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DERI VATI VES AND THEI R USE FOR THE TREATMENT OF PAI N OR GASTRO NTESTI NAL

‘Dl SORDERS BACKGROUND OF THE INVENTION 5 1. Field of the Invention The
present invention is directed to novel conpounds, to a process for their
preparation, their use and pharnmaceutical conpositions conprising the novel
conpounds. Th npounds are useful in therapy, and in particular for
t he treatnensmggﬁﬁ%ﬁ%? anxi ety and functi onal gastroinFQQW?ngm&Vsorders.
10 2. Discussion of Relevant Art The regeptor has been identified as having
a role in many bodily functions such as circulatory and pain systens.
Ligands for th e t LN I S | gesi cs,
and/ or as anti a '%Eﬁﬁéggﬁ&]?ﬁ%%ﬁgﬁg%ggg&%gbgéﬁgg@% al so
been shown to pPOSseESS I MUNONMD ulggory'ac I'Vities. ¥ i cation of at
| east three different popul ations of opioid receptors (p, S and x) is now.
wel | establ i shgd cRERGUNDIJF EBEANCERPDONENt in both central and peripheral

nervous systens Of speclt es I ncluding man. Anal gesi a has been observed
in various éniﬁéﬁﬂﬁgggﬁgﬂ%ﬁgh one or nore of ‘these receptors has been 20
activated. Wth fewhexesapi n@hton i Girdced td yovel\tainpaBliL o reetsifnahdapi 0i d 5

| i gands are peptidic tin nat rs and are unsu}table for adm nistration by
system c rout e¥°PAENR™ AEK ST Hd ppanmaceytical comppyitinns Comprising thenayel gNgo (B | sky
E.J. et al., Jaowmpoalds.Ghe Rl corpobmdgyre asedll irHkgrapyl aelid pdrticthefoapreut i cs, 273(1),
pp. 359-366 (1 . ) ' - have been identified
in the prior é%%é%évg%§#§§§¥8§3§g§§% éé%%gg%gﬁﬁg¥&%%é§ suffer from poor

phar macoki Beti cs and are not anal gesi c when admi nistered by systemc
routes. Also, 4ty : . nted that nany of these S agoni st conpounds
shgg"significé%pgggﬁ%%ggg%%gggggpts_mhen adm ni stered systemcally. 30 U S
Pat ent No. 6, 130, 22t rasenteshay hesn identifipd asdaving ¢ todesin sispebwily foetons s.

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 §
15  receptor have also been shown to possess immunomodulatory activities. _
The identification of at least three differeat populations of opioid receptors (i,
5 and «) is now well established and all three are apparent in both central and ‘
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
20 activated.
With few exceptions, currently available selective opioid § ligands are peptidic
in nature and are unsuitable for administration by systemic routes. One example of a
L‘ non-peptidic d-agonist is SNC80 (Bilsky E.J. et al., Journal of Pharmacology and
Experimental Therapeutics, 273(1), pp. 359-366 (1995)). .
25 Many & agonist compounds that have been identified in the prior art have
many disadvantages in that they suffer from poor phanmacokinetics and are not
analgesic when administered by systemic routes. Also, it has been documented that
many of these & agonist compounds show significant convulsive effects when
administered systemically. |
- 30 U.S. Patent No, 6,130,222 to Roberts et al. describes some 3-agonists.

However, there is still a need for improved §-agonists.



However, there is still a need for inproved 5-agonists. WO 2004/041802

PCT/ SE2003/ 001707 2 DESCRI PTI ON OF THE | NVENTI ON Definitions Unl ess
specified otherwise within this specification, the nomenclature used in
this specification generally follows the exanples and rules stated in
Nonencl ature of 5 Organic Chem stry, Sections A, B, C, D, B, F, and H,

Per ganon Press, Oxford, 1979, which is incorporated by references herein
for its exenpVerspseeid®i cal structure nanes and rul es SRTREN¥§17Bheni ca
structures. The term"Cmn" or "Cmn group” used alone or as a prefix,
refers to any group having in to n carbon atons. 10 The term "hydrocarbon”
used alone or as a suffix or prefix, refers to any structure conprising
only carbon anBERGRIE 2} DNENFION carbon atons. The term "hydrocarbon

radi cal" or " hmgﬁnqgﬁ bI "

used alone or as a suffix or prefix, refers to

any structure as a_result of remvi ng@on,e or. nore hydrogens froma
hydr ocar bon. 15 ' Th8lepssprpifiegiofhgrwise yalhip this spseifiggtiondhenomerglatyre gsed By of j x|

refers to minomals iﬁcat?tza rgaie&gsr flowbtha BERQRs Erhii’:rhlla? Mﬁﬂiﬁ%ﬁz@&!&idrﬁ?‘i cals
conpri sing to abo 2 carhon t n " " optjio y contain
one or nor e unLEEHf E’%’H“’é’a %Wféagtfgﬁﬁlfgﬁﬁ%g’%@@%ﬁ§?"{?Sf’|?g%3" used al one
or as suffix oghighiefncotportited By igfetenced ihbtain @oitits extthphiy dhe@ithl sehctlbe amesed chain

hydr ocar bon r | s cor%ri Si ng, jﬁg:[:o about 12 carbon atons, which serves to

adi,c
links two str AR (HEEEEEE R & m " al kenyl " used al one or as suffix or
prefix, refers to FhatemoiCal.bot"Casgroap'gistd abone br &nghdia, efess to adyygoupcar bon

radi cal havi ng _ai r bon- carbon doubl e bond and conprising at
| east 2 up toq’gﬁ% {ﬁ‘ﬁg%ra‘{r}%(t)oﬁ&étons. 25 The term "al kynyl" used al one or as

suffix or Brefix, Tedftems hydrocarbpohespdblerror asa wllixghpredk, ifemtcdned chain
hydcocarbon raggét cé%ép\fsﬁgoﬁgr chifASh Wag@ﬁﬁt@ﬂ@ﬁft@ﬁ@%ﬁbontaﬁdnﬂ! e bond and

d
conprising at |east ) o about 12 ‘carbon atons. e term"cycl oal kyl , "
used al one or as sTHefterR ‘Gydrpragion gadicals pehydrpegrhyl” used alone or as a suffix or

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

15 "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. An "alkyl" may optionally contain one or more unsaturated carbon-carbon
bonds.

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

20  straight or branched chain hydrocarbon radicals comprising 1 to about 12 carbon
atoms, which serves to links two structures together.

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

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

The term “cycloalkyl,” used alone or as suffix or prefix, refers to a
monovalent ring-containing hydrocarbon radical comprising at least 3 up to about 12

30  carbon atoms.



nonoval ent ring-containing hydrocarbon radical conprising at least 3 up to
about 12 30 carbon atons. WD 20041041802 PCT/ SE2003/001707 3 The term
"cycl oal kenyl " used al one or as suffix or prefix, refers to a nonoval 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 al one or as suffix or prefix, refers to a 5 nonoval ent
ri ng- cont ai ni WO 2W¢@8Rar bon radi cal having at | east on&CTSFBHHIVET bon
triple bond and conprising about 7 up‘to about 12 carbon atons. The term
"aryl" used alone or as suffix or prefix, refers to a nonoval ent

hydr ocar bon radi cal haV|ng one or nore polyunsaturated carbon rings having
aromati ¢ charact er ,Tb¢ &1y’ CYCIQﬂkEPﬂQ“é\‘é‘l@éﬁPﬁ%é‘éﬁﬁéP’éﬁfﬁx@W@“ﬁﬁd conprising 5 up

to about 10 114105@519@%@&@1%111 TH@rokAhdh ra&léaYhzﬂrﬂ@ t MSB6hedb®BEcBonas suffix or
prefix, refers to S dj val ent gh drocarbon ra |caI havi ng one or nore

pol yunsat ur at etpubly W“ﬁ?‘ﬁ’&g‘s‘ﬁ&%l?@t?"ﬁ‘rtﬁﬁlﬁ’t"f9%&?5‘8’?’@ (e.g., 4n + 2

del ocal i zed el ect r gB& fermaMYcl6AERYF BhddGlone bifhs EEfiRbOEfxX, ﬂeﬂgrgaabon at ons, which
serves to |link two structures togg t her SIEhe thn1"het$ 8¥cle" used al one
or as a suffi xRV fipgconfaing hydpgarbon radical havig atledst ope caPPEIfPe or nol ecul e
havi ng one or mmmbmmuhﬂcmmﬁﬁmgdherkmuahbmmlzmﬂmdepmmdentIy sel ected from N,
0, Pand S, as a paft SL.L UG udl | east 3 and up
to about 20 atons I%f’ll 1%{ a}ﬁ' és?gnel—?té%eﬁgﬁé{% %ﬂg retlﬁljg% nrz’gal‘fteld or

unsat ur at ed, do'dltoaarbnnrrgimhbvmg Onmr@@@mdb?wsabun@tbcarbamdngséaﬂnpcycl e may 20
contain nore t n one ring,
the rings nayap n? {fl‘ ?e% ﬁ?e%kn Bzgﬁe gér&l%lrllsg EE&)&B@#%?%M@ EéJr?{flto at | east
t fings ghaﬂécwbwnman%ns t her ebet ween. Fbterocycle may have aromatic
chacacter, or may mteaa\é@zen@r&mb&ops@mﬁt&{mﬁi haergﬁ;m Agf er oaromat i c”

used alone or as a suffix’or prefix, refers to a ring- 25 _containing

structure or rpeEAEhos TR HyInG ARE Q5 MORTIOLY R AISA-CREAR TS haiRgat o,

i ndependent | y a%ﬁia%&}ﬁ%cfef @B Mn 1O deRcaRed shectrdfs) EndRBiprisdg $dpRo kol® sStructure

and includin | east 3 and up to about 20 ato In the ring(s), wherein
"the ring- carbon atoms, which serves to link two structures together.

15 The term “heterocycle™ nused alone or as a suffix or prefix, refers to a ring-
containing structure or molecule having one or more muitivalent heteroatoms,
independently selected from N, O, P 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

20  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 therebetween. Heterocycle may have aromatic character or may not have

C ‘aromatic character.
The term "heteroaromatic” used alone or as a suffix or prefix, refers to a ring-

25  containing structure or molecule having one or more multivalent heteroatoms,
independently selected from N, O, P and S, as a part of the ring structure and
including at least 3 and up to about 20 atoms in the ring(s), wherein the ring-
containing structure or molecule has an aromatic character (e.g., 4n + 2 delocalized
¢lectrons). _

30 The term “heterocyclic group,” “heterocyclic moiety,” “heterocyclic,” or
“heterocyclo” used alone or as a suffix or prefix, refers to a radical derived from 2

heterocycle by removing one or more hydrogens therefrom.,



containing structure or nol ecule has an aromatic character (e.g., 4n + 2
del ocali zed electrons). 30 The term "heterocyclic group," "heterocyclic
noiety," "heterocyclic,” or "heterocyclo" used alone or as a suffix or
prefix, refers to a radical derived froma heterocycle by renoving one or
nmor e hydr ogens therefrom WD 2004/041802 PCT/ SE2003/ 001707 4 The term
"heterocyclyl" used alone or as a suffix or prefix, refers nonoval ent
radi cal deriVR3%¥PY#2a het erocycl e by renoving one hyd’%@@’ﬂ“ﬁ“ﬂg%from The
term "heterocycl yl ene” used alone or as a suffix or prefix, refers to a

di val ent radical derived from a het er oaycl e by renovi ng two hydrogens
therefrom 5 whi seryes to ljn ‘two structures ether. The term
"heteroaryl " used ‘4f GHB IEFF”"%CI& §i‘f?1a°§e?frasb & pr 'é‘f FS% o a heterocyclyl
havi ng ar onat ménovhedt aelical derividddrobed rere dtgélebmmbm@d;deyhb’dmgamrﬁ}oﬁme or as a

suffix or prefix, het,er (o} th does. no ave aronmatic
character. 10 The I sthé °§FC(%?I§?I 3??3'3%5%%'&5 gfﬁﬁﬁor@f&’ésmérs Bffix or prefix,
refers to a dieflatadigdldpliend&onaengcpilaivathevingtad hpdregens thérerdngr m

"het er ocycl oal k r. as a suffix or prefix, refers to a

het er ocycl 'yl ene&f%wgsﬁq%qwg 8%&8&0 e%‘mattl c character. The term

"si x- menber ed" usé‘deasnﬂm@fqawl”rlet@i@emasaisgfﬁzwppﬂaﬁmrtrfgsmar| ng that 15
cont ai ns si X i ve-menbered" used as prefix refers to a
group having a Htp&ﬁaﬁqﬁﬁnggﬁaﬁ{%?ﬁ&s ive ring atons. A five-nenbered ring
heteroaryl is a h&h@ﬁe@ar teropiledalial” ussdgplang of a3¢ seffiy er prefirg refeag tods wherein 1, 2

or 3 ring at QR gﬁ@@&@g@g%l%ﬁgggﬁmgrfrom N, 0 and S. 20 Exenplary
five- merrbered rin eteroaryls are thienyl, fur yrrol i m dazol yl,

t hi-azol yl 10 oxazol Etelfﬁ‘yrhftﬂ?Wlene |"§?ﬁ5(‘”11ﬁ"52{)453ﬂ5“fﬁ?‘§695 ’bF“;f‘FTSP‘/’f 2,3-triazol yI

tetrazolyl, heRrodvd é@@hﬁggﬂr&{lam;hazac&roxadl azol yl, 1 2 4- tr| azol yl,
1,2, 4-thiadi azolyf , 4 ox r”g’ 4-tri 3, 4-thi adl azonI
and 1, 3, 4- oxadi aﬂz‘ﬂtﬂm °’§’F5$? éﬁed G OHRS £ &Y ’é{f’ 1""fi"sr‘zg(“'s’rf@l"’eroaryl with
a ring havi nGeRictydylé@ that does not have aromatic character.

The term "six-membered" used as prefix refers to a group having a ring that

15  contains six ring atoms. '

The term "five-membered” used as prefix refers to a group having a ring that
contains five ring atoms.

A five-membered ring heteroaryl is a heteroaryl with a ring having five ring
atorns wherein 1, 2 or 3 ring atoms are independently selected from N, O and S.

20 Exemplary five-membered ring heteroaryls are thienyl, furyl, pyrrolyl,
imidazolyl, thiazolyl, oxazolyl, pyrazolyl, isothiazolyl, isoxazdlyl, 1,2,3-triazolyl,
tetrazolyl, 1,2,3-thiadiazolyl, 1,2,3-oxadiazolyl, 1,2,4-triazolyl, 1,2,4-thiadiazolyl,

( 1,2,4-oxadiazolyl, 1,3,4-triazolyl, 1,3,4-thiadiazolyl, and 1,3,4- oxadiazolyl.
A six-membered ring heteroaryl is a heteroaryl with a ring having six ring

25  atoms wherein 1, 2 or 3 ring atoms are independently selected from N, O and S.

Exemplary six-membered ring heteroaryls are pyridyl, pyrazinyl, pyrimidinyl,
triazinyl and pyridazinyl.

The term “substituted” used as a preﬁx refers to a stmcture, molecule or
group, wherein one or more hydrogens are replaced with one or more

30 C,ghydrocarbon groups, or one or more chemical groups containing one or more’
heteroatoms selected from N, O, §, F, Cl, Br, 1, and P. Exemplary chemical groups

containing one or more hetéroatoms include ~NO3, -OR, -Cl, -Br, -], -F, -CF;,



25 atons wherein 1, 2 or 3 ring atons are independently selected fromN, O
and S. Exenpl ary six-nmenbered ring heteroaryls are pyridyl, pyrazinyl,
.pyrimdinyl, triazinyl and pyridazinyL The term’ 'substituted” used as a
prefix refers to a structure, nolecule or group, wherein one or nore
hydrogens are replaced with one or nore 30 Cl4hydrocarbon groups, or one or
nor e chenlcal roups containing one or nore heteroatons selected fromN, O,
S, F, O, Br,WP20u4AYs® Exenpl ary chenical groups contt&MiFHE8HE or nore
het er oat ons i ncl ude -N@2, -OR -O , -Br, -1, -F, -CF3, WD 2004/041802

PCT/ SE2003/ 001707 5 -C(=0)R, -C(=0 OH, 5-NH2 -SH -NHR, -NR2, -SR, -SQO3H,

-S02R, -S(=0 - >0
(:NR), thl(O ) 5—&§h(§:( i m nOz,ch%z{) ggizsoé (I@Z-RR)SRJ{%)%%I\‘ ) imno
G . 6hydrocar by40,H F@f’@@amﬂ(@)mbﬁkcmbmxo FHONiplina(EdiR), dfie =S),andi t r opheny!
T oy s P B AT BORO Wt Gy FANGRELR Rll ' O

nmet hoxy, chloro roups nay re surta rogen on the
phenyl ring. TmemﬂEwﬁﬁmywbﬁﬁmﬁwmé@Wﬂ@§§@ﬂaéf%bsmhﬁwkwmmmaWEﬁr@ﬁ,structure
mol ecul e Or 5 grktRsin thE RidoOMERbxY chﬁybem;aradmgoﬁba%,ﬁregfac&&?eh&aie groups refers
to a second structure, nolecule or group, which is a résult of replacing
one or nore hyBAwgeEHE Bephepdripgrst 10 structure, nolecule or group with the

one or nore naned ?ﬁ@t@hﬁ%bﬁﬁﬂdpﬁsedEﬁsuff@@m&str@ e?ﬁ%ﬁbﬂle&-l%%b' tuted by
nitro" refers to nitrophenyl. Heterocycle includes, for, exanple, nonocyclic

heter ocycl es soHawed&y onegrmorepames of shermica] groupsipiersdppsecapsidithe  oxet ane,

thietane, pyr rrﬂilécdle@@groﬁb’Mhiﬂhhfﬁ'csultlomeﬁlaﬂﬁ)é mloaﬁmremyﬂxege@k bethé'rst pyrazoline,
dr of.ur an dr of ur an trahydrofuran

di oxol ane, quoIane 5 15 dj e
b pphane. 1t aPTaFectectiest B8 Vit ERs o7 Bop PPt e gr e, mor phol | ne.
t hixgnor phol i nexarpple, al‘l‘phdnﬁlsmlpsym&dbyﬁlna’-ﬂfeh}kdhmpylteaﬂ tetrahydr opyr an,

1, 4-di hydropyridin n d honDplperldlne
23,4, 7-tetrahy droﬁftﬁﬂ%}%le 1]1(;(?{)1&3{;20&6% '1 hﬂgn&gcﬁkfe% c?estucgne 4 7-

di hydr o- | , 3- dieixidipé. @xirangdthirencaseetiding @w@n@xhldme m011¢1nadm¢1man het er ocycl e
| ud lags. :
i ncl udes ar OMgL iy oﬂ&h?ﬁa%ﬁdﬁdﬁ% ep#a%h},n@’&?dm %u sﬂ%fahgwﬁ:h?dxpﬂﬂizi ne, 2 dazol e,

pyri m di ne, pyridazine dran razan
15  dihydrofuran tetrahydro a1, thlophane plpendme 1,23 6—tetrabydro-pyndme

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

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

C thiadiazole, 1,2,3-0xadiazole, 1,2,4-triazole, 1,2,4—thiédiazole, 1,2,4-oxadiazole, 1,3,4-
triazole, 1,3,4-thiadiazole, and 1,3,4- oxadiazole.

25 Additionally, heterocycle encompass polycyclic heterocycles, for example,
indole, indoline, isoindoline, quinoline, tetrahydroquinoline, isoquinoline,
tetrahydroisoquinoline, 1,4-benzodioxan, coumarin, dihydrocoumarin, benzofuran,
2,3-dihydrobenzofuran, isobenzofuran, chromene, chroman, isochroman, xanthene,
phenoxathiin, thianthrene, indolizine, isoindole, indazole, purine, phthalazine,

30 naphthyridine, quinoxaline, quinazoline, cinnoline, pteridine, phenanthridine,
perimidine, phenanthroline, phenaziﬁe, phenothiazine, phenoxazine, 1,2-

benzisoxazole, benzothiophene, benzoxazole, benzthiazole, benzimidazole, .



t hi azol e, oxazol e, pyrazole, isothiazole, isoxazole, 1,2, 3-triazole,
tetrazole, 1,2,3- thiadiazole, 1,2, 3-oxadiazole, 1,2,4-triazol e,

'W 1,2, 4-thi adi azol e, 1, 2, 4- oxadi azole, 1,3,4- triazole, 1,3, 4-thiadiazole, and

1, 3,4- oxadiazole. 25 Additionally, heterocycle enconpass polycyclic
heterocycl es, for exanple, indole, indoline, isoindoline, quinoline,

t etrahydroqui nol i ne, isoquinoline, tetrahydroisoquinoli enzodi oxan,
counarin, di FARYOSEMrin, benzofuran, 2, 3- dlhydrobeﬁ?gwﬁwgﬁm"ﬂﬁ
isobenzofuran chronene, chroman, isochronan xant hene, phenoxat hiin,

t hi ant hr ene, indolizine i soi ndol e, ind&zol e, purine, phthal azine, 30

naphthyrldlne i ne ui nazol i ne,. ci nnol i ne, er%ﬁlne,

phenant hri di n& trﬁ‘é?F igpramthin %&ﬁ?ﬁ"t’ ﬁarr‘]‘ifﬂhflﬁémdﬁ}‘?e%‘?zﬁ%" enot hi azi ne,
phenoxazi ne, lmﬂduhmm2|soxazole

benzot hi ophene, benzaq e..benzt hi.a Ie nzimdazol e, WO 2004/ 041802
PCT/ SE2003/ 001707%"‘%&%@%“2??“?%{’2@["%“ ‘?’%”%‘gg ‘ﬁf%‘?“a‘%zz"g‘r’%g%’f"&%gcar bol i ne,
acridine, pyr dnid@bajiomychaﬂlcterocwieawhcrzihdiemieg fusion helehie¢n ton ot mort hiegspol ycycl i c

het er ocycl % ‘}'n%ﬁxﬁ | RG8 ui %EQ%’e%onﬂ%tn%ﬁo%‘ié(ﬁJﬂ? eé%dﬂgr%gg. vl i3 | ¢ heterocycl es

wherein thé ring u5|on two or es nore than one
bond common t eomethtobpthgiogsn rﬁiﬁampeoftsm iyridgsd het:rom‘lee owhdnquimclbteh rings.

Exanpl es of s i I nucl i di ne,
dlazablcyclo[gﬁgiﬁﬁ?ﬂg gﬂg g¥q%§g Pg%c gifﬂgél]heptane Het er ocycl yl
i ncl udes, for exar’lﬂﬁtgﬂc)fﬁﬂhé@y@ﬁslf@f pemme, gepedyslicheterngydlyla such agizi ri di nyl ,
oxiranyl, thi 'aflﬁtm()}l’oxﬁ'ﬁ@i 'ﬂﬂir aze%xﬁﬁadi}!thnyl tﬂhb&iﬂ%luﬁﬁifp ordrgdiny |

pyrrollnyl 10 i m.dazol'i din yrazol i razolin dloxolanyl
sul ol any/10 2imidgel @M@’{f?&l}ﬁ%ﬂ Pﬂa@hByltﬁ‘WBPﬂfﬁﬂfféwl 2 3(‘%‘%‘/ ¥ nranyl |
t hkophanyl, pipB&fhyb@damasyl, telraludbfi@ady tHicRMET, Pipedifiyl 0, 13 6-tetriiy@RX azi nyl ,
TR A I A
di oxanyl, honnmyp@ﬁmﬂmmﬁhmwﬁmﬁwﬂmﬂ4MamﬁahyﬁkmwlHﬂaﬁepmﬂylsdhﬂmﬁpiperazinyI,
L 153 orePabth RO o PR SRR £ 0 1
exanpl e, pyri dibxepinyl, gyfrdinidroyl,3-dipyepinyl, didhekamethyieneleddyly| , t hi enyl, furyl,
:c gg?f\??zllol yl | ylr gg%édgiﬂloﬁ;t ﬂ%?o%?%{d’mc“&saﬁo%aﬁk het%&é@ls%k het&wj’ﬁ,zig} yl,
exampie, pyndmyl, pyrazinyl, pyrimidinyl, pyridazinyl, thienyl, furyl, furazanyl,
pyrrolyl, imidazolyl, thiazolyl, oxazolyl, pyrazolyl, isothiazolyl, isoxazolyl, 1,2,3-
triazolyl, tetrazolyl, 1,2,3-thiadiazolyl, 1,2,3-oxadiazolyl, 1,2,4-triazolyl, 1,2,4-
20  thiadiazolyl, 1,2,4-oxadiazolyl, 1,3,4-triazolyl, 1,3,4-thiadiazolyl, and 1,3,4
oxadiazolyl.
Additionaliy, heterocyclyl encompasses polycyclic heterocyclyls (including
C/ | both aromatic or non-aromatic), for example, indolyl, indolinyl, isoindolinyl,
quinolinyl, tetrahydroquinolinyl, isoqujpolinyl, tetrahydroisoquinolinyl, 1,4-
25  benzodioxanyl, coumarinyl, dihydrocoufnaﬁnyl, benzofuranyl, 2,3-
dihydrobenzofuranyl, isobenzofuranyl, chromenyl, chromanyl, isochromanyi,
xanthenyl, phenoxathiinyl, thianthrenyl, indolizinyl, isoindolyl, indazolyl, purinyl,
phthalaziny!, naphthyridinyl, gninoxalinyl, quinazolinyl, cinnolinyl, pteridinyi,
.phenanthridinyl, perimidinyl, phenanthrolinyl, phenazinyl, phenothiazinyl,
30  phenoxazinyl, 1,2-benzisoxazolyl, benzothiophenyl, benzoxazolyl, benzthiazolyl,
benzimidazolyl, benztriazolyl, thioxanthinyl, carbazolyl, carbolinyl, acridinyl,

pyrolizidinyl, and quinolizidinyl.



tricazolyl, tetrazolyl, 1,2,3-thiadiazolyl, 1,2, 3-oxadiazolyl,
1,2,4-triazolyl, 1,2,4 20 thiadiazolyl, 1,2,4-oxadiazolyl,.1,3,4-triazolyl,
-1,3,4-thiadiazolyl, and 1,3,4 oxadiazolyl. Additionally, heterocyclyl
enconpasses pol ycyclic heterocyclyls (including both aromatic or
‘non-aromatic), for exanple, i ndolyl, indolinyl, isoindolinyl, quinolinyl,
tetrahydrqu|noI|n i soqui nolinyl, tetrahydroi soquinql]j 25

benzodi oxanyl ?)Odry%lﬁ nyI , di hydrocoumari nyl, benzof ur%ﬁ§f§¥i"ﬂi’@3"%”
dihydrobenzofuranyl, i sobenzofuranyl, chronmenyl, chromanyl, isochromanyl,
xant henyl, phenoxat hiinyt, thiantbrenyl,7indolizinyl, isoindolyl i ndazol yl ,
purinyl, phthala2|n thyridi xa I i haz |nyI
ci nnol i nyI pteri di né‘#dﬁwn (ﬁ&] %1 rfllc(r}y erchclf%erelscrﬁlbaé%ove ah r“i{l hrol i nyl ,
phenazi nyl , phenh&hma@qny¢hﬁ@@aphbm&mmmﬂwymgﬁ&mﬂbﬁamansn»amakyMgs
benzothlophenyl , | vl

benztriazol yl, Imﬁ?%%%ﬁtﬁ% n%%mggg%ggnrq%ﬂnxls%mgggg%giacrl3¥nyl
pyrolizidinyl, ccmnnbnqelbwbhngél Gikangpiltes of\Dch bridgediicterarylBGACIRERBEAGOSL 001707 7
In additiongto NUYS. e, Q6Y $ ri bed above, heterocyclyl

i ncl udes poT:’yc‘;i/%‘J[%ﬂlc te)r{%é/ fn@ %er)g!c’# 1r‘]ge%r%{fng fusi on between two or
more rings | ncl udé’beméaﬂsq#anuseﬁ@omep wﬁﬁmmeﬁx tyeferd to agiepds e nor e t han
two atoms n%@ﬁ%altfgnmib Ri DkSein ﬁ%@&iﬂ&t&ﬁﬁ&ﬁa@d%&m@édﬂ&@ﬂ Ef‘énﬁﬂa%?yd es

i ncl ude qui nuc ,. 5 diazabicycl o[ 2. 2. 1] hept yl

7- oxabi cycl o[ 2a1120x:r}q’+@ﬂfweﬂwmeeth0é¥,mopng.‘/ktsva%éar%x, Erh\‘}méiis isghyitxysuf fi x or
prefix, referscﬁ@pﬁgﬁmg@&,@ mylot;c?%ndﬁe gﬁdx formula -0-R wherein Ris
selected fr m a hy&gocar on r.adjca F

¥ 1gu[_ko_x ncludes nmet hoxy,

et hoxy, proPoxy, DERH FRye” B{:taBW" " upe B DX @ FEEH R 9319‘:””‘“"

cyctopr opyI met fadixals ofaﬂelgyhe@aiqu:anqumelgwmyR’&@izﬁb@nﬁ@ﬂﬁhs‘l@:{éﬁne" or

"am no" used onﬁﬁ%r eﬁigraq] amcarf??nmc{ca refix, refers to radicals of the

general formul g er are independently selected from

hydr ogen or a hydr ﬂalagdnomludadﬂmhe, cmamrwglammmaidudtbm fluorine, chlorine,

brom ne and i odi nes & , nmeans one or
I-_IL% I ’11@ a gre:;ﬁz gﬁaaégu(?%% ﬂe)%r goreah gxrogéﬁﬁ 3?

nmor e hydrogens on e group i one or ogens.
15  the group is replaced with one or more halogens.

"RT" or "rf" means room temperature.

