WD 20081030570PCT/ US2007/ 019561 PROCESSES FOR THE
PREPARATI ON OF 1, 2, 4- 0XADI AZOLE BENZO C ACI DS
[001] This application clains the benefit of U S
wopp@ssei’onal application no. 60/ 843,595, fil @GT/US2007/019561
Sept enber 8, 2006, which is incorporated herein by
reference in its entirety. 1.FIELD [002]Provided
herein are processes for the preparation of conpounds
useful for the treatnent, prevention or nmanagenent of
di seases associated with a nonsense nutation. Mre
specifically, provided herein are processes for the
synthesis of 1,2, 4-oxadiazoles. In particular,
provi ded herein are processes useful for the
preparation of 3-[5-(2-
fl uorophenyl) 41, 2, 4] oxadi azol - 3-yl kbenzoi ¢ acid. 2.
BACKGROUND [ 3] 1, 2, 4-oxadi azol e conpounds useful for
PROCERSESROREIE PREPABKTION OF 1R Z0XADEA DOLE BENIFEHC ACIDS
anel i orated by nodul ati on of premature translation
[001} er i Hus irplicetiomelaenibe bewcfit af HidS. pENAsidexd applivation no.

60f84§e§§35r 'ﬁ%ép&%iS %:doe BhidOis 190‘0 t9<? ﬁ?‘j@ﬁb r%?er rgce in its

January 31 ¢h.1's Tncorpora
entirgtipf erence in its entlrety One such compound |s
345- (2-f 1 uor opheny1) 41, 2, 4] oxadi azol - 3-yl kbenzoi c
1. fgkfdp [4] Existing solution phase nethods for
Synt hesi zi ng 1, 2, 4- oxadi azol e benzoic acids are

[ﬂﬁZ]d esCrErS@ded Hean%re Bﬁk@ﬁb‘es - th%%@%am%mgoﬁﬁﬁ'ﬁgsgﬁﬂ for the

January 31, 6 (see colum ['1Tne 40
treatraen. RIRYSRAIOB ozfnmaerpﬁmf dispases agspeigted vathroensersepRitatéon.

More'?gbk&%’%lglebﬁﬁ@&édq@elﬁ dﬁgc@semor flels V@mgmpa;fi 5ql (@{aﬁ oles. In

sired interne l'e these’
partiiylar, rexisied hgreiere psedesses mmﬁlbﬁoe Herpreppration of 3-{5-(2-

ﬂuoréph%nﬂ'%lifll(Q@]%ka@opgﬁpb&lzﬁﬁ'agﬁl there are

pOSSI ies for alterations that may result in a
nore efficient synthesis. In particular, synthetic
z. gﬁ@ggéggggﬁu&rlfemer i solation steps and which may

conpr. th e of fe ents can be nore
10031c¢'f | i forafipesemesy gﬁ?fd foy g&éﬁe@i’?%ﬁ‘si RSRvestion 4y
manageheitTdRebdds afelibRied?hOmoliilhSorddirbBahieOfarsRtidR terfnation or
be cogst g ?s an adm ssi.on tﬁg% such _reference is
nonseﬁlls? Gedipt gewéag%ﬂfscgﬁﬁ in Patent Np. 695008Q\B2, issued
JanudrP 87] FooeyivErH ;mfcamara%&h&emg&eﬁsenué &f #d erftREty! Whe such
product t 0 & t? g
compound 15 3- uorop cnyl) -[1,2,4Joxadiazol-3-yl)-benzoic acid.
[004] Existing solution phase methods for synthesizing 1,2,4-oxadiazole benzoic
acids are described in U.S. Patent No. 6,992,096 B2, issued January 31, 2006 (see column

57, line 40, Scheme B, and Example 2). In particular, these methods comprise multipie

reactions steps, each followed by isolation of the desired intermediate.

[005] While these methods are enabling and useful for preparing 1,2,4-oxadiazole
benzoic acids, there are possibilities for alterations that may result in a more efficient
synthesis. In particular, synthetic processes with fewer isolation steps and which may
comprise the use of fewer solvents can be more efficient and less expensive.

[0606) Citation of any reference in Section 2 of this application is not to be -constmed

as an admission that such reference is prior art to the present application,



oxadi azol e benzoic acids that are efficient, cost
effective and readily scal eable with commerci a
reagents. [007a]ln a first aspect, the present
invention refers to a process for preparing a

1, 2, 4- oxadi azol e benzoic acid or a pharmaceutically
acceptable salt thereof conprising the steps of: (1)

reacti ng a_cyanobenzoic acid nethyl ester with
-3 hydi@&@aéﬁgne; (2) acylation with a hal obenzoyl
[oo'zt' or dirolila GRAAPNGS! hdRissANdsdid) &y diol¥sduedial dihe.24-
ester, wherein each reaction step is carried
oxadeOIIBrbdnhBC swite thitcohoiffigenss geshicETedbleva reafliho pedleableg with
aspect, the present invention is directed to
CmgmﬁFgggﬁgrEOr preparing a conpound of the fornul a:

[00v&ier €i N:In a first adpedts the Phakntt intation refun solagirodess &of preparing a
al kyl , substituted or unsubstijtuted c

L2dupadiarale beansic aid apamhpimaserticallL pesey ‘Sa%alzsf{eré‘)f comprising
tifd yhe u Adtcesbidnydthyl SRS tobithu b 2

the #&?’desft :@% u%g%ﬁl e{‘gg%g;?iﬂ -(CH2 1 CI—}|]20) NR6 1or %ﬂo%ﬂamme @

acyﬂutmhydﬁltﬂ wax@n@yg phigpde r(@ qogdensatinibad @bhﬂ&ows of the methyl
bstituted VA

eg?TW ?eggg ]8%%%Pﬁé Rt epeﬁgggg¥ﬁé%&ﬁ%Pb%§%ﬁwSOh%ht

[0oapd m i Sinan ﬁlufﬁee@specf r then grésents inverdtivpr issdiregted etof D IPIPeEs for

t he fO||0MA(? g P p t he sane al coholic organic
PrepyIngerROmMpeYyd pidae tarmylat ne cyanobenzoic acid ester

CN -0
NN T Km
N N\ 7
CO,R;
wherein:

R! is substituted or unsubstituted alkyl, substituted or unsubstituted cycloalkyl,
substituted or unsubstituted heterocycloalkyl, substituted or unsubstituted aryl,
substituted or unsubstituted heteroaryl, -(CH; CH,0).R® or any biohydrolyzable group;

R is H, substituted or unsubstituted alkyl;

n is an integer from 1 to 7;

X is at each occurrence independently F, Cl, Br or I; and

m is an integer from 1 to 5, 7
comprising performing the following steps in the same alcoholic organic solvent:

(1) reacting the cyanobenzoic acid ester:

CN

COR,

with hydroxylamine, to give:



wi t h hydroxyl am ne, to give: CO2R, followed by (2)
acylation with a hal obenzoyl chloride, to give: NO
10 NH2 co2R, followed by (3) condensation. [007c]In
still a further aspect, the present invention refers
to a process for preparing a conpound of the fornula:
CO2Me conprising performng the following steps in
't he same al coholic organic solyent w thout isolation
of an internediate: (1) reagting the cyanobenzoic
acid nethyl ester: |NH '

2

CO,R,

followed by (2) acylation with a halobenzoyl chloride, to give:

~ (X)
.0 P m
N

| 0
NH,

CO4R;

followed by (3) condensation.

[607¢] In still a further aspect, the present invention refers to a process for

preparing a compound of the formula:
F

N-Q
[z
N

- CO,Me
comprising performing the following steps in the same alcoholic organic solvent without

isolation of an intermediate:

(1) reacting the cyanobenzoic acid methyl ester:

CN

CO,Me

with hydroxylamine, to give:

2a



CN CO2Me wi th hydroxyl am ne, to give: co2mwe
followed by (2) acylation with 2-fl uorobenzoyl
chloride, to give: CO2M followed by (3)
condensation. 10081l n one enbodi nent descri bed herein
are processes useful for preparing a 1, 2, 4-oxadi azol e
benzoic acid conprising the steps of: (1) reacting a
cyanobenzoate ester with hydroxylam ne; (2) acylation
wi th a hal obenzoyl chloride; of3) condensation; and
(4) hydrolysis of the benzoate ester. [9] In a

particul ar enbodi nent,
in the sane organic so

~Ng%)-(3) are carried out

CO,Me

followed by (3) condensation.

[008]

In one embodiment described herein are processes useful for preparing a

1,2,4-oxadiazole benzoic acid comprising the steps of: (1) reacting a cyanobenzoate ester

with hydroxylamine; (2) acylation with a halobenzoy! chloride; (3) condensation; and (4)

hydrolysis of the benzoate ester.

[009]

solvent.

{010}

In a particular embodiment, steps (1)-(3) are carried out in the same organic

In another particular embodiment, steps (1)-(3) are carried out in a single

organic solvent.

[611)

solvent.

[012)
[013]

solvent,

[014]

solvent.

[015]

solvent.

[016]

solvent,

In another embodiment, steps (1)-(4) are carried out in the same organic

In another embodiment, steps (1)-(4) are carried out in a single organic solvent.

In another embodiment, steps (1)-(3) are carried out in the same aqueous

In another embodiment, steps (1)-(3) are carried out in a single aqueous

| In another embodiment, steps (1)-(4) are carried out in the same aqueous

In another embodiment, steps (1)-(4) are carried out in a single aqueous

2b



[10] In another particul ar enbodi nent, steps (1)-(3)
are carried out in a single organic solvent. 1011]1In
anot her enbodi nent, steps (1)-(4) are carried out in
the sane organic solvent. [12] In another enbodi nent,
steps (1)-(4) are carried out in a single organic

solvent. [13] In another enbodi nent, steps (1)-(3)

are carried out in the sane aqueous solvent. [14] In

anot her egbodl t%glnxg%rrt stgqpss(lf-@ afeSdar@d ot Witﬁbﬁ‘iso%ﬁon'o@ an

[017 si AQPROELR i n anot her enbodi nment
interrab@ps. (1) - (4) are carried out in the sane aqueous

sol vent . %}_ orglﬂrﬂergtg g(l‘fgt’tg%éﬁ%ed %@tﬁo&t@o ditbh of an

018}, ¢ dappg jueous sol vent . 017
interr@8@hRer embodi ment, steps (1)-(3) are carried out

[0 19] W Eh %lil Ea.ncl)tlsugrl e?rigo%?mgrft StQpS (1)-(4) are followed by a micronization step.

