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SUBSTI TUTED CARBOXAM DES Thi s application clains the
benefit of U S. Provisional Application No. 60/81

was®e/10¥183 ed June 8, 2006. This invention rel aP@EUSHOT/070572

certain substituted carboxam des, particularly certain
N-acyl at ed substituted 5-am no-4-nethylisothiazole
derivatives, as well as to processes for their
preparation, pharmaceutical conpositions conprising

t he substituted carboxam des,j-and net hods for their
use. L-GQutamate is the major excitatory
neurotransmtter in the central nervous systemand is

referred to as anSﬁﬁ§Wﬁ’Cﬁﬁhﬁ9§A‘ﬁi g d ut amat e

receptors are conpose or subtypes: the
| i gand- gated i on-channel ionotropic receptors, and the

G L ed t

O B R NG e evisprte
f6318i1[8699ﬂmﬂur&@$2@)6ght menbers and i s sub- d| vided into
three

s based on sequence simlari .gna .
trans Eﬂ‘é 6 P]“O%{ﬁldtem?acﬁ%fg 6?%&9““@3@%”?“%/ Sel ?qurLy certan
(Nhdyudiid sapdititéd stRBinoanslethPidiothidpleideBvatiagd, aen\tfa) asatb Brocesses
positively coupled to inositaol phosphate hydral SIS

0¥ dhqlh@e@éﬁ@fla&hawcswwawOimwa%@Cpﬁlpla%m%@? évhﬁm dgnal .

GhiBERankilles! SRGRIIRIAE férTkdiii and md uR3) and Group |11
receptors (nd uR md uR5, nd uRy, and md uRg) are

negat Lv@REMgEinine Majas CxT@ivyy JaUreiipasBiser i M Genigh ngiveus system
GHE |sirEre NP0l S ¥ E)&lt@%ry' Dedhd 854! Glu’ta%'tckyeéépfbgs ad @&Mﬂéﬂad of two

cyclase activity. Goup | receptors are | ocated
prajerarbtypes pbe tigandreatst icratheynch i oirende wagreornand ddi-protein-

($] rs
S A BN SRR b BB R R ROPRYET 2
aw:ttarbp&cmpfaonb/ compdes cizhswenbes axidesbrdiedekinmabee gfoups based

&ﬁl < ex imllal?lltjs Slﬁ%eﬁ% anugtlornegned olrma%g]t%%% lpélsou]r) ?}/e%%ptors

res erns fhe'"ten
$m§ﬂlfmn an‘dllmn@lhRg and ﬁmrtsphc@e/taﬂahtw atdposiewels ndursel te dtosive

SRR PR RGP R DL e B T <y 1
(r2RP3)s (BﬁiluﬁzlarﬁGnG]mR‘g\b‘HrﬂfGrﬂ@ NRiecepira@aGiuRl sm@h® g, mGluR7,
and mGluRg) are negatively coupled to adenylyl cyclase and regulate cyclic AMP levels
by indirectly inhibiting adenylyl cyclase activity. Group I receptors are located primarily
post-synaptically and increase neuronal excitation, whereas Group II and Group 111
receptors are located primarily presynaptically and function as autoreceptors to decrease
the excessive release of glutamate. Thus, the mGlu receptor subtypes have unique
expression patterns in the central nervous system, which can be targeted with new and
selective agents. See, for example, Augelli-Szafran, C. E.; Schwarz, R.D. Annual
Reports in Medicinal Chemistry (2003) 38, 21-30 in which mGluR | antagonists are
described as useful as neuroprotective agents in animal models of cerebral infarction, in
models of pain involving spinal nerve ligation, in a formalin-induced pain model and in a
migraine model. Also, mGluR | antagonists have been shown to be useful in (seizure)
models of epilepsy and in (anti)anxiety models. In tissues in which mGIuR | receptors are

found, they may be implicated in pain.
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descri bed as useful as neuroprotective agents in
ani mal nodels of cerebral infarction, in nodels of

W@2008/10318D1 vi ng spinal nerve ligation, in a  PCI/US2007/070572

formalin-induced pain nodel and in a m grai ne nodel.

Al so, nd uR antagoni sts have been shown to be usef ul

in (seizure) nodels of epilepsy and in (anti)anxiety
nodels. In tissues in which md uRi receptors are

found, they may be inplicated-in pain.dutamate is the
maj or excitatory neurotransmtter conveying sensory

i nf or Gittanoate tsnhmajemh@miymemheargpﬁmIcoro/@yidg aandorgigormation

%H{ol dofroRE {nsdl stp%ﬂli ccﬂg‘l é]I(I fzng[ pgr%s%n? ﬁ%n %{3{6?2 1%1%] chronic or

persisten I § pos
manststeorpahrms @osttelatmi tcntaper&lsae Sh%astnn pgmaptong teemﬁmaraxsgs infynaptic
somat osen

%%#Jcaginaft&l}t%naﬁﬁrglc 1%1%5 g B?matPS I’Y Eeeurli S \?e Iﬁ égln cgrd anlae
fsﬁ{brh@mahg)chd@pmﬁ,’glmrfbklxhﬁﬁ@intﬁke pﬁnipheraltsluﬁmu;auslsmq mjuyy ar
nerve dama Thi s enhanced synapt trans

g TR 160 AP Y RPBG o afo St 14 pain
apdhofd, 4 rhSHTicfionRiphin k&P PROS AR aagﬁfbaaoslﬁmre@dsmltﬁal n
sensltlwtyto non-inj ured areas. cyt.ochem cal

AP HEHBRET BRI PGYARChaRICR] 4&@6’@5}9%@&&% n&lﬁt ESSRfS 15

SRMBLsAd infBHra fﬂégh&fs off IR adea@ng gﬁ&nﬁk&élé‘ﬁ&ﬁ&ﬁﬂ‘if&pathways
noci ceptive ways. Evidence indicates t

&Viweaflqh%%dhat ﬁ@lwlav@b@ﬁ%% TSERIA PEYNOIH ANARG @A i epronal

REMEABRhndEAS 'gtﬂma%?eé@gfngﬁﬁttraﬂgrﬂfsémt 'pffquﬂgclasctiﬁ%%&‘idn‘% of the
transm ssi on. The | ong-lasting actions of

iipracelbddrisighalrirags dyeiain mwﬁmmnecr@ﬁedi@dhﬁhuseﬁ@pﬁoé@mlfet@a
?Mprd@th!esé REERLR &‘or%étgqﬁ'ngké&ﬂal SHARMbn E&(}? %ﬂgté ?@ﬁ&gwﬁdﬁevel

stalning centr ensitization
opd aighe woradpindveiel. aﬂms,aatredméogmﬁﬁxa@@iion al ah el ), reTiptrs,
JCE I | .
S g T
tcomhtionent  of per si st ent pai n conditions. Further

S I R T
!nnélb@lmte@psqlsanmhmemby aﬁérmﬁmﬂhmmyto@omdeﬁphmﬂammmryul [
R TR R I T RN T M TR
RAGEdEA $IYME6136SRORIAS nobifénde f@pmég iA tHeeBitmatiA dest and
mechanical allodynia in the L5/L6 spinal nerve ligation model of neuorpathic pain. See,
Varty, G.B,, et al., Psychopharmacology (Berl.). (2005), 179, 207-217.

The compounds of the present invention are selective antagonists of the Group I
metabotropic receptors, particularly the mGluR | receptor (mGluR p), especially with
respect to mGluR), mGluR 3 and mGluRy4; and they may be selective with respect to
mGluRgs. As such they are useful for the treatment of conditions associated with those
metabotropic glutamate receptors, such as pain, particularly chronic pain (or persistent
pain), for example chronic neuropathic pain, chronic inflammatory/joint related pain, or
chronic non-inflammatory/non-neuropathic pain (NINN pain), as well as for treatment of

migraine or epilepsy.
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mechani cal allodynia in the L5/ L6 spinal nerve
ligati on nodel of neuorpathic pain. See, Varty, G B.

w@00al10318Psychophar macol ogy (Berl). (2005), 17BCT/US2007/070572

207-217. The conpounds of the present invention are
sel ective antagoni sts of the Goup |I netabotropic
receptors, particularly the nd uR* receptor (nd uR ),
especially with respect to nd uR2, md uR3 and md uR®
and they may be selective wigh respect to nd uR5. As
such they are useful for the treatnent of conditions
associlbeseeconidintg to Hwgevereerafoteio pioyidgll acempduad of formula I,
receptors, such as pain, pagicularly chronic pain (or
persi stent pain), foN—-e§anplie chronic neuropathic
pain, chronic inflapyat /| Orpt related pain, or
chroni ¢ non-i nfl &matefy/ n¥n- neur opat hi ¢ "pai n (NI NN
pain), as well as for ftreatnent of mgraine or

epi | epsy. Thus, accordiGids to the invention, there is
provi ded a conpound of formula I, or a
Phaphamacsuticadly ageepieble stlatipeok yiherether eof , wherein Qis

a phepyl 2 Gh@YPeBp SabmliaQ®@ in which R 1 is nethyl or
ethyl,” and R'is hydrogen or fluoro; or Qis a phenyl

group of formula Qin whilﬁ R4s hydrogen or fluoro,

and R is hydrogen, fluor fl'oro or brono; or each of
R and Ris chloro; or R drogefand R is
methylthio or 1,1-diflQuorogthyl; and R-COis
(R,R)-trans-z-nethylcgpIOopnpanecarbonyl. As used
herein, the expression a conpound of fornmula | or the
eXPhRB 35 Q@m@th?lct{”fl@ﬂllyn dmpki ish@dfo@&’rﬁd_ﬂtﬂdlblfb; ofcl udes bIt he
conpound, as we as. a phapmaceutically acceptabl e

sal t Qflsgahea%%rﬂﬁbﬁrfatm@m@f% used in this

speci fication, unless otherw se defined, the follow ng
ternms have the neani ngs gi alo is fluoro, chloro,
bromo or iodo. Al kyl, alkg etc. ~ngenote both

strai ght and branched “ but reference to an

i ndividual radical such as 'lpropyl" enbraces only the
straight chain ("normal") rBdical, a

in which

R3is hydrogen or fluoro, and R4 is hydrogen, fluoro, chloro or bromo; or each of
R3 and R% is chloro; or R3 is hydrogen and R4 is methylthio or 1,1-difluoroethyl; and

R-CO is (R,R)-trans-2-methylcyclopropanecarbonyl.

As used herein, the expression a compound of formula I or the expression a
compound of the invention includes the compound, as well as a pharmaceutically
acceptable salt of said compound. When used in this specification, unless otherwise
defined, the following terms have the meanings given: Halo is fluoro, chloro, bromo or
iodo. Alkyl, alkoxy, etc. denote both straight and branched groups; but reference to an
individual radical such as “propyl” embraces only the straight chain (“normal”) radical, a
branched chain isomer such as “isopropyl” being specifically denoted.

While the R-CO group of the instant invention is chiral, the compound of
formula [ may be present in a mixture with its enantiomer, such as a racemic mixture,

and/or with either of the cis-diasteriomers. Preferably, the compound of the invention is



10

15

20

25

30

branched chain i soner such as "isopropyl" being
specifically denoted. Wiile the R CO group of the

W0 p@®Bacss nvention is chiral, the conmpound of POF/EB1087/070572

may be present in a mxture with its enantioner, such

as a racemc mxture, and/or with either of the
cis-diasterioners. Preferably, the conpound of the
invention is-Athe substantially pure (R R -isomer with
an enantioneric excess of, far exanple, 95% or

greater. As noted bel ow, the conpound of formula I, or
ahepiubsterdic Byipire &R Ry-ismocepithbi enagadrmerichraeae b, farmyample, 95% or

%{Alep As RRLYBRED qhé’é‘&n%%%ﬂf ulaf Pr{‘l@h ?18Lce§ltlceal aéc'éptable

or an organic |nven
hlsﬂxeent mapaslﬂmspdmomhrsm apd»floymay ﬁdnunca sbb'amwrélnyater or an
sol vat e or articular va

érgamc iolmgl%t )E%%rﬁ% 1nvet§10%1 la{ﬁg Fncoalp n%?snan% )75%1 Do ﬂmorp fic i‘orm

ényetth@xg/@ﬁamﬂmumhmwf 4-f uorgpzenyl ¥ A I

4- ro Q C or 0 en ,

PRRE R SIS S R AT ey R e T A

madtﬁdxgpﬂeayl ﬁlﬂitiippﬂlﬂﬁoﬁ)bhér@r mﬂhﬂ)rdphbl@l amlefomqlasﬁeayn Qis Q
arti cular co r mu I S one

A S A R PR T TR R A SR Ml

chl Ofﬁpaﬁféﬁlaa&}{nﬂfun& Bﬁfoﬁﬁﬂélﬁs(‘oﬂm% 9%1@249&”' cul ar
val ue of R is_hydrogen. Wen iS

is chloro and
R is Apetheiguricu h@)fﬁ&%%%f@%‘f f@wﬁwaerpm.%w(@? and, more
%Lﬁl%lhﬁy @ﬂer@ﬂﬂlﬁmlg’@h%yl ) -4-net hyl i sot hi azol -5

- 2-et hyl cycl opr opanecar boxam de (or 3a
phar rrﬁ@reaw OE Bk phovgcempeundh.e nsricwlat rdueediRy. is hydipgsher r ed

conpo RUlidcor, § n
(R ro RSl B Rk Bad S iy S omula L

BRAR)IN-{3- Wmhﬂrybldyuﬁbéﬂmﬂmwmmm aﬁleﬂwicyabpmpane-
SUADBGRUAL SR SRB BB AIRIET A
| nv enii poefeiral @lﬁéomtd affforinmld hie (R&i)-N-§ &3ete1+mer:lg]xy§1wlnyl){4fmethyl-
tés?o?h&&z%ﬁ?—% [qugtﬁlylfcgglo%lopaalng'cvéﬁrl}ogan% e oorr 3 ér%laggutiicﬂfglragcae%%a%le salt
thereof.

A pharmaceutically acceptable salt of a compound of the invention is one which is
the acid addition salt of the compound of formula 1 with an organic or inorganic acid
which affords a physiologically acceptable anion.

As an additional aspect of the invention there is provided a pharmaceutical
composition comprising a compound of formula I, or a pharmaceutically acceptable salt
thereof, as provided in any of the descriptions herein together with a pharmaceutically
acceptable diluent, excipient or carrier.

Further, there is provided a pharmaceutical composition for treating pain,
particularly chronic pain, containing as an active ingredient a compound of formula I, or a
pharmaceutically acceptable salt thereof, as provided in any of the descriptions herein.

A pharmaceutical composition comprising a compound of formula I may be
prepared by a conventional method, which may include control of the particle size, such

as micronization, or the use of a nanodispersion. Preferably, the pharmaceutical

composition is a composition suitable for oral administration.



whi ch affords a physiol ogically acceptable anion. As

an additional aspect of the invention there is
WQEew@siobass a phar maceuti cal comnposition conpri SPEEUS2007/070572

conpound of forrmula I, or a pharmaceutically

acceptable salt thereof, as provided in any of the

descriptions herein together with a pharnaceutically

accept abl e diluent, excipient or carrier. Further,

there is provided a pharnmacegti cal conposition for

treating pain, particularly chronic pain, containing

as anAaompyvend af dereviiadmayabequerprdring pofcessoy wikblaincludoprogesses

C ' e le s r ovj

BB e B P SR B i Bl B, AR Sr oy o

aong psictss doscaberlrersn.ng naval propey descobed leramp@videnaythoeaspect

pr.epared.b conventi onal nethed, whic i.ncl ude

N SR I Bl P B R P TR

@harimaecutisglyciccaptabienal ilepef, ahd nove Pinef@aedftyfor thh@anufacture of a

har maceut.i cal] co sition is a_.conposi.tion suitab
R D GG B ] GE e TBNOR NeBRSS S Do Hgiaae Ylustals iy the

As1eRanestoiduRRt ACRBIsSIEthe Wthilg bNGib HERriP FAGEE SRSas KBEWA abéve,
the chem cal art for the production of structurally
ISP OYbYIse RRSEGHds or by a novel process described
her ei MhysAthRRMEproPIISE £ 5D cEe & hirdpeth eERPJIuRl OMbEREa 1, or a
anot her aspect of the invention, A process for the
phEprratirdly aseeripblesal Sirrat. ¢ Progidadiingny of the aBove descriptions
RbApABREEHE keRldidi@AgRePt abl e salt thereof, and nove
internmedi ates for the manufacture of a conpound of
formul® | ybungien e pfordatiur es of the invention
and are illustrated g he follow ng procedures in

whi ch the neaning off/ the generic radicals are as

defi ned above, uig Hgse speci fied. Thus, there
is provided a process|[for preparing a conpound of
formula I, or a pharn@e@utically acceptabl e salt
thereof, as provided in"any of the above descriptions
@OIAR & Sdid gf olituls HODGR| acihedtifaicefiMtivaaitati ng an

ine of formula I, usi i d_of forml R,
or anBct i it exespd o5Brde fRofleh % oAl adhe B phenric

oxygen of a compound of formula II1

P .
N 111
HO H
CH3

RS

in which R3 is hydrogen or fluoro, using a reagent of formula R1-Y in which Y is a
conventional leaving group for nucleophilic substitution; and

(C)  methylating a corresponding compound of formula VI

N—S
Q/K%\N)X\R VI
H
X

in which X is bromo or iodo;



(B) for a conmpound of formula | in which Qis QA-,
al kyl ati ng the phenolic oxygen of a conpound of

wo o0adE83 11 in which Ris hydrogen or fluoro, PAEUSZHOE070572

10

15

20

reagent of formula RI-Y in which Y is a conventional

| eavi ng group for nucl eophilic substitution; and (O

nmet hyl ati ng a correspondi ng conpound of fornmula VI in
which X is brono or iodo;whereafter, for any of the
above procedures, when a phagmaceutically acceptable
salt of a conpound of fornmula | is required, it is

obt ai wbedrefier rfeayion ghetahevepagicdurto miteof phdimacsotgpdiypccepfable
fsgl'f Swaltc%g*powﬁcf 5} SRSt ig Ic B%gc{, ﬁjtlipcgot ﬁéﬁ%sljegcltig th% %lain%/ form of
acceptabl'e counterion or by any ot her “conventi ona
plircomeghuniel ofdorthuleridi an, acuidffosdingd plesivlaicalp ecefthlde counterion
a?gvgi Q£IF%§I)§QgI$ 1 hgye any of the val ues defined
Kerefabov e AU %3“§Heaspect of the invention,

t her eandswiprein, s athaoipeprificdabeet @dRf®md K ahavaany of the
a 'ne(%g iornula 1, (b) a conpound of formula Il in
whiEHIEP LG RR8Yen or fluoro, and (c) a conpound of

f or muirRusVhs dnispdet 6htheinkéntidh Ahde @rprovadid,a Mipb@idkelected from:
unl ess ot herw se %pecified, Q and R-CO have any of the
val ue® def Iriinqeffeimblve. For an acid of fornula
HOOC- R, a typical agyiated derivative includes an

ester (particularly/a | bwer al kyl ester such as the
met hyl or et hyl R INte, benzyl estel), an acid
hal i de (particularly the acid chloride) and an

activated ester or anlydri de (including the
4-ni trophenyl ester and an activated ester or
anhydft)de demipoedd éfrfommaa dbupl i ngreagent). Wth a

| oner al kyl ester or the benzyl ~ester, the acylation
may be carried out usingN—f®r exanpl e,
trimethylal um nu po éss'uql ~bpt oxi de.

