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I NVENTION 1. Field of the invention The invention is related to therapeutic
conpounds, pharmaceutical conpositions containing these co

manuf act urWw@g@osodieksses thereof and uses thereof . Parﬁﬁgﬁﬂgg4@m“9%e present
I nvention is related to conpounds that nay be 10 effective in treating pain,
cancer, nultiple sclerosis, Parkinson's disease, Huntington's chorea,
Alzhelner s disease, anxiety disorders, gastrointestinal disorders and/or
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| i gands including agoni sts, antagonists and inverse agonlsts produce relief
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the peri ptiefﬁwdgiﬁmmgﬂnari ly restricted to the cells and tissues derived
fromthe irrrrun t%i@%& qpi chas

-t et rahydrocanna I'NO nl%é Er'En‘:'?ﬁﬁana e’,piélﬁ%ﬁcé{sﬂg%ljl
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been well known that cannabinoid receptor (e.g., CB1 receptor, CB; receptor) ligands

)

including agonists, antagonists and inverse agonists produce relief of pain in a variety
of animal models by interacting with CB, and/or CB> receptors. Generally, CB;
receptors are located predominately in the central nervous system, whereas CB;

20  receptors are located primarily in the periphery and are primarily restricted to the cells
and tissues derived from the immune system.

While CB, receptor agonists, such as A’-tetrahydrocannabinol (A’-THC) and
anadamide, are useful in anti-nociception models in animals, they tend to exert
undesired CNS side-effects, e.g., psychoactive side effects, the abuse potential, drug

25  dependence and tolerance, etc. These undesired side effects are known to be
mediated by the CB, receptors located in CNS. There are lines of evidence, however,
suggesting that CB; agonists acting at peripheral sites or with limited CNS exposure
can manage pain in humans or animals with much improved overall in vivo profile.

Therefore, there is a need for new CB, receptor ligands such as agonists that

30  may be useful in managing pain or treating other related symptoms or diseases with

reduced or minimal undesirable CNS side-effects.

DESCRIPTION OF THE EMBODIMENTS




Unl ess specified otherwise wthin this specification, the nonenclature used
in 5 this specification generally follows the exanples and rules stated in
Nonencl ature of Organic Chem stry, Sections A, B, C, D, H F, and H,

Per gamon Press, Oxford, 1979, which is incorporated by references herein
for its eweopdansoraheni cal structure names and rul es )(!/)’F’?TW%QW%M cal
structures. "CB1/CB2 receptors” neans CBl and/or CB2 receptors. 10 The term
"Cm" or "Cl. group" used alone or as a prefix, refers to any group having
in to n car bon The present Hventiaay providedCBoraedpton ligarsie svhidhanay werusefl m suf fi x or

prefix, refers to a tr risi.ng only carbon and hydrogen atons
up to 14 &FP'B‘%"% qro%?éyeﬁitgﬁy%%%rallu hradical " or "hydrocarbyl" used

alone or as a suffix or prefix, 15 refers to any structure as a result of
removi ng one or_nore hydrogens froma , hydrocarbgon. The term "a] kyl" used
al one or as a 0SS spegified piheryise W%@Sﬁﬁc%mﬂ@@megﬁl?wgﬁ?d Br branched

chai n 1 9"6 35afaridiploly SO Dl QoA 16 MHRRIaBHETS, U1 o5

ot herwi se sp genera cludes both saturate and 20
unsat ur at e@rgahihemiFhp Sections' 4B ¢} BnE)' F, wed &, BergaraowPresss Oxfardf %72, or prefi x,

refers to di.val ent  strai ght. or byanched, chain hydroc on, radi cal s

conpri si ngW 10‘318’%':88%9 atitgb)grgf es ?r%’ﬁg?r WF%@%?%%@%%“FW@SHW structures
toget her. ahdeulbesdRandhkeivmical yGadu@b.one or as a suffix or prefix, refers to
a nonoval ent 25 straight or branched chain hydrocarbon radical having at

| east one car bokBe$Bp&icertar BreanyeBuand/er (Bamgsept8isng at | east 2 up to about
12 carfgpn at onepe THE e My @ KYRUlLar JisE ne S sger§ ' prefix,
refersmt)o a non‘ralrg\(;a ent m‘“st??f"g%@ 0 ]%r a%gﬁée(g cﬁglferflﬁhg/ rot:bfagrnggl&?adi cal

havi ng at harmgtin trrecagdzomisdemsar bon triple bond and conprising at |least 2 up
to about 12 carban_ at. .30 The m "cvcl oal kvl .- used al one or as a
suffix or pref i'@,eufr%‘f @g@o?:gg%n uﬁﬁ%%@%?%rn%%lﬁ%-%gﬁqﬁéllﬁ?%‘b%@arocar bon

radi cal costiufe daghphiking eAlytcarbodand bydrbgatatdhas uptan B earbah awmms. " Cycl oal kyl "

i ncl udes bgot h nopocyclic and Fyl t c‘i;cl I ¢ hydrocarbon -2 WD 2005/030732

PCT/ GB2004Hisoary Aydeocashen adisl” quihydresalcised aloae e as gy adrede incl udes
non-fuLd, reftSe dnAithchir 898 fksult bf\3froving one or more hydrogens from 2

‘hydrocarbon.

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

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

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

25  straight or branched chain hydrocarbon radical having at least one carbon-carbon
double bond and comprising at least 2 up to about 12 carbon atoms.

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

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

carbon atoms. "Cycloalkyl" includes both monocyclic and multicyclic hydrocarbon



The term "cycloal l cenyl” used alone or as a suffix or prefix, refers to a
nonoval ent ring-containi ng hydrocarbon radi cal having at | east one
carbon-carbon 5 double bond and conprising at |east 3 up to about 12 carbon

atons. "Cycl oal ken i ncl udes bot h nonocyclic and multicyclic hydrocarbon
structures%wﬁlgq"?/?@%?l ic hydrocarbon structure incl udesl’%%mfzﬂl’é@ 124 ysed and

bridged rings. The term "cycl oal kynyl" used al one or as a suffix or prefix,
refers to a nonaoval ent ring-containing hydrocarbon radical having at |east
one car botresiies Multigyelic hydgocadan stetsire psspangiusgse fsedrandpridgedipout 12
carbon at _The term"aryl" used alone or as a suffix or prefix, refers to
a hydrocarbon radical having one or nore pol yunsaturated carbon rings

havi ng ar omat i Theteamdcydeslkenyl uged aldne or a@a eeffis oaprefisprefaretotar ons) and
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" non- asomalotlle botsethdToRipeising At i@ast 8 i toabdit BScarfunSitdnts. "(BtRakedyy" 2 chemi cal
group or radical that does not contain a ring having _ aromatic character

(e.g., 4n inchydegkothapgnosydicand multisyelic hydrosarben pirucyres. dYjuiticydisd al one or as a
suffix or | : Y n r ‘m‘{% radi cal having one or
mor e pol ylﬁglg’ttﬁ%%% cggggfgﬁldr@ﬁlgdgs egvfluﬁ%d% bg@génatl ¥ char acter, (e.g., 4n +
2 del ocal i zed &hetermdwypdloalkyhyt arspd alsnenay a5 aspffixer atedist reférdtocar bon at ons,

whi ch serves tq Link two.structures together. The term heterocycle" used

al one or dgongvélﬁﬂtﬂnﬁ“cﬁgﬁ’r"ég #XQTOGP@PEF%%BLEWE %bqas%%?tcﬁﬁbﬂ?ﬁﬁé’g% ructure or
mol eculoe haple Bend 4R dmpiBing abstlt 7iupad shdint Iéabsdted®, | ndependently sel ected
fromN, 0, P and S, part_ of the ring structure and 25 including at

as a

| east 3 and up Thetesmoatyl2used along of 4 ashEy orisyily refexs tat Bydresabomay be

sat ur at ed .QF: F@?gg rﬁ%h . 0o erand
heterocycl%ﬁlﬁggﬁ%ﬁﬁaﬁﬁn%‘g?@ t atr%’?%?\dg&r??dr%g. g‘ﬁggbiﬁg?g?ocycf%’ cont ai ns

nmor e t han (ege4n ir2gieldchlizedrelergensiayd dtoepiisinged uprto abduid & darbBustevksy i ngs
generally refer . .to at l.east two rings . share two atons therebetween.

Het er ocy | "PeRER B X C%F%@ﬁ?t?io%%%r °£i’°cﬁmwl?ﬂﬁ have 30 aromatic

char actser .  The The tdifin "i6h-ar@@dt sroupt € R0 aANRILOT uRd afons,Wshalsuffilor g ef i X,

refers to a radical forned as a result of replacing one or nore carbon atom
of an al kyirell, fefers e ehemist grouper gdical thatdosenat copldinfa g gving. P and S. -3 WO

2005/ 0307 3go sl c%%gtgfl(e%,WZ delocalized electrons).

The term “arylene” used aione or as a suffix or prefix, refers to a divalent
. hydrocarbon radical having one or more polyunsaturated carbon rings having
20  aromatic character, {e.g., 4n + 2 delocalized electrons) and comprising 5 up to about
14 carbon atoms, which serves to link two structures together.

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

25  including at least 3 and up to about 20 atoms in the ring(s). Heterocycle may be
safurated or unsaturated, containing one or more double bonds, and heterocycle may
contain more than one ring. When a heterocycle contains more than one ring, the
rings may be fused or unfused. Fused rings generally refer to at least two rings share
two atoms therebetween. Heterocycle may have aromatic character or may not have

30  aromatic character.

The term "heteroalkyl” used alone or as a suffix or prefix, refers to a radical
formed as a result of replacing one or more carbon atom of an alkyl with one or more

heteroatoms selected from N, O, P and S.



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

het er oat ons, independently selected fromN, 0, Pand S, as a part of the
ring structure and including at least 3 and up to about 20 atons in the
ring(s), WNErReIS®3e7: ring 5 containing structure or nolFEAFRROMIIIY 5y omat i c
character (e.g., 4n + 2 delocalized electrons). The term "heterocyclic

group," "heterocyclic noiety," "heterocyclic," or "heterocyclo" used al one
or as a suffix Tbe tesmeheteroatopratie’sused algne expsacauifoegrippesix, fefasmios ridgat er ocycl e by

renoving  Qfg, Qind Gl nRY XHa?ﬁé%ﬁé8¥?noﬂe3pﬁﬁfalén§h&&bﬁ%§&§rOCVC'y' . used

alone or as a suffix or pre?:l ePers a radica errved ffoma heterocycle
by renovi riglependeniy telated ffroptNOQeP afid Basa pastrolf the rinfg shustizegnd of t he

het er ocycl.e.. The term "heterogycl yl ene”. used one aqr .as,a suffix or prefix,
refers to Iu(HvaaatItl%"’ﬁ{T} i‘%@dﬂ’ct_alagé%lzﬁ\?@ﬁlsfm _ralg%&“@%%%heémsy removi ng two
hydrogens cbﬂﬁfnﬁ{g Bibturelor Yl calk (8 by ERndaflc bhﬁ&t&r‘(@gﬁhﬁ Wolddfoesliz@get her. The

term"heteroaryl" used alone or as a suffix or prefix, refers to a
het er ocyclejdctrom®)i ng aromatic character, wherein the radical of the

het erocycl yl i a bon : thd | » L he

het erocycl yl . ihﬁtka er%%g???c%%ﬁﬁf@ht %e%;ocgélﬁ%a? mﬁe@é‘%ﬁ %‘Ioér- aromatic rings
t her ei n. Theemcytlolhssedalpnder dswuseffixosr p2éfixg idfers w sadichi dekieel fraigat her . The term
"het erocygl oanI%]IF"baused .al one or suffix or prefix, refers to a

het er ocyc|ffere SERROYiRg gLy dote Byfregens IR or  The term "heteroaryl ene”

used ajone or FhedermthbierocPelylPusdd Aloned?a@h Suffi@ ofprefiRiBfeR@idikAIENE havi ng
aromatic character. 25 The term "heterocycl oal | cyl ene” used al one or as a

suffix or deriegd from adeterasyele by renpving 4 dsped ope ddrogenefrord e sarbawef #iEg ar omati c
character. .Si x-menbered" used as a prefix refers to a group having
aring tha({fm?lgtrtﬁé&ﬁlse'si X ring atons. ' The term"five-nenbered" used as a
prefix refers tThegergrtheferdogalylege”aised slgnd dras a stffixan predixefdrs o ri ng atons. A

bt o wherTalen: rdeal fersied B aheliniovdley Raeyos ibyodsnd eRB Som N 0 and
S. -5 . which serves to link two structures together. :

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

heterocyclyl having aromatic character, wherein the radical of the heterocyclyl is
located on a carbon of an aromatic ring of the heterocyclyl. A heteroaryl may contain
both aromatic and non-aromatic rings therein. These rings may be fused or
20  otherwised linked together.
The term “heterocycloalkyl” used alone or as a suffix or prefix, refers to a
heterocyclyl that does not have aromatic character.
The term “heteroarylene” used alone or as a suffix or prefix, refers to a
heterocyclylene having aromatic character.
25 The term “heterocycloalkylene” used alone or as a suffix or prefix, refers to a
heterocyclylene that does not have aromatic character.
The term "six-membered" used as a prefix refers to a group having a ring that
contains six ring atoms.
The term "five-membered” used as a prefix refers to a group having a ring that
30 contains five ring atoms.
A five-membered ring heteroary! is a heteroaryl with a ring hairing five ring

atorns wherein 1, 2 or 3 ring atoms are independently selected from N, O and 8.



WO 2005/ 030732 PCT/ GB2004/ 004124 Exenplary five-nenbered ring heteroaryls
are thienyl, firryl, pyrrolyl, imdazolyl, thiazolyl, oxazolyl, pyrazolyl,
i sot hi azol yl, isoxazolyl,1,2,3-triazolyl, tetrazolyl, 1,2,3-thiadiazolyl,
1, 2, 3-oxadi azolyl, 1,2,4-triazolyl, 1,2,4-thiadiazolyl,
1, 2, 4- oxadWV@2081p0732 3 4-triazol yl, 1,3, 4-thiadi azol yl , B&T-BR0G Q124
oxadi azolyl. 5 A six-menbered ring heteroaryl is a heteroaryl with a ring
havi ng si x rin% atons wherein 1, 2 or 3 ring atons are independently

X

sel ected from elgplamﬁ‘gme@@#bmbﬂgbmmﬁibweﬂ, furylgpyresddy oaryl s are

pyri dyl, y. | 13 JThe term
substltut ecfﬁ%6 g%gnas a pr;g?éeul’l{l ﬂ”i,:m%c'elld B 01%1 tlrg%(a?é{lyéqalﬁ%%%ﬂ Ié or 10 group,

gerlglhnd(r)oc glggﬂ;‘m-ﬂuﬂhazg?ng,m?xi&ﬁmgdz,m OIQD(;IZ)ZQL Eﬁ?g'ln' ng one or
_1lzhy RS g S i ni ng

more het elr’ﬁél%?fjégzé‘g’mel& ‘éE‘%ZPE’ﬁmlpj 4@“““@“0[;’!%* 34Br°“£azog}ﬁd P. Exenpl ary

chem cal group terocyclyl,
NCD. % o %s&%&ﬂie&d@&g%&r&.ﬁyﬂ?& Eet&@ir?r Wik Q{Jiﬁcf_'hmﬁl\%f'ﬂﬁnﬁ% °NR M.

C(=0
-SR, - SOBHtomsswlmemJS@ ad Rﬂg a@mscm mdmengenﬂ:( sﬂl;)c@tte &om‘l\%@m - NRC( =0) R, oxo

(=0), imno (=NR Gyﬁ "R'" is a
Ci a2hydr ocar byI XEEBY exarrpe%beredq.ﬂ%ht%@&%ﬁ%mpﬁgh v%ms’éﬁ’é’m?@ﬁﬂr t rophenyl ,
pyri dyl phengtimyllaﬁdbylﬁapilnghyl chl orophenyl, ani nophenyl etc., wherein the
nitro, pyridyl,_ methoxy, chlog and m n ups may replace any suitable
hydrogen on t hdRBRERy Eﬁ? Freed Q’GSWR@?W“QJ‘% SR 0{;4_;813055 a suffix of a
first gfrughiy, %eﬂ%ﬁicﬁfé%ﬁ:o?e’hﬁfr&&éﬂs are &A@ R5th BYe &NBo@r NOre names of

chemi cal groups refers to a second structure, nolecule or group, which is a
resul t of GleghYd{ﬂch@OEB@uD% oneReoTpere shumisal grouph eomtainiog Oﬂ%@lrm@lleur e mol ecul e
or group n a "phenyl
substi t ut \éncfgegyatu;rﬁ é%'fh?:teﬁ ers b§$ﬁlg]%§g‘ (ﬂ) gg&#ﬁifytcg%ﬁm%&l onal |y

substi t ut e:dshtanmim m'mdn@héiergatompmclmhlhatetdaycﬂﬁ, -NO,, -OB| CiBes-IfFat are

Lo PRSI e R S S SR S L
azeti diye, CNX@I-FTIQZ(#)WIE,L@(%)WrNRG(QO?I@, 0x9¥=50phhﬂ€ (=NRJTiglg¢ed)i di ne,

pyrazolldlne pyrazollne di oxol ane f'ol ane -dihy drofuran 2,5 30
di hydr of urasd oxigning M)uwbmemtemlb ﬂh”am eCi phﬁbocradbbde For example
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1, 4- di oxanchlctophetyloaminephetiylpxan @wherem the nitro, pyridyl, methoxy, chloro, and

amino groups may replace any suitable hydrogen on the phenyl ring.

20 The term “substituted” used as a suffix of a first structure, molecule or group,
followed by one or more names of chemical groups refers to a second structure,
molecule or group, which is a result of replacing one or more hydrogens of the first
structure, molecule or group with the one or more named chemical groups. For
example, a “phenyl substituted by nitro” refers to nitrophenyl.

25 The term "optionally substituted" refers to both groups, structures, or
molecules that are substituted and those that are not substituted.

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

30  dihydrofuran tetrahydrofuran, thiophane, piperidine, 1,2,3,6-tetrahydro-pyridine,
piperazine, morpholine, thiomorpholine, pyran, thiopyran, 2,3-dihydropyran,
tetrahydropyran, 1,4-dihydropyridine, 1,4-dioxane, 1,3-dioxane, dioxane,
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2,3,4, 7-tetrahydro-| H azepi ne honopi perazi ne, 1, 3-di oxepane, 4, 7-

di hydro-1, 3-di oxepi n, and hexanet hyl ene oxide. In addition, heterocycle

i ncl udes aromatic heterocycles for exanple, pyridine, pyrazine,
pyrini di ne, VPIMFE¥ e, thi ophene, furan, furazan, pyrr8CEGE2@dR e, 5

t hi azol e, oxazol e, pyrazole, isothiazole, isoxazole,l1, 2, 3-thazole,
tetrazole, 1,2,3- thiadiazole, 1,2, 3-oxadiazole, 1,2, 4 thazole

1,2, 4- th| demapiperidine, 2344,61%@41 éf azzplae homepipera@ing 1,3rdigxeparn Addi azol e, and

1, 3,4- oxggh oigz &q&% ng%ycl e enconpass pol ycyclic
heterocycle for exa oIe [ine, isoindoline, quinoline,

t et r ahydr oqui nid addition, heiquc)miﬂ mdedes]a@omahc heterocycles, for example pyridine,

t et rahydr 0| SO UI nol i.ne benz xan mar | hy umarin,
benzof ur arf. @‘EF%’&H%% é?P e?e’sgﬂgrhz i EW%H@ chr oman,
Isochrgrranmam;)biamﬁa yﬂaﬂﬂﬂemmolmlsokiyo&m B,B&ﬁ@zold: m&mzbla NE3- i SO ndol e,
i ndazol e, pur.i ne, phtﬁala2|ne napht h di ne, qui noxali ne, qU|nazoI|ne

ci nnol i ne,hiagiazaley il Pe3-oxadinzales heAdmazsle, :ﬁé‘r‘ihﬁ‘ldlaa‘i’ o1, 2.A10xAdAToN, dB3idne,
h ole.2 15 b I b hi oph ,
phenazi ne,gq %Eggpgw ﬁgggﬁolep%@qm%z%aﬁ ts. enzi soxazol e, benzot hi ophene

benzoxazol e nzt hi benztri azol e, thi oxanthi ne,
carbazol e, car Baditioaaliypbetercyde er;wmphsspplycy:éi,c haterbecydlas, farl éxampliene. | n

addition t.o,the cl het er | es descri.bed abov het er ocycl e

i ncl udes (@%Mﬁ{‘g %’Fg#’ R@%gﬁn@%ﬁfrj qrnqling,4sqqtino, E’H ©bet ween two or nore
rings 1020 tmb&quﬁmmﬁ;e; hMemwomﬂ@oﬁﬁmmmh @rob&hﬁar[ﬂ Bézofufh, MOr e than two
atonms compn to both rings. npl es of such bridged heterocycfes i ncl ude

qui nucl i di%ase y@mheﬁeﬁlé% !se?ezmgﬁmaph@a?raﬁ@, ghraman, dsogbrogap) wppthene, 1] hept ane.
Het er ocy clyplndxahiiH WRntite, ﬁéﬁme 1501558619%&4%15 Xﬁgtﬂ-gﬁ y@ﬁﬂﬁ%&les such as:

aziridinyl’, oxiranyl, thiiranyl, azetrdinyl ef anyl ,
pyrrolidi nyuphthmﬂ;humyxahnezﬁnnamluazmdmnmtenw ahenanﬂindwb,, pyr azol i nyl,

dioxolany ol h drofur |, 2.5- yranyl
tetrahydr 4‘}9 ﬁ?%‘f‘%’ﬁ‘ﬁg’%ﬁql %Zl“f)Ce? ine1ph5ngx f?ahydro- pyri di nyl,
pi per as nwWimﬁleIwmdmlopﬁenermﬁm@idlmbnztmaﬁbmbénz@idaﬂwranyl 2, 3-

di hydr opyr.anyl , tetrahy ropyr y 4- di hyd] opyrldlnyl 1, 4- dloxanyl
1, 3- di oxarRpRziriazple, th E?ZSEF F%ﬁ"ﬂ’}‘? acpdme.pyyo lzé‘ilp%qﬁ?‘élro | H- azepi nyI

hormpl pera@hﬂ&m& 3 30 d| oxepanyl, 4, 7-di hydro-1, 3-di oxepinyl, and
hexamet hyl ene oxi dyl. In addition, heterocyclyl includes aronatic
het erocycl yl s dn aditianr todhspolydyolic ksteragycles described above, heterocycle

includes polycyclic heterocycles wherein the ring fusion between two or more rings

-
-

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

Heterocyclyl includes, for example, monocyclic heterocyclyls, such as:
aziridinyl, oxiranyl, thiiranyl, azetidinyl, oxetanyl, thietanyl, pyrrolidinyl, pyrrolinyl,

25  imidazolidinyl, pyrazolidinyl, pyrazolinyl, dioxolanyl, sulfolanyl, 2,3-dihydrofuranyl,
2,5-dihydrofuranyl, tetrahydrofuranyl, thiophanyl, piperidinyl, 1,2,3,6-tetrahydro-
pyridinyl, piperazinyl, morpholinyl, thiomorpholinyl, pyranyl, thiopyranyl, 2,3-
dihydropyranyl, tetrahydropyranyl, 1,4-dihydropyridinyl, 1,4-dioxanyl, 1,3-dioxanyl,
dioxanyl, homopiperidinyl, 2,3,4,7-tetrahydro-1 H-azepinyl, homopiperazinyl, 1,3-

30  dioxepanyl, 4,7-dihydro-1,3-dioxepinyl, and hexamethylene oxidyl.