[020] In still another embodxment, the processes provided herein are useful for
preparing 1,2,4-oxadiazole benzoic acids and pharmaceutically acceptable salts, hydrates,

solvates, or polymorphs thereof. In yet another embodiment, the processes provided herein

2c



internmedi ate. 1018)In anot her enbodi nent, steps
(1)-(4) are carried out without isolation of an
i nternmedi ate. 1019] 1 n anot her enbodi nent, steps
wWOo(znys/q38370ar e fol |l owed by a micronization step‘CT{l@Mﬁ"ﬂwﬁl :
still another enbodi nent, the processes provided
herein are useful for preparing 1, 2, 4- oxadi azol e
benzoi ¢ aci ds and pharmaceutically acceptable salts,
hydr at es, solvates, or polynorphs thereof. In yet
anot her enbodi ment, the processes provided herein WO
2008/ 030570PCT/ US2007/ 019561 are useful for preparing
1, 2, 4- oxadi azol e benzoi ¢ aci ds and pharnaceutlcally

are acce %gpelag%l?%al %%?h%dra{e%?azo sol v, or ?%E%Pwﬁemabie

salts @y&&%&?&l%e&? @F &%ﬂ' lﬁeﬁﬂ fon &ﬁtlﬁg, pReEatifi€or managing
mut ati on. anot er ‘embodi nent , &hrre processe
seﬂpﬁsancae@uﬁe? rasbocialed Wit RONSENSE MYHORy IR get another embodiment,

| the prbcéssés frodflicahelein Q%%ee‘upf&@rqﬁna@d zprlaﬂmczemmlbmas and

accept abl e salts, hydrates, solvates

pharmmp@eﬂlnmmbk 5¢ltsr hﬁh?ﬁchgob'eeﬁe?rtmbgnwﬁ f Hfgeﬁl for
Gt &‘%ﬂéfa%. GRESandisdrlerdl LED
mu%g%tﬁ PTI'ON OF TH NVEI\'ISIEIE(]\I imlTel?m nol ogy [21] As
used herein and_unl ess ot her 1\?ated the term
BEJAJLED DESCRIF GEﬂsﬂﬁllﬂﬁiﬁﬁﬁﬁiéﬁi- |, -Br, -or
22] . Unl ess ot herw se indicated, t he conpounds
'ﬁéscr&bﬂgJMHRﬂﬁrm i ncl udi ng i ntermediates useful for
the pre tlon oun i,ch co Ne "
[oz1}, eacﬁ"\)g eq fifrem ﬂ?ﬁ{a‘frﬁ 8@1%@"(55 M&ﬁ{&]ﬂw {hﬁ" “halogen”, or
the likd mieAtFOLCL, BY BOAY, hydroxy, and ani no noeties) al so
inclu pr.tected eriyatives th " Prot.ect .
102210 1 Vil otheriios digasesl B S5RRRIS R Froghibed P aanripe
interrfedifes u@lfmerér RAEDréPabfiondl Md dondRngd, wiikiteconth ARbiivy
groups (al so knomn as, b] ockin gg@é Sui.t ahl e
ﬁlﬂﬂpﬁ%‘t%’eﬁ’%{g\'ﬁr%m PYl "E’é‘r‘lﬂ?x?“fhg’f XY.f2f gguno moeties) also
mclu&eﬁ}ﬁgctedtdem‘ﬁﬁ’\l’es 1Reéeofl MPrdibdi@d depiviatiad’ Memlfwnds in

- groups far. am no and am do_groups include acety
which a maetjyositreensiishgie blosksd w@mar BRSG Protechpe EFR—!-‘PF (algo known
as bloéﬂﬂgﬁ&?psﬁ” Qﬁiﬁﬂ:ﬂé Bﬂ)t&ﬁﬁ%‘ BfoulpS For B4EHoRY Yndidtids iAtRudkebbay)], -

e like. sui tabl e prot ect | ng %Poups are .
butylmﬂrﬂl«hmsw@bimw@ceflg groups Epryamiine pnd grpidpgronpsnclygpoacetyl,

f-butﬁ&ﬁ) b nAY GyR&rbbigl, SHPOME fika N Guitdhe ﬁl%&%hhé’@mups for

ons to |nstaII and reane protecting groups
hydroxy éncludscbengplrnd ther likey Otheg siitableprgiegting groups ¢g yel] kpown to

those %gf&ﬂuﬁy Kl § H%é &t Tﬂ_@b}idi'ccl-:tqyd usiof ﬁx\btcc&ﬁ@’ ¥Rk and ﬁ)%gfcactmn

herein and unl ess ot herw se |nd|cate
condiiongiodnstild and remmovieprotseiing: gravps e gescribed ingf. Y. Gre
« Phal s ATRAYEL. | Wilef A0 vidRk, 11066
me ﬁan ag%ﬁgtEZ .Qas\tx«sﬁgaﬁt mor e pr ef g?ably Iess t han
about 10% by wei ght, even nore preferably |ess than

[023} 200 “%455“ 0 Pherlfl 8{2}1 unié3 E’.Himfse E}{cﬁéa‘i‘e!daQ k¥mb&sigod fialis

‘abou /0 DYy Wel e compoun
“substantially free” of a compound means that the composmon contains less than about
20% by weight, more preferably less than about 10% by weight, even more preferably less

than about 5% by weight, and most preferably less than about 3% by weight of the

compound.



WO 2008/ 030570PCT/ US2007/ 019561 [ 24] As used herein
and unl ess otherw se indicated, the term
"process(es)"” refers to the methods disclosed herein
wowldsazoszo e useful for preparing a 1, 2, 4- oxadiP&Z31Sg007/019561
benzoi ¢ acid conmpound. [25] As used herein and
unl ess otherwi se indicated, the terns "addi ng" or
"addition" or the |ike nean contacting one reactant,
reagent, solvent, catalyst, or the Iike with another
reactant, reagent, solvent, catalyst, or the Iike.
Reactants, reagents, solvents, catalysts, or the like
can be added i ndividually, sinultaneously, or
eparatel y.and c e added.in any prder. They can,be
10245503 i e Sl G e e st R Rers o
the niefiiade dikloyedieeraiddels ch aarse fub forpeerariag ad Shhexadiazdl@ b¢nzoic
.., As used herein and unl ess otherw se indicated, a
acid GompQUNGy that is "substantial ly conplete" or is
[0251r i vexs iised herghsirmnirleds otioiwt se indicitedyBanernhrédddings or
ontains nocte than abqut 80% b erce

. .leagtion. . t .
addiiR] o RKE MeRR FORBEHE SEISBY PRI S91vET st or thelike
with hitARerabadiint, ¥03@ehy, spReAE Bitalyse beithe Gike TResctis teadents] solvents,

97% b ercent vyield of .the desired product. 7] ,As
catal b e o e R B Vi Ay Bl g B Qe G o o be
added W d0yQilierl TVRLLOBE addRA1f thdiittsdnbeor a3eide@T hatdnd lc@n
.resultipng. fromone step is carried through to a
optiogg/ s'é“q’\‘fglﬁ’t" “§$%'§‘H\RP?’FIB OSPEgFat ing the desired
[026)P" 0dUugd usedl RereB 4rill th]@yslalirARe indicHdad, hoEdtiibg thadhd Tspbantially
reactLon_stegﬁ‘"mAtho t isolatjon" includes processes
e

[
cOmBIFECPF 18 SHYBFT Qo SEPSiAAl CPRRIGHEON eFNS 1At AP TFAKY QR Gontains more
than A% BOYNG dek @it PRAL, PHRP thaflaBodk JTRWLY B&cEntGle OR6R! than about
o, prior to_beginnln%ba subsgq% nt react.ion., i%%%_As
95% Oy BEFCHENATIA frReThasabost REPRYReeRtY il dhe derared apqguet.
| 1027]' CONQEY§ERE heRin ARAIes dHRSWIse MdiERET; theQBrrh Pwithb@tisdliwon”
-~ chemi cal npietjes react and becone. coval ently. bonded
mearys had fhe TERSIORPIXTE FeRBMEIFR APe PSR & Giric Wrpyfeh to a subsequent
step WIRhAR Wolatink Mhe 826281 peodudBt Bl certain2B]boAind it PeHBARINE multiple
and unl ess ot herw se indi cated, tqg term . .
reactiop gigpiawahevtdalatom dedptcrecasspswhichpamrrise dragsieging the
reactioh rSiRAROHRMIGAE fEdME o SIS Mto bMERTEARION WBRE] prforshegianits a
effective for use in a patient. Exenplary
S“b“ﬁﬁﬁﬂﬁﬁﬁﬁeﬂically acceptabl e salts are prepared using
[ozs]g\?t al A uskd LG/ BASRDUNTWRE GRAESAed) ARAErm StbrideRiaBion” means
ase salts include, but_are pot limted to, alum num
a cheghigad reastion jn wWhishwaehereiselimpiehss Kaghianmbeedas eotyalently bonded

to on@ HRRALAUANIIABShcHBE 198 biSa srinlBMbiedlik SfoPERARBIE, Pase sal t
IS trlethgk am ne, [30]. As_used herein and unl ess

. O] . » = rt3 3
[0291t herAi wed hergincandoeplessiptharaishindisaird the teffp apkargaceutically
acce TP U Gefls foesahr FE8RipolY 61thk PResOit ifvehBbh tHA 8 QS and
, that further includes a stoichionetric or :
effechiymios ues o eatsnt: | ExamplantPharmagsidraliy ogrrptaie salts are prepared

using'}ﬁ&hﬁoi‘ﬁalgﬂfc HaBt S5 BREaas bies | Q€% basé saltbblude, but are not

~.2008/ b30570PCT/ US2007/ 019561 [031] As_used herein and
limiteghfoeglyménuraropicium; Wiltium reREnesiNE:, PelRFi R olodine amppgpiym and
zinc 18 0lVak8bik QrsmcL Hds0Fuik NarieBRGiALi on of one or nore

sol vent nol ecul es to a conpodnd of the present

[030] nverftd wpad hyugin ang yrlessaithervise ingiedted dhe toyar Ry@gte” means a
com;(o%_n@ of th ?@s’e&yﬂ(fﬁ{tﬁm SR YGEG Gat f&i‘tmﬁq;l@ﬁlﬁes a stoichiometric
trihydrate, tetrahydrate, and t he l'i ke). [0321As used
or nofekaFiHomadicm s obwater Wpurd Phanreeavelent opmplgepar forces.

"pol ynor ph" neans solid crystalline fornms of a
conpound of the present invention or conplex thereof.
D fferent polynorphs of the sanme conpound may exhi bit
di fferent physical, chem cal and /or spectroscopic
properties.



[33] As used herein and unl ess otherw se indicated,

the phrase "di seases or disorders associated with a

nonsense nutation" means di seases or disorders that
WOROR/H0370t ari se, endure, or cause synptons PCTIU$8007/019561

nonsense nutation was not present. [34] As used
herein and unl ess ot herw se indicated, the term
“"teat," "treatnent," "treating," or the like refers

to the reduction or anelioration of the progression,
severity and/or duration of a disease or disorder, or
the anelioration of one or nore synptons (preferably,
one or nore discernible synptons) of a di sease or

condi tion resuyl g fro the ad ation of one or
1031hor e PheeEd e t“é‘r goless rmse eat?iéﬁeaﬁﬁsat Pvagefieans a
solvald fimas fidmlthd adscRiatidh dF BhEolRBEobreatmBleculel &Pd cdpound of
used herein and unl ess otherw se indicate the term

the prqsprhjaygntion. Bbﬁm‘isewaie mshudes By fsales (e-gp hpmishy dig. mono-

hydrétSfrﬁﬁfdr‘é@ k9 dfaed udiahPiiateNadd e k8 Of acquiring or
devel gi ven di sease or _disorder, or the

{032} educﬁ %ﬁi’gé‘ﬁfqlmﬁﬁl%i“ﬂ?%r?wsﬁé“‘?l%iﬁ taseEm “pplymporphsmeans

solid G8eAI B RS 8F a Q&%p@lind@ftﬁ‘e ?ﬁé%}f& ARenfbn 8r &n¥Rex thereof,
di sease or. di sorder. f there is_ a dlscreﬁanc

Diffegent \nebmoipiadyi the é%“%?‘?’ﬁ%‘%‘-\?ﬁénaa’rﬁ‘h&“h‘é‘ﬁ%“@? Piaysiqeh gpemical and

for spieketrbédoBicSropdiieslepi cted structure is to be accorded
nor e m5|ght Furthernore, if the stereochen1stry of a

033k r yAyred berein pt pnlest otfirayiss indicate the PRIPEAIEgasea of

disordérs RsddRiatedokitel Q%Bﬁéénéd ﬁ&@tmﬁ*hﬁe&tsrdigetaws&wqﬁsom th@fwould not
thereof is to be |ntF{prete as éenconpassi ng al

arise S§dpEs, PE EAEF SYTBPIOMS if the DOPsCRpRmUFAHGRI VS RPEPHIMN ded

[o34per ei A‘s €20 heRINAEARERAthdtis8 ihdikdtyd, e tefth er8R®e tleSment,”
foll owi ng_ detail ed descrlptlon and |IIustrat|ve

t he

“trea@k& npr &8s, hkmfféff 19 the Tedneinacy amsligratigpof fhe progression, severity
and/dF@rdtioRid ia ke EENG i SRA Sor th¥¥iinelioration of one or more symptoms

2008/ 030570PCT/ US2007/ 019561 4. 2Pr ocesses %
(orefpably; Rsion Bt discarible s¥mplorsy ef ¢ discass #r eppdifippfspulting from the
admiRisRE8SSESoré R e itdragifiQe B, AR Gk hidRe ﬂferapeutlc agents such as a

4- oxadi azol e benzoic aC|ds [39] In one

124éﬁﬁ€@?ﬂ%ﬁ?“”¥%@“ﬁ}ocesses conpri se the use of

[035)T CY 3AOBLRATRIcEn A%d ﬁ’nlé@.tolﬂierw%%tlﬁhcatec{ 4.198 tehA “pROLAET
nmbodi nent, the processes conRFlse he use of

e
“previeptigf.o b@ﬁzawge mm Hie refers 1q theedyelpp & the misk @f Awiring or

develtoEﬁlgFH @9&§§1§§as€ QFBIsb&Ier, b thele@uction@r LAHIBIEOR Sﬂﬁl‘él‘écurrence
| oride. L 2] In anot her embadi nent steps.

