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DERI VATI VES, PREPARATI ONS THERECF AND USES THEREOF FI ELD OF THE | NVENTI ON
The present invention is directed to novel conpounds, processes for their 5
prepar at i onwoldi@lids24¢e€ and pharmaceuti cal conpositions cafp&hmbdiehoddde novel
conmpounds. The novel conpounds are useful in therapy, and in particular for
the treatnent of pain, anxiety and funcyional gastrointestinal disorders.
BACKGROUND OF THE | NVENTI ON The receptor has been identified as having a
role in many bodily functions 10 such as circulatory and pain systens.
Ligands for the S receptor may therefore find potential use as anal gesics,
and/ or as antihypertensive agents. Ligands for the S receptor have al so
been shown tDIARYEMETHYIADKNEPHPERIDINE DERIVAIIVESati fication of at

| east three different tors (, 6 and K) is now
wel | est abl i REREPARATIONS THEREOEANDUSES THREREQK: r al and 15

peri pheral nervous systens of many species including man. Anal gesia has been
observed in yariq ani el node fen one or nore of these receptors has
been activat®e LA, INVENTION currently avail able selective opioid 8
| igands are peptidic in nature and are unsuitable for adm nistration by
systeni c routes. Theoresentipyantion isalirepigd trorpvplegemipenedscpragrsagssfor their SNC80

(Bi | sky J. - I %,l f hie:ly s Eﬁﬁﬁ i Ther apeuti cs,
273(1), gsp. gg’gar%!%' fh%gglé‘? .di%aaﬁg&%sagom t I(tzlggrrsg%u s{ntgﬁg‘{]ﬁ g%/e been

i dentified iconigoangs. The novel cdrapendsma ysefiuldm thezapy agesn partivklat fot they suf f er
Systen o r buEEEREROL B iSOt AR BRI R rany of ¢ hege S
agoni st conpgounds  show significant convylsive effects when adni nistered
syst eni cal | yYBACKGR AEINVENTYONo| or e et al . describes sone

S-agonists. However, there is still a need for inproved S agonists.
The receptor has been identified as having a role in many bodily functions

10 such as circulatory and pain systems. Ligands for the & receptor may therefore find
potential use as analgesics, and/or as antihypertensive agents, Ligands for the 6
receptor have also been shown to ﬁosscss immunomodulatory activities.

The identification of at least three different populations of opioid receptors (i,
6 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 6 ligands are peptidic
in nature and are unsuitable for administration by systemic routes. One example of a

20  non-peptidic §-agonist is SNC80 (Bilsky E.J. ¢t 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
analgesic 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 8-agonists.

However, there is still a need for improved é-agonists.
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specified otherwise within this specification, the nonenclature used in
this specification generally follows the exanples and rules stated in
Nonmencl at ur gy@ieosa/bdz8ani ¢ Chemistry, Sections A B, C D, pErderoodobhosd
Per ganmon Press, Oxford, 1979, 5 which is incorporated by references herein
for its exenplary chemcal structure nanmes and rules on nam ng chem cal
structures. Optionally, a name of a conpound nay be generated using a
chem cal nam ng program ACD/ ChentSketch, Version 5.09/ Septenber 2001,
Advanced Chem stry Devel opnent, Inc., Toronto, Canada. The term"Cmn" or
, ef afers to any group having 10 mton
one or as a suffix or prefix,

refers to anS/ structure,orrpri sing only_ carbon and hydrogen atons up to 14
carbon at ons. Théjﬂéﬁsrﬁpeﬂfﬁﬁf@bﬁwmﬂﬁueﬂtﬁaﬁpw@@aﬁ“ﬁ}m prmsngiature 4seddn a| one or

as a suffix of . Vi ng one
or more hydr Sospetifkiien R BRI e Sl MBS eel BoNhe Rl Op e “ne
a suffix or QPremicCharglter SedtionsBnB\Q LM F, @td & Rehganem ByessnQlfod, 497, n

hydr ocar bon radj cal s conpriSi 1 to about. 12 carbon at .. Unl ess

ot her wi se® s pEBIFPFRCOBORIE bY relrelres PP it Erepplany sharlral RPN GRS g
unsat ur at ed gddwiles or Qamfig chemival stulsiviteN Optitiedld, ShaMeof cottpotnt mbxber prefix,
refers to divalent, straight or branched chai n hydrocarbon radicals

conpri si ng 18%§Tagddsngprhsryqabpaming pragramiy Iy Chanykatch, Yersigiks two structures
toget her. Th - | A : i i refers to a
monoval ent gto ?@i ﬁlgleé)ﬂrﬁ%g}/’a%%@%ac@ael n Rydervg%gﬁlg%%@éé ioéawfhdgé?dr?g at | east
one car bon- cZhderm "5, 'tale gropd usaddlanswp rs prefix atfersdasny group heongbout 12
car bon ai)@ms. The term "al kynyl " used al one or as suffix or prefix, refers
to a nonoval guntpnc:g{ PRIEGIE or branched chain hydr ocar bon radi cal havi ng at

| east one car bon- Ty teAn “hijdrddartdnb ased atuhd of SIEIFEL Bprafix, lréfeftio gnyup t 0 about

12 carbon atons. .
structure comprising only carbon and hydrogen atoms up to 14 carbon atoms.

The term “hydrocarbon radical” or "hydrocarbyl” used alone or 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 ér 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.



WO 2004/ 062562 PCT/ GB2004/ 000099 3 The term "cycl oal kyl ," used al one or as
suffix or prefix, refers to a nonoval ent ring-containing hydrocarbon

radi cal conprising at |least 3 up to about 12 carbon atonms. The term

"cycl oal keny}g 2d568s@2! one or as suffix or prefix, referspipcdrfpaifnsyval ent
ri ng-contai ni ng hydrocarbon radi cal having at | east one carbon-carbon

doubl e bond and conprising at least 3 up to about 12 carbon atons. The term
"cycl oal kynyl " used alone or as suffix a@r prefix, refers to a nonoval ent

ri ng-contai ni ng hydrocarbon radi cal having at | east one carbon-carbon
triple bond and conprising about 7 up to about 12 carbon atonms. 10 The term
"aryl" used al on r “« X O Dref r aeyal ent
hydr ocar bon r adi caetﬁ%\iiCﬁ}sfof)dir%l’o?seﬁoafo;elbéﬁsysﬁ&fgé%ﬁ%r car %n ri ngs having
aromat i ¢ chamandwelent (igg-gontaiding hyérodebacmticdedmptisiog piokesst 3 apdo swmpt2 sing 5 up
to about 14 cglr bon atons. The term "aryl ene” used al one or as suffix or
prefix, refef¥ TAMYi val ent 15 hydr ocar bon radi cal having one or nore

pol yunsat urat ed Coidyehn Féyatbaikeayt Bskd R BRhd ffshad Refi€ refefs@e 8. . 4N + 2

del ocal i zed el ectrons) and conprising 5 up to about 14 carbon atons, which
serves toS| i meyovalwyt shg-oenteining hydgearhen radippldayiag @ lepd oae srhen-eabised al one
or as a suffi ref | : i NGl- I-ni tructure or nol ecul e
havi ng one o%riélr?gér%&r?u gléglnaa]ﬁlg{ﬁé%é%a&}%%%%@t%%%ﬂ)‘g@gﬁ% ently selected from
N, 0 and S, as a P termofcichmikynply vsed dlartewr es suffix bnmefixlirefgrs tak | east 3 and up

to about 20 atons.in.the rin . Heterogycl.e may, be saturated or

unsat ur at ed, MOBAYAlEHH PRgCoRAn _Sﬁéfﬁ%afil%ﬁ%%ﬁlﬁ a Eﬁff °ﬁ8f’¥ﬁ%%€‘5‘ may

contai n Nor e i) BehdARE coipPlsin t Aup & HOACYJatboh@fn@, NS mor e t han one ring,
the rings may be fused or unfused. Fused rings generally refer to at | east

two ringdOshare tWee igmanaybsehapapetaiseiiix opprelxgeiees @ araguoNaleat ar omati c
h t : i y | kyl " d
lone or | ae. BESePOin ARKR B AFRhE b mbR T BEIETud Cb S MesliBR % [V | ST

repl aci ng oneromatinohaacter (egn, 4it-oiebceaineddléoplonsyiant camprisimg frop & about

14 carbon atoms.

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

15  hydrocarbon radical having one or more polyunsaturated carbon rings having
aromatic character, (e.g., 4n + 2 delocalized electrons) and comprising 5 up to about
14 carbon atoms, which serves to links two structures together.

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,

20  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
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

25  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
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.
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The term "heteroaromatic" used alone or as a suffix or prefix, refers to a
ring- containing structure or nol ecul e having one or nore nultival ent

het er oat omsyg adRpRpdent |y selected from N, 0 and S, asp@r@dobasibodohe ring
structure and including at least 3 and up to about 20 atons in the ring(s),
wherein the ring-containing 5 structure or nol ecule has an aronmatic
character (e.g., 4n + 2 delocalized elegtrons). The term"heterocyclic
group,” "heterocyclic noiety," "heterocyclic,” or "heterocyclo" used al one
or as a suffix or prefix, refers to a radical derived froma heterocycle by

renmovi ng one or h %P%] ne I sﬁ:?ﬂ:% ! - used al one
or as a suffix Oﬁ%%?eﬁ??t@%e ergsmga{l%ga%ogﬁgg%%en rar(#}%)g&%g%%é "7 om a

het er ocycl e doytaindmstnigreosrandiyehlolgying dne befmoemultiViientthetenoatdmes, er ocycl yl ene”
used al one aqr . as uf fi x fix,,sefers to a. divalent r.adical derived
from a het erBIsper nﬁ\}@@ﬁ%ﬁéﬂgi\f\g&‘q‘?%%@%ﬁﬁo R TRg Fgure Wdlgﬁugﬁgves to
links two St uakiw /8 uh?6 S60UEL0 atbhi ifh BeMng(RR et the ringe6fkadingne or as a
suffix or prefix, refers to a 15 heterocyclyl havi ngo aromatic character.

The t er m3 hetwemrear setsceia has g8 axpmatip phargter 46 g.a 4w t2fdelocalized eloprqns).r ef ers to a
het erocycl yl tha ¢ L 95@5- » & r K. »het er oar yl ene”
used al one or as%ggg%&f ?lg{ef)érw(\bll?cegﬁ‘%]ﬁrﬂee er t%ﬁgﬁfyﬁetgerq%%ééc%’l gﬁe havi ng
aromat i ¢ chdthaeteeyclo’2seTalont er an 4 suéfieoxqoyict, octbe o eredicalidedredfiomer or as a
suffix or prefixd l:?:%fers t.0 a heterglc cl yl neerqghat does not have aromatic
character. TIHETWP0YIPROVIARHRG ¥ qRoTE SXH Ok S‘é}e ®refers to a group having a

ring that cont aimt@ﬁ«‘hreieng:yalwrtﬁedaibleedr%ahﬁﬁﬁbc\oepmﬁm_f@da used as prefix
refers to a group havin ring that 25 contains tfive ring atons. A

five- menfer e\aomqva@nbrré@iéagl&gfiwd o g hgigrasy e by remgving ope hiydrg 2erileisdom: ve ring

ators wherein 1, heQmpldtyBRAE B oloRIGRRILGRN! & R Rigd i fom N. 0 and

divalent radical derived from a heterocycle by removing two hydrogens therefrom,
which serves to links two structures together.
The term “heteroaryl” used alone or as a suffix or prefix, refers to a
15  heterocyclyl having aromatic character.
The term “heterocylcoalky!l” used alone or as a suffix or prefix, refers to a
heterocyclyl that does not have aromatic character.
The term “heteroarylene” used alone or as a suffix or prefix, refers to a
heterocyclylene having aromatic character.
20 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
25  contains five ring atoms.
A five-membered ring heteroaryl is a heteroaryl with a ring baving 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,



Exenpl ary five-nmenbered ring heteroaryls are thienyl, furyl, pyrrolyl,

I m dazol yl, thiazolyl, oxazolyl, pyrazolyl, isothiazolyl, isoxazolyl,
1,2,3-triazolyl, WO 2004/062562 PCT/ GB2004/ 000099 5 tetrazolyl,

1,2,3-thia 2, 3-oxadi azolyl, 1,2,4-triazolyl, purdcebebdiioady azol yl ,
1, 2, 4- oxad?‘ggéﬁd“?ﬁﬁxi}S 4-triazolyl, 1,3,4-thiadiazolyl, and 1, 3, 4-

oxadl azolyl. A six-nenbered ring heteroaryl Is a heteroaryl with a ring
having six ring atoms wherein 1, 2 or F ring atons are independently
selected fromN, 0 and S. 5 Exenplary six-nmenbered ring heteroaryls are
pyridyl, pyrazinyl, pyrimdi nyI tri azinyl and pyridazinyl. The term

SR g RO, SR D, RS TS oo

Cl- 12hydr ocag bqtbﬂ&i@tkﬂ?hlgm mlﬂummaaimmgaid gsqumdma@ni ni ng one or
nore 10 heteroatons, selected fromN, |, and P. Exenplary
chenical groups 4s&hcRrmPegd HAR ‘Ef?roﬁ‘b’}ﬁaﬁ’éte Mkﬂ%h%sw ocycl yl,

- NO2, CR : : H, -NHR,
v=y g&nHv«%'élg& RZ org nnéaqgrﬁs ar&%(d’é%@enﬂ%ﬁ%@ﬂ’om NS S“Ii\l % _NRG(=O R,
ox0 ( 0) 5| m no (E:Nm)plarwmxemem&)rednag\hbtmmsm R}ﬁﬂyhn)ﬁazmlepmmldga@,h "R' IS
a Cl-12hydro 'rn&LaWdFor exarIpI e, 15 substituted phenyl nmay refer to

ni t rophenyl , &W H Vet hoxyphenyl, chl or ophenyl, am nophenyl, etc.,

wherein the ni trOTthmdwbsnﬁT&Hﬁﬁseﬂ,as abfaﬁmefexam@ia siqudture, rgslecidsormay repl ace
any suitable hydrogen on the phenyl ring. The term "substituted" used as a
suffix of a smue,twl@,ﬂcrwa@flw@nomywls?@ 2% reglagggyvith ?Qﬂqrma by one or nore

nanes of cheg ¢g dr9££bﬂ¥§%r6€ﬂs96§oﬂe%rﬁ1o§@&ﬁ&§’ca§%&ogedr?@ ofEirsdeb € Or group,

which is a resul replfaci ng one or nore hydr he first

struct ur & nhetenoailomsacleqp@&pmmt@s &, lﬁerBa Iomdrih r%imhmi cmml@adupgr oups. For
exarrple a nvl substitut b ro TEIRTRN Y h y term
"optionally surf%)%l%{'ln gtedh ™y rr;éfhgfego Omsol ngde bes m%y,dyg’t Fuct %’n iBr ?';D ’ecul es

that are subsCFi L(r(ed))m,nd:(#(hm NEB} -SH; NHR] mbm tsmseﬁ ,saﬁa F@(he)n,oycl e
thiirane, az6hdoRe: CB0R e OB aECCHDR ora b p B0y fis D, 7 "
and oximino (=N-OR), wherein each “R” is a Cl.lghydrocarbyl. For example,
15  substituted phenyl may refer to nitrophenyl, pyridylphenyl, methoxyphenyi,
chlorophenyl, aminophenyl, etc., wherein the nitro, pyridyl, methoxy, chloro, and
amino groups may replace any suitable hydrogen on the phenyl ring.
The term “substituted” used as a suffix of a first structure, molecule or group,
followed by one or more names of chemical groups refers to a second structure,
20  molecule or group, which is a result of replacing one or more hydrogens of the first
structure, molecule or group with the one or more named chemical groups. For
example, a “phenyl substituted by nitro” refers to nitrophenyl.
The term "optionally substituted” refers to both groups, structures, or
molecules that are substituted and those that are not substituted.
25 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-
dihydrofuran tetrahydrofuran, thiophane, piperidine, 1,2,3,6-tetrahydro-pyridine,
piperazine, morpholine, thiomorpholine, pyran, thiopyran, 2,3-dihydropyran,
30 tetrahydropyran, 1,4-dihydropyridine, 1,4-dioxane, 1,3-dioxane, dioxane,l



m dazol i di ne, pyrazolidine, pyrazoline, dioxolane, sulfolane

i

2, 3-di hydrofuran, 2,5- dihydrofuran tetrahydrofuran, thiophane, piperidine,
1,2, 3,6-tetrahydro-pyridine, piperazine, norpholine, thionorpholine, pyran,
thi opyran, @oxoelideysiaopyran, 30 tetrahydropyran, 1, 4-di hyergRydol/ions.

1, 4-di oxane, 1, 3-di oxane, di oxane, WD 2004/ 062562 PCT/ GB2004/ 000099 6
honopi peri di ne, 2, 3,4, 7-tetrahydro-| H azepi ne honopi perazi ne, 1, 3-di oxepane,
4, 7- di hydro-1, 3-di oxepi n, and hexanet hgl ene oxide. In addition, heterocycle
i ncludes aromatic heterocycles, for exanple, pyridine, pyrazine,

pyrim di ne, pyridazine, thiophene, furan, furazan, pyrrole, imdazole, 5

t hi azol e, oxazole, pyr I Lsot.hi azol e. i.soxazole, 1.2 3-triazphe,

tetrazol e, 1%“@115%3?’32‘@@&%?@ -ﬁ?ﬁeﬁﬁ%’}peﬁz&feﬂ!’%ﬁ%’%@ & &1

1, 2, 4-t hi adi @BEA6-1,3Ldidx&piR)end hawslethylehe 3xide. tri azol e, 1,3, 4-thiadiazole, and
1, 3,4- oxadiazole. Additionally, heterocycle enconpass pol ycycli.c.

heterocycl es, f orlngdditignceteroaygisiincluden agmatie hetprogyglesofor gxampltinyginge

t et rahydr oqujnol.j ] ' i Ne, i t f i i
o4 a1 S0 il MRk DAL A OBl
2, 3- di hyd¥ obthinzoleLwxanole] pswiretez sbihizanle, istnagoterisl. 3 tinzolrateraidedidbman,

xant hene, phenoxathjin, thia r N iy Z4.0 hSQi ind | e,
purine, phth E@ﬁzﬁ% 1,5.;1&%%{1]%@%,2?22@%%%5%% @%@?zoé%ﬁr%‘&zig{(iﬁﬁaéz?ﬁtﬁ%’%bl i ne,
pteridine, phrpslstls, itdhisdiazolgand t3gi oeadigzblenant hrol i ne, phenazi ne,

phenot hi azi ne, phengxazine, 1,2 15 benzi soxazo|.e benzcit h%ophen ,
benzoxazol e, benzAAFiHoMI, heterpoycls esorapass Poleyqlic heteropyales, foge ®hi ne,

carbazole, c | 3. AStincdchindh6, i 14 'yaﬁ,,q i makizi di ne. I n
addition to t gebigp%%/e(’:Iﬁi{)igqﬂgtﬁ’e?g%{}?le’e%&%iescr iu%ggneégdg\t}g?b%, erocycl e

i ncl udes 1ol tetrplydroisdquinedioe,yicd-benzodiexas;, eountaainy dihydrécozgrinteneafurant wo or nore

rings 20 ingludes r han_qgne d nmmon to both rings. and,nore than two
at ons comnﬁ’bb&%dﬁr{’%ﬁo Sk Q%%(]t&é)rgn’o QR %’ﬁngad’égo#é?@%gyc €€ i ncl ude
qui nucl i di nephendkathiad)itipcthehe iddolipine dicindviq flazole pakihe pathalaZing,. 1] hept ane.

Het erocycl yl includes, for exanp]e, nonocyclic heteraqcyclyls, such as:
aziridinyl, Bahbthywidine, %‘H’i“?’?aﬁﬁ?/ [ungseling. fupipline, giestngyph ?’ﬁ%{‘é‘?%yl,

pyrrolidinyl pehia6! pihnthroline, phenazine, phenothiazine, phenoxazine, 1,2~

15 benzisoxazole, benzothiophene, benzoxazole, benzthiazole, benzimidazole,

benziriazole, thioxanthine, carbazole, carboline, acridine, pyrolizidine, and
quinolizidine.
In addition to the polycyclic heterocycles described above, heterocycle
includes polycyclic heterocycles wherein the ring fusion between two or more rings
20  includes more than one bond common to both rings and more than two atoms
common to both rings. Examples of such bridged heterocycles include quinuclidine,
diazabicyclo[2.2.1]heptane and 7-oxabicycio[2.2.1Theptane.
Heterocyclyl includes, for example, monocyclic heterocyclyls, such as;
aziridinyl, oxiranyl, thiiranyl, azetidinyl, oxetanyl, thietanyl, pyrrolidinyl, pytrolinyl,
25  imidazolidinyl, pyrazolidinyl, pyrazolinyl, dioxolanyl, sulfolany}l, 2,3-dihydrofuranyl,
2,5-dihydrofuranyl, tetrahydrofuranyl, thiophanyl, piperidinyl, 1,2,3,6-tetfahydro-
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-1H-azepinyl, homopiperazinyl, 1,3-
30  dioxepanyl, 4,7-dihydro-1,3-dioxepinyl, and hexamethylene oxidyl.



25 i mdazolidinyl, pyrazolidinyl, pyrazolinyl, dioxolanyl, sulfolanyl,

2, 3-di hydropyranyl, 2,5-di hydropyranyl, tetrahydropyranyl, thiophanyl,

pi peridinyl, 1,2,3,6-tetrahydro- pyridinyl, piperazinyl, norpholinyl,

t hi onor pholwg%wog%gzanyl t hi opyranyl, 2, 3- di hydr opyr awglriGB2004/000099

t etrahydropyranyl, 1, 4- dlhydropyrldlnyl 1, 4-di oxanyl, 1, 3-di oxanyl,

di oxanyl , honnplperldlnyl 2,3,4,7- tetrahydro-lkkazepinyl, honopi per azi nyl ,
1,3 30 dioxepanyl, 4,7-dihydro-1,3-dioxepinyI, and hexanet hyl ene oxidyl. WO
2004/ 062562 PCT/ GB2004/ 000099 7 In addition, heterocyclyl includes aromatic
het erocyclyls or heteroaryl, for exanple, pyridinyl, pyrazinyl,

pyri mi dinyl, pyrigagha, hertt%%rﬁ)a)g}lmc{ Edro meég%%ﬁmefeg@l fok M dazol y1,

t hi azol yl , oxazoly pyrazoly I SO |azo - triazolyl,

tetrazol yi, léx%ﬂe,gmlﬁdylamhmhyl ﬁyrﬁnﬁmytmmmmﬂnemylzzé;l,thfummﬂ,y: 1,24 5
| adl aZzo l.a ri | (0] , an
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het erocycl yl Ena&bls}p ketsdia191, IQQHMM:QBHI je] péxaﬂﬁao@r QIPed-triwbolyf, a2, £Xxanpl e,

i ndol yl, indoliny i soi ndof qui nol i nyl tetrah dro U|noI|nyI
|squ|nolﬁnyﬂﬂmk%@héﬁyﬂﬂﬁmﬁb %%bﬂ3ﬁ§mﬂmbﬂ4:h ﬂ 4 coumarinyl ,
dlhydrocouna k&%ﬁ >),Fenzofuranyl 2, 3- dlhydrobenzofuranyl |sobenzofuranyl,
chronenyl , ronan i sochromanyl, xant henyl , phenoxathiinyl,

t hi ant hr enyl i ndAHditiomally, hétsrobyv&bdleyttom}iasadamlchlic heteﬁonydlyls (ipd:ludliag azinyl ,
napht hyri di n

| i | I,
phenant hri di ﬁ?/tih 5 nDﬁ&%’ﬂ oma%ﬁkﬁ%zﬁgﬂ}':@%m%q ﬁﬂ M’I ?ﬂ"ﬁ& ]gln(r)l%/hi azi nyl ,
15 phenoxazi gyholay? toedhatiHQins il 1sod@ﬁianﬁ91hﬂeﬁﬂ{wfméoquﬁﬁnﬁﬁxpml yl,

benzt hi azol yl, benzi m dazol yl, benztri azo1 t hi oxant hi nyI car bazol yl,
car bol i nyf, b@momorﬁwl cowﬂ@mxlﬁhwdﬁ%oumawlwmazﬂd%ﬁyl In addition to

the POl yoye! i HEbEEARKEIY S dEaSiRACaARONS, kAR ACKELMmalyic! Udes

pol ycyclic het S “Wher e I on ween nore rings
20 i ncl udes mnheﬂyh@hemeﬂlbnyldthmﬂumyl tidolliginfl, rsoingelyh matanvlyk phﬂmwh, two atons

i nuct 1 o ny PR ORaES Sk SR R oS 1T hept 1

phenanthridinyl, perimidinyl, phenanthrolinyl, phenazinyl, phenothiazinyl,

15  phenoxazinyl, 1,2-benzisoxazolyl, benzothiopheny!, benzoxazolyl, benzthiazolyl,
benzimidazolyl, benztriazolyl, thioxanthinyl, carbazolyl, carbolinyl, acridinyl,
pyrolizidinyl, and quinolizidinyl.

