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I mproved processes for preparing l-aryl pyrazol e pesticides such as '
5-am no-1-(2, 6-di chl oro- 4-

trifluoronethyl phenyl)-3-cyano-4-trifluoronethyl sul phinyl pyrazole 5 known
as Fipronil (Pesticide Manual 11 t Edition), and for the internedi ates used

in its prepargti = A.n0:d (2 6-di = A
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reported in thg N tg?%’?urgﬂm?)ér exarr%fl%é??ﬂteﬁgpp%gpa@tri olr?ao}? certain 1-
aryl pyrazol e pdiulphidées. A probl em encountered in the preparation of

5-am no-1-(2,6- dichloro-4-trifluoronethyl phenyl)-3-cyano-4-
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5-am no- | - (2, 6e¢HneM-aiffudtorbthi]siphRiFyradold By he Joxidation of 5-amino-
3-cyano-4-trifluoronet hyl sul phonyl pyrazole, which is difficult to renove
fromthe sul phdx2dedicilornfdtetiuarpmethylphany)-3rayenerdt ng anongst
trifluoromethylthiopyrazole with 3-chloroperbenzoic acid. The use of
15 _ triﬂuoroaé:etic acid and hydrogen peroxide (forming triﬂuoropcracetjc
. acid in situ) for the oxidation of sulphides to sulphoxides and/or
sﬁlphones is 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-
dﬁchl9ro;4-triﬂuoromethylphenyl)-3-cyéno—4- _ _ -
} I tr_iﬂuqufneﬁhylsﬁlphinylﬁyrézole by fhé'd;(idgﬁon -'of;S-a;piho-l-(Z;G;' s
25 dichloro-4-trifluoromethylphenyl)-3-cyano-4-
triﬂuordmethylthippyrazole is the co-formation of the corresponding
sulphone compound 5-amino-1-(2,6-dichloro-4-triflucromethylphenyl)-
3-cyano-4-trifluoromethylsulphonylpyrazole, which is difficult to
remove from the sulphoxide. A number of oxidants (including amongst
30 others sodium vanadate, sodiuin tungstate, peracetic acid, performic acid

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



30 ot hers sodi um vanadate, sodiumtungstate, peracetic aci l.,c acid
and pert rVOM@PWAcetic acid) have beer?enpl oyed in an attecr?pqﬁl?%&%g{ggi n WO
01/30760 - 2 - PCT/EP99/08687 an efficient and regi osel ective oxidation
which will provide 5-am no-1I-

(2,6-dichloro-4-trifluoronethyl phenyl)-3-cyan-4- .

trifluoromethyl sul phinyl pyrazole in pure formand whjch nmay al so be
utilised for |aarefcisutznd regiegslecsive oxilation whigh wHEPIRKKG>-3BIR0ts were 5

found to be u ti.sf.act pry~in on S t npt her. It has now been found
that a m xtur zi%fcixflglp*'q-gﬁggggﬁe@y;@eﬁéﬁdgq%léaf-ogen per oxi de
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and hydr ogen tilispdfartarge sealexpreparationd. dvlhef the abess methodmweret | eads to
corrosion of the I,ni ngs .,of industrial reaction vessels, which is
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t he speed of corrlgﬁ%%\%g%ngf?ﬁn%fﬁ{apagﬁg yeg,flﬁ (?é@@tfca-ﬁ]hﬁ'd corrosion

occurs as a resul I on dr ogen uori de, and therefore

prohi bits the phrémen pefoxidd @Griflesgperhcetiodcid)gives excellknvessledin. |t has now
been found that the addition of a corrosion inhibiting conpound such as
boric acid to tehmes ofcath selectivitytapd #igldhi bits the corrosion process and

reduces the speed Qf corrosi.qn ta a |eyvel.4h i .Ypi.eal ess than

5m year. 20 Egrop PVPAT 8RF° |°?83’{1£§h°*{Hi_mg‘%ﬁﬁ@%i&éﬁﬁ‘f%{%é%va et.al .

in 49. Cnem Sogaeﬁﬁ)fi&é hitture IIBrk scaled i tBat/ibledas & ddosioR@f Mice@asat i on of 5-
I C

am no-1-(2, 6- oro-4-trifluoronethyl phenyl)-3 -cyanopyrazol -4-yl
di sul phi de, arlihihgseoffindustrial reastior vessels, whidchtis sapid §ypiptllyde to t he 25

Cyano- 41111 CENOURRYHY) YR abpRRiDF Eyraaims: vhist S BRRPeR et byl
brom de in the, presentGenks &M AR HRASa HlisTohBlidh obbft¥hdg 10 N N
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-l-(2,6-dichloro-4-triﬂuoromethylphenyl)—3-cyanopyrazol-4-);l
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 trifluoromethyl
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.



di et hyl formam de in an autoclave at |ow pressure (typically 13 bars) at
60C. WOWRPHB8® - 3 - PCT/ EP99/ 08688 +However on | arger BEHEBW/SGRT  °
reaction is very exothermc which results in a substantial pressure
increase in the vessel and associated operator hazard. Mreover it is
necessary to add the trifluoronethyl bromde 5 quickly (generally within
0.5 hour), because the m xture of disul phide, sodiumformate, sul phur

di oxi de and N, N- #lovevesors largens¢ales the teagiemis venyexpthermie whiht abl e (typically
| eadi ng to 55% degradatjon ,nto unwanted -prqducts within 2 hours at
50C). This ré?fHﬂF gh?eﬂ{a‘”#a&‘alﬁ’%sﬁ}"& ‘Bﬁr&?%eiIBrﬁl?%Yé%F“ﬁiaPﬁaﬁsPS yl bromide is
not conpati bl,gepdtor Ratdt@ 10 exotherm c nature of the reaction. In order to

overconme these problens and devel op a process which can be used on a |arge
scal e ot her condMoremer itdy pedessany toadgithe trifludrbmethybbremidscri bed procedur es

e et O MR PRSP, R RS Gl e LI Iprgegiyt Brem e to, 2
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R g L

5-ami no- | - ( 2 féindit6 bk ansta¥le (typichlly leadiighty ISpWedegradalion #tocyanopyr azol - 4-yl
di sul phide by the reaction of 5-am no-1-

6
di chl or o- 4- t Bhwpried bmmlpﬁmiﬂginP-@n%éé-gﬁ)»tﬁhiwguiﬁm@pfpazo| e with base,
and the further.c ersion of this,di hide to. t. i ci dal | active
S | PR B e g o1 et
trid | uor omet pydih&RP¥st8A U Rhe actka. opean Patent Publication No. 295117
di scl oses a process for the preparation of

| -aryl - 3, 5- di subkt ordert tecbvescomedhest-probleins ahdhétbop dyrocedsovhivhlr ol ysi s of the
correspondi ng 4-t hi 8c¥lgnat opyr.azql e dey i vati veg usi hydrochloric acid in
ethanol, or B30 PeusdonaHage staje ot gopditions have been sought.

In the above described procedures the reaction was performed by

addition of the trifluoromethyl bromide to a2 mixture of the other
15 components. A new process has now been developed 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-thiocyanatopyrazole 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 aqueous sodium hydroxide

30 under phase transfer conditions in the presence of chloroform and

benzyltriethylammonium chloride.



bor ohydride in hanol, or by treatnent w th aqueous sodiu ' 30
D bl R

under phagv fer conditions in the $resence of chloroform an

benzyl tri et hyl ammoni um chl ori de. WD 01/ 30760 4 PCT/ EP99/ 08687 The
preparation of the above 5-am no-I|-aryl-3-cyano-4 thiocyanatopyrazol e
internmediates is al so described in European Patent Publication Nunbers
0374061 and 295117, and these are obtained by the thiocyanation of the
cor respondi ng 5- anilhe-prepargtion®f thesahayp Samaing-1-ary ér‘iY%?'ﬁVes usi ng an al kal i

metal or ammoniumthiocyanate in t L ) t hanol at

| ow t enper at ur .1°¢r¥?é‘a§’8§%gff-1§{eE\'Beggtggéssaggé]gegc{f%eeﬂéﬁﬁeﬂﬁgﬁ%@%ﬁ&%f 5-am no- |
-aryl - 3- cyanopyhagationNuthbéls 837406108nd 2981 NEdha@tiRse fe@btdinédbyo- | - aryl - 3-
cyanopyrazol es presents several problens which [imt its usefulness for 10
appl i cati on on thethjeysnatioaxf the carraspending §samine-d rarsk-2gyanppyeazeleal | y
performed at very low tenperatures, ii) the mxture ?f'b{hgm ne and

met haol used idsTivatives uping @ #lkali metal erammgriupimqeyangle inihg i o ni xt ures,

