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DERI VATI VES The present invention relates to pharnaceuti cal

conposi t iwaW1MtTissh conpri se compounds that act via ant gosEsewosi4stdqe CCR2b
receptor for which MCP-1 is one of the 5 known |igands and so nay be used
to treat inflamuatory di sease and/ or neuropathic pain, which is nediated by
these receptors. The invention further relates to novel conpounds for use
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CCR9,

RANTES (Regulated on activation, Normal T expressed and Secreted), eotaxin and the
macrophage inflammatory proteins la and 13 (MIP-1a and MIP-1p).
The C-X-C chemokines include several potent chemoattractants and activators of
25 neutrophils such as interleukin-8 (IL-8) and neutrophil-activating peptide 2 (NAP 2).
Studies have demonstrated that the actions of chemokines are mediated by
subfamilies of G-protein coupled receptors, among which there are the receptors
designated CCR1, CCR2, CCR3, CCR4, CCRS, CCR6, CCR7, CCRS, CCRY, CCR10,
CXCRI1, CXCR2, CXCR3, CXCR4, CXCRS5 and CX3CRI1. These receptors represent
30 good targets for drug development since agents, which modulate these receptors would be

useful in the treatment of disorders and diseases such as those mentioned above.



HN / N (I) 17 5pharnmaceutically acceptable salt thereof,(R),." wherein P

is a phenyl or a nonocyclic or bicyclic heteroaryl having up to 9 ring

at ons andwoanmwi7sieng up to 3 heteroatons i ndependently eersee@dofroom N, O,

and S, wherein the phenyl or the heteroaryl is optionally substituted by up

to 3 substituents independently sel ectéd from hal ogen, cyano, CF3, SCl4

hal oal kyl , SCi14 al kyl, 0Cl14 hal oal kyl, OGC _ 104al kyl, 0C14 al kyl phenyl,
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pent af | yor gat e yrindR 4 %ﬂﬁéubﬁ‘ﬂﬂ&k@bﬁ Egm_/s Abkither® in@dpkiehty SIQRGIRAA! | Y
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phenyl or B&rtrzgﬁlgf:%%%tahg'?}%aalrng’a‘?if/e‘l;&ﬁ%@imr%glEgh%%%géﬁﬁ%éalﬁ\%ﬁ%ﬁ{gﬁ%g%%ﬁnpri si ng
up to 3 hetethsahegensmispEndahyli sndgeisdl f @d2fand praNided therfdrsila ivermeind t he
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al kyl , 0Cldarbedaoedekyl , 0Ci 4al kyl, 0Cl4 al kyl phenyl, G 4 al kyl, C34

cycl oal kyl, C1_ kaxy, ..Cl1 3 thioal kox ent af | uor.oet hyl.,

pont af | tor oet nogy g buitaiishl B3 b RN A R w a base or s

phenC 4al keyhdhdadukiydlly abepebleaslytherch® v Malalpyibnyl bed moodcycldal koxy, and

SRR TR RN NEMCTA IR X ey LA
selected from N, O and S, wherein the phenyl or the heteroaryl is optionally substituted by
25 up to 3 substituents independently selected from halogen, cyano, CF3, SCy_4 haloalkyl, SC;.
4 alkyl, OC; 4 haloalkyl, OC, 4alkyl, OC, 4 alkylphenyl, C, 4 alkyl, C;4 cycloalkyl, C 3
alkoxy, C;.3 thioalkoxy, pentafluoroethyl, pentafluoroethoxy, phenyl, phenC, salkyl,
phenC,_salkoxy, phenC,.4alkoxyC;_salkyl, heteroaryl, heteroC;.salkyl, heteroC,.zalkoxy,
and heteroC,.zalkoxyC;_salkyl, wherein any substituent heteroaryl has up to 6 ring atoms

30 and comprises up to 3 heteroatoms independently selected from N, O and S, and any



150r as a pharmaceutically acceptable salt thereof, wherein P is phenyl
optionally substituted by up to 3 substituents independently selected from
hal ogen, w9anw/07G63, SCl14 hal oal kyl, SC14 al kyl, 0Cl4 haCosEReL/0SQAG 4al kyl ,
0C14 al kyl phenyl, C 4 al kyl, C34 cycl oal kyl, Cl-3 al koxy, Cl1_3 thioal koxy,
pent af | uor oet hyl , pent af | uor oet hoxy, phenyl, phenGi 4al kyl, phenGi 4al koxy,
and phenGC 4al koxyC 4al kyI 20A yet further enbodinent relates to a conpound
according to fornul a ﬂ ) as a base or as a pharmaceutically acceptable salt
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as a base ptabl e salt thereof, wherein mis O.
Yet anot he enﬁs%gmr%g%{ H?%aﬁ éaﬁﬁ%%é ?rpound according to formula (1) as a
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phenyl or bhep el @baiiiants ihdepopichnaldcied Stobsialdgeh, esfaty Cop SCp, Balsdibgt i t uent s
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25 A still yet further embodiment relates to a compound according to formula (1) as a
base or as a pharmaceutically acceptable salt thereof, wherein P is phenyl substituted by up
to 3 substituents independently selected from halogen, cyano, CF3, SC; 4 haloalkyl, OC; 4
haloalkyl, OC,.4 alkylphenyl, and C;.4 alkyl.
According to another embodiment, P is phenyl.
30 In still another embodiment, said phenyl is substituted by 2 substituents selected
from halogen.

In yet another embodiment, said halogens are selected from chloro and fluoro.



The present invention also relates to a conpound sel ected from
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[ (2R)-4-tert-butyl pi perazi ne-2-carbonyl] - N (3-chl or ophenyl) pi per azi ne- 1-car

boxam de; 4- [(2R)-4-tert-butyl piper azftne- 2-carbonyl] -N-[ 3
-(trifluoromethyl sul fanyl)phenyl] piperazinel-carboxan de;

N- (4- bromophenyl) - 4-[ (2R) - 4-tert-butyl pi perazi ne- 2-car bonyl ] pi per azi nel-car
boxani de: Another embodiment relates to a compound according to formula (1% as a base or as

4-[(2R) - 4- 5ﬁﬁérnﬁé&ﬁ&ﬂl'y%@&@?abﬁ%alt?fh%ﬁrop%XI%] N a4ndnbo R0 n3dohiy hveaet hyl )

phenyl ] piperazine-I|-cCarboxam de;
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30nmet hyl - 3g( XA,
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pi perazi ne-|-c

4-[ (2R) - 4- t‘a(l,\lﬂxy gﬁyg' per azi ne-2-carbonyl]-N 3-(1, 1, 2, 2-tetrafl uor oet hoxy)
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N- ( 5- br ono- 59@13 -th(?éai;l;ol 2yy1 -4-[ (2R g4 tgrtbutill pllzf)erazlfyne 2-car bo
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formula (I of can be
used in ¢ nic@Pul RRRE B §ARAHRSRLEGERLE RIS TR BE S o Ongs
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chenptaxi s and acti vati.on. L%ﬁﬁ CC chegolf ft ha% @ﬁ % otent T-cell
and 20 nonocyte ?FB&&IPY%E‘B%%‘EO rejaes 1 a porapoyad selectid) fromy i % He

pat hOPhySl ﬁh@@)pe@leéaa 2L@ft@ﬁylmk(@ﬁﬂ®fomdﬂﬁﬂl)@ml Qﬁpérdilrﬁlelaé‘a(i?@oxhﬂﬂgﬂewl ng, for
exanpl e rneunat o arth t1s cnron Cltive pul nonary | sSsease,

at her 051 eF@Ri-&-teri-hyty lRIpRESFv-BhRRY -t (éégioéophaw&PH’éW%df%F@Xb‘Bi d&. 4-Mep- 1

acts throughgy- heerpgiﬁglﬁfp@ﬁgﬁé O carNVRRI-R-[3NERu3 I{Jyl)gﬁ%yqlpmrﬁ% 25at

| east in part, throu this rece;))tor LI'herefore in this peC| fication, when
ref erence il warbarpnifde N-(4bBppicar) drl(CRitiaigB e inirazep-qabew pipgree-nedi at ed

effects" thi t f 3

and/ or MCP- éf§rrtr)gg§lgg %gs[é%@gc?g Hu%@éraz%ﬁ’bt @gﬁg&%y%%o%é ggélﬁ/{&%{ﬂﬁar e
acting t hr obeghll ipsragoRd - qﬂé@émld? 4 ﬂ(/%%h‘&mﬁsbqtidalpﬁr?ﬂmalbgn}ilmdﬂved in

neur opaf hi h 0 increase both
MCP- 1 %&prglggl?%g tir%lﬁ or S%yﬁ?ﬁé’ IB@BM ]}{e 1%%3%%11?2%'1 aﬁmtgbones [ Tanaka et
al, 2004, Bhlpgpesrzingl2;cag@osl]-NAG2D04H ﬂifm@mhml) pilfeirazancelt-caaboxa@@R5h] and CCR2

R

whi ch CCR2phdayl]piperazine-1-carboxamide; 4-[(2R)-4-tert-butylpiperazine-2-carbonyl]-N-(4-chloro-



may nodul ate pain. One is a direct nechanism where up-regul ation of CCR2
on sensory neurones increases neuronal excitability; neurones

i nappr oprwatzeioo7dwspol ari se and can spontaneously fire | RCTSER@OSLIHNEO ti SSue
or neuronal MCP-1 [Ch et al, 2001, Qn et al, 2005, Wite et al, 2005, Sun
et al, 2006]. The other nechanismis ohe in which elevated 5 MCP-1
production frominjured neurones recruits and/or activates CCR2+ i mune
cells. In turn, these CCR2+ immune cells in turn secrete ro-ajgesic

subst ances Jtihatorhelivicezps Incaphasanislsi HH2RFitgt-prdpipesrnrehkard MNoc cur s

both perip a ﬁg@g rophages, and
centrally gﬁQT%iY4mM@§&€$£§§' aﬁp@é&bﬁ:g%gbggﬁﬁ&thF%ggggﬁe et al, 2003,

re mcro
Zhang et abutziporiazingGTgebonell-M-“erhlgro- 3oneth>gn11enylgpm9r@mn¢ -éfcerbexanydeidy gr oup
having mt garb D UK E d al one or as
a suffix oﬁQR &?&pBBY@&?%?%% ed ﬂxmf&}M¢ﬁgkﬂgo§h&gyg%§b§h3 ?tralght chain
sat ur at ed a¢rb@handec4+ﬂ§2&)éda1t bulpgrovps-raviongl-N-Brehiorod- (1rﬁ1®mnhfdmxal ons or
if a speci d Q t eci.fi c nunber
wouldbe 1 RSSNRHTER: Pt RmaR: 3 CRh TR ARIACE kDI LD SORELDY © M1

4, 5 or 6 b&g@iﬁewinaﬂemﬂaonﬁmmhzﬂm btarhcb;da;nhde; Hel2noid tembuty@umrazmb 2Himted

to, t hyl but. but but yI ,
butyl | pEHBYPY e R ey A FEERE RS stbgiis BN eger o
(zero) t hEbgyIpimratzmeWUaﬂﬁ)nde Sudhsa o4 phethyef1e3-thiazol-1-Niophipaisse-1- hat t he group

o konye, - citpiends st GEl @R kv i FPerdRe Lo PR S S BI-Tho gencral

fornul a 20(mﬁudi!omwdng%lr)m3nth8z¢1sz -SHiReiAR- -Eorxamhikdindcachan vaadireal . For
exanple " 6 alkoﬁé, denot es alkox% having 1, 2, 3, 4, 5 or 6 carbon
at ons. Exaﬁ%?%%“ﬁ?c yReseptaPlserltidiercobut are not linited to, nethoxy, et hoxy,

propoxy, I SOPr oESKYoun S (S nuld (I%ta%ye &f&q)hh%'@éﬁti%lw acOSprabRed i R &I
"al kenyl ", used alone or as a suffix or gre i X, is’intended to |nclude bot h

branched afh tsrused ighhe wasemaent af digshses i whighl is cheblrinegeesiiss belengsry diekg at
| east ope %ﬁe&@{o?%fé}ﬂ)b% f@lp&ah@leb%%énaﬁc@e)ta@a%aﬁeﬂhﬂﬂcgreéé Aidht 0 12

carbon atons or a specified nunber of carbon atoms IS prOV|ded t hen that
specific n@ﬁﬁéﬁﬂWb@rd be i ntended. For exanple "C2_6 al kenyl" denotes

al kenyl having @er3is 4 ArF %to?li‘or(?fhec BP&Qteach&H@attragﬁagP@‘de‘F 1\%%19 1%01€ﬂhdf>yﬂy'

used al one or as a suf Is Inte I nc branched
and st r ai gfsta ro¢ralhen ofithie p}rtanuqkmetfyldﬂbcmmagm@ups petapythe inmgiagt lehlowagtt 30 one

car bon- car o0l R~ Epl R0% NG LIRIZ, 1813 ERYpen. atoms or i

a specifie er of carbo ons 1I's provi at speC|f|c nunber
woul d be i ntoemdrmhheﬁoatttrmtmtrpmﬁtmsﬁbeai 1mp|hydtéd 1d$1mcnaé®ph15tsiqugyl ofhdargng 2, 3,
4, 5 or 6 car Y oincl. s. fl oro, chloro,
b oo and TOHG SRR EPBiteR e ua e A R dhr T B 1
groups sucbbsasctprenithonandiistaghithytbsclefis, indlanmiatvey Bovast Wskasd,"andncl udes
aromatic or non-aromatic rings, or partially unsaturated ring systems, for
exampl e coRtWPHMgPd om 5-7 ring atons, at |east one of

MCP-1 acts through the CCR2 receptor. MCP-2, MCP-3 and MCP-4 may also act,

25 at least in part, through this receptor. Therefore in this specification, when reference is
made to “inhibition or antagonism of MCP-1"" or “MCP-1 mediated effects” this includes
inhibition or antagonism of MCP-2 and/or MCP-3 and/or MCP-4 mediated effects when
MCP-2 and/or MCP-3 and/or MCP-4 are acting through the CCR2 receptor.

Mechanistically CCR2 is involved in neuropathic pain, sensory nerve injury has

30  been shown to increase both MCP-1 expression in dorsal root ganglia (DRG) sensory
neurones [Tanaka ef al, 2004, Zhang et al, 2006, W02004/110376 A2, White et al, 2005b]
and CCR2 expression in both neuronal and non-neuronal DRG cells [White et al, 2005b,
W02004/110376, Abbadie ef al, 2003]. This results in two mechanisms by which CCR2



5 which is a heteroatom such as oxygen, sul phur or nitrogen. R ngs may be
nono- or bi- cyclic. They may al so contain bridges, in particular alkyl
bri dges. wwanw/esseof such groups include furyl, thienyl PCOSER@PPF1416

pyrrolidinyl, imdazolyl, thiazolyl, tetrazolyl, oxazolyl, isoxazolyl,
pyrazolyl, pyridyl, pyrindinyl, pyrazfnyl, pyridazinyl, triazinyl,
qui nolinyl, iosquinolinyl, quinoxalinyl, benzthiazolyl, benzoxazolyl,

benzothlenyl 10benzofurany| tetrahydrofuryl chronany perldlnyl

1,2, 3, 4- t eMesmpdrlagERIMoIQNY 2 ditccomechiuisiay iy wr-izglstien Hdt ‘%wn sepioger azi nyl
qui noxal | N¥durofY ifdRAQk nBYtbnal @J{dqt'aﬁ’illllyn}{éuroﬂeg%Fﬁ&bprldtaﬂ%ﬂowﬁe aRERF1 m dazol yl,
i ndazol yl, oxazolyl, benzoxazolyl, “i soxazol yl, ol'i nyl, dioxol ane,
benzodloxomam@n@nﬁbﬁhﬂﬂb@ﬁ@@%éiﬁﬁvﬁOrmﬁmﬁmWMﬁBﬁb%HMWGhﬂ ) Qin ez al,
1,2,3-triaz i o , ol yl
d|benzofuraﬁ%?bﬂrééglgﬁgét é%gfzmﬁﬁraﬁgﬁﬁgﬁﬁg?%hy %g§gwf |ny%hﬁ§xepanyl
oxazepanyl MGRet p@ldymooflbrrmnmm griongy recrmltslandioomtvem eaRadr enthype ¢el.azi nyl
honopi peri | 0 r i di nyl,

G nydr opyr DA AR PERARIRk: AV RRE oM s bR frooeut
tetrahydrophnppyﬁmmgjThm1mMmanmxphmmmmthbbmqmepmﬂﬂydwhmeﬂeﬂyﬂtb-those
het er ocycl

rou crlb d aboye i ch ha natlc C a The
orm o al KPR ERRe SRR LR Rl b P Ry R o B ke SRS - e
terns ary[Amﬁﬂﬁeiﬁmﬂm%pzmmgetmaomude non- condensed ring systens such as
bi phenyl . As used here "pharmaceutical |l y acceptable salts" refer
Co der 1 yat i ves BIE b taradl SeorreBpuim s SuHarin M ERET B GO B Bound | <
modi fi ed by makA§ged@b@dinOTall3#s @sed afab bSastahafBadr plfampliended to include
pharnaceutlcglly acce table salts |n%Iude but are not Ilnlted to, m neral

or organi c P& evng%ﬂdtag Siraighi shain sabuptgd aliphaticydsacacbep groups baving|fromp} togr gani ¢

salts of agd girbod RSthdstasa éiié@l'ﬁe@-ﬁurﬁ@err BPX¥bdnCat@fd i provaked tHeR @hak {eBific The
pharmaceutical |y acceptable salts include the conventional non-toxic salts

or the quafeppRiryPuledRPRied Srexergtic the aﬂai"&wot@%%dd}mng brimddt 506 p

exanpl es f EQRNAONE BXhG 1'e§‘6’fraﬁl%nhfélu% b%{ﬁ@'ﬂbtchrﬁ‘i‘t?éd% -mdiR1, AREXRHBHA; i- such
conventional non-toxic sa ts i'nclude those derived fron1|norgan|c aci ds

such as hydrooehnopivt i-heiyl sec-butyl, t-butd, peneyl.rad beryl datheygasgodiept awbecrighl t s of
the present 4, 0ypaL (P(%gf&?ﬁ&e Ef‘ou§¥d’$vﬂ1§§'t117e%9bsfcf1 RARE Rﬁt{cﬁ{éé thﬁptﬂggl%ﬁgt t hat

contains a basicor dic y conven |onal em ca hods.
Ceneral ly, H@Mbhﬂgamlsad@n:bedpmépanéwhhwnﬂgaﬂmumg t he free aci d or base

forms of these g r%‘%‘ﬁ?ox tuﬂle?s Th o‘%}ti'ér&llFtrEfefs tS‘F‘a‘&%&Qfs o? he ferﬁ% %ﬁ’a{' ate

base or acid in wa organi c SO he two;
generame,—@dhaﬂmemu&1m®dm@dﬁnkeﬂdﬂammybnemhekFm&kmmpwaﬁe&dk@w”ethanol

i sopr opanol r ni.trile, gre use und i nyenti on show
unexpect edd%}ogeﬁgﬁ(tof% a lrﬁEC%%ngreéjcatr g?%ﬂ?épgﬁ%p &i Osfc?h%)é%alci/ﬁ tb St &xanmpl e
WO 2006/ 06%4tQilnitedas, nextanp) ethox§, 1@ Likebrgioxy batdxpuvesitixanddybihawe i ncr eased
pot ency and/ or Ancrgﬁsed [

s used herein, “a regyln,sus\clf algrllze%crias a suffix or prefix, is intended to include
both branched and straight chain aliphatic hydrocarbon groups comprising at least one

25 carbon-carbon double bond (-C=C-) and having from 2 to 12 carbon atoms or if a specified
number of carbon atoms is provided then that specific number would be intended. For
example "C,.¢ alkenyl" denotes alkenyl having 2, 3, 4, 5 or 6 carbon atoms.

As used herein, “alkynyl”, ", used alone or as a suffix or prefix, is intended to

include both branched and straight chain aliphatic hydrocarbon groups comprising at least

30 one carbon-carbon triple bond (-C=C-) and having from 2 to 12 carbon atoms or if a

specified number of carbon atoms is provided then that specific number would be intended.

For example "C,.¢ alkynyl" denotes alkynyl having 2, 3, 4, 5 or 6 carbon atoms.



The conpounds of Formula |
may be prepared as foll ows:

exanpl e,

i socyanate of Formula (I11) P-N= C=0 1% or, with a carbamate of Fornul a

(IV). 0

protecting grou
0 HO\ PG NN\

benzyl oxycar bonyl, benzyl or tertbutyl oxycarbonyl with an

wherein P is defined above, followed by renoval of the

Formul a (Vipkiude aromatic carbocylic groups such as phenyl and naphthyl.

10

15

20

25

30

The term “heterocyclyl” includes aromatic or non-aromatic rings, or partially
unsaturated ring systems, for example containing from 5-7 ring atoms, at least one of
which is a heteroatom such as oxygen, sulphur or nitrogen. Rings may be mono- or bi-
cyclic. They may also contain bridges, in particular alkyl bridges. Examples of such
groups include furyl, thienyl, pyrrolyl, pyrrolidinyl, imidazolyl, thiazolyl, tetrazolyl,
oxazolyl, isoxazolyl, pyrazolyl, pyridyl, pyrimidinyl, pyrazinyl, pyridazinyl, triazinyl,
quinolinyl, iosquinolinyl, quinoxalinyl, benzthiazolyl, benzoxazolyl, benzothienyl,
benzofuranyl, tetrahydrofuryl, chromanyl, piperidinyl, 1,2,3,4-tetrahydroquinolinyl,
1,2,3,4-tetrahydroisoquinolinyl, piperazinyl, quinoxalinyl, quinazolinyl, cinnolinyl,
indolyl, indolinyl, benzimidazolyl, indazolyl, oxazolyl, benzoxazolyl, isoxazolyl,
morpholinyl, dioxolane, benzodioxolane, 4H-1,4-benzoxazinyl, 4H-1,4-benzothiazinyl,
1,2,3-triazolyl, 1,2,4-triazolyl, oxadiazolyl, furazanyl, thiadiazolyl, dibenzofuranyl,
dibenzothienyl oxiranyl, oxetanyl, azetidinyl, oxepanyl, oxazepanyl, tetrahydro-1,4-
thiazinyl, 1,1-dioxotetrahydro-1,4-thiazinyl, homopiperidinyl, homopiperazinyl,
dihydropyridinyl, tetrahydropyridinyl, dihydropyrimidinyl, tetrahydropyrimidinyl,
tetrahydrothienyl, tetrahydrothiopyranyl or thiomorpholinyl.

“Heteroaryl” refers to those heterocyclyl groups described above which has an
aromatic character. The term “aralkyl” refers to aryl substituted alkyl groups such as
benzyl. The terms “aryl” and “heteroaryl” include non-condensed ring systems such as
biphenyl.

As used herein, “pharmaceutically acceptable salts™ refer to derivatives of the
disclosed compounds wherein the parent compound is modified by making acid or base
salts thereof. Examples of pharmaceutically acceptable salts include, but are not limited to,
mineral or organic acid salts of basic residues such as amines; alkali or organic salts of
acidic residues such as carboxylic acids; and the like. The pharmaceutically acceptable
salts include the conventional non-toxic salts or the quaternary ammonium salts of the
parent compound formed, for example, from non-toxic inorganic or organic acids. For
example, such conventional non-toxic salts include those derived from inorganic acids
such as hydrochloric acid.

The pharmaceutically acceptable salts of the present invention can be synthesized

from the parent compound that contains a basic or acidic moiety by conventional chemical

and pharmaceutically acceptable salts thereof
10(a) by the reaction of a conpound of Formula
(rr), 7\ wo2piwo7N67 / PG NN \/((l11) \ wherein PGis a pPOTSERIDYSGIOUD,

f or

or (b)by the am de coupling of a conpound of Fornula (V),

191;6 rhefoy ipmindes flaorprhasey trgrae dgedy. Referdices te aipeigned of



O /--\ PPNNNH(VI) \_/ Hwherein P is defined above, followed by renoval of
the protecting group, and, if required, by conversion to a pharmaceutically
accept ablwo=alwo7i3ser eof 9 When the protecting gPONSE2®I/051416

benzyl oxycar bonyl or benzyl then renoval can be effected by hydrogenation
(for exanple hydrogen in the presence 8&f palladi umon carbon catalyst).
When the protecting group is tert-butyl oxycarbonyl renoval nay be effected
by treatnment with acid (such as hydrochloric acid or trifluoroacetic acid).