' Description of Embodiments

In one aspect, the invention provides a compound of formula I, a
20 | pharmaceutically acceptable salt thereof, diastereomers thereof, enantiomers thereof,
and mixtures thereof:
O

25  wherein



"RT" or "rt" means roomtenperature. Description of Enbodi ments In one

aspect the invention provides a conpound of formula |, a 20
. pharmaceutically acceptable salt thereof, diastereoners thereof, enantiomners
thereof, and mxtures thereof: O /~NI1 | 0 J Nk O-RR NRZ CNIt R 25

wherein WO 2004/ 041802 PCT/ SE2003/001707 8 Rl is selected from-H,
C6_ioaryl, C2 _6heteroaryl, C6 loaryl-C Aal kyl, and

C2-6het er oar VTR BOUPEOky] , wherein said C6_loaryl, C2. 6REFEHBEHG707

C6. loaryl - G - Oal kyl , and C2- 6het eroaryl - Cl- 4al kyI are optionally
substituted with one or nore groups segected from-R -NO&2, -OR -d, -Br,
-1, -F, -CF3, -(=0)R -C(=0)OH, -NH2, -SH 5 -NHR -NR2, -SR -SGBH -SO2R
_S(=O R -ON - OH, Rl isselayadiom ¢, £6)orm Cz sheturayt:6) merylGiaklRm=0) - R, wher ei n
R S, | ndepen faétéfoa d}‘)’ﬁl&)@%@reﬁrsald@ﬁ 10@@ k%%hetel%gryl %6 ?DQJYQQLQ If rom - H

Cl - 6al kyl and - 6cycl o wherei n_sai d and cycl oal kyl are
optional Iy su@gépz@sté@md ?Ha%ﬂéwtlﬁﬁllﬁ@ﬁ%ﬁ%wé@f@@t@&fﬁafw 10 R -O,

groz o 1, S& F, o -sEiEed frdat FORO,, =6k @) Hi, -1 JF‘HEFg ))OHR&H §B1\IRC(SCIS;_I -
wherein R i, NﬁBe‘ﬁ)‘Bﬂd’ﬁi'lS?%’as%Py\dr%" Cﬁﬂﬁﬁ(’s&‘m a@ﬁOP@R% s sel ected

from Cl1-6al | CyNR@(l@)%aqmt(e@b BR| whéMEIERQsl thdgRhdinty), 2 Badrkgeh ognd C3

6cycl oal kyl ar eﬁq}g ionally substituted w th one or nore groups sel ected from
-OR -0, 15“ , -F, -CF3, -C(=0)R, -C(=O)OH, -NH2, -SH, -NHR .-NRz,
-SR, -SCBH, - SO2R R* zséété&)eﬂlfrom@ﬂ, Crefiy andC50YcBRIyY; Dherbih MR C,callRC(=O) R and

“NRA(=0-R 4 Cs.scycloalkyl are optionally substituted with one or more groups selected from -
10 - OR, -Cl, -Br, -1, -F, -CF3, -C(=O)R, -C(=0)0OH, -NH,, -SH, -NHR, -NR;, -8R, -
( SO;H, -SO;R, -8(=0)R, -CN, -OH, -C(=0)OR, -C(=0)NR; -NRC(=0O)R, and -
NRC(=0)-OR, wherein R 1s, independently, a hydrogen or C,.salkyl; and '
R’ is selected from C)_ealky! and Ca.scycloalkyl, wherein said Cyealkyl and Cs.
gcycloalkyl are optionally substituted with one or more groups selected from -OR, -Cl,
15  -Br, -l -F, -CF;3, -C(=0)R, -C(=0)CH, -NH, -SH, -NHR, -NR3, -SR, -SO;H, -SO:R,
-3(=0)R, -CN, -OH, -C(=0)OR, -C(=0)NRy, -NRC(=O)R, and -NRC(=0)-OR,
wherein R is, independently, a hydrogen or Cy.¢alkyl.
In another embodiment, the compounds of the present invention are those of
formula 1, wherein
20 R' is -CH2-R*, wherein R? is selected from phenyl; pyridyl; thienyl; furyl;
imidazolyl; triazolyl; pyrrolyl; thiazolyl; and N-oxido-pyridyl, wherein said phenyl;
o pyridyl; thienyl; furyl; imidazolyl; triazolyl; pyrrolyl; thiazolyl; and N-oxido-pfridyl'
C, are optionally substituted with one or more groups selected from C,.galkyl,
halogenated C)_galkyl, -NO;, -CF3, C,.4 alkoxy, chioro, fluoro, bromao, and iodo;
25 R? is selected from —H and C,.3alkyl; and
R? is selected from C;.salkyl, and Cy.¢cycloalkyl.

In another embodiment, the compounds of the present invention are those of
formula 1, wherein R' is ~CH,-R*, wherein R? is selected from phenyl; pyridy!l:
30 thienyl; furyl; imidazolyl; pyrrolyl and thiazolyl;
R? is selected from —H and methy]; and
R? is selected from methyl, ethyl, propy! and isopropyl.



wherein R is, independently, a hydrogen or G _6al kyl. In another enbodi nent,
t he conpounds of the present invention are those of fornula 1, wherein 20
R is -CH2-R', wherein R4 is selected fromphenyl; pyridyl; thienyl; furyl;
i m dazolyl; triazolyl; pyrrolyl; thiazolyl; and N-oxido-pyridyl, wherein
said phenyl; pyridyl; thienyl; furyl; imdazolyl; triazolyl; pyrrolyl;

thi azolyl; and N oxi do-pyridyl are optionally substituted 2}}/\(4’3} h_one or nore -

groups sel ect'tYPYBIOTL. 6alkyl, hal ogenated G _6al kyl , PNEFPBER o -6
al koxy, chloro, fluoro, brono, and iodo; 25 R2 is selected fromH and
C .3alkyl; and R3 is selected from Cl. 62l kyl, and C3. 6¢cycl oal kyl . I n anot her

enbodi nent, the c ds of the, present invention,are.those of . fornula 1,
wherein R is - crolpioranbdmes, te gogpquds bl e presc unon @ ot of | ' 3
thi enyl ; furylformuhildezodiyR!ispirrol yl and thiazolyl; R2 is selected from-H

and net hyl; and i, d, 4 ethyl, propyl and isopropyl. WO
2004/ 041802 PCT/ géiolgﬁ%%?%% garn??'%ﬁé’g)ré{l%er enbodi nent ,- the conpounds of

t he present i nventRopselgcted fiands sty shdEragydoakyl wherein R is -H R2 is
selected from-H and Cl1.3alkyl; and R3 is selected from CL. 6al kyl, and

C3.6¢cycloallcyl. 5 1t will be understood that when conpounds of the present
i nventi on cont ai n It Billbegndsigead thay when copppungs of theppresent Sypsiongentat t he

i nvention may ogxdrShord dhiraftterd She doftPhBlie sk tBSinveRRANhdyQRES ihCan@be di ast ereoneri c
forms, or as a racem c mxture, resent invention includes any possible

: ! . The p | on
enantiomers, dokied 8% gsmtiomenic opdiasiegomsnip formy ongseatfeBis RiKEkedbe of a conpound
of Formul a. | preJdaeineptibiCiatihdes agt povsibld QlaifonRfs, titrdoneRReRAts6f the invention

BALVIE o A C A NG T T S
asynmet ri ¢ sy nadd@sndofliaededntioh rhdyde prepaed)] bir esnpishy chireidhiohatopaphier . 1t wil |
al'so be appregcial &d JrhaleSSE b syhaEQIROH BoRa R achitGeRig 3 ekl YN 1 On MRy
asymmetric synthesis based on the procedures described thereafier.
~ It will also be appreciated that certain compounds of the present invention may
15  exist as geometrical isomers, for example E and Z isomers of alkenes. The present
invention includes any geometrical isomer of a compound of Formula I. It will
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
20  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
C\ ‘Within the scope of the invention are also salts of the compounds of the
formula I. Generally, pharmaceutically acceptable salts of compounds of the present
25  invention may be obtained using standard procedures well known in the art, for
example by reacting z sufficiently basic compound, for example an alkyl amine with a
suitable acid, for example, HCl or acetic acid, fo 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
30  compound of thé 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 g suitably basic



15.exi st as geonetrical isonmers, for exanple E and Z isoners of al kenes. The
present invention includes any geonetrical isonmer of a conpound of Fornmul a

«l. It wll further be understood that the present invention enconpasses
tautomers of the conpounds of the formula I. It will also be understood
that certain conpounds of the present invention may 20 exist in solvated,
for exanple hydrated, as well as unsolvated forns. It will further be
under st ood t h¥P 26Hé841BZesent i nventi on enconpasses al | FEERERVHWHEIRd forns of
the conpounds of the formula I. Wthin the scope of the invention are also

salts of the conpounds of the ° fornmula;3. Generally, pharmaceutically
acceptabl e salts of c_ongounds of the present 25 invention nay be obtai ned
usi ng st andar dorganércaseing @ech\ietholiRm@wsgivmineha ap pqueoysgredivay follpyvel Yy reacting a

sufficiently basi&uGRIReMRsionklinifeanPl e an alkyl amine with a suitable
acid, for exanple, HCO " or acetic acid, to afford a physiologically

accept abl e ani on. In enepmbodimens, thecogpawydisf formya hehere maxksrcomepetidiang al kal i

netal (such aspzeuhcsiiicallyRedesGHE W or Mlvatd thd¥bdt PartRbilady) aRbdiPdddftien &&' t h met al
(such as a calciu reating. a npound of the_present invention

m salt by t 30.co
havi ng a su? t aBFlesadiareehlosids: kyArobromids, phesphate, aggtaie, fymarste. alegteor a phenol - wit h
one equi val entta@hteAditrad, kdihhncsMpihatobr polsadebulshogaet . metal hydroxide or
al koxi de (such as %ge et hoxi de .or_ met hoxi.de), or gﬁﬁim ably basic WO
2004/ 041802 PCTI SEZBOSVEFPFRomIpet hpEeirt (pverition are pasfit ip theraph ePsialy or
megl um ne) i n forthage@ndns of Rbus fihin karditionestichys chenin paiftnetopdthiPplid, f | cat i on
techni ques. In one .enbodi nent .. the g’o our{ddof ftorrr.ul a | .above. my be
converted to &°URUPFAEE R ET (Puskd é%&%ﬁ‘%‘ SRS SPISRE MCER R, e of |
parti cul ar10/, eaxnThis lis slxokiii However satlbt intebpretedds ealmustivey dr ochl ori de,
hydt.obr om de, phos : - r itrate,
EDE g A B 8 fonch ARG B Rb e SHELR, of

met hanesul phonat e orp-toluenesu ona ) 0 "of the present
i nvention ar e asatryacidiseastreugihgs arbgtivefor skin grafis engan irposplangscandreimilarof  var i ous

pai n condi ti OnGRMGRed SR QisRRls variBR UARRL RirGsdPRiafli-unfdtzEmPai N, cancer
pain, pain caused by rheumatoid arthritis, mgraine, visceral pain 10 etc.

This list sho&P‘H“ﬁ’dWé\P@F‘_‘thot be interpreted as exhaustive. Conpounds of the
invention gy e usefgmmpandsHine Hverhsh ak Qfetul i SRE%I sBlek Whére Begeneration or

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

20 Compounds of the invention are useful for the treatment of diarthoea,
depression, anxiety and stress-related disorders such as post—traumaﬁc stress
disorders, panic disorder, generalized anxiety disorder, social phobia, and obsessive

(_/ compulsive disorder, urinary incontinence, premature ejaculation, various mental
illnesses, cough, lung oedema, various gastro-intestinal disorders, e.g. constipation,

25  functional gastrointestinal disorders such as Irritable Bowel Syndrome and Functi‘onal
Dyspepsia, Parkinson’s disease and other motor disorders, traumatic brain injury,
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 hypertension.

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

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



aut oi mmune di seases, such as arthritis, for skin grafts, organ transplants
and simlar surgical needs, for collagen diseases, various allergies, for
use as anti-tunour agents and anti viral agents. 15 Conmpounds of the
invention are useful in disease states where degeneration or dysfunction of
opioid receptors is present or inplicated in that paradigm This may

i nvol ve the use of isotopically |abelled versions of the conpounds of the
invention i nWRAYUPABE i ¢ techni ques and imaging appl i CHTOASEAR as
positron em ssion tonography (PET). 20 Conpounds of the invention are
useful for the treatnent of diarrhoea, jjdepression, anxiety and

stress-rel ated disorders such as post-traumatic stress disorders, panic
di sorder, gendicmpssBghcsi (&gyamaEYs pprdgesia.aResiarclasHipiand sedstinbbsessi ve C

conpul sive di Sgihdied in thik edmmaubmamhﬂmmet&g plotiEL affidaied, at i on, various
| ung oedema, various gastro-intestinal disorders,

mental ill nesses, ca q#

e.g. consti patnF‘Han“SC a5 oiqekers § r?§1°1d§astr0| ntestinal disorders such as

Ir[1 itable BO\ével Séﬂl@lmnﬁnaﬁdcdﬁueﬁhai@mhod?yﬁae@ﬁmyd?sl{dﬂomgﬁgdas di sease and
ot her notor disorders tic - oke i oprotection
fol | owi ng mi o@PHYLE fhﬁ hj]tq?B Ve’g‘ﬂfﬂfaq’a“flhftﬁ%w%\ @“éﬁ"i‘fﬁt fg‘é‘é%ll ction,

i ncl udi ng thetéimaﬁtﬁmtyﬂﬂﬂ:eadrﬂﬂhﬁddlscﬁlssﬂbibbﬂ‘te op| oi d and ot her drug abuse

and for dlsorders he theti.c nery fo
hypert ensi on. (%Brrlf)%’un S r@ R |on%are eutéeé' U {gg abr]g%Lmal gesi ¢ agent

for use duri nglffegemmmmgbssbmnadmemm vheaebyamafettive anauntar e.

Conbi nat i ons f: j r 1854 : to achi eve
S bal ance of Syttt feliihio o b QREELLER  EutbdBihtB B0 0 2001 VE)
t he  anaestlet Fesh&edipent(e. g. armmesi a, anal gesia, nuscle rel axati On and

sevation). | ncl Udgg il idvehifon GRITRAALEAMAGLErBNRL SepiARARAN AN

hypnotics, anxiolytics, neuronuscular bl ockers and opi oi d so within the
scope of t he P%%ﬁ‘i%‘ﬁ@%lvﬁtﬁg‘e{i’g%aﬂ”%?& cfined Qfé‘ﬁﬁ)’atﬁl??‘ﬁ@y 5 accordi ng to
the fornula | abomafufr@ér &, 18 préfeacihtbhfonQrovidel e bSeTR BbmidARd 4the  treat ment

of any of the_co tions scussed abgve, A further aspect f the invention
is a method f@quﬁLmﬁPg‘&F‘F?éﬂ{m’%g’ a&“@‘ﬁ@f saitor s%ﬂ?feftg“r‘?"iﬁ’gj‘s ‘Frf)‘Pﬁe 5y of the
condi ti ongs5di G«fuiediatheabaifacurdbts @icament &rfugcih ithegpanount  of

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 2 compound of the present invention, to mitigate
either a pre-existing disease state, acute or chronic, or 2 recurring condition. This
7 definition also encompasses prophylactic therapies for prevention of recuniﬁg 7
C, * conditions and continved 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: 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, topicaliy,
30 intranasally, intraperitoneally, intrathoracially, intravenously, epidurally,

intrathecally, intracerebroventricularly and by injection into the joints.



a conmpound according to the formula | above, is admnistered to a patient in
need of 10 such treatnent. Thus, the invention provides a conpound of '

formula I, or pharmaceutically acceptable salt or solvate thereof, as
her ei nbefore defined for use in therapy. In a further aspect, the present
i nvention provides the use of a conpound of formula |, or a

phar maceut i Cﬂ&bﬁ%%@@w abl e salt or solvate thereof, a?ﬁ@rggz%:%pﬁ%o[ ﬁe 15

defined in t Cture of a nedicanment for use in

context of the present specification, the term"therapy" al so includes
"prophyl axi s" unless there are specificlkndications to the contrary. The
term "therapeutic" and ‘thergpeutically" should be.contrued accordingly.
The term "therapy™® W?Wbﬂ&fﬂﬁ% °§§‘ﬁfné'%n°%‘fﬂletrﬂ'éte ﬂ?aggl@ﬁ 3?%%%38F?ﬁ¥’urt her
enconpasses t oinfveadintyor mitrerusanlari f ect i ve anount of a conpound of the
present invention, .to.mtigate i ther re-existi di sease state, acute
or chronic, or a re%ﬁp?'sf ed‘qggﬁjﬁlllf?notﬁ?m eioga dné")f&laﬁ? ?’gﬁevgfl 6’§§’ﬁcorrpasses
prophyl acti ¢ t dissaspigesnd weighp péthe pitientandéther dtors riongrllE comsntredibp ke and

conti nued ther . hr o i . f sent

i nvention a‘?e %%g?l{lﬁ%}? % i g}rh ‘g“p%keﬁg{é‘%g?? a q@%@%%%ﬁdg%gﬁ%pgag&gf vari ous
pai n condi t i onwost prpraptipta §or aperticiapatidnhi t ed to: chronic pain, neuropathic
pain, acute pain, BaGkeRahdbhatBRGREalRHhibsitidRd }ﬁitﬁ%ﬁgkmﬂébﬂu | n use for

t herapy in a warm bl Qoagd ée;bni ma such aﬂsbma _hur?an, th cgrrpou_lrslq of the
invention nay Beentieminitabameerutivlly preinaaicsgarlrpiesplisaad ighdr naceut i cal
conposi ti on bysA YorlnQedpRratidds ind Rl SovRkcA)] thdlots, di3pdr T SEMIAT daysulegUbcut aneousl y,
topically,_ 30 intrangsal IQ(, Jdntraperitoneally, intrathoracially,

i nt(r-avenou%Qy,ca%tﬁfs SMPYSHOTESnt  at hecal |y, intracerebroventricularly and by
i njlection into the Ajselididatier Y40 bd 0f:ck bl BstAiceb MAFANO 1M L éke dihidnts] N one
enbodi nent- of the.invention..the route of m nistration be orally,

i ntravenously OWF%{‘I‘FU?@’LW"ZTFIF ubrEAnS, 8%5%"&3’3%&"?% bb@ﬁréhod t%ﬁeyt he route of
adm ni st r at i ondisidtégeating wgenistiycanhlsd bean ctltpodsiog magdaland wei ght of the pati ent
and other factors paornally consi.der . . ttendin hysi ¢gi an, when
deternmining the i n[cfllp\ﬁ’iW ‘ﬂr%i?ﬁlercgr&ernlgﬁﬁgeﬂ%i‘%ﬁlgé%g’gél@{fiélw af n%?’htgm%ﬁ%gfe appropriate
for a par tisulfeelydivided a¢mpound 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. ‘

For preparing suppository compositions, a low-melting wax such as a mixfure
of fatty acid glycerides and cocoa butter is first melted and the active ingredient is

20  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,
CI' sugar, pectin, dextrin, starch, tragacanth, methyl cellulose, sodium carboxymethyl
cellulose, a low-melting wax, cocoa butter, and the like.

25 The term composition 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
thus in association with it. Similarly, cachets are included.

Tablets, powders, cachets, and capsules can be.used as solid dosage forms

30  suitable for oral administration.

Liquid form compositions include solutions, suspensions, and emulsions. For

example, sterile water or water propylene giycol solutions of the active compounds



For preparing pharmaceutical conpositions fromthe conpounds of this
invention, inert, pharnmaceutically acceptable carriers can be either solid"
and liquid. Solid form preparations include powders, tablets, dispersible
granul es, capsules, 10 . cachets, and suppositories.. A solid carrier can
be one or nore substances, which may al so act as diluents, flavoring

agents, sol ulid Joé&hisez | ubri cants, suspendi ng agents, béd’l‘ik‘i&tﬁm/a@‘imt abl e
di sintegrating agents; it can also be an encapsul ating material. In powders,

the carrier is aflnely divided solid, whichis in a mxture with the 15
finely divided conpound of the inventiolri or the active conponent. In

tablels, the gAhliSeommOnend S AL Dullis Ra riighahavi ng the

necessary bin resi'n surt € proportions And conpacted in the
shape and si zeordm:sntxpmcban #Her beforemiztadrigsobuiop osiquonsy pobetpiest glywhs, a

| ow nel ting V\@%(}ut% ych as a mxture of fatty acid glycerides and cocoa butter
is first nelted and the active ingredient is 20 dispersed therein by, for
exanpl e, stirring.Adpeeusseihtionsiohorbaevmsationyiar bepreparad by ldissolvipptieed i nt o

conveni ent gsi %&ch&%ﬂog&tEﬂﬁt@%ﬂﬁ@ﬂgglﬂtaﬁg%loﬁﬂg ﬁ@n?lgk%e){ts selilag € carriers

are magne5| um car ate magnesi um Stearate ose sugar pectl n,
dextrin, star &M thickeaipgagaaists dovisedy Paueass puspsians fersm! uvn cemPowadebat hy |

cellul ose, a h%ﬂ@ltﬁéﬂﬁﬁl%ﬁ%ded%&ﬁ)@%rﬁﬁ&x&xﬁﬁnwﬁﬁ‘i‘oéeﬁi@rdrﬁh‘%ewscgé The term

conposition is also intended to include the fornulation of the active
conponent wi t el AR dF BARSYHRAHE gvmay, regies, speth qelledpsepediydi ng a capsul e in

whi ch the acbﬁﬂcﬁﬁﬁaﬂﬁ@ﬂﬁlﬂse,@ﬂﬂ dther @dspatidin @bnts *hVA to @RIPhareiaSeuti¢ad SUr rounded
thus in association with it. Simlarly, cachets are

by a carr|$ }Nn
gauded abt 'élam’ﬁd‘*fders cachets, and capsul es can be used as solid
ge forns 30 Dipéndinken fhalmodds ﬁﬂadmdmrammt ﬂhaphaﬁ'ﬁlacedﬂcﬂlstbﬂpcfsﬂi‘om conposi tions

i ncI ude sol utign ions. For,.exa terile water
or water propyﬁl réfergt%i l%%? P%Pngo %?J“E ercg%tth welght mom fa‘ee“\‘i@ 2004/ 041802

PCTI SE2003/ 00410 ¥.10 masomy ohhe ¢0|nupuu1d1 qﬁth@[nafmatonmﬂsaesmta@bﬂs)amgm par ent er al

adm ni strati i .tions can also be fornmulated in solution in
OEEP] a&H 0 ota(f §ih tl
aqueous polye ene uti on.

A therapeutlcally effectwc amount for the practice of the present invention

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
20  defined above for the manufacture of a medicament. |
A Also within the scope of the invention is the use of any compound of formula I
for the manufacture of 2 medicament for the therapy of pain.
(:" Additionally provided is the use of any compound according to Formula I for
, the manufacture of 2 medicament for the therapy of various pain conditions including,
25  but not limited to: chronic pain, neuropathic pain, acute pain, back pain, cancer pain,
and visceral pain.
A further aspect of the invention is a method for therapy of a subject suffering
from any of the conditions discussed above, whereby an effective amount of a
compound according to the formmula I above, is administered to a patient in need of

30  such therapy.



Aqueous solutions for oral adm nistration can be prepared by dissolving the
5 active conponent in water and addi ng suitable colorants, flavoring agents,
stabilizers, and thickening agents as desired. Aqueous suspensions for oral
use can be nmade by dispersing the finely divided active conponent in water
together with a viscous material such as natural synthetic guns, resins,
met hyl cellu jum carboxynet hyl cellul ose, an endi ng
agents knovmkwt%(s)ﬁ?%og&%ar maceutical f_ 10 fornul ation aérﬁé.i.%oﬂe%g@ﬁdi ng on the
node of adm nistration, the pharmaceutical conmposition wll preferably
include fromO0.05%to 99%v (per cent byl4weight), nore preferably fromO0.10
to 50%w, of the cogpgi 0 We { | . wei ght  being
based on total corrp03|gggh&'eﬁf%%ﬁ&{l%grg%%ﬁe?éﬂc&%?ﬁeb%??@gma junt for the
practice of t kempuedeifomyia/kerd pharmanewicdhy acheptaliniali drgreohn asksiatioe of known
criteria inclygagniseRGeHy Wel 4Bl caRe: response of the individual patient,
and interpreted within the ‘context of the disease which is being treated or
which is being pr&reislady, tsie ippravigsd apharmaequiicat fqmpesitionrompesiagd . Wthin t he
scope of the paNRkd SFolnfuld Ner dpdemBtcuftily cQBRAINI Mlereb® I MloBiatiordS 20
defined above for the manufacture of a nedicament. Also within the scope of

t he i nventi on™itB aphremirewically asprptabls sirperder tharapyomners patisulary for thespyYnanuf act ur e
of a nedi cameptpafor the therapy of pain. Additionally provided is the use of
any conpound accordin o Formula I for the manufacture of a nedi canent for
the therapy of vari t ‘?‘ﬁp?gﬁ&ﬁ?,h&ﬂ%a@“ﬁ‘&?ﬁﬂ?‘??é‘?m%‘SHPBEPPgﬁot limted to:
chroni cI pai n, cm?xmmﬁmnmmrm,pha?u&eﬁﬁmj Receptadidealpibiof, ﬁaﬁuagat;daai n,h and f
Vi scera in,. urt her. ect the inventign is.a nmetho or therapy o
2 subj ect Wur M § AEOFARITR-eBolE R E A AP s LRl B 86 v e, wher eby an
effective anoaove.of a conpound according to the fornula | above, is

dmi ni stered t Lent .| i Q4/ 041802
PCT/ SE20031 001707 g el AERFy M isaa el AGhAR Bl LT a

conposi ti on cesprindiofifprauia tonpound of Formula |, or a pharmaceutically
acceptable salt t lﬂ?&n@@ﬂ;bodirﬂerﬁ%Qﬁv‘eﬁﬁdn%vides a process for preparing a

15  compound of formula I, comprising:
' 0
BDAOYY
) Rg
O
? . -
RB

C .

a) reacting a compound of formula IIT;
0O

/’\N
) CHO
20 m

with a compound of formula IV



with a pharnmaceutically acceptable carrier. Particularly, there is provided
a pharmaceutical conposition conprising a 5 conpound of Fornula I, or a

.. pharmaceutical ly acceptable salt thereof, in association wth a
pharmaceutically acceptable carrier for therapy, nore particularly for
therapy of ‘pain. Further, there is provided a pharnmaceutical conposition
conprising a _conpound of Fornula I, or a pharmaceutic bl e salt
thereof, in a%8&%4%¥%n 10 with a pharnaceutlcally ac%é£¥ gﬁggfrler use
in any of the conditions discussed above. In a further aspect, the present
invention provides a nethod of preparingSa conpound of formula I. In one
enbodi nent, the invention provides a prgcess for preparing a 15 conpound of
formula I'l, conprising: O I | RENDis R1I. a) reacting a conmpound
of formula Il1l: O /fly \ J I CHO 20 mnth a conpound of forrmula IV WD
2004/ 041802 PCT/ SE2003/ 001707 15 H (E{ t}

m

R

<

in the presence of benzotriazole; and

b) reacting a product formed in step a) with a compound of formula V to form

5  the compound of formula IT,

. | MQ\RQ

v
wherein :

10 R%isselected from Cy.galkyl-O-C(=0)-, Cs.caryl-Ciealkyl, and
Cs.sheteroaryl-Ciqalkyl, wherein said Cy.¢alkyl-O-C(=0)-, Cg.1paryl-C;4alkyl, and
Cy.¢heteroaryl-C,4alkyl are optionally substituted with one or more groups selected
from C;.galkyl, halogcnated Cy¢alkyl, -NO,, -CF3, Cy¢ alkoxy, chloro, fluore, bromo,
and iodo; '

15 M is selected from Li, Na, K, -ZnX!, and —MgXl, wherein X' is a halogen; and

R’ is selected from hydrogen, -R, -NO;, -OR, -Cl, -Br, -1, -F, -CFs, -C(=O)R,
C -C(=0)OH, -NH,, -SH, -NHR, -NR,, -SR, -SO;H, -SO,R, -S(=0)R, -CN, -OH,
-C(=0)OR, -C(=O)NRz, -NRC(=0)R, and -NRC(=0)-OR, wherein R is,
independently, a hydrogen or Cy.¢hydrocarbyl.
20
In another embodiment, the invention provides a process for preparing a

compound of formula VIL



V. in the presence of benzotriazole; and b) reacting a product formed in
step a) with a conpound of fornmula Vto form 5 the conpound of formula |1,
. MI | RO V wherein 10 RBis selected from(.balkyl-OC(=0-, C6-1

Dar Yl - Cl 4?LI kYl , and C2-6heteroaryl-C _4al kyl, wherein said

G .6alkyl-O-C(=0)-, C6.ioaryl-d.4alkyl, and C2.6heteroaryl-C alkyl are
optionally substituted with one or nore groups sel ected %ron) ‘%1, 6al kyl ,

hal ogenat ed CYOBMM4E92 - NCR, -CF3, Cl -6 al koxy, cblor oP“FP#8PS8" Bromo, and
iodo; 15 Mis selected fromLi, Na, K -ZnXl, and -MgX , wherein X1l is a
hal ogen; and R9 is selected from hydroggn, -R -NO®2, -OR -d, -Br, -1, -F,
-CF3, -C(=OR, C-C(=0O0OH, -NH, -SH, -NHR, -NR2, -SR -S@3H, -SSR
-S(=O R, -CN, -OH, -C(=OOR, -®&=0ONR2, -NRC(=O R, and -NRC(=0)-OR, wherein
Ris, independently, a %o A C. pcar byl . 20 I n anot her

enbodi nent, the invention prévi . flor eparing a conpound of
formula VII: WO 20041041802 PCTI S§ 70 16 0J, / V1 NOR N
H Nla R Y conprising: “feacting”a cpnpound f&Rmula VI

[Nj H
!
R®
vii,
comprising:
C reacting a compound of formula VI

BRSSSN
@

I?!
R?
vig
with a Cy.salkylcarbamate to form the compound of formula V11,
wherein
R%is selected from C_galkyl-0-C(=0)-, Cs.10ary]l-Cy4alkyl, and
10  C,gheteroaryl-Cysalkyl, wherein said Cy_galkyl-O-C(=0)-, Cq.j0aryl-C) 4alkyl, and
Cs-gheteroaryl-C;salkyl are optionally substituted with one or more groups selected
from -OR, -Cl, -Br, -, -F, -CF;, -C(=0)R, -C(=0)OH, -NH,, -SH, -NHR, -NR;, -SR,
-SO;H, -SO;R, -8(=0O)R, -CN, -OH, -C(=0)OR, -C(=0)NR;, -NRC(=0)R, and
-NRC(=0)-OR, wherein R is, independently, a hydrogen or Csalkyl;
15 X is selected from halogen, triflate, and sulfonamide; and
R is a C)galkyl.
In a further embodiment, the invention provides a process for preparing a

()

compound of formula X,



O .J1 / V1 XCNDIs 5R VIIl wwth a Cl-6al kylcarbamate to formthe
conpound of forrmula VII, wherein Rs is selected from C, 4al kyl -0 C(=0) -,
C6-1 oaryl-d .4al kyl, and 10 C2-6heteroaryl-Cl _4allryl, wherein said

G . 6al kyl-O-C(=0O -, C6-loaryl-ClAaikyl, and C2-6heteroaryl-C .4alkyl are
optionally substituted with one ornore groups selected from-OR -d, -Br,
-1, -F, -CF3,_-C(= -C(=0)OH, -NH2, -SH, -NHR, -NR2, .- - H, -S02R
-S(=O R -cn\l,“’?g—‘lf”@-l O R, -C(=O NR2, -NRC(=O R, and“’c'-”%%&"’? -ggoR, wher ei n
R is, independently, a hydrogen or Cl.6alkyl; 15 X is selected from hal ogen,
triflate, and sulfonam de; and R11 is a7Cl-6alkyl. In a fu Cher enbodi nent,
the invention provides a process for preparing a conpound of fornula X, WO
20041041802 PCTI SE2003/ 001707 |17 O lo~ NJ~ O-Rs J NR2 CND R4/ X

conprising: reacting a cq ypb 0
nmp g g /WF"QN 2 0
!