15 iii) the abqye re ' i 0 & xtures, and iv) it is
difficult to ol?f%sfﬂceg@ryﬁ&gﬁg #ﬁ%ﬁ@%ﬁ%ﬂ%@%@oduct in either reaction
stage. In order to To¢ebe@E-sichaiecdss firltherprepatation ob Scarhinorisatykde been

sought. Thus the expl osive hazard may be avoided in the thiocyanation 20
reaction by remyawipygzohd-yhdisuiphide intermediatas,fram &-gping- L-aNG3omet hane  and
wat er, however this procedure is not, effici . 0Nk The

t hi ocyanati on rcéfﬁ%‘iﬂ)'gff?offﬁfr%?le{ltéFﬁ%\??‘\})é'f)éle%g%%%%grsnét%ﬁqﬁeﬁﬁ@éasg??re-d out using
an akkali netal -m&il ihijgeyanate in the presence of hydrogen
perobqbde and aagﬁllcera ac?lgbsuch as hydrochloric 25 acid in a solvent such

as an al cohol for éxanpltie thiddyanation step isigenerakiyl penforowedativeryflow t he

subsequent hydrol ysis step has been found which
temper atures,

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

15 iii) " the above reactions involve heterogeneous 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



I nvol ves the use of a base such as an alkali nmetal hydroxide, for exanpple
sodi um W@PLX76&, in the presence of5fornal dehyde and a R TERAOOEERT " oo
aqueous net hanol, however the disul phide thus obtained is very 30 powdery
and difficult to filter. Furthernore in order to obtain the above

di sul phide in satisfactory quality it is necessary to subject the starting
WO 01/30760 - 5 - PCT/EP99/08687 material 5-am no-|-aryl-3-cyanopyrazole
t o addit i onahatpriali §-aminor barybdfeyanopyrazole tosadditional perificstionyanat i on and
hydrol ysis reactions. ,Hence.it be reci.ated.that the above 2-step
procedure i e ‘?rﬁé‘f*ﬁiué‘?de‘i’h‘ﬂ?gﬂ‘“Xﬁ“ﬁ%&@f‘?ﬁﬁTﬁﬁ’%{:Cé‘géqmand a single step

met hod | acki ng é’ex{cg‘ﬁirﬁafbé 8hAed At WRUbEVE ety prouRy i8f erred. The
present invention seeks to ovi de i nproved or nore econom cal nethods for
t he prepar atihefficteht foeahiindustrial prdcesss amd 4 single stdp methodiacking pr esent

i nvention to provide a convenient %g process for preparing

5- &ni no- | - arthese3lisadaaniages wauld elsarly P”?ﬁréqﬁ‘f phi nyl pyrazol e pesti ci des,
which are obtained in high vyield and high purity. It is a further object
of the present invention to provide a process for preparing

5-am no-| -aryl - BenflinVentidn debkitoqrevitly iriploped oympser azol e pesti ci des
which is sinple and safe to perform and which results in mniml vessel
corrosi on. |dcohemixal methods fositheprepasatiorhef pestieidas: i nvention is to provide a

f h i f 5- 0-]- | - 3-. -4- .
Fr i1 or ot hyl Sulgimy pgstas respiot Poeoidl b AR o i cient 20
rﬁ@overy pro 8%5?0%951%%% SLarhfnbUQk9RIRYhfo-aCi d. It is a further object of
t anto

present i nven ‘provide a “convenient process for preparing
5- am no- | - aryifludrcyaliyisuiphihyipltazole pestidiges; whinharaebthined éshighi des and
pesticidal internediates, which are obtained in high yield and high purity
With i nproveﬂelﬂﬁlflﬂmm%&t ion of the 5-am no-I-aryl-3-cyanopyrazol -4-yl
di sul phide. 1t j5 anfHct BGEct QiR Pretht dEntFRGREvilOY BRIRN Lo provide a

process

for preparing 5-amino-1-aryl-3-cyano-4- _
15 uiﬂuorométhylsulphinylpyrazole 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.

It 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.



ftor prepag) -am no-1| -aryl - 3-cyano- 4-i:t'.:r:_3if¢f'l uor onet hyl t hi o 88687
pesti ci dggoaqﬁ@%@sti cidal intermedi ate$, “which is si npl e a?i'g sa g to

perform is operated at | ower pressures and tenperatures, and in which 30
side reactions are mnimsed. WO 01/30760 . . 6 PCT/EP99/08687 It is a
further object of the present invention to provide a conveni ent process for
preparing 5-am no-|-aryl-3-cyanopyrazol -4-yl disul phjde pesti cidal

i nternedi ates, whi Bhsa¥lgﬂwbp eeteaf thepreseit igyeatian hprovidedhn purity. 5 1t is a

further object of th [ ' s _pLayviad ' &_ 15t ep process
for preparing ggﬁbﬁﬁtﬁ?ﬁ%?@@%%@%ﬁ%ﬁ ?X%I:;d&gﬁos@{%@eyl;esti ci dal

i ntermedi at es §is@iphtepebtitadal intafnvédiates, WHACIOME 0BT ih high yleldidides. 1t is a
further object of the present invention to provide a process 10 for

preparing 5-anhigbputity.aryl - 3- cyanopyr azol - 4-yl di sul phi de pesti ci dal

i nternedi ates which.is_sinple an afe to.perf.or utilises . readily

avai Pabl e material ¥15% °§F?ﬁ%t€?1?reF%lng i ﬂngt;ipr[oﬁ eHSHEIEt and does not
require additi id] ;ﬁ)‘% b rhiflE 1 2R3 BRadon Fa¥bl=8yEyanopyr azol e
starting mat er?‘gﬁbm?g{slfyﬁgba , sr)t ellr;@(l)gﬁr@ct Qg?dopﬁfe pr e%’ent invention to
provide a conﬂi@ﬂl'Fﬁiabpastmmaménneqmepﬁoinrﬁgaﬁixmﬂam&ar yl - 3-cyano- 4-

trifluoromethyl sul phinyl pyrazol e pesticides by a three step process
starting from @laéilm)}‘féquewtwn@%‘iﬁanopyrazol es. These and ot her objects of

the invention w il bec eﬁg@g{;&e&%}&e g%ﬁée‘{t?mehﬂg?golo#lj\?gir/]&teir&%”gge}gri ption, and

are achi eved in whBlred € presen n. According to a

oS O { e SR nEiR bpy Lo Rl parria process (4
PCT/ EP99/ 0868 7intermediates which 1s 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 invention to provide a
convenient process for preparing S-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 (ID):



CF3SO CN HPZN N R2 W R1. (1) wherein Wrepresents nitrogen or -CR3; Rl
representv%%ﬂlé?oaﬁoen, hal oal kyl (preferdbly trifl uoronethyl PCT/EPIRARGEA| kKOXyY
(preferably trifluoronmethoxy), RAS(On-, or -SF5; R2 represents hydrogen or
hal ogen (for exanple chlorine or bromne); R3 represents hal ogen (for
exanple chlorine or bromne); R4 represents alkyl or haloal kyl; and 10 n
represents 0,1 or 2; which process conprises oxidising a conpound of
formula (11): CF3S CN H2N N R2 W& (I1) @Qerein R, R2 and Ware as
‘her ei nbefore defined, with 15 trif?uor cetic acid in the presence of a
corrosion inhibiting conpound. In a pr ferf\ed enbodi nent of the invention
the trifluoroperacetic acid is geHgN N'h situ by the-reaction of
trifluoroacetic acid and hydrogen perOX| e. Accordingly, this enbodi nent
conprises treating a WD 01/ 30760 - B2RCTLER99/ 08687 conpound of formula
(I'l) as defined above with trifliioroacptic'cid and

Rl
@
‘wherein W represents nitrogen or -CR3;
R1 represents halogen, haloalkyl (preferably tﬁﬂuoromethyl),
5 haloalkoxy (preferably trifluoromethoxy), R4S(0)n-, or -SFs;
R2 represents hydrogen or halogen (for example chlorine or
bromine); |

R3 represents halogen (for exaniple chlorine or bromine);