3)
onsety prdeugigpmsat 8fens o more |5W@P@nb9r‘§é‘rﬁlﬁc"s%‘r3"iﬁé'ﬁ B bortfre

[0365aNE 1PTHRANSG BQrMRRty B&te¥ b hepiktea %ﬂh&hie%d%fnaﬁfé given that
i nternedi ate between the step [4 I n_anot her

strucigg, dhg drapigted strushare agtp ‘Mfccgfl@d B Y"é’&hb vFurthergore; if ghee

stere@IHERMIE G0l H6RRFurObr 4 PErtid A MRrQITI2NsGndRhYEY ¢ 30fih bold or dashed
wi t hout” isolation of an internedi ate between st eps

lines,(thg stragture oy paztion thereelis Lo baristrPTrbsh as eél?@pagaselfgﬁ{hﬁ}erwsomers
ofitare carried out in a single organic solvent or the

same organi c_solvent _and wi thout isolation of
1037} nt erﬂ@&%‘@@f‘%@‘@é‘ﬁ?“{ 4gn l(qp}nderstood more fully by reference

to the following detailed description and illustrative examples, which are intended to

exemplify non-limiting embodiments,



[45] In another enbodi nent, steps (1)-(3) or steps
(1)-(4) are carried out in a single aqueous sol vent
or the sanme aqueous solvent and w thout isol ation of
woamsiaetes nedi ate between steps (1)-(3) or, i RCAABRIWEN19561
enbodi nent, steps (1)-(4). [46] In one enbodi nent,
the solvent used in the processes described herein is
a pol ar solvent such as tetrahydrofuran, dioxane,
i sobutyl acetate, isopropyl acetate, and ethyl
acetate. [47] In another enbodi nent, the sol vent
used in the processes described herein is a alcoholic
sol vent such as nethanol, ethanol, isopropanol,
i sobut anol , propanol, butanol, and tert-amnyl al cohol.
48] Eﬁg§ﬁ5§her enbodi ment, the solvent used in the

roc scri bed he nis  tert.-butanol I.n
(038, 2 B BirhboEin #f Gome AR A )
' produ&xaﬁkbk‘lfzot—oﬁdiﬁhm lst.@zambaatd@h size of a

oxadi Ie benzoi ¢ acid of , about 5
103911 & 0 Q56 rOR by B S RPTES R 1 B bple acid
methHsteg. or nor e, about 25 kg or nore, about 50 kg or

nor e, t 75 re, about 100
(040035 iln 06her rRpodBRR: DR OReEBSORE: Bebenpoy)
chiorkdg. or nore about 200 kg or nore, about 225 kg or

nmor e, t 250 nmor e, about 27
Wﬂlaboutinge R@erat’ocﬁaﬁgt therspgesses soRgpriss 5’.%1?% of %‘g&?f"b%%??*
dﬂoﬂﬂ} or nore, about 375 kg or nore, about 400 kg or '
about 425 kg or nore, about 450 kg, or re

mu]abouﬂ“&?%*ﬁ’g“%\"’%’é‘ stsps U 2B 68 oubin a:iRgle oggpic solvent

or th&K€hnedrgakie YblvéRnklGritiRfut fsblhltibn 866&n K&rﬁfedﬁb@b&twﬁ&pthk @teps.
or about 1000 kg . .or nore. %Af In o e enbodi
[043) e 1 snothesempbodipent siepyd) é‘* P garig BFb’&u’c%’Bg Hf&&ﬂ’é sofvent

or m@émﬁJaga.be\éave&saﬁﬁuhﬂmubabﬁboﬁ OF 8% intdhmBiafVSdtakén steps (D-(3).
of about. 50% or bout 55% or, nore,

abo
104405 d =pihe: THbRATCBSOHBT OIS SHERH oYDI, o Hlp pEEac solvent

or the QO orfRNe QbIVERY hd vABRIhE 158&%9 of BR{rRernbRW b&&%rpgte s (1)-(4).
nore, about 90% gr nore, or about 95% or nore. ﬁ

[045] 1, o8 2BohErRARRAImeRS SRS le(i*)((zt)stwél)r%) Ptﬁ@antﬁ/mg i a single

aquedlsGoRRhZS! the Barfié Bfueohif s@lviRahé GHthaht iSNRGSH HBA intdriiediate
m croni zed 1, 2, 4- oxadi azol e benzoic_acid has a

betweenystens|(£)-61) P& 1ni28pihenempetimert, Beps - about 0.5 p. m

[046]t O ahﬁ utle ém%oatmenp(txe Eb1Penit uddiiithel procéBst OdRATHE Kordin is a
9): about 5.5 pmto about 10.0 um
polar[sg]z/F

™ wcbﬁéteéwbu@rpﬁgﬁ% 1054564 la@aﬂﬂéﬁaﬁﬁ WPRropy st and
ethylds&hddl for preparing a conpound of formula I: RARS
ORI [53] .or pharmaceuti cal l acce tabl e salts,
[047]hyd r 4p @g0they grpbediment, ﬂf?rS@b‘icﬂé’ésedb% ,ﬁgotﬁﬁges described herein is a

alcobdli€ 5EIOLRAUBY Ss mkhahWdbRan A NROProfARN Ssobhtadt %a%sr $utanol,
racemates or m xtures of stereolsoner S, t her eof

and igrfepaylpleohob4] Z i's substituted or unsubstituted

[048F" Y| .In 3HOBE b SHmeht, WeSBehi hdetigdl ﬂt&ﬁir&fc@?ers)descnbed herein is
substituted or unsubstituted cycloal Kyl, substituted

tert-tytanghsubst i t ut ed al kyl, substituted or unsubst i t ued
[04912] KeMylone SHBS Bkt GHe Pf ocbRSHMSEHbad I?c‘i'elﬂ atLEsREM FdSproducing a

substituted or unsubstituted arylalk
batch size of a 1,2,4-oxadiazole benzoic acid of about 500 mg or more, about 1 kg or more,

about 5 kg or more, about 10 kg or more, about 25 kg or more, about 50 kg or more, about
75 kg or more, about 100 kg or more, about 125 kg or more, about 150 kg or more, about

175 kg or more, about 200 kg or more, about 225 kg or more, about 250 kg or more, about
-6-



[ 0O551RI is hydrogen, substituted or unsubstituted
al kyl, substituted or unsubstituted cycl oal kyl,
substituted or unsubstituted heterocycl oal kyl, |
woeissdsnd7at ed or unsubstituted aryl, substit utPed/see07/019561
unsubstituted heteroaryl, -(CH2CH20).R6 or any
bi ohydr ol yzabl e group; WO
20081030570PCT/ US2007/ 019561 [56] R2, R3, R4, R5 and
R6 are independently hydrogen, substituted or
Unsubstituted 'al kyl, substituted or unsubstituted
al kenyl, substituted or unsubstituted allcynyl;
substituted or unsubstitut, ed cycl oal I cyl,
275 1%2%3}%%@%35?&%5’ ggﬁts'gef, Aoy ‘EH‘ 345 &g o more, about 350 kg or more, about

375 kg biel aﬁ&dso&bﬁg bt MbRY aBsut Yns llt@%i- htdﬂ& %ometsen@airyﬁore about
koxy, | ox heteroary oxy,

475 Igaymdrec Ahopr#0 KEoRBDOUSEORKE. w&gwﬁiﬁﬁ’ keofr Nmfr?%‘? kg or

abou{ﬁidkg,eaﬁab&ﬁqoomﬁ@@@n@fe 112 is independently
ydrogen, substituted or unsubstituted al kyl

[05015 u bstIPt"EI‘P girbgdiment,ihg | L dr@pdipzRisRenzoig aﬁgﬁ prafiacsddp one of the

abové &4EhiSLd BétEl@ chz&d #0)aRveraBURaR of Ub&A 50% siasRSitoubls $R or more,
cycl oal | cy substituted or unsubstitute

abou "/éroaem,@bpm % eUIBSFS: ehew 0t R RS 26T aaye, about
80% B Ak, U QB 508 orRURS hbdui HE%: &Q‘h&%o&rdﬂout 913% QK Mlore

yl oxy, heteroar ony, hal ogen or and 58]
105111059 TRione ﬁnx?eﬁ’ﬁrqngééepﬁ - é‘&sfoli?""ed Prs A rf)"zl""é"a‘bftf’lhgln a

particilarQRA BoNAbAtY the WSfonlzel @ B £ ¥ARNDAINT BsHzBicR2idHas WidaRicle size
hydr oxyl am ne; [ (2) acylatlon with an acid

dxstrlbhqlm pida¢v.g. gp]abg»g)(; T umde gt lob pma B vL063] aboyy 1.5 pm to about 5.0
pm; SR HRES): AYGTO5 ¥ 1 Jbohp?oﬁ‘?@r?oat e ester. |
[052] In one embodlment, provided herein are processes useful for preparing a

compound of formula I:

. R, hf_,o
RB N/ Z
R4 Rsg
0O~ OR,
i
[053] or pharmaceutically acceptable salts, hydrates, clathrates, prodrugs,

polymorphs, stereoisomers, including enantiomers, diastereomers, racemates or mixtures
of stereoisomers, thereof, wherein:

[054] Z is substituted or unsubstituted aryl, substituted or unsubstituted heteroaryl,
substituted or unsubstituted cycloalkyl, substituted or unsubstituted alkyl, substituted or
unsubstitued alkenyl, substituted or unsubstituted heterocycle, substituted or unsubstituted
arylalkyl; _

[055]) R! is hydrogen, substituted or unsubstituted alkyl, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted heterocycloalkyl, substituted or unsubstituted aryl,
substituted or unsubstituted heteroaryl, -(CH2CH;0)qR® or any biohydrolyzable group;

-7-



[64] In one enbodi nent, steps (1)-(3) are carried out
in a single organic solvent. [65] In another
enbodi ment, steps (1)-(3) are carried out in the sane
woangsszTesol vent. [ 66] 1 n anot her enbodi mentPCTEIS2WS/019561
(1)-(4) are carried out in a single organic sol vent.
[06711 n anot her enbodi nent, steps (1)-(4) are carried
out i.n the sane organic solvent. [068]1n anot her
enbodi nent, steps (1)-(3) are carried out w thout
isolation of an internediate. 10691l n anot her
enbodi nent, steps (1)-(4) are carried out w thout
isolation of an intermediate. [70] In another

tosel; M A S8 M L R O R R
;;s:tf‘-‘";b@wtedl di'@lhﬁi’dsﬁthtai ﬁgfh"é rl’;sggit?ﬁdd at a:;siagttwaeﬂ dlifdyl; substituted
or unguhsfifised %’&%J%“W?»as"gﬁﬁ‘g P@%ﬁ%ﬁ%mge&wig@m@g}o(aﬁyéﬁsg% tituted

nsubsstifiaed 878 Ghi@ititcd B uhibiteiited heetaiyipfikoty, afyioxy, heteroaryloxy, ,

halogsfal o508 20BE g T S HTBRRIOR SR NG Hror N

[0571eND O GatkeSécunehaPst R’ll)sﬁd%);emeatlg Bydrogeh, ubstitted oS baituted

ani ¢ sol vent .or anlc sol vent d .
alkylvaugﬁt&afe djar ypsy Ssﬂﬁfef? EE]E?PY? ﬁi gt wnsyastifuted ﬂ@v&esg substituted
or unbubstifAdd cyclohBlyl) gi:b@mateamaadwnsemtedtﬂa&r@@hmmyl UsiBstitiited or

t he ocesses de cri be in is tertbutan
unsubs%tut é ? substltut or unsu%stltuteg heteroaryl, alkoxy, ary oxy, heteroaryloxy,

halogen or CF3; and

[058]

[059] which comprises the steps of:

[060] (1) reacting an optionally substituted cyanobenzoate ester with hydroxylamine;
[061] (2) acylation with an acid chloride;

[062] {3) condensation; and

[063]  (4) optional hydrolysis of the benzoate ester.

