further conversion of this disulphide to the pesticidally active
5-am no-1-(2,6-dichloro-4-tri.fluoronethyl phenyl)-3-cyan- 4-
trifluoronethylthi r an.:Patent, F lgation No. 295117

di scl oses a procesgwgiraeﬁ{aﬁ%n%&gggéogltg?gﬁmgﬁtl%l f%bﬁ

1- aryl - 3, 5- di subtydnafopgraple AMramediatel istilidepdibdé in Byopdah ®ateydr ol ysi s of the

correspondi ng 4-thi ocyanat opyrazol e der] ives, using hydrochloric acid in
ethanol , or by I?"@HE&EPPMTSHGF’@@& Bﬁﬁégﬂhﬂﬁ%it%e%‘g’f%&y, or by
treatment with tﬂag,%gﬁmaeﬁbm YRR iy 5~§1Q_idéﬂﬂﬁyl-9-|%§‘e%ﬁp9{aﬁ&éf er condi tions

I n the presence o oroform and “benzyltriethylammoni um chl ori de. 22
April 2004 WO Oleti3@Red usinglan PG| BFQDGEB8MITH ¢hipgyepaie txthon of the above
5-am no-| -aryl - 3- Céanc%- 4- 1t hi o(%\éaﬁlat gg?/lr aztol e internmediates is al so
described i n EFEHBSHPIBERRT HRERAROLAT SY RIRBEFY 0374061 and 295117, and
t hese are obtai ned ¥ abdR@-itéY POYRD &ir it preffardtiof of G-Arkinpq ey Iny

5-am no-1| -aryl -3-cyanog?/razol e 5 derivatives using an alkali netal or

armoni um t hi ocyeraearyrazel-4-ykdisyiphide intamediatey Bomnea@ing- lrehdnol at | ow
temperature. The.AigrBores fhbhuc0biitoliths Wifth REEAR RbhfitsHor

5-am no-1| -aryl
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



cyanopyr azol -4-yl di sul phide internedi ates from 5-am no- | -aQ?IAPgr
ef ufne

. o . 2004
cyanopyrazol es presents several problens which limt its us ss for 10

applicati ge scales: i) the thiocyanation step i y
WoBilse7stf - PCLAYSY/8¥687

performed at very low tenperatures, 1i) the nmixture of brom ne and
met hanol used in the thiocyanation reaction may form expl osive m xtures,
15 iii) the above reactions involve heterogeneous m xtures, and iv) it is

difficult to obtain conplete.transformations to product in either reaction

stage. In Ordt‘%ﬁatEr@al%Vﬁﬁiﬁ&ﬁﬁr}llﬁeéﬁn%)sﬂo% a@difl6hal pAIElalibPNS have been

sought. Thus e expl osive hazard be avoided in the thiocyanation 20
reacti on by rdpfacitiguseén e thiegyshaticntand dydrolysisreacténsdi chl or onet hane and

wat er, however thi rocedure is.not .efficjent, gn | arge scales. The
t hi ocyanati on reaﬁ@gﬁﬁm%ﬁﬂ’wﬂ%ﬁ% 9’@{@‘38@(’@&6%%%%?@%% ¥carried out using
an al kal i et gheffitieA faPM Wnahdtid] Pfacasaim 4 dindld e PrRE/AIRKRE hydrogen
peroxi de and a mneral acid suc% as hydroch orilf:) 25 aci dEi n a sol vent such

as arb al cohol these disrdyaptagesiwed alsprly hprefepredved procedure for the
subsequent hydrolysis step has been found which involves the use of a base
such as an al kali netal hydroxide, for exanple sodium hydroxide, in the
presence of f ornalThehpysentandntiorsekksatd ipraiddimpasvedgtimotes met hanol , however

t he di sul phi de thus, obtaj neg is very 30 powdery and difficult to filter.
Furt her nor e i rEcoR@icalipetbasis derhe prap ﬁ‘&ﬂf’e"fm?tﬂf%ﬁhi de in satisfactory

quality it is necesaalpfstioBjestititRChredeRinStioh td'Prodidle ARbinenB04 VO 01/30760 5
PCT/ EP99/ 08687 :

10 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.



materi al 5-amno-I-aryl-3-cyanopyrazole to additional puri fizgg‘g}i%(m before
it is used in the thiocyanation and hydrolysis reactions. Hence it nay be

appr eci at t he above 2-step procedure is inefficigprpbsiosad
i ndustri aﬁg%w%g‘?s, and a single stépsm'st hod [ acking 5 tﬁgse cﬂ sadvant ages

woul d clearly be preferred. The present invention seeks to provide inproved
or nore econom cal nethods for the preparation of pesticides. It is a
first object of the present invention to provide a convenient 10 process

for preparing 5-anjno: b= éry(jbé%f %tﬂﬁpfgﬁém%ﬁ j%ﬁgﬁgfg@}c@g sul phi nyl pyrazol e

pestici des, which are obtain high purity. It is a
further object codvehient ppocesselot pieparerpt S-aminbd -pyb3-cyhmopyrprobdeds for preparing
5-am no-1l-aryl -3-cyano-4, 15 trifl yoronet hyl sul phi nyl.pyrazql e. pesti ci des
which is sinpl élSaWél%é&F%lc%‘e* m&?&??‘ﬁ?‘ﬁ% W%iﬁéﬁ“?&&?@‘éﬂ@ﬂm mal vessel
corrosion. It kguawhpyther object of the present invention is to provide a
process for the preparation of 5-am no-I-aryl-3-cyano-4-

trifl&oromet hyl sul Bhs afuthsrabiest of thepresant Hwsniigite provisiglasingde an ef fici ent 20

recovery procedure for the trifluoroaceti,c acid 11, }s a further object of "
the present inoSRPIOSFSEY BERsTNE2RNE S é%’i 3%1‘?@5?%@(5*521 for preparing

