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The present _invention is directed to novel conmpounds, processes for their.
5 prepar at POPOYHEIY use and pharnaceutical conpositi onRCHERIPYEOHS t he
novel conpounds. The novel conpounds are useful in therapy, and in
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and Experingental . Therapeut]cs 73(1), . . 359-366 (1995)). Many S agoni st
conpounds t%%#m%néegp%%eaﬁmle@e%’?ifﬁcgén%l ﬁ%@?ﬁf‘%}gﬂgﬁe ave many

di sadvant aggA (HGRGUNPFEOETHEINVENTION phar nacoki neti cs and are not

anal gesi c €n adm ni st ere Y systemc routes. Also, it has been docunented

that 25 many of these S agonist conpounds show significant convulsive
ef fects when adtHentestrdordus byantidernitidiad hyhavings roledn erny Rodilysfua@iony92 t o

For 1 oty el R GBS sBIARe Ll en S RE S Bhrpp b et | 7S

potential use as analgesics, and/or as antihypertensive agents. Ligands for the é

receptor have also been shown to possess immunomodulatory activities.
The identification of at least three different populations of opioid receptors (g,
& and k) is now well established and all three are apparent in both central and
15  peripheral nervous systems of many species including man. Analgesia has been
observed in various animal models when one or more of these receptors has been
activated.
With few exceptions, currently available selective opioid & ligands are peptidic
in nature and are unsuitable for administration by systemic routes, One example of a
20  non-peptidic 6-agonist is SNC80 (Bilsky E.J. et al., Journal of Pharmacology and
Experimental Therapeutics, 273(1), pp. 359-366 (1995)). '
Many & agonist compounds that have been identified in the prior art have
many disadvantages in that they suffer from poor pharmacokinetics and are not
é.nalgesic when administered by systemic routes. Also, it has been documented that
25 many of these 6 agonist compounds show significant convulsive effects when
administered systemically.
U.S. Patent No. 6,187,792 to Delorme et al. describes some 6-agonists.

However, therc is still a need for improved &-agonists.



2 DESCRI PTI ON OF THE | NVENTI ON Unl ess specified otherwise within this

speci fication, the nomenclature used in this specification generally

foll ows the exarrpl es and rules stated in Nonenclature of Organic Chenmstry,
Sections AWS20@06357 E, F, and H, Perganon Press, Oxfor d’CT@ﬁgﬂ‘UﬂB‘)l\Ahl chis

I ncor por ated by references herein for its exenpl ary chem cal structure nanes
and rules on nam ng chem cal structures. Optionally, a nane of a conpound
may be generated using a chem cal nam'2ng program ACD/ ChentSket ch, Version
5. 09/ Sept e é el opnent, Inc., Toronto, Canada.
The term™" - = or as a prefix, refers to any
group 10 having in ton carbon atons. The term "hydrocarbon" used al one or
as a suffix or pﬁﬁksycsfeaﬁé@étﬁemseaﬁmﬁﬁm@aﬂea@mﬁ%@ﬁbﬁeﬂbﬁt&eluyedqﬁr bon and
hydrogen atons up t carbon atons. The term "hydrocarbon radical" or
"hydr ocar bythis speeificationigenarpllufllaws thefekamples andreles stated of Momenchutanayf st r uct ur e
as a result on. The
orm ol kyl PeEiECTARE, 306l 4B C DETERENE php G ries, BIRERSIEPT,
strai ght5or w{hrchrigimedpoﬂamdmyhyﬁrencaﬂhmn foails ewhfplarp pigniisalRgudtutemambout 12
carbon atons Fnl ess ot herwi se specifi eral includes both

hal k
saturated afidiuleseqnay g uRs?| OP prathiea g"é?%? "SHRBACERLMAY 8%d al one or

as suffix ObeRffdd \i‘smgrd.i‘rfﬂéfxﬁcal ﬁa:dmg?h%% AEHAheRBK&AEL, Veagghed chain
hydr ocar bon radi cal s conpri sin 0 about 12 carbon atons, which serves to

l i nks two sﬁﬂﬁ@pﬂﬁe@bertm%m@ranceﬂr@hmﬂmB@Aﬁl@@m,ent'hmé“@r@t@r@n@ia as suffix or

prefix, refers t naval b h rbon

radi cal having a?hﬁfatec@t eBhe&gg:f“B%J-u% ggetd a?onﬁg’g%nagﬁkl%e ’botr%ii- a%’%@ﬁ%ri si ng at
| east 210p hmriﬁg)mubnharboalam atonms. The term "al kynyl" used al one or as
suffix or prefix efe|;‘ npnoval ent ral.ght or branched chain

hydr ocar bon r adi CAF SHAy ¥f%°°ﬁab §§?d%995053?%§}%’33?158 J’P&Fsﬁf’@%ond and
conpri si g gkudh@8ebmpridiiy biily 8RB anklhyaAIZe Btodls gﬁolﬂ_&ﬂwxﬁz{t@ﬁlscyd oal kyl,

used alone or as_suffix or prefix, refers to a 30 nonoval ent ring-containing
hydr ocar bon r adi &h¢ tegm ihydresampnadicals et "hydreparpy)” asediloner as a suffix or

prefix, refers to any structure as a result of removing one or more hydrogens from a
15  hydrocarbon.

The term “alkyl” used alone or as a suffix or prefix, refers to monovalent
straight or branched chain hydrocarbon radicals comprising 1 to about 12 carbon
atoms. Unless otherwise specified, "alkyl" general includes both saturated alkyl and
unsaturated alkyl.

20 The term “alkylene’ used alone or as suffix or prefix, refers to divalent
straight or branched chain hydrocarbon radicals comprising 1 to about 12 carbon
atoms, which serves to links two structures together.

The term “alkenyl” used alone or as suffix or prefix, refers to a monovalent
straight or branched chain hydrocarbon radical having at least one carbon-carbon

25  double bond and comprising at least 2 up to about 12 carbon atoms.

The term “alkynyl” used alone or as suffix or prefix, refers to a monovalent
straight or branched chain hydrocarbon radical having at least one carbon-carbon
triple bond and comprising at least 2 up to about 12 carbon atoms.

The term “cycloalkyl,” used alone or as suffix or prefix, refers to a

30 monovalent ring-containing hydrocarbon radical comprising at least 3 up to about 12

carbon atoms.



carbon atonms. WO 2004/ 063157 PCT/ GB2004/ 000116 3 The term "cycl oal kenyl "
used alone or as suffix or prefix, refers to a nonovalent ring- containing
hydrocarbon radical having at |east one carbon-carbon double bond

conpri si ng P 2PWA&}15B yp to about 12 carbon atons. The tpgfrfﬁmﬁ‘ii‘@PQ)‘é? kynyl "
used al one or as suffix or prefix, refers to a 5 nonoval ent ring-containing
hydr ocar bon radi cal having at | east one carbon-carbon triple bond and
conprising about 7 up to about 12 carboh atoms. The term' ‘aryl " used al one
or as suffix O Pl rofcffyfiich lt’aseaaﬁma%vﬁm@ﬁxoméﬁm@mqa radi cal having
one or nore pol yunsaturat ﬁ' ¥bon rirngs havin arormati ¢ character, (e.g.,
4n + 2 del ovwhpvadaht ehg»comtammg lwardxslacm‘bmpmdsalrtg\fﬁtguplem oaboarbon-¢@bav car bon
atonms. The ter refers to a

f
di val ent g%:lé F%’&P%l%?g ?‘ltj?/asﬂf“% a%s?ﬁ#&ag’o f")‘/’ﬁﬁga{ )L(II‘ ated carbon

rings havi ng ar@ﬂﬁtetrﬁ“Wbﬁfaﬁ@hﬂ’,usécﬁl@e,orémsufﬁﬁoﬂptleﬁﬁa:bfeisetd ael ectrons) and
conprising 5 up to about 14 carbon_atons, whjch serves to |links two

structures f9geTaRy maﬁommé%yﬁxocﬁé?%%@%ha@mg@ékeastézneﬁ%,r PCHRy suffix or
prefix, refghde bhdPnkicBsk nﬁﬁ@&lﬂuﬁ?ﬁﬁt&éb‘bﬂﬁ%aﬁmﬁratdﬁ?é ecul e having one or
nore mul tivalent heteran I ndependent |y sel ect ed fromN 0 and S, as a
part of the ri ngThQ tecro f 'y’ @ndialpm:dmﬁdlsn@x Oaprelﬁea@ferstoaanuonmaltem about 20

atonms in th S).. Het saturated or sat ur at ed,

cont ai ni ng g?ﬁ a?lgoﬁz)rra%' hea%ﬁ'g%g ﬂ%mO%gﬁ Sterocy Pon%\%?%@gﬁgal n nore 20

t han one ri a@ma\&bemracthe(eeg oriyE?L deloglized eiectnasng)anﬂhaﬂp@siﬁgmp\g) abobe rings may
be fuse Lused Fused rings generally refer to at |east two rings
share t at6 o} fiePEhet ween. Het er ocycl e may have aromatic character or
may not have ar ORL iefm “GRAECALH alohbr i J}%&@ﬁ,p?éf&ykoa&i%aéma' one or as a
suffix or prefix, refers’to a radical formed as a result of replacing
one or morehmg@bpmadmldmmaoaenymomnowuaw@ngtpdmbmmmth@matom; sel ect ed
fromN, O a " hgt r I uffix or
prefix, refglg) ‘ug-ggﬁ?ét ’o‘ﬁ ﬁégglﬁgﬂ?%r%% g)danﬁcgﬁ?nﬁ{ﬁgu% O%Hg one or
more mult i vaheﬁl’boﬂileﬁoﬁfspaheliYBerves to links two structures together.

15 The term “heterocycle” used alone or as a suffix or prefix, refers to a ring-
containing structure or molecule having one or more multivalent heteroatoms,
independently selected from N, O and S, as a part of the ring structure and including
at least 3 and up to about 20 atoms in the ring(s). Heterocycle may be saturated or
unsaturated, containing one or more double bonds, and heterocycle may contain more

20  than one ring. When a heterocycle contains more than one ring, the rings may be
fused or unfused. Fused rings generally refer to at least two rings share two atoms
therebetween. Heterocycle may have aromatic character or may not have aromatic
character.

The term "heteroalkyl” used alone or as a suffix or prefix, refers to a radical

25  formed as a result of replacing one or more carbon atom of an alkyl with one or more
heteroatoms selected from N, O and S.

The term "heteroaromatic” used alone or as a suffix or prefix, refers to a ring-
containing structure or molecule having one or more multivalent heteroatoms,
independently selected from N, O and S, as a part of the ring structure and including

30 atleast 3 and up to about 20 atoms in the ring(s), wherein the ring-containing

structure or molecule has an aromatic character (e.g., 4n + 2 delocalized electrons).



I ndependently selected fromN, 0 and S, as a part of the ring structure and
I ncluding 30 at least 3 and up to about 20 atons in the ring(s), wherein the
ring-contaigﬁp%) %%k cture or nol ecule has an aromatic character %e.g., an +
2 del ocal i z pY ns). WO 2004/ 063157 PCT/ GB2004/ 000 1HGT/CH20pH{0 16 m)
"heterocyclic group,” "heterocyclic noiety," "heterocyclic," or
"heterocycl 0" used alone or as a suffix or prefix, refers to a radical
derived froma heterocycle by removind one or nore hydrogens therefrom The

term "heterocycl S « he Lef] refers a 5
nonoval ent radi cﬁe tﬁ%‘? ?%é%é’%g(ﬁg%u et@ert%g%?lén%% ’en%ééﬁﬁyﬁ%é qr§1ydr ogen
t herefrom “hEhkeodyeloihnidiatl@rean yeh yiffin of prefigdefetsdoe rafica dedveddfoln x or prefi x,

refers to di val ent radj cal derived.froma heterocycle by removing two
hydr ogens ?h‘é?@ﬂc yreW‘??’@ﬁogﬁngwt%édW?ﬂ%ﬁ?rﬁo@tructures t oget her. The

term "het er oar yl thetemel “@b&ycBl” @d lofislbe dsh sQFfixBrPhéik, réf@kars to a 10
het erocycl yl hawqr[]lg aromati ¢ character. The term "heterocyl coal kyl" used

al one or5 asmanesgent sadisal garigpd fromradietarecyelg by rerheieg onpylordyagen Hgrefiwoes not have
aromati ¢ charact T e r as HS9 suffix or
prefix, refers tgﬂeateﬂggéé%é ;‘/}P{fﬁee%%aﬁgd\]}?ﬁgasaron%f&ﬁ(%?é%‘?%g 15 The term
"het er ocycl| diahleytiradied] desesd fadmoadetorocade by sufolving top hgdregens, therefen,s to a

het erocycl yl ene that does not have arqmatic character. The term

" Si x-nenberggmﬁﬁ%%&“&gm%@quglfeé‘&g Ta group having a ring that contains

six ring atons. Tietein®FRBterbiryPuRBIAISHAH as i SEMx 38 pRfiR] deferd Bfaer s to a group
havi ng a rlﬂg that 20 contains five ring atons. A five-nenbered ring

heter catyl haeracyrbd dpviag gromygtic fhaateing having five ring atoms wherein 1, 2
Ot rL e PPCORASOL N SELE Bt £ e f0, S P oY
t hi azol yl , hetamoycj{jl,thqmjdpmgdthhve arcrodticicharattyd. , | soxazol yl, 1,2, 3-thazolyl,
2o rstraolyl 1 2ol Uaghasbil e dooistiisitl idudidbozol
and 1, 3, 4- pxa@dbyIfbnd having aromatic character.
15 The term “heterocycloalkylene” used alone or as a suffix or prefix, refers to a
heterocyclylene that does not have aromatic character.
The term "six-membered” used as prefix refers to a group having a ring that
contains six ring atoms.
The term "five-membered" used as prefix refers to a group having a ring that
20 contains five ring atoms.
A five-membered ring heteroaryl is a heteroaryl with a ring having five ring
atoms wherein 1, 2 or 3 ring atoms are independently selected from N, O and S.
Exemplary five-membered ring heteroaryls are thienyl, furyl, pyrrolyl,
imidazolyl, thiazolyl, oxazolyl, pyrazolyl, isothiazolyl, isoxazolyl, 1,2,3-triazolyl,
25  tetrazolyl, 1,2,3-thiadiazolyl, 1,2,3-oxadiazolyl, 1,2,4-triazolyl, 1,2,4-thiadiazolyl,
1,2,4-oxadiazolyl, 1,3,4-triazolyl, 1,3,4-thiadiazolyl, and 1,3,4- oxadiazolyl,
A six-membered ring heteroaryl is a heteroaryl with a ring having six ring
atoms wherein 1, 2 or 3 ring atoms are independently selected from N, O and S.
Exemplary six-membered ring heteroaryls are pyridyl, pyrazinyl, byrimidinyl,
30 triazinyl and pyridazinyl.
The term “substituted” used as a prefix refers to a structure, molecule or

group, wherein one or more hydrogens are replaced with one or more



A six-nmenbered ring heteroaryl is a heteroaryl with a ring having six ring
atom; V\/nerein 1, 2 or 3 ring atoms are independently selected fromN, 0 and
S. Iar% si x-menbered ring heteroaryls are pyridyl, razi

pyri ni d| nyl WO 284/06315% 7i nyl and pyridazinyl. The term™s ‘F?:’ﬂ?‘é‘ﬁ"”ﬁsed as a
prefix refers to a structure, nolecule or group, wherein one or nore

hydr ogens are replaced with one or m)re WO 2004/ 063157 PCT/ GB2004/ 000116 5
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first structure, nolecule”’or group, ~fol e or nore nanes of
chemical gr alhst;tutedfphawl Myaefsabmmemylmyudglphenyhllmthdxephﬁnylgr oup, which is a

result of r Iac one_ o r dragens .of th f|r ruct nol ecul e
or group wi th° iéa%}lémbl?ol’hﬁrfng’ eﬁ%ﬁé ﬁ g, Pﬁ?‘gﬂ fﬁ')c{ a "phenyl
substi tut edmlamorgrwp@ ma@&&ﬁﬁ@ aInS? sﬁitdbrecx@/aﬁdm onﬂh'épﬁ@@lhﬁ m " opt i onal |y

substituted" refers to bot tﬁ% ps, structures, Fecul es that are

substitdfed and TholsaEn (ks é”ﬁ%?tia§&5‘&fﬁ?it°ﬁ?§§t5m}@trér%@w UL FMMNdes, for
exanpl e, TORARVGE LG oHﬁB%@&Xﬁh@?oﬁ}ﬁ] dﬁf%roﬁ’ﬁs'réfeggtﬂ‘i sedOhl§ el hiirane,

azeti di ne, oxetane; letane, pyrr rroline, Im azol i di ne,
pyrazol i di nmolqule@zgtdupewhidh agicaulienf rsn]acﬁrcg eer moﬁshbm%ﬂ:nmmaﬁrstz 5- 20

di hydr of uran_t trah dr fura hane per| ine

1,2,3,6-tetf ed?rr'%oupp‘vﬁléﬁgzoflﬁgf &C]heém“{lﬁr"dﬁ%rﬁ?{o| i ne, pyran,
t hi opyr an, 3xa3np1d: hy‘@h@mﬁmantuteu@ma&w’deﬁﬁyw ﬂﬂnopﬁenﬂd di hydropyri di ne,

1, 4- dloxane 1, 3- di oxane,  di oxane, honppi peri di ne
2,

3, 4, 739 et r ahy dThe tepm Aontisnally w@ﬁt&meﬂ"eﬁe‘ém fedothgrauns) HSHEsReOT 4, 7-

molecules that are substituted and those that are not substituted.

Heterocycle includes, for example, monocyclic heterocycles such as:
aziridine, oxirane, thiirane, azetidine, oxetane, thietane, pyrrolidine, pyrroline,
imidazolidine, pyrazolidine, pyrazoline, dioxolane, sulfolane 2,3-dihydrofuran, 2,5-

20  dihydrofuran tetrahydrofuran, thiophane, piperidine, 1,2,3,6-tetrahydro-pyridine,
piperazine, morpholine, thiomorpholine, pyran, thiopyran, 2,3-dihydropyran,
tetrahydropyran, 1,4-dihydropyridine, 1,4-dioxane, 1,3-dioxane, dioxane,
homopiperidine, 2,3,4,7-tetrahydro-1H-azepine homopiperazine, 1,3-dioxepane, 4,7-
dihydro-1,3-dioxepin, and hexamethylene oxide.

25 In addition, heterocycle includes aromatic heterocycles, for example, pyridine,
pyrazine, pyrimidine, pyridazine, thiophene, furan, furazan, pyrrole, imidazole,
thiazole, oxazole, pyrazole, isothiazole, isoxazole, 1,2,3-triazole, tetrazole, 1,2,3-
thiadiazole, 1,2,3-oxadiazole, 1,2,4-triazole, 1,2,4-thiadiazole, 1,2,4-oxadiazole, 1,3,4-
triazole, 1,3,4-thiadiazole, and 1,3,4- oxadiazole.

30 Additionally, heterocycle encompass polycyclic heterocycles, for éxample,
indole, indoline, isoindoline, quinoline, tetrahydroquinoline, isoquinoline,

tetrahydroisoquinoline, 1,4-benzodioxan, coumarin, dihydrocoumarin, benzofuran,
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di hydr o- 1, 3-di oxepi n, and hexanet hyl ene oxide. 25 In addition, heterocycle

I ncl udes aromatic heterocycles, for exanple, pyridine, pyrazine,
pyrimdine, pyridazine, thiophene, furan, furazan, pyrrole, imdazole,

t hi azol e, o‘k’gzzgw@“lﬁi/r azol e, isothiazole, isoxazole, 1, ZCTGBHEIUE
tetrazole, 1,2,3- thiadiazole, 1,2, 3-oxadiazole, 1,2,4-triazole,
1,2,4-thiadiazo|e, 1, 2, 4- oxadi azole, 1,3,4- triazole, 1,3, 4-thiadiazole,and
1,3, 4- oxadi azole. 30 Additionally, heﬁ%rocycle enconpass pol ycyclic

het I I I
tgt re;ﬁ}cl)é(r:og%sn | n°g°)é%!c‘)‘§{’n no ﬁ%g&m' Hﬂ) %cinia%hf&?c%%{nﬁ%é %h%%biazgodl oxan,

gogrrgrlhnd d];ﬂiepdxamf m,:ttmnﬂmndamdsz Fine, asmndﬁla ﬁﬂ@ztﬂé)@ﬁﬁh ﬁeZpRﬁII/aﬁBagMOOOllG 6
i hydr obenzo enzof ur chr ne,..chroman ochr oman

xant hene, g‘ﬁjé}? i quipoxalige, AR é ]gI“’I plefidine; @GP‘IP&IBI@H %indazol e,
puri ne, phtﬁéﬁﬂéin@%henﬂﬁﬂahﬂé’bhéﬂaﬂiﬁe ;%hhd%l‘iliéﬁhé PRencitbifi@d@-i ne, cinnoline,
pteri di ne, E@inant’hrl di ne, eri m di ne, phenant hrol i ne, phena2| ne,

phenot hi 2zi hezisprrzalsxbezahiophens, m@ﬁpbma@leﬂ@ﬁ@m ¢azelshene,
benzoxazol €he, (I')Iglt%%@ﬁp%a%lg &Aal oxant hi ne,

car bazol e, car I'ne I'ne, pyroli l?:ﬁ ne, ahg C]UI noI Izidine. In
addi tion tothdupxhhg(cycl I ¢ heterocycl es descrl bed above, heterocycle

i ncl udes pol ycy het C e|n rln usi bet ween two or nore
rings 10 incl udfé'sa% ?‘fﬁ’ﬁ% t’ﬁ%"h\g@ﬁ 05’3 S‘frB’ ESL%VBI' ch%f nore than two
atons comMmihchdedsiiytyelidBerobychdidREciPthe Sidg Imsmnl BE80sknRb OF £6 i ncl ude
qui nucl i di ne,  diazabicycl g[ 2. 2. 1] heg}&r&g and 7-oxabi c% o[ 2. 2. 1] hept ane.

Het er ocy@l yncludes meredhark s bond aemigon 9%35@@ Forether Ok 9PwS such as:

aziridinyl E?EM!

pyrrolidi nyf pyrpcﬁl n%éé lesgazolnﬂgﬁ%édhe py azoInC%lH%%,h%giﬁnakol i nyl,
di oxol anyl , dsedbicych{B.D. l]lﬁp&ndartcgﬂioxfﬂawya]nmz 1 Befant. hydr of ur anyl , o

Lot By of 1 2y kAP, B REk s WSSl SRS, Py L v
di hydr opyr agitidiny bxisdnyl taR¥iy b btididyl Aox@iahyicHhamat: whid layany!

1, 3-di oxanyl, dlslox m? om)ygl per |u§?|' nyl , }2{1 %’l?g?r ahm%lirgyrfbl—ll- gzepl nyl ,

honopi pé? azitigezolidinyl, waépleﬁmﬂawuohnylydlamwl csulfolsnsdI %&éﬁyﬁsﬂrﬁn
hexanet hyl eRg_@¥}d{¥furanyl, tetranydrofuranyl, thiophanyl, piperidinyl, 1,2,3,6-tetrahydro-

pyridinyl, piperazinyl, morpholinyl, thiomorpholinyl, pyranyl, thiopyranyl, 2,3-

dihydropyranyl, tetrahydropyranyl, 1,4-dihydropyridinyl, 1,4-dioxanyl, 1,3-dioxanyl,
dioxanyl, homopiperidinyl, 2,3,4,7-tetrahydro-1 H-azepinyl, homopiperazinyl, 1,3-
20  dioxepanyl, 4,7-dihydro-1,3-dioxepinyl, and hexamethylene oxidyl.