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

pyrrolyl, imdazolyl, thiazolyl, oxazolyl, pyrazolyl, isothiazolyl,
i soxazol yl , 1 2 3-triazolyl, -6 WD 2005/030732 PCT/ GB2004/ 004124
tetrazolyl 3-t hi adi azol yl, 1,2,3-oxadiazolyl, 1,2,4-triazol

1, 2, 4-t hi a&‘foaji’Bﬁ"W 32 1,2, 4-oxadiazolyl, 1, 3, 4-tri azol yl ,H?@Fﬂzqoﬁp‘ﬁéﬁ%zol yl,
and 1, 3,4 oxadi azol yl . Additionally heterocyclyl enconpasses pol ycyclic

heterocyclyls (|nclud|n aronatic non-aromatic), for exanple,

i ndol yl | itHEatynip; tb@éliaﬁ%la |1ﬁy3|-0xashaqa1ivh&%Wzolrlei,aéﬁwﬁl@awho| inyl,

i s0qui N0l iyy.gx hﬁ&&ghx%mmaw rﬂ@'4.m¥4dlaz&1yf1mcg?9a I counarinyl,

di hydr ocoufar i nyl &nZzof ur anyl enzof uranyl, isobenzofuranyl,

chromenyl, chr Addmylha;lly; baterheysiyl ny¢ompamm ptbi&n;chs: hesbrocywkyls Gindlnding

thianthren lizin L i.ndol zoI . s RULI Nyl pht hal azi nyl ,
napht hyr  TORATOmS °ﬁBS’<%¥ﬁ°Ff§?f“° Fﬁ%‘%‘%‘ﬁ a‘ ftlein dlig, Pi nyl - 10
phenanhr igginaayl, tﬂﬂhlyﬂiodhﬁyshnyl,qbtﬁmmmlhylpietrmw:mmeﬁaamyi 4- phenot hi azi nyl ,
phenoxazinyl, 1, 2-benzi soxazgl yI, benzot hi ophenyl benzoxazolyl

benzt hi azé’F‘}‘quWx%hfPW)& dihydr %Wﬂz@%ﬁm{lﬂa ddant hi nyl , " car bazol yI ,

car bol i nyl Rzlog&’aﬂlgi In addition to
the polycy ‘Ef ﬁeteroe/1 f% escr1r%l‘rc1na@g e erocy‘st;t?{éﬂy ’15 i ncl udes

pol ycycl i aaﬁhem,ohmyﬂhsnym@wIMenyhendqlmglyf mmdnlybéndaetdml, pwin}d;r more rings

i ncl udes t.han o nd common. t both.ri n nd an two atons

conmon toﬁw 81n rﬁﬁﬁ?g?%} » QU1 Yﬂmﬁgﬂmﬂﬁo&ﬁ @é‘%g&ﬁ g i ncl ude

qui nudlgi dlﬁhb‘dmthndin@l;@bﬂnﬁi&ﬂﬂhﬁsaﬂanlﬂrbﬁ@ﬁ,&ﬁhen&ﬁﬂl i)hmoaﬁazﬁnm Jo[2.2.1] heptyl.

The term "al koxy" used al one r as &n;y or preg refers to radical s of
eRasthiopkenyl b  be

the 20 gheroxpziny, hfrbgnzigpxpgo lﬂ;h P%ﬂ%ﬂaépﬂydr ocar bon
radi cal - ExgimbffolyBhliithbit HSem iR ft%azolgt inyDaGifiE), | Sopropoxy,
t - but oxy ?so ut oxy 0oX Iy

but oxy, OoxYy, Xy, — cycl opropyl net "yl oxy " and
pr opar gyl myyolizitnyl, aed quihelizidioyly" used al one or as a suffix or prefix, refers

to radicals of .the..general .f r la. - r S aryl. 25 The
term™ heteroarﬁ%@‘ym’%ﬁggbe (11355 ‘él%e?%g quefcrﬁ’ Pbovﬁﬁlf Ocyl() ers to radicals
of t helsge rim‘l@des baymthahetemeyclyls whheredr fhe riAg fusion batvhaeﬁ e ®ar ybre ribige term

"am ne" ‘&({n sed al one or as ﬁ uffix or prefix, refers to radicals
of the geﬁ%‘? €3 19F6 thpm, on comymande hotkringsiand mefre thaniHe aoent | y sel ect ed

from hydr qggmdato Both ik CBkRMles’ FhGPridged heterocyclyls include quinuclidinyl,
diazabicyclo{2.2.1Theptyl; and 7-oxabicyclo[2.2.1]heptyl.

The term “alkoxy” used alone or as a suffix or prefix, refers to radicals of the

20  general formula ~O-R, wherein -R is selected from a hydrocarbon radical. Exemplary
alkoxy includes methoxy, ethoxy, propoxy, isopropoxy, butoxy, t-butoxy, isobutoxy,
cyclopropylmethoxy, allyloxy, and propargyloxy.

The term "aryloxy" used alone-or as a suffix or prefix, refers to radicals of the
general formula ~O-Ar, wherein -Ar is an aryl.

25 The term "heteroaryloxy" used alone or as a suffix or prefix, refers to radicals
of the general formula —-O-Ar', wherein -Ar' is a heteroaryl.

The term “amine” or “amino” used alone or as a suffix or prefix, refers to
radicals of the general formula -NRR’, wherein R and R’ are independently selected
from hydrogen or a hydrocarbon radical.

30 "Acyl" used alone, as a prefix or suffix, means —C(=0)-R, wherein -R is an
optionally substituted hydrocarbyl, hydrogen, amino or alkoxy. Acyl groups include,
for example, acetyl, propionyl, benzoyl, phenyl acetyl, carboethoxy, and
dimethylcarbamoyl.



30 "Acyl" used alone, as a prefix or suffix, neans -C(=0O-R, wherein -Ris
an optionally substituted hydrocarbyl, hydrogen, am no or al koxy. Acyl
groups include, for exanple, acetyl, propionyl, benzoyl, phenyl acetyl,
carboethox%Y g@gmgﬁﬂpthylcarbannyl. -7 WD 2005/ 030732 PCT/ (GB2004/ 004124

Hal ogen i ncl® orine, chlorine, bromne and iodi nePCTIGRIMYEIHZLd, " used
as a prefix of a group, neans one or nore hydrogens on the group is

replaced with or. npre hal pgens.. "RT" or "rt" . nmeans roomtenperature. 5 A
first ring gr o%ﬁ’ﬁ%‘ﬂ?ﬁ“‘i? 'éﬂmgvﬁ%f(?’im&har‘é‘e@ﬁ&nﬁi}%&’egr oup neans the first ring
and the second"ﬂmagen%aar"%@daéﬁﬁéﬁx6%&1@%@&@&%@%\9@@*&5&% " "linked,”
or "linking," un]ess otherw se specified, neans covalently " |inked or
bonded. Whesgraus is replacgd aith ongor metehalogernyr atomis "directly connected" to a
second 10 groupgprsLls | east one atom of the first group,
structure or a?%?n {’%?Fr;éﬂ%aﬁsgﬁgfn{e@&m@%ehd with at | east one atom of the
second 5gr oup, gt finscding groap beihg Mused" Gith asedoad ring glvap ‘mexmaths fissteiagbon atomin
a structure, nol e%HIe OSE groug wherein_ al|l the bonds connected to this
carbon at G Heseg gi"8 S5y &t Lensh T ptems (asre gWeeh-here is no double or triple
bonds connect edy fnR "t"fihitedoar PRAKIAL, OARIAR dtteRiiSe GREERN, AdaAStovhRnigneral Iy
adopts an spa atom c orbital hybridization. "Unsaturated carbon” nmeans a
car bon at diwkedordbondedict ure, nol ecul e or group wherein at |east one bond
connected to tlw',]_.'g‘F | Sin . Qf words, there
Is at | east one 3&3‘?@9 ?Eé’(rgﬁ) hzre”gogtr‘i‘gﬁ%:%n%gé&ﬂggg@%b&ehi tsochcgagrg 11cc)ln atom and
t hi s dfr b@oougt stmctee or atbinyatdelspore atapoithe SixP gmtprstractoreortatdm fordns Adi zat i on.
20 I'n one aspect., gn.e di ment  of e invention provides a conpound of
Fornul a I',Cﬁﬁ‘g’ﬁﬂaqoﬁaé”é@gi?&éﬁ (S?eét?%?)f{lgﬁego PuR ﬁ%‘?"é‘lf? Or giolst er eomer s,
enanti omers, orgatifatedWhtent RRARG cartod atoBNn alstrhuctifte; mol¥@ul@ oMaroup

wherein all the bonds connected to this carbon atom are single bond. In other words,

. there is no double or triple bonds connected to this carbon atom and this carbon atom
15  generally adopts an sp’ atomic orbital hybridization.

"Unsaturated carbon" means a carbon atom in a structure, molecule or group
wherein at least one bond connected to this carbon atom is not a single bond. In other
words, there is at least one double or triple bond connected to this carbon atom and
this carbon atom generally adopts a sp or sp’ atomic orbital hybridization.

20
In one aspect, an embodiment of the invention provides a compound of

Formula I, a pharmaceutically acceptable salt thereof, diastereomers, enantiomers, or

mixtures thereof:
4
2R
RS \C[N\ 2
N >—R
0 N
I
R
25 1
wherein

R! is selected from Cy.jealkyl, Cy.ipalkenyi, Cs.joalkynyl, R°R®N-C_galkyl,
R’°0-C,. alkyl, RC(=0)N(-R%)-C}.salkyl, R*RONS(=0);-C1.salkyl, R*CS(=0),N(-R-
Crealkyl, R*RENC(=0)N(-R")-C).¢alky], RPRNS(=0),N(R")-C,.qalkyl, Cs-10aryl-
30 Ciealkyl, Co10aryi-C(=0)-C,_galkyl, Ci.jpcycloalkyl-Cy.salkyl, Csscycloalkenyl-
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R 25 wherein R is selected fromG -ioal kyl, C2-1oal kenYl, C2-ioal kynyl,
R5R6N- C1- 6al kyl, R50-d -6 al kyl, R5C(=O N(-R)-Gi . 6al kyl,

RSRENS( - O 2- G - 6al kyl , RSCS(=0) 2N(-R6) - d -6al kyl

RSRGNC( =O) N( - R7) - G - 6al kyl, RSRE6NS(=0) 2N(R7) - C1. 6al kyI CG loar

Cl . 6al kyl ,\WQBeI5486782 C(=0) - Gj - 6al | ryl, C3- locycl oal kyi - CETEHRYC 42?0

C4- scycl oal kenyl - -8 WD 2005/ 030732 PCT/ GB2004/ 004124 Cl al kyl ,
C3_6heterocycl yl - Cvbal kyl , C3. 6heterocyc|y| CI 6al kyl ,

C1 1lohydr Soatlisyb SashstsrocxelRef-salleyh 6 shateyogyety) 1%( Flpan%RGNS( =0 2-,

RSCS( =0 2 , C6- | | C6- | | -
C(= O§ ) I\&liﬁy qcoaﬁﬁﬁ#% %%?% cenwkgﬁl%et%(r 9 cI yloa;%d oary
C3. 6het er dtsﬁsli@)zﬂ( RE)L,@RGN%@)HI-R )s,aR RE(CDMN @, CGaardiDak eyl |

18 R i P e

03 6hetser queggy kwhEdeirfatddy,. ‘°"“§"§ r@%x@ﬂpgngpmll 1—% m&ixr Epdalkg

Cl -j ohydr ocar byl am no 1OCycI oal kyl ,

|

C4_gceycl odrseanyl C(@@h@hér@twc jalky}-C ?&3{}%@&3@‘ yrCiglldrh - used in
0o RIS A0, O, B el o 2o
R2 i sI sel dt4;eatylf C@M@C@&):- K’;sllclfyﬂaa]klyiacrfwlb?lkémd 6ﬂaa]|16tga'r)9yclyl-l ocycl oal kyl ,

: oc - cyclgal kenyl - Cl - ,
CS 6het e)r/od&‘)ﬁg Ml—(&%bﬁ*s@}nde Qc?@?ﬁ%ﬁa%ﬁ%sgéuﬁgééﬂne%c@heteroaryl ,
C6. 10 | & Qadop | nittoh@ |
C2 1056@3[11Ir0ykenyllg&bsge[5 (e)gFEﬁlnyl éﬁégyegh(?ygll oal ﬁtﬁ?ﬂ,%oé%;%ﬂogél kyl Hgl oa1 kyI

Ca~scycl odAReNRRE - 6al kyl , C3-6het er ocycl oal kyl - O _bal kyI

GoTin g R | < lopt %ﬁéﬁrﬁf?ﬁ@“@% CRRAERAG, i, B RuaRKA|oa by used In
hal ogen, qwambaﬂcﬂ@mlkyﬂr@hwcwlkeeﬂF@%ﬂkyhﬁhkhewomlwlﬂwl-@wﬂ@kﬂp and NRS5R6;
20 wherein R ndependent | ted 6al kyl , C2.
6al kenyl , | ﬁ%ﬁﬁ%ﬁ%%ﬂng Sil %f({?'ﬁﬁ’e(?ﬁ“’a@d %&flﬁ%%frﬂ%ﬁc %@‘g’]et“ﬂ‘s’iﬂm th )a/mot her

di val ert Raid CRgalkyl, (E*’g?mef]khh% ca,damsahylpoa &Srclaalkylngg gcﬁ%aoamyls:qlﬁaﬁﬂed fromH,
Cl _10al kyl , C2. 1oal kenyl cl oal

Qc
C3-1 ocycl dat#ys! Oﬂeﬂﬂhpkgﬁikyl @M@’éﬁ}' 3'4@#95-6@35:6%%&% loalkenylget er ocycl oal kyl |
sheteroaryl, Cg10aryl or Cs.sheterocycloalkyl used in defining R? is optionally

substituted by one or more groups selected from halogen, cyano, nitro, methoxy,
. ethoxy, methyl, ethyl, hydroxy, and -NR’R®;
20 wherein R, R® and R” are independently selected from —H, C, galkyl, C,.
salkenyl, C,alkynyl, and a divalent Cy.¢group that together with another divalent RS,
R® or R7 forms a portion of a ring;
R? is selected from —H, C1.j0alkyl, Cy.10alkenyl, Ca.joalkynyl, Cs jocycloalkyl,
Cs.ieeycloalkyl-Ci.galkyl, Cqscycloalkenyl-Cy galkyl, Cs.gheterocycloalkyl,

g

R 8
! RN /% 8
RB/N\E( ('}I)Rg : and R\O/%

25 ' ;
optionally subsitituted with one or more groups selected from C,.¢alkyl, halogen,
amino and C,_alkoxy;
each of R® and R® is independently selected from ~H, Cy.jpalkyl, Cp.jpalkenyl,
Ca-ealkynyl, Cs.jecycloalkyl, Cs.iocycloalkyl-Cigalkyl, Cs.gheterocyclyl, Ce.jparyl,
30  Cs.gheterocyleyl-Cy.galkyl, Cs.1paryl-Ci.¢alkyl, and a divalent C_¢group that together

with another divalent group selected from R® and R® forms a portion of a ring,



S s.N~ RN and F& 25 RORs , Ooptionally subsitituted with one or nore
groups selected from CL. 6al kyl, hal ogen, am no and Cl. 6al koxy; each of Rs
and R9 is independently selected from-H, Cl.10al kyl, C2.1oal kenyl,

C2. 1oal ky % C3-10cycl oal kyl, C3.10Cycl oal kyl - C1- sal kyl , C3. 6het erocycl yl,
C5. 1oaryl , WO3ISE33het er ocyl cyl - G . 6al | ryl, 6. loaryl - CETHRRA04LA G o

di val ent Cl 6group that together wth anot her di val ent group selected from
Rg and RO forns a portion of ar -9 WD 2005/ 030732 PCT/ GB2004/ 004124

wher ei n savkerad said&h-logikyl, €2 1dalkgn ﬂe& vallyyl, ICoaickg)eatkyl, Crutystoplitybal ky! |

C3-10cycl I

C3. 6he¥er8§VF%ll-’ Ct%h %&ﬁhlid % &% éﬁﬂ%&é% %‘%’flkyrﬁaﬂ‘g'aw&“%&ﬁ%“‘y "6group is
optional | y(ﬁsa]émt]] ggr:‘blqﬁsbphm#ﬂysubsnmﬁh I lgrrongpSmsmlgmgedetéﬂahﬁ'ohal ogen, cyano,
nitro, met , et hox et an R and 5 R4 is

sel ected fHAAEMCYRI0, P%‘é’b’%‘? OXYEf ¥¥‘R iyEt{‘ gy V}’Hy?‘ﬁ% 3 cycl oal kyl ,

C3 10cy§I oal ky|R“@se@&H@)ﬁomﬁHdC9%§EMCCP@Oﬂ€&ﬂr numﬁl‘m@aﬂkw 10C 1M]§§,r enbodi nent

of the invention provides conpounds erein is selected
from C1. 6aliytyclogkyb@l daboyliland Czs@yglorikensl-Crptllerdy | - C1. 4al kyl |
C3. locycl oal kyl - Cl1. 4al kyl , CA4. 6cycl oal kenyl - C1. 4al kyl ,
C3. 6het erocycl yl - Cl1. 4al kyI C6- 10aryl, C3_10cycl oal kyI C3. 6het erocycl yl
and C4. 6cycl oalmmekhnbbthmentmfshaﬂv@hanpﬁw&ideybomﬁn&sad;ﬂ{thlaICZ 6al kynyl ,
phenyl - Cl _ngk% C3. | ocycl oaI kyl - Cl 4al kyl, C4-6cycl oal kenyl -d . 4al kyl ,

het

C6. | oaryl erocyclyl-Cl . 4al kyl, C3 locycloalkyl C3 15 6heterocyc|y|
and C4ypcycl oalﬁéqglyélec%ﬁq;bmal Eﬁﬁ]} @{k@lk%yl'@sﬁ’lﬁrﬂﬂ%%)ﬂ(ﬁ Q&w’tut ed by one
or nore groups sel ected from hal cyano, nitro, net hoxy, et hoxy, nmethyl,

ethyl, hy€és mwloaﬂmbﬁm‘: sR@IQ eg§l| @m@’éﬂl - dm@mcyslarl “ydallot2. 6al kenyl
G Seveloni, @, vl i GBI GEC 0
and phenyl sall@m@&saﬂmwhl(lﬂaﬂnﬁmlphyﬂwl Cﬁﬂalkylﬁﬁd jseycloalkylB: Gkt oal kyl
R o LR R e I N e e
defini g Rg:eieﬁ)c?ﬂﬂri' dﬂﬂ@iﬁéycﬁidhéhyltdéé@ﬁ deiiniafR' BropiBARlySuRHRReSHY &tfel €d from

or more groups selected from halogen, cyano, nitro, methoxy, ethoxy, methyl, ethyl,

hydroxy, and -NR°RS; '

R? is selected from C.salkyl, Cs.calkenyl, Csscycloalkyl, Cs ¢cycloalkyl-
Ci4alkyl, Csscycloalkenyl-Ciqalkyl, C;.sheterocycloalkyl-Cy4alkyl, Cy.
20 scycloalkenyl, Cs sheteroaryl, R’REN-, and phenyl, wherein said Ci.salkyl, Cs.

salkenyl, Cs.¢cycloalkyl, Cs.scycloalkyl-Ci4alkyl, Cyscycloalkenyl-Cjsalkyl,

Csheterocycloalkyl-Cyalkyl, Ca¢cycloalkenyl, Cs.sheteroaryl, R*R®N-, and phenyl

used in defining R? is optionally substituted by one or more groups selected from

halogen, cyano, nitro, methoxy, ethoxy, methyl, ethyl, hydroxy and -NR°R®;