[064] " Inone embodiment, steps (1)-(3) are carried out in a single organic solvent.
1065] In another embodiment, steps (1)-(3) are carried out in the same organic
solvent.

[066] In another embodirﬁent, steps (1)-(4) are carried out in a single organic solvent.
[067] In another embodiment, steps (1)-(4) are carried out in the same organic
solvent. |

[068] In another embodiment, steps (1)-(3) are carried out without isolation of an
intermediate.

[069] in another embodiment, steps (1)-(4) are carried out without isolation of an
intermediate.

[676] In another embodiment, steps (1)-(3) are carried out in a single organic solvent

or the same organic solvent and without isolation of an intermediate between the steps.
[071] In another embodiment, steps (1)-(4} are carried out in a single organic solvent

or the same organic solvent and without isolation of an intermediate between steps (1)-(3).

-8-



[0741I n one enbodi nent, the processes provided herein

are useful for preparing a conpound of fornula I

having the structure of formula Il: [0O751or
wopesrasesreut i cal | y acceptabl e salts, hydrat es PCT/US2007/019561

cl at hrates, prodrugs, polynorphs, stereoisoners,

i ncl udi ng enantioners, diastereoners, racenmates or

m xtures of stereoi soners, thereof, wherein: 10761R

i s hydrogen, substituted or unsubstituted al kyl,

substituted or unsubstitutecl cycloal kyl, substituted

or unsubstituted heterocycloal kyl, substituted or

unsubstituted aryl, substituted or unsubstituted

het eroaryl , - CH20) 126 _qr, any bi ohydrol yzahl e ]
10720y 0 S P el SRS GO P B R B HERE PyEapie solvent
or th&kamBbre@hiclsol veRtarldO¥Bdit hé&)lzﬂi&nldﬁb@ &ﬁémfeﬁ&l’e Betiv@erbsteps (1)-(4).
10791whi ch conprises the step

L [ 0801( reacting.
073k ¢y dnome sadrdimatdhaeingat “é“s‘ﬂ gthgproRess “6 %ﬁ%"é" 15 tert-
butadd?811(2) acyl ation with a hal obenzoyl chloride;

Le 21(3) condensation; and 10831( 4% hydr ol ysj s of the
[074het hylp aBe cPodiramb the PEsvEsSeHBIOYidve Rereinare yseful for preparing a

compound of formula I having the structure of formula I

COzR,

[075] or pharmaceutically acceptable salts, hydrates, clathrates, prodrugs,
polymorphs, sterecisomers, including enantiomers, diastereomers, racemates or mixtures
of stereoisomers, thereof, wherein:

[076] R! is hydrogen, substituted or unsubstituted alkyl, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted heterocycloalkyl, substituted or unsubstituted aryl,
substituted or unsubstituted heteroaryl, -(CI—L-;CI—IZO)“R6 or any biohydrolyzable group;
[077] X is at each occurrence independently F, Cl, Broor I; and

{078] m is an integer from 1 to 5,

[079] ‘which comprises the steps of:

[080] (1) reacting a cyanobenzoic acid methyl ester with hydroxylamine;
[081] (2) acylation with a halobenzoyl chloride;

j082] (3) condensation; and

[683] {4) hydrolysis of the methyl ester.

[084] In one embodiment, X is F. -

[085] In another embodiment, mis 1.

[086] In another embodiment, X is F and m is 1.

[087) In another embodiment, m is 1 and X is F in the ortho position.
[088] In ancther embodiment, m is I and X is F in the meta position.
[089} In another embodiment, m is 1 and X is F in the para position.

In another embodiment, R; is H.



108511 n anot her enbodiment, mis |I. [0861ll n anot her
enbodinent, Xis Fand inis |. [087]In another
enmbodinent, mis 1 and Xis Fin the ortho position.
WO]?@Mﬂﬁ‘i’Oanot her enbodiment, mis 1 and X i s PET{U$240/€19561
meta position. [0891ln another embodinent, mis 1 and
Xis Fin the para position. In another enbodi nent,
RlL is H WD 20081030570PCPUS2007/ 019561 [ 0901l n one
enbodi nent, provided herein are processes for
preparing conpounds of formula I, including conpounds
having the structure of fornulas Il and ha,
conprising the steps set forth in Schene 1:
0911Schene 1 rein Rl is h
1090 o e BB imARGARERY F‘%g“é’a’“éﬁ%""esﬁ%@’f Prégpipg gpmpounds of

fommﬂuﬁﬁluﬁhigtd%dméyxﬁﬂﬁmm the StHiGtuetof f&ehd4s 11 and ITa, comprising the
uns %g% et erocycl oal kyl, substituted or

smmsﬁﬂg PP ryl, substituted or unsubstituted

[091et ersyhkide 1 - ( CHZCHZO) nR6, any bi ohydrol yzabl e group
or any suitable blocking group know to one skilled in
the art, wherein step (4) is an optional hydronS|s’|

step when Rl is Otheﬁxmhan H; NC 5 Km
CN step (1) 1 NH, step (2) l NH?
COZR, | CO,R; COsR,
step (3) . />-O ¢ (Xm step (4) ? (X)m
@*’* Q*“
CO.R; COH lla
1092} wherein R, is hydrogen, substituted or unsubstituted alkyl, substituted or

unsubstituted cycloalkyl, substituted or unsubstituted heterocycloalkyl, substituted or |
unsubstituted aryl, substituted or unsubstituted heteroaryl, -(CHZCHzo)nRG, any
biohydrolyzable group or any suitable blocking group know to one skilled in the art,
wherein step (4) is an optional hydrolysis step when R, is other than H;

[093] X is at each occurrence independently F, Cl, Bror I; and

[094] m is an integer from 1 to 5.

[095] In one embodiment of Scheme 1, X is F.

[096] In another embodiment of Scheme 1, m is 1.

[097] In a.nother embodiment of Scheme 1, X isFand mis 1.

[098] In another embodiment, m is I and X is F in the ortho position.
[099] In another embodiment, m is 1 and X is F in the meta position. -
[6100] In another embodiment, rn is 1 and X is F in the para position.

[0161] In another embodiment of Scheme 1, R, is methyl.
[0102] In another embodiment of Scheme 1, steps (1)}-(3) are carried out in a single

organic solvent.

- 10~



[93] X is at each occurrence independently F, O, Br
or I; and (094)mis an integer froml1l to 5. 10951In
one enbodi nent of Schenme 1, Xis F. [96] In another
woeeisesitent of Schene 1, mis 1. [97] |n anotPEarus2007/619561
enbodi ment of Scheme 1, Xis Fand mis 1. [98] In
anot her enbodinent, mis 1 and Xis Fin the ortho
position. [99] In another enbodinment, inis 1 and X
is Fin the neta position. [0100]1n another
enbodinent, mis | and Xis F in the para position.
[0101] I n anot her enbodi nent of Schenme 1, Rl is
nmet hyl . [0102] I n anot her enbodi nent of Schene 1,

101030 S ahbirG Bt bt Sthei 1o o5 DS 58 Bufig s same
orgamiB@bRent enbodi nent of Schenme 1, steps (1)-(3) are

{!}108]ar ri I%dong %tmbiogintzebn% oi‘gcherr?er as?elpg (ﬁogtﬁlare carried out in a single
organic solvent.

[0105] . In one embodiment of Scheme 1, steps (1)(4) are carried out in the same
organic solvent.

[0106] In another embodiment of Scheme 1, steps (1)-(3) are carried out witﬁout
- isolation of an intermediate..

[0107] In another embodiment of Scheme 1, steps (1)-(4) are carried out without
isolation of an intermediate.

[0108] In another embodiment lof Scheme 1, steps (1)-(3) are carried out in a single
organic solvent or the same organic solvent and without isolation of an intermediate
between the steps.
- [6109] In another embodiment of Scheme 1, steps (1)-(4) are carried out in a single
organic solvent or the same organic solvent and without isolation of an intermediate
between steps (1)-(3). '

[6110] In another embodiment, steps (1)-(4) are carried out in a single organic solvent
or the same organic solvent and without isolation of an intermediate between steps (1)-(4).
[0111] In one embodiment of Scheme 1, the solvent used is tetrahydrofuran, dioxane,
isobutyl acetate, isopropyl acetate, ethyl acetate, methanol, ethanol, isopropanol,
isobutanol, propancl, butanol or ferr-amyl alcohol. |

[0112] In a particular embodiment of Scheme 1, the solvent used is terf-butanol.
[0113] In one embodiment of Scheme 1, step (1) comprises reacting 3-cyanobenzoic
acid methyl ester with aqueous hydroxylamine in ferf-butanol. Ina particﬁlar embodiment,
50% aqueous hydroxylamine is used in step (1). In another embodiment, molten fers-
butanol is used in step (1). In another embodiment, the aqueous hydroxylamine is added to
the 3-cyanobenzoic acid methyl ester and fers-butanol at about 40-45°C. In another
embodiment, the reaction mixture of step (1} is stirred for about 2 hours.

[0114] In another embodiment of Scheme 1, step (2) comprises reacting the product
from step (1) with a halobenzoy! chloride in triethylamine and rerr-butanol. In a particular

embodiment, the halobenzoyl chloride is fluorobenzoyl chloride, more particularly, 2-

-11-



[0104] I n one enbodi ment of Scheme |, steps (1)-(4)
are carried out in a single organic solvent. [01051In
one enbodi ment of Scherme 1, steps (1)-(4) are carried
WOoWe8/43a5he sanme organi c solvent. [0106] | n aPeTAESR007/619561
enbodi nent of Schenme 1, steps (1)-(3) are carried out
wi t hout isolation of an internediate. 101071In
anot her enbodi nent of Scheme 1, steps (1)-(4) are
carried out without isolation of an internediate.
[0108] I n anot her enbodi nent of Schene 1, steps
(1)-(3) are carried out in a single organic sol vent
or the sane organic sol vent and wi t hout isolation of

e dj a e ween t.he steps 0109 oth
Moy O IRNENE SFPoSBRR (O yeopHyn EPREA g bl further
dtlutedTTvﬁh molgh gerabgtaﬁolc I6 ehomat elﬁboc?ﬁlemﬁﬂﬂ&e&hgﬂ of gep (2) is carried"

ol vent an tl0n0 n int _rI’TEIate o
out ab"’ef"x%@ﬁ"tg‘leé‘ﬁﬁést‘q) Lé T@f&@]ﬁaﬁ‘%ﬁ’&e S SHRbAf At 30-35°C.
In an&thePembddimich), tlﬁfr%a&ﬁhrmxﬁﬂn@ ot step (B i stn&ldefopatgam &bout 2 hours.

sol vent or the .sol vent, and

or.g t hqut
In certalg ehogiests At APE HEGY SEinGRE %@?@Yém@b(lﬂﬁ cqylye added to

the re{a@tldﬂ-inhﬁu&ﬂﬂ' sepefion®ive tﬂé re‘éﬁii&m cbmpldtRnsol vent used
1.S t%traq¥drofuran di_ox I sobuyt yl cetaté -
[0115]5 o p T8 gy Pt ERbRdimeRt af e STB6 | a6 (FHEPREFISHS roiptia the, product

from is&P A2 PRIBA butdnd D DlatAelicul & ARE M entDHER) coBbrises refluxing the
prod&ct frtomas[pelllz (26)“11(1: ter;r—{)utanol at about 82°C. In another embodiment, step (3)
comprises crystallizing the ring-closed product by the addition of water at about 60-65°C.
In another embodiment, the resulting slurry is cooled to room temperature, filtered, washed
with tert-butanol/water (50/50 v/v) and dried in vacuo.