5Conveni enfeBiogt EEpeTaly. gihupl anac aepyrd By srctpedidieasidiaspassdamgt and

renoving sygh WERis FHM atk@mé}f%{ﬂgné Bmok 8F BE 5%@;&@6%@@011 ARidGh 93k 6
Synthesis", 3rd Edition (1999) by G eene and he conpounds of Fornul a

| may be prreaglagrmw@lvre@m piog :mixturejgf theptwe geenv@thy/npngqueeps seadiagikeidiethyl | - -
COOH + TNE%erzlthﬁ]ac@t é?ha?n?_ %BHI)RP%%} ec\e ifGrel BTy N N-X 1.1 eq Bensyl

pi perazine, o0....... Benzyl (rac)
5 Compounds of the invention show unexpected properties when compared to

compounds disclosed in for example WO-2006/067401. For example, a compound of the
invention may have increased potency and/or increased margins vs hERG.

The compounds of Formula I and pharmaceutically acceptable salts thereof may be
prepared as follows:

10 (a) by the reaction of a compound of Formula (II),

wherein PG is a protecting group, for example, benzyloxycarbonyl, benzyl or tert-

butyloxycarbonyl with an isocyanate of Formula (IIT)

s P—N=C=0 (n

or, with a carbamate of Formula (IV).
0]

P—N’ﬂ\o—<<::> (V)

wherein P is defined above, followed by removal of the protecting group or

(b) by the amide coupling of a compound of Formula (V),
(@)

Pe:jg_\N—{é— (V)
_/

wherein PG is a protecting group, with a compound of Formula (VI)
>—N NH VI
Y, Vi)

wherein P is defined above, followed by removal of the protecting group,

20

and, if required, by conversion to a pharmaceutically acceptable salt thereof.



Cl NH2 + 8 1.05 eq 1.1 eq NMM Cl EtOAc oN\ -es , /-" o HN 10
A compound of fornula (1), as a base or a pharmaceutically acceptable salt
t her eof , wayotwa7used in the treatment of: PCT/SE2009/051416

9

When the protecting group is benzyloxycarbonyl or benzyl then removal can be
effected by hydrogenation (for example hydrogen in the presence of palladium on carbon
catalyst). When the protecting group is tert-butyloxycarbonyl removal may be effected by
treatment with acid (such as hydrochloric acid or trifluoroacetic acid).

5 Convenient protecting groups and details of processes for adding and removing such
groups may be found in "Protective Groups in Organic Synthesis”, 3rd Edition (1999) by
Greene and Wuts.

The compounds of Formula I may be prepared as follows:

> >

o) — ) 1) CH;MgCl (3 ekv.)
)—N NH 1.€d. acetonecyanohydrine )—N _'< 2) EDTA (aq. 1M, 3 ekv) O}—N/_\N
e} v acetone/water —Ne ~_/
N-Boc Piperazine CCR2Nitrile CCR2tert-butyl
1)1.2 eq TMEDA/1.2 eq sek-BuLi A— COOH +TMEDA
2) (1 eq in theory) CO, 7< 1.2 eq TBTU, o
N, ) 1.1 eq Bensyl piperazine, ;
2-MeTHF
DMF 0,
CCR2Acid )—N N7<
Is} 7/
p CCR2Benzyl (rac)
(6] //\N //\
Chromatography A— NS Oy N MH
o Q— N~

—— o,
ethanol/hexane )—N N7< Pd/C 3 mol%, 10 barH,
Y Ethanol »_N\ /N7<

CCR2Benzyl (R)

CCR2Debensyl
Cl O H
N cl N__O
CI—Q—NHZ .+ 0 \© 1.1 eq NMM ‘Ig \© Ethanol
F 1.05 eq EtOAc F
CCR2Carbamate

/ \ O
N

T AN ; —

He* HN N7< 5eq HCl in 2—propano| OYN N7<
— -

(0]
3 eq triethylamine \ﬁ

Ethyl acetate

H —/ 0O
Cl N N N
T
F o HN N7<
j——

CCR2API-Boc

10
A compound of formula (I), as a base or a pharmaceutically acceptable salt thereof,
may be used in the treatment of:
L. Respiratory tract: obstructive diseases of the airways including: asthma, including
bronchial, allergic, intrinsic, extrinsic, exercise-induced, drug-induced (including aspirin

15 and NSAID-induced) and dust-induced asthma, both intermittent and persistent and of all



1. Respiratory tract: obstructive diseases of the airways including: asthma,

i ncl udi ng bronchial, allergic, intrinsic, extrinsic, exercise-induced,
dr ug- i nduweao(waicisadi ng aspirin 15and NSAI D-i nduced) ana@cCuisgeeonoshsced
asthma, both intermttent and persistent and of all 10 severities, and

ot her causes of airway hyper-responsivéhess; chronic obstructive pul nonary
di sease (COPD); bronchitis, including infectious and eosinophilic
bronchltls enphyseng,; bronchlecta3|s cystic fibrosis; sarcoidosis;
farmer' s | BOvgriEgicandether eansesi of gY@ hYISY e QSIENcEs: ¢ Proyic whutya Rulgenarying
fibrosis, WRELHEAGEDEbMRLAHEHcdlielh RS0 deRbbHifiSoromehitd QRGNS
interstitial pneunonias, fibrosis conplicating anti-neoplaStic therapy and
chroni ¢ i nbwaehientsisi %@tl@ﬂbrﬁgs,tsa@eud@m dayrnst’ g helg ardietagid dissaies and ot her
fungal infg %&P‘hﬁl fos] b yiasgulitic and

t hronbotic |egsgr tm 0 tﬁgﬁ gf@aossé %P%lrgpglg g&h@{iﬂﬁgﬂ% 9 ylpgerten5| on;
anti t ussi vah(alathlc\ﬂmteystitiniqinaldhcpIQaSt ﬁlefavmmpliﬁatlrtmmt)mecplas@uqwrmsgmd:| ated with
o ARt oo REER A AR IS A pd D LR A kAR O0eN! ©
cough; acute and chronic ¢ hel dah T I canent dsa, and
vasonot or chmplichii®s opmmgltrams@lanandl svmsbmadndalhrbmbgloodmdndem ¢ftl=se lung| _ud| ng

rhinitis nervosa (h ever sal po asi s cut V|ral ction

el udi ng. HETABRm N AT TRiset TtRa e s Befrai By Biicyt o
virus, inf bluemzaoug(hamamedm1ﬁﬂlmha1d1yragd %RS)ryamltaﬁecDMb hitsays 2anBone and
joints: arthritides associa %ﬂlor i.n

150st eor t HITPES Puegksayte ﬁ‘?d %‘“C i IB‘EIP%% “&ﬁ%%‘&&%??&éﬁ*?/ B, for

exanpl e, congabid alinifi;peysipl a'nalsaa,sorfaeﬁl‘ildrgiakhlﬂﬁﬁmbmmag&hlﬁlﬁ@ﬂay&slat(hasj and | ow
back and neck pain; r heunat oi d arthrltls nd Still's d| sease negatlve

ser
spondyl oar fNFBPEREHPEYPPYIE PO HEH AEsPR sichigmg dhsfayiman cold. palpfegtio _
arthritis, f @afdaioyesydbhi VikisSinRshzHnAidnbarRMihbialiad SARSNERT ddbkRRas;hy; septic
arthritis and other 'infection-related arthopathi es and bone di sorders such
as 20t uber éul osBane gndiqinfiarfritdes pepocigied i or weWdMEncet ' s syndrone; acute
and chrgni GstQJaYtﬁltl@/ostéomgﬁéj b@ﬂ’l@)@i‘lﬂaw ﬁld's%%ﬂgf&r&&ﬁplgc&!ﬁ enft@AInG) um
pyr ophosphat e deposi tion di sease, cal cium apatite rel at ed t endon,
bur sal anddwb@m @I’Vlmhﬁlllchlﬁﬂaé@fﬂ@ﬁﬁd}@éh@@d logv tepicls vagsteeck pairrheumadidl secondary
Sjogren's systenm c
| upus eryt %%%g{sglgﬁgtlﬁ’%(naisg%k %8%%%%1%%%{1 @gé}sia#gk %gegélgﬁjdﬁ{ﬁgqﬁhgﬁ?% erentiated
25connect i ventlylgsupsoditeeatbatis, rqaf fieranthtioy a}ndmpdqcﬁ@temlctsd inogdardirapgthy;
der nat onmyo i en| | e
artiri t1 5 Tl D RS Sl AR Rl BRI ER GETC 61 ot e
di stri but i obe@nidsiassdodiag lécdts’s@asmlsmﬂsl)on@an’d syrhleamag bewe :ﬁrei\xmonarmiystatls syst em c
conplicatio vascul i ti.des includin | Takayasu' s
artori s, Tt PEE RSE RE S SO fple RRER Frear S SR: o
pol yart er i talsinmapstitdastighdon] el ﬁﬁlSS@ﬁd)\ﬁil@lﬁla\MHﬁdmoﬂ,l B@betlsl’dﬁﬁﬁﬁe; on,
hypersensitivity react cr,yogrlg'cr)bul i ns, rot eins: | ow back pai n;

Fami | i al I\/B‘a‘inf“é’raPQﬁ“é%A% BT R AT AR i ‘ﬂ%ﬂ)% IHWEFdlﬁélﬁ’iolerg}a Hi ber ni an

Fever, Ki kbbfi‘stﬁm@h@ﬁ@éﬁthelﬁﬁtﬂﬁrslIﬁﬁlb'@&dm@d’tfﬁv@ﬁé@b aSecasé, Qﬁdiﬁﬂi‘dlifér&mtd&ﬂ, and
rryopat hi es in and_connective ti| ssug&r enpdel | i ng

nuscul dékeF‘étnﬁ‘F“VG|t‘§%‘F§§F%SedH%af¥lBatP‘ﬁﬁ rgyQpaghyes inc a&%&een%qugltﬁ #Wdury] or

di sease: apbbi zbs@t%sp&lglﬁﬁlgﬁ)?ﬁéﬂﬂ{aﬁcdf I Qinditidmkhidinklidopa@Sé S@@mkiff 1 S, gout
or crystal arthropathy), other ng nt di sease (such as intervertebral di sc

degener at i 8fhrgidey %ﬁrﬂm%ﬁ@ﬁw pigtrigrtigngingd pssgelgies exndraness) and sswatie feyefel | i ng

di sease (s Hﬂ‘(hltsas%stemlc complications; vasculitides including giant cell arteritis, Takayasu’s

arteritis, Churg-Strauss syndrome, polyarteritis nodosa, microscopic polyarteritis, and

30 vasculitides associated with viral infection, hypersensitivity reactions, cryoglobulins, and
paraproteins; low back pain; Familial Mediterranean fever, Muckle-Wells syndrome, and
Familial Hibernian Fever, Kikuchi disease; drug-induced arthalgias, tendonititides, and

myopathies;



50st eoporosi s, Paget's di sease or osteonecrosis), polychondritits,

scl eroderma, m xed connective tissue di sorder, spondyl oarthropathies or
peri odontwD 2dimease (such as periodontitis); 4. Skin: [PESDISEa®PO51486 Opi C
dermatitis, contact dermatitis or other eczematous dernmatoses, and

del ayed-type hypersensitivity reaction$t phyto- and photodernatitis;
seborrhoeic dermatitis, dermatitis herpetiforms, |ichen planus, |ichen

scl erosus et atrophica, pyoderm ganginenosum skin sarcoid, discoid |upus
eryt hemat odus, Priwi Guacclipevist gavde!ingelaesaypsksicy! diseries due gitipar i a,
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and gl onmerul onephritis; nephrotic syndrone; cystitis including acute and
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or follow ?\"g bInEo}%g' t%iélglﬁlg St’Jgé}gﬁ{&g}lg’é%ﬂdﬁ?éc%gﬁrglg*a? %eg%gglﬁa\g%% di sease; 10.
CNS: Al zherorgwicgviti.gnas entamet aod hestere mentis; pleprofilgior abermmiung [deghinergti€@ID and
5nyCID; a i LS: i rOSiS. her . i i:ng syndrones;
cer ebral 2%4 #@P%ﬁ%@%&s%gaée{% e\?’glg ﬁF ?‘%%HEO%P %ﬁ%ﬁ%?elgg%r%ﬁ&@%ehﬁyast heni a

gr avi s;20ac uplehzumdiscarconiosis;pafectidna cetudingi vintie fumighf anltbacteriger si st ent, whet her
of central _or peripheral —origin).includi.ng visceral pain,.headache,

M ar e ne. fr1 geWaRan P P BR O SBds RaRE Bone pai n,
pai n ari si rdluky@gincgtiliegas@sentttitisDmadtovyasispOrohe disegatdolids paudingy ndr omes

i ncl udi ng 1@di abet bc Fost.- her peti.c, fndd'HI V- assgéi at ed neur opat hi es;

neur osar c o 52 colifi Pragitis, RErifis pRingpshaq diseass, BTIRDIEPOVELYEGRBFI 2%t i ons of
mal i gnant, fdodfrelefell QUG gies whidh Slafl ARG RED ERftEFom the diid (folIxBMpleabib@ineMune and
all ergic disorders including Hashinoto's thyroiditis, Gaves' disease,

Addi sor’s GHRESYECZdYbet es nel |itus, idiopathic thronbocyt opaenic

15pur pur a, 7e€0si RRRIMihd1Cheh@RRI inbluding BBRIMING FalSHORE fisiraBfibicRRAaPNOI i pi d
syndronme; 12. Qher disorders w t%l an i nflammatory or imunol ogi cal
conponent ; cirhetivief thylWrehplsexsttiy; pancagedtin Sqihisc e 2nhehiemdc:def i ci ency syndr one

(AIDS), | eprosygenetaty MR MR udRRA RALAN SR LRFHchGors Yt OB Rrotic
syndrome; cystitis including acute and chronic (interstitial) cystitis and Hunner’s ulcer;
30 acute and chronic urethritis, prostatitis, epididymitis, oophoritis and salpingitis; vulvo-

vaginitis; Peyronie’s disease; erectile dysfunction (both male and female);



13. Cardiovascul ar: atherosclerosis, affecting the coronary and peri pheral
circulation; 20 pericarditis; nyocarditis, inflamatory and auto-inmune
car di onyopatzhiocggiiencl udi ng nyocardi al sarcoi d; i schaem ©CI&Ber0bOSi406n
injuries; endocarditis, valvulitis, and aortitis including infective (for
exanpl e syphilitic); vasculitides; disbiders of the proximal and peripheral
veins including phlebitis and thronbosis, including deep vein thronbosis
and conplications of varicose veins; 2514. Oncol ogy: treatnent of common
cancers i n&l udi Alogsrfbrsicstion: agireaskchrnigigliowparfpreramplentesnsalentationgfnel  and
col on, stopRGh, nsi, nvémqng%ah@mamrsﬁm%@@om IR ESIOA fgRkiHE, Jrhe bone
narrom/(lnclu ‘ng the | eukaem as) and | ynphoproliferative systens, such as
Hodgki n' s elfieningrfttistigkhert distayeiphoma; i ncl uding the prevention and
treatment @f nMegRs!ALL HeH B4k pRgganeopl astic
syndr ones; gnd §ﬁ§ %??%?ﬁ%%%%?ﬁgfetracnn %bg§|acﬁ§?§ggqgr D?OCtItIS
eosi nopi| i oV@é?stdmloedwermultlsle selarobio eyt @barslem@rlmhnﬁgsyddrgmas@erebmaber ative
colitis, an itis I

di sor der | Iat?ﬁ“? 9%15 abn%l %cuht?s aeng)%?atlgﬁ%'ﬁﬂi n '(fsgh%ll ravis ugera} t%{n%ngg)al 13
rel ated aI [eentg) iermitietior bameteerf bahs of emmﬁborfplenphetdhengu) incledigg yisedrgr ai ne,
rhinitis and vention furt .0Vvi des conmpound of
For mil & (1 PR GERT aterapsvaL o PET e vt Py R OB SRRk ne

medi at ed dpaeaﬁﬁngﬂamcaﬁmtmﬁhaﬁmahﬁﬁMndwﬁﬁ@mﬁmIM%ﬁ@n&omaaﬂdhmnghis way, the
conpounds sui t apl ed into phar ceutlcal nposi tions, which
urt hor' oot Boop AT TS g DB RH e i o GG SRS or
further as pa&gheRf ndritgs kyivent driflicatidhe o EABRAUMIinFGtiGRNY eMbRithine used for the

treatment of CCR2b nedi ated inflammatory di seases and/or neuropathic pain.
The conpouRWS®d™ the present invention may be used in the treatnent of

10neur opat i C P@inRr A% Brh@icttld Widrbic AisbrdersGRENRKI MRhIRAD 3B hiditisease,
condition or disorder such as those |isted hereinbefore. I'n particular

conpounds &ravendliscpventdivh yrisrasedigress mallitn adippade tsaebasytopiedicopat hi ¢ pai n
associ at edpyhi c%sﬁ%&ﬁ%f?c GOERR M PG-T gﬁ%&ﬁ&ﬂe %tﬁ%ﬁﬁoh;ﬁ@@ﬂid}dn%’ or disorder.

The conpounds of the present invention may al so be use in thé treatment of
acute painl2. Chr@ﬂilﬁt:dl?ﬁiﬂqiis thelkm@ammatoaa@rc@nnupelioﬁlcalaﬁ@pvriegberrcaldlrmeﬁw 15

Conveni ent ;& %@BPL achﬁ?édqglg‘luﬂgH%fﬁ%&péﬁldfb%eQA% 0 Po%?%e%‘d Mdmnﬁamm_t ory

di seases such as r mator d arthriti’s,” osteoart ast ergic
rhinitis, eitpmincoplsit syironyes; pulnnnary di sease (CCPD) psori asis and

i nf | ammat O(r]jé/ bo, d10%s§1?1§15 Gthero cler051 fo@c%né Ithel%I eé&%ﬂ?ﬁ% %ﬁ‘% cﬂlnﬁoﬁ nvention

may be use reat neurop Sth pdi n asSoci a {9'sand in
particubar pcrmaﬂhi&: mlyocairdms 1rﬁIaEmta1td1§eamrbme 1rmrhme|qaxdm1nyooathms oxludaeg t he use of
a conpound of Far

ot chnent TP BT AT g GO W G TR B CEARE BT i cul ar
for the tr astudgtinfodtiveOR bxanmptk @bﬁdtl&)ﬂffﬂS&[ﬁ’iﬂé@ﬂMOlﬁbﬁ@ﬁﬂl@@rommal and The
[ vent on Luther LSl aler L) SORoL Aot on, Lhctrgles uher el 4 comppund of
phar maceut t&aplice @R @8 L dricogt veins;
5 14 Oncology: treatment of common cancers including prostate, breast, lung, ovarian,
pancreatic, bowel and colon, stomach, skin and brain tumors and malignancies affecting
the bone marrow (including the leukaemias) and lymphoproliferative systems, such as
Hodgkin’s and non-Hodgkin’s lymphoma; including the prevention and treatment of
metastatic disease and tumour recurrences, and parancoplastic syndromes; and
30 15, Gastrointestinal tract: Coeliac disease, proctitis, eosinopilic gastro-enteritis,
mastocytosis, Crohn’s disease, ulcerative colitis, microscopic colitis, indeterminant colitis,

irritable bowel disorder, irritable bowel syndrome, non-inflammatory diarrhea, food-



250r fornulation conprising a conpound of the invention, is adm nistered
concurrently or sequentially or as a conbi ned preparation with another

t her apeutwo 2ag#11560r agents, for the treatnent of one OPCESE000/0514in€
conditions |isted. In particular, for the treatnent of the

i nfl ammat ory di seases such as (but notl¥estricted to) rheumatoid arthritis,
osteoarthritis, asthma, allergic rhinitis, chronic 30obstructive pul nonary
di sease (COPD) Ipsqri asi s, neuropathic pain and inflammatory bowel disease,
the conpoufrkicdicigies Whishdise effeciragmple ToBhibe awde o Mierape Aisits pad ed bel ow.
Non- st er oi dakmanti-inflammatory agents (hereinafter NSAI Ds) including
nonsel ective cycl o-oxygenase COX-1 / COX-2 inhibitors whether applied
topical ly or 1Bhesipeanéipn Gusthprpregdests cagppindeXiFemmla di @ dsfingteabovpioppiconi ¢

act ds_such; . RARRONGR . ¢ LUTRIRIH &led FRORUPD inkELARE S £RaANGHLPUPT OF €N
fenamates such as nefenam ¢ aci 3 mélorret acli n, sulindac, azapropazone,

pyr azol enessedue thisagayp Herymbands emeyitabhl fouyllatedmtspiomasutaegpionipajitionsel ect i ve
OO 2 1 i R 1Sl P USRS AL OXL AR, (CEhEER Khbiee Ll REOKI, YR dGEAXT D,

| umar ocoxi b, par ecoxi b and etoricoxp by cycl o- oxygenase | fhibiti rPg nitric
oxi de donopsth¢ @vd@s) Thegloupoaarit caustientty wsd {onttetticemmeadifiGiRbencelihtdaly
topical, or i nt ramuscul qr i ntravenous, or intra-articular routes);

net hot r exat ,ah]f%fqr-‘ﬁ ST e H{/H‘?%W ﬁ%atubqui ne; d-penicillam ne; auranofin
or ot her par entElicedonpourak af thg ptederp irdpaicatrhate;usahaltigasdatssnt of acer ei n;

intra-articul ar therapies such a al uroni c acid.ioderivatives; and

nut £ 1 na e lon R SSuEh vl &G B ateoied it Ban b T 1 on

sti Ihl furt beh ak lﬂiloaet m&mreﬁﬂg?fdﬁ@mffbﬁaidlmo?bo@dgoﬂﬁemm&mﬁ n’iab%ehl%f_ﬂﬂti on, or
a pharmaceutically acceptable salt thereof, together with a cytokine or
agoni st or MSHEAGSHE tnewppwfBRIPﬁ%Of%Wgwltgﬁ,CQRﬁaﬁiﬁa?lﬂge agieddimeh act on
cyt oki ne s gHa@lonioR @isBRENWRY SonfPdahdsT tHIHMLRAL VA Qf misoHdnze fyiHit em

i ncl udi ng al pha-, beta-, and gamma- 15interferons; insulin-like growth
factor typ#cqtmentgagque paihcliopEmRinngack PRip. GaRedr plPRRdVisEeelpaln7, and

i nterleyki n ant agRRhishxAhplbdibRid QuRpsHichaRSasQRBKIR i in iR yNECT 0Si s
factor alpha (TNF-a) inhibitors such as anti-TNF nonocl onal antibodies (for
exanpl e i nflispasesraph asgletnateidahritinestaoprhrgir 0gs thase al e Flagip chionignt agoni st s

i ncluding i I i (sHeh:

| o ol ccul BT el (R EERE (ST A0 HARELARDRANMSE: on 1 ne

i nvention rel atlagattgular comvundtdf tre infentocmapbewrdd of traahecurapathtjaon, or a
phar maceut | . I . f .t h a nonocl onal anti body
targeting Eﬁg%%%ggﬁ/?@%ﬁ salg%ﬁaﬂgglc&%gé&%aml%\% mab), MRA-al L16R and

