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PROCESS FOR THE PREPARATI ON OF HALOGENATED BENzZO C

ACI D DERI VATI VES The present invention conprises a
wpe@ers®es or t he preparati on of 3-chl oro-2-f| UPCDEB2009/056560

trifluoronmethyl benzoic acid of the formula | or of a

salt thereof. 3-Chloro-2-fluoro-5-trifluoronethyl

benzoic acid or salts thereof are versatile

i nternedi ates for the preparation of active

pharmaceuti cal or agrochem cal agents (DE Al 3935934).

The DE Al 3935934 di scl oses a preparation of

3-chl oro-2-fluoro-5-trifluoronethyl benzoic acid which

P Y BT PRS R IO BRAL PUNTRD REREOIC ACID

tert-butyl |ithiun pent equent car bon
di oxi de treatnent. This syntheS|s known in the art
suffers fromthe use of corrosive chemcals at | ow

Tﬁ@‘p@ﬁ@;{t lﬂﬁ\%ﬁtl@fﬁ corﬁﬁﬁeaa@rddass%e IRYr@sur@ionCA 3L diorbSB Horo-5-
ect 0 % in entfon therefore was to find a

t“ﬂw¥W%@%¥g‘V%?%ﬁmﬁ 15 forpBlagyer cone the dr awbacks known
fromthe process known in the art and which is able to
be performed on technical scakgOHt was found that the
obj ect could be reached wth t e process of the
present invention as out | i leg-Bsl ow. The process for
t he preparation of 3-chl oro-] uor o-5-trifl uoronet hyl
benzoic acid of the formul@& or 6f,a salt thereof
conprises the conversion of 3-¢hloro-4-fluoro-benzo
trifluoride of the formul aThe 3-chl oro-4-fl uoro-benzo
br offd sadtrtheleofs 8 &rttlonog?-toompeitriluosoraethyigrenra@il layid or salts thereof are

Versatg%gg%{?%ld?até%&gﬁg é)g%ﬁ%rél%ﬁ%gg%\% %%Qé Qtuﬁ 01U§Af I_rg? 3‘9§al agents (DE

Al 3936934 e present invention the converS|on i s perforned

Pye QEUQF B9ﬁ%4%&[&5§@%¥%tl&h§f 3-chloro-2- ﬂuoro 5-trifluoromethyl-
3-chl oro-4-fluoro-benzo | uoride wth
benon;eetcgir nggﬁp@pﬁé%séhe conversion of 1,3 —dichloro-2- ﬂuoro (trifluoromethyl)

benzene with tert-butyl lithium/pentane and subsequent carbon dioxide treatment. This synthesis
known in the art suffers from the use of corrosive chemicals at low temperatures of -78°C and
thus creates a scaling issue.

The object of the invention therefore was to find a process which is able to overcome the
drawbacks known from the process known in the art and which is able to be performed on
technical scale.

It was found that the object could be reached with the process of the present invention as
outlined below.

The process for the preparation of 3-chloro-2-fluoro-5-trifluoromethyl benzoic acid of the

formula
O OH

cl CF,

or of a salt thereof comprises the conversion of 3-chloro-4-fluoro-benzo trifluoride of the

formula
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foll owed by adding CO as el ectrophile in an organic
solvent at a reaction tenperature of -100C to 25C or
wbr)oohy70bor mi ng a Gignard conpound of the PCT/EP2009/056560

3-chl oro-4-fluoro-benzo trifluoride with an al kyl or

an aryl magnesium halide in -8 organic solvent at a

reaction tenperature of 200C to 1000C fol | owed by

addi ng CO as el ectrophile F organi c solvent at a

reaction tenperature of -10§®HZSC The fol |l ow ng

definitions are set forthg gtrate and define the

meani ng and scope of the various terns used to

describe the invention herein.! The term "al kyl "

t n . . I, - - i . .

6% SR Mo APERPeREral SB Db RPRLP SRRRKRHRNy wsitabl or
can bepicpunad atcondng pr E5468PY (B1) 0oMQIYO 724308141 HWTons.

This termis further exenplified by radicals as

met hyl, ethyl, n-propyl, isopropyl, n-butyl, s-butyl ,

Ingfiiriper gmbodimeptf thy Dicasny (NVEAWOT ths cpaYstePR Is PRRETME Ry cither

"aryl" relates to the phenyl or naphthyl group,

RASE bt I LR R S FORSRL SRR
followeddryaxdying @), dsadlagrephil inGmairianic sdlicht aNHRactinHemperature of

10008l Js N(al kyl)2, carboxy, am nocarbonyl, alkyl,
100 glt(ll%l;(yc, al kyl carbonyl, G _6-al kyl sul fonyl, SQ2-aryl,
83H, SCB-al kyl, SO2-NR R*, aryl and/or aryl oxy.

Bhafyabisidg aotigrafPedinpcounB B Mél 3-c1idb RP4-RhodUbdng® kiffluoride with an
met al or gani c. bases for the deprotonation in step ai).,
alkyl gz 35 MagSSHBYR G i 17 DA B ASHS! iertind tqmnﬁr{%we 0f20°Cto
100°d follbivedrby addivg Y10, as telectiophitelin tay lordanidbolirenoit a reaction temperature of
-100°§|tg?$4 tal-amnes. Mire preferred is n-butyl lithium
r thi um di i sopropyl am de, even nore preferred
n-butyl lithium The term "al kal i netal -am ne", refers

gg? ?Olﬁ)%lﬁé;g@mﬂti@}m agggez % folitth & té)éﬁda(fé.ﬁﬂls k) I&leﬁrﬁga‘éndas%ope of the

I ned rein. Th Inetal -amne” 1s et

varioysteipmrised fondesprile the invenden berpini or t o use, fol | owi ng

FHO @ afkyP Orela@Ss tWalbrarkRENG ddidhR@h41R msoAd vslkht daRflatbd aliphatic
i.s avail abl e cogger

hycropptBpEHisal of dosi®h SReHioR S B FIGAC NG i proon atoms. Ths term
is furthorenxphatificdbk eddicubt Bl rasthylecthpic hipdesyl,| isdpropyh @ddtyt tssbuogl, t-butyl
and P%{.t%‘é?!hgﬁ)é% @mone, diisopropyl amne, tetramethyl

The term “aryl” relates to the phenyl or naphthyl group, preferably the phenyl group,
which can optionally be mono-, di-, tri- or multiply-substituted by halogen, hydroxy, CN,
halogen-C; s-alkyl, NO,, NH,, N(H, alkyl), N(alkyl),, carboxy, aminocarbonyl, alkyl, alkoxy,
alkylcarbonyl, C;s-alkylsulfonyl, SO,-aryl, SOsH, SOs-alkyl, SO,-NR’R’’, aryl and/or aryloxy.
Preferred aryl group is phenyl.

Step a;)

Suitable metalorganic bases for the deprotonation in step a;) can be selected from lithium
bases such as n-butyl lithium, s-butyl lithium, #-butyl lithium or alkalimetal-amines. More
preferred is n-butyl lithium or lithium diisopropylamide, even more preferred n-butyl lithium.
The term “alkalimetal-amine”, refers to a secondary amine substituted by an alkali metal as
defined herein. The “alkalimetal-amine” is either prepared in situ or ex situ prior to use,
following synthetic routes well known by the person skilled in the art or it is available

commercially. The most preferred alkali metal to be used is lithium. Exemplary alkalimetal-
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or hexamet hyl disilazane. The nost preferred
al kalinetal -lithiumis lithiumdiisopropyl am ne. The
wo esoadmbkal i nmetal " includes |ithium sodi um BOTEP2009/056560
pot assium Preferable alkali netal is |ithiumor
sodi um "Secondary ami ne" reBers to an am ne of
formula (a) where Ra and Rbrmy be the sane or

amme%%(luﬁ%sei[e%s %é%d%&% 0 81% Xa/? t«n!_né gls%%fgpyl {H&%I@Z {eo%m%ahlrl piperidine
or hexamgthRbdisdiaane tﬂqefnm rprafn:rtehi alhfellmtalrldgmm atlihmmadishpropyl amine.
The tetrﬁﬁeﬁlk%[ﬁnéﬁlt’ m hﬁﬁﬁlﬁ‘ &dift aﬁ@g&%sﬂrﬂ PrEfPANKARRI metal is
optionally containing ah additio het er oat om

lithiurgor &4i&®- from O or N. Representative exanpl es incl ude,

B8dcord £y BRtind irfletsad ah Amifd PRb B Ea)

4-nethyr pi peri di ne, piperazine, pyrrolidine,

nor phol i ne, di nmet hyl am ne, quthyIan1ne

di i sopropyl am ne, dlcyclgmgkylaﬁp et hyl met hyl am ne,

et hyl propyl am ne, nethylpromyla ne and hexanet hyl

di sil azide. Preferably, the secondary am ne is chosen

from di et hyl am ne, dii sopropyl am ne,

%@ﬁéqiatcaﬁaww WR&he ﬁin'i%’&ﬂ'(ﬁff@ﬂéhfgﬁldrh% nﬁi%ﬁé’dd@fé@;@é@l&'ﬁéd"ﬁom (C1-Co)
alkyl, Z@% graeqycéqﬁgﬁ%u n§a1(r%f-8@ a@qil g{% @nggm%%@pé% er w1ﬁ‘1 the nitrogen atom

to whigh @fﬁe@fl’ aad htYache(Q foen 4 (6,- eg)lhbt‘ém@ﬁlbSﬂ(&i&b}ﬁbﬁﬁ]ﬂ}%ﬁ’tﬁammg an additional
el r al ent

heterop n%‘§eé ?d fr?lﬁl s #Iel?{aseélga geﬁadn&es in Hllde St GLE ot limited to,
pip erl@lnc,h4 orthyipf eudm@, iperaning riyitolidmicdmorphoénel epnethplaatinon
dlethy‘f‘eﬁm rdﬂb? ﬂo?%lgﬁﬁﬁeo Hﬁggloh&aﬁa@gbltézM@??ggﬁﬂh@ esélgj a}%t%ﬂ&larnme

r su

methymrﬁﬁylwme@mfi aryareshulrdivilazide Prsioyeshel thp @?@ﬁ‘?‘?é}’ agingt ipghosen from

dlethy%ﬂihﬁé diRbpbyERAYY HicQtIBRExy14Minb] @XAMBthTankife, %thylpropylarnme and
ination of etherS with hydrocarbons such

methy&HPPPélW@mepent ane, hexane, cycl ohexane or met hyI
cycl ohexane, but preferably in tetrahydrofuran, 2-
irb¢ hly:taﬂm’gara'h pakeahoba nsemirintaetanmluydasfdf Yt 0 kgniaalents,Treferably 1.0 to

1.5 eq‘lblﬁfaPeB{esga%g fggﬁg%ro?et n%if %gféEi lin Eull‘ P4 QL Pqul%%ﬁé ‘%gl&%g to the

pre era Iy between" -
startinggogpoued &hiese-d-fhioss-benzedrifeeridsen - 700C and - 78C. The
subsequent reaction with CO can happen by slowy

FHE HEBoloRSIIORGE RN %%Me@ ih @ saitSé bicafid sORVER, Fféfe&ﬁ‘bly in an
e sa

ether %g %g #.nctleﬁrglll%g%tﬁl&ngﬁ é{lqt‘@ﬂt e}r@%{gﬂp Elﬁalms fl},? QRISYS (?Hﬂr}tane (Lethyl ether #-
butyl meﬂTQEethén,l pediosarkeaptin b Boinb@asieumref ¢tharg evithshydtidaibo@sl such as toluene,

pentaﬂ%b Ré’xane ogyclohexane or methyl cyclohexane, but preferably in tetrahydrofuran, 2-
methyltetrahydrofuran or tetrahydrofuran/hexane.

The reaction temperature for the deprotonation is selected between -100°C and 25°C,

preferably between -78°C and -50°C, even more preferred between -70°C and -78°C.