25 R3 is selected from -H, Cisalkyl, C;ealkenyl, C;¢cycloalkyl, Cs.
8
R !
g..N §|‘ and R~ o - i’
sheterocycloalkyl, optionally subsitituted with one or

more groups selected from C,.¢alkyl and halogen;
each of R® and R’ is independently selected from —H, C;.salkyl, C»alkenyl,
Cs.geycloalkyl, Cs.scycloalkyl-Csalkyl, Cs.¢heterocyclyl and Cs sheterocyleyl-C;.
30 salkyl, wherein said C;.salkyl, C;¢alkenyl, Cs goycloalkyl, Csgcycloalkyl-Ci galkyl,
Cs.sheterocyclyl, Cs.gheterocyleyl-C.salkyl, and a divalent Cy.sgroup that together
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hal ogen, cyano, nitro, nethoxy, ethoxy, nethyl, ethyl, hydroxy and NRSR6; 25
R3 is selected fromH, Cl.6alkyl, C2-6al kenyl, C3.6cycloal kyl, C3_ F29Ns
and RcOi 6heterocycl oal kyl, optionally subsitituted with one or nore groups
sel ected from C1. 6al kyl and hal ogen; each of R8 and R9 is mdeB% gntly

sel ected VWO 6al | cyl, C2.6al kenyl, C3.6cycl oalml(,;m““ 004

C3. 6¢cycl oal kyl -d - 6al kyl, C3. 6heterocyclyl and C3. 6heterocyl cyl-Cl- 30

6al kyl , wherein said C 6a al kyl , @gz 6al ,{(en C3- 6cycl oal kyl

C34cycl oal Wifh ancthss fivglent groumsielscted Soye fomesea pothey pE4 T . 6al kyl, and a

di val ent Gly gg@dt@f(ﬂt?ﬂé@ﬁ@ IT%OG%?CRYA@% %&f'f Z%CPCI]_/I( 004/ 004124 with

anot her dival ent group selecte '6n of a ring,

wher ei n s ashetergtyicdyi Iayld Cgﬂmt@a(t)&@llrﬂ] salica, \ﬁh’ﬁ}?@h eaifl Ky kalkyl, C,. salkenyl Cs.

| oal | h | d
G3- Ghat er SR Rt el - BEREpEE Vs G prerocsies G llivhor 3
6cycl o8 kydivaléad Cﬁ@gfﬁﬁp)ﬁ‘e loytioda1§ siblsituted 63088 6f RbACHEUPE! selected from

C3. 6heterocyl cyl - Cl6al kyl , or di val e 6group are tgonally
substi t ut e'%PYcIﬁ?ndﬂén‘bm%P@ Fb@ﬁ?xgsép@gﬂe&ﬂrwo’??aﬂnégﬁﬁ Roywadho, nitro,

met hoxy, et hoxyp4 Keﬁrﬁ%’jk ar@ﬁﬂﬂ)éé K1aNY; alla avA ? and e are

i ndependent |y sel ect from - enaélﬁcffgél 33 E’Q‘PN@?&]} '?shu&flenbodl ment of the

i nvention provi des conmpounds of Fornula |, 10 vvherel n R is selected from

Cl1. 6al kyl , 6 n 1..4a al | -4al kyl ,

C4- 6cyci oal kenﬁ@%ﬁ%@‘{}m %?fgﬁé’fvgpgac/'wrgggg YRR qu? 5. 10ary1,

C3- 1 ocygl oal kylwhewiﬂR%s@remumhk@muql m@iﬂ&nﬂl Spihbﬂyl@leﬁm:ykyl C2. 6al kenyl ,

phenyl - C1. al kyl, C3 1OCycI oaI kyl - Cl 6cycl oal kenyl - Cl. 4al kyl , C3.
yl- esﬁw%&eh

6het er ocyl Eoatye eapgigoalicyhb-@ligyl,

6cycl oal ke I Sﬁﬁﬁ by one or

m)?/e groupgé{se eg a3t e%aﬁld(r%g%‘:ﬁ;net 18‘39&:%%%1%%3&%2% %/%mé%hgl hydr oxy,

?:gdGNRS:?G ll)hfﬂyli-@l-@%b&@@Yﬂo&ﬂﬂﬂ@l=4ﬂhjflk9h.5cy€taalB@iyk-€mydlkylgﬂyl 60yc| oal kyl ~and
cycl oa ere al ken

C3. 6cycl oaf™k %Wgﬁﬂa@ (Jt‘slc“éié‘%g?‘ °°X%P%¥l ‘ﬁ’gl%“b%c r SX B is

optiongs | ydﬁnhgtR‘tmb nauy mbenmfedrm? ofe Gif 0R Tr& Rk eélé&@li #6mfhapgd)al ogen,
nmet hoxy, ethoxy, net , &3}/ hydroxy anq NROR6; is selected from
C2. 5al ~cyl me xssﬁ@%y,@ewl Yy Arydr NE Brid :

2 is selected from Cy.¢alkyl, Cz_sa]kenyl, C;¢cycloalkyl and Cs.¢oycloalkyl-
Ci4alkyl, wherein said C;.¢alkyl, Cysalkenyl, Cs.scycloalkyl and C; scycloalkyl-
Cialkyl used in defining R? is optionally substituted by one or more groups selected
20  from halogen, methoxy, ethoxy, methyl, ethyl, hydroxy and -NR’R®;
R? is selected from Ca.salkyl, Cs.gheterocycloalkyl,
N :
RNy and RNgrh g .
optionally subsitituted with one or more Cysalkyl;
wherein said C; gheterocycloalkyl contains at least one nitrogen ring atom and
the radical of Cs_gheterocycloalkyl is located on the at least one nitrogen ring atom,

25  and each of R® and R’ is independently selected from —H, C, gallkcyl, morpholinyl- C;.
.salkyl, pymrolidinyl-C, salkyl, and piperidinyl-C;.3alkyl, wherein said C,.salkyl,
morpholinyl- Cy_salkyl, pyrrolidinyl-C, salkyl, and piperidinyl-C;.3alkyl are optionally
substituted by one or more groups selected from halogen, methoxy, ethoxy, methyl,
ethyl, hydroxy and -NR’R®; and

30 R R® and R® are independently selected from —H and C;.salkyl.
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optionally subsitituted wwth one or nore d _6al kyl; wherein said

C3. 6bet erocycl oal kyl contains at | east one nitrogen ring atomand the

radi cal of C3.6heterocycloalkyl is |ocated on the at | east one nitrogen ring
atom 25 and each of Rs and R9 is independently sel ect 6al kyl ,
mor phol i ny¥0 28803078, Ky, pyrrolidinyl - CL. 3al kyl, and S’%Béﬁ%@“ﬁ"?‘?‘él 3al kyl ,
wherein said d _6al kyl, norpholinyl- Cl1 3alkyl, pyrrolidinyl-C _salkyl, and
pi peridinyl-d _3al kyl ar e optionally subst i t ut ed by one or_ nore groups

sel ected from PAdiehaembadimeakof the inyestipn mqlﬁwcomp@m%:pfl?qwadxy and NR5R6;
and 30 R4 &{?%é@nd R6 are independently selected from-H and O _3al kyl. - 11
WO 2005/ 0? PCT/ GB2004/ 004124 A further enbodi nent of the invention
provi des conpo®isselztted fromuyaiohexylmbthylecyrldpeniytmetinyl sryclotutymathyl,

g))ig: ggre)c())pl)l ”ﬁggxﬁ%lmg‘éxg‘ ﬁﬁ&bﬁ%@&ﬁt hgl RPS‘?{%‘F?BWF 4}:‘{ &ﬁyp%cyclohexylmeﬂ:yl

4, 4-di &l UQémy&bﬂ&@%ﬂhaﬁyﬁHﬁahycﬁoﬂﬁiﬂyw rtewwmﬁkﬁmﬁyﬂl 1, 1-
tetrahydropyranylethyl, tetra ydrofuranylnethyl, plperldlnylethyl

N- et hyl - Pigsrigisylediyhy\N-mstyl2-pinepdinylngh@et ed from t - butyI n-but yl ,

2- et hyl - 2- but y; | b o ooyl
”'rrﬁ Ugr omet Ey?i s ée%gﬁﬁﬁoﬂor o“%¥ ?’B@En !ﬁgthfir? 1R vl ?ﬁ%ﬁh"% 2y
met hyl - pr leiym» Hyddixyk piopll; mfblloydmeﬂiyl,ll,udﬁhmmpthys 2m,a _gifluoroethyl,dt hyl , and

el cotod RERHpEhd. SRRy, f-pe B ly batdrt: b BAPRE compounds

of the present invention cont ﬂPn one or nore chiral centers, the conpounds

of the invention may exist in nd be isolated as, enantioneric or
di ast glroeorrerl cﬂsqsrgssmkg mﬁsRa I n{'k’“léﬂraﬁdRTQ:% sdiectid 560y i.:{ngvent i on
i ncl udes any possi nantlorrer§ | ast éreoners, racenmates or mxtures

t her eof , dfizalkglonpound of Fornula |. The opt i cal | y act ive forns of the

chr ot ogr aphi & VLR APASPERS et P RRRERs of e SHERDaToo Bl cal 1y

active st ajnkloffhofeedhiral @h&rs;ﬂ;elwmpamﬂkIlﬁeﬁﬁéﬁﬁ@ﬁeﬁstmmb@n t he
procedures described thereafter. 20 |t will also be appreciated that certain

conpounds igtlatethes, prantemeric oRAgsaremerigyforms, or as a racemic mixture. The
15  present invention includes any possible enantiomers, diastereomers, racemates or

mixtures thereof, of a compound of Formula I. The optically active forms of the
compound of the invention may be prepared, for example, by chiral chromatographic-
separation of a racemate, by synthesis from optically active starting materials or by
asymmetric synthesis based on the procedures described thereafter.

20 It will also be appreciated that certain compounds of the present invention may
exist as geometrical isomers, for example E and Z isomers of alkenes. The present
invention includes any geometrical isomer of a compound of Formula 1. It will
further be understood that the present invention encompasses tautomers of the
compounds of the Formula 1.

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

Within the scope of the invention are also salts of the compounds of the

30 Formulal. Generally, pharmaceutically acceptable salts of compounds of the present

invention may be obtained using standard procedures well known in the art, for
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exi st as geonetrical isoners, for exanple E and Z isoners of al kenes. The
present invention includes any geonetrical isonmer of a conpound of Fornmul a
. It will further be understood that the present invention enconpasses
tautomers of the conpounds of the Formula I. 25 It wl] ‘Q nder st ood
that cert aVf 2B 8hds of the present invention may (Q%“%ﬁo‘ﬁfﬁéted, f or
exanpl e hydrated, as well as unsolvated forns. It mAII further

under st ood that the present |nvent|on enccg})asses all such _sol vat ed forns of
the conp&bHBRe 8y reapEngsuHisignt]y bagiccamAOUDHCIoE ExHp %mll%lam%m%n are al so

sal ts of IheHGEOITRD Witdkamble! HEI 8acEQ! 48, %dﬁ“@gpﬁ%ﬁ%’%ﬁon rray ot Ot ically

accept abl e salts of conpounds of the present bt ai ned
usi ng st adiend Itpu%témheamsmblelto rabewn correspdndingraikalifnogtal (such 29\@d@05/ 030732

PCT/ GB2004/ 004124 b ficientl npound, for
exanpl e a ol(.)a? %%@% f%“ aﬁs?lgl%%mbﬁg%tal @jc Radicsi ck‘&ér‘?%ﬁl éy %?%Ongc?r acetic
acid, ts &Bﬁ@ﬁﬂadaofmﬁm&mhﬁmaﬁiohmmﬁgeahabllyammmn duthapy al so be possible

to make a correspondl ng . al kali metal, (such as_sodi um Qf assi.um or
lithiun &APIRYLE aed oradphengl tWW&H“W@%H analkali metal oralkalingealy treating a 5

conpound. SheikHaRKRRRKLENE (bR BEVLBHIR ISR, 6 dligupbgion, such as a

carboxylic aci henol one equi valent of "an al kal1t netal or
al kal i ne e;mgan&c amipe eﬂucmwhokn@ler mﬁghamm)anmaQWuhma@umhbllem@hy de or

met hoxi de) .2 suitabl organi c am ne (such as choline or
megl um ne)donve Sﬂnﬂi cagxﬂggﬁﬁlﬁ%lesf ol l owed by conventional purification

t echni fues. 10 Ih mm&bcﬁlli’[’ﬂﬁﬂ,l the acbmpdulae of Burpalarichbote iﬁay Bubdnvbrtahﬁ\ae may be
converted geﬁnaceut i cal I accept abl e sal soI ,t her eof
parti cul arH a&ﬁ“ HaceaRfAbl Fé?\“ vate e&“‘é"“ﬁﬁ P%Fﬂl dr obr oni de,

phosphat e,sua%t@ﬁﬁmmé q{yarow&ﬁﬁetpﬁosphaterécaaieemﬁté ShdleatdTEt hanesul phonat e
or p-t ol uenesul phonat e. have now found that the compounds of the invention

have acti mtea@ﬁammghmdpmmtwu’stolummdahqnam| ar as nodul ators or |igands
such as agoni st DYES, ond st _or oni sts of CBl
receptors. Mor éﬁ%géﬁt%l gj‘tflaég {khggg%%rrpéc{)suﬁ i%?enttlﬁgtha%%%cﬁyﬁ%% exhi bi t
activily ghasgrsutiilspin ;rah:e;uEBas medeftberos ligdds such as dg@fists, phitial her apy,
especially for relief of, various palp ondi tions such.ag chronic pain,

neur opat hi OPEFrNVERS ARSRISEOTRnIAZORIsTE P Sél TeceniRgs-nMe %B%B‘Ui’y‘ 1% H&unat oi d

arthri ti s, coffhotidd’of tHiGnventisn xtibit Adtivily 8¢ fzonilfbfind CB] rezfitits dndixeever not be

I nterpreted as exhausti ve.
useful in therapy, especially for relief of various pain conditions such as chronic pain,

neuropathic pain, acute pan, cancer pain, pain caused by rheumatoid arthritis,
20 migraine, visceral pain etc. This list should however not be interpreted as exhaustive,
Additionally, compounds of the present invention are useful in other disease states in
~ which dysfunction of CB; receptors is present or implicated. Furthermore, the
compounds of the invention may be used to treat cancer, multiple sclerosis,
Parkinson’s disease, Huntington’s chorea, Alzheimer’s disease, anxiety disorders,
25  gastrointestinal disorders and cardiovascular disorders.

Compounds of the invention are useful as immunomodulators, especially for
autoimmune diseases, such as arthritis, for skin grafts, organ transplants and éimilar
surgical needs, for collagen diseases, various allergies, for use as anti-tumour agents
and anti viral agents.

30 Compounds of the invention are useful in disease states where degeneration or
dysfunction of cannabinoid receptors is present or implicated in that paradigm. This

may involve the use of isotopically labelled versions of the compounds of the
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Addi tionally, conpounds of the present invention are useful in other disease
states in which dysfunction of CBl receptors is present or inplicated.
Furthernore, the conpounds of the invention may be used to treat cancer,
multiple s¢lerosis Par ki nson' s di sease, Huntington's chorea, Al zheiner's
di sease, a é‘\”?ﬂsﬂ?gorders, 25 gastrointestinal di sordePET/&R300d494d240vascul ar
di sorders. Conpounds of the invention are useful as inmunonodul ators,
especially for autoi nmune djseases, such as arthritis, for skin grafts,

or gan t r atygntian s diagaostic ischaiquesand gmesng sppligations siches ppsigeremifstiehses,

vari ous akérﬁggtg%@?,@ﬁ ~ use as anti-tunour agents and anti viral agents. 30
Conpounds 0 e“invention are useful in disease states where degeneration
or dysfuncti offompourais oétheimieotionsare piefir Sori the preatmenttof diarthogs, i cat ed i n t hat

paradi gm ,This. may.involve th of isotopically |abelled versions of the
P ormounds dgreRing. b Aot Gl Hischier b Sonbmmat Essont  on |0
di agnost i @isbRERNpAHICEseast, LerealiAd MRREY &gdri@socRUFRbbAS ailDstskds@ em ssi on

t onogr aphy (PET). Conpounds of the invention are useful for the treatnent of
di ar r hoea comppive disprsiar, uEnAsY incpntineace prempsire ejperlatipngvaipugeestak uch as

post-trau ' ' d I l g ' anxi ety
di sorder, q@%&%&%&%%’fﬂ% dii:gé;tg;[, gg‘é‘g’éﬁ %l(rab ﬁf:cgﬁrr%ﬁ P{é?@grsﬂigggoggg P : &éﬁi nary
i ncont i nefaretions] gastointestioglalisordets snoh as/Jaritable BowehSpldromé imidametionab ough, | ung

oedema, valious. gasiro-intestinal disorders,. e . g. consti.pation, functional
gast o) nt ANEPSRIS FATEIBIGLS Gsatr Hhd gther moer Siottot arS R BRIy Functi onal
Dyspensi a stebiay; kardRprotéetidh fRRWngahidcaiabnfetionl spih Hjagaad dfugaumati c brain
injury, 10 stroke, cardioprotection follow ng m_ocardial infarction, spinal

injury and@déietion, inglnging theweatyent|of alcehplimieoting pioid And ofhergdregatyse ni cot i ne,

opi oid an ﬁﬁ)éjsé& i heti c nervous
systemfo?nggdg%log&%ert né)ia%%.gc@%%Sigéﬂy%fﬁ%p%ﬁggﬁéﬁgﬁﬁ'are useful as an
anal gesi ¢ agenCofnpoundsef therinvegtiomyan escfill aa am el i agewrfar use diuting ed

anaest hesi a_care. nbi nati ons of agents wth 15 different properties are
ofton usodtrRBhtion s moaired spidiRitetl Fombnaton APt he

anaestiset idiffétmipeopefticd aredsfRe Sied to achidv@aalncd dSeHcCtsmOtRIAS maitadnd sedation).
I ncluded in this, conbi nati on are i nhal ed apaesthetics, q%pnot ics,

anxi ol yt i ¢Re anapRhRiG FCIGIBaRmRASHe NI BSSIRTRUSSS TolaYationand sedafiemi n the scope of
the i nventy9faedSn b€ cottindtion ARVnRfled dhgesHRBBY UPplbtics, anxiolytics,

neuromuscular blockers and opioids.
Also within the scope of the invention is the use of any of the compounds
. 20 according to the Formula I above, for the manufacture of a medicament for the
treatment of any of the conditions discussed above.
A further aspect of the invention is a method for the treatment of a subject
suffering from any of the conditions discussed above, whereby an effective amount of
a compound according to the Formula I above, is administered to a patient in need of
25  such treatment.
Thus, the invention provides a compound of Formula I, or pharmaceutically
acceptable salt or solvate thereof, as hereinbefore defined for use in therapy.
In a further aspect, the present invention provides the use of a compound of
Formula I, or a pharmaceutically acceptable salt or solvate thereof, as hereinbefore
30 . defined in the manufacture of a medicament for use in therapy.
In the context of the present specification, the term "therapy" also includes
"prophylaxis” unless there are specific indications to the contrary. The term

"therapeutic" and "therapeutically” should be contrued accordingly. The term
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20 according to the Formula | above, for the manufacture of a nedi canent for
the treatnent of any of the conditions di scussed above. A further aspect of
the invention is a nethod for the treatnent of a subject suffering from any
of the conditions di scussed above, whereby an effective anmount of a
conpound a¥ooR8R¥73%0 the Formul a | above, is adnmi ni st eFEHCBYOHOWMER ent i n
need of 25 such treatnent. Thus, the invention provides a conpound of
Forrmula |, or pharnmaceuticall acceptabl e salt or solvate thereof, as

her ei nbef o'hh;er@eﬁiWiitbhhthcacommozﬁhepmmwenﬂionfaﬂhﬂlemtﬂmpaas;p&t, t he present

I nvention Al t-he.us f C oun For a .l r
phar maceutiC #F@F%ceégg?g% e{%élg acg("rlﬁPps0 (Hﬂ‘l @gftfge Pﬁ?gerngﬁ# ?ntlél)?’ ﬁ)erplgigﬁgef ore 30
defi ned i neitheea proexistng disasoitata, atatiop ahinic, frarretiBing dondhidhaliis |1 n t he

context of ,the present specification, the term"therapy" al so includes
" pr ophy| axfedntighalsg snqompagses prophyjacticitherapipr for preyestien phieeWangont rary. The

term "4 hetRRGidhd nd nﬁé&hﬁ[‘%@%&ldh‘f@dié sord@ul d be contrued accordingly.
The term -14 WO 2005/030732 @GB2004/ 004124 "therapy" within the context

of the present Thegempounds pfiihe peasens inventiersare ysefid imthatapy,sispeciadly fof f ect i ve

amount of d. of the present. [ nyenti . Jtigate. either a

pre-exi sti ﬁa&gf%gﬁg‘é %ug%lfl cg%cﬁ %nsé?d%%?%%flgnf&gﬁnﬂgﬂroééﬁﬁﬁ)% condition. This
definiti onc}abﬁoléﬂmeﬁmﬁﬁh'gqvaﬂt BM)ﬂagﬁt:iﬁcertﬂm ];amiﬁscﬁmpaiar Svent ijon of )
recurring 5 conditions and, contin t her.ap or chroni i sorders. The
conmpounds of tH&“ﬁ?fg’Eﬂﬁfawm%Wﬂ%}ﬁf%ﬂ@r%@Fﬁlﬁ“?h?Sr?}%“ﬁ‘@Pa'éﬁFo’_@B?}@éi ally for
the thes apys @ inYiioR iy RlalmfRlld 1BE frBtdrddbRntibial pRBabdufitdied to: acute

pain, chronic pain, néuropathic paln, pai n, cancer paln, and visceral
pai n. I.n uewngosition hye aeyrpuienncluding onally,onliaronsawlanhy subsutanecuslyatapicaiyy, t he

conpound f {he inv | . - L NI [ Lt formof a .
conventi on%ﬁ%a%ﬁ%%ﬂryﬁggeag?nﬁ[g%ﬁaﬁ ’(%%%lg?@gwngrf%anﬁ]ﬁﬁg’oegﬁgﬁqﬁtI uding orally,

I nt r anmus c uintthycallgUbeadefebasustiyulafip mdiat injection ifforthejpnd.| v,

intraperitoneal]Jy, injrathoracially, intravenqusly, epidurally,

i ntrathecal |y, ‘PRPRf %ﬁ?ﬁﬂ%@mw 9r the Tonte "%ﬁg’?‘ﬁﬁ“@'@g‘?’bﬂa}’iﬁ? #abnhe joints.

| n one1enmboghidbhs Rfintddusbient i on, the route of adm nistration may be oral,
15 intravenous or intranuscular. The dosg&g wi || depend on the route of

adni ni st r at i on, ThetdosagewaH idegendiontheeroutsiof edmisistration, thedeveeitybfthof the pati ent
and ot her I:h‘ggatsé:ra e Qa%rwggéﬂ%f ﬁn%rﬁhgn‘? raﬁcij ot%gr ftacr:]tgrs normally considered by the

attending physician, when determining the individual regimen and dosage level at the

most appropriate for a particular patient.