T- Lynphocyt es, Kikthédndrg,thdHumtion protbles th¥nge @resmpbdundrf €otmiudan(Isdsi | | furt her
relates to the conbination of a co und of the 25invention, qr

bhar maceut ALHR JRE L apPatlal v T RRRBRn i v aE Dot Pe st ok ne
recept or fdRedse,and suiticatir &i tientagant st COR2HGaRE te CoR3mmaICRAJiséatd5, CCRG,
CCR7, CCRS8, , .CCRlOﬁ‘(rgt?l 1 (for.the -Cfan%%.; CXCR1, gCRZ
CXCR3, CXCR4 anfiedRpgon pustheniglateptocombinaion (herapiesw opgpuidpd the ¥3. ¢
fam ly. ThavpitRaesta ghamerbitRallyf acéfidle fatltiah&s, dra phiiehacaiibl Rahpeitical a

conmpound of the | . : o .
P 25 or ftormulatlon comprising a compound of the invention, is administered concurrently or

sequentially or as a combined preparation with another therapeutic agent or agents, for the
treatment of one or more of the conditions listed.
In particular, for the treatment of the inflammatory diseases such as (but not
restricted to) rheumatoid arthritis, osteoarthritis, asthma, allergic rhinitis, chronic
30  obstructive pulmonary disease (COPD), psoriasis, neuropathic pain and inflammatory
bowel disease, the compounds of the invention may be combined with agents listed below.
Non-steroidal anti-inflammatory agents (hereinafter NSAIDs) including non-

selective cyclo-oxygenase COX-1/ COX-2 inhibitors whether applied topically or



30i nvention, or a pharmaceutically acceptable salt thereof, with an
inhibitor of matrix netall oprotease (MWs), i.e., the stronelysins, the

col | agenawex1eMtssrhe gel ati nases, as well as aggr ecana®el/SEs@eosald y

col | agenase-1 (MW-1), collagenase-2 (MW-8), 15 coll agenase-3 (MW-13),
stromel ysin-1 (MW-3), stronelysin-2 (MWw-10), and stronelysin-3 (MWP-11)
and MVWP-9 and MWP-12, including agents such as doxycycline. The present
invention still further relates to the conbination of a conpound of the

i nvent i on, SSECNHCAN ATUTR 2BRIFIxEAM JickEdan PEpiicsagids sugheys 8afroxeind a | eukot ri ene

bi osynt hesigg bairbieh, l%ﬂ %ifofen5 kbthRBIN RN AIFrofen; felfdmdtediubi és%ef&{aﬁc Aldlcp oxygenase

activating protein ( antagoni st such as; zileuton; ABT-/61; fenleuton;
t epoxal i n; 11;&@@91111@(;11’)?,911}7151%10 ABBTAZ @R IByYazogpnes such as phenylbutazone salicylates

N (5 subst I
2, 6- dl-ter%ﬁ g%mﬁﬂ Pﬁ%%réggﬁéthﬁﬂgég iﬁ%??“ﬁ§8?%%§#%ﬂ§“§ﬁ%h as Zeneca
ZD-21385 tMdd@DN®OMHdﬂﬁﬁﬂﬂiﬁﬁﬁ@ﬂbaubymmmxmyKyélb@Y$mmEemn@UmyaH®naphthaIene

conpound S48l Bhofs (EReBHP indhRiied deSRISRD IR SARIBILy g oS

L- 746, 530; "or an I'n ne conpound su - 886, and
BAY x 1005nmamumuhfhmnpwmasnnunmmemmﬂ@mmﬁubUhﬁhﬁm&haﬂahmbmumhe conmbi nati on
of a conpo of . the inventio eutic e table sal t
Chereor " athraSeubBgusr EtidimSt FraPRLERER bkl e R R res s,
and LTE4. pebasati@d; mupmidshiagiantinteonsitdin thgais shlflﬁas]li_fy@]lilﬁmwd&lcaﬂ n-3-1 s

such as L 51, 392;: am di no conpounds such as CGS-25019c; benzoxal ani nes
such asonftaBaIES] snopuHHRRY CHITTGISH e RS as B | L 284/ 260; and

conpounds such Bif prakhtihwbaast stilicdatthis adites BN @nibkRAGbn of @dlpdk@bdf.thver | ukast
(MK-679), RG 12525, Ro-245913 |ralukasE (CE& 45715A), and BAY x 7195. The

present i nYRREIOSnoT@nhpImaceichlly aceentableseltthereat dogedian A RicKitk BF 053g98Bithound of
t he 20i nvept i@fFoniOf ofd DxétBl@ﬁE rRe M (ifdhdide @«geﬁ@wml Rt S koliReigafiingand a

phosphodlesterase i nhibitor such as a nethyl xant hani ne i nél udi ng

t heophy! | i REham i %élmﬁiylarqrh@ the;SQed @@ﬁqnvénqhg\:}lg dpfenbyite and EIBNE-or
i ncluding & RRkhs! 1H§Hl1lﬁ'lfk9rro%ﬂh iedabr B E@Ueqrfut iaﬁerlleaeﬁmmlﬁ’%ﬁ 11910 #9

i nhi bitor of PDE5. The present |nvent|on further relates to the combination
of a conpoamhmtﬁleml%learz&omﬁt@mitﬂipbltowrsu@h phariiiecumpwalcripsiafstpriabt e sal t

thereof , E‘H\Idﬁ Fln% ROk @ﬁchtéé?lﬁu TN; na@%%f%hal%ﬂﬁ@o%?e@'(ﬁe prge ﬁﬁlx&g&t} rizine,

Ioratadlne orat adi ne exo acrivastine, enadi he,
ast em zol eaddineinab}dnd&;DH-&100 eabASF lreneptomdmltagomhte mctudimgniamupogiotaiiinazi ne,

Cyl £, 0l bR ST B SRR G s RERSOITER L
conpound of t heln3Qiifve thcii®Rnti@ reAteP hod conttanition af 4 yongoaepdtahd @vadioh, t her eof ,
and a proton pu i nhi Qi tor uc S azol e stroprotective
hi st am ne py@agrg?cg@écaﬁ% pccgpfé@a Baﬁti tg?r? ﬁa monoglona an‘ub%’gl targeting B-
Lymphocytes (such as CD20 (rituximab), MRA—aIL16R and T-Lymphocytes, CTLA4-Ig,
HuMax I1-15).
The present invention still further relates to the combination of a compound of the
25 invention, or a pharmaceutically acceptable salt thereof, with a modulator of chemokine
receptor function such as an antagonist of CCR1, CCR3, CCR4, CCRS, CCR6, CCR7,
CCR&, CCRY, CCR10 and CCR11 (for the C-C family); CXCR1, CXCR2, CXCR3,
CXCR4 and CXCRS (for the C-X-C family) and CX3CRI for the C-X5-C family.
The present invention further relates to the combination of a compound of the
30 invention, or a pharmaceutically acceptable salt thereof, with an inhibitor of matrix
metalloprotease (MMPs), i.e., the stromelysins, the collagenases, and the gelatinases, as

well as aggrecanase; especially collagenase-1 (MMP-1), collagenase-2 (MMP-g),



The present invention further relates to the conbination of a conpound of
the invention, or a pharmaceutically acceptable salt thereof, and an
ant agoni swoab1oiiieseni st am ne type 4 receptor. The presen®PCirseemviosnictil |
further relates to the conbination of a conpound of the 5invention, or a
pharmaceutical ly acceptable salt therebf, and an al pha-1/al pha-2
adr enocept or agoni st vasoconstri ctor synpat hom neti c agent, such as
propyl hexedri ne, pheng@) [)hrl ne, enyl pr opanol am ne, ephedri ne,

o]

pseudoephe&?ljagenasqa v )n%rowaﬁ@c Pé StrgwgbrinRANNPdOh gt ochl ori de,

t et rahydr ozl hdigifly (IREN| OLh@SnviXy l.RIRIE9b Imud? g%g%ﬁ@ %ﬁ{rh'agﬁoxfcgfé’}%zm I ne
hydrochl ori de or et hyl norépi nephrine i ohydrochl ori present 1nvention
further rel at esThepresget intbpmsit] f@ﬁh%frelae@@rﬂmm&mr@ﬂomW‘eaqomemd drhe or a
phar maceut , I.G. agents

i ncl udi ng hrrﬁgllggoéél %I gﬁ?@?gbﬁlcﬁ%’ M&ﬂ%@é& . ﬁg%@kgﬁﬁgg‘%ﬁlgﬁé G%Ss atropi ne,
hyosci ne, @hﬁnbpﬁrlmOBYM®e (3- bﬂainhﬂpﬁoum iahmgi@asetacmatmgpmubﬁdmme

oxi tropi um hr om ol 0 T nt
Mnvent  on S G AP APE AR Fes fo e ERRUNE by a1 T ABRRLESAR | o
i nvent i on, ad(Sasupsteutodakiophenal lajkybmtfepinatd; @, 6sdittrt- blhtglphﬁfolhyamdor&s

D RSP WF A58 AL P FESERR R L ) Sueh o

or ci prenal ppédinydistigtituesdd)-cyarsysbithglencatompbiraiuell #l1-70101@; €bi ral 20
enanti oner ther eof nvention further relates to the
oo T o igr somRme e T A b AN iRl o BW&&PP&&%‘PP P as
accept abl envgabkb1, tverreefand 8a 21@J3r onone, such as sodi um cronopgl ycate or
nedocrom | sodium The pr esen{ invention still further rela g‘istéto t he

conbi nation of HOBFSBURFRESN tUHBCIIBlRKY IR ermbigption ohheqpRoua ally

accept abl ejsahtont &EhrﬁﬁlfmacwticQllﬁac%ﬁdﬁﬁ)@@[ttﬂh&&ifCla,nd %lﬂé‘c@ptaﬁarfta{géﬂis%¥ i de,
tri anci nol one acetonid becl onet hasone Ero pi onat e, budesoni de

fluti casonéeu}s%ﬁ}eéﬂaD@“ EiTer dsdpt gad BFE elad am thqgreut eonsisting of the  The
present i nyentindPid 4L Heh of £led] e taﬁdﬂlﬁco%%@ﬁd%%éh% @fs-gogoapound of the
invention, or a pharmaceuticall’y acceptable salt thereof, with an agent
that modul é@r@gxaéar@geweh @aqntamlﬂﬁobﬁézmﬂé@élmxamdgm@hs sush PP 284/860; exdnpl e
rosiglitaz f C e

Combi nat | oq U et s afrBERE RbiADKERIRR. ek, LR

accept abl eR§3a12cS2ﬁ@WIWkawE@@%ﬁﬂlﬁA)lamdleéfrwl%r egablin and

equi val ents an i t her eof
17 The. pr BRORECRIERRSE Bl SRRSO E RIS S * 3
conpound ofnvtiten] amaqmmrmaeutmallﬁacpmﬁhheasahmhar@w dnygt apboppoditriterass BPDEX her eof

w th cel eco et pri cox m.rac rofe oxi b oxi b d cl of enac,
oxopr of entiasr kER: € Bbatap BRI BT B 0P O IRE Rt RRS TRk ceiePh 1y
active i SOB‘BE(lﬁJ)en@md: infEbiadrahdlide{csd P e in@ibitoSan Tihigibitsres enrtisaferneld E4D) stil |
further rel ates 2 i@gnbi nation of a conpound of the invention, or a
phar maceut Pl P’S’/‘ EP ie salt thereof, together with an i munogl obul i n

(lg) or Ig prepralﬁeqiregaﬂt i@¥en8bn fuith&geRics to tBE c@mlﬁd@@dmfmdnﬁoahdl ohé g function
such as anti-1gE (for exanpl e omali zumab) sent |nvent| on further

rel at est o MVAYTORGPHS H%la&maawtﬁﬁﬂy@@cew&%& ﬂ&?ffe%f H’é‘d f%fsmlm B! regepter

phar maceut bgaddnkt Ak @PERBLR e I8atadinb lcfBfatad MR dfcRITOIRE, RViSisaM, C Of
t opi cal | y- % plied anti-inflamatory agent, such as thalidoni de or a

deri vat i ve teriseadings astanizele.japelasiine. devorabattire. diorphenirpmie rginethazine,

cyclizine, or mizolastine; applied orally, topically or parenterally.
The present invention still further relates to the combination of a compound of the
30  invention, or a pharmaceutically acceptable salt thereof, and a proton pump inhibitor (such

as omeprazole) or a gastroprotective histamine type 2 receptor antagonist.



The present invention still further relates to the conbination of a
conpound of the invention, or a pharmaceutically acceptable salt thereof,
and conbiwetimg1sf 15am nosal i cyl ates and sul f apyri di n@C33ER008SH51416

sul fasal azi ne, nesal azi ne, bal sal azi de, and ol sal azi ne; and

i mmunonodul at ory agents such as the thi®purines, and corticosteroids such
as budesonide. The present invention further relates to the conbi nation of
a conmpound of the invention, or a pharmaceutically acceptable salt thereof,
toget her with ahhcanesendBtaHPmiurtbggaie tshesomhinaiopehs eamnaupd ofshe vat i ve, a
tetracycli §fent®nBG RhindReutRaReiRe)td @Mthdedt! MALR ML P DENe AR dazol e,
an inhal ed am noglycoside; an antiviral agent 1ncluding acyclovir,

f anti cl ovi fypedaepios! ovir, ganciclovir, cidofovir, amantadine, rimantadine,
ribavirin, zanaggpy aﬂréseangvaﬁal TR el Re POUER i B 4 Bnpa b3
indinavir, nelfin ritonavir, and saqui navir; a nuc 0si de Teverse
transcrbptaB@mumﬂwﬂﬂHh@muguﬁhﬂasmnﬂﬁGMQﬁﬂuﬂERQQﬁnéﬁnvmuah@mhsﬂavudine

zal citabin n c ase

i nhi bi t or gclljrgllé]oc aﬁst 'cg(/)lﬁll tV%SOC%EStIaCtQ m?altﬁ&%%engggé’n? Es' Ip%éoé/ﬁ[%xéfdﬁ@%n tion
still furtbbmwkghaEQMwhﬂpumammnmhemghﬁnne@&nﬂoqmamnmndmm&ohmw i nvention, or

a pharmace acce le.s and.a .c ovascul ar agent such
2 a carci Hirnsr S TBladie i pi G R BRraR HRRERGYAS S,

angi ot ensi ﬂyl@ﬁhﬁmm’linb hgdraﬂﬂgfrm tBdMaACim)e Hydivchlbtidy or ceiymRgimplensi n- 2 recept or
ant agoni st ; & kgld | owering agent such as a statin or a fibrate; a

modul at'8r  BYIBSH el | mor phol ogy such as pentoxyfylline; thronbolytic, or

an anti coagul anThespteRntdsvertipn Al@EQtlaRYer thgednhiiution B Htdound d&he The
present inyentjon further reI?tes to th§ combi nati on gf a conpound of the

i nvent i on, TYFNtPNPFR RRaRAGEYtically dpoepiebipebishcscol Ang ap RRCBQNCIEUGRECAS NS agent

such as anmnﬂdinge]ms@ﬁﬁmiecépwmlamsaaMglahagamst@ﬁbhaa@raﬁo ﬁ’éhjrd?;@ﬁ@l an drug
(such as dePreny -dopa, ropinirole, pram pexole, i nhi bitor such
Y

as sel egi né& awrrr%tagplla IPRIUM BTERAD tlarrﬁmplﬁubrmldwéﬁroa%m tagme an A-2

i nhi bi tQr, 2. HeRAMMNEFALMRL ake i nhibitor, an NVDA antagonist, a nicotine
agoni st, a dopanlne agoni st or_an |nh|b|tor of neuronal nitric oxide
synt has e) or ahhcamesentAnveEpmil fgl’thﬁfu@]at%f@hhea@ﬁ@@ﬁép@ﬁﬁqComppv@s@flﬂ@@m ne,

tacrine, ggﬁo%f 6rr5ktﬁ19fnjia95 tlch f&g%[}tﬁ)flé/ Aaltt oqranH%tb'éfa aﬁféﬁ&& %0 'E esent

i nvention st urt he co |na ron of a co
10|nvent|0ﬂnd@¢n&b%haxﬂn@6uwvmaﬂkvSadvapwabménsa$mnmm®ﬂébmmﬁ@mb an agent

: " ; .
or. the tr?y acl?) té)r{)ut r}é grc%?en?]%?g%oﬁtg%%‘}'%Syé%&gogP%t?lag‘of:%pa Elﬁllai y or

peri pher al 'ng anal gesrc or ‘derrvative
t her eof2p, emmbamazmpmﬁé gabapentin, pregabalin phenytoi n, sodi um

yal proat e, anitf% eslpe(lel#ﬁE raat (ﬂ % sant a ent-s $a¢%cetannl CB1
agoni st, nuscari fic deﬂ\’él VAR 5 IR emR ey %Hé{’gOBH g
non- st er oi dakntinf or-a [ﬂ15inlihfcblafdf§ﬂ@t acyptabgedatt.thefdog, amﬂ askmoh edh dseodiftr t her
relates to the fonblnatlon q conpound of the
cromoglycate or nedocromil sodium.
The present invention still further relates to the combination of a compound of the
25 invention, or a pharmaceutically acceptable salt thereof, with a glucocorticoid, such as
flunisolide, triamcinolone acetonide, beclomethasone dipropionate, budesonide, fluticasone
propionate, ciclesonide or mometasone furoate.
The present invention further relates to the combination of a compound of the
invention, or a pharmaceutically acceptable salt thereof, with an agent that modulates a
30 nuclear hormone receptor such as PPARs, for example rosiglitazone.
The present invention further relates to the combination of a compound of the

invention, or a pharmaceutically acceptable salt thereof with gabapentin, lidoderm,

pregablin and equivalents and pharmaceutically active isomer(s) and metabolite(s) thereof.



invention, or a pharmaceutically acceptable salt thereof, together with a
parenterally or topically-applied (including inhaled) |ocal anaesthetic
agent sucwoasidd7gisecai ne or a derivative thereof 20A coRpOSEA0H5 e
present invention, or a pharmaceutically acceptable salt thereof, can al so
be used in conbination with an anti-ost&oporosis agent including a hornonal
agent such as ral oxifene, or a bi phosphonate such as al endronate. The
present invention still further relates to the conbination of a compound of
the invention, bl rcshdpYRaEeufurtaePlteatochpeuplivation of 2 ¢taroand of theget her with
a: (i) tryphesfns a%'at%atc&[trcal(}} dckepivil &lQer@2 Wlt‘}ﬂ"étel'e&gzlﬁ @ﬁ)h@(;xﬂ& PAF)

antagoni st; (iii) interleukin-converting enzyme (ICE) inhibitor; (iv) |MPDH
i nhi bitor; ll(lmyacgz@hé@fe@nlwwéwm {linlefappa. drxepiofas) wmgn,\mmcetalaﬁltaagom St ;

(vi) cat he r of tyrosine

ki nase (sucQ: l%le nh)ph&kﬂg%ﬁﬁ%f}??%ggmﬁﬁg?&ﬁet clallt }%%%O(gl b or Imatinib
mesyl ate), a seThermesénttlh‘reemm sigl fhithea sdat¢stadle cmlbantlomhﬁ ddomppuigf ofahavAP

Iklncg‘ls Sez UIC Elvglztloﬁsgr a Cp{hl\{lﬁiacgutlﬁalfy e{}cgp?'%):ljég %ﬁ%heAéof §0 etheggfltﬁ an mn%?obuﬁn ki nase
(viii) gI udgse-16 pmpmpdiramrandeﬂag@n@gemedy mhdldhatmgﬂg fl(nt:tXQn Sleh‘laSI’H-nB-Ig]Elm - or
B. sub2. ftce tor ant ??‘I‘{H (x) anti-gout agent, for exanple colchicine;
(xi) xanth He”"s PHR |tor for exanple allopurinol; (xii) uricosuric
agent, for exan’p}heq)rweﬁ)ﬂmmamdfurthéhgelwh fo thpyunataeiien of a benmhandoBhene; (Xiii)

growt h hornone. secreta Xi v ransform.n h factor 13); (xv)
o ot el b QUPFYE ol e g RaBl Sy GOk KDFARC o1 f o1
exanpl e bagpticll bial-Biflh@siatogy Shi) sicAGh talidnEdr a dokivhtive tireTUW REYdi€

macr ophage col ony stl mul e}tl ng factor (GWCSF); (xviii) capsaicin cream

(xi x) tachy¥iardhongeldRasiol or "5NK. sub3. receptor antagoni st such as

NKP- 608C, SB- 238 2ehahnatianiol RhdPrdAdio toeombaladst aseconpoiki §eke such as
UT-77 or ZD-0892; (xxi) TNF-al pha converti ng enzyrre i nhi bitor (TACE);

(xxii) i ndiyestion; e Rhapnacersicalscrenelq sl eat i spmbinationg of | | )

chempat tr a&&%&ah‘éﬁ%?&ﬂmﬁ%‘d%%& dg‘ghl%&lbﬁn@ﬁféﬁa@éz%dba@{&laﬂdg 8l l's, (such
as a CRTH2 antagonist); (xxi'v) inhibitor of P38, (xxv) agent nodul ating the
function opPlsategine lank@mle@éwﬂuipt@rwgeﬂy such@g mﬁhlppta@eh@nmmoateromj seefe
activity ofg iy Iééolﬂﬁfgl C receptors such as P2X7 or P2X3; or (xxvii) inhibitor
of transcriptio actor activation such as NFkB, API, or STATS. A
conpound of t heThevewnt ioventior fuathgireletenoehe cqrdhwloaoﬁ%mlmued gight t hereof,
can also b i St nt for the
roatmont OFeRLn b SRERCAR Atk Ry T DR ORI ART UG BT

anti pr abi f egeat suek Aanpdnneibp ldersvatiee, dmtgpcynima, aamdmlmia,talmta Iabteune@f as used in
medi cal oncgol ogy, .such as .an al kyl atin for exa l e ci | ati n,

Car bopl a1 RroggilH BeRtHPeR & P AR e R REr e B Erbuci 1
busul phan a¢ychviij ﬁameﬁl?wfrm)ac10%W1ragﬁnici&'&ivﬁbﬂdiofbﬁr (aﬁlﬁﬁtaﬁ)(@mim{aﬁtaameanti fol ate
such as afhuorop rimdin quorour or te 8 | titrexed,

net hot r exat'€2V"&y ¢ & Ay ?ﬁe %E%Vbreap’i‘?f&?eol? P%rasuc%d "}Vf abimEvor

pgcl i taxel )1t061|@ﬂr and sarqtnmuf aaln%lb&shd@trb@rs(eftﬁﬁscﬁmgmhmbadsrbsaai &srmgsélﬁdge such as
arlarrycm eonyci n, rupl Ccl n cln I rupl Ccl n IaI‘UICIn
M t oy cF n- EMIYRG $E eﬁenza%ﬂabﬁl? Pradnyeding:- Oraﬁmamlq %S@quverssaél}%ﬂmsr

exanpl e a wihih@r dlckad ﬁqualgigé:&e@@lféhﬁcrl stine, vinblastine, vindesine or
vi norel bine, or a taxoid such as taxol or taxotere); or a topoisonerase

i nhi bi tor (for BieaMpice invenapn Hlldferhey rsleeoivithe combinatien e assawiw ofitni posi de,

invention, or a pharmaceutically acceptable salt thereof, and a cardiovascular agent such as
a calcium channel blocker, a beta-adrenoceptor blocker, an angiotensin-converting enzyme

30  (ACE) inhibitor, an angiotensin-2 receptor antagonist; a lipid lowering agent such as a
statin or a fibrate; a modulator of blood cell morphology such as pentoxyfylline;

thrombolytic, or an anticoagulant such as a platelet aggregation inhibitor.