H

11
HO
CH,

RS

in which R3 is hydrogen or fluoro, and

(c) a compound of formula VI

N—S ())L
Q//Q\f)\\N R VI
H
X

in which X is bromo or iodo,

wherein, unless otherwise specified, Q and R-CO have any of the values defined
hereinabove.

For an acid of formula HOOC-R, a typical activated derivative includes an ester
(particularly a lower alkyl ester such as the methyl or ethyl ester or the benzyl ester), an

acid halide (particularly the acid chloride) and an activated ester or anhydride (including

the 4-nitrophenyl ester and an activated ester or anhydride derived from a coupling
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As used herein, a leaving group "Y' is a noiety which
is displaced in a nucleophilic substitution reaction,

wo 2008a0H8Pl e a hal o group (such as brono or i oRGY/PSH07/070572

sul fonate ester group (such as nethyl sul fonyl oxy,

p-tol uyl sul fonyl oxy or trifluoronethyl sul fonyl oxy, and
nore particularly, for nethylation,

nmet hoxysuf onyl oxy), or the reactive species of a

M t sunobu reaction, such as tthe one derived from
treating an al cohol with triphenyl phosphi ne, diethyl
avegdits Vb yhvedr elkaihaiter pi e hytlzahdstee . thdmmy latiet gy be ¢angedeout

%?IHE S Hei t%ﬂ&ﬂryﬁlu inlifl o %‘%ﬁ%{“ﬁﬂ ‘t?ut&lc?m) or i odo, a

1'e coupling p oce ure or exanp
t etr aﬁemhsylllmam atciviag Stdaub I“Ef”d‘satlably's/twhlws kllsp]sced ina

h | | adi
Rty RREPRCR R R, Re SR BhabbrBP &b b ovispy).
aulfcfrﬁt&%stﬁﬁglahﬁﬂ.FU??S mdnl?ﬂs:mlngﬁgtlo@npmm}dadmnﬁpxw? tﬂﬂuorf)méthyl—
t | | | de |n
SHR R0 o bR R PRI ORTO o e geactive

klbdeies Bf dpits b daadidie @hcbyas th‘éloﬁ@ déhvi@tll Bbin&ft@tﬂng%n@ﬂ@ﬂbﬂr\ﬁth
Conveni ently, R is obtained by

an cid-of ormul a
AR BkAsPRENG ése&lwfb@éwﬁwomae ﬁladet&s% Emiis bel ow:
Conv erﬁﬁéthMatu%rh%oﬁff)bﬂld@f f&ﬁfuwmnm >Rlslb$orﬁ@ §10i|oé((9q Stille

as a salt erably, as (S)-2-am no-3 -
TOBHiBg ampdumsm)& ﬁarﬁé%mgl%é%mﬁwawﬁéeﬁl%mw el 4
Gogs(tilﬂ)he%?iphos %}ﬁllﬂfuﬁ{l@f) %plloyldé h &iﬁﬁéﬁl&ﬁbljﬂ{aﬂﬁde“ ﬁfa%e whpehed:

provi des a her aspect of the invention.
tohaternatively, P§31Efr1@3©tla]d'@@l tm@hqdﬁtmeg@ced@gwlnlge’@r example

r an
R FUPRTVR, 05 A LR o A B
conveﬁmmgﬂaﬁﬁn@ﬂh@ﬂﬁDGQyHmybm@ﬁ@@ﬂﬂ»aﬁmg@{@bM@hémyuﬂum

%fﬂg(%hﬁ’e%ﬂ?,t anlafaRF f&rﬁlgﬁat@@é% Is %B{aﬁ%ﬁ‘ 'Bg & ﬁFo*%Q ﬁ%crﬂ)%d % the
q»bﬂpamnad; belowa (ameaachtly cthelesd of foeoiuli EIOOKE- R(Eewemlaéd ag a salt,
TN L U e
lagid ¢ Dy@ttf @oreippdferatilh én dripdtalimd em ofhi¢toprovides afurther aspect of the
gﬁ\iré\gltgqrﬂ gllilu%%e;rflgélgqglls tapcl\y? ¢ %e%%c%s?s de%{bg(? Bérglgab%ve W greln the
acid of formula HOOC-R, or an activated derivative thereof, is obtained by using
conventional methodology from (S)-2-amino-3-phenyl-1-propanol (R,R)-2-methyl-
cyclopropanecarboxylic acid (1:1) salt.

An amine of formula II,
N—S
/
Q7 N\ TNH, 11
CH,

conveniently is obtained by a procedure described below. Generally, a benzonitrile of

formula Q-CN is condensed with propionitrile to provide a nitrile of formula IV,
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conveni ently using hydrogen peroxide, affords the
5-am noi sot hi azol e of fornmula Il. A conpound of

wo 0038311 in which RCO i s PCT/US2007/070572

(R R -trans-2-net hyl cycl opr opanecar bonyl and R is
hydrogen or fluoro provides another aspect of the
invention, and it nay be obtained by acylating the
correspondi ng am no phenol of formula Ha using an acid
of formula HOOC-R, or an actigvated derivative thereof.
The conpound of fornula Ha may be obtai ned by renoval
of the O protecting dup froma correspondi ng
conmpound i n which thelghegg|ic oxygeniiys protected by
an O protecting graip. nveni ently, the conpound of
formula Ha i s obtained O denet hyl ati on of the
correspondi ng net hoxy conpound of fornmula Il. A

4 [.C KT is
R’%%lg%ﬁ%??i%%ﬁg?g%h%ﬁgFﬂnﬁlan\}ét hyl i sot hi azol -5-yl ] -
2- met hyl cycl opr opanec m de. A conpound of fornula
VI in which Xis bro odo may be pbtai ned by
brom nating or iodi@ati a“igiar respondi ng conpound of
formula VII. The conpou g_[of formula VII conveniently
IS obtained by acyl ati ng” Bhe correspondi ng am ne of
OBl R0 PR T Rt B B &
\¢binenizayy tn gty gt plerovs idd) gffards thiisltin s @itiethls & fbomildat
descrl bed for e rati on of an ami ne of fornula

étcoﬁlgﬁ?%ﬂfﬁ‘ér“ﬁ‘li{ate[ﬁ[at he benzonitrile of formula
QCN and acetonitrile to affordoa nitrile of fornula
I X, which is converted |';{t a thioam de of fornula X
and oxi datively ¢ \tgraffordRt he am neppf
formula VI11. A , t%ethloamde of formula
X, may be t ref ed\w |_[sqw val ents (or slightly
nore, such as 2.2Jequival ent®’s) of brom ne to effect
both cyclizationRand bromination to afford an anine of

fir(l) \ 1011 %—é/bl & thrallnls 3 methylcyclopropanecarbonyl and R3 is hydrogen or

=<

fluoro provides another aspect of the invention, and it may be obtained by acylating the

corresponding amino phenol of formula Ila

I}I—S
/" ~NH Ila

HO
CH,

RS

using an acid of formula HOOC-R, or an activated derivative thereof. The compound of
formula [la may be obtained by removal of the O-protecting group from a corresponding
compound in which the phenolic oxygen is protected by an O-protecting group.
Conveniently, the compound of formula Ila is obtained by O-demethylation of the
corresponding methoxy compound of formula II. A particular compound of formula I1T is
(R,R)-N-[3-(4-hydroxyphenyl)-4-methylisothiazol-5-yl]-2-methylcyclopropane-

carboxamide.
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which is acylated using an acid of fornmula HOOC-R, or
an activated derivative thereof, to afford the

w@orsaeendi ng conpound of formula VI in whi chP&I/US2007/070572

bronmo. A further alternative preparation of a conmpound
of formula VI in which Xis brono is as follows.

Acyl ating 3, 4-di bronoi sot hi azol -5-yl am ne, fornul a

Xl ,using an acid of fornmula HOOC-R, or an activated
derivative thereof, affords mhe correspondi ng conmpound
of forrmula XIl, which is cross-coupled with a boronic
aci d éfcofmppyndl o f@B{aOH) 12 whachpt ewbirgteo vhiedcmaplbsidaindd by
f VI . i ' ' r [ pot ency
gg%%ﬁé@# |10\9| a{/m%?cg]oéoﬁ%%g% go OPO%LEZ)f:EOE%?%r}%ﬁ Ei nventi on
for md ui receptorsNi_s evalQuat ed usi ng stabl e cl onal
cell lines expressing neconppi nant nMdui 2 3 4 5 or 8
receptors transfge@h«g AVER cell |inas containing
the rat EAATI glutamate tHansporter (RGI) cells. For
exanpl e, in nore detail, conpounds of the present

i nventhoepmpoaneyizoimatled copvaafentye isobissned by pareing the

| BIUGEHEAGhUOR ks YBEPONSES USing an AV- 12 cel |

I'T ne expressing human reconbi nant n3d ui a receptor
protein (see Kingstion®t al. Neuropharmacol ogy.
37(1):1-12, 1998 4 receptor nedi ggd responses
are determ ned changes™ ' i ntracel lular cal ci um
concentr ns neasured by a fluorescent cal cium

at |
JI8iAg PR w@ Ol%fgemﬁﬁ HOOL -R e anactiyatedidlepvative di§reohd seeded

i nto 9he MBInk oMoehdth MIE inap |b@bﬁé§ared\ﬁ§iﬁg a 4Bl pro&dbRtb Mat
ina humdified incubator at 37 OC, the cells are

dgscabesl far the Prep2iHip R fips i dyrautadlf. bapbsginging: wishsthe .

Yoh 20621110 BF A Bfla @XENBRE hd ddlrkilcchy 8rrbidl o SRV G Gorklu@md he
well's by washing with buffer solution, and plates are

then transferred to d®g6-channel fluorinetric inaging
pl ate reader (FLIPR J\él(@wl ar Devicex Corporation,
La Jolla, CA USA) QBas¥line fluorescence readings are
undertaken for 10 sec prior to_addition of test

bFIYesy 11 adbietiide rEfopnpatti ng device integral to
the FLIPR instrunent.NRol l9owi ng a 20 sec del ay,

glutamate is then add d’td| the wells al an ECO90%
concentration (10 X NH

2
and oxidatively cyclized to afford the amine of formula VIII.

Alternatively, the thioamide of formula X, may be treated with two equivalents (or
slightly more, such as 2.2 equivalents) of bromine to effect both cyclization and

bromination to afford an amine of formula VIlIa,

N—S

Q/&%\NHZ VlIlla

Br

which is acylated using an acid of formula HOOC-R, or an activated derivative thereof, to
afford the corresponding compound of formula VI in which X is bromo.
A further alternative preparation of a compound of formula VI in which X is

bromo is as follows. Acylating 3,4-dibromoisothiazol-5-ylamine, formula XI,
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and changes in fluorescence are nonitored over 60 sec.
The inhibitory effects of the conpounds are determ ned

Wh900800318F i ng t he peak fl uorescence response tRCT/US2007/070572

glutamate in- | i the presence and absence of
conmpound. |1 C50 values are calculated using a 4
paraneter logistic curve fitting program (G aphPad
Prisnm(tm V4 or Activity Base(tm) V5.3 software).
Compounds exenplified hereini@exhibit an I C50 of |ess
than 100 nM For exanple, the each of the conpounds of
Exanpl e 1 and Exanpll—& has an | C50 neasured in the
above screen as |le t 20 nM A sim| [ assay usi ng
the rat nd ui reE?fept na)f\”[’)ze carried ou% to further
characterize a conmpound in conjunction with in vivo
screens run in the rafr Conpounds of the invention

: ' i VO L yity .in. rat [ ls.
HRE I PP BRSO ShaRE e Kk i lor R R R IR
can¢spedligguiompsuslefifamuedlibel ow. For exanpl e, at doses
in which no deficit in pengrnance are noted in the
rotorod test, whichNmB be garried out as descri bed
bel ow, the conpound//of a 1 denonstyates
dose- dependent &t Vi N fasted mal e I—gﬁl an Sprague
Dawl ey rats (HSD, 200 250Fb) in the formalin,
carrageenan, capsaiciBrand tail flick nodels and in

ngn-f.ast ed I HSD. rat s (300-.350 f the L5/L
e Sy <P g b e of ol B QP Bipatieafe by
AdNVA AR fddmanetitin shieN isbsdng JMPv4. 1 (SAS Institute

Inc., Cary, NC) statistical software unless otherw se
indicated. Data are expressed as neans + SEM Specific

condi Th@%tiﬁ/@Fot@ffﬁ} hndRativiaf 6 BhpSiddy ofl@s &istaBeidvention for
Formalin nodel: Drug is admnistered prior to formalin

(@uprecemor s qvajuaied Bringsiedle elapab cglhlincy srrsessingtepapinant
Sl RCe; 0f <t h réc'egtbfs 3 FERaMn oW dfHinBORBIAYL RE rdi S
rreasu’reé’ |r§ an aut omat ed assay, as nunber of events,
fEAdYh loglsamate ransperterf(REM) ¢dknal i n. Data are expressed

oS B LB O RS gco
reffdes ot glatapotepaduet] eicinr fmp respdnsebaryimg o -3 calldge expressing
%ﬁfﬂgﬁ] ge%gﬁlbinant mGluj 4 receptor protein (see Kingston et al. Neuropharmacology.
37(1):1-12, 1998 ). mGluj receptor mediated responses are determined by changes in
intracellular calcium concentrations measured by a fluorescent calcium sensitive dye
Fluo-3. Cells are harvested and seeded into 96 well microtiter plates. After 48 h
incubation in a humidified incubator at 37 °C , the cells are loaded with 10 uM Fluo-3
AM dye for 60 min at 25 °C. Unincorporated extracellular dye is removed from the wells
by washing with buffer solution, and plates are then transferred to a 96-channel
fluorimetric imaging plate reader (FLIPR - Molecular Devices Corporation, La Jolla, CA,
USA). Baseline fluorescence readings are undertaken for 10 sec prior to addition of test
compounds by an automatic pipetting device integral to the FLIPR instrument. Following
a 20 sec delay, glutamate is then added to the wells at an EC90% concentration (10 uM);

and changes in fluorescence are monitored over 60 sec. The inhibitory effects of the

compounds are determined by comparing the peak fluorescence response to glutamate in
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attenuation of |ate phase pain behavior in fasted rats
when adm ni stered at 3 to 60 ng/ kg, p.o., 1 hour prior

W@ 2008003183 i N and t he conpound of Exanple 6 denPCiBUSADEE70572

dose dependent attenuati on when adm nistered at 1 to

30 ngy/ kg. L5/L6 Spinal Nerve ligation nodel: Tight

ligation is perfornmed on L5 and L6 spinal nerves (one

side only). Two weeks later, mechanical all odynia

behavi or is neasured using von Frey filaments using

i ncrenental bending forces (0.5 - 15 g) at various

tthenpesondering absfenarof dompovadm Gyostatvas ironalGdatedgeenah parameter
It , U8 1 RILEGC [TRit

TRk sp R APAIRA (R R 7o AL B

aizbmpnumis ek@uplified hbroureshibft e IC garfiag denad) nNhéonedample, the

(BT SER Bl RGP B D AL PR R S

\Am*edsmhrsamlthahat)amzy |n seconds is neasured as the

di fference between the | amred paw a

o+ AT SaraGeY B 0e (3877 MR e oy TR s gt tp durther

RBirhdIbrsk QICBBhpAINdOH cdPuneBRBRILE invivGRRsad @hin h@%tm , 30
in olive 0|I i s 1nj %m%qdelnto t he pl ant ar surface

ng)
of *t h&OMmPYHKS BN Ve e TP ERAAR 1VB A dh T gain

HRASK! EHesH Sen %M@rﬂ &tk ﬁﬁédélé &&ﬁ&{lérﬁlyuﬁdy% chitiell 8RR E@&hmarized
bendi r11:g forces ]% at 15 m nutes and 1 hour
©h

kelowr FORpLAIPE: Al domm Wﬂmh %R dpfisdien perferaieaGstarhied i diprretorod
st RASE, Iﬁ"cfy BeRhtrieWohihs H8scSiB & Kelitbw, U cobPotRES Hx@mfleiiCl t

tai'l flick response at various time points after dru
sampitgies desewiapenpent aetodty e sted mylke) Péargp Sargaes Pawleeypts (HSD,
r
PR g i B S By LA R R B 42 v
mwld HE0 css 808R69 ghfoathatiSd 6 spinekamyrlexdtiosinndplafll data are

I%ﬁ%:l%@%g ﬁ&mg "aﬁ@éj}l&% TP {1539% éﬁﬂ%ﬂ. { %@F@tﬁ&% ik 'c%%a NO)

connect e ut’e
daﬁmtchtﬁeﬁwpueemlemmhqrw(s&urdmm Bhatagire ¢xpNoLedap haarrs&cSiEM

37.. 25 Loro s conducted prior
tSB"*Cde%ﬁg “S%H%“Snfor %Cgtlg A zﬁ%"“ﬁ?d 1, 2, 3 and 4
hours after oral adn1n|strat|on of for exanmple, 60

MM%E &a&%ﬁ%ﬁgqeﬁ ?tgérttp;ﬁ ma 1n {g% pH Og /rBt Ic’nje%lge Séecnmto the
dorso-lateral surface of the right hindpaw. Paw-licking behavior is measured in an
automated assay, as number of events, from 0-50 minutes after formalin. Data are
expressed as paw-licking pain behavior events in early phase (0-5 minutes) or late phase
(15-40 minutes). In this model the compound of Example 1 demonstrates dose dependent
attenuation of late phase pain behavior in fasted rats when administered at 3 to 60 mg/kg,
p.o., 1 hour prior to formalin and the compound of Example 6 demonstrates dose

dependent attenuation when administered at 1 to 30 mg/kg.