5-am no- | - ar yl g&upyiie pésticidal intenaediates fiyr tShingipysl arglls pestici des and
pesticidal internediates, which are obtained in high yield and high purity
with inproved 2senopyAzionteEmedigiesf the 5-ani no-1-aryl - 3- cyanopyr azol - 4-yl

disulphide. 1t 1S ] HEhBbiRPRARE pert RRRIRIE Ploviddugibdea to provi de a

process for preparing
- ar ylo3- cyano- 4ertprégdating Seamhdry taryi oepanamyuizel-4yédisulphide pestinidalpest i ci dal
| nter medi at es, ir\lq@rirr% iaiteg w?uijcrmsls glm%pedanaas];f% t{g 8erform, 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:



perform is operated at.|lower pressures and tenperatures, a@?A%HIMﬁhCh 30
side reactions are mnimsed. 22 April 2004 W<c) :01/ 30760 -

PCTI EP99108687 1t is a further object of the present invention to provide a
conveni ent process for preparing 5-ani-ng- k- aryl - 3- cyanopyrazol - 4-yl

di sul phi de pesti ci dal i nt er medi.at es, which are obtained in high yield and
high purity. It is a further- obj ect QF380¢ -pres invention to provide a
single step process for preparing 5-am nojt= - 3- cyanopyrazol 4-yl

di sul phi de pesticidal internediates froms5 anlhb- | -aryl-3 cyanopyr azol e
internediates. It is a further object-HaNTheniresent invention to provide a
process 10 for preparing 5-am no- I-aryl 3- cyjanopyr azol - 4-yl di sul phi de
pesticidal intermediates which is si el e to_perfornt utilises
readily available materials; allows efficill 'sol ation ot the pr.oduct and
does not require additional purification d :
5-am no-| -aryl -3-cyanopyrazole starting nate |aI 15 It is a further’

obj ect of the, present invention to.provide a onvenlent process f or
preparing 5-amino-1 -aryl-3-cyano-4- tt]fluot%nethylsulphlnylpyrazole
pestici des by a three step process starting.from :

5-am no-|-aryl -3- cyanopyrazoles These and ®ther objects of the |nvent40n
wi || becone apparent I @rlptlon and are achi eved
in whole or in. part by {{%e pr%@%ﬁ%gln!ﬁv e‘?lg’(gdéﬁ -

: R represcnts halogen, haloalkyl (preferably tnﬂuoromcthyl),

o .haloalkoxy (preferably tnﬂuoromethoxy) R4S(0) , OF -SF5, _
- 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 R

| - compound of formula ([I) ’
- CF3$

a4

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

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

hydrogen peroxide. Accordmerly, this embodment compnscs trealmg a



According to a feature of the present |nvent|on there is prayiy gﬁplzoogn
i mproved process (A) for the preparati-o® of a conmpound of for 5 (1)
22 April 2004 wherein W represents. nitrogen or -CR3; . Rl represents

hal ogen, hal oal kyl (preferably trifluoronethyl), . Iiahoal koxy
(preferably-triffluoronet hoxy), R4S(O- ., or -SF5; R2 represents hydrogen
or hal ogen (for exanple chtorine or brom ne);. , R3 represents:hal ogen

(for exanpl e chicomposnd of fobnali(Ha s d@ﬂnod@fooesmthsnﬁudm)dcemaméhmhl kyl; and .

n represents 0, process .conprises oxidising.a conpound of
formula (H): Clll'ﬁ’%l;?rﬂ?ﬁrpet"ﬁ‘ , R2 and Ware as hereinbefore defined, with
trifluoroperaceti.c acid in t he presence of a corrosion inhibiting

conmpound; , which is boric acid. 1ii ,.a preferred enbodi nent of the.

i nventioh:the trifl memmeﬁge@pe@ﬁb@mﬁle@%&h R@af@ﬁoﬁrmkylby the reaction
of trifluoroacetic. acid and hydrogen peroxide. Accordingly, t hus

enbodi nent conprmw Smi@t-mn@r@c}l@ chpini dlkﬂ(hemngdnmomedoobc daghbarul a (11) as

defined .above with tri r oacet h dro oxi de. Unl ess
ot herwi se speci f FeES (P’ﬁ{- pre i&é@r q{@qdqﬁ Prék)%s .straight or
branched- chain g}k 19%&] GakL * (preferably
one to three). %eggogﬁégi\%{%%gg&fg I‘:al oal d] Iorﬁfk‘dg?hal oal koxy are
straight- or brarshedivelytaivingatdoy Ion@to ﬁkk@bynatoms (preferably one to

> . "three) substttuted by one or more halogcn atoms selected ﬁ'om ﬂuonne

s "chlorme and bromme

thn Rl represents R‘iS(O)n and n 1s 0 or 1 the process may
' brmg about ondahon to the con'espondmg compound in whmh nis 1 or’
o .' 2, respectweiy '