The subsequent reaction with CO, can happen by slowly adding the reaction mixture to a
solution of CO; in an organic solvent, which as a rule is the same solvent as for the
deprotonation reaction. The reaction temperature is kept in the same range as outlined above for

the deprotonation reaction.
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t he deprotonation reaction. Upon conpl etion of the
reaction the target product can be isolated after
wa@ceoodithyssg t he reacti on m xture upon the addi PCDRPZING/GS6560

protic acid and/or water and after extraction fromthe

aqueous phase with a suitabl-8-organi c sol vent such as

wth -butyl nethyl ether. Protic acid refers to

n t r

‘?’Hgﬁ tﬁcglgp%g 6190% tﬁg rea%?}glﬁ%h%s[a%:etoérgaucg gagrgge RY ﬁfe gbﬁ(elr_l"' gldltf%mg the
reactien mextaiic ugon @ls% aidgionad arpiretid acichenddor wakrf andi aﬁeacxtuactlon from the

ROPRRE VithG RFhE FOGERNNlchdg SyifhCA ity IGhGRI EneRCT ds
aqueo g%aslrret aneggb%om c aclzll %JC benzlenes fon?@%m d,

acetlc acid, citric_ aci d the |ike and co

Bratggcidierate Brenvied pqd q@t oo o oaes e Hﬁ@?ﬁ?ﬁﬁbﬁo&mth@f

omp@hﬂsmmbal@r@wd gtidshexadd a@fgﬁuﬁﬂﬁtﬂefﬁl Atids s@dhthsaigic acid, sulfuric acid,
i.c acid. Preferred.proti cids.are
phosp i heid 3 lesef Bilides 2510 ool Bl SEorb DB BRiEiRene
benze@sufosic deidoaqeooaddi stricsagad dnd the tikormbcbmplehaads sickyb tetrafluoro
boronﬁ:racﬁf ﬁkxmgﬂgg‘\sogm&ﬁl dfc hgﬂfﬁlfo% AodiQadifl gnc?ﬁ&%ﬁﬂ&% arsenic acid.

a secondary am n

Preferaqsiprrrytlmmés HBEUEF 6‘?1(1{ @ﬁb‘eﬁ%lti aprébsi. 200C to 1oo C,
preferably 200C to 60 C. Suitabl e secondary am nes
B@yﬁ;l een listed under step ai. Preferred secondary

T JrmbRofp AR Fefouny BB F R R B PR o7

magndsium heliet pref@bblylin ﬂqunmnmfmncnmﬂebas&eprhfdrah@g N&®nday amine

app lyr_trlg gq‘gg?lb Ire p[%\fétumst Yo Gl @ rﬂégfgrabg%d%tl to{ﬁég gesium

nmagnesi um ¢ or| prop
g g esi um chl ori de, sec-but magnesi um chl ori de,

bisugogpndayy AEgIcs FeHbashil d UnEQTSIQR A yPref@érgdégqqyldﬂry amine is

dusop@J}Jy‘PJrin@l@ al lyl magnesi um chI oride, allyl nagnesium
brom de, vinyl magnesium bromni de, cyclopentyl

REgReSH e chap et o Bty EReu e S tiate- St limited to
cthyl magmssinubroatid® nmaﬂleyl nphghedmmlbrmginememm hagmisthey chifesyd, methyl
magn&?%ﬁ Fgosdll g Pdé)?f nesﬁfn? Elﬁg{}ﬁg 15%' ﬁébglﬁ%%?lh&nahh& ded ?ecl-‘tﬁltyl

r om de
Magnesiigy elslpe e,fs0¢- butryén@elpﬁsmrm nl@lprléfn terrputyb mageasivinp ehlprige, allyl

magndsRRhILARe, A1y ﬁﬁgr@siu%@rro%l&é) YRR Rthon&Gh SFSBRe Séﬂrlc}cb%@ﬁtyl

IS tefra Yy r of uran. u sequen reacti on
magnesiim RhIgHER gsylgrl%ﬁrreweocér yle henzy %Ii‘eéwnh?hl?@‘ﬁee Phefiyh magnesium

bromi@®|phthyl ﬂnigﬁlgﬁllﬂnrthﬁﬂld@,f @wuya BN 0, brvdi @Syl andgbsum bromide.
sane .sol

Preferr&d a]fgﬁ magnesiim ha?lge 18 e%hyl rnagngselum bromide.
The same solvents as suggested for the deprotonation may be used for the formation of the

Grignard compound. Preferred solvent is tetrahydrofuran.

The subsequent reaction with CO, can happen by slowly adding the reaction mixture to a
solution of CO; in an organic solvent, which as a rule is the same solvent as for the

deprotonation reaction.

The reaction temperature is selected between -100 °C and 25°C, preferably between
-78 °C and -50 °C, even more preferred between -70°C and -78°C.

Upon completion of the reaction the target product can be isolated after acidifying the
reaction mixture with a protic acid (e.g. aqueous HCI) and/or water and after extraction from the

aqueous phase with a suitable organic solvent such as with z-butyl methyl ether.
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deprotonation reaction. The reaction tenperature is
sel ected between -100 0OC and 25C, preferably between
wo 7@9a@oasnd - 50 0C, even nore preferred bet weePCFEBDI/056560
and -78C. Upon conpletion of the reaction the target
product can be isolated afteb-acidifying the reaction
m xture with a protic acid (e.g. aqueous HC ) and/or
e
‘ﬁ’laé ﬁlrtth%{;?nelggo&rlglg%tl 3(;{{ téeg 181165 91[t nIvegﬂan tlillg cgﬁﬁe?g @1’? i ﬁé‘?‘f%?ﬁg‘d f)y
ether In a further enbodi nent of the present invention
%Jj@raﬁﬁﬂ%ﬁ%ﬁ@ Q™ L BloREAIIREFR Y tﬁﬁﬂoﬁcfem(f)ﬁﬁdﬁ ﬁQin'th[ﬁe 3 chloro 2-

| oro-4-f | uoro-benzo trifluorid formula I'l 1Int

ﬂuo“%%@“@K%WPﬁPBU%mzﬁﬂﬂbﬂéDéﬂﬁrPﬂnﬁéronethyI benzaldehyde

of the formula and b2) oxidizing the

3-chloro-2-fluoro-5-trifluorg yl benzal dehyde wi th

an oxidant to formthe

3-chloro-2-fluoro-5-triflué hyl benzoic acid of

formula | or of a salt there Step az The

transformation into the Ci CF,

3-chl oro-2-fl uoro-5- trlfluoronethyl benzal dehyde of

the formula 11l is usually perfornmed by deprotonating

the 3-chloro-4-fluoro-benzo trifluoride with a

amt al organi ¢ base foll owed by addi ng an el ectrophile

selected froman N, N-di al kyl for mam de, an

%Iﬂ OXg zqn heo3r rﬁgllogf- orol\g ?rlflf Oo)l(rgm% @ﬁlzalgi&{ %mlﬁlles (Ent to

% Csof VNt at & Tedc era
form the 3zb@ro-Phuatefrwiflonemiathy] banzdieagié pf tormeth lag ocf atshlit thedeof.
above for step ai . The addition of the electrophile

g@ a,Y ul e can happen at the sanme tenperature and in
sol vent as_descrjbed for the de fonation
E Hﬁlilsg?frmaugaén tp gh q%ehler%%tﬂuemqﬁtréﬁrogoea@&? bgngaldghyde of the
formuwTDIsttusﬁIfllyQ)GQfohﬁecﬁbQd@idﬂo‘ﬂﬂh@ﬂh@ 3- dh[cﬁf)eltﬂhiﬂry bén£d fridluoride with a
1.5 .e ent n_ nor
metalghic ey PLSTRT b R BF S8 RUGUF sEFEad s Binbepoipgnamide.
an N,NdﬁqmyManRé@peNsﬂltmNelﬂgﬁ dorplagsdexfin an organic solvent at a reaction

¢ ¢ fa fighg® des or N, N-di aryl formam des i ncl ude,
empegé ll}!‘-eg)lre dr?étt ??m ted to, N, N-di phenyl formam de,

N- Met hyl formani | i de, N, N-di et hyl formam de, N

s Berrgtonaionesande penforpsdhap s appyrefor step ai.

1, 4-di forrnyl pi perazi ne, N Mt hyl norpholine, NMwethyl -

Nhé 2dditien elfthy cleotiotiicds a riNe Meh hyppehpetHedhme temperature and in the

same é\dllxlf\éng b SRR tLo]; re%ﬁo‘%oeﬂati%fl yctaertcﬁgr)l(.)ﬁsually the electrophile is added in an
amount of 0.9 to 5.0 equivalents, preferably 1.0 to 1.5 equivalents, even more preferred 1.0 to

1.1 equivalents relating to 1.0 equivalent of the starting compound.

Representative examples of N,N-dialkylformamides or N,N-diarylformamides include, but
are not limited to, N,N-diphenylformamide, N-Methylformanilide, N,N-diethylformamide, N,N-
dibutylformamide, 1-Formylpiperazine, 1,4-diforrmylpiperazine, N-Methylmorpholine, N-
Methyl-N-(2-pyridyl)-formamide, N-Methylpiperidine, N,N-diisopropylformamide, 2-Methoxy-
I-formyl-piperidine, N,N-diallylformamide, N,N-di-n-propyl-formamide, N,N-
dibenzylformamide, 1-formyl-pyrrolidine.

Representative examples of N-alkoxy-N-alkyl formamides include, but are not limited to,
N-methoxy-N-methyl formamide, N-benzyloxy-N-methyl formamide or N-ethoxy-N-methyl

formamide. Preferred electrophile is N,N-dimethylformamide.
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1-fornyl -pi peridine, N, Ndiallylformm de,
N, N- di - n- propyl -formam de, N Ndi benzyl f or ram de,
wa 2d00mmipks pyrrol i di ne. Representative exanpl esSPOI/EP2009/056560
N- al koxy- N-al kyl formam des include, but are not
limted to, N nethoxy-N nethgt formam de,
N- benzyl oxy- N-net hyl formam de or N-ethoxy- N net hyl

Hgﬁqﬁ’mn%? F#lg faﬁéﬁ&%hﬁ%@%&ﬁ iy Q%(iegrsg sequent to dthe deprotonation and

Subsecqwehwﬁhﬁgd gemef the ebd@eldllbubsequent to the
deprotonati on and subsequent to the addition of the

Pro%ietaee%fekseto BRIt E a8 kifht a&ﬁa%ssat réast&rlerﬁ&eg (B¢ fé) atnearer

donat es, east one proton not her conp
comperfdi Earlc%rpéwcca%. 18%1115%%%8 %lbﬂﬁ’éaé G%laﬁﬁ‘rfélraé IDIHE i Slifuric acid,

phosphoiéhlacd, lﬁ'kifdgleﬁ haléded acﬁiublfgldﬁllc @cids kikh afshﬂéiﬁhﬂﬁmlforﬁﬂadid
Suc

h . hal j '
venze[RRRGRT Aot o Pl 1 IBNLE REHPE SHF Bidapyep o ctratuoro
boronaaicdl, hexaflubm plwisphamdicida eekaﬂﬂertamlirmnmpaced{ aat hakflsamarsenic acid.
Prefer?e%t 15&8&{19&11#‘%5 Qithe 5&8' £cAChdd HEXAR é{é%ﬁi phosphori c

exafluoro antinonic acid and hexafl uoro arsenic
acr d. Preferred protr c acids are citric acid, acetic
Querehineds a6p e Derferaied at eaRRYiHE 9fs 78 © 33ile
perforned at a tenperature of -78C to 25C. The

$1r']1@ B#cﬁfo@o-%ﬂddﬂ@ﬁ%ﬁu%ﬂoirﬂdth{;l@ b@mld’@h&d&@fﬁh@ Ediﬁiillldgﬂl &in be isolated
.t ormula, |l n,be,i saol at tho own to
using pibhoR kP (e shEPaRE s 3 DYy BB Ro s AR i phase
with atsnéalzlqoepue sohasesuch b wathgthiuty mhathydregenCEH,Sbl oréotticreurid
subse@u% WA vaPitgl S(ge(%dgyl ether CH d or toluene and

sequent renoval of the solvent. In a preferred
enbodi ment the 3-chloro-2-f|luoro-5-trifluoronpethy

Benprefcgecd panbogdimer; gher rehinrog2-fiuprg- é tgllqramedy] 'Pf‘rnéﬁlrdﬁlrr@le of the
formuﬂﬁlﬂ!?@ WStri®ed frb@rﬁh%riﬂe@ﬁ@re%ﬁdﬁ thiXteREth thene. The concentrated

toluerg B ynnyete ™ et SRR R ler Bopsellior R igBlaBir 6 b

Step bz The OXI dant is selected froma conpound V\,hl ch

' bi(e to transfer oxygen atoms such as fromalkali -

Urpi)lZ ali earth hypochlorites, -hypobromtes,
Thhpvdantassclectdsl emaeompoped gylmcfhaﬁ ale oy transfer oxygen atoms such as

from ARITRPAYANREERE hyfSRATERHRcS! %@%Hﬁl@ﬁ '-}:‘lﬁérﬁﬁ & cﬁl@?ﬂté’smpersulfates or —
hypochl orite, cal ci um hypoch orlte lum%?i orate,
permaghgR i CHNBP AT PrCBIHES AFPUBYBIYRY ﬂ@%rdr‘r q@um hypochlorite,
sodlurﬁ@hlb)lﬂzﬁé Jda)cidh chldkAS,JotFinAI feecgaivabeulfats @h-emna®dl) ¥r potassium
permal;q.g di emPhé/fgraBRIl s%[ﬁutrneh%ocﬁlgglteuor? s%[hu%?grapso asléllrlrl]np H}% %%o%rl]tet r%ay be
used, Whereby the latter two can be produced in situ by adding bromine to an aqueous solution of
sodium or potassium hydroxide or by adding sodium or potassium bromide to an aqueous basic
solution of sodium hypochlorite. Most preferred oxidant is sodium hypochlorite in combination

with potassium bromide.