In addition, heterocyclyl includes aromatic heterocyclyls or heteroaryl, for
example, pyridinyl, pyrazinyl, pyrimidinyl, pyridazinyl, thienyl, furyl, furazanyl,
pyrrolyl, imidazolyl, thiazolyl, oxazolyl, pyrazolyl, isothiazolyl, isoxazolyl, 1,2,3-
triazolyl, tetrazolyl, 1,2,3-thiadiazolyl, 1,2,3-oxadiazolyl, 1,2,4-triazolyl, 1,2,4-

25  thiadiazolyl, 1,2,4-oxadiazolyl, 1,3,4-triazolyl, 1,3,4-thiadiazolyl, and 1,3,4
oxadiazolyl. '

Additionally, heterocyclyl encompasses polycyclic heterocyclyls (including
both aromatic or non-aromatic), for example, indolyl, indolinyl, isoindolinyl,
quinolinyl, tetrahydroquinolinyl, isoquinolinyl, tetrahydroisoquinolinyl, 1,4-

30  benzodioxanyl, coumarinyl, dihydrocoumarinyl, benzofuranyl, 2,3-
dihydrobenzofuranyl, isobenzofuranyl, chromenyl, chromanyl, isochromanyl,
xanthenyl, phenoxathiinyl, thianthrenyl, indolizinyl, isoindolyl, indazolyl, purinyl,



In addition, heterocyclyl includes aromatic heterocyclyls or heteroaryl, for
exanpl e, pyridi nyI pyrazinyl, pyrimdinyl, pyridazinyl, thienyl, furyl,
furazanyl, i mi dazol yl, thiazolyl, oxazolyl,

! . va835.564%6§'157 ! Fi%ﬁg@@o%ﬁlom 6

i sot hi azol Isoxazolyl, 1,2,3- triazolyl, tetrazolyl adr azol yl ,
1, 2, 3- oxadi azol yl 1,2,4-thazo|y|, 1,2,4 25 thiadiazolyl 1, 2, 4- oxadlazolyl
1,3,4-triazolyl, 1,3,4-thiadiazo|y|, a 1,3, 4 oxadiazonI. Additionally,
het er ocycl yl enconpasses pol ycyclic heterocyclyls (including both aronmatic
or non-ar onphmﬁ:l)izmjﬂpﬂiapﬁﬁ@ﬁﬂin@l qﬁmdﬁlmbl, qthlﬂd@llzhjﬂydmnd]ﬁm pekeidingy |

qui nol i nyl rqu|no |ny tetr dr gi soqui nol i nyl
1,4 30 benzaﬁﬁ 511“ » ESEIRSETYInR enaaﬁtt@ ygehtrwéwhptlem uranyl , 2, 3-
di hydr obenz ghdpormdyl, 1 @95&%%95&6’13@%éhzotﬁhﬁﬁbﬁ?lnb{énzoﬁ%@ﬂ%@ﬂitmﬂo‘!ﬁchr omanyl ,

xant henyl henoxathllnyl thlanthren , |ndoI|2|nyI i soi ndol yl , |ndazonI

purinyl , mﬁmnﬁmmem@mmw@mmwbmm erabolitnyh peridimdpht hyri di nyl |
qU|noxaI nyl linyl, pteridinyl, phenanthridinyl,
perlntdlgyl ylT’ﬂena&f(tgtlrlo&e(l“"lyFﬁéhﬂﬂ'enaz|nyI phenothiazinyl, phenoxazinyl,

1, 2- benzi soxazol i addhmnmtthlpmm@gﬂ)d hetebmyzlg}saizsdrijbbd aﬁma,zltetﬂrazplyyl
ben2|n1dazol ztr th| ant n car bazol carbojlnyl

acridi nyl %W%Pq ¥ 1ﬁ§tfe avrdyla&f aﬁ&@ﬁwm ﬁf%?arat/w R FPTS g

pol ycyclic ReiReombed t}ihﬁomﬂ'c%ﬁoﬁl?@y&h ril@ £ @€k thh twb Behigdes pol ycyclic
heterocyclyls wherein the ring fusion between two or nore rings includes

nor e than omsemmen & bahpes. tE?iaBmlfh' of syehdridesd hetarecyelea include qaimuelidind.onmon t o
both rin f 0 s include quinuclidinyl, 10
di azabi cycl o%ﬁgwfﬁ g#}ﬁﬁg’n a%%@]@%‘:&)@l} heptyl. The term "al koxy"
used al one or asThe guhfakooy” ysedhlong orrashaufixton prefict| efdrstoqhditdleof ener al
formula -OR rein [ elec a h car.bon Exenplary
al koxy i ncl &ds? %%‘F‘H%@(%’P;t %f#&&??ﬂ%%&fdgmn%{}?ﬂ @XGIFQ Bt oxy,
i sobutoxy, augYy %r&%ﬁm&ﬁp&m@ﬂmﬂo&wmﬁ@é ?rumﬁt?gbzttms? isbButdfig term

I X

"am ne" or "am no" used al one or 'as ‘a suf ers to radicals
of the genecutloprepyimethox NRityloxyrad prapaRyld R are i ndependently sel ected

from hyqrsoge N O 18 Mn‘%ﬂfcb %P“Mﬂ&’cféed alone or as a suffix or prefix, refers to
radicals of the general formula -NRR’, wherein R and R’ are independently selected

from hydrogen or a hydrocarbon radical.
"Acyl" used alone, as a prefix or suffix, means —C(=0)-R, wherein R is an
optionally substituted hydrocarbyl, hydrogen, amino or alkoxy. Acyl groups include,
20 for example, acetyl, propionyl, benzoyl, phenyl acetyl, carboethoxy, and
dimethylcarbamoyl.
Halogen includes fluorine, chlorine, bromine and iodine.
"Halogenated," used as a prefix of a group, means one or more hydrogens on
the group is replaced with one or more halogens.
25 "RT" or "rt" means room temperature.
A first ring group being "fused" with a second ring group means the first ring
and the second ring share at least two atoms therecbetween.
"Link," "linked,"” or "linking," unless otherwise specified, means covalently
linked or bonded.
30
Provided herein is a compound of formula I, a pharmaceutically acceptable

salts thereof, diastereomers thereof, enantiomers thereof, or mixtures thereof:



"Acyl" used alone, as a prefix or suffix, nmeans -C(=0)-R wherein Ris an
optionally substituted hydrocarbyl, hydrogen, am no or al koxy. Acyl groups
include, 20 for exanple, acetyl, propionyl, benzoyl, phenyl acetyl,

car boet hoxywo2agho6sis7et hyl car barmyl Hal ogen i ncl udes f'ﬂﬁ‘fd;ﬁ‘ﬁo:mﬁ)ﬁh@“ ne,
bronmi ne and iodine. "Hal ogenated,” used as a prefix of a group, neans one or
nore hydrogens on the group is repl aced with one or nore hal ogens. 25 "RT"
or "rt" means roomtenperature. A firstgring group being "fused" with a
second ring group nmeans the first ring and the second ring share at | east
two atons therebetween. "LinK" "linked," or "linking," unless otherw se
speci fi ed, neans coval |y Ilnked or bonded 30 Provided hereinis a
conmpound of forrmula I, : i ept a@l e salts thereof,

di astereoners thereof, enalgi ond r ures4thereof )

2004/ 063157 PCT/ GB2004/ 000R16 8 A Q k ORA 15 R NR3 I
wherein 5 Rl is selected from C6-10ary oaryl, wherein said
C6- 10aryl and C2-6heteroaryl are optjdnally suRstituted with one or nore
groups selected from-R, -NX2, -OR -Br, -1, -F, -CF3, -C(=OR
-C(=0)0OH, -NH2, -SH, -NHR, -NR2, -SR, -5O3H, -SOZR, -S(=O R -CN, -OH,
-C(=0)OR, -C(=O NR2, -NRC(=O R, and -°N

=4
=%

(e

wherein
5 R! is selected from Cs-10aryl and C,.¢heteroaryl, wherein said C5.1§ary1 and

Ca.sheteroaryl are optionally substituted with one or more groups selected from -R,
-NO,, -OR, -C), -Br, -1, -F, -CF3, -C(=O)R, -C(=0)COH, -NH,, -SH, -NHR, -NR;, -SR,
-S0OsH, -SO3R, -S(=0)R, -CN, -OH, -C(=0)OR, -C(=O)NR;, -NRC(=O)R, and -
NRC(=0)-OR, wherein R is, independently, a hydrogen or Cy.salkyl; and

10 R?, R3, R*and R’ are, independently, selected from hydrogen, Ci salkyl, and
Cs.scycloalkyl, wherein said Ci.salkyl and Cs.¢cycloalkyl are optionally substituted
with one or more groups selected from -R, -NO,, -OR, -Cl, -Br, -1, -F, -CF;, -C(=0)R,
-C(=0)OH, -NH, -SH, -NHR, -NR;, -SR, -SO;H, -SO;R, -S(=0)R, -CN, -OH, -
C(=0)OR, -C(=0O)NR;, -NRC(=O)R, and -NRC(=0)-OR, wherein R is,

15  independently, a hydrogen or C,_salkyl.

In one embodiment, the compounds of the present invention are those of
formula I, wherein R is selected from phenyl; pyridyl; thienyl; furyl; imidazolyl;
triazolyl; pyrrolyl; thiazolyl; and N-oxido-pyridyl, wherein R' is optionally
substituted with one or more groups selected from C,_¢alkyl, halogenated C,salkyl, -

20 NGO, -CF3, Cy alkoxy, chloro, fluoro, bromo, and iodo; ‘

R?, R?, and R* are, independently, C;.salkyl or halogenated C_salkyl;

R’ is selected from hydrogen, Ci.galkyl, and Ca.¢cycloalkyl, wherein said C.
salkyl and Cs ¢cycloalkyl are optionally substituted with one or more groups selected
from Cisalkyl, halogenated C;.galkyl, -NO;, -CF;, Cy.¢ alkoxy, chloro, fluore, bromo,

25  andiodo.



NRC(=0) - OR, wherein Ris, independently, a hydrogen or Cl.6al kyl; and 10 R2,
R3, R4 and RS are, independently, selected fromhydrogen, O _6alkyl, and

C3- 6cycl oal wherein said Cl. 6al kyl and C3. 6cycl oal kyl are opt | onal |y
substi t ut ed&%\ﬁmw?ﬁ%'ﬁé or nore groups selected from-R, RGELBLOHROLE Ty
I, -F, -CF3, -Q(=O R -C(=O)OH, -NH2, -SH, -NHR -NR2, -SR, -SCBH, -SO2R
-S(=O R, -CN, -OH, - C(=0O0RrR, -C(=0)N -NRC(=O R, and -NRC(=0)-0R, wherein
R is, 15 independently, a hydrogen or 6al kyl . I n one enbodi nent, the
conpounds of t herpeheRmbdAEI: tﬁac@;ﬁﬁouhﬁw&f%@greseh%%ﬂtﬁmar Mbe/@in Rl is
sel ected from phenyl; pyridyl; thienyl; furyl;” imdazolyl; triazolyl;

pyrrol yl ; tfﬁr@zbﬂywheromdl I‘ianthhd—&wm plaityl; pywidstlithienyd, furgl; iopitazohd] | y

substituted 6al k | ogenat ed

i al kot - YRR BoRheAOKOR SR Shelt R SR o BREROCR % )
R3, and R4 sdleted fmiﬁp]agnileyl,tl{ayogeﬁh‘tecBGl 4alidyl, aNOhaCBg €h 3 atkdx Gichbad, kyI RS is

sel ected_frqm hydro 6a| kyl , and C3.6cycl oal kyl, wherein sai d d_

6al kyl and r8c 1"8 Bre optionally substituted with one or nore groups
selected from Gi, @almmw@mﬁamqf Clslid by haloschBiad ) i, 41 6 al koxy,
chloro, fluoro, bgorm 25 and 1 odo. 004/ 0631 7 PCT/ 004/ 000116 9 In
anot her enbodi neRtlShWﬂ@gélbrrpounds of the present invention are those of

formula I, vvhere act uryl;

i m dazol yI pyr rgﬁﬁﬁﬂ] aerrllﬁ)% men?q]l.‘g{om\/\ﬁgr y#eﬁgggehthﬁmwg%QM(LSESEst i tuted

wi th one or furmuk Igwherpm R‘seke&aﬁtakﬁdm phan@jﬂ,pﬁﬂdl}ll,)thlenﬁaﬁmgeﬁlﬂﬂﬂdlﬂ;l 6al kyl ,
-NO2, -CF3, Cl(ﬁyal kdot(lﬁ/aZ FI oro, 5 fluoro, bromp, and iodo; R2, R3, and R4

are, peﬁ}i"é _ly 'kyl or hal ogenated C _3al kyl; and RS is hydrogen.
In a further e”bRabIWareEtlﬂ?l conpounds of the present invention are those of

formula I, wherei Is selected from phenyl, pyridyl, thienyl, furyl,

i mi dazolyl, 10 p¥tiséhypalkylamed t hi azolyl; R2 and R3 are ethyl: R4 is

Cl-3al kyl; and ps, ,

L

is hydrogen.
It will be understood that when compounds of the present invention contain
15  one or more chiral centers, the compounds of the invention may exist in, and be
isolated as, enantiomeric or diastereomeric forms, or as a racemic mixture, The
present invention includes any possible enantiomers, diastereomers, racemates or
mixtures thereof, of a compound of Formula I. The optically active forms of the
compound of the invention may be prepared, for example, by chiral chromatographic
20  separation of a racemate, by synthesis from opticaily active starting materials or by
asymmetric synthesis based on the procedures described thereafter.

Tt will also be appreciated that certain compounds of the present invention may
exist as geometrical isomers, for example E and Z isomers of alkenes. The present

* invention includes any geometrical isomer of a compound of Formula I. It will
25  further be understood that the present invention encompasses tautomers of the
compounds of the formula L.

It will also be understood that certain compounds of the present invention may
exist in solvated, for example hydrated, as well as unsolvated forms. It will further be
understood that the present invention encompasses all such solvated forms of the

30  compounds of the formula I.
Within the scope of the invention are also salts of the compounds of the

formula I. Generally, pharmaceutically acceptable salts of compounds of the present



R5 is hydrogen. It will be understood that when conpounds of the present
I nvention contain 15 one or nore chiral centers, the conpounds of the
i nvention may exist in, and be isolated as, enantioneric or diastereoneric

forms, or agodplsacAsr C M xture. The present invention iggl §4M?,SIM possi bl e
enanti oners, diastereoners, racemates or m xtures thereof; a corrpound of

Formula I. The optically active forns of the conpound of the I nvention
maybe prepared, for exanple, by chiral ;ghromatographic 20 separation of a
racemate, by synthesis fromoptically active starting materials or by
asymetri c iayetitior siay bo@brthed mising stapdand protddbses detiknbivadn theartpkter. 1t wil |

al so be appreci ated that ceprtai ounds of the presept invention may

exi st as ge%ﬁm%k&farpaqﬂesﬁév clefr yg@%"%?& » §QFFram @&ﬁéﬁ@ 1gpingWitbfes. The
present i ”éﬁﬁQEleind fBPé:&bﬁﬁﬁe @!’01o%&ﬁf@h&&%hffbﬁ%@fogﬁaﬁ?%@ﬁ&ﬂcOf For mul a
. 1t wll 25 further be understood that the present invention enconpasses

t aut oners ofniqrh dt mgy Alse hepessivle toimake ¢ comesponding alksli mptab(such assodingier st ood

LhatFrd o BuBRIRO PN o F ARAGRSle IS IMAE, [T ) gyt e for
under st ood ¢dnq:touhdlefthepmeentmvnntemhaomgarsumqbﬁmmsmitdn,smmrwaol vated forns of
t he 30 corrpo nds,.of |, hefor Wthin t e.invention are

al so salts 95? peylic o ntl‘f“%ﬂﬂ%eeqflﬁ’tat?m%fhap aﬁ@t‘i‘%ﬁl I"W a ceutically
accept abl e gafat Eydﬁfm@@dﬂh%ﬂﬁ (8chah theRERSRIB br MENSRIA4Y, 8P B3 hiithbly basic

PCT/ GB2004/ 000116 10 i nvention nmaybe obtai ned using standard procedures

wel | known ¢reaninamipey(suchgp chalina apmeslygrines ican aqyecis siedfum ifeliawed byasi ¢
conmpoung f&[nv%gm ‘i’i@%}?dnkc %}We with a suitable acid, for exanple, HQ

or acetic acid, physi ol ogically acceptable anion. It may al so
be possible to nlaloae ambodummptimctnmgomwﬁt&nrmmIaa’bo(/smajnbasomeniédxma 5

pot assi um th al | rth.me such cal | un) salt
by treating? Hﬁ%ﬂ%&c‘fﬁ’%ﬁ? aﬁl"é? &W%P?“%} FI&(/IB'HG’C aggifl?%fﬂ aci di c
proton, sucéhcaas @hﬁ(ﬁaﬂh@m}é hydraﬁbﬂldarp@smw@&etm fim@ae, fdiehical ent of an
al kali metal or aline earth netal hydroxide or al koxi de (such as the

et hoxi de ortamt%saa&re;netw%lpélemﬁtwgrt%m phgR@ni ¢ ami ne- (such as chol i ne
or megl ygri ne) | nrl?erho%g%ﬂﬂﬁuﬁ@qif %Qprés%ﬂ V& HoR¥re useful in therapy, especially

for the treatment of various pain conditions such as chronic pain, neuropathic pain,
acute pain, cancer pain, pain caused by rheumatoid arthritis, migraine, visceral pain
etc. This list should however not be interpreted as exhaustive.
Compounds of the invention are useful as immunomodulators, especially for
20  autoimmune diseases, such as arthritis, for skin grafts, organ transplants and similar
surgical needs, for collagen diseases, various allergies, for use as anti-tumour agents
and anti viral agents.
Compounds of the invention are useful in disease states where degeneration or
dysfunction of opioid receptors is present or implicated in that paradigm. This may
25  involve the use of isotopically labelled versions of the compounds of the invention in
diagnostic techniques and imaging applications such as positron emission tomography
(PETD).
Compounds of the invention are useful for the treatment of diarrhoea,
depression, anxiety and stress-related disorders such as post-traumatic stress
30 disorders, panic disorder, generalized anxiety disorder, social phobia, and obsessive
compulsive disorder, urinary incontinence, premature ejaculation, various mental

illnesses, cough, lung oedema, various gastro-intestinal disorders, e.g. constipation,



10 conventional purification techniques. In one enbodi nent, the conpound of
formula | above may be converted to a pharnmaceutically acceptable salt or
sol vate thereof, particularly, an acid addition salt such as a
hydrochlorwﬁgmmgmgﬁgpronlde phosphate, acetate, f“”ara¥%Tuﬁﬁhﬁ$hﬁ16
tartrate, citrate, nethanesul phonate orp-tol uenesul phonate novel
conpounds of the present invention are useful in therapy, especially for
the treatnment of various pain conditiofgg such as chronic pain, neuropathic
pain, acute pain, cancer pain, pain caused by rheumatoid arthritis,

m grai ne, viugctamal gap‘mintest?atad:disd'rldials stdhsas Irgitabild Howel\Bondmomeaind Fendtiohdr pret ed as

exhausti ve. 0 nve nonndulators
especi al | y %Srp%) gﬁ%so%nsgas i S@g@gpmo S dlﬁo a%rsatFatuW%Jf WYY ski n grafts,
organ tr alnlssﬁokél,tcﬁrcﬂ?piot&ctfﬁm fallowiag frddandial mﬁeﬁﬁon fspinaliajurp@findray S Ieas es,
various allefgies or e as anti-tunour. a ] nti V|ra agents.
Conpounds oﬁ‘({d?%@na ipcladips ﬁ}‘? tegptment afalgohpl, nigp QEOQ@HQ& @b¥s€gener at i on
or  dysfnciidaee aéoreak oF the rs?xﬁﬁﬁﬁé?fc%efv%u@iﬁt%ﬁﬁﬁr Bfaniph #@@&ﬁbﬂ n that
paradigm This may 25 involve the use of “i sotopi call d versions of

t he conpounds ofCQmIeoundweﬁhemvemvnamlagﬁlbs&m@cmaggméﬁarm@dmm ng
appl i cation 7] S S PET, unds of the
i nvention a e%ﬁagaqaeﬁh‘??a A“td e&{lér%éegta?}%ér%@e%?g% ‘gﬁh%%atﬁms aéﬁegqog‘p @‘n anxi ety

and st r ess- diffehestopdrtiey de bRersused tcokhiz0s 4 bilkeie lmfafféctﬂﬁde&écb‘to&ﬁhlﬁibﬁm ders,
pani c disor&;r, @perallégd anxi.ety dlsorder oci.al pho ia, and obse55|ve
compul si ve §Bar"g ptic gipte $m@6@?ﬁ%ﬁlﬂ3@“5?}f’ prrand s on, vari ous
mental 1g ! In@ﬁﬁe@mtﬁﬁ%ﬂbm&ﬁ&gﬂ@ﬁﬁmmﬁaﬂﬁa%&%ﬁ%&%ﬁm @Rk nal disorders,

e.g. constipation, WO 2004/063157 PCI/ GB2004/ 000116 ~ 11 functiona
gast r oi nt eskeuremusgnlabblaeless andamicids. | rrit abl e Bowel Syndrone and Functiona

Dyspepsi a, Par ki g0t CanE oA uceln Blse O S/ IRiconib Bt  © brai n

injury, stroke,”cardioprotection oW hng m ocar 'on, spina
injury and ﬁhcuglmgatddhecﬁonﬂmaIlabmdeuﬁbrﬂxymdnefabm&m&mﬁémcﬁm@tftmlth‘el ni coti ne,

opi oid and ot her d se 5 and .for djsorders of the synpathetlc nervous
system for HRET fﬂ@%@f‘ﬁ%ﬁﬁd&wnsd@ﬁ% g¥%of the invention are useful as

an anal gesic ag eﬂtﬁnftlﬂeﬁ' a6t dTWkd Pention is a method for the treatment of a subject

suffering from any of the conditions discussed above, whereby an effective amount of

a compound according to the formula I above, is administered to a patient in need of
such treatment.

Thus, the invention provides a compound of formula I, or pharmaceutically

20 acceptable salt or solvate thereof, as hereinbefore defined for use in therapy.

In a further aspect, the present invention provides the use of a compound of
formula I, or a pharmaceutically acceptable salt or solvate thereof, as hereinbefore
defined in the manufacture of a medicament for use in therapy.