25ansacrine, topotecan or a canptothecin); (ii) a cytostatic agent such as
an antioestrogen (for exanple tanoxifen, torem fene, ral oxifene,

dr ol oxi f ewe 20r0/4708%0xyf ene), an oestrogen receptor down PEGSEa10005¢iOr
exanpl e ful vestrant), an antiandrogen (for exanple bical utam de, flutam de,
ni l utam de or cyproterone acetate), a LHRH antagoni st or LHRH agonist (for
exanpl e goserelin, 30l euprorelin or buserelin), a progestogen (for exanple
nmegestrol acetate), an aronmatase inhibitor (for exanple as anastrozol e,
letrozol e, vor ablesiRessht iByahensfushenrelaies rihe etintipation ob# caepouadipichase such as
finasteri dgyent2, orld ﬂhal)maeanﬁgmccmb@&ah%@ftaﬁd GRNGEIeeh@Lln dsipasi on (for
exanpl e a netalloprotelnase inhibitor I'i ke mari mastat or an inhibitor of
ur oki nase phtilspricsierfdriches soyisalive). prablakinganiatdregn(puch as deprenyh Li-deniabi t or  of

row h fac for exanpl e
?he antl-ebgﬁgiaﬁ?%h@%§ t%gg?ﬁ%ﬂ%g@“m%P&¥% ﬁE??%r%g%ﬂantlg%ly cetuiiggb
5[ C225] y, ahftatonssl ks wsmnsireddgehibitdi dad@@mlneaemkomhmtomana@éDAnhi bitor or
a serine/t h t 0?*5? ?1 éoﬂﬁles ﬁl%onﬂp I Eeia%{ Pe %%Pfsp (? agllﬁh%l‘w?f f ﬁeu?ongloﬂlﬁl bI growt h

factor fani exa rosine kKinase in or such as
N-(3-chl or @yr!ﬂ&aﬁé)u@ramphe-myﬂh)ﬂn?er'ﬂﬂtlﬂgcmgh ﬁ-d@ﬁepezﬂ rivastigmine, tacrine, a COX-2

nmor phol i nopr gpox nazol i n-4- ne (gefitinib, AZD1839),
N—(3-ethyn§@%ﬁ@ﬁé%%— Osﬁnﬁfg?fuﬁ% 0xyethoxy)qU|nazoI|n 4-amne (erlotinib,

0SI-774) or 6- aCligyresghtdOvei¢Bstill further relates to the combination of a compound of the
10chl or o- 4-f | uor ophen 3- | i nopro U|naz | in-4-am ne. (C

1033) )V an TPHHICH: Sk PO RE AR e R G bk REREGY O AT or an

i nhi bi tor adutd HehPRARAIOE Vich agk oMl a€ic@iphdralifi-dcying afa¥gesie RfodBtanRginogeni C
agent such as, one which inhibits the e;ﬁgcts of vascul ar endot helial growth

factor (foPPeldidFavatikethgispd). epareRinccgdaRAED iPAFeaRain PRPYRINSAIRER o

anti body 19,p® u@cahﬂlu?@hme@r stﬁm%m@prdssﬁﬁl g&ﬁq patac¥Emdl CB4286nist VO 97/ 30035,
WO 97/ 32856 or WD 98/ 13354), a compound t hat works by another nmechani sm

(for exanplMEsqefifispEeEst, WHW@EQW luRAteggfHst o avemsteighist #%n or an

angi ost @t i famnfa¥dry a@nvascul ar damagi ng agent such as conbretastatin A4, or
a conpound di scl osed in WO 99/02166, WO 00/ 40529, WO 00/41669, WO 01/92224,
WO 02/ 04434 or VB mgxngRacationlytherrylatghtoghestmbissian oha epmioyahelthe her apy, for

exanpl e Onﬁlvgﬁtfoﬁc&ea htal(?na Biftic &c@%t&b%ﬁﬁttﬁer %Bfe%e?%ﬁ% I%Ht%nlll?%rl SIS 2503,

an anti-ras antisen V||9§ an "agent useékln a gene ?ﬁerapy appr oach,
for exanpl @pw@by-@laﬁlhéélmtl@dm@mhdc@ lepbéanaametlgem swhehligwcabeerant p53 or
aber r ant BRGAL: O ¢ g , GDEPT (gene-directed enzynme pro-drug therapy)
appr oaches such 0se using cytosine deam nase, thym di ne kinase or 25a
bact erial n|trerdmp@mQ@f&mpymeuamﬁnmppDDQMhesmbmunmgmeqadﬂ@ammmnum

tol erance to r adi,ot her.a such as nul.tj.-dr i stance
gene. ¢ her abt: SO e S REE Sk e i RS e it PEmaBd: cach. t or
exanpl e exagdnvQichadralaxifeney Or aalpplﬁc@ph:dne@ stich dsakhéasae.t he | mmnogenl city of

atient tunour gells, such.a t|on wth c tok es such
Phterteukin 2, Firpieadbvei il Gl anues bas oronHape Corshyp o te

invention, or a pharmaceutically acceptable salt thereof, together w1th a: (1) tryptase

25 inhibitor; (ii) platelet activating factor (PAF) antagonist; (iii) interleukin converting
enzyme (ICE) inhibitor; (iv) IMPDH inhibitor; (v) adhesion molecule inhibitors including
VLA-4 antagonist; (vi) cathepsin; (vii) kinase inhibitor such as an inhibitor of tyrosine
kinase (such as Btk, Itk, Jak3 or MAP, for example Gefitinib or Imatinib mesylate), a
serine / threonine kinase (such as an inhibitor of a MAP kinase such as p38, JNK, protein

30 kinase A, B or C, or IKK), or a kinase involved in cell cycle regulation (such as a cylin
dependent kinase); (viii) glucose-6 phosphate dehydrogenase inhibitor; (ix) kinin-B.subl. -
or B.sub2. -receptor antagonist; (x) anti-gout agent, for example colchicine; (xi) xanthine

oxidase inhibitor, for example allopurinol; (xii) uricosuric agent, for example probenecid,



30 stinmulating factor, approaches to decrease T-cell anergy, approaches
using transfected i nmune cells such as cytokine-transfected dendritic
cell s, apmoaaohgsseasi ng cyt oki netransfected tunmour cel | PCT/s&00a/081416
approaches using anti-idiotypic anti bodies. 21 Some conpounds of
formula (1) may possess chiral centresl91t is to be understood that the

i nvention enconpasses the use of all such optical isoners and

di astereoi soners as well as conpounds of forrmula (I) in any of these forns,
and phar maeditnERPNCYRsBEAT QN ARS; @amﬁv\mhﬁ@rrew%%&o%% (mﬁlmsf&ﬂpmﬁ 5The
i nvention S, of
Formil a (1 A Sndesh S g ARl O ITPAY, foT FRRTRNESROT |
also to befaarMéqrswmde bmctﬁhreblasagmmlofuptouMﬁme(leh@rafnokombalal:roplzmeem st in
solvated a n u [ ex l e, . ted forns.
Tt ie to pe R B g PRI P RS O D G sl B AN R NS BT Bt e
fornms and plhfamﬂ&awptocaitagbﬁifsormbssNKBF@SC;ﬁBaBmmgtamhtest@orD 4418; (xxhhe

t f tabl e f f
Compos 0B b T TR Bt A U St Bt ("

suspensi ONsTAEP) b&lilmsuced in&pe bﬁd@iytﬁt}ﬁw\@e@ S) 1ﬁh1bg<5ra(xuhg ShenSoattHPRANIOr

elixirs), for to use r exa els or
aqueous’ or "GP Btidsetmaobri GEBENG )2 Hsrouh Qﬁ?@t@@ﬁ

15i nhal at i o&i)figHibito 3fMPIge (:&S) @chi Iﬂ@dﬂatﬁg VicdBeLtipR WEEs]1-Bke @cdptdﬂymLRqer osol ),
for admnistration by insufflation (for exanple as a flnel¥gd|V|ded powder)

or for 'Bar EvERgNt a’c?ﬂiﬂﬁ‘i“é%th%&‘i“éfﬁy ef ringsgigpteatosssugh ay it 1 PAddedus or oily

sol ution f aiviiNhhBMENTUSnscapRAULARERHSatioh RE@rIMERB! AP1, 6 STATS amuscul ar
dosing or as a suppository for rectal dosing). The conposi tions of the

i nvention may b# compaindedisynyeative At 3 pvanacsyiiseby aqceriationd thgeeiotient i onal
phar maceut hﬁ@lbe &G ﬁrpéo?rmltﬁltlol‘f\%lith a}f Bq g tﬁhréﬂéﬁtlcae[grent fIM@ tretMERQ? b&ﬂc@ln S

i ntended for oral use may contain, %ﬂ} exanpl e,” one or nore col ouring,
smeetenlngﬁﬂﬁkamﬁ@ﬂnﬁbbaaﬁﬁ%mcm¢®servat|ve agents. Sui t abl e

phar macgut |; g?éﬂ Ak ?o‘h@&flk%ﬂh&ne%ﬁﬁ%}t{%;agﬁg 5t ol b fhaliGPhélof & 1%9('1 AlihQfkat NC! ude,

for exanpl i ner uents suc act ose, sodi um ¢carbonate, cal ci um
phosphat e onmeWCmmmaQﬁmﬁnbﬂmgagmigban@mabkmqﬂaHUCUb@ﬂmnegrat|ng agents

such as ¢ OI‘ nclogsi)e n%p(};laml e i ImCusfa Fcf gfelplﬁ? cﬂ@ra 1tl Sou§uLf n%? a starch;

Iubrlcatlngy na nesrum-s tearic aC|d or talc
preservatiumoagmmmsmanﬁMmamﬂﬁd@mkmmmpmammyﬁbmmhydnmmﬁh@nmgﬂmmnwamd

or coat ed STTRBREDRBH Ty URHPO LI Sar S o ARG BubeRaant

absor pti ongahcitab@e acpdcx¢lNgh actit@mburantibibfic (tfdne:xaﬁgaaﬁ uehmteshé N@hat ract, or
to inprove éhelr stability anqé earance LN e er. case, usjng
convent i onAfr a5 HGOBYEh e AN ClBr eyl e%fﬁ”"kﬁ i1 RIERRIYEHYC,

Conposi t i odgctihehydih 8¢ midsEmi@Y); b@aﬂtmnltolﬁea @ (HOxaMpled iRk Atk DicCRAPBL €S 1N
which the active ingredient is mxed with an inert solid diluent, for

exanpl e, CHPENUHE-CAIHAR 8in %@e&aweﬁom%h%agbﬁé?lé S &R 5P 9F, P HeT RS Ol ¢
gel atin Capplseferalt lmb@& a@fptlé Mleepmwslﬁgn@t@hnls&hmsé%om& Reniatige, or oil
such as peanut oil, or olive oil.
25 amsacrine, topotecan or a camptothecm)
(ii) a cytostatic agent such as an antioestrogen (for example tamoxifen, toremifene,
raloxifene, droloxifene or iodoxyfene), an oestrogen receptor down regulator (for example
fulvestrant), an antiandrogen (for example bicalutamide, flutamide, nilutamide or
cyproterone acetate), a LHRH antagonist or LHRH agonist (for example goserelin,
30 leuprorelin or buserelin), a progestogen (for example megestrol acetate), an aromatase

inhibitor (for example as anastrozole, letrozole, vorazole or exemestane) or an inhibitor of

Soa-reductase such as finasteride;



Aqueous suspensions generally contain the active ingredient in finely
powdered formtogether with one or nore suspendi ng agents, such as sodi um
5car boxymeOlzgiooshical ose, net hyl cel | ul ose, hydr oxypropyl reTISY@elofuiose,

sodi um al gi nate, polyvinyl-pyrrolidone, gumtragacanth and gum acaci a;

di spersing or wetting agents such as |8tithin or condensation products of
an al kyl ene oxide with fatty acids (for exanpl e pol yoxyet hyl ene stearate),
or condensation products of ethylene oxide with long chain _ aliphatic

al cohol s, fi8tansagspipyacihiahibiteasscal inspraanie sxapr 2 mstallepniensanhibiopr oduct s
of i oethyl gRemerhae W A inRBfibd Flurdk ! Fadhd ek ded aRM L GhbdruAGods and a

hexi tol such as pol yoxyet hyl ene sorbitol nonool eate, or condensation
product s ofivieanhyhibier of giopeh ficton funatiani, &ir cxampde: ¢ e thectpriapidhady 4oty aci ds and

hexi tol - anBy i h &S and Qb2 XABEL-RAMGENY} G0 G OBl LA IPOARLRA €. The

aqueous suspensi ons nay aiso contaln one or nore prese?gatlves (such as
ethyl or ptGPyl), ntamedyldnyifenscoalibitorantyioso kst ishipgurch 2agineglveeiia aci d) ,
15col our| “EinQ%elﬁﬁiéitorf ArBNERd 9 1YL Sl %‘J&W&Ofact%}!‘ﬁ%%ﬂe Rfo?gxa%%%‘éns%éﬁwh as
sucrose, saccharine or aspartang). v UsUSpenst 6ns may pe

f or mul at ed famjilysyspieakiinag itHieitastdhwe N-(3egrhénto-drftuoraphenyV)egakthbkye6-03-1 (such as

hi | i - ‘ n : . . |
(stch as | PRORgErdery aFReaRE Gy lesEBERat oy hr Sufeafi s
t hi ckeni ngba@emtthsyethory)quifieBswaxhindarlctinia IGS1{77Mm) @n-weeatiythidaNeGhol

Sweet eni n en such t hose set out above, .and fla ri agents nay be
ORI B M R LIl S a1 gl o4

preserved hhitifoeofaBeplhicRbdafveaarodil Fac@X FlaRt orSaaGhhibitor 35 0 hBpatocsei d.
Di spersible powders _and granules suitable for preparation of an aqueous
suspensi on SR RECLEMY; on of water generally contain the active ingredient

t oget her W’(J)Qn_@nt@ﬂnéi@%érﬁé a%m%%c}pﬁs o twhidhdniABiRNhe cfflaREVELMSr &A6MEIAND one or
nore preservatives. Suitable dispersing or wetting agents and suspendi ng

agent s ar e ZEOXéNREIor {feigexpipp lerbrsantiaiapeitid yndeasheliplash groan (stor pgfiody onal

exci pi ent s pauehy A, 5 WERbGMH AR clofdddY N bR ARAWEPI P10 R GV BIETDEsc sy al so be
present. The pharnaceutical conpositions of the invention nmay al so be in

t he form oW@8%il53iXh-onacenpaind thet warks by preotlsir mechshige(foreyarpple invaiget abl e
oil, such . Ql: Il I, i .mneral oil, such as for

exanpl e Iig%?@hﬂéfgﬁ#$%ﬂgqﬁgqﬁ$§§ﬂ?é&% %gﬁg“ f these. Suitable enulsifying
agent s nmay (Weg vasarlarelangihg agenatuah ad doynboaastatini A4 ogaicsnmuchdiadosgdiin Weaci a or

gum tragac , % = I 52 @ jd ¥ S Q )
Poci thine Snge stk pEH AR BN 6 BB RPRS SR PR AP AR ane
hexi t ol anhwigah dest (ko in @xisaonpd Bespy,Boteaimpo ROOUiERtd )0 amcbfeinagasat i on
products of, t%g)said parg' I §sters wi th et hyl ene oxide such as
pol yoxyet h g C@%FHﬂVﬁﬂ ﬁgﬁ8 W@é?%??fﬁ@wéﬁhlsions may al so contain
sweet eni Ng(vifi) et bl 188 Geidf RERFVDpHo4Eh, AFRASple 5@&64@@ taRgIRL kbkdrfafit May be
formul ated with smeetennﬁg agents such as gggcero ,Propylene gl ycol,
sorbitol, SEAMHARARSTARIRR G5 ReraN B! a1 KRCA MR teeteincidpzyme
preservati ye.drh avapy) a%ﬁr AL Qlch QOO hsiHE FABME dealNBasBNBYHRMS WhiaCdr
conpositions may also be in the formof a Sterile injectable
25 a bacterial nitroreductase enzyme and approaches to increase patient tolerance to
chemotherapy or radiotherapy such as multi-drug resistance gene therapy; or
(ix) an agent used in an immunotherapeutic approach, for example ex-vivo and in-vivo
approaches to increase the immunogenicity of patient tumour cells, such as transfection
with cytokines such as interleukin 2, interleukin 4 or granulocyte-macrophage colony
30  stimulating factor, approaches to decrease T-cell anergy, approaches using transfected

immune cells such as cytokine-transfected dendritic cells, approaches using cytokine-

transfected tumour cell lines and approaches using anti-idiotypic antibodies.



aqueous or oily suspension, which nmay be formul ated according to known
procedures io using one or nore of the appropriate dispersing or wetting
agent s amdoospen’ng agents, which have been nenti onedPab®s¥ecdnsgteril e

i njectable preparation nmay also be a sterile injectable solution or
suspension in a non-toxic parenterally2hcceptable diluent or solvent, for
exanple a solution in 1,3-butanediol. Suppository fornulations may be
prepared by m xing the active ingredient with a 15suitable non-irritating
exci pi ent,  whi chPmascogiopps of f%magr{aﬁth@ﬁﬁ%SrCétraer@str%uﬂt if fodhgiv@dettoghe rect al
t enper at ur g, pfd iWehdont NI HIBEE of dll shbPo BRI Mk Canl RiSRARSishRAE d§ Ug-
Sui t abl e excipients include, for exanple, cocoa butter and polyethyl ene

gl ycol s. Topll eatoninonpdy dioromts (Dguety efshese éams, andipharmeerugcal gengosgions aqueous
or oily so i i o My generally be obtained by formnul ating
an active Fﬂ%%gﬁg8ﬂ?m§#§££g§%@@%%%entional, topically acceptable, vehicle
or diluent usi nfheciovenson funthed relotes tedtregometid fokmoefithd epnpeendsrof for@olposi ti ons
for adm ni strat | i 0 f i . be in.the formof a finely divided
powder conﬁ§9%&%@BBQ%?Wgﬁggm%%&g&%ﬁ%g%nﬁﬁﬁﬁg?er of, for exanple, 30[t or
much | ess, the povakerto bt selefstadnimt catangecompoheds ofi dicifuraulnigrae dkisnh al one or

diluted wt neg or nore 25physi ol ogically acceptable_.carrjers such as
et ose. " The et PSRRI aR B Rator bRt R aReEAERS 1 KtSthed i n-a
capsul e cophderdidodghat ilRrinexaspéreompastsd aBQugh ofvardforve ahdpliaedaceoticat or use
with a turbo-inhal er devic such as is used for insufflation of the known

agent s%diﬁﬂ?%?ﬁﬁ%b?§%ﬁ?@?%@ﬁnpositions for administration by inhalation

may be in the foigBodipodtiGRY eRtihvenadn BHPEEE S UbinZaatalEle FRoall uarfanged to
di spense the active ingredient eitggr as_an aerosol_containing finely
di vi ded soFfaRRYy as| it dorgrest her&or sef SiRsHier GRUCUS R VY SPSPSRYS TtiaSs uch as

vol atile flupuiiPRERY 8F QEAIRORSuRLr BHGHE DG HARS uiBYorReaMSEE @8t he

aerosol device is conveniently arranged to dispense a netered quantity of
active i ngP@HN®Y gels, 24 aqueous or oty polptigng REFUSPIRFIgRTEOT HHNIBKUFIOAMY| at i on t he

reader s {BEREGETLQabPRRL £hindy dRidel pY¥Qddt TBa Bl 1 FOPY RREMFINKGaddRDI CI Na
Chem stry (Corwi n Hansch; Chairman of Editorial Board), Perganon Press
1990. The hvrbwwifladn Gerekymapl agr Beiledtvideh pewdes) @ doriiarrageraliadmingetiay nor e

exci pi ents gﬁg?e;%%fé% %teﬁlcfsitqﬁgugopﬁﬁps%ﬁltigﬁ)E‘dpimalvénoﬂg%%?a%du& vary dependi ng

upon the h ated an
intermuscular or intramuscular dosing or as a suppository for rectal dosing).

The compositions of the invention may be obtained by conventional procedures
20  using conventional pharmaceutical excipients, well known in the art. Thus, compositions
intended for oral use may contain, for example, one or more colouring, sweetening,
flavouring and/or preservative agents.
Suitable pharmaceutically acceptable excipients for a tablet formulation include, for
example, inert diluents such as lactose, sodium carbonate, calcium phosphate or calcium
25 carbonate, granulating and disintegrating agents such as corn starch or algenic acid;
binding agents such as starch; lubricating agents such as magnesium stearate, stearic acid
or talc; preservative agents such as ethyl or propyl p-hydroxybenzoate, and anti-oxidants,
such as ascorbic acid. Tablet formulations may be uncoated or coated either to modify their
disintegration and the subsequent absorption of the active ingredient within the
30 gastrointestinal tract, or to improve their stability and/or appearance, in either case, using
conventional coating agents and procedures well known in the art.
Compositions for oral use may be in the form of hard gelatin capsules in which the

active ingredient is mixed with an inert solid diluent, for example, calcium carbonate,



particular route of adm nistration. For exanple, a formulation intended for
oral admnistration to humans will generally contain, for exanple, fromO0.5
ng to 2 gwoh2ru7iase agent conpounded with an appropri at @Cast2@onyemn ent
anount of excipients, which may vary fromabout 5 to about 98 percent by
wei ght of the total conposition. Dosag& unit 10fornms will generally contain
about 1 ng to about 500 ng of an active ingredient. For further information
on Routes of Adm nistration and Dosage Regi nes the reader is referred to
Chapt er 25cdciiy paiphite oskaslins gpidheskdingapsyiss incy gl theretiiedigrgdigntsr wi n

Hansch;  ChaifdaBa O at & bR Sl as E%hﬁan, RS0 PR, Br @RS 0#990. The size of the
dose for therapeutic or prophylactic purposes of a conpound of the

15Formul a (1) wiiconatuspeabibys geaerpllnemininiihngetive indiedienainfineharavdsederity of
t he condi tkoqglgogeqﬁégw@tg?n DA, S 6% Sp%ﬁ%ggﬁéh lofah ent and the route of

adm ni stration, according to we rinci ples of nedicine. In
usi ng asconpbenythetiyloehdofomathylael{ulgse frydroxhieppdmathylcclbrosprsoging adghite

purposes it w.ll | | i.ni stere ) & . ail.yv do in the
range, for}joel%yolm II@?Jag&%er%unﬁjgag%gg%% é‘rgﬁégﬁésgg%%wgiog%t“?{%9%¢§§3P§1ed, gi ven
i f requir eds lecithih wi adedbnso®e products ganerilgllenc owiele withSatsy acids (fobexaaghta ni st er ed
when a parentera oute is enployed. Thu for. example, .for intravenous
B i st r e el ey RERR S onp i A Hr SRR B per kg
boﬁyl WtEI ghhlipﬂaiciié al@ﬁﬂ&[?ﬁb%ﬁhﬁe h@eﬁcdecaaihmeheﬁ):xifqexagbbbr aﬁ?énaiétsjnrpmdueus OEy bod

i nhal ati on, ose. in _the.range, for, example,. . O. . mg per kg body
wel ght i 1| EIBISOCEEE Vi Bl G e e o0 B F A PR el T et The
Cﬁrmmﬁnds p&lygﬂ@thpreﬁ@g%itdl ﬂmmua@@_oadscﬁld_btsset}idnldprbdmctslf)wétamne i&)@@_ﬁ@iit}? ly for
the therapy of various pain_conditions including, but not limted to: acute
pai n, chr oRtEelsser deredimatay ecigasnd hepisd pniydrides. fos rearlpralyrthydsld vi sceral

pai n. | n as@Bfkdnl hdodlea®MIRAGHBNE sushdIRioEORRPHBES nBCotdSR e prasdharapy for
neuropathic pain. In an even nore particular 30 enbodi nent, the conpounds

are usef ul (Suph asEyApyPPRY DAAEYY RenAeAlR: BpEPHAMPARGH, as ascorbic adi), anot her

embodi BNt oL CRIROYRAR AL oL, ISR tbIYENhQ TsulRYs RErols §fbchRink I eat
pain. 25 I n anot her particul ar enbodinent, the conpounds of the

present i noexpyGMelay be used to treat neuropathic pain. Particularly,
th . i d . ha St ' d of
ere is providgg, ﬁg?&@foﬁ@&%’&} ﬁ%ulﬁt%rl?fgﬁgﬂﬂg%ﬂmlbé1n§%d?en&9r£pou” 0

Formula (1) or aPp maceuticall'y accep e salt theregd I'n association
wi t h 5a phaegeabbutli (ewhlay aacuept, ableoit agsaine pil ooeocoime 0 pyr, in porieerplanlt i cul arl y

f th i N ' I ' h :
For onarmy Lo oSt UL 0 oS PSR e o
adm ni sver bebswax, hivd paniffim @fcetyl dovhok idvicctaging pdeatsradeastthaaket oombosd, tndon by

B g T e
10epi dur al kympdshionaibebapreyervet ibg isscdditivh bf/an dnfitoxamer bl aveadrbic aciiar | y and
by injection i nlsl%pérshlgle powders and granules suitable for preparation of an aqueous suspension
by the addition of water generally contain the active ingredient together with a dispersing
25 or wetting agent, suspending agent and one or more preservatives. Suitable dispersing or
wetting agents and suspending agents are exemplified by those already mentioned above.
Additional excipients such as sweetening, flavouring and colouring agents, may also be
present.
The pharmaceutical compositions of the invention may also be in the form of
30 oil-in-water emulsions. The oily phase may be a vegetable oil, such as olive oil or arachis
oil, or a mineral oil, such as for example liquid paraffin or a mixture of any of these.
Suitable emulsifying agents may be, for example, naturally-occurring gums such as gum

acacia or gum tragacanth, naturally-occurring phosphatides such as soya bean, lecithin, and



j oints. Wthin the scope of the invention is the use of any conpound
of Fornmula (1) as defined above for the manufacture of a nedi canent.