[0116]) In ancther embodiment of Scheme 1, step (4) comprises hydrolyzing the
methyl ester of the product from step (3) into the corresponding sodium salt by the addition
of aqueous sodium hydroxide in tert-butanol. In one embodiment, hydrolysis of methyl
ester of the product from step (3) is carried out in aqueous sodium hydroxide and rert-
butanol at about 68-72°C, In a further embodiment, step (4) comprises converting the
sodium salt to the free acid by filtering hot sodium salt solution through an in-line filter
(e.g., a 5 micron in-line filter) and acidifying with sulfuric acid to about pH 1-3. In a still
further embodiment, step {4) comprises converting the sodium salt to the free z;cid by
filtering hot sodium salt solution through an in-line filter (e.g., a 1 micron in-line filter) and
acidifying with about 10-15% hydrochloric acid to about pH 1-3 followed by stirring at
about 70°C for about ! hour. In a further embodiment, the free acid is isolated using a
Rosenmund filter and washed with aqueous ferf-butanol and water, followed by drying
(e.g., with a paddle dryer or doubie-cone dryer) or centrifuging. -
[0117] The progress of reactions described herein can be monitored by any method
known to one skiiled in the art including, but not limited to, thin-layer chromatography
{TLC), high-performance liquid chromategraphy (HPLC), or spectroscoplc methods (e.g.,
'"H-NMR, *C-NMR, IR, Raman, MS).
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[01121In a particul ar enbodi nent of Schenme 1, the
sol vent used is tert-butanol. [0113]1n one enbodi nent
of Schene 1, step (1) conprises reacting
woesyEnobenzoi c acid nmethyl ester with aqueo®ET/US2007/019561
hydroxylam ne in tert-butanol. In a particular
enbodi nent, 50% aqueous hydroxylam ne is used in step
(1). I'n another enbodi nent, nolten tertbutanol is
used in step (1). In another enbodi nent, the aqueous
hydr oxyl ami ne is added to the 3-cyanobenzoic acid
nmet hyl ester and tert-butanol at about 40-45C. In
anot her enbodi nent, the reaction nixture of step (1)
s stjrred for. about 2 rs. [0114 not her
1011455 i e o fahirEins Bioshsr B8 orspatie g
ﬂuorbmnpnqdm]oﬁmmow%m bénzoinl ztchi 2omplising fe0ydpsabl fFthae

in.triethylam ne and tert- butanol . In a particul ar
chemgi®di ment, the hal obenzoyl chloride is fluorobenzoyl
chloride, nore particularly, 2- - 11 - fl uorobenzoyl

chl oride. In another enbodi nent, the reaction m xture

of step (2) is further diluted with nolten

ten-butanol. In another enbodi ment, the reaction of

step (2) is carried out at a tenperature of |ess than

40C, and in a particular enbodi nent, at about 30-35C
[0119]n aryhlffe 2bodi nent, the reaction mxture of step

(2) is stirred for at |east about 2 hours. In certain

enbodi nents, additional triethylamne or hal obenzd

chloride can be added tg,fthe reaction mxture ofo"

(2) to drive the reactjon to conpletion. [OllSFIn

me 1gt p (3) cg

frllg'e M st @ inte t arfér2
In a particul ar entfodi nent, step (3) conp
COé| uxi ng the prodootmérom step (2) in ten-guipanol at
about 82C. In another enbodi ment, step (3) conprises
crystallizing the rgng-closed product by the additiron

of water at alpp® 5C. In anot her enbodi nent@ th
)l ed to FBMPt enperaturd,
t ert - butanol 7Wwat er HISd’vlv

stepédul t i ng_gl ’%/'
T Tillered shed wi
and drie vacua. [0116JIn another enb ent  of
Schene 1, S (4) conprises hydrolyzing idagunet hyl
ester of the product fromstep (3) into the
[o120Jor r da ywe dh’lb@dﬁmﬁlit (proEadd hdvyintabeprodéebséd wafif forgGeRoig a
sodi u ide in.tert-buta one enbodi nent,
compppte B PRFEIEH, SHEHHneier BPUE (O & SPUBRSEST r om ot ep
[0:2X}3) i($) Rattidgtie @YindbEnAiLEd medndesten; hydr oxi de and
tertbutanol at about 68-72C .Jn a further enbodi nent,
step (4) conprises conv ¥Ng the sodiumsalt to the
free acid by filtering sodiun1sa|t sol ution
through an in-line filter e g., a 5 mcron in-line
filter) and acidifying woPRM8U furic acid to about pH
3. vefTbodi ment, step (4)
[Olzéorrpr%vg}elzl g@néimﬁl%w & sodi um salt to the free acid
by filtering hot sodlun1sah¢£§blut|on t hrough an
in-line filter (e.g., al nicronin-line filter) and
acidi fying with about f@' 5%Nigdr ochl oric acid to
about pH 1-3 foll owed % tirring at about 70C for
about 1 hour. In a furtuﬁr enbodi nent, the free acid
is isolated using a Ros AWRd filter and washed with
que - : I i ng
[01232}6. g%%v(\)/lh{%ﬁtbgqg%%g?%mg?;H/teh\rl@iﬁé%eg ub ecw((:}%ﬂjg @geér() or
centrifuging. [0117] The progress of reactions
described herein can be monitoted by any nethod known
to one skilled in the art including, but not Iimted
to, thin-layer chromatography (TLC), high-performnce
liquid chromat ography (HPLC), or spectroscopic
met hods (e.g., Ii-NVR 13C-NMR, | R Raman, M5).




WO 2008/ 030570PCT/ US2007/ 019561 101181l n one
enbodi nent, provided herein are processes for
prepari ng 34542- 7
wof2basmseppieny 1) 41, 2, 4] oxadi azol - 3-y11- benzoi e PETIUS$2007/019561
conprising the steps set forth in Schene 2:
CO2MeCO2H [ 01201l n one enbodi nent, provided herein
are processes useful for preparing a conmpound of
formula H, conprising perform ng the follow ng steps:

101211(1) reacting the cyanobenzoic acid nethyl
ester: ON :

COo2mve

[01221wi t h hydroxyl anmine, to give:

[0124]

[0125]

/’m
h{o x5

0
NH,

CO.Me and

followed by (3) condensation to give:
N X
N O\_/

CO,Me

In another embodiment, the processes provided herein further comprise (4)

hydrolysis of the methy! ester to give:

[0126]
[0127]
[0128]
[0129]
[0130])
[0131}
[0132]
[@133]
solvent.
[0134]
[0135])
splvent.
[0136]

butanol.

In one embodiment, X is F.

In another embodiment, m is 1.

In another embodiment, X isFand m is 1.

In another embodiment, m is 1 and X is F in the ortho position.

In another embodiment, m is 1 and X is F in the meta position.

In another embodiment, m is 1 and X is F in the para position.

In another embodiment, steps (1)-(3) are carried out in a single organic solvent.

in another embodiment, steps (1)-(3) are carried out in the same organic

In another embodiment, steps (1)-(4) are carried out in a single organic solvent.

In another embodiment, steps (1)-(4) are camred out in the same organic

In another embodiment, steps (1)-(3) or-steps (1)-(4) are carried out in ters-
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CO2Me 101231fol l owed by (2) acylation with a
hal obenzoyl chloride, to give: co2Me, and
[0124] fol | owed by (3) condensation to give: CO2Me
wo[20d2B3#37n anot her enbodi nent, the processes PCONISA@d/019561
herein further conprise.(4) hydrolysis of the nethyl
ester to give: N-O [0126]In one enbodinent, X is F.
[0127] I n anot her enbodinment, mis |I. [0128]1n anot her
enmbodi nent, Xis F and mis 1. [0129]1n anot her
enmbodi nent, mis 1 and Xis Fin the ortho position.
[0130] I n anot her enbodinment, mis 1 and Xis F in the
nmeta position.

[0137) In another embodiment, steps (1)-(3) are carried out without isolation of an
intermediate.

[0138] In another embodiment, steps (1)-(4) are carried out without isolation of an
intermediate.

[0139] . In another embodiment, steps (1)-(3) or steps (1)-(4) are carried out in a single
organic solvent or the same organic solvent and without isolation of an intermediate.
[0140] In one embodiment, the solvent used is tetrahydrofuran, dioxane, isobutyl
acetate, isopropyl acetate, ethyl acetate, methanol, ethanol, isopropanol, iscbutanol,
propanol, butanoi or terf-amyl alcohol.

[0141) In a particular embodiment, the solvent used is fert-butanol.

[0142] In one embodiment, the compound of formula II is 3-{5-(2-fluorophenyl)-
[1,2,4}oxadiazol-3-yl]-benzoic acid.

10143] In another embodiment, the synthesis is carried out in a singie reaction vessel
(i.e., a “one pot” synthesis).

[0144] In one embodiment, provided herein are processes useful for preparing a

-~ compound of formula II, comprising performing the following steps in a single reaction

E

vessel:
[0145] reacting cyanobenzoic acid:
' CN
CO,H
[0146] with hydroxylamine, to give:
P‘I’OH
NH,
COH

[0147] followed by acylation with a halobenzoyl chloride, to give:

-15-



[0131] I n anot her enbodinent, mis 1 and Xis F in the
para position. [0132]1n anot her enbodi nent, steps
(1)-(3) are carried out-in a single organic sol vent.
woO[20ds38937@ anot her enbodi ment, steps (1)-(3) &CEUS2007/019561
carried out in the same organic solvent. [0134]1n
anot her enbodi nent, steps (1)-(4) are carried out in
a single organic solvent [0135]1n another enbodi nent,
steps (1)-(4) are carried out in the sane organic
solvent. [0136] I n anot her enbodi nent, steps (1)-(3)
or steps (1)-(4) are carried out in tert- butane'.
WO 2008/ 030570PCT/ US2007/ 019561 [ 0137] I n anot her
enbodi nent, steps (1)-(3) arg carried out w thout
i sol ation of. an internediat ,§§38]In anot her
enbodi ment, steps (1) 9y = Tied out without

i solation of an inter di;te;

NH,

COH  and

[0148] followed by reflux to give:
N-C

= AK)m

CO,H

[0149] In one embodiment, the compound is 3-[5-(2-fluorophenyl)-{1,2,4Joxadiazol-3-
yl]-benzoic acid.

[0150] The embodiments described herein are further illustrated by the examples set
forth below, which are not to be construed as limiting the scope of the embodiments
described herein.

[0151] | Starting materials and reagehts useful in the processes described herein can be
obtained from commercial sources or prepared using methods known to one skilled in the

art,
5. EXAMPLES
[0152] Methyl 3-I5-(2-fluorophenyh)-[1,2.4]oxadiazol-3-yi]-benzoate

[0153] Batch 1
[0154] Methy! 3-cyanobenzoate {105 kg) and molten ters-butanol were charged to a

dry reactor. 50% aqueous hydroxylamine (43L, 47.4 kg) was added to the clear solution of
methyl 3-cyanobenzoate in molten ferf-butanol in an inert atmosphere over about 2 hours
and 48 minutes. The maximum batch temperature during the addition of 50% aqueous
hydroxylamine was about 43°C. The addition rate of 50% aqueous hydroxylamine varied
from about 9L per hour at the onset of addition to about 30L per hour. The batch
temperature was maintained by alteration of the jacket set point on the reactor. In

particular, the set point was changed from about 40.5°C at the beginning of the addition to
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[0139] I n anot her enbodi ment, steps (1)-(3) or steps

(1)-(4) are carried out in a single organic sol vent

or the same organic solvent and w thout isolation of
woanog/isvennedi ate. [0140] In one enbodi nent, POE/TS2007/019561

sol vent used is tetrahyclrofuran, dioxane, isobutyl

acetate, isopropyl acetate, ethyl acetate, nethanol

et hanol , isopropanol, isobutanol, propanol, butano

or tert-anyl alcohol. 101411lIn a particular

enbodi nent, the solvent used is tert-butanol.