L5/L6 Spinal Nerve ligation model: Tight ligation is performed on L5 and L6 spinal

nerves (one side only). Two weeks later, mechanical allodynia behavior is measured
using von Frey filaments using incremental bending forces (0.5 — 15 g) at various time

points after drug administration.
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in the pain nodels. Animals that maintain posture and
do not fall off the rotorod are given a naxi num score

wW@R00800H8T0onds. Data are anal yzed by ANOVA andPCT/US2007/070572

Dunnett's ttest using JMPv4. 1 (SAS Institute Inc.,

Cary, NC) statistical software. Data are expressed as
nmeans + SEM Thus, a conpound of the invention is
expected to be useful whenever antagoni smof the n{d ui
receptor is indicated. In pardicular, a conpound of

the invention is expected to be useful for the
&haagﬁngngthp@Mn%mgan(MEwMawﬁvstmrmdmnOﬁanmﬂﬁmsmﬁweofme

Q%Eﬂ?}&a@&; Eﬁ‘c{ drﬁg Ifls%re(f i ;ﬁ?luﬁs aftal 9a911a§%eﬂ%{] rﬁl%%ﬁ ih?peralgesia is

roni Joint rel
aﬂrﬁamectusngmmdlﬁﬂtammomcg; Mmrhm—&@esmomn atthificto maavnnt(ti&ltd‘dl\iamage
or (Lreatme raine
230 S lBlcheli s SRR s DS EsBEn Ly vpipgammed

ipaweand the mon-$nflareati@npavof chr oni c neuropathlc pai n;

anot her particul ar aspect of the invention is

treatment of chronic inflammatory/joint related pain;
Tafsareiit MBaé]feDn%aﬁ tacﬂrﬁmlsﬂiedq&i@ecot capdaidih ;acap@auaﬁ (2500, B(}Spg) in
treatnent. of chroni ¢ non-jnfl ammat ory/ non- neuro

OHFHo1l i pSpsait i the DA SUHRIeR 3? g W“asl‘éisﬁa%%a%ﬁwn

%bﬁﬁﬁﬁh&m&ﬁ&k@bﬁdéhnﬂﬁafﬁﬁﬁkﬂyuﬁﬂgmﬁﬁﬁkﬂﬁﬂ&ﬁ&mgﬂnca
neuralgia. In addition, a conmpound of the invention

%y - ﬁé%atdéumlmttg‘ﬁ wd 13Wusafeneab#iCithe tr eat ment of
seizures in epilepsy or as an agent in the treatnent
of anxiety, as well as utility as a neuroprotective

dgBhiicle mpilehwRpdjars deasbeusbe 4thhserof tailonth Hhige cutaff iapwdeelicit
WPEEE L ontsgﬁ VIaH&EQﬁﬁG mtit i}%[} ﬁrugsadlfﬁ[n‘?s\(ﬂagﬁfj a met hod of
treating paln, partic nic pain, in a manmmal,
particularly a human, in need of treatnent conprising

1.0 St.enj t I f f Ve
404 %E;. Maﬁ‘?gs r%egﬁﬁ@ﬁ% 51&;‘)%3?) E%ﬂ% 1§bﬁ Fh%%po‘i’fs) dte used
d«zrdbeptoabb(btesta [The hHﬁﬁty@difmGlmhmtﬂoms@t(amdud% sh%tlen/amymmf
exam1 na %t?nsgdﬁ%%g{omaged agce?era tProg-@Hllnh%im%ctrgﬁlc%ﬁlc Cofumbus

trea
It enncoted @ ﬁDIfBMlPC(D:Bm@ﬁIbm|d,escﬁlbed‘lplaﬁloﬁsl}C@hmmbn&t dbg.

ther 0 nd. of fornul.a |
NeGrmrmiged s B8R Bafrir Ba hah e prig b grue
ahmrmaﬁm dndalhiy a0 CePhaid Bovsadfier bk histrdth ol Fer xemple,

; kg of drug in fasted rats. The time points chosen correspond to behavioral testing

in the pain models. Animals that maintain posture and do not fall off the rotorod are
given a maximum score of 40 seconds. Data are analyzed by ANOVA and Dunnett’s ¢
test using JMPv4.1 (SAS Institute Inc., Cary, NC) statistical software. Data are expressed

as means + SEM.

Thus, a compound of the invention is expected to be useful whenever antagonism
of the mGlu; receptor is indicated. In particular, a compound of the invention is expected
to be useful for the treatment of pain, particularly chronic pain (or persistent pain), for
example chronic neuropathic pain, chronic inflammatory/joint related pain, or chronic
non-inflammatory/non-neuropathic pain (NINN pain), as well as for treatment of

migraine or epilepsy. Accordingly, one particular aspect of the invention is treatment of
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Further, there is provided a conpound of fornula I, or
a pharmaceutically acceptable salt thereof, wherein Q

wapesRigve any of the val ues defined herei nabPUBEUSI00T/070572

use in treating pain, particularly chronic pain. In

addition, there is provided the use of a conpound of

formula I, or a pharnmaceutically acceptable salt

t hereof, wherein Q and R have any of the val ues

defi ned herei nabove, for thejgranufacture of a

medi canment for treatnment of pain, particularly chronic

hionic nEeopathiy peif; 4notheaprotiala beptcetmd titesnveatipmis ticetalcatrof

pcg{oglcqlﬁ qgwl}rﬁ%)lﬁﬁjeﬂﬁd%niﬁlgﬂiggaipiﬁ}tﬂér%at%?lllol%i agé&?&htﬁg invention is

|tmﬁthamrﬁtch1royic1rmnnrtﬂanmhaanﬁg/aiomaemopaﬁlié paitn. S eurp@atliic paih arcludes
form of. Hﬁ% 8 c1 . .

R TR Ty PROR kBl EPhT LY s nes ik tearl tone

apdidod, |a@oﬁipamd@>ff the io@npaLNg, h:afve hhlay laf Mﬁz[gehtﬂﬂ tHearea@nent of

adm nistered to a pati

JEEEFNFBEEPBY OF R @pTE Uﬁb‘f H??é@%nt% ?IP%‘?BYT & Wﬁﬁf‘%\étﬂﬁ%%sea

inBgrbprdico@ve dobit fEllARY Qrcbirdienfelefiound admi ni stered, the
rate of administration and the tgondltl on bein

{ r eat GBS, 2 FYBREAPeal o THERIn: GReETRIOY Hedk EMpd gtreating

GRMOBHrGeuldly EhigRY fag, et Meemall panella80. MBMad oM nefPE@reatment
particularly between 5 and 208 ng/ day, adm nistered in

SORPTIPEAdERIsEANG e thogenmalAsrcElegvyiamernt@ha sgmpound of

%ﬁfu@aﬁa@ﬂ é’ph‘é&rﬁae@ﬁt@c‘all@%&ﬁh@é EALthQBof, WHYSn Par@RRREARY of the
of the invention may be used in treating existing pain

orluprdofnesbhaytinabore leaparmasin ngcd of Heatmaitialspim be a domestic
P LA NG ORE SRR ANS: AT SARAR £3u of £ Ol | Wi Ng

meani’ngs and abbreviations are’ use roug
is ( RAprtﬁlm’amsprQWdr@t thednppohbpifopadeacordmglto arDMf the

?jper @}é thg%g{,rggq ?% JBW lg 'avg:%{}%l!—: saﬁtut&lgrg()ﬁ' ﬂ)? use as a medicament.
equi vahmeet, (th;f)re; isipSVidsd acompbundsyh f«amuladnolzaaihmnacmamlly

th F
BRSO R BN REFLEH S b b b or
Iuheqmitréam{grpmﬁpﬂgmﬂmlwchrdx@\@,m liquid chr omat ogr aphy

f ? g 5|t dadgawg,rtﬁg g ?stprroyliedwﬁe use of a EQSSO‘%'n ormula rlnz"otr ny!

pharmaceutically acceptable salt thereof, wherein Q and R have any of the values defined
hereinabove, for the manufacture of a medicament for treatment of pain, particularly
chronic pain.

For any of the above statements, a particular form of chronic pain is neuropathic
pain. Another particular form of chronic pain is chronic inflammatory/joint related pain.
A further particular form of chronic pain is chronic non-inflammatory/non-neuropathic
pain (NINN pain).

The specific dose of a compound of the invention to be administered to a patient
will, of course, be determined by the circumstances surrounding the case, including, for
example, the compound administered, the rate of administration and the condition being
treated. A typical daily dose for the treatment of chronic pain may be between 1 and

300 mg/day, more particularly between 5 and 200 mg/day, administered in a single dose
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NMR, nucl ear magnetic resonance spectroscopy or
spectrum TEA, triethylamne; TFA, trifluoroacetic

wW@eiod/03I8H, tetrahydrofuran; TLC, thin |ayer PCT/US2007/070572

chr omat ogr aphy; UV, ultraviolet (detection); ca.,

about; ee, enantioneric excess; Ph, phenyl; satd,
saturated. Reagents were obtained froma variety of
commerci al sources. Solvents are generally renoved
under reduced pressure (evappg-ated). In sone
preparations indicated yields are representative crude
i &l g of morqcxﬁmideptdcsemme&habéy wa jogd hdmmignitrijone Tapo rabinpeund of
QllIe Jllfénttlol? 286 %@g brgt?eglgln Eyglﬁﬁtglgélﬁl\ég)rl ﬁrﬁ?r%hyﬁa%ﬁ& H‘ga{tment.

(R R) - 2- Met hyl cvcl opr opanecar boxyl ate: A 2.0 M oxalyl
chl or| or opet hane sol ution | r red by .
ada ng G ISR D R EARGRR iR pi d M BB e g
MQdaﬂﬂydﬁmu5mdmghhmbmgmhhanecmﬁoﬂR@nﬁmgznﬁh@lresulting

sol.uti on of, ox chl ori de

S Se G DR, S it SpR. dires Wifoxie
Z(pdm&ltbydt@/[ca@Mt@pﬂmaédaaxydmw@@@ﬂ ES Q@8T8RICEbsphdyYonization
avai |l abl e produ i s cis-trans m xture, 120.0
gnaSﬁspz@f%@Oﬁﬁ qﬂml a%t?ée (Fé%{ﬂa@lerr@}lzaé@ﬁf‘%t?ﬁ [oRgCEMES (0. 6
RhsomhtdBrapARI HRLA MexhProst usé ﬁ%m cibmbfogdpld/; LCALS, 1ig@M

terrperature thenlt is ad FO vvlsetoasolutlon
shropeipgiaPhy FeupledImass pgctonmy MeQH, reethfﬁm} M BB yeRty & butpether;
(I\ﬁ@ﬁ 1ficlihy) ma iR ﬁyJﬂaﬁiéeQEech%%Pg of"stpectgmf" FExo ltr)etl%ﬁaﬁﬁmé‘* TFA,

The m xure is stirred onger after addition,
élafﬂltqu%C@me?&ldb Eﬂxﬁe@ﬁa@ﬂmram&é@t@n faper|chrompagpetapdey; uv,
n ) t A Iy
AL (ROLASS, G B udortlo @b BEp 0 S0 Loy
aﬁ@@lge!mmwme Qtzalnf)CD frornl awelmletx MySmnayciginduressaFohvante dretgonaally
!g%o '\ teﬁ ‘uP ace(egl{{[&—id éggs%} % £tec%| lrhlb \glo dpgp%I%aﬁa%oﬂst nggat@ﬂl §71@1ds are
p@mﬂﬁmatlvercalubr}’ﬂ&idstfermydiucts Wthh are isolated by evaporatlon or filtration and
rans- 2- met h necarboxylate as a clear,
el Ofﬁe%tsvswvh%“ fifies 18'{;19@3 93% . 1H NNR ( OMBO-d6) d
738(m5H) 505(s 2H) 1.42 (m IH), 1.30 (m
- IH, 0.74 (m
a i ' P et ed by chiral
HPLC: ABT @pﬂfxatyll Mﬁomrld utchmrtsneﬂﬁhe adynoitlap@pﬁapwmmg with

t hod_usi ng - Chiral cel QJ, 32 C El uent
:I\E%yrlg\g 98% oxalyl chﬁjorlde (110.0 mL) to anhydrous dic loromethanrg,](600 0 mL) "The

resulting solution of oxalyl chloride (1.20 mol) is added dropwise over 1 h to a stirring

solution of 2-methylcyclopropanecarboxylic acid (commercially available product which
is a cis-trans mixture, 120.0 g, 1.20 mol) in toluene (800.0 mL) containing DMF (0.6 mL,
7.8 mmol). The mixture is stirred 2 h at room temperature; then it is added dropwise to a
solution of benzyl alcohol (114.0 mL, 1.10 mol), anhydrous THF (800.0 mL), and
pyridine (194.0 mL, 2.41 mol) over 1.5 h. The mixure is stirred 1 h longer after addition,
partitioned between ethyl acetate (2 L) and 10% aqueous potassium carbonate (2 L); and
the organic phase is washed (10% aqueous potassium carbonate (2 L) and brine (2 L)),
dried (MgSOy4) and evaporated to a liquid. Chromatography over silica gel, eluting with
5% ethyl acetate in hexanes, provides the major product, racemic benzyl trans-2-methyl-

cyclopropanecarboxylate as a clear, colorless liquid (193.8 g, 93%).
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i sopropanol / heptane; Flow Rate: 375 ni/m n;
Visualization: U/ at 220 nm Cycle Tinme: about 7.1

WOrevs/10383li ng: about 2 1 nlL/inj injection (0.5PQr/US2007/070572

Loadi ng) with sanple dissolved in eluent at 0.025
ng/mL to afford benzyl

(R, R -trans-2-net hyl cycl opropanecar boxylate (73 g) in
greater than 99. 7% ee by chiral HPLC, Analytica
Conditions: Chiralcel Q. 4.-65-x 250 nm Eluent: 10/90
i sopropanol / heptane; Flow Rate 1.0 nlL/ m n;

VHSNISIR] (Z2VIBOREs) &V 38tm 2320, ho SR eAKMR 6m, tHnNeS89 (16, B .A6

(R 68 ety P ool BhcP oyl are: A mi xture of

2- met Myd eyahiopstop@gegas paited Oy abird HPCOMPRERatagive Conditions:

acis-tr 1. Xt yr 75. ., 0.75
R St o e Rt COBmantiter by S tadiy i 1090
sgopfdpaﬁbméptﬁé Plow Rie: Bhﬁn&t&hiﬁa!ifﬂﬁal&@ﬂidﬂ: Uemat 230 agldegtlc Time:
benz brom de (131. 1.10 ngh% and . ) )
ﬁé?lmyhltml.nalfmn(g Odzld}‘%}r‘ﬁ‘iﬁlﬂﬁcﬂﬁ‘? Py Kb gunple isyolved
%éuel?ezt P05 mg/H &0 AFStdWeR 2yl IR R)LtF SrRD- ﬁEth§Qyél5p1Q Iieor 4

h, cooled to roomtenperature, and extracted w
SRFRPRYlate{&s | lswam}han P é’%ﬁ@%b@alﬁﬂ’}@r Angly Hegl @anftlmq

@hn@fagi SV 2B 3b G t]ﬂu@it | 1(9% i‘éoprSEhﬁlQlVi%%é @WRQ&@ €1 0 mL/min;
l'ica gel, eluting wi th hexanes gradual I’y I ncreasi ng

t\GSL@%aélptnyUVeﬁé 82Gumrs; Rﬁen@enaﬁ@s 6.p v e’ e r acemi ¢
benzyl trans-2-nethyl cycl opropanecar boxyl ate as a
I|qU|d (132 2 g 939@ 1H NNR (DWBC}dG) d 7. 40 (m

[ NO te A I?[l]fimgﬁ:é) . eveggrlby%]t QOZpa E:Qarbox lic af01d7(4 0141 nkrmar?g[rgductt Wh]LCh is
QicH trasls) m‘txture; 15.0 8, (TErmulalhIldel N)Naﬂﬂa(%h mla[) 9HBLOO is warmed and
2@%%’3}4% g&e}ﬁg:t%[]sltlgﬁ% ka))l%tlgﬁa 1rs rald(?egl b%rlljzty r0m1 & 5 qd, 1.10 mol)
(ki Rpthhilidikhitecd o)) apmopianeariidowydogen ACi@, 37. 8L 8 OThe mixture is

des a

el AP 22 Sorgt ghled 1o BP SRSEUP I GRTEteA eyt ot ether
Ii’g(maL)atTrh@r@rgahlcﬁ’@@emdele&(wifgmwaﬁ&@%@Ma@ﬂ@@@ﬁ@n@oxyI ic
Aci d: i. Dinethyloxosufonium Methylide Esolutlon N
Watogr@ha 0¥l Slﬂl’cé &°ls e}%%\gﬁﬂbkﬁxawa &Fadnplyy Bgeasingrto 5% ethyl
tabdt4¥B tl ek Stk FR Qs WHR hQeHil Benzg tfhfis-K Gnethyleyclopropanecarboxylate
as a liquid (132.2 g, 93%); 1H NMR (DMSO0-d6) & 7.40 (m, 5H), 5.05 (s, 2H), 1.43 (m,

1H), 1.30 (m, 1H), 1.06 (d, ] = 6.0 Hz, 3H), 1.02 (m, 2H), 0.74 (m, 1H). [Note: If NMR

reveals the presence of a minor amount of cis isomer, it is removable by the chiral HPLC

separation which may be carried out as described above.]

Preparation of (R.R)-2-Methylcyclopropanecarboxylic Acid, also described as

(R,R)-trans-2-Methylcyclopropanecarboxylic Acid:

A. Preparation of Racemic 2-Methylcyclopropanecarboxylic Acid:

1. Dimethyloxosufonium Methylide (solution in DMSO):
To a stirred suspension under nitrogen of trimethylsulfoxonium iodide (2.47 kg,

1.05 equivalent) in DMSO (8.00 L) is added potassium hydroxide (90% by weight,
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1.05 equivalent) in DMSO (8.00 L) is added potassi um
hydr oxi de (90% by wei ght, 0.69 kg, 1.05 equival ent)

w@oBilaa1ssv se in 100 g portions. (Alternativel BCT/UR®07/070572

base may be added all at once, in which case an

exot herm occurs.) Additional DMSO (4.00 L) is added

and the reaction mxture is stirred at anbi ent
tenperature until the m xture becones honobgeneous
(except for sonme undi ssol vedi&OH pel l ets, which are

not added in the follow ng step) and ylide formation
i0569dqgnb{)@@c31i\(ag;mﬁ@prt®n2vi® ih)lOO g portiEnsh}(Alternatively, the base may be

t hy I r I f
2&{1%{3% alﬂt u g%cé 1%% (glﬂcg a% %&gﬁnﬁ&%mﬁﬁ&@&if‘%@fb @ 00 L)is
eddﬂd\ﬂaﬂ dnrtryaction DVE@e (S&Ilﬁ@d M)aHMenatehlpeHaturet i ércatisiue: i s
\%%%?nges %Er%o?e%?%ug I'( rceeft 5%?39?%@ cthsg Vg? KSA ql)?f fncg are nop ddded
rimihe tfalonek adp) alnbylide ¥orn2BodE.comprtebags 29 h)f t he
reaction is followed by anal ysis by gas chromatography
(GC, conditions below until only a small anount of
hiesi daalyl ;@wmmpfoghrﬂ:&iru@yme t he
2- neth I c clopro anecar boxyl ate is obse ved (.aho
20- 24 ﬁ)a it otellet o it o 2Pkeshi - i Oﬁﬁaulthyawso

((§ O@L?-at aRBIdht RAPeh@Fe WBIdEd AR abBACH e PRhdd }Qf(‘le kSlufidreReLtH min,
| ows: Methyl t-butyl ether (MIBE, L) is added,

ézﬂwleﬂh@éerap%ﬁa@u% tl)mrszqcuwémi%uré Sondgtaingd ?J@b@@ 1520GFe Thpe

%Fd%?é% §f9thé‘%bﬁdnqpfo‘%w%ﬁ}%naf)éls k), g%&?orﬁé?%&ph%F{G@ Ebnditions
e mai ntaining the tenperature b 0C. After

tbh]@Wb n@tsl@glya?rsemél@p@mt()é desiduplecrgprpgmiclatiphiadiee 2-sciaichield-

0, i X ) 1 Venis 3
PERERALIEY B B0 000" TR b BRL: gl o
@q;)al {H5 B pqyﬁoﬁstfhlevgkmp] cach portion is treated as follows: Methyl t-butyl

SO e AP RRE SRR Ehbab b Ol o B Gl re
clodpomiss: adN/IaDm afwatei-(6 ILﬂByerIabmgﬂBI mlﬁ@'hﬂ@ maliinainéﬂlgﬂhe B:ﬁﬁberan]re

Et))gfg?vk%%%rsn%fgér Ili)h?se are s%ggralflrﬁd the 8 e%am&r[r)]h Sﬁ is Y—L?S%eé) tWI?Fp\iVIth 10%
diine ahdl thedolverit @dgantly rmtdvahm{der Vdcuum (400 mbar, bath temperature

LR T R

leBout 3.3 equivalents of MTBE.