The corrosmn mhlbttmg compound is generally bonc acid,
The amount of corrosmn mhlbmng compound used is gcnerally
- 0.08-0 22 molar equwalents and’ prefembly a.bout 0. 08~0 1 molar
:'eqmvalents : L AP :
. ‘ The amount of tnﬂuoroacetlc acld employed is: genera]ly from 14—-
- 15 molar equ.walents '
The amount of hydroaen perox1de mﬂuenc&; the reucuon sincean.
.excess wﬂl lead to the formation of the corrospondmg sulphone of the
compound of fonnula () whilst a deficiency wﬂl lead to mcomplete
' transformatlon, and in either event an unpure final product is obtamed
-_ Thus the amount of hydrogen peroxlde used in the reaction (gcnera]ly as
"a 35% aqueous, solutton) is generally from 1.3-15 equwalents
: preferably about 1.31-1.35 eqmvalcnts and more preferably about 1 3.: '
equwa]ents '



respectively having fromone to six carbon atons (preferabl¥2g‘§u%g4
"three).substituted by one or. nore hal ogen atons selected tromfluorine,
“chlori ne@@%ﬁg&m ne: Wen R repregents RAS(On- and nppgmpbdifzesl. the
process may ring about oxidation td the correspondi ng conpound i n which
of is 1 or 2, respectively. The corrosion inhibiting conpound. is generally
boric acid. The.anmount of corrosion inhibiting conpound used is generally
0. 08-0. 22-nol ar equi val ents, and preferably about.0.08-0:1 nol ar

equi val ents. The ;@H@féﬂéﬁoﬂfisgrénhfallygéﬁﬁmia@ae&xipérawf@bpﬂ&ﬁ 10s. generally from
14. 15 nol ar egquival ents:’ The amoynt of hydrogen peroxi de influences-the

reaction si ncd5dhand pirfseably atiabput|idad to the formation of the corresponding

| phone. of t he- d . of La (L), whilst figi i1l 1ead
To Tncompl ote, 1 Panp et et ittt B Lbe Rl 0, Tl o octuct

i s. obtained. andhytiogehlperoxiteddhcenfs thy geoagenamieoxlifeofted 'in the reaction.
(generally as a 35% agueous solutiqgn),is generally from1.3-1.5

equi val ents, eppepive HBIUpraapdisacifhih igpseegiialfon iy preratiog ofBk e pref erabl y
about 1.33 e%%n%ﬁ'{i(‘ﬁam( %ﬂic}j&? 0P | 1n 200 éro\@&!ﬂé{hgp\zg(he?erlggﬁdﬁ.g:” EP99/ 08687 The

reaction is generally pertorhed at a tenperature of
an attempt to solve this problem, the reaction mixture was quenched

with sulphur dioxide and a part of the trifluoroacetic acid removed by
distillation. An excess of ethanol was then added to the residue to form

10 ethyl triﬂuoroacetaté 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 triﬂuoroméﬂlylsulphinylpyrazole; 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



15C and preferably at about 12C. A further problem associ at g WitRo4 he use
of trifluoroacetic acid and hydrogen peroxide concerns the re overy and
recycllngV95 59)65 expensive trifluor %acetlc acid which pa s for

t he operatlon 0 econonmical ly ef fi’ci ent process. In one proce&ure t hat
was devel oped in an attenpt to solve this problem the reaction m xture
was quenched w th sul phur dioxide and a part of the trifluoroacetic acid
renoved by distillation. An excess of ethanol was then added to the

resi due to formghfasldyd atholi §d°®lnﬂﬁ§§‘6]é’ﬁ&1 1&"?6&1!%%8 el @Bol@ppved by
distillation. The R roduct - was then crystallised froma m xture of

et hanol / wat er . abput 40° (owirostiub-eminas] -{bérdithloo-lave two di sadvantages: i) the

L ool et T B SRS RRPh PR IR St o o

trifluoronet h%r?éthlﬂbﬁs”l?ﬁdﬂéoﬁ&épﬂs@vapﬁﬂﬁed dt 0¥ andee easabddn@espiref ri f 1 uor oacetic
acid via the acid hydrol sis of ﬁifé trifluoroacetate is_a conplex

proce®s on a I@Fg@x@f%ﬂoé éﬁﬁa@@h%rca redgand theprogd %W@F hed 284 unwant ed sodi um
sul phat e thus ﬁ’rﬁe?lsiﬁ% ¢ @ {&éﬁﬁne%%@%ﬁﬂmgg glﬂ&qﬂwe has now been"
ves bo 0 rovi

found which so hese problens an es a sinple and
ef ficient methsdvenowhichés copipatibie atithalr: mfxture, has a boxlmg point

gygg]onz ![I‘I(f2| Sﬂg‘gﬁgﬁ&&ggt‘h%é’g%fonﬁ%%aﬁeﬁc ﬁf(‘é;%?n‘gﬁ%‘?“éf and purity, and in

addi tion provi Q?éalﬁ&‘atf%ﬁﬁ)f Slaftitlo- - EEQURNGrAL KRS BethPlbhddyl)iJ-uor oacetic 25
acid. In this pfocess, when the reaction in trifluoroacetic acid and

hydr 8en per oxm@aoﬂsnﬂwgmdthvbulbbmﬁbmk@?@ gadderiadst smsbapabty. hydr ogen
per oxi de i s gener H"E o ésul qur ?ﬁ(\}cgteo(or equi val ent
reagent), chi or oben?&# re% cﬁﬁ%& e PIRESS? Of P (BYeBIRSi ¢ acid renoved by