ENJ )
N
o
X

C comprising:
) reacting a compound of formula IX,
8]
Ok
) N~ “OR’

|2

(Nj R
"
5 H
IX

with R*-CHO to form the compound of formula X,
N wherein
C R is selected from phenyl; pyridyl; thienyl; furyl; imidazolyl; triazolyl;

10  pyrrolyl; thiazolyl; and N-oxido-pyridyl, wherein said phenyl; pyn'dyli thienyl; furyl;
imidazolyl; triazolyl; pyrrolyl; thiazolyl; and N-oxido-pyridyl are optionally
substituted with one or more groups selected from C.salkyl, halogenated C;galkyl,
-NO,, -CF3, C,.4 alkoxy, chloro, fluocro, brome, and iodo;

R? is selected from -H, Cy.salkyl and Cy.scycloalkyl, wherein said C;.galkyl

15  and Gsgcycloalkyl are optionally substituted with one or more groups selected from -
OR, -Ci, -Br, -1, -F, -CF, -C(=O)R, -C(=0)OH, -NH;, -SH, -NHR, -NR;y, -8R, -
SO3H, -SO;R, -3(=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,.salkyl; and '



NOR3 NRZ (Y5 H IX with R&-CHO to formthe conpound of formula X
wherein R4 is selected from phenyl; pyridyl; thienyl; fliryl; imdazolyl;
triazolyl; 10 pyrrolyl; thiazolyl; and N oxido-pyridyl, wherein said phenyl;

pyridyl; thienyl; furyl; imdazolyl; triazolyl; pyrrolyl; thiazolyl; and
N- oxi do-pyridyl are optionally substituted with one or nore groups sel ected
from Cl-6al kyl, hal ogenated Cl-6al kyl, -NO2, -CF3, Cl.6 al koxy, chloro,

fluoro, bronoyoanHo4i¥do; R2 is selected from-H, Cl-6aPKyPERARQ1707

C3-6¢cycl oal kyl , wherein said Cl-6al kyl 15 and C3-6cycl oal kyl are optionally
substituted with one or nore groups selggted from- OR -d, -Br, -1, -F,
-CF3, -(=0)R -C(=Q OH, -NH2, -SH -NHR -NR2, -SR - SO3H, -SOZR - §( O)R
-CN, -OH, -C(=0)ORR’ JGGE@WCLM&B%W%{WI Wﬁ@ﬁimﬂwmr%l nRis,

| ndependent | v, o fud A9eAiRkudaldi oaDg MR 200k 440, gD, C

PCT/ SE20031001 IS Sselected fromC I oaI kyl,
wher ei n sai d C@ﬁélfr‘@iﬁﬁﬁm& q‘@@?}l@é&kﬁﬂ I&HB - %ﬁaﬁ@aﬂ Beituted with

one or nore grg S-@NeCél@d-dé O)NR, -NRCBIO)R: dnd -NRE (= -A(=0R
~Q(=0) OH, - NH2 @R’ (Fgmx%)ﬁz Eirc)>2 “? P, -CN, -OH
(=0 OR, -¥( ‘@)‘WR‘S W‘J‘H‘ °EGRIR@'=6€§‘YIO? 5 V\/ner ein Ris,
i ndependent |y, a hygtiagam, ﬂiéc&iipoﬁﬁﬂsbﬂhepr@ﬁaﬁilhﬁ‘eﬂh@fdai{beﬁrbﬁr@ormounds of the

pr esent .i nventi on_can acc 1.N the synt hetic routes as
exenplified i rEc&UHiBHo ﬁsy‘%e‘%&’rﬁ%‘si""m&{‘?“& 1Y Sctiges 1-T.0) N DFA

Scheme 1
SOC, A~ E j ©: .
” e : J O,
H ' ) H m’O\m
Intermediate 1 ) ENJ
boc

Intermediate 2

v o ] |
TR O 8
xantghos, Pd,(dba, / L A ) oo
—— [N] o —_— Euj ,![
! \
boc H

Methyl carbamale
dioxane

intermediate 3 Intermediate 4

10



11. Br NNWI &CN Internediate 1 Doc Internediate Z 00 /my 1\ 101 o
xant phos, Pdz(dba), TFA N )10 CN\\ N. (N N Methyl carbamate J JI doxane | |
Doc N Internmediate 3 Internediate 4 10 WD 2004/ 041802 PCT/ SE2003/ 001707 19
Scheme 2 0 /mow' \ / | pry /mowl \ HOIIl Chiral Cx~ x RCHO (x H
separetion N NaBH(OAc)3 N H I R~ Internediate 4a Conpounds 1: R =phenyl

Internmediate 4. R =2-thienyl 6: R 3 thlenyl 4 8 Rl1=2: ;
RL-3-fury) 1WOpRMaHEdazolyl 13: R =2-pyridyl 15: R%gﬁéﬁng%ﬂucgﬁ

19

Scheme 2
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o 0
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16: R'=2-thiazoly]

Chira| . .
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H
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intermediate 4b

Compounds 2: R\=phenyl
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7: R%=2-furyl
9: Ri=3-turyl
12: R'=2-pyridyl
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N d

N
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Intermediate 3
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16: R =2-thiezolyl OChiral separation | \ / I i -y /~ I\ / 1 oHN/ H
IXIl H /NHRCHO/" ) I NaBH(OAc)3 | "L/ x R Internediate 4b Conpounds
« 2: R =phenyl 3: Rl=2-thlenyl 5: R =34hienyl 7: R1=2-turyl 9: R =3-luryl
12: R =2-pyrldyl 14: R =4-pyridyl Schene 3 /\N\ / \ I N/ o 1. NaH Mel,

DM/ 1 / V1 i o o CN NNI" 2. TFA epwation 3 3.. Chiaral | sparatan
4. Chi bOC Internediate 3
WO 2004/041802 PCT/SE2003/001707
20
Scheme 4
0

NHEL,, NEt,, CH,Cl, C;/KQ\
!
o}
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Intermediate 5 H Noz
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o Intermediate &
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Compound 17 5 WD 2004/ 041802 PCT/ SE20031001707 20 Schene 4 0 NHEtz, NEI,
cHcl2a o0 J(/ t. BuLl, THF, toluene, -78 "C'--"N SOBrz, CH=Cl2 2.
<\ NO2 H( / OH 2. piperazine, MeCN Internediate 5 Nox O Internediate 6 C O
O Noz Di-p-toluoyl-D-tartaric acid NL N2 NJ EtOH CNJ CN' H racemc
enantionerically pure Internmediate 8 Internediate 7 ~N ( H\ 01 NO2 (N) N
H enanti orrerivgoa%w{%ls ure Internediate 9 WO 2004/ 041802 PCTI SE2003/ 001707

A PCT/SE2003/001707
21
Scheme 5
. 0
P
)‘
NO.
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Intermediate 8 i [ j
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Intermediate 10
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21 Schenme 5 0 ~N H PhCHO, NaBH(OAc)3 N NO, Fe, NHACI Internediate 8

1, 2-dichloroethane ° -~ N EOH HO THE Ph~ Internmediate 10 C1I1 O | H |
rOl HNHZ MOC(=0)CI N NN ( Zn, Toluene () OOININ Ph Phi
Internediate 11 Conpound 1 WD 2004/ 041802 PCT/ SE2003/ 001707 22 Schenme 6 0
AN H RCHO, NaBH(QAc)y CN) NO2 Fe, NHCI Intermediate 9 1,2-dichl toethena N

EtOH H20 THE xJ Internediate 12: X = 3-pyridyl 13: >é = 2-tt3i azolyl C
WO 2004/041802 PCT/SE2003/001707
22
Scheme 6
o :
PN
e asvst
RCHO, NaBH{OAG), I NO, Fe, NH,CI
Intermediata 9 1.2.dichloroethane [Nj EIOH, H,0, THF
x)

Intermediate 12: X = 3-pyridy]
13: X = 2-thiazolyl

‘ Y o
- o~
)N NHl MeOG(=0)Cl /Il\I i
N _—
ENJ Zn, Toluene [::] ? ©
J A

: .y . Compounds 18: X = 3-pyridyl
Intermediate 14; X = 3-pyridyi P AT
15: X = 2.thiazolyl : 18: X = 2-thiazoly!



O f~ NI HI " ~-NH NNH MOC(=0C N{() Zn, Toluene () Oo x) X)
Internmedi ate 14: X=3-pyridyl Conpounds 18: X=3-pyddyl 15: X = 2-thiazolyl
19. X = 2thiazolyl WD 2004/041802 PCT/ SE2003/001707 23 Scheme 7 O ' \N 1)
D -tart-butyl Bicarbonate O f Sodium Carbonate "N J Watertdi oxane NOz - -
-J/ \ NH CN) 2)Ironno NHCL CN J Ethanol. , THF, Water enantionerically
pure boc enantlonerically pure Internediate 8 or 9 Internediate 16a: (R)
enantiomer PM&28¢PedIat e 16b: (S) enantioner O 1) M ACEHFHT ol uene f
\' /1 O/ NAV 2) Trifluoroacetic acid 1 HCN H Internediate 4a: (R
enantl oner Internediate 4b: (S) enant|gner

Scheme 7

o
AN 1} Di-teri-buly! dicarbonate 2
O O Sodium Carbonate <N
) NO, . Water/dioxane ) O @ "
2

(Nj 2) Iron NH,CI N

N Ethanol, THF, Water [ j
H : N

enantiomerically purs boc

enantiomerically pure
Intermediate 8 or 9

Intermediate 16a: (R} enantlomer
( i Intarmediate 16b: (5) enantiomer

O
1) MeD{O)CCI, Zn, toluene <N O O o
J Ao
2} Trifluoroacstic acid N H
0
H

intermediata 4a: (R} enantiomar
Intermediate 4b: {S) enantiomer

1,2-dichiorogthang [e] '

 Soas Toas
C E:g( | )

L 2

LN
(R) isomer: Compound 22 {R) isomer: Compound 20
{8) isomer: Compound 23 {S) isomer: Compound 21

Accordingly, a further aspect of the invention is a compound of fornmla X1, a
5  pharmacentically acceptable salt thereof, diastereomers, enantiomers, or mixtures
thereof:



5.S / nlx e K COa NeBN(QAC)4 , .bwF O 1,tetlk tetve Q' ~-NI1A O J 1 i N
) MM'o, \ OCCNt ~NI LSN ~5) (R) Isoner: Conmpound 22 (R) Isoner:
Compound 20 (S) Isoner: Conpound 23 (S) Isomer: Conpound 21 Accordingly, a
further aspect of the invention is a conmpound of fornula X1, a 5
pharmaceutically acceptable salt thereof, diastereoners, enantioners, or

m xtures theyeaied¥ez 2004/ 041802 PCT/ 5E2003/ 001707 24pcBsidodioo@D N R Xl
wherein R is selected fromH, C6_joaryl, C2.6heteroaryl,

C6.ioaryl-Cl-4al kyl, and 5 C2-6beter oar% - 4alkyl, wherein said C6_10aryl,
C2. 6heteroaryl, C6.loaryl-C -0alkyl, a C2. 6heteroaryl -G . 4al kyl are
optionally substituted with one op nore groups selected from-R N2, -OR,
-d, -Br, -1, -F, -CF3, -C(=OR , -NH2, -SH, -NHR -NR2, -SR
-SABH, -SA2R, -S(=0 R, -CN,.~ NR2, -NRC(=O R, and
-NRC(=0)-OR, wherein Ris, ind/ep

)
\
R
X1
wherein
( R’ is selected from —H, Cg.jparyl, Ca.sheteroaryl, Cg.joaryl-Cy4alkyl, and

5  Cysheteroaryl-Ciaalkyl, wherein said Ce.rparyl, Cz¢heteroaryl, Ce.1garyl-Ciaatkyl,
and Cy.sheteroaryl-C;.4alkyl are optionally substituted with one or more groups
selected from -R, —-NO, -OR, -Cl, -Br, -1, -F, -CF;, -C(=O)R, -C(=0)OH, -NH,, -SH,
-NHR, -NRy, -8R, -8O:H, -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

10 Cisalkyl

BIOLOGICAL EVALUATION
The compounds of the invention are found to be active towards & receptors in

warm-blooded animal, e.g., human. Particularly the compounds of the invention are
V 15  found to be effective & receptor ligands, [n vitro assays, infra, demonstrate these
. : swrprising activities, especially with regard to agonists potency and efficacy as
C demonstrated in the rat brain functional assay and/or the human & receptor functional
assay (low). This feature may be related to in vivo activity and may not be linearly
correlated with binding affinity. In these in vitro assays, a compound is tested for
20 their activity toward 8 receptors and ICsg is obtained to determine the selective
activity for a particular compound towards & receptors. In the current context, ICsp
generally refers to the concentration of the compound at which 50% displacement of a
standard radioactive 8 receptor ligand has been observed.

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

25  asimilar assay.



10. C1-6al kyl . BI OLOG CAL EVALUATI ON The conpounds of the invention are found
to be active towards S receptors in warm bl ooded aninmal, e.g., human.

. Particularly the conpounds of the invention are 15 found to be effective 8
receptor ligands. In vitro assays, infra, denonstrate these surprising
activities, especially with regard to agonists potency and efficacy as
denonstrated in the rat brain functional assay and/or recept or
functi onal a‘gga‘g?‘"w%?s\,) This feature may be rel ated tEBﬁSﬂyﬁgE@”@ctl vity and
may not be linearly correlated with binding affinity. In these in vitro
assays, a conpound is tested for 20 theR¥ activity toward S receptors and

| C50 is obtali nlgq,tto elterm ne the selective activity for a particular
conmpound t owar ptors. In the current context, 1C50 generally refers
to the concentCelauitweof the conpound at which 50% di spI acenent of a
standard radi oactive S receptor |igand has been observed. The activities of
the conpound towards x and s receptors are also neasured in 25 a simlar
assay. WD 2004/ 0418@@3@5SEE©Q8¢S@O&¢Wd25maﬂmﬁvimmmcmid%andCel | culture A
Human 2935 gel IS CKRLARA kbl 0t HRikptioR. A ad0PROORSHARA 5 neomycin

resi stance are grovvn I'n suspensi on at i n shaker fl asks

cont ai ni ng cal ci unﬁﬁ%@nmo@w@e%%@’o FW@%W%P(%%EW"@S and 600

g/m geneticin. B. 58@5‘1@0@ g@eBciei ghed and rinsed in ice-cold PBS
(containing 2.5mV EDTA, rains_are honpgeni zed with a polytron

for 30 sec (rat)? ﬁatbé%nsaW%P%aqweg%ﬁ?F@?P?%@HWWE% SMERTH, 2. 5mM
EDTA, W th phenyl ngf ). sthk bRy brefhbmegehidel witcasblyitras for PO b l(rat) $€icé-0 0. SMTM from

a 0.5M stock in nbr t|o 15 Cells are pelleted
ang-r esuspended i n %ﬁ‘%p‘%@f@?‘% leﬁx?%%oéﬁgﬁh? 2 5 M EDTA, with PMSF
added just prior tghetgimethylsulfody! E[Mrfd&@dﬂeajlﬁtphoMsﬁtmmmM fromaOSM

stock in DMSO:ethanol).

Membrane preparation
15 Cells are pelleted and resuspended in lysis buffer (50 mM Tris, pH 7.0, 2.5
mM EDTA, with PMSF added just prior to use to 0.1 mM from a 0.1 M stock in

ethanol), incubated on ice for 15 min, then homogenized with a polytrén for 30 sec.

The suspension is spun at 1000g (max) for 10 min at 4°C. The supernatant is saved on
ice and the pellets resuspended and spun as before. The supernatants from both spins
20  are combined and spun at 46,000 g{(max) for 30 min. The pellets are resuspended in
cold Tris buffer (50 mM Tris/Cl, pH 7.0) and spun again. The final pellets are
resuspended in membrane buffer ( 50 mM Tris, 0.32 M sucrose, pH 7.0). Aliquots (1
C/ ml) in polypropylene tubes are frozen in dry ice/ethanol and stored at -70°C until use.
| The protein concentrations are determined by a modified Lowry assay with sodium

25  dodecyl sulfate.

Binding assays
Membranes are thawed at 37°C, cooled on ice, passed 3 times through a 25-

gauge needle, and diluted ihto binding buffer (50 mM Tris, 3 mM MgCl,, 1 mg/ml
30 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 uM

diprotin A, no DTT). Aliquots of 100 ul are added to iced 12x75 mm polypropylene



ethanol ), incubated on ice for 15 mn, then honogenized with a polytron for
30 sec. 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 supernatants from both spins 20 are conbined and spun at 46, 000 g(max)
for 30 nmin. The pellets are resuspended in cold Tris buffer (50 nmM Tris/C,
pH 7.0) and spun again. The final pellets are resuspended in nenbrane

buf fer (50 mWQe40419232 M sucrose, pH 7.0). Aliquots FEVSEHY3/0pI07

pol ypropyl ene tubes are frozen in dry ice/ethanol and stored at -70C until
use. The protein concentrations are debgrm ned by a nodified Lowy assay
wi th sodium 25 dodecyl sulfate. Binding assays Menbranes are thawed at 37C,
cool ed on i ce, tpessertainiag 400w of b arpraphiata reBligapd aerbl 09end of test campdumtl 4tut ed i nto

b1 i 0. bUT T o 3: el TN o AIASAR Bhing e BSlnfgre, A 7808),

pH 7.4, which is stored at 4C ef filtration throu a0.22in filter,-and
to whi ch has b&eabseiceand Ryesense afil 051N palononesrsetiveivn | Thqwbwaﬁé@ftateﬂn 10 M

diprotin A noaddfdchbatedak S0k sk 60575 ) aherdth@hadBekt coRedteSErapidN,/S MM
pol ypr opyl ene WO 2004/ 041802 PCT/ SE2003/ 001707 26  tubes containing 100 pd

of the approprYasreE-fligedang Fashed Wikabppioh2imigpbedcsd ashgmen (Almit TrisyBH | ous

concentrati onS7o“qumIMgcTﬁih:@@mGBm&gqmﬁaaﬁN&sommmragea@f:fh ideyer mned in
t he absence and pre ence nal gxone respecti . The tubes are

vortexed and 1?‘:11?65&'5 P"é’ama‘[ 'I-hfff@l?aﬁ?v“%dpfg refeiped °§ﬂeépteﬁﬂﬁ PP E R he contents
are rapidly 5 pealistineriafibrisedkeg twmtemhemamzmn alovikls &czxwm"igtamm i ced wash

buffer (50 MM Tri.s,. o7 3 What man)
presoaked for Sﬁiml aé’ggﬁmﬂhlf:aﬁ H Y ’Y% f@eétﬂi gﬁ%lwﬁﬁ: ggs eélg%f’(ﬁ’f‘ activity
(d r et althedovervéttee PEl-doeked uni§lierg sadichedt weslicd with 3lxdtml veshibifler, aad t er soaki ng

the.filters fof;e8l h&aelat I8 fglrrﬁhrpguglf\{t}er}lﬁesg%r&%téqLPQT?%(TJ (P%c%a(i'dft' Ilation

fluid. If the assay is set iltration
is 10 over 96- qﬁlﬁﬁ@éﬂ@@ﬂ@&k‘é@ﬂ@ﬁﬂf@lﬂmmﬂ Whl ch are v_vashed with 3 x| n
wash buffer, and dried in an oven at 55C for 2h. The filter plates are.
counted in a TopCount (Packard) after adding 50 | MS-20 scintillation
fluid/ well. Flﬁﬁéﬂ%&ﬁ-ﬂ%says 15 The agoni st activity of the conpounds is

nmeasured bys det er iy A3ehidt BRivE S iR compounds is measured by determining the degree
to which the cornpounds receptor complex activates the binding of GTP to G-proteins
to which the receptors are coupled. In the GTP binding assay, GTP[y)*’S is combined
with test compounds and membranes from HEK-2938S cells expressing the cloned
human opioid receptors or from homogenised rat and mouse brain. Agonists stimulate
20  GTP[Y}”S binding in these membranes. The ECso‘and Emax 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 ..
C/ through delta receptors. For human 5 receptor functional assays, ECsg (low) is
measured when the human 3 receptors used in the assay were expressed at lower levels
25  in comparison with those used in determining ECsq (high). The Epax values were
determined in relation to the standard & agonist SNC80, i.e., higher than 100% is 2
compound that have better efficacy than SNC80,

Procedure for rat brain GTP

30 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%



to_which the conpounds receptor conplex activates the binding of GIP to
Gprotel ns to which the receptors are coupled. In the GIP bindi ng assay,

. GTP[y]35S is conmbined with test conpounds and nmenbranes from HEK-2935 cells
expressing the cloned hunman opioid receptors or from honogeni sed rat and
nouse brain. Agonists stinulate 20 GIP[y] 35S binding in these nenbranes. The
EC50 and E,,, x val of conpounds are determned fro nse
curves. Ri ghtwgﬁPc\“}Jg&&f t he dose response curve by therpcg}g?ﬁ%%g%?ggom st
naltrindole are perfornmed to verify that agonist activity. is nediated.
through delta receptors. For human S re@éptor functional assays, EC50 (I ow)
is neasured t expressed at
| ower | evels %§$h12®l\qg}@?ng lg%ﬁﬁ‘%‘%ﬁm&%ge an&%e%@%g%lﬁﬁb{é C50 (high).

The E,. val uescomppends etetewluatedéum 19-poiek dase-paspanee dubves mmw \ﬁﬂag@m st SNC80,

i.e., higher t r t han SNCSO.
Procedure for &@pﬁggﬁl&%%@%@%{gggﬁ(m‘ﬁyggggwg@gsﬁ@m@g%& 37C, passed
3 tinmes througﬂi *Spenyeaiig.11 K. 14nM).divel baseladd mavimd! stiinbiated Hinding tiee  GTPY S

bi ndi ng (505 1 mM EDTA, 5 nM Myd 2, pH
7.4, Add fresh uﬁ'gﬁﬁﬂﬁ%% H'%A “liﬁé;g% cc%ggﬁ%éiﬁgé PCT/ SE2003/ 001707 27 BSA).
120M GDP final is added nenbranes dilutions. The EC50 and Emax of conpounds
are eval uated ﬁgt?pma gs poi nt dose-response curves done in 3001 with the
appropri ate anou of nmenbrane gr otein (20 /vveII and 100000- 130000 dpm of
GTPy35S per wel | (@helspem@cbﬂﬁm ¥ cplgelated 35 »endriie SBiig el at ed bi ndi ng

are 5 determ nedeidd ofRSIBIRAGH SAhoRHE re%d%M%e%@con@@i@ anal ysi s The
speci fic bindiing (SB). was_cal cul at ed gﬁITB- NS, . and the SB in the- presence

of war i ousld esYaled RbbenTae HiboeBeisrdu & lgwdnmdishragwericlshvwsl sB. 10
Values of | CoQadslifatd wére &mﬁfafdd@omsgn(ma orfcﬂfve it @@ pdgraind swth SPLigaidng

specifically adl nd re.c | at ed, from I ts or cerve
fitting progrg‘%gp%gﬁ%%] ﬂtd?rvﬁ g’ﬁﬁ}f’ GEF P Wegicﬁi‘@]% gfrg ® ReceptorFit.
Val ues of K; \Eems-Pa ésofﬁleatamda Meams §.BM. v&nervd 1R, US swilf vequapdred for Mean t
S.E.M val ues 12&1&@&1m’é‘tle?s@ﬁ%:e@"‘miﬂﬁ&ﬁmﬁt%&&@st ed for ligands tested in at

| east three di ment cu
. Based on the above testing protocols, we find that the compounds of the

present invention and some of the intermediates used in the preparation thereof are
active toward human & receptors. Biological activity of the compounds and selected

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

20 Tablel
Compd. Human 3 Human x | Human p RAT BRAIN
# (M) ' (nM)
C 1-11 MGy | ECw | %EMax ICs ICso ECy | %EMax
- (high) | (high)
0.25- 10.55-1.93] 89-102 ( 247-1636 [ 93-1100 | 0.93-16.7 | 135-170
0.74
Table 2
Compd. Human & Human x Human p
# M) |

12-23 ’ 1Cs ECs {low) Y%EMax (low) 1Cso ICsp




15.. Based on the above testing protocols, we find that the conpounds of the
~ present invention and sone of the internedi ates used in the preparation

- thereof are active toward human S receptors. Biological activity of the
conpounds and selected internediates of the present invention is indicated
in Tables 1 and 2. 20 Table 1 Conpd. Human6 Human x Human RAT BRAN # ()
(nM C1-11 1650 EC50 %EMax | C50 | G50 EC50 %EMax ( hi grp ;Shiogﬁt)() 170. 25-
0.55-1. 93 89-¥82%%4%5%536 93-1100 0.93-16.7 135-170 0. FASTARTE™ conpa.
Human 5 Humanx Human p  # (nM 12-23, 1C50 EC50 (low) %EMax (low) 1C50 | C50
WD 2004/ 041802 PCT/ SE2003/ 001707 28 ancg0. 18-4.18 3. 26-484 58-106 1277-8728
92-6560 Inter | rinents Radioligand. . Kg val ues

m—da pr—Satu-atlon—Expe
are deternined b¥dpef¢-bt-tihy 1Y ndi A% say s Bri72el n@n®8nes with the
appropri ate rgdnekhgands at|concentfations rgnging fronmp 0.2 5 to|5 tines
the estimated Kg-éup to 10 tines if famounts gf radioligpand required are
feasi bl e). Theg sﬁ cific radfoligand}binding ijs expressed as pnol e{ ng
menbrane protern. vValueS of Kg and Bmax from 1 ndi vi dual €xperinents are

obtained from_nonlinear fits of specifically bound (B) vs. nMfree (F)
radi ol i gand fr & ding to a one-site nodel. 10 DETERM NATI ON

XpE

OF MECHANO- ALLODYNLA..USI NG, VON. FREY TESTI est | LS. perfornmed between

08:00 and 16: 00h usll,‘?‘hlé{?%aﬁ@%”t“ﬁé8‘°8%§"é‘+‘?"8§§pﬁ%mmg HR% biading aisays o
cell membranes with the appropriate radioligands at concentrations ranging from 0.2

5 to 5 times the estimated K§ (up to 10 times if amounts of radioligand required are

feasible). The specific radioligand binding is expressed as pmole/mg membrane
protein. Values of K§and B,y from individual experiments are obtained from

nonlinear fits of specifically bound (B) vs. nM free (F) radioligand from individual
according to a one-site model.

10 .
DETERMINATION OF MECHANO-ALLODYNIA USING VON FREY TESTING

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

15  area tested is the mid-plantar ieft hind paw, avoiding the less sensitive foot pads. The
paw is touched with a series of 8 Von Frey hairs with logarithmically incremental
stiffness (0.41, 0.69, 1.20, 2.04, 3.63, 5.50, 8.51, and 15.14 grams; Stoelting, IlI,
USA). The von Frey hair is applied from undemeath the mesh floor perpendicular to

()

the plantar surface with sufficient force to cause a slight buckling against the paw,
20  and beld 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 positive response. Ambulation is considered an ambiguous response,

and in such cases the stimulus is repeated.

25 TESTING PROTOCOL

The animals are tested on postoperative day 1 for the FCA-treated group. The
50% withdrawal threshold is determined using the up-dm#n method of Dixon (1980).



by Chaplan et al. (1994). Rats are placed in Plexiglas cages on top of a
wire mesh bottomwhich allows access to the paw, and are left to habituate
for 10-15 mn. The 15 area tested is the md-plantar left hind paw, avoiding
the | ess sensitive foot pads. The paw is touched with a series of 8 Von
Frey hairs with logarithmcally increnmental stiffness (0.41, 0.69, 1.20,
2.04, 3.63, évoz(a 4"°§{§‘§7f1 and 15.14 grams; Stoelting, |I|jgudeddHdvizor The von
Frey hair is app rom underneath the nmesh floor perpendicular to the

pl antar surface with sufficient force tg,cause a slight buckling against the
paw, 20 and held for approximtely 6-8 2econds. A positive response is

nﬁt eﬂ if the lpa;wn‘n'@s sﬁ&gmlitbithﬂztdﬁ(ylaMntHEhﬂmmmmsiexmainﬁsmaﬁledryalwaﬁn rem(;val dof
the hair is also considered a tjve r on Anbu ion i s considere
an anbi guous. r BEBHHLE s oty EvEy ehetel Seb e ot e PR EA 25

TESTI NG PROTOGfaw mhﬂraaaim@bmeartee inGialhedtleond hﬁsa@tﬁﬁgatsumﬁuday | for the

FCA-treated grou he, 50% with r eshol eterm ned using the
up- down et hod™ SAF"“B? »Tohe Prg8 gn)’aw\?\ﬁgag%’abt‘%fﬁ’“d"ei‘% ‘Hésr?hé?:‘?oos/ 001707 29
Testing is 3t adjtinth] hireshold dazuRti@byghikaethed fequiteh € rasporiets én thé intringliager i es.
Stinmuli are al way. S di ng or
descendi ng. | nv*?]%@' Og%sgﬁc%% sﬁ‘)fd’nangc&ﬁ%f%ese XI\%%}e{ssaf)%\é1 ?’ @ ﬁl%pnl tially
sel ected hair changtﬂrmpg@ﬁogmrswgmisﬁtblsshpldes@ﬁttce@%dl hlqakr@“éwent of paw

W thdrawal , t b ENGAKAL 18 HnBULAEmbS vEIRQ%E 5.1 &shold

cal cul ation bi}ﬁrteﬂl%s et h g treqwglr'les %‘ ré’s onses ?n%!&ﬁénﬁt& ate wvicinity
of the 50%thr%@ﬁmmawomwﬁrﬁﬁ@p@fweémgwé Thesqsultinppattagf positivhen t he

first chagpge dnanég@m%ﬁﬁls&qw&ﬁameusﬁg ﬂ{eflﬁn\.reﬁﬁdﬁsj@mng wildrhldiSh =cr ossed. In
cases where thresholds fall outside the rarA%e of stimuli| val ues of 15.14

(ndrmal sensi tYiadRyeh gid thep O withdpapalfresholdds nfmplatedising e fagplact i vel y
assigned. The resulting pattern of p05|t|ve 10 and negative responses is

t abul at ed using the conventi on, no &gq . 0 = withdrawal, and the
50% wi t hdrawal threshold is ﬁ%éﬂﬁ@qhé@edou& n(gmcsW@ formuila: 50% g threshol d
= 10( Xf+k8) / 10,000 15 where Xf = value of the last von Frey hair used (Il og
units); k = tabular value (from Chaplan et al. (1994)) for the pattern of
posi tive /Llinegdeievd =rvekipoftbelsst vemireshair wreshifpg uditd;fkeT tebrdas vilue (foen stinuli (I og

units). Here %h‘fplag'r e% gfl('l 994)) for the pattern of positive / negative responses; and § = mean
difference between stimuli (log units). Here § = 0.224.

Von Frey thresholds are converted to percent of maximum possible effect (%
MPE), according to Chaplan et al. 1994. The following equation is used to compute
20 % MPE:

% MPE = Drug treated threshold {g) - allodynia threshold {g) X 100
C Control threshold (g) - allodynia threshold (g) -

25 ADMINISTRATION OF TEST SUBSTANCE

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

30
Writhing Test



Von Frey thresholds are converted to percent of maximum possible effect (%
MPE), according to Chaplan et al. 1994. The follow ng equation is used to
conpute 20 % MPE: % MPE = Drug treated threshold (g) - allodynia threshold
(g) X 100 Control threshold (g) - allodynia threshold (g) 25 ADM NI STRATI ON
OF TEST SUBSTANCE Rats are injected (subcutaneously, intraperitoneally,

i ntravenousl ly) wth a test substance prior - testing,
the tine beté%@%wg %#%lstratlon of test conpound andl%ﬁgﬁgﬁﬁﬁEEZy t est

vari es dependi ng upon the nature of the test conpound. 30 Withing Test WD
20 0 410 4 180 2 PCT/ SE2003/ 001707 30 Hcetic acid will bring abdomi nal
contractions when Adat BelREHe sBhiARGhEEAGE Ak adufhifhiee. These will then

extend their body in a typical pattern. anal gesi c drugs are
admi ni st er ed, intmpyitensadlyris Bisg TesperiBl then P@ﬂqdé@ybpqi)@qamqaypa@%e%% and the

drug sel ect ed afidgelic RRALEHL Adliniftoed ﬂﬁ@-ﬁb@érﬁ@& ﬁovcﬁleﬁ 1@13%@15(3%1?5\%6&&@' cal

Withing reflex |s consi dered onl’y whe e followi ng “elenents are present:

the ani mal i saﬁﬁﬁleﬂfﬁg%\?@ﬁﬁﬁpmﬂlﬂ@ gP‘Eﬂ/S@Fd"Ef’é[‘ck | s slightly depressed; the

pl antar aspect of ReidhIRANR tpkaDWAREMIEHER is dofkideRidDnBSRRY the GMRAINAS of  the
present inventjon denDnstr%Fe significant inhibjtion of MW|th|ng responses

after oral dJBEPRYS BFf Preseatie F’r‘BF‘?II% not jryymevemensihe loprgihackyis shehtly i on Acetic aci d
(AcOH): 120 qufresMﬁﬂhE ﬁlarﬁﬁ‘laﬁbebt&f Bﬁﬁl pabvstiOobbvabik. hilthiohssali, sdopolu@ opvat er i n

order to obtain_a final concentration of 0 6%
AcOn The solgertsi PR STl i b odinh b lfpe PR ERS | on
Conpound (drug&thhgbfbﬂMmmmﬁdgls prepared and di ssolved in the nDst

sui tabl e qyehicle according to standard procedures.