R4 fepresents alkyl or haloalkyl; and
10 n represents 0,1 or 2; which proce_és comprises oxidising a

compound of formula (II):
CF3S

D)

wherein R1, RZ and W are as hereinbefore defined, with

15 trifluoroperacetic acid in the presence of a corrosion inhibiting
compound. _
In a preferred embodiment of the invention the trifluoroperacetic
acid is generated in situ by the reaction of trifluoroacetic acid and

hydrogen peroxide. Accordingly, this embodiment comprises treating a



hydrogen peroxide. Unless otherw se specified in the presejy-15Rgjokdssat i on
"al kyl" SR'l‘f’e‘Qﬁﬁ@t rai ght- or br anched- 8chai n al kyl having ?Ircom on}((a)gétsg Si X
carbon atons (preferably one to three). Unless otherw se specified

" hal oal kyl' and ' hal oal koxy' are straight- or branched- chain al kyl or

al koxy respectively having fromone to six carbon atons (preferably one to

three) substituted by ane or re hal ogen ata el.ected fromfluorine, 10
chl ori ne and b@@?ﬁ%g W“ﬂ&&ﬁéﬁﬁégéﬁgéﬂﬁﬂ‘gwﬁﬁamcﬁuq gmgagé 1, the
process nay rin .oxidation to the correspondi ng conpound in which n
is 1 or 2, rgygé‘%e%&%&fl&%S The corrosion inhibiting conpound is generally
boric acid or an alkali netal borate such as sodium borate; or any

hydrogen fluoride trapping agent such as silica (silicon dioxide),
optional Iy in the Ynless etherwisd speeifist jin therpresepbsnegificatort 8sydsi on i nhi biting

dis bori id, Th t ,of | | nhi bi t I d di
Genepally 20 Bews EBt- ARt parleL A T Ao b 0§ S4B °0 001
i 20 . BreFar & x
Genral |y 11 ort S GE e B e e Rt amon per oxi de

i nfluences t heardeRalbalkoxys arecstraight- G*branched schain lkyleadlkaxyt he for mation of

t he correspondi ng sul phone of the cqnmpoynd of forrmula (1), whilst a
defi ci ency wi |tespestivelyhayingdram gpgto %W&ﬁ‘&"BPF?&% (nggfaﬁh 9’%‘? i ther event an

i mpure final product. i. ' f per oxi de
used in the reatth B‘ﬁbsklgué%&;ir”z*)ﬁ%gra%o a %é%ﬁ Eaﬁg%%ggécé%q %?%S% I's’ general |y

fromgl. 3-1. 5 egitbid fidromdte. pr ef erabl y about 1.31-1.35 equival ents and
more preferably about 1.33 equivalents. WO 01/30760 - 9 - PCT/ EP99/ 08687
The reaction is geWhenRlyreprssénts REN( Q- and pigleenl.cheprorcessmay 10

bring about oxidation to the corresponding compound in which n is 1 or

2, respectively.

15 The corrosion inhibiting compound is generally boric acid or an
alkali metal borate such as sodium borate; or any hydrogen fluoride
trapping agent such as silica (silicon dioxide), optionally in the form of
silica oil. Preferably the corrosion inhibiting compound is boric acid.

The amount of corrosion inhibiting compound used is generally

20 0.08-0.22 molar equivalents, and preferably about 0.08-0.1 molar

equivalents. |

The amount of trifluoroacetic acid employed is generally from 14-
15 molar equivalents.

The amount of hydrogen peroxide influences the reaction since an

25 excess will lead to the formation of the corresponding sulphone of the
compound of formula (I), whilst a deficiency will lead to incomplete
transformation, and in either event an impure final product is obtained.
Thus the amount of hydrogen peroxide used in the reaction (generally as
a 35% aqueous solution) is generally from 1.3-1.5 equivalents,

30 preferably about 1.31-1.35 equivalents and more preferably about 1.33

equivalents.



15C and preferably at about 12C. A further problem associated wth the use
of trifl YOWAEWPic acid and hydrogef peroxi de concerns tRETERSUREST, and
recycling of the 5 expensive trifluoroacetic acid which is essential for
the operation of an economcally efficient process. In one procedure that
was developed in an attenpt to solve this problem the reaction m xture

was quenched wth sul phur dioxide and a part of the trifluoroacetic acid
removed by di stThe rgaction is genesslisererfosmed aha tempertureidfdronad@ed to t he

residue to f 10, e liad L gl etate which was then renoved by
distillati ong%%ndpﬁ%%t}’éatm%g'gf@cryst allised froma m xture of

et hanol /wat er . TRifSrthep pPstIs aSsosRsed With thel e RRWEIoMaclis adyant ages: i) the
et hanol /wat er m xture does not provide sufficiently pure 5- am no-|

- (2, 6- di chl cand-hydtragen ipemxidesiongdrph theykgov@ryandrecyrlibg of the

tri_fl uoromet hyl sul phinyl pyrazole; . and ii) t recycling of trifluoroacetic
acPd via the® Eﬁ‘%"eﬁy’cﬁ%}"{%‘?@ Qﬁdewglq?fﬁ ef%’?‘i‘ﬁ&%@ﬁ@@?‘éﬁ‘%’ Péana conpl ex '
process on : ef.ak Haady unwant ed sodi um
sul phat e thﬁ%clogélgg;gﬁf%lgﬁgg%tﬁe}” Iﬁﬂrg?ned Oﬂﬁt ﬂew pre %)%g Er%e has now been
found whi ch andteaspt widiveothis groblem, thekdaetion avituiehivss queistiedes a si nple and
efficient nmethod for the_ preparation of

5- ani no- | - ( 2vith sylphyrstiexide and g parbebibe trifluemasefic peid removed by

cyano-4-trifl. met hyLsul phd [ = | leld.and purity, and in
addi tion pr p@%ﬁk@og'n’géfiﬁeﬁ&\%y@S@é%e%pa_rd g%‘gg’&i}%}[?sb cip ?‘_frr‘ﬁor'pacet ic 25
aqpd. | n thighfneAesdacetdieWhidhevdsahén fedibvied bl distilld@éRaMRL i ¢ aci d and
hydrogen peroxide is judged to be conplete, the excess of hydrogen

peroxi de i s nyedust slab thenceystallisedfrar aguikpive of ethanoltkeatgroThisqui val ent

reagent), chlorobenzene is added and the trifluoroacetic acid renoved by
di still ati orPTOSEFHTCEP @“’t‘ig’a‘farVFWfigfsﬁéﬁaé‘(t?@saCi d is renmoved by azeotropic

et o o e RASRGs sfpol R R = L
amino-1-(2,6-dichloro-4-trifluoromethylphenyl)-3-cyano-4-

15 triﬂuorométhylsulphinylpyrazole; and

ii) the recycling of trifluoroacetic acid via the acid- hydrolysis of
ethyl trifluoroacetate is a complex proéess 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 i)rovides 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. Typicaliy 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



WO 01/30760 - 10. PCT/ EP99/ 08687 and_warned to about 80C | ution
is formedVOMHAMen cooled to about ~48€ Wwhen t he 5-ami no-| %’%‘t’g{oéﬁkoro- 4-
trifluoronethyl phenyl)-3-cyano-4-trifl uoromnethyl sul phi nyl pyrazol e
crystallises. The al cohol is evaporated at 40C under reduced pressure, 5
the m xture cooled to about 0C, filtered, and the product washed and dried

whi eh 1S compPRBTASMER EhALa: B G EpiE soluom s oo gd SR COSted £ i cant 1y
hi gher than t ' QALEL.I.C k ok allows crystallisation of
5 anino- | -(g‘%“ﬁﬂi(’ch %Vi‘%’yg’ o Eblr'gfﬁ%tqh"%%gﬂeﬁyl )-3 10 d

cyano- 4-t ri f | ygfigo@intethydphdnil)-Brbpmoadzaiffudramehetsulphédydpyaazbleual ity.  Thus a
preferred aspect of the process of the invegtion as described above
further conpricsystallisesi Bhe alaphknl dpeveperated @ 40n€ yndarredueed Diessitss e on

ti f fhe.oxidati td | triafl ti
ol by aisti b Gl dle BRI M AR PEEBF SRR MRt e oy coont

invention thergiein vpédavtﬂﬁﬂo@eaz&m;a@,%én P5R1Ae8 Be €R) orllPindubRiaPT epar at i on of
a conpound of %orrru a (I'l') as defined above; which process conprises the

addition of swlyehtiwhithdxcatepatiblawiththeimixtomybas abeiting pdingul phi de of
formula (111): ON. NC S.)~N_. N ~N NH2_g2N R2, R2, W | 20 RL R (I11)
wherein R, Reigmficaptlyhighes thagthat é‘l’g\?‘ér%%qﬂicﬁﬁ’di,’ and allg%sit e sal t,

trifl t hyJ ' . nol ta god t i
general |y sel SYSUR el (o ARG G RRUBIRAIES] | 0 i de.
N-mephyl pyr r ol dydhéransifludioniiilbulphinfipyiadole 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.