In addition to the polycyclic heterocyclyls described above, heterocyclyl
includes polycyclic heterocyclyls wherein the ring fusion between two or more rings

20  includes more than one bond common to both rings and more than two atoms
common to both rings. Examples of such bridged heterocycles include quinuclidinyl,
diazabicyclo[2.2.1]heptyl; and 7-oxabicyclo[2.2.1]heptyl.

The term “alkoxy” used alone or as a suffix or prefix, refers to radicals of the
general formula —O-R, wherein R is selected from a hydrocarbon radical, Exerplary

25  alkoxy includes methoxy, ethoxy, propoxy, isopropoxy, butoxy, t-butoxy, isobutoxy,
cyclopropylmethoxy, allyloxy, and propargyloxy.

The term “amine” or “amino” used 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.



The term "al koxy" used alone or as a suffix or prefix, refers to radicals of
the general formula -OR wherein Ris selected froma hydrocarbon radical .
Exenpl ary 25 al koxy i ncl udes net hoxy, ethoxy, propoxy, isopropoxy, butoxy,

t - but oxy, W%R@é&n cycl opropyl net hoxy, allyl oxy, andpprasasigpboossy. The
term"am ne" or "am no" used alone or as a suffix or prefix, refers to

radi cal s of the general fornula -NRR , wherein R and R are independently
sel ected from hydrogen or a hydrocarbog radical. WO 2004/ 062562

PCT/ GB2004/ 000099 8 "Acyl" used alone, as a prefix or suffix, neans
-C(=0-R wherein Ris an optionally substituted hydrocarbyl, hydrogen,

am no or al koxy. \Acyl, ar s incl ude, [ exarrp onyl ,
benzoyl, phenyl a Il,geéc)}%lig 08t HiB% Xoéﬁlbﬁq dr HET hy%of%anoy‘?maggal‘al ogen
i ncl udes fI uggtioastly ﬁlbbtﬁﬁieﬂhydxbé@ﬁj'lﬂ@dm’gén,lmdnmer alkdigl ogehgioaph includesd as a

prefix of a group, neans, one or nore hydrogens on_ the group is replaced
with one or %5%@%{?&@%%10@@??1 b?ﬁzoy]rghen Ayl PB@H?‘B@H%@? ture. A first

ring group bggn,gj idakngdviW th a second ring group neans the first rlng 10
and the second ri n share at | east two atons therebetween. "Link," "linked,"

or "linkihg," unIHslsg@tmelndﬁsibmap@@hlfonw bromigpendiediacent |y || nked or
bonded. Provi ded " f f I al |
Hfﬁ‘fﬁ-? te@ ﬁlse i as %Pe%i( o? n?ﬂ!sa%s Tone gr 191@%1@3?%%& % y

acceptable 15 sal edf et ComePs Preres enan ereof and
m Xt ures t hethe@toupGs reptacéd ®ith bide or rhote hhlopdr®4 15 R N
"RT" or "rt" means room temperature,
A first ring group being "fused" with a second ring group means the first ring
10 and the second ring share at least two atoms therebetween.
"Link," "linked," or "linking," unless otherwise specified, means covalently

linked or bonded.

Provided herein is a compound of formula I, a pharmaceutically acceptable

15  salt thereof, diastereomers thereof, enantiomers thereof, and mixtures thereof:

wherein
R! is selected from Cg.aryl and Ca.gheteroaryl, wherein said Cg.joaryl and
20  Cygheteroaryl are optionally substituted with one or more groups selected from -R,
-NO;, -OR, -C}, -Br, -1, -F, -CF3, -C(=0)R, -C(=0)OH, -NH,, -SH, -NI-IR, -NR;, -SR,
-SO:H, -SO2R, -S(=0)R, -CN, -OH, -C(=0)OR, -C(=0)NRz, -NRC(=0O)R, and -
NRC(=0)-OR, wherein R is, independently, a hydrogen or C,.¢alkyl; and



R1 wherein RL is selected from C6-10aryl and C2-6heteroaryl, wherein said
C6- 10aryl and 20 C2-6heteroaryl are optionally substituted with one or nore
groups selected from-R, -NXR2, -OR -d, -Br, -1, -F, -CF3, -C(=OR,
"YUV sl (R N2, <SR SCBH - SOBR, - SCT@ifnintiiey - OH
-C(=0 0P, -(= -NRC(=O R, and - NRC(=0)-OR, wherein R is,

i ndependently, a hydrogen or Cl-6al kyl; and WO 2004/ 062562 PCT/ GB2004/ 000099
9 R2, R3, R4 and R5 are, independently, ¢gsel ected from hydrogen, Cl-6alkyl,
and C3-6cycl oal kyl, wherein said Cl-6al kyl and C3-6cycloallcyl are
optionally substituted Wi th one or nore groups selected from-R NOZ - OR,

i goe H, ey R - s<R@§E3R“ f’é&(@ d%ﬁ&@ﬁcwqé ﬂbf?ﬁﬁg NEER@PQEZ d o
-NRC(=0) - OR, cg]\tt@éleamlewh&em m&mmﬁ'(}ﬁ.ﬁcﬁldﬂwrﬁ@@ﬁtlﬁfallgt:lut@ﬁfuﬁm I'n one

enbodi nent , ounds of the?{)resent i nvention are those of fornmula I,

wherein Rl |§’1tbé}1%@1t@ﬂfef¥@}?§|§ 8154 fromyR; -Aday -Qhai-EhyPr, Iﬁtﬁprfﬁ r%ﬂgol yl:

triazolyl; pykL NEIR X p
optionally 1355(59?)5“ t ut e Wi t ne or lgn:sggﬂrgt?ﬂgy?gl ect e%q’f rom Cl 6al kyl ,

hal ogenat &d C(F@)ﬂRsyC(~O)NWNRQEFG)R end- l‘ﬂi&(@@ OR,I‘WlEl'&)I;lRfIF,UOI‘O br ono, and
i odo; R2, R3, .and.R i.nde |y, Cl-3al kyl or hal ogenated Cl-3al kyl;
RS is sel ectg’&el?“t“t;?ﬂ Hyaﬁggg%en%?e@@ and C3-6cycl oal kyl, wherein said
Cl- 6al kyl and C3mbAsmyehdalitent, &[e&oﬁ@btﬁﬁ@fﬂ&pﬁd&bx&hﬂdﬂh&daﬂtﬁd@e@ﬂe or nore
groups selected 15 from Gl- 6al Ky hal ogenat ed Cl1- 6a| kyl, -CF3, Cl1-6

al koxy, chl ofesmuial,whereing d?rﬁeh’fc"eé’rﬁ? Blrsyl; proidighisayl; HT“H%WEY t he
conpounds of u{agﬁlgp;,?ﬁggg}]?l%{?ﬁt mm%;(ﬁotp?ﬁgﬁ %?I%B%lz +§ ohall;)’"“ere' n R is

selected fromp t hi enyl 1; pyrrolyl; and
t hi azol ylQ whhstitutedrvith enegyicse gilokys @L@b‘@drﬁtout@dsawyt halopenated Graeleylgr oups 20

sel ect ed fr oyl Gal kol 15! GHS0H A, Shorbiokd lovo; NCB: - OF3, C1-6 al koxy,

ehiore. R% R’, and R* are, independently, C,.3alkyl or halogenated C,.salkyl;
R’ is selected from hydrogen, C;.salkyl, and C;.¢cycloalkyl, wherein said C,.
| salkyl and Cs ¢cycloalkyl are optionally substituted with one or more groups selected
15 from C.galkyl, halogenated C, salkyl, -NO,, -CF3, C,.¢ alkoxy, chloro, fluoro, bromo,
and iodo.

In another embodiment, the compounds of the present invention are those of
formula I, wherein R' is selected from phenyl; pyridyl; thienyl; furyl; imidazolyl;
pyrrolyl; and thiazolyl, wherein R* is optionally substituted with one or more groups

20  selected from C,.salkyl, halogenated Ci.salkyl, -NO,, -CF3, C;. alkoxy, chloro,
fluoro, bromo, and iodo;

R%, R3, and R* are, independently, C,salkyl or halogenated C;.;alkyl; and

R’ is hydrogen.

In a further embodiment, the compounds of the present invention are those of

25  formulaI, wherein R' is selected from phenyl, pyridyl, thienyl, furyl, imidazolyl,
pyrrolyl, and thiazolyl;

R? and R® are ethyl;

R*is Cyaalkyl; and

R’ is hydrogen.



fluoro, brono, and iodo; R2, R3, and R4 are, independently, Cl-3alkyl or
hal ogenat ed Cl-3al kyl; and R5 is hydrogen. In a further enbodi nent, the
conpounds of the present invention are those of 25 forrmula I, wherein R is

sel ected freyo Rogegks2 pyridyl, thienyl, furyl, imdazol yilCT/GBYJog%oﬁsv and
thiazolyl; R2 and R3 are ethyl; R4 is Cl-3alkyl; and R5 is hydrogen. WO

2004/ 062562 PCT/ GB2004/ 000099 10 It will be understood that when conpounds
of the present invention contain one ofgnore chiral centers, the conpounds
of the invention may exist in, and be isolated as, enantioneric or

di astereoneric forns, or as a racemc mxture. The present invention

I ncl udes any possible enantio S, .di astereoners, racenmates or 5. m xtures
t hereof, of a co_ﬁbﬁ’ﬂﬁ?ﬁ%&gﬁfﬂpﬁﬁﬁh@ﬁ{@%‘ﬁ%%é%wwwgn%rcﬁﬂt% t he
conpound of §herinbie Biitad Berit@Y, tREcdiRRAdsH thef iftenBiva il @xisbiv, sildiveal

chronat ographi c separation of a racemate, by synthesis fromoptically
active st ar tisplgtedas. epintiognege opiasterggraenia forras, o7 at fBSFHIC HHZWEE- oHhet he

pr ocedur es | I s W | A gt certain
conpounds o?ﬁig%é{%?%%&gﬁ?&?%e%X%dﬁglggy&Lﬁ%%%’E?stg%%ug%heh&ﬁ%g i somers, for
exanpl e B anaixfinestheren ofh canhpemnd of Faimalpk dempticdllywetivé orms ofthedes any

i cal | . d of F la I. | Ll
Cnder st ood  HIPLG LR EERTRHOEHH WP AH: Gsairnel. U gl bl

conmpounds  of seph@tibObMaladerhate, by shthésisth &l opiecallp deivels@ithg iakrifiesd i n
compounds of the present invention may 15 exi st in solvated, for exanple
hydr at ed, asasyeTpetGsygfiesis based gn thsnrecedyes dgspribed fherpafferhe  under st ood t hat

the present i nveny Lon,ROGORRASSAS Ml coRliE RoRBLIAL BEEQINEN Avehtith mepTPOUNS

of the formula I. In t scope o0 e rnvention a s ‘of the
conpound0 of exiteas gémmnetttad isomete fre ezdnhple Ephd Ziismeans ofcdkdngs. dblegpesatl e sal ts of
conmpounds of il‘ltVaniO%rit?G%S&%tS any geometrical isomer of a compound of Formula . 1t will
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
15  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
compounds of the formula L.
Within the scope of the invention are also salts of the compounds of the
formulal Generally, pharmaceutically acceptable salts of compounds of the present
20  invention may be obtained using standard procedures well known in the art, for
example by reacting a sufficiently basic compound, for example an alkyl amine with a
suitable acid, for example, HCI or acetic acid, to afford a physiologically acceptable
anion. It may also be possible to make a corresponding alkali metal (such as sodium,
potassium, or lithium) or an alkaline earth metal (such as a calcium) salt by treating a
25  compound of the present invention having a suitably acidic proton, such as a
carboxylic acid or a phenol with one equivalent of an alkali metal or alkaline earth
metal hydroxide or alkoxide (such as the ethoxide or methoxide), or a suitably basic
organic amine (such as choline or meglumine) in an aqueous medium, followed by

conventional purification techniques.



20 invention may be obtai ned using standard procedures well known in the
art, for exanple by reacting a sufficiently basic conpound, for exanple an
al kyl amne with a suitable acid, for exanple, HCl or acetic acid, to
afford a phws mbogizsal |y acceptable anion. It may al so pPer/eassmiblegeet 0 make
a correspondi ng alkali netal (such as sodium potassium or lithiun) or an
al kaline earth netal (such as a calciunm salt by treating a 25 conpound of
the present invention having a suitablygcidic proton, such as a carboxylic
acid or a phenol with one equivalent of an alkali nmetal or alkaline earth
nmetal hydroxide or al koxide (such as the ethoxide or nethOX|de) or

sui tably basic anlc such as aqueous
medi um foll OV\BdO{E‘g) gg'ltfv |°°B‘r5’° i C Jf %af{ebgﬁl% &%Xf)ﬂ%b%% 062562
PCT/ GB2004/ Oplﬁmagceuﬂiaamymcmbwmndar mwtte thhh:ef pﬁmﬁpmluﬂyl, amfacfdcaddmba sdlt above may

par (1 cul ar FSsﬁcﬁﬁs AEPRTORER 46 Y Qu e ERP e, G5 RRAE FHEE oy dr obr o o,

phosphat e, M %maftélmmhssulrgmhﬁ@wp -tolieRbdultoRate C1 t r at e, met hanesul phonat e
or p-tol uenes phonate. 5 The nove ounds of the present invention are

useful in5ther apyTheemyebrrcmpoyndeerthqmesemrlemmhtentarecufse ini therepyp aspecigdindi t i ons

such as chro e | pain
caused by rhgﬁﬁgﬁo ar{ratg 8?%% ‘“ﬁi"g atl10 g S |scer§°qu?ln ﬁg&géaﬂ%gf‘ﬁh’s | i st
shoul d homevecrutmpum,lmemeapan,qram enlsaisbyakamussid urhrits migaind svistkral pgini nventi on

are useful as inmu tors pecially for,  1Q autoi nmune di seases, such
as arthritis®csops gﬁtnﬂ 'éiig?‘f"%"erli? AEPIRAASEHPSHYY similar  surgi cal

needs, for collagepmpiaRiasethe ivRhliQURe B8 iRBundrRSduibiéts ASpRiily fhumour
agents and anti viral agents. Conpounds of the invention are uSeful in
di sease 3fat ewoimraune dizegesserugh powrthsitis, fagskingrefts, orgapfirapglaittandsisitaror s i s
present or Y e of

i sot opi cal | y%gﬁeg% \Li;éellrcép%?n% %g%ig’g%é%u%% fo%éstehag\éil?é]é% 3

di agnosti ¢ t endnitiopdesd agenek. | magi ng appl i cations such as pOSI tron em ssi on

t onogr aph PET oun f the inve are usef for the treatnent
of dlg ar Fr)hgea( )Compgynds ogtsl'lc%wennon are use ?ul Q1sease states Tlere degenerafion or

dysfunction of opioid receptors is present or implicated in that paradigm. This may

15  involve the use of isotopically labelled versions of the compounds of the invention in
diagnostic techniques and imaging applications such as positron emission tomography
(PET).

Compounds of the invention are useful for the treatment of diarrhoea,
depression, anxiety and stress-related disorders such as post-traumatic stress

20  disorders, panic disorder, generalized anxiety disorder, social phobia, and obsessive
compulsive disorder, urinary incontinence, premature ejaculation, various mental
ilinesses, cough, lung oedema, various gastro-intestinal disorders, ¢.g. constipation,
functional gastrointestinal disorders such as Irritable Bowel Syndrome and Functional
Dyspepsia, Parkinson's disease and other motor disorders, traumatic brain injury,

25  stroke, cardioprotection following miocardial infarction, spinal injury and drug
addiction, including the treatment of alcohol, nicotine, opioid and other drug abuse
and for disorders of the sympathetic nervous system for example hyperteﬁsion.

Compounds of the invention are useful as an analgesic agent for use during
general anacsthesia and monitored anaesthesia care. Combinations of agents with

30  different properties are often used to achieve a balance of effects needed to maintain



depression, anxiety and stress-rel ated disorders such as post-traumatic
stress 20 disorders, panic disorder, generalized anxiety disorder, social
phobi a, and obsessive conpul sive disorder, urinary incontinence, premature

ej acul ati onw/sikediSeaent al il nesses, cough, |ung oedepprcbafol/adbaes
gastro-intestinal disorders, e.g. constipation, functional gastrointestinal

di sorders such as Irritable Bowel Syndronme and Functional Dyspepsia,

Par ki nson's di sease and other notor disgsders, traumatic brain injury, 25
stroke, cardioprotection follow ng mocardial infarction, spinal injury and
drug addiction, including the treatnent of al cohol, nicotine, opioid and
ot her drug abuse d for disorders gf the s thetic nervous system for
exanpl e hypé ?@’?‘@F@ 10 Sé%ﬁf)eo%ﬁﬁgw%?’ apﬂgeq%glélﬁ%i?gaﬁaxgﬁch ﬂséles’eéartl_ogg an anal gesi c
agent for usRcKidEd RGhis 96MBInatiorfde Bhlee sharstheits MPhotis xRSt hesi a care.
Combi nations of agents with 30 different properties are often used to

achi eve a bahafseusgplarhloekersand gl t o i ntai n WD 2004/ 062562

PCT/ GB2004/ 000099 ; [ t; # esia, nuscle
rel axati on and se g%l%lér:l‘%%é%??hg@ghﬁﬁﬁ% |1§ﬂ%§1r§%?fn%§ﬂi%gn %P‘e@?n cgl ed

anaest het3 csgcctrdprgao ithestorrawia I ebope fos the nmeufachrsafial raedidampoktor theand opi oi ds.

Also within the scope of.the invention is.the use of any of the conpounds 5
accordi ng totr?aﬁ;gelﬁgfm%ftfxe& ,nsflﬁfusfeﬁzab%enuf acture of a nedicanent for

the treatnment ofA#@ihephspebtof e ididntions athahotshe thealrawent 4 £ wbjdber aspect of
the invention is a nmethod for the treatment, of a subject_  suffering fromany
of the condi SufsAgs Hrmany of thengpdifions Hgcpessy abgyesvhaely anetieaitsamaeynt ofy

conpound aCCQE&ﬁﬁ%nHQcéoHﬁné%fﬁﬁEE&m{u aARBYR, is! B Gl B @g@a@nmn@edo@fti ent in

need of 10 such treatnent: e 1 nvention provides a conpound of
formul a 1) osucplrsatmeokutically acceptable salt or solvate thereof, as

her ei nbefore defiped for use in t.herapy. In urt-her aspect, ..t pr esent
i nvention provi de‘ghufsh%‘e Ve npéogg?ﬁ)ao%og?d gfff]é?%? o Pﬁ%wa‘ééumg]ﬁ’
phar maceut i cadckptalsie spérablvatebéreofDis Inpdivatae Héfcd &r usat therapy.nbef ore 15

defined in the mapufacture of a nedi canent for use in therapy. In_ the
context of the priddHithersapschitheRrpssht inyerbion groyides fieugpora compgupdef | des

formula I, or a pharmaceutically acceptable salt or solvate thereof, as hereinbefore
15  defined in the manufacture of a medicament for use in therapy.

In the context of the present specification, the term "therapy" also includes
"prophylaxis" unless there are specific indications to the contrary. The term
"therapeutic" and "therapeutically” should be contrued accordingly. The term
"therapy" within the context of the present invention further encompasses to

20  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
definition also encompasses prophylactic therapies for prevention of recurring
conditions and continued therapy for chronic disorders. .

The compounds of the present invention are useful in therapy, especially for

25  the therapy of various pain conditions including, but not limited to: acute pain,
chronic pain, neuropathic pain, acute pain, back pain, cancer pain, and visceral pain.

In use for therapy in a warm-blooded animal such as a human, the compound
of the invention may be administered in the form of a conventional pharmaceutical

composition by any route including orally, intramuscularly, subcutaneously, topically,



"prophyl axi s" unless there are specific indications to the contrary. The
term "therapeutic" and "therapeutically" should be contrued accordingly.
The teen "therapy" within the context of the present invention further
enconpassesyigglosti ni ster an effective anount of a coppPERtlePioebdae
present invention, to mtigate either a pre-existing disease state, acute
or chronic, or a recurring condition. This definition also enconpasses
prophyl actic therapies for prevention ofgrecurring conditions and continued
t herapy for chronic disorders. The conmpounds of the present invention are
useful in therapy, especially for 25 the therapy of various pain conditions

including, but not limted to: acut ai.n, . . chroni,c paj n.. neuropathic pain,
acute pain, BEEEsill; W}m@%ﬂ%%etaubﬂtﬁ%tﬁoé%da% g‘E&‘r’%‘P"‘%&iaﬁ?&uﬁ’Wtjse for therapy in
a war m bl oodigdatR&dal inSatekebasventribalalyandbidneaimdtedhe Pintd.he i nvention may be
adm nistered in the formof a conventional pharmaceutical copposjtion by

any route incl udilAgnesmpedimentof theinecntipn therouts of admimsbigtian pay bepiatsl |y, WO
2004/ 062562 igﬁ%%%pé@g@gg@é aﬁ?. intranasally, intraperitoneally,
intrathoracially, intravenously, “epidurally, intrathecally,

i nt racer ébr ovent rTheulosageywilldepdng onthexotfe of admintstrafen, thei savaity phthene

enbodi nent of. the inventi.an, -t.he route.o Lnistration. e.orally,

i nt r avenous!| 588 &% ?ﬂir?ﬁ?@i}|°£ﬁeﬁa{1%"%ﬁde°%%§f§g%m \ﬁowzﬁ%'ecﬁgﬂgg%%%f Wg nut e of
adm ni st r at | gendibf phRiai, whn Qétedntiging tedpdigidual agiman and\&isgfd leadl at he pati ent
and other factors normally consjdered by the attendi ng physician, when
det er ni ni ng MAY aPpraPAte fRgja PABKIRERASAY dosage | evel at the nost appropriate
for a particul ar i : @%E‘m i i dRsShiki ons fromthe
conmpounds of thi slﬂ%lgh’i%mgn | on@eﬁﬁﬁkﬁoﬁg?%%gﬁﬁ%ﬁ%&gccept gbl e carriers
can be el@ hemmvensiondnemhphhimpgeuticallGadceptatilo carrigns eprabextithensolidraod liggdpowder s,

Sol 1 0 oar 1 erouscion g oS RN s S e BBP B RRRS LG 1 Uent s

flavoring agedeh&s, ai@bugpobitote.s, | ubricants, suspendi ng agents, binders, or

tabl e 15 disintegrati] ents; it can also be an encapsul ati mat eri al .
gA solic{‘| gan'?g’ can ge one or more sybstances, wtrxllch may F'211so act as I;i;‘iuents,

flavoring agents, solubilizers, lubricants, suspending agents, binders, or table

15  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
suitable proportions and compacted in the shape and size desired. '

20 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 mixture in then
poured into convenient sized moulds and allowed to cool and solidify.

Suitable carriers are magnesium carbonate, magnesium stearate, talc, lactose,

25  sugar, pectin, dextrin, starch, tragacanth, methyl cellulose, sodium carboxymethyl
cellulose, a low-melting wax, cocoa butter, and the like.

The term compaosition is also intended to include the formulation of the active
component with encapsulating material as a carrier providing a capsule in which the
active component (with or without other carriers) is surrounded by a carrier which is

30  thus in association with it. Similarly, cachets are included.