20 For preparing pharmaceutical compositions from the compounds of this
invention, inert, pharmaceutically acceptable carriers can be either solid and liquid.
Solid form preparations include powders, tablets, dispersible granules, capsules,
cachets, and suppositories.

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

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

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

30  suitable proportions and compacted in the shape and size desired.
For preparing suppository compositions, a low-melting wax such as a mixture

of fatty acid glycerides and cocoa butter is first melted and the active ingredient is
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attendi ng physician, when determ ning the individual reginmen and dosage

| evel at the nost appropriate for a particular patient. 20 For preparing
pharmaceuti cal conpositions fromthe conpounds of this invention, inert,
pharmaceutically acceptable carriers can be either solid and liquid. Solid
form prepaW&’c%“@r%‘/@‘mﬁcl ude powders, tablets, dispersibl ePGFERIOEWN5psyl es,
cachets, and suppositories. A solid carrier can be one or nore substances,
whi ch may al so act as diluents, 25 flavoring agents, solubilizers,

| ubr i cant sdispeeeg ¢heosin hy.dgrenasple stirgieg.s Theanolteatiomogdieium mixfuwtin thgn agent s; it

can also b -enc Lat i L.l .l n,powders, t. carrier is a finely
di vi ded soﬁ?“g%hl\ﬁﬁi‘%ﬁ%:ﬁé&} %&%W%%@%OWW%@OF%%@FI& I vi ded conpound of
the invention, Siitableeariets aremagdsiuiantbonkts, ragnesinm, stdabe, tAl6,hdteeconponent is
m xed with the carrier having the necessar I nding properties in 30

suitabl e pfioPEGtEndextiny 5@%3@&%@%@%@"%& S&H%F%&Whé’éd. For
preparifg SRRLS aho% it gk bQRADuttd, AfMhdELd. | Ng wax such as a mxture of
fatty acid glycerides and cocoa buttef is first melted and the active

ingredient is Thaeawrau@siteedydse pEndadro dehydooke omuldtiepeli tbeactivher ei n by,

for exanpl LLri-ng. D - Lxture i.n.th oured into
conveni ent g%l?éotgaﬁtn%gﬁgedlgﬂéﬁl&#b%&kpgpagggg%?b%x@nsg& (i"agqulf/.m %&E}t‘g%l e carriers
ar e nmagnesadive canpaieat (vithaovitheutothe catien) B surainded baacasier whisghgar , pectin,
dextrin, starch, tragacanth, nethyl cellulose, sodium carboxynmethyl 5

cel I ul ose,ﬂ&swwﬂg}lﬁ@%xsﬂ b&aﬁﬁw&l}mla -the like. The term

COMPOSHY | On | S Bl BkABAS Aok, hilPLARed U b QR B0l folf ACt 1 Ve

conponent with encapsulating material as a carrier providing a capsule in
whi ch t he suitgblevier aralradovimistrationi t h or wit hout other carriers) is surrounded

et uded. 10 TabPRedmybltBetdboR BRAG Bidihs Ybphotibas, Rl 75050 o
dosage f or exempie)istefitel veatérar vettarlprapdiena glytolabludions dfitiudive osmpa@tPoOsi t i ons
or vt or PP DA RGO AHAIE S PET LSRRI VR S dtds ey be ] qui d
Prepar i OBsmSoditloRbbdh ALY beBfRMAERA f soRfliEh H Ak disigaRetyldidighcdP CONposi ti ons
can also be forrmulated in solution in aqueous polyethylene glycol solution.
solution. . : :
Aqueous solutions for oral administration can be prepared by dissolving the
active component in water and adding suitable colorants, flavoring agents, stabilizers,
and thickening agents as desired. Aqueous suspensions for oral use can be made by
20  dispersing the finely divided active component in water together with a viscous
material such as natural synthetic gums, resins, methyl cellulose, sodium
carboxymethyl cellulose, and other suspending agents known to the pharmaceutical
formulation art.
Depending on the mode of administration, the pharmaceutical composition
25  will preferably include from 0.05% to 99%w (per cent by weight), more preferably
from 0.10 to 50%w, of the compound of the invention, all percentages by weight
being based on total composition.
A therapeutically effective amount for the practice of the present invention
may be determined, by the use of known criteria including the age, weight and
30 response of the individual patient, and interpreted within the context of the disease
which is being treated or which is being prevented, by one of ordinary skills in the art.
Within the scope of the invention is the use of any compound of Formula I as

defined above for the manufacture of a medicament.
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Aqueous solutions for oral adm nistration can be prepared by dissolving the
active conponent in water and adding suitable colorants, f |avoring agents,
stabilizers, and thickening agents as desired. Aqueous suspensions for oral
use can be nmade by 20 dispersing the finely divided active component in

wat er t oge¥RWSMRNI 3 vi scous nmaterial such as natur aIPCEWPfgﬁ’Pﬂz‘burrs,
resins, methyl cellul ose, sodium carboxynethyl cellul ose, and other
suspendi ng agents known to the pharmaceutical fornulation art. Depending on
t he nmode of addilso withinthesopeta ghegheantion isithe wsglof enypuepound of Formulg | |

pref erabl y 4 Lom 9 9 Dy weight), nore preferably
fromO. 10¥tf%%%%“%?&eﬁgag%§%%%ﬁ%%ﬁﬁéﬁ‘?‘:a}’ﬁ\?’gh |g'on, all percentages by

wei ght bei ng Baiditidnslly protidéd is dges bf amyreombotticbacapeitig to @bimulel foect | ve anount

for the practice of the present Jinvention .may be deteym ned, by the use of
known o | (% RETHEEAF R EIeHRATEY Jor e RGPy 9f TRrioys Pl SOANPIS I KEE ndi vi dual
pati ents, afindtHnGielt@! il te'Yaln) chrohid PatnOmdubafatid pdill Habl SRAEnceMpMigh 1S bei ng
treated or V\Ilr’l]ich is'beiﬁz‘r%éavidprevercl’tle??l by one ofpordianaﬁﬁﬁski ll's in the art.
Wt hi n t hendespesalgfain. he i nvention is the use of any conpound of Fornula | as

defined above f0 he man ur.e. of. di,.cament. -16 2005/ 030732

PCT/ GB2004/ oo4f§§“&“iﬁ aéBe"\%F{‘ﬁﬁP" ﬁ%"%s‘%gB‘gﬁ%’f‘ ?Y@"ﬁ%%’(/%tﬁﬁ %“%g‘“isgﬂ?‘?ﬂag use of any
conpoungdﬁoxfmlml;ﬁtne¢onﬁﬁrgn§aﬂiec1ﬁmhubwewn?eb§amcmﬁb@md ﬂitofzoa t he therapyI of
pai n. Additiona pr.ovi is the use of apy conpound according to Formul a
| for theOFRALE erﬁ@ga?&sFﬁgavlééﬁmmlﬁaﬁimrﬂﬁ%ersﬂ@raawe@fm pegdicus pain

condi tiponSsubibemging. S5 but not limted to: acute pain, chronic pain,

neur opat hi ¢ pain,” back pain, cancer pain, and visceral pain. A further

aspect of the iAdditiomally; these ig prastided# phermaceuticabgomyfosition ayjipsisingsuf f ering  from

any of the 11l IETSITEXST o Mk Y punt of a
conpound acc?égag)g |&n%ﬁia(§)mﬁﬁ2’ (#%r%mn a &@B%,%Eﬁﬁgﬁ ggnl:f tﬁ%‘%ﬁ%?ﬂeﬁﬁcgﬁg}fpati ent in
need of IWitlsaplarinBenticly adebptableaafileky, there is provided a pharmaceuti cal

conposition conprisjng compound of Formyla |, or_a pharnmaceutically
accept abl e sal {F)a{'t}?& ft,gerFFF%f%‘g s phagpaceliies) compesiiNLOMBIFRSR | y accept abl e

gg[nr) 'r ofs g&g&ﬂoﬁﬁﬂ S Ho¥mulaNSre ghroRiceticdBfaeMIRE SRERELE & astRMRBRT L1 ON
with a pharmaceutically acceptable carrier for therapy, more particularly for therapy

of pain.

Further, there is provided a pharmaceutical composition comprising a
compound of Formula I, or a pharmaceutically acceptable salt thereof, in association

20  with a pharmaceutically acceptable carrier use in any of the conditions discussed

above.

Another aspect of the invention is a method of preparing the compounds of the
present invention.

In one embodiment, the method of the invention is a method for preparing a

25  compound of Formula I,

comprising the step of reacting a compound of Formula II,
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15 conpound of Formula I,

associ at i

phar maceut i

or a pharmaceutically acceptable salt thereof,

on wth a pharmaceutically acceptable carrier for therapy, nore
particularly for therapy of pain. Further, there is provided a

phar maceut WL@*“P%‘%QI&)’OSI tion conprising a conpound of Fornula I, or

above. Anot her aspect of the invention is a method of preparing the

conpounds of the present invent{)oﬁf’ I n one enbodi nent, the nmethod of the

SNNOI

I nvention is a nethod for prepar ,Qé a_.25 ISﬂrrpound of Formula I,

For mul a |
OH 11

an al kylamne, and optionally a coupling rRRagent, such as HATU, EDC,

fol | owed

10

15

20

25

30

/I ~~-Rz N R conprRst+8g t1] €p of reacting a conpound of
I, -17 WD 2005/ 030732 6CT/ tB2004H004124 R4 01 11 R3 S,N NH2 11

R4

a

dept abl e salt thereof, in associati oRCT/GB20R#/p04124
phar maceutical ly acceptable carrier

R3

in

use in any of the conditions discussed

R 1l with a conpound of R2COX in the presence of a base, such as

by treatnment with an 5 aci (illsuch as AcOH, wherein

with a compound of R%COX, in the presence of a base, such as an alkylamine, and
optionally a coupling reagent, such as HATU, EDC, foliowed by treatment with an
acid such as AcOH,

wherein

X is selected from Cl, Br, F and OH;

R! is selected from Cy.jpalkyl, Cs-ipalkenyl, Cs.10alkynyl, R*REN-C)_galkyl,
R’0-C.6 alkyl, R’*C(=0)N(-R%)-C, qalkyl, R*R°NS(=0),-C1.¢alkyl, R*CS(=0),N(-R)-
Cy.¢alkyl, RPRENC(=0)N(-R")-Csalkyl, R°RENS(=0),N(R")-C;.¢alkyl, C.10aryl-
Cialkyl, Ce.10aryl-C(=0)-C,salkyl, Cs.jocycloalkyl-Cy.4alkyl, Csgcycloalkenyl-
Ci.ealkyl, Csgheterocyclyl-Cy galkyl, Cs.gheterocyclyl-C(=0)-C, salkyl,
C1.iohydrocarbylamino, R*RN-, R’0-, R’ C(=0)N(-R%)-, R*R*NS(=0),-,
R’CS(=0)RN(R)-, RPRNCE=O)N(-R")-, RORNS(=0):N(R")-, Cs.10aryl, Cs.1oaryl-
C(=0)-, C;.1ocycloalkyl, Cygcycloalkenyl, Csgheterocyclyl and Cs gheterocyclyl-
C(=0)-; wherein said C;.jpalkyl, C;.j0alkenyl, Cp.jpalkynyl, Cs.10aryl-Cealkyl,
Cs.10aryl-C(=0)-C; salkyl, Cs.ocycloalkyl-Cygalkyl, C4scycloalkenyl-Cy.qalkyl,
Cs.gheterocyelyl-Cigalkyl, Cs.gheterocyclyl-C{=0)-C;.salkyl, C;.ichydrocarbylamino,
Cs.10aryl, Cs.10aryl-C(=0)-, Cs1gcycloalkyl, Cygcycloalkenyl, Cssheterocyelyl or
Cs.¢heterocyclyl-C(=0)- used in defining R' is optionally substituted by one or more
groups selected from halogen, cyano, nitro, methoxy, ethoxy, methyl, ethyl, hydroxy,
and -NR? RG;

RZ is selected from C.joalkyl, Cs.joalkenyl, Cs.1palkynyl, Cs1ocycloalkyl, Ca.
woeycloalkyl-Cy.galkyl, Cygeycloalkenyl-Cy.salkyl, Cs.¢heterocycloalkyl-C; salkyl, Cs.
scycloalkenyl, R’R®N-, Cs.sheteroaryl, Cg.jparyl and Cs sheterocycloalkyl, wherein
said Cy.jpalkyl, Co.jpalkenyl, C,.j0alkynyl, Csscycloalkyl, C;.geycloalkyl-C.salkyl,
Cascycloalkenyl-C,.¢alkyl, Cssheterocycloalkyl-C, ¢alkyl, Cygcycloalkenyl, Ca.
sheteroaryl, Ce.jparyl or Cs.¢heterocycloalkyl used in defining R%is optionally
substituted by one or more groups selected from halogen, cyano, nitro, methoxy,
ethoxy, methyl, ethyl, hydroxy, and -NR°RS;
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Xis selected fromd, Br, Fand OH R is selected fromd -Ioal kyl,
C2-1 oal kenyl, C2-1oal kynyl, R5R6N-C -6al kyl, R50-d-6 alkyl,
RSC(- O N(-R6) - d - 6al kyl , RSR6NS(=0) 2- Ct sal kyl , RSCS(=0) 2N(-R)- 10 C1. 6al kyl,
RSR6NC( =0 N( - R7) - O - 6al kyl , RSR6NS( - 0) 2N( R7) - C1. 6al kyl , C6-l1loa yl d -6al kyl,
C6- |1 oaryl - BOA95/@B238alkyl, C3.l|ocycl oal kyl - Cl. 6al kyl, CCBGHUNGeNKENY] -
d -6al kyl, C3.6het erocycl yl -d -6al kyl, C3.6heterocyclyl - (=0 -0 -6al kyl,

C, -l ohydrocar byl am no, R5R6N-, R50-, WC(-O N(-R6)-, RSR6NS(=0)2-,
RSCS( =0) 2N( - %Mﬂrﬁﬁﬁﬁm%Wkpend%mﬁ@wm)cwa@ﬂ' tparyl, O6-Zloaryl
15 ¢(=0 -, C3-1| ocycl oal kyl , C4 scycl oal kenyl, C3. 6het er%ai/cl yl gmd

C3- 6het er seleny| zséécmlrand\mé‘fa’én pegroppcthat togsthey With @poth

C2aoal kyn'{ C6. | oaryl -C(0)-d _6al kyI
C3. 1 ocycl oalc'lzgﬁ3 &Pﬂéﬁ"ﬁﬂ“@@fﬁécym oal kenyl - CI. 6al kyl ,
C3. 6het er ocycl R ileletediidm 1356 5dkd r Coyadkenlyl, C@a@qrﬁyl- Galokyelaalkyl,

Ca: sy oRRIRYPRRC bAlSE Coepeiopepi aguih GhaeErsgBIYh & =) - used i n

defining R |8 optlon,all substituted by one or nore groups selected from

hal ogen, cyapo, nitr ‘,\N hox qthoxy, methyl, ethyl, hydroxy, and NR5R6;

R2 is sel ereai’e(’b rom C &eml k C2-Qoal kenyl C2 | oal kyn |, C3-1ocycl oal kyl,
C3- | ocycl oal kyl - - GaP Ca- scycl oal RE@Bﬂﬂﬂﬁu‘E@Wﬂm one or more

8; gﬂgt g; g&gﬂs%@& Bagn(?l Lﬂ%ll @%ﬁ’e@nocycﬁ:ﬁawﬁ?yl V\/neRrSZGEI_ said d -1 oal kyl,

C2-1 oal kenyl @2eH afAth I«apd)Rl is idep8ndently adideydd frdad $Hy Cl_nalkily C. hikemi ky| |

C1- Bcycl odrrIhpy T Coneyaliod CpFlonbomigh Caeherop e eyh oal ky! used

in defjgni rtgmﬁ@mﬁyxeﬁtc&aﬁtw . w&gpeuaam%dlaxalmat (/@ ﬁhﬂ&@é&ﬂﬁ sel ect ed

from hal ogen, cyano, hoxy, net , ethyl, hydroxy, and
NR5R6; - 1wm@@@5ﬂwsbnegowlmémmﬁgm fomﬁearmrhomf af@ and R7 are

i ndepende 6 I kynyl, and a
di valoent g&ﬂ%gﬁgﬁgﬁlﬁq&’%ﬁ&%ﬁﬁ%‘@gﬁg’hé‘lme |va@h¥' ﬁgﬁ% o)r/ )Ig? fornms a
E):CZ)I’ ][ i o ln y ofClagalkyh @i 81%1‘1)@013]‘3 I(RGianyd, Ga}:ﬁhlﬁfﬂﬂdpylle)ﬂ-olqckaa]:kkléfﬁ_é @/&4®.§dﬂqém|

oa cycl oa ocycl oa -
Crenal ouHislent Corbraty epplionaly syt ULy ahe 2 Rore Erpunt sSRoEd Bomy. N and R |

15 halogen cyano, nitro, methoxy, ethoxy, methyl, ethyl, hydroxy, and ~NRR%; and
4 is selected from —H, C;.j0alkyl, Cs.10alkenyl, Cz.1galkynyl, Cs.jocycloalkyl,
Cs.iocycloalkyl-C; galkyl, and Cy.scycloalkenyl-Cy galkyl.

Particularly, the method of the invention is a method of preparing a compound
20  of Formula I, wherein
X 1s selected from Cl, Br, F and OH;
R! is selected from Ci.salkyl, Cy.galkenyl, phenyl-C,alkyl, Cs.jocycloalkyl-
C1.salkyl, C4¢cycloalkenyl-C;4alkyl, Cq.joaryl, Csgheterocyelyl-Cy4alkyl,
Cs.ipcycloalkyl, and Cqscycloalkenyl, wherein said Cysalkyl, C;.salkenyl, phenyl-
25  Cy4alkyl, Csaecycloalkyl-Caalkyl, Cy.scycloalkenyl-Ci4alkyl, Ce.10aryl,
Cs.gheterocyclyl-Cialkyl, Cs.jocycloalkyl, and C4¢cycloalkenyl used in defining R!
is optionally substituted by one or more groups selected from halogen, methoxy,
ethoxy, methyl, ethyl, hydroxy, and -NRR;
R? is selected from C;.galkyl, Cy-salkenyl, Cs scycloalkyl and C;.¢cycloalkyl-
30  Ci.qalkyl, wherein said C;.salkyl, Co.salkenyl, Cs¢cycloalkyl and Cs.scycloalkyl-
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R ORB Ooptionally subsitituted wwth one or nore groups selected from

Cl - 6al kyl , hal ogen, am no and Cl. 6al koxy, each of Rs and RO is independently
selected fromH, G _|oalkyl, C2.1oal kenyl, C2.1loal kynyl, C3_|ocycloal kyl,
C3. 10cycl oal kyl - C _6al kyl , C3. 6heterocyclyl, C6.10aryl, 10

C3. 6het er ®y200§M30T2- 6al cyl, C6.|Baryl-d _6al kyl, and BCHGBAWOMNYB1 6group
that together with another divalent group selected fromR8 and RO forns a
portion of a ring, wherein said Cl.10alkyl, C2.1loal kenyl, C2-1loal kynyl,

C3_| Ccycl @akdliyil psed3n Hefinieg BA likgptiondly, stibstityted byoSnetiranare gmpps sdlects@6 | oar y| |,

C3. 6heterqcyl.cyl -G 6al kyl . C6 | garyl.- al kyl spedi val ent Cl.6group is
optional | %Oé’th?g%e?’lﬂeglboxyzetBW’W%Fg‘yg:hggrﬁyé‘éq_éﬁ‘(l}d’ from 15 hal ogen,

cyano, nitro, Refsheloted RbMOFY CoBREI1YCy shefefityclodiidr oxy, and NRSR6; and R4 is
sel ected from H Cl.1loal kyl, C2-1oalkenyl, C2.10alkynyl, C3_Iocycl oal kyl,

C3. 10cycl oal Ryl - Clal kyl , and CA4$cycl oal kenyl -C _6allcyl. Particularly, the
met hod of the.d nvgmd i cR%\'sé,a met hod of preparing a conpound 20 of Formula
|, wherei M X s sel ect ed®fro tidnallPEubsitindeiiwik bnd vk nidre €8k ed from

Cl. 6al kyl , C2.6al kenyl , phenyl - 4al kyl ,. C3. | ocycl oal kyl - C1. 4al kyl ,

C4. 6¢yéi oal kenyherem saig| Gaygheterogycleadiey) contains glestoneyiragen ang agmapd

c3.1 | - d / i g O] - C2. 6al kenyl ,

ohenyl o5 g 1dtal of PEEbralHGaROt i Bl ol el i BiCpecbadiom, 5 27, (I

C6. | oary| ,and @2h6hHRE andR¥is indepeniddutlvkaglecte@Ironn a1 galkidy norpholinyACECy ¢l oal kenyl
d in defjni ] tional Ly .substityted, by.

select ed st Parebgis-Crafiyt, 8 pobrfigiCutbl e w Gl oxy. and NRSRe:

RZ i | idinGRC DGR | .

C3. %iyileomrgiﬁmggmél. 25?%5?5?1“ e?g?ir{&yggiﬂ%pl& - 6ai ﬁls%mggi kenyjlr ,

C3. 6¢c @ oaphsiifutedhy ags opmped gramns,selected frogybajpen msoxsy pethexy, wethob4/ 004124

C _aal kyl J i Qi 6 is optionally substituted by one or nore
groups sel egg:gﬁm?f%{% hai ogg%,d met hoxy, ethoxy, nethyl, ethyl, hydroxy and
-NRSR6; R3 is B4 Rand®®hredmispendently Selbdtsd fromaHaind Cesalkglc| oal kyl,” Ra 1 RONi
and Rkoi optionally subsitituted with one or nore Cl. 6al kyl ;

Compounds of the present invention may also be prepared according to the

15  synthetic routes as depicted in Scheme 1.