Al so wit hwo 20t7ss0pe of the invention is the use of anpCTsEp@ansi4o
Formula (1) 15for the manufacture of a nmedicament for the therapy of pain.
Additionally provided is the use of any3 conpound according to Fornmula (1)
for the manufacture of a nedicanent for the therapy of various pain
conditions including, but not limted to: acute pain, chronic pain,

neur opat hi estgaphRartizexery deriyed Samciatty gradsrnd Aol pdydides GORSTMPEDA f ur t her
aspect of (hGidnNGIIbIcAR) dnd BndBRLANBH plodlict! HERARYY Hrtidd cSUOMWEG g hEering from
any of the conditions discussed above, whereby an effective anount of a
conmpound aexide sichgs pdyedyethFenaerkitap mongpleaie The smaldivhhingy alpeepntan a pat i ent
in need of v?fé«b?éﬁi&é‘ﬁﬁx%ﬁ% and resellvgti\%af%tg her aspect, the invention provides
a method of treats ng in?%a tory i‘Sease by adm ni stering a conpound of
Formul as(1) as Sasprantelixisboayee fomudat@bpitaswmateingiagaits ohpoditaradn as
describ ed. gpoﬁ\/l%ne lycal, so%%rorp gs%ggasmeoir.sha s¢. IVERL A% c‘;&%\éhlnagde%ﬁlc%ﬁe.r eochemi stry
(on the pipe Azl e r1’ng) are a particular aspeycat 0 tt I's 1nvention.

The i nvent peserwvitivk, faowrbg anllbustlowmingdgdny. t he foll owi ng non-limting

Exanpl es in whigh, ~unl ess. stated .otherw se: 30(i). tenperatures are given in
Gogr bes. Cel st us e EERe BB el aREia ol b oGPl e

t enper at ur equebiradr oilg susptnsioni ©HPE MAY UE Erinblatel acdoadigetodhodBpRoedires 26  (11)
organi c sol utions were %ﬁl ed over anhydrous rragnesi um, sul fn%t evapor ati on

e,
of sol v&nt UHRSOREAY MOSHOtdlt SRPLIPHE e AP IRR 9T ¥E PGPSt RIS ASEUY pressur e
(600-4000 RasGabesbefn brent@RedMbIvE) A Wetild idleddalldprb@nfph alaylag ot aypriteo 60 C
(iii) chromatography unl ess ot herw se stated ngans fIaIsh- chr orra} ography on
silica gel Mt i%ﬂ%%m TRROHER Bigr MprHoxie Rereyteighs acesptrble dilvsit oroRIVER i ca” gel

plates (i Yor ckdin9I€RSS1@on ih NS-@dae&61. Of reactions was fol |l owed by TLC and
reaction tines are given for illustration only; (v) yields, when given,

are for il ustratoPenophioymgpiéong ey ke prepwed by apiing the pgye ghsdiant vih abe

obt ai ned by,idli@eRtiRhOERSRHVRLIPRIBIE it oRESRALALANTeWRT By iEReRL ed if
more material was iorequired; (vi) when given, 1H NVR data is quoted and
is in the fethicopebirg gndveall tlesefpigmal dhe relitary horstcate the duensitalpven in parts
per m 1108, LABR e GhiriSyhe LBLLATRLMSUL AFCATIE) @ an i nt er na
standard, g’étlgeir m lgeﬁ at rzfg%) @ﬁz Us| ng per ?ea’t e?lleoe 6 (CD3SCCD3) as the
sol vent unl ess Behet firselaomnst widh acaeqpis, pigtnewts gdninsl afugouapeoilyiseltionsn Hz;
15(vii) _Ch‘81“§u§§e'n i%XJTP%%%J%?aYl?.b% D6talnel BV RlmE ﬂlgd%ﬁvetsiln }éﬁ%ﬁtswiﬁ’rag symbol s
are used; (Vi |f sol'v rati os are given I n percen aée y volume; (iXx)
mass spect canveBnawepeallyaccoptitie, aphiek ecdihent wingrcgyveofiond0petelatervoril vol ts in
pe cgyv
the chem CFII6 i oiniﬂ?eaa':# on (APCI) node using a direct exposure probe; where
i ndi cated "ON'53t TN was ef fect ed by el ectrospray (ES); where val ues for
m z are given, Qengssiaiohyfodadnyinisansondy imduiftdioh rady dairetht kempda &ntlynass ar e
reported, nl ess otherw se stafed the nmass jon quoted is the positive
n,ag s ion - %}J(’]vfﬂpalyq_\fvger contam{ng particles 0% average Slameter otl, or e)gample, 30u or much lgss,
the powder itself comprising either active ingredient alone or diluted with one or more
25 physiologically acceptable carriers such as lactose. The powder for insufflation is then
conveniently retained in a capsule containing, for example, 1 to 50mg of active ingredient
for use with a turbo-inhaler device, such as is used for insufflation of the known agent
sodium cromoglycate.
Compositions for administration by inhalation may be in the form of a conventional
30 pressurized aerosol arranged to dispense the active ingredient either as an aerosol
containing finely divided solid or liquid droplets. Conventional acrosol propellants such as
volatile fluorinated hydrocarbons or hydrocarbons may be used and the aerosol device is

conveniently arranged to dispense a metered quantity of active ingredient.



(x) LCMS characterisation was perforned using a pair of Glson 306 punps
wth Glson 233 XL sanpler and Waters M cromass ZQ nass spectroneter. The
LC conpriwedowzt7ess7symet ry 2x50 columm C18 with 5 m cr @0T(SERGPOSBI1GI ze.
The eluents were: A water with 250. 1% formc acid and B, acetonitrile with
0.1%formc acid. The eluent gradient ¥nt from95% A to 95% B in 5

m nutes. Wiere indicated ionisation was effected by el ectrospray (ES);
where values for niz are given, generally only ions which indicate the
parent mass ar eFordiydier Bdormatien enfoawatnnbe rds isseteredtn (erieads2 ion quot ed

I's the poskijyg mrﬂ&@lensn@%@wﬁ&l‘th@&(%k&% ﬁQﬂslcﬁ’%HAQm@PQf]@dﬁoﬁ%! ons are

used: DI PEA: diisopropyl et hyl am ne; DWVBO di net hyl sul’foxi de;
N, N- di met hppardh Raigeeen PREMO98i chl or onet hane; EDCI : 1- (3-

di et hyl am noprgpy.1) 3¢ (ﬁtagt‘f\l'eclﬂ%r%agﬂfhﬁglt\l%éoﬁ%gl @Gk Shd ?ﬁno@%@ ertlt:seéohyl

acetate; eq: equival ent roton nuc
resonance; ptddidg:a s@mg(le?dosa@?form will necessarily vary dependmg upon the host treated and the

azabenzot [ gl ol sN Nyl 05 LATBADY (AR TGRS Ky argphosphat e

HOBt : 1-h roxy benzot T azo mlliliter; ng:
mlligram adiﬂtlmstrmt&glahhumms v Gkheratiytcoataml for E&l’ampieetﬁ@nt(i ﬁ)mgtto?.rgo( MPVE) ; s:
singlet; SCX. Stron on - triplet: ydr of ur an;
TEAS tr 11 GBPbaBRRRieR R g SRR S iy iR eSsini L, SR

[ (2R) - 4- t eniryftobydbpid ©rabait9e percert 8y breizhniyf the toldl d@ndsitioh | D@egamithy| ) p
henyl] pip_.eraz car bax \ N 10.To a solution_of tert-butyl
(2R - 4ol ETRp TR Beran At | Ml BBy YDIBEF S tes TeilsBhgin e ( 177 )
in DCM ( 10 fihpr wBs$madshash Rdufes R dR@idilaBh anl-DSOEYRITah&-the reader is referred
(trifluoromethyl)benzen the resulting m xture was stirred for

1 hour. Th& ¢heRter P%ﬁlwglﬂlﬁlﬁé O\r{%mt”ﬁ?g?flsbfﬁrl\f[?di“é%ﬁ T6hemisty (GRVBNESEL 20 ¢

silica bongngin orfdubiidl Bowlds, PeathofiPxkil®oof Et OAc/i sohexane (50:50). The
resul ting product was dissolved in DCM (10 m), TFA (2 ml) was added and

stirred for 1 hbfrsizeiahids Cﬁseﬁﬁowle@a%w@rQ@p@ﬂ@@m@ﬁ%ﬁsef ueompaupd phge wi t h

MeOH t u a ea S o e 1F1 NWR
(400 en b %Mlgbg%%gﬂlfﬂal\&gﬁdﬁ@ (O Gaihldng &em%mﬁ: &ﬁcﬁﬂ ﬂzyﬂl, 1FL WK
(2H, age and sex of the anim

al or patient and the route of admlnlstratlon accordlng to well
known principles of medicine.

In using a compound of the Formula (I) for therapeutic or prophylactic purposes it
will generally be administered so that a daily dose in the range, for example, 0.5 mg to 75

20  mg per kg body weight is received, given if required in divided doses. In general lower
doses will be administered when a parenteral route is employed. Thus, for example, for
intravenous administration, a dose in the range, for example, 0.5 mg to 30 mg per kg body
weight will generally be used. Similarly, for administration by inhalation, a dose in the
range, for example, 0.5 mg to 25 mg per kg body weight will be used. Oral administration

25 18 however preferred.

The compounds of the present invention are useful in therapy, especially for the
therapy of various pain conditions including, but not limited to: acute pain, chronic pain,
neuropathic pain, back pain, cancer pain, and visceral pain. In a particular embodiment,
the compounds are useful in therapy for neuropathic pain. In an even more particular

30  embodiment, the compounds are useful in therapy for chronic neuropathic pain.

In another embodiment, the compounds of the present invention may be used to

treat pain.



m, 3.4-3.7 (10H, m, 6.6 (1H, bs), 7.3 (1H, m, 7.35 (1H, M, 7.6 (1H m,
7.6 (1H, s). 20 LCMB M z(+) 442 (MrH+). Exanple 2 4-

[ (2R) - 4- twot2etwt7yi6pi per azi ne- 2- carb onyl j - N- ( 3- chl or oph@ayISEpiopesALé ne- | -
carboxamde CI0O/0\ "NN \ / NH HNN\/ 251-chloro-3-isocyanat obenzene (61
pi L) was added in one portion to a sol&tion of tert-butyl
(2R)-4-tert-butyl-2-(pi perazi ne-1-carbonyl) pi perazi ne-1-carboxylate (177
ng) in DCM (5 ml). The resulting m xture was stirred at roomtenperature
for 18 hours. THenpBgGErisHIaRPRbIsIBeTIEEC sRsmposadsaifths Piessts igvestion way bond el ut |
eluting w h@dgg&%éﬁ%@[ﬁ@ﬁlg . (50:50). 28 The resulting product was

di ssolved in FA (2 nl) was added, and the resulting mxture
was stirred at P%mwaerbfntb@reai mpéld¢d3¢ plprengiical EERNosiion peTBPTiFIER g SCX bond

(159 m) - 0B OB Bt iRt Y b MO8 st e o

2. 8-2.95 5@pkirmageutiGalig-ageepBble2btrierdor thRrapy 3n@e p@kiculmy, fothsrapy bf pavs) |

7.0-7.05 (1H My 71 ikl i) warhn BobdddanMhar s kS M &libhic PRk Mily) - Exanpl e
1( 2R) - 4- tenpoubdibfthp prema nvoeiol ncgrblo @dminjistdsedLid-tid fioirh bfimcaneitialsul f anyl ) ph
']

pharmaceutical composition by any route including orally, intramuscularly,

CD-hOO

ny

subcutaneously, topically, intranasally, intraperitoneally, intrathoracially, intravenously,

10 epidurally, intrathecally, transdermally, intracerebroventricularly and by injection into the
joints.

Within the scope of the invention is the use of any compound of Formula (1) as
defined above for the manufacture of a medicament.

Also within the scope of the invention is the use of any compound of Formula (1)

15 for the manufacture of a medicament for the therapy of pain.

Additionally provided is the use of any compound according to Formula (I) for the
manufacture of a medicament for the therapy of various pain conditions including, but not
limited to: acute pain, chronic pain, neuropathic pain, back pain, cancer pain, and visceral
pain.

20 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 Formula (I) above, is administered to a patient in need of such therapy.

In a further aspect, the invention provides a method of treating inflammatory
disecase by administering a compound of Formula (I) as described above, or a

25 pharmaceutical composition as described above.

Compounds of the invention having 2R stereochemistry (on the piperazine ring) are
a particular aspect of this invention.

The invention will now be illustrated by the following non-limiting Examples in
which, unless stated otherwise:

30 (i) temperatures are given in degrees Celsius (°C); operations were carried out at room or

ambient temperature, that is, at a temperature in the range of 18-25 °C;



pi perazi ne-|-carboxamde O /-\ NN HNN 10 To a solution of
1-isocyanato-3-(trifluoronethyl sul fanyl)benzene (111 ng) in THF (5 M) was
added t erwolatod71567 PCT/SE2009/051416
(2R)-4-tert-butyl-2-(piperazi ne-1-carbonyl) pi perazi ne-1-carboxyl ate (149
mg) and the resulting mxture was stir?2®d at roomtenperature for 18 hours.
The reaction m xture was evaporated to dryness and purified directly on 20
g Silicycle colum 15 bond elut, eluting with a gradi ent of MeOH / DCM
(0-20% . TH® FEaigIspluignspyBeidided ayasandy drep] Deghesinm Dafats: G vaoyatior psolventy ) was
added and thecdgsitl LOSE Mot b Gp¥Ror Shdd: FRAcRprEOREd0BMPRH BLLIE At i |

reaction had gone to conpletion. Poured directly onto a 20 g SCX bond el ut,
el uti ng wi 8Gmm Gacwithebat ceghde efwrfoPPR@l [y with 10% 7M NH3/ MeOH i n MeOH

(9,825 CLEUEBOROARED Dy L INROR A% i By 1 O 20
3.46 (1H, 8y lagersbronikgraphy (BL.G5vas4biried pyt @.s8@a gAmilated) , 7.27 (1H, d), 7.41
(1 1) T B oo BTy X by S ALY, o7
er azi ne- 2- fa iliustratiomydn]y; pi p er azi ne- 1- 25car boxam de NN HNN /
(v) yields, when given, are for illustration only and are not necessarily those which can be
obtained by diligent process development; preparations were repeated if more material was
10 required;
(vi) when given, 'H NMR data is quoted and is in the form of delta values for major
diagnostic protons, given in parts per million (ppm) relative to tetramethylsilane (TMS) as
an internal standard, determined at 400 MHz using perdeuterio DMSO (CD;SOCD3) as the
solvent unless otherwise stated; coupling constants (J) are given in Hz;
15 (vii) chemical symbols have their usual meanings; SI units and symbols are used;
(viii) solvent ratios are given in percentage by volume;
(ix) mass spectra (MS) were run with an electron energy of 70 electron volts in the
chemical ionisation (APCI) mode using a direct exposure probe; where indicated ionisation
was effected by electrospray (ES); where values for m/z are given, generally only ions
20 which indicate the parent mass are reported, and unless otherwise stated the mass ion
quoted is the positive mass ion - (M+H)";
(x) LCMS characterisation was performed using a pair of Gilson 306 pumps with Gilson
233 XL sampler and Waters Micromass ZQ mass spectrometer. The LC comprised water
symmetry 2x50 column C18 with 5 micron particle size. The eluents were: A, water with
25 0.1% formic acid and B, acetonitrile with 0.1% formic acid. The eluent gradient went from
95% A t0 95% B in 5 minutes. Where indicated ionisation was effected by electrospray
(ES); where values for m/z are given, generally only ions which indicate the parent mass
are reported, and unless otherwise stated the mass ion quoted is the positive mass ion -
(M+H)" and
30 (xi) the following abbreviations are used: DIPEA: diisopropylethylamine; DMSO: dimethyl
sulfoxide; DMF: N,N-dimethylformamide; DCM: dichloromethane; EDCI:1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride; EtOAc: ethyl acetate; eq:

equivalent; g: gram; "H NMR: proton nuclear magnetic resonance; HATU: O-(7-



29 To a solution of 1-bronp-4-isocyanatobenzene (153 ng) in THF (5 m) was
added tertbutyl

(2R) - 4- t ewO-2b1N0y1562- ( pi per azi ne- 1- car bonyl ) pi per azi ne- 1PcarsiBeooglostses (227
ng) and the resulting m xture was stirred at roomtenperature for 18 hours.
The reaction mxture was evaporated to2dryness and purified directly on 20
g Silicycle colum eluting wwth a 5 gradient of MeOH DCM (0-20% . The

resul ting product was dissolved in DCM (6nl), TFA (2 nl) was added and the
resul ting AFREFPEIagRls YOLY.NAEA detramsSimwreiye hataiiueropbasphite: S4Bt bn had gone
to conpleti lﬁ@ﬁ‘ﬂbﬁﬁlzgh IEGhinvp R R n?ol;%omg 1%%1‘[@10%% ﬁllllﬁépamei\ﬂ-ﬁ ng with

Et 0Ac then and then final ?y wth 10% 7M NH3 MeOH to give title
conmpound ( 88g#gtz; MAOH: mppiRneh &F.: 18enpr imPUER)- @6 }: selg;lm,rﬁ@i gorong ORL¢H, m,

(2 233 #)0 (1§xcé1qgg g ?}%ﬁ( %ﬁ‘%’ tg%ahygro?ﬁ’ ]1'?5’\ ﬁﬂugl?ba 4lc%c168an(dz[|ﬁfl (EI_HB ;")9 , 3.52

7.42-7. 45 (RHylamine.7. 45-7. 47 ( 1H, , 8.70 (1H, s). LCNB Mz(+) 454 (M-H+).
Exanpl e 5

4-1(2R)-4-tert-butyl pi perazi ne- 2- ca?f%%?%#iN—l4-fluoro-3(trif|uoronethy|)
phenyl ] 15pg@ER)akienebuitylpipeominai2-darbonylJ-N[HtisfhharbmethyYphenyl] piperazine-1-
1-f|uoro-4-isocyanato-z-(trifluoronethl%anzene (99 ng) in THF (5 M) was
added tert-butyl
(2R)-4-tert-butyl-2-(pi p&Fs
ng) and the resulting m xtu
The 20reaction m xture was
20 g Silicycle colum eluti i th a gradlﬁﬁ DCM (0-20% . The
resul ting product was di ssol ved in DCM (6 XL_fEA 2 mM) was added and the
reaction mxture was stirred at roomtenperature until reaction had gone to
conpl etibon. Poured directly onto a 20 g SCX bond elut, eluting with EtOAc

th MeOH dt h % H3/ MeO titl
o oung (3% e, i PR OB BB DR -C%b%laﬁweraﬁne(bg' Ve S
(1H, d), 2cfiBoxyHt (18] mg&nﬁ?Cl(/ﬂ(ﬂ'D nﬂi))was%d@fﬁl {nldde poition 3.-#Ecyhddth-3s) , 3 46 (2H,

0. 7 o2 7GR aelybening o b st eclipeify g Vot R froliefp 6

304- 1( 2R) - feat@ntmidtiky iy tpar@iiﬁ@@bﬁp&arn@@ﬂwalzol\gs%armhdnylhr Btufitg with wor orret hyl

henyl | pi per azi ne-| - car boxan] de
) P y ] pmexture of EtOAc/1so exane (50: 50) T%e resulting product was dissolved in DCM (10

zi ne- BDcarpﬁﬁﬁl) erazi ne-1- carboxyl ate (142
re

was roomtenperature for 18 hours.
ordt ed\to/dry purified directly on

ml), TFA (2 ml) was added and stirred for 1 hour, then poured onto a 20 g SCX bond elut,
cluting with MeOH then 10% 7M NH;3/MeOH in MeOH to give title compound (184 mg).
"H NMR (400 MHz, CDCls) 3 ppm 1.1 (9H, s), 2.1-2.15 (2H, m), 2.9 (2H, m), 3.0-3.1 (2H,
m), 3.4-3.7 (10H, m), 6.6 (1H, bs), 7.3 (1H, m), 7.35 (1H, m), 7.6 (1H, m), 7.6 (1H, s).
20  LCMS M/z(+) 442 (M+H").
Example 2
4-|(2R)-4-tert-butylpiperazine-2-carbonyl]-N-(3-chlorophenyl)piperazine-1-

carboxamide

Cl O>; /\ (0]
N N
DA 5
H HN N‘é
__/

25 1-chloro-3-isocyanatobenzene (61 uL) was added in one portion to a solution of tert-butyl
(2R)-4-tert-butyl-2-(piperazine- 1 -carbonyl)piperazine-1-carboxylate (177 mg) in DCM (5
ml). The resulting mixture was stirred at room temperature for 18 hours. The reaction

mixture was poured onto a 50 g silica bond elut, eluting with EtOAc/isohexane (50:50).



0 4/ ) \ HNN \/ To a solution of tert-butyl

(2R)-4-tert-butyl-2-(pi perazi ne-1-carbonyl) pi perazi ne- 1carboxyl ate (227 ng)
in THF (5voi2piveEasseadded 4-i socyanat o- 1-net hyl-2- (trifl eorsEeibysibenzene
(120 ul) and the resulting m xture was stirred at room5 tenperature. The
reaction mixture was evaporated and pu?dfied by silica chromatography (40 g
Redi sep) eluting wwth a gradient of Et OAc/i sohexane (50-100% . The

resul ting product was dissolved in DCM é‘ TFA (2 m) was added and the
resul ting %1%{%?1@&@§d‘§tt}”ﬁ?r@éﬁoh’ted HolgeVk Prﬂé} Fﬁr(%n’flbwas_@dﬁ%ﬁnd tihe reaction

m xture Wal s 1E I—g ﬁl@(tﬁiﬂe Rx’%ﬁ’gt rYed%@Pogn@tel%gergtul%Q& PQ&QS ef‘dﬁl’ed d%fbda ﬁi QSCX‘Q W th
Et OAc then MeO by OH to give the crude

title conpb@lrchIWﬁltbtmgvVélﬁl MaPtkan 19t YMllﬁéls/MyoElllll M’«Q%ﬂqmlcﬂ@g@lawdel uting

(400, 13 ST ORC T ARACHIRNAD CEUA o Bl Yokt b, S0SHIN OHBARD) - IH R
2.63-2. 70 (ﬁH,m)ns.p-szl.sg@H(mﬂs 46d.9 (%{ 1), @5 481, (02H7.0F}.05 (3H5m) (T2H2Hs ), 735 53- 3. 60

(4H, m, 3 1 ) vg /oA +d), 7.63-7.65 (1H, m, 7.86 (1H, d), 8.83
(1H, s). L&%@“ﬁkﬂi\@(ﬂfhgﬁégf f@%ﬁﬁ)): Exanpl e 7

4-1(2R)-4-tert-butyl pi perazi ne- 2- cathomylg3 N- (3- chl or o- 4-f | uor ophenyl )

pi perazi ne- l4—[((Z‘ﬂf-Qgér%-rl?ugﬁpipér\azﬂlél-z\-c/arl\)onyl]-N-[3-(triﬂuoromethylsulfanyl)phenyl]

piperazine-1-carboxamide

F
F%S (0] /\ (0]
2 > N>\*N\_/NJS_\
H HN N‘é
\_/

To a solution of 1-isocyanato-3-(trifluoromethylsulfanyl)benzene (111 mg) in THF (5 ml)

10

was added tert-butyl (2R)-4-tert-butyl-2-(piperazine- 1-carbonyl)piperazine-1-carboxylate
(149 mg) and the resulting mixture was stirred at room temperature for 18 hours. The
reaction mixture was evaporated to dryness and purified directly on 20 g Silicycle column
15 bond elut, eluting with a gradient of MeOH /DCM (0-20%). The resulting product was
dissolved in DCM (6 ml), TFA (2 ml) was added and the resulting mixture was stirred at
room temperature until reaction had gone to completion. Poured directly onto a 20 g SCX
bond elut, eluting with EtOAc then MeOH and then finally with 10% 7M NH3/MeOH in
MeOH to give title compound (161 mg). "H NMR (400.13 MHz, DMSO-de) & ppm 1.01
20 (9H, s), 1.94-2.04 (2H, m), 2.67-2.71 (1H, m), 2.80 (1H, d), 3.41 (1H, s), 3.46 (1H, s), 3.50
(1H, s), 3.55 (4H, d), 3.69 (2H, d), 7.27 (1H, d), 7.41 (1H, t), 7.68-7.71 (1H, m), 7.93 (1H,
s), 8.85 (1H, s). LCMS M/z(+) 474 (M+H").
Example 4
N-(4-bromophenyl)-4-[(2R)-4-tert-butylpiperazine-2-carbonyl|piperazine-1-

25 carboxamide

O>_ /\ 0]
N N
Raratns
H HN N‘é
__/



HNN \ / 20To a solution of tert-butyl

(2R)-4-tert-butyl-2-(piperazi ne-1-carbonyl) pi perazi ne-1- carboxylate (50
ng) i n DOND(Blom7)56mas added a sol ution of the 2-chl or o- PCTISER000408416

| socyanat obenzene (25 ngy). The m xture was stirred for 2 hours then
concentrated under reduced pressure. TH® residue was dissolved in DCM (10
m.), TFA (5 nL) was added and the resulting m xture was stirred at room
tenperature for 2 hours. The reaction m xture 25 was concentrated at
reduced pr &8&aplation efddaameritisocnasboxuzene i5éme) neT ik EXmiiven afded tert- t hen with

10% 7M NFBBME?@%{%@ t%%?rl— Y 1193?212\{%51 £ ?rl)f)lbglqzﬂ?é’ 1 %hﬂbb%t@@ﬁ Hk) an

chromat ogr a um) eluting w radi ent In DCI\/I (0-25%
to give tﬁheeesgbmgasuﬁ@%% stigd at TeONNIPRPCAO0C OB 28 s Tl@@i@)wlempyﬁwm 07 (9H,

3 02 S o R 0 gt B 13 (1

(1H, ddy. beGNENMIMeQH/BDZI P-Z0%4RShe rQSM*lIHIg pOdug anats érssp)lvedEn@tﬁM &ng), 54-
R2R) - 4-ter t

met hyl ) pheﬁgﬁ% ¥Ih)ger aa? ?%lde%ﬁﬂ%r%% lt?n “]‘e W%S}'g}é%gﬁuﬁpf@? H&ﬁgatt ure uLt oro

reaction had gone to completion. Poured dlrectly onto a 20 g SCX bond elut, eluting with
EtOAc then MeOH and then finally with 10% 7M NH3/MeOH in MeOH to give title
compound (68 mg). "H NMR (400.13 MHz, DMSO-ds) 5 ppm 1.00-1.02 (9H, m), 2.83

10 (1H, d),2.99 (1H, d), 3.38 (1H, s), 3.44-3.48 (2H, m), 3.49-3.52 (2H, m), 3.56-3.60 (3H,
m), 3.75 (1H, d), 5.75 (3H, s), 7.41 (1H, q), 7.42-7.45 (2H, m), 7.45-7.47 (1H, m), 8.70
(1H, s). LCMS M/z(+) 454 (M+H").