In powders, the carrier is a finely divided solid, which is in a mxture
with the finely divided conpound of the invention, or the active conponent.
In tablets, the active conponent is mxed with the carrier having the
necessary biwelkagopsaperties in suitable proportions angdceRiRgfl6fed N t he
shape and size desired. 20 For preparing suppository conpositions, a

| ow-nmel ti ng wax such as a mxture of fatty acid glycerides and cocoa butter
is first nelted and the active ingrediegj is dispersed therein by, for
exanple, stirring. The nolten honbgeneous mxture in then poured into
conveni ent sized nmoulds and allowed to cool and solidify. Suitable carriers

are magnesi um car, te nesi um st ear at e al c. |act.ose 25 sugar,
pectin, dextrin, ]ggg cﬂ‘?w‘ig%gﬁﬁ@ﬁﬁt?ﬁ Gy pér&qwa?gaoﬁxd@aqg&ﬁ?wr boxynet hyl
cel l ul ose, agltae MRelotdl ABmitaetrati6@coa butter, and the like. The term
conposition is also intended to include the fornulation of the active

conponent with eddapé frm sompoitiony inglndgsolyions spspepsionsedndfmpsianse F85ul e i n
whi ch t he i g 1 i - her Fbuds i rrounded
by a carri e%#geh&?{gﬁg%%geqtoﬁ&}s%% ﬁmgglg}é\écélg(fq#gﬂ%w&?ﬁf?{%.aaé‘?ém&%na#rol yc?sucac het s
ar e i ncl udedmay¥® RAGdHREEBiIHGhs RAUTILEERO pattgeaDBinitWatibablegsd powder s,

cachets, and capsules ca e used as. sol [.d dosage fo suitahl e for oral
admi ni strati Wp%ls_];fllaﬁ W@@P%céwgaﬁfﬁnéﬂ h?’h‘@l %80“58?]&?@3%& glté(ﬁ@pensi ons, and
enul si ons. Fguticaxanpl e, sterile water or water propylene glycol solutions
of the active conpounds 5 may be |liquid preparations suitable for parenteral

admi ni stration. LAGHEPES soluiond &rorad admmisiraligonsesnhe prepared by disgolvingdha ution in
aqueous pol yet: Y i: . b I Qi

adm ni strati %ﬁllbéc(gn %eng%trlfeig}ggeégﬁ%?/ﬁ déilgssJﬁ@?ﬁg%%pﬁ%??%)ggég%ﬁ%gﬁgﬁm’i n wat er
and addi by saidtthickeningdgontams desirbd.akgudons)suapensions fos brdd nbd capbs madé by and

t hi ckeni ng agents esi red eous suspensions for oral use can be nade
by df sper oi TR BR ey drote R IR el O Shen Per e ils viE st ner wi th
vi scous  mat gefefih] saeleks rafurfiabihatic Sinil Rsfnb,tndhkiTBellul&R] sddiunet hyl cel | ul ose,

sodi um carboxynet hyl cell ul ose, and other suspendi ng agents known to the
phar maceut i cgarboxymethyl cellulose, and other suspending agents known o the pharmaceutical

formulation art.

15 Depending on the mode of administration, the pharmaceutical composition
will preferably include from 0.05% to 99%w (per cent by weight), 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

20  may be determined, by the use of known criteria including the age, weight and
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,

25 Also within the scope of the invention is the use of any compound of formula I
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,
but not limited to: acute pain, chronic pain, neuropathic pain, acute pain, back pain,

30  cancer pain, and visceral pain.



formul ation art. 15 Depending on the node of adm nistration, the

phar maceuti cal conposition wll preferably include fromO0.05%to 99%w (per
cent by weight), nore preferably from0.10 to 50%v, of the conpound of the
invention, sd20000080t ages by wei ght being based on tot abrg@hiesscbdon. A
therapeutically effective amount for the practice of the present invention
20 may be determ ned, by the use of known criteria including the age, weight
and response of the individual patient,s5and interpreted within the context
of the disease which is being treated or which is being prevented, by one
of ordinary skills in the art. Wthin the scope of the invention is the use

of any conpound o ﬁjﬁ[ 'ﬂ"btﬂ Ah{o0f a
medi canment. 25 Aléo W |%‘3t fg&s%g&ielblg&q Icﬁ@éﬁ{elraggﬁ e use OF any
conmpound of framnrmy af the cbnﬂiﬁﬁds@mssadalﬂva,mdleoébyanw&mtmmunﬁqu t he t herapy

of pain. Additionall .ov) ded_i s e, use, of. an und accor

Formula | fofomRoyad ﬁéﬂ%&%{oﬂﬁ%ﬁm’uféqﬁ% S AERTISE, att‘ﬁ%tr‘gﬂﬁ cg‘?fnvarl ous
pai n condi ti gs hefsgyudi Ng, but not linited to: acut e pain, chronic pain,
neuropat hi c pain, acute pain, back pain, 30 cancer pain, and visceral pain.
WO 2004/ 052562 Powm@@wfbe@@%mm!sd APRAEMAGeEHCah SPMBRASItAN CORPTIFAG ANt ion i s a

met hod for tg@ﬁ gfp b &utio8 a@ée@#ﬁb%%t@feréo?ﬁgﬁ&ﬁﬁhﬁ%?ng to the

di scussed abov ere an' e % ctlve ano compou accor
formula | abwhﬂphmrmdenma]iymcemahlmcangatl ent in need of such therapy. 5

Addi tionally, rqvi ded a. ceutlc conpasition.conprising a
conpound of ~ For mﬁg args;,agrepﬁm%cgeg af:?)mﬁ%[cc W%?%n EofRr eof, in
association ¢ %dﬁndoPP@him@Euﬂﬁlﬁdnﬂceﬁﬁm@aa@p&hm&n kiefeof R kisobidli@l | y, there
i s provided a, pharmaceutjcal conpaosition conprising a corrpound of Fornmul a

|, or a phar witkephpenperyficalle aqoeriphle carrpr for therapymorp partiselady frithsPy10 with a
phar maceut i cghlgayn acceptabl e carrier for therapy, nore particularly for
t herapy of

Further, there is provided a pharmaceutical composition comprising a

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

compound of formula I, comprising;

N

J

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



Further, there is provided a pharnmaceutical conposition conprising a

conpound of Fornmula I, or a pharmaceutically acceptable salt thereof, in

association wth a pharmaceutically acceptable carrier use in any of the

condi ti onsv%%%ég 15 above. Also provided herein is acmesiadoshgpreparing
0

a conpound formula I. 1n one enbodi ment, the invention provides a
process for preparing a conpound of fornmula I, conprising: O NO | Il R3
N~R4 Is R NRLI I 20 reacting a cogpound of formula Il with X-C(=0 -R4
or RC(=0-0C(=O R4: WD 2004/062562 PCT/ (B2004/000099 16 O RN R31 / \ |
NH 15 RN RIlI wherein RL is selected from C6-10aryl and C2-6heteroaryl,
wherein said C6-1Qaryl and 5 C2-6heteroaryl are optionally substituted with
one or nore ggoupsel ected from-R
R
o
R?
ITIH
RS
" N
»
I

wherein
R! is selected from Cs.1paryl and Cj.¢heteroaryl, wherein said Cs.jparyl and
5  Cysheteroaryl are optionally substituted with one or more groups selected from -R,
-NO,, -OR, -Cl, -Br, -1, -F, -CF3, -C(=O)R, -C(=0)OH, -NHj3, -SH, -NHR, -NR;, -SR,
-SO3H, -SO4R, -S(=0)R, -CN, -OH, -C(=0)0R, -C(=O)NR;, -NRC(=0O)R, and -
NRC(=0)-OR, wherein R is, independently, a hydrogen or C;.¢alkyl;
RL R, R* and R® are, independently, selected from hydrogen, Ci.salkyl, and
10 Cs.geycloalkyl, wherein said C,alkyl and Csscycloalkyl are optionally substituted
with one or more groups selected from -R, -NO;, -OR, -Cl, -Br, -1, -F, -CF3, -C(=0)R,
-C(=0)OH, -NHz, -SH, -NHR, -NR;, -SR, -SO;H, -SO;R, -S(=O)R, -CN, -OH, -
C(=0)OR, -C(=O)NR;, -NRC(=O)R, and -NRC(=0)-OR, wherein R is,
independently, a hydrogen or Cj.¢alkyl; and
15 XisCl, Brorl.
In another embodiment, the invention provides a process for preparing a

compound of formula I, comprising:



-N®2, -OR -d, -Br, -1, -F, -CF3, -C(=O R -C(=OOH, -NH2, -SH, -NHR -NR2,
-SR, -SMBH, -SA?2R, -S(OR -CN, -OH -C(=0O0R, -C(=ONR2, -NRC(=O R, and -
NRC(=0) - OR, wherein Ris, independently, a hydrogen or Cl-6alkyl; R2, R3, R4

and R5 are 6?@?@?539”“% sel ected from hydrogen, Cl-6atkyB2o0a/0ah09910
C3-6cycl oalw<y : erein said Cl-6al kyl and C3-6cycl oal kyl are optionally
substituted wth one or nore groups selected from-R -NOX2, -OR -d, -Br,
-1, -F, -CR3, -C(=OR, -C(=O0OH, -NH2, 19SH, -NHR, -NR2, -SR -SQ3H, -S2R,
-S(=O R, -CN, -OH, - (=0 0R -C(=ONR2, -NRC(=O R, and -NRC(=0 -O0OR, wherein
Ris, independently, a hydrogen or Cl-6alkyl; and 15 Xis C, Br or I. In
anot her enbodi rrento the invention provides a process for preparing a

conmpound of f(z)rrrul g |, conprising: WO 2004/ 062562 PCT/ GB2004/ 000099 17 O
R NO 31 RN R _ RL | reacting a conpound of formula |11
with RL-CHO or Ri-CH RB/?I\/\ | NR4
R
N~ R
&5
N
o
|
reacting a compound of formula ITI with R'-CHO or R'-CH,X
0
2
R
TOUALE
RB
N~ "R
| Ls
N
H
5 I
wherein

R! is selected from Cg.ioaryl and Cy ¢heteroaryl, wherein said Cg0aryl and
Cs.gheteroaryl are optionally substituted with one or more groups selected from -R,
-NOg, -OR, -Cl, -Br, -L, -F, -CF3, -C(=0)R, -C(=0)OH, -NH,, -SH, -NHR, -NR;, -SR,

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

R?, R®, R and R® are, independently, selected from hydrogen, C;.salkyl, and
Ci.scycloalkyl, wherein said C,_galkyl and Cy_¢cycloalkyl are optionally substituted
with one or more groups selected from -R, -NO3, -OR, -Cl, -Br, -1, -F, -CF3, -C(=0)R,

15 -C(=0)OH, -NH;, -SH, -NHR, -NR3, -SR, -SO3H, -SO;R, -S(=O)R, -CN,.-OH, -



RN H 5111 wherein RL is selected from C6-10aryl and C2-6heteroaryl,
wherein said C6-10aryl and C2-6heteroaryl are optionally substituted with
one or nore groups selected from-R -NO&2, -OR -d, -Br, -1, -F, -CF3,
C( O) R Qﬁgg 9&8%562'\""21 -SH, -NHR, -NR2, -SR, 10 - SOBHPCT@QQE@4;00@69=O) R
CN, O C(EONR2, -NRC(=O)R. and - NRC(=0)-CR wherein R is,
|ndependently a hydrogen or Cl-6alkyl; R2, R3, R4 and R5 are,
i ndependent |y, selected from hydrogen, G4-6alkyl, and C3-6cycloal kyl,
wherein said Cl-6al kyl and C3-6cycl oal kyl are optionally substituted wth
one or nore groups selected from-R -NO2, -OR -d, -Br, -1, -F, -CF3,

8T8, P TR R oo epif B 5 5725 e O

-NRC(=O R, aiudepci¥atiyQ hidrogente CpkdlkyR dnd, | ndependently, a hydrogen or
Cl-6al kyl; and Xis Cl, Br or |I. Particularly, the conpounds of the present
i nvention and i nt®iSebP&Pes used 5 for the preparation thereof can be
prepared accor di Nk Quidrie 1R okBEkdS & BRI ﬁﬁf&{mld'lﬁﬂﬁﬁ’e& sisBeMes 1-3.
Scheme 1 MeO p(Owe) a I\/t':li(}e ? o ? ; veP ° ?nterrredl ate 1
MeO Br2 Mao fachs prarat@n tl&reof can be prepared accordmg to the synthenc routes as

exemplified in Schemes 1-3.

Scheme 1
0% ‘OM
Intermediate 1
NaOH HO
Br
N
|
termediate 3 bac
Intermediate 2 Intermediate Intermediate 4
/\'N
isobuty! chloroformate ) Be TFA /j
B
—~ | DCM ‘
E4N, EL,NH l
N
boc ﬁ
Intermediate 5 Intermediate 6

10



Br boc boc boc Internmediate 2 |Internedi
chloroformate J / Br TFA ---14 |

Et 3N, Et 2NH DCM Br

ate 3 Internmediate 4
boc H

| sobut yl
internedi ate 5

Internediate 6 10 WD 2004/ 062562 PCT/ GB2004/ 000099 19 Scheme 2 0 '--~N
~NJ I / B%vo]zobwéﬁz&%& R1- CHO, NaBH( OAc) 3 1, 2-di chl or oet papegdisDboodd |
Internediate 6 Rl Internediate 7a: R12th|enyl I nternedi ate 7b:
R1=2-furyl; Internediate 7c: Rl= phenyl 0 Internedlate 7d: R1=3-thl enyl.
I nternediate 7e: R1=3-pyridinyl. NI Internmediate 7f: R1-4-pyridinyl.
manm nobenzene boronl c acid Na2CO3 Pd(PPh§)4 NHZ Tol uene, Ethanol, Water N
Scheme 2
0
NN N
/l Br ‘ ) Br
R'-CHO, NaBH(QAG), [
1,2-dichloroathane
N N
H

intermediate 6

0

BASYS
m-aminobenzene boronlc acld )

Na,CO; Pd(PPhy),

oy

Toluene, Ethanol, Water

R1
Intermediate 7a: R'=2-thienyl;
Intermediate 7b; R1=2-fury};
Intermediate 7¢: R1=phenyl;
Intermediate 7d: R1=3-thlenyl.
Intermediate 7e: R'=3-pyridinyl.
Intermediate 7 R¥™4-pyridinyl.

NH,

N

B

Acetyl chloride
or acetic anhydride,

Triethyl amine

bCM

intermediate 8a: Rt=2-thienyl;
Intermediate 8b: R'=2-furyl;
Intermediate 8¢: R1=phenyl;
intermediate 8d; R1=3-{hienyl.
Intermediate 8e: R1=3-pyridinyl.
Intermediate 8f: R'=4-pyridinyl.

sWe N1

N Compound 1: R1=2-thienyt,
Compound 2: R=2-furyl;
Compound 3; R'=phenyl;
Compound 4: R'=3-thienyl.

Compound §; R'=3-pyridinyl.
Compound 6: R=4-pyridinyl.



R1J Internediate Ba: Rl=2-thlenyl; Internmediate 8b: Rl1=2-furyl;

Internmedi ate 8c: Rl=phenyl; Internediate 3d: R1=3-thlenyl. Internediate
Be: R1=3-pyridinyl. Internediate 8f: Rl=4-pyridinyl. O Acetyl chloride
'----N O oweEmeindsanhydride, J / Trlethyl amine H DCMN/GRNROHRE0L:
R1=2-thlenyl; J Conpound 2: R1=2-furyl; Rl Conpound 3: Rl=phenyl; Conpound
4. R1=3-thienyl. Conpound 5: R1=3-pyri d| nyl . Conpound 6: R1=4-pyridinyl.

WO 2004/ 062562 PCT/ GB2004/ 000099 20 0 26~N\ N\ / p J I/ Br 1.

3-acet om dophenyl boronic acid 2C38 3)4 | H Toluene, Ethanol, Water N 2.
TFA, DCM H boo Internediate 5 Internediate 9 ORl-CHZCI K2C03, DMF | | \

[
/\N
) Br 1. 3-acetomidophenylberonic acid ) J\

Na,CO;, PA(PPhy),

Toluene, Ethanol, Water

r?l 2, TFA, DCM H
boc
Intermediate 5 Intermediate 9

R1-CH,Cl, K,CO,, DMF O O
or

R-CHO, NaBH(OAc),
1,2-dichloroethanea

N

J

Compound 7: RY=2-pyridinyl;
Compound 8: R1=4-thlazolyl:
Compound 9: R1=5-thiazolyl.

R1

Accordingly, in another aspect, the present invention provides a compound of

formula 11;
0
2
R
TR
Ra
TR
R5
N
H
5 I
wherein

R? R® R* and R’ are, independently, selected from hydrogen, C1.salkyl, and
Ci.scycloalkyl, wherein said C; 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,



or J/ \'' N H R1-CHO NaBH(QAc)3 1, 2-dichloroethane N Rl Conpound 7:
R1=2-pyridlnyl; Conmpound 8: Rl=4-thlazolyl: Conpound 9: R1=5-thlazolyl.
Accordi ngly, in another aspect, the present invention provides a conpound of
formula Il wéook@2562N 1 Il | O RBRN~Rals R NH 5PJ:+/E;132W%60§§9” R2,

R3, Ra and R5 are, independently, selected from hydrogen, d - kyl, and
Cs-6c¢cycl oal kyl, wherein said Cl-6allcyl and C3-6cycl oal kyl are opt ionally
substituted w th one or nore groups sehgcted from-R -NO2, -OR -d, -Br,
-1, -F, -CF3, -C(=O R WD 20041062562 PCT/ GB2004/ 000099 21 -C(=0) OH, -NH2,
-SH, -NHR, -NR2, -SR, -SO3H, -S2R, -S(=O R, -CN, -OH, -C(=O0OR -C(=0O NR2,

-NRA=0)R, - ang_o i8Il X7, Sh, KRR S, B 350,H, -SO-R, -S(=O)R, -CN, -OH,
-C(=0)OR, -C(=0)NR;, -NRC(=0)R, and -NRC(=0)-OR, wheremn R is,
independently, a hydrogen or Cr.salkyl.

BIOLOGICAL EVALUATION

5 The compounds of the invention are found to be active towards & receptors in
warni-blooded animal, e.g., human. Particularly the compounds of the invention are
found to be effective 6 receptor ligands. In vitro assays, infra, demonstrate these
surprising activities, especially with regard to agonists potency and efficacy as
demonstrated in the rat brain functional assay and/or the human 4 receptor functional

10  assay (low). This feature may be related to in vivo activity and may not be linearly
correlated with binding affinity. In these in vifro assays, a compound is tested for
their activity toward 6 receptors and ICsy is obtained to determine the selective
activity for a particular compound towards 8 receptors. In the current context, ICso
generally refers to the concentration of the compound at which 50% displacement of a

15  standard radioactive & receptor ligand has been observed.

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

a similar assay.
In vitro model

Cell culture
20 Human 2938 cells expressing cloned human ¥, 6 and p receptors and
neomycin resistance are grown in suspension at 37°C and 5% CQO; in shaker flasks
containing calcium-free DMEM10% FBS, 5% BCS, 0.1% Pluronic F-68, and 600
pg/ml geneticin,
Rat brains are weighed and rinsed in ice-cold PBS (containing 2.5mM EDTA,
25 pH7.4). The brains are homogenized with a polytron for 30 sec (rat) in ice-cold lysis
buffer (S0mM Tris, pH 7.0, 2.5mM EDTA, with phenylmethylsulfonyl fluoride added
just prior use to 0.SMmM from a 0.5M stock m DMSO:ethanol),



I ndependent |y, a hydrogen or C 6al kyl. Bl OLOG CAL EVALUATION 5 The
conpounds of the invention are found to be active towards S receptors in
war m bl ooded animal, e.g., human. Particularly the conpounds of the
invention & olfsd to be effective S receptor |igandsect@sricsn@osssays,
infra, denonstrate these surprising activities, especially with regard to
agoni sts potency and efficacy as denonstrated in the rat brain functional
assay and/or the human S receptor functgpnal 10 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 conmpound is tested for their
activity toward S receptors and I C50 is obtained to determ ne the sel ective
activity fo—?ﬁggﬁ?@ﬁ%ﬂ%omound towards S receptors. In the current
context, |1C50 ge&lus adelpglieted adsrefiapénded ndpsiemiffeai(5mMTris, ipEl T@pound at

whi ch 50% di spl ac ng tandard radi oactive S ptor.ligand has
been obser veR! I%ﬂﬁﬁ@hﬁ@éégﬁfwft@%@ﬁﬁ%g’n@? Héa{ﬁiﬁamglfﬁ’ceptors are
al so measur eghdnBl), ifcubhatél lofliccSS 8 mirl, fhet ihbmB g withGepdLytfdH b3 ®sed0 Hunman

2935 cells expressing cloned human it, S an_%l receptors and _neomnycin
resi stande afhe sysnsusion is spuspdR9PHmax) fa 18 min gt £ Tapsypsmetpakis saved a8k s

taini ' 9 9 9 ' - .and 600
/i geneti c b bR EMBAHEN b spui S icte, HhelhornbR i By
(cont ai ni ng dte Sorhbibddlahd sp@batpid, 000 4fmax) ier IrminnThepelleanngansparddiu th a
| yt f ( | NI.Ces | ysi buf f 5 is, pH 7.0,
D S EDTA. SRRy CREM TRaE SO i agita R il BRIFT or use ¢ o
0. 5SMTM f r om Rafdp&itb$ifaEmbriand DEE: € 50 @M ITks, 0D RONHLEE $P620)PERG$d2A04/ 000099

22 Menbr ane Breparation Cells are pelleted and resuspended in |ysis buffer

(50 mm TH s, mpiin golgpropylene tihsersTiiozopiin Aryfgsithangbiend stered atp79Gruntidusese to 0.1
mM froma 0. ”ﬂhe“ﬂr&&eﬁ%%n&éﬁtrations are determined by a modified Lowry assay with sodium
dodecyl sulfate.

Binding assays
Membranes are thawed at 37°C, cooled on ice, (or kept on ice if not used

15  immediately) passed 3 times through a 25-gauge needle, and diluted into binding
buffer (50 mM Tris, 3 mM MgCl,, 1 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

20 iced 12x75 mm polypropylene tubes containing 100 pl of the appropriate radioligand
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

25 ml/tube iced wash buffer (50 mM Tris, pH 7.0, 3 mM MgCl,) through GF/B filters
(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
for at least 12h in minivials containing 6-7 ml scintillation fluid. If the assay is set up
in 96-place deep well plates, the filtration is over 96-place PEl-soaked unifilters,

30 which are washed with 3 x 1 ml wash buffer, and dried in an oven at 55°C for 2h. The



et hanol ), incubated on ice for 15 mn, then honogenized with a polytron for
30 sec. 5 The suspension is spun at 1000g (max) for 10 mn at 4C The
supernatant is saved on ice and the pellets resuspended and spun as before.

The super natwoteosfose2 bot h spins are conmbi ned and spun Fer4sH x) for
30 min. The pellets are resuspended in cold Tris buffer (50 M@Pﬂfg% H

7.0) and spun again. The final pellets are resuspended in nenbrane buffer
(50 MM Tris, 0.32 Msucrose, pH 7.0). Abgquots (1 10 ml) in pol ypropyl ene
tubes are frozen in dry ice/ethanol and stored at -70C until use. The
protein concentrations are determned by a nodified Lowy assay wth sodi um

dodecyl sulfate. . Bi ndin sa Gy cool ed on ice,
(or kept on ﬁ%%pilﬁ%sn%?cﬁlgggm¥§°%ﬁ%?ﬁ§g @g&ﬁégﬁ%%%gothrough a

25- gauge neestimillatagdflgidivelle dn thatoasduinsiapgperforhédin 965Repriviell plages, the M MgCl 2, 1
ng/ M BSA (S A-7888),, pH 7.4, ich is stored at 4C after filtration
Uhrough a 0. K500 cppats afyalogio el rpetat g mee Fpay s GbERpssohy n
aprotinin, 1f:M REEspbinddisgiacdbeit Qir®dsiin i chde JiiMu MRIMOAPACPhAsay igler i ved from
tissue (rat, nouse, nonkey, no DIT). Aliquots of 100 I' are addéd to 20 iced
12x75 mm dol §enedpyP@davi appeeniiate amavgt afgpembrese nraleindBpe.ciinesand Litadi ol i gand

and 100 | of.t.es r ou t i a d
nonspeci fic %‘ﬁ&&”@?ﬁ@%ﬁ%%‘??@? rm%rsigegﬁ?eﬁ%t gtsg sé%ocoéatgﬁqgj‘g%g%fetﬁ%e of 10 M
nal oxone r espeairlateatracer (IDSI-Deliveghia(k 1 233+RRE33 @214, andl 125T<DBY NdosDel25C f or

60-75 mn, a&%}gr I%,hich tirreYPE)Be con%aig.ta. ar e raIPi dly vacuumfiltered and
washed with &Bbdtd BEPPoSTORACFIYRIY. TREGIABCANE 4RY BT3RS &TpH 7.0, 3 nM
MyQ 2) t hr ougheddindd ihlabdeBESand(pihdhderi o pvEsTORkRdné. Or at least 2h in 0.1%

pol yet hyl enei m ne. The radi oactivity (dpm retained on the filters is

rreasuredl(gvitpu&ﬁgﬂgl%sgﬁgnter after soaking the filters for -at least 12h in
mnivials contarning 67 m_scintillation fluid. |If the assay is set up in

96- pl ace deep wel Thgrsenistactiyiyof the corapousds issnagsused bisdgieraininpthe deatsk e d

oven at “ssc 1 ReRbG S ERE okl el RS R oA e
are counted towhicH deGeusptor( Rackuwiad) IathiedtTRIidiNg a&ay, ATIG BAs combined

with test compounds and membranes from HEK-2938 cells expressing the cloned

15  human opioid receptors or from homogenised rat or mouse brain. Agonists stimulate
GTP[y]>’S binding in these membranes. The ECsp and Epy values of compounds are
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 é receptor functional assays, ECsq (low) is

20  measured when the human § receptors used in the assay were expressed at lower
levels in comparison with those used in determining ECsp (high). The Enx values
were determined in relation to the standard § agonist SNC80, i.e., higher than 100% is
a compound that have better efficacy than SNC80.