Scheme 1.
h
HzN\CENOz RCOCH R\n,“ NO, RINH, MeO\n,N, : :NOZ
F base, a.g:-ﬁiPEA o CEF " base, e.0. Et;N o ) NH
salvent, 8.g. CH,Cl, solvent, e.g. EIOH R
50-150°C
when R=0OMe:

1) reduction, e.g. H,, Pd H 1) reducing agent, e.g. LIAIH, R* '

solvent, a.g. EtOAc R. _N N solvent, e.g. THF . ON N '

N G ~ R e

2) RZCOY 0 ‘ N 2) R:-30,C1 O N

when Y=Cl R' base, e.9. DMAP Lt

base, e.g. DMAP solvent, e.g. CH,Cl,

solvent, e.g. CH,OY,

when Y=OH when R=Me:

base, 8.g. DIPEA ] 1) acid, 8.g. HC!

solvent, e.g. DMF solvent, e.g. 1,2-dichlorcethane

coupling reagent, e.g. HATU

2) R%S0,0

3) solvent, e.g. AcOH 2

acid, e.g. AcOH base, a.9. DMAP

microwave oven heating, 100-190°C solvent, e.g. CH,Cl,

R1, R2, R¥and R4 are as defined in the specifications.
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5 wherein said C3.6heterocycl oal kyl contains at | east one nitrogen ring atom
and the radical of C3.6heterocycloalkyl is |located on the at |east one
nitrogen ring atom and each of BY and R9 is independently selected from
-H, Cil.6allcyl, norpholinyl- Cl. 3alkyl, pyrrolidinyl-C 3al kyl, and

pi peri di nyWORISAHTRY | . wherein said C.6al kyl, norphol/PCAFB200@{004334 y| |
pyrrolidinyl-C.3al kyl, and piperidinyl-C.3alkyl are optionally 10
substituted by one or nore groups sel ected from hal ogen, methoxy, ethoxy,

met hyl, ethyl, hydroxy and NRSR6; and R4, RS and R6 are independently

sel ected féﬁgg‘pg a 3allcyl. Conpounds of the present invention may

al so be p g to the 15 synthetic routes as depicted in Schene
1. Schene WCB;Hndiid RadiHs RUNNOZ RINH2 MeoyN NO2 F base, e.g. D PEA
10l I F base, e, qg. %zﬁ !% (NH solvent, e.g. CHzCl Z solvent, e.g. EtOH R+
50. 150" C when Rudnge CByregeptoy frompReceptopBiolagy (B o1 humemiGB: regeptgfent , e. g.

UAI H4 : : ~< R2 RS |

\ >R2 %1 %%%ﬂ%l%%@césW%Z@M@%”&’%ﬁgﬁg%gﬂ%%EFgS- base, e.g.
DVAP sol venatge Blug-en@higédle, dilatedémthe canngbinéittibEidingMidfer SoGhVe)2B=Me:  base,
e.g. DPEA 1 . €. 0. | s ent, e.q..DV sal ve e.g. ..

1, 2-di chl &%’L@Iﬁﬂgé mé’gM&E%agﬁ @g&&ﬁ@?‘ég‘gﬁaﬂm@%ﬁ: Igi)?«‘}b%&gd, aliguefs AcoH 2)

R S02C1 ad@pntafh mé\%%gm@ Surl of BRI ardTBiStBURY & 9N PERL! Ae 109. 190C
sol vent, e. S%CI , R%m Rs and V\aarre 1as de?i ned Inlist e speecifications.
ICsp of the corapounds of the invention at hCB, and hCB, are evaluated from 10-point
10  dose-response curves done with *H-CP55,940 at 20000 to 25000 dpm per well (0.17-
0.21 nM) in a final volume of 300 pl. The total and non-specific binding are

determined in the absence and presence of 0.2 pM of HU210 respectively. The plates

are vortexed and incubated for 60 minutes at room temperature, filtered through
Unifilters GF/B (presoaked in 0.1% polyethyleneimine) with the Tomtec or Packard

15 harvester using 3 mL of wash buffer (50 mM Tris, 5 mM MgCl,, 0.5 mg BSA pH
7.0). The filters are dried for 1 hour at 55 °C. The radioactivity (cpm) is counted in a
TopCount (Packard) after adding 65 pl/well of MS-20 scintillation liquid.

hCB; and hCB, GTPyS binding
20 Human CB, receptor from Receptor Biology (hCB;) or human CB; receptor

membranes (BioSignal) are thawed at 37 °C, passed 3 times through a 25-gauge
blunt-end needle and diluted in the GTPyS binding buffer (50 mM Hepes, 20 mM
NaOH, 100 mM NaCl, 1 mM EDTA, 5 mM MgCl,, pH 7.4, 0.1% BSA). The ECsp
and En.x of the compounds of the invention are evaluated from 10-point dose-

25  response curves done in 300ul with the appropriate amount of membrane protein and
100000-130000 dpm of GTPg>>S per well (0.11 —0.14 nM). The basal and maximal
stimulated binding is determined in absence and presence of 1 pM (hCB;) or 10 pM
(hCB,) Win 55,212-2 respectively. The membranes are pre-incubated for 5 minutes
with 56.25 uM (hCB2) or 112.5 pM (hCB,) GDP prior to distribution in plates (15

30 M (hCB;) or 30 uM (hCB;) GDP final). The plates are vortexed and incubated for
60 minutes at room temperature, filtered on Unifilters GF/B (presoaked in water) with
the Tomtec or Packard harvester using 3 ml of wash buffer (50 mM Tris, 5 mM
MgCly, 50 mM NaCl, pH 7.0). The filters are dried for 1 hour at 55 °C. The
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-20 WD 2005/ 030732 PCT/ GB2004/ 004124 Bi ol oei cal Eval uati on hCBland hCHZ
receptor binding Human CBl receptor from Receptor Biology (hCBZ) or human
CB2 receptor 5 from Bi 0Si gnal (hCB2) nmenbranes are thawed at 37 C, passed 3
times through a 25- gauge blunt-end needle, diluted in the cannabinoid

bi ndi ng bu¥@aWwsEYI3NM Tris, 2.5 nM EDTA, 5 nM MyCl2, Z&I@28MMBI BsA
fatty acid free, pH 7.4) and aliquots containing the appropriate anount of
protein are distributed in 96-well plates. The 1C50 of the conpounds of the
i nvent i on radiodv@Rity (cpny iTxoBRted irea Eordlovat @dckardymfitOaddoigis dvellofe- r esponse

curves do It h CP55. 94Q at 20000 1 000 m well (0.17- 0.21 nM
ot s o sttt AigofigtRyerial sroian fre BE Bribe HECWAY 2 o

det er m necextdpt tHae(a) b efist Aske-1ENposRRAEeq déhedn MeQresthéé WP acompret i vel y. The
pl ates are vortexed and incubated for 60 m nutes at roomte erature,

filtered tqueghtwvf aptagentstsorP T 3 AgeRiald0ge THPOISE HTNE ISA0PR{N Bfiei mi ne) wi th

the Tomt e Ik 3 nL of wash buffer (50 MM Tris, 5
nmv MgC12, (i)r&rgn %kﬁ's# %ﬁlﬁ%ﬁd ?grs are dried for 1 hour at 55 T. The
radi oactivity (B:apcx)on &eabnmlassays ﬂleahssﬂ’mﬁtamwmnst@ﬁefﬁl@domh)pwtﬁdum addi ng 65

| /wel |l of N5-20 tl|| u CBi an _ZGTP- ndi ng 20 Human
CB1 receptGFPPHY ir? %%/ ecﬁp < é%%f’ nenbr anes
(Bi 0Si gnal phligwmgle g at 37 C, passed 3 tinmes through a 25-gauge bl unt-end
needl e and di l ute in the GIPyS binding buffer (50 mM Hepes, 20 nM NaOH,
100 mM NaCl, 1 dfnﬁ@sa&(lﬁ.rafiﬂml)gmz pH 7.4, 0.1%BSA). The ECso and E. of

t he cojgpounds 25 response
curves done |nqg8%-Pﬁ S&gbﬁgf%ﬁﬁégfhg%gﬁ% %&)%fftﬂé)n%ﬁ%n%e protein and
100000- 13Cﬁm0drs]ﬂacanienﬂi'@gfs&8)hsave&yell (0 11 -0.14 nM The basal and maxi nal
stinmulated bin det edln ence of 1 M (hCB2) or 10
M (hCBZ) Wn g?%g s?nﬁ%@ﬁés r\?’é‘feﬁa ﬁﬁmﬁgﬂﬁ ?@%‘ﬁlﬂf ncubated for 5
m nut es %5@3156&@5 M (hCB2) or 112.5 M (hCBZ) GDP prior to distribution in
plates (15 30 M hCB2), or, 30 M (hCBZ) GDP final). The plates are vortexed
and i ncubat ed f MW%@W@#@%W@W@@ ligend tpwarde the garsigulani £ i | t er s
GB (pf ge%gtﬂ_l n water) with the Tontec or Packard harvester using 3 m of

wash bu fer mM Tris, 5 nM MO 2, 50 MM NaCl, pH 7.0). The filters are
dried for 1 houdsimg thBEbdﬁr.e—lﬂ'd:lﬁoned assays, the Ki towards human CB, receptors for

most compounds of the invention is measured to be in the range of 5 - 25 nM. The Ki

towards human CB; receptors for most compounds of the invention is measured to be
in the range of about 0.7 -3.5 nM. The ECs; towards human CB, receptors for most
20  compounds of the invention is measured to be in the range of about 24-84 nM. The
. Emax towards human CB; receptors for most compounds of the invention is measured
to be in the range of about 105-116%.

EXAMPLES
25
The invention will further be described in more detail by the following

Examples which describe methods whereby compounds of the present invention may
be prepared, purified, analyzed and biologically tested, and which are not to be
construed as limiting the invention.

30
Example 1
N-[2-tert-Butyl-1-(cyclohexylmethyl)-1 H-benzimidazol-5-yli]-V,V' , V'
trimethylsulfamide



-21 WD 2005/ 030732 PCT/ GB2004/ 004124 radioactivity (cpm is counted in a
TopCount (Packard) after adding 65 | /well of MsS-20 scintillation |iquid.
Ant agoni st reversal studies are done in the same way except that (a) an
agoni st dose-response curve is done in the presence of a constant
concent r at WE0503¢8t agoni st, or (b) an antagoni st dose-RASHRAMIER ve s
done in the 5 presence of a constant concentration of agonist. Based on the
above assays, the dissociation constant (Ki) for a particular conpound of
the invention towards a parthul‘arlreceptor is determ ned using the

follow ng equation: Ki = |C50/ (\lﬁfN Wherein 1C50 is the
concentration of the conpound ‘of ot he n at which 50% di spl acenent
has been observed; [rad] is a standard orNr ference radi oactive |igand
concentration at that nmonment; and Kd is phe dissociation constant of the
radi oactive ligand towards the partic 15 receptor. Using the
above-mentioned assays, the Ki towards an CB1 receptors for nost
conpounds of the invention is neasured to be in the range of 5 - 25 nM The
Ki  t owar d3teh dmdYriZtsp-Bulylb(gyclohexylmeghyl)- tidhepripidazgk-SyHeViNw¥Ent i on i s
measur ed tQidGhylsdlfidiide’ ange of about 0.7 -3.5 nM The ECS0 towards human
CBl1 receptors for nost 20 conpounds of the |nvent| on is neasured to be in

t he range of ab¢ut 24-84 nM The E,,,,x to unan CBl receptors for
nost conpoundsHY Nnvention i s neasured osb qQ rapge of about
105- 116% EXANPLEE::§: }héglnvention will furthgr ed in nore
detail by the foll nky anpl es—w+eh descrlbe ne eby conpounds
of the present inventig@gn nay beprepared, purified, anal zed and
biologically tested and which are not to be constr as limting the

i nvention. 30 Exanp . .
N-[2-tert-Butyl-1-(cycl ohexyl nethyl)-1H benzi m dazol -5=§1] N N, 1V -

5  2-tert-Butyl-1-(cyclohexylmethyl)-N-methyl-1 H-benzimidazol-5-amine (40 mg,
0.133 mmol) (for preparation, see the following steps B, C, D, E and F) and
dimethylsulfamoyl chloride (0.020 mL, 0.173 mmol) were stirred in 3 mL of
dichloromethane containing a catalytic amount of DMAP overnight at rt. The solvent
was evaporated. The product was purified by reversed-phase HPLC using 20-80%

10 CH;CN/H;O and then lyophilized affording the title compound as the corresponding
TFA salt. Yield: 36 mg (52%); "H NMR (400 MHz, METHANOL-Dy) § 1.22 (m,
5H), 1.62 (m, 2H), 1.65 (s, 9H), 1.67 (m, 1H), 1.75 (m, 2H), 2.10 (m, 1H), 2.81 (s,
6H), 3.29 (s, 3H), 4.44 (d, ] = 7.62 Hz, 2H), 7.64 (dd, J = 9.08, 2.05 Hz, 1H), 7.78 (d,
J=1.95 Hz, 1H), 7.90 (d, J = 8.98 Hz, 1H); MS (EST) (M+H)" 407.3; Anal. Calcd for

15 CyHaN40;S + 1.3 TFA + 0.3 H20: C, 50.60; H, 6.46; N, 10.00. Found: C, 50.64; H,
6.47; N, 10.15.

Step B. Methyl (4-fluoro-3-nitrophenyl)carbamate

0.0
H,N N, Y
\©: —_— HN NO,
F | S
F
20 Methyl chloroformate (13.2 mL, 170.2 mmol) was added dropwise to a cold (0°C)
dichloromethane {200 mL}) solution of 4-fluoro-3-nitro aniline (24.15 g, 154.7 mmol)

and DIPEA (35 mL, 201 mmol). The reaction mixture was stirred at rt overnight.



trinmethylsul fam de -22 WD 2005/ 030732 PCT/ GB2004/ 004124 N0 1 NNN ON, -X
d Step AA N-[2-tert-Butyl-I-(cycl ohexyl nethyl)-1H benzi m dazol -5-yl]N,N , N -
trimetbylsulfamde 11 HNI Nd NONCN, Nd5

2-tert-Butyl-I-(cycl ohexyhnet hyl)-Nnethyl-I1H benzi m dazol -5-am ne (40 ,
0.133 rrrml‘)’oeﬂ%fﬂl“ﬁ%par ation, see the followi ng steps BCTEBE/413hd F) and
di net hyl sul fanoyl chl ori de (0 020 nmL, 0.173 nmmol ) were stirred |n 3 nL of

di chl oronet hane contai ning a cat aQ({tIC amount of DMAP over ni ght rt. The

sol vent waldesolaben wesitien diied ity 404 miyef dishlordoetiepoeand sxashedad se HPLC

s the. corh e pum gt bt Bl e oioR Rl MGl o - SAEeRiled Rl g T

METHANOL - pdgdustlw@ifently used Fyr, next 6 withouR firtherlpubiicétson. 9FiEld: 35d S (m 1H), 1.75
2 313 4, J = 7.62 Hz,
(2Ir-n|) H)64 (?#)) M(@@othfz@éfm@ Q“{%RM'PZ)%;%(S’?’H 3@(9é}£k7-2&m, 7.90 (d,
J = 8.28 I Qq%c 15 C2i H34N402S + 1.3
TFA + 3%6%72%’ §%I{thqud%8 ql,(_!f) 50. 64; :—I 6.47; N,
10. 15. St ep B. Methyl (4-fluoro-3- nitrophenyl)car bamate 110 O H2N NO2 HNNCO2

col d 00y St £ s BrElalieRl ?z%émﬁﬁsvﬂémﬁ-w@éﬂ%-ﬁf%ﬁa‘iﬂédn?{ o aniline

(24.15 g, 154.7 mm)c) 0

\F
(:[ [-|r~1\[(>:r\io2

NH

o

Methyl (4-fluoro-3-nitrophenyl)carbamate (1.00 g, 4.67 mmol) and cyclohexylmethyl

10 amine (0.730 mL, 5.60 mmol) were stirred in EtOH (20 mL) containing TEA (1.0
mL, 7.00 mmol) at 75°C for 24h. The solvent was concentrated. The residue was
dissolved in EtOAc and washed with 5% KHSO, solution, saturated NaHCO;
solution, brine and dried over anhydrous MgSO4. The crude product was purified by
flash chromatography using 4:1/hex:EtOAc on silica gel. Yield: 1.05 g (73%); 'H

15 NMR (400 MHz, CHLOROFORM-D) 6 1.04 (ddd, J = 24;02, 12.11, 2.93 Hz, 2H),
1.25 (m, 3H), 1.69 (m, 2H), 1.76 (m, 1H), 1.79 (m, 1H), 1.83 (m, 1H), 1.86 (m, 1H),
3.14 (dd, J = 6.44, 5.66 Hz, 2H), 3.78 (s, 3H), 6.46 (m, 1H), 6.84 (d, J = 9.37 Hz, 1H),
7.63 (m, 1H), 8.05 (4, Y = 2.54 Hz, TH), 8.09 (m, 1H).

20  Step D. Methyl {3-amino-4-[(cyclohexylmethyl)amino]phenyl}carbamate
0.0 /OYO

HN NO, HN NH,
o — X
NH NH
Methyl {4-[(cyclohexylmethyl)amino]-3-nitrophenyl}carbamate (1.05 g, 3.42 mmol)

was dissolved in 30 mL of EtOAc containing a catalytic amount of 10% Pd/C. The
solution was shaken in a Parr hydrogenation apparatus under H; atmosphere (40 psi)
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and DI PEA (35 nL, 201 mml ). The reaction mxture was stirred at rt
overnight. -23 WD 20 0 510 30 7 3 2 PCT/ GB2004/004124 The solution was then
diluted with 200 nL of dichl oronmet hane and washed with 2M HCl, brine and
dried over anhydrous MySO4 The sol vent was concentrated and the product was
directly ud¥Q200P307Ryt “step without further purificati oRCTAEBNLN0EE 5 g
(99% ;' H NVR (400 MHz, CHLCRG:CRMD) S 3.81 (s 311) 7.02 (s, 1H), 7.23 5
(m 111), 7.72 (d, J = 8.59 Hz, ,817ré = 6.35, 2.64 Hz, 1H). Step
c Met hyI af 7t.overaight. SFheysplution WS ﬁumw}m@h eﬂltmﬁélmo}\@at peaparated. . ~O 110

L@t e (1.00 g,
4 67 mml) aﬁ(@%\ﬁ)@g?%ﬁ@rﬁe g%él%‘gﬁ?@t%@]@nﬁwgﬁ[bﬁ were stirred
in EtOH (mom(%%thSr(Elg(m&H)u?an 7.00 nmol) at 75C for 24h. The
sol vent was concentrated. The residue was dissolved in Et QAc and washed
wth 5% KHSO4 sol ution, saturated NaHCO3 solution, brine and dried over

anhydr aus d¥B>@4 Melha [f—!’réﬁiﬁuﬂri-q gﬁoma;ﬂémm %eh%%%ﬁ f8. chr omat ogr aphy

using 4:1/hex: EtOAc on silica g Yield 1H 15 NWR (400 MHz,

CHLOROFORWICRrt@mpte4 (ddd, 3 = 24.02, 12. 11, 2.93 Hz, 1.25 (m 3H),
1.69 (m 2H), 1.76 émolH) 1.79 (m 114), 1.83 (m 1H) '1.86 (m 1H), 3.14
(dd, J =6.44, 566 M, 2H), 3.78 (s, 3H), A¢P(m 1H), 6.84 (d, J = 9.37

HNNOZ HN | NHZ NH NH

Hz, 1M 7.63 (m 1H)N 51\@, J =2.54 Hz, ,4dH), 8.09 (m 1H). 20 Step D.

Met hyl { 3- ani no-4-[(cyxy| met hyl ) ani noj phe Noanhte 1100 1~Ct0
> V

{4-] (cycl ohexyl nmet hyl ) am_no]J- 3- ni t r ophenyl } car bamat eN( 1.05 g, 3.42 mol)

was di ssolved in 30 nL OAc containing a cat a‘H'c anount of 10% Pd/ C.

The solution was shak a Parr hydrogenation ar at us under HZ
at nosphere (40 psi) -24 WD 2005/030732 PCT/ GB200%~@04124 at rt overnight.

The solution was filtered through Celite and the sol vent evaporated.
Methyl {3-amino-4-[{cyclohexylmethyl)amino]phenyl}carbamate (950 mg, 3.43

mmol) and DMAP (100 mg, 0.858 mmol) were dissolved in 25 mL of

10  dichloromethane. Trimethylacetyl chloride (0.460 mL, 3.77 mmol) was added in
dropwise and the solution was stirred at rt for 1h. The solvent was concentrated. The
residue was divided in two portions and each'of them was dissolved in 3 mL of glacial
AcOH in a sealed tube. The solutions were heated at 150°C using a Personal
Chemistry Smith Synthesizer microwave instrument for three intervals of 30 min (3 X

15 30 min). The contents of the two tubes were combined and the solvent was
evaporated. The residue was dissolved in EtOAc and washed with saturated NaHCO;
solution, brine and dried over anhydrous MgSO4. The crude product was purified by
flash chromatography using 3:1/dichloromethane:diethyl ether. Yield: 656 mg (56%);
'H NMR (400 MHz, CHLORQFORM-D) § 1.08 (m, 2H), 1.18 (m, 3H), 1.54 (s, 9H),

20  1.65 (m, 1TH), 1.69 (m, 2H), 1.73 (dd, J = 5.96, 3.22 Hz, 2H), 2.02 (m, 1H), 3.78 (s,
3H), 4.10 (d, T = 7.42 Hz, 2H), 6.64 (m, 1H), 7.25 (d, J =8.79 Hz, 1H), 7.39 (m, 1H),
7.59 (d,J = 1.76 Hz, 1H).