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):

mm HzNI&

FH

(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,



distillation. Typically the trifluoroacetic acid is renmved,py [qizz%?iropi C
30 distillation under reduced pressure. An al cohol such as net Ranro ,

et hanol orghgoRREPanol (preferably ethanol) is then addedcympbfassesi due 22
April 2004 WO 01/30760 - 10 PCTI EP99708687 and warmed to about 80C until a

solution-is fornmed, and then cooled to about 40C when the 5-amno-.1

-(2, 6-di chl oro- 4-

trifluoromethyl phenyl)-3-cyan-4-trifluoronethyl sul phinyl pyrazol e

crystallises. Iﬁﬁcﬁém@%&émétﬁ%%}{@s?ﬁ?ﬁhﬁd% Al efefs uRfRrqisgeuced pressure, 5
, T

the m xture cooled to about tered, and the product washed and dried
i n vacuo. Chl otetrblyirefiranand dipeshoxyethant. itas preferdbly §N-y i ndustrial sol vent
whi ch is conpatible . with th I xtur,e, has. Qi lJ int significantly

hi gher than t hAtReEP! P it e ghidt, -rg?tﬁ%l&y?ﬁw&fm li sation of
5-ani no- | - (2, 6dpiethyisulphodide bf fulpHolLeEhE pRdTerably 8- 10
cyano-4-trifluoromethyl sul phinyl pyrazole in good yield. and quality. Thus a
pref efred aspeéinaffylicgeamidecess of the invention as described above
further conprises adding chl orobenzene to the reaction mxture on

conpl etion of the oxidation reaction, and recovering the trifluoroacetic
acid by distill atiDife addintdies of phrfogming the procdsh edthfildadidecofof t he present

i nvention there js rovided an inproved process (B) for the preparation of
a conpound of 29%HGAA™ (11) as defined above; which process conprises the

?g? IrrL: ° n( lml‘ N suI2 phyr lﬂili;ﬂ&ﬁg@oms@pma&ﬂfbﬁnmam,is&mﬁ fBrmdtsul phi de of
10 trifluoromethyl bromide and polar solvent (preferably N,N-
dimethylformamide) is stable and so the sulphur dioxide may be added
more slowly without risk of degradation, 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



wherein R, R2 and Ware, as herei nbefor€ defi ned ‘a formate §%p[.112004
trifluoronmethyl bronmide and a pol ar sol &nf. The. pol ar sol vent

general ly sel ected from NN-di net hyl formam de, N, N 25 di net hyl acet am de,

N- et hyl pyrroli di none, di methyl sul phoxi de, 22 April 2004 WO 01/30760 - 11
PCT/ EP99/ 08687. sul phol ane, hexanet hyl phosphoram de and ethers such as

di oxan, tetrahydglo Hﬂéin and di met hoxyet haneqﬂ% i s-preferabl N N-
di met hy! f or mam de2RUNE HigTReAYY Ssaaed aPtever pdneg hopperiod) praf

di met hyl sul phoxi &‘ﬁ'lrgab%ﬁﬂ rhal S'Mﬁltmneﬁr?%%%%uwi rl\fdss'? uﬂ#ﬁt hyI f or mami de.

The advant ages’ of form-ng the process w 1'S.0 #addi tion- are:

i) the mxture obearllshUWﬂlm Beoptimildh Mihinisinklthe fo%ﬁﬂhé%ff W l\f%aﬁets 10
trifluoromethyl-bronide and polar solvent (preferably

di et hyl f or mani de) i Eh%mablreatmnf sifluohemethy ohromid: dlxulmderaf/fdimahdded mor e
slowy w thout - kﬁﬁ &%LE} é_gg? BQUf rovidjng a .mre conveni ent and
safe process, ii 1t ds file pamenisal g mler amolari sed by good
yields 15 of pregducds gh transformation of disul phide, and iii) the
rate of addition of Stillﬁfcs)‘ﬂtujrji ‘di oxi:de may be controlled so ‘that any increase

in the reaction tenp@hatmvenidhiphupdiosideneedRipehaallyBbnl ppned at a safe
| evel, thus allowing {arge-scale reactions to be perforned safely

(i ncl udi ng for e Qupiplsnisaelatiserinethe idiguiphideefdpanulz @ilhaniing about 15n8
vol ure) . o prefcrably about 1.3 molar equwalents When only 1 eqmvalcnt is .

g ‘,employed the yleld of product i is lowered and transformatlon of . . - _-‘ E
- 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 relatwc to'the d]SUlphJ.de of. formula (IH) preferably about
: "4.5:5.5 molar equlvalents 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):



The formate salt is generally an alkali metal or ammoni um saht ril;E)rogferably
sodium formate. The reaction tenperature during the addition S? the sul phur
25 di oxi dgyd erally from 35-55C, .npreferably from abo 5 nost

pr ef er abl y(??%%%gbout 43-47C, which a% ows efficient con??gll%g% 8;’%t7he heat
fromthe exothermc reaction. Below 35C the reaction tends to proceed too
slowy to be useful for an industrial process. At tenperatures above 55C
the yield and quality of product is reduced. 30 The sul phur dioxide is
general ly added at such a rate that the te rature is maintained within
t.he above defined range. On large - 12 22 | 2004 scales this is
generally carried out over a 0.5-2 hou iod, preferably during about
1-1.5 hours. An addition tinme of g -4.5 hours has been shown to be
optimal in mnimsing the formati on of by-products. The nolar ratio of
trifluoronethyl bron de:disul phideR3 la (I1l) is preferably from3:1
to 5:1. It is convenient to enploy a Wratio of about 3:1.. The anount
of sul phur dioxide used is generally f ogb.l'.2:1.5 nol ar equi val ents
relative to the disulphide O formula ( ) and preferably about 1.3

mol ar, equival ents: Wen only' 1 equival Pt is .enployed the yield of
product-is | owered- and- transformation “di sul phide tends to, be

i nconpl ete, whilst-an excess of sul phu v)dioxide. | eads to degradati on
during evaporation of the solvent in the work-up. The amount of formate
salt. used is genewkdréiyt RA; B2 and W are as Retelnbebedesingdel ati ve to the di sul phide

of .forrmula. (II1),_preferably about .
The reaction 1s 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%)