1014211 n one enbodi nent, the conpound of fornula I

is 345-(2-fl uorophenyl) -

'[1, 2, 4] oxadi azol - 3-y11-benzoi c aci d. 101431l n anot her
abous 2 63C wa fhe, adslﬁ@ngymlmgas@du Ihe mactiewaudeamedLoniplge E.e.. less

than} 8&&?{% 9 NRDSHer Sirfing 8 abBlF4 H&Srs aﬁéMb‘hP@@-ﬁaC.

one e I ment, pr ovid ereln are

wlsm ocemmt@smms@mwem repctor eodplasedithspughowitubout 10L
of mbhen ROPBh N InOSc. 0 48 dRld: 0 R SH5R% 346 vhen the

single reaction sse 0l451reacti ng cyanobenzoi c
batch wiasi receiyryd by the dry reactor to about 27°C afier transfer was compjegs| Partial

cryst[aﬁﬂz%ﬁ&%f e BYER Q0% loBE DS whidn Qid ot ad%y Lffect stirring. The batch
was cooled to about 34.4°C and triethylamine (72.6 kg, 100L) was charged to the reactor.
The jacket temperature set point was raised from about 20.4°C to about 31.0°C to maintain
the batch temperature with the range of about 30-35°C. Following a line rinse with molten
tert-butanol (10L), the batch was charged with 2-ﬂuom5€:nzoyi chloride (113.7 kg, 86.0L).
The addition rate over the first third of the charge was about 25L per hour. The jacket inlet
temperature was lowered to about 15°C during this period and the batch temperature
remained at about 34 6°C. The addition was complete after about 5.5 hours. The
maximum batch temperature during the addition was about 38.8°C. The addition rate was
slowed towards the end of the addition with the final 27 liters of 2—ﬂu6r0benzoyl being
added at about 11L. per hour. The reaction was deemed complete (i.e., less than about
0.5% methy! 3-amidinobenzoate) after stirring for about 2 hours at 30-35°C.

[0156]) The batch was then heated to reflux temperature (about 82°C) over about 1
hour and 42 minutes and stirred for about an additional 18 hours. During stirring, some
product partially crystallized to form a shury. The slurry was cooled to bout 40°C to allow
for sampling, during which full crystallization occurred. The batch was reheated to reflux
temperature and stirred for about 1 hour and 50 minutes. The batch was then cooled over
about 2 hours to about 69°C and 6301 of purified water was slowly added over about 4
hours and 15 minutes while the batch temperature was maintained at between about 66-
69°C. The shury was cooled to about 22.4°C over about 3 hours and 14 minuies and
transferred to 2X200L ceramic filters fitted with 25-30u mesh polypropylene filter cloths.
Transfer of the material from the vessel onto the filters was complete after about 55
minutes. The filter cakes were washed with 50% aqueous tert-butanol (210L), allowing
about 10 minutes for the wash to soak into each cake. The cakes were then dried ir vacuo
over about 5-10 minutes. Purified water was applied to the filter cakes as a secondary

wésh (158L per cake) to remove residual tert-butanol and triethylammonium chloride salt.
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[0147]fol |l owed by acylation with a hal obenzoyl
chloride, to give: W) 2008/ 030570PCT/ US2007/ 019561
CO2H, and [0148]followed by reflux to give: CO2H
WO[20B49¢370 one enbodi nent, the conpound is PCT/US2007/019561 -
345- (2-fl uorophenyl) 41, 2, 4] oxadi azol - 3- yl kbenzoi c
acid. [01501The enbodi nents descri bed herein are
further illustrated by the exanples set forth bel ow,
whi ch are not to be construed as limting the scope
of the enbodi nents described herein. [0151] Starting
materi als and reagents useful in the processes
descri bed herein can be obtained fromcomercia

Liquér%l'{{/e?rg ge£%v£rﬁ$t%§{lﬁgngg{%é§%ﬁoéh gﬁci nQJ%Vdrt]esF _ g%eelkes were dried in
vacuo for about an additional 2 hours and then sampled using liquid chromatography. The
purity of the cakes was determined to be about 99.6% by liquid chromatography.

[0157] After drying the cakes in vacuo for about 8 hours and 25 minutes, the wet cake
(207.4kg) was transferred to an air oven. Drying in the air oven was performed at about
50-55°C for about 52 hours. The overall yteld of isolated product was about 89.9 %
(174.65kg), which can be adjusted to about 90.7% after accounting for material consumed
by sampling.

- [0158]  Batch2

[0159] Methyl 3-cyanobenzoate (105 kg) and molten rert-butanol were charged to a
dry reactor. 50% aqueous hydroxylamine (47.85 kg) was charged to the reactor in an inert
atmosphere over about 3 hours and 29 minutes. The temperature was maintained at about
40-45°C during addition. The reaction was deemed complete (i e., less than about 0.5%
ester) afier stirring for about 3 hours and 16 minutes at about 40-45°C.

[0160} The batch was transferred to a dry reactor as described for Batch 1. The batch
was cooled to about 34.4°C and charged with triethylamine (72.6kg, 100L). The addition
was performed over a period of about 45 minutes while maintaining the batch temperature
at about 30-35°C. The jacket inlet temperature was raised from about 31.4°C to dbout
32.6°C during the addition. After line rinse with molten ters-butanol, the batch was
charged with 2-flucrobenzoyl chioride (113.7kg, 86.0L). The acid chloride was added
over about 3 hours and 27 minutes. After stirring for about 8 hours at 35°C, the reaction
was deemed not to be complete (i e., more than about 0.5% of methy! 3-amidinobenzoate
remained). 1.5% by weight of the original charges of triethylamine and 2-fluorobenzoyl
chloride were then added to the batch. Each of the additional charges were accompanied
by a line rinse of rert-butanocl (10L). No additional cooling was performed during the
addition of the acid chioride. The batch temperature was maintained at about 30-35°C
with the jacket inlet temperature ranging from about 30.3°C to about 33.0°C. The reaction
was deemed complete (i.e., less than about 0.5% methyl 3-amidinobenzoate) after stirring
for about 2 hours at 30-35°C.

[0161] The batch was heated to reflux temperature (about 83°C) over about 1 hour and
44 minutes and stirred for about 18 hours. As with Batch 1, solids fully crystallized during
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[ 0152] Met hyl
345- (2-fl uorophenyl)-11, 2, 41oxadi azol - 3-yl | - benzoat e
[0153] Batch 1 [0154] Met hyl 3-cyanobenzoate (105 kg)
woang/om7é en tert-butanol were charged to a dPgZT/US2007/019561
reactor. 50% aqueous hydroxyl am ne (43L, 47.4. kg) was
added to the clear solution of nethyl 3-cyanobenzoate
in nolten tert-butanol in an inert atnosphere over
about 2 hours and 48 m nutes. The maxi mum batch
tenperature during the addition of 50% aqueous
hydr oxyl am ne was about 43C. The addition rate of 50%
aqueous hydroxyl am ne varied from about 9L per hour

t he opset.of. addition to,about 30L
coolifg, fariampEer ThaPacheres Fbened i e ortpeRiies 1A stighd fareabout 1
hour bAE K &in®es. PR BitcloWat BRencodiel over abButiBhdurs Hh@APO riMes to

abou}sjé‘%g &3 |t 3\[6%8({ &g‘%‘éﬁg gwff{t%%nqsgsbo%aégedsge?gbout 4 hours and 30
mgnu%%ﬁ%@éﬂél&%&?&%’%%ﬁmmqt betbeOiatitfut 656-69.2°C. The

addition rate i ncroeased The reaction was dee
slurry yapresied loabophzhd AhBYRr a9owed Ratrgand 3 %’ameﬂngeﬁ%@mem
were h@hsBReIHo dhahSdthSidtinad aslliestHbédbfor BARHT5 Hiearddstes Bf material

was transferred to a dry reactor and chased throuag
was eympiete BBerabpuy S bpurrand Srniputes- bhe Ben cakenwene yashed with about

50% RQidahs WASHIASEI $ RSB Rintds et adxey ml&aﬁgMennﬁtlaefd}aa@haMﬁe soak

recei ved by the dry reactor to about 27C after
into qagh palfearionde diyéngiromasuo-pEHERtian wascompigte alien ‘%’H“b’f heyyeand 40

minuRA! ‘F‘tlnﬂ@@w@ﬁ? @k %Qﬂm l%hhéjéedcc.@% th@ GMET WashY I ﬁcﬁ§ tzvere removed
stirring. The batch was cool ed to about 34.4

by dryinigdr m@rﬁon abqut 1 Ognipytes. Gbe Fakes yeendiiegdd veera hé Sbout an
addltro%epi urs aNES MAGKRS ahPHRE rsé‘thfeS uSifk BRI Ehro¥asto gegﬁ,e OThe

from about 20.4C to about OC to mai ntain the batch
purity efihe cakasrvecroidetermingd te by ebqyrc 92 5% AndRY. FEaesystivelwi Pigliquid
, hyinse with nolten tert-butanol (I Q.), the
Chm@atbglﬁswas charged with 2-fl uorobenzoyl chloride
[0162]1113 wakglrytes 1181 gakes frovagdel fori abputranaddigipapl 2 heurs ppd$ minutes,
the vJepézE(g ( l%g &J&%F&@fe‘ﬂ%a 1S ORuE ogéd- Iﬁféﬁng‘ﬁ%e mIB@enCwas

tenperature was | owere

perfodrucd ntgabpm $0-p2IQ bt alnat 48 kousnt The Qvergbleyialdaf dsolztphpiedyct was

B C. The addition was conplete after about
abougé%§/°g1 %%ﬁe maxi mum batch tenperature during the
[0163]ddi tBateh hias about 38.8C. The addition rate was

068 N U g Sl i

and l'p@itenft@?tlfbutaiﬂhb(?ﬂéd@h dhe meb*ewaﬂeé engthetbatch; ter@perawre was set

o o U Mt S ARG B 8 o

charged so thegradierdbed ingt awidsphert enpred haws and Abwinutg? Ghe
v a t ' r
- cempffice SRS Hlaithaiioihy ARl 96 o8 QULES ABSalibh Hle Kabrion was
comppete dﬁcnt stipang fcnlalbpummdaidnaké towre af ahomt 42°€l.urry. The
[ urr. cool e f
10168, (b R oo 20 € At BarBed Rt cibm5HiNG B over
15 mymges ehEavmtictzpyi elﬁilomle (férkge“m adtded mver about 2 bourkend 44

and, 50 m nul t -
mim 37 i b8 Krn BB erd v Ao AR S8kl e padition.
The tpatich Waseddirwdtfor a Warthes Rdwluys sauid@dnmums aphiiit and! tho taastion was

qd 15 m nutes while the batch tenperature was

COMMEPNt ai ned at between about 66- 69C. The slurry was
cool ed to about 22.4C over about 3 hours and 14
m nutes and transferred to 2X200L ceramic filters
fitted with 25-301.t nesh potyPropyl ene filter
cloths. Transfer of the material fromthe vessel onto
the filters was conplete after about 55 m nutes. The
filter cakes were washed w th 50% aqueous
tert-butanol (210L), allow ng about 10 mi nutes for
the vvash to soak |nto each cake. The cakes wer e then




[0157] After drying the cakes in vacuo for about 8
hours and 25 m nutes, the wet cake (207.4kg) was
transferred to an air oven. Drying in the air oven
was performed at about 50-55C for about 52 hours. The
overall yield of isolated product was about 89.9%
(174. 65kg), which can be adjusted to about 90. 7%
after accounting for material consumed by sanpli ng.