C' (i) Solutions preparation
' ' Acetic acid (AcOH): 120 pL of Acetic Acid is added to 19.88 m! of distilled water in
order to obtain a final volume of 20 ml with a final concentration of 0.6% AcOH. The

solution is then mixed (vortex) and ready for injection.

15
Compound (drug); Each compound is prepared and dissolved in the most suitable

vehicle according to standard procedures.

(i) Solutions administration -
20 The compound (drug) is administered orally, intraperitoneally (i.p.),
subcutaneously (s.c.) or intravenously (i.v.)) at 10 ml/kg (considering the average
. 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:
C“' Intraventricularly (i.c.v.) or intrathecally (i.t.) a volume of 5 pL is administered.
25 The AcOH is administered intraperitoneally (i.p.) in two sites at 10 mi/kg

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

(i) Testing
The animal (mouse) is observed for a period of 20 minutes and the number of
30  occasions (Writhing reflex) noted and compiled at the end of the experiment. Mice are
kept in individual “shoe box” cages with contact bedding, A total of 4 mice are

usually observed at the same time: one contro] and three doses of drug.



(1d) Solutions adm nistration 20 The conpound (drug) is adm nistered orally,
intraperitoneally (i.p.) , subcutaneously (s.c.) or intravenously (i.v.))
at 10 m/kg (considering the average mce body weight) 20, 30 or 40 m nutes
(according to the class of conpound and its characteristics) prior to
testing. Wien the conpound is delivered centrally: Intraventricularly
(i.c.v.) or |v%%g$[n ally (i.t.) a volume of 5 L is adppistBh&cer 25 The
AcOH is adm nistered intraperitoneally (i.p.) in tw sites at 10 m/kg
(considering the average m ce body weight) imediately prior to testing.
(iii) Testing The animal (nouse) is obsékved for a period of 20 mi nutes and
t he nunber of 30 &m at the end
of the experinment. ?&F@iﬁ%&g&ﬁ\ﬁxﬁéﬁi %g:ldr;l Jah%uafﬁ&w% G caeggﬁsj W th

cont act beddi @egﬂﬂ%mﬂfrcwﬂlcﬂtewltféﬂwe usual | y obser ved at the sane tinme:
one control and thF&%Q&ﬁ&ﬁngfgas%.uesnny\@s&@%mw&ﬁa@}éé%@03/ 001707 31

For the anxiety and anxiety-like indications, efficacy has been established

in the gel | ercstEhisheddp ﬂl?&FFF‘Y ﬂ???ﬂbﬁ‘éy CoutinhaRY ¢4, in gericemloumahalt | onal

gastroi ntesji nay 51515% Istroifektiaatel Oier PRYSdI6ICIR2ORGIPE16, 3D, ished i n the
assay descri bed by utinho SV et al, 1n American Journal of 5 Physi ol ogy -

Gastrointesti & & Liver Physiology. 282(2):G307-16, 2002 Feb, in the rat.
. ADDI TI ONAL I N VI VO TESTI NG PROTOCOLS Subj ects and housing 10 Naive nal e

. Sprague Dawl emﬁéﬁi@m {n. groups of 5in. a C

tenperature c i %Q}%dlty, 12-h light/dark).

Experinents dubjegesfddomyg duri ng the Ilght phase of the cycle. Animls have

food and er ad er data

ac S|t|\3fi0t 15 Sarri%}'%}n%}o%rg%qﬁ%%ﬁ%@ @gﬁgréﬁgr%% é‘ %r gtgj%lsar of rats that

do ot recei vecrgryaturg ctmabltwémona(ﬂECoﬂm@%hmity 32-b lightdake ExpwritcantE. col |

I'i popol ysaccharl d P . Fof P at ed. er.l ur,groups are
aLergr%rEn §2im}d§t%he [ g?ﬁ)haJE §t'hE %ﬁﬂ. i SANGLL FE D na oY ka

in j ected with
libitum and are sacrificed 1mmed1ately after data acquisition.

15  Sample
Compound (Drug) testing includes groups of rats that do not receive any

treatment and others that are treated with E. coli lipopolysaccharide(LPS). For the
LPS-treated experiment, 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
20  vehicle. A second set of experiments are conducted involving five group§ of rats; all
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
C performed to determine anxiolytic or sedative effects of drugs which can contribute to
a reduction in USV.
25
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
gram-negative E. coli bacteria serotype 0111:B4, Sigma). LPS (2.4;.ig) is injected
30  intracerebro-ventricularly (i.c.v.}, in a volume of 10ul, 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.



then vehicle-treated whilst the other three groups are injected with the
drug and its 20 vehicle. A second set of experinents are conducted invol ving
five groups of rats; all of which receive no LPS treatnent. The naive group
recei ves no conpound (drug) or. vehicle; the other four groups are treated
with vehicle with or without drug. These are C perforned to determ ne

anxi ol yti c orwpeghabiy® effects of drugs which can cont reickiskMod01708 reduction
in USV. 25 Administration of LPS Rats are allowed to habituate in the
experimental laboratory for 15-20 min prior to treatnent. Inflammation is

i nduced by adm nistration of LPS (endot G%in of gram negative E. coil

bacteria ser ot yRgudduld sﬁ’éhs d&ﬁmh bz ﬁaE’Sooéana&g)o 8 Sl d%kt&@dr@@ﬂlé”&c

i ntracerebro-ventricul ar standard

I une of usi ng
st er eot axi ¢ sh?&r%]éﬁmﬂ@%‘ﬁﬁ?ﬁﬁgg’% “4%‘8? Lﬁnﬁﬁé‘“’ah% fhﬁé‘gfaa”ﬁfe skin
bet ween t he easkan(&rtmwhﬂdeiafreﬁswﬁdhﬁtic!eyr,mduaedtsangiatstﬁuerwmusmaeesl on of about 1
cmis nmade to exglo%(;6 (&g@ ul | surfaﬁ V\g} q 4/ 041802 PCT/ SE2003/ 001707 32
The puncture sTeEe{<-GaBLeinmalpnggiached tod K0t fon syyinge B posterior to the
Brlegrra, : 1.5 ?ﬁﬂlﬁeﬂ{y?hﬁfﬁbhkﬂiml))llﬂ)qstcﬁ@ Aaﬁbdao;(psﬁgadltetﬁafn a&ildt:ttérﬂé (zoalnd 5 mm
el ow the sur t he u r e latera e. LPS is
injected via a@% ﬁfcldé’ %&%??%F‘@"g% ezéT(f“eﬁ%lghY 313?02%513? B rEpe gtfe%g | ong
attached to a sfdeptdami | ton syringe by 5 pol yet hyl ene tubl ng (PE20; 10-15
cm. A 4 mm st Oppeéoﬂ&g {hrcbryec?orr?CPQ%ﬁ‘e xrecdh(, feénagl;éu aﬁlace q,r]%(f%dgmomﬁr and

secured to the 26 needr e one ue esired 5mm
dept h. Fol | owi ¥g to hiowi diffesiini of fhe obmioR®], theh s rersedil. dhe Ewiaion s closedpbsice f or an
additional ol ' i then ved. The
in ion |s clq(%%éi{d8 égiﬁ-ld&wig%%gﬁir%?eggar%gﬁﬁ%q dﬂln?ls orlfglgn fi&gage and
al l'ewed to redotefidgng. a mi ni mumof 3.5b prior to testing. Experinmental setup
for air-puff stimulation The rats remains in the experinental |aboratory
foll owi ng LPS | nj ectl on and 15 corrpound (drug) administration. At the tine
of testing al IExpgHments izt ggulationsced outsi de the |aboratory. One rat

at atimeis br Ougme rafd tr@natidaeu ﬂm@&lpbr’ﬂﬂen'ta@ﬁ@&rﬁ’tb@rthwmg LPS injection and
15 compound (drug) administration. At the time of testing all rats are removed and

placed outside the laboratory. One rat at a time is brought into the testing laboratory
and placed in a clear box (9 X 9 x 18 cm) which is then placed in a sound-attenuating
ventilated cubicle measuring 62(w) x35(d) x46(h) crm (BRS/LVE, Div. Tech-Serv
Inc). The delivery of air-puffs, through an air output nozzle of 0.32 cm, is controlled.
20 by a system (AirStim, San Diego Intruments) capable of delivering puffs of air of
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

C} first. The first air puff marks the start of recording.

25  Experimental setup for and ultrasound recording
The vocalisations are recorded for 10 minutes using microphones (G.R.A.S.

sound and vibrations, Vedbaek, 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

30 same software (LMS CADA-X 3.5B, Time Data Processing Monitor and UPA (User
Programming and Analysis)). ]



and placed in a clear box (9 x 9 x 18 cm which is then placed in a
sound-attenuating ventilated cubicle neasuring 62(w x35(d) x46(h) cm
- (BRS/LVE, Div. Tech-Serv 1Inc). The delivery of air-puffs, through an air
out put nozzle of 0.32 cm is controlled. 20 by a system (A rStim San Di ego
I ntrunents) capable of delivering puffs of air of fixed duration (0.2 s)
and fixed intgusidadst h @ frequency of | puff per | OscrfpadiBeshiym of 10
puffs are adm nistere or until vocalisation starts, which ever cones
first. The first air puff mar ks the start of recording. 25 Experinental
setup for and ultrasound recording The Vvical i sations are recorded for 10
m nut es using peSsf G R A'S. sound and vibrations, Vedbaek, Denmark)
pl aced i nside e@’%% I Cl e{and controlled by LMS (LMS CADA-X 3.5B, Data
Acqui si ti on Moni tori‘i11 W?Uﬂdﬁ/[msbﬁhyH@@WW@cm 6handt T bepdafrminiseredet ween 0
and 32000Hz aretmﬁﬁfe%@dmuﬁgv%o@ﬂ%om@@ pydn;lmaraa&: SRR 3Rl tware (LMB
CADA- X 3.5B, Tine Procéssi ng nitor g User Progranm ng and
Anal ysi s)). WOrehawrd tothdigoreimtyestmGbianow featine. 33 Corrpounds (Drugs) Al
conpounds (drugs) are pH-adjusted between 6.5 and 7.5 and admi nistered at a
volune of 4 m/ kgl Fol | owi ng conpound (drug) adm nistration, animals are
returned to t h&pss iginal cages until time of testing. 5 Analysis The
][_elcordi n?bi S run t2 I(’)rmekb@&da ss&gﬁmllgﬁ?@hlastdfsﬁﬁfadl aﬁd‘%uﬁ&l&ﬁhﬁeiﬁfﬁﬁkﬂses toTh
ilter et ween and to calculate t ara rs of interest e
data are expr E”éﬁ‘ésﬁpﬁb aﬁ%é?ncaﬁéﬁ'i?/lthegﬁréwtg‘ﬁ g‘& erest ghif ?t"c‘ﬁ?\ce i s assessed.
usi ng T-tefst | }‘acrreg&% mmeaanemzimm FipiN@néislashddd kAT 6@t ifoﬁtﬁ ;in]g one
way ANOVA owe Dunnet t ti ari so t oc or
dr 'effectlﬁve?f’é@ ‘S°§\b‘&ﬂ”f?‘é’f”é{ﬁ@§j étfe\ﬁg‘iﬁtsg@gp %W?Ys&ééﬁéf@&%éag%. gni fi cant
W th a m ni nunD@aneb meltiple cobpHivon tcf@ﬁﬂotﬂﬁ‘ﬁﬁcﬁu@f&cth@zﬁh&ﬁtﬂeﬁﬁ&eﬁﬂem mum of two

times. 15 EXANPLES The i.nvention wll further be defcr}g) in nore detail by
t he foll ow ng efween groups 1s consicered s1gni 1cant annmmumpva UC_O RSV AT A

Experiments are repeated a minimum of two times.

15 EXAMPLES
The invention will further be described in more detail by the following
Examples which describe methods wheréby compounds of the present invention may
be prepared, purified, analyzed and biologically tested, and which are not to be |
construed as limiting the invention.
20
INTERMEDIATE 1: N,N-Diethyl-4-formylbenzamide
. To a suspension of 4-carboxybenzaldehyde (30g, 0.2 mole) in 100 mi of -
(_. tolnene was added SOCL; (97 ml, 1.3 moles) at 60 °C. The reaction was heated until
gas evolution ceased followed by evaporation to dryness with toluene (3 x 50 mL)
25  This yielded a residue, which was dissolved in CH,Cl; (200 mL). To this solution,
cooled in an ice bath while stirring, was added diethylamine (50 mL). Stirring was
continued for one hour and then the mixture heated at reflux for a further hour. After
cooling, the mixture was washed successively with H0, 2 N HC, H;O then 2 N
NaOH and finally with H,0. The solution was dried over MgSQ,, filtered and
30 concentrated to dryness yielding 41 g of oil. Distillation at 140-150 °C/1.5 torr gave
36.9 g, 90 % of INTERMEDIATE 1.



Exanpl es whi ch descri be net hods whereby conpounds of the present invention
may be prepared, purified, analyzed and biologically tested, and which are
not to be construed as Iimting the invention, 20 | NTERVEDI ATE 1:

N, N- Di et hyl - 4-f ormyl benzam de To a suspensi on of 4-carboxybenzal dehyde (30g,
0.2 nole) in 100 mM of toluene was added SOC12 (97 ml, 1.3 noles) at 60 C.

The reaction Wwhsoehgaed until gas evol ution ceased fopbpuBshsavr@vaporation
to dryness with toluene (3 x 50 nL) 25 This yielded a residue, which was '

di ssolved in CH2Cl1 2 (200 nL). To this solution, cooled in an ice bath while
stirring, was added diethylamne (50 nL$% Stirring was continued for one

hour and then Nﬁﬂﬂ[ﬁbﬂiﬁ:ﬂeﬁh?hrﬁtet-(fﬁﬂo%{;ﬁe%)@ further hour. After
h

cooling, the mxture was was successi ve H20O, 2 N HO, HOthen 2 N
NaOH and fi nal (djetiylpminoprayboppidphenylirasty) ma@amq-baarév’@ﬂawgsm filtered and

30 concentrated tOA%MB@ﬁ&"IN'I‘EhﬂIE’]ﬂA Rn}gm ail3. ml@bpﬁan&d zbnagz S84 g 140- 150
C/1.5 torr gave % of | NTE 2004/ 041802

PCT/ SE2003/ 00 13?é7ﬂm§haq%rh‘rﬁmﬂﬂme ©19% &3¢ “’El&?{m 20 mlo of tpluenssReny | ) ( 4-
[ (di et hyl am§ nQjegad Mﬂmgﬂtmh&amlea}nnsmlwadﬁiawerméae@onlwe@am@fm&eat e A solution

of | NTERVEDI AT mpl enzot 33. 3 mmol ) and
N- Boc pi peri di 31(; “1855‘90 ﬁﬂ?ﬂﬂ"f%lf“g’“?ﬁ&fc ?ﬁﬁ%ﬁ@“ 35 heat ed 2)ver

ni ght under D&@dmoﬁhary&uﬁ@mhetwonsmﬂtwmaneﬁc;tsoﬁmeMSerqemﬁﬁmsrarhed, di ssol ved

in 45 m of dry THE and c i.n anhllrcg ﬁt 3 hi,s g/a canul ated 3-
br omopheny! zi AE PR R {\ﬂomerqw bko{vadii i %6" 15 minutes. The
reacti on was \memghtatm‘imdﬂmr@ﬂmmim@asmemhedjwﬁmm stirmadifoe $5 t hen heat ed

over ni ght en stirred for
U510 o multes TR tokERE il Blol S5 i (GRENE bl Ol B G
~organi c | ayer sirigeover Mgb Qe 8ltesedand KopEeMrated. | ll'b@rewmwd wad prodiet bﬂﬂ@ﬂ The

resulting oil I Ot
acet at e/ hept aﬁﬁﬁ@%&ﬁfgﬁgﬁg &ho;la%%e%g 86 q‘?&g@w}?o?ggﬁ%’% DI ATE 2. 15

| NTERVEDI ATE 3NTERMEDIATE 2ot hy| ami no) car bonyl ] phenyl ] [ 3-

15 INTERMEDIATE 3: 4-[}4-[(diethylamino)carbonyl]phenyl][3-
[(methoxycarbonyl)amino]phenyl]methyi]-1-piperazinecarboxylic acid, 1,1-
dimethylethy! ester v
To a solution of INTERMEDIATE 2 (5.39 g, 10.17 mmol) in dry dioxane,
while bubbling N,, was added methyl carbamate (0.99 g, 13.2 mmol), xantphos
20 (0.47g, 0.81 mmol), C5,CO; (4.63 g, 14.2 mmol) and Pdy(dba); (0.465 g, 0.51 mmol).
The reaction was heated for 7 hrs at reflux, cooled and filtered through diatomaceous
earth. The resulting oil was purified by flash chromatography 40/60 to 80/20 ethyl
C acetate/heptane. 3.3 g, 62 % of INTERMEDIATE 3 was obtained.

25 INTERMEDIATE 4: [3-[[4-I(diethylamino)carbonyljphenylj-1-
piperazinylmethyl]lphenyl]- carbamic acid, methy} ester
To a solution of INTERMEDIATE 3 (0.788 g, 1.5 mmol) in 15 mL of
CH,Cl; at 0 °C was added TFA (1.15 ml, 15 mmol). This was stirred until completion
by HPLC. The solution was concentrated, dissolved in 20 mL of ethy! acetate and
30  washed with 10 mL 2 N K3CO;. The organic layer was separated and the aqueous
layer washed with 5 X 20 ml of ethyl acetate. The combined organic layers were

dried over MgSO,, filtered and concentrated yielding 570 mg, 89 % of



[ (et hoxycar bonyl ) am no] phenyl ] net hyl ] - 1- pi per azi necar boxylic acid, 1,1-

di net hyl ethyl ester To a solution of |INTERVED ATE 2 (5.39 g, 10.17 mmol) in
.. dry dioxane, while bubbling N2, was added nethyl carbarnate (0.99 g, 13.2
mmol ), xant phos 20 (0.47g, 0.81 muol), Cs2C33 (4.63 g, 14.2 mol) and
Pd2(dba)3 (0.-465 g, 0.51 mml ). The reaction was heated for 7 hrs at
reflux, cooled and fil|tered through di atomaceous earth, r ting oil
was purified W? HHAEE2C hr omat ography 40/60 to 80/20 et HVF':EE%?%O%%FL/ hept ane.
3.3 g, 62 %of |INTERMVEDI ATE 3 was obtai ned. 25 | NTERMVEDI ATE 4:

[ 3-[[4-[ (di et hyl am no) car bonyl | phenyl | - 85 pi per azi nyl net hyl ] phenyl ] -

carbam c acid, L, 10 i f | NTE | AT 788 g,‘1.5
nmmol) in 15 nliﬁgﬂgﬂ%@%g*aﬂewﬁm%@e{gggg wﬁ%i?pfrf Y H,%%%&%T‘%I ). This was
stirred until CampakADG % BOHARLHepime y&bdingt200 mgwéenagtgmeent r at ed, di ssol ved
in 20 nL of et Igﬁﬁ i 3. The organic

| ayer was separa Ee aﬁg&ﬁ?’g’&ﬁg%ﬁ%%‘?’gﬁﬁ%ﬁmﬁwg%2o m of ethyl

acetate. The conbined organic |layers were dried over MpSO™4, filtered and

concentrated yjehdi N¢n200mi8 cAdiidhof WO 2004/ 041802 PCT/ SE2003/ 001707 35
| NTERMEDI A . The IﬁTERNEDI ATE 4 was separated by chiral HPLC on

Chiral pak AD 2Chingpek &FV18G6&1EMEAnHenf4ne| di ng 200 ng of enanti oner

| NTERVEDI ATE 43,288k 483ni0e Of enantiomer | NTERVEDI ATE 4b. 5 Anal yti cal
Chiral HPLC Conditions: Chiral pak AD 15 % Et OH 85% Heptane Flow rate
1m / m nute | NPREBDORRA 45 relerfionitigry 26 7MUBS . 7 nut es | NTERVEDI ATE 4b

retention ti MeNTrEROIEDILETES4b @ntionNIERVERIAEE 5: 4-10do- N, N-di et hyl benzam de
To a m xture of 4-iodo-benzoyl chloride (75 g) in 500 nL CH2Cl12 was added a

m xgure of 1%t 3N (50 mL) and Et2NH (100 nL) at 0 C. After the addition, the
resul ting readNTERMEDIATES: AdsdoABNvaidthyibeizamideom t enperature in 1 hr and was

then To a mixture of 4-iodo-benzoyl chloride (75 g) in 500 mL CH,Cl, was added a
mixture of Et;N (50 mL) and Et,NH (100 mL} at 0 °C. After the addition, the
resulting reaction mixture was warmed up to room temperature in 1 hr and was then

15  washed with saturated ammonium chloride. The organic extract was dried (N2;S04),
filtered and concentrated. Residue was recrystallized from hot hexanes to give 80g of
INTERMEDIATE 5.

INTERMEDIATE 6: 4-[hydroxy(3-nitrophenylmethyl]-¥,N-diethylbenzamide
20 INTERMEDIATE 5, N, N-Dicthyl-4-iodobenzamide (5.0 g, 16 mmol), was |
dissolved in THF (150 mL) and cooled to -78 °C under nitrogen atmosphere. n-BuLi
(15 mL, 1.07 M solution in hexane, 16 mmol) was added dropwise during 10 min at -
C . 65 to -78 °C. The solution was then canulated into 3-nitrobenzaldehyde (2.4 g, 16
" mmol}) in toluene/THF (approx. 1:1, 100 mL) at -78 °C. NH;Cl (aq.) was added after
25 30 min. After concentration in vacuo, extraction with EtOAc / water, drying (MgSO,)
and evaporation of the organic phase, the residue was purified by chromatography on
silica (0 — 75% EtOAc/heptane) to give INTERMEDIATE 6 (2.6 g, 50%). "HNMR
(CDCl3) 8 1.0-1.3 (m, 6H), 3.2, 3.5 (2m, 4H}, 5.90 (s, 1H), 7.30-7.40 (m, 4H), 7.50
(m, 1H), 7.70 (d, ] = 8 Hz, iH), 8.12 (m, 1H), 8.28 (m, 1H).
30
INTERMEDIATE 7: Racemic N,N-diethyl4-{(3-nitropheny})(1-

piperazinyl)methyl]benzamide



15.washed wi th saturated ammoni um chl ori de. The organi c extract was dried
(Na2SO™4), filtered and concentrated. Residue was recrystallized from hot
hexanes to give 80g of |NTERVED ATE 5. | NTERVEDI ATE 6:

4-[ hydroxy(3-nitrophenyl)met hyl | - N, N-di et hyl benzam de 20 | NTERVEDI ATE 5,

N, N- Di et hyl - 4-i odobenzam de (5.0 g, 16 mmol ), was dissolved in THF (150 ni)

and cooled to_- der nitrogen atnosphere. n-Buli (3RpftbsmekeP? M
solution in hvevgéﬁ’él%l mol ) was added dropwi se during 10 mn at - 65 to -78

C. The solution was then canulated into 3-nitrobenzal dehyde (2.4 g, 16
mmol ) in toluene/ THF (approx. 1:1, 100 @) at -78 C. NH4Cl(ag.) was added

after 25 30 mn. Af earsoglﬁ@fgqu&ﬁw&hqg;ﬁ?%@gb%I;m%glt);on wth EtOAc /

wat er, drying (MyS evapo rgani ¢ phase, the residue was
purified by chdichteromgthensi3000nL) ves kddedith{odyl-broraide @tS&Nd/, Bepmed) Afler gi ve

| NTERVEDI ATE 6 0 v el O .32, 3.5
(2m 411), 5. 98&?’3‘,@’ a%f%"?‘qﬁ%%a-“?e t}ilgﬁ(a ?ﬁf" PAK) %;S%’.gds%‘ﬂpfiﬂ'ﬁr%dﬁ)q%’e°§@?8m%d, J=8
Hz, 1H), 8.12 Viearbopatef100galignd fhy orgadyc lapo WRNGFERNEDI TAT EIuPous Ryeiewisc

N N-di et hyl 54-&§s§emiwmeh&mtﬁ4nks PI0RSHIG Zh VAL dIHRARY bicRE0 AR EGE VO

2004/ 041802 PCI/ SE2003/ 001707 36 To a sol ution of I RTERVEDI ATE 6 (10. 01g,
30.5 mmol ) in digd Me8Ponicrrdaed ptrotrsted was added t hi onyl bromi de (2.58 ni,

33.6 mml ). After maﬁesmmgbpr&tuctrimgbﬁgﬁxﬂp@{na&tyws diRGvéaRsdetonikivessonashed with
sat urated aqueous sodi um hicarbonate (100 i) and e organic | ayer was

th
separ at ed. The™hiftd BRErapng P ->6d <2 Bl ipafded. (4feppRfinePoiaf A ME °P% " x 100 nl)
and the conbi nedr AKgaN R rexidnat Hashed @ith iR 2Rk QA oridd/dthyl edeetk and

concent ey Kl SR B, T IS ARl O S5 Yo 11
hedting the reaette hx 1@ rdreed the cembizet ofganiCettirats wera dtiedoNaybak), fbsted W t h
epar at od. - ThoPATER At Eu R XAtk EEC U1 Seotate 13 x 100 )
and the conbi ned organic extracts were dried (Na2SO4), filtered
INTERMEDIATE 8: (-)-V,N-diethyl-4-[(3-nitrophenyl)(1-
15  piperazinyl)methyllbenzamide _
Racemic INTERMEDIATE 7 is resolved to give enantiomerically pure
INTERMEDIATE 8 as follows:
INTERMEDIATE 7 was dissolved in ethanol (150 mL) and di-p-toluoyl-D-
tartaric acid (11.79g, 1 equivalent) was added. The product precipitated out overa 12
20  hour period. The solid was colIectéd by filtration and was redissolved in refluxing
ethanol until all of the solid dissolved (approximately 1200 mL ethanol). Upon
cooling the solid was collected by filtration and the recrystallation repeated a second
(: time. The solid was collected by filtration and was treated with aqueous sodium
hydroxide (2M) and was extracted with ethyl acetate. The organic extract was then
25  dried (NaySOs), filtered and concentrated to give 1.986g of enantiomerically pure
INTERMEDIATE 8. '"HNMR (CDC1;) § 1.11 (brs, 3H), 1.25 (brs, 3H), 2.37 (br s,
4H), 2.91 (t, J = 5 Hz, 4H), 3.23 (br 5, 2H), 3.52 (br 5, 2H), 4.38 (s, 1H), 7.31-7.33 (m,
- 2H), 7.41-7.43 (m, 2H), 7.47 (t, ] = 8 Hz, 1H), 7.75-7.79 (m, 1H), 8.06-8.09 (m, 1H),
8.30-8.32 (m, 1H).
30 Chiral purity was determined by HPLC using the following conditions:
Chiralpack AD column (Daicel Chemical Industries)

Flow rate 1 ml/minute



and concentrated to give racem c | NTERVEDI ATE 7. | NTERVEDI ATE 8:

(-)N N-diethyl-4-1(3-nitrophenyl)(1- 15 pi perazinyl)nmethyl]benzam de Racem c
» | NTERMEDI ATE 7 is resolved to give enantionerically pure |NTERVED ATE 8 as
foll ows: | NTERMEDI ATE 7 was di ssolved in ethanol (150 nL) and di p-tol uoyl -
tartaric acid (11.79g, 1 equivalent) was added. The product precipitated out

over a 12 ZOWB%&?PH&E' od. The solid was collected by grbjgﬁﬁﬁﬁsn@ﬁmand was

redi ssol ved in uxi ng ethanol until all of the soli |sso
(approximately 1200 nL ethanol). Upon cooling the solid was collected by
filtration and the recrystallation repedfed a second tine. The solid was

collected by filtrati Ong. ﬁ}g?ev% Eul;t saaﬁfé]j_"d"" th aqueous sodium hydroxi de (2M

and was extracted with he organi c extract was then 25 dried
(Na2s®™4), filtered and Ism@erhﬁ%a&mﬂﬁ%@#wﬂ 986g of enantionerically pure

| NTERMVEDI ATE 8. 1H NNRSﬁ%g&g%“’SO%n%%M%%PO?m%B, 1.25 (br s, 3H), 2.37 (br

s, 4H), 2.91 (t, | 3.52 (br s, 2H) 4.38(3,
1H), 7.31-7.33 (in, 7.41-7.43 (in, 2H), 7.47 (t, J = 8

7.75-7.79 (g1, »ﬁl*ﬁ)amﬁbﬂﬁmgs919¥$Jebta41fc&)ayme&&Qpéceﬁgre(b{nusﬂn@-p- ?‘93' fa' purity

was determ ned usi ng | owm ng condi tions Ira k AD col um
(Dai cel Chemi clarmmm@tlﬂpwofmmwiwlr%mfam itk nut e WO 2004/ 041802

PCT/ SE2003/ 001707 37 Run t| rre 30 m nut es at 25 C | socratic 15% et hanol 85%
hexanes Retention tine of m nut es | NTERVEDI ATE 9 may be

obt ai ned by t H&T I&r’@c’éﬁd}”%{ dbﬁ't‘ylﬁs{@n‘ﬂ“ﬂi’hBBW[GT(ERFWIH“*E"JP&]rt aric acid in
pl ace of di-p- ,%?AS wayhmietHyfrieasdnsidaci d. | NTERVEDI ATE 10:

,_ g. gg(rj:a;t %JFQJ met hyl : B ﬁﬁgﬁﬁwﬁﬁ%ﬁt%)ﬁéﬁ TREPERVEDI ATE 8 (1. 4070,
3. mmol) in dlghR)ro&dhﬂdIB@WWMﬂéed(bBﬁkaMhbydm@sSSaﬁd 6d'1 hewutadnd eddipde (0. 58 L,
5. 71 mmol ) anqngcgtg}lcy%g}ohydride (1.21g, 5.71 mmol). After 20 hours at room temperature the

reaction was quenched with aqueous sodium bicarbonate and the organic layer was
separated. The aqueous layer was extracted with dichloromethane (3 x 50 mL) and

15  the combined organic extracts were dried (Na,80y), filtered and concentrated. The
residue was purified by flash chromatography, eluting 5% methanol in
dichloromethane to give INTERMEDIATE 10 as a colourless foam (1.576g, 91%
yield).