In the context of the present specification, the term "therapy" also includes

25  "prophylaxis” unless there are specific indications to the conirary. The term
"therapeutic" and "therapeutically" should be contrued accordingly. The term
"therapy" within the context of the present invention further encompasses to
administer an effective amount of a compound of the present invention, to mitigate
either a pre-existing disease state, acute or chronic, or a recurring condition. This

30  definition also encompasses prophylactic therapies for prevention of recurring

conditions and continued therapy for chronic disorders.



general anaesthesia and nonitored anaesthesia care. Conbi nations of agents
with different properties are often used to achieve a bal ance of effects
needed to maintain the anaesthetic state (e.g. amesia, anal gesia, nuscle
rel axati on vagdooseeati on). 10 Included in this conbi nati egaTRIRd4RMEhEd

anaest hetics, hypnotics, anxiolytics, neuronuscular blockers and opioids.
Also within the scope of the invention is the use of any of the conpounds
according to the formula | above, for fpe manufacture of a medi canent for
the treatnment of any of the conditions discussed above. 15 A further aspect
of the inventi onfhesomppndsof thepresenidnventen sre neefigfin thegapy; especiallibr ering from

any of the LL.L | £ . : ' anmount of a
conpound ac%gr ﬁ?g%? 2%%%@?%%@#@%%&3%%?@%5%%% gIrm'le%s 0 a patient in
need of suchnortic pah,mentopathiivysin, bérde pain,dwatli wain, gamer paEs, ad viscpralpaih.of f or mul a
|, or pharnmaceuti cal 20 acceptable salt or solvate thereof, as

her ei nbef ore dgfmﬂéﬁ%qi{g}erﬁ?g n YA h%?&?fﬁﬂP‘ﬁ%a“’F ?S[%]%‘fmaé‘s SPmPOY by esent

i nventi o psaNé Aesntiolendy 3R ddinidstErRAROMB toref of afcdfivEAtianal ph@madentical
pharmaceutical |y, acceptable salt. or solvate thereof, as herei nbefore
defined i n ¢mPoRikaLPyauysostegacluding arllyrinmmyssilagy subgutangeusl fopigallyst he

cont ext of ﬁﬁ&n il cat.l : : " ‘1al SO i ncludes 25
"prophyl axi's ua%lgégﬁ%@:@g&%@gﬁ%@%@@ﬂg%ﬁ% P%)qu’gép?dy thé contrary. The
term "t heriafrethedally, inmabetdbhevenipieultily aid yy' inphider idtddthe pamts.r ued accordi ngly.
The term "therapy" wthi.n the context th resent i.nvention further
enconpasses to ‘adif ﬁ?‘b?‘é@eﬁﬁﬁgﬁlﬂg?nit'\‘)ﬁ'c%?%’ﬂ%t&g urahaR Ty Sf’ra@ﬁ’e present
i nventi o, inGavEnbhgpbeintrémb&alarlg. pre-exi sting di sease state, acute or

chronic, or a recurring condition. This 30 definition al sp enconpasses
prophyl acti ¢ t hebgslosagergt dspeandemithemoutsiof pdmimstration, theswsuerity ehdeand cont i nued

t her apy for?&%&ﬁ«g'&%&aﬁﬁ WakRIrThe ﬁﬁ@cﬁ%é’éﬂ@r@%ﬁﬁrsﬁ%%@ﬁﬁ%@%}ﬁm 12 The

conmpounds o resent "I nvent’i on are us py, especially for

t he t her apyaitehding physiiam avhen detachining tie indigidualiragimeb and dostagd feméltabdict o: acut e
pain, chronic pain. neuropathic paipn, acute pain, back pain, cancer pain,
and Vi scerapoﬁigpﬁomﬁ?{e é anﬁgé}ﬁeﬂg in a war m bl ooded ani mal such as a
human, t1fie conpPOEYRGreparing pharmaceutical compositions from the compounds of this

invention, inert, pharmaceutically acceptable carriers can be either solid and liquid.
* Solid form preparations include powders, tablets, dispersible granules, capsules,
cachets, and suppositories.

A solid carrier can be one or more substances, which may also act as diluents,

20 flavoring agents, solubilizers, lubricants, suspending agents, binders, or table
disintegrating agents; it can also be an encapsulating material.

In powders, the carrier is a finely divided solid, which is in a mixture with the
finely divided compound of the invention, or the active component. In tablets, the
active component is mixed with the carrier having the necessary binding properties in

25  suitable proportions and compacted in the shape and size desired.

For preparing suppository compositions, a low-melting wax such as a mixture
of fatty acid glycerides and cocoa butter is first melted and the active ingredient is
dispersed therein by, for example, stirring. The molten homogeneous mixfure in then
poured into convenient sized moulds and allowed to cool and solidify.

30 Suitable carriers are magnesium carbonate, magnesium stearate, talc, lactose,
sugar, pectin, dextrin, starch, tragacanth, methyl cellulose, sodium carboxymethyl

cellulose, a low-melting wax, cocoa butter, and the like.



5 of the invention maybe adm nistered in the formof a conventional

phar maceuti cal conposition by any route including orally, intranuscularly,
subcut aneously, topically, intranasally, intraperitoneally,

I ntrat hor agyghbMws3diff r avenously, epidurally, intrathecaldrso04/000116

I ntracerebroventricularly and by injection into the joints. In one

enbodi nent of the invention, the route of admnistration may be orally, 10
i ntravenously or intranuscularly. The d®sage will depend on the route of
adm ni stration, the severity of the disease, age and wei ght of the patient
and ot her fact orBed@rheamppsisign is Alwriagngnd to H@iuda%?eefﬁﬁpﬁgtl?ﬂﬂféﬁlwaﬁ? when
determ nin he | nd:yi ' . : I HGsihe @PPropri ate
for a part9§%i§P&gg?#ﬁ%#ﬁkT%ﬁ%%ggngggP?%g’ 8%%%%3&%%%% ﬁL(;“(')npos?tions from
t he conpounativetomgunsnt (mithen tithoyt othee carrienshia suemmded by barriercwldph &bl e

carriers c be either solid an lquid. Sol.id form preparations include
powder s, t:[g‘}l%’tr?f‘soﬁ}ag%?”étblﬁ ﬁ@ﬂgﬁp{,ﬁ@c&tsgg?ﬁgf}}l *  cachets, and

SUpposi tories. Ardbitd, Bowadrs,icBthetRhdXRpSHINE ook béTed ab IR dBRERIomMi Ch may al so
act as diluents, 20 ftlavoring agents, solubilizers, lubricants, suspending

agents, bi ntéplle fogorgl admgnisteatisnnt egr ati ng agents; it can al so be an
encapsul ating mat;ehibdm 4 Wde O IGRE | hs | iGhyvipded solid,
which is in a m xlﬁllgilre r\?v} tdﬁnp':bﬁe %lﬁlﬁlgﬁy él Vi Efesggpgon%%ﬂéﬁ 0 M%lﬁ%s ifﬁgent ion, or
the active exomplmesiatile watertoablater propyleee glycdl solstiomf theaactive eonmoxeds Wi t h t he
carrier having,the.necessary bindi ropertjes. jn. 25 sui.tabl e proportions
and corrpactlél@9 P%E?‘H@p’éeﬂgﬁgoéﬁ ‘@?&@’98&@'8{@“&8@&0&&#% suppository
conposi 16 ongompdsitions samlaldont@ fienalseTin saftian i aqhedie polykthiyRit ¥lyasl d gl yceri des
and cocoa butter is first nelted and the active ingredient is dispersed
therein_by,“ﬁ&ﬁnexanple,_stirring. The nolten honmpbgeneous mixture in then
poured into convepisl soid riFei damtidbabd QURR el ABGNERIheN Tv. 30
Suitable carriers are nmagnesi um carbonate, nmagnesium stearate, talc,

| act ose, sajiae compaehtin véortand adding suitehle coloragtscBavoning aganksy btabilizdrs)| ose,

sodi um car bo hyl cel |l ul.0 | o L L] X..¢COCO ut t.e and the
like. WO 208@%@%‘%% %ﬁ%éﬁﬂﬁ%‘%‘-ogﬂ?gg gl{%génf%gs e roFﬁI élgen%a%sb P’tni'ag R %ys al so
i nt endets t odispesitigithe tfinelyfdivided ative torgiontiten datet w@ether with a viscous

material such as natural synthetic gums, resins, methyl cellulose, sodium

carboxymethyl cellulose, and other suspending agents known to the pharmaceutical
formulation art.
Depending on the mode of administration, the pharmaceutical composition
20  will preferably include from 0.05% to 99%w (per cent by weightj, more preferably
from 0.10 to 50%w, of the compound of the invention, all percentages by weight
being based on total composition.
A therapeutically effective amount for the practice of the present invention
may be determined, by the use of known criteria including the age, weight and
25  response of the individual patient, and interpreted within the context of the disease
which is being treated or which is being prevented, by one of ordinary skills in the art.
Within the scope of the invention is the use of any compound of formula I as
defined above for the manufacture of a medicament.
Also within the scope of the invention is the use of any compound of formula I
30 for the manufacture of a medicament for the therapy of pain.
Additionally provided is the use of any compound according to Formula I for

the manufacture of a medicament for the therapy of various pain conditions including,



component with encapsul ating material as a carrier providing a capsule in
whi ch the active conponent (with or without other carriers) is surrounded
by a carrier which is thus in association with it. Simlarly, cachets are

i ncluded. Sydaf@tsis; powders, cachets, and capsul es can pg,¢ip6sles 60! i d
dosage fornms suitable for oral admnistration. Liquid form conpositions

i ncl ude sol utions, suspensions, and enul sions. For exanple, sterile water
or water propylene glycol solutions of jyhe active conpounds nay be |iquid
preparations suitable for parenteral adm nistration. Liquid 10 conpositions
can al so bebiftaohlihat¢di: ianuts phing choonié prim oueopshio phineddutd g bgdkypaid, sol uti on.
Agueous sol utions.for.aral .adm nistration can be prepared by dissolving the
active conpOEHPah YISl RN 44 ng suitabl e col orants, flavoring agents,

stabilizers, ang fiilheg kspaitnd tizgiaRdntion s ABethéEidr thofhpe 08 s swhiedd Sifidrings f or oral
use can be nmade by 15 dispersing the finely divided, active conmponent in
wat er t oget e apy phtbg condidensdlischssed Ahoye, whesehy 28 offsetive smosptafidet i ¢ guns,

esins., STet Rthpdufl nétoRfify to3A 1A AbARIRIikrER 1d KRR in BB G her

suspendi ng agents known pharmaceutical fornulation art. Depending on
t he node of suslithendpyt r ati on, the pharnmaceutical conposition 20 will

preferably include.f.rom0,05%1t0o 999 er cent b i ght nore preferably
Prom 0 10"t o Sovcitr e fiSvaedy ofBheel il ePins it Voior BBk aes. by

wei ght  bei agnprane df Bomiudd Blor £ phidematduticilly abedptubleanlt thek | ih Mssebibgsd | ve anount
for the practice of the present invention nmay be determ ned, by the use of
known cri t ePith aiphampageyisalinaccepfable GiTight and 25 response of the i ndivi dual

patient jpand intPérH&g&ﬁQtﬁ@réﬁipPovﬁ&%a%ﬂﬁﬁa&utﬁﬁléo _oﬁﬁé@é‘%ﬁ%rlis j£h is being

treated or which i's bei'ng prevented, by one of ordinary s s inthe art.
W thin the seopmndbfFomulalena prammiaceuticallyasesptpblesnll theoenionnskooitiéor nul a | as

defined aboye,f f . [ , : 1t hi h f
the i nvent i SieqtpiitelRat BEthutte Bl APRLARTHI e pscRaly Rfidlngy® *coP° ©

manuf act ur eofpaim nmedi canent for the therapy of pain. Additionally provided

is the use of any conmpound according to Forpula | for the manufacture of a
medi canent for tR&tchdhepis m?wg%@rqﬂ‘aﬁmifépwaﬂumqsxhaﬁgomam%ﬁng,

15 compound of Formula I, or a pharmaceutically acceptable salt thereof, in association
with a pharmaceutically acceptable carrier use in any of the conditions discussed
above.

Also provided herein is a method of preparing a compound of formula I.
In one embodiment, the invention provides a process for preparing a

20  compound of formula I, comprising:

0
2
T A
3 4
! S s
R5

N

J

I

reacting a compound of formula II with X-C(=0)-O-R*:

R1



WO 2004/ 063157 PCT/ GB2004/ 000116 14 but not limted to: acute pain, chronic
pai n, neuropathic pain, acute pain, back pain, cancer pain, and viscera
pain. A further aspect of the invention is a nmethod for therapy of a subject
suffering {ypomanrys?f the conditions discussed above, wherebwoahofkfective
anount of a 5 conpound according to the fornula | above, 1s admnistered to
a patient in need of such therapy. Additionally, there is.provided a
phar maceuti cal conposition conprising g5 conpound of Formula I, or a
pharmaceutically acceptabl e salt thereoé, in association wth a
pharmaceutically acceptable car@ier. 10 Particularly, there is provided a
phar maceuti cal conpositionxonpfising a conpound of Forrmula I, or a
pharmaceutical ly accept abl U N i F ociation wth a
phar maceutical |y acceptable cafri nore particularly for
therapy of pain. Further, t H8re i S @Foy qlaceuti cal conposition
conprising a 15 conpound of Formula |, orjla phar =iéutically accept abl e salt
thereof, in association wth a pharmacesijcally ééheptable carrier use in
any of the conditions discussed above[ Al s provided herein is a nmethod of
preparing a conpound of fornula I. nbodi ment, the invention
provi des a process for preparing a 20 comjound of fornula |, conprising: O
2RNIAO R3I1 / V1 NOR4 15 R N N‘/U

R’

I
wherein
XisCL Bror];
5 R! is selected from Cg.jparyl and Cygheteroaryl, wherein said Ce.iparyl and

Cygheteroaryl are optionally substituted with one or more groups selected from -R,
-NO,, -OR, -Cl, -Br, -1, -F, -CF3, -C(=0)R, -C(=0)OH, -NH3, -SH, -NHR, -NR;, -SR,
-SO;H, -SOR, -S(=0)R, -CN, -OH, -C(=0)OR, -C(=0)NR;, -NRC(=0)R, and
-NRC(=0)-0OR, wherein R is, independently, a hydrogen or C, ¢alkyl; and

10 R? R, R* and R® are, independently, selected from hydrogen, Cy.galkyl, and
Ci.¢cycloalkyl, wherein said C;galkyl and Cs_¢cycloalkyl are optionally substituted
with one or more groups selected from -R, -NO,, -OR, -Cli, -Br, -1, -F, -CFs, -C(=0)R,
-C(=0)OH, -NH, -SH, -NHR, -NR;, -8R, -SO;H, -SO:R, -S(=0)R, -CN, -OH,
-C(=0)OR, -C(=0)NR;, -NRC(=0)R, and -NRC(=0)-OR, wherein R is,

15  independently, a hydrogen or Ci-salkyl.

In another embodiment, the invention provides a process for preparing a

compound of formula I, comprising:



reacting a conmpound of formula Il with X-C(=0-0 R4: WO 2004/ 063157

PCT/ GB2004/000116 15 ORN I R3/ \ NH15 R NRLl) Il wherein Xis O,
Br or I; 5 Rl is selected fromC6. 10aryl and C2. 6heteroaryl, wherein said
C6. Oaryl a eroaryl are optionally substituted yu nor e
groups sel ggtoezd r%?nt?-R, -NO2, -OR, -d, -Br, -1, -F, -%@B@g@glﬁ,
-C(=O OH, -NH2, -SH, -NHR, -NR2, -SR, -SBH, -SXZR, -S(=O R, -CN, -OH,
-Q(=0OR, -C(=0ONR2, -NRC(=OR, and -NBRC(=0-OR, wherein Ris,

i ndependently, a hydrogen or C _6al kyl; 'and 10 R2, R3, R4 and R5 are,

i ndependently, selected frdn hydrogen, C -6al kyl, and C3.6cycl oal kyl,
wherein said Cl_6al kyl|,2and yl are optionally substituted wth
one or nore groups se Z~O0R od, -Br, -I, -F, -CF3,
-C(=OR -C(=0 OH, -NH2,],-SH, SR, |} SG8H, -SO02R, -S(=O R, -CN,
-OH -C(=O OR, -C(=O NRR™ - NR 2 : R wherein Ris, 15

i ndependently, a hydrogen or Cy6al kyII. | n another %nbodi ment, the invention
provi des a process for preparing a onpound Rf fornula |, conprising: WO

& 2R

k]
R I

reacting a compound of formula IV with R'-CHO or R'CH,-X:

O
2
R\l}l o
R’ L _r
b
R5

I=

<

5  wherein

XisCl Brorl,

R! is selected from Cg.paryl and C;.gheteroaryl, wherein said Cg.10aryl and
C,¢heteroaryl are optionally substituted with one or more groups selected from -R,
-NO,, -OR, -Cl, -Br, -], -F, -CF;, -C(=0)R, -C(=0)OH, -NH;, -SH, -NHR, -NR;, -SR,

10  -SOsH, -SO;R, -S(=0O)R, -CN, -OH, -C(=0)OR, -C(=0)NR;, -NRC(=O)R, and
-NRC(=0)-OR, wherein R is, independently, a hydrogen or C, ¢alkyl; and

R?, R?, R? and R’ are, independently, selected from hydrogen, Cysalkyl, and
Cs.gcycloalkyl, wherein said Cy.galkyl and C;_scycloalkyl are optionally substituted
with one or more groups selected from -R, -NO,, -OR, -Cl, -Br, -1, -F, -CF;, -C(=0)R,

15  -C(=0)OH, -NH,, -SH, -NHR, -NR;, -SR, -SO3;H, -SO;R, -S(=0)R, -CN, -OH,
-C(=0)OR, -C(=O)NRgz, -NRC(=0)R, and -NRC(=0)-OR, wherein R is,
independently, a hydrogen or Cy.salkyl.



RNO R3IT / VI N KOR4 15 R NRL I reacting a conpound of formula IV
with R-CHOor RICH2-X: 0z RNO R31 / \' 1 NORIRs NHIV 5 wherein
Xis C, Br or I; RLis selected fromC6. loaryl and C2. 6heteroaryl, wherein
sai d C6_loagpyl@ngsist2. 6heteroaryl are optionally substllld,lt,(%ow,dogug)ne or
nore groups selected from-R -NO2, -OR -d, -Br, -I, -F C(=O R
-C(=0 OH, -NH2, -SH, -NUR, -NR2, -SR, 10 SCBH -SOZR -S( O)R CN - OH,
-C(=OOR, -C(=ONR2, -NRC(=O R, and -NRC(=0)-OR, wherein Ris,

i ndependent|ly, a hydrogen or Cl.6alkyl; and R2, R3, R4 and R5 are,

i ndependent |y, s%ﬂr@@ﬂ@b',themqmym@@éﬂlemserﬁaﬂlwmn mﬁdnte@@e%wdlseél kyl,

one or mor et o ilerntas i Bt oot Sl JRBkYrRlEL | L1 70 M 1T

-C(=O R, 15exct{phpdit Schhhigs 1-3SH, -NHR, -NR2, -SR -SOG3H, - sozR - S( O) R
-CN, -OH, -C(=0 0P, -C(=O NR2, -NRC(=O R, and-NRC(:O)-CR, wherein Ris,
i ndependently, a hydrogen or Cl_6allryl. WO 2004/063157 PCT/ GB2004/ 000116

17 Scheme 1
0
1, LD,
_ POWe), )KQ A
/ P\
Intermediate 1
NaOH HO
Br
N
boc
Intermediate 2 Intermediate 3 Intermediate 4
/\N —~
isobutyl chloroformate ) Br TFA N
| DCM Br
Et,N, Et,NH
! N
boc H

5 Intermediate 5 Intermediate &



Particularly, the conpounds of the present invention and internedi ates used
for the preparation thereof can be prepared according to the synthetic
routes as exenplified in Schenmes 1-3. Schenme 1 0 MO\ P(Owe)3 Mao 1. LDA
Ove Br O WoSdkobns; Internediate | O Mo Br, Mo | Nq.@ﬁ,dﬁuﬁym,@% Br NN
boc boc boc Internediate 2 Internediate 3 Interrredl ate 4 |sobutyl
chloroformate J I Br TFANI1 \ / | DCM/ er EL,N, EtzNH boc H 5
Internmediate 5 Internmediate 6 WO 2004/ 983157 PCT/ GB2004/ 000116 18 Schene 2

00 " ~NJ I / Br RI-CHO, or R -CH2Br Br NaBH(OAc)3 1, 2-dichl oroethane
Scheme 2
Q )
N AN
Br R1-CHO, or R1-CH,Br P Br
| NaBH(OAc), ]

1,2-dichlorpethane

)
I“t8| IIIEdlate 6

Intermediate 7a: R1=2-thieny!;
Intermediate 7b: R1=2-furyl;
Intermediats 7c: Ri=phenyl;

m-aminobenzene boronic acid O O NH,

Na,CO; Pd(PPhy),

Toluene, Ethanol, Water
N

>

Intermediate 8a: R'=2-thienyl;
Intermediate 8b: Ri=2-furyl,
Intermediate Bc¢: R1=phenyl;

R

0
BASYES
Methyl Chloroformate ) | NJ\ O/
H

Triethyl amine

DCM or THF
N Compound 1: R'=2-thienyl;
Compound 2: R1=2-furyl;
R Campound 3: R'=phenyl;



J Internediate 6 Rl Internediate 7a: Rl=2-thienyl; Internedi ate 7b:
R1=2-furyl; Internediate 7c: Rl=phenyl; '---N ~ ~ mam nobenzene boronic
acid |l | N-12 Na2CO3 Pd(PPh3)4 Tol uene, Ethanol, Water N Rl Internediate
8a: R1=2-thy ocaist ernedi ate 8b: R1=2-furyl; Inter i phenyl
0 }10I~ Nehivﬁ;r/hlw‘gﬁflg?of ormate J N'O Triethyl am ne Hn%\ﬁ% Qﬁgoﬁgwrrpound
1. R1=2-thienyl; Conmpound 2: R1=2-furyl; Rl Conpound 3: Rl=phenyl; WO
2004/ 063157 PCT/ GB2004/ 000116 19 Scherng 3 J | / Br 3-am nobenzenebor oni ¢
acid J Na2C33, Pd(PPh3)a / I \ N -12 Toluene, Ethanol, Water NN | | boo
boo Scheme 3

/\N
) Br 3-aminobenzeneboronic acid \
H,

Na,CO,, Pd(PPh),

Teluene, Ethano!, Water

Y

hoc
Intermediate 5 Intermediate 9

1. Methyt chloroformate N j\ RI-CHO, NaBH(OAc),
Zn powder, Toluene ) NN 1,2-Dichloroethane

¢ ol Lo
-

2. TFA, DCM or
R1-CH,C!, K,CO,4
N DMF
H

Intarmediate 10

JL/

Compound 4; R¥=4-thiazolyf;
Compound §: R1=5-thlazolyl.
R

Accordingly, in a further aspect, the present invention provides an

intermediate compound of formuia ITI:

[s)]



Internediate 5 Intermediate 9 1. Methyl chloroformate R -CHO, NaBH(OAc)3 Zn
powder, Toluene J N O 1,2-Dichloroethane 2. TFA, DCMor R -CHzCI, KZCO3 N
DMV Hinternediate 10 0 4 H JN Conpound 4: R =4-thiazolyl; Conpound 5:

R1=5-i hi azolywy 2004/d8k1sACccordingly, in a further aspect thﬁcﬁégﬁﬁ%milﬂve”t i on
provi des an internedi ate conmpound of formula I1l1: I

'RA 1 R NI6 5 R |1l W 2004/063157 PCT/ GB2004/ 000116 20 wherein R2,
R3, R4 and R5 are, independently, selegped from hydrogen, Cl-6alkyl, and

wherein

R?%, R3, R and R’ are, independently, selected from hydrogen, C;.galkyl, and
Ci¢cycloalkyl, wherein said Cy-galkyl and Cs.¢cycloalkyl are optionally substituted
with one or more groups selected from -R, -NO,, -OR, -Cl, -Br, -1, -F, -CF3, -C(=0)R,

5 -C(=0)OH, -NH,, -SH, -NHR, -NR;, -SR, -SO3H, -SO;R, -S(=0)R, -CN, -OH, -

C(=0)OR, -C(=O)NR;, -NRC(=0)R, and -NRC(=0)-OR, wherein R is,
independently, a hydrogen or C; galkyl; and

R is selected from —H and —C(=0)-0-C;.salkyl.

10 BIOLOGICAL EVALUATION

The compounds of the invention are found to be active towards & receptors in
warm-blooded animal, e.g., human. Particularly the compounds of the invention are
found to be effective § receptor ligands. In vitro assays, infra, demonstrate these
surprising activities, especially with regard to agonists potency and efficacy as

15 demonstrated in the rat brain functional assay and/or the human & receptor functional
assay (low). This feature may be related to in vivo activity and may not be linearly
correlated with binding affinity. In these in vitro assays, a compound is tested for
their activity toward & receptors and ICsg is obtained to determine the selective
activity for a particular compound towards 6 receptors. In the current context, ICso

20  generally refers to the concentration of the compound at which 50% displacement of a
standard radioactive § receptor ligand has been observed.