Procedure for rat brain GTP

25 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,
100 mM NaCl, 1 mM EDTA, 5 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

compounds are evaluated from 10-point dose-response curves done in 300ul with the




scintillation fluid/ well.

In the case of assays perforned 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 displacenment curves in the case of
Mi and Kappg ssay is 5 done in 300l with the appr qefi¢dBospomgant of
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than 100%is a conmpound that have better efficacy than SNC80. Procedure

for rat brai bregsnpe obvaRQus isstaompaands veas expregsed asnenstitage oBairob¥sed 3 ti mes

th h 25 | untey. -di i N i ngdi 50 mM
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Cheng-Prussoff equation. Mean # S.E.M. values of ICsp, X; and ny were reported for

ligands tested in at least three displacement curves. Biological activity of the

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

Table 1
Compd. [Human & Human ¢ [Human g [RAT BRAIN
# o Y VY Y

[[Cso ECso %EMax {Csg ICsq ECsp  [YoEMax

(high)  |(high)
3-4 0.34-0.59(1.46-2.65 [95-98  12470-8000 [344-368 |[7.2-15.8 |126-137
Table 2
Compd. [Human & IHuman « uman i
i (nM) (nM) [ZM)
[Cso ECso (low)  [%EMax (low) [[Cso Cso

1-2,5-9 10.19-1.49 (15.7-274 80-112 5828-9074 106-4441

20




appropriate anount of nenbrane protein (20g/well) and 100000- 130000 dpm of
GIPy35S per well (0.11-0.14nM. The basal and naxi mal stinul ated binding are
determ ned i n absence and presence of 3 M SNC-80. The assay perfornmed on HEK
293s cel | s stabhyo@sgpressing cloned Delta receptors is dppgceRoedosibednt |y
different 5 buffer (50mMM Hepes, 20nM NaCH, 200mM NaCl, 1 nmM EDTA, 5nM Myd 2,
pH 7.4, Add fresh: 0.5% BSA, no DIT) and with a 3Mfinal conc. of GDP. Data
anal ysis The specific binding (SB) was gl culated as TB-NS, and the SB in
the presence of various test conpounds was expressed as percentage of
control SB. 10 Val ues of IC50 and Hill coefficient (nO) for ligands in

di spl aci ng bt §AladoP B imehadi ol i gand were cal culated fromlogit plots
or curve flts%‘l%g%m alfo % lﬁ" as Ligand, G aphPad Prism SigmaPlot, or

Recept or Fi t. Val ygg; I%@&Iﬁes%é&éi&ﬁﬁﬁé& by pRAbiciRg bRl ohf equat i on.

Mean f S.EM vaI ues of Ki and nH were reported for " lidands tested in

at | east thrgg rbnsihees Silithe spproeiie iBlioli@@atcat conchirvidng rafgidgfeord 6.2conpounds
of the present invention is indicated in Tables 1 and 2. Table 1 Conpd.
Human S Humeg sKintksiBdestidAfedBEAUNio (0Mhes(iDdthonid\f radiblioand GedfiitbthxreC50 C50 C50
%EMax (high) (high) 3-4 0.34-0.59 1.46-2.65 95-98 2470- 8000 344- 368

7. 2- 15. 8 5l 26fedsthle). Tielspec2fiCadiptigandinimdingSs kkprasskd duprasieftg mé¢mbdpngd nM) (nM
C50 EC50 (low) %EMax (low) C50 C50 1-2,5-9 0.19-1.49 15.7-274 80-112

5828- 9074 10frotitd Valuz®ofi0s 201BLOBAE 6RIi AR €BREBEABOSOUBain@bioRe cept or

Saturation Experinents
nonlinear fits of specifically bound (B) vs. nM free (F) radioligand from individual

according to a one-site model.

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.



Radi ol i gand 1(5 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 Kg (up to 10 tines if amounts of

radi ol i ganqvégtg,%&?@ are 5 feasible). The specific radi @ipgsbsdbiads Ng i s
expressed as pnole/ng nmenbrane protein. Values of 1{6 and B.. from

i ndi vidual experinments are obtained from nonlinear fits of specifically
bound (B) vs. nMfree (F) radioligand fsemindividual according to a
one-site nodel. Determ nation O Mechano- Al |l odynia Using Von Frey Testing 10
Testing is perforned between 08:00 and 16: 00h using the method described by

Chapl an et s a.re Iaced in Plexiglas cage§g an t of awre
mesh  bott o?Fmei(l% ﬁ“ﬁ%‘f’% cylatignb fbds ?‘ﬁ%o‘gplwm%f‘r%eg?oé‘sqs ﬁlet‘@ﬂ}?a’%ﬁ uate for
10-15 m n. TFh@nitpsfabe swm@snofd,hﬂ@cdman@éﬁﬁés% rbspbhsel bBgndauen thy fisdi ng t he
| ess sensitive foot pads. The paw jis touched with a series of 8 Von Frey

hairs with |c@mmmfp@1§ploycurﬁ@rgewéﬁbrash0@s§ﬁtﬁ1r0ﬁ@§sh(@ﬁsmw @69, 1.20, 2.04,

3.63, 5.50, sgfgﬂ &Nl {M H‘@fp; Frey hair
is applied from un nea%d% ﬁ g%sfh&ﬂ go‘{aﬂ%e%%%gﬁ%m ar %%S pl ant ar

surface Vi t H.$ufdaxomaliyt all‘odyme) arorasmneelmasigngmtﬂlb weskltingatheyaofipesitivee  paw,

and held for roxi mat e onds Iti e res onse j _nhoted if the
paw i s sharpqnfiln%g? kvﬁéﬁsawegﬁﬁ?ﬁlﬂéﬁ?dﬁ %ﬂ“g{?@l @f‘ the hair is
al so consi deyilirawaa OandQbé 50%ev1maﬁmnmrxmmmfpomed lﬁsnﬁg(lﬂéfcﬁ'ﬁﬁlad an

anbi guous response, and in such cases the stinmulus is repeated. Testing

Prot ocol The ani rm%g&r&hbldstm?‘fé}‘P pusdidper ative day 1 for the FCA-treated
group. The 50% wi thdrawal threshold_ is determ ned usi n t he up-down net hod

of Di xon (19‘81esrex 2sfafpé§frh¢dast§ors?r§wﬂ1@auwdt(wgtuﬁ%!s)zkcrzta Fypjue (fremt he ni ddl e
of the sgyieg Sceﬁ Lw%ﬁrf tﬁ@f{a%e &@%Eih?&ﬁe%a@ve Q%ﬁ%wén\ﬁ%ﬂ\ﬁﬁé whet her

ascendi ng or a “paw w't awal response to the

initially sedlﬁeﬁeﬁstﬁmémsﬁnmhr(m@gmts)sﬁemﬁ H9.228 presented; in the event of
paw wi t hdrawal , the next vveaker stimulus is chosen., WD 2004/ 062562
PCT/ GB2004/ 000099"orpkyerireshalds arercoavssied teparest ok mamyy nossiBlefletid® requires

6 responses g hecddHEW @hlan et al. 1994. The following equation is used to compute
% MPE:
15 % MPE = Drug treated threshold (g) - allodynia threshold (g) X 100
Control threshold (g) - allodynia threshold (g)

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
20 compound and the von Frey test varies depending upon the nature of the test

compound.

Wirithing Test
Acetic acid will bring abdominal coniractions when administered

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



vicinity of the 50%threshold, and counting of these 6 responses begi ns when
the first 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 (nor 02%?1?&%&55“ ty) or 5 0.41 (nmeximally all odyniggp@sed@seactively
assigned. The resulting pattern of positive and negative responses is

tabul ated using the convention, X = no withdrawal; 0 = wthdrawal, and the
50% wi t hdrawal threshold is interpol ategyusing the fornula: 50% g threshold
=10(+ks) / 10,000 where Xf = value of the last von Frey hair used (Il og
units); k = tabular value (from 10 Chaplan et al. (1994)) for the pattern
of positive negative responses: and.S =. A ifference bet n stimuli
(1 og units). ’fege%m—yeﬁt.lofz‘%m\%lﬁatﬁ'lg}ﬁfw 8@%’3‘]’0 S&Mtﬁ?gﬁ%sgf’?sé%a e(e)r percent of
maxi mum possrial dskisfoget100%mdvRE) . according to Chaplan et al. 1994. The

foll ow ng equation is used to conpute % WPE: 15 % MPE = Drug treated

t hreshol d ( g§t) Soluliqns sRREUeHr eshol d (g) X 100 Control threshold (g) -

al l odynia th [ L an: i njected
(subcut aneou%‘?eﬁ,yﬂcgl mg fg?%aﬁé(%hf)%‘t@}d%g%%ﬁ? ?%%?E@F%%ﬁﬁna t est
subst ances pr omder tbobtabna finad yoluewtdf 3G m!whth a finsbcdneentabinn afidbin A¢ORLtTIen of t est
20 conpound and. t he,.von .Fr est varies dependi ng upon the nature of the
t est corrpounﬂ’?%lc%'lf Pﬁ?ﬁ&“@@?@iéﬁ‘&?ﬁ%ﬁ’&%ﬁ%ﬁ@-bn ng abdom nal contractions
when adnmi ni sCempeundi(tiugh Bach tafgaint ¥s prépafddend diEbsisel inithd mbitatitadid end t heir

body in a typical patfern. en 25 anal gesic drugs are adm nistered, this
descri bed m%ﬁ@@@#&a@sﬁa\!{‘\g@&@@?ﬁ@‘ye%bserved and the drug selected as a

potential gogf sefidhdaSnisafTP! ete and typical Withing reflex is
consi dered onl'y when the following elenents are present: the animal is not

in novemddt; the Thawempozsdk(drag)ds idprinistieredegllyeiirapkritonsallpignt,ar aspect of

ot h paws | 5. ghacryabl oo G ik enBRR v ATHOH o M diR 2024 05552

mice body weight) 20, 30 or 40 minutes (according to the class of compound and its

characteristics) prior to testing, When the compound is delivered centrally:
Intraventricularly (i.c.v.) or intrathecally (i.t.) a volume of 5 pL is administered.
15 The AcOH is administered intraperitoneally (i.p.) in two sites at 10 ml/kg
{considering the average mice body weight) immediately prior to testing.
(1ii) Testing
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
20 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
the geller-seifter conflict test in the rat.
For the functional gastrointestina disorder indication, efficacy can be
25  established in the assay described by Coutinho SV et al, in American Journal of
Physiology - Gastrointestinal & Liver Physiology. 282(2):G307-16, 2002 Feb, in the

rat.



t he present invention denonstrate significant inhibition of withing
responses after oral dosing of 1-100 nol/kg. (i) Solutions preparation
Acetic acid (AcOH): 120 L of Acetic Acid is added to 19.88 m of distilled
water in 5 wodemotsepbtain a final volunme of 20 m Wi t h paqfddiadanoonse
concentration of 0.6%AcOH The solution is then mxed (vortex) and ready
for injection. Conpound (drug): Each conpound is prepared and dissolved in
the nost suitable vehicle according togpgtandard procedures. (ii) Solutions
adm nistration 10 The conpound (drug) is adm nistered orally,
intraperitoneally (i.p.) , subcutaneously (s.c.) or intravenously (i.v.))
at 10 m/kg L dy weight) 20, 30 or 40 m nutes
(according téﬁ“c‘)J miﬁ%iﬁﬁ%ﬁ w%%gtﬁteg?‘guhar acteristics) prior to
testing. Weg.th 0 nd is delivered centrally: Intraventricularly
(i.c.v.) or PH¥ (i.t.) avolune of 5 L is adninistered. 15 The
AcCH i s adm ni st éXside malerSppapne Dawday rhtg (175-300F) arahowsed &1 grespsatf Sifan / kg

(F71) Tost | nPRaREr P UORTR G Jach ot 23 faeh 0B Sheoatiut o8 and

the nunbey Of. pael\flﬁéhqaﬁng ?f%'l%giﬂlﬁsécﬁ%@&le”%ﬂaﬁﬁgv%ﬁ@bﬁaeﬂat@ﬁacﬁ he end of

t he experi nent ce are I n I ndividual "shoe box" cages with

cont act beddhblgnnmdtautcwcnﬁﬁedmnmaﬂ@tdreﬂusiaalabwﬂb@arved at the sane tine:
one control and three doses of drug. For the anxiety and anxiety-Ilike

i ndi cati ons, Sshflecacy has been est abI ished in the geller-seifter conflict

test inthe rat. Ekor th tr0| t | d dlcatlon

ef fi cacy can be 2 O%g?uggl({){é%g%sg ltnﬁ ss%ouyg gga%srtﬁ%ed%ng feégl;r? nho SV et al,

in American gedthedlandbthefdhysiacd tﬂeg};ed-’\m%tcbﬁ)Ihpdi;ﬁ&;tshﬂﬂhhn&(l.PS()erFoPﬂms| ol ogy.
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A8DDI( T? O@& fﬁ&‘n \9%(2 @%%@%ﬁ%f&ﬁ%&re lnjectedov(\)flté Egg 50?16 of gr /fg;u% g?(())up/s 9300099 8
then vehicle-treated whilst the other three groups are injected with the drug and its

vehicle. A second set of experiments are conducted involving five groups of rats; ali
of which receive no LPS treatment. The naive group receives no compound (drug) or
vehicle; the other four groups are treated with vehicle with or without drug. These are

15  performed to determine anxiolytic or sedative effects of drugs which can contribute to
a reduction in USV.

Administration of LPS
Rats are allowed to habituate in the experimental laboratory for 15-20 min

prior to treatment. Inflammation is induced by administration of LPS (endotoxin of
20  gram-negative E. coli bacteria serotype 0111:B4, Sigma). LPS (2.441g) is injected
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 1cm is made to expose the skull surface.
The puncture site is determined by the coordinates: 0.8 mm posterior to the bregma,
25 1.5 mm lateral (left) to the lambda (sagittal suture), and 5 mm below the surface of the
skull (vertical) in the lateral ventricle, LPS is injected via a sterile stainless steel
needle (26-G 3/8) of 5 mm long attached to a 100-pi Hamilton syringe by
polyethylene tubing (PE20; 10-15 cm). A 4 mm stopper made from a cut needle (20-



Subj ects and housi ng Naive nal e Sprague Dawl ey rats (175-200g) are housed in
groups of 5in a tenperature controlled room (22C, 40-70% hum dity, 12-h
lightidark). Experiments 5 are perfornmed during the |ight phase of the
cycle. Ani njlgSohdkessh0od and water ad |ibitumand are sgefiziioe96boosy

i mredi ately after data acquisition. Sanple Conpound (Drug) testing includes
groups of rats that do not receive any treatnent and others that are
treated with E. coli |ipopolysaccharide@hPS). For the 10 LPS-treated
experinment, four groups are injected with LPS, one of the four groups is
then vehicle-treated whilst the other three groups are injected with the
drug and its fG 8RR vol vi ng
five groups %} }éﬁ,’i&{c‘é& 8v ég%%itiﬁlterzgc%ﬁve nH fe g@g#ﬁ@-ﬁ%&'ﬁ{?ﬁfgs@g ve group
recei ves no Smnpizpthd (dr ug) or vehicle; the other four groups are treated
with vehicle with

0 out, dru eear erforne et er
anxi ol ytic or sedgf’{1 ;l?eéﬁlte%h%%’f&}g e@&ﬁl S dnplpes ﬁ’f‘réa‘%ﬂf‘ “ﬁlmr eduction
in USV. Adm ng §£oraa1waﬁff9§meaﬁhBe6nspo%h@ tﬁén' OYREbved THRIAdidE] B cldded, Afd

experinmental |aboratory for 15-20 min prior to treatnent. I nfl anmation is
i nduced by atheir#iisrenunédda iispriging C(aaﬁa@taéWﬁdéﬁrestigr @mmwgﬁﬁﬁh@rer col i
bacteria ser ol Y} s[ht% 0111:B4, Sigma). LPS (2.49) is injected

|ntracerebro Vent Pi cul arly (i.c.v.), in a volume of 101, using standard

st ereot axic B rﬁﬁe(ﬁ?ahs 'aﬁ‘ & s %Emﬁsofl ur ane anaest hesia. The skin
bet ween t he d a longitudinal incision of about

lcmis nade to exPosmtstrmainkid the sxpeﬁmamal laﬂ'dmtoguﬁotibwmgBJiStmjectmndmﬂerm ned by

th d t t t nm | left) t
he | anbda(CqBroupa (et BRaEaRh. o2 e ion tATRE oL e e st |

(verticall}y i plabdieoutsddethalab¥Rfiry.] Oh€rat hiFSih&isibrdupit BEb the s lglhﬁcﬁrhﬂo@ stainl ess
steel needle (26-G 3/8? of 5 mmlong attached to a 100-1 mlton syringe

by pol yet hyBedplacedon aglearpxd x190x 1&,01@)ijhlch\1s4thm1gqedpxp@ soundchiteryabng a cut
needl e (20 62 PCT/ 0 plLa er and
cecur od 1o tH%“@%%“ﬁ’é@%?&”ﬂ?%%géﬁg@gf‘ﬁ@h} RN G !
Inc). The delivery of air-puffs, through an air output nozzle of 0.32 cm, is controlled
by a system (AirStim, San Diego Intruments) capable of delivering puffs of air of
15  fixed duration (0.2 s) and fixed intensity with a frequency of 1 puff per 10s. A

maximun of 10 puffs are administered, or until vocalisation starts, which ever comes
first. The first air puff marks the start of recording.

Experimental setup for and ultrasound recording

The vocalisations are recorded for 10 minutes using microphones (G.R.A.S.
20  sound and vibrations, Vedback, Denmark) placed inside each cubicle and controlled
by LMS (LMS CADA-X 3.5B, Data Acquisition Monitor, Troy, Michigan) software.
The frequencies between 0 and 32000Hz are recorded, saved and analysed by the
same software (LMS CADA-X 3.5B, Time Data Processing Monitor and UPA (User
Programming and Analysis)).

25  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, ‘



5mm depth. Followi ng the injection of LPS, the needle remains in place for
an additional 10 s to allow diffusion of the conpound, then is renoved. The
incision is closed, and 5 the rat is returned to its original cage and

al | oned tovp@%,,,i,@rsﬁza m ni mum of 3.5h prior to testingpcigmisymudal setup
for air-puff stimulation The rats remains in the experinental |aboratory
followng LPS injection and conpound (drug) adm nistration. At the tine of
testing all rats are renoved and 10 pl aggd outside the | aboratory. One rat
at atime is brought into the testing | aboratory and placed in a clear box
(9 x 9 x 18 cm which is then placed in a sound-attenuating ventil ated
cubi cl e neasyring 62(w) x35(d) x46(h) cm (BRS/LVE, Div. Tech-Serv Inc). The
delivery of éqg:lﬁ%uffs, t hrough an air output nozzle of 0.32 cm is
controlled by aThysécendifisni Mugsarserﬁs@@aaﬁslicahamﬂﬁ?bm)iercaapiamséo Biter

del ff f t d int t
Wih a i reqibrgeroto-Faisd Beadie B bimPRme et 3P SRR ARe adm i stor ed,

or until VO(E%F%%@H'aQ&e%ﬁ@ah“SSEMh s&hsmgﬁﬁém@e 1sfa‘s§e§§ed uding ThiektFor ai r puff
marks the start of recording. Experinental setup for and ultrasound

recordi ng Thempetsuinibstwdenmgive aed LBS-Gredediratsoandignerway ANO Vdsiollgwed b ophones

(GR A S vi br | a | de each
cubicle and C‘b“ﬁ?ﬁgﬁ‘-ﬁﬁpqeﬁ?,mﬂ% Eeﬁép&%%ﬁwﬁmgg%ﬁ%%eﬁcq&%gg Prgn Moni t or,
Troy, M chi gafyees @idupdisonsided §1@@ﬁU@i‘ﬂWﬂﬁ& miginee p valuebd<@B8900Hz are
recorded, saved and anal ysed by the sanme software (LM5S CADA-X 3.5B, Tine
Data Pr ocessEXpgrimsnis eesrrepaated gpainpue of tWor t@89sammi ng and Anal ysis)). 25
Conpounds ( Drugs) AII corrpounds (drugs) are pH- adj usted between 6.5 and 7.5
and adni ni stlaeterninationnf ¢hs gralg g, the Hlargsegvegplagiaiiesind (dr ug)

adm ni stratlon am mal s are returned to their origi naI cages until time of
testing.l drmyutrat 2y DRPIRGEENAR

e
fay
FD
l.-‘

Freund 8 Complete Adjuvant (FCA): SIGMA cat.# F 5881, Mycabacterium
tubercuiosis (H37Ra, ATCC 25177), lmg/ml, heat killed, dried, 0.85 ml paraffin,
0.15 m] mannide monooleate. Or carrageenan Lambda type IV(Cg): SIGMA cat# C-
3889, (Gelatin, vegetable; Irish moss), (1.0% solution) in NaCl. '

15 Injections are done with a Hamilton syringe with a sterile needle size 26G5/8”.
Rats are handled and placed in chamber for anaesthesia with isoflurane. When the
desired effect is reached, the rat is removed and placed on ventral decubitus (stemal
position), The left hind paw is grasped and the needle is introduced subcutaneous,
ventral aspect, between footpad of finger # 2 and # 3 in order the reach the middle of

20  the paw (metatarsal area). Finally, a volume of 100ul FCA, or 100p! of carrageenan
solution, is slowly injected into the paw, and a small pressure is applied for 3-4
seconds after removal of needles.

If the animals are waking up during the procedure, they are then return in the
inhalation chamber until desired effect is reached.

25  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
inflammatory process. For carrageenan freatment, rats are allowed 3 hours for the

development of the inflammatory process.On the moming of the test, rats are placed



The recording is run through a series of statistical and Fourier analyses to
filter (between 20-24kHz) and to calculate the paraneters of interest. The
data are expressed as the nean SEM Statistical significance is assessed
usi ng T-t esiyd Rosf25epari son bet ween nai ve and LPS-treapefichaiosoooagdd one
way ANOVA followed by Dunnett's nultiple conparison test (post-hoc) for
drug effectiveness. A difference between groups is considered significant
with a mninmum p value of !50.05. Expestnents are repeated a m ni mum of two
times. Determ nation of thermal hyperal gesia using the Hargreaves pl antar
test 10 Adm nistration of FCA or carrageenan Freund' s Conpl ete Adjuvant
(FCA) . S ; dyerh ' i ' CC

25177) , 1ny/ ?1“, 18 (5 %f%ﬁf drieﬁfé*é%mﬁﬁ%gﬁfﬁtﬁ?*%ﬁ?%?ﬂﬁ%ﬁi de

nmonool eat e. @mnutsar r ageenan Lanbda type I1V(Cg): SIGVA cat.# C 3889,

(Celatin, ve£e§$19= e; Irish noss), (1.0%solution) in NaC . 15 Injections are
done with a on syringe with a sterile needle size 26G/8". Rats are
handl ed and pl acethe hgatdtiatmideris iplicd nais béneaiod theipldntdr Soifdos] mnetwedheie t he
desired effect_ is reached, the rat is _renoved and pl aced_on ventral

decubi t us® ( sRAsnEhe tesh&i&s PR Ry In qqnéact with thejglags, Yl Rosurgie08 fegs BT need e
i's introduce Iaﬁs?pfeiﬁ t . finger # 2
and # 3 in o%d%@?ﬂgﬁ%g%gﬁwtcﬁgﬁhgﬁlue of Z%pe{tﬁeg ﬁg\?vmefr%&g %?gg%gﬁm'ar ea).