20 INTERMEDIATE 11: 4-{(3-aminophenyl)[4-(phenylmethyl)-1-

piperazinyljmethyl]-V,V-diethyl-benzamide
, To a solution of INTERMEDIATE 10 (1.576g, 3.24 mmol) in a mixture of
( ethanol, tetrahydrofuran, water and aqueous saturated ammonium chloride (4:2:1:1

ratio v/v) (30 mL) was added granules of iron (1.80 g, 32.4 mmol). After 4 hours at

25  reflux (90 °C) the reaction was cooled o room temperature, filtered through celite and
concentrated. To the residue was added aqueous sodium bicarbonate and
dichloromethane. The organic layer was separated and the aqueous layer was
extracted with dichloromethane (3 x 50 mL) and the combined organic extracts were
dried (N2,804), ﬁltered and concentrated. The product was purified on silica gel

30  eluting with 1% to 5% methanol in dichloromethane to afford INTERMEDIATE 1 1
(1.310g, 88% yield).

Chiral HPLC conditions:



triacet oxyborohydride (1.21 g, 5.71 mmol). After 20 hours at room
tenperature the reaction was quenched with aqueous sodi um bi carbonate and
*the organic | ayer was separated. The aqueous |ayer was extracted with

di chl oronet hane (3 x 50 nL) and 15 the conbi ned organic extracts were dried
(Na2SO4), filtered and concentrated. The residue was purified by flash
chromat ography, eluting 5% nmethanol in dichloronmethane to give | NTERVEDI ATE

10 as a col ourfQ¥&EEYm (1. 5769, 91% vyield). 20 | NTERVEDWSEFES/0L707
4-[(3-am nophenyl) [ 4- (phenyl net hyl ) - 1-
pi perazi nyl ] met hyl ] - N, N-di et hyl - benzam d8 To a sol uti on of | NTERVEDI ATE 10

(1.576g, 3.24 mmol) in mxt meeth ahydr of uran, water and
aqueous sat ur at ed arrm)n #6&‘6 pﬁceggllem‘f’aziqdﬁswsi) (30 nmL) was added
granules of iron (1.80 g],ow?rztezl; meinte After 4 hours at 25 reflux (90 C) the

reaction was cooled to Eoomt eratu Leo filtered through celite and
concentrated. To the re 1 Hﬁ@& agueous sodi um bi car bonat e and

di chl oronet hane. The or gadatz J08/iedpropiasb] SEPatieaird and the aqueous |ayer was
nd t he conbi ned organi c extracts

extracted w_th di chl oroget hane
were dried €Na2SO4), fiftrerss "‘E‘(ﬁaf‘gﬁlﬁ%l&mgs 24" *The product was purified on
silica gel 30 eluting with 12/oto 5% net hanol i n di chl oronet hane to af;822802
PCTT SE2003/ 001 FSTERAFEDERTE i Kbinileh s Bttt o)
Fl owo/r ﬁggang gﬂgteﬁtmuhy?qummnmmm nutes at 25 C Isocratic 30% |I Z‘?‘Er (i)ggnol
/4 {7((38‘; el nopheﬁf'alt:) Brid cH“EN ﬁﬂ%ﬁﬁﬁ'ﬁh zjnf?%)?n m Hidh%eth&ﬂ;% :
1 y } et hy1§- NWNl%iﬂ@t B@niﬁbﬁxa@ehvée elw, atenbwd@qdmmrrERlvEDl ATE 9 (452 )
, 2-dichl or Qﬁ&éﬁg&r&@@nd@(ns he; 20O refigi el sied 13t iGifcpaxal dehyde (215
L 2 eq) and Sl?x?dley nitrogen for 18 hours and concentrated. Saturated sodium bicarbonate was
added and the aqueous solution was extracted with three portions of dichloromethane
and the combined organics were dried over anhydrous sodium sulfate, filtered and
15  concentrated to yield IN TERMEDIATE 12. The crude INTERMEDIATE 12 was
dissolved in a mixture of ethanol, tetrahydrofuran, water and saturated ammonium
chloride (4 ml; ratios 4:2:1:1 v/v). Iron nanoparticules (3 tips of spatula) were added
and the solution was heated at 150°C for 10 minutes in the microwave. The resulfing
mixture was cooled, filtered through celite and concentrated. The residue was purified
20 by flash chromatography on silica gel, eluting with a gradient from 1% to 10% MeOH
in dichloromethane to give INTERMEDIATE 14 (312 mg, 60% yield) as a

colourless solid.

INTERMEDIATE 15: 4-{(S)-(3-aminophenyl)[4-(1,3-thiazo]-2-
25  ylmethyl)piperazin-1-yljmethyl}-/V,V-diethylbenzamide
To a solution of INTERMEDIATE 9 (479 mg) in 1,2-dichloroethane (13 ml)
was added 2-thiazole carboxaldehyde (212 pL; 2 eq) and sodium
triacetoxyborohydride (510 mg; 2 eq). The reaction was stirred at room temperature
under nitrogen for 18 hours. Saturated sodium bicarbonate was added and the aqueous
30  solution was extracted with three portions of dichloromethane and the combined
organics were dried over anhydrous sodium sulfate, filtered and concentrated to give

INTERMEDIATE 13. The crude INTERMEDIATE 13 was dissolved in a mixiure



tri-acet oxyborohydride (483 ng; 2 eq). The reaction was stirred at room
tenperature wunder nitrogen for 18 hours and concentrated. Saturated sodium
« bi carbonate was added and the aqueous solution was extracted with three
portions of dichloronethane and the conbined organics were dried over
anhydrous sodiumsulfate, filtered and 15 concentrated to yield | NTERVEDI ATE
12. The crudeW NIERMED ATE 12 was dissolved in a mxt L&r(?.fggogg&]%pol
tetrahydrof uran, water and saturated ammoni um chl oride m; ratios
4:2:1:1 v/v). lron nanoparticules (3 tips of spatula) were added and the
sol ution was heated at 150C for 10 mi nut®s in the mcrowave. The resulting
m xture was co QPQ Jhe residue
was purified 28lr %ﬁm? lf igg%?&rﬁgf)&n’a%%&rg{gd dt&fa u%P&?ﬂ?ﬂE gﬁl‘?%ﬁo with a

gradi ent from i%ltbv/ﬁ)obem@ﬁampwesdﬁélm ersmﬁfé%)h‘@rﬁeadti@ agil (he S1JIN1CIERMEDI ATE 14

(312 ny, 60% y L) o
4-{(S)-(3-am no égrﬁ/ﬁ% @fo ﬁﬂlgﬁ{ Blégl;% Iﬁg{c’%';@ tdy %pl era2| n -yl } et hyl }
N, N- di et hyl benﬁ&fm:djfémtrzh tahts aid fonesntraséd. WIEMEM&M@f@d bﬁﬁ@m@haqen

1, 2-di chl or et jane glr h @)ub qg&;dac%%ﬁ%ﬁ%% Hﬁi@ll@ehyde (212 L; 2

eq) and sodium tr| ac to>|;iy é@l’l de he reacti on was
stirred at roomflnengreticacidr dhe pra FW?ﬁqua@g‘éPﬁthQ)mﬂwsoqﬁ@m@dSSHMW&E ed sodi um

~ bi carbonat e wag, &Jtoa%};émhﬁnﬁm;ﬁgﬁz%qsﬁ Gglgée@pjew&aea&om&&?&dwth three
portions of dICh oronet’hane and the conbi ne organics were dried over

anhydrous sodium sulfate, filtered and concentrated to give | NTERMVEDI ATE
13. /The cr;Jde iNvﬂjﬁangﬂMﬁsh?uwlaﬁt&uaﬁq}mgg ;!fnﬂn@,hmy;)t{we V\Dd2004/ 041882
PCT SE2003/ 001707, 39 .0 rof uran and saturate

ni um c (?orﬁ(‘g'éth(lﬂmfﬂ“ ca&:?f‘ﬁﬁg‘e"ﬂ tﬁMRﬁ RF “e'lr‘i“B‘?P\g\‘l?iléFFopartl cules (3 tips
of patula) were ad*dedolatrndofm&TEm\mDIME\m:w(mmgednmxaﬂéi(@&ﬂ)oﬁaslo m nut es
inthe m crovvavg TQ&_br gﬁg 1409, Af{,t ? Wg)s% cfnumcadbonafE]Ir}geregsgqurough celite

and concentrate ue wa y reverse

chr omat ogr aphywaseﬂlssnlqugl M)%(ti}nlaﬁ% tamdw it theldpxam selatiar Aforigdoms ng 0. 1%
trifluoroaceti jo: was. obt ad i f reacetic acid
salt and was ‘f}?%ﬁ??? }v%- gné%tpagélﬂ\%dl NTE @Pﬁ%&a@“a&%%t‘ﬂ% ,ah%g%?% eld) as a
col our | esslbsoldqueous sowﬁERNEBPKW'ﬁEdm@ tbpcﬂp@bms ofalichloBmeflanelan@d(i® am nophenyl ) {4

combined organics were dried over anhydrous sodium sulfate, filtered and

concentrated to afford a white foam. Without further purification, the foam was then
dissolved in a mixture of ethanol, tetrahydrofuran, water and saturated ammonium
chloride (15 mi; ratios 4:2:1:1 v/v). Iron granules (422mg; 10 eq) were added and the

20  solution was heated at 90 °C for 1.5 hbur. The resulting mixture was cooled, filtered
through celite and concentrated. Saturated sodium bicarbonate was added and the

_ aqueous solution was extracted with three portions of dichloromethane and the
(/ combined organics were dried over anhydrous sodium sulfate, filtered and

concentrated to afford a white foam INTERMEDIATE 16a or 16b, respectively. The

25  product can be use without any further purification. (92-99 % vield). '"H NMR
(400MHz, CDCI3) 1.06-1.16 (m, 3H), 1.17-1.26 (m, 3H), 1.44 (s, 9H), 2.28-2.39 (m,
4H), 3.20-3.31 (br s, 2H), 3.37-3.44 (br s, 2H), 3.48-3.58 (br s, 2H), 3.60-3.70 (br s,
2H), 4.12 (s, 1H), 6.51-6.55 (m, 1H), 6.72 (t, } =2.13Hz, 1H), 6.79 (d, ] = 8.17 Hz,
1H), 7.06 (t, J = 7.46Hz, 1H), 7.2% (d, J = 7.82Hz, 2H), 7.43 (d, J = 7.82Hz, 2H).

30
COMPOUND 1: R-Methyl 3-{(4-[(diethylaminoc)carbonyl]phenyl){4-benzyl-
piperazin-1-yl)methyl]phenylcarbamate



10-[ (di et hyl am no) car bonyl ] phenyl } et hyl ) pi per azi ne- 1- carboxyl ate To a

sol ution of | NTERVEDI ATE 8 or 9 (300 ng) in dioxane (40 mMl) was added
~di-tert-butyl dicarbonate (247 ng; 1.5 eq). Sodium carbonate (119 ng; 1.5
eq) was dissolved in water (15 nml) and then added in the di oxane sol ution.
After 12 hours the solution was concentrated and saturated sodi um

bi car bonat e th dded. The 15 aqueous sol ution wa mﬁth three
portions of SQ@H? fgﬁ@thane and the conbi ned organlcs%“§§%£§$®e over
anhydrous sodiumsulfate, filtered and concentrated to afford a white foam
Wthout further purification, the foam w#s then dissolved in a m xture of
et hanol , tetrahydrofuran, water gnd saturated ammonium chloride (15 m;

ratios 4:2:1:1 viv). lron grqpul 4 1Q eq) were added and the 20
sol ution was heated at 90 C for{ ng Gi]Tg%Qresultlng m xture was cool ed,
filtered through celite and nce “wt €4

ur at ed sodi um bi carbonate was

added and the aqueous sol ution was g¥X racﬁed with three portions of

di chl oronet hane and the conbi ned org ics were dried over anhydrous sodi um
sulfate, filtered and concentrated to afford a white foam | NTERVEDI ATE 16a
or 16b, respectively. The 25 prod@i%é?an be use wi thout any further
purification. (92-99 %yield). 1H (400MVHz, CDC13) 1.06-1.16 (m 3H),
1.17-1.26 (m 311), 1.44 (s, 9H, 2.28-2.39 (n1 4H), 3.20-3.31 (br s, 2H),
3.37-3.44 (br s, 2H), 3.48-3.58 (br s, 2H), 60-3.70 (br s, 2H), 4.12 (s,
1H), 6.51-6. 55Te msohmq)l of NFERMED TE-4D(24%Bwg, 0417Hymolhhsp91vwn Sml= g, 17 he,
%F%ZHZ 06 ( t, E]lch‘tochtﬂﬁ@Zvas %ﬂéd beZza&gh)(dq (955 (1., 6.98 &) agd'BIaBﬁ(Oﬁ%)g,((be J =
g [ ( dl e@ hyplg_,nq %dﬂre%{} @ﬁwa?tmm Ft)n(eg fa § ol Wn_pcrature overnight, Then 5ml

p. per azi n- 1 yl afrmamtehmﬂmoeam@mm@ VR4 20é &@a&%ya@;%@%aci@%901707 40

- ~NO | W1th CH;CIIL bEn)e %hmcd organic layers were dried over MgSQy, filtered and
concentrated. Purification by reverse phase chromatography yielded 188 mg of
COMPOUND 1 under the conditions: LUNA C-18, gradient 10-50% B in 25 min,
10 flow: 40mL/min, 20°C, A: O.i% TFA in H;0, B: 0.1% TFA in CH;CN. 'H NMR
(400 MHz, CDs0D): § 1.08 (m, 3H), 1.21 (m, 3H), 2.31 (m, 2H), 3.04 (m, 2H), 3.24
(m, 4H), 3.39 (m, 2H), 3.51 (m, 2H), 3.72 (5, 3H), 4.34 (s, 2H), 4.43 (s, 1H), 7.09 (m,
1H), 7.20 (m, 2H), 7.32 (d, ] = 8.2 Hz, 2 H), 7.48 (s, 5H), 7.55 (d, J = 8.2 Hz, 2 H),
7.70 (3, 1H). Anal. caled for C3;HagN4O3 x 2.10 C;HF;0: x 0.3 H;O: C, 55.66; H,
15 5.40; N, 7.38. Found: C, 55.70; H, 5.24; N, 7.41. M.S (calcd): 515.30 (MH+), M.S
(found): 515.55 (MH+). HPLC: k’: 2.95; Purity: >99% (215nm), >99% (254nm),
_ >99% (280nm). Conditions: Zorbax C-18, gradient 30-80% B in 25 min, flow:
C ImL/min, 25°C, A; 0.1% TFA in H;0, B: 0.1% TFA in CH;CN; Chiral Purity: >90%
(215nm), >94% (254nm), >94% (280nm}, Rt: 8.7 mins; Conditions: Chiralpak AD
20 30 % IPA/70% hexane. Rotation: [a}''p = -14.5° (¢c = 0.74, EtOH).

COMPOUND 1: R-[3-[[4-[(diethylamino)carbonyl]phenyl] [4-(phenylmethyl)-1-
piperazinyl]methyl]phenyl]—carbamié acid methyl ester (via another synthetic
route)
25 Methyl chloroformate (0.008mL, 0.11 mmol) and zinc dust (8mg, 0.11 mmol) were
- stirred together in 1mL of dry toluene at room temperature under nitrogen for 10

minutes. A I mL toluene solution of INTERMEDIATE 10 (50mg, 0.110mmol) was



To a solution of | NTERVEDI ATE 4a (200 ng, 0.47 mmol) dissolved in 5 m

di chl or oet hane was added benzal dehyde (95.5 L, 0.94 mmol) and NaBH( OAc) 3
‘(200 5 ng, 0.94 nmol ). The reaction was stirred at roomtenperature
overnight. Then 5 ml of a saturated solution of NaHCO3 was added and the
aqueous | ayer extract ed 4 times wth CH2Cl 2. The conbi ned organic | ayers
were dried over filtered and concentrated. Purlljd fs%&do%ﬁr@y reverse
phase chromat g&ﬁ‘ﬁyls% el ded 188 ng of COVPOUND 1 under e conditions:

LUNA C- 18, gradient 10-50% B |n 25 mn, 10 flow 40mJmn, 20C, A 0.1 % TFA
in O B: 0.1% TFA in CH3CN. 'H NWR (4410 MHz, CD30OD): S 1.08 (m 3H), 1.21

3H), 2.31 3.04 ( _4H), 3.39 2H), 3.51
(2$ ;972 (s, g’iﬁ? g‘g)défzf’l’t‘@ efegl‘ﬂém’e‘g’fcﬂ%%‘{fed%wm(f?ﬁmg%, H)7 20 (m (?H),
7.32 (d, J I8 oﬁerllrlght %&Bogxélzn 4% I\tlngLBdllﬁtbﬁ with dﬁﬂﬁrbdatha]:eancﬁﬁl&rddé ;[‘ha'é H)55 6% 7&

1 An cal.C for
(12 5, Z?) N7 SEAE BT we s “‘}‘Bﬁatﬁa‘e%’%‘gcgz E"?“”hf““ﬁ\ﬁnéd'(‘%& Ved) . 515, 30
(MH), MS (f enhydious 545055 Medct walRhEfiedkby s:lﬁa@ﬂ‘ﬂaﬂwhmhyatogfaﬂ@% (215nm)
>99% ( 254 9% ( 250 dit f 30 80%B
2o vt o <Rhve secrln SAR LRRPCORYR Koty ShRGLTTN Y "

Chiral Purlty NERO Moo MEE0OBIOD)”I 48 (R fﬂzlﬁ 0 38QRAr 87 mnS
Condltlons Chi r al ?)ak AD’ 218?03 %IP&%? he>§a2§e§% Rotgﬁlzg]\ral d[agf 7D = -14.5 (c

= 0.74, EtOH). 2B08ROGNZH); 3.39 (m, 2H), 3.51 (m, 2H) 3.72 (s, 3H), 434 (s, 2H),443 (s,

R— 3-[[4-[(di I h
pi Ler <[3.[ZI n3[/l(] Irrgllﬁijll—/%%lgghﬁ]af Cg%ﬁ#@%@ Jiéz%ﬁ%ﬁ%st e %ﬁ\}) bt her synt hetic
route) 25 Net hyR Hehl B). G786 (sriie Anal mma%g&mup%&mm&m& (8my, 0.11

o) - wer e 1pst. '.55 6@@1 BQQ‘N ")%E Poﬂnd c”&s 'fodef:Yz; Wb‘ﬁﬂ@s 6&51cé)091r5‘3b9rfper ature
undér nitrogen for m nut es. tol'uéne sol ution of [ NTERVEDI ATE 10

(50nmy, O. 110nn{91ﬂ)1+)mk{%3 &mnébélél%ﬁ%ﬁ‘z Ilﬂc‘#i $E2S0 37wty 78970431 Sophefd%dded
dropw se and t (¥4 ﬂn@aﬂstgh/p@smﬁst CbRNAS Z8Mkl e, FhdibR IR BREI Al €

overni ght. The_sol ution di luted w tfg i chl or hane and filtered.

The organic pﬂ%“éé%‘%\%sﬁ%re‘d OW/%WASngaQéH A&EW%&NU%:P‘% Purf¥i ne and

dried over anhyods QUsnlya2804 (2530 P PBOnRRetEEGh {ih€ . g lica gel flash
0

chr omat 091 48V o8 oRlodt AL PR R A R7b2 855! RSk @0 44 SEOND 1 (28,

50% yi el d) .
0.74, EtOH).

COMPOUND 2: §- Methyl 3-{(4-[(diethylamino)carbonyl]phenyl)(4-benzyl-
piperazin-1-yl)methyliphenylcarbamate
20

C ’),g
Sl

o

Using the same method as for COMPOUND 1 and using INTERMEDIATE 4b (185
mg, 0.43 mmol) and benzaidehyde (100 OL, 0.87 mmol) afforded 178 mg of

25 COMPOUND 2. 'H NMR (400 MHz, CD;0D): 8 1.09 (m, 3H), 1.22 (m, 3H), 2.31
(m, 2H), 3.04 (m, 2H), 3.24 (m, 4H), 3.40 (m, 2H), 3.51 (m, 2H), 3.72 (s, 3H), 4.34 (s,



NVR"(400 MHz, CD30D): 81.08 (m 3H), 1.21 (m 3H), 2.31 (m 21D, 3.04 (m
2H), 3.24 (m 4H), 3.39 (m 2H), 3.51 (m 214), 3.72 (s, 3H), 4.34 (s, 2H),
4.43 (s, IH, 7.09 (m 1H, 7.20 (m 2H), 7.32 (d, J = 8.2 Hz, 2 H), 7.48
(s, 5H), 7.55 (d, J = 8.2 Hz, 2 , 7.70 (s, 111). Anal. caled for

C33H38N403 x 2.10 C2HF302 x 0.3 H2O C, 10 55.66; H, 5.40; N, 7.38. Found:
C, 55.70; H 5.24; N, 7.41. MS (calcd): 515.30, (MH), MS (found): 515.55
(M) . HPLC MO2004/08892 Purity: >99% (215nm), >99% ( 25AGHSE285YIZ07 280Nnm) .
Conditions: Zorbax C-1 8, gradient 30-80%B in 25 mn, flow In/mn, 25C
A: 0.1% TFA in H20, B: 0.1% TFA in CH3CN, Chiral Purity: >90% (215nn) >94%
(254nm >94% (280nm, Retention tine: 8.7 mns; 15 Conditions: Chiral pak AD
30 % | PA/ 70% h@kdet3 (ROBRT 09 m, ] 719 (m; 2H), B33 ¢ = 82 7ia, 2 1, O (s, BOMPOUND 2: S
Met hyl  3- ((4-[¢ vl P - Z

pi perazin-1-yl) 7%%41? Ehrﬁeér?lg%lzzﬁg %P%Aléd ﬁ)r%egﬂx#ow h—ﬁocz%z‘oi\m CN H
Usi ng the sarreorﬁéizﬁé)@, Sl YE W@NDHM &ne- W Hny70; NTEPOVOE &7leddb (185 ny,
0.43 nmol) and sheqy@f 7Hpjg@l f d.gdof, f 25
COVPOUND 2. 1H ?II\/R }ﬂgwg%&%’%%l gﬂ)ﬂﬂiﬁ rlg‘?’Ebfﬁ)IQ“We fw%mg’f-’f, 2.31 (m
214), 3.04 fm > (2 @1@4>5(9rﬁ(2ﬁ%n) h@Celi*ﬁmC'EH)ZorbBXQW( ﬁ!?dlzlﬂﬁ(] 8¢%72 (s, 3H),
4.34 (s, WO 20%%@@0&%3%%9@@@&1%3}2@3 oﬁnA@FAﬁncﬂaUNr 7.09 (m

1H, 7.19 (m 2H) 5 (d, J =
TR T - FE A 00 Me TOMAN PON R TL r
H20: C, 58. 47, HIPILC@m?dZud}Js ChiriBak A0 B0d; PR/ 7098kdrbke. Hotddior: @a)'’hl=-4736. M S
(calcd): 515.30 équo—l-ﬁ@aM S (found) : 515.57 (MH). HPLC. k': 3.00; Purity:
>99% (215nm) , Y0 anm, >99% (280nm) . HPLC Conditions: Zorbax C- 18,

gr a@ ent 30080%

COMPOUND 3: S-Methyl 3-{ {4~[(diethylamino)carbonyl]pheny!}{4-(thien-2-
ylmethyl)piperazin-1-ylJmethyl}phenylcarbamate

ol

15  Using the same method as for COMPOUND 1 and using INTERMEDIATE 4b
C‘ | ' {200 mg, 0.47 mmol). and 2-thiophenecarbo.xa1dehyde (66 OL, 0.70 mmol) afforded

213 mg of COMPOUND 3. 'H NMR (400 MHz, CDs0D): § 1.08 (m, 3H), 1.21 (m,
3H), 2.35 (br 5, 2H), 3.04 (br 5, 2H), 3.32 (m, 6H), 3.51 (m, 2H), 3.72 (s, 3H), 4.44 (s,
1H), 4.58 (s, 2H), 7.09 (m, {H), 7.13 (dd, J=3.7, ] = 5.1 Hz, 3H), 7.21 (m, 2 H),

20 7.32(m,3H),7.55(d,]=82Hz 2 H), 7.62 (m, 1 H), 7.69 (br s, 1H). Anal. calcd
for CaoH3gN4O3S x 1.40 C;HF;0; x 0.9 H,O: C, 54.84; H, 5.67; N, 8.04. Found: C,
54.76; H, 5.65; N, 8.09. M.S (caled): 521.26 (MH"), M.S (found): 521.26 (MH").
HPLC: k'; 6.51; Purity: >99% (215nm), >99% (254nm), >99% (280nm). HPLC
Conditions: Zorbax C-18, gradient 30-80% B in 25 min, flow: ImL/min, 25°C, A:

25 0.1% TFA in H;0, B: 0.1% TFA in CH,CN; Chiral Purity; >97% (215nm) >96%



Bin 25 mn, flow Inmmn, 25C, A 0.1% TFA in H2O, B: 0.1% TFA in CH3CN;
Chiral Purity: >99% (215nnm) >99% (254mm) >99% (280nm), Rt: 11.2 mn; Chiral
"HPLC Conditions: Chiral pak AD, 30 % | PA/ 70% hexane. Rotation: [a] 17D =+17. 1-
(c =0.77, EtOH). 10 COVWOUND 3: S- Met hyl

3-{{4-[(diethylam no)carbonyl ] phenyl }[4- (thi en-2- yl et hyl ) pi perazin-1-yl]
nmet hyl}phenyl r 0\ H/ \ N~.o NQH g 15 ane net hod
as for 2?& é&um ng INTERI\/EDI ATE 4b (200 ngy Odeikfﬁgm;l{a% of

2-t hi ophenecar boxal dehyde (66 O., 0.70 nmol) afforded 213 ng of COVPQJND 3.
"H NVR (400 MHz, CD30D): 8108(m 3H)431 21 (m 3H), 2.35 (br s, 2H),
3.04 (br s, 211), 3.3 4 (s, IH),
4.58 (s, 2H), {73569‘“)( ﬁsﬁ‘f %30“";? Bé 2eaamn ?}hﬂﬁgﬂﬁc Cfn%“énsic#@?a‘s@ 3% 21 (m 2
H, 20 7.32 (nmy BAH0% héxdab Retatich: Tu)Bp 2 HHiE.3° @ H)14, Me€6F).(Mm 1 H), 7.69 (br s,
1H). Anal. calcd for C29H36N403S x 1.40 C2HF302 x 0.9 H20: C, 54.84; H,
5.67; N, 8.04. Found: C, 54.76; H 5.65; N, 8.09. MS (calcd): 521.26
(M), MS (fomm@)ro&ﬁmtm-mmym {{Hﬂuﬁthyhmm@cﬁﬁonyﬂphénw[4-@199%{ 215nm, >99%

(254nm, >99% (280n i Zor ax C- 18, gradient 30-80%B in
25 min, flow f’ﬁ"&%’?e%‘& Y %‘ F H20, B: 0.1% TFA in CH3CN;
Chiral Purity: >97% (215mm) >96% 2004/ 041802 PCT/ SE2003/ 001707 43
(254nm >96% (280nnm), Rt: 22.2 -1t Ple€ Condi tions: Chiral pak AD, 30
% | PA/ 70% hexane. Rotation: [a] ,117 = 1.14, MeOH). COVPOUND 4:

R-Met hyl 3-{{4-[(diethylam no)carbonyl i
yl met hyl ) pi perazi n- 1-yl ] net hyl } phenyl CE

C | d

henyl..}[4 (thien-2- 5

Using the same method as for COMPOUND 1 and using INTERMEDIATE 4a (200
mg, 0.47 mmol) and 2-thiophenecarboxaldehyde (66 OL, 0.70 mmol) afforded 197

10 mgof COMPOUND 4. "HNMR (400 MHz, CD;0D): & 1.08 (m, 3H), 1.21 (m,
3H), 2.35 (brs, 2H), 3.02 (br s, 2H), 3.32 (m, 6H), 3.51 (m, 2H), 3.72 (é, 3H), 4.44 (s,
1H), 4.58 (s, 2H), 7.09 (m, 1H), 7.13 (m, 1H), 7.21 (m, 2H), 7.32 (m, 3H), 7.55(d, ]
= 8.0 Hz, 2H), 7.62 (d, J = 5.1 Hz, 2H), 7.69 (s, 1H). Anal. caled for CoH3sN4OsS x
1.5 CHF30, x 0.9 H;0: C, 55.13; H, 5.51; N, 8.04. Found: C, 55.14; H, 5.55; N,

15 8.11. M.S. (caled): 521,26 (MH'), M.S. (found): 521.23 (MH"). HPLC: k': 6.59;
Purity: >99% (215nm), >99% (254nm), >99% (280nm). HPLC Conditions: Zorbax
C-18, gradient 20-50% B in 25 min, flow: ImL/min, 25°C, A: 0.1% TFA in H;0, B:

C- 0.1% TFA in CH3CN; Chiral Purity: >99% (215nm) >99% (254nm) >99%

(280nm), Retention time: 11.8 min; Chiral HPLC Conditions: Chiralpak AD, 30 %

20 IPA/70% hexane. Rotation: [o] 'p =-12.8° (c = 0.96, MeOH).

COMPOUND 5: §-Methyl 3-{{4-[(diethylamino)carbonyl]phenyl}[4-(thien-3-
ylmethyl)piperazin-1-ylJmethyl}phenylcarbamate



0 J1(\H'NO CN HN _. 8 Using the same nethod as for -COMPOUND 1
and usi ng | NTERVEDI ATE 4a (200 ng, 0.47 mmol) and 2-thi ophenecar boxal dehyde
(66 OL, 0.70 nmmol) afforded 197 10 ng of COWMPOUND 4. 1H NMR (400 MHz,
Ch30D): 6 1.08 (m 3H), 1.21 (m 3H), 2.35 (br s, 2H), 3.02 (br s, 2H), 3.32
(m 6H), 3.51 (m 2H), 3,72 (s, 3H), 4.44 (s, 11-1), 4.58 (s, 2H), 7.09 (m
1H, 7.13 (m 1H, 7.21 (m 2H, 7.32 (m 3H, 7.55 (d, J 8.0 Hz, 2H)
7.62 (d, J = BVO20p4p041804)) = 7 69 (s, 1H). Anal. cal cd f or PEUTREBIMIIS x 1.5
C2HF302 x 0.9 H2G C, 55.13; H, 5.51; N, 8.04. Found: C, 55.14; H, 5.55; N,
15 8.11. MS. (calcd): 521.26 (MH), M Sy (found): 521.23 HPLC. k': 6.59;
Purity: >99% (215nnm), >99%(254nrr), >99% (280nnm) . HPLC Conditions: Zorbax
C- 18, gradient 20-50% B in 25 minf flow 1n./nmin, 25C, A 0.1% TFA in H20,
B: C0.1% TFA in CH3CN;, Chiral~Py 709 15nm >99% (254nm) >99%
(280nm, Retention tinme: 11.8 mn; Condi tions: Chiral pak AD, 30
% 20 | PA/ 70% hexane. Rotati on: ¥2.8 (¢ = 0.96, MeOH). COVPOUND
5. S Methyl 3-{{4-[(diethylam no) carbn\]I ] phenyl } [ 4-(thien-3- ylnethyl)pip
erazin-1-yl et hyl }phenyl car bamat e WOY{2004/ 041802 PCT/ SE2003/ 001707 44 O
" ~NJ I / AO (N) HNJI Using the me nmet hod as for COMPOUND | and using
| NTERVEDI ATE 4b (200 ng, 0.47 mmol nd 3-thi ophenecar boxal dehyde (66 O,
0.70 mmol ) afforded 205 C5 ng of COWOUND S. 'H NWR (400 MHz, CD3COD):.3
1.08 (m. 3H, 1.21.(m -
. Using the same method as for COMPOUND 1 and using INTERMEDIATE 4b (200
mg, 0.47 mmol) and 3-thiophenecarboxaldehyde (66 OL, 0.70 mmol}) afforded 205
( 5 mgof COMPOUND 5. 'H NMR (400 MHz, CD;0D): 3 1.08 (m, 3H), 1.21 (m, .
3H), 2.36 (m, 2H), 2.99 (m, 2H), 3.28 (m, 6H), 3.51 (m, 2H), 3.72 (s, 3H), 4.36 (s,
2H), 4.42 (s, 1H), 7.09 (ﬁz, 1H), 7.21 (m, 3H), 7.32 (d, ] = 8.0 Hz, 2 H), 7.55 (m, 3H),
7.67 (m, 2H). Anal. caled for CasH3eN4O38 x 1.7 CoHF;0, X 0.3 H;0: C, 54.05; H,
- 5.36;N, 7.78. Found: C, 54.08; H, 5.36; N, 7.70. M.S. (caled): 521.26 (MH"), M.S.
10 (found): 521.26 (MH"). HPLC: k’; 6.68; Purity: >99% (215nm), >99% (254nm),
>99% (280nm). HPLC Conditions: Zorbax C-18, gradient 20-50% B in 25 min,
flow: 1lmL/min, 25°C, A: 0.1% TFA in H,0, B: 0.1% TFA in CH3CN; Chiral Purity:
>99% (215nm), >99% (254nm), >99% (280nm), Retention time: 13. 3 min; Chiral
HPLC Conditions: Chiralpak AD, 30 % IPA/70% hexane. Rotation: [a} 'p =+11.3°

15 (c=1.15, McOH).