'4.5-5.5. nolar equivalents. Ajoint reduction in the armuntzz%fpriﬂblo@hur
di oxide and formate salt can be nmade until' the ratio of sul phu

- di oxi de: diyauiksle is from about 1. ﬁ 1_and the ratio ofpdPfsssb®Rs7
sal t:disul phide is fromabout 4.5: 1. Y using the process according to the

above description the pressure in the 'vessel is generally easily
mai ntai ned in the safe range of 3=5 bars. The di sul phide-used in the
process of the present invention nay be obtained through any suitable

source. Preferablyisdeierally formpdagieby srolic? RAkS thebcoaditbReAsS Whi ch
conprises addi ng sul phur nonochloride (S2Cl2) to a solution in an organic

sol vent of a @Waﬁd\deﬁor%rmr%ewrv)vermomﬁlrerzch@mqr@n@ls/ 30760 - 13 H2N
R2 PCT/ EP99/ 08@%%)1%%”&11 Wragl ablcfl%ﬁugt'qux gYe 1as ob | nbef ore defi ned.
S 0] t se

The reaction i era con u In a s e’effrom 5 tol uene,
di chl or onet hanedditionlbfapropartomafestonitrikitd ﬂfeablumecsehmbﬁmwmrpthe nitriles such

as acetonitrile, P g itrile rrethl%?c&ogtaromtrlle and benzonitrile; or
m xt uPes t her edFACHOMHISPE %Flnfe? in, the prefe VeR} doptontileothe BRAYEOE (which i s
present when an?JHoaﬂﬁh 5@ w&reaﬁbeefanarh%rateerfﬁg%ygnefm@fmJ' a (IV) |

obtained fromthe previous react lon stage is us Acetonitrile
optionally in mr@Upfr(&%bneaile&thth orobenzene is the pref erred sol vent for

e, eneLTon, The SRR oo SR o Bsb oy Ak S0l vt and
99.4-99.9% wiw pure.

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 presence 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



tol uene solution of (1V) may be avail able from'the previous reaction

stage, a significant anount of the nonosul phide (V): NC 15 (V) 22 April
2004 WO 01/30760 - 14 PCT/ EP99108687 -i g5general |y fornmed ag2aphy2004oduct
when these conditions are enployed. Mreover the product is very slowto
filter when toluene is enployed, although an acceptable filtration rate -
may be obtai ned by - addlntfogﬁulgg(@ @nq@mﬁﬂmvpf rﬁ@@é@fmhésldf@tdo t he tol uene
sol ution. Wien the 5 reaction s performed in the preferred -sol vent
acetonitrile, tpebesateds foflowsronosul phi de | npur.i ty (V) is reduced and the

rate of filtration_qf the product (1) ati s The sul phur
nonochl ori de used fFWés“rW-bbf’é%aékY @@&ﬁé‘?&l@ “‘trP Yég{lﬁ%j %0 w w pure. 10
The quality of r%t‘o Q% cﬁ_ctSFéhe reacti on since the . presence of
certain inmpurittes. ca UeRce The yield of product (wi-th the formation

of (V) as by-product).- Thus when acetonitrile i-s-enployed as solvent it is
preferred that the Wanpmssnm-f(:ﬂﬁiter is <1-000ppm the content of ethanol
i's <1500ppm and the_gontent of anmmonia is 15 <100ppm It is also preferable

to avoid the pr esen%%aMRé\i@?femeﬁﬁmefGﬁ blycblasme)-or

N, N- di net hyl f or mam t mxtu for exanple, the
.presence of about I E) {egﬁ °PH‘P°‘d‘?i?ﬁf8 ﬂéméﬁ‘ie may have a negative
i npact on the yiel dsstmscr-@ctsstmcmesomnqﬁﬁoetncs%rtehﬁro@yatm reagents I's an

i mportant feature of th
tnﬂuoromethylsulphmylpyrazole

A particularly preferred compound of fon:nula (I is:
" S-amino-1-(2, 6-dtchloro*4*tnﬂuoromethylphcnyl)—B -cyano—4-
mﬂuoromethylthxopyrazole '
A parucu!arly preferred compouud of formula (III) Ls-_
o _' 5 “amino-1-(2, 6-d1chioro-4-mﬁuoromcthylphcnyl)-3~ '
cyatzopyrazol-4-yl d1sulph1de ' ) ‘ :
- Compounds of formula (ID, ([lI) and (IV) are known.