Step F. 2-tert-Butyl-1-(cyclohexylmethyl)-V-methyl-1H-benzimidazol-S-amine



The product was directly used for the next step without further
purification. Yield: 950 ng (99%. Ms (ESI) (MtH)+ 277.9. 5 Step E. Mt hyl
[ 2-ten-butyl -I-(cycl ohexyl net hyl ) -1H benzi m dazol -5- yl]carbanmate i0Yi 0 1100
HNNHzHNI\NNH/NdI\/EthyI

{ 3- ani no- MPEMGEPGRexy| met hyl ) ani no] phenyl } car bamat e ( FEFFHIMUZ o )
and DVAP (100 ng, 0.858 mml) were dissolved in 25 niL of 10 di chl or onet hane.
Trimet hyl acetyl chI oride (0.460 nL, 3.77 mvol) was added in dropw se and

t he solution vvas red at it for I h. The solvent was concentrated. The
resi due was divi |n two portions and each' of }Lhem was dissolved in 3 nL

of glacial AcOHin ed tube. The sol utions We @\t at 150C using a
Personal Chemi stry hesi zef mcrowave i nsty e r three
intervals of 30 mn (3 X 15 30 min). The contents of the two tubes were
conbi ned and t he sol v evaporated. The resi duge—wds dissolved in Et OAc

and washed with saturg NaHCCB solution, brine a ied over anhydrous
MySO4. The crude prod was purifi ed by flash chr oka ography usi ng

3: 1/ di chl or onet hane; di et hyl et her. . 656 5699;: "H NWR (400 MHz,
CHL OROFORNYIEbhy1$2 fersbutynl- (grq}ohezﬁylmtb(ﬂ)ﬂﬂ' 'aepﬂmdyols— -yllsarbemgte (659 mg,65 (m 1M

iy, . 10 (2ol fiflyedpo S T a0l gl M fovile L8 15
7 39 (m ](2.5}5 mkL, 2.659mfdl) wis added Adopivase ahHrI)‘.he sghudion as stirred at 0°C for

- h th -
2005/ 030738 0 AP v 35 Bmbiyat i fordy sddpRnd e RSP Rt Pyt
[2-tert- bl&lﬁbdhtﬂsv&iugﬂe)l%ké&hbﬁ(h&xﬂrbiv@@ naheaaami’cﬁyy&dlﬁ@manate (650 ny,
1.89 nmol ). was di ssolved in of THE at OC under ni tr\(ﬁén 1M HCO / et her

(2.65 L, Me@H Mfowwdéwd&%ﬂdﬂ%BIMsEhw@mﬁévaMWm Agapdred at 0OC
for 5 15m gl otk 360 NEICS) sSRitibTBrihe WefdridWeSiYhirbuefigss, and the

sol ution was
The solvent was evaporated and the product was used directly for Step A without

10  further purification. Yield: 544 mg (96%). 'HNMR (400 MHz, CHLOROFORM-D)
8 1.08 (s, 2H), 1.17 (m, 3H), 1.54 (s, 9H), 1.64 (m, 2H), 1.67 (m, 2H), 1.72 (m, 2H),
2.02 (m, 1H), 2.87 (s, 3H), 4.06 (d, T =7.62 Hz, 2H), 6.60 (dd, J = 8.69, 2.25 Hz, 1H),
7.00 (d, J = 1.76 Hz, 1H), 7.12 (d, ] = 8.59 Hz, 1H).

15 Example 2

N-[2-tert-Butyl-I-(cyclohexylmethyl)-1H-benzimidazol-5-yl}-N',V'-diethyl-N-
methylsulfamide

OO
o

:U) :O

Q

20 :
A solution of diethylamine (0.103 mL, 1.00 mmol) in 1 mL dichloromethane and
TEA (0.140 mL, 1.00 mmol) were added sequentially to a cold (0°C) solution of
S0,Cl, (0.160 mL, 2.00 mmol} in dichloromethane (1 mL) under a nitrogen

25 atmosphere. The solution was then stirred at rt for 3h. The solution was washed with
5% KHSQ, solution, brine and dried over anhydrous MgS0O,4. The solvent was
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stirred at rt overnight. The reaction m xture was quenched at OC by addition
of MeCH (5 nL) followed by water (10 nL). The solution was diluted with

Et OAc and washed with saturated NaHCO3 sol ution, brine and dried over
anhydr ous SO4. The sol vent was evaporated and the product was used
directly fWO2880782 wi t hout 10 further purification. YiRfHCBEAUIR4 o060y . ' H
NVR (400 MHz, CHLOROFORMD) 8 1.08 (s, 211),1.17 (m 313), 1.54 (s, 911),
1.64 (m 211), 1.67 (m 211), 1.72 (m 211), 2.02 (m 111), 2.87 (s, 311),
4.06 (d, Jconcéhtr@@dHAhe Risidne @a6thes didsolved-in 8 ng9of dicliléroniethatid, 1) whick a00 (d, J =

.76 , . 7. =.8. . | e .2, .
N[5t or dhitioh ot 2t pak T ieebns b aeomt R Brifidasel S ipe i oy -
met hyl sul f @8ingks 01683 OmmsINnBHNIAN (cathlytR) il amwdlaﬂmeﬁlemhﬁwlaa&me (0.103

m., 1.00 nmol).in_1 nl dichloronethane and_ TEA (0.140 ni, 1.00 nmol) were
added sequéRPYisE| The splutiopgrag stirrd)at MM%%%@IO@G@W% edBY ni, 2.00 mmol)

then ot rroes et BPEEhsHEAg 0% QIO ma%hﬁgﬁm“ﬁﬁ?d‘%m 1 sol ut o

bri ne and @Jm;@dnabasatheamgsﬂom THS@dt. Yibld: Eoingddi%pnas NMRB (40 Mbias/ 030732

o aht o ooty SRIBTINE Y e 4G, 45 1O g 1 1 o
2-tert- butmiﬂé gﬁﬁclmgqul(ﬁeﬁ |2)12W$'%'(Hﬁﬂn?5@tﬂaﬁ9 476 alYirae (25 ny,

0. 0835 ni nol cat al di‘chi or onet’hane was added

dr opW| se. TA&HzDLT. 6h(dda%~§19 t1HB t7. T&(d, JZﬁIi 95Hre 18}, d3dd, Mas purifi ed

0y, S SR AENASTER 0 A0 S CTAEMISAS ma bl peacho gl ot o

NVR (400 NHRO: CNMETHANCLOZAY, 9561 Fbnd:tC, 53.06; H, AGHN, 984) , 1.24 (m 5H), 1.63

(m 2H), 1.67 (s, 9H), 1.70 (m 1H),1.77 (m 2H), 2.12 (m 1H), 3.26 (s,

3H, 3.30 (m 4H), 4.46 (d, J = 7.62Hz, 211), 7.61 (dd, J = 8.98,

2. 15Hz, 11)Ex:7mﬁl%3(d J =1.95 Hz, 1H), 7.89 (d, J = 10 8.98Hz, 1H); Ms (ESI)

(MH1T)* 435.2; Anal . Calcd for C23H38N402S + 1.2 TFA + 0.8
N'-[1-(cyclohexylmethyl)—2-(1 1-dimethylpropyl)-1H-benzimidazol-5-yl]-V,N-

15 dimethyl-sulfamide

d

Step A. N'-[1-(cyclohexylmethyl)-2-(1,1-dimethylpropyl)-1H-benzimidazol-5-yl]-
N,N-dimethyl-sulfamide

e sc GRS P

J

DMARP (80.1 mg, 0.65 mmol) was added to a solution of 1-(cyclohexylmethyl)-2-
(1,1-dimethylpropyl)-1H-benzimidazol-5-amine (69.5 mg, 0.18 mmol) (for
preparation, see the following steps B, C, D, E and F) in acetonitrile (10 mL) at 0 °C,

zm:O

Q

=O

20
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H20: C, 52.07; H 7.02; N, 9.56. Found: C, 52.00; H, 7.01; N, 9.55. Exanple
3 N -[1-(cycl ohexyl nethyl)-2-(1, 1-di met hyl propyl ) - 1H benzi m dazol -5-yl | N, N
15 dimethyl -sulfamide H~N.ONI N Nd Step A

-[ 1- (cycl ohexyl net hyl ) - 2- (1, 1- di net hyl propyl ) - 1H ben2| m dazol
N N- dhnet Y 290503033 de H2NI N "IN 11, NN T o Nd 20 ’“&‘”i% 0. 65
nmol ) was added to a solution of 1- (cycl ohexyl met hyl') - 2-
(1, 1-di net hyl propyl ) - 1H-benzi ni dazol - 5-anmi ne (69.5 ng, 0.18 mml) (for
pr epar at i &ellowse by additiomof dimetiylslf IBhlomie@ZuE, Hdop) 020 maedd).onitrile (10

H??Tef‘hy?sﬁrfamy%’%%?{“%é‘ﬂ%%df@ﬁ%@%ﬂ%ﬁ%ﬁqﬁ%ﬁ%ﬂc‘”@ﬁe Vet ing

m;cxt ure mmi)h%redamatroafdfﬂ?e sobrent) Chelresidud vtalsdrssa:]uﬁmfmﬁfw(mﬁ) EOH (2 ).
After eva at| ol vent,. .t r i \Y; in Et OAc (100
m.) and A& e&“‘i‘%%g‘?ﬂﬂ%ﬁi@@gﬁ%{“ﬁi ‘tl%\éﬂrﬁ‘_’?rdlﬂ%% ?‘gﬁr over Na2(804.

After g f 'ﬂlthftﬁh hﬁ@eﬁ?&aﬁ&?ﬂi&r&hﬂﬁ’é‘wﬁﬁiﬁlﬁé@% MExMQE’EO&@l By MPLC

(hexanes/ Et OAc el dent on silica gel give the title conpound as a

white sol ictiepi®a., sﬂlcﬁgel)‘ﬂtswe thmnﬂ@womm@d@enw@nt@ e«dlct(éGé mgi76%)sokickl as a TFA

1764 (m Deptprbloamiin s S 7SR AT Gog R couotly b3y (T, ° )0 66
e 2 0 9]%7322-H%EBH 1942599, L54 8, 1, 16616, L91 P L7 107,37

H; M (EBi30 mwﬁsua;% 2, 1801 28 b Horolinirg He, 218, TFA + 0. 5
H20: G 51237(9d,31589§ Bl gl 1&%%&%?&532'1&&%@27 g, s sy BE 1 Yy, 10-45. Step

B. N-(4-fluoro- nltro hert
MS (EST) (M+H)": 4073 Anal. Caled for CH34N;0,S + 1.0 TFA + 0.2 H,0: C,

52.70; H, 6.81; N, 10.69. Found: C, 52.70; H, 6.66; N, 10.45.

Step B. N-(4-fluoro-3-nitrophenyl)acetamide

H,N NO H
o — Y
F 0

15 F

4-Fluoro-3-nitro-aniline (45.0 g, 288.2 mmol) was added portionwise to acetic

anhydride (150 mL) at room temperature. The reaction mixture was stirred at room

temperature for 2 h. The white solid was collected and dried in vacuo to give the title

compound (42.0 g, 70%). "H NMR (400 MHz, CDCL): §2.23 (s, 3 H), 7.26 (m, 1
20 H),7.50 (s broad, 1 H), 7.87 (m, 1 H), 8.23 (dd, J=6.44, 2.73 Hz, 1 H).

Step C. N-{4-[(cyclohexylmethyl)amino]-3-nitrophenyl}acetamide
' H

! YN NO,
dor— T

ZT

Cyclohexylmethylamine (2.86 mL, 2.49 g, 22.0 mmol ) was added to a mixture of N-
25  (4-fluoro-3-nitrophenyl)acetamide (3.96 g, 20.0 mmol) and sodium carbonate (4.66 g,
44 mmol) in EtOH (50 mL) at room temperature. The reaction mixture was heated for



2 -YN N2 F 1011 15 F 4-Fluoro-3-nitro-aniline (45.0 g, 288.2 mml) was
added portionwi se to acetic anhydride (150 nlL) at roomtenperature. The
reaction mxture was stirred at room tenperature for 2 h. The vvhite solid

was collected and dried in vacuo to give the title co ound & 709 .

'H NVR (400 RS/0307$3C13): S 2.23 (s, 3 H), 7.26 (m 1 28 F()GBZ"P@W% broad, 1
H, 7.87 (m1 H), 8.23 (dd, J=6.44, 2.73 Hz, 1 H. Step C

N-{ 4- cclohex et hyl ) am nol.- 3n|tro henyl } acet am de NO2 H:C ~N
| |{\|02[§) / é’l’ﬂ @9@%6!)’1@31 g z%yggmohdzwmr@mpl@@d@umU was

added to %&Tbaﬁewe&t %ve\khe%ﬁsﬁeﬁé%dﬁef@M h}%wpwgs@@?@gﬁ nggz §38-96 g, 20.0

nmol ) and sodi um carbonat e room
tenperature. The reaction m xture was heated for -28 WD 2005/ 030732

PCT/ GB200 1 48, h | yt 800 nL The orange
sol i d was%? 0@1 ér?am o% “%fﬁ‘&'%‘?‘? glpﬁfg i ‘gpbfvyatcﬁq@“ﬂ Sired ?)roduct (6. go
g, 100%. MS (ES)H(MH)+ 292.32. Step DM

N{S-anino-4-[(bﬁc'T’ W&+ hyl ) ami no] pheny -, HH N2 NNHZ ~ Nd
~d 5 The abovencr riebduct
N-{4-[ (cycl ohexyl met hyl) afi no] - 3-—nitrgphenyl }acet mde (6.60 g) was

hydr ogenated in ethyl acerate (300 nL) catalyzed b 0% Pd/ C (0.5 g) at
20-30 psi H2 in Parr z@- for 4.5 h at roomte ture. After filtration
througg celite and coangcentration, 5.08 g (97% of purple solid was

obt ai ned. which was used 10 in the next step without further purification.
'H NVR ( 40ihelabive ogidesyduc8 N{4(cyclohexyméthyl)ainife]-I-nitrophédy]} adethiBidé m 2 H),

172 (m g bt bot ik e Db osie sy 2 0 7
20-30 psi H; in Parr shaker for 4.5 h at room temperature. After filtration through
celite and concentration, 5.08 g (97%) of a purple solid was obtained. which was used
10  in the next step without further purification. "H NMR (400 MHz, CDCly): § 1.00 (m, 2
H), 1.24 (m, 3 H), 1.59 (m, 2 H), 1.72 (m, 2 H), 1.84 (m, 2 H), 2.13 (s, 3 H), 2.91 (d,
J=6.64 Hz, 2 H), 3.37 (s broad, 3 H), 6.56 (d, /=8.40 Hz, 1 H), 6.69 (dd, /=8.30, 2.25
Hz, 1 H), 6.98 (s, 1 H), 7.12 (d, /=2.34 Hz, 1 H). MS (ESI) (M+H)": 262.31.

15  Step E. N-[1-(cyclohexylmethyl)-2-(1,1-dimethylpropyl)-1H-benzimidazol-5-

yllacetamide
o YOt e

A B
DMAP (0.65 g, 5.3 mmol) was added to a suspension of N-{3-amino-4-
[(cyclohexylmethyl)amino]phenyl}acetamide (2.09 g, 8.0 mmol) in dichloromethane
20 (40 mL) at—10 °C, followed by addition of 2,2-dimethylbutyryl chloride (1.51 g, 11.2
mmol). The resulting mixture was stirred overnight at room temperature. After
evaporation of the solvent, 4.14 g of a brown solid was obtained, which was
consistent with the desired coupling product A. MS (ESI) (M-+H)" = 360.07.
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Hz, 1 H, 6.98 (s, 1 H, 7.12 (d, J=2.34 Hz 1 H. M5 (ESI) (MrH) +: 262. 31.
15 Step E. N-(1-(cycl ohexyl nethyl)-2-(1,1-dinethyl propyl)-1H benzi m dazol - 5-
yl]acetamide -Cc NI CNHZ -- " N1 i NN NNdddAB DWW (0.65¢g, 5.3
mmol ) was added to a suspension of N {3-am no-4-

[ (cycl ohex¥yYPr8SHI73am no] phenyl } acetam de (2.09 g, 8. PGHEBA04/0§4124

di chl oronet hane 20 (40 nL) at -10 C, foll owed by addition of

2,2-di met hyl butyryl chloride (1.51 g, 11.2 mol). The resulting m xture was
stirred ovdBrimpof the aboyemdde@pmuaﬁmm difédlerd in @ 2adicklabethined® nilt)dn sol vent,

o e s R Sl g B B P i e o e

PCT/ GB2004(18tek2 lsbraﬁ’di\%fﬂ;emmﬁt ﬂi&@eﬁdi@%s@iédél@e@iﬁ%i@% (foowas), di ssol ved in
1, 2-di chl oroet hane (5 in a Tef] on- caEPed test tube. The vessel was

i r r adi at edvashedwith 8N p@ieos selugion { , satupstad Nafi pavesus epfution t he sol vent,
th d d CH

soFu[ ?osjn E’Qgﬁﬁ@)ﬂd %uraf%%ﬁ&qgﬂﬁgg%qwﬁmﬁ@ 6&?&'%[&33%1‘3 dr?ggegsz
Na2SO4. Af peifictl by MRIG @Bx&msz@m@nﬂaﬁ eluent ohhﬂxcagsl) clugtverths tittpur i fi ed by MPLC
[ gntye! ommoud & 4 st yelionesoldebln d s SFonabien S eomveried 9 2 o’ ol i d as
a TFA sal tsohd?s WA% Ol}?ﬁﬂi Q@Iz cg) 1554 5(6 4&’—_]7_;§§ 3@ Hs 1.25 (m 5

, 1.63 1.7 2.01 ,
SD 7. 42 10(4111,512)?:)14)33 (B, ZH),(lnﬁﬁ (Eﬁ)fm) 127013?@&1), B|7_§'Him, MH)qaiiq, Jai)msl Hz, (g H)

S0 (ﬂf_ %é%(éls%d’(( 1f1§‘zz181(§£92ﬂa,§4§,§{1€1%7,§1}?zﬁ%H?soideH}—sfs #8s(d, J=1.76

7.
Hz,
1- (N Cychgnﬁlﬂi,lllgm},hﬁhmﬁ% 18 Lzl 51904 @) PHIYIOHS, e MS (BSipg@bpP: ani ne 101 N /
N-[I-(cycl ¥#deyhnet hyl )-2- (1, 1- di net hyl propyl ) - | H benzi ni dazol - 5-yl ] acet ami d
e (110.0 ng, 0.32 mml) was dissolved in EtOH (3 nmL) and 2NHClI (2 nl) in a
Tefl on-capped test tube. The vessel was irradiated by m crovwave for 45 mn.
at 120 Step F. 1-(cyclohexylmethyl)-2-(1,1-dimethylpropyl)-1H-benzimidazol-5-amine

H
H,N
Yo gest’s
o) N N
N-[1-(cyclohexylmethyl)-2-(1,1-dimethylpropyl)- 1 H-benzimidazol-5-ylJacetamide

(110.0 mg, 0.32 mmol) was dissolved in EtOH (3 mL) and 2VHCI 2 mL)ina
Teflon-capped test tube. The vessel was irradiated by microvwave for 45 min. at 120

15

°C. Upon evaporation of the solvent, the title compound was obtained as a grey white

20  solid (117.8 mg, 100%). "H NMR (400 MHz, CD;0D): § 0.87 (t, /=7.52 Hz, 3 H),
1.27 (m, 5 H), 1.66 (m, 3 H), 1.71 (s, 6 H), 1.78 (m, 2 H), 2.05 (q, /=7.42 Hz, 2 H),
2.13 (m, 1 H), 4.53 (d, /=7.62 Hz, 2 H), 7.66 (dd, /=8.79, 1.56 Hz, 1 H), 7.97 (4,
J=1.76 Hz, 1 H), 8.17 (d, /=8.79 Hz, 1 H); MS (ESI) M+H)": 300.05.

25 Example 4

N-[2-tert-Butyl-1-(tetrahydro-2 H-pyran-4-ylmethyl)-1H-benzimidazol-5-yl]-/V-

methylbutane-1-sulfonamide
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C. Upon evaporation of the solvent, the title conpound was obt ai
grey white 20 solid (117.8 ng, 100%. 'H NWMR (400 MHz, CD30D): S 0.87 (t,

ned as a

J=7.52 Hz, 3 H, 1.27 (m 5H), 1.66 (m 3 H, 1.71 (s, 6 FD 1 78 (m 2
H, 2.05 , J=7.42 Hz, 2 H, 2.13 (m 1 H, 4. 53 (d J=7 H, 7.66
(dd, J=8. MO2M05B¥TH, 1 H), 7.97 (d, J=1.76 Hz, P§T@P2?‘W°"“J”—48 79 Hz, 1
H; M5 (ESI) (MtH)+: 300.05. 25 Exanple 4

N[ 2- tert-ButyI 1- (tetrahydro-2H pyran-4-yl nmet hyl ) - 1H benzi m dazol -5-yl ] - N
met hyl but ane- 1- sul f onam de -30 MO 2005/030732 PCT/ GB2004/ 004124 O N~---/~(\
ONI \' N d Step A

N-[2-tert-Butyl-1-(tetrahydro-2 ﬁyN methyl ) - 1H benzi m dazol - 5-

yl ] - N- et hyl but ane- 1 - sul f onani de BN \)7<E,C N NONI- N 11 N O 5
2-tert-Butyl -N-nethyl -1-(tetrahydro-2Hpyrfan-4-yl nmet hyl ) -1 H benzi m dazol - 5-a
mne (for preparation see followwng Steps B, C, Db E and F) (38 ng, 0.126

nmol ) and 1- butanesul fonyl chloride (@025 nL, 0.189 nmol) were
3 nL of DCM containing a catalytic a ny of DVAP at it overnig
sol vent
using 10

the corre qadhaﬁylﬁﬁﬁnsqumfo}{hﬁi@ 39 ng (58% . 'H NWR (400 VHz,
VETHANCL -

7.4

1 Hz,

2.73 Hz,

1 15 H),
J=1.56 Hz, H, 7.97)(d, J898Hz 1 H; MS (ESI) r 422, 2;
C22H35N3CBS

for

5

10

15

20

B U L e e B S e

.88 - 0.94 (m J=7.42, 742 Hz, 3 H), 143(dq

153-159(m2H)159 q. 1.6
(s, 9H), 171 1T%242(m1m 3. rimZH) 3. 35(dt,
(s\ 3_93_94,.3312 (d,
454(d . 7.69 (dd, J=8. 9@5&@{1 H, 7.81 (d,
2

0
o

stirred in
ht. The
phase HPLC
frpound as

, J=15. 06,
9

J=11. 52,
J=3.71 Hz,

Anal . Cal cd

2-tert-Butyl-N-methyl-1 -(teu'ahydro-ZH-pyran#ylmethyl)- 1H-benzimidazol-5-amine -

(for preparation see following Steps B, C, D, E and F) (38 mg, 0.126 mmol) and 1-
butanesulfonyl chloride (0.025 mL, 0.189 mmol) were stirred in 3 mL of DCM
containing a catalytic amount of DMAP at 1t overnight. The solvent was evaporated
and the product was purified by reversed-phase HPLC using 10-60% CH;CN/H,0
and lyophilized affording the title compound as the corresponding TFA salt. Yield:

39 mg (58%). 'H NMR (400 MHz, METHANOL-D;): 5 0.88 - 0.94 (m, J=7.42, 7.42
Hz, 3 H), 1.43 (dg, J=15.06, 7.41 Hz, 2 H), 1.53 - 1.59 (m, 2 H,) 1.59 - 1.66 (m, 2 H),
1.69 (s, 9 H), 1.71 - 1.77 (m, 2 H), 2.35 - 2.42 (m, 1 H), 3.10 - 3.16 (m, 2 H), 3.35 (dt,

J=11.52,2.73 Hz, 2 H), 3.40 (s, 3 H), 3.93 (d, J=3.12 Hz, 1 H), 3.96 (d, ]=3.71 Hz, 1

H), 4.54 (d, J=7.42 Hz, 2 H), 7.69 (dd, J=8.98, 2.15 Hz, 1 H), 7.81 (d, J=1.56 Hz, 1
H), 7.97 (d, 7=8.98 Hz, 1 H); MS (ESI) (M+H)" 422.2; Anal. Calcd for C2;HssN3058
+1.3 TFA + 1.2 H,0: C, 49.96; H, 6.60; N, 7.10. Found: C, 49.98; H, 6.67; N, 6.83.