In a further preferred embodiment the reaction is performed in the presence of an aqueous
alkali hydroxide base, preferably sodium hydroxide or potassium hydroxide, even more preferred

in the presence of sodium hydroxide.

An additive selected from an alkali bromide and/or from TEMPO (2,2,6,6-
Tetramethylpiperidinyloxy) can be used, whereby sodium bromide or potassium bromide are

preferred and potassium bromide is the most preferred additive.



used, whereby the latter two can be produced in situ
by addi ng brom ne to an aqueous sol ution of sodi um or
w@oedaoadsioesn hydr oxi de or by addi ng sodi um or poOPEEEP2MY/056560

brom de to an aqueous basic solution of sodium

hypochl orite. Most preferred7oxi dant is sodi um

hypochlorite in conbi nation wth potassiumbromde. In

?‘hé ?x&i!ﬂ?o ejffggneem%ﬁl gﬁgotustsgleveﬁtes%f:etcteﬁrﬁqlrﬁ water and mixtures

ormed: € presence an "aqueous al ka

theredﬁydﬂ]c@(sudeblb@sgamqméte@t sitshyas st NNY- Hynmhtlmylfoatmamride dimethyl

acctarifdb aa%%ioﬂﬂhf&/g; tg%le d@Hz@l\{ gf]w'[fﬁ rn%xfﬁ'i@s tﬁe%g otg'bntchs% lvents Preferably

presence of um hydr oxi d tive Sel ect
the OX#%lﬁtl meafompqi ) @I‘éme't‘rf&YXBtre PF Wﬁ’teTEMD@ yepeo 6, 6-
Tet r amet hyl pi peri di nyl oxy) can be used, mhereby sodi um
5 Brqahelein @0 tods atudub setfutieu e nak &t %ﬂdiéiidsuaﬁtdluent to the oxidation
ot assi um brom de is the nost preferred additive. The
i dation can be performed in an agueous sol vent
selected fromwater and m xtures thereof with a
$he¢ teablien ompariwe sph vdais dgsin teswednt HWCC to 100°C, preferably between
10°C de%(ﬁb”ﬁtob?/ge?e&é‘tﬁ?‘aﬁﬁ) cdbmgedy! acetam de,
acetonitri toluene, CH O or with m xtures of these
ganj c solvents. Preferably.the oxidation is
EE? selatian of theydaghloropy-flperoz- ?/ﬁfietomr@etay & agif @f formula T can

10  preferhislly %@p}&bn bA Sépz&ﬁﬁﬂig o oﬁgﬁil’ﬁ imprigics ﬂ@hhh&ﬁélﬁea&ﬁldi mfRture (set at a pH of

uent .to the o
1) i s B g R RO P it iy el P s by
extracbieg Wegmodidd Gotrothe 0Q@GCus phast evititbinehet ween 100C and
600C nore preferably at 200C to 500C The isol ation
%&?er%fd“e%b%ﬁne’m fotH{%HRve?fuBﬁ 'tﬂe' H‘iohﬂ%:'ct QBMERLG be purified by
aci or rmu| can preferab y y separ at |n5
crystafifzation wihicyclp hgxane.theatang, mpgthyl t?éfctoé@t@tnle O ¥ tEes thereafet
at a pHof > 11) with toluene , by acidifying the
15 B Dflitibr €aBé dnBhtief tAEbiRSehS ifhRAsen the canvairkicn B pRrAdriayd by
extracting the product fromthe aqueous phase Wi th

| uene.. efe nhodj lL.nyens ion
converﬁl%% (fu C{ ﬁ%ogﬁ jranin E)lde 06 tFolr i g bnto an alkali (3-chloro-

2-ﬂuoccr §ettlﬂhd)nomthyd}phwytl)hhmr@mh@ttan@plfhaqje ah @rrnn@t hyl
cycl ohexane or m xtures thereof. In a further
enbodi nent of the present invﬁption the conversion is
performed by a ) convertipg._t

reacti

3-chl oro-4-fl uoro-benzo trif u%f?d@lof formula Il into
an al kali (3-chl oro- F
2-fluoro-5- trlfluoronethyl nyl ) - hydr oxy- net hanesul f
onate of formula CF

v
wherein M is an alkali metal atom;

20 bs) transforming the alkali (3-chloro-2-fluoro-5-trifluoromethyl-phenyl)-hydroxy-
methanesulfonate of formula IV into the 3-chloro-2-fluoro-5-trifluoromethyl benzaldehyde of the
formula

OsH
F
Cl CF

and
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IV wherein Mis an alkali netal atom b3) transform ng
t he al kal
W@ 3e0ohls®- 2- f | uoro-5-tri fl uoronet hyl - phenyl) - PgTER209856560

t hanesul fonate of formula IV into the

3-chloro-2-fluoro-5-trifluor8nethyl benzal dehyde of

the formul a andC) oxidizing the

h f I I n deh f -

? 3% dl?zn?% ﬁll H}q r%aZE ﬂl(_l)d);(t:o d% -ﬁﬁ{ut%g(?r%w%%% l%)eﬁ%aﬁﬁ%hyﬁe %9 Brula T1T with an
oxidaig-te lfpror the 3-dhlarorflgerpr3-frifluorameshyyienpen 20d of foimilaof or of a salt
thereofOrmula I or of a salt thereof. Step a Step a3

i nvol ves the conversion of the

3 chl oro-4-fluoro-benzo- trifluoride of forrmula I

Bfth@, an al kal i
St?’eﬁég bR S i R B e PO Mk Bt e Y fpnuta 1

into aBalkkhli (3-ohldrd- Bdluom—ﬁémﬁmrbmeﬂﬂyhphe@é) widkdx yamethanesulfonate of

ﬂfﬁa rgani ¢ base foll owed by b4) adding an
formu %fophile sel ected froman N, N-di al kyl formam de, an

N, Ndi aryl f ormam de or N al koxy-N-al kyl formam des, in
an) deprgiimating hevieritorar4-Bueredenze Hiffusrige rathur rectgiorganimires

followle@ 195C, by C) adding a protic acid as quenching agent
and finaIIy by d4) form ng the alkal

b afdug ef sfaed gl ¥ Brisien & Ry g, QY™

diarylfoy masuddf artNé-atkiox gN-alffy fousamalesf in@n ooganéc sll¥eal at a reaction
‘mnmeﬁﬁg&QQ (FHHBQSQS §he deprotonation step, the addition

the el'ectrophi’l e and the quenching step can be
performed as outlined above for steP For the
fOPAINE 8MTYIC ackbassqueashing agent and finally by
(3-chloro-2-fluoro-5-trifluoronethyl -phenyl)-hydroxyne

ihaIvesHy t@lnﬂl%eﬁl (gfchﬂ&brmﬂ@orbxs-trmusﬁc]gﬂettﬂﬂ)puéﬁﬂwgwroay-
us S ut | Ite I S use
methad R R i 6 ol ERRE et et hiron of  alkal

hydrogergautfite. sol vent such as in tol uene, at

The deprotonation step, the addition of the electrophile and the quenching step can be

performed as outlined above for step a,.

For the formation of the alkali (3-chloro-2-fluoro-5-trifluoromethyl-phenyl)-hydroxy-
methanesulfonate of formula I'V in step d4) usually an aqueous solution of sodium pyrosulfite is
used. The transformation as a rule is performed in suitable organic solvent such as in toluene, at

a reaction temperature of 0°C to 50°C.

Upon completion of the reaction the product of step d4) can be isolated by filtration from

the reaction mixture.

Ste[z bi
The transformation of the alkali (3-chloro-2-fluoro-5-trifluoromethyl-phenyl)-hydroxy-

methanesulfonate of formula IV into the 3-chloro-2-fluoro-5-trifluoromethyl benzaldehyde of the
formula I1I is performed with an aqueous alkali hydroxide base, preferably sodium hydroxide or

potassium hydroxide, even more preferred with sodium hydroxide.
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a reaction tenperature of 00C to 500C. Upon conpl etion
of the reaction the product of step d4) can be
wo s@basmas by filtration fromthe reacti on m xt BEEEPHN®AS6560

b The transformation of the alkal

(3-chloro-2-fluoro-5-triflucPenet hyl - phenyl ) - hydr oxyne

t hanesul fonate of formula IV into the

?hec Hlfu%rfoor' 'tifo{1 b QuIR istelge;rfolrr%gﬁ ?I{T%%: ﬁ}’ésel?c%%zf%'s%{%ﬂ}{? %afefr immiscible

e rornula is perforned w an aqueous al ka

organigysd Ve sieh bagemetpylshe elbrige, soldenerariliBividdt d ecagtion temperature of -
2O%jgpﬁﬁ§$iun1hydroxide, even nore preferred with sodi um

hydr oxi de. The transfornmation as a rule is performed in

the presence of a_suitable water imm scible organic

?B? {rehifing éc‘liﬂoég'%‘ﬂu%t%%ﬂélﬁ@“%qﬂr’ﬂrhea@igqhé{% @B do e can be
separadéd RomeRCoiganic paaReyatmbeingfthe soddEC to 400C. The

resulting S-chloro-I-fluoro-S-trifluoromethyl

benzal dehyde of the fornula Il can be separated from

Step cor gani ¢ phase by renobving the solvent. Step C The

. Rl e T re

gféén ggﬁ%}gﬁyﬁgh% ?-%Plc?}rér:r-gl-fgfo??-ﬁ-t%gﬂiﬂ{?gleﬁlﬁ %Eﬁéaﬁféfl%ﬁ%m%mula III to
the 3-chleter Hilgoip-§-friffrosomethy| hangeie gt yornpdnl o1 of aawiltdheypof can take
place APsuThA for Be s&fp B) 8k, t hereof can take place as

utlined for the st h above.. I.n referre :
BisTRA o d Rt DR SHHOR He isalghed phRetg Gttt g purifed by
crystaflizatibrewitbeygohéxdane hepyine mysh el dytloaéxtams onntittures thereof.
cycl ohexane, heptane, nethyl cycl ohexane or m xtures
thereof. The follow ng exanples shall illustrate the
They élomang eeiaripdestshkil pusiraty the inEsuetropl veishoek dmptlieg i1, 1 :
Synt hesi s of
3-chloror-2-fluoro-5-trifl uoronethyl -benzal dehyde
toluene, rt To a solution of
3- Chl oro-4-fluoro-benzotrifluoride (59.9 g, 301.7
mmol ) in THF (400 m) was added at -78C n-BuLi (135.5
g, 309.7 mmol, 1.03 equiv.) dropw se over a period of
ca. 30 mn. The clear yellow solution was stirred for
30 min at -78C and a solution of DMF (24.5 g, 334.5
mmol, 1.1 1 equiv.) in THF (107 m) were added
dropwi se, such as that the internal tenperature
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stayed bel ow -700C. The light yellow reaction mxture
was stirred for 1 h at -78C and was then warned to

WQO0W/141068 hi s tenperature the reacti on m Xt ur eP@EEP2009/056560
guenched upon addition of an aqueous citric acid
solution (600 m, 15%. To tHl-s m xture, toluene (300
m ) was added; the organic phase was separated and
washed with water (200 nl ExatrRceas the aqueous phase
was washed with toluene (300 m ). The conbi ned organic
phases were dried over sodiumsulfate, and
concentrated under vacuumto a volune of ca. 450 nl.
To this solution was added a sol ution of sodi um

Examplerlgkyl fite (66.4 g, 33 1.8 nmol, 1.10 equiv.) in

Synth Y &3 (A0 1L orBhe R AHRASNALYDbARRERGPI t at & was
formed. The white suspension was stirred overnight;

the precipitate was filtered off, washed with tol uene
(200 m) and dried under vacuugy (< 50 nmbar) for 3 hto
yield the b i sulfite intehgedﬂbte ( 110 g, 110% O _H
yield). The obtained inter rale wes taken up in CH

(3501)fﬁ-éuLﬂl‘rF||FU7§°@i ed wigh Ne
620 +Bl—2-06 equiv.) 3
Cl tlﬁrmWFﬂbF 281G The ghases~pere separated, theg CF,

or gani cahgs O Wa®, washed Wit h watet (200 m), dried
over sodium sul fate and the sol vent was renpved under

vacuumto yield the title conpound as colorless oi
To a spbioT of) 3-Chitorv%-fluedoehenzavBilp&tide (5949%2g, 38%. 7(rjulob Hjir- THF (400 ml) was

added]aQO?@DC }_rslﬁlﬁﬂ\@ﬁ ??3@9 7%901'\/&"%)% egglv%(&rgﬁmgéﬂey ?erl 8oPda. 30 min.