GC method: column: Varian VF-1ms, length: 60 m, diameter 320 um, thickness: 1 um;
gas: helium; T°: from 80 to 300 °C over 35 min; run time: 35 min; detection: FID; sample

directly diluted in methanol.

iii. 2-Methylcyclopropanecarboxylic acid:

The above mixture containing ethyl 2-methylcyclopropanecarboxylate (1.00 kg,
1.00 mol, 1.00 equivalent) is combined with water (4.00 L) and 10.4 M sodium hydroxide
solution (0.32 L, 1.20 equivalent), and the mixture is heated to 46 °C as the MTBE is
gradually distilled. (If ester is found in a distillate fraction of MTBE by analysis by gas
chromatography, it is returned to the reaction mixture; and the MTBE is again distilled.)

When analysis by gas chromatography shows no remaining ester in the reaction mixture



10

15

20

25

30

1.00 nol, 1.00 equivalent) is conbined with water
(4.00 L) and 10.4 M sodi um hydr oxi de solution (0.32 L,

wa2me/1ex18d val ent), and the mixture i s heated tRBCHESDC/070572

as the MIBE is gradually distilled. (If ester is found
in adistillate fraction of MIBE by anal ysis by gas
chromat ography, it is returned to the reaction
m xture; and the MIBE is again distilled.) Wen
anal ysi s by gas chronmat ograph shows no renai ni ng
ester in the reaction mxture(about 1-4 h), it is
cdobed4 hp i29c@Bd tb Be °di the diktilkteand nddig ol MTdHHal2 IVEBERJ(IAI,

t I [ ad. -
b BT REREC o 1 (U it R SRR RIS, Sy groghiorc
amddnchmdraewtl wathtl\éHBE\(?t X 4N BEh¢ BITBHis kjrefullh distild8Rinds vacuum

5 et 400 Bt 7000 KRR SETTR Ty i

Q)@gaihmrmdam tgaffbﬂi r@@dm@@h&t}tytcyalbf)mpdwcab@ayhc acid containing a

2-neth arb aci ont |n n a_ small
SToo e O S RS S Y ] PG B B Po b
R Hel pﬂepzﬁﬁltlon(b&rgab Mﬁrbﬁat@f;raﬂlyt AINMR sﬁkfv@%ﬁaﬂ §2)) 9@¥qtgﬂl$ents

chr omat ogr alo and NWVR sh yield of
SR -BR oy ery ﬁPaee%ﬂfPémﬂc an&m%hﬁéo&é% lminapéo 3
Marmdal&apmgm)ng 1.7%cis-isoner and 0.3 equivalents
BE.) B. Preparation of (S)-2-Amno-3 -phenyl -
1-propanol (R, R)-2-nmethylcycl opropanecarboxylic acid
@Bl 1) Pl%%lujétlon &(§R-deskd- BEhvRAS-propanol (R.R)-2-methylcyclopropane-
(R R) - et hyl cycl opr opanecar boxyl'i ¢ aci
otlsqdesaribed a @R, R}%@@ﬂ@@yelopropanecarboxyhc acid

V; l.opr opanecar boxylic acid (20 g, 0.2
Eofglén%a é@o(}l qy%ltl n ethyl acetate (200 niL).
(S)- ZRMan@tr@ls -Jpiethylcyclapreraogariokyljcadcsid 2@ gdkdmal is dissolved
- I ' I V) is
B RS RAIOR S Al Bt e Babot S O FRE
0®-phahylelaniooly 6lt5a g, K)zlaB inm)h 0.5dtequiv) vagddolen bna:pdrnctraamﬁthby

seedi On | stirre t r at ur.e
SEERI s e R IRRE oA b s b, §fhicf il PR R THRER el
emd‘syakpeageﬁ atsmrécfzat)boh'sterﬂp):natu’fé‘lm Eﬁb@tfﬂie&daﬂﬂ thiy ¢redal@bre

Jreshed B FET X 05 s SRy ae e S A Tes Ve for
GHi: rmdss @C4 g3 o chole ly W), enahbiemediy@hibsitié By ¢eraBOS pegsdiesd

370, nL e tate; the
cﬂlral GC methocti Egiow Teile crystals are re-suspended in 370 mL ethyl acetate; the

suspension is heated to reflux for 1 h, cooled to room temperature overnight, and the
crystals filtered, washed and dried as above: mass 16.7 g (91% yield, chiral composition
96/4). A second purification in ethyl acetate (170 mL) as above affords (S)-2-amino-
3-phenyl-1-propanol (R,R)-2-methylcyclopropanecarboxylic acid (1:1) salt (16.12 g,
96.5% yield, chiral composition 99/1 = 98% ee; 32% overall yield from racemic
trans-2-methylcyclopropanecarboxylic acid).

IH NMR (400 MHz, DMSO): $ 0.47 (m, 1H), 0.84 (m, 1H), 1.01 (d, 3H), 1.07 (m, 2H),
2.5 (m, 1H), 2.7 (m, 1H), 3.0 (m, 1H), 3.25 (dd, 1H), 3.35 (d, 2H), 5.0-5.2 (br, 4H), 7.2
(m, 3H), 7.3 (dd, 2H); mp of the salt (98% ee) 130-131 °C.

Chiral GC method: Column: Hydrodex B-PM; carrier gas: helium; Injector T°: 200 °C;
pressure: 30 psi; split ratio: 1/100; detection: FID, 230 °C; flow: 50 mL/min; injection
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suspension is heated to reflux for 1 h, cooled to room
tenperature overnight, and the crystals filtered,

we®Baishd dried as above: mass 16.7 g (91% yP&l/d$2007/070572

chiral conposition 96/4). A second purification in
ethyl acetate (170 nlL) as above affords (S)-2-am no-
3- phenyl -1 - pr opanol

(R, R) - 2-met hyl cycl opropanecar boxylic acid (1:1) salt
(16.12 g, 96.5%yield, chiraig-conposition 99/1 = 98%
ee; 32%overall yield fromracemc

tvoline: Ramaolyihiaylcl °o pHbifa Rewandndigd ¢iR, Resinajtiontr 3NMRIn

O 47 IH), 0.84 IH), 1.01
%QQW iqi%%ﬁo 2(?(mH)|H), 2 (7m(ml_?l—|), 3.0
(Smnp]el-ﬂ)qpaﬁtlﬁlﬁ Tlmhfh,alt (dd) 10 BgBS d(ssblve?ll-ii)l ,1 NoHO! &a.2 rhby gnd the free

agl)d ei%ﬁ%efé’mﬂi eglg)l ’a(a%at? %Cr(] d]géldﬁg?}ﬁ ct yl hextr%qa'y d?l e&ﬁ& injected

BaBW, carrier gas: helium Injector T 200 0C,
pressure: 30 psi; split ratio: 1/100; detection: FID,
230 0C, flow. 50 nL/mn; injectionvolune: 1 mcrolL:
Qi ti a}epérratla;&&(ﬁﬁ) 2Ramwci/adsbrb@amaedoxaﬂ&@m ant i oner :
8.3 m nl(§)8 08 for S, S-enanti omar

prepafd AP RS TP I(Rrgpang bl Refyy2-frg héﬂcggelpr%@e?qﬁbwlc acid

kCh) k2.4 g rd4)5 Iaal ista@ed maq@ééhsﬂH@xt(r@qﬁEd) Wb, &EBY10 min
acetate (ca, . The eth acetate extract is

diriegs the;, sqhﬁ}o&-}% eéggraptﬁd with e@yf/q:op‘ré‘ﬁe{? &t J00RL b The organic extracts are
(dRe(If%MgS(MBtaﬁy E&%Qﬂt%d%@&%&fuﬁp(&ﬁ lgsecAob %bar-g Qo afford

am no-3 - @20 ano

Gﬁz%l-mﬂwimypnwpwdpm w«b&@up@%h@. agpofortess)oik g t
Ghenfutofy 0, PBCL 0 SRS AN POEaS A 44901 T .o

mns e’’so

émt ticted (v th). et hyl acetate (2 X 50 nL). The organic
extracts are dried (MgSq 4) and concentrated under
vacuum (40-45 C/ 200 nbar) to afford

(IRIeRYop2d Biebzhyti(ﬁmﬁ“l(lb B)-Qpv exrglaydisprytan ecatbok @ic( Acid) for T&04ion of
2% ? 'A%;%lnoq - br(l) ng}pbanoliﬁlg\R (2n$gﬁﬂ§%opr(§)a{1 Sgprﬁi,cq&iczciQ:l)
(Sat: | H) 11. (br | H). Tel escoped Preparation of

(R R)-2-Met hyl cvcl opr oganecar boxylic Acid for
flor rmpﬂracﬁ y}pxosufomum Methylide (solution”in DMSO):

To a stirred suspension under nitrogen of trimethylsulfoxonium iodide

(1.18 equivalent) in DMSO (about 3.3 mL per g of iodide) is added potassium t-butoxide
(1.05 equivalent) at once. An exotherm occurs. The reaction mixture is stirred at

20-35 °C until the mixture becomes homogeneous and ylide formation is complete.

ii. Ethyl 2-Methylcyclopropanecarboxylate:

A solution of ethyl trans-crotonate (1.00 equivalent) in DMSO (3mL per g of
ester) is heated to 80 °C. To that solution, is added slowly, the above preformed ylide
solution while the temperature of the reaction mixture is maintained at 80°C. After a
typical addition/reaction time of one hour, analysis by gas chromatography (as above)
shows only a small amount of residual ethyl crotonate relative to the ethyl 2-methyl-

cyclopropanecarboxylate.
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(S)-2-Am no-3 -phenyl - 1-propanol
(R, R -2-net hyl cycl opropanecarboxylic Acid (1:1) Salt:

WO 200Bi168383y| oxosuf oni um Met hyl i de (sol uti on i nPQIVBEY007/070572

To a stirred suspension under nitrogen of

trimethyl sul foxoni umi odi de (1.18 equivalent) in DVSO
(about 3.3 nL per g of iodide) is added potassi um

t-but oxide (1.05 equivalent) at once. An exotherm

occurs. The reaction m xturelg-s stirred at 20-35 0C

until the m xture becones honogeneous and ylide

fior ma2iMethyleychpnphedcarbpiylicBeidy |

2- Met I b

tr ans it SE5H AR RRIREERLRRIVERL 20, €, AR 5B Wiy sbou
df14@qtueal):nts sf K@H) sddial c816r mnln'ﬁdntehna‘lntsloingtthedmﬁpersture of the

b r ef or med ut.i 0
r‘ﬁaéte?n o 1F%{%{ur erkgf e ert g tl%nnmlr)ﬁt%f %?uét her tronag'l n{]a ned
a&sm&@}@ter Afih@Ecatal ttyygns Cl&bmaidgﬂaph}o(laé ieact I"RhB rdsuliag @CﬁlqupH

o 1B AR e a0 g S ET i SPuf TR Bl RO s

gﬁl‘lﬂﬁlﬂﬁﬂ IR it dii[rﬁchl&i withhkee pgrtlons of isopropyl acetate (each portion 5 mL per
net hyl ¢ycl opr opanecar boxyl ate.iij . .
2R hA eI BP I8P aTeaH Bl X’%IP FRMBIBFLRTEAH P avashed with 15%

MLBAE frl QA r I fewp@ralteﬂ 5@ td2Q v@@mnﬁ&dl 08096@HBarGHH a bath

(5% w w, about 14 equi val ents of KOH) is added over

1emperaurgef f2° Cnéﬁnﬁ feslilpted iy ith FRoPrORHIEPAe Ui Becgtsalyh b provide a
SR 6 &ﬁ‘regﬁo)ﬁgllﬂg?o aﬁ;outle) mL & cgféulaéﬁ' fofbhfeth aﬁ@}fétdp%ane—

m xture a furt (until no resi ester is

icritpedicagidiyr uya & r@mhéwatu@lgg apiylar procesyente fhat guseribed above.
resulting solution (pH about 12 by pH paper) is
aC|d|f|ed to pH 2 -3 at 20 - 30 OC by the slow

por t I n1t %ﬁ) Etgr%é/ e%c E!} hﬁhl{l 5 E h{f?rgﬁe&%% lm:nb&e‘{ lalmOD

gr am st ar -Cr ot ne
0y gldnd drophias evar §O was toetdethyltﬂhoﬂgﬂa%damtate (4ahd, thlabll) i}

ev d%(r)%%tzenq )étgf I StdlroI lrlarrl] %&Oun?g)eke]@plﬂ% urEe(r)aaurF gatlwefﬁ & dand
BEt°a. iAsiop3mmin, (Sa)q)eds;_@zleae okitle (lel’es Qany)nntcrb) ipadded drdahe mixture
SRR ERRONR Lo, sbott, 49, T ber 5l SUL et
ree ot whthn SusinAgd &irfddmat thavtepasedurfer tan. t(INMR aegwis dIeck
aCIbu%\é ?nlxture indicates > 95% conversion to ethyl (R,R)-2-methylcyclopropane-
carboxylate.)

Water (50 mL) and 30% aqueous NaOH (25 mL) are added, and the biphasic
mixture is stirred at reflux for 5 h. The layers are separated and the organic phase
discarded. 37% aqueous HCI (25 mL) is added to the aqueous layer, and the mixture is
extracted with isopropyl acetate (2 X 50 mL). The organic layer, containing
(R,R)-2-methylcyclopropanecarboxylic acid, is washed with 10% aqueous NaCl (3 X 25
mL) and partially evaporated under vacuum to a total mass of 14.5 g before (S)-2-amino-
3-phenyl-1-propanol [also known as (S)-phenylalaninol] (3.01g, 19.91 mmol) is added in
one portion, causing spontaneous crystallization of (S)-2-amino-3-phenyl-1-propanol
(R,R)-2-methylcyclopropanecarboxylic acid (1:1) salt. The suspension is stirred
overnight. The crystals are filtered, washed with isopropylacetate (4 mL) and dried at
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Al ternative Preparation of
(R, R -2- Met hyl cvcl opr opanecar boxylic Acid: Under a

WORE0BA0RIRS at nosphere, hexyllithium (2.3 Min hBXEOS207/@70572

m., 18.4 mml) is added dropwi se over 20 mn to
triethyl phosphonoacetate (4.5 g, 19.67 mml) in
anhydrous 2-nethyltetrahydrofuran (40 nlL) keeping the
tenperature between 19 and 25 0C. After 30 nmin,
(S)-propyl ene oxide (1.17 g,2®0.15 nmol ) is added, and
the m xture transferred into a 160 nL Stainl ess Steel
PP ecsuda veRanrp affealdSp2-anie3phrnyklepropatmdat ed to 150

[ [

TR bt bothtapeplieighblol T IR Bl o
95%a GO VE IS D e, 19&%eibhyAlternat1vely, the acid may conveniently be isolated as

R R)- th cl.opr opanecar boxyl ate.) Water (50 nlL)
é\%eaﬁé'ﬁf? S)auae%lﬂg&l\gép' 25 nL) are added, and the

bi phaFhesaltindyle@ongrtsd intd @IRB2-nicehylepcldpospamebarbdhydic acid
Ia ers are separated and th ani ¢ phase di scarded.

885’@8@% ?—%ﬁartﬁgherﬂf‘f%f:@@%gveco t he aqueous | ayer,

and the mxture is extracted with isopropyl acetate (2
X 50 nmL). The organic | ayer, containing

(R R) - 2- net hyl cy%—é@ﬁ’é@&#ﬁé&@ﬁ&%ﬂ—&@ﬁ%ﬂé, i s washed
wth 10% aqueous NadCl N|Q|3 X 25 nm) and partially

evapor at ed under vacu n t t ot al g of 14.5 g

before (S)-2-am no-q3- ?11«/ 1- propanol [al so known
as (S)-phenyl al ani noI] 3.01g, 19.91 nmmol) is added in
one portion, cau5| ng sp h‘taaneous crystallization of
(S)-2-am no-3 -pheny

(R R EQQGRE%SH’;T/ eyt Wﬁ%@@gﬂ%&ﬁwwa Btitgvipg theyindigated value
-B'P Q Rprdpared Lu‘s’iﬁg {h% cSfrbsh bR OORESHiB of leﬂﬁlaCd} )GN ﬁldjaré}:ﬁ&nmle

fere washed with isoprop ¥Iacetate(4
@ruil esimalpzpogduisriol et Qfd)é@nﬁlfﬁtlpé Wflf balet

(S)-2-am no- 3- phenyl - | - pr opanol

(R R) - 2-net hyl cycl opropanecar boxylic acid (1:1) salt
(PBeparagion 5O 196 cveMathbxypheyd) . Chiral GC. >99. 5% ee, 98%

se (LSRRt iy e PRI,
$&4.2 g9 nipeoly propamiteld (b0 g, 1,130 mmol) and toluene (1,880 mL); and stir
(f 5)h %)Jr?é h}{h Cgf l]\%%rC{q% g ﬁ%ra&e }ﬁl Eg)‘%:c | ]%Vagczrlat%%eaorganic

o cedure s Cri
E’l’)lﬁﬁl@f ﬁfdloqmadlfze drohd ek hrlc@EtOfA c o s fifarll 3-amin o-3-(4-methoxyphenyl)-2-

methylacrylonitrile. Yield: 35.1%. ES-MS: m/e 189.2 (m+1).

Preparation IV-6, Q = 4-Chlorophenyl:

In a 2 L round bottom flask (fitted with rubber septum, nitrogen blanket and stir
bar) combine 4-chlorobenzonitrile (60.0 g, 1.00 equiv, 432 mmol), propionitrile (61.2
mL, 2.00 equiv, 864 mmol), tetrahydrofuran (43.2 mL ) and 1.0 M potassium t-butoxide
in t-butanol (tert-butyl alcohol, potassium derivative, 475 mL, 1.10 equiv; 475 mmol);
and stir for 24 h. Quench with aqueous NaHCO3 and extract with ethyl acetate. Wash
the organic phase 2 times with brine, dry (K»CO3), filter, and concentrate to dryness.
Purify by flash chromatography on silica, eluting with 15:85 to 50:50 ethyl
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Except as otherw se described, a nitrile of formula
'V, having the indicated value of Q is prepared using

w0 b@saarisespondi ng benzonitrile of fornula Q GCEHOSR007/070572

propionitrile and a simlar procedure to that of
Preparation IV-1, below. Preparation IV-1, Q=

4- Met hoxyphenyl : Conbi ne 4- et hoxybenzonitrile (50.0
g, 376 nmol), potassiumt-butoxide (84.2 g, 752 muol),
propionitrile (62.0 g, 1,1302mmol) and tol uene (1,880
m.); and stir for 72 h. Dilute with satd NaHCg 3 and
esdtrtabexant. tthaffir@Aeamike-dfdichloeophenylp2 gaethylagoylonitiridn(aa ad

AR LIRS REUEOS, ol s,

Yield: 35.1% ES-Ms: nie 189.2 (m+l). Preparation

V-6, .Q =, 4-Chl orophenyl : Jn a ound, bottom f I ask
Feea B {rOr SREPERN b etk e nRED S
harylomieii ne 4- chl orobenzonitrile (60.0 g, 1.00 equiv,
432 mmol ), propionitrile (61.2 nL, 2.00 equiv, 864
mol ), tetrahydrofuran (43.2 nL ) and 1.0 M potassi um
t - but oxi de in t-fedaadidh of & Thibahidt ¥F Faheehw! , pot assi um
derivative, 475 ni, 1NEO uiv; 475 mmol); and stir
for 24 h. Quench with'faqugpus NaHCg 3 and extract with
et hyl acetate. Wash ani c phase 2 tinmes with
brine, dry (K2CB),Qfilffer, Mg concentrate to
dryness. Purify by flasigehromat ography on silica,
eluting with 15:85 to 50: 50 et hyl acet at e/ hexane, to
af f or @xcept as otherwise described, a thioamide of formula V, having the indicated
3-am no-g- (4-chl orophenyl)-2-methylacrylonitrile (as
Al AERel atcpard yurg the corgpeadineaytrilegfdoululy apgha sinuias:
%%e&né Whidrof PrpRG VANdie./, Q = 4- Bronophenyl
-am no- 3- (4- bronophenyl ) -2-met hyl acrylonitrile.