Final |y, a vol unellsfplant®appagatus ornsiseolf abpx wathrazgase teprplatfuytheglass i s sl owl y
injected int he. n I ' L. [y 3z conds
after rem)vaﬁ“% gﬁ%@%@%@g&ﬁ%ﬂf%&%?ﬁﬁs%é?%gé%rggcﬁamgxg. gﬁ’fi?lﬁaﬁ]f ﬁlzseprocedure,
t hey are t heglagsgilatfopmiiia lipiet bultnbaradd @ wbesablerarm)d mbrradésplacsd ef fect is
reached. 25 After the jntrapl antar injection, the ani are allowed to
wake up thdef™ B%eéé’\?% 13 theight fodepogitiged vadsr tﬁpém&th"rlﬁhglsare

al I oned 48 hguared ﬁrshﬁl@@thﬁ%‘gﬂaﬁﬁﬁé%ﬂﬁe &~ B8 diabdafer ATHERL S Q@ @B Fates FOT
carrageenan treatnent, rats are allowed 3 hours for the devel opnent of the

i nf | ammat or ythedighleand @yiomitie sendors i theé ligtoff whan the pavsisaemoysidae ew-ofD
2004/ 062562 E%@s%@c%?(s gg&@e%%hat%% tissue damage will occur should the rat fail to
remove his paw, The experimenter may also turn off the light at any point. A Timer
15  will record the duration of time that the light is activated.

Flux meter: measures the flux/cm2 when the light is activated. This should be

maintained at ~97-98; the flux can be modified by adjusting the plantar device, but
must never be changed in the middle of an experiment.
Time-Course

20 The experiment can be performed after varying lengths of time following the
induction of inflammation. Hyperalgesia is measured at 48h post-FCA injection or 3h

post-carrageenan injection.

Test Procedure

Naive rats: For the procedure of establishing a Dose Response Curve, one group of 7
25 ratsis 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 eithef prior fo

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

30  animals are ready to test, the light is placed directly under the test-site and activated,



inthe lab (in their cages). They are allowed to habituate to the roomfor
at least 30 mnutes. Test Site The heat stinulus is applied to the center
of the plantar surface, in between the 5 pads. The test site nust be in
contact w thwobmsgéees, With no urine or feces in betwee i to
mai ntain the correct beat transfer properties fromthe g?gggdﬂtlgﬁ{oﬁ@&gki n.
The pl antar apparatus consists of a box wwth a glass top/platform the gl ass
surface is maintained at 30C by an integpal feedback nmechani sm Underneath
this glass platformis a light bulb mounted on a noveable arm a mrror is
pl aced 10 underneath to allow the light to be positioned under the rat's
paw. When the . light is agctivated it.shines thrqu n. aperture of.- 2nmm

di ameter. THEd W%tﬁtv@ﬁ‘dﬁ@f {peade ﬁ@q%%oaogﬁfw%?f@o%gﬁgors turn
the light ofgmphefird 1etRaiNo ndrat/Daseetid eading is@dken, @ (2lrath&reeonds ensures
that no tissue damage will ,occur should the rat fail to renove his paw. The
experi ment err*Hay® denlaged ipthelrcage. |  ght at any point. A Timer 15 will
record the dﬁ".{égtiﬂeo@alﬁés: i Rerhiifing LB $atd {d@lled MitcdC bR Bfdt ndvotbger Tt €T -
measures the ux/ ¢ when t%e Ilgght i{s ac?ivat e%ITFJ I%?ﬂs shoul d be

mai nt ai néd  aitjected with: FQA éorichmageeran) b plased inj individyaldoxessan the maphingpindnt ar
devi ce, but b in t i.ddl : ' .
T e cour se ARy eHER R frcit A ol AP bl PP ST SR 1 s o

time foll ow ingahi@tion SXIHEpavo andéhetlnfor dlveaibiation. Thy hedtaligakis & placedeasur ed at
48h post-FCA inj tglchlti on or 3h _post-car rq(;lge nan injection., Test Procedure

Nai ve rats: Her éﬁsb*?l@c@@tﬁ‘%la@ﬁmlég-‘tw arpl pfeepr '@”PE@B’SE%@GGL‘FQ’& one
group of 7  Zonhid § ik thedRPadondr RN bR VANES with B¥sfbAhaRGSE Mffkged with
t he remai ni n&aZB rats, but  are not given any injection. Testing of the
nai ve grbtlp thahdstablidee whetherdryppralgssia tspresselgi nni ng or i nmedi ately fol | owi ng

the experimept . W 1 he M.y iy i . pl aced in
i ndi vi dual M%%%X@{&%@%%laﬁ%gﬂ&%ﬁ, ‘?%g“’tso#rg?‘k‘%“gé‘ﬁp‘f@% &r devi ce;
they are al | eugbuhdohiaterdst sEshfcompeuridds prepared atdissolved &sthe Wastsuithisle 30

aninmals are r to fest, the_ light is placed. directl nder the test-site
and acti vat et accfg/ accordfing to stangard pro e(&uxes. ’I%e a&mgnstratmn route, doses, voiumc,

and time of testing after injection is specific for that compound (or class of

15  compounds). When testing compounds at 20-30 minutes post-injection, such as for
1.v. or s.c. injections, rats are placed and allowed to habituate on the plantar apparatus
while the drug produces its effect. When testing compounds at 60 minutes or more
following the injection, rats are placed back in their original cage with their cage
mates. Rats are always replaced in their original cages with their original cage mates

20 to minimize the stress of re-establishing a social structure within a group of rats.
30min later rats are placed one the plantar and allowed 30 minutes to habituate to the
plantar machine. Testing is performed as described above. Two readings are taken
Criteria for Testing;

The animal must be calm and quiet, yet alert, and in the correct position, with

25  no urine or feces between the skin of the paw and the glass surface of the machine. An
animal should not be tested if:

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

- The animal is sleeping.



WO 2004/ 062562 PCT/ GB2004/ 000099 32 and the latency to withdrawal is
recorded. After a period of 5-8 mnutes, to allow skin tenperature to
return to nornmal, a second reading is taken, and the rats are then renoved
and repl ac [ if cage. Baseline Values: The renaini di vi ded
into 4 gr oﬁ‘gg)z&f‘}ﬁ%t%%ave been 5 injected with FCA (or cﬁ%@gﬁgjﬁ)@gére

pl aced i n individual boxes on the nachine and allowed to habituate for 30
m nutes. The experinenter should verifysfhe degree of inflammation of the
paw and check for discoloration. The heat stinmulus is placed wunder the test
site, and the latency to withdrawal is recorded; two readings are taken, as
above. It is _the copparison of. these haseline valu S W th those of the naive
animals 10 t ISPEYEE f‘%ﬂglsﬁgﬁﬁsﬂ"ﬁ’é‘g 'r“&mlogl HOGANFAtoBR GRSy |\ o
testing: ONGRyMYDES MIEtleahd SosEibledBiult DS dompdi@d kil Sffo¢t@nd biret i Wi th the
conmpound of interest. Each conpound is prepared and dissolved in the nost
suitabl e vepidee according to standard procedures. The administration
route, doses, Ue. ; i ; f j A Y ' ' ific for

t hat corrpouﬁcrirh%or C las é)gl(rt} n%ﬂg%%p%ﬁﬁdsé. e‘%lgtngtsﬁcﬁ%uc%%%gﬁ‘ﬁ@g&gt 20- 30

m nut es postgldsn{pastresting oatomofesilor i.v. or s.c. injections, rats are

pl aced and al | owed t,0 habituate on th | ant ar apparatus while .the drug
produces i ts'ﬁ‘ﬁa%’&a.& SW‘@F%@@?%&BB ad'FS"%(fRﬁibﬁéf‘rﬂg’hSP' Iﬂﬁi"% fol | owi ng

the injecti Qase, fidlafintl & et GrolPBK expritiafd donipldtdli (W khedRgRmMgl.h their cage
mates. Rats are always replaced in their original cages wth their original
cage mates 20 t o Whatiysinger fages e present.ghe namalgs gmrqvesitheglasssudaeis st ruct ur e

within a gr a 1,0 S%Ii ' laﬁﬁﬁﬁ' WL pinde pl antar and

al l oned 30 %Hﬁﬁcféelg %é%tgg? g‘é‘a‘é‘h #E) t %& H'p a%r{?téa? mBchi ne. fIlg’s(fri ng is

per f or meld asxtibitmgittrdc iralnobibity, Taeex perakintey snaggenttyakeve th€box ermeaveftheir Test i ng:
The ani mal st.b a nd, quli et alert, d.in the,correct .position,
with 25 no_rpl-i!ﬁ“ﬁ5 H’eﬁ‘aﬁ °¥ E‘]fi’ XB%@%%teaﬁhgﬁ%e@m%ﬁm&ﬂ%é‘%a%- aseto.&?éerbart. s surface
of the machidithe finaldHeRNiown el b Gdndasied @Sdugfotlthe testThe animal is in

| oconotion, including sniffing, groomng and exploring. - The animal is

sl eepi ng. " Re-Tests:

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

15  paw withdrawal response was not a response to the heat stimulus, the animal may be
re-tested after 5-8 minutes. This may be due to the animal moving suddenly, or

urinating or defecating while the stimulus is being applied.

Acceptable responses:
any of the following are considered responses to the heat stimulus

20  -Withdrawal movement of the paw off the glass (often followed by paw licking)
- Lateral movement of the body (contralateral for the stimulated paw)
- Toes are moving off the glass
- the centroplanar (middle paw) aspect of the inflamed paw is removed from the

glass.

25 Analysis
The data are expressed as the mean + SEM. Statistical significance is assessed
using T-test for comparison between naive and inflamed rats, and one way ANOVA
followed by 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.



WO 2004/ 062562 PCT/ GB2004/ 000099 33 - The animal is show ng obvi ous signs
of stress (tonic immobility, vocalizations, ears flat), unless these are

the possible result of a conpound side effect and cannot be avoided. - The
animal is pwnimnomslszl n such a way that the paw is not |pc%ﬁ3§&)p,0&@@t act
with the 5 glass (paw resting on top of tail); - The animal's paw is

di splaying blue coloring as a result of a bad injection. Inthis case, the
animal is rejected fromthe experinent ggnpletely (at the beginning). Wen
urine or feces are present, the animal is renoved, the glass surface is

wi ped clean, and then the animal is replaced. Wen the animal is sleeping,
or 10 exhibiting tonic immobility, the experinenter nmay gently nove the box
or nmove their hand in front of the box to elicit a short-term attenti onal
behavi our. C ose observation of the animal's behaviour shoul d be conducted
t hroughout t EXAMPLESe Tests: At any time during the experinent, if the
experinenter is not certain that the 15 paw wi thdrawal response was not a
response to the Hﬂﬁmmmhﬂﬂﬁnﬂieebadﬂscr&iedmmotmietaﬂh}eheﬁlﬂo&zﬁﬁgr 5-8

m nutes. This may be .due taq, t he_ ani novi n |nat|ng or
def ecati ng F?@Mﬁﬁﬁh@Qﬁﬁﬁpﬂ%n$§m X dﬁBﬁFW SR%@@&%%BW@“Y IOHEEs: any of
the fol | oy nge plepar&d PokifSY, ﬁﬂalfr mﬁ@smgimytwteb%avaﬁwm&ua@@e W t hdr aval
novenent of the pam/off t Re ass (often fol | owed by paw licking) - Latera
movenment of cm@uwﬁbvlm@bngﬂmn@ﬁ@h@1 for the stinmulated paw) - Toes are
nmoving off the glass - the centroplanar (n1dd|e pamb aspect of the inflaned
paw i s renovBYLERMEDIAEE g4 eds 5x yivhedphiny Hmetha] angihd ester] as t he

L R e x ST B et s
mul ti pl e conmpad trigwihyl phdsphipo@6 mic)o;yasfrcﬁuxdd my:leeNTz éurtSi hrefxsess tn@mathyl
10 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, CHy), 3.68 (d, 3H 10.8
Hz, OCH,), 3.78 (d, 3, 11.2 Hz, OCHs), 3.91 (s, 3H, OCHjy), 7.38 (m, 2H, Ar-H),
8.00 (d, 2H, J=8 Hz, Ar-H).

INTERMEDIATE 2: 4-(4-Methoxycarbonvi-benzylidene)-piperidine-1-carboxvlic
15  acid fert-butyl ester

To a solution of INTERMEDIATE 1 in dry THF (200 mL) was added
dropwise lithium diisopropylamide (32.7 mL 1.5 M in hexanes, 49 mmol) at -78 °C.

The reaction mixture was then allowed to warm to room temperature prior to addition
of N-tert-butoxycarbonyl-4-piperidone (9.76 g, 49 mmol in 100 mL dry THF). After

20 12 hrs, the reaction mixture was quenched with water (300 ml.) and extracted with
ethyl acetate (3 x 300 mL). The combined organic phases were dried over MgSQO4 and
evaporated to give a product, which was purified by flash chromatography to provide
INTERMEDIATE 2 as a white solid (5.64 g, 35%). IR (NaC1) 3424, 2974, 2855,
1718, 1 688, 1606, 1427, 1362, 1276 cm™; "H NMR (CDCls) & 1.44 (s, 9H), 2.31 (¢,

25 J=5.5Hz, 2H), 2.42 (t, J=5.5 Hz, 2H), 3.37 (t, J=5.5 Hz, 2H), 3.48 (t, J=5.5 Hz, 2H),
3.87 (s, 3H, OCHy), 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:) 5 28.3, 29.2, 36.19, 51.9, 123.7, 127.8, 128.7,
129.4, 140.5, 142.1, 154.6, 166.8.



di fference between groups is considered significant wwth a m nimum p val ue
of < _0.05. WD 2004/ 062562 PCT/ GB2004/ 000099 34 EXAMPLES The invention wil|
further be described in nore detail by the follow ng Exanples which
descri be mg{hogsoesisy eby conpounds of the present inventcomBren/oodebe
prepared, purified, analyzed and biologically tested, and which are not to
be construed as limting the invention. |NTERVEDI ATE 1:

4-[ (di met hoxyphosohi nyl ) met hyl | - benzoi c3gacid, nethyl ester A m xture of

4( br omonet hyl ) benzoi ¢ acid, nethyl ester (11.2 g, 49 mml) -and trinethyl
phosphite (25 nlL) was refluxed under N2 for 5 hrs. Excess trinmethyl 10

PhosPh Lo VR AINBIATY 36 b i b hEREn R NEVED! ATE 1
in quantltou ﬁn%'¥ imery T LERH Pl S 2), 3.68
(d, 3H 10. g B -2 Hz, OCH3), 3.91 (s, 3H, OCH3),

7.38 (m 2H, Ar-I-'l)qam&tﬁ@o@ﬁ\ITERMEDiBTEJZ (SArgL,lkﬁmdeiﬂl\IED]O%'[Eog)m

4- (4- Met hoxy arb | - benzy ridine-1- arbox

tert-butyl ‘grﬁ'élfc orge ?ﬂﬂ%@ﬁiﬁv ?ﬁ?’éﬁ%ﬁ/ﬁﬂflﬁnﬁo r‘i’rﬂmﬂﬁlb'EHE} lPd_) was
added  dropwiegy|dH i iro®c. ARF PP Rk T fo: gerzm%uﬂeséldwohaﬁaeﬂqam 49 ol )
at -78 C. The reaction m xture was then al to warmto roomtenperature

prior to ad dmﬁKzﬁO.v. vos chidensad. Ble wxigeawhothen dw»omepem eiiglasetate (200 @l),49 mmol in

100 nL d TH d th
vater (300 muhh b Hardadimb] Bis Ml 205 bl el ¥ (Fogie, BHFRGRES CiT e
organi ¢ phasegr ws&dklemdvﬂ\oﬁowmoaﬂeﬁammmr\ﬂmeldwh@regmﬁllﬁemﬁoﬁuct

whi ch was purlfled by flash ch ograp y to, provide NITERVEDI ATE 2 as a
whit e solld ngthanol o @ES%‘TERM@% )3 234 teé@b‘ﬁ(ﬁ@%gg%glﬂ’iﬁqaql)ess 1606,

1427, ) 4 (tézr?z§6%§dg* %@251564&\’&2(60% 3127?9 b AfS, R , (3@3%1})5128 J=5.5 Hz,

2H) JE5.5 Hz, J=5.5 Hz,
2H),  3.87 (SH),3H5 (OCHI), 1.9.(85 13,2, 1eh, 26H)3 0X/(5RBH)D. 9&&,3HkBCH€H4OAr-FD

7.94 (d, J,=f 1 5 3 28 6.19 51.9
123. 7,( 127 gt =132LBH$57 %J;%éﬁﬁ_zbi% ‘g&l%i“cﬁi)ﬁé 2]% CMR

(CDCly) & 28.3, 36.6, 38.3, 40.3, 52.1, 63.2, 72.9, 129.0, 130.3, 130.4, 141.9, 154.4,

1663,

15 INTERMEDIATE 4: 4-[bromo-(4-carboxy-phenyl)-methvylenel-piperidine-1-
carboxvlic acid tert-butvl ester

A solution of INTERMEDIATE 3 (5.4 g 11 mmol) in methanol (300 mL) and
2.0 M NaOH (100 mlL}) was heated at 40 °C for 3 hrs. The solid was collected by
filtration, and dried overnight under vacuum, The dry salt was dissolved in 40%
20  acetonitrile/water, and was adjusted to pH 2 using concentrated HCL.
INTERMEDIATE 4 (3.8 g, 87%) was isolated as a white powder by filtration:
'H NMR (CDCL) 8 1.45 (s, 9H, 'Bu), 2.22 (dd, J=5.5 Hz, 6.1 Hz, 2H), 2.64 (d4,
J=5.5 Hz, 6.1 Hz, 2H), 3.34 (dd, J=5.5 Hz, 6.1 Hz, 2H), 3.54 (dd, J=5.5 Hz, 6.1 Hz,
2H), 7.35 (d, J=6.7 Hz, 2H, Ar-H), 8.08 (d, J=6.7 Hz, 2H, Ar-H); "C NMR (CDCl;) §
25 28.3,315,34.2,44.0,115.3,128.7, 129.4, 130.2, 137.7, 145.2, 154.6, 170.3.

INTERMEDIATE 5: 4-[bromo-(4—dicthvlcarbamoxd—phenvl)—methvlene'l-hiperidine-
1-carboxylic acid tert-butyl ester

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
30 mmol). After 20 min at -20 °C diethylamine (4 mL) was added and the reaction was
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4- Br onp- 4- f br onp- (4- net hoxycar bonyl - nhenyl ) - net hyl ] -

pi peri di ne-1-carboxylic acid tert-butyl ester To a m xture of | NTERVEDI ATE 2
(5.2 g, 16 WHQhohodddgh K2C3B (1.0 g) in dry dichloronet hagg,de26ddoideps Was
added a solution of bromne (2.9 g, 18 mol) in 5 30 nL CH2A 2 at 0 C
After 1.5 bra at roomtenperature, the solution after filtration of K2CO3
was condensed. The residue was then di sggl ved in ethyl acetate (200 ni),
washed with water (200 nmL), 0.5 MHO (200 nL) and brine (200 nL), and dried
over MgSO4. Renoval of solvents provided a product, which was recrystallized

from rrethan glvell\ﬂ'ERI\/EDIATE3 ) whi t e oI|d 6.07 g, .78%. IR
(NaQl ) ?31%63 SO 1 7o CoppRshIuTg /5T 115,458 the solvgnts ystessvahorited 194 iR

(CDd 3) 8 1.tBSrekBue wl artltlonzaa bétmee A &th la%et@@ aﬁﬂrbvat']e; ll)l:ue ogga%lc(gﬂﬂaseZ&Qs) 3.08
(br, 211), 3.90 (s, 3H OCH3), 4.08 3H), 7 (d , 2H, Ar-H
7.98 (d, J svash%mﬂzbnnwdmed o3¢ I%egmals)f selvzlgs Brovg'@daprcgbcts 40. 3,

21 005 Bl forddl i e AEfdgabh oy iyl VERVEDI AT

tert-buty eostdes (@O@mg,lﬂﬁ%in I&f(NhGUBB&EWNEG% 1633% 1916,12&1@1;58 |1r1|13net hanol
(300 nL) and 2.0 M NaOH (100 &L& was heated at 40 C for 3 hrs, The solid
was col | ect e byH NVMR(CRGIYR, 1- 1 {ar aH, 68lab 22 (hrg Bt Gﬁﬂe} 44 &% SHmBuFhe dry salt

Concent rat ec o PO PTRAEDy L e T e A P

powder by fl]ﬁsm am ArI-H,'NB&(d,GEEX])BI)z KIJArfIB) C’SDNMR(CIRDD,)& 2222, (dd J =5.5
Hz, 6.1 Hz, 4 (dd. . JT5 4.4dd, J=5.5 Hz, 6.1
Hz, 2H), 3. 5141 3e|883a345 5y 3 6413%4297 121|ﬁ)9 1%6-3»;512{9& 1%&% B7pld0h1 A H),
8.08 (d,1g)= qsﬁdﬁ?ogH Ar-H); 13C NMR (CDC 3) 8 25 28.3, 31.5, 34.2, 44.0,
115.3, 128.7,” 129.4,130.2, 137.7, 145.2, 154. 6, 170. 3. | NTERVEDI ATE 5:

4-f br omo- (4- ﬁkﬁﬂéﬁtﬁﬁ@@@&/ b8l ; igoxylic acid

tert-butyl st a solu in dry
To a solution of INTERMEDIATE 5(15.6 g,34.6 mmol) m ' dichloromethane

(200 ml) was added trifluoroacetic acid (30 ml, 311 mmol), The solution was stirred

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

15  NaHCOQ; and the aqueous layer was extracted with dichloromethane (3 x 100 mL) and
the combined organic extracts were dried (Na;SO4), filtered and concentrated to give
INTERMEDIATE 6 as a pale yellow solid (12.05g, 99%).

INTERMEDIATE 7a: 4- {bromo[ 1-(thien-2-ylmethyl)piperidin-4-ylidene]methvl!-

N.N-diethylbenzamide
/\N H /\N
B B
NaBH{OAc),
1,2-dichloroethane
Intermediate 6
\ l
20 Intermadiale 7a

To a solution of INTERMEDIATE 6 (1.4g, 3.99mmol) in 1,2-dichlorosthane
(30ml) was added 2-thiophene carboxaldehyde (746pl, 7.99mmol) and sodium
triacetoxyborohydride (1.694g, 7.99mmol). The reaction was stirred at room



di chl oronet hane (10 nL) at - 20 C was added i sobutyl chl orof ormate (450 ny,
3.3 30 mmol ). After 20 mn at -20 C diethylamne (4 nlL) was added and the
reacti on was WO 2004/ 062562 PCT/ GB2004/ 000099 36 allowed to warmto room

t enper at ur ewpAbésflaskz 5 hrs the sol vents were evapor at ed @Rgeelobgooi@si due was
partitioned between ethyl acetate and water. The organic phase was washed
with brine and dried over MgSO4. Renoval of solvents provided a product,

whi ch was purified by flash chromat ography to give | NTERVEDI ATE 5 as white 5
needl es (800 ng, 73%: IR (Nad) 3051, 2975, 1694, 1633, 1416, 1281, 1168,
1115 cm11 ; 1HNWR (CDA3) S 1.13 (br, 3H, CH3), 1.22 (br, 3H CH3), 1.44

415, 3,55 ( nEmapfre bidsg iEgech, Mhr B ithns Gp Paghdn pelpdin =), 070 (7,
Ar-H); 13C NiBulo@BEHRe fidRashid with datiited Aguddps Sididin bRArbdnat8ThE, 43. 2, 79. 7,
115.9, 126.3, 129. 136.8, 1 6, 54.6, 170.5, | NTE DI ATE 6:
4- [ br ono( pi p@uﬁmsﬂaﬁrwaﬁmeﬁﬁm RﬁﬂnﬁPé‘?ﬂé?ﬁ?&?g’éﬂ?Mthqﬁo%blg ution of
| NTERVED! ATE;r3aid é(t@dc&,wéédﬁedw My&oqé EJEhlﬁﬁ Qanfaw MEred GRPCorREntratgs added

trifluoroacetic acid (30 m, . The solution was stirred 16 hours

at room tenpéheresuling mhféﬂw%muuﬁed/\b)s ash shromatagraphy Addfingiethyl sat ur at ed 15

NaHCO3 and t r { e (3 x 100 nm.)
and the con%?tr?gegﬁ%%%ﬂgy%x racwﬁv%ﬁgbwgm&%}w@@e?ed and
concent r at ededleurlgss/el. | NTERVEDI ATE 6 as a pale yellow solid (12.05g, 99%.
| NTERVEDI ATE 7a: 4- (brono(1-(thien-2-ylmnmethyl)piperidin-4-ylidene nethyl}-
N, N- di et hy| bENPERMBBIATE @a: B(3BimindytBin\DAChiend2- Zitoipipetigihbiane
| nt er medi at eyl@de8&methdB -NN-GetiBibeatamida To a sol ution of | NTERVEDI ATE 6
(1.4g, 3.99mmol) 1 n 1,2-dichloroethane

10

o

Q
) PAGYS
) Br m-amingbenzens boronic acld ) NH
l 2

| Na,CO; Pd(PPh,),

Toluene, Ethancl, Water

S S

\ \ |

Intermediate 7a intermediate sa'

To a solution of INTERMEDIATE 7a (1.702 g, 3.81 mmol) in a mixture of
toluene (40 ml) and ethanol (8 ml) was added m-aminobenzene boronic acid
monochydrate (0.886 g, 5.71 mmol) and aqueous sodium carbonate (2M, 4.76 ml, 9.52

15 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

20  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%).