The C@achﬂlléFVo%OhQLOﬂl"K?érS&de 1f<?rr| 3f0| ra@raé n%ﬁ yand B‘eﬁ‘?i"éloaéﬁ yidF (24.5 g, 3345
mmol] B0l 8§ki®N ity THFC{U 61 hil) wére @BdedldibpWide, subh Ws thlat fhke internal ternperature

stayed iy 6105 C TR s em TR of FIIEF%‘&“F%‘@“? girgpador Dl A3 was then

warmeditoTHE. A4 ﬂnsﬂe)np&%ura_cﬂ]ﬁtﬁ@aaton-rﬁﬁﬁlm wB huer(chéd bpar addition of an
T L N
organigiphasst wasaguated andsvashesivith watst €200eal) dwbgredsstbe gqugous phase was
Washe@l%ﬂilﬂoﬁlehg’ (ﬁ)()orﬁ? ?ﬁ@écﬁl%lﬁeJ&%Qlc éﬁﬁs‘éﬁ Werk d}fled%r gc?d'uilrﬂ sulfate, and

equi v.) such
Concetltﬁ@eql Hlecéer Hé‘F“%W;?eY%{’t‘@? ef & é;?%aﬂb@ 8W SOélst@n W@d% pgolution of

sodiui @lytawifiteesrt4 Q1B 3T Sintho® &\S%BecﬁAlw J rn_adatéloazoa nh) a&herell 6n a white
0 . At

. and was. t he roed t |
procinf i ot ORI S S S BTER A LB QR B e GFeciere was fitred
off, wedledwitdrtobiene (200ine]) and dri¢dldndsd varuuits(<E8) mba) for3 h to yield the bi-
sulﬁtquféh)ﬂeaiaﬂerﬁl Wé,elrl 0% yield). The obtained intermediate was taken up in CH,Cl, (350
ml) and treated with NaOH (2M) solution (310 ml, 620 mmol, 2.06 equiv.) and the bi-phasic

mixture was stirred for 2 h. The phases were separated, the organic phase was washed with water

(200 ml), dried over sodium sulfate and the solvent was removed under vacuum to yield the title
compound as colorless oil (52.7 g, 77.1% yield). MS (EI): m/z 225 ([M-H]", 100%). '"H-NMR
(CDCls, 300 MHz): 6 10.38 (s, 1 H), 8.07 (dd, 1H), 7.94 (dd, 1H).

Example 1.2:
Synthesis of 3-chloror-2-fluoro-5-trifluoromethyl-benzaldehyde: Isolation via distillation

O H

f:]::::l\ 1) n-BuLi, THF, -78°C F
cl CF, 2) DMF, THF, -78°C cl CF
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(50 M ). The organi c phase was separated and washed

wth water (50 m), whereas the aqueous phase was
worebad7oss t h TBVE (50 ml ). The conbi ned or gani BCPRRRE% 056560

were dried over sodiumsulfate, filtered and the

sol vents were renoved under-Macuumto yield the crude

title conpound as yellow oil with a white precipitate

Toa séﬁfh?n %F 3 ?‘r? rﬁl %oi%lﬁe%%&%geo gréégfg%?% 1n iTe E d(4t0hnél) was
addedtait HSéCa’eB‘pbl(dd Safsl 26Hdmhsels | 5Ieqpis, )BﬁolgmswV®%g¢rieﬂ @ ca. 30 min.
The ch '0@1 s%llgtlongyd@tshﬁ%él $or0 Mgk U’moc and as tth transgerred drongwme via

3-chloro-2-fluoro->-trifluorometh ’P enyl )
cannu tﬁélrfé@ﬁwl@%ﬂ& Cmeliton s Dé\ﬂFWc“fIB 117 gutal ird eguiv.)in THE (75 mi)

such tB&lthd 1n@d1}nﬂfte§&bﬂu@d Qaytdtelodw %b@ nmt ligHt |beHtSW @@c{l&on@xmre was

stirreaﬂfogi%i at (?LE{%D stﬁlé%wérgle%é% 07C :,/:?t th}ts %m§erﬁf:h5i: the feggtion mixture
was qeguehad Ypooveldit@npdaisobhtioh of eitri@&cidd . 54T e75c 5eramoy 8l dqow.) in water

(50 m@?k%?@@%ﬁa&%a{s f%ga %t%& aﬁc? vﬂ%ﬂég%nh W8S Pﬂ'(‘)qn%_ﬁﬁ)é %{%ﬁﬁ@ aqueous

phase wap weakedawitle dBMB 630 ©8, Thuetmbiged manlp v asew@rén@nled over sodium
sulfatd, SRR t & ﬁl@éﬁ%dwg%lr%veziqgl@er VdGuinid I%eld/ ale| c%e tltle compound

eac ion m xtur rred
as Yel{oWe‘?ﬂ W&Pﬁé’&lhl{ed’r%@tat%fé g 5% % F]QF e fmﬁe Rr@%ﬁ P distllcd
(Kugelfokt, Un e- 1vasCgueaahad ywm@meaﬁrélobn@auﬁxf agcod@liags b 68 g, 71.9%
ichitric acid (58.13 g, 302.1 mol, 3.0 equiv.) in water
yie (400 mM) keeping the tenperature bel ow 5C. The organic
phase was separated and washed with water (300 m),
Exampkerkas the aqueous phase was washed with TBME (300
Synthgglls) of sg&%ﬁ@;&l%dz ‘ﬂﬁgﬁf% SGriff AR RRUWEBe ldﬁgch@fﬁ “Imethanesulfonate:

sodi um sul the sol vents were ‘renove der vacuum
AdditigRdf LMF fekistlie was treated with tol uene (200 m),

wher eupon a white precipitate was forned. The

suspension was stirred for 15 mn, the préﬁipitate was

filtered off and the nother |iquor wasiQ ed by

dropwi se addifion o 0 | of sodiu offifite
(21.68 g, gE;i3$nnD{rﬁ3§ J i ﬂﬁc V.) |ﬁ er (60 m),
WhereuporbI étsgﬁm@mSHQHJM@S for . 8r

suspensi on was sti’r5ad, O¥enNbaBterdeCa- 15 h),” the
preci pitate was filtered of f, washed with tol uene (100

m ) and dried under vacuumto yield thetitle conpound
To a s8futidn OF B-hbroes-anySt nkéthieu6OMPQOT:, (188. 75fﬂmgl) i® THE%200 ml) was

addedyabﬁég& rggg&'ﬁll—lzﬁ Mnja%x%s 766;{51*0& 0527 1001 61 ()55860(11&{\7'\5 qvers period of ca.
20 rmﬁ Bt dley yelldw seduaompives &irded for 30 min at 78°C and a solution of DMF (8.54
ml, 110.8 mmol, 1.1 equiv.) in THF (100 ml) was added dropwise, such as that the internal
temperature stayed below -70°C. The light yellow reaction mixture was stirred for 3 h at -78°C
and was then warmed to 0°C. At this temperature the reaction mixture was quenched upon
addition of a solution of citric acid (58.13 g, 302.1 mmol, 3.0 equiv.) in water (400 ml) keeping
the temperature below 5°C. The organic phase was separated and washed with water (300 ml),
whereas the aqueous phase was washed with TBME (300 ml). The combined organic phases
were dried over sodium sulfate, the solvents were removed under vacuum and the residue was
treated with toluene (200 ml), whereupon a white precipitate was formed. The suspension was
stirred for 15 min, the precipitate was filtered off and the mother liquor was treated by dropwise
addition of a solution of sodium pyrosulfite (21.68 g, 111.8 mmol, 1.11 equiv.) in water (60 ml),
whereupon a white suspension was formed. The suspension was stirred overnight (ca. 15 h), the

precipitate was filtered off, washed with toluene (100 ml) and dried under vacuum to yield the
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Synt hesi s of sodi um

(3-chloro-2-fluoro-5-trifluoronethyl -phenyl)-hydroxy-m
wetdanemes f onate: Addition of Li salt to pre-cpOl/2B200M856560

solution toluene, rt To a solution of

3- Chl oro-4-fluoro-benzotrifklbride (5.0 g, 25.18 mmol)

in THF (40 m) was added at -7SC n-BuLi (1.6 Min

title c&%ﬁ@u%?sas @%@f—wﬁﬁg“ c%st%ﬁiré‘rhe u1’1d 8320% e@b}lﬂr 1te?d§ el(/IWgEI) m/z 306.9

ear W 50
(IM-FH 1199 €9, FEME (RMB 43007887 xrick 0haStmaadhes s8dd. 1 H), 531 (d, 1H).
dropwi se via cannula to a pre-cooled (-780C) solution

ExamPc DVF (2.14 m, 27.7 mol, 1.1 equiv.) in THF (100
) such a at the inter ture ayed bel ow

Svnth@%%e?&vﬁbfﬁ-ﬁgmo-%/ Pt G Qrpgwqﬁffi)?awé oFythapesulfonate:
Additifo@rof i fultab pre.8éaledBsiH fudmiowar med to 00C and quenched

upon addition of a acetic acid (4.32 g, 75.54 mol,

3.0 equiv.) and water (50 m) keeping the tenperature

bel ow 50C. The turbid light yellow susp@ns@on was,

stirred for 2 h, the precipitate was flltr\éd) “oR& with

suction d unnel1)wEtuh| aHF r-7&8°Ced di S Othe filter
cake was @. Wi t ). The drggnic phase
was sepagat e’ ang VRS TAF t#8%at er (G0 ™) cmher eas

the aqueous phase v@é\‘%%é'ﬁovdiowﬁnerBl\/E (50 m). The
conmbi ned organi c phases were dried over sodium

| fat | t d dth | t A
To u Gl of rtcloma-faePaeraagooidelefieves i FEPhdRd HiaGO mb was
addedrak }7880d:-Bub0(lut Moin hokareedicuid my 26313 hiimbk 1(06. &4Rivg), over a period of
ca. 20 1n9%hém&r ge\fl\iﬂ% s%lu?gH '\xyas)stulrgd %tl% 1(1]%1? ’fg #a\ﬁ@?he%dtga%gferred

drowss@sxp@nmn@h tmsoreﬁwlmém&@rsnh{ghn 0@ &MF i%slﬁ)nl Fhémmol, 1.1 equiv.)

in THP f(%‘d 1913 LALIE ad\ RSt tfhb hﬂt%@geﬁﬁagvatd@@%% Wl&\p -spluene llél@t%lellow
dried under vacuumto %I el he title conpourid

up)
reactiggsmixtyreqyis sEPE &R h fst BTG t %ifm?é tp g 2n¢ qugghebypon
additiyn 6f dicetiExeiawh 823, 15.5HMhd1e3.02q0M.) and water (50 ml) keeping the
ro-5-trifl oromet]re}%l ben oi c

tempe%}ﬁrgg}%[og%g"\_é.l{lﬁo [{H&ﬂ lig hkgp W éusga %Ib\é/a% fg‘hbglf the precipitate
was fitectd wifi wiylp sictioo Iontad?u(ﬂieﬂ) Oith agfritte@4lisk anhtihe, filler 22keeges washed with
TBMEa Bﬁt ?ﬁéb%@ @99%1 qgas ?zggtegb %%%Iﬁéd('@g[i %é) ml), whereas the
aqueozsiah@e WWaSlEdB@tfeE ME §504ab. H@Rj%n@nmrga@@l phﬁt&q@\&@@ dried over
sodiufisPlfatBt fiIROQCardt thELkOK S1td Wil UREP V&t under Vacuurn and the remdue was treated

with taglé%ef&flt @‘3 1535%{1 %P@Bemogﬁo r%@gwggﬁé&fg 4f2<ﬁe 8@5 L1 uivy in
water cm)in@dmscadaad; Ivﬂfe:teutpeﬁﬁ Wlﬁﬁe@ﬁ@eﬁﬁdn Guae fehed. "l]hthmspensmn was stirred

addj ti sodi u 4.3 :
overmégg {c\a}._ fy Ill)n h\ﬁ&reécrlp %Wa ;terFé gfr Wélgdgd &1@ trOhS?g? kZOWml) and dried under
vacuugotoyti¢ld the tithecosglound eha Wglst yellow crystalline compound (7.82 g, 93.9% yield).