Preparation of a Thi oam de of Fornula V Except as

L S€_ .CJj i i.oam de of formula V, having
?ﬁ%@{aﬂdﬁga?g%f%é\?%goxg@%ﬁi s prepared using the
cor r edddhdil (N dipkdng, @O nhla 2D anthal) wreadsokutign pf 3-amino-3-

L R e L S

264 mmol) and dioxane (132 mL) under dry nitrogen. Stir for 2 h. Evaporate, dilute the
solid with dioxane (20 mL) and add dry TEA (40 mL). Add satd K»CO3 and extract

with EtOAc. Evaporate the organic solution and crystallize from CHCl3z/hexane (95/5);
then recrystallize from MeOH/H»O to remove the excess thioacetamide to afford

3-amino-3-(4-methoxyphenyl)-2-methyl-thioacrylamide. Yield: 90.8%.

Preparation V-6, Q = 4-Chlorophenyl:

Add hydrogen chloride (4 M in 1,4-dioxane, 858 mL, 16.0 equiv; 3.43 mol) to an
E-/Z-mixture of 3-amino-3-(4-chlorophenyl)-2-methylacrylonitrile (41.3 g, 1.00 equiv,
214.4 mmol) and thioacetamide (32.71 g, 2 equiv, 2.00 equiv; 428.8 mmol) in a 2 L round
bottom flask RBF (fitted with rubber septum, nitrogen blanket, stir bar and cooling bath).
Maintain a solution temperature below 30 °C with an ice bath until the addition is
complete. Remove the ice bath, stir for 2 h, and slowly add the mixture to 1.5L of 30%
aqueous NH4OH in an ice bath with stirring. Extract the mixture 2 times with ethyl
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Add HO (4 N in dioxane, 659 nL, 2.640 mmol) to a
sol uti on of 3-am no- 3-

W@ 200a0018Xyphenyl ) - 2-net hyl acrylonitril e (24. 8PQr/UsBR7/070572

nmol ), thioacetam de (19.8 g, 264 mmvl) and di oxane
(132 nmL) under dry nitrogen. Stir for 2 h. Evaporate,
dilute the solid with dioxane (20 nL) and add dry TEA
(40 mL). Add satd K2CO3 and extract with EtCAc.
Evaporate the organic solutign and crystallize from
CHCM hexane (95/5); then recrystallize from MOH H2 q
tacetatenBiach thhergenic phse £ hinmawethdninel elrt Goaitharfdter, and

TG EonyTS: SRR G iR Il AR AR Aoy

Ayiduratg ére redultongisdiéd frdm Mthiamol hndlwalico| 819€) to@5Brdd-amiie- O

S ichlosSaiety 2ot S fibabidil oth findbvicisrized Bz misprel
icld: BD3%BQ dHWMRJ(@D@ommD)%amdzH)m w@ el‘}@rﬂ?.d@(c(, 32.601Hg 2H),

ui 00 equi v, 8. L)..in a 2 L round bottom

%tégf? lé‘él'—szj(]f@tfégo&ilzt Lﬁlﬁ?dg]gg??é%lbt um nitrogen

bl lanket, stir bar and cooling bath). Mintain a

solutlonte erature bel ow 30 OC with an ice bat

GREPRTatioh &~ QT HbemeRhcRdngragie- Sihevnopay) éemffavh

&ﬁlloﬁcrfyginlaeh and slowy add the m xture to 1.5L of

30% aqueous NHACH in an ice bath with stirring.

Extract the mxture 2 tines with ethylacetate. Wash

the organi ¢ phase dkdigRes M ARiklor PEm @y (K2CDB),

filter, and concentrated to dryness. Cystallize the

m xture from hexane MAd chl or of or m (10/90). Triturate

the resulting sol] r hanol and watgr (10/90) to

afford 3-amno- 9 7 %2 R

3-(4-chl orophenyl) - 2- pet hyl -t hi oacryl am de (as an

uncharacteri zed E-/Z- ture). Yield: 82.3% 1H NWMR

I(_|ZCD32 cep‘Banghe(\élsé fl(ﬁ;plBegSﬁaﬁnPée Of JtJoEJZ%a} ﬁ,’ }égzm(ggliyﬁ i‘rjldiza}tgcbgalue

(0$ Q ﬁlﬂ}epaﬁﬂ amgg &ielcﬁﬁes}iledjngQhrﬂafﬂﬁthlfo@ hfﬁimhﬁl’w %nid a s(ijmilar procedure
ro ny nmet hyl t hi oacryl am de.

Ii’?%‘ﬁ’a é)lr‘?pﬁéﬁ’UB‘FHa]ﬂnB&ﬁ’f"ne of Fornuia Il Except as

ot herw se descri bed, an arri ne of formula Il, having

the indicated value of Q_ is prepared usi ng t he

dEmredpbHdi Ry tMcsharelendf fornula V and a sinilar
pr ocedyl Gydrogen peroxide (30% by weight, 2.39 ¢, 70.3 mmol) to a solution of

3-amino-3-(4-methoxyphenyl)-2-methyl-thioacrylamide (7.800 g, 35.135 mmol) in
methanol (703 mL). Stir 3 h. Quench the reaction with NapS>03 (20% in water) and

evaporate to 10 mL. Dilute with EtOAc (500 mL) and wash the organic phase with brine
(3x 100 mL), evaporate and crystallize from EtOAc/hexane to afford 3-(4-methoxy-
phenyl)-4-methylisothiazol-5-ylamine. Yield: 88.2%. ES-MS: m/e 221.0 (m+1).

Preparation I1-6, Q = 4-Chlorophenyl:

In a 2 L round bottom flask (fitted with stir bar) combine (E/Z)-3-amino-
3-(4-chlorophenyl)-2-methyl-thioacrylamide (40.0 g, 1.00 equiv, 176 mmol), methanol
(882 mL, 21.80 mol) and hydrogen peroxide (30% by weight, 14.2 mL, 1.40 equiv,
247 mmol). Stir for 2 h, then quench the reaction with NapO3S5 (20% in water) and
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to that of Preparation Il- 1, below Preparation II-
1, Q = 4-Met hoxyphenyl: Add hydrogen peroxide (30% by

wawrioghe31s2. 39 g, 70.3 Mol ) to a solution of PCT/US2007/070572

3- am no- 3- (4- met hoxyphenyl ) - 2- et hyl -t hi oacryl am de
(7.800 g, 35.135 mmol ) in nmethanol (703 nlL). Stir 3 h.
Quench the reaction with Na2S2U3 (20% in water) and
evaporate to 10 nL. Dilute with Et OAc (500 ni) and

wash the organi c phase with_f3ine (3x 100 ni),
evaporate and crystallize from Et OAc/ hexane to afford
Julgtd-withtwredory p b nydrcentrptatbe mueblzsonihtuafzmideB\zayummleL volume.

Y cElEl%;a@% §n(§g{%%lll’:a§?t%@ ;FOO%%I];) Qnéﬂl‘[l? Igorol?l bO t@oﬁrlﬁg? Fﬂte{é wash

thtwaem‘ thert Witk henanda and diyaidicngtifgrdaky niBleavdcmam to afford

th hi .oac ] (4 )
?—@-&hP BRSNS T A R RS 150 EMRe Py 0
amllhydr ogen peroxi de (30% by weight, 14.2 nL, 1.40
equiv, 247 mmol ). Stir for 2 h, then quench the
reaction with Na2U3S2 (20%in water) anddilute wth
Wadpfation - 7L1) £oneRiphe @l € 31(PorafsifRHS)-Fin(éthy 1B othiARI-5-yl-
vacuumto vol une. Add hexane and ethyl acetate
ggyie. (%Msntn)‘/ez%gi(@ﬂ)r vigorously for 20 nin. Filter;
wash with water, then with hexane; and dry the
resul ti ng cake under vacuumto afford
3- (4- chl or opheny|Breppraiien géa PhegohoffognulaIl| ani ne.
Yield: 64.1% LCMS: 225. 0 (m’rl)o Preparation I1-7, Q =
4- Br onophenyl :

3- (4- bronophenyl) . I|th az@l - 5-yl am'ﬂ ES- M5
me 257.0 (m+l). a Phenol of Formula
[11 A phenol H( la Ill], in which R has the

i ndi cated val ue angd R-CO Q"s
(R R -2-net hyl cy& opr opanecar bonyl, is pr epared using

the correspondin ffornula in which R
o e Cr e R 1 TG e e e e

R.epas @I,RPQLn{ekHy'lcy@I,oplQﬁﬁrfé&‘érbonyl, is prepared using the corresponding
compound of formula II in which R1 is methyl and a similar procedure to that of

Preparation III-1, below.

Preparation I1I-1, R3 =H: (R,R)-N-[3-(4-Hydroxyphenyl)-4-methylisothiazol-5-yl1]-
2-methylcyclopropanecarboxamide.
A. 4-(5-Amino-4-methylisothiazol-3-yl)phenol.

Add boron tribromide (0.227 g, 0.909 mmol) to a solution of 3-(4-methoxy-
phenyl)-4-methylisothiazol-5-ylamine (0.100 g, 0.455 mmol) in dichloromethane (5 mL)
at -20 °C. Stir and allow to warm to room temperature. Stir 4 h and quench with
1 N HCL. Extract with EtOAc (2 times 50 mL). Dry (MgSO4) and evaporate. The
product is used for the next step without further purification. Yield: 106.8%
ES-MS: m/e 207.0 (m+1).
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Preparation II1l1- 1, R =H
(R R -N[3-(4-Hydroxyphenyl)-4-net hylisot hi azol -5-yl ] -

wQ@2008t81BTycl opr opanecar boxam de. A PCT/US2007/070572

4- (5- Am no- 4- et hyl i sot hi azol - 3-yl ) phenol . Add boron
tribromde (0.227 g, 0.909 mvol) to a solution of

3- (4- nmet hoxyphenyl ) - 4-net hylisot hi azol -5-yl am ne

(0.100 g, 0.455 mmol) in dichloronethane (5 nL) at -20
OC. Stir and allow to warm tm-roomtenperature. Stir 4

h and quench with 1IN HO . Extract with EtOQAc (2 tines
50 LR, RPNy[3 (M) Bajrokypleendl)-dwaghylavbiazdifey 2 auhtlgticyickpropane-
$%%?x§8ﬁ the next step without further purification.

el d: 106.8% ES-MS: me 207.0 (m#l).B.

(R R)Anupgﬂﬂ4mmﬁdeGMMbmémykym4MnmeNQBQBmLHD&%athowQ

e e G DR AR oA 65urp i B D Ay and

SIMF (ledtop otdtdly i) iofoluene (1 mL). St1r 3 h and add the now formed acid

SPSB U oy ke tove g Loy i) SwhhopBoso e

b. M)mmﬁj arfd p?mhma (11107ag1<d) 87hﬁm6119)w TIoF (edl pcdtd 1Ghinailee with

rred sol ut
1108 Do qeiotath M8 A NAOBI2 Smgt | Bhighbhen petga@0gmL). dry

| [ l 0.
QM%@@M}T'HQ e}falﬁ)ﬂaﬁle %ﬂ&ht@lhlﬂcﬁt{rgﬁ Vc\ﬁQl?acﬂ@&n%aﬁ\n?%(e% ?r(id)ld‘ 6§r|?g (

M%\AM%%]?P@%@)I (2 times 100 nL) then water (100

m), dry (MgSH4) and evaporate. Crystallize from

chl or of orm and hexane Yield: 64 6% ES-I\/IS me 289.0

(mtl). Preparati ofcrafatis  Niitrike offfompiladX 5 | X Except

as otherw se describggy a nitrile of formula IX,

havi ng the indicated yatue of Q is prepared using the

correspondi ng benz%g'/ti\w}QNof forml al® CN and

acetonitrile and asimlar procedure to that of

Prepagdd,PR diférwise @&E% £RiGRAD AloRla DK HvinHIT indicated value

3- Fl uor o- 4- met hoxyphenyl : Conbi ne

f Q) sorepared weing deygbaerporiing hangonitpits qdormyla QEBY gwigcetonitrile
1. 126 nmol) and

ma%mﬂﬁﬁ@&%k%gb tHa} bprphiatRd S{‘ﬁ bAdw.

THF pot assi umt-but oxi de in

Preparation IX-2, Q = 3-Fluoro-4-methoxyphenyl:

Combine 3-fluoro-4-methoxybenzonitrile (25.000 g, 165.563 mmol) and
acetonitrile (13.576 g, 331.126 mmol) and THF (33 mL). Add potassium t-butoxide in
THF (1 M, 182.1 mL, 182.1 mmol) with stirring. Stir overnight. Dilute with satd
NaHCO3 and extract with EtOAc. Evaporate the organic solution and crystallize from
hexane/EtOAc to afford 3-amino-3-(3-fluoro-4-methoxyphenyl)acrylonitrile.

Yield: 78.6%. ES-MS: m/e 193.0 (m+1).

Preparation IX-4, Q = Phenyl: 3-amino-3-phenylacrylonitrile.
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THF ( 1 M 182.1 nL, 182.1 nmmol) wth stirring. Stir
overnight. Dilute with satd NaHC g 3 and extract with

WER@SG0318vaporate the organic sol uti on and cryRCEUB100E070572

from hexane/ Et OAc to afford

3-am no- 3- (3-fl uoro- 4- net hoxyphenyl )acrylonitrile.

Yield: 78.6% ES-M5: me 193.0 (mtl). Preparation

| X-4, Q = Phenyl:

S-am no- S-phenyl acrylonitril-gs-Preparation 1 X-8, Q =
3,4-Di chl orophenyl: Using a simlar procedure to that
dfepRrragpabasi @ 3 &Dichldpethenidi ng 1.5 equi val ents of
ggé?g?ﬁ@gﬁ%%ﬁﬁE [g%ig@reatln Céhalt‘oglirg@a?étlo%llﬁrg %ut%fsmg 1.5 equivalents of
Pothssiine hbmoxibeamlolns tqull\tah;ntstdﬁ eceeomtstleqiet :hlequmhlent of

g ggﬁlgrtolg%n%gl?li}iﬂ% It}(l:e% fgroﬁglhen a{(l:(%%-é? H-Hite (rroplt%nyll,?acrglomtrlle

siml ar procedure to that of Preparation |X-2, but

PR R S BT RSS! bt o de and 3.

4 ( neubmghlainﬁtar PRBERrY th tiak 6f PrefedtRniIX- pbﬁtaisﬁtgd 5 equivalents of

thyl thi h | ] I t
PP@E)%‘F%% Pt&ﬂmﬁwn@ol $ t&mvlal% % Oefgcyetﬁrgﬁ%egg{ew{}hl% 8hir{methylthio)

Beoh e 3hdrd 1s(dbidinedi3td miab Bl etiry1RlbspEnk1] acrylonitrile.

acrylonitrile. The starting
4- (1, 1-difluoroethyl)benzonitrile for Preparation

IP%%plQltlbl%D@ b Q@fd(lqulfﬂgleOQt lgpho‘ﬁi}q 3-amino- 3&4 -(1,1- dlﬂuoroethyl)-
bi s-(2-neth oxyet yl Yam nosul fur trifluoride (30.

@henyiiacodonitrijer)| ) to 4-acetyl benzonltr| | e (10 OOO g,

68. 96

Tef | oﬁhﬁ{m tg ggl ?‘ﬂ]{?m%ﬁ%s%nt%eﬁl@% 8 %%or onmet gr? gﬁln@d as
figldvowed by excess satd NaHCOB to quench Extract with

Et OA to

oi 11 2055 G A RS Ak g AR AR o o
g-acat@ﬁﬁ:nzohmrllaf(f(lﬁ()ﬂ) g46$ bod mdllof)laudbstuemﬁ]qua)mtrogen atmosphere ina
b[eﬁz Oﬁa 1i(rf 2% hé(Pngtte w1‘91 d1$1f<0r? V\ftggner £ ‘il:%{gl?cbt@/ exegs sat8 %\?‘PP@O_),

SEUES
ttdnqmaaah. d@(tﬁﬁt widr ]Ef(ﬂA& dﬁ',y (N80 Paridreapondd. c@liretatograph on silica
gel, eluting with hexane and EtOAc (gradient of 3- 30%), to afford 4-(1,1-difluoroethyl)-

benzonitrile. Yield: 6&8.6%.

Preparation of a Thioamide of Formula X
NH, S

X X
Q NH2

Except as otherwise described, a thioamide of formula X, having the indicated
value of Q, is prepared using the corresponding nitrile of formula IX and a similar

procedure to that of Preparation X-2, below.

Preparation X-2, Q = 3-Fluoro-4-methoxyphenyl:
Add dioxane (65 mL) to 3-amino-3-(3-fluoro-4-methoxyphenyl)acrylonitrile
(25.0 g, 130 mmol) and thioacetamide (19.5 g, 260 mmol); then add 4 N HCI in dioxane
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value of Q is prepared using the correspondi ng
nitrile of fornmula I X and a simlar procedure to that

W@R0oRne3n8s ati on X-2, bel ow. Preparation X-2, Q@ET/US2007/070572

3- Fl uor o- 4- met hoxyphenyl : Add di oxane (65 nL) to

3-am no- 3- (3-fl uor o- 4- net hoxyphenyl )acrylonitrile
(25.0 g, 130 nmmol ) and thioacetam de (19.5 g, 260
nmol ); then add 4 N HO in di oxane(650 nL, 2,600 nmol)
and allow the reaction to stp4- 4-8 h until conpl ete by
TLC. Evaporate the reaction mxture to dryness; then
aehd i..ox@fenhol) andwllow theltactioowd stir PESdh (uatil iceldpwetbh TLC.

5 e AP Y BGRB8 ol ART AP E Tl A

(((H@'&ﬂ@ﬁ)h Klj(ﬁDﬁ\lﬂQﬁ)th endl theahddvad] 8@ (OOBmL) and extract with

&goéﬁx%é@nﬁﬁn%t h %%#}g%o&g})yan Irg]\éat%%rate t9< L“{d rdé-amlno -3-

yia-4-areamxyme&y()ﬂhmymmtdm Yagtd: i, deS-MY: ep@arar.d on+1).
X-8, Q = 3,4-Dichl orophenyl:
3-am no- 3- (3, 4-di chl orophenyl ) - thioacryl am de.
PreRakiat Kof) Qe BhenQ: 3-4minbE3-hkhy1)-tigeeyliide.
3-am no- 3-[ 4- (net hyl t hi o) phenyl ]- thioacryl am de.
Preparation X-10, Q = 4-(l,1-Difluoroethyl)phenyl: Add
PrpaRnyh H@%}f&h!’a ﬂ@bﬁl@ﬂo@l’l&lyﬁ@ £nind3-8,Mdichidrdhnergal-) to

0

a solution 3-am no-

gbipacrylamideyi f | uor oet hyl ) phenyl Jacrylonitrile (5.50 g,
26.4 mol) in propan-2-ol (264 nL). Heat to 45 OC for
4 h. Dlute with EtOAc (400 nL), wash with brine 3X
Craperaipl X-% k- &vidpdy Bhie)phaylisi-aminod[4-testh ethimphestlane

t ol am no-3-[4-(1,I-difluoroethyl)- phenyl]
tﬁilog&gr;'ﬁg%n de. Yield: 67.2% ES-NMS: me 243.0 (ml).
Preparation of an Amine of Fornula VIII Except as

R A DB P i ng the
corregdd dnbhagrlnhhsm]anndlaomfacrﬁmtm ng)e mmdl)ao sscmltlwrof 3-amino-
[Qg(?qucfiﬁuoroetﬁylil)afleny acrylohg and 8 S g,¥!5 4 mmC)I) 1n propan -2-ol (264 mL).
Heat to 45 °C for 4 h. Dilute with EtOAc (400 mL), wash with brine 3X (100 mL), and
evaporate. Crystallize from EtOAc/hexane to afford 3-amino-3-[4-(1,1-difluoroethyl)-

phenyl]thioacrylamide. Yield: 67.2%. ES-MS: m/e 243.0 (m+1).