Example 5
4-|(2R)-4-tert-butylpiperazine-2-carbonyl|-N-[4-fluoro-3(trifluoromethyl) phenyl]

15 piperazine-l-carboxamide

>\—N
OO ¢

To a solution of 1-fluoro-4-isocyanato-2-(trifluoromethyl)benzene (99 mg) in THF (5 ml)
was added tert-butyl (2R)-4-tert-butyl-2-(piperazine- 1-carbonyl)piperazine-1-carboxylate
(142 mg) and the resulting mixture was stirred at room temperature for 18 hours. The

20  reaction mixture was evaporated to dryness and purified directly on 20 g Silicycle column
eluting with a gradient of MeOH/DCM (0-20%). The resulting product was dissolved in
DCM (6 ml), TFA (2 ml) was added and the reaction mixture was stirred at room
temperature until reaction had gone to completion. Poured directly onto a 20 g SCX bond
elut, eluting with EtOAc then MeOH and then finally with 10% 7M NH3/MeOH in MeOH

25 to give title compound (22 mg). 'H NMR (400.13 MHz, DMSO-ds) & ppm 1.01 (9H, s),
1.98 (1H, d), 2.02 (1H, s), 2.67 (1H, d), 2.96 (1H, d), 3.40 (1H, s), 3.46 (2H, s), 3.54 (4H,
s), 3.69 (2H, d), 5.75 (2H, s), 7.41 (1H, d), 7.77-7.80 (1H, m), 7.92-7.94 (1H, m), 8.91 (1H,
s). LCMS M/z(+) 460 (M+H").

Example 6
30 4-|(2R)-4-tert-butylpiperazine-2-carbonyl]-N-[4-methyl-3-(trifluoromethyl)

phenyl]piperazine-1-carboxamide



\ To a solution of tert-butyl

(2R)-4-tert-butyl-2-(piperazi ne-1-carbonyl) pi perazi ne-1carboxyl ate (231 ng)
in DCM (5voi2piveasseéadded TEA (2721.iL) foll owed by phenylPCINSEZ609/051416
10cyano- 3- (trifl uoronet hyl)phenyl]carbamate (199 ng). The resulting m xture
was heated to 60 C for 1 hour. Cooled 3 roomtenperature, washed wth
water, then brine, dried (MJSO4) and concentrated under reduced pressure.
The resulting residue was_purified on a silica bond elut, eluting with

Et OAc/ i sohexane (50:50) f owed a/gTa\di est of MeOH in Et OAc (0-20%.
The resulting product was d | ve Onml), TFA (2nl) was 15added
and the resulting m xtur gred r oo npeyature for 1.5 hours.
Poured onto SCX bond el ut, [ with MO t heNA(lgﬁ 7M NH3/ MeOH i n MeOH
to give title compound (210 ny). 1H NI\/R (400 13) 6 ppml 1 (9H, s),

8 G 03hy dth oo Bulbh Moy 6iid22 Bt Mool ding e Mhiveers >

20Exanpl e Barboxylate (227 mg) in THF (5 ml) was added 4- 1socyanat0 1-methyl-2-

4-1(2R) - 4- tert but per a bon | chl or o- 3-f1 uor ophenyl)
pi per azi ne{fifluugmp %Xﬁb{in&‘éﬂ’«é?&w a\nﬂl m{gl%“ &W?S Stfred 8t 190 yt i on of
tert-butyl atiffe. TE Treabﬂ*ﬁnyrﬁmarré Qh@@ﬁﬁ&ht@@arﬂd‘ ﬁ@@ﬂyélhw dhedrﬁezé%wh; 25
car boxyl ate ) followed by

dde 2 n
pheny! ﬁ4 gzlhfr%%ea{ eéutfqgwlbﬁo%{éﬁw%ﬁ/aﬁi%ﬁ%@@xwééo &@Gf@ Theeferddrg t i ng
m xture V"aﬁrotlﬁé%‘éi dis@18Q £DER (SlmhotrA (:GARNRY adRd RPN FEURRE kiR,

concentrated under reduced pressure and the residue was purified on a
si | i ca bontraestisted agrogm teygpexptis for oo Eha regtioEnupreves ek dirqedponiooyy . 32

The resul ti,ng tg@t@@t'yb% MRS lﬂ%ﬁg %RH'E{GACQ%{{ (BHTbowliH) 103, 1) was added

and the resulfing m xture was I rred roomtenperature for 2 hours and
t hen pour etoM et iSdxOHda dive thetcrudgitige pmgp%nti whighOt4s fibrehar modhed oy NS MeOH i n

S, 2 859'#%&1%%%&%%%@(@%@% e yDE OIS oSy RBET 1 7 O
7.0 (1H, njl70mg@. (HNMRj40073MidA BMSG- d@l.&p@ M@ (9H), sU2672MIBHRYL, m), 2.36
(3H, d), 2.63-2.70 (1H, m), 2.80 (1H, d), 3.41-3.45 (2H, m), 3.51 (1H, s), 3.53-3.60 (4H,
m), 3.69 (1H, d), 7.30 (1H, d), 7.63-7.65 (1H, m), 7.86 (1H, d), 8.83 (1H, s). LCMS
15 Mjz(+) 456 (M+H").

T W

Example 7
4-|(2R)-4-tert-butylpiperazine-2-carbonyl|-N-(3-chloro-4-fluorophenyl) piperazine-1-

carboxamide

Cl O>_ /\ O
N N
Ratatsd
H HN N‘é
\__/

20  To asolution of tert-butyl (2R)-4-tert-butyl-2-(piperazine-1-carbonyl)piperazine-1-
carboxylate (50 mg) in DCM (5 ml) was added a solution of the 2-chloro-1-fluoro-4-
isocyanatobenzene (25 mg). The mixture was stirred for 2 hours then concentrated under
reduced pressure. The residue was dissolved in DCM (10 mL), TFA (5 mL) was added and
the resulting mixture was stirred at room temperature for 2 hours. The reaction mixture

25 was concentrated at reduced pressure. Loaded onto an SCX-2 column, eluted with MeOH,
then with 10% 7M NH3/MeOH in MeOH, which was repurified by silica column
chromatography (12 g column) eluting with a gradient of MeOH in DCM (0-25%) to give
title compound (58 mg). 'H NMR (400.132 MHz, CDCl3) & ppm 1.07 (9H, s), 2.02-2.17



Exanpl e 10

4-1(2R)-4-tert-butyl pi perazi ne-2-carbonyl]-N-13-(1,1, 2, 2-tetrafl uoroet hoxy)
phenyl ] piweraw/aiesel- car boxamide F 0 FN-\N FN \ - H HNNPTo/S&2®0l0sk4i®©n of
tert-butyl

(2R)-4-tert-butyl-2-(piperazine-1-carbdhyl) pi perazi ne- 1car boxyl ate (354 nyg)
in DCM (15 m ) was added TEA (0.42 m ) followed by phenyl N[ 3-

(1,1, 2,2-tetrafl uoroet hoxy)pheny}ld%car bamat e (329 The resulting m xture
s heat ed ith 102 $5-2.95 (31 KBt 02 Hebidad (0% 50H Toreh-284 OHars (a8t 1 at o

under reducedop{RSS '7‘?8(1]}5-'333) ﬁ%@'(ﬁwdy«@m@sw/é(wﬁ@w&aﬁblM@ﬁ*l@@nd el ut,

eluting with a gradient of OAc/ i sohexane (50-1 . The resul ting product
was di ssol p&t#r)n DCM (10 rﬂ) TFA (2 M) was added and the resulting

m xture was stirred at roomterrperat]& 2 hours. The reaction m xture
was poured onto a SCX bond el ut, m%‘ﬂ‘%th MeOH t hen 10% 7M NH3/ MeOH i n
MeOH tosgi ve tH{[GZB)édnndunﬂp(pM@meg}carbbm&lNN [44pand-B-(tridDoid)etBylppm 1. 0 ( 9H,
s), 202.0-2.15 (2H, : , 3.1 (1H, m, 3.4-3.85
(9H, ). 5.7 and 5. 6b) ana 1B ?yffi?zﬂnf‘%% f%ﬁ’("%%tﬁ“ﬁs) 6.9 (1H, m . 7.2-7.25
(2H, m, 7.3 (1H, s). LCVEEM z(+) 0 (MkH) . O

Exanple 11 N N

4-1(2R)-4-tert-butyl pi penG ' Br boﬁy—}]/- N- hl of o- 3- met hyl phenyl )
pi per azi ne251- car boxam de 33=F4 a'lsol uti onpsf ter tyl
(2R) - 4- tert butyl 2- (pi perazi ne- 1- car bonyl ) pi perézi ne- 1car boxyl ate (177 ny)

in DCM (5 was add 210 ul) followed b henﬁ N (.4-
chl or o- 3 mEPWP ﬁmrhgﬁt%a% eétir&@fylﬁ?gsplpwe S&ALpqny @lp?f%&lwe was heat ed

to 60 C fOEarl}o;!’%ga% 238 RADED B AMAENBES BEATER d’fi?ﬁ QR Wbl Bh¥RE RI[4- t hen

brine, dried and SConcent rated i n vacuo. The residue was ur| fied
on a sibij cayaygﬁc(treﬂu@romeéhxhphml parbamaie V9 digenkhe osultng Auxtpreoyes had

20- 1009 TFA (2
was addet. *Ina Tha recoRIERg Mﬁteﬁ‘?ifaﬁ%i%E%h?éﬁsﬁblﬂa%a%%“?n&%“?n%‘eeﬁatur(e for 18

hours. The(Me$@Hamhcariconttiated uv@@ r@bwdaﬂesamoﬂsmubmgdesmuamas pnifiddrog awi t h
?/nggl\/}—lrz],en 1% NE.@/ellv%n% wdtrﬁ (Eglﬁgl_}m)oﬁe n@@O?’O%ﬁoﬁt) y%lgrg%&%tg%t\/%gfﬁ 1H NMVR
2.75-3. 15 Edbic @7}20%9 3-118 r68u1(19g-pr0d1)c,t was Bis{obidd ibBLM (710@1-1)7THA (Arhi) wagy |
7. 15-7. 25 g(%c{_' d arqa the recsjvﬁng mvgtur)e was stlrged at rc?om temperature for 1.5 hours. Poured
onto SCX bond elut, eluting with MeOH then 10% 7M NH3/MeOH in MeOH to give title
compound (210 mg). "H NMR (400 MHz, CDCls) & ppm 1.1 (9H, s), 1.8 (1H, bs), 2.10-
2.25 (2H, m), 2.85-3.35 (4H, m), 3.4-3.9 (9H, m), 7.35 (1H, bs), 7.7 (1H, d), 7.8 (1H, dd),
7.9 (1H, d). LCMS M/z(+) 467 (M+H").

20 Example 9
4-|(2R)-4-tert-butylpiperazine-2-carbonyl|-N-(4-chloro-3-fluorophenyl) piperazine-1-

carboxamide

To a solution of tert-butyl (2R)-4-tert-butyl-2-(piperazine- 1 -carbonyl)piperazine-1-

25 carboxylate (354 mg) in DCM (15 ml) was added TEA (0.42 ml) followed by phenyl N-(4-
chloro-3-fluorophenyl)carbamate (265 mg). The resulting mixture was heated to 60 °C for
1 hour. Cooled to room temperature, concentrated under reduced pressure and the residue

was purified on a silica bond elut, eluting with a gradient of EtOAc/isohexane (50-100%).



Exanpl e 12

4-1(2R)-4-tert-butyl pi perazi ne-2-carbonyl | - N- ( 3- phenyl net hoxyphenyl)

pi per azi nEol201008130x am de To a solution of tert-butylPCT/SE2009/051416
(2R)-4-tert-butyl-2-(piperazi ne-1-carbonyl) pi perazi ne-1carboxyl ate (354 np)
in DCM (15 m) was added TEA (0.42 m)3%oll owed by phenyl N (3-

phenyl met hoxyphenyl ) carbamate (159.5 ng). The resulting m xture was heated
to 60 C for 1 hour, cooled to roomtelr\r/&flrature and purified on a silica

bond el ut, TBE [P¥IARE RIPLUSt WaodissghadineREMf 0 mIpAEA (3 Gﬁ)e‘xfﬁr?éld?dsfwdﬂ@?o% The
resul ting REEEHS kiMGaS wik Mdﬂ?%ohﬂe%ﬁ%qu hourd 41t theh Iﬂﬂu)ed\@ﬁ% Afeed, and

the resulting nixture was stirred roomtenperature for 18 hours. The

reacti on npsadale. drengyotly MeOBrika IQ‘VS’@X%MGQHM MepH tpighg tille compaod then

CoC13) 6 po T (B OBRlYEDLy Ep RTINS AT T2 0, M S

3.3-3. 85(10H,3.4rp.8 (884mP 652K H.S¥). 76.(38. 1l H,2 BE) m).67.6(1HLH). I;I§3MSGM/25F)(1H d),
7.0-7.10 (2 &—&Ag% ~7.15-7.3 (5H, m. LCMS Mz(+) 480 (M+H+). Exanple 13
4-1(2R) - 4- ter? utyI pi per azi ne- 2- carbonyl | -N-13-chl oro-4-(trifl uoromet hoxy)
phenyl ] pi per azi ne- 1- car boxam de 34Examjlle1@ sol ution of tert-butyl

(2R)-4-tert-bu er Z|ne ar b e-1carboxylate (1.775
& oo (25 HOREABREI R s 25eb i R e B RGN

[3-chl oro-4-(trifl uoronet hoxphepyigsiydrhciac-baaioxami®@O ng). The resul ting

m xture was 5 heated to 6Q C for 1 hour. Cooled to roomtenperature, washed
wth water, then brine, driied (MSO4) and concentrat ed under reduced
pressure. The residue Pfi ed a/si\icg bond elut, eluting with

Et OAc/ i sohexane (50:50) fo#lowe y adi ‘S?f“ MeOH in Et 0Ac (0-20%.

The resulting product was dis ga n A (2 m) was added
and the resulting m xture was stirred at roo'f'ﬁ‘ ?%(ure for 18 hours. The
reaction 10 m xture was poured onto SCX bond e u eluting with MeOH t hen
10% 7M NH3/rb/la%1uhdSh é\fa&ﬁbﬁtgn (gRyatért Bﬂlt?l zzgmwmm aarls?ong pi éi'a-thR (400|sz

CDC13) 6 ppm 1 é 'Q 40 3.95
(9H, m gfgquyhte P4 mgm Q@M(layﬂﬁwwdéw 24§0-42 8B fqlmedéry phe@@kﬁ (&1 z(+)

492 ( M"'H"') (1,1,2,2-tetrafluoroethoxy)phenyl]carbamate (329 mg). The resulting mixture was heated

to 60 °C for 1 hour, cooled to room temperature and concentrated under reduced pressure.
15 The residue was purified on a silica bond elut, eluting with a gradient of EtOAc/isohexane
(50-100%). The resulting product was dissolved in DCM (10 ml), TFA (2 ml) was added
and the resulting mixture was stirred at room temperature for 2 hours. The reaction
mixture was poured onto a SCX bond elut, eluting with MeOH then 10% 7M NHi/MeOH
in MeOH to give title compound (448 mg). 'H NMR (400MHz, CDCls) & ppm 1.0 (9H, s),
20  2.0-2.15 (2H, m), 2.8-2.9 (2H, m), 3.0 (1H, m), 3.1 (1H, m), 3.4-3.85 (9H, m), 5.7 and 5.85
and 6.0 (1H, m), 6.45 (1H, bs), 6.9 (1H, m), 7.2-7.25 (2H, m), 7.3 (1H, s). LCMS M/z(+)
490 (M+H").
Example 11
4-[(2R)-4-tert-butylpiperazine-2-carbonyl]-N-(4-chloro-3-methylphenyl) piperazine-

25 1-carboxamide

O>; /\ (0]
N N
Cl N / 4€—\
H HN N‘é
\_/



Exampl e 14

15N- (5-brono-4-nethyl -1, 3-thiazol -2-yl1)-4-1(2R)-4-tert-butyl pi perazi ne- 2-
car bonyl Jwopertawisse- 1- car boxan de. To a sol ution of PETISERWYPS1416
(2R)-4-tert-butyl-2-(piperazi ne-1-carbonyl) pi perazi ne-1carboxylate (177 np)
in DCM (5 m) was added TEA (91 ul) fobflowed by phenyl N (5-

20br ono- 4-net hyl -1, 3-t hi azol - 2-y1) carbamate (64 ng) and the resulting

m xture was stirred and heated to 60 C for 2 hours. Cooled to room

t enper at ur &0 anlupen oftprelutsh2R)-2dergbuty F3-apassing- lefaiRonyBPigeRHBC W t h et hyl

hexane/ i so : : j i IR PCM (5
ot ot ARl A2 A n DOR (SR DLPTOR S MR RS B KL T ot 18
hour s. Thechle@et-inothyiphxtylirabaveete JSUmepl it reswdimeSTXtupowak lekigtl fo @ Ut ed with

MeOH and 25 then 10% /M N Hin OH t. Lve . tifle (151 ng).
T R, (408t Sty Ve RIEOG BT Wi Byl byl ERTRSHRR (g 07

2. 8-2. 85 (2bthcenated2n 9ac20.0%hd Rkduayvas BuriieBoiBa {i9¢4, bomjl cluk, EMEnyIvath+) 475( MrHY) .
Example 15 .35 . o . : :

4- 1( 2R) - 4- BRI EGP BF FAPRIPHE O OL4) b By P N PEL R BF SIAORERPIRMSIS hi azol -
2- yl') pi pemay TR&{ ntawiaxady, el the resulting mixture was stirred at room temperature for

N (5= chl or gc f- et hyl -1, -t hi azol, 2.y pl petagiyne; 1 caf hoxam de (598, o) was
(2R) - 4- t er todautvy NHIMOR by s SR idLcomipoxyaar keny'H Rveenasing; 2-
carboxylic acid_ (416 ”&?[51 in THFéElO nﬂ}. HOBT s'222 ”?Q)J EDCI éZ?? ng) and
DI PEA ('253CRT5) fep 1t HEH. s 4&e 2R RS s (tHishg ik EUHE. as E681PRd at
room t enpepptdls af 8.7/hoyps 0 5CD it KAt e redygedpressure. The
resi due vvag@’d(%]igol’gge)aiigr? %%\/I’H@V\’/anglrig@%\n@t ﬁ[ﬁgM %Mg%%g?é b?i ne jtohen dried
(MyS™4) and concentrated in-vacuo. Exmplal?esidue was purified by silica
chr omat ogr el 1t . INCL  XARE : i kg

ot oduct wae R B Rhicta g e Mo SR BIBE R
resulting mixture was stirred for ZathoayamideThe reaction mixture was poured

onto an SCX Q
(0] O>; /—\ (0]
N N
AT a=AS
H HN N%
n__/

To a solution of tert-butyl (2R)-4-tert-butyl-2-(piperazine- 1 -carbonyl)piperazine-1-
carboxylate (354 mg) in DCM (15 ml) was added TEA (0.42 ml) followed by phenyl N-(3-

15

phenylmethoxyphenyl)carbamate (159.5 mg). The resulting mixture was heated to 60 °C
for 1 hour, cooled to room temperature and purified on a silica bond elut, eluting with a
20  gradient of EtOAc/isohexane (50-100%). The resulting product was dissolved in DCM (10
ml), TFA (2 ml) was added, and the resulting mixture was stirred at room temperature for
18 hours. The reaction mixture was poured onto a SCX bond elut, eluting with MeOH
then 10% 7M NH3/MeOH in MeOH to give title compound (40 mg). "H NMR (400MHz,
CDClz) 6 ppm 1.0 (9H, s), 2.0-2.1 (2H, m), 2.8 (2H, m), 2.9-3.0 (2H, m), 3.3-3.8 (10H, m),
25 4.9 (2H, s), 6.35 (1H, bs), 6.6 (1H, d), 6.75 (1H, d), 7.0-7.10 (2H, m), 7.15-7.3 (SH, m).
LCMS M/z(+) 480 (M+H").
Example 13
4-[(2R)-4-tert-butylpiperazine-2-carbonyl]-N-[3-chloro-4-(trifluoromethoxy)

phenyl]piperazine-1-carboxamide



bond elut and eluted with MeOH and then 10% 7M NH3/ MeOH in MeOH to give
title conpound (280 ng). 1H NWR (400MHz, CDCl13) 6 ppm 1.05 (6H, dd),
1.15-1. 25v03bo/a1)567152. 1-2.3 (2H, m, 2.55-2.65 (2H, m PCZISE2@985(42H, n),
2.85-3.0 (2H, m, 3.05-3.15 (1H, m, 3.5-3.8 (9H, m, 3.85-3.90 (1H, m.
LCVMB M z(+) 443 (MrH+). Exanple 16 34

4-1(2R)-4-tert-butyl pi perazi ne-2-carbonyl]-N-(5-chl oro-4-nethyl -1, 3-thi azol
-2- yl) pi perazi ne- 1-car boxam de 00 N' N 7N N \/ HNN CI 20 To a sol ution of
tert-butyl
(2R)-4-tert-butyl-2-(pi B%ZI \-C yI erazi ne- 1carboxyl ate (330 np)
in THF (10 M) was added TEA{195D N fo yl N (5-

chl oro-4-methyl-1, 3-thi azol - 2-y3 carbanate (|3 )—%'rd the resulting

m xture was heated in a Mcrowave oven (Biotage—+nititator) at 60 C for 1.5
hours. Ther r ct was

di ssol ved | %&H%%Q& %iyp(gﬁm rLQﬁh@gz ?d}[ger%#% I\Agdzwagc}@gelgﬁ fyhe resul ting
mi xt ure wasarbexytated. 736 gy odPCVdAperarasrnddddoFEA (2509 aul) @lloWh@bY pleoylidn m xture
was pour edLSO %E%IQI% (? %ﬁo ome%h%?;ypthel%/rﬁecar%lcu!ﬂgte P %hl"he rg ultln dwapsy 10% 7M

NH3/ MeOH | a reverse ase hr omat 0 give 36
title conpbentd tp 2GSC figy)l. hohit @dMléd(td@@hi—bmp@@(ﬁivS)vaﬁlepmmhmm t(l&i-brirﬁ:)

Ed(\)/é- f/l i’ E(3 +§lr%%z(§@%£ﬁ_r)% Egg;%t %ﬁrf%r reguced press(ure "The résuﬁle was purlt9 ed(ojfloaH’ m.