C_ COMPOUND 6: R-Methyl 3-{{4-[(diethylamino)carbonyl]phenyl}[4-(thien—3-
' ylmethyl)piperazin-1-yljmethyl}phenylcarbamate

T
S

Using the same method as for COMPOUND 1 and using INTERMEDIATE 4a (200
mg, 0.47 mmol) and 3-thiophenecarboxaldehyde (66 OL, 0.70 mmol) afforded 199
mg of COMPOUND 6. '"H NMR (400 MHz, CD;0D): & 1.08 (m, 3H), 1.2] (m,

20



3H),"2.36 (m 2H), 2.99 (m 2H), 3.28 (m 6H), 3.51 (m 2H), 3.72 (s, 311),
4.36 (s, 2H), 4.42 (s, 1H, 7.09 (m 1H), 7.21 (m 3H), 7.32 (d, J = 8.0
Hz, 2 H, 7.55 (m 311), 7.67 (m 2H). Anal. calcd for C29H36N403S x 1.7
C2HF302 X 0.3 H20: C, 54.05; H, 5.36; N, 7.78. Found: C, 54.08; H, 5.36; N,
7.70. MS. (caled): 521.26 (MHO, MS. 10 (found): 521.26 (MH). HPLC k'
6.68; Purity: >99%[¥121 Snm, >99% (254nm), >99% (280n HPLC Condi ti ons
Zorbax C 18, JYOHIEHI20-50068 in 25 min, flow | ni./nfSSEEER o 10 TFA
in HO B: 0. 1% TFA in CH3CN;, Chiral Purity: >99% (215nm), >99% (254nm,
>99% (280nm), Retention tinme: 13.3 mn; €hiral HPLC Conditions: Chi ral pak

o b SonESPaEs S @R b ath BT b s it Epy 100D

yl met hyl ) pi per dg 3H), 3374, a8}, Kb fsp iEny.DE @, DHpT2¢ ([, 3B, 7.32 (AN 8.2 BB, Usi ng t he

and. 3. i ophendblr boadth adtly e @eatbRblgtbiCips #faiibe: Thg o "7 ™)

COVPOUND 6. ' HEMYRC,(54G69; IM—SZQQ m:&ameun5 Q. 50.84;(Er5.634Y, 8.16. 5. (calpdMO 2004/ 041802

PCT/ SE2003/ Q01 r D ' 4 (m 4H),

3.37 (m 2H)% 5915#@&1‘}3?{05 Copidy, ﬁzsﬁ%ﬁ]fh’i' 35" ?6& q’rﬁ\?‘?’ >3dd)2191% . 1H), 7.09

(m 1H), 7.21 EB9%nm)y >39% (280nm). HPSC LoppitionsAdrbax L Bbgdipnt 20-6§% B7. 68 (m

2H). Anal . cal Hﬁa%l% 1940, 54.69; H,

5.69; N, 8.02. ﬁlgzosfjﬁl 6%9 9?2§°Q<A aﬁf%%mgﬁﬁ(ojl/onz%%m%‘? 5 521. 26

(MN, MS. (fofhigl Pu5t21>925‘o (@quy >9HP£L@54HP@) >§76(@80mm)y RetgptionimeP0215nn) |

>99% (254nm), ﬁ@@%%(ra&ﬁ’mﬂdonditﬂﬁcﬁq ADORY ni%@%ase&nelSRotﬂfoﬁ%}%nt 20-50% B

in 25 mn, flow 1rrUm2{1 2509@@ 1%TFA|n H2O, B: 0.1% TFA in CH3CN,

cm @ Pur iy ngd@? £5riry> M8QH) (254nn) >99% (280nn), Retention time: 9.0
Chiral HPLC Conditions: Chiral pak AD, 30 % | PA/ 70% hexane. Rotati on:

[ a] COMPOUND 7: S-Methyl 3-{{4-[(diethylamino)carbonyl]phenyl}[4-(2-
furylmethyl)piperazin-1-ylJmethyl}phenylcarbamate

Sl

15 -0

& Using the same method as for COMPOUND 1 and using INTERMEDIATE 4b (200
C ' mg, 0.47 mmol) and 2-furaldehyde (58 pL, 0.70 mmol) afforded 172 mg of

COMPOUND 7. 'H NMR (400 MHz, CD:0OD): 6 1.08 (m, 3H), 1.22 (m, 3H), 2.36

20 (brs, 2H), 3.02 (br s, 2H), 3.31 (m, 6H), 3.51 (m, 2H), 3.72 (s, 3H), 4.42 (5, 2H), 4.44
(s, 1H), 6.52 (dd, J=1.9, 3.1 Hz, 1H), 6.71 (d, J = 3.3 Hz, 1H), 7.09 (m, 1H), 7.20 (m,
2H), 7.32(d, Y= 8.4 Hz, 2H), 7.55 (d, ] = 8.2 Hz, 2H), 7.66 (m, 1H}, 7.69 (s, 1H).
Anal. caled for CaoHsgNgQ4 x 1.5 CHF;0, x 0.6 H,O: C, 55.99; H, 5.68; N, 8.16.
Found: C, 56.02; H, 5.74; N, 8.22. M.S. (calcd): 505.28 (MH™), M.S. (found): 505.26

25 (I\/H-l"')..HPLC: k’: 5.92; Purity: >99% (215am), >99% (254nmy), >99% (280nm).

~ HPLC Conditions: Zorbax C-18, gradient 20-50% B in 25 min, flow: 1mL/min, 25°C,

A: 0.1% TFA in H;0, B: 0.1% TFA in CH3CN; Chiral Purity: >95% (215nm), >95%



10 "'7D = -12.9 (¢ = 1.13, MeOH). COVPOUND 7:

S-Met hyl 3-{{4-[ (di et hyl am no) car bonyl ] phenyl } [ 4- ( 2-

furyl net hyl ) pi perazi n-1-yl ] net hyl } ph enylcarb amate 0 tc4cyz CHH H N 15 O
Usi ng the sanme nethod as for COVPOUND 1 and using | NTERVEDI ATE 4b (200 C
ng, 0.47 mol) and 2-fural dehyde (58. L, 0.70 nmmol) afforded 172 ng of
COVPOUND 7. "H NWR (400 MHz, CD30D): 61. 08 (m 3H), 1.22 (in H_) 2.36 20
(br s, 2H), 3WOR0WISE 2H) 3.31 (m 6H), 3.51 (m 2HFCTEERIMI0T 31 7y 4o
(s, 2H, 4.44 (s, 111), 6.52 (dd, J=1.9, 3.1 Hz, 1H), 6.71 (d, J = 3 3 Hz,
IH), 7.09 (m 1H), 720(m 211), 7.32 4d, J = 84Hz 2H), 7.55 (d, J =
8.2 Hz, 2H) 7.66 Anal . cal cd for C29H36N404 x 1.5
C2HF302 x 0.6 r@z%“mt é‘?ﬁ’é@ MR‘é3w%aWMCDW%Ch@P%é%éWH 5. 74; N,
8.22. MS. (Calmﬂy0%5%28R6M&a (oM S=+{4.0006)1.06D0808% 25 (M T ). HPLC K’
5.92; Purity: >99% (215nm, >99% (254nm, >99% (280nm. HPLC Conditions:
Zorbax C-18, gradient 20-50%B in 25 mn, flow Inmmn, 25C, A 0.1%TFA in
H20, B: 0.1% TIEQ&)MBOBNM\I;R—M&HM {ﬁq(dndtwlami%ﬂm(bﬂﬁﬂ]pmnyl}f@a% WD 2004/ 041802

PCT/ SE2003/ 07 4 254n R.: 8.3 mn; Chiral HPLC

Condi ti ons: 5‘“6’ DRHer ?%’ﬁ’%‘% %Eaér.'atﬁot ation: [a] 170 =+14.4 (c =
1.06, MeQH). COVPQJND 8: R-Methyl

3-{{4-[ (di et hyl am no) car bonyl ] phenyl },[4 (2- 5

furyl met hyl ) pi per azi n-l-yl]rrethy car te O N H &l110 Using the
same nethod as for COVPOUND 1 an @E ATE 4a (200 10 ng, O0.47
nmml ) and 2-fural dehyde (58 O, 0 d 50 ng of COVPOUND 8. 'H
NVR (400 MHz, CD30D): 61.09 (m 3H) 1. Zﬁﬁm 3H), 2.32

C 5
o

Using the same method as for COMPOUND 1 and using INTERMEDIATE 4a (200
10  mg, 0.47 mmol) and 2-furaldehyde (58 0L, 0.70 mmol) afforded 50 mg of
COMPOUND 8. "H NMR (400 MHz, CD;0D): 6 1.09 (m, 3H), 1.22 (m, 3H), 2.32
(br s, 2H), 3.06 (br s, 2H), 3.24 (m, 4H), 3.40 (m, 2H), 3.51 (m, 2H), 3.72 (s, 3H),
442 (s, 2H), 4.44 (s, 1H), 6.53 (dd, J=1.8, 3.1 Hz, 1H), 6.71 (d, J = 3.3 Hz, 1H), 7.09
(m, 1H), 7.20 (m, 2H), 732 (d,J=8.2Hz, 2H), 7.55(d, J = 8.2 Hz, 2H), 7.67 (m,
15 1H), 7.70 (s, 1H). Anal. caled for CosHaeN4O4 x 1.6 CHF30: % 0.3 Hz0: C, 55.85;
H, 5.56; N, 8.09. Found: C, 55.76; H, 5.50; N, 8.25. M.S. (calcd): 505.28 (MH"), M.S. .
‘ (found): 505.27 (MH"). HPLC: k’: 6.00; Purity: >99% (215nm), >99% (254nm),
C, >99% (280nm). HPLC Conditions: Zorbax C-18, gradient 20-50% B in 25 min, flow:
1mL/min, 25°C, A: 0.1% TFA in Hz0, B: 0.1% TFA in CH3CN; Chiral Purity: >99%
20 (215nm), >99% (254nm), >99% (280nm), Retention time: 7.2 min; Chiral HPLC
Conditions: Chiralpak AD, 30 % IPA/70% hexane. Rotation: [o] '’p =-13.8° (c =
0.97, MeOH).

COMPOUND 9: S-Methyl 3-{{4-[(diethylamino)carbonyl]phenyl}{4-(3-
25 furylmethyl)piperazin-1-ylJmethyl}phenylcarbamate



s, 2H), 3.06 (br s, 2H), 3.24 (m 411), 3.40 (m 2H), 3.51 (m 2H, 3.72
3H), 4.42 (s, 2H), 4.44 (s, 1H), 6.53 (dd, J=1.8,3.1 Hz, 111), 6.71 (d,
3.3 Hz, 1H), 7.09 (m 1H), 7.20 (m 2H), 7.32 (d, J = 8.2 Hz, 2H), 7.55
, 4 =82 H, 2H), 7.67 (m 15 1H), 7.70 (s, 11-1). Anal. calcd for
C29H36NAO4 x 1.6 C2HF302 x 0.3 RGO C, 55.85; H 5.56; N, 8.09. Found: C,
55.76; H, 5.50; 8.25. MS. (calcd): 505.28 (M#4), MS. f ound): 505. 27
(MH+) . HPLC: R"OZ"%“’%E?‘” Purity: >99% (215nn), >99% (254nhyYSRl0dBeY (ogonm) .
HPLC Condi tions: Zorbax C-18, gradient 20-50%Bin 25 mn, flow 1nl/mn,
25C, AL 0.1% TFA in H20, B: 0.1% TFA in £H3CN, Chiral Purity: >99% 20
(215nm), >99% (254nm), >99% (280nn), Retention time: 7.2 mn; Chiral HPLC
Condi tions: Chiral pak AD, 30 %IPA/ [0% hexane. Rotation: [a] 170 =-13.8'(c=
0.97, MeOH). COVWPOUND 9: S- Met hy

3- {{4 1(di et hyl am no) car bonyl ] phe-nJyI} A> o

furyl met hyl ) pi perazi n-1-yl ] net hyl } pheny lt r babat e WO 2004/ 041802

PCT/ SE2003/ 001707 47 O HNO NH N j)si ng the sane nmethod as for
COMPOUND 1 and usi ng | NTERMEDI ATE 4b (20 ng, 0.47 mol) and 3-fural dehyde
(58 O, 0.70 mol) afforded 167 ng of¢ @5 COVPOUND 9. 'H NWR (400 MHz,
Ch30D): 6 1.09 (m 3H), 1.22 (m 3H),°2.32 (br s, 2H), 3.06 (br s, 2H),
3.24 (m 4H), 3.40 (m 2H) 351(m 2H) 372(s 3H) 442(s 2H) 4. 44
(s, 1H), 6.53 (dd, J=1. H}i@ S 09 (m
1H), 7.20 (m %Hﬂgfhr Sglzewhodfsfofe?oé“ UN?H)au ?SI%IN(T@RMEDUBTEZ“WOO 2H), 7.67
(m 14 7. 7OxdgboEkihod b mmhy@&éijmmmzmn HF302 X 05 oo

C, % 38 Hoagiud, SR EBBE o b P02 o 20l Souri 1y,
>99% ( 215nm) HQQ%PD,ZEGE'(Bi)s, 2H)>99%n§ 28030640 (m HERD . ﬂqm;lle),ons s, figy bax C- 18,
g1 36 ent 205030 PR iy it B 1A s 53T by 120 ©
{m, 1H), 7.20 (m, 2H), 732(d J=82Hz, 2H), 7.55 (d, I = 8.2 Hz, 2H), 7.67 (m,
1H), 7.70 (s, 1H). Anal. caled for CasHagN4Oyg % 2.0 C;HF30; x 0.5 HaO; C, 53.44;
10 H, 5.30; N, 7.55. Found: C, 53.42; H, 5.28; N, 7.68. M.S. (calcd): 505.28 (MH"), M.S.
(found): 505.27 (MH"). HPLC: k’: 5.99; Purity: >99% (215nm), >99% (254nm),
>99% (280nm). HPLC Conditions: Zorbax C-18, gradient 20-50% B in 25 min, flow:
imL/min, 25°C, A: 0.1% TFA in H,0, B: 0.1% TFA in CH;CN; Chiral Purity: >97%
(2150m) >97% (254nm) >97% (280nm), Rt: 13.8 min; Chiral HPLC Conditions:
15  Chiralpak AD, 30 % IPA/70% hexane. Rotation: [¢] ’p =+13.9° (c = 0.94, MeOH).

r
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J
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‘ COMPOUND 10: R-Methyl 3-{{4-[(diethylaminc)carbonyl] phenyl}[4-(3-
(, forylmethyl)piperazin-1-yljmethyl}phenylcarbamate

T OL
ol
o

20  Using the same method as for COMPOUND 1 and using INTERMEDIATE 4a (200
mg, 0.47 mmol) and 3-furaldehyde (58 pL, 0.70 mmol} afforded 119 mg of
COMPOQUND 10. 'H NMR (400 MHz, CD;0D): 8 1.09 (m, 3H), 1.22 (m, 3H), 2.32



(215nm) >97% (254mMm) >97% (280nnm), Rt: 13.8 mn; Chiral HPLC Conditions: 15
Chiral pak AD, 30 % | PA/ 70%exane. Rotation: [a] 17D =+13.9 (c = 0.94, M(OH).
*COVPOUND 10: R-Methyl 3-{[4-[(diethylam no)carbonyl]phenyl}[4-(3-

furyl met hyl ) pi perazi n-1-yl ] met hyl } phenyl carbamate 0 J ~..., NJ--O N H NJI
O 20 Using the same nethod as for COMPOUND | and using | NTERVEDI ATE 4a (200
ng, 0.47 nmol) and 3-fural dehyde (58 L, 0.70 nmol) aff of
COVPOUND 10. QVPI i\‘lﬂ/ﬁ#f"&oo Mz, CD3OD): 8 1.09 (m 3H), %qgﬁlz(oar?j%%eﬁ 2.32 WO
2004/ 041802 PCT/ SE2003/ 001707 48 (br s, 2H) 3.05 (br s, 2H), 3 21 (m 4H),
3.47 (m 414), 3.72 (s, 3H), 4.24 (s, 2H8 4.43 (s, 1H), 6.58 (m 1H),

709 (M 1), To20nfim 0241 5323 (%H)Jm% Bef8 7z, Hy e Rofds ) = B2

Hz, 2 H), d for

C29H36N404 x 1.(8 1@2@5@@ WHp7 9 de),dmfsle,@@,?ﬂ(d 82 By 2), 7855 (Found: G,
56.50; 5 H 5. C f ound 505. 27
W HPLC K': 15%22%3??35@63 @ggg) (7(?@@,?9) %)g% 254n lyl>§f90/§(280n2r) HPLC
Condi tions: Z&n#hetl«€: x4, %ﬁgd?Zé‘lﬁz%@a %—’@ Hyp- PPRS‘V\F 07 i n, 25C,

A 0.1% TFAsi ny H%@N @31%%%&'156 53 2 ;M@"'(fh@ld 8@5 Q’ﬁa&ﬂ{?%ﬂﬁé 215nm), >99%
(254nm), >99% (2 Ret ent i 0 PLC Condi tions:

Chiral pak AD, %06 %ﬂbmibﬁ%%lﬁé%rf'@%%?&w Bﬁg%w]onfﬁb HPLCGongitipps: = 1. 10,
McOH) . COVPOUNRobdx s Neidmat 2085064 Bd isdmatftb)al RaELAA, cza‘rcbgnwh%mmrwl p[4-(1H

i m dazol - 2-yl o net mate 0O H NCNTL

15 Using the gﬁéwl%@pfé %Fﬁcévé&m é{;&ﬂg i;ag%%/ DT%% 4a (200
(280nm), Retention time: 8.7 min; Chiral HPLC Conditions: Chiralpak AD, 30 %

C 10 IPA/70% hexane. Rotation: [a] 'p =-14.9° (c = 1.10, MeOH).

COMPOUND 11: R-Methyl 3-{{4-[(diethylamino)carbonyl]phenyl}[4-(1H-
imidazol-2-ylmethyl)piperazin-1-yljmethyl}phenylcarbamate

*ﬂm
o

15 Using the same method as for COMPOUND 1 and using INTERMEDIATE 4a (200
mg, 0.47 mmol) and 2-imidazolecarboxaldehyde (68mg , 0.70 mmol) afforded 141
mg of COMPOUND 11. 'H NMR (400 MHz, CD;0D): & 1.09 (m, 3H),1.23 (m,

C 3H), 2.82 (brs, 4H), 3.02 (brs, 4H), 3.24 (m, 2H), 3.52 (m, 2H), 3.73 (5, 3H), 3.98

(s, 2H), 5.03 (s, 1H), 7.27 (m, 3H), 7.42 (d, ] = 8.0 Hz, 2 H), 7.49 (m, 2H), 7.67 (d,J

20 =8.0Hz, 2 H), 7.84 (s, 1H). Anal. caled for CasH3eNsOs x 2.1 C;HF30; x 1.5 H0:
C, 50.16; H, 5.37; N, 10.90. Found: C, 50.06; H, 5.27; N, 11.02. M.S. (calcd): 505.29
(MH"), M.S. (found): 505.28 (MH"). HPLC: k’: 2.55; Purity: >98% (215nm), >97%
(254nm), >97% (280nm). HPLC Conditions: Zorbax C-18, gradient 20-50% B in 25
min, flow: 1mL/min, 25°C, A: 0.1% TFA in H,O, B: 0.1% TFA in CH3CN; Chiral

25  Purity: >99% (215nm), >99% (254nm), >99% (280nm), Retention time: 12.5 min;
Chiral HPLC Conditions: Chiralpak AD, 30 % IPA/70% hexane. Rotation: [a] ' =-
3.33° (c = 1.08, MeOH), |

N
1
H



ng, '0.47 mol ) and 2-i m dazol ecar boxal dehyde (68ng, 0.70 mmol) afforded 141
ng of COMPOUND 11. 1H NWR (400 MHz, CD30D): 5 1.09 (m 3H), 1.23 (m 3H),
2.82 (br s, 4H), 3.02 (br s, 4H), 3.24 (in, 2H), 3.52 (m 2H), 3.73 (s, 3H),
3.98 (s, 2H), 5.03 (a, 1H), 7.27 (m 3H), 7.42 (d, J =8.0 Hz, 2 H), 7.49
(m 2H), 7.67 (d, J 20 = 8.0 Hz, 2 H), 7.84 (s, 1H). Anal caled for
C23H36N603 x 2.1 C2HF302 x 1.5 H20: C, 50.16; H, 5.37; 10, 90, Found: C,
50.06; H, 5. 27O M S, (calcd): 505.29 (M), "égm?“?’?)‘{}?{’&) 505. 28
(MH). HPLC: k': 2.55; Purity: >98% (215m), >97% (254nm), >97% (280nn).
HPLC Conditions: Zorbax C-18, gradient 250%B in 25 mn, flow 1ni/mn,
25C, A 0.1% TFA in H2O, B: 0.1% TFA in CH3CN, Chiral 25 Purity: >99%
(215nm), >99% (254nm, >99% (280nm), Retention tine: 12.5 mn; Chiral HPLC
Condi tions: Chigaimpakngl2: SO1dhyif4y4 @fyammme)caﬁeﬁﬁfpmmu[ai g:]ynaﬁtn-— - 3.33 (¢
= 1.08, MOH). WO 2004/041502 PCT. 0Q3/ 001707 49 COVPOUND 12:
S- Met hyl 3- {{4- [Y{’B?talmeéﬂmb‘}’uﬂﬁﬂﬁ%he]’ FRERAPAtE 4- (pyri di n- 2-
yl met hyl ) pi perazi n- 1-yl ] net hyl } phenyl carbamate N-11-O N H NJI N 5 Using
the sane nmethod as for COMPOUND 1 and using | NTERVEDI ATE 4b (200 ng, O0.47
mol ) and 2-pyridi ne car boxal d?;é\ (46 ng,. 0.70 mmol ) afforded 213 ng of
COVPOUND 12. '"H NWMR (400 MHz, ) (Pn 3H), 1.22 (m 3H), 2.74
(br s, 411), 3.24 (m 2H) , 341( ) )Y 2H), 3.72 (s, 3H), 4.48
(s, 2H), 10 4.48 (s, 1H), 7.11 (m 1H),,"™21%m 2H), 7.33 (d, J = 7.7 Hz, 2
H, 7.43 (m 1H), 7.48 (m 1H), 7.57 (d/J = 7.7 Hz, 2 H, 7.73 (s, 1H),
7.89 (s, 1H, 8.66 (m 111). Anal. &;;1 for C30H37N503 1.5 C2HF302 x 1.2
n

-

H20: C, 55.96; H, 5.82; N, 10.01. Fo C, 55.93; H 5.73; N, 10.01. MS,
(cafcd): 516.30 (MH), MS. (found): 29 (MH). HPLC. k': 0.88; Purity:

;?20“ ((a ﬁ t15gg? 803%%%/%@ %&mﬂéthodf Q%K@b%ﬁﬂﬁ'ﬁﬁn 13a§d ﬂE’dﬁN@@Mlb&ﬁ% apieagpax G 18,
mg, 0.47 mmol) and 2—pyndme carboxaldehyde (76 mg 0.70 mmol) afforded 213 mg
of COMPOUND 12, 'H NMR (400 MHz, CD;0D): § 1.08 (m, 3H), 1.22 (m, 3H),
2.74 (br s, 4H), 3.24 (1o, 2H), 3.41 (n, 4H), 3.51 (m, 2H), 3.72 (s, 3H), 4.48 (s, 2H),

10 4.48 (s, IH), 7.11 (m, 1H), 7.21 (m, 2H), 7.33 (d, ] = 7.7 Hz, 2 H), 7.43 (m, 1H), 7.48
(m, 1H), 7.57 (4, = 7.7 Hz, 2 H), 7.73 (s, 1H), 7.89 (s, 1H), 8.66 (m, 1H). Anal.
caled for CyH39NsO; 1.5 C:HF;0, x 1.2 H,0: C, 55.96; H, 5.82; N, 10.01. Found:
C, 55.93; H, 5.73; N, 10.01, M.S. (caled): 516.30 (MH"), M.S. (found): 516.29
(MH"). HPLC: k*; 0.88; Purity: >99% (215nm), >99% (254nm), >99% (280nm).

15 HPLC Conditions: Zorbax C-18, gradient 30-80% B in 25 min, flow: 1mL/min, 25°C,
A:0.1% TFA in H;0, B: 0.1% TFA in CH;CN; Chiral Purity: >95% (215nm}), >99%

- (254nm), >99% (280nm), Retention time: 12.9 min; Conditions: Chiralpak AD, 30 %
Q IPA/70% hexane. Rotation: {¢] 'y = +16.5° (c = 1.24, MeOH).

20 COMPOUND 13: R-Methyl3-{{4-[(diethylamino)carbonyl}phenyl} [4-(pyridin-2-
ylmethyl)piperazin-1-yljmethyl}phenylearbamate -

T
SN



A 0.1 %TFAin H20, B: 0.1 % TEA in CH3CN;, Chiral Purity: >99% (215nn),
>99% (254nm, >99% (280nn), Retention tinme: 12.9 mn; Conditions: Chiral pak
“AD, 30 % | PA/70% hexane. Rotation: [a] 16D =+16.5 (¢ = 1.24, MOH. 20
COVPOUND 13: R-Met hyl 3-{{4-[ (di et hyl am no) car bonyl ] phenyl } [ 4- (pyri di n- 2-

yl met hyl ) pi perazi n- 1-yl ] net hyl } phenyl carbamate 0 O J I / wan IHNO (H)
HN Y WO 2004/ 041802 PCT/ SE2003/ 001707 50 Using the sane nethod as for
COVPOUND 1 anWOa¥¥MS8®NTERMVEDI ATE 4a (200 ng, 0.47 mmBFYSEASOUHyri di ne
car boxal dehyde (76 rrg, 0.70 mml) afforded 187 ng of COVPOUND 13. 'H NWR
(400 MHz, CD30OD): 5 1.08 (m 3H), 1.21 (s;n¢ 3H), 2.75 (br s, 4H) 3.24 (m
2H),341(m4 , 3.51 (m 211), 2 4.48 (s,
111), 7.11 (m U ;Ppgthﬂvanzﬂom(ﬂ?ﬁ agMCOM%%Ul§91@dw1®IUTFB&@ 'i) 4?(21@ (m 1H),

7.48 (M 1H), mg, &4 hdel) dra>- ﬁn&*@arbo&alhﬁh de7(7Z ﬁn (870 ilﬂlﬂl)ol aFfona&l (89mgll-1), 8.66
(m 1H). Anal. cal cd for H37N503 . x HE302 X H2O 55.42; H,
5.61; N, 9.67. “FAMFOUND I%SHWHOO%“@CD@%%@S (lm%ﬂ ’(%la(Pb  516. 30

(), 5, (Tt Saatal i g ol o g it 21600
B i n0 25 m n f 1‘2%&2{ ‘(}ﬁL’?ﬁn&F IEE%)%%\“ 2%807 @'& #’HQ%SX@J’ !L’éf%&g\ in CHSCN, ’
| Chiral Pgrl ty (11?93%7(521@3#)801%9%), (B3 NH), 7.89 9O Y, 288(111;)11—1) ReiaERt ;gzet i me:
Rot at i on: [ o] G0 eyt PR O A GG Saadb s il dr Fungane.
S- Met hyl 3- {{4 C(58i461 TRyA. RNy M- D Gaaled): pHstME N M. Py(fouatl)r514.28 QMHBt hyl )
pi perazi n- 1-yl Rt Ayl oh PRI | 584 DT L 5889 (254nm), >99% (280nm). HPLC
C ) 10  Conditions: Zorbax C-18, gradient 20-50% B in 25 min, flow: ImL/min, 25°C, A:
0.1% TFA in H,0, B: 0.1% TFA in CH;CN; Chiral Purity: >99% (215nm), >99%
(254nm), >99% (280nm), Retention time: 11.3 min; Chiral HPLC Conditions:
Chiralpak AD, 30 % IPA/70% hexane. Rotation: [} "% =-15.4° {c=1.01, MeOH).