Acoordmg 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 Lorm a ipar'aow.ttarty 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 .
: itttrcntion;" : _ '
o Preparatlon of 5-ammo-1-(2,6-dtchloro-4- R

tnﬂuoromethylphenyl)-3-cyano~4—tnﬂuoromethylsulphmylpyrazole _



20 reaction. Thus it is very inportant fo.add the sul phur mengchipi de to a
sol ution of conpound of formula (1V) (rét’ﬁér"t han the reverse). Arapid
addition time for the sul phur nonochloride is a preferred feature of the
process. Thus if the sul phur nonochloride is added during 1 mnute, the

di sul phide (111) criHiwhdacstisacibfic0d sl Rashdas afdeeto 4 haredrl etion of the
25 addition (and.all. of the conpound of formula (1V) has been consumed).
Wien added overSORPS of framinopktd. 6ichherodi-wflnprimpdhyipheny) Srgmned | i ses i n

m d-addi tion angl. a.resul.t. the di syl phj ‘(L11).-co-cy allises with the
remai ni ng corrpo%nz c??qﬁngtf‘ ?%W?f‘tkgghi*ﬁﬁn&#én‘??ﬁﬂ&aé‘_ duct so obtai ned
with a |arge ex0esmoDfin 8gREPRLLHE he129ee 2hdi yale. of 30 the
unreact ed conpound o? forgﬁgul a (I'v)., Theﬂty?%ge?g%rsfiﬁgtguf ufr - 15 - 22
April 2004 i n. f 9% eel 33mol) wad added(dviet ) haund whilM)maiptairfisy thed- val ues- of
the synbols:are as. foll - Rl represents _hal oal k'yl (preferably
trifluoromethyl ?@WQ%&I“&%’ apg ther mpdwekeptat thisisppretmefnz or -S-F.5; W
represents --CR3-; R2 and R3 represent hal ogen (preferably chlorine). A
particul arly pr &rther 4§ hovrspWhenithe trapsfermatian had reached 9%-98%i ontbe 1- (2, 6-d

ichloro-4-triflyor hyl phenyl ) -3 : 0 4- .

trifluoromethyl éﬁpgﬁﬁgye{‘ﬁ%‘é&;éT%‘.moA!"g%lls{&fc@fﬂr%%thlgu?fpla?t8¥lplé%1ygbrrpound of
formula (11) i s3.cyano-4-trifluoromethylsulphonylpyrazole reached 2% (as judged by
5-amino-1-(2,6.-dichloro--4-trifl uoronet hé/l henyl) - 3- cyan- 4- _

#ri f1 uor onet hy| HRLEpnalysis), sulphur gigxidecwasad fgﬁptpr%@r@ payremagound. of fornul a

(T11) st 5=amp 08 dan fefolaed b th hirdire thdifth MO AR IRPCRRY hdur3-
Chlorobenzene (370g) was added and the mixture placed under reduced
pressure (from 0.17 to 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 with cold chlorobenzene, then with cold aqueous ethanol, then
with Watel;, and dried in vacuo at 13S°C to give the title compound

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



cyauopyrazol -4-yl di sul phide. Conpounds of forrmula (11), (I bihpﬁi%oﬁ'\”‘/) are
known. According to a further feature of ihe-present invention the process
(A), and..(B) can-be conbined to prepare a conpound of, formula (I) froma
compound of formula (1V). The above process (A), and (B) when conbi ned
together forma particularly useful and .efficient nethod for the
preparation of- Fipronil. The disul phide used in the process of the present
i nvention may be obtai ned through any suitable source. Preferably, the

di sul phide is prepared E a process which conprises addi ng sul phur
nonochl ori de (S2Cl12) to—é—'%ﬁ&a &t ion in an organic solvent of a conpound of

formula (1V): The fol | opkdairi¥ih Aﬂ%‘““"*%ﬁ?ﬁ'ﬂ??@@“ﬁ% ate the

invention.. Exanple 1 Preparation of 5-am or a- 4-
trifl uoromet hyl phenyriflugrometindplienyi4-trifbrooomatthyltbiopphaizely| pyr azol e 22 Apri |

2004 Tri ti id 66 ‘14 I - to . tirred .solution

of 5 am no- | (2. 6. i chEeT RIS TRB HER LYY b o yarRsS- 4 -

triflubromnethyl thi omtﬁxaznl(:;shfloﬁﬁﬁo-4£hiﬁ>@dmhéthyl?lie3h{b%r.&}@n@%%l(}§wg, 0. 08no1)
5do YoM w,

in a glass reactor at 12C drogen peroxi de” (.
© 1.35m01) - was added diyphide (%ﬁ&.-mmolémdﬂﬂ\hdmeﬂwm@nnm&(&m@éﬁature at

LR, e X ek R ORIl £ g A £ 0>
5- ani no- | - (2, 6- di chisealal ahdttrifléidromettyiedrortde (E01g| 0.682mol) added. The reactor
3Oy A A Or O e By 000 D s s (19 850 304mmel 14308 v
p oxide (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
Acetﬁnitrile (837g) was added to a chlorobenzene solution
(627.8g) which contained 5-amino-1-(2,6-dichloro-4-
triﬂuoronié'mylphenyl)-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 coéling

to 18°C, sulphur monochloride (77g, 0.57mol) was added rapidly over 1



HPLC anal ysi s), sul phur di oxi de was added to quench any re”%@%[;lﬁzoo@ydr ogen
peroxi de, and the m xture maintained at _10-18C for 0.5 hour or obenzene
(370g) was added and the nixture placed®unider reduced pressure (fromOo.17
to 0.04 atnosphere) and heated to 47-50C with azeotropic distillation. A
honbgeneous fraction containing recovered trifluoroacetic acid was
obtained. During the distillation additional chlorobenzene (1625g) was

added conti nuousl der to ain a .constant yolupme. At the end of

t he azeotropic d|é‘l"i‘#"ri{‘?%WPFW@r?%ﬁE?@PXMEW@ﬁ?@O\%r% V#t ai ned at 47-50C
under reduced Pr efatiffhel Gt 94°C 8) BRARDEAA)e Bifhoin ODERGGHS fraction of

chl orobenzene distilled. After release o e vacuum e reactor was
heated to 40C, etﬁmﬁ&%b@@@mﬂn@waﬂhﬁbmné(wm):ha&dgm and the