The activities of the compound towards « and p receptors are also measured in

a similar assay.

In vitro model

25  Cell culture

Human 2938 cells expressing cloned human «, § and y receptors and
neomycin resistance are grown in suspension at 37°C and 5% COj in shaker flasks
containing calcium-free DMEM10% FBS, 5% BCS, 0.1% Pluronic F-68, and 600
pg/ml geneticin.,



C3-6Cycl oal kyl , wherein said C-6al kyl and C3. 6cycl oal kyl are optionally
substituted wth one or nore groups selected from-R -NOX2, -OR -d, -Br,
-1, -F, -CF3, -C(=OR 5 -C(=0OH, -NH2, -SH, -NHR, -NR2, -SR -S03H, -SO2R
-S(=O R - GQRlp 200063157 C(=O OR, -C(=O NR2, -NRC(=O R, and pchR&Eu6do06dRs Wherein
Ris, independently, a hydrogen or C _6alkyl; and R6 is selected from-H
and -C(=0) -0Cl.6alkyl. 10 BI OLOd CAL EVALUATI ON The conpounds of the

i nvention are found to be active towargs 3 receptors in warm bl ooded
animal, e.g., human. Particularly the conpounds of the invention are found

to be effective Rt brinssropeishehandginsedinjee-¢add BBS fgpntaining 2 4mMIERSidst r at e
these surpGksing LML L1 I £ | . ni .not ency and
ef ficacy agﬁﬁg'ﬁ'ze'lr;%%gs irﬁg%}eedﬁﬁ?%ﬁg&r‘gl?l %?%Jl}%ﬁgﬁ%r@@ %g%aiﬁiﬁél or the
human S r eclagfeo (S0Mdirispp¥d (7.0, 258§ EDITyvith Phersylthethylmlénybfludiglenddedt ed to i n

vivo activity and lin I or t i,th binding affinity. In
these in vi¥} t&“&%ﬁ?%@ﬁ%%ﬁﬁ@%@%‘éﬂ@r&gﬁbi r activity toward S
recept or C50 is ohtained to determne the selective activity for a
parti cul-ar %@Mﬁm S Sreceptors. In the current context, [C50 20
generally refers_to the concentration of_ the co%ound at which 50%

t e

di spl acement of GElsarepelisted apd Ersispended an kysis bullen (6P MM JaspHha®: héen obser ved.
h il A g
The activi tj,GFEPTAL AR PMRO wa@%ﬁté@m;%{&&aﬁ@.lmﬁﬁawﬁ ey SO nmeasure

in asimlar assay. In vitro _ _ ure Human 2 cells
expr essi ng ethamddinkubmaied 4 icsfan mpn, thedwptogesizedwith apayiroi for B8sécst ance are

grown in suspension at 37C % i shaker - f.l.asks ont ai ni
O o 't - o SR kiR i a0 (affTe) 1 A At B3 Pl A 3P
genet ijcl(m. MBaﬂcDﬂhﬁb@l@%é{eZusBﬁHe@ﬁ@ﬂ?h&@Géﬂﬁ:. TBelsdBaxﬁnahﬁai)ﬁm'ﬁl ?dtﬁgpmé ghed and
rinsed in ice-cold PB containjin .5t nM EDTA H 7.4). The_ brains are
horogeni zedW?ﬁL’&%@F%ﬁ“ﬂ At 3%?0%%%@4[0{ 30mm. The pllietcase tpsyspended imyf f e (50mM

Tris, pH 7. &1d Frie BMr& B3 mMITHY OB Ny by dlayhSapalO mu shhiyenéiigeadded
resuspended in membrane buffer ( 50 mM Tris, 0.32 M sucrose, pH 7.0). Aliquots (1

ml) in polypropylene tubes are frozen in dry ice/ethanol and stored at -70°C until use.
15  The protein concentrations are determined by a modified Lowry assay with sodium

dodecy! sulfate.

Binding assays

Membranes are thawed at 37°C, cooled on ice, (or kept on ice if not used
immediately) passed 3 times through a 25-gauge necedle, and diluted into binding
20  buffer (50 mM Tris, 3 mM MgCl,, | mg/ml BSA (Sigma A-7888), pH 7.4, which is
stored at 4°C after filtration through a 0.22 m filter, and to which has been freshly
added 5 pg/ml aprotinin, 10 pM bestatin, 10 pM diprotin A if the membranes are
derived from tissue (rat, mouse, monkey, no DTT). Aliquots of 100 pl are added to
iced 12x75 mm polypropylene tubes containing 100 ul of the appropriate radioligand
25  and 100 pl of test compound at various concentrations. Total (TB) and nonspecific
(NS) binding are determined in the absence and presence of 10 pM naloxone
respectively. The tubes are vortexed and incubated at 25°C for 60-75 min, after
which time the contents are rapidly vacuum-filtered and washed with about 12
ml/tube iced wash buffer (50 mM Tris, pH 7.0, 3 mM MgCl;) through GF/B filters
30  (Whatman) presoaked for at least 2h in 0.1% polyethyleneimine. The radioactivity
(dpm) retained on the filters is measured with a beta counter after soaking the filters



just prior use to 0.5MMM froma 0.5M stock in DVMSO et hanol). 5 Menbrane
preparation Cells are pelleted and resuspended in lysis buffer (50 nM Tris,
pH 7.0, 2.5 nM EDTA, with PMSF added just prior to use to 0.1 mmfroma 0.1
M stock in wahharedky i ncubated on ice for 15 min, then MEde WM th a
polytron for 30 sec. The suspension is spun at 1000g (maxf or 10 mn at
4C. The supernatant is saved on 10 ice and the pellets resuspended and spun
as before. The supernatants from both spins are conbined and spun at 46, 000
g(max) for 30 min. The pellets are resuspended in cold Tris buffer (50 mMM
Tris/ O, pHforatigashhzh pumiaagacontaifing 647 mbdcimpidhtiat Suidr E the sssaysipestdpd i n

menbr ane buffer 50 mM Tris, 0. M sucr os H.7..0). | ts (1 m) in
pol ypr opyl e’r?Eg%fR}éc&cf%ﬁQ geﬂpk‘%éhtgia ﬁﬁfﬁ’fln }scogfrefﬁr—]%lﬁ%q ly%{rg(?algcﬁldjf'%g%ﬁ’ -70C until
use. 15 ThewpicRbaf WashedwiA B xall imDWashfuefef] ah @ didd 18 dn Byerfat 35 fdred, Tiw y assay
wi th sodi um_ dodecyl sulfate. Bindi ngpassa s. Menmhranes. are thawed at 37C

cool ed on i Hker plaies aeequnisd in @ d opEoun {Pagkad) afferaddma s QriNSdssed 3 ti nes

t hr ough 25 ' | L gl ra .50 MM Tri s,

3t h Lz, XS AR 3R G HisBid Birfbrl e e Retilaslut 20 T M ter

filtration ICh0oighmpownd? areavaliated &om Qrpbintdisphicerhert aarvbeimrthé casgbf y  added 5

g/m aprotiahpi 10-M best atin 0 Mdiprotin | f e ranes are derived
fromtissue Eﬁ%{’?&)ﬁ'ﬂiﬁ?g,a“ﬁ%%??c%“ﬁ e_caﬁqf@@b%&%@pﬁe&ssa&ﬁ% added to

i ced 12x75 donefinBoouleHiH e epprofise estintofthegbra@prbtenf (2B AR rANLigAt €

radi ol i gand, 25 and %Bglég of test conpoun various concentratijons. Total

I d
(78) and. nofsBeERt PEDelAv By Kap, wobectiay, 0000 Fooof drmbuetband
pr esencgg of aﬂ;ﬂ%d\‘la%&épﬂ%l-bglwﬁﬁ% p{@iﬁ%_@ng, UhE $2 ALSPIY PRLEXBE AN

i ncubated at" "25C for 60-75 mn, after hi c inme the contents are rapidly
vacuum f i | t dugandRappaprskpedtivily)h Thdotad bibding ahd horbspecidisbindiggarpuf f er (50 M

Tris, pH 7. 3.mM. 2) 1t hrough GE I s 30 (Whatnman) presoaked for at
| east 2h i n86?%%%???%??@?&?%ﬁeqﬂﬁﬁgorfgﬁiﬁ%(gg?'i vity (dpm retained on

t he fiItersFis .rregs§ured with a beta counter after soaking the filters WD
2004/ 063157 000116 22 for at least 12h in mnivials containing

6-7 m scintill a’Hlé) ar.]go];l{sifJ zla.c(gmqlr ]:)f tthg %on%gosu% s {.ssmesa(sal;[.reciJ lta)y determining the degree

15  to which the compounds receptor complex activates the binding of GTP to G-proteins
to which the receptors are coupled. In the GTP binding assay, GTP[y]>*S is combined
with test compounds and membranes from HEK-2938S cells expressing the cloned
human opioid receptors or from homogenised rat or mouse brain. Agonists stimulate
GTP[y]*’S binding in these membranes. The ECso and Epy values of compounds are

20  determined from dose-response curves. Right shifts of the dose response curve by the
delta antagonist naltrindole are performed to verify that agonist activity is mediated
through delta receptors. For human 6 receptor functional assays, ECsq (low) is
measured when the human § receptors used in the assay were expressed at ower
levels in comparison with those used in determining ECsq (high). The Ep.y values

25  were determined in relation {o the standard 6 agonist SNC80, i.e., higher than 100% is
a compound that have better efficacy than SNC80.

Procedure for rat brain GTP

Rat brain membranes are thawed at 37°C, passed 3 times through a 25-gauge
blunt-end needle and diluted in the GTPyS binding (50 mM Hepes, 20 mM NaOH,
30 100 mM NaCl, 1 mM EDTA, § mM MgCl,, pH 7.4, Add fresh: 1 mM DTT, 0.1%
BSA ). 120uM GDP final is added membranes dilutions. The EC50 and Emax of



in 96-place deep well plates, the filtration is over 96-pl ace PEl-soaked
unifilters, which are washed with 3 x 1 m wash buffer, and dried in an
oven at 55C for 2h. The filter plates are counted in a TopCount (Packard)
after addi Rgo36halosdYsr 20 5 scintillation fluid/ well. In the Riamiigssays
performed in 96 deep well plates, the 1C50 of conpounds are evaluated from
10- poi nt di spl acenent curves in the case of Delta, and 5-point displacenent
curves in the case of Mu and Kappa. Thezassay is done in 300gl with the
appropriate anmnount of menbrane protein (2g, 359, and 1g, in the case of
Delta, M, cnpoiedspss evabsipddidny &)-poinbdute-56006 8aFeNdansmi 32011 with thde 10
appropriate_tracer 251-Del t hi I E 51- DPDYN f or
Delta, M, PRI %ﬁtgﬁ%)%oymroe%eérclzkf% r{%ein (M%lpe# g%ﬁ%})h@@%{%&%ﬂggpeci fic

bi ndi ng ar eGTREiSperiwedd0.1 D -@ DAL Thababaling Sembeal elimbAMddbindiad a¥one.
Functional Assays The agonist activity of the conpounds is neasured by

det er i ni n & ehsencesmd gragpnce et 2 WM BYGTYu Ths arsex epfomed oRBIE acti vat es
L bi nch nyl R, GoghebBRod HRYLE RRoRERSRIBNS Bffnsounl od. 10 (he

GTP bi ndi ng assay, I's conbined” wth test conpounds and nenbranes
f r om HEK- 2988fec 10nsV depess 38k Na@H, 2000mid iNaChurmaM BPTA| SmMekiefbopl or from

honogeni sed, ra ! in. oni,st. il at e Plv] 35S binding in

t hese mm%ﬂ@édfé?fgo@w&oﬁ;ﬁ@ @glvﬂ@lsas”ld@mﬁﬂ%ﬁ%ﬁ%@ﬂe 20 det erm ned
from dose-response.curves. Right shifts of the dose response curve by the
del ta antagﬁMtri ndol e are perfornmed to verify that agonist activity
is mediated thrQugh delta.re tors. For hu receptor functional
assays, EC50 (I oWe W@lgﬁ@@aszﬁmwa{cﬁﬁtmﬁ&ﬁ%i@géﬁéﬁglﬁ}ged in the assay

wer e expy eSgetndd of va¥iBHs telt@¥RibSurldd wad BRRESROR piideftabdOS@nisIREE.I N det ermi ning
EC50 (high). The E val ues 25 were determined inrelation to the standard

8 agoni st SN@8es ofilCe, and FiY wesfficivat{n)donkigands in displnsipgspecificaily hawnsl bet t er

ef fi cacy thagn. I ] . i i es are
haed %t - aBgiott bRy crELAEAE Folrbed Bbes % Birde e il erih@llln TEFRAA0CS ©

di | uted i n GhehPFBSnhiSighaPiot( SR arbhtbiFjte 3/al26 ofify] wWaSchlculaRd fof thidl NaCl , 1 miv

EDTA, 5 mv NgOl H 7. 4. . Add fresh: DT 1% BSA). 120M final is
added nenbrgg%'z%?ﬁaffies%m a@%é&-%ﬁﬁﬂ%’é’ﬂ%» J B AYerRsested for

PCT/ GB29p94/ Qgﬂaéésted in at least three displacement curves, Biological activity of the

compounds of the present invention is indicated in Tables 1 and 2.

Table |
Compou Human & Human ¥ | Human u RAT BRAIN
nd. (aM) (aM) (M) W™M)
#
ICs ECs %EMax ICs ICs ECs %EMax
(high) (high)
3 0.48 0.62 91.7 188 287 N/A N/A
20 Table2
Compound. Human 8 Human « Human p
# (nM) (mM) (@M)
ICso ECso (low) | %EMax (low) ICso " ICso
1-2,5 [ 0.30-0.35 | 1.80-5.97 93.7-127.8 235.5-865.3 62.8-498




23 conpounds are evaluated from 10-poi nt dose-response curves done in 300l
with the appropriate anmount of nenbrane protein (20gg/well) and

100000- 130000 dpm of GIPy35S per well (0,11 -0.14nM . The basal and nmaxi nal
stinmul at ed Wondsn@s@fe determ ned in absence and presenge@fzoeyddhC 80.
The assay performed on HEK 5 293s cells stably expressing cloned Delta
receptors is done in a slightly different buffer (50mMM Hepes, 20nmM NaCH,
200nM NaCl, 1 nM EDTA, 5mM MyCl2, pH 444, Add fresh: 0.5% BSA, no DTT) and
with a 3Mfinal conc. of CGDP. Data analysis The specific binding (SB) was
cal cul at ed ReceffiBr SiuratioidExgeeinfeBisi n t he 10 presence of various test
conpounds was expressed as percent age of control Val ues of 1C50 and

Hil fficientg d
r edl oIC?ganldC\Inge a(éig:ldgzl? ?é&%r om etérﬂggédlsoggtp%&g?ﬁc rvgolu&h?ﬁ lrslé g’gggr ans such
as Ligand, cefiiradphizatts Withim a %@&ohéﬁhdﬁﬁ%@ﬂésﬁfrﬁi&n‘sr b2K were

cal cul ated fromthe Cheng- ussoff equation. Mean val ues of 1C50,

K; and nH vermengéésﬁﬁm{eqw(ﬁp kd CPSs it SRbek M}aeﬁshéaea%quheaee di spl acement
curves. Biological activity of the conpounds of the present invention is

i ndi cat &5 i faasT1b). e bpevit RdioTiaiidbildifDRRLpreAERADbIORY tothbiamn  RAT BRAIN
nd. (nM (nM (nM (‘M [C50 EC50 %EMax IC50 | C50 EC50 %&EMax (high) (high)
3 0.48 0. 62prBkinl Vai@s @BK 7 arld/ By, Nrdin imdlvidadd ktpedinfepRedifainddi®i 8 HumanK Human
It # (nM (nM (nM I1Cso ECso (low) %EMax (low) 1C50 I1C50 1-2, 5 0.30-0.35
1. 80-5. 97 %ﬁndﬁﬁ@oﬁﬁ&:&aﬂﬁ&io&cﬁ(ﬂ)mMﬁwmeﬂﬁdmmﬁamﬁﬁﬂikmé&OOM 000116

24 Receptor Sat uration r%etlil ment s
accarding to a one-sife

Determination Of Mechano-Allodynia Using Von Frey Testing

10 Testing is performed between 08:00 and 16:00h using the method described
by Chaplan et al. (1994). Rats are placed in Plexiglas cages on top of a wire mesh
bottom which allows access to the paw, and are left to habituate for 10-15 min. The
area tested is the mid-plantar left hind paw, avoiding the less sensitive foot pads. The
paw is touched with a series of 8 Von Frey hairs with logarithmically incremental

15 stiffness (0.41, 0.69, 1.20, 2.04, 3.63, 5.50, 8.51, and 15.14 grams; Stoelting, 111,
USA). The von Frey hair is applied from underneath the mesh floor perpendicular to
the plantar surface with sufficient force to cause a slight buckling against the paw, and
held for approximately 6-8 seconds. A positive response is noted if the paw is sharply
withdrawn. Flinching immediately upon removal of the hair is also considered a

20  positive response, Ambulation is considered an ambiguous response, and in such

cases the stimulus is repeated.

Testing Protocol

The animals are tested on postoperative day 1 for the FCA-treated group. The
50% withdrawal threshold is determined using the up-down method of Dixon (1980).
25  Testing is started with the 2.04 g hair, in the middle of the series. Stimuli are always
presented in a consecutive way, whether ascending or descending. In the absence of a
paw withdrawal response to the initially selected hair, a stronger stimulus is
presented; in the event of paw withdrawal, the next weaker stimulus is chosen.
Optimal threshold calculation by this method requires 6 responses in the immediate
30  vicinity of the 50% threshold, and counting of these 6 responses begins when the first



Radi ol i gand K6 val ues are determ ned by perform ng the binding assays on
cell nmenbranes with the appropriate radioligands at concentrations ranging
fromO0.2 to 5 tines the estimated K5 (up to 10 tines if amounts of

radi ol i gandygegidjoéRsy are 5 feasible). The specific radig S'Tm?"“%“—% ng is
expressed as pnol e/ ng nmenbrane protein. Values of K6 an rom i ndi vi dual
experinents are obtained from nonlinear fits of specifically bound (B) vs.
nMfree (F) radioligand fromindividuajs according to a one-site nodel.
Determ nati on Of Mechano- Al |l odyni a Using Von Frey Testing 10 Testing is
per f or ned Ishinge enre§@rBOoemek, ¢.8: th@thrtabblldgsﬁﬂstecmsb&rohhmowhened by Chapl an et
al . (1994) ., Rat l.aced i n PI re mesh bottom
whi ch al | OV\ﬂ/]sIeS 8?:(15’%1??&51? ﬁleran etH.ﬂare ugs’fa(%elt%oﬂﬁa m@b% & ]5¥) °f0-15 nin. The

?r eat ez t ed. 4hIS(n‘Iahmliydﬂpdljmiﬂaai(‘je ﬂeqfeﬁnmmslgﬂm T?Nfﬂsﬁlhﬂgpitfbm lﬁlﬁsj‘sms'ens |h tive
oot pads. The npaw is touc wWth a series o Von Fr ey irs wt
| ogar i t hri GBfl PSEAIRE FeERATSEsP ta%lagefi.uﬁmaé@scownzemg 59 withdimyalD 5a 3. 63,

5. 50, 8551y ifRthwh? aﬁ&ﬂ%r@%mt@ﬁ@lﬂtthﬁﬂmld is lmte%b‘ﬁé)l usihBtheVBmdiaey hair is

applied from underneath the nmesh floor perpendicular To the plantar surface

with sufficient 50w ctrdshold aus& 81tioghod buckl i ng agai nst the paw, and held
for approximately 6-8 seconds. A positive response is noted if the pawis

sharply wivthetr %in valpe pﬁbhnlasqunﬁreﬁhmveﬂegi(lggmtsb,éqrmtaémaofralum(eﬂoma| r is also

consi dered 2 nb at,jon . s _consider an anbi guous
response, a‘ﬁﬁpaﬂggﬁ @iby@%éoé?? B el?to Rﬂﬁlbvejlngg?ué’ﬁé??@&es fﬁgs i 1§ ot ocol The
animal s ar %ﬂf@&{&@e%eﬁ@%@]pg5${]ﬁl’eg § Hewk 5% 6.974.t he FCA-treated group. The
50% wi t hdrawal threshold is determ ned using the up-down nethod of Dixon

(1980) .10 25 Test\fqnd?‘rﬂsthsqshcvldsa@remmrt@dw@ perogat of mpximum ppssitleefigctitfoe of t he
series. Sti [ r ascendi ng
or descendll\%ii F@c fdﬁ@ abse ce o gﬁqu@f%@%&g%ﬁo}ﬁggg%\é&e%@%e initially

sel ected ha&khMPE stronger stinulus is presented; in the event of paw

wi t hdrawal , the _n : threshol d

cal cul ation by t/hgé}ErTe SRirealed tre gOHEES elidyedi ate 30 vicinity
of the 50%t hreshol d, andcg (gjhﬁﬁﬁyﬁaﬁﬁggggmq@f begl ns when the
first WD 2004/ 063157 PCT/ GBZOO4/ 00011

15  Administration Of Test Substance

Rats are injected (subcutaneously, intraperitoneally, intravenously or orally)
with a test substance prior to von Frey testing, the time between administration of test
compound and the von Frey test varies depending upon the nature of the test

compound.

20 Writhing Test

Acetic acid will bring abdominal contractions when administered
intraperitoneally in mice. These will then extend their body in a typical pattern. When
analgesic drugs are administered, this described movement is less frequently observed
and the drug selected as a potential good candidate.

25 A complete and typical Writhing reflex is considered only when the following
elements are present: the animal is not in movement; the lower back is slightly
depressed; the plantar aspect of both paws is observable. In this assay, compounds of
the present invention demonstrate significant inhibition of writhing responses after
oral dosing of 1-100 umol/kg.

30 (i) Solutions preparation



change in response occurs, e.g. the threshold is first crossed. In cases
where thresholds fall outside the range of stimuli, values of 15.14 (normal
sensitivity) or 0.41 (nexinmally allodynic) are respectively assigned. The
resul ting pbbelsdeAly positive and negative responses i SdrabhdddasiisSi ng the
convention, X = no wthdrawal; 0 = 5 withdrawal, and the 50% w th ravval
threshold is interpolated using the formula: 50%g threshold =10(Xf+ks) /
10, 000 where Xf = value of the | ast vog Frey hair used (log units); k =
tabul ar value (from Chaplan et al. 84)) for the pattern of positive /
negati ve r eAginacid (Ae®H).820 utﬁﬁmceﬂaﬁtﬂnemdedhﬂ%mnlsﬁdls’nlleﬂu(atemgn units).

Here 8 = 0.2 4. 1 Von F e ol ds,.a onverted t rc maxi mum
possi bl e ef{! ?,rtof’ g?&ﬁﬂ%thél‘é‘ﬁf%’? Ceragpn o ﬁ(égs A"%ﬁ% 11%& | owi ng
equat i on 'Sso!llﬁi%ﬂlslmeﬁﬁﬁﬁ&t(@orte%Wﬁ%ad)%bi\lﬁﬁcﬁmprUg treat ed threshold (g) -
al 'odyni a threshol d (g) X 100 Control threshold - allodynia threshold

(9) 15 Admi ‘eerspeuad (dmz] a%@mm%tsmﬁ@@reﬂawédm@qunpéhﬁ@@ste@ leut aneousl y,
i ntraperd t %%ﬁé%coﬂdﬂ%g{t@gﬁﬂ(gﬁégﬁéc&{ur rally) wth a test substance prior to
n he et

von Frey testl en adm ni stration of test conpound and the
von Frey te(sbevhtxm&sadztaqnetrﬂdmng upon the nature of the test conpound. 20

Withing Test Acgtic acid abdom nal . contracti ong when

admi ni st er ed ﬁﬁﬁéﬁgpp%@ﬂ'@ 9 ﬁn%qé(slé‘trqulonteﬁbhpgitend their body
ina typi c%ubaﬂﬁﬂ@wy(s\fwmmmh@@@(cvqymenm%(@ﬂlaadalusgméeﬁbragehl s descri bed
novenent is |ess frequentléobserved and th rugssel ected as a potenti al

good candi dice bodswaighRB) T @ 4AQseinulpnaseardipg ta the plgssy elicpmponng a8galsi dered onl y

when t hey fo in novenent; the
ey o e efiios LRG0 S, QU AE impol i WlidHhed Sl | 1 T ETE
obser vabl e. Intravemhicmlzmlszs(iayy)onnm'aihm&ly@ft) atviodunpe efsSeurt isiadwénistered. denonstrat e

ol kg, 30 (1) SuliRE s FurPeEso0 G BavoRid el iuioo011s

(considering the average mice body weight) immediately prior to testing.