Step B: Methyl (4-fluoro-3-nitrophenyl)carbamate

HN NO, hd
\I::]: —_—— HN N02
F X
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+ 1.3 TFA + 1.2 H2O C, 49.96; H 6.60; N, 7.10. Found: C, 49.98; H, 6.67;
N, 6.83. Step B: Methyl (4-fluoro-3-nitrophenyl)carbamate 70 0 H2N /a NOZ
HN N0O2 F F 20 -31 WD 2005/030732 PCT/ GB2004/ 004124 Methyl chl orof ormate
(13.2 nmL, 170.2 mmol) was added dropwise to a cold (0C) dichl oronethane
(200 nl) SHPASHITEE A4-fluoro-3-nitro aniline (24.15 gPCTHBAM4MHRY  and

DI PEA (35 m., 201 nmol). The reaction mxture was stirred at rt overnight.
The solution was then diluted with 200 nL of dichl oromet hane and washed w th
2M 5 HCl ,Mithjlrblaxofdrmdate k8. omby 1 M dmohobjusas ejdaladrofviee tood cobd{0°Gas

trat d th t ' t Ly . d,.f t i{ hout
Further  pabnesetedfe o gt soutod-highanits Ekpelaniee 1 FRatlror crm o) -
S 3.81 (s,andHIPEZX (92mls 20 ihnol)/ TAS reatiich mddure Wad stirfed at &t Gveigh@Hz, 1H), 8. 17
(dd, J = 6,35, 2.64Hz, 1H). 10 Step ¢ Vet hyl )
{ 3- ni t r o- 4lhesplition g hen dilpted with 200 mby ofdigdromethans  od svpshedithd¥ate H | H O

N NO2 . .

(4-f1 W %%ﬁ%%@e%ﬁ)”%%@“éwg% sy oot was concentrgted and the ot hy!

t et r ahydr gpgdushwad dig®gly biedForment jtemwithow fiirtheepurificaBon. nYieldo85.EgOH cont ai ni ng
TEA 15 (2. 114 | ) AL 48h. (T, 0 t S rated. The
resi due \Aﬂ@g%i ﬁmww’&iﬁﬁ{ﬁ@&ﬁ@a #ghfsaéﬁgg&gv@%ﬁi—%% saturated
aqueous  NatiOE, B3 & §om.50P% 119, 809 (4l T BYesaR N ous MySO4. The crude
product was puarified by silica gel flash chromatography using 1:1 / hexanes

Et OAc as el uent.
10 Step C: Methyl {3-nitro-4-[(tetrahydro-2H-pyran-4-
ylmethyl)amino]phenyl}carbamate

H
O._N NO
b Mo, Y :
T O —— 0

Methyl (4-fluoro-3-nitrophenyl)carbamate (2.0g, 9.32 mmol) and 4-aminomethyt
tetrahydropyran (1.28g, 11.2 mmol) were stirred in 50 mL of EtOH containing TEA.

15 (2.0 ml, 14.0 mmol) at 75°C for 48h, The solvent was evaporated. The residue was
dissolved in EtOAc and washed with aqueous 5% KHSO,, saturated aqueous
NaHCO; solution, brine and dried over anhydrous MgSQ,4. The crude product was
purified by silica gel flash chromatography using 1:1 / hexanes : EtOAc as eluent.
Yield: 2.53g (88%). 'H NMR (400 MHz, CHLOROFORM-D): § 1.42 (ddd, J=25.24,

20 12.06,4.49 Hz, 2 H), 1.73 (d, ~1.76 Hz, 1 H), 1.76 (d, /~1.95 Hz, 1 H), 1.88 - 2.01
(m, 1 H), 3.22 (dd, /=6.74, 5.57 Hz, 2 H), 3.42 (td, /=11.86, 2.05 Hz, 2 H), 3.78 (5, 3
H), 4.01 (d, /~4.30 Hz, 1 H), 4.04 (d, /=3.51 Hz, 1 H), 6.48 (br.s, 1 H), 6.85 (d,
J=9.37 Hz, 1 H), 7.65 (br.s, 1 H), 8.03 - 8.09 (m, 2 H).

25  Step D: Methyl {3-amino-4-[(tetrahydro-2H-pyran-4-
ylmethyl)amino]phenyl}carbamate
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Yield: 2.53g (88%. 'H NMR (400 Miz, CHLOROFORM D): S 1.42 (ddd, J25.24, 20
12.06, 4.49 Hz, 2 H), 1.73 (d, J1.76 Hz, 1 H), 1.76 (d J=1.95 Hz, 1 H),

1.88 - 2. 01 (m 1 H) 3 22 (dd, J=6.74, 5.57 Hz, 3. 42 (td J11. 86,
2.05 Hz, H%qo H, 4.01 (d, J=4.30 Hz, H%C (. 0=3. 51 Hz,
1 H), 6.48¢ 5@307312 H) 6 85 (d, J=9.37 Hz, 1 H), 7.6 ?’ﬁm%““ 9413 s8.03 -

8.09 (m 2 H. 25 Step D0 Methyl {3-am no-4-[(tetrahydro-2Fl-pyran-4-
yl met hyl ) am no] phenyl } car barrat e -32 WD 2005/030732 PCT/ GB2004/004124 H, O
y N NO Q/NNHZIOHNHIO..J NH OO Mthyl |

{3-nitro-4-[(tetPghdd RyT an- 4-yl rrethyl)ami\ﬁ;aq NHgar bamate (2. 53g,
8.18 mmol ) was di gsol in 50 m——e+EBOAC contai acatalytlc anount

of 10% Pd/ C. The sol ut™8n“meas shaken under H2 af nospes gy 40 psi) using a

Parr 5 hydrogenation a aratus overnight at A The s Iutlon was filtered
t hrough celite and t ol vent was evaporated. Yigld:Y2.299 (99%. 'H NWR
(400 MHz, CHLCRG:CRI\@ © 61.40 (ddd, J=25.09, 12.00 9 H, 2 H, 1.70 -

174(m1 H, 1.74 - 1.77 (m 1 H), 1.81 - 1.92 (m1 H), 2.99 (d, J=6.64

EDZ: 2 99 etﬁ»ﬁ {é I?l'itro%t-[@eﬁﬂ%)@%ég@ﬂﬁayﬁﬁkﬁ}@ﬂn@%h@lﬁﬁba&a ). 33 (7;1r (: ?

6.55 2. 63@@ 18 mpmdl) Wps digsadved-in §0 64. ¢iFtOAc epntaifingH cafdhyticamotnt) . Step E:

is
e i o s 0 B3 e s Bh BT AR Rt Ao e OB Bt Pas, o 15 ety

{ 3- am 30- Aylifopedatian aﬂtﬁ&"tbvﬁttﬁgﬂaﬂrt}’TH@Mmdoh&fik fiGteh Gvhdicanikamate (2.29 g,
8.20 mmmol ) and DVAP (0. 20 redlssolved|n75rrLofDCM

Tri met hyl é@"e*’}r‘fen'b‘ﬂ‘\‘stﬁ”ﬁﬁgatfg ¥B’l¢ﬂ_2 2% (Qf}f/ B YMREOONIES dr opwi se and t he

igh%ogol%ﬁoﬁbmkﬁ?ﬁts { ko [d, 225.00DE. §OUUB TR YRS ¥RSPos (Wi £ h aqueous
H), 1.74 - 1.77 (m, 1 H), 1.81 - 1.92 (m, 1 H), 2.9 (d, J=6.64 Hz, 2 H), 3.34 (br.s, 2
H), 3.41 (dt, /=11.81, 2.15 Hz, 2 H), 3.74 (s, 3 H), 3.9 (d, /=3.51 Hz, 1 H), 4.02 (d,
10  J=3.51 Hz, 1 H), 6.38 (br.s, 1 H), 6.55 - 6.60 (m, 1 H), 6.62 - 6.68 (m, 1 H), 6.95

(br.s, 1 H).

Step E: Methyl [2-tert-butyl-1-(tetrahydro-2H-pyran-4-ylmethyl)-1H-

benzimidazel-5-yljcarbamate

cia K NH,

| H
0 N
L, T A
oy oY

Methyl {3-amino-4-[(tetrahydro-2H-pyran-4-ylmethyl)amino]phenyl} carbamate (2.29
g, 8.20 mmol) and DMAP (0.20 g, 1.64 mmol) were dissolved in 75 mL of DCM.
Trimethylacetyl chloride (1.10 mL, 9.02 mmol) was added dropwise and the solution
was stirred at rt for 2h. The solution was washed with aqueous NaHCO; solution,

20  brine and dried over anhydrous MgSQ,. The residue was dissolved in 25 mL of
AcOH and was heated at 125°C for 1h using a Personal Chemistry microwave

15

apparatus. The solvent was evaporated. The residue was dissolved in EtOAc and
washed with aqueous NaHCO; solution, brine and dried over anhydrous MgSQOs. The
crude product was purified by silica gel flash chromatography using 4:3 / hexanes :
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20 brine and dried over anhydrous MgSO4. The residue was dissolved in 25 nL
of AcCH and was heated at 125C for | h using a Personal Chem stry m crowave
apparatus. The sol vent was evaporated. The residue was di ssolved in EtQAc
and washed with aqueous NaHCO3 sol ution, brine and dried over anhydrous
MySO4. TheWOPefal] gFoduct was purified by silica gel flBSHCBIPHIAREGr aphy
using 4:3 / hexanes : -33 WO 2005/ 030732 PCT/ GB2004/ 004124 acetone as
eluent. Yield: 1.81g (64%. 'H NWR (400 MHz, CHLOROFORMD): 8 1.48-1.54

( m 4H) 1 5 64cstope-hel@Ri. 2 Y Bid: (1§ 1EHHR4R 7 Haﬂm(ﬂﬂ@m&, CHIOBOFORBL-PB §(t, J=2.93

o 2182543‘1(%4317‘%?&%]‘9@?%%}?) ?J—?nggnﬁzﬁgig S, 35(2{ é;’ e K

2-tert-Buty)s. 95 (tmémmz (mq} 3 amtdfdsﬂsﬁhpymm- O-éul.fwtmﬂﬁ 21} 6.63

benzi m dazol -

[2-tert- bu‘fbyﬁ’-llﬁ)(l%‘ha%&ﬂhl Wﬁ%ﬂ&ﬁ, h@ﬂ#ét(ﬁﬁ%lﬁﬂaéﬁﬁl ni dazol - 5- 10
yl]carbamate (1.80 g, 5.21 nmmol) was dissolved in 75 nL of THE at 0C. 1M
HCl /ether (7.3 nmL, 7.29 nmol) was added dropwi se and the solution was

stirred atStep®: 2dertButyl-N-méth{l-Hite(raBging H-porah-4rgimdthylpd Hadded sl oW y and
t he sol utign nas ité’érr d at it overnight. The reaction was quenched at 0C
by the add 'EWZBWB?“ 5 nL) followed by water (10 nL) and the sol ution
was |eft to stlr rt for 30 mn. 15 Anhydrous iNa2SO4 (10 g) was added and

the solution vvasystﬂrr afy rt,for another 30 AN -. solution was
filtered and the %It apqorated. The re5| |ssol ved in EtOAc
and washed with a@Jeo /w» solution, brine and dri anhydr ous
MySO4. The sol vent was evaporated. Yiel d: 1. 54g (9 'H NIVR (400 MHz,
CHLOROFORMD): 8 1.49 53 (m 4 H, 1.53 - ,222-23220
(m I H, 2.87 (s, 3 3.26-3.35(in, 2H), 3. t, J303 Hz, 1 H,
3.97 - 4.00 (m 1 H, 4.13 (d, J=7.42 Hz, 2 H), 6.61 (dd, J=8.59,2.15 Hz, 1

H, 6.99 (Sethit Porefidbutyl-1-(Btrah¥drd H-phrar=RyhSetiia)-1 A-Uehzinfd@bR5e 5
10  yljcarbamate (1.80 g, 5.21 mmol) was dissolved in 75 mL of THF at 0°C. 1M
HCl/ether (7.3 mL, 7.29 mmol) was added dropwise and the solution was stirred at
0°C for 15 min. LiAlH,4 (988 mg, 26.1 mmol) was added slowly and the solution was
stirred at rt overnight. The reaction was quenched at 0°C by the addition of MeOH (5
mL) followed by water (10 mL) and the solutién was left to stir at rt for 30 min.
15  Anhydrous Na;SO; (10 g) was added and the solution was stirred at rt for another 30

min. The solution was filtered and the solvent was evaporated. The residue was
dissolved in EtOAc and washed with aquéous NaHCO; solution, brine and dried over
anhydrous MgSO;. The solvent was evaporated. Yield: 1.54g (98%). "H NMR (400
MHz, CHLOROFORM-D): 6 1.49 - 1.53 (m, 4 H), 1.53 - 1.57 (m, 9 H), 2.22 - 2.32

20 (m,1H),2.87 (s, 3 H), 3.26 - 3.35 (m, 2 H), 3.95 (t, /=3.03 Hz, 1 H), 3.97 - 4.00 (m,
1 H), 4.13 (d, J=7.42 Hz, 2 H), 6.61 (dd, J/=8.59, 2.15 Hz, 1 H), 6.99 (d, /~1.95 Hz, 1
H), 7.11 (d, J=8.59 Hz, 1 H).

Example 5:
25  N-[2-tert-Butyl-1-(tetrahydro-2H-pyran-4-ylmethyl)-1 H-benzimidazol-5-yl]-/V-
methyl-2-pyrrolidin-1-ylethanesulfonamide
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25

N-[2-tert-Butyl-1-(tetrahydro-2H pyran-4-yl net hyl)-1H benzi m dazol -5-yl]-N
met hyl - 2- pyrrolidi n-1-yl et hanesul f onam de -34 WO 2005/ 030732

PCT/ GB2004/ 004124 HN NCN-~0 / SNI I N NO ~ N O

2-tert - ButYP 20573 | - | - (t etrahydro- 2H pyr an- 4- yl met hy PFTARBUMIHH dazol - 5- a
mne (30 ng, 0.0996 nmol) was dissolved in 2 nmL of DCE containing pyridine
(0.012 m., 0.149 nmol). 2-Chloro-1-ethanesul fonyl chloride (0.012 nm., 0.129
mmol ) was 5 addled and the solution was sgrxred at it for 3h. Pyrrolidine

(0.080 ni, O.8Ye_rplN s added and th ti%rd was stirred at it for 3h.
The sol ution vvaeijggth -saturatred aqueous JNANCEB. sH| ut yon, brine and
dri ed over anhydrofis . The product was pul@ fi @ %}érsed-phase HPLC
usi ng 10-50% CH3CN H2® and | yophilized affording the*tit e conpound as the
corresponding TFAZalt. Yield: 44 ng 10 (77% . ' HNVR (400 MHz,

METHANCL- D4) : 01. 5 .56 (m 2 H, 1.56 - 1.64 (m , 1.68 (s, 9 H,
2.00 - 2.08 (m 2 , 2.09 - 2220 (m 2 H, 2.32 - 2.43Am 1 H), 3.06 -

(m o), 2PN stesty gyt yigfedny 6 peppiniapegl heping g
27,5 % A0 S G R 40 At B 00T 121 )
N-[ 2- t or t -GeiA%muel) ?&hlfghﬂdﬁt%ﬂnzwffspyléialoaidy W@P@H 0.123 BeRbiAs dazol - 5- yl]-N
et hyl -2- QBN ds SrtiatNaRaRM & ARFBE epHordidd (b.08b mI} 0896 mnfdly / NV d O 20
was added and the solution was stirred at rt for 3h. The solution was washed with
saturated aqueous NaHCO; solution, brine and dried over anhydrous MgSQ,. The
product was purified by reversed-phase HPLC using 10-50% CH;CN/H,O and
lyophilized affording the title compound as the corresponding TFA salt. Yield: 44 mg
10 (77%). "HNMR (400 MHz, METHANOL-D,): § 1.50 - 1.56 (m, 2 H), 1.56 - 1.64
(m, 2 H), 1.68 (s, 9 H), 2.00 - 2.08 (m, 2 H), 2.09 - 2.20 (m, 2 H), 2.32 - 2.43 (m, 1
H), 3.06 - 3.21 (m, 2 H), 3.35 (td, }=11.67, 2.25 Hz, 2 H), 3.45 (s, 3 H), 3.63 - 3.77
(m, 6 H), 3.93 (d, J=3.12 Hz, 1 H), 3.96 (d, J=3.12 Hz, 1 H), 4.53 (4, J=7.62 Hz, 2 H),
7.66 (dd, J=8.98, 1.95 Hz, 1 H), 7.84 (4, J=1.56 Hz, 1 H), 7.95 (d, J=8.98 Hz, 1 H);
15 MS (ESI) (M+H)" 463.1.

Example 6:
N-[2-tert-Butyl-1-(tetrahydro-2 H-pyran-4-ylmethyl)-1 H-benzimidazol-5-yl}-NV-
methyl-2-morpholin-4-ylethanesulfonamide

/N

[
HN N O N §
T — e
N 0 \)7<
N

0
20 ©
Following the same procedure as in Example 5 using 2-tert-butyl-N-methyl-1-
(tetrahydro-2H-pyran-4-ylmethyl)-1H-benzimidazol-5-amine (36 mg, 0.119 mmol),
2-chloro-1-ethanesulfonyl chloride (0.015 mL, 0.143 mmol), pyridine (0.015 mL,
0.179 mmol) and morpholine (0.050 mL, 0.595 mmol) in 3 mL of DCE. The product
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Foll owi ng the sane procedure as in Exanple 5 using 2-tert-butyl-N nethyl-|-
(tetrahydro-2H pyran-4-yl net hyl ) -1 H benzi m dazol -5-am ne (36 ng, 0.119
mol ), 2-chloro-I-ethanesul fonyl chloride (0.015 nL, 0.143 nnDI) pyridine
(0.015 m., 0.179 nmol) and norpholine (0.050 nL, 0.595 nnnl%y

DCE. The PYQHMFIIR5 \Wp 2005/ 030732 PCT/ GB2004/ 004124 PGEEBS ’O'H%“d by
rever sed- phase HPLC using 10-50% CH3CN H20 and Iyophlllzed af fordi ng the
title conpound as_the correspondlng TFA salt. Yield: 42 ng (50%9. '"H NWR
(400 Mz, WASPRIfes byyeyersed-phagq HPLCasing 40-56% GH:CN/HgO and Iywphiliged 2 H), 1. 69

(o4 °10) - gt i obihoudy s tetgipondng ek i Xy i, 17 335?7 '
JH28198 , lama (600 MH22 METHANOL-D#) S 1.81 5557 (n, VE),.168 -Hz66 @1,6)11),1 690 ( dd

e (e RIS 298 - P24 REI SO R N L 2

44. 56; 4 Ex le 7
N[ 2- tert But-s‘lslﬁ\t- tael'ébr gﬁng}ﬁ-%ﬁgﬁ%%?%glﬁ 3|\§6I&-a’b%%z3ﬁn}1izgézoﬁng ;I] N-

met hyl - 2- pH)péﬁﬁdd,r:’l—i@H@IhHD\,ekm ﬁddnbl&%elﬁ\ﬁmmvvgﬁdd 2858z 1~ N Q)

Fol | owi ng d ng r t ¥l < wN- et hyl -1
15 (tetrah drggg@ngggﬁnPnggﬁE@Wéﬁ%%nﬁﬂgz e s Qﬁ%%ﬁ %5 ng, 0. 431
mol ), 2-ehbaFe-+1etHthancsd. 56,1y 548N 71 eFhd084M44133; H) SBBYNpmRE) . pyri di ne
(0.052 nm., 0.647 nmol) and piperidine (0.213 nL, 2.16 mmmol) in 5 nL of DCE.
The product was purified by reversed-phase HPLC usi ng 10-50% CH3CN H20 and
| yophi{g zqg:lxaﬁézl{,qrdl ng the title conpound as the correspondi ng TFA salt.
Yield: 52 H 20 NVR (400 MHz, METHANOL-D4): 61.52 -1.58 (m 2 H),
1.59 - 1. elg-l%mrt-Butﬂ -1- (1etm1ydr@-Zflaamuﬂlmgthynﬂfl}her(m@m—s-ym-Me 1.97 (m

>'H, 2.3 ] =11. 72 Hz, 2H) 3. 35(td, J=11. 57, 2. 44 Hz,
2 H 3. 45 emgﬁééfﬁeg}%%lmﬁhé?%ﬁ“ﬁ“}m 3.54 - 3.590 (m 2 H), 3.68 - 3.74
2 H, 3,93 (d, J=3,12 He, ,396 =215 e, | M), 4.56 (d
7.42 He, 2 M

| cd

(
J= \(dd, J=8 IR 7.89 (d, J=1.76 25 Hz, 1
H, 8.00 (d. J8NH<H) MB_{ESLy ( ‘1}7- \ﬁj[\}{ for

N

of

Following the same procedure as in Example 5 using 2-tert-butyl-N-methyl-1-

15 (tetrahydro-2H-pyran-4-ylmethyl)- 1 H-benzimidazol-5-amine (130 mg, 0.431 mmol),
2-chloro-1-ethanesulfonyl chloride (0.054 mL, 0.517 mmol), pyridine (0.052 mL,
0.647 mmol) and piperidine (0.213 mL, 2.16 mmol) in 5 mL of DCE. The product
was purified by reversed-phase HPLC using 10-50% CH;CN/H,O and lyophilized
affording the title compound as the corresponding TFA salt, Yield: 52 mg (20%). 'H

20 'NMR (400 MHz, METHANOL-Dy): 8 1.52 - 1.58 (m, 2 H), 1.59 - 1.68 (m, 2 H), 1.70
(s,9H),1.73 - 1.84 (m, 3 H), 1.88 - 1.97 (m, 2 H), 2.34 - 2.42 (m, 1 H), 2.98 (%,
J=11.72 Hz, 2 H) 3.35 (td, J=11.57, 2.44 Hz, 2 H) 3.45 (s, 3 H) 3.50 - 3.53 (m, 2 H),
3.54 - 3.59 (m, 2 H), 3.68 - 3.74 (m, 2 H), 3.93 (d, J=3.12 Hz, 1 H), 3.96 (d, J=2.15
Hz, 1 H), 4.56 (d, J=7.42 Hz, 2 H), 7.71 (dd, ]=8.98, 2.15 Hz, 1 H), 7.89 (d, J=1.76

25 Hz, 1 H), 8.00 (d, }=8.98 Hz, 1 H); MS (ESI) (M+H)* 477.0; Anal. Caled for
CasHaoN4O5S + 3.4 TFA + 0.9 H20: C, 43.38; H, 5.17; N, 6.36. Found: C, 43.41; H,
5.14; N, 6.36.