(30nl) was added 2-thi ophene carboxal dehyde (7461, 7.99mmol) and sodi um
triacet oxyborohydride (1.694g, 7.99mmvol). The reaction was stirred at room
WO 2004/ 062562 PCT/ GB2004/ 000099 37 tenperature under nitrogen. After 18
hours the rgarhisis@s diluted with dichloronethane andpggghadsvdoidd
sat urated aqueous sodi um bi carbonate. The aqueous |ayer was extracted with
two portions of dichloronethane and the conbi ned organic extracts were
dried over anhydrous sodiumsul fate, fikgered and concentrated. 5 The
resulting material was purified by flash chromat ography, eluting ethyl
acet ate/ hexanes (7:3) to afford INTERNEDIATE 7a (1. 7029, 59@ as a thick
col ourl ess | AT
o o3 oL bp TR A S DARGEP o
0 31 / Br YidsnelmstulEN N dig /" NHNa2003 Pd(PPh3)4 2 Tol uene,
Et hanol, Water NN S 1 &S, Internedlate 7a Internediate 8a To a solution
of | NTERVEDI ATE 74 (1.702 g, 3.81 mmol) in a nlxture of toluene (40 m) and
ethanol (8 m) waf added m am nobenzene boronic aci df nonohydrate (0.886 g,

» T car bonate (2M 4 ?6\‘ 3 M0 o
: t_ he sol n p
of the palladium t et akj st |p|“l‘l=,‘nylpﬁg%§?}P ﬁ%@ (0.439 g, U. 3=|nnDI)H The
solution was heated fqg hour s at—90C-then—was cool ed apd~saturated
ammoni um chl ori de (40 m and et hyl acetéte were added. aqueous | ayer
was extracted with two peTftions of ethyl acetate and the upnhbi ned organic
extracts were dried @ver) anhydrous sodium 20 sulfate, figltered and
concentrated. The resufted material was purified by flgsh

Ni trogen was th

Intermediate Ba Compound 1

To a solution of INTERMEDIATE 8a {370 mg, 0.8 mmol) in dichloromethane
(10 ml) was added triethylamine (345 ul, 2.48 mmol) followed by acetyl chloride (63
pl, 0.89 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

10  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 0.1%
triftuoroacetic acid. COMPOUND 1 was obtained as the trifluoroacetic acid salt and
was lyophilized to give a white powder (278 mg; 52% yield). HPLC Purity: >99%

15  (215am); >99% (254nm); >99% (280nm). Found: C, 57.87; H, 5.48; N, 6.26.
CaoH3sN30,S x 1.5CF2CO,H x 0.7H;0 has C, 57.83; H, 5.57; N, 6.13 %. '"H NMR
(400MHz, CDCl3) 6 1.11-1.16 (m, 3H), 1.20-1.29 (m, 3H), 2.14 (s, 3H), 2.66-2.75 (m,
6H), 3.25-3.30 (m, 2H), 3.52-3.60 (m, 4H), 4.42 (s, 2H), 6.77 (d, ) = 7.06 Hz, 1H),
7.04-7.10 (m, 3H), 7.18-7.22 (m, 1H), 7.23 (br s, 1H), 7.24-7.28 (m, 2H), 7.29 (s,

20 1H),7.40(d, J=8.16 Hz, 1H), 7.44 (d, J = 5.98 Hz, 1H), 7.83 (br s, 1H).

INTERMEDIATE 7b: 4-

diethylbenzamide




chr omat ogr aphy, el uting 5% net hanol in dichloronmethane to afford

| NTERVEDI ATE 8a as a yell ow foam (1. 605g, 91% . WD 2004/ 062562

PCT/ GB2004/ 000099 38 COVPOUND 1:

4-{[ 3- (acetywbapispgdsepenyl | [ 1- (thi en-2-) | net hyl ) pi peri di ieC1GB2004/000099

yl i denel net hyl } - NR-di et hyl benzamde O O/ NH Acetyl chlodde s Tdet hyl

amine FI DCM NN Internediate 8a Conpound 1 5 To a solution of

| NTERMVEDI ATE 8a (370 ng, 0.8 mmml) in d3xhl oronethane (10 nl) was added

triethylamne (3451, 2.48 mmol) followed by acetyl chloride (63 1, 0.89

mmol ). The solution was stirred for one hour and saturated sodi um

bi carbonate (10 nl) was added. The aquepus | ayer as extract ed with two

portions of 10 oi chl oronet hane an h& conbi ned offganic extracts were dried

over anhydr ous~ysodirt sul fate, fi red and congentyared. The resi due was

purified by re’h}a d aseg, chromatography elutin 4@% acetonitrile in

wat er cont ai ni ; fifl uoroacesHoraci d. o i

trifluoroacetic aC|d Sa and —was—tyophiti~zed to give

ng; 52%yield). HPLC y: >998%ddglorpee®nn) ; >99% ( 254 >99% (280nm) .

Found: C, 57.87; H, 5. N, 6.26. C30H35N32S x 1.5CF3¢XH x 0.71120 has

C, 57.83; H 5.57; N, 6“13 % 111 NVR (400MHz, CDCIKEVS/“ 11-1.16 (m 311),
1

i t e powder (278

1.20-1.29 (m 3H), 2.14 (s, 311), 2.66-2.75 (m _ 6H) (3y25-3.30 (m 211),
3.52-3.60 (m Atgmeddged? (s, 211), 6.77 (d, J = 7.06 R~ 1H), 7.04-7.10 (m
311), 7.18-7.22 (m 111), 7.23 (br s 111) 7. 24 1meg,§e @? 2H), 7.29 (s, 20

1H), 7.40 (d, J = 8.16 Hz, 111])5 ](5 = ?783(brs,
111). | NTERVEDI AP spiption of INT RMEDIAT 6(1 4g,3 99mm01)m12 ichloroethane

4- { bromo[ 1- (&ofH Wis T RS h S e3nt ok dniRb ¥t ribkebSxyborohydride
(1.694g, 7.99mmol). The reaction was stirred at room temperature under nitrogen.

5  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 afford

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

INTERMEDIATE 8b: 4-{(3-aminophenyl)[ 1-(2-furylmethylpiperidin-4-
lidenelmethyl}-N.N-diethylbenzamide

m-aminobenzene boronic acid /l O O H,
Na,CO, Pd(PPhy), N
Toluene, Ethanol, Water
N

0] (o]
\ ! \ |
Intermediate 7h Intermediate 8b

To a solution of INTERMEDIATE 7b (2.120 g, 4.93 mmol) in a mixture of
15  toluene (50 ml) and ethanol (10 ml) was added m-aminobenzene boronic acid
monohydrate (1.145 g, 7.39 mmol) and aqueous sodium carbonate (2M, 6.15 ml,
12.31 mmol). Nitrogen was then bubbled in the solution for 25 min prior to the



di et hyl benzam de WD 2004/ 062562 PCT/ GB2004/000099 39 0 0 0O /~N\ H/~N\
Br Br J NaBH(OAc)3 / | 1,2-dichloroethane NN &110,1 Internediate 6 H
Internmediate 715 To a solution of INTERVEDI ATE 6 (1.4g, 3.99mmol) in

1, 2-di chl orgghiARg2s64 30M) was added 2-fural dehyde (621 ,pch@@avaoposand
sodium tri acet oxyborohydride (1.694g, 7.99mmol). The reaction was stirred
at roomtenperature under nitrogen. 5 After 18 hours the reaction was
diluted with dichloronethane and washedggpi th saturated aqueous sodi um

bi car bonat e. The aqueous | ayer was extracted with two portions of

di chl oronet hane and the conbi ned organic extracts were dried over anhydrous

sodiumsul fatge,. filtere nd.concentrated. . The regul ti Lal was

o 11 ed by $40iion e BRR AR SRIER -t 30k b aERLARE " ' (o
afford 10 | {dhkBNEREAdEed Br 6 hobB3090°87HHEn @& RoRAa8d ¥dlrhRWaRinoniunNT ERVEDI ATE
8b: 4-{(3-am nophenyl)[1-(2-furyl nmethyl)piperidin-4- )

yl i denel net hghlgride (A2 anl)eandywitiyd rockate Were agdeg. The aguepus layenwas pxiracted wigh

arm 1obenzene QRS oF6t abelate anh LA BRARI bbbl wdl B Bver NN

Water NN ~
5  anhydrous sodium sulfate, filtered and concentrated. The resulted material was

purified by flash chromatography, eluting 5% methanol in dichloromethane to afford
INTERMEDIATE 8b as a yellow foam (1.967g, 90%).

COMPOUND 2: 4-{[3-(acetylamino)phenyl]{ 1-(2-furylmethylpiperidin-4-
ylidenelmethyl}-N.N-diethylbenzamide

i 0]
SA0Ye BACYLY
) NH Acetic anhydride ) N)J\
| 2 | H

Triethyl amine

DCM

N N
0 0
\ ! \ |

termediate 8b
10 Interme:

Compound 2

To a solution of INTERMEDIATE 8b (442 mg, 0.99 mmol) in
dichloromethane (10 ml) was added triethylamine (431 pl, 3.08 mmol) followed by
acetic anhydride (103 ul, 1.09 mmol). The solution was stirred for one hour and

15  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, eluting 10% to 40% acetonitrile in water containing
0.1% trifluoroacetic acid. The COMPOUND 2 was obtained as the trifluoroacetic acid

20  salt and was lyophilized to yield a white powder (264 mg; 44% yield). HPLC Purity:
>99% (215nm); >99% (254nm); >99% (280nm). Found: C, 61.19; H, 5.75; N, 6.71,
C3oH3sNx0; x 1.3CF3COH x 0.3H,0 has C, 61.25; H, 5.82; N, 6.57 %. 'H NMR
{400MHz, CDCl3) 6 1.12 (br s, 3H), 1.24 (br s, 3H), 2.12 (s, 3H), 2.64-2.75 (m, 6H),



Internediate 7b Internmediate 8b To a solution of | NTERMEDI ATE 7b (2.120 g,
4.93 mmol) in a mxture of 15 toluene (50 m) and ethanol (10 m) was added
m am nobenzene boronic acid nonohydrate (1.145 g, 7.39 mmol) and aqueous
sodi um carb u¢3§% 6.15 m, 12.31 mmol). Nitrogen wagctbgihotdebdeed in
the sol ution 5 mn prior to the WD 2004/ 062562 PCT/ GB2004/ 000099 40
addi tion of the pal | adi um tetraki stri phenyl phosphine (0.569 g, 0.49 mmol).
The solution was heated for 5 hours at 490C then was cool ed and saturated
ammoni um chloride (40 m) and ethyl acetate were added. The aqueous | ayer
was extracted wwth two portions of ethyl acetate and the conbi ned organic

Concent rat ecs 214 2RLBIagoERAR 45 oD, b BB 0.8 RO Epath ogr aphy.

eluting 5% rrst'm 1ql= Tmﬂhc hang71 B, 071317I2 BRAEDTABE4Sb- as a
yeIIom1foan1§ t%§3ﬁfmﬂ : ?ﬁg (acet??anlno)phgﬁyl][Fl
(2-furyl met APP )fﬁg@»ﬂdﬁsrbférl@)ﬂ{g%ﬂ&]snﬂﬁhyl) N, N- di et hyl benzanide 0 NI -12
Acetic anhydride N Triet hyI am ne H DCM N N &01 &0, 10 Interrredl ate 8b
Conpound 2 THN3 RMIEIMATE 7g TR [THUL 18l ‘ ir-4-yhideree | mgih
d|chIoronﬁthém&uﬂmﬂymﬂiﬂmas added trlethylanlne (4311, 3. 08 nnDI) f ol | owed
by acetic anhydrigde (103 I, 1.09 mmol ). The sol uti®n vvas stirred for one
hour and 15 s)\urte sodi um bi carbonate (10 m 5 added. The aqueous

| ayer was extTadyfed th two portions of dichtfo -ugre‘ e and the conbi ned

organi c extracts wereeji &l over_anh drous sodi ate, Bfiltered and
concentrated. The residug was pur reverse phase dghronat ography,
eluting 10%to 40% acetgnintrile in wa;ogr contal ni ng

Intermediate 6 O)

Intermediate 7¢

To a solution of INTERMEDIATE 6 (7.783, 22.2mmol) in dichloromethane
(160ml) was 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

10 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 resulted material was purified by flash
chromatography, eluting ethyl acetate/hexanes (7:3) to afford INTERMEDIATE 7¢
(6.89g, 70%) as colourless solid.

15



0.1 %trifluoroacetic acid. The COVPOUND 2 was obtai ned as the
trifluoroacetic acid 20 salt and was |yophilized to yield a white powder
(264 ng; 44%@o@hdgzse2HPLC Purity: >99% (215nm); >99%((2%§E{99'2 @%E@ 280nm) .
Found: C, 61.19; H, 5.75 N, 6.71. C30H35N3CB x 1.3CF3 o has C,
61.25; H 5.82; N, 6.57 % 1H NMR (400MHz, CDCI3) 6 1.12 (br s, 311), 1.24
(br s, 3H, 2.12 (s, 31-1), 2.64-2.75 (g 6H), WD 2004/062562

PCT/ GB2004/ 000099 41 3.27 (br s, 2H), 3.53 (br s, 4H), 4.25 (s, 2H),
6.43-6.47 (m 1H), 6.57-6.62 (m 1H) 6.77 (d, J =7.74 Hz, 1H), 7.05 (d, J

;H?. 7% gzs,( .%?ﬁl&zi 1 330 heimemIn QG g 1 - 748 br s,
o idenelmetyly N Vdielhy

4-{ brono(1- W fret iy pr pet -yI i denel met hyl }-N. N- 5 di et hyl benzam de
00 J I/ | Br B PhCH26r, NEt3 | | CHCI2 N Int@rnediate 6 Internediate
7c To a sol uj,ho ‘ ERVEDI ATE 6 (7.783, 22.2muph

(160nl) was admfg amne (9.3nlL, 66. 8muol
(3.2, 26.9mfol). Hact i ’W%ﬁ"%bﬁf?’@d'd oom PeHunder
nitrogen. After 24 10 hdurs t he fEAct T o uas washed wi t ter and the
aqueous |ayer was extrfacted w kibnesOtuchd,aVzeret hane. The ¢onli ned organic
extracts were dried ov anhydrous sodium sulfate, filtered and

concentrated. The resul fed naterial was purified by flash'!3 chr omat ogr aphy,
n\t

eluting ethyl acet exanes (7:3) to afford I NTER E 7c (6.89g, 70%
as colourless soli 5 WD 2004/ 062562 PCT/ GB2004/ 000 42

Intermediate 7c Intermediate 8¢
To a solution of INTERMEDIATE 7c (8.50 g, 19.3 mmol) in a mixture of
5  xylenes (120 m!) and ethanol (80 ml) was added m-aminobenzene boronic acid

monohydrate (3.96 g, 28.9 mmol) and aqueous sodium carbonate (2M, 29.0 ml, 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
for 18 hours at 90°C then was cooled and water (60 ml) and ethyl acetate were added.

10  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 resulted material was purified by flash chromatography, eluting 2% to 4%
methanol in dichloromethane to afford INTERMEDIATE 8¢ as an orange foam
(8.14¢, 93%).

15 COMPQUND 3: 4-[[3-(acetylamino)phenvll[1-(phenylmethy])-4-
piperidinylidene]methyl]-N.N-diethyl-benzamide




| NTERVEDI ATE 8c: 4-((3-am nophenyl) [1-(phenyl nethyl) pi peridi n-4-

yl i dene] nmet hyl | - N. N-di et hyl benzam de 0 O Br m am nobenzene boronic acid J

I / V' 1 NH Na2CO3 Pd(PPh3)4 2 Xylenes, Ethanol, Water N N Internediate 7c
| nt er medi atwo86e4k@2532 SOl uti on of | NTERVEDI ATE 7c (8.50 Ghcti@B280409Bdep I N A

m xture of 5 xylenes (120 m ) and ethanol (80 ml) was added m am nobenzene
boronic acid nonohydrate (3.96 g, 28.9 nmol) and aqueous sodi um car bonat e
(2M 29.0 m, 58 nmol). Nitrogen was tigen bubbled in the solution for 25
mn prior to the addition of the palladiumtetrakistriphenyl phosphine (1.67
g, 1.4 mmol). The solution was heated for 18 hours at 90C then was cool ed
and water (60 nilg and ethyl acetate were added. 10glhe aqueous | ayer was
extracted with tio portions_of ethyl acetate and_thel cogbi ned_ _organic

extracts wer | ey ydr ous” sodifum sul fa(e\,Nfi
concentr at ed. he L rat eri al vélsc,purifi edpy f ogr aphy,
eluting 2% to 4% net harnol 2chl or gymehdrane to afford | E 8c as

an orange foam (8.14g, ¢ ) GG‘VPGQE@%.—AE[fS-(acety am 0
phenyl ][ 1- (phenyl et hy pi peri di nyl'irdene] met hyl ] - N. N. di £t hyl - benzam de
WO 2004/ 062562 PCT/ GB20&4/ 000099 43 0 0 ""N NI-12 AC NHY pyridine DCM N

N Internedi ate 8c und 3 O)

Intermediate 8c Compound 3

To a solution of INTERMEDIATE 8¢ (500 mg, 1.1 mmol) in dichloromethane
(10 m)) was added pyridine (262mg, 3.32 mmol) followed by acetyl chloride (82ul,

5  1.15mmol). The solution was stirred for 18 hours then water (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 flash chromatography, eluting 2% to 10% methanol in
dichloromethane. The product was converted to the corresponding hydrochloride salt

10 using 1N HC in ether to give COMPOUND 3 as a colourless solid (540mg, 92%
yield). HPLC Purity: >99% (215nm); >98% (254nm); >98% (280nm). "H NMR
(400MHz, CD3;0D) 6 1.11 (t, ] = 6.7 Hz, 3H), 1.23 (t, ] = 6.7 Hz, 3H), 2.06-2.14 (m,
2H), 2.44-2.59 (m, 2H), 3.11 (t, J = 12.3 Hz, 2H), 3.25-3.30 (m, 2H), 3.43-3.58 (m,
4H), 4.35 (s, 2H), 6.80-6.91 (m, 1H), 7.22-7.31 (m, 3H), 7.32-7.40 (m, 3H), 7.42-7.58

15 (m, 6H).

INTERMEDIATE 7d: 4-[bromo[1-(3-thienylmethyl)-4-piperidinylidene]methyi]-
N.N-diethyl-benzamide



To a solution of I NTERVEDI ATE 8c (500 ng, 1.1 mmol) in dichloronmethane (10
m ) was added pyridine (262ng, 3.32 nmol) foll owed by acetyl chloride
(82)1l, 5 1.15mml). The solution was stirred for 18 hours then water (10

m ) was addewo 20twszmgueous | ayer was extracted with two i

di chl oronet hane and the conbined organic extracts were dmgh%gﬁ?ﬁ%rg\hydr ous
sodiumsulfate, filtered and concentrated. The residue was purified by
flash chronmat ography, eluting 2% to 10%gget hanol in dichl oronet hane. The
product was converted to the correspondi ng hydrochl oride salt 10 using 1N
HC in ether to give COWOUND 3 as a colourless solid (540ng, 92% vyield).
HPLC Purity: >99%(215m); >98% (254nm; >98% (280m. 1H NVR (400MHz,

CD30D) 6 1.11 (t,JlJ = 6.7 Hz, 3H), ¢E323 (t, J =6. A Hz, 3H), 2.06-2.14 (m
OH), 2.44-2.58 0¥ % 3.11 (t, J¥=/12.3 Hz, SHN 3E53.30 (m 2H),
3.43-3.58 (m _AH), la s s, 21916 80-6.91 (m 1H). 2. 7831 (m 3H),

7.32-7.40 (m 3H), 7.42-f.58 15 (HBHEAP: | NTERVEDI ATE 7d:]]
4-[ brono[ 1- ( 3-t hi enyl net’hyl ) - 4- pi g_gir ilog)léss%/n i denel met hyl | -
N, N-di et hyl - benzani de WD 2004/ 062 2004/ 000099 44 850 J I / Br OHC
J 1 / Br NaBH(OAc)3 1, 2{dlchloroethane HN 5 ~ In@ﬁdi ate 6

I

Intermediate 7d To a solution of | NTERMVEDI ATE 6 (5.58@=.15.9mmol) in

1, 2-di chl or oet diale 800 ) was added 3-thi ophene carfoxal dehyde (1.8nl,

20. 6mmol ) and sodium triacetoxyborohydride (4.72g, 223mmol). The reaction
was stirred at room5 tenperature under nitrogen. After 18 hours the
reaction was diluted with dichl oronethane and wa¥¥BH¥aRi’t h sat urated aqueous

sodi um bi car bonat € a §hl@tion of INTERMEDIATE 6 (5.58g, 15.9mmol) in 1,2-dichloroethane
(100ml) was added 3-thiophene carboxaldehyde (1.8mL, 20.6mmol) and sodium
triacetoxyborohydride (4.72g, 22.3mmol). The reaction was stirred at room

5  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.
The resulted material was purified by flash chromatography, eluting 5% methanol in
10 dichloromethane to give INTERMEDIATE 7d as an orange oil (6.863g, 97% yield).