16
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 2 mixture comprising a disulphide of formula (III):

NCW S CN
2 R2
AN R | ~w
| P P
Rl Rl
20
((10))

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



WO 01/30760 - 11 - PCT/ EP99/ 08687 sul phol ane, hexanet hyl phosphor am de and
et hers sWOP138768;i oxan, tetrahydrofuldan-and di met hoxyet haRET/EPP9/98687 ~
preferably. N, N di nethyl formam de, . N, N-di met hyl acet am de,

N- et hyl pyrroli di none, dinethyl sul phoxi de or sul phol ane, nore preferably
N, N 5 di met hyl f ormam de. The advantages of perform ng the process with this
order of addition are: i) the m xture of disul phide of forrmula (I11),

sodi um f or matselpholage,thekdmetbylphesphprarhide and ethersuplo badioxad,vent (pref erabl y

N, N- di met hyl fornmgmi.de)is:stabl e and sq the sul phur di oxi de may be added
nmore slowy \XF?%%@W%E“%?‘"&%M&&FP&%‘Stmﬁérﬁ??b W ng a nore” conveni ent
and safe pro ol -Wﬁﬁ Je S fy Gy _bel racteri sed by
good vyi el ds gﬁé%lﬂf%%no ug%r}g,#d I g _??%%@E’r%&%lpgﬁbg%gu Phide, and iii)
the rate of afiidethylsnlphéxideibpsulphalamesinbee preferblly®yNtrol | ed so  that any
Increase in the reaction tenperature and/or pressure can be nmaintained at
a safe | evel dimethxlfemmasifdeg | arge scale reactions to be perfornmed safely
(including for exanple typical comercial reactors 20 having about 15n8

volune). The formate salt is generally an alkali metal or amonium salt,

pref er abl y sodi ummyb aavimtes Sherfinid 018 preUEaSwRh S oftith bRY t he addi tion of
the sul phur 25 dioxide is generally from 35-55C, preferably from about

35-50C, nostkdditienareabl y from about 43-47C, which allows efficient control

of the heat fromthe exoth | ¢_r.eackjon. ow 35C the reaction tends to
proceed too sl 0\/\,5]5/ tp%“%’ét“ g‘ﬁ%ﬁ?}&ﬁeﬁﬁ‘ﬁr‘i’?&lﬁﬁ}’ﬁ?% Boale, At tenperatures
abqiye 55C t heyl R9PbroHAdd 108 SlafVoRIE tordfe 2d. 30 The sul phur

di oxide is ggrrller&;l{nﬂ?/ gdd@c at sﬁ aor at e&)tr a?abtsﬂg’q@tenperature S

mai'nt ai ned wdinwethylfdrmanide)ds stebleaad so dregmiphian dioxidgamay 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 disulphide, and
iii) the rate of addition of sulphur dioxide may be controlled so
that any increase in the reaction temperature and/or préssure can be
maintained at a safe lével, thus allowing large scale reactions to be
-performed safely (including for example typical commercial reactors

20 having about 15m3 yolume).

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



WO 01/ 307, _ PCT/ EP99/ 08687 scal es this is gener al | YpcGAFpobBgkso Ut
over a Oglgéﬂﬁ@)ﬁp period, preferably e i"ng about 1-1.5 hours. An addition

time of about 1-1.5 hours has been shown to be optinmal in mnimsing the
formati on of by-products. The nolar ratio of trifluoronethyl
brom de: di sul phide of formula 5 (I11) is preferably from3:1 to 5:1. It is
conveni ent to enpl a nolar ratio of abaqu uni. of sul phur

oy . ar \ 1. The a
di oxi de used issalgutiyigigenetally faried oyt Bverﬁ[ﬂ-éf?%&ﬁmféﬂdeﬁf CId8ative to the
di sul phi de of [ (L4 1 5 equi val ent s.
When only 1 e t?%\r/’g}iié%ft 1i L‘S%%rg%/eéﬁ{nﬁghgﬁwﬁgflHﬁfggﬁ%?ﬁ?s | ower ed and

transf or mat i orpegh shelinptd e opitndl R dfinfodisibg thefopmbtien 6f byspiddattsan excess of
sul phur di oxide |eads to degradation during evegé)_orat ion of the solvent in
i

the work-up. The Baeovelar mtiofofr tniflueramgthyl hremidexligidpkide pf formud npl ar
equi val ents relative to.fhe disul phide.of fornula (111 ref erably about
T Bt 55 ol s pteteablynirorm 3af JER e T iStamBRiEt B emmley ambli of sut phor
di oxi de and fQE{?@BFab?ﬁkgzlgan be made until the ratio of sul phur

di oxi de: di sul phide 1s fromabout 1.2:1 and the ratio of formate
sal t : di sul phi de i sTHeranmouab ofisulghr.dioxidy usediis genenallypframels2-1dccordi ng to the

above description the 20 pressure in_the vessel i erally easily
mai nt ai ned i n melar eqialenis relatsre to shesdip Példeﬁa%gwaﬁ%@ﬁsan@ further feature

ot epar ati on orPeieHo Ry el SquiPEs ¥R ol CaRRAE 5,0 L0 i ch
Conppi ses addiéﬁ&pl&}éd&ﬁél?ridlmapﬁrbaﬂétiigl&)werécﬁ&ﬁlﬁansfmasl@bﬂtion in an organic
19

sol vent of a conpound of fornula (1V): WO 01/30760 - 13 - PCT/ EP99/ 08687
CN H2N N disulphide tends to be incomplete, whilst an excess of sulphur dioxide

leads to degradation during evaporation of the solvent in the work-up.
The amount of formate salt used is generally 4-6 molar
equivalents relative to the disulphide of formula (III), preferably about
15 4.5-5.5 mélar equivalents. A joint reduction in the amount of sulphur
dioxide and formate salt can be made until the ratio of sulphur
dioxide:disulphide is from about 1.2:1 and the ratio of formate
salt:disulphide is from about 4.5:1.
By using the process according to the above description the
20 pressure in the vessel is generally easily maintained in the safe range of
3-6 bars.

Ac.cording to a further feature of the present invention there is
provided a process (C) for the preparation of a disulphide of formula
25 (IID) as defined above; which comprises adding sulphur monochloride -
(S2Cly) to a solution in an organic solvent of a compound of formula
av):



R2 W RL (I wherein R1, R2 and Ware as hereinbefore deflneg The
react i oNVQ QU7X er abl y conducted im 33 sol vent sel ected frSHEEP8Blene,

di chl or omet hane or dichl oroethane, or aliphatic or aromatic nitriles such
as acetonitrile, propionitrile, nethylglutaronitrile and benzonitrile; or
m xtures thereof, optionally as a m xture with chlorobenzene (which is
present when a chl orobenzene sol ution of the conpound of fornula (I1V)
obtai ned fromthe previous reaction stage LGN10 used). Acetonitrile
optionally in the presence. of Chlorif%:iﬁgé is the preferred solvent for
the reaction. The reaction is very sefisiti\ve to the effect of solvent and
whilst it may be convenient to uBgNtolrgfie since a toluene solution of
(I1'V) may be available fromthe preyjous|react ion stage, a significant
amount of the nonosul phid.e (V): M@ NH2 2N N NWR2 R W R RL
15 (V) WD 01130760 _ 14 PCT/ EP99/ 0868 isygenerally forned as a by product
when these conditions are enpl oyed. r the product is very slowto
filter when toluene is enployed, althoyfh an acceptable filtration rate
may be obtained by addition of a propohéion of ‘acetonitrile to the tol uene
solution. When the 5 reaction is perfornmed in the preferred sol vent
acetonitrile, the anount of nnnosulph’ e inmpurity (V) is reduced and the
rate of filtration of the product (I Kﬁ is satisfactory.

wherein R1, R2 and W are as hereinbefore defined.