Example 3.1:
Synthesis of 3-chloro-2-fluoro-5-trifluoromethyl benzoic acid: Oxidation with NaOCl, KBr

OsH O+ OH
F NaOCl (aq.) F

—_—

cl CF, NaOH (aq.), KBr, 50°C cl CF,
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treated with HJ (25% 100 ml, 788.7 mmol, 7.14
equiv.) adjusting the pHto < 2. The forned

w@e@oilpiobat e was extracted with tol uene (300 nMPQT/EP1069/056560
organi ¢ phase was washed with a solution of sodium
chloride (5% 100 ml), driedl3ver sodiumsul fate and
the solvents were renoved under vacuumto give the

To a a\%}ago g SBﬁl?SH &k so?i?]uljﬂ Ih%] %t% gi)’(ﬁgﬁg é l%élg ﬂ,ﬁof e decfuhvgfjéild potassium
bromide[ 1kt § gnl Meksmowd| 1P @q:ul\ahm sedium leycbsemd@ mletlowﬁé% dgore, 276.0
rnrnolV@F@) @(ﬂlﬁ@}%&a |a§dé€irs%3\>\11@/' (Hﬁ"ttn?gd3 hﬁ aE BYFE @lcﬁlo )quuoao -5-

exane

trifluogeneshylnbranesld %}@slﬁ%é 9.& H MI@QH Tél@ﬁ@%caﬁem%regwwtmé at 50°C for
60 mif,| dobRdGe ﬁﬁ@i@ﬂﬂteﬂﬁ)eﬂdﬁm& an€ Gi&icatSufohadditin F3eSufd sulfite (60.4 g,

474.5 %ra%léoa 3 f@B(Vsl_]é Wateaiiio 16@]’[? gvesal_gliar qfﬂoxg /%l-ytlgn ﬁ (SBHMOT was
treatedHyvith@1Al (25%, (DGX) 788 thinol, Exedqajuéy. BaddustiBy nhdeld ite <At The formed

premp%xfég)l/%regtrgctgg W?tha(a%fzﬁer %g%ﬁf%@&%g ﬁ%%a[% v?a%hgd w%'th a solution of

us SO

sodiurs slogite Kot o fiaed AT Sodiim BT ansic, sobvoptseeip verpoved under

Vacuuﬁf‘t@ SFRinE B RIE QR ARt 4idht YelloAw solidTRE crulie %rcﬁﬁh@i ¥as dibddlved in hot
r oxi de q%&Iutl on (47/

hy
cyclohgxg@e g]&a nﬁ )angﬁlaa tion V@ £08 e[jdtg ngen‘hﬁa)@araéqrswgereupon white
crysta(s(iitédlpl@té’cﬁ i @}ysﬂils ORI rad forvasBed With b9c15hexane (25 ml) and dried

t. | deh
underyaciet BTSRRI S0 o B SytRopl sl Rtk B30 g, k5.
% yiekip VI8 (E:omérdil 6 M Bifp EX0ettonr BN (RIESChaa0 didn: 6 14.08 (br s, 1 H),

o} iumsulfite solution (20% 16.2
8.37- Sﬁf‘fj{c%is??i) §1F% % gaeﬁf}?v ) to give a light tl(erl(:JI

suspensi on. The suspension was stirred for 15 mn,
Examplksat.ed with HA (37% 5.0 ni, 59.1 nmol, 2.76 equiv )

Synthpoyalaet e gﬁﬁ&é’c ﬁlfgﬁéqrvéhn}%gv ?&ZPE&EdeMCF Fo ofttiagedcl, Nasr

(30 M), the organic phase was washed with brine (30

m ), whereas the aqueous phase was washed with TBME

(30 m). ThPsehbi ned or gani ¢ phases ver @r?dd over

sodi um sul gat filtered\gpg Lhg sol verd s renoved

under vacuu g| ve the_crude froduct a ht yel | ow

solid (5. %} 5. A8 |_8 PO e )Néﬁ?eso%Ud§| was

di ssol ved™f n hot Y\l ohexane (25 m) nd the Sel ution

was cooled to anbl ent tenperature, whereupon white

tal 3 if - -

Toaa\%ag%%l goﬁm ﬁg? éoo 1ﬁrﬁth§§0ch]_qg ﬁ%@s é} 2;5 d’y\ﬁﬁ?erf % Eg 1%1%];1(]‘1 sodium
bromidei(3.6 ges. @mmqiohgteamy in @@umélyﬂt@enctel solugiop dhPouhdS ad, 53.5 mmol,

2.50 HivhHend Wesdrah 2 5 3y 8as JddeB URVIFHifleDs mBRyarPhe BcBioro-2-fluoro-5-

trifluoromethyl-benzaldehyde (5.0 g, 21.4 mmol). The reaction mixture was stirred at 50°C for

60 min, cooled to ambient temperature and quenched upon addition of aqueous sodium sulfite
solution (20%, 16.2 ml, 25.7 mmol, 1.2 equiv.) to give a light turbid suspension. The suspension
was stirred for 15 min, treated with HC1 (37%, 5.0 ml, 59.1 mmol, 2.76 equiv.) adjusting the pH
to 1, whereupon a white precipitate formed. This precipitate was extracted with toluene (30 ml),
the organic phase was washed with brine (30 ml), whereas the aqueous phase was washed with
TBME (30 ml). The combined organic phases were dried over sodium sulfate, filtered and the
solvent was removed under vacuum to give the crude product as light yellow solid (5.13 g, 98.8
% yield). The crude product was dissolved in hot cyclohexane (25 ml), and the solution was

cooled to ambient temperature, whereupon white crystals precipitated. The crystals were filtered
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Synt hesi s of 3-chloro-2-fluoro-5-trifluoronethyl

benzoic acid: Oxidation with NaOC /NaBr and 1.5 equiv
wol@bl1dmesm aqueous sol ution of sodi um hypochl oPCT/P2009/056560

(15.3 M, 25.7 mmol, 1.2 equiv.) and sodi um brom de

(2.6 g, 25.7 mmol, 1.2 equivld in sodi um hydroxide

solution (47% 2.73 m, 32.12 mmol, 1.50 equiv.) and

r .1 ] ded s d

o B ek e S PSR R Pl N8R0l s e
comp@uBidGes gvhit rystatsd.03 2,19 Yeedelt).on ni xture was st rred

at 500C for 60 mn, cooled to anbient tenperature and
Examfd&nghed upon addition of aqueous sodiumsulfite

solutiogn (20% 16,2 , 25.7 I, 1,2 equiv.) .to _give
Synthegiy qu*hﬁﬂ?r@r?oﬂa%%é &@qraﬂw%@?@%tﬁ? P&?ﬁiloﬂ?vm%h%goCUNaBr and
1.5 eq8lvsy@ddi on was stirred for 15 mn, treated with HC

(37% 4.0 m, 47.3 muol, 2.21 equiv.) adjusting the pH

to 1, whereupon a white precipitate formed. This

precipitate Jas extract ed with TMBE (30 ),Ot he

organi ¢ phaseyftas washed with brine (30 vvhereas
). The

conbi ned or g phases_meLe_dsi ed over
sul fate, f+teredandvidie(®0) mnso-oas germyet ynder
vacuumto gi ve the %rude product as |ight yell oW solid
(5.12 g, 98.6 %yield). The crude product was

Toa aﬁh@oﬁ@lsé!ﬁ:‘lﬁoh of Murﬁ% dh‘l‘d{r% phexane s 2hndl) 1.2 agdvh réﬁd sodlurn

was CO ent. tenperat ur e
bromig( b ek +3y il }C;Pé’ﬂwﬁf%tl ool iorna 2 453212 mimol,
1.50 eﬁhivt)%ddva@érf(l%trﬂﬂ) 8¢ hdded swwlga (fwtiviped 5 I\le) lat 50003 thieeb-2-fluoro-5-

trlﬂuor%rg%thﬁllv\@ elgel\ll%il E?ﬂﬂe B 2% 4 tf%rﬁg@ hfk)ge raag}% trﬂlé u(r? F/ag stlrll'rlendf:i §1'50°C for

60 mig,awpledrid amblemhtet@emtu}&staad guénth@dupepn Bldit@¥ofiaghaus sodium sulfite
soluti(ﬁ'f(@w q6% rﬂ '132 u1V ) to rgev 1g%t turbid susgens (j)n and stirred for 1

uoro “tri nzol c

h. Th msmw@nfv% Sltlﬁeélf(zf/]l\?a@ll Grm@wlth Sbi3uts. g Bt 4d-3Bamol, 2.21 equiv.)
adjustir% theyanes, thefupdn eﬁwﬁﬁé—pre@?ﬁ&‘é foBhod. Th@%ﬁle&malté/w)ls ¥afacted with

d
e RS e S0 Bt S ol ons3h M S hebtes s apqus phase
was wiaghedhFHt{ TBMIB (3®ahnt Bhadonthiiidisork@iip phab;uwereb&iedWVeﬁ@Ql@m sulfate,
ﬁltereé 5(? Fl}e sgmlrfw% 1%911% E(!i o?de‘f)fvaéuu?n %e %IC?lll({éoﬂ’fg(guci ad f;%ent yellow

solid (558® 9§r60% Dmid)/ﬁbe aldlde draducawsd @w%wqdea ot méthgicyclohexane (25 ml),
and th% %{mhsﬁ %a@g&%d Rﬁam&@@c télﬁﬁ&ﬁﬂu‘i’@ v&me%‘etu bf %h%%l[}@{a'lsr §8Gpitated. The

m n and. hydr upaon on . of
crysta&cwie (f Hotpsl off ‘{K)th St‘l‘ﬁ’@n&ngaaﬁ*ﬂﬂ%e |V%1§bear frW§§ dé%‘p%(ﬁ%heédmh( he
methde;Elo'h@%aﬂi@G(S Mﬂﬁed @Y esbuuRtaitil Matdhy Bd@fhc §y B gifve Shectitéd compound

as wh%? ?rystalsv{@% ol 81 kbd ywldsmder vacuumto yield a clear

Example 3.4:
Synthesis of 3-chloro-2-fluoro-5-trifluoromethyl benzoic acid: Oxidation with Br,/NaOH (JRD)

O _H O~_OH

FD\ 1) n-BuLi, THF, -78°C F NaOH (aq.), Br, F
- —_—
cl CF, 2) DMF, THF, -78°C 40-50°C cl CF

Cl CF, 3
3) H,S0,




10

15

20

25

30

This material was taken through to the benzoic acid

W t hout determ nation of the yield as described in
wae@bitome8. B: A solution of sodi um hypobrom t BCWEB2009/056560

prepared by adding bromne (1.15 kg, 7.18 nol) to a

gently cool ed m xture of sodim hydroxide (47% 1.933

kg) in water (7.735 1). To this solution was added

A A ﬁ(o'luccﬂ)l org% ]gu]; )1H %regan%% tf 5 E\JI %0% qﬁ&ﬂ%nolbfﬁéﬁl (g \b%{gveds gl&de% under

ream ereupon’
nltrogﬁm fot austaragesomsign od 3 sdhinre-440u@ odenzotiBvonided 1 #8aikei Hhmahdn THF (10