INTERMEDIATE 8d: 4-[(3-aminopheny)[ 1-(3-thienylmethyl)-4-
iperidinvlidenelmethyl]-N. N-diethyl-benzamide

0

O
B BASYS
) Br m-aminobenzena boronis acid ) NH
| Na,CO; Pd{PPhy), [ 2
Toluene, Ethanol, Water
N N

Intermediate 7d ' Intermediate 8d
To a solution of INTERMEDIATE 7d (6.86 g, 15.3 mmol) in a mixture of

15 toluene (150 ml) and ethanol (30 ml) was added m-aminobenzene boronic acid

monohydrate (3.6 g, 23.2 mmol) and aqueous sodium carbonate (2M, 19.0 ml, 38



aqueous | ayer was extracted with two portions of dichloronethane and the
conbi ned organic extracts were dried over anhydrous sodi um sul f ate,
filtered and concentrated. The resulted material was purified by flash

chr omat ogr a@%oo“%%'ﬁ ng 5% nmet hanol in 10 di chl or onet hangt@s@bd®oose

| NTERVEDI ATE 7d as an orange oil (6.863g, 97%yield). |NTERMED ATE 8d:
4-1(3-am nophenyl )[ 1-(3-thi envl net hyl)-4

pi peridinylidene]nmethyll-N N-diethyl-begzanmide 0 0 /--NN J I Br

m am nobenzene boronic acid 1 / \ Na2CO3 Pd(PPh,), N -12 Tol uene, Ethanol,
Water S NN SCT) Internediate 7d Internediate 8d To a sol ution of

| NTERVEDI ATE,_7d ( : i ' 5.t 0 mM) and
et hanol (30 %01)\7@%@0%8%&3} @ﬁﬁg%% lgr@ee%y{%g&%ﬂ#cﬁ%anﬁmn@%gﬁ%% e (3.6 g,
23. 2 mol ) atw paltpdben schiabidiriphergdghosptited 1 21 .618mO1) The s3Bit w20 Bebtddc 2562

PCT/ GB2004/ 000099 45 [). Ni bpl ed i h [ f
25 i n_pr i or 18 hass aLUIC b 45 COpHE AHAPRISEAPDEN BEY eARTL e FISHEFR ARbS phi ne.
(1.8 9, 1.6 *fﬂpéc}uvf%@ﬁﬁ Q‘gﬁgktgdt}heyﬁﬁthr}%tapﬁﬂionﬁ of eﬂg)g gg&dr%ﬁx_}ﬁ%e%gﬁbﬁl@@n was

cool ed and water acetate were e aqueous | ayer
was extr att edrganit kxtrasts were diiehevep inleytitopk seiten avléate didterddend omiventeated> or gani ¢

extracts werg, dri over . anhydr o sqdium sul f at filterg
concentr at ed‘.]a'“he ‘Fﬁ‘gpef‘é%ﬂiﬂai&aﬁﬁ%@&ﬁ&é‘é%WFW‘@@'%?"PP §§ ﬁgﬁ%n&t ogr aphy,
el uting 3% t mefi¥ol i HisAdEImdthandit€ biferd ONEERRIBDIATEN &y slcdINFERMERWATE 8d as a

col ourless foam (6.453g, 92% . COVPOUND 4: 4-{(3-(acetylam no)phenvl|f
t-(3-thienyl BAR$ 92" 10 pi peri di nyl i dene] met hyl }-N. N-di et hyl - benzani de 0

COMPOUND 4: 4-[[3-(acetylamino)phenyl}[1-(3-thienvlmethy])-4-
10 iperidinylidene]methvl]-N.N-diethyl-benzamide

Yo, L Yo,

tricthylamine
‘ DCM
N N
Intermediate 8d Compound 4

To a solution of INTERMEDIATE &d (1.05 g, 2.1 mmol) in dichloromethane
(25 ml) was added triethylamine (450 pl, 3.23 mmol) followed by acetyl chloride
(210 pl, 2.95 mmol). The solution was stirred for three days at room temperature and
15  saturated sodium bicarbonate (20 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 Waé purified by
flash chromatography, eluting 5% to 8% methanol in ethyl acetate to give
COMPOUND 4 as a yellow foam (324.6mg, 28% yield). The COMPOUND 4 was
20  converted to the corresponding hydrochloride salt using 1M HCl in ether. HPLC
Purity: >97% (215nm); >97% (254nm); >97% (280nm). Found: C, 63.54; H, 6.69; N,
7.38. C30H3sN30,S x 1.5HCI x 0.6H,0 has C, 63.53; I, 6.70; N, 7.41%. '"H NMR
(400MHz, CD:0OD) 6 1.09 (t, ] =13.7 Hz, 3H), 1.18-1.25 (m, 3H), 2.07 (s, 3H), 2.43-



v,y ITCNH 2'; ,~ triethylamne' DCMNN Si S | Internediate 8d
Compound 4 To a solution of I NTERMEDI ATE 8d (1.05 g, 2.1 mmol) in

di chl oronethane (25 m) was added triethylamne (450 |, 3.23 mmol) foll owed
by acetyl GOL9%dsRErsed 210 |, 2.95 mmol ). The sol ution wascgidEb@eososs three
days at roomtenperature and 15 saturated sodi um bi carbonate (20 m ) was
added. The aqueous | ayer was extracted wth two portions of dichloronethane
and the conbined organic extracts were dgi ed over anhydrous sodium sul fate,
filtered and concentrated. The residue was purified by flash

chromat ography, eluting 5%to 8% nethanol in ethyl acetate to give COVPOUND

Che- cor ! espoidh B D Benr rirard @512 (o Moy -2 b e A B4R e BRL 1y
>97% (215nm 4H)>23%(£,2512}m1 6391&@ {Hﬁ@nm 28Hen) aHD), 729-5.35 B4, 309, 780G9r N,
7.38. C30H35N3Q2S x 6H20 has_C_ 63,53; H..6.70; N, 7.41% 1H NWR

(400MHz, CD3ORY Mz 1] {i(ddai 2?34 Hz, IHR06- 7@, 1Bs5 (m 3H), 2.07 (s,
3K, 2.43 VIO 2004/ 062562 PCT/ CB2004/000099 46 2,56 (m 211). 2 69-2. 85 (m
2H), 3.01-3. :'_Lg- Ep E’J’ hbroma); dimylmethyisd-pipgndinghidenglmethylly 36(s,

211), 6. 81- 6 19728(m 411) 7.29-7.35 (m 3H) 7.50 (t, J
= 1.7 Hz, 111), 7.55 (dd, J:29 4.9 , 1H), 7.66-7.71 (m 111).
| NTERVEDI ATE 7e: @-[ brono[ 1- (3-pyri gt hvl) - 4- @ peridi nyl i dene] met hyl ] -
5 N, N-di et hyl bg ide \ HO Br Brl BH( OAc) L | or oet hane

) Br ) Br

| NaBH{OAC),

1,2-dichloroethane

N ' N
Intermediate 6 i =
e

Intermadiate 7e

To a solution of INTERMEDIATE 6 (0.5g, 1.42mmol) in 1,2-dichloroethane

(i Sml) was added 3-pyridine carboxaldehyde (160pl, 1.71mmol) and sodium
triacetoxyborohydride (392mg, 1.85mmol). The reaction was stirred at room

10  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.
The resulting material was purified by flash chromatography, eluting 5% methanol in

15  dichloromethane to afford INTERMEDIATE 7e (630mg, 100%) as a yellow oil.



N Internmediate 6 N Internediate 7e To a solution of | NTERVEDI ATE 6 (0. 5g,
1.42mmol) in 1,2-dichloroethane (15m ) was added 3-pyridi ne carboxal dehyde
(160, 1.71mmol) and sodium triacetoxyborohydride (392ng, 1.85mml). The
reaction waswebempedeat room 10 tenperature under nitrogegrddbéiloodede hOUurs
the reaction was diluted with dichloronmethane and washed wth saturated

aqueous sodi um bi carbonate. The aqueous |ayer was extracted with two
portions of dichloronmethane and the conmbed organic extracts were dried
over anhydrous sodiumsulfate, filtered and concentrated. The resulting
material was purified by flash chromatography, eluting 5% nethanol in 15
di chl oronet h § 5388 4as a yellowoil. WO
2004/ 062562 oo L A 4 e’
4-[(3-am nophenylj( I-( 3- pyr"l y yI )y -4-
pi peri di nyl i dene] fyet hyI ]- N-d| et hyl -benzam de O 0f/'-N\ ~~N J I / Br
m am nobenzene Yo aci d J | Na2CO3 Pd( PPh3)4™~\- f
Water NN IN|I madé ate 7e anr%Z%ge rgr%,caatm Bo)To g
| NTERVEDI ATE 7e” (6300, X 42 miToiajod, XtGr e
ethanol (2 m) was added am nebenz—ene——be%emc acid non
1.70 mml ) and aqueous [sod| um cafuomnEtieect,ff 1.8 m, 3.55% Dl ). Nitrogen
was t hen bubbled in the~golution for 25 min prior to the agdition of the
pal | adi um tetrakistriphenyl phosphine (98ng, 0.09 nmol)._ The sol ution was
heat ed | ] ~
o s
N N
Intermediate 7e Intermediate 8e
To a solution of INTERMEDIATE 7e (630mg, 1.42 mmol) in a mixture of
5  toluene (9 ml) and ethanol (2 ml) was added m-aminobenzene boronic acid

monchydrate (264mg, 1.70 mmol) and aqueous sodium carbonate (2M, 1.8 ml, 3.55

mmol). Nitrogen was then bubbled in the solution for 25 min prior to the addition of

the palladium tetrakistriphenylphosphine (98mg, 0.09 mmol). The solution was heated

for 5 hours at 90°C then was cooled and saturated ammonium chloride (40 ml) and

10 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 resulted material was purified by flash

chromatography, eluting 3% to 5% methanol in dichloromethane to afford
INTERMEDIATE 8e as a colourless foam (559mg, 84%).



for 5 hours at 90C then was cool ed and saturated anmmoni um chloride (40 m)
and 10 ethyl acetate were added. The aqueous | ayer was extracted with two
portions of ethyl acetate and the conbi ned organic extracts were dried over
anhydr ous st wiGddkdate, filtered and concentrated. Thecresuloieshoswat eri al
was purified by flash chromatography, eluting 3% to 5% net hanol in

di chl oronethane to afford | NTERVEDI ATE Se as a col ourl ess foam (559ny,

849% . WD 2004/ 062562 PCT/ GB2004/ 000099 488 COVPOUND 5:

4-r[3-(acetvl am no) phenyl ] [1- (3- pyri di nyl met hyl ) - 4-

pi peri di nylidenel methyl]-N N-diethyl-benzamide 0 O NHz NH triethylamne '*

DCM N N IN h Ak ¢ 15308 UL O 40f .| NTERVEDI ATE 8e
(240ny, O. 536{@1\?{] Gg'ln dﬁ%ﬁ"% 3 » ol et hyl ani ne (256
|, 1.86 mTD|)' ot T oved Dy acety cHrorrde t50 |, 0.71 mrol ). The sol ution

room tenperature and saturated sodi um
. Z The aquequs | ayer z ith two
portions of dich|or d the co ned orgag{p ¢
over anhydrous i um are, ~HH,l t ered afld conce at et
purified by reverse phasd_chromat ogr affyaEtut i ng 10%to 40%
water containing 0.1%t[rif] uoroacetic atédl. COMPOUND 5 was optainef as the
trifluoroacetic acid sakbgand was |yophilized to give a whin,e powder (148

ng, 39%vyield). HPLC Purlhty: >99% (215nm); >99% (254nn) ; >9h%(280nrr).
Found: C, 52.38; H@ N, 6.79. C31H36N402 x O. 9H20@.%TFA-has C,
52.40; H, 15 4.86; .64% 1H NVR (400MHz, CD3OD) 6 (t, J = 6.7 Hz,
3H), 1.23 (t, J = 6.8 Hz, 3H), 2.09 (s, 311), 2.65 (br ', 4H), 3.26-3.55
(m 8H), 4.47 (Sperdbdlate 6. 81-6. 91 Compound 5

To a solution of INTERMEDIATE 8e (240mg, 0.53 mmol} in

5  dichloromethane (10 ml) was added triethylamine (256 pi, 1.86 mmol) followed by

acetoitrile in

acetyl chloride (50 pl, 0.71 mmol). The solution was stirred for four days at room
temperature and saturated sodium bicarbonate (20 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

10  residue was purified by reverse phase chromatography eluting 10% to 40%
acetonitrile in water containing 0.1% trifluoroacetic acid. COMPOUND 5 was
obtained as the trifluoroacetic acid salt and was lyophilized to give a white powder
(148 mg, 39% yield). HPLC Purity: >99% (215nm); >99% (254nm); >99% (280nm).
Found: C, 52.38; H, 4.84; N, 6.79. C3;H36N40; x 0.9H20 x 2.9TFA has C, 52.40; H,

15  4.86; N, 6.64%. "H NMR (400MHz, CD;0D) 6 1.11 (t, ] =6.7 Hz, 3H), 1.23 ¢, ] =
6.8 Hz, 3H), 2.09 (s, 3H), 2.65 (br s, 4H), 3.26-3.55 (m, 8H), 4.47 (s, 2H); 6.81-6.91
(m, 1H), 7.24-7.36 (m, 6H), 7.55-7.56 (m, 1H), 7.69 (dd, ] = 5.0, 7.9 Hz, 1H), 8.16 (d,
J=17.8 Hz, 1H), 8.66-8.82 (m, 2H).

INTERMEDIATE 7f; 4-[bromo[1-(4-

20  N.N-diethyl-benzamide
Synthesized as shown for intermediate 7f but using 4-pyridine carboxaldehyde
as the aldehyde.



(m 111), 7.24-7.36 (m 6H), 7.55-7.56 (m 111), 7.69 (dd, J = 5.0, 7.9 Hz,
1H), 8.16 (d, J = 7.8 Hz, 1H), 8.66-8.82 (m 2H). |NTERVED ATE 7f:

4-[ brono[ 1- (4-nyridi nyl metthyl)-4-piyeridinylidene]nmethyl]- 20

N. N- di et hyl -wenmamssde2 Synt hesi zed as shown for internedi 2’5%6'7@? %@% g

4-pyridi ne carboxal dehyde as the al dehyde. WO 2004/ 0625 P Lo 000099

49 | NTERVEDI ATE 8f: 44(3-am nophenyl)[ 1-(4-pyridinyl net hyl) - 4-

pi peridi nylidene] methyl]-NN-diethyl -benzgm de Synthesized as shown for
internedi ate 8e but using internmediate 7f as the vinyl brom de. 5 COVPOUND
6 4-f f 3-(acetyam no)phenyl][1-(4-pyridinyl methyl)-4-
plperldlnyllmm Red g triethylamne DCM
NNN Nt G o Lﬂih&f& %ﬂdﬂ_ B o VD) ATE B
(255nmg, 0.56 | roronet nane. was added triethylam ne (272
|, 1.86 mmol Sylﬁtbtshzwd@sl sh:wwn fobinderaegihte B rbmrusdm 106imediat® 774 therobyl, The

solution was,sti.rred for three days at room tenperature and saturated

sodi um bi car Bﬁoﬁg? (20 rﬂ) was added. The aqueous |ayer was extracted with

two porti 0, 1 h or extracts were
dried over afdmGe. AR e A0 Tﬁ@v‘%ﬁg b v‘dirflT ated. The residue
was purifi edRi et R pPESgEERY eluting 10% to 35% 15

acetonitrile in &t er contalnlngo 1%tr|fluoroacet|Oc acid. COVPOUND 6 was
obt ai ned as t | if L
yel | ow powder )

triethylamine
DCM o
N
2 AN
‘P N
Intermediate 8f Compound 6

To a solution of INTERMEDIATE 8f (255mg, (.56 mmol} in

dichloromethane (10 mi) was added triethylamine (272 pl, 1.86 mmol) followed by

10 acetyl chloride (51 ul, 0.72 mmol). The solution was stirred for three days at room
temperature and saturated sodium bicarbonate (20 ml) was added. The aqueous layer
was exftracted 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 35%

15  acetonitrile in water containing 0.1% trifluoroacetic acid. COMPOUND 6 was
obtained as the trifluoroacetic acid salt and was lyophilized to give a yellow powder
(48 mg, 12% yield). HPLC Purity: >99% (215nm); >99% (254nm); >99% (280nm).
‘Found: C, 53.16; H, 5.14; N, 6.74. C5HisN402 x 2.6TFA x 1.4H,0 has C, 53.13; H,
5.10; N, 6.85%'H NMR (400MHz, CD;0D) 6 1.11 (t, = 6.6 Hz, 3H), 1.23 (1, ] = 6.8

20 Hz, 3H), 2.09 (s, 3H), 2.57-2.73 (m, 4H), 3.27-3.43 (m, 6H), 3.50-3.53 (m, 2H), 4.44
(s, 2H), 6.85-6.88 (m, 1H), 7.20-7.31 (m, 4H), 7.32-7.38 (m, 2H), 7.57 (s, 1H), 7.69
(d, J=6.1 Hz, 2H), 8.74 (d, J = 5.5 Hz, 2H). '



(48 my, 12%yield). HPLC Purity: >99% (215nm; >99% (254nn); >99% (280nm .
Found: C, 53.16; H 5.14; N, 6.74. C31H36NA2 x 2.6TFA x 1.4H20 has C,

53.13; H, 5.10; N, 6.85%H NVR (400MHz, CD30OD) 6 1.11 (t, J = 6.6 Hz, 3H),
1.23 (t, J -wbatbsRersbz, 311), 2.09 (s, 3H), 2.57-2.73 (m, #%@@@9 .43 (m
6H), 3.50-3.53 (m 2H), 4.44 (s, 2H), 6.85-6.88 (m 1H),

7.32-7.38 (m 2H), 7.57 (s, 1H), 7.69 (d, J = 6.1 Hz, 211), 8.74 (d, J :
5.5 Hz, 21-1). WD 2004/ 062562 PCT/ GB20044¢000099 50 INTERI\/EDI ATE 9:
4-[f3-(acetyl am no] phenyl (piperidin-4-ylidene)nmethx]-N, N diethyl benzam de
00 J 1 [/ Br 1. 3acetyl am nophenyl boronic acid Na2CO33, Pd(PPh3)4 / I \ N H

Toluene. Et haQaLRVIHGITEY. 2417, Sondi il LG fei IRV 51 9
To a solutio WAL -0V U, Mot ) 11 a mxcare of tol uene
(100 5 nm) ;‘ﬁ et (100 m.) was added 3 acetyl am nophenyl boronic acid

(2.95 g, 16.5

$ ) and aqueous sodi um carbonate (M 35 ni, 70 nmol ) .
Ni trogen was

bukbl ed t hrough the sol utiop~gQ 0 o the

addition of the pall m 'te1t rip 1 Omml).
The sol ution heate i %& %%;,Jp Jﬂﬁ%ééf‘p d/hhe — d™n vacuo.
The residue was diluted wth -bJH—ﬂ&—&H&d-—k&—@ﬂﬁCt ed with i ons of
ethyl acetate. The contji ned or gé&hers. Ehepdl.detes were dried over anhydrous

sodium sul fate, filteredyand conceqlr@ed. The residue wag~ purified by
fl ash chromat ogr aphy, el H‘;I ng with 5% et hanol in dichlor8met hane. The
material was then dissol ved in dichl or onet hane (80 nmL) and tr| fluroacetic
acid (10 nL) was add¥d"9FR2 reaction was stirred for T§mleﬁ'a Y room

tenperature and then 15 saturated aqueous sodi um bicar bonat e was added. The
| ayers were skopesodition of RITERMEDIATE 5 (5.00 g, 11.1 mmel) in a mixture of toluene (100

5 mL} and ethanol (100 mL) was added 3-acetylaminophenylboronic acid (2.95 g, 16.5
mmol) and aqueous sodium carbonate (2M, 35 mL, 70 mmol). Nitrogen was then
bubbled through the solution for 20 min prior to the addition of the palladium
tetrakistriphenylphosphine (1.28 g, 1.10 mmol). The solution was heated for 18 hours
at 90°C and then concentrated in vacuo. The residue was diluted with brine and

10  extracted with two portions of ethyl acetate. The combined organic extracts were
dried over anhydrous sodium sulfate, filtered and concentrated. The residue was
purified by flash chromatography, eluting with 5% methanol in dichloromethane. The
material was then dissolved in dichloromethane (80 mL) and trifluroacetic acid (10
mL) was added. The reaction was stirred for 18 h at room temperature and then

15  saturated aqueous sodium bicarbonate was added. The layers were separated and the
organic layer was washed with another portion of saturated aqueous sodium
bicarbonate and one portion of brine. The organic layer was dried (Na,SO,), filtered
and concentrated and afforded INTERMEDIATE 9 (4.38 g, 97%) as a brown solid.
'H NMR (400MHz, CDCl3) 6 1.12 (t, ] = 7.03 Hz, 3H), 1.24 (t, J = 6.05 Hz, 3H), 2.11

20 (s, 3H), 2.37-2.47 (m, 4H), 2.89-2.99 (m, 4H), 3.22-3.33 (m, 2H), 3.48-3.59 (m, 2H),
6.73-6.78 (m, 1H), 7.05-7.10 (m, 3H), 7.19 (t, ] = 8.01 Hz, 1H), 7.25 (d,  =8.20 Hz,
2H), 7.58-7.63 (m, 1H).



organi c | ayer was washed with another portion of saturated aqueous sodi um
bi carbonat e and one portion of brine. The organic |ayer was dried (Na2SOH4),
filtered and concentrated and afforded | NTERVEDI ATE 9 (4.38 g, 97% as a
brown sol i dwg 2b6d/d¥h432 (400MHz, CDCI 3) & 1.12 (t, J = 7. 03pdwGBBbhooodes24 (t, J
= 6.05 Hz, 3H), 2.11 20 (s, 3H), 2.37-2.47 (m 4H), 2.89-2.99 (m 4H),
3.22-3.33 (m 2H), 3.48-3.59 (in, 211), 6.73-6.78 (m 111), 7.05-7.10 (m
3H), 7.19 (t, J =8.01 Hz, 1H), 7.25 (d,sY = 8.20 Hz, 2H), 7.58-7.63 (m
1H). WD 2004/ 062562 PCT/ GB2004/ 000099 51 COVPOUND 7:

4-{[3- (acetyl am no) phenyl | 11- (pyri di n-2-yl met hyl I') pi peri di n- 4-

| Senel et doleb Ang s SSacatlhovhis) o gt 2 g brice

1, 2-di chl or 0&h.Hg ¥ 9 1N -Conmpound 7~ 10 a sofution of

| NTERVEDI ATE*9 (0. 550 U; L. 90 ml 1 2 di chl oroet hane (50 5 nL) was
added 2-pyridine &ar boxal dehyde (0.21 nl, 2.18 mmol }j and sodi um

triacet oxybor ohygridex( 0. 4899, 31 Xqolhe-1g 03 irged at room
t enperature ung) ft Oums the rlﬁcu @
saturated aqued fn brcafibo ate. i, 2queods | ayef

fhed with

v'~. extacted with
two portions of dichlag et hane and ned organi c-extracts were
dried over anhydrous 10Q sqdi um sul f at scnbrdehndngr €d and con¢entirated. The
resulting material was Dy fified by reversed phase chromatwography el uting
10% to 45% acetonitrile Tn water containi ng 0.1%trif acetic acid.
COVPOUND 7 was obt ai nE®&™®&*? he trifl uoroacetic acid /@fﬂgnd was
| yophilized to give a colourless solid (0.339 g, 41 %~*MPLC Purity: >99%
(215nm; >99% (254nm; >99% (280nnm) . Found: C, 59.46; Hempuk4: N, 8. 06.
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To a solution of INTERMEDIATE 9 (0.550 g, 1.36 mmol) in 1,2-dichloroethane (50
5  mL) was added 2-pyridine carboxaldehyde (0.21 mL, 2.18 mmol) and sodium

triacetoxyborohydride (0.489 g, 2.31 mmol). The reaction was stirred at room
temperature under nitrogen. After 18 hours the reaction was washed with saturated
aqueous sodium bicarbonate. The aqueous layer was extracted with two portions of
dichloromethane and the combined organic exiracts were dried over anhydrous

10 sodium sulfate, filtered and concentrated. The resulting material was purified by
reversed phase chromatography eluting 10% to 45% acetonitrile in water containing
0.1% trifluoroacetic acid. COMPOUND 7 was obtained as the trifluoroacetic acid
salt and was lyophilized to give a colourless solid (0.339 g, 41%). HPLC Purity:
>99% (215nm); >99% (254nm); >99% (280nm). Found: C, 59.46; H, 5.74; N, 8.06.

15 CsHagN4O2 x 1.6 CF3CO,H x 0.7 H,O has C, 59.39; H, 5.68; N, 8.10%. 'H NMR
(400MHz, CD;0D) 6 1.11 (br t, J = 7.03 Hz, 3H), 1.24 (br t, ] = 6.64 Hz, 3H), 2.09 (s,
3H), 2.64-2.77 (m, 4H), 3.24-3.34 (m, 2H), 3.35-3.47 (m, 4H), 3.48-3.60 (m, 2H),
4.51 (s, 2H), 6.88 {(ddd, J = 6.64, 1.95, 1.56 Hz, 1H), 7.24-7.30 (m, 4H), 7.36 (d, T =
8.40 Hz, 2H), 7.45 (ddd, ] = 7.62, 4.88, 0.98 Hz, 1H), 7.47-7.50 (m, 1H), 7.56-7.58

20  (m, 1H), 7.89 (td, J = 7.81, 1.76 Hz, 1H), 8.68 (ddd, ] = 4.88, 1.76, 0.98 Hz, 1H).