RS S AT R PR A R,

mint@3ahPEtirr0He ASHIR QY holiy G B 8 M qﬁéﬂat@ﬁwﬁ@ﬂleﬂ\@cﬁ)led over
charged to the reactor in an inert atnosphere over
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drying in vacuo for about 10 m nutes. The cakes were
dried in vacuo for about an additioral 2 hours and 5
m nut es and then sanpl ed using |iquid chromatography.
The purity of the cakes were determ ned to be about
99. 5% and 99.6% respectively, by liquid




101641A reaction vessel was charged with
3-cyanobenzoi ¢ acid nethyl ester (52.5 kg) and nolten
tert-butanol (228 kg). The vessel was seal ed and the
bat ch tenperature was set to about 40-45C and the
agitator was started. 50% Aqueous hydroxyl am ne (24
kg) was charged to the reactor in an inert atnosphere
over 2 hours and 40 m nutes. The tenperature was

i nt g, ned about 4 @
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dried bravapee wittt ;lmnmttdts}irnﬁﬁBve{rzbbth@rt@ptse Rptify was determmed to be

IR TR N T )

[Olﬁﬁt-pgfafghgmas set to about 35C and the agitator was
started in the vessel. Mlten tert-butanol (222L, 3
[01759] . ) Aanactpums‘sqzlewsmmed (ve@&meﬂml B[5r@rflyorgelicayl)-

ed to the ve
1250 BB e S R SRS B b L. e
vessEPvHS scQled(thd t@(ﬁhtc}lteinp&ﬁtu@@tﬂs\set)to aodaCl dnﬁehef zhgi&ﬁ)r was
wi th additional gurlfled wat er (100L, 1.35 nol). The

starigdt BhrifiedrpeicatUreke sisp éhnrg%wt%the yesselg Thes ftler%?ots%ﬁ followed
dur 4 o

by (oG Dk 7B fkh il B BHED SHIBHRECAD W) HFe batch
tempﬁrﬁmiee&am@keﬂ heabadjeistied over abdpaut h&8-anad thenwstirred fioudbout 3

30 mnutes. The m xture was stirred for about 3 hours
housgtat ab3ikt7088- 72C. The sol ution was then cool ed to

out eﬁﬁ%!ﬁ BRA 1y leh ri‘ttta%@%ﬁmdwﬁ ht

{017%2' ut |T§%b\a}\tg§qt gﬁ{efe eat egmto a{%o@?q)é% %ZC follow nglg
positike pﬁ:bsm‘e opnicogeunel tee trandfontd B arow saciod B8 vessel was charged

mn 0 et. te ra eaction
wi ér(gf%%( mﬁiotgﬁlléa%]é@’ ﬁaéefgﬁ’q%g ?gt%? started
and the hot |iquor was transfer lred through a 1 mcron
filter at about 70C under slight positive pressure of
nitrogen 111.4 to 139.6 kPa (1.5 to 5.6 psig). The
product tenperature dropped to about 64.3C during the
transfer, which was conpleted in about 45 m nutes.
The vessel was charged with purified water (61L, 0.82
voI ) and the contents were heat ed to about 68 72C



13. 9% w sul furic acid (100.7kg, 1.15 nol equiv.)
over about 4 hours and 18 m nutes. The batch
tenperature was mai ntai ned at about 68.0-70.8C during
wot2o@/meit i on. Aci d addition was foll owed by paTitsem7/019561
rinse wwth purified water (50L, 0.68 vol.) and
stirring at about 68-72C was continued for about an
additional 31 minutes. [0172] The batch was cooled in
a linear fashion from about 69.2C to about 41.2C over
about 4 hours and 10 m nutes. The stirrer on a
Rosenmund filter/dryer was raised to the highest
position and the jacket set point was set at about
40C. The slurry was transferred into the filter/dryer

0177k t whhephptchswasedasged it i 9.7 YrpsiepisdydncBlogigacigyyer abput 4
hourd, Ol”ltnb?atéﬁ feiipe Rk v@s%?a?n&m s ﬁe?-%qc‘ld 1% fhlAddition. The

pressure range from about Pa to

pH oé atcbgeassiemu(eéa@@t: abaut@. 2, by gl meks asd pairipedt pbawy 70°C
was éd},%nagmfag% a)q/gh&@ioggsl gapp! eted in about 1 hour and

e secon art of the slurry was
[0178] ansTherbateh was qoofeddn atlh@mf faphion fiorke Grig abpiet 60 °C over about

2 hot%@ m?‘ﬁé b%‘tﬁlé %oﬁ{ 56 5¢& QVaQ rcb@lt:#l ¥rf 3 ﬁné}i? %ﬂﬁﬂ' ffdm %b‘it 1o %b.oélt 4¢ °C

second part was tered using about
over kaut 2chosibo lifhemhavmr(edtfmg 2 houys atfLIIC 2wl f}.le by was

transFérPeEQSt%’Lfd%ﬁﬁﬁ%eg {Sltég%ftﬁﬁoﬁw%,ﬁ gll(e{éua‘i’!%?gb&ft 26 g%ute% The

hour's e was washe
ﬁlterltakesaque oashadewith bbowH8Pe WiV aquesns (eB5Dano!l §16/0kg))ovar about 30

e

cakeg wapeirm:lwt b §06 eym tfor abvoul hd@@ndnben dischprgsd into awhmm.

o178, 2Ok OGS 8o S P Bt e o
suitabledoathis spepd Iadd th‘e Jasi@k mmmm\mwamwwm p¥educt was
dned( 2 vagusogg)ab?‘%t%zé] B?ﬁ szgod ([28 g%éverr%%%t {8 hours> eﬁuﬂ@%vas

detexirilné’.’l té]btemhdutaGBcﬁ%B The Iobenatl itié of Mlak@g prodict gak ebow 7% (68.5
ke) nolten tert-butanol (111.4 kg). The vessel was seal ed

8- and the batch tenperature was set to 30-40C and the
[018a]gitaBarchv%IS started. Purifi ed water (51.6 kg.) was

[Ulsmar gg %ﬁv% %?5) H‘ﬁ {l}g[ 2935 Y‘%%uﬂgfgb%ry by

[1,2 s]@kaamzm 362})3::1&0&@)(10@1 endaibttln teeripeastl (128 MmB3. r'Iélnleéﬁubh

about 1. h t
TR T A T T
hydrkilié es186bm(30I5 g) mmj‘geﬂﬁhmph@mshﬂ eef adoie30 hawntes dBe batch

rempife ik i piied B e o rhe BAG e EBraNlE Ve apigtio sbout

78-828C Hvap ubbiti 1esbunahe theq béifrel r adoa: dnwidhivhehl s doelbdueds-
oL 0_about 68-72C, -2%17- WO . .
82°Co0Bhy briels wapbised Y38y prordyethy e e angen ghtpasitive pressure
of mﬁbg’léh%@ théd @aréfbrge%t@ﬁliﬁ%aab’ld 86 Bhtoh tdinpeatlreOVA maintained at
about hours. The batch tenperature was nai ntai ned
abo“h?s‘%&tt 68-72C during the addition. The pH of the
[018PRt Cha Wew Wbkt &eﬁ%é@whﬁ 328PatuedusthydfdthibritciB4ahL) and

and stirri n at abouf 70C was continued for about an
moltepyrs buangt (§ migy r The temperature was maintained at about 30-40°C and the

mixture was stirred for about 30 minutes.
[0183] . The batch was charged with the hydrochloric acid in zer¢-butanol over about 4
hours ﬁsing a meterihg pump. The first half of the charge was added over about 20-30

-~22 -



[0178] The batch was cooled in a linear fashion from

70C to about 60 C over about 2 hours. The batch at

about 60 C was cooled in a linear fashion from 60C to
woabeizo##9 C over about 2 hours. The bat ch wagcsiuseoed19s61

for further 2 hours at 40 C and the slurry was

transferred into a centrifuge filter. Filtration was

conpl ete after about 30 m nutes. The filter cakes

were washed with about 42% w w aqueous tert-butanol

(165 kg) over about 30 m nutes. Purified water (118

kg, 40C) was applied to the cakes as the final wash.

‘The cakes were dried at about 900 rpm for about 1

hour and then di scharged into a drum [0179] The wet
minugask dbedeitaton spgpd Mes pe do phru 280 prdT ke gmpiting gharge was added

| e . . _

over tgﬁﬂeﬂjsgc > Po/italo? spdediQvasiiet ﬁ@b@u{)fgﬁ)t Jp% Ihe Slz_vﬁh?x té@fibrature

et tenperature was set to a
was Ipaipthinsd apabout 78e82°Criuviag thy additityo (he7dtofhe Rinpbhatelyives

. . - . . . t . ‘
i S I e L S e e o
abouparoatiditionah$ hatwout 74% (68.5 kg). [0180] Batch 3 :

018 ' Iy ' t o
o151 R CACHD 857 P las 194 LR ove

about 1 Boyy) Tedatvblar about @01*Covsavoled(in 23ingts) fastore frpert HIRC to about

ol € [ I , -4 ; r
50°CLAP AR 4B yiRaTEd adiGuol Spbedlu o ADoBONS Bl TiEGusch
aboul SP(Swep) condes] io ladingedifashivn fiohes WP éstoaboen 4P Catyeuabogp4 hours and

m nut es. , The t gh era j. '
e o S5t ERESE Tyl RS THE RS DAL LT ¢ b
40°Cabout 78-82C over about 1 hour and then stirred for

' bout..an.,addi tional 1 t o
018500 ¢ R Mt e it o BouBaPdsicr, T iy Mg ranstorred
into aifilet Rilviatjibt waesémplet gitegabartd rofnum. tFheddter asicks Meeqwashed
.. trapsferr .0 a.ReEW reactor.. T . t o
with e B RGP it e st 85 2wt ARG REPERLME S 2 c0°c)
was Appbied hathg ealkasiak he3ffdl agiskeoTBe bakats sehd dni¢deat abowt 604707C)under
an | t ert-butanagl (8 .. The t enperature was
vaculgipf FORE R pors gt PR Chop R eERlr ORI o s
[0188]t | I I eIPLipurith Gutls d3Rrined tte be apddit 83 H¥harchaTbdyisbof isolated
charged with hydrochloric acid in tert-butanol
Pmd‘(‘)‘i}éﬁ‘agﬁgﬁ‘thgd’f’iégﬁﬁ)s using a netering punp. The first
[p1shl f pis-thauvekphgay b2 adciedimob3-dbberzeda38: ORE pet process
WD 20081030570PCT/ US2007/ 019561 mi nutes. The agi

tator -
speed was iset to aghout 200 rpm The renaining Chg%?;@

added [over apout 3. S5choyys. The agitator spm

vas et ot o MDY rpm e bat chretaenper apug elwas

mai rEathed bout 78-8 Fi ng the addit e

pH ofBYe | i bat ch wa justed to be abofit 1.2
Oty a pH ne and stirring at about 78-82

C ya
conti nued for about an additional 1 hour. FOl The
batch was cooled in a linear fashion from 78-82C to

about 70C over Reflux

N-Q
[ 4
"N
‘ F
O~ TOH
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about 1 hour. The batch at about 70 C was cooled in a
linear fashion from 70C to about 50C over about 4
Afnd the agitator speed was set to abo

Wozgﬁdéﬂsgsatch at about 50C was cooled in a llneg&:@zg@g)‘ﬁsm

from50C to about 40C over about 4 hours and the

agitator speed was set to about 60 rpm The batch was

stirred for further 4 hours at 40C. [01851The filter

tenperature was set to about 40-45C. The slurry was

transferred into a filter. Filtration was conpl ete

after about 1 mnute. The filter cakes were washed

with tert-butanol (50 nL, 50C) over about 2 m nutes.
j0188]PUr | A k& 1diB)eSie] wa@thgﬁa wathClaNGienssip |abﬁct7t33 g)mad molten

cakes as the final was The cakes were dried

tert-buganel (1 BomEY CThe yeysel way sppladanddbe batch FWRRE?%W&WGS $31 de 60°C
and thé hg&d?&f B8l aﬂcct %ﬁ%gﬁ?&.ﬂl&%as LAROHrh Qne mentﬂae Waeh

erm ned 9% area. The g/
tempefatwt atasdeihoddiCt SA&s aquesys hodroxyleming (3.03 g) was charged to the

reactol 1%1a§1711 é n{l%i?élc%g{@c? B%Yu@ "ﬁi‘e‘ gz{}%]‘tgﬁl?)g}a@&g lwa% Méx%ta?x% at 38-

process
41°C cﬂﬁﬁ@/tﬁa adidiﬁm ThiS2£:@760 185 6ampliaBdffer sattgnfor I 8 dwets at 40°C.

d wwth 3- enzqi c_aci 7.
o1so}'oP, BRIt b %@ﬁw&% b i lpin e over 2
mmuts'sn @-Flaerdbahedy! cBIpRIEAY S2q) Was addéd dm:r eafaum dllidheatch
itator was started. Th suig stlrred for
tempeyaflrs NSRRI A5 IACHT Féﬁﬁ'é*s "B bateh weestimefor
mmaqgg‘g}ggth@qt oxylam ne (3.63 g) was charged to the
reactor in an inert at rmsphere over 3 hours

[01901at cHhe kaigleas heatedins 79k eré|3ﬁé@natesgad Stryed Eurl ﬁrbg’“fs at about

79°C. RSt didlite QRp en-gh:ﬁl Waehddeq WG 160 M)&HeH3 Rbl@ while the batch

: stirring for ours at 40C. 101891The batch was

tempembwk ethstmaigtiedra 76R@r Jhd balch vasichargag et Tioe eguemisq)

hydm&g%rl &1@00&?&@&@& Uﬁﬂé)ﬁﬁ 3% 0¥ batdl Rhd @8elrfinBF e N8Bt 2. 2,
added T atch te

over ours nper at ure was
by a pHErhmamnbshrang At aiE 700 iwag cohemzmddpt atmmit affhddibianalnl hour.