15 COMPOUND 14: S-Methyl3-{{4-[(diethylamino)carbonyllphenyl}[4-(pyridin-4-
'ylmethyl) piperazin-1-yl} methyl}phenylcarbamate

S

N 2=

C _ Using the same method as for COMPOUND 1 and using INTERMEDIATE 4b (200

| mg, 0.47 mmol) and 4-pyridine carboxaldehyde (76 mg , 0.70 mmol) afforded 217 mg

20 of COMPOUND 14. 'H NMR (Free Amine, 400 MHz, CDCl;): 6 1.09 (br s, 3H),
1.21 brs, 3H), 2.43 (m, 8H), 3.24 (brs, 2H), 3.50 (s, 2H), 3.51 {brs, 2H), 3.76 (s,
3H), 422 (s, 1H), 6.63 (s, 1H), 7.10 (m, 1H), 7.22 (m, 4H), 7.28 (d, J = 8.2 Hz, 2 H),
7.42 (Ih, 1H), 7.42 (d, ] = 8.2 Hz, 2 H), 8.52 (5, 2H). Anal. caled for C30H37NsO5 x
1.9 C;HF;0; x 1.8 H;0: C, 53.09; H, 5.60; N, 9.16. Found: C, 53.04; H, 5.60; N,

25  9.18. M.S. (caled): 516.30 (MH"), M.S. (found): 516.28 (MH"). HPLC: k’: 2.69;
Purity: >99% (215nm), >99% (254nm), >99% (280nm). HPLC Condiﬁons: Zorbax
C-18, gradient 20-50% B in 25 min, flow: ImL/min, 25°C, A: 0.1% TFA in H;0, B:



i--NO J I HI N1--0 (N H N Using the same nethod as for COMPOUND | and
usi ng | NTERVEDI ATE 4b (200 ng, 0.47 nmol) and 4-pyridi ne carboxal dehyde (76
"mg, 0.70 mmol) afforded 217 ng 20 of COMPOUND 14. 'H NMWR (Free Am ne, 400
MHz, CDC13): S 1.09 (br s, 3H), 1.21 br s, 3H), 2.43 (m 8H), 3.24 (br s,
2H), 3.50 (s, 211), 351(br s, 2H), 3.76 (s, 3H), 4.22 (s, IH, 6.63 (s,
1H, 7.10 (m 1 22 m4H) 7.28 (d, J = 8.2 Hz, I H),
7.42 (d, J = ‘8’05%‘1‘1(2418‘*2 , 8.52 (s, 2H). Anal. calcd fd’FF?é?&BIl’té"?N%%B x 1.9
C2HF302 x 1.8 H2G C, 53 09; H, 5.60; N, 9.16. Found: C, 53.04; H, 5.60; N,
25 9.18. MS. (calcd): 516.30 (MH), MS3; (found): 516.28 (MH). HPLC k':
2.69; Purity: >99% (215m Cﬁ >99% (}554n >99% (280nm) . HPLC Conditions:
Zorbax C- 18, eréﬁTF&’P% o@%}%l? BINP (2159t Y (#4994 €80nm), 0. 105 TFA
in H2O, B: WO 2eR#ion4itB02 e Sh0ABLO0n6Ribns: Shzrﬂpaic%ﬂl%e\% PAGORCN, Chir al

Purity: >99% (215nm.,, >99% (254 >999 Retention tinme: 12.9 mn;
Chiral HPLC Co ﬁa’i’n%‘ﬂ% IJCﬁ]rﬁl pgg’3 ]S%fé%zﬁggg/ 70% hexane. Rotation: [a]
161, = +10.3 (c = 1.25, MeOH). 5 COMPOUND 15:

R- Met hyl 3- {{4- nyl }{ 4- i.di hyI)

pi per azi n- 17yl {Cbmwggeﬁa‘%“é@#ﬁ%@gﬁ lxml’{gﬂmg’ggphf?qu{p’% o Using

t he sane net hoglonathyl)opip CRNROINDnéthddenydcanigpnktl ERVEDI ATE 4a (200 ng, 0. 47
nmol ) and 4-pyridi ne carboxal dehyde (Z,6 ng, 0.70 rrm)l) afforded 247 ng 10

of COVPOUND 15. |H NMR (Free Anine,.: ou S1.09 (br s, 3H, 1.21
br s, 3H), 2.45 (m 8H), 3.24 (br Sg 3.51 (br s, 2H),
+3.76 (s, 3H), 4.22 (s, 1H), 6.64 ( ONmJ 1|—|) 7.22 (in, 4H), 7.28

(d, J =8.2Hz, 2 H, 7.42 (m 1H), 742[(‘3 J=8.2 Hz, 2 H), 8.52 (d, J =
5. 7(Hz, 2 H. Anal. calcd for

J\
N 2=

Using the same method as for COMPOUND 1 and using INTERMEDIATE 4a (200
mg, 0.47 mmol) and 4-pyridine carboxaldefayde (76 mg , 0.70 mmol) afforded 247 mg

10 of COMPOUND 15. 'H NMR (Free Amine, 400 MHz, CDCly): 0 1.09 (br s, 3H),

1.21 brs, 3H), 2.45 (m, 8H), 3.24 (brs, 2H), 3.50 (s, 2H), 3.51 (brs, 2H), 3.76 (s,
3H), 4.22 (s, 1H), 6.64 (s, 1H), 7.10 (m, 1H), 7.22 (m, 4H), 7.28 (d, ] = 8.2 Hz, 2 H),
742 (m, 1H), 7.42 (d, ) = 8.2 Hz, 2 H), 8.52 (d, J = 5.7 Hz, 2 H). Anal. caled for
CipH37Ns03 x 2.6 C;:HF30:2 % 1.0 B,0: C, 50.93; H, 5.05; N, 8.44 Found: C, 50.89;

15 H, 5.07; N, 8.50. M.S. (calcd); 516,30 (MH®), M.S. (found): 516.28 (MH"). HPLC:
K’: 2.69; Purity: >99% (215nm), >99% (254nm), >99% (280nm). HPLC Conditions:

C Zotbex C-18, gradient 20-50% B in 25 min, flow: 1mL/min, 25°C, A: 0.1% TFA in

H:0, B: 0.1% TFA in CH3CN; Chiral Purity: >99% (215nm), >99% (254nm), >9%%
(280nm}, Retention time: 16.3 min; Conditions: Chiralpak AD, 30 % ]PA!?O%

20  hexane. Rotation: [0] '*p =- 8.1° (c = 1.10, MeOH).

COMPOUND 16: R-Methyl3-{{4-[(diethylamino)carbonyl]phenyl}[4-(1,3-
thiaiol-?.—ylméthyl)-piperazin-l-yl]methyi}phenylcarbamate



C3DH37N503 x 2.6 C2HF302 x 1.0 HRO C, 50.93; H, 5.05; N, 8.44 Found: C,
50.89; 15 H, 5.07; N, 8.50. MS. (calcd): 516.30 (MN, MS. (found): 516.28
*“(MA). HPLC: Kk': 2.69; Purity: >99% (215nm), >99% (254nn), >99% (280nm .
~HPLC Conditions: Zorbax C 18, gradient 20-50%B in 25 mn, flow 1nmL/mn,
25C, AL 0.1% TFA in H20 B: 0.1% TFA in CH3CN, Chiral Purity: >99% (215nm,
>99% (254nm), >99% (280nn), Retention tine: 16.3 mn; Conditions: Chiral pak
AD, 30 % | PA/ wo%wid@4isexane. Rotation: [a)'61) = - 8. 10 yaw/sezodz/@dOp7 MeCH) .
COVPOUND 16: R-Met hyl 3-{{4-[ (di et hyl am no) car bonyl ] phenyl }[4-(1, 3-
t hi azol - 2-yl met hyl ) - pi perazi n- 1-yl | mret tyl } phenyl carbamate WO 20041041802
PCT/ SE2003/ 001707 52 0 J " an O Nk-O"N HNJ N Using the sane nethod as
for COVWPOUND 1 and using | NTERVEDI@ATE 4a (140 ng, 0.33 nmol) and 2-thiazol e
car boxal dehyde (45 ng, 0.39 mrety rd 8501y of COVPOUND 16. 1H NWR
(Free Amine, 400 MHz, CDC3): 8 2.0 34, C51.21 br s, 3H), 2. 44
(br s, 4H), 2.61 (br s, 4H), 3.23 (br s, 214), 3.51 (br s, 2H), 3.76 (s,
3H), 3.88 (s, 2H), 4.23 (s, 1H, 6.61Ks 1H, 7.11 (m 1H, 7.23 (m 3H),
7.28 (d, J =8.2 Hz, 2 H), 7.41 (m 1°¥), 7.43 (d, J = 8.2 Hz, 2H) 7.70 (d,
J =3.3Hz, I H. MS. (calcd): 523; (MH), MS. (found): 522.2 (WMH) HPLC
k': 4.09; Purity: >99% (215nm), >99%(254nn), >99% (280nm). HPLC
Condi tions: Zorbax C-18, gradien -50% B in ni flow 1 nml/mn,
25C, A O 1% TE"§He %m&%‘."déﬁ f%%%ﬁ’&“%qztﬁm ,“g!ﬁfﬁﬁ%“%ﬁﬁéirw.a (18899 (215nm),
>99% (254nn) , =PI EARAUIN 2-tiRefokthibotuldehyde®ds iy . 3%nrol CiffordY 85k C
Condi ti ons: Chi 9 70%.he tion. .[a 6D = -12.08
(¢ = 1.01, M%&@BM&E}M Tee Aj:gme, é&ﬂ&ﬂz, &%lﬁ: 55?89 G:Irs,]ﬂ-l:},
[ 3-@1 4- [ ( di Bt hy2ebrisBH)C 26 Gny,|4Hlpertbrs] 4H)( D2foyd, 08), BAT)(bils; 2H), 3.76
pi-per azi nyl ] mef hugh 1 phaW B ek & AR 80, 3%h G, ABLTH (S 3HEY 28 (4,7

= 8.2 Hz, 2 H), 7.41 (m, 1H), 7.43 (d, ] = 8.2 Hz, 2H) 7.70 (d, ] = 3.3 Hz, 1 H). M.S.

(caled): 522.3 (MH"), M.S. (found): 522.2 (MH') HPLC: k’: 4.09; Purity: >99%

- (215nm), >99% (254nm), >99% (280nm). HPLC Conditions: Zorbax C-18, gradient
10  20-50% B in 25 min, flow: 1mL/min, 25°C, A: 0.1% TFA in H,Q, B: 0.1% TFA in

CH,CN,; Chiral Purity: >99% (215nm), >99% (254nm), >99% (280nm), Retention

time; 9.5 min; Chiral HPLC Conditions: Chiralpak AD, 30 % IPA/70% hexane.

Rotation: [¢] ' =-12.08° (¢ = 1.01, MeOH).

15 COMPOUND 17: [3-[[4-[(diethylamino)carbonyl]phenyl][4-(phenylmethyl)-1~
piperazinyljmethyl]phenyl]methyl-carbamic acid, methyI ester

oL

(/]

o

20 INTERMEDIATE 3 was methylated with sodium hydride/methyl iodide and the Boc

group cleaved with TFA. The secondary amine was reacted with benzaldehyde and



-- 01 Ix N/ ON O CN) N 20 |INTERVEDI ATE 3 was nethyl ated with sodi um
hydr| de/ net hyl iodide and the Boc group cleaved with TFA. The secondary
‘am ne was reacted with benzal dehyde and WO 20041041802 PCT/ SE2003/ 001707 53
sodiumtri acet oxyborohydride to give racem ¢ COVPOUND 17. This material was
purified by chiral HPLC on Chiral pak AD 25 % Et OH/ 75% Heptane to yield
enantionerically pure COWPOUND 17. 'H NMR (400 WHz, CD30D): ~ 1.09 (m 3H),
1.22 (m 3H), WR.28W/0¢1592 2H), 3.05 (m 2H), 3.25 (m 4H) PCISEROYYWITOBH) 3. 40
(m 5 2H), 3.51 (m 2H), 3.83 (s, 31f), 4.34 (s, 2H),  4.50 (s, 111), 7.15
(m 1H), 7.32 (m 4H), 7.43 (s, IH, 7.49 (s, 5H), 7.55 (d, J = 8.2 Hz, 2
H. MS. (calc'd): 529.3 (MH#), MS. (found): 529.2 (M#). HPLC Kk': 2.42;
Purity:. >99% é@lﬁmh}acetw@mt(yéﬁdtrtq)gjve rmﬁg%(((ﬂﬂbﬁw.l) Do rithis matersal wAor bax C- 18,

gradi ent 20- 509 I 20, B: 0. 1%
TFA in CH3CN, é&‘%r al )I%u rulqit ?/ﬂ) L& hl(sh% Sfigé nl#)é Ig%ﬁ)%é‘g%n)
Retention ti rreena?ltl@leﬂmlh pu@&@me 17. |NMR|6‘&!Q CB0D}: | PA/0PES% hexane.

[a] 16D = -15. §ﬂ (1927 ,23'}/%9“9 63%4?%)\‘[3215% 4H), 3.25 (s, 3H), 3.40 (m,

[3-[(S)- [4-[(d|eh am carbo pheny
pyri di nyl rreﬁhyPI)i),ﬁﬁ;bl(ﬁe?- A K9 Hﬁ“]%ﬁéﬁy‘& §a Scblﬁ)badﬁ ématid 7.3Adémhy| ester

15 10 1N | “yp 7ls X0, My Q1den, £30XGN Veinyd 2 6hhesbac R § afig2mt, 0. 54
mrol ) and zinc du r’rg I
(found) 52 fZ( ). HPLC 242 Punty >99% (215nm), >99% (254nm), -
>99% (280nm). Conditions: Zorbax C-18, gradient 20-50% B in 25 min, flow:
1mL/min, 25°C, A: 0.1% TFA in Hy0, B:0.1% TFA in CH,CN; Chiral Purity: >99%
( 10 (215am) >98% (254nm) >99% (280nm), Retention time: 7.01 min; Conditions:
Chiralpak AD, 30 % IPA/70% hexane. [a] '’ =-15.69° (c = 1.06, MeOH).

COMPOUND 18: [3-[(5)-[4-[(diethylamino)carbonyl]phenyl] [4-(3-
pyridinylmethyl)-1-piperazinyljmethyl]phenyl]- carbamic acid, methyl ester
15

TOUOA,

C’ Methyl chloroformate (0.042mL, 0.54 mmol) and zinc dust (35mg, 0.54 mmol) were

stirred together in 3 mL of dry toluene at room temperature under nitrogen for 10

20 minutes. A 8 mL toluene solution of INTERMEDIATE 14 (247mg, 0.54mmol) was
then added dropwise and the reaction mixture was stirred at room temperature for one
hour. The solution was then diluted with dichloromethane and filtered. The organic
phase was washed with saturatgd NaHCO; solution, brine and dried over anhydrous
Na,S0,. The product was purified by silica gel flash chromatography eluting 30%

25  hexanes in acetone rising to 27% hexanes, 3% methano! in acetone to afford
COMPOUND 18. 'H NMR (400MHz, CDCl;) 51.09 (br s, 3H), 1.21 (br s, 3H),
2.31-2.54 (m, 8H), 3.23 (br s, 2H), 3.47-3.56 (m, 4H), 3.76 (s, 3H), 4.21 (s, 1H), 6.68



stirred together in 3 nL of dry toluene at roomtenperature under nitrogen
for 10 20 mnutes. A 8 nL toluene solution of | NTERVED ATE 14 (247ny,
0.54mmol ) was then added dropw se and the reaction nmixture was stirred at
roomtenperature for one hour. The solution was then diluted with

di chl oromet hane and filtered. The organic phase was washed with saturated
NaHCO3 sol ution, brine and dried over anhydrous Na2SO4. The product was
purified by siWQ@a‘”‘UéﬁWflash chromat ogr aphy el uti ng 308OBMBEWEHES | n
acetone rising to 27% hexanes, 3% net hanol in acetone to afford COVPOUND
1S. 'H NWR (400MHz, CDCI3) 5 1.09 (br s,53H), 1.21 (br s, 3H), 2.31-2.54
(m 8H), 3.23 (br s, 2H), 3.47-3.56 (m 4H), 3.76 (s, 3H), 4.21 (s, 111),
6. 68 WO 2004/ 04ﬁx&OEH)PUI3SEZ@OQIIHQLEU?&JH),7(1&ﬂ2§(m13ﬂ-l)),,72Z’(®,8=(ﬁ$6HzJ = 7.21Hz

5 oot oy 7 5k (O Dot e O oty Pl ey Ladg | -

1. 60Hz, 111) a@ﬁtz(zao 83524d,7 =7\6MHlz, lim)Fmﬁdmdel:H 5aém,loml 6. 76 N '10. 71.

C30H37N503 x 1. i H 76 N 10 70
% 5 MS. (calcofﬁ%%’ié %d(j{%)ﬁ(‘q * ‘f" i:i SQES?SQ?N °7E< 4. 27
Purity: >989% (ML3Spay'd): SHGRMEE Wfouadé)g‘bkﬁ@ hﬁPL@dhdH'f‘aBmty Zor bax C 18,
gradient 10- 59%«%(21@1]:3 %%(zsﬁhﬁy\@d mlﬁy CéRtiond Zofhal ¥ 1B Aadidht H2O, B: 0. 1%
TFA in CH3CN, Chiral Purit >9905 (21 >98% (254n >99% (280nm) ,
Retention ti mdfd-5@%E6n Ay min, dew:rial/mip 26 @llﬁ%*n%a ‘AlppalEAND, 50 %

et hanol / 50% hexgneN umslﬁgt B0 51D)] >0RY% (254f 0% 280D KetedetH) .  COMPOUND

19: [3-[(9)- [4[ dj et nyl enyl |

t hi azol yl met hy® g é%’ é@fﬁ‘ﬁ%‘—ﬁé@ﬁw %)ﬁg‘l‘ﬂ]/‘%/}‘A[Dca %’a?ma&fﬂfée‘i’&exaﬁ%t hyl ester
[\ CND NO015RMatidny[a] 5+ o1.61° (r-aetdy, MROAR1N., 0.40 mmol) and zinc dust
(26ng, 0.40 mml) were stirred together in 2 nL of dry toluene at room
tenperature under nitrogen for 10 mnutes. A5 nL tol uene sol ution of

| NTERVEDI ATE  1E0NMBZASD 10: (3065t [(disthgla@irodagonpilihenyl 4w se and t he
reaction mxt “Eh?az\ﬁﬁﬁne?ﬁﬁf-f-ﬁﬁler%&inﬁﬂﬁ?éﬂ.}lﬁ:%%ﬁ]@Ea%E‘m{c%d?:ﬂ&hyl ester

<8
®
&

Methyl chloroformate (0.031mL, 0.40 mmol) and zinc dust (26mg, 0.40 mmol) were

15

stirred together in 2 mL of dry toluene at room temperature under nitrogen for 10
_minutes. A 5 mL toluene solution of INTERMEDIATE 15 (185mg, 0.40mmol) was
20  then added dropwise and the reaction mixture was stirred at room temperature for one
hour. The solution was then diluted with dichloromethane and filtered. The organic
phase was washed with saturated NaHCO; solution, brine and dried over anhydrous
Na;S0;4. The product was purified by silica gel flash chromatography eluting 30%
hexanes in acetone rising to 27% hexanes, 3% methanol in acetone to afford
25 COMPOUND 19. 'H NMR (400MHz, CD;0D) & 1.06 (t, J = 6.49Hz, 3H), 1.19 (¢, J
= 6.93Hz, 3H), 2.90-3.10 (m, 2H), 3.17-3.25 (m, 2H), 3.33-3.42 (m, 4H), 3.45-3.52



hour! The solution was then diluted with dichloromethane and filtered. The
organi ¢ phase was washed with saturated NaHCO3 sol ution, brine and dried
over anhydrous Na2SO4. The product was purified by silica gel flash

chromat ography eluting 30% hexanes in acetone rising to 27% hexanes, 3%
met hanol in acetone to afford 25 COVPOUND 19. 'H NWR (400MHz, CD30D) 5 1.06
(t, J = 6.49Hz, 3H), 1.19 (t, J = 6.93Hz, 3H), 2.90-3.10 (m , 3.17-3.25
(m 2H), 3.33-Woa4P4p024H) 3. 45-3. 52 VO 2004/ 041802 PCECH Eﬁ@ @71707 55
(m 2H), 3.70 (s, 3H), 4.59 (s, 2H), 7.16-7.23 (m 1H), 7.26 (d, J = 4.00Hz,

2H), 7.36 (d, J = 81Hz 2H) 765(d5§—732Hz 2H) 7.73-7.8 (m 2H).
7.88-7.93 (m 1H). . C2sH35N503S X

0. 90H20 1. SHCI §H<133 7!965 ?159 4|—F9 s, GH%l?lﬁ\F 231(P=8§%72ﬁ/|(d3,3 =(¢¢9Hg' ZH? 73822 .3 (MR),
MS. (found): 5@2;j27&Mt bH), b @, 1k'7:3282 QH?QJBH‘HCHI )ZH) 72806 >99%

254 , >99% ( 80 diti Z t 2 A) B 25
1£ I ow.rm? mL./ m n, ng“ go n@@?ﬁ%] ﬁﬁsﬁ%ﬂl{”lﬁ}‘cbs 18/09‘?%@611 I?ﬁé]ﬁlﬂ’(ﬁ S6CHi ITI:aIn Pur |mt 9
>99% (215nm) >9@% (1\25148IIV}. M%‘a%mc(dx&Qmmmm@w(fmﬂ) s 1 @Lovkn; Chiral

TSLSP’C?Qd':t'l 06 M’I L2l 9%@@?{@,%%%@5% @Kw{%&%aaomxtrgg; Lon: [al D=

3-{(R-{4-[(di ett:-hylgamdnozmm/bbhyls]mhﬁmw }r[JEJn'('ﬂ,ZS"C A 0.1% TFA in H,0,

t hi azol - 4-yl et I te CNN SY 15
To a solution 01?}5 'ﬁ??:\ Iy pu’rl%}}lﬁai\ﬁ]@!\/%ﬁ&@%é %g§ %E %Q‘%Vg)mml) in4m
of DM was adC{éﬂﬂﬂKﬂmn(l@l @2 80. 31)131@80h1r8bH)’L©5dnd1nons ChlralpakAD 30%

4- (chl or onet hyl b 6 0. d the m xture was

heat ed at 60 C%Q/aJelrﬁ]P ‘{H ihgmastgoﬂ 919 vapor’g%eg ‘and the crude nateri al
was él ssol v&ldl in di chI or oret hane, vvashed with 20 water then brine. The
organic extr actcunoiniosh: Al MAGSRLI b ESScARhEAISAAILAL o L0 of ve
crude product that was purif ¥ rever se phase (gradient 5-50 %

CH3CN in H2O cdhtﬂaqlﬁr}ﬂmefhll)merm tYBmgﬁhW’éP*@@MW‘ZO (0.030 g,

o]
IO,
N
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To a solution of optically pure INTERMEDIATE 4a (0.150 g, 0.35 mmmol) in 4 ml of
DMF was added KzCO; (0.122g, 0.88 mmol) and 4-(chloromethyl)-1,3-thiazole . _
( (0.066 g, 0.39 mmol) and the mixture was heated at 60 °C overnight. The solvent was
evaporated and the crudé material was dissolved in dichloromethane, washed with
20  water then brine. The organic extract was dried over Nay8Qy, filtered and
concentrated to give crude product that was purified by reverse phase HPLC (gradient
5-50 % CH3CN in H>O containin 0.1 % TFA) to give COMPOUND 20 (0.030 g,
11.3% yield) as the TFA salt. This material was lyophilized from CH3CN/H,0O to
produce white powder, 'H NMR (400MHz, CD,0D) & 1.09 (t, ) = 6.6 Hz, 3H), 1.22
25  (t,J=6.8 Hz, 3H), 2.36 (br s, 2H), 3.04 (br s, 2H), 3.19-3.35 (m, 4H), 3.42 (br 5.,
2H), 3.51 (g, J = 6.6 Hz, 2H), 3.72 (5, 3H), 4.45 (s, 1H), 4.52 (5, 2H), 7.10 (dt, T = 1.5,
7.0 Hz, 1H), 7.16-7.24 (m, 2H), 7.33 (d, J = 8.4 Hz, 2H), 7.56 (d, ] = 8.2 Hz, 2H),
7.71, (s, 1H), 7.84 (s, 1H), 9.1 (s, 1H). Purity (HPLC): >89% (215nm), >99%



11.3%yield) as the TFA salt. This material was |yophilized from CH3CN H20
to produce white powder. 'H NVR (400MHz, CD30D) S 1.09 (t, J = 6.6 Hz, 3H),

.1.22 25 (t, J = 6.8 Hz, 3H), 2.36 (br s., 2H), 3.04 (br s., 2H), 3.19-3.35

(m 4H), 3.42 (br s., 2H), 3.51 (g, J = 6.6 Hz, 2H), 3.72 (s, 3H, 4.45 (s,
| H, 4.52 (s, 2H), 7.10 (dt, J = 1.5, 7.0 Hz, 1H), 7.16-7.24 (m 211),
7.33 (d, J =8.4 Hz, 2H), 7.56 (d, J =8.2 Hz, 2H), 7.71, (s , 7.84 (s,
111), 9.1 (s,VaPP4O4BR| ty (HPLC): >89% (215nm), >99%V\b‘3§’6%f§193@ﬂ‘%@)2

PCT/ SE2003/ 001707 56 (254nrn), >99% (280nn); Condltlons Zor bax C- 18,
gradient: 10-95%B in 25 nmin, flow Im4erin, 40 C, A - 0.1%Formic Acid in
H2O, B - 0.1%Formc Acid in N, Chiral rit 9%, (21 >99%
(254m), >99% ((%B’th?égﬁg%@?m%%}%gh@%?'l dXe@bﬁ&PM%’rﬁgS@Fﬂral pak AD
50% PA/ 50%examiew: Rolt/akid, a0t ¢, &]-' 0SI% FormikAAcid l(ucﬂzoﬁa =0.0%88midB&klin COVPOUND 21:
Met hyl 3-{(S)-4{4- a ).car bo I

t hi azol - 4- yl mwgh‘ﬁ“éﬁ’é&?%?&ﬁ 3 %%‘%Z‘ﬁé %?/b&ﬁr%“@ Retentipn §ngy | | NaQY
CAN) 10 ~" To 667813111 (@ohditionsf CharplpalcsiD lswwm%ﬂwaﬁammxeﬂﬁ]%—(g 785 g, 0.53

mmol) in 4 0.8 qg(F ﬁ?s added K2CO3 (0.183g, 1.33 mml) and

4- (chl orone hyI) JB. ? azole (0.099 g, 0.58 mmol ) and the m xture was
heated at 60 C overnight. The solvent was 15 evaporated and the crude
mat eri al was di ssolved in dichloronmethane, washed with water then brine.

The organic exmweompm!rMadymm-{mlq@mlmﬁinbﬁ%eﬁiy@ndayl}wugentrat ed to

gi ve crude product. that Spurl hase HPLC (gradient C 5-50
% CH3CN i n HZOg'é H.{P’ﬁi‘eﬂ‘m’@?’ Z"I‘IQAP?P"E‘%’YY&P@ 21(0.166 g, 41.7%
yield) as the TFA salt. This material was |yophilized from CH3CN H2O to 20
progiuce white powg "H NWVR (400MHz, CD30D) 5 0.97 (t, J = 7.2 Hz, 3H),

1. 1% (t, J = 6~/ b 2 25 (br-s., 2H), 2.91 (br s., 2H), 3.07-3.21
(in, 4H), 3.31 (,br 2y X341 (q, J = 6.8 Hz, 2H), 3.61 (s, 3H), 4.34
(s, 1H), 4.41 (s, %6.99 (dt, J = 1.6, 7.0 Hz, 1 H, 7.05-7.13 (m 2H),
7.22(d,J=82Hz EH) 7.45 (d, J = 8.2 Hz, 2H),

To a solution of optically pure INTERMEDJIATE 4b (0.225 g, 0.53 mmol) in 4 ml of
DMF was added K2CO; (0.183g, 1.33_ mmol) and 4-(chloromethyl)-1,3-thiazole
(0.099 g, 0.58 mmol) and the mixture was heated at 60 °C ovemight. The solvent was

15  evaporated and the crude material was dissolved in dichloromethane, washed with
water then brine. The organic extraci was dried over Na;SQy, filtered and
concentrated to givé crude product that was purified by reverse phase HPLC (gradient

(; 5-50 % CH3CN in H;O containin 0.1 % TFA) to give COMPOUND 21 (0.166 g,
41.7% vield) as the TFA salt. This material was lyophilized from CH;CN/H,0 to

20  produce white powder. 'H NMR (400MHz, CD;0D) § 0.97 (t, ] = 7.2 Hg, 3H), 1.11-
{t,] = 6.8 Hz, 3H), 2.25 (brs., 2H), 2.91 (br 5., 2H}), 3.07-3.21 (m, 4H), 3.31 (brs.,
2H), 3.41 (q, ] = 6.8 Hz, Z2H), 3.61 (s, 3H), 4.34 (5, 1H), 4.41 (5, 2H), 6.99 (dt, J = 1.6,
7.0 Hz, 1H), 7.05-7.13 (m, 2H), 7.22 (d, T = 8.2 Hz, 2H), 7.45 (d, J = 8.2 Hz, 2H),
7.60 (s, 1H), 7.74 (d, T = 2.0 Hz, 1H), 8.99 (d, J = 2.0 Hz, 1H), 9.13 (s, 1H).

25  Anal.caled for CogHasNsOa8 x 1.8TFA x 1.1H,0: C, 50.83; H, 5.26; N, 9.38. Found:
C, 50.82; H, 5.23; N, 9.33. MS (caled): 552.2 (MH+), MS (found): 552.2 (MH+).
Purity (HPLC): >99% (215nm), >99% (254nm), >99% (280nm); Conditions: Zorbax
C-18, gradient: 10-95% B in 25 min, flow: !mL/min, 40° C, A - 0.1% Formic Acid in



7.60 (s, 1H), 7.74 (d, J = 2.0 Hz, 1H), 8.99 (d, J = 2.0 Hz, 111), 9.13 (s,
1H). 25 Anal.calcd for C2sH35N503S x 1.8TFA x 1.1H20: C, 50.83; H, 5.26; N,
'9.38. Found: C, 50.82; H, 5.23; N, 9.33. M5 (calcd): 552.2 (MH), M
(found): 552.2 (MH). Purity (HPLC): >99% (215nm), >99% (254nm, >99%
(280nm); Conditions: Zorbax C-18, gradient: 10-95%B in 25 mn, flow 1
m./mn, 40 C, A- 0.1%Formc Acid in WO 2004/041802 PCT/ SE2003/ 001707 57
H20, B - 0. 1%vegpHioe1sixcid in MeCN;, Chiral purity: >99%PRC2EENAY00178DI%
(254nm), >99% (280nn), Retention tine 6.66 mn; Conditions: Chiral pak AD
50% PA/ 50%exane. Rotation [a] ' 8n = +14.5- (¢ = 1.07, MeOH) 5 COVPOUND 22:
Met hyl 3-{(R)-{4-[(di et hyl am no)carbonyl } phenyl }[4-(1, 3-

t hi azol - 5- yl meth@i] ol pé FermiinAdid yi M@t photyt 9% B bimat).c>99%i(254smNA0 r | C
(NN NT ~S T [ . EB). a8 0.38 mol) in 1,2
di chl or oet haneg%ggﬁﬁ%blﬁ)}ﬂé\}%ﬂg&ég%gg%%gé% gfbgs-'gglrr%lg%a dehyde (0.087 g,

0. 77mml ) and REFBAGRHhexang Rotagign {p] 9 =774-brfeF).07.MeOHeact i on was stirred
overnight at roomtenperature and was quenched with saturated agueous
NaHCC3. The | ayers were separated and the aqueous |ayer was extracted with
di chl or onet anEOMPQUINB dEnMeth3- (R et amiapicarbonylipbenylligflsd-washed wit h
H20, brine, thﬁﬁhzgr.g.gg,eg,\!,gﬁipmgiﬁmy;]rﬁgtﬁ%quagﬁaﬁwtrat ed 15 and purified
by reverse phase HPLC (gradient 5-50 % CN in H2O containing 0.1 9% TFA)
to give COVWOUND 22 (0.205 g, 71.2 %yield) as the TFA salt. This materi al
was | yophilized from CH3CN H20O to produce a pale yellow solid. 1H NWR
(400VMHz, CD30Dy "ty ( Jo= 6.8 Hz, 3H), 1.22 (t, J = 6.8 Hz, 3H), 2.77
(br s., 4H), 3.2s- \ N-@Jai),, 3.51 (q, J =7.0 Hz, 2H), 3.72 (s, 3H,
4.56 (s, 1H), 4.63 (s,N20 2H), 7.12 (dt, J = 1.9, 8.4 Hz, 1H), 7.19 (dt, J =
1.95, 8.4 Hz, 1H), 7.21J7.26 (m 111), |

/ﬁ)
N\\“S

To a solution of INTERMEDIATE 4a (0.163 g, 0.38 mmol) in 1,2 dichloroethane (6
10  ml) was added thiazole-5-carboxaldehyde (0.087 g, 0.77mmol) and NaHB{QAc);
(0.163 g, 0.77 mmol). The reaction was stirred overnight at room temperature and

was quenched with saturated aqueous NaHCOj;. The layers were separated and the
aqueous layer was extracted wiﬂ1 dichloromethane (2 x 15mL). The combined organic
layers were washed with H»O, brine, then dried over Na;SQy, filtered, concentrated
15  and purified by reverse phase HPLC (gradient 5-50 % CH3CN in H,O containing 0.1
% TFA) to give COMPOUND 22 (0.205 g, 71.2 % yield) as the TFA salt. This
material was lyophilized from CH;CN/H,O to produce a pale yellow solid. 'H NMR
C (400MHz, CDs0D) 8 1.09 (t, J = 6.8 Hz, 3H), 1.22 (t, ] = 6.8 Hz, 3H), 2.77 (br 5.,
4H), 3.18-3.40 (m, 6H), 3.51 (g, J = 7.0 Hz, 2H), 3.72 (s, 3H), 4.56 (5, 1H), 4.63 (s,
20 2H),7.12(dt,T=1.9, 8.4 Hz, 1H), 7.19 (dt, ] = 1.95, 8.4 Hz, 1H), 7.21-7.26 (m, 1H),
7.34 (4, = 8.4 Hz, 2H), 7.57 (d, I = 8.2 Hz, 2H), 7.74 (s, 1H), 8.05 (s, 1H), 9.17 (s,
1H). Anal.caled for CysHasNsOsS x 2.6TFA x 0.3H,0: C, 48.42; H, 4.68; N, 8.50.
Found: C, 48.49; H, 4.83; N, 8.30. MS (calcd): 552.2 (MH+), MS (found): 5522
(MH). Purity (HPLC): >99% (215nm), >99% (254nm), >99% (280nm); Conditions:
25  Zorbax C-18, gradient; 10-95% B in 25 min, flow: ImL/min, 40° C, A - 0.1% Formic
Acid in H20, B - 0.1% Formic Acid in MeCN; Chiral purity: >99% (215nm), >99%
(254nm), >99% (280nm), Retention time 9.92 min; Conditions: Chiralpak AD
50%IPA/50%hexane. Rotation [} =-12.4" (c = 1.01, MeOH).