15 C31H36N402 x 1.6 CF3CO2H x 0.7 H20 has C, 59.39; H 5.68; N, 8.10% 1H

NVR (400MHz, CD30OD) 8 1.11 (br t, J = 7.03 Hz, 311), 1.24 (br t, J = 6.64

Hz, 311), 2.09 (s, 3H), 2.64-2.77 (m 411), 3.24-3.34 (m 211), 3.35-3.47

(m 4H), 3. ¢8-242s6m 2H), 4.51 (s, 211), 6.88 (ddd, JcI/EBBé/MDIBS, 1. 56

Hz, 1H), 7.24-7.30 (m 411), 7.36 (d, J = 8.40 Hz, 211), 7.45 (ddd, J =

7.62, 4.88, 0.98 Hz, 111), 7.47-7.50 (m 111), 7.56-7.58 20 (m 111), 7.89

(td, J =7.81, 1.76 Hz, 111), 8.68 (ddd,s3 = 4.88, 1.76, 0.98 Hz, 111). WO

2004/ 062562 PCT/ GB2004/ 000099 52 COVPOUND 8:

4-{[ 3- (acet vl am no) phenyl ][ 1- (1. 3-t hi azol - 4-yl net hyl ) pi peri di n- 4-

/1| denel met hidpoth glyishanzam ARl S iiaklalubBnnidha

I nt er medi at e dére]m&hvlﬁ 1Be eSorution of TNTE . 421 g,
F (10 dded 4- chloronethyltlazole

1.04 nmmol ) in-adry
hydrochl oride (0. 3§ 54 g, 2.08 mmol) and potassi um arbonate (0.287 g, 2.08
nol ). The r eaCtyj-On M r Ur e sand t hen
gt halne and

st#xed 4 or tvvo days at
concentr at ed i?/ac SI e vva, tqed wit \
atfjrated eous sodi'um bicar eff e

washed wi th oné& portron ¥

aqueous | ayer was extra d wth two—portiong of dichlor hane 10 and the
conbi ned organi c extr aq were dried kNa2i@4), filtered @ concentr at ed.
The resulting material Wwis purified by reversed phase ch t ography el uting
10%to 40% acetonitrile in water containing 0.1%trifhygroacetic acid.
COMPOUND 8 was obt ai RE®¥%® t he trifl uoroacetic acid €alff and was

| yophilized to give a colourless solid (0.114 g, 18% % HPLC Purity: >99%
(215m); >99% (254nm); >99% (280nm) . 15 Found: C, 56. 1@mplitas5. 26; N, 8. 41.
C29H34NA2S x 1.5 CF3CO2H x 0.6 H20 has C,

To a solution of INTERMEDIATE 9 (0.421 g, 1.04 mmol) in dry DMF (10 mL) was
5 added 4-chloromethyltiazole hydrochloride (0.354 g, 2.08 mmol) and potassium

carbonate (0.287 g, 2.08 mmol). The reaction was stirred for two days at room
temperature and then concentrated in vacuo. The residue was diluted with
dichloromethane and washed with one portion of saturated aqueous sodium
bicarbonate. The aqueous layer was extracted with two portions of dichloromethane

10 and the combined organic extracis were dried (Na;SQO,), filtered and concentrated.
The resulting material was purified by reversed phase chromatography eluting 10% to
40% acetonitrile in water containing 0.1% trifluoroacetic acid. COMPOUND & was
obtained as the triflnoroacetic acid salt and was lyophilized to give a colourless solid
(0.114 g, 18%). HPLC Purity: >99% (215nm}; >99% (254nm); >99% (280nm).

15 Found: C,56.13; H, 5.26; N, 8.41. CyH34N40,8 x 1.5 CF3CO;H x 0.6 H;0 has C,
56.15; H, 5.40; N, 8.18%. 'H NMR (400MHz, CD;0D) 6 1.12 (br t, ] = 7.23 Hz, 3H),
1.23 (brt, J = 7.62 Hz, 3H), 2.09 (s, 3H), 2.40-2.94 (m, 4H), 3.08-3.24 (m, 2H), 3.24-
3.34 (m, 2H), 3.48-3.68 (m, 4H), 4.53 (s, 2H), 6.87 (dt, J = 7.03, 1.56 Hz, 1H), 7.25
(d, ] =8.20 Hz, 2H), 7.27-7.33 (m, 2H), 7.36 (d, T = 8.40 Hz, 2H),753 756(m 1H),

20 7.86(d,Y=1.95Hz, 1H),9.11 (d, ] =1.95 Hz, 1H).



56.15; H 5.40; N, 8.18% 1H NVR (400MHz, CD3OD) 6 1.12 (br t, J = 7.23 Hz,
3H), 1.23 (br t, J = 7.62 Hz, 3H), 2.09 (s, 3H), 2.40-2.94 (m 4H),
3.08-3.24 (m_2 24- 334(m 2H), 3.48-3.68 (m 4H) 11),
6.87 (dt, JWDZ‘)‘%ZSQ 56 Hz, 1H), 7.25 (d, J = 8.20 Hz,PCZ’q(i?é%ﬂlf&OE 37 33 (m
211), 7.36 (d, J 8.40 Hz, 2H), 7.53-7.56 (m 1H), 20 7.86 (d, J = 1.95
Hz, 111), 9.11 (d, J = 1. 95‘Hz, 111). V\¢g32004/062562 PCT/ GB2004/ 000099 53
COVPOUND 9:
4-{f3- (acetyl am no) phenyl | I 1- (1, 3-t hi azol - 5-yl ITEthy|)pI peri di n-4-

yl i dene] net hyl 0 B

1, 2-di chl or okAdk{d (PRCBIHRINGPIQ the sane
nmet hod as f oFLLGROK : G ALy ERI\/EDI ATE 9 5 (0.440 g, 1.08 nmol)
and thi azol e- 5- caﬁboxal dehyde (0.196 g, 1.73 mvl) afforded COVPOUND 9

(0.272 g, 41%.-.asljts alt. This nmgterial pr oduce a
pal e yel |l ow sol ifd. : $>95% (2 ; >97;T0( D% {1(280nm) .
Found: C, 55.0 H, C29H34NAO2S X 7 CE36CE H20 has

- IR N
C, 55.02; H, 5.26; N, 7208 1 NVR (#@6WMs, CD30OD) S 1. 15
6.25 Hz, 3H), 1.23 (br(t, N 46-2.90 (m 4H),

J = 6.64 10 (s, 3H)
3.23-3.35 (m 411), 3“373.65 (m 4&’1"}“‘;”%"“?3 (s, 2H), 6587 (dt, J = 6.83,

1.76 Hz, 1H), 7.23-7.33H (m 4H), 7.36 (d, J = 8.40 Hz, 2H), 7.55-7.58 (m
111), 8.09 (s, 1H), Oma@afes, 111). 15 WO 2004/ 062562 RCT/ GB2004/ 000099 54
N

(br th J =10

Compound 9

Using the same method as for COMPOUND 7 and using INTERMEDIATE 9

5  (0.440 g, 1.08 mmol) and thiazole-5-carboxaldehyde (0.196 g, 1.73 mmol) afforded
COMPOUND 9 (0.272 g, 41%) as its TFA salt. This material was lyophilized to
produce a pale yellow solid. HPLC Purity: >95% (215nm); >97% (254nm); >99%
(280nm). Found: C, 55.04; H, 5.33; N, 7.83. Cy0H34N40,S x 1.7 CF3CO,H x 0.6
H,0 has C, 55.02; H, 5.26; N, 7.92%. 'H NMR (400MHz, CD;0D) & 1.12 (brt, ] =

10  6.25Hz, 3H), 1.23 (brt, ] = 6.64 Hz, 3H), 2.10 (s, 3H), 2.46-2.90 (m, 4H), 3.23-3.35

(m, 4H), 3.37-3.65 (m, 4H), 4.73 (s, 2H), 6.87 (dt, J = 6.83, 1.76 Hz, 1H), 7.23-7.33
(m, 4H), 7.36 (d, T = 8.40 Hz, 2H), 7.55-7.58 (m, 1H), 8.09 (s, 1H), 9.20 (s, 1H).

15



What is clainmed is: 1. A conpound of fornmula I, a pharmaceutically

acceptabl e salt thereof, diastereoners, enantioners, or mxtures thereof: O
2NO RB/ \ NRMd 15 R NR 5 wherein R is selected from C6-10aryl and
C2- 6het er oagplagoafeekei N said C6-10aryl and C2-6heter oarng,@ﬁﬁombdggnally
substituted with one or nore groups selected from-R 10 -NO2, -OR ,
-Br, -1, -F, -CF3, -C(=OR -C(=0OH, -NH2, -SH, -NHR, -NR2, -SR, -SCBH
-S2R, -S(=O R -CN, -OH -C(=0 OR, -C(:5Q)NR2, -NRC(O R, and - NRC(=0) - OR,
wherein Ris, independently, a hydrogen or Cl-6alkyl; and R2, R3, R4 and ?
are, independently, selected from hydrogen, Cl-6alkyl, and C3-6cycl oal kyl,
wherein said Cl-6al kyl and C3-6cycl oal kyl are optionally substituted 15 with
one or nore groups selected from-R -NO2, -OR -d, -Br, -1, -F, -CF3,
-C(=O R, - —Oa)[O—I -NH2, -SH, -NHR, -NR2, -SR -SO3H, -S2R, -S(=O R, -CN,
-OH, - C(= O)M@, -NRC(=O R, and -NRC(=0)-OR, wherein Ris,

i ndependent | ¥, a Aydnpgeand @ﬂfoﬁiﬂnlﬁala}phb.una%&tﬁauyﬁadceﬁmamk theeof, di ng to claim
1, wherein Rl,is selected, from phen ri dyI thienyl; furyl; imdazolyl;
triazolyl; pgiesgrepmers, gragtiomes S’°ré’i‘|‘6 36951}; yridyl, wherein R is
optionally V\D 2004/$62562 PCT/ GB2004/ 000099 55 substi tuted with one or nore
groups sel ectlgg frdgm C1-6al kyl, hal ogenated Cl-6al kyl, -

wherein
R! is selected from Ce.jgaryl and C,-gheteroaryl, wherein said Ce.jgaryl and
Casheteroaryl 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,
-SO3H, -SO;R, -S(=0)R, -CN, -OH, -C(=0)OR, -C(=0)NR;, -NRC(=0O)R, and
-NRC(=0)-0R, wherein R is, independently, a hydrogen or Cy.salkyl; and

R% R, R* and R’ are, independently, selected from hydrogen, C;.¢alkyl, and
Cs.scycloalkyl, wherein said C,.¢alkyl and C;¢cycloaltkyl are optionally substituted

15  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, -SO3H, -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 C.saliyl.

20 2. A compound according to claim 1,
wherein R' is selected from phenyl; pyridyl; thienyl; furyl; imidazolyl;
triazolyl; pyrrolyl; thiazolyl; and N-oxido-pyridyl, wherein R' is optionally



NO2, -CF3, Cl1-6 al koxy, chloro, fluoro, brono, and iodo; R2, R3, and R4 are,
i ndependent |y, Cl-3al kyl or hal ogenated Cl-3alkyl; R5 is selected from

hydr ogen, Cl-6al kyl, and C3-6cycl oal kyl, wherein said ClL. 5 6al kyl and

C3- 6eycl oal yylyodlisgsept i onal |y substituted with one or noreE/geRM@momel ect ed
from C1- 6al kyl, hal ogenated Cl1-6al kyl, -NO2, -CF3, Cl-6 al koxy, chloro,
fluoro, bronp, and iodo. 3. A conpound according to claim1, 10 wherein R
is selected from phenyl; pyridyl; thienyds furyl; imdazolyl; pyrrolyl; and
thiazolyl, wherein R is optionally substituted with one or nore groups

sel ected from C1-6al kyl, hal ogenated C1-6al kyl, -NO2, -CF3, Cl-6 al koxy,

(C::rllI g;ﬁ(yl fl)lrjg‘%aflglgggna d?%% ng&?%ouﬁselég%df%?%g] %ﬂ&’?i%aloggﬁ%ml g%S’éonpound

accordi ng t oN&»aiGh;1C;-¢dilerayi chifo, ﬂlS)l‘S,EHI‘@Dd? addiqdom phenyl pyridyl, thienyl,

furyl, imdazolyl ;2 Jyr rﬁé.yl .and t % et hyI R4 is
Cl- 3al kyl; and Rg ’il:g &ﬁen‘% @}6 6% E@%&%ﬁ%&?gﬁ%ﬁa. m 1, wherein
the conpound is sgp %Cdeﬁdteﬂfﬁ‘éﬂi hyd2Sgen, c, salkyl, and C3.50ycloa 1, wherein said C;.

4-{[ 3- (acetyl am no) pheny] ] (thien-2-yl net hyl eri di n-4-ylidene] met hyl }-N
|\E[d, ét hy I)l;@ ) -5cyﬁlo 1are opuonally substltute)c/l \n)n o%e oI more gro%ps sel ectell yl}-

ﬁ ;‘}fﬁé%lzZﬁoggéﬁsgﬁ&}',lhlafo%er(a?edf@l-d]h{?flmg, LR PEN L BByt eibted AOGLMELRY! 1 - N N
3- (acetylaaulriédo.) phenyl ][ 1- (phenyl et hyl ) - 4- pi peri di nyti dene] net hyl ] - N, N-
i et hyl - benzam de; WO 2004/ 062562 PCT/ GB2004/ 000099 56

3-(acetyl am ro) phenyl ][ 1- (3-t hi enyl net hyl ) - 4- pi peri di nyl i dene} net hyl ) - N,
i et hyl - bgnzamad&mpound according to claim 1,

10 wherein R! is selected from phenyl; pyridyl; thienyl; furyl; imidazblyl;

o
Q_|—|Q_|—|r—l>

pyrrolyl; and thiazolyl, wherein R' is optionally substituted with one or more groups
selected from Cy.galkyl, halogenated Cy.salkyl, -NO,, -CF3, C;4 alkoxy, chloro,
fluoro, bromo, and iodo;
R%, R?, and R* are, independently, C,.3alkyl or halogenated C,. 3a]kyl and
15 R’ is hydrogen.

4. A compound according to claim 1,
wherein R' is selected from phenyl, pyridyl, thienyl, furyl, imidazolyl,
pyrrolyl, and thiazolyl;
20 R? and R? are ethyl;
R? is Cy.aalkyl; and
R’ is hydrogen.

S. A compound according to claim 1, wherein the compound is selected from:
25  4-{[3-(acetylamino)phenyl][1-(thien-2-ylmethyl)piperidin-4-ylidene]methyl}-N,N-
diethylbenzamide;
4-{[3-(acetylamino)phenyl][1-(2-furylmethyl)piperidin-4-ylidenejmethyl} -N,N-
diethylbenzamide;
4-[[3-(acetylamino)phenyl][ 1-(phenylmethyl)-4-piperidinylideneJmethyl]-N,N-
30  diethyl-benzamide;



4-[[3- (acetyl am no) phenyl J[1 - (3- pyridinyl met hyl) - 4-pi peridi nylidene] methyl }-
N, N- di et hyl - benzar ni de;

4-[[ 3- (acet yl am no) phenyl ][1-(4-pyriduiylmethyl)-4-piperidinylidene] nethyll -
N, N- di et hyl - W@APIHe25E PCT/GB2004/000099

4- ([ 3-(acetyl am no) phenyl ][ 1-(pyridin-2-yhnet hyl) pi peridin-4-ylidene] nethyl}
-N, N- di et hyl benzam de; 4-

([ 3- (acet yl ani no) phenyl ][ 1- (1, 3-t hi azol 8- y| net hyl ) pi peri di n- 4-yl i dene] et hy
[1-

[

}- N, N-diet enzam.

1- (1, 3-t hi az ‘gﬁgg ﬁ'?re ““§P3°B?’%[{é[{§é*“ éﬁ}ﬁ& &%l)aﬁlﬁl ?’ﬁﬂf\&}%ﬁhw i hyl benzani de;
and phar nacedieﬁzjnaiehgarm@a;ept able salts thereof 6. A corrpound according to
any one of c a. onpound
according t lﬁhg&(‘fﬁ@“}ﬁ" lfegyﬁlé?@?gugﬁﬁ @% g?ﬁl?‘gméig\ﬂhé{ r‘ggc canent for

t he therapy ditthpabenizandidesi ety or functional gastrointestinal disorders. 8 A
h utic Si n c risi, ound .ac one
i e EF G e T E R N B A

t her apeuti Cadhbmylafeﬁﬂﬁhﬂd/e anmount of a corrpound accor ding to any one of
clalmslSln nuf act ur di ca thetre of pain. 10.
The use of a*t P%Fﬁﬁ?ﬁ“ﬁﬁf‘?’?’ﬁ@ré’%‘i‘ﬁ ﬁgﬁ é‘ﬂlﬂ%ﬁ %rﬁ%&’dl ng to any
one of cl ai NEethylbedzBmidge manuf acture of a medi canment for the treatnent of
functi onal ast roi ntestinal disorders. WO 2004/ 062562 PCT/ GB2004/ 000099 57
11. A proces®{Rdecssylupaplphepyllicd dobisrl-dofmeby dripendin-4-yligepelmstali- 0 2 N O |
IR/ \ | NNbistRborkamide;
4-{[3-(acetylamino)phenyl][1-(1,3-thiazol-S-ylmethyl)piperidin-4-ylidenejmethyl} -
N,N-diethylbenzamide; and pharmaceutically acceptable salts thereof.

6. A compound according to any one of claims 1-5 for use as a medicament,

7. The use of a 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 composition comprising a compound according to any one

of claims -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.



RN R | 5 reacting a conpound of forrmula Il with X-C(=O-R4 or
RAC(=0)-OC(-OR4: ORN Rs I / \'I NH 15 R NRH wherein RL is selected
from C6- 10aryl and C2-6heteroaryl, wherein said C6-10aryl and 10

C2- 6het er oaywy 206Widg24apt 1 onal |y substituted with one or nopEr/ g MuHsoeel ect ed
from-R -NO®, -OR -d, -Br, -1, -F, -CF3, -C(=OR, -C(=00OH, -NH2, -SH,
-NHR, -NR2, -SR, -SO3H, -SOZR -S( O)R -CN, -OH, -C(=00rR, - O)NR2
-NRC(=O R, and - NRC(=0) -OR, wherein R isz independently, a hydrogen or
Cl-6al kyl; R2, R3, R4 and R5 are, independently, selected from hydrogen,
Cl-6al kyl, and 15 C3-6cycl oal kyl, wherein said Cl-6al kyl and C3-5cycl oal kyl
are optionally substituted WO 2004/ 062562 PCT/ GB2004/ 000099 58 with one or
nore groups selected from-R -NO»2, -OR -C1, -Br, -1, -F, -CF3, -C(=0)R,
-C(=0) OH, - NH2, - AHproedsiRyr prdiiing a SRpouSOBfHformEBa? RompEsme) R, - CN, -OH, -
C(=0) OR, -C(:O)NRZ -NRC(=O R, and -NRC(=0)-OR, wherein Ris,

i ndependently, a hydrogen or Cl-6alkyl; and 5 Xis d, Br or |I. 12. A
process for mﬁpar' ( of formula I, conprising: O

; T
R
N
RO
N
B
I
5 reacting a compound of formula IT with X-C(=0)-R* or R*C(=0)-OC(=0)R*:
O
R
o
R®
ok
R®
N
iy
I
wherein

R! is selected from Ce-10aryl and Cy.gheteroaryl, wherein said Ce_19aryl and
10 Cjgheteroaryl are optionally substituted with one or more groups selected from -R,
-NO3, -OR, -Cl, -Br, -, -F, -CF3, -C(=0)R, -C(=0)OH, -NH,, -SH, -NHR, -NR;, -SR,
-SOsH, -SO;R, -S(=0)R, -CN, -OH, -C(=0)OR, -C(=0Q)NR; -NRC(=O)R, and -
NRC(=0)-OR, wherein R is, independently, a hydrogen or C;.galkyl;
R?, R?, R* and R are, independently, selected from hydrogen, C, salkyl, and
15 Csscycloalkyl, wherein said Cy.salkyl and Cs ¢cycloalkyl are optionally substituted



z RN/ O I RB/ VI NRA 15 R NRJ | 10 reacting a conpound of
formula Il with R -CHOor R-CH2X: 0 z RNI \' / 0 R/ \ NR4 15 RN
H 11l wherein RL is selected from C6-10aryl and C2-6heteroaryl, wherein
sai d C6- 10agwy 2025625 C2-6 heteroaryl are optionally subst/Gbribeeowot h one
or nore groups selected from-R -NO2, -OR -Cl, -Br, -I, -F, -CF3,

-C(=O R, -C(=O OH, -NH2, -SH, -NHR, -NR2, -SR WD 2004/ 062562

PCT/ GB2004/ 000099 59 -SMBH, -SMXZR, -S(=3R, -CN, -OH -C(=0O OR, -C(=0) NR2,
-NRC(=O R, and - NRC(=0)-OR, wherein R is, independently, a hydrogen or
Cl-6al kyl; R2, R3, R4 and RS are, independently, selected from hydrogen,

Cl- 6al kyl, a - | B Shd _6%- 68l kyl rard G3- Gey al kyl
are optional I%/iithsf%so?l 03% g%héy%/?niﬁc (?fr?gd 0 Sﬁmt)) ’egg;{f %p@sé g{gt(‘g%’ ?frto%ﬁ?’R, - NQ2,
-OR -4, -Br-C(=0)OH,FNH,;GBH, -NHER~OR, -SR, -SO3H, -SO;R, -S(=0)R, -CN, -OH, -

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

independently, a hydrogen or Cq_¢alkyl; and

5 XisCl, Brorl.

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

R
I
10 reacting a compound of formula III with R'-CHO or R'-CH,X:

mI
wherein
R is selected from Ce-10aryl and Cygheteroaryl, wherein said Cs jparyl and
15 C,.gheteroaryl are optionally substituted with one or more groups selected from -R,
-NOs, -OR, -Cl, -Br, -, -F, -CF3, -C(=O)R, -C(=0)OH, -NHj, -SH, -NHR, -NR,, -SR,



-C(=0OOH, -NH2, -SH, -NHR, -NR2, -SR, -SO3H, -S2R -S(OR, -CN, -OH, -
C(=0 0P, -C(=ONR2, -NRC(=O R, and -NRC(=0)-0OR, wherein R is,

i ndependently, a hydrogen or Cl-6alkyl; and Xis d, Br or I. 10 13. A
conpound ofwf(pgomﬁgsﬁhll 0 R 1~-1 NOI R31 / \ | N RipctiGr2084/0ddodd
wherein 15 R2, R3, e and RS are, independently, selected from hydrogen,

Cl-6al kyl, and C3-6cycloal kyl, wherein said Cl-6al kyl and C3-6cycl oal kyl
are optionally substituted with one or ppre groups selected from-R -NO2,
-OR, -d, -Br, -1, -F, -CF3, -C(=0)R, -C(=OOH, -NH2, -SH, -NHR, -NR2, -SR
-SABH, -SA?2R, -S(=O0R, -CN, -OH, -C(=0O0R -C(=ONR2, -NRC(=O R, and

-NRC(=0) - OR uhaesn,R si=0yR0 -CRALRENLLOHIOR, AL IRR QL0 fal ky! -
NRC(=0)-OR, wherein R is, independently, a hydrogen or C,.salkyl;
R2 R? R* and RS are, independently, selected from hydrogen, C;_¢alkyl, and
Cs.scycloalkyl, wherein said C, galkyl and Cs_¢cycloalkyl are optionally substituted
5  with one or more groups selected from -R, -NO,, -OR, -Cl, -Br, -1, -F, -CF1, -C(=0)R,
-C(=0)OH, -NH,, -SH, -NHR, -NRy, -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,
independently, a hydrogen or C,.¢alkyl; and

XisCLBrorL
10
13. A compound of formula III:
N
H
131
wherein
15 R?, R?, R* and R’ are, independently, selected from hydrogen, C;.ealkyl, and

Cs.¢cycloalkyl, wherein said C;.galkyl and Cs.scycloalkyl are optionally substituted
with one or more groups selected from -R, -NO,, -OR, -Cl, -Br, -L, -F, -CF3, -C(=0)R,
-C(=0)OH, -NHj;, -SH, -NHR, -NR;, -SR, -SO3H, -SO2R, -S(=0)R, -CN, -OH,
-C(=0)OR, -C(=0O)NRy, -NRC(=0)R, and -NRC(=0}-OR, where;in R is,

20  independently, a hydrogen or C;galkyl.