(ii1) Testing
15 The animal (mouse) is observed for a period of 20 minutes and the number of
occasions (Writhing reflex) noted and compiled at the end of the experiment. Mice are
kept in individual “shoe box™ cages with contact bedding. A total of 4 mice are
usually observed at the same time: one control and three doses of drug.
For the anxiety and anxiety-like indications, efficacy has been established in
20 the geller-seifter conflict test in the rat.
For the functional gastrointestina disorder indication, efficacy can be
established in the assay described by Coutinho SV ef al, in American Journal of
Physiology - Gastrointestinal & Liver Physiology. 282(2):G307-16, 2002 .Feb, in the

raf.

25  ADDITIONAL IN VIVQ TESTING PROTOCOLS

Subjects and housing

Naive male Sprague Dawley rats (175-200g) are housed in groups'of 5ina
temperature controlled room (22°C, 40-70% humidity, 12-h light/dark). Experiments
are performed during the light phase of the cycle. Animals have food and water ad

30  libitum and are sacrificed immediately after data acquisition.



26 Acetic acid (AcOH): 120 L of Acetic Acid is added to 19.88 ml of
distilled water in order to obtain a final volunme of 20 M with a final
concentration of 0.6%AcOH The solution is then mxed (vortex) and ready

for injectiwgaedepRbiaornd (drug): Each conpound is prepar ggrafifoskiosses ved in
the nost suitable 5 vehicle according to standard procedures. (il)

Sol utions adm nistration The conpound (drug) is adm nistered orally,
intraperitoneally (i.p.) , subcutaneoggly (s.c.) or intravenously (i.v.))
at 10 m/kg (COI’ISI dering the average mce body weight) 20, 30 or 40 m nutes
(accor di ng $ampléie cl ass of compound and its 10 characteristics) prior to
testing. Wien the conpound is delivered centrally: Intraventricularly
(i.c.v.) or intrCmmynd @me) testing includds gnaups of Bisithatglo adiiendive rved. The AcOH

(cons der  ri et B4 B85 A AR eskaialt, kot il aRiehBRoMPDL PO 80 ot g
(iii) Test ID@—&Eataa“l@cpaﬁmﬁﬁi fo(uﬂgmaﬁs) art fnjekeieritellPS, one af e fhu@graups B0 M nut es
T
contact bedglinnge. As@c@h@ke’t%ffefpemrﬁﬁts%’feecon&lﬁ:‘t@lh\yolﬁﬂgﬁﬂfg gRbupd ofi B, AANE i me:
one control and three doses of drug. For the anxie and anxiety-1ike

i ndi cat i onsof vdfi¢h wagiye habPb trertment, ieingive groun receiyes h@ccgelhdued (Ckeg)fﬂtr er

conflict te?%fcflé]tﬁecﬁhér% F&{psa%e%ﬁapela%ng] “ﬁ% r0| oglgamna %Ider

I ndi cation I’cacy can I'she a say by Cout i nho
SV et at Ip’erfélﬂiﬁed wadzteimitferndkiobitic oPkedativd edfpyts of Gags whichicas t:(m‘nﬂbut&oLl ver
Physi oI 2% (t§) Cﬁ% 16, 2002 Feb, in the rat. 25 ADDI TIONAL I N VIVO
TESTI NG ects and housing Naiive nmale Sprague Dawl ey rats
(175-200g) are housed in groups of 5 in a tenperature controlled room (22C,
40- 70% huni S0k O t/dark). Experinments are performed during the

l'i ght phase of t he cycl e. Animals have food and water ad 30 Iibitumand are
sacrificed i medRas akpllayedio hahituateindhs experimental laboratory for 15-20 min

prior to treatment. Inflammation is induced by administration of LPS (endotoxin of
gram-negative E. coli bacteria serotype 0111:B4, Sigma). LPS (2.4ug) is injected

15  intracerebro-ventricularly (i.c.v.), in a volume of 10pl, using standard stereotaxic
surgical techniques under isoflurane anaesthesia. The skin between the ears is pushed
rostrally and a longitudinal incision of about lcm is made to expose the skull surface.
The puncture site is determined by the coordinates: 0.8 mm posterior to the bregma,
1.5 mm lateral (left) to the lambda (sagittal suture), and 5 mm below the surface of the

20  skull (vertical) in the lateral ventricle. LPS is injected via a sterile stainless steel
needle (26-G 3/8) of 5 mum long attached to a 100-pl Hamilton syringe by
polyethylene tubing (PE20; 10-15 cm). A 4 mm stopper made from a cut needle (20-
G) is placed over and secured to the 26-G needle by silicone glue to create the desired
Smm depth.

25 Following the injection of LPS, the needle remains in place for an additional
10 s to allow diffusion of the compound, then 1s removed. The incision is closed, and
the rat is returned to its original cage and allowed to rest for a minimum of 3.5h prior

to testing,

Experimental sefup for air-puff stimulation

30 The rats remains in the experimental laboratory following LPS injection and

compound (drug) administration. At the time of testing all rats are removed and



WO 2004/ 063157 PCT/ GB2004/ 000116 27 Sanple Conpound (Drug) testing

i ncl udes groups of rats that do not receive any treatnent and ot hers that
are treated with E. coli |ipopolysaccharide(LPS). For the LPS-treated
experi ment \wé 91 @ups are injected with LPS, one of therf¢sios@i049S 1S 5
then vehicle-treated whilst the other three groups are injected with the
drug and its vehicle. A second set of experinments are conducted involving
five groups of rats; all of which receigve no LPS treatnment. The naive group
recei ves no conpound (drug) or vehicle; the other four groups are treated
wi th vehi cl plaw'dtdutsirlc the taboratorylr Oge raThtw'En@isémqghtiht«rﬁretbsﬁmg dedratorf ne

| yt t ff f t 1 t 10
et T on'i ARGk Sertnargd S o of P SR S BBt & (1 ¢ he
experi nent abeﬂtﬂmfaﬁowm%&ﬁnﬁ 623(@ b 4 JAd c1ﬁ EBRS/EYETDN. Tebi§i@mation is

i nduced by adm nistration of OXI gram negative E. coli
bacteri a sehs).yPee @hymyww-lﬁffg,nhl)oughﬁ&m Qutﬁlg)mzﬁe of).32 tregis tontrolled

intracer br ven J in.a f 1041 standard

st er eota 8 S‘F’ag&ﬁg{% W&?)sc’&? ‘gﬁc@ﬁ fé?? fhe skin

bet ween theﬁeamlratamr(om@dnd ﬁﬂﬁtmﬁhélwvaﬂph@eduemdfq%m@erumn&l on of about
lcmis nmade to, expose the skull .surface. ., The, puncture site is determ ned by

t he coor di nEesgnunpid0prts greadministered, OEH%MB’P@%}%“OHW WHISh CEETEPRES (| eft) to

the | anbda mgpﬁet@gtaﬁ%wﬁmsﬂgqmﬁmcgﬂﬁm the surface of the 20 skull
(vertical) 1nthe lateral ventrlcle LPSis injected via a sterile stainless

steel needly e(r%?en 1 4 Juﬂ&geu f.ached to a 100-1 Ham | ton syringe

ITE

by polyethy A 4 mm st opper made from a cut
needl e (R0- G I I ilicone
ol e fo'Sreatt tﬁhg‘ﬁéﬁﬁgﬁﬂf%n;nmﬁfdﬁﬁ& b MR flera Gt s cone
t he needl e semsdiand vibratiphs Géedbadk, Banmﬂkl)placmda:is1de1e@clsc1tb®clahﬂdmmoﬂle‘dus| on of
t he conpound, iS v inci.si.on is. cl sed t rat is .
ret ur ned togytl“yk‘g&il\ﬁg Eﬁ}g—ggﬁnﬁ%ﬁ%‘%@w OPJé%rt Far Mé%’ﬁ*m ﬁ‘%ﬁ‘("éﬁl" 3. 5h
prior to t gkt iBghenbPEIvEERIG Md DODOW: 4@ FecBided Rabdd il &dityThe
same software (LMS CADA-X 3.5B, Time Data Processing Monitor and UPA (User
15 Programming and Analysis)).

Compounds (Drugs)

All compounds (drugs) are pH-adjusted between 6.5 and 7.5 and administered
at a volume of 4 ml/kg. Following compound (drug) administration, animals are
returned to their original cages until time of testing. '

20  Analysis

The recording is run through a series of statistical and Fourier analyses to filter
(between 20-24kHz) and to calculate the parameters of interest. The data are
expressed as the mean + SEM. Statistical significance is assessed using T-test for
comparison between naive and LPS-treated rats, and one way ANOVA followed by
25 Dunnett’s multiple comparison test (post-hoc) for drug effectiveness. A difference
between groups is considered significant with a minimum p value of <0.05.

Experiments are repeated a minimum of two times.



30 The rats remains in the experinental |aboratory follow ng LPS injection
and conpound (drug) admnistration. At the tine of testing all rats are
renoved and WO 2004/ 063157 PCT/ GB2004/ 000116 28 pl aced outside the

| abor at ory.w&asshogdisAt a tinme is brought into the testing Ay and
placed in a clear box (9 x 9 x 18 cm) which is then placeacl?‘% a !

sound-attenuating ventilated cubicle neasuring 62(w x35(d) x46(h) cm

(BRS/LVE, Div. Tech-Serv Inc). The dehpvery of air-puffs, through an air
out put nozzl e of 0 32 cm i's controlled S by a system(Al rsStim San Di ego
| nt r unent s) Detgmmaibate pinphvie A g the Fargreayk aetgstdur ati on (0.2 s)
and fixed |ntenS|ty vmth a frequency of 1 puff per 105 A maxi mun of 10

puffs are agpi alisation starts, whi ch ever comes
first. The f :51$&a&£gfi@‘&°¥l 4 start of recording. Experirrental set up

for and ultraso cardin co d . for 10

nm nut es 3SI ng mulgrguorﬁﬁoﬁelghl(e%‘%owag (ﬁ%a#éﬁg‘% \fﬁ%séﬁ éﬁgaéﬁgeﬁ‘é‘g’ek, Denmar k)
RI aced i nsi Agerenldkis GIH?_IRH , ATQTR 3IGM7Y, rlmglnﬁdheablstillb&ﬁné&,l‘@ﬁ;m%ﬁfﬁa 518, Data
cqui sitjon ro c

ni.t or hi sof t war The, frequenci es between 0
and 3zoo%m02\/?elpee%ﬁaawn°@a%d C?;ﬁaﬂ%ﬁ?alraysleal%sat%év(%énil m&f (LNVB

CADA- X 3. 5B3gghi (@el@ﬁat @e%?a%&eﬁgh%swm G%rsolﬁﬁélrg'ﬂ?ﬁaépser 15 Progranm ng and
Anal ysi s)). Conpounds ugs) corrpounds rugs) are pH adjusted between

6.5 and 7.5 and lear@dmmﬁxaﬁmdﬂouﬁmmmthrﬂst@enmmm%&jS&érrpound
(drug) adm I or i cages unti |
tinme of tes F%t&{eq%&%g? d;@?g;ed'sf%gﬂar?%bggﬁﬁ E‘(ﬂeél tﬂ?ﬁ??‘ g)gﬂ?etp? es of

st i’:lt i Ist i cal ﬁﬁﬁéd Efbeot isﬁ'&aohﬁdﬂtljﬂ&ﬁlsfréméveﬂﬁﬂd Iélaédd&inmmalmcﬁﬁ&kgs)cmdht 0

cal cu a t he pa te interest. The a are expresse as the nean
SEM St af i SPrR aﬁ%d?fﬁ ﬁeﬁﬁa@ ' oot and Eﬁﬁ%@ infrodueqd supcutanegtipar i son

bet ween nai yg@anskpbdt bW &AlBotpaPS Shin 2 Qﬁtﬁ# WcM@\réa@l‘n {h‘é‘ﬁﬁédll?lﬂf 25
Dunnett's nultiplée conparison test ost - ectiveness.

di fference thsoewdematatprsl prea). Embhﬂwgnwfsm@ml?@@mﬂo&ltdf carragesriaum p val ue
of <_0.05. (IR {5 ifbced HRGAL S8, Andl Sl PeBdurd WQpp1iddESs 3-4

seconds after removal of needles,

[em}

15 If the animals are waking up during the procedure, they are then return in the
inhalation chamber until desired effect is reached.
After the intraplantar injection, the animals are allowed to wake up under observation
in their cage.
For FCA treatment, rats are allowed 48 hours for the development of the
20 inflammatory process. For carrageenan treaiment, rats are allowed 3 hours for the
development of the inflammatory process.On the moming of the test, rats are placed
in the lab (in their cages). They are allowed to habituate to the room for at least 30
minutes.
Test Site
25 The heat stimulus is applied to the center of the plantar surface, in between the
pads. The test site must be in contact with the glass, with no urine or feces in between,
in order to maintain the correct heat transfer properties from the glass to the skin.
The plantar apparatus consists of a box with a glass top/platform, the glass
surface is maintained at 30°C by an internal feedback mechanism. Underneath this
30  glass platform is a light bulb mounted on a moveable arm, a mirror is placed

underneath to allow the light to be positioned under the rat’s paw. When the light is



WO 2004/ 063157 PCT/ GB2004/ 000116 29 Determ nation of thermal hyperal gesia
using the Hargreaves plantar test Adm nistration of FCA or carrageenan
Freund's Conpl ete Adjuvant (FCA): SIGVA cat.# F 5881, Mycabacterium

t uber cul osivpg 4463357 ATCC 25177), 1ng/m, heat kill ed,

paraffin, 5 0.15 m manni de nonool eat e. o} carrageenan %glﬁg%ém??%gmlmw Cg) :
SIGVA cat.# C 3889, (CGelatin, vegetable; Irish noss), (1.0% solution) in
NaCl . Injections are done with a Ham | §gn syringe with a sterile needle size
2665/ 8". Rats are handl ed and placed In chanber for anaesthesia with

i sof | ur ane.acWﬂeﬂitbﬁdnesdhmhgleah giettacctof F-2mirediametelr. Thi expediinentr activatéed and

pl aced on vent.ral n 1 Si,ti The left hind _pawis
gr asped ano‘gfh@% @cls?ﬂ Pﬁgﬁ"&gjﬁelﬁﬁg f"’a‘ﬁ’églf)é’a W15 ERGVe 2588 | pet ween
f oot pad of Jﬂzogvsrseébnasaﬁdxeﬁtﬁath@nsshsleamagaann@aaﬁ shdigd Hedstlfe] &f the paw
(met at ar sal are%%#’ Final Iy, a volume of 100l FCA or 100l of carrageenan
sol ution, i%&mey 9aWn}T&ﬁxewm?nt@ payealseugn offihe Hekth pny prigls dkimer s appl i ed
for 3-45 e\ﬁf?ﬂgéoé@me%r:ﬁﬁ%Yﬁfne at tHe§ hﬁ§acti'~.étehf the animals are waking up

during the procedur e ey are thenr In the inhalation chanber until
desired effect iBuxmachenkaswibs e ﬂuh’emﬁmheaﬁiedtghhxs actijaget This shaubkbani mal s are

all onwed to wake.u bs rvat hei.r caqge. For ECA treatnment, rats
are all omedmﬁlg{afﬁg'ﬁtag'%ég’ e8I SMFﬁéd ¥ afjgin ePﬁF{a&ﬂ%‘t o process.
For carrage@ﬁgmewr@abm@édmrtﬁéﬁmameoﬁinlegp@gn&thours for the devel opnent of
the inflamuatory process.On the norning of the test, rats are placed in the
lab (in the@%@. They are allowed to habituate to the roomfor at |east
30 mnyes. Te &irfeh % ter of the
pl ant ar HZ:urfacesfhlen%x%et vveé-ré}}p% pggéd méhvé?degtlé%ﬂjsg?%uie% |%m§ont act with
the gl ass, inledtionof mﬁamma@pn fRypemlgesialiemoasared at 48h pnstaIE‘EAtlmectainrm ahn the
correct heat gransfer ertles fromthe glass to the skin. The plantar
appar at us ¥ Fag{age%?n 5? Wth a glass top/platform the glass surface is
mai nt ai ned ,? ig CPU\{ an internal feedback mechanism Underneath this

Test Procedure

Naive rats: For the procedure of establishing a Dose Response Curve, one group of 7

15  rats is used as a control group; they are anesthetised with the remaining 28 rats, but
are not given any injection, Testing of the naive group may be done eithelj prior to
beginning or immediately following the experiment, with the minimum stress
possible, the rats are placed in individual Plexiglas boxes (14 x 21 x 9cm) on top of
the plantar device; they are allowed to habituate for a period of 30 minutes. When the

20  animals are ready to test, the light is placed directly under the test-site and activated,
and the latency to withdrawal is recorded. After a period of 5-8 minutes, to allow skin
temperature to return to normal, a second reading is taken, and the rats are then
removed and replaced in their cage.
Baseline Values: The remaining 28 rats (divided into 4 groups) that have been

25  injected with FCA (or carrageenan) are placed in individual boxes on the machine and
allowed to habituate for 30 minutes. The experimenter should verify the degree of
inflammation of the paw and check for discoloration. The heat stimulus is placed
under the test site, and the latency to withdrawal is recorded; two readings are taken,
as above, It is the comparison of these baseline values with those of the naive animals

30 that establishes whether hyperalgesia is present.

Post-drug testing; Once hyperalgesia is established, the rats are injected with the

compound of interest. Each compound is prepared and dissolved in the most suitable



30 glass platformis a light bulb nounted on a noveable arm a mrror is

pl aced underneath to allow the light to be positioned under the rat's paw.
When the light is WO 20041063157 PCT/ GB2004/ 000116 30 activated it shines
through an \pgegdimeRspPf ~2mm di aneter. The experinmenter eiioBdbR%ooide |1 9ht,
and automatic sensors turn the light off when the paw is renoved; a cut-off
of 20.48 seconds ensures that no tissue damage wi |l occur should the rat

fail to renove his paw. The experinensgr may also turn off the light at any
point. ATinmer 5 wll record the duration of tine that the light is

activat ed. Yhiple seeerding togtandarépropedurds) (The edminigvation teute} daophs, volimect i vat ed.

Thi s shoul . i 0k-al At - 97- 98" . ¢ i fi ed by adjusting
t he pl ant a(rjan?gt%%%l,tg%ﬁ? Qﬁ%ﬁ@:mt}lo%vlsé%%Blg%?ﬁ‘a%ggémpﬁﬁidﬁgr ﬁmgsg(ﬁf e of an

exper i ment . cohippaadshuiVhen tebingltrenpexpds dt 28430 ndawtedpospmjdctomsdciadstfer varyi ng

| engths of tinme fallowi ng the .induction qf |nflammation. eralgesia is
nmeasur ed atl"agﬁs'ﬁd@tegwg@ﬁja’éecﬁl?% g algp‘ve(aﬁ%ng -@é‘ft"&é@ﬁ%’%}’%@ﬂl on. Test
Procedure Nghiyethé afu'ﬁi})rézd%est 1R FRE ORI 185t cEmbald ahd0dindtdPesfofesponse
Curve, one group of 15 rats is used as a control group; they are

anest het i sel@llawing thhiajechomirats arg pleged back in thair original qase wijhfkeir cagy i nj ecti on.
Testi ng of i . j . Lil:@ry 1.0 . i .nod r

i mredi at el yﬁ’F‘gf'P%ﬁvhyﬁ‘SQEVﬂ%Qé pe@?@tﬁ?,ﬁo%bﬂ%ﬁ% v?lnﬂlntlh&ng%l %ecség I!aﬁgﬂtteié's)si bl e, the
rats are pli@oeidinmize thediress diisd-esBibtishing asochd xtashid ditkinZlgmuPefgatson top of the

pl antar devjce,; .they are allowed to habi te far .a periogd. of 30 m nutes.
When t he 2o§(§{ﬂ‘flﬁﬂé rslxﬁga’ée Rlased ong gletp ar %éﬁwe&ﬁﬁ gy ?{S’c@gmfﬁt"rt(?g}i‘?y under
the testgsiplgntadachailel VIRE®RLD is parfichnied @s HREAHMAMbEWR. Tivb ReHIRWE lard tikdnecor ded.
After a period of 5-8 mnutes, to allow skin tenperature to return to

normal , a sedirdford#aing is taken, and the rats are then renpved and

repl aced in thei I X (sl IR jvided into
4 groups) that _hpg]%/ee eaélr?ﬁggg‘% ﬁﬂgg%@hﬁgméyﬁzg& éor t@a&?ﬁé@éﬁ%&?’ ‘g@ie_ pl aced in
i ndi vi dual howds arfedehbetwaahthn ekia of thephivané thetglesh sitbface af the fvachid® An nut es.

The experinenter shquld verify the degree of inflammtion of the paw and
check for df“g%{%‘f”ggin(?ﬂl?“?ﬁg‘{ﬁeat stimulus is placed

15 - The animal is in locomotion, including sniffing, grooming and exploring.

- The animal is sleeping.
- The animal is showing obvious signs of stress (tonic immobility, vocalizations, ears
flat), unless these are the possible result of a compound side effect and cannot be
avoided.

20 - The animal is positioned in such a way that the paw is not in direct contact with the
glass (paw resting on top of tail);
- The animal’s paw is displaying blue coloring as a result of a bad injection. In this
case, the animal is rejected from the experiment completely (at the beginning).

When urine or feces are present, the animal is removed, the glass surface is

25  wiped clean, and then the animal is replaced. When the animal is sleeping, or
exhibiting tonic immobility, the experimenter may gently move the box or move their
hand in front of the box to elicit a short-term attentional behaviour. Close observation
of the animal’s behaviour should be conducted throughout the test.