4- 1( 2R) - 4- titicd bdad eyt phpag aZﬂhIE@Be/ﬁisahé)@ﬂedebﬁBb fhBowkd B Ogriditiitrof Me@eTr @met hyl ) -
1,3- Sthi aﬁ?éz&cz (-OYJOL/BI L}%g ?ezshlgrelg g'ro 1?‘0’2[ ?V(a)l%( giss:o?veed?n S(FZE/[\I(IO ml), TFA (2 ml) was
added and the resulting mixture was stirred at room temperature for 18 hours. The reaction
10 mixture was poured onto SCX bond elut, eluting with MeOH then 10% 7M NH3/MeOH in
MeOH to give title compound (1.3 g). 'H NMR (400MHz, CDClz) & ppm 1.05 (9H, s),
2.10-2.30 (2H, m) 2.85-3.20 (4H, m) 3.40-3.95 (9H, m) 6.95 (1H, s) 7.20 (1H, d) 7.30 (1H,
d) 7.65 (1H, d). LCMS M/z(+) 492 (M+H").

Example 14
15 N-(5-bromo-4-methyl-1,3-thiazol-2-y1)-4-[(2R)-4-tert-butylpiperazine-2-

carbonyl]plperazme- -carboxamide.

I\H \—/JS—\

To a solution of tert-butyl (2R)-4-tert-butyl-2-(piperazine- 1 -carbonyl)piperazine-1-
carboxylate (177 mg) in DCM (5 ml) was added TEA (91 ul) followed by phenyl N-(5-

20 bromo-4-methyl-1,3-thiazol-2-yl)carbamate (64 mg) and the resulting mixture was stirred
and heated to 60 °C for 2 hours. Cooled to room temperature and purified on a 20 g silica
bond elut, eluting with ethyl hexane/isohexane (50:50). The resulting product was
dissolved in DCM (5 ml), treated with TFA (1 ml) and the resulting mixture was stirred for
18 hours. The reaction mixture was poured onto an SCX bond elut, eluted with MeOH and

25 then 10% 7M NH3/MeOH in MeOH to give title compound (151 mg). 'H NMR (400MHz,
CDCls) 6 ppm 1.0 (9H, m), 2.0-2.1 (2H, m), 2.15 (3H, s), 2.8-2.85 (2H, m), 2.9-2.05 (2H,
m), 3.3-3.8 (9H, m). LCMS M/z(+) 475(M+H").

Example 15



c VS H To a solution of tert-butyl

(2R)-4-tert-butyl-2-(piperazi ne-1-carbonyl) pi perazi ne- 1carboxyl ate (340 ng)
in THF ( Worhjo/mmexs7added TEA (201 pi) foll owed by phenylPCINSE2809/051416
chloro-4-(trifluoronethyl)-1, 3-thiazol-2-yl]carbamate (310 ng) and the
resulting mixture 10 was heated in a md&rowave oven (Biotage initiator) at
60 C for 1.5 hours. The reaction m xture was cool ed and concentrated. The
resi due was dissolved in DCM (10 m ), TFA (5nl) was added and the resulting
m xture was stilfZRod- fszt-bwmneém@r%w%nbenr -B-qhdnyp-4-ethd-lo 84054 ni xt ure
was concentrated, dissolved i Pg{?@,ljzﬁl@q -LRbsethigat o an SCX col um. El ution
with MeOH foll ovved by 10% 7M in MeOH gave crude product which 15
was further purified using silicaQhromtogrgphy eluting with a gradient of

MeOH DCM (0-25% to affor itNe c undN2Y{5 ng). 1H NMR (400MHz, CDC13)
6 ppm 1.06 (9H, s), 2.02-2.1 (\>“HNn') /82- 2 (2H, m, 3.00 (1H, d),
3.06-3.13 (1H, m, 3.37-3 gon,1 m. LCVBIWM z( N)—%&S (MHH+) .

| NTERVEDI ATES 201: Prepar ation of Phenyl car Phenyl

te
N- (4-chl or carhanate H N O Cl | ution

b nl oo O L% e AT sernag o pisel B8 1 G edleia aged
pyridine (2ird@3%oRtidn amkpm bt)fylphRﬂyﬁeﬂ@hﬂr%dﬂfmm@&@aﬂﬁ&yﬁ@pé’ﬂa)m@-ﬂd t he
resulting m xture 25 was hours. 1M HCl1l

(20 nl) waS*Beydt a%&létm%%EwaO 1”11@ ﬁHOrﬁTt 55) mghé%lé%&ﬁ leg>| %QQIP%S washed
wi th water aadf&dHh hikkd a;[(!ﬂﬁle%sgﬁiﬂlg ﬁnﬁﬁfen@a%érr&%?oo% feleMiSOR)g and

evaporated to give a gum The solid was slurried in hexane and 37 filtered
to give théours adednecnfrpiodineticarsdaced arassuse. olie reuducdvas HsovA i ABMMHz, CDCL3)

6 ppm 2. 35w§§1ﬁd V&ﬁt}lQﬁ/g N%éHGnﬂ%rlgl?lﬂ'en H?l?c} %%@gﬁo%nce%ggteéw \!Z%')t T @ simlar

manner, but us topriate ani oW n arates were
pr epar ed: Esﬁhewys pllﬁ-ﬁfbdby ylan@clﬁer@atpgrhphy@ﬂwmgmh@llE)tﬁhe/rrspﬂ]exanal(ﬁhmtaed

the resulting product was dissolved in DCM (10 ml), TFA (2 ml) was added and the
resulting mixture was stirred for 2 hours. The reaction mixture was poured onto an SCX
bond elut and eluted with MeOH and then 10% 7M NH3/MeOH in MeOH to give title
compound (280 mg). 'H NMR (400MHz, CDCls) & ppm 1.05 (6H, dd), 1.15-1.25 (3H, m),
15 2.1-2.3 (2H, m), 2.55-2.65 (2H, m), 2.7-2.8 (2H, m), 2.85-3.0 (2H, m), 3.05-3.15 (1H, m),
3.5-3.8 (9H, m), 3.85-3.90 (1H, m). LCMS M/z(+) 443 (M+H").
Example 16
4-|(2R)-4-tert-butylpiperazine-2-carbonyl]-N-(5-chloro-4-methyl-1,3-thiazol-2-

yDpiperazine-1-carboxamide
@) /\ @)
N >—N N
| \>_N /
s H HN N‘é
Cl
/

To a solution of tert-butyl (2R)-4-tert-butyl-2-(piperazine- 1 -carbonyl)piperazine-1-
carboxylate (330 mg) in THF (10 ml) was added TEA (195 ul) followed by phenyl N-(5-

20

chloro-4-methyl-1,3-thiazol-2-yl)carbamate (330 mg) and the resulting mixture was heated
in a Microwave oven (Biotage initiator) at 60 °C for 1.5 hours. The mixture was

25 concentrated and the resulting product was dissolved in DCM (20 ml), to which TFA (10
ml) was added and the resulting mixture was stirred at room temperature for 1.5 hours.
The reaction mixture was poured onto a SCX bond elut and eluting with MeOH followed

by 10% 7M NH3/MeOH in MeOH, followed by a reverse phase chromatography to give



1H NVR (300 MHz) 6 ppm 7.2 (2H, m), 7.3 (1H m, 7.4 (2H m, 7.75 (2H m,
7.95 (1H, d). LCVM5 M z(+) 305 (M H+). Phenyl

N- (4- chl owo-28t0fd7ussrophenyl ) car bamat e 1H NVR (PCOBERMH2/05BMS0) 6
ppm 6.85-7.4 (9H, m). LCMS M z(+) 266 (M+-H+). 10Phenyl

N-13-(1,1, 2, 2-tetrafl uoroet hoxy) phenyl Jc¢arbamate 1H NVR (400. 132 Mz,
CDC13) 6 ppmb5.75 - 6.04 (1H, m, 6.95 - 7.04 (2H, m, 7.16 - 7.51 (8H, m.
LCVMS M z(+) 328 (M H+). Phepyl N-(3-phenyl methoxyphenyl)carbamat e

1H NVR ( 400N89MBupdhA3 6 e (%NM&%“,OO Hz, é@ﬂ!s) éﬁppmg-p@( H1). 2Q1:2.18 @B. 7. 40
(12H m. : : + +H,

N 13- ch or 74 (L1 C0r bat bty BReas | et MR ‘2360 e e
CDC13) 6 ppm 7.00 (1H, s), 7.15 -7 . Bgampleil7n), 7.23 -7.43 (5H, m), 7.68

(1H, d). LOVG Mp(ite e 1.3-

N (5- b oro- 4 S Ey T Tt b, PREBOL XIS ehlogs-triflupromstiy ik ey
DMBO) 6s5ppm 2.2 (3H, s) 7. hidzoB2{yBpipergzing-U¢arboxan)idd2. 3 (1H, bs). LCVS
Mz(+) 314 (MtH+). Phenyl o o

N- 15- chl or o-4- (tri f | uor ogethy! 1%4%?2% “yflcarbamate 1H NVR (400. 132
MHz, CDC13) (57.2 (2H, m, <7 5'?\1H,/n), 7.4 (2H, m. LCVB M z(+) 322
(M+H+) . 25Phenyl N-(5-chl or gi4- I]ﬁhyl -1, 3-thivazdl - 2/yf | car bamat e LCVS
Mz(+) 269 (MtH+). 2: Pref ratton of tert- yl N

(2R)-4-tert-butyl -2-(pi perazi ne-1-carbonyl) piperazine-1- carboxyl ate
(Method A) 1o Nshbkidn &Qeﬁ-ﬁutyﬁ@R)A—tQ‘t—butle—(piperazine— 1-carbonyl)piperazine-1-

carboxylate (340 mg) in THF (10 ml) was added TEA (201 ul) followed by phenyl N-[5-

chloro-4-(trifluoromethyl)-1,3-thiazol-2-yl]carbamate (310 mg) and the resulting mixture
1o was heated in a microwave oven (Biotage initiator) at 60 °C for 1.5 hours. The reaction
mixture was cooled and concentrated. The residue was dissolved in DCM (10 ml), TFA
(5ml) was added and the resulting mixture was stirred at room temperature for 1 hour. The
reaction mixture was concentrated, dissolved in MeOH and poured onto an SCX column.
Elution with MeOH followed by 10% 7M NH3/MeOH in MeOH gave crude product which
15 was further purified using silica chromatography eluting with a gradient of MeOH/DCM
(0-25%) to afford title compound (415 mg). "H NMR (400MHz, CDCls) & ppm 1.06 (9H,
s), 2.02-2.15 (2H, m), 2.82-2.94 (2H, m), 3.00 (1H, d), 3.06-3.13 (1H, m), 3.37-3.95 (10H,
m). LCMS M/z(+) 483 (M+H").
INTERMEDIATES

20 1: Preparation of Phenyl carbamates

Phenyl N-(4-chloro-3-methylphenyl)carbamate

JOTC

To a solution of 4-chloro-3-methylaniline (2 g) in DCM (30 ml), cooled to 0 °C, was added

pyridine (2.285 ml) followed by phenyl chloroformate (1.85 ml) and the resulting mixture
25 was stirred at room temperature for 18 hours. 1M HCI (20 ml) was added and stirred for 10

minutes. The organic layer was washed with water and then brine. The organic extracts

were dried (MgSQ,), and evaporated to give a gum. The solid was slurried in hexane and



A solution of 1-benzylpiperazine (1 g) and triethylamne (1.19 nL) in THF
(20 nmL) was stirred at roomtenperature under argon. Acetyl chloride (0.424
nm.) was awloedioztdséthe reaction m xture was stirred for POT/SERWYOSI416The
reaction was filtered and the white solid 5washed with ether. The filtrate
was concentrated at reduced pressure t&/ give the title conpound (1.2 g).
LCMS M z(+) 219.07 (MtH+). Step 2: preparation of

1-Benzyl-4-tert-butyl pi perazine N/ N A sol ution of
1- acet yl - 4fiB@Rd (A Prtbe Hedrempound a5y pals broym sokid. H NMRHOAMHZE R ludder 10

argon. A 1ihselikon, of i1 M) (M0nghhor ds (142).nL) vas then added and
the m xture was stirred for 30 mnutes. A 3M solution of nethyl magnesi um

brom de i nlea yiwflagmanngr, fytyusing sheraperepeiete eeiliok Gpiwllow ingrdrhametepvark reacti on
m xt ure vvamﬁrep@rg(ged to anmbient tenperature and stirred overnight. The
reaction xture was quenched with 30% aqueous sodi um hydroxi de sol ution
and then p&heinyl NoldewapesWedhonamethypiengllcirbonateet hane. The 15| ayers were

separ at ed r i | r h i t nine, i filtered
and concenty A PENAD G B L AL LR Mo BT PR ERE 20 S 0

col um. 0- ADYOMOMH/A(H) IDSNY/-H 0. gi ve the title compound (770 ng). LCVB M z(+)
233.09 (Mt . p.3: Breparation of tert-Butyl

avert- but S BraB e TR Pl beh R0 N 20 mixture of

1- benzy1- 4 1 8IMR (OOWIRL ENISQ) Hipprh 840-70M(0H, th).- LEMS-Mut-y)l266(@arbonat e (1. 48

g) and 10% pal | adji um car hon 00 i t hanol (10 nL) was evacuated
and purléed(i)ﬁﬂyiln&gbd}ﬂégzﬁtqrﬁ Bgr“%ﬁ‘r%@gg%l‘ﬂ'lﬂﬂ‘&?“}aé‘ft under an atnosphere of
hydr ogen o\ie NMRIM00a82 MIOANCDER) 8pphnls. B - Gltve 1, #b, W% -wesst (RH| Jgr7eid -t hr ough a
short pad of celite and concentrated at reduced pressure. The residue was

purified of>t K&LReEFMSHHRARNPOM TAdg col umn. 0-10% 25 MeOH in DCM) to give
the title oapReNIG-fRAyINhoxypMRYIEAbAhar43. 09 (MrHY) .

"H NMR (400MHz) 3 ppm 5.05 (2H, s), 6.7 (1H, m), 6.9 (2H, m), 7.15-7.40 (12H, m).
15 LCMS M/z(+) 320 (M+H").
Phenyl N-[3-chloro-4-(trifluoromethoxy)phenyl]carbamate
"H NMR (400.132 MHz, CDCl;) & ppm 7.00 (1H, s), 7.15 - 7.20 (2H, m), 7.23 - 7.43 (5H,
m), 7.68 (1H, d). LCMS M/z(+) 330 (M-H").
Phenyl N-(5-bromo-4-methyl-1,3-thiazol-2-yl)carbamate
20 'HNMR (400.132 MHz, DMSO) & ppm 2.2 (3H, s) 7.2-7.3 (3H, m) 7.4 (2H, m) 12.3 (1H,
bs). LCMS M/z(+) 314 (M+H").
Phenyl N-[5-chloro-4-(trifluoromethyl)-1,3-thiazol-2-yljcarbamate
"H NMR (400.132 MHz, CDCls) 3 7.2 (2H, m), 7.25-7.35 (1H, m), 7.4 (2H, m).
LCMS M/z(+) 322 (M+H)).
25 Phenyl N-(5-chloro-4-methyl-1,3-thiazol-2-yl)carbamate
LCMS M/z(+) 269 (M+H").

2: Preparation of tert-butyl (2R)-4-tert-butyl-2-(piperazine-1-carbonyl) piperazine-1-

carboxvlate (Method A)
/ \ O
HN N
O

>ro _\g N\_/N

30  Stepl: preparation of 1-acetyl-4-benzylpiperazine



39 Step 4: Preparation of

1-(tert-Butoxycarbonyl)-4-tert-butyl pi perazi ne-2-carboxylic acid OOH 0 N O

>N. A solwoDi2onv/woisevert - butyl 4-tert-butyl pi perazi ne- 1- cachhsEgioangi4(600 ny)

and NN, N ,N - 5 tetramethyl et hyl enedi am ne (0.467 nL) in ether (4 nlL) was

stirred at -78 C under argon. A 1.4 M &blution of sec-butyl lithiumin

cycl ohexane (2.2 nlL) was added dropwi se and the m xture was stirred at -78

C for 3.5 hours. Carbon di oxi de was then bubbl ed through the reaction

m xture via an argon purged syrlnge N tes at -78 C and then whil st

warmng to 0 C. The reaction was aye ed e addition of water and then

di luted wi th 10di chl or onet hane, |e Na2S filtered and concentrated

at reduced pressure. The re5|due s purified on the IscoTM Conpani on (409

col um: 0-20% MeOH in DCM to give the title conmpound (370 ng). LCVMS M z(+)

286. 99 ( MrkHsplution of 1-Btrplpperakine pagadnt @fictiflamine (1 19 mL) in THF (20 mL) was

E))?;/T a? gt yi 6t12rée é&F%qu%wgggtﬁlr’eauznldQreargoncgcety(r)lnc}{lfl'o)rlde (0. fZ ]]gbvlvj'}s%ld&)ed and ahzI ne-1-carb

i E) tert- | BUE&Xthﬁl&ﬁllﬁﬁlﬂé/&isﬂin’é@fdrgbglﬁl%dé%l mlgdr %Zdr‘ﬁ@ﬁv%s ﬁgfﬁ@%ﬁfgh%w?ﬁé glig4. 6 g),
enzyl pl per.azi an I n at room

t enper af ur &asd W %&éﬁ Fli}xfr@ trage \iasgyncemr%téf} atze%?ﬂ@e%&eé? gxadedidded and the

m xt ure wagoRRsuhil (1.26). Lemmpuras.oThg+pixt ure was then partitioned between

ethyl acetate and water and the organic |ayer washed with brine (x2), dried

(Na2SO4) afttePs RE@ET Ftionced laﬁenzﬂdh@étobwlawm@e The residue was purified via

silica colum chromatography (120 g | um the Isco conpanion el uting
with a gradient nmethanol in ethyl acetdte ® 599 to give title conmpound
(4.5 g). LCVMS M z(+) 445 (MtH+) he /(R angd’(S) isoners are readily

separable - see Step 4, Method and debenzylated to give the title
compound (Step 5, Method B). 40 3: Preparation of tert-butyl

(20 4 tel by hith oPr-ARRRIRRE DI SR W TRERRE 8kt Lro ChRRKy! ot e

10 argon. A 1M solution of titanium (V) chloride (1.2 mL) was then added and the mixture
was stirred for 30 minutes. A 3M solution of methylmagnesium bromide in ether (11.3
mL) was then added dropwise and the black reaction mixture was warmed to ambient
temperature and stirred overnight. The reaction mixture was quenched with 30% aqueous
sodium hydroxide solution and then partitioned between water and dichloromethane. The

15 layers were separated and the organic layer washed with brine, dried (Na,SOy), filtered and
concentrated. The residue was purified on the Isco™ Companion (40g column: 0-10%
MeOH in DCM) to give the title compound (770 mg). LCMS M/z(+) 233.09 (M+H").
Step 3: Preparation of tert-Butyl 4-tert-butylpiperazine-1-carboxylate

20 A mixture of 1-benzyl-4-fert-butylpiperazine (740 mg), di-tert-butyl dicarbonate (1.48 g)
and 10% palladium on carbon (200 mg) in ethanol (10 mL) was evacuated and purged with
hydrogen three times and then left under an atmosphere of hydrogen overnight at room
temperature. The mixture was filtered through a short pad of celite and concentrated at
reduced pressure. The residue was purified on the Isco™ Companion (40g column: 0-10%

»s MeOH in DCM) to give the title compound (667mg). LCMS M/z(+) 243.09 (M+H").



I\ HNN ( 5 Step 1: Preparation of tert-butyl

4- (2- cyanopr opan- 2-yl ) pi perazi ne-1-carboxylate O N--\NCN ) 0 \- Potassium
cyani de (W0.2010#71570 eq) was added in one go to a sol ut iPOm/SE2009/051416

N- Boc- pi perazine (71.5 g, 1.0 eq) and para-tol uenesul phonic acid
monohydrate (24.7 g, 1.0 eq) in water §715 m) at 25 C. Acetone (282 m, 10
eq) was then added and the reaction m xture was stirred at roomtenperature
for 18 hours. The reaction m xture was partitioned between saturated io
aqueous sodfeirt: Ryenasgfion o dr(snBu@xedrdnybr-eroodylpiperagne-EtHPPESt at e (700
ml) . The agygous | ayer was separated and extracted with ethylacetate (2 x
700 m), the organics were conbined, dried (MgSO4), filtered and the

sol vent renoved in vacuo. The resi s purified by silica chronatography
eluting with a gradi ent of nethanol in%( to 10% to afford the title
conmpound (52 g) as a white solid. 1p1 0 MHz, CDC13) 6 ppm 1.5 (9H,
m

s), 1.55 (6H, s), 2.65 (4H, m, 3. Lﬁ‘;h . Step 2: Preparation of
tert-Butyl 4-tert-butyl pi perazingfl-carboxylate O\\ N-\N CT \-
Met hyl magnesi unbrom de (3Min diethylether) (317 m, 3.0 eq) was added

dropw se ower F Nt Q,.a ' qf - .
4-(z-cyano‘éfSSBfﬁg??’3’%*’3‘?%3?%’??‘?{2@ -%:agir?‘ﬁgxcfftg’% géla‘?g%wznég,aniNON’évqfv in THF (800

m) at 15 Graexibylthylengbaning §).407-1219 iCethTihg mlgactsisomednt x7 3 F@undes atlger. t

tirred at ,r ner I . 18. r i .0 0 -10 C
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C - 25 (). nibitekives stirddrean@? {L600.5Shoprswasbaddexidawes thérebubblga thircughaher was
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) . | ayer extr.acted with, di Qr-0 hane. (1600 ni).

The o gani Fec AR HE el Bira€t SRBRLET 1 birhuBof DT L ARG 2600
dried (MyS®4)ming td G €F. e andtidnheasspbncdad by leradkiibn Fvakdh avdibeiodiluldiewitlesi due
was purified silic .cgur gL.aph lutin fth ethyl acetgte to afford
the Tithe dohBumaarey (SESDarH B Lt cticen Pyt pre e Theons0 db) 6
ppm 1. 00 ( 8slidusivas furtie WMritheIYco™ CombaHibn @Pg cAudn:(040% MeDH inTREMPto3:
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LCMS M/z(+) 286.99 (M+H").

Step S: Preparation of tert-butyl-2-(4-benzylpiperazine-1-carbonyl)-4-tert-

15 butylpiperazine-1-carboxylate

/ \ O
i—N N
/

XO_\gN\_/N%

To a solution of 1-(zert-Butoxycarbonyl)-4-tert-butylpiperazine-2-carboxylic acid
(4.6 g), 1-benzylpiperazine (3.5 ml) and DIPEA (5.6 ml) in DMF (15 ml) at room
temperature was added HATU (6.1 g). After 2 hours water was added and the mixture was
20  stirred for 2 hours. The mixture was then partitioned between ethyl acetate and water and
the organic layer washed with brine (x2), dried (Na,SO,4) and concentrated at reduced
pressure. The residue was purified via silica column chromatography (120 g column) on
the Isco companion eluting with a gradient methanol in ethyl acetate (0 to 5%) to give title
compound (4.5 g). LCMS M/z(+) 445 (M+H").
25 The (R) and (S) isomers are readily separable — see Step 4, Method B and debenzylated to
give the title compound (Step 5, Method B).



pi per azi ne-2-carboxylic acid HO 2C 0 )\ NN O sec-Butyllithium (1.4 Min
cycl ohexane) (38.3 m, 1.3 eq) was added dropw se over 20 mnutes to a
stirred swbupioanmisl tert-butyl 4-tert-butyl pi perazi ne- 1PcasiBeooylostses (10 g,
1.0 10eq) and (-)-sparteine (12.3 m, 1.3 eq) in diethylether (300 m) at
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nitrogen, keeping the internal tenperature below -70 C, the reaction was
left stirring for 4 hour s at - 78 C before carbon d| OXI de gas vvas bubbl ed
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The reactlgzm, t@lmy}ﬁ,qgomarmtoroomterrperature and stirred for 18
hours. Wat e%(ﬁﬁl‘)_lr was t hen added dropvm se to quench the reaction (no

exot herm seen). Dichl oromet hane ¢Z08 m,Y was added to dilute followed by
sodi um sul phate. The reaction st r ed for 10 mnutes then filtered
washi ng through wth dichl ororreth ) /(slow filtration). The

sol vent was then renpved in vacguo \ve N‘reécrude carboxylic acid (24.5
g), which used in the next step her purification. (Chiral

anal ysis of crude 20 rrat erl al sh vved c&orrpound to have -65%e). Step 4:
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eenNarJ{aggii tion of HATU (25 C - 32

(59 m) at roomtenperature (e oth
C)). The reaction was stirred_at rdom wenperature for 18 hours. Water (160
m) was added (slight exotherm/followed by DCM (160 ml). The organic |ayer
was separated and the aqueous layer 5 extracted with dichl oronethane (2 x
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were separated by chiral chr omat 0 graphy using a Rainin E?epar ative

i nst r ument 2{(TPRBA/MNFEALE Yord g dovisy Uﬁﬁea(cﬂ@% BRYD WSO RHTI DO RFIEIFFT H BRI AD - No

ADGOSC- 109 Bh 2 8 R aal cfh9laBitit enpipki tled
conpound |nq°{)58§2|)§ggiu g‘d‘r&g@nb &;n%;gt@meéﬁall%b S% gtet 913% @,(FIOb, 1%08%5 - 0879)
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2.0 (1H, n)w’ere?cogfbgleé c(r%h"(ME@@;;)%ﬂ%réﬁ Ad Qﬁe]sb'lvemreméveﬁ v (Plehresiue 7- 2-7- 35
(5H, m). 15Step 5: Preparafion of tert-b

(2R -4-ter Wabmrﬂed by (s*ljp@@hrg_@at[qgrag_hy@utmg msuh)a gradient of methanol in DCM (0 to
10%) to afford the title compound (52 g) as a white solid.