1) maiﬁt%{ﬂ?ﬁiﬁh% terhy ?ﬂex%élﬁv\\f t ?;tﬂ!ef %(ﬁﬁ?lEf%radalti:?Hrotflﬂferbeléotﬁﬂﬁorlde the

en ac | C acl

[ oC
resultip ggastipy ﬁlvftﬁée Vot b%ﬁngﬂ Haped anFlHéN%iv%ﬁ d in a slow stream.
After 6sthplet=adition, the rédceibh BitxtuB SvaRsBSS€bras rﬂ1h)éné$1ydrolyzed upon

i S G A op Lufhe Phap Tt 160 BeredPRLF b by were

removetl untier weatien and the reedeel iiguig thdls:bﬂleé oahddrivapuuaso yield a clear oil.
This Igaq&"fgt“falg tézkrGeﬁ Qﬁrﬁﬂé’h J%ogtg o?c c?c? *N?té?llé[ il @8&‘@ g fhlg yield as
descripq in spetiaroBeum et her ( 40- 60 0C) and dr | ed in a vacuum

oven to give the product as white crystals (1.5 kg,

B: A ®lutRHoor 's@dhﬁml}%%‘roﬁﬁtegﬁas prepared by adding bromine (1.15 kg, 7.18 mol) to a

sently PRI RIeis P By o ei(hoo S5 KEFPIBHGHATRY- To this slution

was adideid Ze¢tdo@el-tuooxs-détuodsmuthy lbaxslidehytie (& 59 ddglb.6bD modf in a stream,

Whereupmi%lg égactzlo? fnn?[ - 2 tnielélf l ﬁﬁélﬁ WC#;[ %ﬂz%ﬁed tagﬁo% vgas complete, the
mlxtu@d\(d@dstlpt@ti dersd fumthpet Dronorioben acididicd with, frydgqchmlcacm(db%)

Where{!lp&l ) h‘)'rchu)ct %\Q@l@ﬁé’t@&’ MrhRid \@5@3&[11%&%5 gy rfﬂ’t%ﬁlofnr R ﬁr@ssteg as dry as

uspensi on was stirre
POSSIW\W]PI@ glesfater andyxas § hentaé@é@pmly dyigbusing P%tfol%k éth\%@%o 100°C). After
remomﬂ‘hg wWikdr hth@h*&ﬁllﬂmg Potrol s)olu',:lfd)ﬂ Wd@@e@@itéﬁﬁﬂbm%? nfcﬁgﬁ}ﬂ@ﬁmdue and

allowefgﬂéqsgagf:%ﬁ o AbaROha (RS S5 g%‘f‘@%ﬁ%t %ﬁﬁ Lihd? (40-60°C) and
dried mcdvacuom ovbn Magike (HRMro@it @s whl,te dystdlsriol kg, B148% yicld based on 3-

us phase was separated, washed wth
Chlor%%ng%%ge@?lfﬁmﬂ ereas the organi c phases were washed
with water (25 ml). The conbi ned aqueous phases were
Examplei3di:f i ed upon addition of HOJ (37% 8.4 nl, 5.35
Synthé%‘i’ébf\B -dhl & -8 bFASL 8 Moh e thhBYE: Z0R O 1d: bmcﬂaﬁen YithadloGe
phase was washedthree tines with brine (75 m),
wher eas the aqueous phases were washed with TBME (25

m ). The corgpi ngd organi c phases were drigd Gyer
sodium sul fatg, which was filtered off, wa$hed with

TBME (20 nF)_aqd the sol vexdre were re nder
vacuum to vyi the 3—ehtoeroe=—2=f | uor o-
Cl CF3 CH2C|2/DMF (1 11) Cl CF3

To a solution of 3-chloro-2-fluoro-5-trifluoromethyl-benzaldehyde (4.2 g, 18.5 mmol) in DMF
(21 ml) and CH,Cl; (21 ml) was added potassium peroxomonosulfate (11.4 g, 18.5 mmol, 1.0
equiv.) whereupon the temperature rose from 25 to 34°C. The white suspension was stirred for 2
h, the white solid was filtered off, the filter cake was washed with CH,Cl, (25 ml) and the
solvent was removed under vacuum. The obtained residue was dissolved in TBME (50 ml) and
the pH was adjusted to 14 upon addition of NaOH (2M, 22.7 ml, 45.4 mmol, 2.45 equiv.). The
aqueous phase was separated, washed with TBME (25 ml), whereas the organic phases were
washed with water (25 ml). The combined aqueous phases were acidified upon addition of HCI1
(37%, 8.4 ml, 5.35 equiv.) and extracted with TBME (50 ml). The organic phase was washed
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5-trifluoronethyl benzoic acid as white solid (4.2 g

of crude product, 93.4%yield). The crude product was
walk@eakxesl i n hot nethyl cycl ohexane (20 nl), POEEBR2009/056560

bath was renoved and t he suspension was slowy cool ed

to anbi ent tenperature, wherBupon white crystals

preci pitated. The white suspensi on vvas sti rred in an

three tn%g%wgfl IBHP?? ?Hy B%%% t%l% %é( }Héls %\EJS% di g gili'"lfr%\éﬂé (25 ml).
The combinedrorganiclphagsis gtere dmtt@@m s9ditipn sylfeﬂedwtmb waistfiltered off, washed
with "IFBMEQQ@ %lﬁa%d"tﬂé E&V&{ty %?é Rmbved ufter 08udnRYi@l #e 3-chloro-2-fluoro-

anpl e hes| s
5- tﬂﬂeoremeﬁwbb?mmwrrdoasswlﬁqu quhd&flérﬁeqfwwdedéﬂéw O34 gicld). The crude

produ@ﬁifz‘;&&h&s@ Rfewllﬁ HotRﬁétﬁ?l%yUﬁh@}@fnﬁ@@ﬁﬂDat@ oiDbath $@b tnhidd @fld the

suspelb510n4vvﬁs_|_s WB’I c)ooferqq8 8@1?%::1;& e%%%? s &hg@&ﬁfn:\%y é{rm%ﬁlg \Réeglpltated
The wadtd eabppodias waushrpelrimanganatiefor Q. I8 8% gystals $enabligred o, washed

with rﬁ&“ﬁgl\/cyzloﬁ&gang he nfiPATdCRRAY gh&gva‘éﬁﬁrh f\léglgm; ﬁq%?&h&ﬂto yield the title

irr e
comp@md\ﬂew&éilt@wrywe(%bgw@&ﬂ%mkdé rem)ved under vacuum and
the dark suspension was quenched upon addition of

ExamsRadi.am sul f| te solution (sat., 20 m). The dark viol et
tere and W th wa

Synth R CorT 4 PO DS PRBEHET B?WZQE&CICU/%“C[“‘PQHS’%@“ Gidsgiom

permaddghnat®5% 3 m, 92.3 mmol, 20.9 equiv) adjusting the
pHto 1 and CH A (50 M) was added. The phases were
separated, the organi c phase was washed with water (20
m), wher easothﬁ aqueous phase was washegd with CH2O 2
(20 M ). The ®¥6nbi ned organi c phases were i ed over
sodi um sul Fate, filtered amdof he sol ver exchanged
under vacuu h met hyl—cycl ahexane (35 The
turbid sugpens#o S chareentarted undg t he
white precipitate was filtered off and the crysfals
were dried under vacuumuntil weight constancy to

Toa s}zﬂlu@lbﬁ of BQhWr@QLMor@-S Mh?ﬁ)nfeﬁ%ﬂ%hﬁal({éhy@@(lg@ g 984 8nithol) in acetone
nt.nesi s

(15 i agg %}%@ qufwa%- %ﬁdedlp&( PG OSHRLIENtE AR SST & R mynol 1.2 equiv.) and
the coBegpont tugatailovip lcCtFctaen mieericrvaphstitred fora 0sainud iaokicaf full conversion.

The so_%%%%ﬁre%pﬁgm\?\gs lgrgigge é‘gcutugl %&h& é%kmﬂﬂ}s% magﬁu% chgd 1é15]on addition
of sodgmm 3@ fitd solutB@ (patn 20 nl). ATheglaikyviplepbalid \Maszﬁltqwdlofﬂah@ washed with
water |(1(9Rﬁ) The turbid light brown mother liquor was treated with HCI (25%, 3 ml, 92.3

mmol, 20.9 equiv) adjusting the pH to 1 and CH,Cl, (50 ml) was added. The phases were

separated, the organic phase was washed with water (20 ml), whereas the aqueous phase was
washed with CH,Cl, (20 ml). The combined organic phases were dried over sodium sulfate,
filtered and the solvent was exchanged under vacuum with methyl cyclohexane (35 ml). The
turbid suspension was concentrated under vacuum, the white precipitate was filtered off and the
crystals were dried under vacuum until weight constancy to yield the product as white crystals
(1.02 g, 93.8 % yield).

Example 3.7:
Synthesis of 3-chloro-2-fluoro-5-trifluoromethyl benzoic acid: Deprotonation, CO, as

electrophile
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yell ow sol ution was stirred for 30 mn at -78C and a

sol ution of 3-chloro-4-fluoro benzotrifluoride (19.86
w@2002097068801 , 1 equiv.) in 100 mM of THF was aPdE#P2009/056560

dropwi se within 25 mn keeping the tenperature between

-73 and -76C. The resul ting-kellow sol uti on was

stirred for Ih at -78C, transferred into an addition

funnel which was cooled with an acetone/d o] ]

m xture a]pd added to a cold (-7800Q) mxture of CO2

(44.0 g, B@m , DYeBWHBIRA HF 7860 m F

1 h keepin tee—WﬁvaeW‘-?Sa 8C.

Afterwar 85 the r&a g?%(ﬁé St (f& was trapsfe f edCh;nt o

an addition funnel artladded to a sol ution of HdO

. 163 5 4C, d 15
To a shftfon of hisonfanTpink (1878 ol LB Bell A SGuif [ sp] BfarSPas addea
at -78¥e pdddtii(bh Mfin hémanpdsXsml, t1R@ naoele bAdsqpivaseithvim®5 min, the light
yellov@ ﬁ&lﬁt@&{ \%gs Mcfla fg%nqg’aqo 7§Aé an(f eb%l&t? @%lgijg@ ?lhgro
THH wig &

were dried over sodiums .
benzofriﬂuomd@dl%m B ¥0cnineh 1equivuind 00 wiltof d dropwyise within 25

min kmget@e Wit r B AR 7B ahdD- ¢6©Ca'h"ﬂe 1%&%15 elmlﬁ\ﬁﬁl was stirred

er vacuumto yield i ght yellow so
for lh(aﬁ 3784§ Ha@?er@pda@ aﬁ]raéi&&@p fuysl 8@’&“% \@qsoc)ooleﬁwéltlbﬁuh%f@tone/dry ice

mlxtuwegﬁta@tied/\?s@ &0l @-US‘EC)\r/]mithrHBf Glxalz (eye kol Jvexanel, (0 kaﬂwmlﬁ 100 ml of
a led.l a, pre-neated ol

e G N o e L B SRy Bl misre
was traggerrahmtoeth additenrfennd ianh addedttoreolntien 06HICE (hat .M, 163 ml) within
15 rnnEi1 '4e@t st r 4 Hﬁt?an(ﬂ?ﬁgfe%dQﬁ%gts%bﬁa&&l el\/\ﬁﬁr%osegaratlon of the

ded and the mxture was stirre ernight at a

phase$, dhgrequgewy rhasypseextraptod wile TBME (390 mel).d b pranlainerhosgaaic phases
were dridd'dveflsdduBBulfae (Patd), fifered QGth sh&iont WPfURRM Fdith 4 Reted dlSk

bt |It off, the crystals wer
Wash%%a@ﬂbﬂﬁgdﬁch’@aﬁ ﬁ%ﬁ%ﬁ ‘%i%ée‘%lg‘éeqﬁ”)d%ﬁﬁ%f“tlﬂ]eto yield a light
yellove scylﬁit (@B s 8w fenitfel produontao 8% ictdt Tb@mﬁapﬁyiuttowa@ tedackd with methyl

cyclol}:e%(gneo (lr 199 Cl% ar?dég \A,Fei%it ifi. agprré( fgaﬁedc’ 01q %53[11?0 rcq}ux7xﬂ§ 8 ¥nn? Iadglrown clear

soluti@: whd @hft@lned fthaioit batb-wasir¢morcado thetrbactiop emxtorcwas¢apled to ambient
ternpegthlgn&regm %tﬁ%ﬁ%&lé@%ﬁhé@anﬁ(%h@ rr{'&tﬁfé'\;f@s é?i‘rreﬁto@&lnéght at

magnesi um brom d t1on . o
ambicghjigmperatyrgg A ferniriry th edt- whﬂ% DISPRRHAN W Sfﬁ’éfe(i‘ﬂ? ary igg{bathy(055°C) for
two hé¥e) the Obtdined vk |(};;ta)s Was fideach B ﬂmlr §tQfs drekd WagHRd REZ®1d methyl