7.34 (d, J =8.4 Hz, 2H), 7.57 (d, J =8.2 Hz, 2H), 7.74 (s, 1H), 8.05 (s,
1H), 9.17 (s, 1H). Anal.calcd for C23H35N503S x 2. 6TFA x 0. 3H20: C, 48.42;
*H, 4.68; N, 8.50. Found: C, 48.49; H, 4.83; N, 8.30. M5 (calcd): 552.2
(MH), M5 (found): 552.2 (MH). Purity (HPLC): >99% (215nn), >99% (254nn),
>99% (280nm ; Conditions: 25 Zorbax C-18, gradient: 10-95% B in 25 mn,

flow I nmb/mn, 40 C A - 0.1 %ormc Acidin HO, B- 0.1%Formc Acid in
MeCN; Chiral wonrbtpsse299% (215m), >99% (254nm), >99%PCXEBWAYCIREL enti on
time 9.92 mn; Conditions: Chiral pak AD 50% PA/ 50%exane. Rotation [a]lso =
-12. 4 (c = 1.01, MeOH). WD 2004/041802 £CT/ SE2003/001707 58 COVPOUND 23:
Met hyl 3-{(S)-(4-[(diethylam no)carbonyl ] phenyl)[4-(1, 3-

t hi azol - 5-yl rret hyl ) pi perazi n-1-yl ] met hyl } phenyl carbamate 0 :) ci 5 To a
sol ution of D3¢ Rein 2 HethAa iR} chriiofy Qigll gr oet hane (8
m) was added I azol e careboxaf?(g) ﬁﬂd eﬁga e yg}]h%ﬂ}ngl ;ﬂ "and NaHB( CAc) 3

(0.223, 1.05 m?b\m)ol -5< heethaéwmer@w-ha&mgtbylml@wiwg?wtght and quenched with
saturated 10 aqueous NaHCO3. The | ayers were separated and the agueous phase
was extracted wth dichloronethane (2 x 15m). The conbi ned organic
extracts were washgd with H2O, brine, dried over Na2SO4, filtered,
concentrated and Wur ) reever se phase HPLC (gradient 5-50 % CH3CN in
H20O cont ai ni ng Os ER Nd"rdﬁe COVPOUND 23 (0.214 g, 54.2%yield) as the
TFA salt. This materi ah B/a 15 lyophil.ized from CH3CN H20O to produce a
yellow solid. '"H NWR ( MHz, CD3OD) S 1.09 (t, J = 6.3 Hz, 3H), 1.22 (t, J
= 6.6 Hz, 3H), 2.52 br : 2H) 2.97 (br s., 2H), 3.18-3.40 (m 6H), 3.51
(g, J = 6.8 Hz, 2H),N\\_‘%72 (s, 3H, 4.56 (s, 111), 4.64 (s, 2H), 7.11 (dt, J

= 1¢56, 7.45Hz, 1H) 17721(m|H) 721726(m1H) 7.35 (d, J =8.2
Hz, H),757dJ 8.4 Hz), 7.74 (s, IH, 8.05 (s, 9.17 (s, IH).

N G I T B ﬁ?"cﬂc@w%%”" 5 7. 196
Form c Acid i nmb2@s addBd thia@old-5%borahielrydA(l. Id S ignl .0a@ikbl) GliNAB@Ackty: >99%
(215nm), >99% @ﬁqrﬂsmmol). The reaction was stirred overnight and quenched with saturated

10  aqueous NaHCO;. The layers were separated and the agueous phase was extracted

with dichloromethane (2 x I5mL). The combined organic extracts were washed with
H;0, brine, dried over Na»SOj, filtered, concentrated and purified by reverse phase
HPLC {gradient 5-50 % CHCN in H;O containing 0.1 % TFA) to give
COMPOUND 23 (0.214 g, 54.2% yield) as the TFA salt. This material was
15  lyophilized from CH3CN/H;0O to produce a yellow solid. 'H NMR (400MHz,
CD;0D) 8 1.09 (t, ] = 6.3 Hz, 3H), 1.22 (t, ] = 6.6 Hz, 3H), 2.52 (br 5., 2H), 2.97 (br
) 5., 2H), 3.18-3.40 (m, 6H), 3.51 (g, J = 6.8 Hz, 2H), 3.72 (s, 3H), 4.56 (s, 1H), 4.64 (s,
C- 2H), 7.11 (dt, J = 1.56, 7.4 Hz, 1H), 7.17-7.21 (m, 1H), 7.21-7.26 (m, 1H), 7.35 (4, J
= 8.2 Hz, 2H), 7.57 (d, ] = 8.4 Hz), 7.74 (s, 1H), 8.05 (s, 1H), 9.17 (s, 1H). Purity
20 (HPLC): >98% (215nm)}, >99% (254nm), >99% (280nm); Conditions: Zorbax C-18,
' gradient: 10-95% B in 25 min, flow: ImL/min, 40° C, A - 0.1% Formic Acid in H20,
B - 0.1% Formic Acid in MeCN; Chiral purity: >99% (215nm), >99% (254nm),
>99% (280nm), Retention time 13.26 min; Conditions: Chiralpak AD
50%IPA/50%hexane, Rotation [a]'®p =+12.7° (¢ = 0.97, MeOH).
25



>99% (280nm), Retention tinme 13.26 mn; Conditions: Chiral pak AD

50% PA/ 50%exane. Rotation [a] 18D =+12.7 (¢ = 0.97, MeOH). 25 59 What is
claimed is : 1. A conpound of formula $9 a pharnaceutically acceptable salt
t hereof, diastereoners, enantioners, or mxtures thereof: 0 NO J I / \
NORB RN2 CN) I15 R wherein RL is selected from-H, C6-1loaryl,

C2- 6heteroaryl , C6-10aryl -Cl-4al kyl, and 10 C2-6heteroaryl-C . 4al kyl,
wher ei n saldiatis daimedis: o 6het er oaryl, C6-10aryl - Cl-4al kyl, and
C2-6heteroaryl -C _4al kyl are optionally substituted with one or nore groups
selected from-R -NO»2, -OR -d, -Br, -1, -F, -CF3, -C(=OR, -C(=0 OH,
-NH2, - SH,1. - NHRcomR@nd ofSRrmuls(BtphanB@amyical B Chiable N thef¥df, - C(=0) OR,

-C(=ON R d dently,
h)%lro)gen oqlasf%r%eréaTW?om?& %Q‘gﬁrﬁ%{h@ﬁ%%ﬁ: nH ICIS-G:';IInkSPegnSn v 8

C3-6cycl oal kyl , wherein sai d¢fl -6al kyl and C3-6cycl oal kyl are optionally
substituted with one or nore|groups selected from- OR -d, -Br, -1, -F,
-CF3, -C(=O R -C(=0 GH~<N\F H NR , - SO3H, -S2R, -S(=O R,
-CN, -OH -C(=O00rR, - eOiJJRZ NRC(=0) - OR, wherein R is,

i ndependently, a hydrogen or Cl gel ecp;%d from Cl - 6al kyl
and C3-6cycl oal kyl, wher€in said ‘ Ebycl oal kyl are
optionally substituted with one or m)r groups lej ected from-OR -C, -Br,

I, -F, -CF3, -Q(=OR -C(=O)OH, -NH2-N=SH, -NHR -NR2, -SR -SOB8H, - SO2R
-S(=O R -CN, -OH, -C(=0 OR -qzqngz jNRC( O R and - NRC(=O)- OR

wherein
R! is selected from —H, Cq.10aryl, Co.gheteroaryl, Ce.10aryl-Ci.4alkyl, and
10 Csygheteroaryl-C.salkyl, wherein said Cs jparyl, Cgheteroaryl, Cg.joaryl-Cy.salkyl,
and Cygheteroaryl-Ci.4alkyl are optionally substituted with one or more groups
selected from -R, —-NO,, -OR, -Cl, -Br, -I, -F, -CF3, -C(=0)R, -C(=0)0H, -NH,, -SH,
-NHR, -NRj3, -SR, -SOsH, -SO:R, -S(=0)R, -CN, -OH, -C(=0)OR, -C(=O)NR;,
-NRC(=0)R, and -NRC(=0)-OR, wherein R is, independently, a hydrogen or
15 Ciealkyl;
R? is selected from -H, Ci¢alkyl and Csgcycloalkyl, wherein said C.salkyl
and Cs.gcycloalkyl are optionally substituted with one or more groups selected from -
OR, -Cl, -Br, -1, -F, -CF3, -C(=0)R, -C(=0)OH, -NH,, -SH, -NHR, -NR;, -SR, -
SO;H, -SO;3R, -S(=0)R, -CN, -OH, -C(=0)OR, -C(=0)NR; -NRC(=0)R, and -
20  NRC(=0)-0OR, wherein R is, independently, a hydrogen or Cj.salkyl; and
R? is selected from C i-salkyl and Cjscycloalkyl, wherein said Cj.¢alkyl and Cs.
scycloalkyl are optionally substituted with one or more groups selected from -OR, -Cl,
-Br, -I, -F, -CF3, -C(=0)R, -C(=0)OH, -NH,, -SH, -NHR, -NR;, -SR, -SO;H, -SO;R,
-S(=0)R, -CN, -OH, -C(=0)OR, -C(=0)NR;, -NRC(=0)R, and -NRC(=0)-OR,
25  wherein R is, independently, a hydrogen or C;.galkyl.



25 wherein R is, independently, a hydrogen or Cl-6alkyl. 60 2. A conpound
according to claiml, wherein R is -CH2-R4, wherein R4 is selected from
phenyl ; pyridyl; thienyl; furyl; im dé% ol yl; triazolyl; pyrrolyl;

t hi azolyl; and N oxido-pyridyl, wherein said phenyl; pyridyl; thienyl;
furyl; imdazolyl; triazolyl; pyrrolyl; thiazolyl; and N-oxido-pyridyl 5

are optionally substituted w.th one o re groups selected from Cl-6al kyl ,
hal ogenateg Cl-%&PWPFn-?\TGQF 10 ?al@l LG"’%‘P&Bxy, chloro, fluoro, brono, and

iodo; R2 is segbgtedsiromieiaRdiGhicdalkidm pRASLFIHds): sgkaat fdyf rom
Cl-6al kyl, and C3-6cycloal kyl. 10 3. A conpound ‘according to claim 2,
wher ei n R4imidazotyletgiaeelyk pyrrohhichiprolybynd dyoxide-nyedyll whéngindaid phenghzol yi ;

lyl and. £ hi.azolvk: ' . f - d - _and i
e eotva O BRGYY b b pldbePEL ARy SR SR ox i
accor dimg 4re optigially bubstheee with dRe or ordlarodgs sedectil Reh et AN - H and

Cl-3al kyl; and R3 is selected from Cl-6al kyl, and C3-6cycloal kyl. 20 5. A
conpound akadescanied CrealkylarNP1, -ClihdrisiatkaxpechierapBuera, bromee prdiodd: f r om

Clib
Met hyl 3-[(4- i et ' I 4-b | - pi in-1-
yl) rr)ét hyl ][g)he%/ t%rsg%h%?g%%%ﬁrﬁgg%fhgﬁ?&?%) E (di gtnflzl alron! P\g; gglr Bonyl ] phenyl }

[ 4- (t hi en- 2- yI nRt Ryklepied droaz Cnsdlkylydndr@tbydlodlbfieny| car bamat e;  Met hyl
3-{{4-[ (di et hyl am no) car bonyl ] phenyl }[ 4- (t hi en-3-yl nmet hyl ) pi perazin-1- 30
yl ] met hyl } phenyl carbamate; Methyl 3-{ {4-[(diethylam no)carbonyl]phenyl}

[ 4- (2-fr y4 met hX'c))prB&ﬁMchdiﬁg ¥ Jlﬁﬁtﬂyl } phenyl car bamat e;
wherein R* is selected from phenyl; pyridyl; thienyl; furyl; imidazolyl;
pyrrolyl and thiazolyl;
R? is selected from —H and methyl; and
R’ is selected from methyl, ethyl, propyl and isopropyl.
15
4. A compound according to claim 1, wherein
R'is —H;
R? is selected from —H and C).salkyl; and
R? is selected from Ci¢alkyl, and C;¢cycloalkyl.
20

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

Methyl 3-[(4-[(diethylamino)carbonyl|phenyl)(4-benzyl-piperazin-1-
yDmethyl]phenylcarbamate;

25
Methyl-3-{{4-[(diethylamino)carbonyl]phenyl} [4-(thien-2-ylmethyl)piperazin-1-
yl]methyl } phenylcarbamate;

Methyl 3-{ {4-[(diethylamino)carbonyl]phenyl} [4-(thien-3-ylmethyl)piperazin-1-
30 yl]methyl}phenylcarbamate;

Methyl 3-{{4-[(dicthylamino)carbonyl]phenyl} [4-(2-furylmethyl)piperazin-1-
yljmethyl} phenylcarbamate;



61 Methyl 3-{ {4-[(diethylam no)carbonyl]phenyl}

[4-(3-furyl methyl)piperazin-1- yl]nmet hél }phenyl carbamate; 5 Met hyl

3-{{4-[ (di et hyl am no) car bonyl ] phenyl }[ 1 (1H i m dazol - 2-

yl met hyl ) pi perazi n-1 -yl ] net hyl } phenyl carbamate; Methyl 3-{

{4-[ (di et hyl am no) car bonyl ] phenyl } [4-(pyridin-2-ylnmethyl)piperazin- 1-yl]
net hyl ) phenyl carbamate; 10 Methyl 3-{f 4-[(di et hyl am no)carbonyl] phenyl}
[4-(pyridin-4-yl-methyl) piperazin-1-yl} nethyl}phenyl carbamate; Methyl 3-{
{4-[ (diethyl ) ﬂ,mﬁi 115

pi perazin-1- M@tﬂn@tﬁhg{#gﬁﬁ I ca?l %ghngﬂogquéhei lt}fkl @Zmry&&ﬁ%&%ggm !

[ 4- (di et hyl HHWﬂ)Ydhnhboﬂwr]JMwal ] [4-(phenyl nethyl)-1-

pi perazi nyl ] met hyl ] phenyl ] -carbam ¢ acid nmethyl ester; 20
[3-[(S)-[4-[(diet hyI ani no) car bonyl | phenyl ] [ 4- (3- pyri di nyl met hyl ) - 1-

pi peraz nyl | medthyil 3l pliemitieliy | b BRAIHon AGhHEny] -

[3-[(S)-[4-[(di et amRno)hgar bon% hgl% yggiwglﬁlﬁ%zol yI nmet hyl ) - 1-

pi perazi nyl ] ﬁbﬂﬁbﬂ]{mh@ﬁgﬂn}1—-}’]&139@3&1326@@%@] amede;hy|l ester; 25 Methyl 3 - {
(R - { 4-[(diethylam no)carbonyl]phenyl } [4-(1, 3 -thi azol - 4-

yl met hyl ) pi perazin-1-yl]methyl } phenyl carbamate; Methyl 3-{(S)- { 4-
[ (di ethylam WE}&@PW!I(&C 1hojcalfb6n§rl}pheﬁyl-}[41(Iﬁz¥ﬁln-2r-yfﬁﬁeth 1)piperazin-
yl met hyl ) pi per azi n- ] met hyl } phenyl car banat €; f

(R -{4-[(di etlwg}]rmﬂlﬁ&pw&w ahenyl } [4-(1, 3- thl azol 5-

yl met hyy ) pi perazi n-1-yl Jmethyl } phenyl car bamate; 62 Met hyl
3-{(S)-{4-[(di et hyl am no) car bonyl ] phenyl }[4-(1, 3-thi azol - 5-

yl met hyl ) pi pealzylrd-{{4- E(dﬂeihymﬁlhyjcal}bonjﬂl@mehszla}[@@mHmA&l-methyl)
[3-[[4-[(diethylam no tgwnyl ] p enyl ] - 1- pi perazi nyl met hyl ] phenyl ] - carbam c
aci d, net hyl Pasfagin-1-yhameinyhiphenxlsaababate; and phar naceutical |y acceptabl e
salts thereof.

Methyl 3-{ {4-[(diethylamino)carbonyl]phenyl}{4-(1,3-thiazol-2-ylmethyl)-
15 piperazin-1-yl|methyl} phenylcarbamate;

[3-[[4-{(diethylamino)carbonyl]phenyl]{4-(phenylmethyl)-1-
piperazinyl]methyl]phenyl]-carbamic acid methyl ester;

20 [3-[(S)-[4-[(diethylamino)carbonyl]phenyl] [4-(3-pyridinylmethyl)-1-
piperazinyl]methyl]phenyl]- carbamic acid, methyl ester;

[3-[(S)-[4-[(diethylamino)carbonyl]phenyl][4-(2-thiazolylmethyl)-1-
piperazinyl]methyl]phenyl]- carbamic acid, methyl ester;

25
Methyl 3-{(R)-{4-[(diethylamino)carbonyl]phenyl}[4-(1,3-thiazol-4-
ylmethyl)piperazin-1-yl|methyl} phenylcarbamate;
Methyl 3-{(S)-{4-[(diecthylamino)carbonyl]phenyl }[4-(1,3-thiazol-4-
30 ylmethyl)piperazin-1-yl]methyl} phenylcarbamate;

Methyl 3-{(R)-{4-[(diethylamino)carbonyl] pheriyl} [4-(1,3-thiazol-5-
ylmethyl)piperazin-1-yl]methyl}phenylcarbamate;



6. A conpound according to any one of clains 1-5 for use as a nedi canent.

10 7. The use of a conpound according to any one of clains 1-5 in the

manuf acture of a nedi canent for the tﬁ%rapy of pain, anxiety or functional
gastrointestinal disorders. 15 8. A pharnmaceutical conposition conprising a
conpound according to any one of clains 1-5 and a pharnmaceutically
acceptable carrier. 9. The use of a conpound according to any one of clains
1-5 in the manufacture of a nedicanent for the therapy of pain. 20 10. The

use of a co e @l e _ 3 5.k he manufacture of
MReLRA R r{]g[ ethﬁa&wo)%emggpﬁ%@lsm (:32thiddof-B

a nedi canent for” the rapy of ftunction roi ntestinal disorders. 11.
The use of ayboethplinperazivol-gilmgthy 3 phenylomeanufte;cl ai ns 1-5 in the manufacture
25 of a nedicanent for the therapy of anxiety. 12. A process for preparing a
conmpound of forrmula Il, conprising: 63 O ~\N\ / J1 / \' 1 RO (N N R8

Il a) meacti ?g[ﬁ-[lmemgmn@fcmfbeﬁmmnﬁuh _pip&atiayinfetigtighemyl]-Ichrbidid a
conpound of fornmula IV H |
acid, methyl ester;

enantiomers thereof, and pharmaceutically acceptable salts thereof.

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

10
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.

15 8. A pharmaceutical composition comprising a compound according to any one

of claims 1-5 and a pharmaceutically acceptable carrier.

0. The use of a compound according to any one of claims 1-5 in the manufacture
of a medicament for the therapy of pain.

20
10,  The use of a compound according to any one of claims 1-5 in the manufacture

of a medicament for the therapy of functional gastrointestinal disorders.

11.  The use of a compound according to any one of claims 1-5 in the manufacture

25  of a medicament for the therapy of anxiety.

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



CN) N18 R IV in the presence of benzotriazole; and 10 b) reacting a
product fornmed in step a) with a corrpound of fornmula Vto form the conpound
of formula Il, M/ RO V 15 wherein R83is selected fromCl . 6al kyl - O C(=0) -
C6_| Caryl-d _4a| kyl, and Cz_6heteroaryl-C _4al kyl, wherein said

Cd _6al kyl-O-C(=O -, C6_loaryl-C _4alkyl, and 64 C2-6heteroaryl-Cl-4alkyl
are optionally substituted with Qne or nore groups sel ected from C1-6al kyl,
hal ogenated Cl-6al kyl, -NX®, -CF§, C -6 al koxy, chloro, fluoro, brono, and

iodo; Mis selected fromlL and <MgX , wherein X1 is a

hal ogen; and 5 R9 is sele{t(Ea\lfro -N®2, -OR -d, -Br, -I,
-F, -CF3, -C(=O R, -C(=O) OH, }NH2, , -SR, -SMBH, -SM2R,
-S(:C))R! -CN! -O_L C( C)) C(_) RCI y

nd -NRC(=0) -OR, wherein
Ris, independently, a hydrogen or Cl- 6hyrocar byI 10 13. A process for

preparing a conpound of fornula VII: EﬂNﬁJ I \ NbORh1 I NH NRS8

Vi,

I
a) reacting a compound of formula III:
O

<N
) CHO

with a compound of formula IV

in the presence of benzotriazole; and

10 b) reacting a product formed in step a) with a compound of formula V to form

M : “R®

A

the compound of formula II,

15 wherein
R% is selected from C.alkyl-O-C(=0)-, Cs.10aryl-C4alkyl, and
Ca.¢heteroaryl-C; salkyl, wherein said C;.salkyl-O-C(=0)-, Cs.jparyl-C;.4alkyl, and



conprising: reacting a conpound of formula VIII 0 N(N) N I$ 15 RVIII
with a O _6al kyl carbanate to formthe corrpound of fornmula VII, wherein 65
R8 is selected from G _6al kyl -G C(=O0) - 64 C6_10aryl - C1. 4alky1, and

C2. 6heteroaryl - Cl. 4al kyl , wherein said O _6al kyl -O C(=0) -

C6_10aryl -Cl1. 4al kyl , and C2.6heteroaryl-Cl_4al kyl are opti onal |y
substituted with one or nore groups selected from-OR -d, -Br, -1, -F

CF3, - O Zo)eterqarde§ calky) praoptionplly sufpiuted yrigh oneayy mege sarms) selﬂ@@ﬂ: R

;?Si( :O) ﬁndépenc?enq;ilkglrr %16% odggln g& éaI(’E’Rqé %lﬁoxbagﬁ"om E@%r om I o\é\gﬁr o

triflate, amdodal f onam de and R11 is a Cl 6al kyl . 10 14. A process for
preparing a conpound, ol L Rk, A ind e, Qe s TR Zua VR N
5 R’ is selected from hydrogen, -R, -NO,, -OR, -Cl, -Br, -1, -F, -CF3, -C(=O)R,
-C(=0)OH, -NH,, -SH, -NHR, -NR,, -SR, -SOs;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).shydrocarbyl.

10 13. A process for preparing a compound of formula VII:

JRGUY W
E]H

VI,
comprising:

reacting a compound of formula VIII

s¥s
>

VIII

with a Cjgalkylcarbamate to form the compound of formula VII,

15

wherein



reacting a conmpound of formula IX, 0O JI1 / NJ-~OR3 R2CN N5 HIX
wth R4-CHO to formthe conmpound of fornula X, wherein 66 R4 is selected
from phenyl; pyridyl; thienyl; furyl; ¢¥idazolyl; triazolyl; pyrrolyl;

t hi azol yl; and N oxido-pyridyl, wherein said phenyl; pyridyl; thienyl;

furyl; imdazolyl; triazolyl; pyrrolyl; thiazolyl; and N-oxido-pyridyl are
optionally substituted with one or nopre groups selected from Cl-6al kyl,

hal ogenat ed Cl -Balsiglected fropgp1-sallpt-)-CE7 O, G108 Crelkyls 80d £ | uoro, brono, and

| odo; R2 ié%%lgie?&trﬁ%i gidthe er&ﬁsﬁalds;ghlkgp«l@.yéﬁ@gm!19&&1‘5@1_4a11ﬁ4n%8i n said

Cl1- 6al kyl C3-6Bcyc kyl are option stituted wth ‘'one or nore
groups sel @cdhedtrdargrt rqalBiR] areC@ptiondly, substjtutelt withGH®, or n@fre @ydRps s€l6ct@) OH, - NH2,

-SH, -NHR .-N -SSR, - H,..- SO2R, .+ S(=0 - -OH, . - C(=0) OR,,- C(=0) NR2,
-NRC(=O R, fr%fﬁng)RlOaNF&f(’ Jg%oﬁ%ﬁi—ﬁ%ﬁ 'éﬁ@%ﬂﬂ@éeﬁ?g nNF& -131 y'&Bogen or
Cl_6al kyl ; s, Bbjrs -Si®Rrt aiNf oD -di=0fbR6at)NRDANRR (EOYR! £l Kyl , wherein
said Cl -6al P;% an%{SCSeJé?ycl oal kyl adrﬂeoggtl on(lgl I)y g’ubsti(t u?ﬂgd wi th one or
nore gr oupNREFENt@R, Whermin-R GRindegindentdy, a hylrogegor Cergkyl; C(=OQ R, - C(=0) OH,
-NH2, -SH, -NHR,.-NR2, SR .- SOBH,..- SR, -S(=0,R -CN, -OH, -C(=0 OR,
-C(=O) NR2, -NRéésdellfdte Omflglqgﬁ@(ﬁg&tﬁd@w{gﬁégpﬁeﬁqd& i ndependently, a
hydr ogen or Cl -ﬁ%ilig(yb.,_ﬁaﬂlﬁyl,A conpound of fornmula Xl, a pharmaceutically

acceptabl e salt thereof, diastereoners, enantionmers, or mxtures thereof: 0O
NJ Il / NO2 CND N

10 14, A process for preparing a compound of formula X,

O .
/\N 0O
) M we
N~ 0
|2

[Nj R
N
B
X

comprising:
reacting a compound of formula IX,
0O
BDAGSYE!
N~ ~OR’

5

[Nj R
)
15 H
IX

with R*-CHO to form the compound of formula X,

wherein



R 20 XI wherein Rl is selected from C6-10aryl, C2-6heteroaryl,
C6- 10aryl - Cl1-4al kyl, and C2-6heteroaryl-C -4al kyl, wherein said C6-10aryl,

C2- 6heteroaryl, C6-10aryl -Cl-4al kyl, d C2-6heteroaryl-Cl.4al kyl are
optionally substituted with one or nore groups 25 selected from-R -NO2,
-OR -d, -Br, -1, -F, -CF3, C( =0)R, -C(=O H, -NH2, -SH, -NHR, -NR2, -SR

S R O O sl S e b R
pyrrolyl; thiazolyl; and N-oxido-pyridyl, wherein said phenyl; pyridyl; thienyl; furyl;
imidazolyl; triazolyl; pyrrolyl; thiazolyl; and N-oxido-pyridyl are optionally
substituted with one or more groups selected from Cj_galkyl, halogenated C.galkyl,

5 -NO,, -CF3, C,. alkoxy, chloro, fluoro, bromo, and iodo;
R? is selected from -H, Cisalkyl and C;_¢cycloalkyl, wherein said Cy.galkyl
and Cj¢cycloalkyl are optionally substituted with one or more groups selected from -
OR, -Cl, -Br, -1, -F, -CF3, -C(=0)R, -C(=0)OH, -NH,, -SH, -NHR, -NR3, -SR, -
SO;H, -SOzR, -S(=O)R, -CN, -OH, -C(=0)OR, -C(=0)NR», -NRC(=0)R, and -
10  NRC({=0)-OR, wherein R is, independently, a hydrogen or C;.galkyl; and
R} is selected from -H, C.¢alkyl and Cs.¢cycloalkyl, wherein said Cy_galkyl
and Cs.¢cycloalkyl are optionally substituted with one or more groups selected from -
OR, -ClI, -Br, -1, -F, -CF3, -C(=0)R, -C(=0)0OH, -NH,, -SH, -NHR, -NR;, -SR, -
SO;H, -SO:R, -S(=0)R, -CN, -OH, -C(=0)OR, -C(=0)NR; -NRC(=O)R, and -
15  NRC(=0)-OR, wherein R is, independently, a hydrogen or Cyalkyl.

15. A compound of formula XI, a pharmaceutically acceptable salt thereof,

diastereomers, enantiomers, or mixtures thereof’

! ! NO,
()
\
R1

20 XI
wherein
R! is selected from Cg.joaryl, Cogheteroaryl, Ce.iparyl-Cysalkyl, and
C,.sheteroaryl-Cy_4alkyl, wherein said Cg.1paryl, Ca¢heteroaryl, Ce joaryl-Cqalkyl,
and C;.gheteroaryl-Cj.qalkyl are optionally substituted with one or more groups
25  selected from -R, —-NO,, -OR, -Cl, -Br, -1, -F, -CF3, -C(=0)R, -C(=0)OH, -NHj,, -SH,

_NHR, -NR,, -SR, -SO;H, -SOR, -S(=O)R, -CN, -OH, -C(=0)OR, -C(=0)NR;,



67

-NRC(=0)R, and -NRC(=0)-OR, wherein R is, independently, a hydrogen or
Cl.ﬁalkyl.