15 '"HNMR (400 MHz, CDCl3) § ppm 1.5 (9H, s), 1.55 (6H, s), 2.65 (4H, m), 3.5 (4H, m).
Step 2: Preparation of tert-Butyl 4-tert-butylpiperazine-1-carboxylate

Af2>\_N©NTL

Methylmagnesiumbromide (3M in diethylether) (317 ml, 3.0 eq) was added dropwise over
30 minutes to a solution of fert-butyl 4-(2-cyanopropan-2-yl)piperazine- 1-carboxylate (80
20 g, 1.0 eq) in THF (800 ml) at 15 °C, exotherm seen 15 °C — 28 °C. The reaction mixture
was left stirred at room temperature for 18 hours. The reaction was cooled to —10 °C and
water (800 ml) was added dropwise over 60 minutes (very exothermic —10 °C — 25 °C).
Dichloromethane (1600 ml) was added and the organic layer was separated and the
aqueous layer extracted with dichloromethane (1600 ml). The organics were combined and

25 washed with 50% brine / water (1600 ml), dried (MgSO,), filtered and the solvent removed



pi perazi ne-|-carboxylate To a solution of tert-butyl

(2R) - 2- (4- benzyl pi perazi ne- 1-carbonyl)-4-tert-butyl pi perazi nel-carboxyl ate
(10 g) i nwetzhewmols6f100 m ) was added 10% Pal | adi um on cacheE2(080met , 2 20
m), and the resulting m xture was hydrogenated at 5 barr at 35 C for 18
hours. The reaction mixture was filteréd and concentrated. The resulting
gumwas titrated with i sohexane and filtered to give the titled conpound
(7.9 g) as a white solid. 4. Preparation of ) )
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pi perazine-|-carboxylate (198 ng) in DCM (10 m ) was added TEA §444 [1.1)
fol | owed byt pAé&R{AONS MHzRNGSQ-d4)- iy 109 (1, shil #48H. 9- 34 J4hmbah@t4d.( 299 )
and the reﬁﬂlting m xture was heated at 60 C for 1 hour. The m xture was
washed 43 with water and the organics were dried (MgSO4), filtered and
concent s at 8tepun deepar atimcd (2Rt trbetyl-THE-methy puepanad-yDenycsrbedylby silica
chromat ogr a e i Wii & gradi ent of EtO0Ac/isohexane (0 to 50% . The
resul ting Brﬁ’g}éﬁ‘l}é‘l@%ﬁ%‘g&’fys“sfgf@ed in DCM (5 m), TFA (2 m) was added and the
resulting m xture was stirred at rod®.$enperature for 2 hours. The 5
reaction mxture was transferred td,a m and eluted w th nmet hanol,

col
foll owed by 10% 7N NH3 i n net hangl %w e titled compound (90 ng).
’F\Tﬂ%: (8H/ t)

1FI NVR (400. 132 MHz, CDCl1l3) 6 02 » 2.6 (2H q), 2.9 (4H m,
3.5 (4H, m. LCVMB M z(+) 275 ( ). In a simlar manner, but

usi ng the apns ORkiALe CARPATRISR NS oS 83 B RE! AALDGopONE 635 Hyer @

pr epar ed.
minutes to a stirred solution of zerr-butyl 4-tert-butylpiperazine- 1-carboxylate (10 g, 1.0

10 eq)and (-)-sparteine (12.3 ml, 1.3 eq) in diethylether (300 ml) at —78 °C (acetone / solid
carbon dioxide bath) under an atmosphere of nitrogen, keeping the internal temperature
below —70 °C, the reaction was left stirring for 4 hours at —78 °C before carbon dioxide gas
was bubbled through the reaction (exothermic —78 °C - -66 °C) for 1 hour (using dry ice).
The reaction was allowed to warm to room temperature and stirred for 18 hours. Water

15 (10ml) was then added dropwise to quench the reaction (no exotherm seen).
Dichloromethane (200 ml) was added to dilute followed by sodium sulphate. The reaction
was stirred for 10 minutes then filtered washing through with dichloromethane (200 ml)
(slow filtration). The solvent was then removed in vacuo to give the crude carboxylic acid
(24.5 g), which used in the next step without further purification. (Chiral analysis of crude

20  material showed compound to have ~65%ee).

Step 4: preparation of tert-butyl (2R)-2-(4-benzylpiperazine-1-carbonyl)-4-tert-

butylpiperazine-1-carboxylate

O
N N

7<O_\gN\_/N4€

Diisopropylethylamine (14.7 ml, 2.0 eq) was added dropwise to a solution of crude (step 3)
25 (2R)-4-tert-butyl-1-[(2-methylpropan-2-yl)oxycarbonyl]piperazine-2-carboxylic acid (37.1



Pai n nodel s CCR2b Antagoni st Behavi oural Experinental Procedures

I nduction of rat Spinal Nerve Ligated (SNL) nodel of neuropathic pain Under
i sof | ur ango2nes7®s3i a, an incision is made dorsal to thecCrsEb@sasrad

pl exus. The 15paraspi nal nuscles (left side) are separated fromthe spinous
processes, the L5 and L6 spinal nerves4are isolated and tightly |igated
wth (4-0 silk suture) distal to the dorsal root ganglion and prior to
entrance into the sciatic nerve. The incision is closed and the skin is
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posi ti on, nci'sio d to recover and
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heat beam s focused onto the plantar surface of the affected paw. In each

test sessi8W?rats are tested tw ce approximtely 5 ninutes apart. Paw
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anal gesy- neipsrazinggbeqgherylate 5Conerio, Italy). Aninmals are gently
restrained, and a steadily incre g ppessure is applied to the dorsal
surface of a hind paw via a donmgssh tip (dianeter of 1 nm The pressure
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To a solution of tert-butyl (2R)-2-(4-benzylpiperazine-1-carbonyl)-4-tert-butylpiperazine-
1-carboxylate (10 g) in ethanol (100 ml) was added 10% Palladium on carbon (50% wet, 2

20  ml), and the resulting mixture was hydrogenated at 5 barr at 35 °C for 18 hours. The
reaction mixture was filtered and concentrated. The resulting gum was titrated with
isohexane and filtered to give the titled compound (7.9 g) as a white solid.

4. Preparation of N-(5-chloro-4-ethyl-1,3-thiazol-2-yDpiperazine-1-carboxamide

N
S N NH
_/

Cl
@)

25 To asolution of tert-butyl piperazine-1-carboxylate (198 mg) in DCM (10 ml) was added
TEA (444 pl) followed by phenyl N-(5-chloro-4-ethyl-1,3-thiazol-2-yl)carbamate (299

mg) and the resulting mixture was heated at 60 °C for 1 hour. The mixture was washed



requires to elicit paw wi thdrawal (PW: paw w thdrawal threshold) is
determ ned An assay cutoff is set at 295g. In all experinents, animals are
t est ed bevoreludr7ugp7adni ni stration to ensure stabl e nmechaoirsakoobppaial gesi a
baseline. 10Drug treatnent: A study typically consists of 5 groups. One
group is nave and serves as a baselinedtontrol. The other 4 groups undergo
surgery to induce nerve injury. One of the groups serves as a vehicle
control while the remaining 3 groups are treated with drug of increasing
dose concefttithatafesand the gigapignpeiadeicd Maxi-dilisted padicacentraiedanderiredueedst ed f or
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used for n&mNIMRlé@() IBEMIézsﬁiD@%)érpainylsZ SH, Bamdmm)uw @5 onyEes ¢4t m)si ng t he
fol |l ow ng iﬁ[\{%“ 573\%(1 #:ugperal gesia =(PW. or PW(dosed)-PW. or PW
(vehicle)) o) ve)-PW. or PWI (vehicle)) x 100. Data is
expressed as memmn sSEMr nkheerbflfueihg e tappreprittseriganthtds ieatdsipd dgseazine
concentration are calculated fromthe best-fit curve using the variable

sl ope s gnBi*BaleHIFRE°On nmodel . 30 hMCP-1 THP1 Receptor-binding assay i)
Preparation of nmenbrane fragments HdifPinoaelsl s were grown in RPM ( Si gma)
suppl emented w th 10%fo t al calf serum 2 mM gl utam ne (G bco), 100
units/ m PeRteX A g HPCIEReTHHPEOGCdUrES” 45 (| nvi trogen). Menbrane
fragnents Wﬁlﬁ%d&lr&%%ﬁamér&m&%& (SI\VI%In%dQI cfffn%ﬁl%ﬁzlth@lpaﬁent rifugation

nmet hods as described previously (Siciliano et al. Bi ol . Chem,
265, 19658} ndpnwilarane aisrment rRICHIPIRBIdSdqTyRk todhe by*bB@Arabpléw. Abgssay
(Pierce, RpghkiidfalmuldidsiRRIsRk) 26 CQafiddrdnPiht BSinRPUSRGEURRIT sSanli BBt r uct i ons.

5ii) Assay
spinal nerves are isolated and tightly ligated with (4-0 silk suture) distal to the dorsal root

ganglion and prior to entrance into the sciatic nerve. The incision is closed and the skin is
sealed with tissue adhesive. Rats are allowed to recover and then placed in cages with soft
bedding. All experiments are conducted between postoperative day 7 to day 44.

20  Induction of rat Chronic Constriction Injury (CCI) model of neuropathic pain

Under isoflurane anesthesia, a small incision is made 0.5 cm below the pelvis. The

biceps femoris and the gluteus superficialis (left side) are separated. The sciatic nerve is

exposed, isolated and four loose ligatures (4-0 chromic gut) with 1 mm spacing are placed

around it. The nerve is then placed back in its natural position, and the incision is sealed.
25 Rats are allowed to recover and then placed in a cage with soft bedding. All experiments

are conducted between postoperative day 7 to day 44.

Assessment of neuropathic-induced (SNL or CCI) heat hyperalgesia

In order to assess the degree of heat hyperalgesia, rats are individually placed in Plexiglas
boxes on a glass surface (maintained at 30°C) of the paw thermal stimulator system (IITC
30 Life Science, Woodland Hills, USA, Model 390, Series 8), and allowed to acclimatize for
30 minutes. A thermal stimulus, in the form of a radiant heat beam, is focused onto the
plantar surface of the affected paw. In each test session, rats are tested twice approximately

5 minutes apart. Paw withdrawal latencies (PWLs) are calculated as the mean of the 2



1251 -1 abel ed MCP-1 was prepared using Bolton and Hunter conjugation (Bolton
et al., 1973, Biochem J., 133, 529; AnershamInternational plc). Test
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A study typically consists of 5 groups. One group is naive and serves as a baseline control.
The other 4 groups undergo surgery to induce nerve injury. One of the groups serves as a
vehicle control while the remaining 3 groups are treated with drug of increasing dose
concentration. Test compound is administered orally and is tested for heat and/or
15 mechanical hyperalgesia 240 minutes later. In all cases, the experimenter is blind to the
treatment.
Bioanalysis:
Satellite animals are used for plasma and brain tissue collection. Animals are injected with
drug but were not subjected to any testing. Blood and brain are collected by decapitation
20  without anesthesia at the appropriate time point.
Data analysis
Statistical significance is determined using two-way RM ANOVA using raw data followed
by a post-hoc Holm-Sidak t-test. The level of statistical significance is set at p <0.05.
GraphPad Prism® Version 4 is used for non-linear regression analysis. Raw data is
25 converted using the following formula:
% anti-hyperalgesia =(PWL or PWT(dosed)-PWL or PWT (vehicle)) / (PWL or PWT
(naive)-PWL or PWT (vehicle)) x 100.
Data is expressed as mean £SEM. The 50% effective dose and blood plasma concentration
are calculated from the best-fit curve using the variable slope sigmoidal equation model.

30 hMCP-1 THP1 Receptor-binding assay

1) Preparation of membrane fragments

THP1 cells were grown in RPMI (Sigma) supplemented with 10% foetal calf
serum, 2 mM glutamine (Gibco), 100 units/ml Penicillin and 100 pg/ml Streptomycin
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(Invitrogen). Membrane fragments were prepared using cell lysis/differential
centrifugation methods as described previously (Siciliano ez al., 1990, J. Biol. Chem., 265,
19658). Protein concentration was estimated by BCA protein assay (Pierce, Rockford,

[linois) according to the manufacturer’s instructions.

s 1i) Assay

'2I_labeled MCP-1 was prepared using Bolton and Hunter conjugation (Bolton et
al., 1973, Biochem. J., 133, 529; Amersham International plc).

Test compounds were dissolved in DMSO and further diluted in assay buffer (50

mM HEPES, 1 mM CaCl,, 5 mM MgCl,, 1 mM EDTA, 0.03% BSA, pH 7.2) to give a

10 range of concentrations starting with a top final concentration of up to10 uM. All
incubations had a 100 pl final volume and a DMSO concentration of 1%. Incubations
contained 250 pM '“I-labeled MCP-1 (GE Healthcare), 0.5 mg Scintillation proximity
assay beads (GE Healthcare RPNQO01) and cell membranes containing 6 x 10°cells/ml
equivalent. Non-specific binding was determined by the inclusion of 10 uM of a known

15 CCR2b antagonist in the place of test compound. Total binding was determined in the
presence of 1% DMSO without compound. Incubations were performed in sealed
optiplates and kept at room temperature for 16 hours after which the plates were counted
on a Packard TopCount (Packard TopCount™). Dose-response curves were generated
using “in-house” data analysis package incorporating Origin software to determine ICsg

20  values. Percent inhibitions were calculated for single concentrations of compound by using
the following formula 100-((compound binding minus non-specific binding)/(total binding
minus non-specific binding) X 100).
Each compound set out in the Examples below was tested as above and shown to have an
ICso value of better than 20 pM

25

Example Number CCR2 Binding
pICso

1 8.51

8.59

8.55

8.17

8.7

8.74
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r onet hyl sul f anyl ) phen

yl'] piperazine-I-carboxa
15N- (4- br onophenyl) - 442§

bonyl ] pi per azi ne- 1-

car boxam de;

442R) - 4-tert - butyl pi per az

phenyl] piperazine-|-carf

ma—dl o

U,

0-4-teHP-butyIpiperaz?ﬁg-z-car
11 3.64

rz-ne-—2-—carboryH-N-f4-H-uoero-3

boxanmi dé; 8.74

trifluoromnethyl)

442R) - 4-tert-butyl pi perd
20phenyl | pi per azi ne-1 - ca

1Z1 ne- Z-jgar bonyl
rhoxam de;

I-N-[4sgwf hyl - 3

F(trifluoronethyl)

442R) - 4-tert-butyl pi per g

zi ne- 2-1éar bony!

] - N- (388hl oro-4

- f | uor ophenyl)

pi per azi nel - car boxam de;

. 15
1Zi ne- 2- car bonyl

>0.35
]1-N-[4-cvyano- 3-

442R) - 4-tert-butyl pi per g
phenyl ] pi perazi ne-|-carl

poxani ddp

8.9

trifluoronethyl)

17

>9.35




25442R) - 4-tert-butyl pi perazi ne-2-carbonyl ] -N-(4-chl oro-3-fl uorophenyl)
pi per azi ne- | -carboxam de;
4-[ (2R) - aWDento/lusey| pi per azi ne- 2- car bonyl |- NA3- (1, 1, 2, 2PCetSEaiobosr0et hoxy)
phenyl ] pi per azi ne-| - car boxam de;
442R) - 4-tert-butyl pi perazi ne- 2- car bony#] - N- (4- chl or o- 3- net hyl phenyl)
30pi perazi ne-| - car boxam de;
4-1(2R)-4-tert-butyl pi perazi ne 2- car bonyl] - N- ( 3- phenyl nmet hoxyphenyl )
pi per azi neSLAI M oxani de;

4-[(2R)-4-gert- pf’(&ﬁ @'t&?ﬁ@t?l fb@ra%ngércg%}fyll N'Y'4[c§lor0 3- ﬂuorophenyl) plperazme—
-chloro-4-(trifl uoromet hoxy) phenyl]pi perazine-|-carboxamd
N- ( 5- br ono- 4- net- h%rb;m@ﬂ@detqﬁhaé?ﬂ@lOrzpilalmlaﬂeuﬂlefﬂl&)acqﬁptaéh%bmewoﬁl pera2| ne- 2-
car bonyl ] pi per azi ne- 1- car boxan de;
54-[(2R)-4-tert-butyl pi perazi ne-2-carbonyl ] -N-(5-chl oro-4-ethyl -1, 3-thi azol
-2- vyl ) pi pér azi HE2R)-d-derblowalmipdrazine-2-carbonyl]-N-(4-chloro-3-fluorophenyl) piperazine-
442R) - 4-tert - buf}l( Q&g r&m ne- 2- carbonyl ] -N-(5-chl oro-4-nethyl -1, 3-t hi azol -
- yl)pi perazi ne- 1-carboxam de; and
442R) - 4-tert - butyl pi perazi ne-2-carbonyl ]-N-[5-chloro-4-(trifluoronethyl)-1,
3- 10t hi azgl - 2-yl er.azi carboxam de; as a base or a pharnmaceutically
accept abl egsal tXt k‘g‘P@B‘F‘ %l qf&i %‘?ﬂir maceuti cal conposition conprising a
t her apeuti cal | y4{a(f2R¢ctt¢rveut§ﬂmpuﬁrzm@4’2 carboayTpBTdifRcadfetiyighdngl] piperaaine- of
clainms 1 to 3 aﬂ F ngdelst one pharmaceutical ly 15accept abl e exci pients,
carrier’$ or dil tiEHPEE A conpound according to any one of clains 1 to 3,
as a base or a pharpacatbitgipipeiszincoanribaby1pNs@ldlordppedQfpipefemeuse as a
medi cament. zo 6. The use of a conmpound according to any one of clains 1 to
3 as a base or ‘%ilrtfﬂ’iél?"rﬁiﬁceutl cally acceptable salt thereof, in the
manuf acture of 4y ﬂh@éﬁl’@ﬁi&lpfp@fazﬁll%@ GIBhARNK- L@f(trﬁﬁl'ofbme Tslﬂﬁ‘aﬂ»}%héiﬁzﬂordl ng to
claim6, wherein sal q;\gpl nis neuropat hi'c” pai n. K nmet hod for the
t herapy of pai nPipgiazin 2d ani mal , conpri SI ng adm nistering to said
ani mal jn need Nf4%¥tﬁﬁbphélﬁzﬁ)a4ll§’(2 )ﬁk@{ﬁgﬁ?fpbﬁﬁhéiC%B%}pﬁﬁé@azﬁﬁ@qunt of a
conpound accordlng to any ‘one of clains as a base or
phar maceuti cal | sprlpse@psieabl e salt thereof 30 9. A nethod for the therapy of

pain in a war me @Rggqerﬁﬁﬁtmerﬁ%@waﬁ}oﬂﬁ -ﬁ‘-’[{l‘ifﬂfo% K Ny dc?ng 1%@3019‘ ﬁ}ﬂ;

need of such therap eut cal I on accor
piperazine-1-carboxamide;

4-[(2R)-4-tert-butylpiperazine-2-carbonyl]-N-[4-methyl-3-(trifluoromethyl)

20 phenyl]piperazine-1-carboxamide;
4-[(2R)-4-tert-butylpiperazine-2-carbonyl]-N-(3-chloro-4-fluorophenyl) piperazine-
1-carboxamide;
4-[(2R)-4-tert-butylpiperazine-2-carbonyl]-N-[4-cyano-3-(trifluoromethyl)
phenyl]piperazine-1-carboxamide;

25 4-[(2R)-4-tert-butylpiperazine-2-carbonyl]-N-(4-chloro-3-fluorophenyl) piperazine-
1-carboxamide;

4-[(2R)-4-tert-butylpiperazine-2-carbonyl]-N-[3-(1,1,2,2-tetrafluoroethoxy)

phenyl]piperazine-1-carboxamide;
4-[(2R)-4-tert-butylpiperazine-2-carbonyl]-N-(4-chloro-3-methylphenyl)

30 piperazine-1-carboxamide;
4-[(2R)-4-tert-butylpiperazine-2-carbonyl]-N-(3-phenylmethoxyphenyl)

piperazine-1-carboxamide;



49 10. The met hod according to claim8 or 9, wherein said painis

neur opat hic pain. 11. A conpound according to clains 1-3 as a base or a
phar macewpDcaldor1meccept abl e 5salt thereof, for the treaPcEsE20b/opain. 12. A
conpound according to clainms 1-3 as a base or a pharmaceutically acceptable
salt thereof, for the treatnent of neuf#dpathic pain. 10

4-[(2R)-4-tert-butylpiperazine-2-carbonyl]-N-[3-chloro-4-(trifluoromethoxy)
phenyl]piperazine-1-carboxamide;
N-(5-bromo-4-methyl-1,3-thiazol-2-yl)-4-[(2R)-4-tert-butylpiperazine-2-
carbonyl]piperazine-1-carboxamide;

5 4-[(2R)-4-tert-butylpiperazine-2-carbonyl]-N-(5-chloro-4-ethyl-1,3-thiazol-2-
yl)piperazine-1-carboxamide;
4-[(2R)-4-tert-butylpiperazine-2-carbonyl]-N-(5-chloro-4-methyl-1,3-thiazol-2-
yl)piperazine-1-carboxamide; and
4-[(2R)-4-tert-butylpiperazine-2-carbonyl]-N-[5-chloro-4-(trifluoromethyl)-1,3-

10 thiazol-2-yl]piperazine-1-carboxamide;

as a base or a pharmaceutically acceptable salt thereof.

4. A pharmaceutical composition comprising a therapeutically effective amount of a
compound according to any one of claims 1 to 3 and at least one pharmaccutically

15 acceptable excipients, carriers or diluents.

5. A compound according to any one of claims 1 to 3, as a base or a pharmaceutically

acceptable salt thereof, for use as a medicament.

20 6. The use of a compound according to any one of claims 1 to 3 as a base or a

pharmaceutically acceptable salt thereof, in the manufacture of a medicament for

the therapy of pain.
7. The use according to claim 6, wherein said pain is neuropathic pain.
25
8. A method for the therapy of pain in a warm-blooded animal, comprising

administering to said animal in need of such therapy a therapeutically effective
amount of a compound according to any one of claims 1 to 3 as a base or a
pharmaceutically acceptable salt thereof.
30
9. A method for the therapy of pain in a warm-blooded animal, comprising
administering to said animal in need of such therapy a pharmaceutical composition

according to claim 4.
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10.

11.

12.
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The method according to claim § or 9, wherein said pain is neuropathic pain.

A compound according to claims 1-3 as a base or a pharmaceutically acceptable

salt thereof, for the treatment of pain.

A compound according to claims 1-3 as a base or a pharmaceutically acceptable

salt thereof, for the treatment of neuropathic pain.