The reaction is preferably conducted in a solvent selected from
5 toluene, dichloromethane or dichloroethane, or aliphatic or aromatic
nitriles such as acetbnitrﬂe, propionitrile, methylglutaronitrile and
benzonitrile; or mixtures thereof, optionally as a mixture with
chlorobenzene (which is present when a chlorobenzene solution of the
compound of formula (IV) obtained from the previous reaction stage is
10 used). Acetonitrile optionally in the presence of chlorobenzene 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 reaction

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

- S
NC CN
' N
| 2 R2
WX R W
| = =
Rl Rl

15
™



The sul ph hl ori de used in the pfoc_ess I's generally f =09. 9%
w w pure. %E%g&qual ity of sol vent Ustd fmy affect the reai(;: |olr;9920|8§1{%7<93 t he

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 preferred that the content of water is <1000ppm the content

of ethanol is <1500ppm and .the content qQf ammnia is 15 <100ppm It is also
preferabl e to avoi & SeRerally QRS YRR u?towe"athﬁ?rﬁogé’@mééu@t one or

N, N-di met hyl f Oeg@rqgg. 1Brdoler tﬁgl[p)’(ﬁﬁtct ﬁiveg,yglswtaimfe?whw'&olﬁ le, the

presence of abo ppm of acetone I n chl oronet hane nay have a negative

i npact on the gmpldyedfalthoaghuai accepably fileration rae tayiberobefinddty reagents is an
i nportant feature of the 20 reaction, Thus it _is very inportant to add the
sul phur nmonochrdditige of a pepportian afi asetopitrilegethe duese sphitian) Whenthe (r at her
than 2t he reverse),. A.rapid ddition ti for the | phur_nmonochl oride is a
brof &t red 1 oat bktiot ismetomed e bRttt For\ o st TGP B SRR 61 e | <
added during 1{HndsiBhide hﬁpmqtgsrvb R¥edcdd dnldhthé Faté befillafies ofieut 15 seconds
after the conpletion of the 25 addition (and all of the conpound of fornula
(1'V) has been poximon@H) is sati¥fectopdded over a 15 minute period the disul phide
(I'11) crystallises_in ) d-addi tjon and_as_a result the disul phide (111)
co-crystallises w irheﬁmnl‘mr‘@ﬂ%ﬁcﬁihﬂﬁled@ﬁ%%ﬁa Pegcepisigsnerally fom \washi ng t he

| mpur e product . ',gﬁﬂ] ith a | arge excess of acetonitrile does not
effect renoval 92‘? %%’%(l’e rrgact ed conmpound of formula (1V). The tinme for

t he gl phur WO 01/ 38€ gQalith oPSTWERUSED LS affecnthe edtcion siacaddi tion i s
preferably from 1-10 m nutes, nore preferably about 1-5 m nutes. The

reaction tenpepresencs affertaia impwitigscantinfipance theyieldof produch@with i on  of the
P TSl B G 5 B Tl 956 e e B b gR Y oM
addition, a | oyegolvérlids prefGiidthRefie oftehCoft Water 18 <TBOO M, the
content of ethanol is <1500ppm and the content of ammonia is
15 <100ppm.. It 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 importan_t 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 minute, the
disulphide (IIT) 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 (III) crystallises in
mid-addition and as a result the disulphide (II) 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



trisul phide and tetrasul phide by-products. As the reaction is exothermc

t he tenp¥PA/BY60| ncreases during thel$eaction and is pref RrHEPS/U86]87y at
fromabout 20 to 35C. 10 The nolar ratio of conpound of fornmula (I1V):

sul phur  nonochl oride used in the reaction is generally from2:1 to 2:1.06,
and preferably fromabout 2:1 to about 2:1.04. Using a |arger excess of
sul phur nonochloride results in the formati on of an increased anount of

t he nmonosul pricechdyrige adilitien is\Prefetablyafromvie 0 primypes, mioge prefersblyphur 15
nonochl ori de Eg Ligfd'the reacti on does not proceed to conpletion. A further
feature of tRAROYAoTBYEIEF the invention is the method used for the
purification of ;l;ﬁ?ﬁ Baklel ' s@ahning the

di sul phi de of fﬁﬁﬁ%@%&“"i% [ rog?%d%gassggﬂ%e%%tggﬁﬁgg%gen chl ori de,
general |y by ofgatsulphusinonbchloridei€ proferablyrfenin Setd 25P€smoree, 20 general |y at
about 0.2 atnosphere. It is then geatﬂeﬁ at about 80C fpr tgbout 1 hour at
at fpspheri c prefersblydromabant 104020 g - Hihe trsaperajine is gt 30t theise (general Iy

ammoni a) i s added,to ut ral i 1§ SRR ) o ori de and obtain
a pH about 6 Sl 'P(}%%daﬁf%%hé’e&%ﬁaﬁé% ng{igge%%gﬁ%%?ﬁg@%nd t he product
i solated by tdidulptided £Hd tethibufphd %r-pmduﬁ.%eﬂﬁbé@ﬁohﬁwewﬂwinwi de of fornula
(I') to be obtained in high 'yield and purity by a sinple procedure
conveni ent f the temperatuse iriceeasespbringitbmeeaction gngrigpreferaply)helqat ) (111) and
(1V), preferred valu of, he synbols are as follows: 30 Rl represents
hal oal kyl (pﬁQ%?%F§%ttPP§| oronet hyl ), hal oal koxy (preferably
trid | uoromet hoxy o ovnd 89 formifa ACT/ sy 08687 Wrepresents .
CR%G R2 and R3 rggggnsoé%té%%%@%ﬁ(preferabl y C Ior}?xgﬁ). A particularly
preferred compmockionde fisedrimtiee readtionds génezatiynfbeml[2:1 to 2:1.06, and
-(2,6-dichloro-4-trifluoronet h%/l %henﬁll ).-3 -_cyar]o- 4-

preferably from about 2:1 fo about 2:1.04. Using a larger excess of

sulphur monochloride results in the formation of an increased amount of .
the monosulphide by-product (V). If a lower proportion of sulphur

15 monochloﬁde is used the reaction does not proceed to completion.:

A further feature of the process of the invention is the method used
for the purification of the product. Thus the reaction mixture containing
the disulphide of formula (III) is first degassed to remove hydrogen
chloride, generally by heating at about 40°C under reduced pressure,

20 | generally at about 0.2 atmosphere. It is the_n heated at abbut 80°C for
about 1 hour at atmospheric pressure. After cooling to about 30°C, a
weak base (generally ammonia) is added to neutralise any remaining
hydrogen chloride and obtain a pH about 6.5-7. The mixture is then
cooled to about 5°C and the product isolated by filtration. This

25 procedure enables the disulphide of formula (I) to be obtained in high
yield and purity by a simple procedure convenient for lafge scale
operations.

In formulae (1), (II), (III) and (IV), preferred values of the
symbols are as follows:- |

30 R! represents haloalkyl (preferably trifluoromethyl), haloalkoxy

| (preferably trifluoromethoxy) or -SF5;



> trifluorome sul phi nyl pyrazole. A particularly preferr of
Por mut o POGHe0 g P A part SSLARPRMR

-(2,6-dichloro-4-trifluoronethyl phenyl)-3-cyano- 4-
trifluoronethylthiopyrazole. A particularly preferred conpound of formula
(rrr) is: 10 5-amno-1-(2,6-dichloro-4-trifluoronethyl phenyl) - 3-
cyanopyrazol - 4-yl di sul phi de, Cs‘orrpounds of formula (I1), (Ill) and (1V) are
known. Accordi ng V) repressptsER* eat ure of the present invention the -15

processes (A), (B ( aﬁc%’é‘ﬂi % a conpound of
formula (1) from a@%cﬁﬁﬁgﬁgeﬁg} acﬁﬁ% r%&f%g%%ge processes (A), (B)
and (C) when conbi peghrti@gaiy preferted dongpauad iof Cathaila §T) issef ul  and ef fici ent
nmet hod for the preparation o Fipronil. 20 The followi ng non-limting

exanpl es il | ust r at &-amhigo-1-@edichlaro-4rxidlwpramethyipbenyl 3 icyanayf-

5-am no-1-(2,6-dichl or il vl 1

triflor omet hy HEAEHOFE -sb‘ng‘mHY‘F?‘? 1 uor onet hy! sul phi nyl pyrazol e
Trifluoroacetic aciAdpa(rgigﬁQ,gy preferrddompund deeshdlloaR 8t i rred solution of

5-am no-1-(2,6-dichloro-4-trifluoronethyl phenyl)-3-cyano-

4-trifluoronethyl t 5iampiyodz@, e dichBig-4-tifdrmbdthyphentydy-3cyamd-d- (5g, 0. 08nol)
in a glass reactor at 12C . Hydrogen peroxide (131.5g of 30 35%wW w, 1.35np1)
was added over tilegsamethyfthiopyrazalent ai nj ng the tenperature at 12C, and the

m xture kept at thiys %%1@ .« PCTI EP99/ 08687

further 4-5 hours. %ﬁéﬁ@ﬁ%ﬁ%ﬁ%{cﬁo@o}ﬁgﬁ%g regg&](zas'w- 98% or the

anouqg of unwant ed 5%mgifb+10(2,6-(Rhibroidethiflabondethylphénydy-®met hyl phenyl ) -

3-cyano-4-trifl uoronet hlyl sul phonyl pyrazol e reached 2% (as judged by
cyanopyrazol-4-yl disulphide. -

Compounds of formula (II), (III) and (IV) are known.