m xture heated to .80 h.stirlfong t i,ve sol uti on. cooling to 40C
the product cr ysf@?‘ﬁ%gﬂf’eaﬁ*ﬁ%aﬁ'@o@ Bqdoﬁéguﬁflﬁﬁcéﬂu%ﬁﬂ‘gﬂ‘%%ﬁ?&m vely
reduced pressuregd% RMm Qo&?athﬁxo@p&@ic?ie@%lﬁ@h&fe%ocﬁﬁﬁgtéit@cet hanol distilled
at 40C. The vacuum was rel eased he m xture cool ‘3 to 5C during 3.5

hours and |eft’ foPmalomaMtahéq‘dcdtfsbmﬁﬁhepﬁmﬁéﬂodmi@dméscfanﬂﬂer ed of f, |
washed with cold nze ol d agu then with
water, and dried fn ‘\S/)ngg&geét r}ﬁﬁ‘?%‘et% W‘:cﬂm afe %‘%ﬁ@ (407 59), in
a typ| cal yield oﬁtﬁg%mﬂﬁvﬁwukﬂmgwetﬁénﬁe%ompoﬂﬂdM’o’22g)°iﬁrtyﬂ1c32004 Exanpl e 2
Preparation of 5-am no-3-cyauo-1-(2, 6-dichloro-4- trifluoro m -

et hyl phenyl ) - 4- t r yRldRf 8 Pf}n%ﬂi‘)ﬂ Bﬁb"Wazol e Sodium formate (76g, 1.11nol)
was added to a m xture of 5- am no-

-(2, 6-di chl oro-4- trlfluoronethylphenyl)-s - cyanopyrazol - 4-yi



di sul phide (157.5g, 0.223nmpl) and N, N-di met hyl f or mani de (64%&% L@@§ gl ass
reactor. After purging with nitrogen at 2 bars, the reactor gl 2084 ed and
“trifluoronethyl.bromde (101g, 0.682npl) added. The reactor was heated to
45C and sul phur di oxi de (19.5g, 0.304npl) added over 1.5 hours and the
tenperature mai ntai ned between 43C and 47C during the reaction and for a
further 0.75 hour. The pressure was rely@ased to ef fect degassing for 1.5
hours, with cooling of the vessel to 25-.30C | hour after the rel ease of
pressure. \Wien the internal pressure reached atnnspheric pressure the

m xture was treated with sodium bicarbonate and the N, N-di nethyl f or mam de
partially ¢&bNMSited whilst heating to 50-70C at reduced pressure. The
resi due was cool ed to 40C and added slowy to water with stirring at
20:25C. The product: whs.. fAlpreccediAyfeshrd, &Qgg‘%pé % and’ g %ed in vacuo at
100C.t-¢ gi've the titl ound (I'-82.39) typlca P8t of 95% and
purity..of.96.6%" Exaﬁﬁpg? reparation of 5 am. no- 1- (2 6-di chl or o- 4-
trllluoronethylphenyl) 3= cyanopyrazol 4 y1 dlsulphlde. -Acetonitrile (837g)
‘was added to a chl oreohenzene solutloﬁI@SZY.Sg) W h cont'airhed -

5-ani no-I-- (2, 6- dICh|OTO 4--tr|fluoron1ethy yl) - 3- cyanopyrazole

(366 6g; 1.114hol ). The: mxture. was. heat-ed - t 5 64C 'under reduced pressure
(0.5 atnnsphere) and drired by the di BgNTatingn. -of about 45ni . of t he
acetonltrlle After coolnng to 18C, - sy| hUr;nDnochIorlde (77g, 0:57n01)
was- d@dded rapi.dly owver 1 22 April 20048 mrwyte. The t&hperature of the
n¥,xturé.-i.ncreased to- 35C and wais nalntaln d at;35C by coollng unt|I t he
exothern1ceased and for ' - S

- 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 0r2 whxch process compnses 0x1dlsmg 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 wh|d1 IS boric acid.

2, A prooess according to clalm 1in Which the tnﬂuoroperaoetlc ac:td 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.



further 0.3 hour. The m xture was then degassed (to renobve Eé(%ro?zz)§4
chloride) by heating at 40C under reduced pressure, and the 2 at
for 1 hour at atnospheric pressure. After cooling to 30C, . ammonia was
added to bring the pHto 6.5-7, cooled to 5C and the product filtered off,
washed with chl orobenaenel acetonitrile and dried at 95C under vacuumto
give the title conmpound (365.2g) in typbgal vyield of 89.4% and 98. 4%
purity. 22 April 2004 19 -CLAIM5S .3 1 .A process (A for the preparation
of a conmpound of formula (1): R3: represents hal ogen;
kl'iepresnts'al kil orA ijlabessraowldmgaeeﬁﬁGn@oﬂﬂx@preoadmg\bai?ﬂis iBWiSRe CONPr i ses
oxi di si ng aamdrint of teifucrssurtis atid leapioyed kefram A9 b mdial caivisleriss. R4 S(On-,- O
-SF5;  R2 represent s Apdeegeatcoididged aggoie viiae prodedifg SlRmsSAMtictheé r ogen or
- -CR3, conpameurtbf iyafsaehaetdxdde usellin tlagesition B from R3-pedqiaemsas def i ned
above; with trifg.ii orfopetesseidcordarytd ahpohdef the pARBSIAY clafmin viidh i on
i nhi bi ti ng' reactiod.is ferfirmed aba &mpsaraturgoffentiGsncl i n which the
trifluoroperaceti.c ad procéss ARORNRLE@ny Bnd bt tHe Precklifig ClRRAS Whith Qlrther
trifl uor oaceimisas addigehiipbeneas tdBeddadion mixture.on completion of the oxidation
reactlon and recovering the triflucroacetic acid by distiliation.
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', R*and W are as defined in claim 1, a formate salt, frifluoromethyl
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.