Re-Tests:

30 At any time during the experiment, if the experimenter is not certain that the

paw withdrawal response was not a response to the heat stimulus, the animal may be



under the test site, and the latency to withdrawal is recorded; two readings
are taken, as above. It is the conparison of these baseline values with
those of the naive animals 30 that establishes whether hyperalgesia is
present. Pogb-6seesisesti ng: Once hyperal gesia is establ ipgheshoédifo rlglts are
injected with the conpound of interest. Each conpound is prepar ed1
di ssolved in the nost suitable WD 2004/ 063157 PCT/ GB2004/ 000116 31 veh| cle
according to standard procedures. The ggm nistration route, doses, volune,
and tinme of testing after injection is specific for that conpound (or class
of corrpounmstystedfdﬁan{Seemutn:g’ﬂmmnawhﬁ@ﬂb@@ulﬁﬂalmwmdmornj ection, such
as for n ar. ed and all owed to habituate on
t he pl ant ar“fgﬁé%gﬂf? l:.@ @ﬁ P@‘ 186) @&&B@é its effect. When testing
conmpounds aj 60 nutes or nore following the injection, rats are pl aced
back in theﬂ&—"@’r‘—‘B&ﬁ?@%;e with the| r cage mates Rats are al ways repl aced
|nthe|ror| es wth t |naI es to mnimze the
stress of r#& éggl?ﬂ)fgﬁg‘ﬁinﬁﬁ“ac"%‘ g reéP ‘E:"‘ttﬁlﬂéﬂﬁg ‘§ group of rats. 30nin
later rags avm&h@a%@ﬁenﬂ&%@mfeﬂmgm Giﬂeﬁ\fﬁﬁwéﬁbygﬂwtlﬁﬁmhp habi tuate to
the 10 plantar machine. Testi IS med as descri bed above. Two
readi ngs are takdrtergrmewmnest quh h@g’t(Pwalmﬁﬁ@ fertherstimwatsd pB%) cal m and qui et
yet alert, and i on, with no urine or feces between the
skin of the paw %égpgﬁqﬂg&lgééﬁgﬁalég%e of the machine. An animal should not
be tested |fthe&&1tsop[ﬁhar(anddmpa\ir)§spett bbihe inflaimed paw iclenovedfremitlid i ng, gr oom ng
and expl ori nlg - The animal is sleeping. - The animal is show ng obvi ous
si gns of stg ¥s (tonic imobility, vocalizations, ears flat), unless these
are the ihle result of a conpound side effect and cannot be avoided. 20
- The ah Eﬂﬂg—%osmloned in such a way that the paw is not in direct
contact with the glass (paw resting on top of tail); - The animal's paw is
di spl ayi ng bl ue Blsidsts sigcesessed essthe me@fiﬁEﬁhoStatrﬂle@ﬁgmﬁcamw ig pisessecase, the
animal is rgLg ‘?éétifor%% {}Fs ﬁﬁ&%kﬂ'}?ﬁ &ﬂrﬂ?ﬁa‘i‘ﬁe%' gts(a%ﬁohtg%/a AWNAHPANY) . When
urine or feces are pre e aninmal 1S reno S surface is
followed by Dunnett’s multiple comparison test (post—hoc) for drug effectlveness A

difference between groups is considered significant with a minimum p value of <0.05.
15
EXAMPLES

The invention will further be described in more detail by the following
Examples which describe methods whereby compounds of the present invention may
be prepared, purified, analyzed and biologically tested, and which are not to be
20  construed as limiting the invention.

INTERMEDIATE 1: 4-[(dimethoxyphosphinyl)methyl]-benzoic acid, methyl ester
A mixture of 4-(bromomethyl)benzoic acid, methyl ester (11.2 g, 49 mmol)
and trimethyl phosphite (25 mL} was refluxed under N; for 5 hrs. Excess trimethyl
25  phosphite was removed by co-distillation with toluene to give INTERMEDIATE 1 in
quantitative yield. '"H NMR (CDCl) & 3.20 (d, 2H, J=22 Hz, CH,), 3.68 (d, 3H 10.8
Hz, OCH;), 3.78 (d, 3H, 11.2 Hz, OCHjy), 3.91 (s, 3H, OCH3), 7.38 (m, 2H, Ar-H),
8.00 (d, 2H, J=8 Hz, Ar-H).




25 wi ped clean, and then the animal is replaced. Wen the animal is
sl eeping, or exhibiting tonic imobility, the experinenter may gently nove
the box or nove their hand in front of the box to elicit a short-term

attenti onalwggtﬁ%gsqy,r. Cl ose observation of the ani mal 'pgrhghgMiofis Shoul d
be conducted throughout the test. Re-Tests: 30 At any tinme during the

experinent, if the experinenter is not certain that the paw w thdrawal
response was not a response to the heatzzstinulus, the aninmal may be WO
20041063157 PCTI GB20041000116 32 re-tested after 5-8 mnutes. This may be
due to the B ' §1(dd ' engylideng)-pipenthinetmuboxylithi | e t he

HVIERDATH 3 : 41G4dvEatil i ihe

stinmulus is L0 |ied. Acceptable responses: any of the follow ng are

consi dered acl?cﬂerﬂb I%e‘ft he heat stinulus 5 -Wthdrawal novenent of the paw

of f the gl ass (ofé esolitidn SWBNTERMBBIATE ¢ ki dgy) THH (200 1éll) was\udagint of the body

(contral ateral for, the stimulated %%@HBLToes are noving off the glass - the
t

cent r opl anafiropyisa difhium siisopsenylavpide, il f MapberapesaA? mdhved°¢.r om t he
I : E]ﬁ& g?mg | Stqd.cal
gi gflisf [ ggnégﬁél ?Igg)gg)ggs(e %gss@élg -1 gg? or{b(;erggrr%;lr [ g%%ﬁfggdnﬁ%t%‘e and
i nflamed r aof N-artebubrxgcasbonyMNi@iperidbmd (9Gveed 4B nnial im i hE dogTHEplAdtec onrpar i son
t est t- ar. ffecti . A | f { [
consi dored U B bR eafiotteeE s HERER vy GF0 58 e Sxertedlin BS | The
i nvention wethll dotalel{8 & 300 ntgSTId ddmibined of@i: hasediwerddriddvef MghOamn

Exanpl es whi ch descri be net hods_ whereby conpounds of the present invention
may be prepepe@teddo giveiapmodugt shicharas grafies by fash chrompto; do prawdewhi ch are

L e oy R e o D L 8, B R R e st e o
4- ( br onprret by18) béR%,di606,a€Rd, 13621 1276 cmd; &H NMR (CDE;) 89 44w 9H), 2.31 (&,
J=5.5 Hz, 2H), 2.42 (t, }=5.5 Hz, 2H), 3.37 (t, ]=5.5 Hz, 2H), 3.48 (t, J=5.5 Hz, 2H),
3.87 (s, 3H, OCH3), 6.33 (s, 1H, CH), 7.20 (d J=6.7 Hz, 2H, Ar-H), 7.94 (d, 1,=6.7
Hz, 2H, Ar-H); °C NMR. (CDCl;) 6 28.3, 29.2, 36.19, 51.9, 123.7, 127.8, 128.7,
15 129.4,140.5, 142.1, 154.6, 166.8. '

nuald(SSLIY,

INTERMEDIATE 3: 4-Bromo-4-{bromo-(4-methoxycarbonyl-phenyl)-methyl]-
piperidine-1-carboxylic acid tert-buty] ester

To a mixture of INTERMEDIATE 2 (5.2 g, 16 mmol) and K,CO; (1.0 g) in
20  dry dichloromethane (200 mL) was added a solution of bromine (2.9 g, 18 mmol) in

30 mL CH,Cl; at 0 °C, after 1.5 hrs at room temperature, the solution after filtration
of K;CO; was condensed. The residue was then dissolved in ethyl acetate (200 mL),
washed with water (200 mI), 0.5 M HC1 (200 mL) and brine (200 mL), and dried
over MgS0O4. Removal of solvents provided a product, which was recrystallized from
25 methanol to give INTERMEDIATE 3 as a white solid (6.07 g, 78%). IR (NaCl)
3425, 2969, 1725, 1669, 1426, 1365, 1279, 1243 cm™; 'H NMR (CDCl3) & 1.28 (s,
SH), 1.75 (m, 1H), 1.90 (m, 1H), 2.1 (m, 2H), 3.08 (br, 2H), 3.90 (s, 3H, OCHj3), 4.08
(br, 3H), 7.57 (d, J=8.4 Hz, 2H, Ar-H) 7.98 (d, ]=8.4 Hz, 2H, Ar-H); *C NMR
(CDCl3) & 28.3, 36.6, 38.3, 40.3, 52.1, 63.2, 72.9, 129.0, 130.3, 130.4, 141.9, 154.4,
30  166.3.



and trimethyl phosphite (25 nL) was refluxed under N2 for 5 hrs. Excess
trimethyl 25 phosphite was renpoved by co-distillation with toluene to give

| NTERVEDI ATE 1 in quantitative yield. "H NVR (CDC13) S 3.20 (d, 2H, 7=22
Hz, CH2), 3y680dedde313 10.8 Hz, OCH3), 3.78 (d, 3H 11. %di‘?(}mmam?’ 91 (s,
3H, OCH3), 7.38 (m 2H, Ar-13), 8.00 (d, 2H, 7=8 Hz, Ar-H). WO 2004/ 063157
PCT/ GB2004/ 000116 33 | NTERMEDI ATE 2:

4- (4- Met hoxycar bonyl - benzyl i dene) - pi nerqj,di ne- 1- carboxylic acid tert-butyl
ester To a solution of INTERVEDIATE 1 in dry THE (200 nlL) was added

dropw se | i NTERMEDIATE 4o gyfbremocld-caddxy-phdnyi)-thethyleme] pépepides-1-49 ol ) at -78
C. 5 The reaction mx %JI’ s then allowed to warmto roomtenperature prior
to additionﬁuﬁi@—m&%ﬁbonyl 4-pi peridone (9.76 g, 49 mol in 100
L dry THF). Aft&fsolufién bf NTHRMEDEREE B @514 Bi1X lih6l) WA etdMD ¢tddnly 4nf Wat er
(300 nL) and extracted with ethyl acetate (3 x 300 ni) he conbi ned

organi ¢ pha28MnaOsl dPP adl)oves healpdsas 03 fdor Ehmspbiressobid W@C@iiw@dé}'pr oduct,

whi to Sof i atfiating pdtbd Syl B0 ey Bl Udod AYFREDATE 2 25
1427, 1362 a&ﬁﬁutnm/\&ater,aﬁﬂwhﬂcﬁﬁWta PH® whirdhoficentrMell QL. 31 (t, 1=5.5 Hz,
2H),242(tJ55Hz (t, J=5.5 Hz,

oH). 3.87 INTERMEDIATEA 3§) %§7"(§Wailfilateé|aﬁ aw#“?ﬁO%%efHéﬂ#aw 211, Ar-H),

gt FNEDCRls 0 (o A WRACHS iy S e 10, 513

4- Br onp- 4- [H)?i)ﬁﬁz(@ll izt Pid) 3 Sdr(bd) dw$.5 plre6y Hz; 2}, Bydd](dd, frpéHzlbAeEZ] - car boxyl i ¢

k00 (100 GY0AS Wit Haih ot R Gh 4 b0 v S0 (GRTR  bn”of

brom ne (2 989, 3118 30m0k) 01 115339281, 1§b*3,01%2at13@7Q4sazf 184647830rs at room
t enperature, the solufion aftér filtration’ K2C3B was condensed. The

resi due was then dissolved in et hyI acetate (200 m), washed wth water
/

(200 m), d, dr 1 d1 over MgSO4.

Renoval of & . ) ' St rom 25

met hanol to&hﬁb@xﬂm&ﬁﬂ/ﬁﬂ&ﬁﬁl&teﬁs a white SO|Id (6.07 g, 78%. IR (Nad)
15 To a solution of INTERMEDIATE 4 (1.0 g, 2.5 mmol) in dry

dichloromethane (10 mL) at - 20 °C was added isobutylchloroformate (450 mg, 3.3
mmol), After 20 min at 20 °C diethylamine (4 mL) was added and the reaction was
allowed to warm to room temperature. After 1.5 hrs the solvents were evaporated and
the residue was partitioned between ethyl acetate and water. The organic phase was

20  washed with brine and dried over MgSO,4. Removal of solvents provided a product,
which was purified by flash chromatography to give INTERMEDIATE 35 as white
needles (800 mg, 73%): IR (NaCl) 3051, 2975, 1694, 1633, 1416, 1281, 1168, 1115
em™; 'HNMR (CDCl) § 1.13 (br, 3H, CHs), 1.22 (br, 3H, CHs), 1.44 (s, 9H, 'Bu),
2.22 (t, J=5.5 Hz, 2H), 2.62 (t, J=5.5 Hz, 2H), 3.33 (m, 4H), 3.55 (m, 4H), 7.31 (d,

25  J=8.0 Hz, 2H, Ar-H), 7.36 (d, J=8.0 Hz, 2H, Ar-H); *C NMR (CDCL) & 12.71,
14.13,28.3,31.5, 34.2, 39.1, 43.2, 79.7, 115.9, 126.3, 129.3, 136.8, 137.1, 140.6,
154.6, 170.5.

INTERMEDIATE 6: 4-

30 To a solution of INTERMEDIATE 5 (15.6 g, 34.6 mmol) in dichloromethane
(200 m!) was added trifluoroacetic acid (30 ml, 311 mmol). The solution was stirred

16 hours at room temperature. The solution was then neutralized with saturated



3425, 2969, 1725, 1669, 1426, 1365, 1279, 1243 cml; 1H NWR (CDC13) 6 1.28
(s, 9H), 1.75 (m 1H, 21.90 (m 111), 2.1 (m 21-1), 3.08 (br, 211), 3.90
(s, 3H, OCH3), 4.08 (br, 3H), 7.57 (d, J=8.4 Hz, 2H, Ar-H) 7.98 (d, J=8.4
Hz, 2H, AW asoddisi VR (CDC13) S 28.3, 36.6, 38.3, 40. 3crebidonéde, 72.9,
129.0, 130.3, 130.4, 141.9, 154.4, 30 166.3. WD 2004/ 063157

PCT/ GB2004/ 000116 34 | NTERMEDI ATE 4:

4-j brono- (4-car boxyphenyl ) - met hyl ene] - @5Speri di ne- 1 carboxylic acid

tert-butyl A t | NTERME 11 I i th I
(500 o1 ” anBAHE0y anf s SR Bey s eadeniicy By hioirm e (15 100 L #hE ool Lo
was col | ect gd chimbiell bldahidlek@ibts REd dﬁea echzsmf mt&laa atkl ke MAfdUFEivEne dry

salt was dissolved in 40% acetonitrile/water, and was adjusted to pH 2

usi ng conceHﬂTMﬂQ@IEﬁﬂsmﬁl\Eﬁp‘AF@lfhﬂ@@S& 49%)879% was isol ated as a white
powder by filtration: 111 NMR (CDC13) 8 1.45 (s, 9H, tBu), 2.22 (dd, J=5.5
Hz, 6.1 Hz, 2H), 2.64 (dd, J=5.5 Hz, 6.1 Hz, 211), 3.34 (dd, J=5.5 Hz, 6.1
Hz, 211)5 3DR$EE IAFE.Ta: rofnolll -taien-20ylRdthylpigerdfin-ddiliddmefmethilt; 2H, Ar-H),

8.08 (d, J=g:i % lb2H Ar.-H); 13C NVR (CDC13) 8 28.3, 31.5, 34.2, 44.0,
115. 3, 128. #45 esgide 137 7 145.2, 154.6, 170. 3 | NTERVEDI ATE 5
4-[ br ono- ( 4- dletgylcarbannyl phenyl neKherneI p|Q§r|d|ne- 1- carboxylic acid

tert-butyl ester 15 To a solution ERVEDIATE® (1.0 g, 2.5 nmol) in dry

di chl or onet ( h) at - 20 C aHded i s0Db rof ormate (450 ng,
3.3 mmol). Af))er 0 nmmt -20 C diethylam ne s _added and the
reaction was “allowed tff warmto MNediRAcenperature. Affer [il.5 hrs the

sol vents were evaporatethand tThe fesidue Wwas partition et ween et hyl
acetate and water. The_ orjgani c pRASEREE*20 washed with| brine and dried over
MySO4. Renoval of sol vﬁ\ s provided a product, which was“purified by flash
chr omat ogr aphy tg‘th | NTERMEDI ATE 5 as whi te needl 800 nmg, 73%: IR
(NaCl) 3051, 297 883° 1633, 1416, 1281, 1168, 111 Jcm 1; 1H NWVR (CDC13)
5 1.13 (br, 3H, CH3), 1.22 (br, 3H CH3), 1.44 (s, 9H~tBu), 2.22 (t, J=5.5

15,0 1, 28 ALK 736 (d 0580 ey 2H AL HPISERRR (coci3) 5 1271,
To a solution of INTERMEDIATE 6 (1.4g, 3.99mm01) m 1,2- dlchloroethane

(30ml) was added 2-thiophene carboxaldehyde (746pl, 7.99mmol) and sodium

10  triacetoxyborohydride (1.694g, 7.99mmol). The reaction was stirred at room
temperature under nitrogen. After 18 hours the reaction was diluted with
dichloromethane and washed with saturated aqueous sodium bicarbonate. The
aqueous layer was extracted with two portions of dichloromethane and the combined
organic extracts were dried over anhydrous sodium sulfate, filtered and concentrated.

15  The resulting material was purified by flash chromatography, eluting ethyl
acetate/hexanes (7:3) to afford INTERMEDIATE 7a (1.702g, 95%) as a thick

colourless oil.

Imethyli)piperidin-4-

20  ylidepe)methyl}-N.N-diethylbenzamide



14.13, 28.3, 31.5, 34.2, 39.1, 43.2, 79.7, 115.9, 126.3, 129.3, 136.8,

137.1, 140.6, 154.6, 170.5. | NTERMEDI ATE 6:

4- 1 brono( pi peridin-4-ylidene)nmethyl]-N Ndiethyl benzam de 30 To a solution
of | NTERVERySM deasfidP.- 6 9, 34.6 mmol ) in dichl or onet hangcrigiithabonigvas added
trifluoroacetic acid (30 m, 311 mol ). The solution was stirred 16 hours
at roomtenperature. The soI ution was then neutralized with saturated WO
2004/ 063157 PCT/ GB2004/ 000116 35 NaHC@g and the aqueous | ayer was extracted
wi t h di chl or onet hane (3 x 100 nL) and the conbined organic extracts were
dried (Na2SO4), Riltered and concentrated to give I NTERVEDI ATE 6 as a pal e
yel | ow sol i d- 3427 850%99% . 5 | I\FI'ERI\/EDI ATE 7a/\

4-{brono[ 1-(trH n- g ”TtOBlF'Vl rNa %Je%@agﬁﬁﬂég\&f ’ of oet’hali,

N. N- di et hyl berizami
at e 7a—Fe—a—soetutton of INTERNE ATE 6 (1.4q,

I nternediate 6 I nterned
3.99mol ) in 1, 2-dichlloraget han"eluer@&ﬁ)ma) Walas added 2-t hi pphene car boxal dehyde
(7461il, 7.99mmvl) and~godi um 10 tri acet oxyborohydride (46949, 7.99mmmol).

The reaction was stigred at room tenperature under mstr gen. After 18 hours
the reaction was diguged with dichloronethane and d wth saturated
aqueous sodi um bi ca nate. The aqueous |ayer was e acted wth two

portions of dichloronethane and the conbined organic extracts were dried
over anhydrous sHiimgtiaisidl fate, filtered and concentiiiahReiesd5> The resulting

cet at of hoxanes £yttt FOREMRSERED (1Her 2T 8L iR abogeraet a ¢ hi ck

col ourless Qiene |(M1§B“ﬁ@bﬁ§§oﬁ@mlﬁaﬁéd§e@ﬂaﬂﬁﬁ%%ﬁi@n¥%o onic acid
1- (t hien-2-yl et hyl) pi neri di n-4- 3/ i dene] met hyl ) - NN- di et hyl benzam de

monohydrate (0.886 g, 5.71 rnmol) and aqueous sodium carbonate (2M, 4.76 ml, 9.52

5  mmol). Nitrogen was then bubbled in the solution for 25 min prior to the addition of
the palladium tetrakistriphenylphosphine (0.439 g, 0.38 mmol). The solution was
heated for 5 hours at 90°C then was cooled and saturated ammonium chloride (40 ml)
and ethyl acetate were added. The aqueous layer was extracted with two portions of
ethyl acetate and the combined organic extracts were dried over anhydrous sodium

10 sulfate, filtered and concentrated. The resulted material was purified by flash

chromatography, eluting 5% methanol in dichloromethane to afford
INTERMEDIATE 8a as a yellow foam (1.605g, 91%}

COMPOQUND 1: [3-[[4-[(diethylamino)carbonvl]phenyl][1-(2-thienylmethyl)-4-

15 iperidinvlidenelmethyllphenyl]- carbamic acid, methyl ester

0
O O DAY
NH,  Methyl Chloroformate ) | N o~

Triethyl amine

DCM
N
S S
\ ! \ |
Intermediate 8a

Compound 1
To a solution of INTERMEDIATE 8a (465 mg, 1.01 mmol) in

dichloromethane (10 ml) was added trethylamine (436 pl, 3.13 mmol) followed by

methyl chioroformate (86 ul, 1.11 mmol). The solution was stirred for one hour and



WO 2004/ 063157 PCT/ GB2004/ 000116 36 0 0O / Br m am nobenzene boronic acid
NHNa, CO3 Pd(PPh3)4 2 C Tol uene, Ethanol, Water NN &S, & "S, Internediate
7a Internmediate 8a To a solution of | NTERVEDI ATE 7a (1.702 g, 3.81 nmmol) in
a mxture (40 m) and ethanol (8 m) was ad nzene
bor oni c acsgozérgg&bﬁ%rate (0.886 g, 5.71 mmol ) and aque%ﬁgl({g%g@t?rﬂnﬁﬁr bonat e
(2M 4.76 M, 9.52 5 mmol). Nitrogen was then bubbled in the solution for 25
mn prior to the addition of the pallagi umtetrakistriphenyl phosphine
(0.439 g, 0.38 mmol ). The solution was heated for 5 hours at 90C t hen was
cool ed and sswgicdsedivarmembanaied b0 ol wis addal. Fhy aquaeis lémwasax@acmde wer e
added. The acetate
and the coanﬁ%gfﬁgif)%nﬁlgéf exty é}e{éh%ﬁmée%cea &0*},1&} %\é\?eorqg&a%%é}gf S%fgveg% | um 10

sul fate, fi btr’ﬁ‘raﬁﬂydiﬂﬂ; sodinaesill el Slteredling coasntrited 'Irmtresidmlwmnﬁedw i ed by
flash chromato gg el ut| 5% rre%&gnol i n dichl ororret hane to afford

| NTERVEDI ATEEYSEE R ﬁm‘“(‘-’?g o 4¢hasetemivoiNpRie: contpining

4( di et hykanipne} '&ﬁ]’u@%}z{éﬂc%ﬁni‘hé rododt 3\&1& Bt ﬁgﬁ:h@izﬁﬂuoﬂiacétﬁ acid salt and
pi peridin)rlidenel methyll|phenyl]- carbamc acid, nethyl ester O / NH Mt hyl

Chl or of or mafas lyophifizediopigld QHNRe! #2 qolovrlesy splid ﬂﬂnw A2%ivaeld)- 8a Conpound
(10 1) " vans PRI BHPE ) S A M 3 0548 b s Jedile (536D N
chl or of or maBsal6f BE6.85. T:HisNsDes X .1.4THe :s0UH{0 bas Gy, 55t Hr 5.48; N . 14)%e1Hour and
NMR (400MHz, CDCls) § 1.09-1.17 (br s, 3H), 1.19-1.28 (br s, 3H), 2.68-2.76 (m,
10  6H), 3.23-3.30 (brs, 2H), 3.52-3.65 (m, 4H), 3.77 (s, 3H), 4.43 (s, 2H), 6.71-6.77
(m, 2H), 7.07-7.12 (m, 3H), 7.20-7.25 (m, 4H), 7.31 (d, J = 8.58 Hz, 2H), 7.44 (dd, J
= 5.2 Hz, 1.09 Hz, 1H).

INTERMEDIATE 7b: 4-

15  diethylbenzamide

° 0
/\N H /\N
Br ) Br
NaBH(OAGc), |
1,2-dichloroethane
N
O
intermediate 6 \

Intermediate 7b

To a solution of INTERMEDIATE 6 (1.4g, 3.99mmol) in 1,2-dichloroethane
(30ml} was added 2-furaidehyde (62pl, 7.99mmol) and sodium triacetoxyborohydride
(1.694g, 7.99mmol). The reaction was stirred at room temperature under nitrogen.