According to a further feature of the present invention the
15 processes' (A), (B) and (C) can be combined to prepare a compound of
formula (I) from a compound of formula (IV).
The above processes (A), (B) and (C) when combined together
form a particularly useful and efficient method for the preparation of
Fipronil.
20
The following non-linﬁting examples illustrate the

invention.

Example 1
Preparation of S-amino-1-(2,6-dichloro-4-
25 trifluoromethylphenyl)-3-cyano-4-trifluoromethylsulphinylpyrazole
Trifluoroacetic acid (1660g, 14.5mol) was added to a stirred
solution of 5-amino-1-(2,6-dichloro-4-trifluoromethylphenyl)-3-cyano-
4-trifluoromethylthiopyrazole (436g, 1.03mol) and boric acid (5g,
0.08mol) in a glass reactor at 12°C. Hydrogen peroxide (131.5g of
30 35%w/w, 1.35mol) was added over 2 hours whilst maintaining the

temperature at 12°C, and the mixture kept at this temperature for a



HPLC anal ysis), sul phur di oxi de was. added to quench any remaining 5
hydr ogew@er/spvsede, and the m xture_ rr%gnt_ai ned at 10- 18C fROT/ER93/08630r .

Chl or obenzene (370g) was added and the m xture placed under reduced
pressure (fromO0.17 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 10

chi or obenzeng, (G200 ) NaswREH A atkbRMaMPhI felcRidBlodp Jrapdtal n a

constant vol e azeotropic distillati’on e reactor

contents wer @niahnéAinveated 54hiheC-(Q6edichloastdarifluprorrtiylshendl)04
at nosphere), and a honogeneous fraction of chlorobenzene distilled. After

rel ease of t Recyaneddmifluprpmethsdsulphonyipyrazole egched 206 (es judgpdtyr 15 (207g) and
hl b 5 d d t ] heat 0 ith stirri t
Give & sl ut THEC syt Fitam o wi Kdeh 5o Ap8icR Ak Feriifingy ‘T’ | oot or
wasg pl aced u 'Bgs&)tgﬁﬁ PEroRRRR! H the hAELRainkiifEEH10- (9900 0.5buk0 0. 03

at nosphere) a e ethanol distilled at 40C. The vacuumwas rel eased and
the m xture @hibreterzend@70g) wasadided 3nd theo orxtussplatediundereducedur t her 0.5

hour. The product s filter of f, she | t | doghl or obenzene, then
with cold aq%@ﬁ?ﬁg’g’ﬁ%ﬁtq(ﬁgﬁa“%s?h&g)ﬂr&ﬁfe\g%ﬁqgog%@d&iw acuo at 135C to
give the titl 04. ' 1¥Bbs Ednt¥ihBbYeQveiaa® and purity of
95. 5% Exarrplage(gp%é@rg@é%{roéi %gﬁg%)ol’ge%é-bﬁnfno- 3- cynano- k?Z g%i chl oro- 4-

trifl uor omet hyfipbeaoetik adidtwasfdbteainairBuning tthe distiiationl aglditidnal um f or mat e ( 76g,
1.1 Inmol) was added to a m xture of 5 am no-|

- (206- di chl orchlotobengene 362121 iag nngoushh ifAIerto paimtaipa  di sul phi de
750, R L B2 0 1
trifluoronet hyhteRtsQRire gratrkfihed ati 768 M lddenestivded feesube@dor WO 01/ 30760
PCT/ EP99/ 08687 was heated to 45C and sul phur dioxide (19.5g, 0.304no1l)
added over  atmosphere), and a homogeneous fraction of chlorobenzene distilled.
After release of the vacuum, the reactor was heated to 40°C, ethanol
15 (207g) aﬁd 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 placéd under progressively reduced
pressure (from 0.13 to 0.03 atmosphere) and the ethanol distilled at
40°C. The vacuum was released and the mixture cooled to 5°C during
20 3.5 hours and left for a further 0.5 hour. The product was filtered off,
washed with 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%.
Example 2
25 Preparation of 5-amino-3-cyano-1-(2,6-dichloro-4-
triflaoromethylphenyl)-4-trifluoromethylthiopyrazole
Sodium forrhate (76g, 1.11mol) was added to a mixture of 5-
amino-l-(2,6-dichloro-4-triﬂuoromethylphenyl)—3 -cyanopyrazol-4-yl
disulphide (157.5g, 0.223mol) and N,N-dimethylformamide (643g) in a
30 glass reactor. After purging with nitrogen at 2 bars, the reactor was

sealed and trifluoromethy] bromide (101g, 0.682mol) added. The reactor



1.5 hours_an t enperature nmai ntai ned between 43C and 47 ' t he
reaction yz)o”qu’h%%a further 0.75 hours Y®e-pressure was relltga‘caglggﬁ{dggsgffect

degassing for 1.5 hours, with cooling of the vessel to 5 25-30C 1 hour
after the rel ease of pressure. Wien the internal pressure reached

at nospheric pressure the mxture was treated with sodium bicarbonate and
the N, N-dinethylformamdegpartially evaporated whil st heating to 50-70C at

reduced pressuwas hepird togks d\salphap dioxede @ 9580 39hmob@added avyadwi y to wat er

ith stirri 20- 25C.., The . ' 21, 90, hot t
and dri Iecrjr : ﬂgvf}%%%"@%%&&ﬁ%ﬁﬁ%%ﬁﬁ%%%%ﬁ%ﬁ%a“‘? %22635) % nW?ySir la|
yi el ds of 95% @gshgE irdattioh aP i % furthee0TPS Bowk. Phe prssairt s Of

5-am no-1-(2, 6-dichloro-4- trifluoronethyl phenyl)-3-cyanopyrazol -4-yl
di sul phi de 15 mteasahioteffectdggassing foxdsS houtedwithy cooliig aftbbwesselite sol uti on

(627..8g) which i.ned 5;am no-l-(2,.6-dichloro-4- .

trifPuoromet hy?%ﬁéﬁréll;}‘-% E@%F%?)Eﬁl%?fgpgpfﬁﬁ‘g.eﬁ@?‘eﬂﬁ“q IFieEal Prefifeni xt ure  was
heated at 50-6 ?cdo,pﬁﬁ : dried by the
distillation O%%%Qﬁ%gﬁﬂgiﬁéﬁiﬁﬁﬁﬁ&%‘?ﬁﬁ% ter g%)%lﬁﬁﬁg 20 to 18C,

sul phur nonochbjesrberaté drd theQN N-dimothylfsrnasiddel parsiplly byapovated wWhilss nut e. The
tenperature of the mxturg increased to 35C and was nmintaingd at 35C by

cooling until heading@fPrdPnlatredugedprgssuse. The residpg was epoledioA0 Crhe i xt ure
was t hen degass t e e _hydrogen. chl opi ded heat,i at 40C under
reduced pressu?’@?a‘@ﬁ‘gs{qvggs(%gﬁ%é %%6@?23 (_r‘bx‘& mg_flagf’%spheri C
preggure. Aft efi1&e0) wilied thot Hater) MA@ EinVESuS BORID*CaoRivedettifie PH to
6.5-7, cooled to 5C and the product filtered off, washed with

chl or obenzene/ erapamidi(i 82.3g)kindypicalatelds of 9396 and gurityefQ6u686t 0 gi ve the title
conmpound (365.2g) jn typical vyield of 89.4%and 98.4%purity. W 01/ 30760
_ 19 _ PCT/ EP99/0 1122212222 vibbr rreer rr ol

Preparation of S-amino-1-(2,6-dichloro-4-

trifluoromethylphenyl)-3-cyanopyrazol-4-yl disulphide

15 Acetbnitrile (837g) was added to a chlorobenzene solution
(627.8g) which contained 5-amino-1-(2,6-dichloro-4-
trifluoromethylphenyl)-3-cyanopyrazole (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 cooling

20 to 18°C, sulphur monochloride (77g, 0.57mol) was added rapidly over 1
minute. The temperature of the mixture increased to 35°C and was
maintained at 35°C by cooling until the exotherm ceased and for a
further 0.3 hour. The mixture was then degassed (to remove hydrogen
chloride) by heating at 40°C under reduced pressure, and then heated at

25 80°C for 1 hour at atmospheric pressure. After cooling to 30°C,
ammonia was added to bring the pH to 6.5-7, cooled to 5°C and the
product filtered off, washed with chlorobenzene/acetonitrile and dried
at 95°C under vacuum to give the title compound (365.2g) in typical
yield of 89.4% and 98.4% purity.