3. A process according to claiml or claim2 in which the agg nt. :%
corrosion inhibiting conpound used is about 0.08-0.2 nolar equ Va gﬁts.
conpound, which is boric acid. 22 April 2004 20 4. A process according to
any one of the preceding clainms in which the amount of trifluoroacetic
acid enployed is from 14-15 nol ar equivalents. 5. A process according to
any one of the preceding claims in whicksthe amount of hydrogen peroxide
used in the reaction is from1.3-1.5 equivalents. 6. A process according to
any one of the preceding clains in which the reaction is perforned at a

- tenperature of f{Hm 1QpdREss docortinyf 18 R Sn6EQAIHIsHMD itiHich e Kholdiof

. precedi ng. chaphie dWRid@leé&' stk 1 2%%{:&% %guﬁé’lgl'ﬂlﬂ ereraﬁt@é héﬁlﬁﬁdé Qf fe
reaction m fehHilg (MR conpl etion of the oxidation reaction recovering
the trifluoroaceid.C akprhob¥s Sicsidilg Blah§Bne Bf AaFra%q%%na,ﬁ wé&qo&,ﬁ ofNY One

-of the precrghag sﬁltﬂbé@re}ﬁﬁ%&ltﬂem%ﬁlphﬁg'ﬁ? AR

IO b3 Qar ed
- by addi ng sul phu{s di oK bRResPaofing taRy BRAIBF 4% B 14 rrul a
(L11) 0 wheggh thB'resul cﬁﬁﬂ:om/l@éﬂfg?ﬁn% 6%@% té telihl nth%
trifl uor omegéng ar solvent rocess accor |ng to
claim8 in which he procesd pabdtio cess
according to cl a?ém 8 %ﬁ-ﬁ@a I aé&dﬁgtﬁ}dgﬂbﬁ%{?ﬁ%%@( errpeﬁg ure uﬂﬁg t he

addi tion of the sul phur di OXI de is.from 35-55C. 11. A process. according to
claim8,.9 or 20 i A-whi.ch, t he sul phur._-di oxi-de r&g added over a 0.5-2 hour
period. .12. A process accordl ng to 5F3SE ims.8 to 11 in which the
nmol ar ratlo ' . PO

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):



of trrfluoronethyl brom de:disul phide of formula (111) is from 3: o 5:1.
22 April 2004 21 13. A process according to any one of clai %%Agfﬁt%‘)‘ﬁz in

whi ch the anount of sul phur dioxide used is from1l.2-1.5 nol ar

equi valents, relative to the disul phide of fornula (111). 14. A process
according to any one of clains 8 to' 13 in which the amount of formate salt
used rel ative to the disul phide of fornppa (I11). is from4-6 nol ar

equi val ents. . 15.. A process according to any one of clainms 8 to 14 which
~further conpri.sses .using-the resulting conpound of formula (11) as a

- starting naterial:in.the process. as . defined #kany one of claims | to 7.

. 16. “A -process accordi Ag-.to 'claim 1 for the pReparation of a conpound of
f.of mut &> (1) i -wherei -_rj:'.W-r_ep‘r'-_-és'erits_-_;"I\E2 n O -'CR3; 'R represents
hal'egen, “hal oal kyl,- -hal cal koxy, '-R4S(r1‘§ -or NSF5:° R2 represents hydrogen or
hal ogen; - R3- repr.esent s -hal ogen;: R4 reppesents al-kyl or haloal kyl; and N
repiresefnts. 0, .1-or :2; . .whi ch .pr.ecess. conprgSesw-(a) addi ng sul phur
monachl.oride (S2C12) 'to .a sol ution, ‘in anI_,o'rg nic solvent, of a conpound
af fermula(1Vys 22 April--2004 22 wherei n~\R-~R2and Ware as defined above,

t o produce-a-di:sul phi.de of - formula (111); whérein W R2 and Ware as

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

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 produce a compound of formula ({l);

T .7 CFs8 _CN'

i
'

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



(b) adding sul phur dioxide to a mixture conprising the sai dz%ﬁﬁﬂz‘aﬂhde of
formula (111), a formate salt, trifluoronethyl brom de and a ar
solvent, to produce a corrpound of formula (11); CF3S CN vvherei n R, R and
Ware as defined above, and 22 April 2004 23 (c) oxidizing the said
conpound . of forrmula (I1) with trifluoroperacetic acid in the presence of
boric acid as clainmed in the process acegrding to claim1l. 17. A process
according to any one of clainms | to 7 or 16 in which the conpound of
formula (1) is: 5-amno-1-(2,6-dichloro-4-trifluoromnethyl phenyl)-3-cyano 4-
trifluoronethyl sui phi nyl pyrazole. 18. A process according to any one of
claims 8 to 15 or 16 in which the conpound of formula (It) is 5--am no-|
- (2, 6-di chtoro- 4- t ri f¢)wxidwire] thi lsaideayipbudd eff@finmda (If) with trifluoroperacetic acid
trifl uor omin thelpredeapiot BY b@o RiIaLelaimed in the process according to claim 1.
17. A process according to any one of clalms1to'!or16m which the
compound of formula (f) is: -
5-amino-1-(2,6-dichloro4-trifluoromethylphenyl)-3-cyano-4-
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.