Preparation of an Amine of Formula VIII
N—S

Q/(/)\NH2 VIII

Except as otherwise described, an amine of formula VIII, having the indicated

value of Q, is prepared using the corresponding thioamide of formula X and a similar

procedure to that of Preparation VIII-2, below.

Preparation VIII-2, Q = 3-Fluoro-4-methoxyphenyl:
Add hydrogen peroxide (30% in water, 8.73 g, 257 mmol) to 3-amino-3-(3-fluoro-
4-methoxyphenyl)-thioacrylamide (29.0 g, 128 mmol) in methanol (1,283 mL) and stir
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Preparation VI11-2, Q = 3-Fl uoro-4-nethoxyphenyl: Add
hydr ogen peroxide (30%in water, 8.73 g, 257 mmol) to

WQ2@AaM168383- ( 3-f | uor o- 4- met hoxyphenyl ) - t hi oacr RCEEBH87/070572

(29.0 g, 128 mmol) in nmethanol (1,283 nmL) and stirthe
reaction m xture at roomtenperature. Quench the
reaction with Na2S2U3 (20%in water) and concentrate

to dryness. Dilute with Et OAc (900 niL) and water (900
m.), collect the organic phase, and evaporate.
Crystallize from Et QAc/ hexanes to afford

3hq(r8actiby mixtumanﬁpmdmmangd Xusuxthihareadtiod -witha¥eAgO§ (20% in

r ' ' (
gf?al’ter)gtgldge eﬁfg{té‘f’ &ég%ss Iglﬁﬁg&gggg%é&@@ IhlnL) ﬁlgg( \gltel%ﬁé mL),
ablﬂemr ths oepdldlic phosa zdnd prapabudd. . leyd;tmllizmﬁorh med Acbexana te effordn
CCi ent he nmat erl al.;
S e FatBrppelisiadt S imibe g cortu R G Shie
Gﬂiﬁtl@dﬁhﬁﬂgl’(%@}bvér dlieg)ecl, eMiigd @hth 1525@“%Et(ESe MIexmdegaf22s O
.1.Pr tion VIII
Sy PTGt a7 inse o tealeckjentlgdp los ol yof the
Fﬁﬁmm @m anﬂthzil IcteBn nQefiaBy £ T8It & FropRNMrématography (1 g)
(3,4-d | or op I)|soth|azol 5-yl am ne. ES- VE:
St 1 ES N S arae PR 1 16, & 2
4 ( I\/bt hyl t hi o) phenyl :
met hyl t hi o) phenyl ] i sot hi azol - 5-yl am ne. ES- M5:
Frigantion ¥ @) PHprp dribengHOM L FOIamne
(s n%ﬁwﬁrn@q hhyl) phenyl : _ _ _
3-[4-(1,1-difluoroethyl)phenyl]- isothiazol-5-ylam ne.
ES-MS: me 241.2 (mtl). Preparation of an |sothiazole

g{;ep QALY 42 J%XAPB%I h%ﬁﬁeﬁ% 5%11%&‘ h&?g%so%[ﬂaz?gg-glﬁ

ormula WV avngtelnlcat
pneparl“e%MSsmdth@ (ood).espondi ng amine of fornula VIII
and a simlar procedure to that of Preparation VII-2,
bel ow. Preparation VII-1, Q = 4-Methoxyphenyl: Using
tPln@ataa'mzynH@s@ erd-@ndhylthicpgtchylt 8kd+methylthigplengljisothadol-5-yl-

susgenh% g@ 63253 R tlpoxyphenyl )i sot hi azol -5-yl am ne

Preparation VIII-10, Q = 4-(1,1-Difluoroethyl)phenyl: 3-[4-(1,1-difluoroethyl)phenyl]-
isothiazol-5-ylamine. ES-MS: m/e 241.2 (m+1).

Preparation of an Isothiazole of Formula VII

N—S
QMN»\ R VI

Except as otherwise described, an amide of formula VII, having the indicated

value of Q, is prepared using the corresponding amine of formula VIII and a similar

procedure to that of Preparation VII-2, below.
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mol ) in anhydrous di chl oronmethane (230 nL), cooled to
0-5 0C, is added trinethylalumnum (2.0 Min toluene,

wW@2008/10d185 24. 2 mmol ) by syringe. The sol uti on PGI/US2007/070572

stirred 5 mn, and benzyl

(R R)-2-net hyl cycl opropanecar boxyl ate (4.6 g, 24.21
mol) is added with the aid of anhydrous

di chl oronmet hane (10 nL). The mi xture is then warmed to
40-45 0C with N2 fl ow (needl-28-bl eed valve) to slowy
renove solvent. After 2 h, nost of the dichl oronethane
Fagpaeen VilehQed-Mamaypheayl: nt er nal tenperature rises

t[%m%k% utgeg%qeg)tg,an'gqlqm%g%lgcau nlls stirred further for 3

uenc ousl y wth dropw se
addi t Tom smfredmtmnsmmbﬂ b@deﬂethw}@hdrml)H@lhmmlefeylamngtﬁﬁxd gN\NA.3

st r e t i n s th Lt d
bRl ey ok TP MR ). Bod R0 ORI aa88E oy
Tlhlﬁethylglaﬁilrﬁmi @yem ih Solebht,ea. IOME,I‘ 240 as B iby Ry g b Dh@t ddytion is
fi.ltered, and ev rtedto | ow vol u
stibfT Pty 8D R Sy Ry e s L6 g 2g 3 rjmmol i
St@dléddmfﬂ th& ﬁﬂ od am@d@% %Em?%g%t%§¢1oeﬁmd erg@ fxﬁbdm_@:isdﬂ‘iéu whmed
IS re us N , war ne m
085 6 B N o e beS a1 P M S aG: oGl Al 2y most
F ﬁi@@ﬁdﬂg)r&n{lhante}h@s &eh kéﬁld&/@@ ahdl ﬂk@ﬁt@tﬂal&&ﬂpéﬁﬂn@dlsés&@ ab&it
o afford

PRU5 The fuion s RY By b i <l spdomenshod quibowbu i o
36%_;)9&95%%@1@@1@ ef \?ﬁéﬁml%d(b?/ 2l ﬂ Hﬁﬁu{‘éler a%go%tgews@hgr@ﬁltmg

gesglupps t g}-gartltg)nv(gbe(t'geen:;}q)yl a@te@@(él() L|) khd 0.1 NeHCY q4p0 mgy., The
égg_]a I\/é(l%'iere 1% félsg ?\?ﬁ{r_ %ss@%ﬁa&%&?&oﬁlﬁﬁ : Ea_%c? e\%oégte& Ba llow)v'olume.
JhFrasuitiog uspeislvoxy@hesdyith hgsimeg anchide baniAjlferedgo efforddd g of
tri 10 -

CELAS ST DV SRRV 0 s i g o1
mabeoletdcto dodin @@pswiunt. | Afiter efanding 1 h, the solid was ﬁltered and drled (20

t
e T R G

5yaapmmhe)catm.xdmml @rzogms%aan (B 1mtyMsodiab 7 86v(d, J = 8.8 Hz,

PR TR B I TP 2B oo Ry PR P R, 110

Q¥,e7=né.g iz, 3HDI, 1.00 em] 119, 0.8@GhH,I 101); FSXVS hee 184 dn+EHOAC (100
nm.) and
Preparation VII-2, Q = 3-Fluoro-4-methoxyphenyl:
Using the benzyl ester and trimethylaluminum:

Add benzyl (R,R)-2-methylcyclopropanecarboxylate (0.55 g, 2.89 mmol) to a
0 °C solution of 3-(3-fluoro-4-methoxyphenyl)isothiazol-5-ylamine (0.59 g, 2.63 mmol)
and trimethylaluminum (2.0 M in toluene, 5.26 mmol) in dichloromethane (5 mL) and
allow reaction to naturally warm to room temperature. Warm the reaction mixture to
40 °C and allow to stir overnight. Dilute the reaction mixture with EtOAc (100 mL) and
1 N HCI (40 mL) and water (100 mL), collect the organic phase, and evaporate.
Chromatography over silica gel eluting with 25-50% EtOAc in hexane affords
(R,R)-N-[3-(3-fluoro-4-methoxyphenyl)isothiazol-5-yl]-2-methylcyclopropane-
carboxamide. Yield: 55.9%. ES-MS: m/e 307.0 (m+1).
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IN HO (40 nmL) and water (100 nL), collect the organic
phase, and evaporate. Chromatography over silica gel

we@kwsiegswi t h 25-50% Et OAc i n hexane affords PCT/US2007/070572

(R R -N[3-(3-fluoro-4-net hoxyphenyl )i sot hi azol -5-yl] -
2- et hyl cycl opr opanecar boxam de. Yield: 55.9% ES-Ms:
me 307.0 (mtl). Preparation VII-4, Q = Phenyl:

(R R -2-methyl - N (3-phenylisothiazol-5-yl)-

cycl opropanecar boxam de.. ESVS: nmfe 259.2 (m+l).
Preparation VII-8, Q = 3,4-D chlorophenyl:

(R R-NT[3-(3,4-dichlorophenyl)i sot hi azol -

Cc r - VS
%5% %n% wﬁ]ﬁi‘ﬂpr g%éarll P (Iﬁg@’lgﬁﬁ@?-X%Q}gﬂﬁenﬁ&&@zm@-ﬁ)-
4y {Idfatopydchiboxpinaey | ES-MS: m/e 259.2 (m+1).
(R R-NT[3-[4-(nethylthio)phenyl]-
i sot hi azol -5-yl]-2-methyl cycl opr opanecar boxani de.
PEephiatiomle- 83%: 2 A{DittllpropRme P ARR J-18+]3-3, 4-didh]orop lrenyl)isothiazol-

o RS iy S MY RS RG YY) et er

3-[4-(1, I-d|f|uoroethyl)phenyl]|soth| azol - 5-yl am ne

0.200 g 833 nmmol
%F@ppe;aﬂgn WErhW cﬁ‘réMGB‘?/Bl&i%)ﬁ’é%‘B(ﬂ ‘o ERI-Nrld-I¢omethylthiophenyli
1AZ a l
T AT R 0 e 0 e

Et OAc. Wash the organic phase with brine, dry (MySq 4)

atoe o Ly pey; ilica gel, elutin
SO R 11 2 el ol T
(Rir)thq\beqmayl[egter andpopsivy bpwexibgi| ) phenyl ] i sot hi azol - 5-y
[]1-2- |

E]S- Wﬁ%?ih S?’ g d%ﬁ%&%ﬁ?ﬁﬁ%ﬁﬁgg@g‘ta?og r? yY rﬁ1|ng (0.3 S¥%33 mmol),
beBrybIbR B Z)Miﬂﬂafiqyb]@p@panéwhmy@ta,@ 2888y 1. E(btgplpl) agd potassium

%H{%&We g(?lébe%sﬁ%ﬁ'?%‘%%%%l ﬁg‘ Pt% Jhofa{&‘i\'laﬁé% and%xMUt &n

thaar Boshude nggatbia @hase withdpoa dinn@gin 4 end)évaf)matwl a Vil

t Vi
337l Sty 2 sPEORS Wl e Bl Rl RS Ry pheny! -
ARR)N-3{ 4@, 1 @iﬂilﬁrdﬁhyl)@héiﬁ'l]@mtlﬁaﬁﬂ-s-lmm methylcyclopropane-
(CRepohamide> vhda!do49) Ced Bt sy pacavly

Preparation of a 4-Bromoisothiazole of Formula VI, X=Br

N—S
QMHM "

Except as otherwise described, an amide of formula VI, in which X is bromo,

having the indicated value of Q, is prepared using the corresponding amide of

formula VII and a similar procedure to that of Preparation VI-2, below.

Preparation VI-2, Q = 3-Fluoro-4-methoxyphenyl:
Add bromine (0.15 mL, 0.47 g, 2.94 mmol) to (R,R)-N-[3-(3-fluoro-4-methoxy-
phenyl)isothiazol-5-y1]-2-methylcyclopropanecarboxamide (0.45 g, 1.47 mmol) in
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i sot hi azol -5-yl]-2-met hyl cycl opropanecar boxani de (0. 45
g, 1.47 mol) indichloronethane (3 nlL) dropw se.

wormstar1shy TLC and stop brom ne additi on whenPCT/US2007/070572

conplete. Dilute the reaction mxture with Et QAc (100
m.) and pour into aqueous Na2S2U3 ( 1 N). Collect the
organi ¢ phase, wash with brine (50 nL) and water (80
nm.), and evaporate. Chronatograph over silica gel,
eluting with 10-50% Et CAc i n3¢exane, to afford

(R R -N[4-brono-3-(3-fluoro-4-net hoxyphenyl )i sot hi azo
|dichlopdrhetRanaed i) dspoivopr MvanedarBdéxendisthe. brofhiak dddidon, wigen

R T AT TR A e S

Ofp BpamecHr Katlactiticheorgda®s Wase, mhfh \Biﬂgbrjne((ﬁfﬂ-ihl) and water (80 mL),

(F;.%lg araf J[ 'E[})lroma%gé &;Vgl’ Sgll D C OF 8 ﬁ%ﬁ%‘? ;((l) 50% EtOAc in hexane, to
iaﬁ‘otdt(RaZ)@N-[%ybdm-z (Mhbyd-éymdthxpayppawia)isaﬂhmhﬁqua-methyl-

ifyflﬂl%“t"ﬁ?/'r“t‘ﬁé’&)"yﬁgﬁ? gl@ F%7F%)P @éﬂ\)[so Yo (1%1)

[ 4- br ono- 3-[ 4- (rrethylth| 0) -

phenyl | i sot hi azg1 ﬁw}ll - et h | cycl ol?ro anecar boxam de
ESPBiony &43d5. ey I}R)wb{r&b gt SRt epvlisghiaggls-yl|-2- “methyl-
4yélbpﬂoP£%e‘clam&mid%yhz)smgnwe 34 Rh+N; [ 4-br ono-

| -di fl uoroethyl)phenyl]isothiazol-5-yl]-2-neth
yl cycl opr opanecar boxam de. ES-Ms: nmle 403.0 (ml).
L SRAkSE VeR, @L 334 thidR PS5 ARR1S Ak, RP}-@?-Pl'—@roﬁfo ff’ym{cﬁlo&ph-gﬁyl)-

a stirrin SO uti on of 2- cyanot i oacetam d
dsogigazolst ]Z-mewyéqwbpmp@pw&ﬁboxem@e nHS-Mgy nde 6Q§$ém+1)

added gl acial acetic acid (79 nL). Then, a solution of
brom ne (43.0 niL, 0.840 nol) in dichloronethane (395
PgpaiagomdleedQ &rﬁb@mtb}éthmhdrenﬁ RN -$4-Revaqpi-Brgd-(thethylthio)-

t LWL red 1 h | onger
PR e BT Rk b BaBibon” 5 Tove
agudBus/sdth.umbisul fite (300 m_) The aqueous | ayer
is treated with 2 N aqueous sodi um carbonate until the
pH is 9, brought to roomenperature, and the biphasic

Prreplatatien Vi-10,6p ed-(t NrDidgbrockh gl thiemd e RR ) D& [4-bromwdai ch i s

32@2?3{33@ Orf)ﬂibylg(g?r o]gl?%tg @q%-é-el{l?tbg)lcyclo rg[r)gnegzgr oxamide.

ES-MS: m/c 403.0 (m+1).

Preparation of 3.4-Dibromoisothiazole of Formula XI

N—S

/
Br/K%\NH2 Xl

Br

To a stirring solution of 2-cyanothioacetamide (39.5 g, 0.395 mol) in dichloro-
methane (700 mL) at 0 °C is added glacial acetic acid (79 mL). Then, a solution of
bromine (43.0 mL, 0.840 mol) in dichloromethane (395 mL) is added dropwise over 2 h
while keeping the temperature at 0 °C. The mixture is stirred 1 h longer in the cold, and
then quenched by addition to 10% aqueous sodium bisulfite (300 mL). The aqueous layer

is treated with 2 N aqueous sodium carbonate until the pH is 9, brought to room
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dried (Na2SO4) and evaporated to a dark solid, which
is re-dissolved in dichloronethane, added as such to a

w@riosaes1gel col um, then chromat ographed, el utPEmyUSENH070572

20% et hyl acetate in hexanes, to afford
3, 4-di br onoi sot hi azol -5-yl am ne as an off-white solid
(12 g, 12 %9. ES-Ms mE 259 (mtl). Preparation of
3, 4- Di bronpi sot hi azol e of Fornmula Xl I To
(R R -2-net hyl cycl opropanecagboxylic acid (5.4 g, 36
mmol ) in dichloronmethane (100 nL) is added DVF (two
denapesatyre f anld thviehabiy ng8Weditalodithrohdhotidtdmadedussearth, widh is

. the m [ [ .
%e)d S}Vel%lacﬁ%l{ﬂel)o(#%g% ?\E’fﬁeﬁd%hgsl’%lg{/sgﬁgbse%ra{e&qm (ﬁa?lgpr%&% Wy@f is
Jridd NSOnpaslaviyioaral to a-dgtkasalidhevh(i@ i8 ragdiss®be@ ', divtdbrpmethane,

s E R0 Tl 0GB i SSSaNE e SRVR AR

facgtare th lekacks,ab b fioid det-@ibk arh biesthiagoldylenlirdrag pivb &eviatk: sOlid

0C t m xture i rought to roomtenperature, and
éﬁ g’rlggﬁ’)o rﬁ%d’?{kiégémﬁ . The dark solution is
partitioned with brine (800 nL) and ethyl acetate (800
m.). The orgPani c |lay is dried (Na2SO4) and

evapor at ed tidengration pt Dibremojsathiazale ghFermyl;
gel (flash 65, 10%ethyl agetate in toluene) affords
the crude product ag)assoli{, which is recrystallized
from di chl or onet n R provide YR R -N

[ 3, 4-di br onoi sothi az H

5-yl]-2-nmethyl cycl opr panecar boxam de (4.0 g, 33%: 1H
NVR (DMSO-rf ) d 11.90 (s, IH), 2.09 (m IH), 1.40 (m
I H), | TS 36340 85 (m
1y ERtERY By el B s e i ot

Aiclprgtie k| Wk eis eddert Rt Wrops XEBOWEK be % asalyl chloride
SHRGIMs3 6 Afp O B ARATIAY, R LLMAkALM, 10 whi ch

rono, having the indicated val s
pr epahedsepgitadlasiie doorly@lSiybdibiompisttinobhriytamaed @.3 g, 36.05