20  After 18 hours the reaction was diluted with dichloromethane and washed with
saturated aqueous sodium bicarbonate. The aqueous layer was extracted with two
portions of dichloromethane and the combined organic extracts were dried over
anhydrous sodium sulfate, filtered and concentrated. The resulting material was
purified by flash chromatography, eluting ethyl acetate/hexanes (7:3) to aﬁ"ord

25 INTERMEDIATE 7b (1.503g, 87%) as a pale yellow oil.



WO 2004/ 063157 PCT/ GB2004/ 000116 37 saturated sodi um bi carbonate (10 nml)
was added. The aqueous | ayer was extracted wth two portions of
di chl oronet hane and the conbi ned organic extracts were dried over anhydrous
sodi um sul fyah Sy0shédit£r €d and concentrated. The residue \peg:dusbisobdAss bY
reverse phase chronmat ography eluting 10%to 40% acetonitrile in water
containing 5 0.1%trifluoroacetic acid. The product was obtained as the
trifluoroacetic acid salt and was |yopgilized to yield COWPOUND 1 as a
colourless solid (70mg, 12%yield). Purity (HPLC): >99% (215nm; >99%
(254nm; >99% (280nm . Found: C, 57.56; H  5.46; N, 6.35. C30H35N3(3S x

. poa H : .

1. 4TFA x 0. 4k

4 [ 239 i 2 A8 N o€ MR, (400MHz, CDC13) S
1.09-1.17 (% I-19= 128t o 5H, 2 G0 6H), 3.23-3.30
(br s, 2H), yBdendludtl6B) -My-dibtliylbedzafifidés, 3H), 4.43 (s, 2H), 6.71-6.77 (m

2H), 7.07-7.12 3H), 7.20-7.25 (m 4H), 7.31 (d,
(dd, J =5.2 .09 Hz, 1H). | NTERMEDI ATE 7b: 4|
1-(2-furvl ' % di n-4-ylidenel met hyl | - NAFy
cor HJ i~ Br U Br{ MABHEAC) mohindeilbhbbaicegs hans N
Internediate 7b To a soljution o&CONPERAMEDI ATE 6 (1. 49,
1, 2-di chl oroet hane (30M™)) was—added—2=f-ur=al dehyde (62l 99mmol ) and

sodi um tri acet oxybor olyydrji de Towergd¥gmo. Wa®9mmml ). The reacti on was stirred
at room tenperature undef nitrogen. 20 After 18 hours theyteacti on was

diluted with dichlg&iﬁgihane and washed with saturatgd gqueous sodium

wfl 1

2
= 8.58 Hz, 2H), 7.44
(6]

f

ylenzam de 0 0 O
diate 6 &0,
NHA n

bi carbonate. The a yepus | ayer was extracted with t Jportions of

di chl or onet hane and e conbi ned organic extracts were—dried over

Intermadiate 7b Intermediate 8b
5 To a solution of INTERMEDIATE 7b (2.120 g, 4.93 mmol) in a mixture of

toluene (50 ml) and ethanol (10 ml} was added m-aminobenzene boronic acid
monohydrate (1.145 g, 7.39 mmol) and aqueous sodium carbonate (ZM, 6.15 ml,
12.31 mmol). Nitrogen was then bubbled in the solution for 25 min prior to the
addition of the palladium tetrakistriphenylphosphine (0.569 g, 0.49 mmol). The

10 solution was heated for 5 hours at 90°C then was cooled and saturated ammonium
chloride (40 ml) and ethyl acetate were added. The aqueous layer was extracted with
two portions of ethyl acetate and the combined organic extracts were dried over
anhydrous sodium sulfate, filtered and concentrated. The resulting material was
purified by flash chromatography, eluting 5% methanol in dichloromethane to afford

15 INTERMEDIATE 8b as a yellow foam (1.967g, 90%).

COMPOUND 2: I3-[[4-[(diethylamino)carbonvllphenyl][ 1 -(2-furanyimethyl)-4-
piperidinylidene]methyl]phenyl]- carbamic acid, methyl ester




anhydrous sodium sulfate, filtered and concentrated. The resulting materi al
was purified by flash chronmat ography, eluting ethyl acetate/ hexanes (7:3)
to afford 25 I NTERVEDI ATE 7b (1.503g, 87% as a pale yellowoil. WO

2004/ 063157wBGd4tee2@94/ 000116 38 | NTERMEDI ATE 8b: PCT/GB2004/000116
4-{(3-am nophenyl )[1-(2-furyl nmethyl) pi peridin-4- ylidenel nethyl}

-N, N-di et hyl benzamde 0 O J I/ Br mam nobenzene boronic acid J I/ \ NazC03
Pd(PPh3)4 NHz Tol uene, Ethanol, Water 3§ N Internmediate 7b Internmediate 8b
5 To a solution of | NTERVEDI ATE 7b (2.120 g, 4.93 mmol) in a m xture of

tol uene (50 M) &nd ethanol (10 M) was added ma nzene boronic acid
nonohydr at e £ ¢ Dl ) and aqueous sqéh ; Mn6.15 m,
12.31 mmol ). Niltrog n bubbled in the sol nn prior to
the addition-of th adT umH, et MaRY *t:qr‘iffyrﬁé%w osph 0. ng,p*@ﬂg
mmol ). The 10 sol ution ¥as heat ed fQ'wéyﬁﬁﬁrs,at 90C t hen_las codl ed and
saturated amoni um chlorjide (40 nm) amduet hyl acetate were Jadded. The
aqueous | ayer was extragted with two portions of ethyl gt'ate and t he
conbi ned organic eégiggjs were dried over anhydrous i&f&gﬁ]sulfate,
filtered and concergrpted. The resulting material was ¢ ppfified by flash
chr omat ogr aphy, el uki-ig 5% et hanol in di chl or onet hane\ afford 15

| NTERMVEDI ATE 8b as a yellow foam (1.967g, 90% . COVPOUND 2:

[ 3-[[4-[ (di et hyileanddimepicar bonyl ] phenyl ][ 1- ( 2- f ur anvtambilmy k) - 4-

pi peri di nylidenel ] net hyl ] phenyl]- carbam c acid, nethyl ester WO 2004/ 063157

PCTI Ga20041 000115, 39,00, AHSURA} RS LTHSS i 2 11 211 e

dichloromethane (12 ml) was added triethylamine (836 pl, 5.98 mmol) followed by

2720 1

5  methyl chloroformate (164 pl, 2.12 mmol). The solution was stirred for one hour and
saturated sodium bicarbonate (10 m!) was added. The aqueous layer was extracted
with two portions of dichloromethane and the combined organic extracts were dried
over anhydrous sodium sulfate, filtered and concentrated. The residue was purified by
reverse phase chromatography eluting 10% to 40% acetonitrile in water containing

10 0.1% trifluoroacetic acid. The product was repurified by flash chromatography,
eluting 1% ammonium hydroxide 10% methanol in dichloromethane. The product
was dissolved in diethyl ether (20 ml) and a solution of HC1 1M in diethyl ether (3
ml) was added and the solvent evaporated. The product, COMPOUND 2, was
obtained as the corresponding hydrochloride salt and as a white powder (121 mg;

15 12% yield). Purity (HPLC): >99% (215nmy); >99% (254nm); >99% (280nm). Found:
C,64.12; H, 6.74; N, 7.47. C3H3sN30s x 1.4HC1x 0.5H,0 has C, 64.15;‘H, 6.71; N,
7.48 %. "H NMR (400 MHz, CDCl3) 6 1.12-1.24 (m, 6H), 1.87 (br s, 2H), 2.68 (br s,
2H), 2.98 (s, 3H), 3.00 (br s, 2H), 3.27 (br s, 2H), 3.45-3.60 (m, 4H), 4.29 (br s, 2H),
6.46 (br s, 1H), 6.80 (br s, 2H), 7.08 (br s, 2H), 7.14 (br s, 1H), 7.26 br 5, 2H), 7.30

20  (brs, 2H), 7.51 (br s, 1H).

diethylbenzamide




DCM N N &0, &0, Internediate 8b Conpound 2 To a solution of | NTERVEDI ATE
8b (858 ng, 1.93 mmol) in dichloronethane (12 mM) was added triethylam ne
(836 |, 5.98 mmol) followed by 5 methyl chloroformate (164 |, 2.12 nmmol).
The sol uti ofgowagesiist red for one hour and saturated sodicii:ploeadobgpate (10
m ) was added. The aqueous |ayer was extracted wth two portions of

di chl oronet hane and the conbi ned organic extracts were dried over anhydrous
sodiumsul fate, filtered and concent rat,®d The residue was purified by
reverse phase chronmat ography eluting 10%to 40% acetonitrile in water

contai ning 10 O. ; %tri fluoroacetic acid. The pr
flash chro svalph? el uting 1% amoni um hygdrexi
di chl or onet hane|. e p % was di ssolved in djet thﬁ'rr (20 M) and a
solution of HEI1M i et hekcH(e? neffl ) was -ddded e sol vent

evapor at ed. The productl COVPOINBD-2—was—ebt ai ned as thg!l correspondi ng
hydrochl oride salt and as| a white Sosder (121 ny: 15 12fyileld). Purity
(HPLC): >99% (215nm); Q9% (254nm; >99% (280nm . Found: , 64.12; H, 6.74;
N, 7.47. C30H35N304 x |H4HCL x 0.5H20 has C, 64.15; H, 6.]71; N, 7.48 % 'H

uct was repurified by
% nmet hanol in

NVR (400 MHz, CDC13) 61.12-1.24 (m 6H), 1.87 (br s, 2.68 (br s, 2H),
2.98 (s, 3H), I@pedptes s, 2H), 3.27 (br s, 2H), 3.4 0 (m 4H), 4.29 (br
s, 2H), 6.46 (br s, 1H), 6.80 (br s, 2H), 7.08 (br s, 2H), 7.14 (br s, 1H),
7.26 br s, 2H), 7.30 20 (br s, 2H), 7.51(br s, ItkimedidtdNEERVEDI ATE 7c:

4 oromal - (o sl Lot GoRmATA BNL S s penzan ce o
NEt3 / | | QCé0sllwas added triethyl amine (9.3mL, 66.8mmol) and benzyl bromide (3.2mL,
26.9mmol). The reaction was stirred at room temperature under nitrogen. After 24
5  hours the reaction was washed with water and the aqueous layer was extracted with
dichloromethane. The combined organic extracts were dried over anhydrous sodium
sulfate, filtered and concentrated. The resulting material was purified by flash
chromatography, eluting ethyl acetate/hexanes (7:3) to afford INTERMEDIATE 7¢
(6.89g, 70%) as colourless solid.
10
INTERMEDIATE 8c: 4-{(3-aminophenyl)[1-(phenylmethyl)piperidin-4- -
lidenelmethyl}-N.N-diethylbenzamide

o]
SN <N
) Br m-aminobenzens boronic acid ) O O NH
| Na,CO, Pd{PPhy), | 2
Xylenes, Ethanol, Water
o o

Intermediate 7¢ Intermediate Bc

To a solution of INTERMEDIATE 7c (8.50 g, 19.3 mmol) in a mixture of

15 xylenes {120 ml) and ethanol (80 ml) was added m-aminobenzene boronic acid
monohydrate (3.96 g, 28.9 mmol) and aqueous sodium carbonate (2M, 29.0 mi, 58
mmol). Nitrogen was then bubbled in the solution for 25 min prior to the addition of

the palladium tetrakistriphenylphosphine (1.67 g, 1.4 mmol). The solution was heated



NN Hinternediate 6 Internediate 7c To a solution of | NTERVEDI ATE 6
(7.783, 22.2muvol) in dichloronmethane (160mL) was added triethyl am ne
(9.3, 66.8mml) and benzyl bromide (3.2nL, 26.9muvl). The reaction was
stirred at 4@ (?Fﬁ)%'f??er ature under nitrogen. After 24 5 @gqy@zbgmm;ﬁ@ctlon
was washed with water and the aqueous |ayer was extracte

di chl oronet hane. The conbi ned organic extracts were dried over anhydrous
sodium sulfate, filtered and concentrgjed. The resulting nmaterial was
purified by flash chromatography, eluting ethyl acetate/ hexanes (7:3) to
af ford | NTERYHRIheds at 80°C tﬁexBargs coZﬂ)&i)an&Wate@ t@ILml) afd etﬁ?l dcetatehert BERVEDI ATE
8c: 4-{(3-am nophenyl)[I|-(phenyl met th pi perid

LI i denel met AV POUGORE Ia¥ e a5 (epBapehvide c’(ﬁl’omomlofeﬂlyll\@"?tatelanﬂ the combitiinobenzene
bor ont ¢ 2! Urdehic AR EGCRB & shbiroukkh i Sulofi10Ls a4k Bcnilrbl
Internmediate 7c Internediate Bc To a solution o RMVEDI ATE 7c (8.50 g,
19. 3 mmol ) iThe zesniting materiof wm@ﬂém@ssl(mnbgraﬁrydelatm@h%lto @80 ) was

added m am enz roniec acid 3 96 g, 28.2 mmmol) and
agueous godl uﬁ}ag?aflﬂghgﬁ’éo?l?ﬁﬁmgg%OIWEW%TSSWF%%%C t hen bubbl ed
in the sol ui8.04g,98%)25 mn prior to the addition of the palladium

tetral dstri phenyl phosphine (1.67 g, 1.4 mmol ). The sol ution was heated WO
2004/ 063157 PCTI GB20041000116 41 for 18 hours at 90C then was cool ed and

water (60 moonpURIsY 33l @ity iRl AR IphRIA IGHBYIRhINAL vas extract ed
with two pOI’IOﬂSO yl acetate an e conol ne

mnendmvhdene]mcthvl]phenvl] carbamic acid, methyl ester

<N o]
O O NH, Methyl Chloroformate ) O | O HJ'L ~

Triethyl amine

PCM
©)N C |
10 Intermediate 8¢ Compound 3

To a solution of INTERMEDIATE 8¢ (400 mg, 0.88 mmol) in tetrahydrofuran

(10 ml) was added triethylamine (135 pl, 0.97 mmol) followed by methyl

15  chloroformate (75 pl, 0.97 mmol). The solution was stirred for one hour and saturated
sodium bicarbonate (10 ml) was added. The aqueous layer was extracted with two
portions of dichloromethane and the combined organic extracts were dried over
anhydrous sodium sulfate, filtered and concentrated. The residue was purified by
reverse phase chromatography. The product was obtained as the corresponding

20  trifluoroacetic acid salt and as white powder (212 mg; 38% yield). Purity (HPLC):
>99% (215nm); >99% (254nm); >99% (280nm). Found: C, 60.53; H, 5.56; N, 6.30.
Cs2H3:N30s x 1.6TFA x 0.2H,0 has C, 60.60; H, 5.63; N, 6.02%. "H NMR (400
MHz, CD;0D) 6 1.07-1.11 (m, 3H), 1.19-1.22 (m, 3H), 2.40-2.51 (m, 2H), 2.70-2.78
{(m, 2H), 3.08-3.11 (m, 2H), 3.23-3.28 (m, 2H), 3.49-3.51 (m, 4H), 3.68 (s, 3H), 4.32

25 (s, 2H), 6.76-6.79 (m, 1H), 7.21-7.24 (m, 4H), 7.31-7.35 (m, 3H), 7.45-7.50 (m, 5H).



organi c extracts were dried over anhydrous sodiumsulfate, filtered and
concentrated. The resulting material was purified by flash chromatography,
eluting 2% to 4% 5 nethanol in dichloronmethane to afford | NTERMEDI ATE 8c as
an orange f@ahosogsid#9. 93% . COMPCOUND 3: [3-f PCT/GB2004/000116

| 4-f (di et hyl ami no) car bonyl | phenyl] [1-(phenyl methv1l)-4-

pi peridinylidenel methvl | phenvl|-carbamc acid, rret hyl ester 0 0 J }AL

Nl -12 Methyl Choroformate O Tri et hyl a@i ne | OcM N N 10 Internedi ate
8c Compound 3 To a soI ut| on of INTERI\/ED ATE 8c (400 ng, 0.88 mml) in

t et r ahydr of INEHI [ : g ittAyth chdfonkl] 0. 97 nmmol ) fol | owed
by nmethyl 15 ch orfor . (75 ) . qutlon was stirred for
one hour anBHSarBEEH shiyzEh bt Fldacids 1 ded. The aqueous

| ayer was extractoed with tvvo portl ons of di chI or onget hane and t he conbi ned
organi c extractslwere dried over anhydrous sodiumls iltered and
concentrated. The due was purlfled by rever’sj pA gt ogr aphy. The
product was obtain Bre coTIESRRH bP?"‘“Z@"’tH g, sal t and
as white powder (21 38% yi el S{TF ot : ,

(254nm; >99% (280nn). Found: Goudd Ehanol, Wate.5 56; N, 6.30 2H37N3O3 x

1. 6TFA x 0.2H20 has C 6Q/60; H 5.'63; N, 6.02% tH NVR (400 Mz, CD3QD)
51.07-1.11 (m 3H),1.19N1.22(m 311), 2. 40- 2.51(m 2H), A'70-2.78 (m 2H),
3.08-3.11 (m 2H), 3. 234:@:. 28 (m 2H), 3.49-3.51 (m 411), b3c68 (s, 3H, 4.32
25 (s, 2H), 6.76-6.79 (m 111), 7.21-7.24 (m 4H), 7. 3}xdmedtelcm 3H),
7.45-7.50 (m 5H). WD 2004/ 063157 PCT/ GB2004/ 000116 42 | NTERMEDI ATE 9:

ohenvi | met ol ongr ik st HUEERDBHIRTE T on e 13 mmohbvrdedipocas i er 0 o
5 (130 mL), ethanol (25 mL), 2.0 M sodium carbonate (16 mL, 32.4 mmeol) and 3-
aminobenzeneboronic acid (3.09 g, 19.9 mmol), The solution was degassed for 20
minutes, and then palladium tetrakistriphenylphosphine (1.53 g, 1.32 mmol) was
added. The reaction mixture was heated at 90 °C overnight under N,. The reaction

was concentrated and the residue was diluted with ethyl acetate. The solution was

10 washed with two portions of brine and the organic layer was dried (Na,SO,), filtered,
and concentrated. The residue was purified by flash chromatography, eluting with 3%
methanol in dichloromethane, to yield INTERMEDIATE 9 as a colourless solid (6.12
g, 97%). (400MHz, CDCl;) & 1.08-1.18 (m, 3H), 1.18-1.28 (m, 3H), 2.27-2.36 (m,
4H), 3.23-3.34 (m, 2H), 3.40-3.48 (m, 2H), 3.49-3.58 (m, 2H), 3.60-3.66 (m, 2H),

15  6.38-6.41 (m, 1H), 6.50-6.59 (m, 2H), 7.08 (t, J = 7.60 Hz, 1H), 7.14 (d, ] =8.32 Hz,
2H), 7.30 (d, J = 8.17 Hz, 2H).

INTERMEDIATE 10: methyl 3-[ {4-[(diethylamino)carbonyl]phenvl} (piperidin-4-
ylidene)methyl]phenylcarbamate

()
[
O oo /‘N ® Q
i NH, ethyl chloroformate /U\/

“2n pawder, Toluene

2, TFA, DCM
N N
boc H

Intermediate 9 Intermediate 10

20



J | / Sr 3-am nobenzeneboranic acid J Na2CO3, Pd(PPh3)4 _ | \ NHZ Tol uene,
Et hanol, Water NN | | boc boc Internediate 9 To a flask containing
| NTERMEDI ATE 5 (5.94 g, 13.2 mmvpl) was added toluene 5 (130 ni), ethanol

(25 ), 2.0 bhoseehisim carbonate (16 ni, 32.4 nmol) and FcT/6B2004/000116
ani nobenzeneboronic acid (3.09 g, 19.9 mml), The solution was degassed for

20 mnutes, and then pall adi umtetrakistriphenyl phosphine (1.53 g, 1.32
nmol ) was added. The reaction m xture %/%s heated at 90 C averni ght under
N2. The reaction was concentrated and e residue was diluted with ethyl

acetate. The sol Meilgbchiasfdrthavea(@I22dnlyi2t89 rhmol) aod kiho dest 00.1%0 ¢ regsand t he
organi c |ayer s dri.ed | t d, nd concentra he residue
was purified™B $ F’ﬁssﬂrrﬁ#"(gﬁéf”ifﬁrd%wm% lﬁtrf‘]r?gfaﬁ\fq TRLIHES. r‘ﬁﬁ‘%&}’?&lo in

di chl or onet hrte dgﬁ%@li@h&ﬁu&u@ﬁeQOMB%Hslc@ﬁﬁﬂa&éﬁﬂn@btﬁ@ 12 g,
97% . (400MHz, CDC13) S 1.18 (m , 3H), 2.27-2.36 (m

4H) 3 23- 3 rgatipmixipye. The mc@msa%smredzwemlsht@@r@ns@mmamﬂ)mdesN@o 3. 66 ( m
3

0 (a5 ol siod wes'dled gl Romichithg &ldwasted Gk batpred afuitia T2, 1

met hyl 3- [{4ed1(mllbaa¢al'bdna1m by aquebmmlﬁye}rm rytracediwadr twabi portdens of

yl i dene) net hyl Icar mat e .0 Met hyl chl or of are xl| 2 2Zn

’ ovder ) Tol isLRpReHarend S fompinegsieatis Siaets BEE HSOTIvEs MR

I nt er medi at ey, drid® (N aZSO4), filtered and concentrated. The residue was purified by flash

chromatography, eluting with (0% to 50% ethyl acetate in hexanes. The material was

10  dissolved in dichloromethane (50 mL) and trifluoroacetic acid (5 mL) was added.
The reaction was stirred for 18 hours at room temperature. Saturated aquéous sodiuvm
bicarbonate was slowly added and then the phases were separated. The aqueous layer
was extracted with two portions of dichloromethane. The combined organic extracts
were washed with one portion of brine, and then dried (Na;SOy), filtered and

15  concentrated to give INTERMEDIATE 10 as a colourless solid (0.908 g, 75%). 'H
NMR (400 MHz, CDCl3) 8 1.09-1.17 (m, 3H), 1.20-1.28 (m, 3H), 2.43-2.53 (m, 4H),
2.99-3.09 (m, 4H), 3.23-3.34 (m, 2H), 3.49-3.59 (m, 2H), 3.76 (s, 3H), 6.77-6.80 (m,
1H), 7.11-7.17 (m, 3H), 7.21-7.26 {m, 1H), 7.27-7.33 (m, 3H).