*CLMS CLAIMS 1. A process (A) for the preparation of_a conmpound of .
fornmul a WapIBWMESO CN H2N N R2 W- RI95- (1) wherei n W rEpVERRH87 i ¢ r ogen
or -CR3; RI represents hal ogen, hal oal kyl, hal oal Koxy, RAS{On-, or -SFb5;
R2 represents. hydrogen or hal ogen; R3 represents hﬁlmﬂuumﬂumqngr esents
al kyl or hal oal kyl; and n represents 0,1 or 2; whic es
oxidising a conpound of formula (l11): CF3S CN H2N R2 W 'R1"(13) * 15
wherein R1, R2 an@DAIM® as defined above, with trifluoroperacetic acid in
t he presence of a_corrosion ir}g itin conpound. V\DO&/ 0760 2 0 _

PCT/ EP99/ 08687 1111111APrces( ﬁ'%F §Rargijomqtcompoudd oh r ocess accor di ng

toclaimlin \/\hii;oqmmea)gL S

CF3SO CN

wherein W represents nitrogen or -CR3;
R1 represents halogen, haloalkyl, haloalkoxy, -R4S(0)n-, or -SFs;
R2 represents hydrogen or halogen;
_ R3 i'epresents halogen;
10 R4 represents alkyl or haloalkyl; and
| n represents 0, 1 or 2; which process comprises oxidising a

compound of formula (II):

CF3SI—§CN
HoN N’
R2
: | W
Z
Rl
Uy
15 wherein R1, R2 and W are as defined above, with

trifluoroperacetic acid in the presence of a corrosion inhibiting

compound.



P99/08687

trifluoroperacetic acid is generated in situ by the reactlo];%f
o Mg to claim

trifluoro (93? {39769¢i d and hydr ogen peroXPde. 3. A process acc
1 or 2in which the corrosion 5 inhibiting conpound is b
process according to claiml1l, 2 or 3 in which the anount

I nhi biting conpound used is about 0.08-0.2 nolar equival e}[wiﬂﬂgm‘l Hﬂ”ﬂ"l
according to any one of the preceding clainms in_ 10 which

trifluoroacetic ac2d enplmyesssaecordiogta glairg lipvhich dgui val ent s.

process accordi .one. t he eceding,cl ai whi ch the armunt
of hydrogen png(%%%p%%‘éHCPﬁ‘d lﬁge‘}eéﬁg l?gffhred?ﬁcu?ni?gll 5 equi val ents. 15
7. A process a ﬁ'&}idﬂ Er bexRleeceding clainms in which the
reaction is peﬁ?mrogb%gtlégm g 012{ ferom 10-15C. 8. A process
according to any oBe of At;hecerssaamﬂdmg te chimd or@hinovhith thehmorrosionpr i ses

addi ;_tg chl orobenzene to the reaction m xture on conpletion of the

oxi ddti on r eacinbihiting gempernslis borgacde 20 trifl uoroacetic acid by

ol a1 T ae apPnocRioth ab@lrailfo BI2ERA S0k 31 Hhich AGTRY

formula (11) as def‘1ned| bcesS conprises a g sul phur

dioxide to a %f&dﬂ&x&piﬁamm%e ajnauise@ischeom‘o O@JOIwinala(rl 1) : NC SSCN N
-, NNH2 HZN N R2Z RZ2 WW R 25 (I'1'1) WO 01/30760 _ 21 _ PCT/ EP99/ 08687

I 11302 L pduivaiédtsd | Lid 11 114l
_ 5. A process according to any one of the preceding claims in
10 which the amount of trifluoroacetic acid employed is from 14-15 molar
equivalents.
6. A process according to any one of the preceding claims in

which the amount of hydrogen peroxide used in the reaction is from
1.3-1.5 equivalents.

15 7. A process according to any one of the preceding claims in
which the reaction is performed at a temperature of from 10-15°C.

8. A process according to any one of the preceding claims
which further comprises adding chlorobenzene to the reaction mixture
on completion of the oxidation reaction, and recovering the

20 trifluoroacetic acid by distillation.

9. A process (B) for the preparation of a compound of

formula (II) as defined in claim 1; which process comprises adding

sulpﬁur dioxide to a mixture comprising a disulphide of formula (III):
T N
W
|
=

25 (§11)]



s wherein Rl, R2 and Ware as defined in claim1, a fornate salt _

trifluoMeney3960 bromi de and a pol a 8blvent. 10. A proced&TFREYISRLe {0
claim9 in which the solvent is N, N-dinethylformamde. §

according to claim9 or 10 in which the reaction terrperatmmnmr["mj gmll'
addition of the sul phur dioxide is from35-55C . 12. A processtLaceordi ng
to claim9, 10 or 11 in which the sul phur dioxide is added over a 0.5-2

hour period. 13. whefi®RésR2 and W dierngy definedhin daim hfa fotmatesal®, t o 12 i n which
10 the nolar ratio of trifluoromethyl brom de:disul phide of formula (I11)
is from 3: 1 mifugomethyhbromide andsapolaesdvehtng to any one of claims 9 to 13

in which the a nt qQf su Loxl de- ' -:1.5 nol ar
equi val ent s, rrerlli tiv }?r8°‘ltsggég(ﬂr%b%+l?%Ieﬂ?ﬁgfv%}?%%?lggﬁ?%l% 15 15. A process
accordi ng tomﬂydigfgg,y%nﬁérﬁid@ 9 to 14 in which the anmount of formate salt
used relative to the di sul phide of formnula I11) is from4-6 nol ar

equb val ents, 16. 1A pr dcpoeesasewrdingdo elaimAordfdn svhich themeactior o 15 whi ch
further conprises usipg.the resulti compound af . f or dl) as a 20
starting nat &MRErAMEE ‘F‘&’é‘gr}ﬁ%ﬁcgﬁgo%gﬂ%gﬂ‘&gﬁr _ ’ﬂx‘?ﬁf %ﬂlg’lgégs 55: Ida‘l m 1to 8.
L7. A process (Opafor 4 fi6eds 88QkdhE e cAim™, dogilnh ddiditheformula (111) as
defined in claim§; I'ch process conprises adding sul phur nonochl oride
(S2C12) to astlphutdioxide isaddad overand.6-Sldurpatiod.of a conpound of formul a
(IV): CN 2NN R2 W Rl e . L.
13. A process according to any one of claims 9 to12 in which
10 the molar ratio of trifluoromethyl bromide:disulphide of formula (III) is
from 3:1 to 5:1.
14. A process according to any one of claims 9 to 13 in which
the amount of sulphur dioxide used is from 1.2-1.5 molar equivalents,
relative to the disulphide of formula (III).
15 15. A process according to any one of claims 9 to 14 in which
the amount of formate salt used relative to the disulphide of formula
(III) is from 4-6 molar equivalents, '
16. A process according to any one of claims 9 to 15 which
further comprises using the resulting compound of formula (I) as a
20 starting material in the process as defined in any one of claims 1 to 8.
17. A process (C) for the preparation of a disulphide of

formula (I1I) as defined in claim 9; which process comprises adding

sulphur monochloride (S2Cl7) to a solution, in an organic solvent, of a

compound of formula (IV):
_ CN
R2
B
=
Rl

25



25 WO 01/ 3076 2 2 PCT/EP99/08687 j jlITlLil TEjljl "111 Ijd i |
(1v) wher ¥ARP00 and Ware as defiR@d=in claim 1. 18. Aig)(;i(;,%lé;sgléosgw
according to claim17 in which the solvent is _selected fromtoluene,

di chl or omet hane or dichl oroethane, or ali phat wu,%m'“ﬂnmrm nitriles
~such as acetonitrile, propionitrile, methylgl benzonitrile;
~or mxtures thereof, optionally as a mxture wt chl dr ofenzene. 19. A
process according to claim17 or 18 in @Mdch the solvent is acetonitrile.