: i d . | . o .
R T F Do P Boagh Y Biedin g i gy
aAewar HoxamplgleT heabdvafosmed dcat chporole edutien it eddeld @topwfise at 0 °C,

'?}lwt n%rx u% {s ?ougfltetg %oro%% J[eglrf)er\a{lu_ré ’an(P s%{H%WOvernight (16 h). The dark

solution is partitioned with brine (800 mL) and ethyl acetate (800 mL). The organic layer

is dried (NapSOy4) and evaporated to a dark oil. Chromatography over silica gel
(flash 65, 10% ethyl acetate in toluene) affords the crude product as a solid, which is
recrystallized from dichloromethane/hexanes to provide (R,R)-N-[3,4-dibromo-
isothiazol-5-yl]-2-methylcyclopropanecarboxamide (4.0 g, 33%):

"H NMR (DMSO-ds) 8 11.90 (s, 1H), 2.09 (m, 1H), 1.40 (m, 1H), 1.12 (m, 1H), 1.11
(d, /=6.0 Hz, 3H), 0.85 (m, 1H); ES-MS m/e 339 (m-H).
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Al ternative Preparation VI-3, Q = 4-Ethoxyphenyl:
Degas a sol ution of

W@ RoR)eI8E 3, 4- di br onoi sot hi azol - 5-yl ] - 2- net hy| BFLUSOTA70572

anecar boxam de (0.500 g, 1.471 mol),

(4- et hoxyphenyl )boronic acid (0.485 g, 2.941 mol),
DMF (3 nmL) and toluene (29 nL) with nitrogen. Add
sodi um carbonate (2 M (4.41 muol) and Pd(PPh3) 4
(0.255 g, 0.221 mml); then-geal under nitrogen. Heat
at 60 OC overnlght Add 100 ng of Pd(PPh3)4 and heat

Separate and evaporate Chqgnatography on S|I|oa ge
eluting with 15- 50%-EtSOAc n hexane, followed by
crystallization fro ,gﬁQOexane affor ds

(R R) - N-[ 4- br omo@3- ( yphenyl)lsotHYazoI 5-yl]-2-
nethyloyolopropaneoar oxa Yi el d: 53.5% ES- M5:

380.0 (n&l) Alternathe Preparatlon VI-5, Q=
a.siml

© S G IR )

4atihgl Ok optienylvae 0AQCis dedpairet Osnlg the Goivabetlingof boronic acid

gﬁﬁgblﬁg%ﬁ ’811 (a)]%i,dgrﬁ | Sllgéa‘)[( Z]ﬁ,?{a é\? Ey%li@fqnioﬂﬁoﬂﬁazphé y1]-2-methyl-

lc@A6ropuhedilrbdkbihRle; aindZerﬁ)iﬁr bacedurd@yhabf anetsative Preparation
R, Rb N- [ 4- br onp- 3- (4-f | uor ophenyl )i sot hi azol -5-yl ] - 2-

t%\?8Vclopropanecarboxantde ES-Ms: mle 357.0
(m+l) . Exanpl es of Fornula | Except as otherw se
descri bed, an am de of fornmula I, having the indicated

veieretivg Pr@ari‘tsont}fléoa?reﬁﬂ}@i’%@leﬂﬂe cor respondi ng ani ne

of f Ob@k&s 2 shiutigngr (ﬁ 1@)' Im é @rdlb%lﬁﬁgtgh'iﬁf‘ol tS%/lf f'ﬁteth?fcyclopropane—
Exanpl e 1, bel ow. Q= Met hoxyphe

@grbﬁ?garrpdo@é@g el 1) mm@t ﬂgetlt%eplt@eﬂﬂ;ﬂlrmecst (Oaﬂﬁé g, 2.941
{JTZ?}:@X# gﬂ ﬁtg) M%lg@t%d( Ht{)’%ﬁlﬁ tﬁJéb&g‘ Cﬁwg%ogwm]at Sopate (2 M)
34 ¢ 4ot ost ypﬁ’@hyh)(o 25 netOri2ll ingoe hitkenokal Sngdr aitiogen. (e @
St
%0 é%&%n c}d {b&%@ﬂﬁ@ﬂﬁ% a%la% étﬂ'grSl H%I)e ‘da bflut? W{lﬂl BtOAC

and-a propanecar’bo
and wash with brlne Separate and evaporate. Chromatography on silica gel eluting with

15- 50% EtOAc in hexane, followed by crystallization from EtOAc and hexane affords
(R,R)-N-[4-bromo-3-(4-ethoxyphenyl)isothiazol-5-yl]-2-methylcyclopropane-
carboxamide. Yield: 53.5% ES-MS: 380.0 (m+1).

Alternative Preparation VI-5, Q = 4-Fluorophenyl:

Using a similar procedure to that of Preparation VI-3, but using 1.3 equivalents of
4-fluorophenylboronic acid to 1 equivalent of (R,R)-N-[3,4-dibromoisothiazol-5-yl1]-
2-methylcyclopropanecarboxamide and stirring the reaction mixture at 70 °C for 1 day
affords (R,R)-N-[4-bromo-3-(4-fluorophenyl)isothiazol-5-yl]-2-methylcyclopropane-
carboxamide. ES-MS: m/e 357.0 (m+1).
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(8.64 g, 45.5 mmol). Heat to 50 OC with nitrogen flow
to renove solvent. The resulting oil is heated at 50

wODBMO318 h. Quench with water and dil ute w t hPE/TB07/070572

(300 nm.). Wash with 0.1 N HO, dry (K2CO3), evaporate,
and crystallize from hexane/ Et QAc to afford

(R R -N[3-(4-net hoxyphenyl)-4-net hyli sot hi azol -5-yl ] -
2- net hyl cycl opr opanecar boxam de. Yield: 80.4% ES-MS:
me 303.0 (m+l). (The nother3i-i quor may be used for
further recrystallizations.) Using the acid chloride:

Oxal yl chloride (170 dExampRs of FormulBd equi val ent) is

added dropwi se over about 15 h to a solution at 2 1
0C of (R R)-2-nethyl Nycbopr gpanecar boxylic acid (150

g, 1.06 equival ent) /And galytic, Q.03
equi val ent) in di@hlo metHane (1.30 L), "during which

time the endotherm c rleaction cools the m xture to

about 16 0C. The reactGftn mixture is stirred at

anbi ent tenperature 30 min; then it is heated to.

r ef | ukxqegtaszohesivise descrared orpryde of farignl, fpving the indicated value

1S PEES] 1 Ic S 1 1 r a. si | c. re to
GRQR) g?etpgr%ggyg@% OREPBRANELAKROBY orrrdlh ATah 418 sinV¥at Fldcd dBire ¢

cool e for use in the next step. To a
dlesit of Exsynpdst 1, below.
3- (4- net hoxyphenyl ) - 4- net hyl i sot hi azol -5-yl am ne (280
g, 1.00 equivalent) and pyridine (catalytic, 0.03
étpainplalleQt) 4-Methanyphdnyd s iEHIFOGE@B0 (44l.) i s added t he
' l.ori ' ropw se over 30 mn at 6
?Jg%@h%&}g%%m? ngqlﬁnelgtg llgf})lhl?nrnlx 'urg is stirred at room
t enpeAdd uirgetlylidum{nlime2pM dgobsse, 8159 igh45. 5 eawi)iton Ort@ologon of

f,ol | owed C d aci | ori ddj_ti on ...
ot DaShe B R SR L o Bt BRelin 1 o
@ichtda@nahdna ez(ljs)s Ax Stir § Ehﬁﬁ ba)d ddgl bad@ed{,R)-heraqﬂh@ﬁh@p@pme-
separ at e ueo ase_|15S I\ extract W t

SRR S RIS AR Rl RSB b s st
(Thg U QS gﬂ@ﬁeétgd ath)oicE‘blemh.\Agﬁ@Eh Gvitlé, _wlla)e} alad)ca_ru&éhvai_trlh iE:to(Azc
evaporate t o about , _an t hen Il ute W L

130 %Lbi%hdﬁthﬂbhﬁdé%@%@g%% PeRoratey eth SRmtedbize e

Wet A6/ ESGR ARSI (RIRRNOBX k1@ dx§ p RédyDUR thetH 1iSdt RiAG01-5-y1]-2-
overni ght at roomtenperature during which the two
presdeyclepsepaneearboramide-nEickl 8@ dis Semgv € (prid)- (The
AR 1iGuRRRS De wIRFPRARE S KSRt ed, THF is added

Using the acid chloride:

Oxalyl chloride (170 g, 120 mL, 1.05 equivalent) is added dropwise over about
1.5 h to a solution at 21 °C of (R,R)-2-methylcyclopropanecarboxylic acid (150 g, 1.06
equivalent) and DMF (catalytic, 0.03 equivalent) in dichloromethane (1.30 L), during
which time the endothermic reaction cools the mixture to about 16 °C. The reaction
mixture is stirred at ambient temperature 30 min; then it is heated to reflux for 30 min to
afford a solution of (R,R)-2-methylcyclopropanecarbonyl chloride, which is cooled to
25 °C for use in the next step.

To a solution of 3-(4-methoxyphenyl)-4-methylisothiazol-5-ylamine (280 g, 1.00
equivalent) and pyridine (catalytic, 0.03 equivalent) in anhydrous THF (350 mL) is added

the above acid chloride solution dropwise over 30 min at 6 to 13 °C; and the reaction
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to each phase, water is added to the upper (organic)
phase, and each layer is reequilibrated, with very

W@ k@s/143185e separation and the organi c phase aBCT/H8200T(70572

| ayer. The conbi ned organic phase is charged to a

rotary evaporator (10-L flask) through a clarifying
menbrane (5 nm), toluene (4 L) is added, resulting in
opaci fication of the m xture, and THF/ water are
evaporated (160 nbar, bath tenp 45 0C). As the

THF/ wat er are evaporated, crystals begin to form Wen
niktutedis styedrat diogt teinpaaturet loh. udhe po2reky ofitke rratied map de followed

%&ﬁlﬂﬂd Qﬁcl (H' de r;le gorg T?lg?lp‘ﬁg({r if ?R)%hgr]g& caﬁfgs c%%hete reaction

ter |on 0 vent
@ﬁﬁte&mm%) Weter (bSIatmmkipdheha [ghags empaeatectamll a@dedue phase is re-

SR E R b TRE P e AR e8] oo Pemlen®s Sl maypom
|(hL} @hemevueer (1 IL))L;)a,mail@fewlioeamﬂo abaud 1 g sdme dheni dﬁlhtetl olith G
% L) . befg&)e it is dLP edfoverE &ht to afford hR) N-

ﬁ) %aﬁ Wﬁgﬁg} S\SO tl%t m‘]’v 15 ﬁ(?néezg?te@emrjttes oL ¢’mixture is
rmb\kaad 8 ¥@h® w@mgmaeﬂfohms@mr@kare dvkieg GhicB e t§o pﬁé’s%’g seﬁaﬁte
m)nl toring the reactjon by HPLC. colum: XTerra NS C18

Vit thqﬁqugrm@ p}gasg@b%thee@rg%({ pl}&se ol hf%hqspg\are ﬁem&tglp THF 1s added

&b BRAbhABe, VAEOLONdEA 1 B ufpePWrdanlcs pHas® Andrbdcilder is
appr o§<)| mat e gradi ent B[§IJ wgSmﬁr)} at 85/15, 2B,l 5t

AfaquibiBrated, WBh B9y éowwhmeﬁewaéatrpnanqiﬁhﬁ opganis phase ay ths t@ lﬁi’fﬁ

ahQ 501{1ﬁn§§$r%\§/nc %ag@ls Rhdtediito §%t§1§’ev£ﬂd)?at&‘ (&L fﬂa@k)%ﬂaugh a
det ecti on nm Sanf)'lfF feparation, dil

ThriBong membieph(Stm ) wlugas & IdegHesulimgn Pmﬁkm@n of the

ShCERS a \{deﬁ;)[F/@/ggr %{S %g%?&'?e%t't‘l @Egégulf_lp m8f45t°53? As the THF/water

car boxam de ‘may ernmne stationary
pmwepﬂ(r@od grmslels begintaforml Wm:n(zmween dstitheyl, toluehe)(2ly om

Bl 5 SRR MG BRSNS Yo
Viothen®2 L & sotignt, sthemyls‘emtlesqb to ?ﬁﬁhoﬁﬁﬁrl@m‘essm ¢0©iqd to ambient

SR e T 2 R e FRLGRCL

tryspépeadeddh rodusat QL aRfiltered, and washed w1th toluene (1 L) before it is dried

T A LR N T TR

GhetlfcyzldpropahecdrbexdnBd&) YicsD By gh@ZPA) aretention tinme of
12. 981 m n, and _the tre\?cye amopunts of the t

cis-2f ﬂliel’flw Oflp%%]ﬁ.é?agtl : column: XTerra MéNgl8 2.5 um;

4.6 x 50 mm; eluent A, 0.1% TFA in water; eluent B, acetonitrile; flow rate 1.50 mL/min;
approximate gradient A/B: 0-0.5min at 85/15, 1.5 to 7 min 85/15 to 5/95, 7 min to
7.5 min at 5/95, 7.5-8 min 5/95 to 85/15, 8-10 min at 85/15; run time, 10 min; detection,
UV, 210 nm; sample preparation, diluted in 70:30:1 acetonitrile-water-TFA.

The enantiomeric excess (ee) and stereochemical purity of the carboxamide may
be determined by HPLC: stationary phase (column): Chiralcel OJ (240 x 4.6 mm, i.d.)
from Daicel column; mobile phase: methanol:diethyl amine (100:0.1 v/v); detection: UV
at 280 nm; injection volume: 5 pL; sample temp: 20 °C; column temp: ambient; run time:
20 min; sample solvent: methanol; sample concentration: about 5 mg/mL methanol. In a
typical chromatogram (R,R)-N-[3-(4-methoxyphenyl)-4-methylisothiazol-5-y1]-2-methyl-

cyclopropanecarboxamide has a retention time of 10.519 min, the (S,S)-isomer has a
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retention tinmes of 14.189 mn and 14.980 mn. The ee
and percent of cis-inpurities of a typical preparation

wawedos/1eBagend upon the ee and percent of cis-i NPCF/U$108%070572

of the starting acid and the degree of further
purification by (re)crystallization. Typical

preparati ons as described above provide an ee of

greater than 97% and cis-inmpurities of about 0.5%to
about 1% In general, the coppound of Exanple 1, when
prepared and isol ated as described in the exanpl es
hesergion tims odb2.88 heeh, awd the agesmeiuhts néths OV ¢ cis-dgmethyl isomers have

ISHBTRS Pl [HSEASEOPY o5y PRARH el L TRRUNBlLanes of e

anad’ eren scanni ng cdl
Tj'mcapplepaataml mﬂsiepdmd mpofnm/ ec belgrreentarficiyathphyticXRPDe ataging

aﬁl en h?:)r?lll):grggotgfﬁlzﬁe? %éal‘u%gg%ég)cgfét%fatlofsthm]éal péeparftlons as
HéscB0&] abdyOfrovill® ary &/of oeal? thaB 27%18d cB-idRuritRS 0o8dbdut 0.5% to
0,01; and, nore particularly, by absorptions at (2Q
PRYUiY%e intensity): 5.944, 1.00; 17.806, O.O06:

19. 797, O. 02 22.718, 0.02; and denoted as Anhydrous
Form | . the conp oundls slurried in neth

| / wat é}gwrﬁ{ J}eégmpau@@é riemple ! nyr@mesnatrdgad J&ﬁlﬁgﬁd Fofscribed

o m@ekdmp GhRFAE s %btazn@ai DY crRRSIORPIIARS d @bl R @by bRt doWE,
intensity): 6.727, 1.00; 11.371, 0.04; 18.159. 0.04:

Qgrazz)gwdg dlfﬁractg? @(@QD) @nc@g dl%ergrzgsca@nwcal(ggn%rygDSCﬁ The
%ré%gvatlgrﬁ Wit haQe ngn eﬁﬂﬁime(pp}r KRPBML &H}a@{efﬁ'@d I%lesorptlo(r)ls at

bsorptions at (2Q relative intensity

2‘@9212 fivginepsity) 5 984 1.09; GBRSG, QO&),b]thfHﬁ owa@% 0.06: 19.797,
di faal I
?)Qﬁ b3 *(P&”é 09423 3¥&H o ek mo?&%a{rg&ﬁa}ﬂgngy‘é@s%no sya“r‘?gt R dlﬁnve

at aw 'l ess than or equa
figemntge fotdddl .8 1NBAGHY A 42.297, 0.02 22 ddt @92; 2ed ddnpted as

R S M T S IO
Tor0denditd Z48nhy0r®i8 Fo2b [13atarac@ri2@l; byaabshrptinms et (°20, relative
PRPBET T u g 4307 PP P05 ol et P 280 oo e
DH471631300.93;, 251482 0o Biand dnatepaticudatycbi awoptiols doigbatlative
S S0 AT 82 B B RO e
Bratth @&tividg (AClY fol eganiplé a;awne.wdmn or equal to 0.66; and a monohydrated
form denoted as Monohydrate I, characterized by absorptions at (°20, relative intensity):
5.193,0.07; 10.336, 0.82; 14.005, 0.77; 20.686, 0.19; 22.907, 1.00; 24.716, 0.53; 26.375,
0.29; and, more particularly by absorptions at (°20, relative intensity): 10.336, 0.82;
14.005, 0.77; 22.907, 1.00; 24.716, 0.53, is obtained under conditions of higher water
activity, for example at ay, greater than or equal to 0.91.