20 COMPOUND 4: methvl 3-{ {4-[{diethylamino)carbonyl]phenvl}[1-(1,3-thiazol-4-
ylmethyl)piperidin-4-vlidene]methyl} phenylcarbamate

Jt/ (fc. O O

cho DMF

Intermediate 10 </

Compound 4

To a solution of INTERMEDIATE 10 (0.284 g, 0.944 mmol ) in dry DMF (8
ml) was added potassium carbonate (0.186 g, 1.35 mmol) and 4-
25  chloromethylthiazole hydrochloride (0.229 g, 1.35 mmol). The reaction was stirred

for two days at room temperature under nitrogen. The reaction mixture was



WD 2004/ 063157 PCT/ GB2004/ 000116 43 Methyl chloroformate (0.22 L, 2.89
nml ) and zinc dust (0.190 g, 2.89 nmmol) were stirred together in dry
toluene (10 nmL) for 10 mnutes. A solution of |NTEMEDI ATE 9 (1.34 g, 2.89
mrol) in takyepgekasy M) was cannulated into the react imi/gB2840e116 The
reaction was stirred overnight at roomtenperature under N2. 5 The sol ution
was diluted with dichl oronet hane and washed with saturated aqueous sodium
bi carbonat e. The aqueous | ayer was extracted with two portions of

di chl oronet hane and the conbi ned organi c extracts were washed with one
portion of cbfidentated anditic (INAREOA) dﬂnitiadtvﬁhaahmndethmﬂwmﬁdmtﬂhe resi due

was purified flash ch ogr eluting with 0%to 50%ethy| acetate
i n hexanes. Wé?%@?‘?“élsoﬁi%g‘%lﬁ%?ﬂng o ITYB EIUCAVSHAYSS W5 GKEATESI B8 nL) and

trifl uoroacgphfondef GickiBroftethate andle 8smbindd\GrghiacittRR Was dddd (NagsbHor 18
hours at room tenperature. Saturated aqueous sodi um bi car bonate was slowy

added and t Hitsredipad gprosaisated r Eheyepidueavasurifipdburpyense phase gromategeaphyt r act ed

Wi th twopor f 5 B tracts were
washed wit h B%gggg“[tf’oﬁ/“o;#cg Pl ne%@%trg%’gaﬁggﬁ 1?%@5%@ tlc iiﬁl :Ig?ed and 15
concent r at e groducgwasco bt AHERYEHRI TN Rkt Qnéd svagl yophitized to gﬁvesﬂIDMPO(UND@ 8 g : 5 0/()

"H NMR (400 Mz, 3) S 1.09- 1_20- 53

(m 41- 1§ QIYg%gse“ 36??100 lgss sg lésl"gp%ﬁﬁ%ﬂﬁ) 2?#’2 (%535 (3>ra§?/3 % 3 76

(7 81273H) 336( %@9% Fgi@oﬁnm lnmmw N@% ilxﬂHrrzZ tcthPbﬁrB 13R)(or 7 7 2%:.85- 25 3@7}1.219Lt)or

3-{(4- [ (di etthlT 298 it) 3H) B39 Ut} 1.27-8.85 $mt Hila3dP-2458 (. GEDYT0-oi per i di n

|4/V' ' deﬁﬁK%@%@ﬂﬂﬁ&mﬁgrﬁﬁm ﬁ{&‘ 7\024755’(&}‘ f7),1.381a =44l 0 S A
Hz, 2H), 7.41-7.44 (m, 1H), 8.31 (d, ] = 215Hz 1H),919(d J=1.76 Hz, 1H).

COMPOUND 5: methyl 3-{{4-[(diecthylamino)carbonyliphenvi}{1-(1.3-thiazol-5-
ylmethyl)piperidin-4-ylidene]methyl} phenylcarbamate

O j\/(j’\o )JL,

NaBH((.‘.\Ac:):i
1,2-Dichloroethane

Intermediate 10 <\

15 Compound 5
To a solution of INTERMEDIATE 10 (0.250 g, 0.593 mmol ) in 1,2-dichloroethane

(15 mL) was added thiazole-5-carboxaldehyde (0.107 g, 0.949 mmol) and sodium
triacetoxyborohydride (0.214 g, 1.01 mmol). The reaction was stirred for 2 days at
room temperature under nitrogen. The mixture was diluted with dichloromethane and
20  washed with saturated aqueous sodium bicarbonate. The aqueous layer was extracted
with two portions of dichloromethane and the combined organic extracts were dried
(NasSQy), filtered and concentrated. The residue was purified by reverse phase
chromatography, eluting 10% to 45% acetonitrile in water containing 0.1%
trifluoroacetic acid. The product was obtained as its TFA salt and was lyophilized to
25  give COMPOUND 5 (0.191 g, 51%) as a colourless solid. Purity (HPLC): >99%
(215um); >99% (254nm); >99% (280nm). ‘H NMR (400 MHz, CD;0D) 6 1.12 (brt,



Conpound 4 To a solution of |NTERMEDI ATE 10 (0.284 g, 0.944 mmol ) in dry
DVMF (8 nL) was added potassium carbonate (0.186 g, 1.35 nmol) and 4 25
chl oronet hyl t hi azol e hydrochl oride (0.229 g, 1.35 mml). The reaction was
stirred f t at room tenperature under nitroge o]y

o xture v o e a5 PCr CB0041000116 44" tonaantiCHCEpbaRftE O

resi due was diluted with dichlornmethane and washed wth saturated aqueous
sodi um bi carbonate. The aqueous | ayer wgs extracted with two portions of
di chl oronet hane and the conbi ned organic extracts were dried (Na2SO4),
filtered anb=0oAdEMSHHt1SM. (biThé =17e03i Iy HNs52UBRS {etloy.26 S\3dr (s 4Hhase

chr omat ogr aph el yt | %t o % tom Ll e ining 0.1%
trifluor oag“gﬁ%‘sgéfnd%ﬁirﬁgg%’gﬁo{ﬁgﬁvﬁzfgb@’ hggigsj (?I{WAZ%:Z?% <ElIﬁ’nd was

| yophi | i zed4rip 7g6& JCROUNPH), 7(38-7U83 g 1H% BX8-8150 @n,Clot)pou1 8999 (8! i d. Purity
(HPLC): >99% (215m); >99% (254nm); >99% (280nn). tH NWR (400 MHz, CD3CD) 3
1.13 (br t,18)-= 6.83 He, 311), 1.25 (br t, J =7.03 Hz, 3H), 2.90-2.97 (m
4H), 3.2/-3.35 (m 2H), 3.49-3.58 (m 6H), 3.70 10 3.73 (m 3H), 4.87 (s,
211), 6.83-6.87 (m 1H), 7.24-7.32 (m 411), 7.38 (d, J = 8.20 Hz, 2H),
7.41-7.44 (m 1H), 8.31 (d, | = 2.15 Hz, 1H), 9.19 (d, J = 1.76 Hz, 111).
COVPOUND 5: methyl 3-{{4-f(diethylam no)carbonyl]phenyl}f 1-(1, 3-thiazol -5-
yl met hyl ) pi peri di n-4-yl i denel met hyl } phenyl carbamate 0 lon J I\ HONS/ [/ J
I/ 1 NO H NaBH(OAc), N 1,2-Dichloroethane H N Internediate 10 //S N 15
Compound 5



To a solution of I NTERVEDI ATE 10 (0.250 g, 0.593 mmol ) in 1, 2-dichl oroet hane
(15 nL) was added thiazol e-5-carboxal dehyde (0.107 g, 0.949 mmol) and sodi um
triacetoxyborohydride (0.214 g, 1.01 mol ). The reaction was stirred for 2
days at Sg Ature under nitrogen. The m xture vWasrRig:htihRehivd t h

di chl or orret ne and 20 washed with saturated aqueous sodi um bi carbonate. The
aqueous | ayer was extracted wth tw portions of dichloronethane and the
conbi ned organic extracts were dried (Ma2SO4), filtered and concentrated.
The residue was purified by reverse phase chromatography, eluting 10%to
45% acetonitrile in water containing 0.1% trifluoroacetic acid. The product
was obtained as . its TFA salt and was |yophilized to 25 gi ve COVWOUND 5
(0.191 g, 5¥hatisclaimedis: | ess solid. Purity (HPLC): >99% (215nm); >99%
(254nm) ; >99% (28 ouﬁd'b%lﬁépgﬂmﬂnac% ac'éeﬂtabhgse{lpﬁlel%of WD 2004/ 063157
PCT/ GB2004/ 000116 J = 6.64 HzZ, 311 . .03 Hz, 311),
2.52-2.85 (ﬁ}asmrmynersser@su@n% qrmlxmms Cr®f48 3 58 (m 4H) 3.69- 3. 73 (m

3H), 4.73 (s, 2H), 6.78-6.83A4m 11-1), 7.23-7.28 (m 4H) 7.36 (d, J =
8.40 Hz, 2H), 7.38-7.42%31 8.08-8.10 (m 1H), 9.18-9.21 (m 1H). 5 WO
2004/ 063157 PCT/ GB2004/ B ¢l ai rred |s : 1. A conpound of
formula I, a pharnaceuti calN y a@ t hefe di ast ereoners,
enantiomers, or mxtures thkéreo ).k FIQFJ~0 ~R4 15 R N

wherein
R! is selected from Cs-10aryl and Cy sheteroaryl, wherein said Cg jparyl and
10 C,gheteroaryl are optionally substituted with one or more groups selected from -R,
-NO,, -OR, -Cl, -Br, -, -F, -CF3, -C(=0)R, -C(=0)OH, -NH,, -SH, -NHR, -NR,, -SR,
-SO3H, -SO;R, -S(=0)R, -CN, -OH, -C(=0)OR, -C(=0)NR3, -NRC(=O)R, and
-NRC(=0)-0OR, wherein R is, independently, a hydrogen or Cy.¢alkyl; and
Rz, R?, R* and R® are, independently, selected from hydrogen, C;.galkyl, and
15  Cseeycloalkyl, wherein said Cy_galkyl and Cs.¢cycloalkyl are optionally substituted
with one or more groups selected from -R, -NOs, -OR, -Cl, -Br, -1, -F, -CFs, -C(=O)R,
-C(=0)0H, -NH,, -SH, -NHR, -NRj, -SR, -SO3H, -SO:R, -S(=O)R, -CN, -OH,
-C(=0)OR, -C(=O)NR;, -NRC(=0)R, and -NRC(=0)-OR, wherein R is,
independently, a hydrogen or C,_salkyl.
20
2. A compound according to claim 1,
wherein R' is selected from phenyl; pyridyl; thienyl; furyl; imidazoly;
triazolyl; pyrrolyl; thiazolyl; and N-oxido-pyridyl, wherein R! is optionally
substituted with one or more groups selected from Cysalkyl, halogenated C;.salkyl,
25  -NO,, -CF3, Ci.6 alkoxy, chloro, fluoro, bromo, and iodo;



Rt/ 5 wherein Rl is selected from C6-10aryl and C2-6heteroaryl, wherein
said C6_|loaryl and 10 C2-6heteroaryl are optionally substi tuted with one or

nore groups selected from-R -N0O2, -OR, -d, -Br, -1, -F, -CF3, -C(=OR,
-C(=0) OH, - Wd2o0485ks7- \HR, -NR2, -SR, -SO3H, -SO02R,
~C(=O R -C(=O) NR2, -NRC(=O R and -NRC(=O)-CR, V\,herel %BBZ“O%‘"“

i ndependently, a hydrogen or O -6al kyl; and R2, R3, R4 and .R5 are,

i ndependent |y, selected from hydrogen, . 6al kyI , and 15 C3.cycl oal kyl,
wherein said Cl-6al kyl and C3-6cycl oal kyl are optionally substituted wth
og? o; nmore gr o;JB.é, ekl el fifiduenddntly, NeRalky 1%alog3nated@ma]k5l' - F,( )CF3
=OR -C(=0 O, -SH, - NHR -SOZR -S(=O R
-CN,-OH, -C(=0 &R 55"’ %)ﬁmzhydmﬂ%(@@y%l aﬂ@l wrereifiafdei n R is,

| ndependent ey, amymeﬂt:?g@glogncyﬁm ﬁﬂysubg@cgt%dﬁh%%?#ﬁge %e%rd! ng to claim

1, wherein IS sel ecC from hi eny i m dazol yl ;
triazolyl: «;lpq’tcd from chalhzlohahgenatn@CNsadiwl,deOpy-ﬂFdﬂ1,6 alltoayeintor® i s

opt i onal % é E} gtddz‘gndt h one or nore groups selected from Cl-6al kyl,
hal ogena ed ‘NO2, -CF3, Cl.6 al koxy, chloro, fluoro, brono,
and i odo; WD 2004/ 063157 PCT/ G32004/ 000116 47 R2, R3, and R4 are,

i ndependent |y, Cl - 3al kyl hal oge at ed Cl.3alkyl; R6 is selected from
hydr ogen, cBeal kf/b‘lconél’t‘?dﬂ‘t%"%@ﬂﬂ 8&1%YIl; wherein said C.6alkyl and

C3. 6eycloal Iyl gmerefPR! RR8kY ﬁé&ﬁ%héﬁﬂ‘tp’%%zyl‘ ihieoQR a9, iiRESLE OUPS sel ect ed
from C . 6al kyl, hal ogenated O _6al Ky ’6 al koxy, chloro, 5
fluoro, brompyokyhand Sdezolya. Whﬁr@@ﬁpmmoﬁb@ﬂbﬁhngedwth bog enmoTeRHBIPEi n RL i S

sel ected,fr d rronI and
t hi azol qlo : 8§§fﬂx C’l‘%ﬂ(gl ?ﬁlg%etnﬁeg@i&aoug{l Wbﬁn% gln&eﬁ( X’r e groups 10
sel ect ed frd]‘amﬁ,ﬁa;lrﬂwbndioabogenat ed C _6al kyl, -NO2, -CF3, Cl.6 al koxy,
chioro, R% R3, and R* are, independently, Cy.salkyl or halogenated C,zalkyl; and

R? is hydrogen.

15 4. A compound according to claim 1,
wherein R! is selected from phenyl, pyridyl, thienyl, furyl, imidazolyl,
pyrrolyl, and thiazolyl;
R? and R? are ethyl;
R*is Cjsalkyl; and
20 R® is hydrogen.

5. A compound according to claim 1, wherein the compound is selected from:

[3-[[4-[(diethylamino)carbonyl]phenyl][ 1-(2-thienylmethyl)-4-
25 piperidinylidene]lmethyl]phenyl]- carbamic acid, methyl ester;

[3-[[4-[(diethylamino)carbonyl]phenyl][ 1-(2-furanylmethyl)-4-
piperidinylidene]methyl]phenyl]- carbamic acid, methyl ester;

30 [3-[[4-[(diethylaminc)carbonyllphenyl][1-(pbenylmethyl)-4-
piperidinylidene]methyl]phenyl]-carbamic acid, methyl ester;



fluoro, bronmpb, and iodo; R2, R3, and R4 are, independently, Cl-3alkyl or

hal ogenated C _3al kyl; and RS is hydrogen. 15 4. A conpound according to
claiml1l, wherein Rl is selected from phenyl, pyridyl, thienyl, furyl,

i m dazol ylwo 2@ymé30éryl , and thiazolyl; R2 and R3 are etHeuiGB20RA0G186 C1- 3al kyl ;
and 20 RS is hydrogen. 5. A conmpound according to claim 1, wherein the
conpound is selected from

[3-[[4-[(diethyl am no)carbonyl ] phenyl Bg1- (2-thi enyl methyl)-4- 25

pi peri di nyli dene] net hyl ] phenyl]- carbam c acid, nmethyl ester;

[ 3 [ [ 4- [ (dli etvipiybdr{ (] (demttodaminbladronyilfhicayiPEF (I hthzabehy| ) - 4-

pi peridinyli id, . nmethyl ester; 30
[3-[[4-[(di eWﬁé&%ﬁ%Bﬂ%ﬁﬁaﬁﬁ ?fﬁ iinet hyl ) - 4
piperidinylldene]nethyl]phenyl] carbanlc aci d, nethyl ester; WD 2004/ 063157
PCT/ GB20041000116 48 net hyl dlethé no)carbonyl]phenyl}

[ 1- (1, 3-t hi amgthyh3- {3{415@%%191}31'19 theazli-P3 phenyl car bamat e;
t hyl 3- 1-(1, 3-thi | - 5-
gFms%/hyl )pi{ p lﬁ%ﬁyﬁjpﬁ}%ﬂkﬁ?&%ﬁh&ﬁ?&ﬂaﬁ £c%r 3J°rrht e( and :oﬁg(r)maceuti cally

acceptabl e salts thereof. 6 A conpound according to any one of clains 1-5
for use as a i canment, . The use_of a conpound according to any one of
claims 1-5 |ﬁnn({E Hp%@élty@pgcpt “&‘hﬁgﬁ{"@gnent for the therapy of pain,

anxi ety or functional gastrointestinal disorders. 8. A pharmaceuti cal
conposition conprising a conpound according to any one of clains 1-5 and a
phar maceut$.cal |4 caopamtabtarding te amyr one®f clifmes USdonifiscas & nprdiqamend. cal | y

ef fective amount of a conpound according to any one of clains 1-5 in the
manuf acture of a nedi canent for the treatnment of pain.

7. The use of 2 compound according to any one of claims 1-5 in the manufacture
of a medicament for the therapy of pain, anxiety or functional gastrointestinal
disorders.

8. A pharmaceutical compositicn comprising a compound according to any one

of claims 1-5 and a pharmaceutically acceptable carrier.

9. The use of a therapeutically effective amount of a compound according to any

one of claims 1-5 in the manufacture of a medicament for the treatment of pain.

10.  The use of a therapeutically effective amount of a compound according to any
one of claims 1-5 in the manufacture of a medicament for the treatment of

functional gastrointestinal disorders.

11. A process for preparing a compound of formula I, comprising:



10. The use of a therapeutically effective anount of a conpound according to
any one of clains 1-5 in the manufacture of a nedi canent for the treatnent
of functional gastrointestinal disorders. 11. A process for preparing a
conmpound 0fw§9§0%$ﬁ5711 conprising: WO 2004/ 063157 PCT/ CBZoR4:01%4h% 49 0 2
RNO R31 I NJ~OR4 15 R NR3) | reacting a conmpound of formula
Il with XXxC(=O-OR4: ORAN | | RBRNH 1 RS NR) 511 wherein Xis
A, Br or I; R is selected from C6_i Oggyl and C2_S5Sheteroaryl, wherein said
C6_1Qaryl and C2_6heteroaryl are optionally substituted with one or nore
groups selected from-R 10 ONO2, -OR, -d, -Br, -I, -F, -CF3, -C(=OR
-C(=0)OH, -NH2, -SH, - , -SR, -SBH, -S02R, -S(=O R, -CN, -OH,
-C(=0 OR, -C(=0O NR2, -NRC(y :

!

1
reacting a compound of formula IT with X-C(=0)-O-R*:

QO
R2
T oL
R3
L
Rﬁ

N

J

5 I
wherein
XisCl Brorl;
R! is selected from Cg.jgaryl and Cy heteroaryl, wherein said Cgjqaryl and

R1

C,.¢heteroaryl are optionally substituted with one or more groups selected from -R,

10 -NO,, -OR, -Cl, -Br, -1, -F, -CF3, -C(=O)R, -C(=0)OH, -NH,, -SH, -NHR, -NR;, -SR,
-803H, -SO;R, -S(=O)R, -CN, -OH, -C(=0)OR, -C(=0)NR;, -NRC{=0)R, and
-NRC(=0)-OR, wherein R is, independently, a hydrogen or C;.galkyl; and

R? R, R* and R’ are, independently, selected from hydrogen, C.salkyl, and
Csgcycloalkyl, wherein said Cy.salkyl and Cy scycloalkyl are optionally sﬁbstituted

15  with one or more groups selected from -R, -NO,, -OR, -Cl, -Br, -1, -F, -CF;, -C(=O)R,
-C(=0)CH, -NHa, -SH, -NHR, -NR;, -SR, -80;H, -SO:R, -S(=O)R, -CN, -OH,
-C(=0)OR, -C(=0)NR;, -NRC(=O)R, and -NRC(=0)-OR, wherein R is,
independently, a hydrogen or Cy.salkyl.



-NRC(=0)-OR, wherein Ris, independently, a hydrogen or Cl_6al kyl; and R2,
R3, R4 and R5 are, independently, selected from hydrogen, d -6al kyl, and
C3-6cycl oal kyl , wherein said Cl-6al kyl and C3. 6¢cycl oal kyl are optionally

substi tute hs-one or nore groups sel ected from - Rperid@Beosnbdtic - C .
“Br, - gv‘}%&x—}%&s C(=OR -C(=0 OH, -NH2, -SH, -NHR -NR2, -SR, -SOBH,

- SO2R, -S( =OR -CN -OH -C(=0OR, C(:O)NRZ, -NRC(=O R, and - NRC( =0 - OR,
wherein Ris, independently, a hydrogeg or Cl-6al kyl. WO 2004/063157

PCT/ GB2004/ 000116 50 12. A conpound of formula Il1l: O 2 RNO I / \ |
NORA RZ3R N16 R 11l 5 wherein R2, R3, R4 and R5 are, independently,
sel ected fr 6al and C3.6cycl oal kyl, wherein said

Cl _6al kyl ﬁ%n C3H &8?%‘1%;?‘"&& h{)ptl onal |y substitut ed WI th one or nore
groups sel ected f(oom R - , -Br, -1, -F, -C(=O R,
-C(=0 OH, 2, -SR -SCBH -SOZR -S( O)R -CN, -OH, 10
-C(=0 OR, g’j d- MRC(=0O) - OR, wherein Ris,

|ndependently
amﬁq:Q-OO_
conprising: 0 2

6allﬁg( and R6 is selected from-H
pReparl ng a conpound of fornula 1,

5  wherein

R% R?, R* and R are, independently, selected from hydrogen, Cisalkyl, and
Csscycloalkyl, wherein said C,_galkyl and Cy4cycloalkyl are optionally substifuted
with one or more groups selected from -R, -NO,, -OR, -Cl, -Br, -1, -F, -CF;, -C(=O)R,
-C(=0)OH, -NH;, -SH, -NHR, -NR;, -SR, -S0;H, -SO:R, -S(=0)R, -CN, -OH,

10  -C(=0)OR, -C(=O)NR;, -NRC(=0)R, and -NRC(=0)-OR, wherein R is,

independently, a hydrogen or C;¢alkyl; and

RS is selected from —H and —C(=0)-0-Cy_¢alkyl.

13. A process for preparing a compound of formula I, comprising:

N

P

’
reacting a compound of formula IV with R!-CHO or R'CH,-X:



RNO R31 /i NIj~0~R4 15 R N15 R I reacting a conpound of formula
IVwith R-CHO or R CH2-X: WD 2004/ 063157 PCT/ GB2004/000116 51 0z RNO
R31 / I NNOREII5 R NHIV wherein Xis d, Br or I; 5 R is selected
from C6-t oamg 20adébsfsz_b6het eroaryl, wherein said C6-10ar yheagoos011s
6heteroaryl are optionally substltut ed with one or nore groups selected from
-R -N®2, -OR -d, -Br, -I, -F, -CF3, -C(=OR -C(=0OH, -NH2, -SH, -NHR
-NR2, -SR, -SQ3H, -SOZR, -S(:O)R, -CNs5i-OH, -C(=0 OP, -C(=O NR2, -NRC(=O R,
and -NRC(=0)-OR, wherein Ris, independently, a hydrogen or Cl-6al kyl; and
10 R, R3, R4 and R5 are, irfdependently, selected from hydrogen, CL6alkyl,
and C3-6cycl oal kyl reinjsaig CI -6al kyl and C3-6cycl oal kyl are
optionally substi t ut ed N s owps s®lected from-R, -N®2, -OR

-d, -Br, -1, -F, -CF3, O R -SHR4 NHR, -NR2, -SR
-SCBH, -SOZR, -S(=O R, -CN 2 -NRC(=O R, and
-NRC(=0)-OR, wherein R is, I ydrogen or Cl-6al kyl .
N
H
v
wherein
XisClL Brori;
5 R} is selected from Cg 10aryl and C;sheteroaryl, wherein said Cs-10aryl and

Cj.gheteroaryl are optionally substituted with one or more groups selected from -R,
-NO,, -OR, -Cl, -Br, -1, -F, -CFs, -C(=0)R, -C(=0)OH, -NH,, -SH, -NHR, -NR;, -SR,
-SO3H, -SOzR, -S(=0)R, -CN, -OH, -C(=O)OR, -C(=0)NR;, -NRC(=0)R, and
-NRC(=0)-OR, wherein R is, independently, a hydrogen or C; ¢alkyl; and

10 R%, R?, R* and R® are, independently, selected from hydrogen, Cisalkyl, and
Ci.scycloalkyl, wherein said C; galkyl and Cs.¢cycloalkyl are optionally substituted
with one or more groups selected from -R, -NO», -OR, -C}, -Br, -1, -E, -CF;, -C(=0)R,
-C(=0)OH, -NH,, -SH, -NHR, -NR;, -SR, -SO3H, -SO;R, -S(=0)R, -CN, -OH,
-C(=0)OR, -C(=0)NR;, -NRC(=0)R, and -NRC(=0)-OR, wherein R is,

15  independently, a hydrogen or C.salkyl.