Cycloffeé'?eﬁe'ﬁfﬁl? Gnd iy P fris el 8%{21@&0’? b TPIOER product as

white trysGOOC8{76rg, 13.3P6 yidkdg br own cl ear reaction m xture was
cooled to 0-50C, wastransferred into a syringe and
dropwi se to a sol ution OCO (2.2 g, 50 nmmol, 10
Examlgq&%) in THF 5m2] -700C and stirred for 15 mn.
Synthasis af Bectioiontrilgogpenailepromsthyhbenzgicqcid: Grignarglq Ce: ps electrophile

FD\ 1) EtMgBr, DIPA, THF, 50°C F
cl CF, 2) CO,, THF, 0-5°C

cl CF
3) HCI

O& OH

3

To a mixture of ethyl magnesium bromide solution (6.25 ml, 6.25 mmol, 1.25 equiv., 1M in THF)
and diisopropyl amine (77.7 pl, 0.5 mmol, 0.1 equiv.) was added 3-chloro-4-fluoro-benzo
trifluoride (0.99g, 5 mmol in THF (2 ml)) at ambient temperature and the mixture was heated in

an oil bath to 50°C for 13 h. The brown clear reaction mixture was cooled to 0-5°C, was
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and the phases were separated. The aqueous phase was
extracted with TBME (10 m ), the conbi ned organic
w@b@vas7oser e dried over sodium sul fate, filterBdI/EP2009/056560

washed with TBME and the solvents were renoved under

vacuumto yield a dark browal&il (0.97 g of the crude

product). The crude product was treated with nethyl

¢l ahe d heate - L N

transf%%ec{jr% a?y'r]%gé éﬁéj’ %(ﬂezeird?(gpwrse R 4 %ét%tg)vr\ﬁbfﬁ(gza(?%%ﬁ@trﬁ%ﬂl, 10 equiv.) in
THF (fal) ebt74PGend stithesl i 15 bain FTaths bressmowesgensidrewnseadsied 8101 (1M, 14 ml)

and th@‘gﬁaslés %ve‘f@s%g&r%?éde@hé & &H’Bs ?ﬁhge %@ﬁt&té&%@@ﬁr@ﬁlo ml), the

suspensi on was stir overnl
combtle%@amcmhéseszsr@teéﬂadsowr soriumrsyliptcsiiipehavashedpygh TBME and the

solverf§ WEfeQ@mbﬁe(ﬁlﬁhdeﬁ ead@l@hhto(}@eld 2@hrkf Bowhn\w (09TrSef thlErude product)

The (it Rteigs Vi oo Wik Formob esTomaai (4 ignfintah iy R feated oi

bath t@ rqthm(aAﬁer/\El’mn drbredn eihr bolwmingivgs clomatdniayoit bath imels demoved, the

reactu&ﬂr%n&lﬁr%q’ga‘s 08@\9\9@ lﬁﬁrﬁreﬁ{ %T}&)@ra‘?urg I Breorm s%@éﬁ'sr%ln%)as stirred

overnrghtaatl aprtoerR 1¢mpastores Ater 18 bohobreninyslsisasignatas stirred in an ice bath (0-

5°C) it aYShahexmd ol?tﬂ"ﬁ@dl‘ bt&@@aﬁ%@fe skt o7 t1ef crystals Were Washed with cold
chl oro-2-flu trlflgoro

t.h
rnethyg cyclohexang i 511 E}Iil I_t)m:crérsta VS rr%%ﬂntbenzaht (coq;s_«ta}lcm 9 yre?d the
produvs vaddagyeas (646 LM, giddpnosul fate (62.4 g, 101.5

mml, 1.0 equiv.) whereupon the tenperature rose from
Exam §3té) 34C. The white suspension was stirred for 2.5 h,

ite solid was filtered off, the filter cake was

Synthoms et chiptor2-Gp - 3-tii i@ reinpthahberzhate siidye bhex yissnmerome d

under vacuum The obtai ned residue was dissolved in

TBME ( Hm ) and the pH was adjusted ¢0

addi {10 of NaGH (2M 1015 i, 203.0 WQZQNQ

equi ¥ he aqueou@x%ﬁase was separ Bt

TBME , Wh gani ¢ phasg

wi t ¥l'water @F735 nﬁgﬂﬁf&%ﬁé‘ @ ﬁ‘bl ned aqugoUs?phes,

acidified upon addition of HO (25% 52.8 nl, 4.0 '
To a selytiow of 3 swhipreRt flese-Setrifiup tonEENEE beaoddahylie (2PHEE.0l0d dinmol) in DMF
(110 Iﬁg ARE C‘Pﬁélz"@?@ﬁﬂ*) ngeﬁﬁe{ll gsaa%&)@m%m ﬁosu\ﬁiaﬁer(%@a rg h&1.5 mmol,

agqueous phases were was
1.0 eq@twowh@am%g%te@pswé@ééom%n dp fed4 v rhes%ﬁempenswn was stirred
for 2.5H) that;vgue ME@&}las/meréd bifethedilef éakgwaa%gtﬁ@he’d whh tﬁMilz((SO ml) and the

and t ol vent s renpved, under
colver s SRR s, FE P ET S S st HE R HiviE o0 m) and
the pHawoiagl a@sstwhtot Bt o add{tdh .03 Na@Hb2M L0des i, @08 OtmmBB 2P6quiv.). The
s

aqueoi%ﬁ%ge as-ls]eﬁ)g?aé?cg %veﬁ%%r?/ T ME s 5 ﬁﬁﬁélﬁgre%ﬁ]thg ggga%?c Y& were
washed vgith Water (75 ml). The combined aqueous phases were acidified upon addition of HCI
(25%, 52.8 ml, 4.0 equiv.) and extracted with TBME (200 ml). The organic phase was washed
three times with brine, whereas the aqueous phases were washed with TBME (100 ml). The

combined organic phases were dried over sodium sulfate, which was filtered off, washed with
TBME (50 ml) and the solvents were removed under vacuum to yield the 3-chloro-2-fluoro-5-
trifluoromethyl benzoic acid as white solid (21.35 g of crude product, 86.7% yield). The crude
product was dissolved in hot acetone (200 ml) and dicyclohexyl diamine (17.5 ml, 88 mmol, 1.0
equiv.) was added at reflux temperature and the mixture was stirred for 20 min, whereupon white
crystals precipitated. The oil bath was removed, the suspension was slowly cooled to ambient
temperature, the crystals were filtered off, washed with acetone (60 ml) and dried under vacuum
until weight constancy to yield the title compound as white crystals (35.8 g, 83.2 % yield). MS
(EI): acid: m/z 241.0 ([M-HJ, 100%), amine: m/z 182.0 ((M+H]", 100%). '"H-NMR (CDCls, 400
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equiv.) was added at reflux tenperature and the

m xture was stirred for 20 mn, whereupon white
wa@eyotiadoss preci pitated. The oil bath was renovedl/EP1069/056560

suspensi on was slowy cooled to anbi ent tenperature,

the crystals were filtered of¥, washed with acetone

(60 M) and dried under vacuumuntil weight constancy

MH2)L8 93§i7§é>9§,2?1§) ’f.b%?dc Eﬁ{??gg I‘E%aasl rﬁghté)jl(%@éﬁ)@{za?((%%%%.gl (m, 4
H), 1.690942 Hanli. e 1.4m(m, 48D, D35{1MHm 6 HD0% . 1H NVR (CDA 3,
400MHz): d 9.57 (br s, 2H), 7.96 (dd, 1 H), 7.64 (dd,

ExampleH) 10: 3. OZ (m i ?)8, 12-409( (m 44 H) , 113211(? 4 H,
. m y . T ’
Telescms%:oge@.fﬁ%?‘*@?é@é&@@@ﬁ@g3@"19&%% P~ Srtﬁléluﬁwé&%bsétbﬁmw acid
of 3-chl oro-2-fluoro-5- trifluoronethyl benzoic acid
(not isolated) To a solution of

3- chl BrBul4 THR. 761c0- benzot ri f | uory @%Cg% % 4.49. 302 nol )
i n THEFDYUB3GF.AS)C was (addged Hr opw - 8000®LUY

of 3) kiffe Bidl(Aq.),(tduele | n hexangs,; HZ@@? l?got;cl ;%2
;@\2:6 _equiv—) withi.n |1 . e_d_e,éu/.e.\_gwqw ut @
Cl

F§t| rred for 30 nin g Qnydotaxapahetitieomno°of ¢,
(24.5 g, 0.335 mol, |1.1 1 equifv.) in THF (100 m) was
then added dropw se W thi .30 mnutes at -74 to -78C.
The slightly yell ow reactl on mxture was stirred for 1
h at -75C and was then warnmed to 00C and quenched at
To a sphitien o€ Ay ke -¥r Budsy-badnzpprflerided 89 .Pigod. 362 maduedU$F (350 ml) was

addedcdr(té]% e &4 (& o 11{1%9%1133&((156‘1\)4-111 ngan%@%gbtnﬂn@ 32 mol, 1.06

asi ¢ mxture was war ned
equlv ) aidins ] heyre Theelsarayllowesg lution gy st ed for paningihef5°C and a solution of

DM seg @33@1{1@[ Vs ﬁﬁzn})l‘riqCHIa(l@Otdi‘lZ W?E ﬂ%‘ﬁ'a@déﬁﬁ&%bwme within 30

an en was o
mmutwa%t e toruls e ShRB Ty et Ve ausrg Rtidge -75°C and
was thendeirmeé duGEdamr @gaciiod aarids M@rﬂuﬂe&@kﬁ@pvﬁ@ﬂ}&ﬁhﬁtm@f@aqueous citric

acid sgl]%ltigﬁg) gse‘aﬁ} oY 11?1:)1 dl"hse egl%lt%l‘g?%p@%s% @,%tﬁx'&w)é% d?d bolﬁ 3¢ and the

accor
layers iRy themillgvv@d to msrateh dhe iddedqugoukilaycBdas mnmwlamm@sargamc

layer é’ﬁutgtpwitﬁ tolfdfe (@@0 ﬁll)séﬂdrtﬁ&gﬁﬁiekltvh@lr\wﬁgr (‘2@@ 'nﬂ)nThe or%anic layer was

lorite (10%1n %j ot assi um
conceaﬁr?aﬁﬁl a@de(f gedpegd eresselr%@ ‘ﬁ’élll § J%@%@t t%la?r@;mrm 0% taeiqld 8 g of a

slightlyyetb®0il9%itigan Ad6Kc l'mht)enﬂ éf %t%%w/@@ :(Q:cﬁfd)mg 6Hel NMR). This oil
was CO

was e e e Broer SlRobEC SRam SN ipl sodium hypo-
chlorieqll 0%d 10, (0323¢ gNa2@0mot), BB sssim banadg (31The, 266G mok andisodium
hydrolzltdggﬁﬁ}j r¥"ﬂ%6 %?%ﬁl'tﬁﬁfllelélg 5%@1&1?& @ie% I{lp ertBéCI{%Q@’gfﬁé nmtﬁlte%e?s cooled to
20-253% ebilen Kugshohis ddien af wmcawdolashad g oDl oao%:SO: in 355
ml water). The mixture was treated with toluene (350 ml) and the biphasic mixture stirred for 10
minutes. The lower product-containing aqueous layer was separated and washed with toluene
(350 ml). The aqueous layer was acidified to pH 2 using sulfuric acid (20% in H,O; 240 g) and
then extracted with toluene (450 ml). From the organic layer toluene was completely distilled off
under reduced pressure. The residue (59 g) was dissolved at reflux temperature in a mixture of
cyclohexane (141 ml) and heptane (141 ml). The clear solution was then cooled to -10°C within
6 hours whereupon crystals precipitated. The crystals were filtered off, washed with
cyclohexane/heptane 1:1 and dried at 50°C and 30 mbars over night to yield the title compound
as colorless crystals (55.8 g, 76 % yield) with a purity of 100% (HPLC, area%).
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(350 mM). The aqueous |ayer was acidified to pH 2
using sulfuric acid (20%in H2O 240 g) and then
wezamaetoesl with toluene (450 m ). Fromthe or gROI/EP2009/056560