XRPD patterns were obtained on a Bruker D8 Advance X-ray powder
diffractometer, equipped with a CuKa source (A=1.54056 A) and an electronic Sol-X
detector, operating at minimally 30 kV and 40 mA. Each sample was scanned at room
temperature (25 °C) between 4° and 40° in 20, with a step size 0f 0.02° in 20 and a
maximum scan rate of 3 sec/step, and with controlled variable (v 12) divergence and

receiving slits and a 0.1 mm detector slit.
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di ffractoneter, equipped with a CuKa source (I=I.
54056 A) and an el ectronic Sol-X detector, operating

wa@roogfiedigml |y 30 kV and 40 mA. Each sanpl e wasPGLHSIOT070572

at roomtenperature (25 0C) between 4 and 40 in 2Q
with a step size of 0.02 in 2Qand a maxi num scan rate
of 3 sec/step, and with controlled variable (v 12)

di vergence and receiving slits and a 0.1 nmm det ect or
slit.Exanple 1, Q = 4- Met hoxyphenyl, using procedure
(B): To a dry flask containing

(BRaRple Nk Q3= 4-Klethpdy eyl hemglproctdyretBly | i sot hi azol - 5-yl ] -

dded " JHEAGREARARGE TR ROER Ao Ry 54 AR i -1

@Hdethydtﬁﬂdpr@p@d@odﬂboéalﬂdﬂu OOﬁigﬂllEWmmjl)) is addee gr}eaeton@(‘?. mL),
50 t

Reti G RTh G o oBnd S APl GER Y Fhiprengion

tméi &t erig héadd I@rhodt !4& PC 6nd1treatdalamﬂoddvlemhallrﬁeﬂqv apareat e piL

30 atreth Rhi P Rebenth TeonBeroner oy i Shtde i

PAMIEIORE] DEREEB cthiyMice@le aaddaker.i TIR)athydlkdctte (IMIDH 154\)Jash6<ﬂ@atd

t he sol vent evaporated. Chronatography over silic

@@FGOU%K@I?Q h&w\}ﬁ Ao r@@‘}z fiﬂg&@ﬁ@éh gglfi g}ecfglvent evaporated

(dﬁrd%hart £p31y(o4eﬂ§mcﬁ%é]yélhﬁ3@’\kn)th &O]ﬁ?ﬁéxkﬂ@ Qirldt@zol - 5-yl ] -
- et h){g_’f@/c opr opanecar boxam 3399 as a white

d
GBI 114 mRoxEEBeRES g hoa MRS T2 Regih ey loptgpane-
%aﬁloﬂ%ﬂi’e‘bﬂﬁé haagy bea?@)ﬁlte so‘ﬁ@' Ng NRie a8dMisem(c3R03 ’&marl).

coupling with a conpound of formula VI, X=Br:
PdCl 2(PPh 3 )2 (0.15 g, 0.21 nmol) and Sn(CH3 )4 (0.79

CRmfieRs P hrises STRLbAand u sty s s g orhitas
ebmpounid]of Srmmt\yKeBel opr opanecar boxami de (0.55 g,
i xt urm iy R s T ot AR bl TR R BRI 27
wirhdl) f6t(RA0)-N 1.4}Br0n19}3 -e3nfiudoo- Mnmet]@dkﬁ)@hemd)) 1so(h1dzbbﬁ—lyl t2he
ShRR SHPBFRn b dndiRSEl ERTaBRRER B RIS
atudtiat mixtiat at' 1801°0xn b esaledl tibe o@_ennrght heihaoaite @tGAad (0D afl) and
Vﬁg Q@b%gﬁ%ﬁ&?ﬁle%%atm% p Qs%, rlyI 60}9,,\9 anH ex%%r%te( lloge 2he
resultant oil in 1:1 MTBE:KF (aqueous, 15%) (50 mL) and stir at reflux for 1 h. Pour the
cooled solution over diatomaceous earth and filter with MTBE (100 mL). Collect the
organic phase, dry (KoCO3) and evaporate. Chromatography over silica gel, eluting with
10-30% THF in hexane, affords (R,R)-N-[3-(3-fluoro-4-methoxyphenyl)-4-
methylisothiazol-5-yl]-2-methylcyclopropanecarboxamide. Yield: 49.2%. ES-MS:
m/e 321.0 (m+1).

Example 3, Q = 4-Ethoxypheny]l, using procedure (C) - coupling with a compound of
formula VI, X=Br:

Add PdClp(PPh3)7 (0.07 g, 0.09 mmol) and Sn(CH3)4 (0.34 mL, 0.44 g, 2.48
mmol) to (R,R)-N-[4-bromo-3-(4-ethoxyphenyl)isothiazol-5-yl]-2-methylcyclopropane-
carboxamide (0.24 g, 0.62 mmol) in DMF (1 mL) and stir the reaction mixture at 130 °C
in a sealed tube overnight. Dilute with EtOAc (100 mL) and brine (100 mL). Collect the
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organi ¢ phase, dry (K2CO3) and evaporate.
Chr omat ogr aphy over silica gel, eluting with 10-30%

wapiesiiesikexane, affords PCT/US2007/070572

(R R -N-[3-(3-fluoro-4-net hoxyphenyl) - 4-

met hyl i sot hi azol -5-yl ] -2-net hyl cycl opr opanecar boxam de

. Yield: 49.2% ES-Ms: me 321.0 (mtl). Exanple 3, Q=
4- Et hoxyphenyl , using procedure (C) - coupling with a
compound of formula VI, X=Br37-Add PdC 2(PPh3)2 (0.07

g, 0.09 mol) and Sn(CH (0.34 nL, 0.44 g, 2.48 mmvl)
togganic phase, dry (MgSOy4), and evaporate. Filter over silica gel and wash with EtOAc.

SR RA RO Bl A DRURNS B RO ISOLE R M-

cycC ropanecar poxam
Mhy{hs&thutz))l -Sl-2smithylcpdopepandcarboramider & idd: 813%..0C i n

oV, rnight. Dilute with Et OAc (100 nl)
}fﬁﬁg nﬂ g% +rr$_ Col | ect theorganic phase, dry
(MySq 4), and evaporate Filter over silica gel and
nd crystallize.fro

@ﬂBlﬁﬁleQ E@ %ﬁ“? EFe ﬁe L Npetpl “‘(n4m8‘{h}ﬁ18‘>%%‘ﬁ‘in‘h§/?‘)n3p4’-‘md
e tdapbiiasat KBz ol - 5 yI ] rret hyI cycl opr opanecar boxam de
.Y|eld 81. % % le 4, Q=
Pheny o Re&i-hl 4pbr8@eémnx1@t la%i-ﬂ 31%%1%{0%%% on

%%Bxa@m@@(!@im 0l 4Q ik gy iNuiHEF |mL)XC(%|led td 078°C, is added 1.1 equivalent
(R R - N-[4 btgcq)m) I:S%Ph{en li s(\gt hi‘azol - 5-yl 1 2- net hyl c;c/lcl

éld?u@ﬁléth% bR} A (“d“%@}lego 204 mB. hpminoin Inpﬂpal(tgnpﬁjture is

GO d R 1ow %@CQ F§ll®gg§9dd1ﬂo]1 8 WaV@d&Rikture is allowed to stir for
nbut%@lthlum n-BuLi )~ (1.6Min hexane, 0.204 ni,

3.lpg ithonall eﬂtﬂéﬁlﬁ@tﬁ of leﬁplerr(éﬁM i hesangel). M hat2mmely is then
??e dleﬁ@éﬂ 1?%"0}19?16 i 'te&lﬂﬂ%ﬁ’turg Bg ol easid, %terlnstxlli‘lﬂé Borl2%h, the

ditional equivafents o
meaBtidri m{xluré i warmbésoad@ C ®r 20 mimland BieR 8oaterbhark dewn twefid °C.
pi ' r r.at -
SR G309 R SR, SRSLAIS Bk B
waarrrm@rotom tedifer@@refand stiSovat anvedkat betien theoedcaan isalokncticdmith

O 10 .

S0P BASl ERIE ThEorenEpresiin e b it b s’ 960
t(€HPO§ pdnd leeapdruteds tahwomat@'ralﬂly\waiearcd gbletlotig; wites5-35% EtOAc in
r g)?acr:l% | a rcls (Rciﬂei1 -W 64 methyl-3-phenylisothiazol-5-yl)-
cyclopropanecarboxamide. Yicld: 16.4%. ES-MS: 273.2 (m+1).

Example 5, Q = 4-Fluorophenyl, using procedure (C) - coupling with a compound of
formula VI, X=Br:

A similar procedure to that of Example 3, using (R,R)-N-[4-bromo-3-
(4-fluorophenyl)isothiazol-5-yl]-2-methylcyclopropanecarboxamide, affords
(R,R)-N-[3-(4-fluorophenyl)-4-methylisothiazol-5-yl]-2-methylcyclopropane-
carboxamide. ES-MS: m/e 291.0 (m+1).

Example 6, Q = 4-Chlorophenyl, using procedure (A): (R,R)-N-[3-(4-chlorophenyl)-4-
methylisothiazol-5-yl]-2-methylcyclopropanecarboxamide.
ES-MS: m/e 307.0 (m+1).
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satd NHACl and diluted with Et OAc. The organi c phase
is washed with brine, dried (K2CO3) and evapor at ed.

w@heosre18yr aphy over silica gel, eluting wth BEBBS2007/070572

Et OAc i n hexane, affords

(R R) -2-net hyl - N- (4- et hyl - 3- phenyl i sot hi azol -5-yl) -
cycl opropanecar boxam de. Yield: 16.4% ES-Ms: 273.2
(mtl). Exanple 5, Q = 4-Fluorophenyl, using procedure
(C - coupling with a conpousgl of formula VI, X=Br: A
simlar procedure to that of Exanple 3, using
(RimR)thd\acidichthoraiap - 3-

(4-11yor g&ﬂ&gﬁfgi}g@Iﬁ&@tﬁ%ﬁ%ﬂf&ﬂaﬁ@c‘aﬁ&%@ LU R LAPINE G,

ar boxam
(1RORYwiky {n%%rémuhmmﬁéhgzlg)adé -39t ihi) § mbtgfazid), a8d ginjeth@1-

AT O PIRRRE F ARG S RN Reg B s SR it

(oRdlyl dhRridy (6\85 mB; 144 ﬁlll’ﬂoQ roaphesiyhgl adid) at 0 °C (ice-water bath) under a

e APy RSTOM s KOG Ehe) BB HCHBHP a8, C g min.
saqlowc th@mmfon(t&d%)l t&mﬁméﬂﬁ Yy Elne LIRPERECAER X hk néxtaghd
1.00 equiv) in dichloronmethane (HPLC

dY"é‘B‘ét anégthﬁr‘irﬁ?tm@“nt/ g of acid), add dimethyl formani de

30 nfp - e (36 zol-8l e@ﬂvﬁ
gl ow a‘ég???g{fmfg (g%gﬁ%hgﬁdon gijé%&%% o éj(lbyl %t s

g, heguihoryridited2- Al L ganmpk é %Séml@atnr?) aaﬁé@hlowmethane

QH § RYSD oft qqsl‘@ Q)?fh% anfRIFRVLs0oNEL | kcﬁﬁd Bé‘ﬁcl?n ﬁ&sﬁc?ﬁtté’hqm'fﬁ n,
war m t o for 30 min. Allow the solution

@@tﬂgem blageh |sé1hltar tl@fh‘i?@h@g batld), addgheiphose pne@rmg(ésqhﬁlomé
T ol
gg@-_%&ﬂ#&&%?ﬂﬁn@cg O%IEE{OHH% "’H(:())F:ﬁl tgzz) @m‘?ho%)a r%lt}i% g@ Fhin; then
(rmﬂm@ thy icy Bat® adhwdir 3 hi C@q@nnvate theyredct pmmixtdre quemyaccm@zand
I d - mL
b TP RRATP VAT A SSRGS
fN aéE]O3¢ fiyt(KeG@Ow), tfilttem hid ygporatb kadrikedss. Gtystallibafromrbexane and

h ace%tebtgtypead a wﬁllge so'ﬂ ang NfecPd s%fcgnrdnc?gp t?yorlell)'léaltlgg th%f
crystallization to afford (R,R)-N-[3-(4-chlorophenyl)-4-methylisothiazol-5-yl]-
2-methylcyclopropanecarboxamide. Yield: 92.2%. LCMS: 307.0 (m+1). 1H NMR
(DMSO-dg, 300MHz) & 11.26 (s, 1H), 7.62 (d, 2H, J=8.8 Hz), 7.50 (d, 2H, J=8.8 Hz),
2.28 (s, 3H), 1.90 (m, 1H), 1.32 (m, 1H), 1.11 (m, 4H), 0.79 (m, 1H).

Example 7, Q = 4-Bromophenyl, using procedure (A): (R,R)-N-[3-(4-bromophenyl)-
4-methylisothiazol-5-yl]-2-methylcyclopropanecarboxamide.

ES-MS: m/e 353.0 (m+1).
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(R R)-2-net hyl cycl opropanecar bonyl chloride (1.00
equiv; 75.9 mmol). Stir 30 mn; then renove the ice

whadok/1exss stir 3 h. Concentrate the reacti on nPGE/USTH07/070572

under vaccum and dilute with ethyl acetate. Wash 2
times with dilute HO and 2 tines with agueous NaHCq
3, dry (K2C33), filter, and evaporate to dryness.
Crystallize from hexane and ethyl acetate to yield a
white solid, and collect a sggond crop by repeating
the crystallization to afford
(ERaRple: Q3= 3, 4-Dadhl@ophd nysiing- ptoavderh YT swtplirgzolh deopipound of
?%@R‘E?Wi qygl.opropanecar boxani de. Yield: 92.2% LCVE

: . IHNMR (OVBO d6, 300MHz) d 11.26 (s, |H),
7. 62 Adimikdtprote@ir8totizgt of Exbipl¢ 2, usidiel (R R3N-B1-binino- 2. 28

3k 1..90 (m., .| H), 2 | 1.1
g?(%é—d&%lorp%epyl%@at%ﬁéﬁ%} —m:e:{hg/lc%?lg%rlgg%ngﬁar%?x(am c}e a'&l}drds
ngRi)a‘d-l[B 63,4-Aichlog dpHehyIN4- Iﬁ&h{/lﬂsﬂﬂﬁmﬁ-@qmjin)et-hylcyclopropang-
égrrBEt w%s%ﬁﬂggzol %lyi ! +21) réxe;%: gygl’ ogrgpanecar boxam

3 4 D| chl or ophenyl u5| ng pr ocedure (C© - coupling
conpotj X=Br: A si nl'-l ar

&xg@g]a Qb D{[ﬁgyt'lthéq)pl@%&lﬂﬁqnég gocqglglfel{g) coupling with a compound

(ORfdRhuRH\[14x bRAMD-

3- (3, 4- di chl or ophenyl )i sot hi azol - 5-y| lR 2- et hyl f/cl opr

Opaneéép@%%@pﬁc.&re withajof Example 2, using’(R,R)-N-[4-bromo-

(RaRn M3y l(e%yﬂmgthﬁ%l Sraph: %Wﬂylcﬁl’oﬁ?%&ﬁié'cérﬁ%ml&z Dfeords Y

17~ 2= et hyT 341.0

cycl opr opanecar boxam d
(RRYN-[ElatmpitbylGio)phenydl-4-msthyisathiagylghdhy tmetydrypdppropane-

) I| th a conpound of fornula
QB%)%%%E& Gigsl\l/[?n aérjplgr g%édure to that of Exanple 2,

using (R R)-N-[4-brono-3-

[ﬁé&l@%tlay L n@ &pﬁﬁﬁ%é#ole{hg@lglﬁhﬁzl%mg erJe]dul% (8}3 t pédpﬂ{é: !VRP b

opanecar bdxa
(canﬁi)unkil-oﬁ‘B)r{nAIa(\ﬁeKhm t hi o) phenyl ] -4-met hyl i sot hi azol -5

0 anecar hoxani 319
() A b S B R R g Pty
U4 ng-dptuome iy gheh@)isothiaalys L}il]l’g-mMHyICyalopropanecarboxam1de, affords
(R,R)-N-[3-[4-(1,1-difluoroethyl)phenyl]-4-methylisothiazol-5-yl]-2-methyl-
cyclopropanecarboxamide. ES-MS: m/e 337.3 (m+1).
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conmpound of formula VI, X=Br: A simlar procedure to
that of Exanple 2, using (R R)-N-[4-brono- 3-

w0 2(oB1ex8% | uor oet hy”phenyl Ji sot hi azol - S-yl *- nerdiy/US2007/070572

pr opanecar boxam de, affords
(RR-N[3-[4-(I,I-difluoroethyl)phenyl]-4-nmethylisoth
i azol -5-yl]-2-nmethyl cycl opr opanecar boxam de. ES- VS:

me 337.3 (m+l). What is claimed is: 1. A conmpound of
formula I, or a pharmaceutical-ly acceptable salt

t hereof, wherein Qis a phenyl group of fornula Qin
Whlhat s dRined 5: net hyl or ethyl, and R is hydrogen or
fluoro; or Qis a phenyl group of fornmula Qin which R
is hydrogen or fluoro, and R is hydrogen, fluoro,

dhl or & compbureing’;foronladlach of R and Ris chloro; or Ris
hydrogen and R is nethylt h| or 1,1-difl uoroethyl; and
R-COis (R R-trans- EI-ﬁSt hy ycl opr opanecar bonyl . 2.
The compound of d aifh fI$Q is 4- ms hoxyphenyl ,
3-fl uor o- 4- met hox@ph - et xyphenyl phenyl ,

4-f 1l uor ophenyl, 4- chloroph nyl, 4- bronnphenyl,

3, 4-di chl orophenyl, 4-Qhhet hyl t hi o) phenyl or

4- (I, I-dlfluoroethylﬁt phenyl . 3. The conpound of O aim
meh%mnce@waély@cqxptab Salﬂhéfe@bwﬂiéf@m of O ai m 1wherein

Qis AClaim4 wherein Ris

chl orlesgPhQﬁgggrg%npouﬁgﬂag{z any one of Clainms 1 and 3-4
wherein R is hydrogen. 7. onpound of C ai m 1whi ch
Is (R R-NT[3-(4-chl orop - 4-met hyl i sot hi azol -
5-yl]-2-nmet hyl cycl opropg boxam@®e, or a
pharmaceutical ly accep)t abPg salt thereof. 8. A

phar maceut i cal conp05|Rt1| orhaconprl sing a conmpound of
formula I, or a

in which R is methyl or ethyl, and R3 is hydrogen or fluoro; or

Q is a phenyl group of formula QB

QB
3
in which

R3 is hydrogen or fluoro, and R4 is hydrogen, fluoro, chloro or bromo; or each of

R3 and R# is chloro; or R3 is hydrogen and R4 is methylthio or 1,1-difluoroethyl; and
R-CO is (R,R)-trans-2-methylcyclopropanecarbonyl.

2. The compound of Claim 1 wherein Q is 4-methoxyphenyl, 3-fluoro-4-methoxy-
phenyl, 4-ethoxyphenyl, phenyl, 4-fluorophenyl, 4-chlorophenyl, 4-bromophenyl,
3,4-dichlorophenyl, 4-(methylthio)phenyl or 4-(1,1-difluoroethyl)phenyl.

3. The compound of Claim 1 wherein Q is QA.

4, The compound of Claim 1 wherein Q is QB.
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pharmaceutically acceptable salt thereof, as clained
in any of Clains 1-7 together with a pharmaceutically

w@emepoxrks e dil uent, excipient or carrier. 9. PCT/US2007/070572

conmpound according to any one of Clains 1-7, or a
pharmaceutically acceptable salt thereof, for use as a
nmedi canent. 10. A conpound of fornmula I, or a
pharmaceutically acceptable salt thereof, as clained
in any one of Clainms 1-7, fofi-use in treating pain.

11. Use of a compound of formula I, or a

phar maceut i caI |y acceptable salt thereof, as clained

N an¥hgp%l " g?fﬂmsw ere}fnqglghﬁmrmnuf acture of a

madl canent £2. A nmethod of
treating paln |n a manmmal in need of treatnent
gorrpr' ' t1ste|r|n effet ive

o e R Bk Ghe A i TR AR Aol

pharmaceutical |y acceptable salt thereof, as clained

n an ne of T
PR R TSI R A R R
1soth1azol 5-yl]-2-methylcyclopropanecarboxamide, or a pharmaceutically acceptable salt

thereof.

8. A pharmaceutical composition comprising a compound of formula I, or a
pharmaceutically acceptable salt thereof, as claimed in any of Claims 1-7 together with a

pharmaceutically acceptable diluent, excipient or carrier.

0. A compound according to any one of Claims 1-7, or a pharmaceutically

acceptable salt thereof, for use as a medicament.

10. A compound of formula I, or a pharmaceutically acceptable salt thereof, as

claimed in any one of Claims 1-7, for use in treating pain.

11.  Use of a compound of formula I, or a pharmaceutically acceptable salt thereof, as
claimed in any one of Claims 1-7, for the manufacture of a medicament for treatment of

pain.
12. A method of treating pain in a mammal in need of treatment comprising
administering to the mammal an effective amount of a compound of formula I, or a

pharmaceutically acceptable salt thereof, as claimed in any one of Claims 1-7.

13. The method of Claim 12 wherein the pain is chronic pain.