0191557 i< et o R 8 bngydtidh BbmUREC SREEleHeF s fours and

the slurBf witrigfdrfedaintad Gilier. 7EiGratiba wisaconipldte afimsperisiutess The filter

caes Y B9S8-S IS S B S, SRR e 10

mL, Gmr»%da lbéf' tS Y ARSI Tndr WadN, OTliecaked WeMBricddq a vacuum
| pH of the batch was determ ned to be .
oven 3G ¢ 28 hayr %pdpﬁhene‘tsehargﬁ%r Bty yatglelarmipset ip brcibout 98.68%

The ow)[’%%ll %ﬁzm bﬂ@@ﬂtefd%roém%as%om% '( anglg). 1 hour.

The batch was cooled in a linear fashion from
[0192]70C Thesgokillsddn the 2o will repegnize, or be able to ascertain using no more

than routine experimentation, many equivalents to the specific embodiments of the

invention described herein. Such equivalents are intended to be encompassed by the
following claims. All publications, patents and patent applications mentioned in this
specification are herein incorporated by reference into the specification to the same extent
as if each individual publication, patent or patent application was specifically and

individually indicated to be incorporated herein by reference.
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the slurry was transferred into a filter. Filtration
was conplete after 5 mnutes. The filter cakes were .
washed with tert-butanol (50 nmL, 40C) over 5 m nutes.
CPWIMY ed water (100 nL, 60C) was applied to the cakes
as the final wash. The cakes were dried in a vacuum

oven at 70C for 18 hour and then djscharged. Pyrit i
nas. Heoh GYRFTCAr PEPHEEEbbaL: TN EBY, PP AUl 5}?}“%%’8"“03‘@

a@fprdppOlaRtRLoPERGE e WRSteADGUt 76% (10.8 g) .
[diQZ%Those skil'ledin the art wi|l recogni ze, or be
abl e(1p agine e cyaohenaaiF Agd AsthssEr Vinhy draxitamine:

expeph RENLGE Wik« nBEM SAMIAeent s to the specific

enbodi ments of the invention described herein. Such

equi Barwdensatipnearidnt ended to be enconpassed by the
follg '}ngolfgjsa(;fqﬁemc%)ll cRYbl i cations, patents and

atent "applications nmentjioned in this specification
wherein pash egaptianrtepripenrriadeyt Byhersape plggholic prgpme tohvent.
- specification to the sane extent as if each

i ndi vi dual publication, patent or patent applicati-on

was 3pée pracesapf slaignly wherginvherleabphic qrericeselvett it grefyanol, ethanol,
| 0 | . geqace. CLAIMS 1. A
w6r%%é@§5?%?gb?§%§??ﬁgwa , 2, 4- oxadi azol e benzoic acid

or a pharmaceutically acceptable salt thereof

COMDA Ik Elg)césg 8¢ ShigPE wikrein(thd alb GRS brBfhi@sREANS RBB&RIcE or rers-
acid met hyl ester wth hydroxyl am ne; (2) acylation
buginoh a hal obenzoyl chloride; (3) condensation; and

(4) hydrolysis of the nethyl ester, wherein each

[ €ac) 120 pRERof aifi, hhéithy ALaidoRotk MR WGyl GOV irinol.

or gari ¢ 80Fvehts 3. e process of ¢ aim1,

wherein the al coholic organic solvent is nethanol,

et hafathe pics@p bOainol, whptetpape (1)-(3h aiczamid out witioet-igiaion of an
_alcohol. 3. The process of claim1l, wherein the :
infofAHAT i ¢ organic sol vent is isobutanol or tert-

butanol . 4. The process-of claim 3, wherein the

al cofQl jréccdy BPprepari@ b aiiifound of ¢ forhuli:anol .

-G

wherein: . )
R! is substituted or unsubstituted alkyl, substituted or unsubstituted cycloalkyl,

substituted or unsubstituted heterocycloalkyl, substituted or unsubstituted aryl, substituted or
unsubstituted heteroaryl, -(CH: CH,0),R or any biohydrolyzable group;

RS is H, substituted or unsubstituted alkyl;

n is an integer from 1 to 7;

X is at each occurrence independently F, CI, Bror I; and
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5. The process of claim1, wherein steps (1)-(3) are
carried out without isolation of an internedi ate. 6.
A process for preparing a conpound of the fornul a:
wher ei n: Rl is substituted or unsubstituted
al kyl, substituted or unsubstituted cycl oal kyl,
substituted or unsubstituted heterocycl oal kyl,
substituted or unsubstituted aryl, substituted or
unsubstituted heteroaryl, -(CH2 CH20)nR6 or any
bi ohydrol yzabl e group; R6 is H, substituted or
unsubstituted alkyl; nis an integer from1l to 7; X
is at each occurrence independently F, C, Br or |
and mis an integer froml to 5, conprising '
o & Frointrigey Fomel F‘b'-Pgsl owi ng steps in the same al coholic
organic solvent: (I) reacting the cyanobenzoic acid
comprisigs paformisigtthe folldwmgyieaninribe sams alfioplic orggipggolvent:

{1} reacting the cyanobenzoic acid ester!

with hydroxylamine, to give:

CO2R4

¥

followed by (2) acylation with a halobenzoyl chloride; to give:

| : ¢ <
Ni,o i,

C
NH,
CO.R,y ,
followed by (3) condensation.

7. The process of claim 6, wherein X is F.
8. The process of claim 6, whereinm is 1.
9. The process of claim 6, wherein X is F and m is 1.
10.  The process of claim 6, wherein R, is methyl.
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followed by (2) acylation Wth a hal obenzoyl

chloride., to &e: followed by (3) condencRtion. 7.

The process of claim6, wherein X is F. 8. The

process of claim®6, wherein mis 1. 9. The process of

claim6, wherein Xis F and mis 1. 10 The process of

claim6, wherein RL is hyl

The!l b{ﬂ@éggceéq ofcqlameg. @hemﬁt@?sr{])gﬁbaﬁyg C?{I‘g_l?d ()lg)mg}qyt isolation
of gminfyeerligat wi t hout isolation of an intermedi ate.

12. The process of claim 11, wherein the al coholic

or gahiThepoicestf clagmtl drwhengin ghealcoholic organici®lvefite feri-butanol.

process of claim®6, wherein the hal obenzoyl chloride

i s 23 fTheqirodeenadythinch vaicrdl® the halobenzogichloriie ip 2 desdenzoyl

of .claim®6, further conprising: (4) hydrolysis of the
Ch@%?%r of a conpound of the formla:

14. The process of claim 6, further comprising:

(4) hydrolysis of the ester of a compound of the formula:

to give:

L3

ora pharmaceutic:ally acceptable salt thereof, wherein:

R! is substituted or unsubstituted alkyf, substituted or unsubstituted cycloalkyl,
substituted or unsubstituted heterocycloalkyl, substituted or unsubstituted aryl, substituted
or unsubstituted heteroaryl, -(CHa CHZO),,R6 or any biohydrolyzable gfoﬁp;
| Rbisa H, substituted or unsubstituted alkyl;

~ nisan Vinteger from 1to 7; _
X is at each occurrence independently F, Cl, Br or I; and

m is an integer from 1 to 5.

15. The process of claim 14, wherein the hydrolysis is carried out in tert-butanol.
16. The process of claim 15, wherein R' is methyl.

17. A process for preparing a compound of the formula:
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N 4".int to give: or a pharmaceutically acceptable
salt thereof, wherein: Rl is substituted or
unsubstituted al kyl, substituted or unsubstituted
cycl oal kyl, substituted or unsubstituted

het er ocycl oal kyl, substituted or unsubstituted aryl,

- substituted or unsubstituted heteroaryl, -(CH2
CH20).126 or any biohydrol yzable group; R6 is a H
substituted or unsubstituted alkyl; n is an integer
from1l to 7; X is at each occurrence independently F,
ad, Br or I; and mis an integ%r froml to 5. 15. The

.process of claim14, whergip the hydrolysis is .
carried out .in tert-butangl.) e process of claim
15, wherein ft' is nplRy . ~H7. ocess for

preparing a conpound the fornul a: conpri si ng
performng the following steps in the same al coholic
organi ¢ sol vent wit ho@G:Me

-comprising performing the following steps in the same alcoholic organic solvent without
tsolation of an intermediate:
(1) reacting the cyanobenzoic acid methyl sster:

o

COoMe ,

with hydroxylamine, to give:

N‘,OH
NHy

CozMe
foliowed by (2} acylation with 2-fluorobanzoy} chloride, to give:
r
e
-
NH;
COMe

followed by (3) condensation.
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isolation of an internediate: (l) reacting the
cyanobenzoi c acid nethyl ester: wth hydroxyl arnine,
to give: col& followed by (2) acylation with
2-fl uorobeaaoyl chloride, to give: followed by (3)
condensati on 18. The process of claim 17, wherein
the alcoholic organic solvent is tert-butanol. 109.
The process of claim 16, further conprising: (4)
hydrol ysis of the nethyl ester of a conmpound of the
luurnila: to give:

18. The process of claim 17, wherein the alcoholic organic solvent is ferf-butanol.

19. The process of claim 16, further comprising:

{4) hydm!ysisrof the mﬁ:thy‘l ester of a compoumd of the formula:

QA?‘@

cczm
-'ta give:
, K
N-C,
w Q
D

araphmmuwcﬁﬁmﬂhwnxzﬁ&ﬁﬂesaktbmecﬁ

20. A process for preparing a compound of the formula:

l

SO Me

comprising performimg the foliowing steps in the same alcoholic organic soivent:.

(1) r=acting the cvanobenzoic acid methyl ester:
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or a pharmaceutically acceptable salt thereof. 20. A
process for preparing a conpound of the fornul a:
conprising performamthe following steps in the sane
al coholic organic solvent (I) reacting the
cyariohenzol e acid nethyl ester CO2me wth

hyci roxyl amine, to give: followed by (2) acylation
with 2-fluorobenzoyl chloride, to give: followed by

(3) condensation_ 21. The process of claim 20,
‘wherein the al coholic organic solvent is
tert-butanol . 22. The process of claim 20,

wherein steps (1)-(3) are~gargiied out without

»

of claim 20, further co
CDQME
with hydroxylamine, to give:
'
MNH,
COsMe

followed by (2) acylation with 2-flnorobenzoyl chioride, to give:

Clahie

 followed by (3).condensation.

21. The .process of claim 20, wherein the alcoholic organic solvent is fert-butanol.
22. The process of claim 20, wherein steps (1)-(3) are carried out without isolation '
of an intermediate. -

23. The process of claim 20, further comprising:

(4) hydrolysis of the methyl ester of the formuia:



(4) hydrolysis of the methyl ester of the formula-.
CO2Me to give: CO2H or a pharnaceutically
acceptable salt fitetaaf 24. The process of claim 23,
wherein the hydrolysis carried out in tert-butanol.
-31-

o give:

{K)m

COLH

ora phazmaccutm&ﬂy acceptable salt thersof

24, The process of claim 23, wherein the hydrolysis carried out in ter#-butanol.
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