10 20. A process accor.dijygpbo chaim 17, ol i;n which the sul phur
nmonochl oride is fr"@ﬁr@@.ﬁ}-’gﬁ).aﬁ‘&% %su?egn%ﬁﬁcﬁg%rlbcess according to any
one of clainms 17 1@ 20 A Brockddidebord iR PNintwhikk theSsofvept fyed as sol vent,
the content of water is “~<1000ppm the content of ethanol is <1500ppm and

t he content ofselebtedfromicduéne, dithioppmethas: ordiphlormwsthanecralighatis t o any one of
clains 17 to 21 in which, the tinme far.the sul ﬁhf” nonochl ori de addition is
1- 105mi nut es. 3romatis yyiilessuch a3 AcktoRYtrls, RIRDIOBIE ot claims 17 to 22 in
which the re ' -at s he g xts : the addition
of the 20 suﬁ%ﬁh%%%égﬁ{lgr#ggeﬁsor‘?ﬁ?ﬁrggﬁ%{ %%Ber%gfﬁ °§{‘g‘§%1 ess according
to any one of Lhpithe with ¢élordBenleheh further conprises purifying the

di sul phide of formula (I11) by: a)_ heating the reaction m xture containing
the di sul phide unider rhpiesess jseadingte dam Ehen/S mpMhishythe solvedt i de; 25 b)
heating the resulti ng_adegassed reaction mxture at atnospheric pressure,

fol | oned by cddPFFYPWHESabout 30C, c) adjusting the pH of the reaction

m xygre to 6.5-7 BYy A process according to claim 17, 18 or 19 in which the

sulphur monochloride is from 99.4-99.9% w/w pure.

21. A process according to any one of claims 17 to 20 in
which, when acetonitrile is employed as solvent, the content of water is -
<1000ppm, the content of ethanol is <1500ppm and the content of

15 ammonia is <100ppm.

22. A process according to any one of claims 17 to 21 in which
the time for the sulphur monochloride addition is 1-10 minutes.

23. A process according to any one of claims 17 to 22 in which
the reaction temperature of the mixture at the start of the addition of the

20 sulphur monochloride is from 5 to 25°C.

24. A process according to any one of claims 17 to 23 which
further comprises purifying the disulphide of formula (III) by:

a) heating the reaction mixture containing the disulphide
under reduced pressure to remove hydrogen chloride;

25 b) heating the resulting degassed reaction mixture at
atmospheric pressure, followed by cooling to about 30°C;

c) adjusting the pH of the reaction mixture to 6.5-7 by

addition of a weak base; and

d) cooling the mixture to a temperature of about 5 °C and

30 isolating the desired disulphide by filtration.



addi tion of ). . coollngthe m xture to a tenperature pof
about SW,OQH%P“‘B Tumﬁ[mum j SI md i sul phide by fi m%?ﬁ%ﬁsm '
W01/ 30760 | 1" PCTI EP99/08687 C L III~I1I11il 25.
A process accord| ng to any one of c_I a| ms 17 to 24 which further conprises
using the resulting disul phide of fornula (l111) as a starting material in
a process as defined in any one of clains 9 to 16. 26. A process for the

preparation of aZi)npoﬁlptbceﬁsafcoordﬁrlgato&ily(dn)tnfdﬁii&DIMZWhith N-W R2 11 |
- Rl (I') wherein Wrepresents nitro ents hal ogen,

hal oal kyl , haﬂ“ﬁﬁF&%&(‘}PP“SF&LW@ e re i “lplﬁoﬁg)@ﬁéﬁiﬁfg hydrogen or
hal ogen; %%ﬁg%%%@%@gﬂaess%déﬁﬂéfﬁl% bt it o gal kyl - “and

represents 0, 0CesS co I ng sul phur

monochl ori de (S2@8) tAptocesy fot therpreparaticibofarcommand of fondnt , of a
conmpound of f(%r mula (I1V): CN H2ZNR2Z W R1 ,
5 :

CF3S0 CN

Is
H2N ’

N
R2

Sw
J
Rl
- @
wherein W represents nifrogen or-CR3; _
R1 represents halogen, haloalkyl, haloalkoxy, R4S(O)n-, or -SFg;
10 R2 represents hydrogen or halogen;
R3 represents halogen;
R4 represents alkyl or haloalkyl; and
n represents 0,1 or 2; which process comprises:
(a) adding sulphur monochloride (S2Clp) to a solution, in

15 an organic solvent, of a compound of formula (IV):

HzN’[;’g

R2

CN

I\W

Z
Rl
av

wherein R1, R2 and W are as defined above, to produce a

disulphide of formula (III):



(1'V) wherein ‘R2 and Ware as defined above, to producs hi de
of forrml‘HO(“F'P?")“‘ WO 01/ 30760 _ 24 PCRAEP99/ 08687 || ||||| (Ffﬁbqwﬁwllll
IN* CLS NCSSCNN NONN2 H2NR2 R2 WW RIRI (111)_wherein R,

and Ware as defined above; (b) adding sul phur dioxide to a

co_rrpri sing the 5 sai d disul phide of formula (I111), a forg‘*mwﬂﬂuilw |I|I|““I

trifluoronethyl bromde and a polar solvent, to produce

formula (11): CF3S CN N N ) 7N RgJAL_Rl__(_Is WM n R, R2 and Ware
as defined above; and 10 (c) Sing the sai ound of formula (I1)
with trifluoroperacetic aci |n esence gf aN:orr05|on i nhi biting
conpound. 27. A process accor tol\g'i%/ HﬁH of ~pfaims 1 to 8 or 26 in

whi ch t he compound of formula (I |s
~w

I
wherein R1, R2 and W are as defined above; -
(b)  adding sulphur dioxide to a mixture comprising the
5 said disulphide of formula (III), a formate salt, trifluoromethy] bromide

and a polar solvent, to produce a compound of formula (II):

CF3S CN
TS
HoN N’
R2
B
Z
Rl
)

wherein R1, R2 and W are as defined above; and
10 (c) oxidising the said compound of formula (II) with
trifluoroperacetic acid in the presence of a corrosion inhibiting
compound.
27. A process according to any one of claims 1 to 8 or 26 in
which the compound of formula (J) is:
15 5-amino-1-(2,6-dichloro-4-trifluoromethylphenyl)-3-cyano-4-
trifluoromethylsulphinylpyrazole.
28. A process according to any one of claims 9 to 16 or 26 in

which the compound of formula (I1) is:



15 5-am no-1 - j; dichloro-4-trijfl uoronethyl phenyl)-3-cyano- 4-

trifl uor¥RetA hi n razole. 285 A process accor di nBCTEP#I6&Ine of
claims 9 to 16 OI Bumm"m”ummn compound of formula (I11) is: WD 01/30760
25-PCT/EP99/0 122 teeer izt 1 L MS 5-anmino- |
-(2,6-dichloro-4-tri fi uororret hyl'phenyl ) - 3- cyano- 4-
trifluoronethylthiopyrazole. 29. A process according to any one of clains
17 to 26 in whi 6¥amihe-1e@rﬁpéiahbr@ﬂ-tﬁﬂumsuhwtl(yﬂphe)lyl)ﬁ-cﬁarﬁ-tam no- |
-(2,6-dichlorg tri rone yIphenyI)-3- cyanopyr azol - 4-yl di sul phi de.
30. A procesglﬂa*toc‘,’%?‘ Pf ®one of the preceding clainms in which: Rl
represents trifl omeg t SPto Wrepresents
-CR3; and R2 andgg& rep P}egggsr?ta{c% (})i%:ﬂ%&g%é%g&%lm ound261'?l formula (1) as
defined in chmiidmhembmpou:ﬁrofdbﬁﬁdabm)as.pr ocess as defined in any one of

clains 1, 16 or 26. i .
5 5-amino-1-(2,6-dichloro-4-trifluoromethylphenyl)-3-

cyanopyrazol-4-yl disulphide.
30. A process éccording to any one of the preceding claims in
which:
R1 represents trifluoromethyl, trifluoromethoxy or -SFs;
10 W represents -CR3; and
R2 and R3 represent chlorine:
31. A compound of formula (I) as defined in claim 1 when

prodﬁced by a process as defined in any one of claims 1, 16 or 26.