| ayer toluene was conpletely distilled off under

reduced pressure. The residd¥-(59 g) was dissol ved at

reflux tenperature in a mxture of cycl ohexane (141

m ) and heptane (141 m ). The clear solution was then

cooled to -100C within 6 hours whereupon crystals

preci pitated. The crystalscﬁﬁre filtered off, washed

W t h cycl ohexane/ hept ane 1: 8d dried at 500C and 30

nbars over night to yield the title conpound as

toProedse s the preparator 663-ghigro-24luagaspdtiyorpmethyhbgnzpictagid of the

formu® 100% (HPLC, area%.C ains 1. Process for the

preparation of S-chloro-I-fluoro-S-trifluoronethyl

benzoic acid of the formula b _orpopf a salt thereof,

conpri sing the conversion of chl oro-4-fl uoro-benzo

trifluoride of the fornul aF ocess of claim1l

wherein the conversion is pe med by ai)

deprotonating the 3-chl or @4- oce; benzo trifluoride

with a netal organi c base foll owed by adding CO as

el ectrophile in an organic sol Vent at a reaction

tenperature of -100 0OCto 25 OC or bi) formng a

6F b QAN dh &6 evkhprifhg TR oRve kbR bO34cHIdrd-Buke%azo trifluoride of the
rifluoride with an al kyl magnesium halide in an

formuly yani ¢ solvent at a reaction tenperature of 20 OC to

100 OC fol |l owed by addi ng gO as electrophile in an

organi c solvent at a reacti nperature of -1000C to

25 0C. 3. Process of clain1gﬂ:;BQrein the netal organic
base is selected fromn-bdlyl YithFum or 1ithium

di i sopropylam de. 4. Process aof claim2, wherein the

al kyl or aryl magnesium halide is ethyl nagnesium
romde. 5. Process of claim1, wherein the conversion

? SPIREsSH 8F rlatin hyvhesgin thegoay g yper fgmed by

3-chl oro-4-fluoro-benzo trifluoride of formula Il into

b hecproaimhtngth?-3-chloro-4-fluoro-benzo trifluoride with a metalorganic base

followed by adding CO; as electrophile in an organic solvent at a reaction temperature of
-100 °C to 25 °C or

bi) forming a Grignard compound of the 3-chloro-4-fluoro-benzo trifluoride with an alkyl
magnesium halide in an organic solvent at a reaction temperature of 20 °C to
100 °C followed by adding CO; as electrophile in an organic solvent at a reaction temperature of
-100°C to 25 °C.

3. Process of claim 2, wherein the metalorganic base is selected from x-butyl lithium or

lithium diisopropylamide.

4. Process of claim 2, wherein the alkyl or aryl magnesium halide is ethyl magnesium

bromide.
5. Process of claim 1, wherein the conversion is performed by

a,) transforming the 3-chloro-4-fluoro-benzo trifluoride of formula II into the 3-chloro-2-

fluoro-5-trifluoromethyl benzaldehyde of the formula



10

15

20

fluoro-5-trifluoronethyl benzal dehyde of the
formul aand b2) oxidizing the

w@2@bl1e1068 2- f | uor o-5-tri fl uoronet hyl benzal dehpdEER2ZDH056560
an oxidant to formthe
3-chloro-2-fluoro-5-trifluordrethyl benzoic acid of
formula | or of a salt thereof. 6. Process of claimb5,
wherein the transformation iatgH he
3-chloro-2-fluoro-5- trifluorol et hyl benzal dehyde of
the formula Il is perfor deprotonating the
3-chl oro-4- fluoro-benzo tri ride wwth a
met al organi ¢ base fol | onedlby Chg an el ectrophile
in an organic solvent at a rej?tlon t enper ature of
-1000C to 25C. 7. Process of clains 6, wherein a
protic acid as quenching agent is added subsequent to
tite deprotonati on and subsequent to the addition of
t he electrophile 8. Process of claim®6, wherein the

Hﬁgﬂ ?ﬂie% Hﬂ&% ? ?lué l ?ﬁlgﬁ% %ﬂl@@ﬂ)&%l}{él})}db thRhLHH oxidant to

um di 1 soprop
form G drasiaro Phikiasp ot My incanyl bews eeriar frowizkor of o Salt thereof.

N, N-di al kyl formam de, an N, N-di aryl f ormam de or an
Nlabk@wf Naith By‘lvhér@ﬁlr’fﬁéﬂr%forhﬁtloﬁﬁrﬁﬁ @53 -0lhlofJ-2ifRbfo-5-

trlﬂuoggp?tﬁy]ﬂgf %e:lﬂ%gr:dg t%g@ fs nggﬁt ed E)r r%ggi g}ﬁ Fig{}rpiogg{mg lhe% chloro-4-

fluoro- k@ tréflweside witdr smbfalirgmiobase ;ﬁelloveadatgemidﬁgan ddctrophile in an
r f [ he reaction is
mgan%g?ﬁ%@%ﬂ%re&ﬁ@h@&%@%@%ﬁ%ﬁ‘é gﬁsa Qg1| hydr oxi de base

and an al kali brom de in an agueous solvent at a
7 eedsp Al elampet atherein e rateocid © quongung agent pragded subsequent to the

deprofohn@idh and sWBRGEER t BR addition of the electrophile.
3-chl oro- 2-fl uoro-5- trlfluoronethyl benzal dehyde of
S nQ Iated rlor to t 0X
b ot opsitin buhireahe bERRkERe el sciffarLFat iR Mhium, and
lithiuro dinvegrrepydamids. perfornmed by a ) converting the
3-chl or o-4- fluoro benzo trifluoride of formula Il into

gn%?h%?(lgf t ri Wg%r&gr%e ﬁleftmpq%l e i el&:ﬁgg r%?(n)} et hanesul f
N,N-digilayléorarantidsy, g Natbare| fﬁrrmmlée an ala kedkoxynitadkyl deraramige )
transform ng the al kal i

( @- PRICBYs T talith BOWBeRid thi bkidariRBéIBytEd REBMMILII- BY dIkaX ¥aeh
ate of formula |V i

anes | fo
A
the fornul a
11. Process of claim 5 and 10, wherein the reaction is performed in the presence of an

alkali hydroxide base and an alkali bromide in an aqueous solvent at a reaction temperature of
10°C to 100°C.

12. Process of claim 5, wherein the 3-chloro-2-fluoro-5-trifluoromethyl benzaldehyde of

the formula III is not isolated prior to the oxidation in step by).
13. Process of claim 1, wherein the conversion is performed by

a3) converting the 3-chloro-4-fluoro-benzo trifluoride of formula II into an alkali (3-chloro-

2-fluoro-5-trifluoromethyl-phenyl)-hydroxy-methanesulfonate of formula



and C3) oxidizing the
3-chloro-2-fluoro-5-trifluoronethyl benzal dehyde of
woosnaubmes |1 with an oxidant to formthe PCT/EP2009/056560
3-chloro-2-fluoro-5-trifluoronethyl benzoic acid of
formula | or of a salt thered. 14. Process of claim
13, wherein the conversion in step as) of the
3-chl oro-4-f1 uoro- benzotrlflumllde of formula Il into
an al kal i
(3-chl oro-2-fluoro-5- trlfluo ohﬁlhyﬁ “phenyl ) - hydr oxyme
t hanesul fonate of formul & §)perforned by a4)
deprotonating the 3-chl oro- | uoro-benzo trifluoride
with a metal organi c baseCfo 2H, by b4) adding an
el ectrophile in an organic S| vent at a reaction
tenperature of -100 0Cto 25 0C, by C) adding a protic
acid as quenching agent and finally by d4) form ng the
ahk=zin M is an alkali metal atom,;
(3-chloro-2-fluoro-5-trifluoronethyl - phenyl)-hydroxyne
Bb %ﬁ%hﬁfﬁg Qﬁeealgh {SOEHIHI'an hymw 4. Hlfﬁ{br&h\lﬁtﬂ#f ?henkll) -hydroxy-

rosul . ocess of cl alm
methaﬁ%%ﬁoaﬁta aﬁifqm@&slé/ inéo dig3echieg- Qf'ﬁkb‘?ﬁors -Biftupromgthy hﬁﬁ%aldehyde of the

5 formu@nd |ithiumdiisopropylam de.16. Process of claim 14
or 15, wherein the electrophile is selected froman N
Ndi al kyl f or mam de, an N, N-di agyJH or mam de or an
N al koxy-N-al kyl formam de. 1 Process of clains 14
to 16, wherein the protic &siaN.s selected fromcitric
acid or acetic acid and sulf acid. 18. Process of
claims 14 to 17, wherein sudi pgFpsul fite is used as
al kali pyrosulfite. 19. Process of claim 13, wherein
the transformati on of the (3-6%Ioro-2-f|uoro-5-
trifluoronethyl-phenyl)-hydroxy-net hanesul f onat e of
fmtnula IV into the 3-chl oro-2-fl uoro-5-
trifluoronmethyl benzal dehyde is performed with an

?32 %9% % ﬂé%l %hlg%df gfﬂ)r%es Hﬁﬁl% %h&ﬁ{eﬁ%ﬁﬁéﬁy&g of ko%ﬁla IIT with an

e ox dant 18 sel
oxidang|t 1 @aﬂtthﬁyﬁoﬂmreri-tréhl,ommgtbﬂmemw eeid of éqmmﬂq ]t@fsp,f a salt
10 thereofChl orates, -persulfates or -permanaganates. 21.
Process of claim 20, wherein the reaction is perforned
54 PllrocesgJ OF gla nc& %he?er}nt Iekcaolnvelrsmn in step as) of the 3-chloro-4-fluoro-benzo-

trifluoride of formula II into an alkali (3-chloro-2-fluoro-5-trifluoromethyl-phenyl)-hydroxy-

methanesulfonate of formula IV is performed by

a4) deprotonating the 3-chloro-4-fluoro-benzo trifluoride with a metalorganic base
15 followed by

b4) adding an electrophile in an organic solvent at a reaction temperature of -100 °C to
25 °C, by

¢4) adding a protic acid as quenching agent and finally by

d4) forming the alkali (3-chloro-2-fluoro-5-trifluoromethyl-phenyl)-hydroxy-

20 methanesulfonate of formula IV with an alkali pyrosulfite.

15. Process of claim 14, wherein the metalorganic base is selected from z-butyl lithium,

and lithium diisopropylamide.
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hydr oxi de base and an al kali brom de in an aqueous

solvent at a reaction tenperature of 10 OC to 100 OC
wQ2009Rtmeess of clains 1 to 21, wherein the  PCT/EP2009/056560

3-chloro-2-fluoro-5-trifluoronethyl benzoic acid can

further be purified by crystZ-lization with

cycl ohexane, heptane, nethyl cycl ohexane or m xtures

tlg.efrrggefss of claim 14 or 15, wherein the electrophile is selected from an N,N-
dialkylformamide, an N,N-diarylformamide or an N-alkoxy-N-alkyl formamide.

17. Process of claims 14 to 16, wherein the protic acid is selected from citric acid or acetic

acid and sulfuric acid.
18. Process of claims 14 to 17, wherein sodium pyrosulfite is used as alkali pyrosulfite.

19. Process of claim 13, wherein the transformation of the (3-chloro-2-fluoro-5-
trifluoromethyl-phenyl)-hydroxy-methanesulfonate of formula IV into the 3-chloro-2-fluoro-5-

trifluoromethyl benzaldehyde is performed with an aqueous alkali hydroxide base.

20. Process of claim 13, wherein the oxidant is selected from alkali- or alkali earth

hypochlorites, -hypobromites, -chlorites, -chlorates, -persulfates or —permanaganates.

21. Process of claim 20, wherein the reaction is performed in the presence of an alkali
hydroxide base and an alkali bromide in an aqueous solvent at a reaction temperature of
10 °C to 100 °C.

22. Process of claims 1 to 21, wherein the 3-chloro-2-fluoro-5-trifluoromethyl benzoic acid
can further be purified by crystallization with cyclohexane, heptane, methyl cyclohexane or

mixtures thereof,