0
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C25HA0N403S + 3.4 TFA + 0.9 H2O C, 43.38; H, 5.17; N, 6.36. Found: C,
43.41; H, 5.14;N,6.36. -36 WO 2005/ 030732 PCT/ GB2004/ 004124 Exanple 8
N[2-tert- Butyl-l-(tetrahydro 2H pyran-4-yl methyl)-1fl -benzi m dazol -5-yl]-2-
met hoxy- N- th ethanesulfonamde o HNN_O0~3-Nf I NNO-~ Oci 5

Fol | owi ng WP 3Brocedure as in Exanple 5 using 2-t cRGT/GBRY4/0MI2pt hy| - | -
(tetrahydro-2H pyran 4-yl met hyl ) - 1H benzi m dazol - 5-am ne (60 ng, 0.199
mol ), 2-chloro-I-ethanesul fonyl chloride (0.024 nL, 0.299 mol), pyridine
(0. 024 niExampledy rmpl) and 2M NaOve/ MeOH (0.5 nL) in 3 nL of DCE. The

sol vent . m t | mgﬁn ' Qtr/t%q d washed with
sat ur at e\é\@zsi u%\gu - ﬁlagﬁ%ﬁs uP?‘ﬁl, rlég‘lﬁz ri ngdg%?(?rg%a]a%ydrous MySH4.
The produmiethmlﬁmetﬂyletﬂanés;dfnmmldsed phase HPLC usi ng 10-50% CH3CN H20 and

| yophilized affording the title conpound as the corresponding TFA salt.
Yield: 20 ng o% 1HNNR(4OO M—lz NVET 8 1.52 -1.57 (m 2 H),

1.57 -1.63 ( 235-8_\_ g: ,332-335(rn
4 H, 336(s @ (s TH)__E'75(t é H), 3.93 (d,
J=3.51 Hz, J=3.71 Hz, 1 H), 452(d 2 H, 7.66

(dd, J898215 ,783(d J=1.95 Hz, 1 H), 79(d J918Hzl
H,; M (ESI) (M)’ 0; Anal. Caled for C21H33N304 +/1.2 TFA + 0.9 H2O
C, 48.74; H 6.2%-K 7.29. Found: C, 48.69; H 6.1Y; 7.50. 20 Exanple 9
Product A: N-[2-tert- Butyl-l-(tetrahydro 2H- pyr an- 4- 30 thyl)-1H- -

benzi m dazol -5-yl | -2-[ (2-hydroxyet hylz&m no] N-nethyl et hanesul f onan de

Pr oducf BFouowgmsmepmgén Jouping 2-tertchusylNomelybl2H- pyr an- 4-

yl methyl) (&E‘ﬁﬁi%%ﬁlp%-i-y&eﬁiﬁ)-i‘élﬂ@&ﬁﬁﬁaﬁ&ﬁ%%%ﬂé (601880499 mmo),

" 2-chloro-1-ethanesulfonyl chloride (0.024 mL, 0.299 mmol), pyridine (0.024 mL,
0.299 mmol) and 2M NaOMe/MeOH (0.5 mL) in 3 mL of DCE. The solvent was
evaporated. The residue was dissolved in EtOAc and washed with saturated aqueous

10  NaHCO; solution, brine and dried over anhydrous MgSO4. The product was purified
by reversed-phase HPLC using 10-50% CH3;CN/H>O and lyophilized affording the
title compound as the corresponding TFA salt. Yield: 20 mg (20%). 'H NMR (400
MHz, METHANOL-D,): § 1.52 - 1.57 (m, 2 H), 1.57 - 1.63 (m, 2 H), 1.67 (s, 9 H),
2.35-2.41 (m, 1 H), 3.32 - 3.35 (m, 4 H), 3.36 (s, 3 H), 3.38 (5, 3 H), 3.75 (t, J=5.57

15 Hz,2H),3.93(d,J=3.51Hz, 1H),3.95 (4, J=3.71 Hz, 1 H), 4.52 (d, J=7.62 Hz, 2 H),
7.66 {dd, ]=8.98, 2.15 Hz, 1 H), 7.83 (d, J=1.95 Hz, 1 H}, 7.92 (d, J=9.18 Hz, 1 H);
MS (EST) (M+H)* 424.0; Anal. Caled for Cy1HasN304S + 1.2 TFA + 0.9 H,0: C,
48.74; H, 6.29; N, 7.29. Found: C, 48.69; H, 6.19; N, 7.50.

20  Example 9
Product A: N-[2-tert-Butyl-1-(tetrahydro-2H-pyran-4-ylmethyl)-1 H-
benzimidazol-5-yI}-2-[(2-hydroxyethyl)amino]-N-methylethanesulfonamide
Product B: 2-(2-Aminoethoxy)-N-[2-tert-butyl-1-(tetrahydro-2 H-pyran-4-
ylmethyl)-1H-benzimidazol-5-yl]-/V-methylethanesulfonamide
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-37 WD 2005/ 030732 PCT/ GB2004/ 004124 HOHNH3N NAO 11 CN ~N- +0 O
HZNO 9 ONI \ N BN O./ Folowng the sane procedure as in Exanple 5
using 2-tert-butyl-Nnethyl-I-

(tetrahydro-2H pyran-4-yl net hyl ) - 1H benzi m dazol - 5- am ne $33 , 0.109

mol ), 5 WOeM5@G33 - et hanesul fonyl chloride (0.014 ni PQF/GBEO 2
pyridine (0.013 nL, 0.164 mmol) and et hanolamne (0.066 nm., 1.09 mmol) in 3
m. of DCE. The product was purified by reversed-phase HPLC using 10-50%
CH3CN H20 and | yophilized affording the tiHPe conpounds as the
corresponding TFA salts. Yield: Product A: 37 (60%; Product B: 14 ny
(239 . Product A "H NWR (400 MHz, METHANOL 10 T%;§1I 51- 1.57 (m 2 H),

1.56 - (m2H) 1.68 (s, 9 H), 233-242( 3 N6 - 3.21 (m
2 H, 3.3 1.97, 2.44 Hz, 2 H), 3.45a(s, 3 HQ 3. 56 (m 2

164 H, 3.75 - 3.80 (m 2 H), 3.93 (d, 1

1 H, 4. 52 (0, J=7.62 Hz, 2 H), 768(dd J=8.98, 1.95

J=1.56 Hz, 1 H), 7.97 (d, J=8.79 Hz, 1/ M5 (ESl)
Calcd for 15 022I—136N404S+26TFA+1 O C, 42.10;
.e2/Found: C, 42.02; H, 5.8% N, 7.41. Product B: 1H NMR (400
MHz, METHANOL-D4): 8 1.50 - 1.56 (m 2 H), 5164(m2H) 1.66 (s, 9
H, 2.33 - 2.41 (m 1 H), 3.07 (s, 3 H, 3.18 —566Hz H), 3.31 -
3.40 (m 4H), 3.62 (t, J=5.57 Hz, 2 H), 3.90 - "(- 47 (d
J=7.62 Hz, 2 H), 6.90 (d, J=2.34 Hz, | H), 7. 16(dd0 ‘k—ﬁ
20 7.75 (d, J=9.37 Hz, 1 H; M5 (ESI) (M+H) +453.0; Anal .

C22H36N404S + 1.5 TEA: C, 48.15; H, 6.06; N, 8.97. Found: C 48. 34; H,
6.22; N, 8.57. 38 WD 2005/030732 PCT/ GB2004/ 004124 Exany e \10

0

Folowing the same procedure as in Example 5 using 2-tert-butyl-N-methyl-1-
(tetrahydro-2H-pyran-4-ylmethyl)- 1 H-benzimidazol-5-amine (33 mg, 0.109 mmol),

5  2-chloro-1-ethanesulfonyl chloride (0.014 mL, 0.131 mmol), pyridine (0.013 mL,
0.164 mmol) and ethanolamine (0.066 mL, 1.09 mmol) in 3 mL of DCE. The product
was purified by reversed-phase HPLC using 10-50% CH3;CN/H>0 and lyophilized
affording the title compounds as the corresponding TFA salts. Yield: Product A: 37
mg (60%); Product B: 14 mg (23%). Product A: "H NMR (400 MHz, METHANOL-

10 Dg):d1.51-1.57 (m, 2H), 1.56- 1.63 (m, 2H), 1.68 (s, 9 H),2.33-242 (m, 1 H), -
3.16 - 3.21 (m, 2 H), 3.35 (td, J=11.57, 2.44 Hz, 2 H), 3.45 (s, 3 H), 3.49 - 3.55 (m, 2
H), 3.59 - 3.64 (m, 2 H), 3.75 - 3.80 (m, 2 H), 3.93 (d, }=3.12 Hz, 1 H), 3.96 (d,
1=2.73 Hz, 1 H), 4.54 (d, J=7.62 Hz, 2 H), 7.68 (dd, J=8.98, 1.95 Hz, 1 H), 7.85 (4,
J=1.56 Hz, 1 H), 7.97 (d, J=8.79 Hz, 1 H); MS (ESI) (M+H)" 453.0; Anal. Calcd for

15  CpHieN4OsS + 2.6 TFA + 1.5 Hy0: C, 42.10; H, 5.40; N, 7.22. Found: C, 42.02; H,
5.25; N, 7.41. Product B: '"H NMR (400 MHz, METHANOL-D,): § 1.50 - 1.56 (m, 2
H), 1.55 - 1.64 (m, 2 H), 1.66 (s, 9 H), 2.33 - 2.41 (m, 1 H), 3.07 (s, 3 H), 3.18 (3,
J=5.66 Hz, 2 H), 3.31 - 3.40 (m, 4 H), 3.62 (t, J=5.57 Hz, 2 H), 3.90 - 3.97 (m, 4 H),
4.47 (d, J=7.62 Hz, 2 H), 6.90 (d, ]=2.34 Hz, 1 H), 7.16 (dd, J=9.37, 2.34 Hz, 1 H), -

20 7.75 (d, 1=9.37 Hz, 1 H); MS (ESI) (M+H)" 453.0; Anal. Calcd for C2oH3eN4O4S +
1.5 TFA: C, 48.15; H, 6.06; N, 8.97. Found: C, 48.34; H, 6.22; N, 8.57.
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N-[2-tert-Butyl-1-(tetrahydro-2H pyran-4-yl net hyl)-1H benzi m dazol -5-yl]-N
nmet hyl et hyl enesul fonamide HN~ N~\ S-NI N / N~ N OJ5 Follow ng the
sanme procedure as in Exanple 5 using 2-tert- butyI-N—nethyI-I-
(tetrahydro 2H-}3 ran-4-yl nmet hyl ) - 1H benzi m dazol - 5- am ne 163
mol ), Z‘EQP‘B‘?@:%/i@?et hanesul fonyl chloride (0.022 m., &C3 PP%MH“ pyri di ne
(0.020 m., 0.245 mol) and 2M ammonia/ EtOH (0.5 nL) in 3 nL of DCE. The
sol vent was evaporated. The residue was dissolved in Et OAc and washed with
sat ur at ed Exqupteld 10 NaHCO3 sol ution, brine and dried over anhydrous MySO.

The produ S (i r d: i 10Q--60% CN H20 and
I yopﬁi | i z%lzggftbﬁﬁr%{itt?%ghp%ﬁ éﬁ‘i"%ﬁi%ﬁﬁ%‘ﬁ% eﬁﬁ@%‘@'ﬁfﬁq 1d” TFA sal t.

Yi el d: 34 nidghyléthYeneshfoidviide400 MHz, METHANOL-D4): S 1.52 -1.58 (m 2 H) ,
1.58 - 1.67 (m 21-1),1.69 (s, 9H) 2.34 - 2.43 (m 1 H), 3.32 (s, 3 H,
333-339(m|2 ,393(dJ .12 Hz, 1H)§09515(d J=3.52 Hz, 1 H),

4.55 (d, J=7.4¥4 10 (d J =8. 79 HA\ 13 (d,  J=2. 15 Hz, 1
H, 6.70 (dd, J=1 7.61 (dd" N2 7.76
(d, J=1.56 Hz 7No6 d 5-8—98-1-17 1 ( H)+ 392 o Anal .

Cal cd for C20H29N38§\S§) .3 TFA + 0.3 H2O C 49 79, H'\5.71; N, 7.71.
[

Found: C, 49.81,; 77, N, 7.74. 20 Exanple 11
N-{2-tert-Butyl - -di fl uor ocycl ohexyl ) met hyl | -
met hyl but ane-1 - suI fonam de -39 WD 2005/ 030732 PCT/
Nk O~ ~ N F

5 Followmg the same procedure as in Example 5 using 2-tert-butyl-N-methyl-1-

H Benzi m dazol -5-yl } - N
4/ 004124 0 ~S-N I \

(tetrahydro-2H-pyran-4-ylmethyl)-1H-benzimidazol-5-amine (49 mg, 0.163 mmol),
2-chloro-1-ethanesuifonyl chloride (0.022 mL, 0.212 mmol), pyridine (0.020 mL,
0.245 mmol) and 2M ammonia/EtOH (0.5 mL) in 3 mL of DCE. The solvent was
evaporated. The residue was dissolved in EtOAc and washed with saturated aqueous
10 NaHCO; solution, brine and dried over anhydrous MgSO,. The product was purified
by reversed-phase HPLC using 10-60% CH3;CN/H;0 and lyophilized affording the
title compound as the corresponding TFA salt. Yield: 34 mg (41%). 'H NMR (400
MHz, METHANOL-D,): § 1.52 - 1.58 (m, 2 H), 1.58 - 1.67 (m, 2 H), 1.69 (s, 9 H),
2.34 -2.43 (m, 1 H), 3.32 (s, 3 H), 3.33 - 3.39 (m, 2 H), 3.93 (d, J=3.12 Hz, 1 H), 3.95
15 (d,J=3.52 Hz, 1 H), 4.55 (d, J=7.42 Hz, 2 H), 6.10 (d, J=8.79 Hz, 1 H), 6.13 (d,
J=2.15 Hz, 1 H), 6.70 (dd, J=16.50, 10.06 Hz, 1 H), 7.61 (dd, J=8.98, 2.15 Hz, 1 H),
7.76 (d, I=1.56 Hz, 1 H), 7.96 (d, 3=8.98 Hz, 1 H); MS (EST) (M+H)" 392.0; Anal.
Caled for CooHzgN305S + 1.3 TFA + 0.3 Hz0: C, 49.79; H, 5.71; N, 7.71. Found: C,
49.81; H, 5.77; N, 7.74.
20
Example 11
N-{2-tert-Butyl-1-[(4,4-difluorocyclohexyl)methyl]-1 H-benzimidazol-5-yl}-V-

methylbutane-1-sulfonamide

-30.



Step A
N-{2-tert-Butyl-1-[(4, 4-difluorocycl ohexyl)nethyl]-1H benzi m dazol-5- yl] N
nethylbutane I-sulfonam'de 11 NONI N HNI Ci N/ N FF FF5
2-tert-But &:}0 4-di fl uorocycl ohexyl) net hyl ] - N- met h)()l - | B benzi m dazol - 5-a
nmne (for ﬁb?@ﬂ 2 on see following Steps B, C, D, E, PETSRA0I4IMs 1y,
0.137 mmol ) and 1- butanesul fonyl chloride (0 063 nL, 0.411 mmol) were
stirred in 3 nL of DCM containing a catalytic amunt of DVAP at rt for 6h.
The sol vent was evaporated and %elproduct was purified by reversed-phase
HPLC usi ng 10- 75% CH3CN H20 and/T§ N ' N.zeg affording the title conpound
3

as the correspondi ng TFA sal Yi @I d: (629 . 1H NMR (400 WHz,
METHANCOL-D4): 8 0.92 (t, J= .32 Hz, : (td, J=14:94, 7.42 Hz, 2 H),
1.52 - 1.63 (m 2 H, 1.69 (s, 9 H, 1.70 1.76 (m 4 H, 1.76 - 1.84 (m 2
H, 2.02 - 2.12 (m2H),2.22-2.31 (m 1W), } 0317(m2H) 3.41 (s, 3 H),

4.56 (d, J=7.62 Hz, 2 H), 7.69 (dd, J=8 , 2.15 Hz, 1 H, 7.82 (d, J=1.76
Hz, 1 15 H), 7.96 (d, J=9.18 Hz, 1 H);FI\/IS(ESI) (I\/H—I)' 456. Step B:
tent-Butyl [(4,4-difluorocyclohexyl)nmethyl]carbamate Ny O,,r H NuO~ OO

a6 OF Bte AQV%@@@-@'&&)Q&Q@Z-M& 2ihéyifdetBa]-14-beBaaidagalnet hyl
cycl ohexanone (1.00g, 1) wa issolved in 30 nL of DCM at OC. DAST
(1.45 ni, YBW@WP?% %E@n&%pw se and the sol ut| on was stirred at rt

overnight. The solution was washed W th aqueousg 5% KHSO4 sol ution,

saturated aqugqus_Na solution, brine and dr over anhydrous MySO4. The
5 crude product i #1ed by si i ca gel g W using 3:11
hexanes : Et OAc u . Yield: 508nmg ( 6% H

CHLOROFORM: D) :

F F
F o F
5  2-tert-Butyl-1-[(4,4-difluorocyclohexyl)methyl]-N-methyl-1 H-benzimidazol-5-amine

(for preparation see following Steps B, C, D, E, F and G) (46 mg, 0.137 mmol) and 1-
butanesulfonyl chloride (0.063 mL, 0.411 mmol) were stirred in 3 mL of DCM
containing a catalytic amount of DMAP at rt for 6h. The solvent was evaporated and
the product was purified by reversed-phase HPLC using 10-75% CH;CN/H,0 and

16 lyophilized affording the title compound as the corresponding TFA salt. Yield: 48 mg

' (62%). 'H NMR (400 MHz, METHANOL-D,): § 0.92 (t, J=7.32 Hz, 3 H), 1.43 (td,
J=14.94,7.42 Hz, 2 H), 1.52 - 1.63 {m, 2 H), 1.69 (s, 9 H), 1.70 - 1.76 (m, 4 H), 1.76 -
1.84 (m, 2 H), 2.02 - 2.12 (m, 2 H), 2.22 - 2.31 (m, 1 H), 3.10 - 3.17 (m, 2 H), 3.41 (s,
3 H), 4.56 (d, 1=7.62 Hz, 2 H), 7.69 (dd, ]=8.98, 2.15 Hz, 1 H), 7.82 (d, J=1.76 Hz, 1

15 H),7.96 (d, J=9.18 Hz, 1 H); MS (ESI) (M-+H)" 456.

Step B: fert-Butyl [(4,4-difluorocyclohexyl)methyl]carbamate

HEOY CS&’IOA'/
FF

0
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1.19 - 1.36 (m 2 H, 1.44 (s, 9 H), 1.51 - 1.56

(mlH),1.59 1 75(m2H), 1.75- 1.84 (m 2 H), 2.01- 2.16 (m 2 H), 3.03 (t,
J=6.54 Hz, 4.62 (br.s, 1 H. 10 Step C

[ (4, 4- D|quoroc clohexyl)rrethyl]am ne hydrochloride NO~ NHZ 1101 FFFF
tert- ButyIWP(zﬁosly? 3752 | uor ocycl ohexyl ) met hyl ] car banat e ( SEF/ERE0B00H24 1| ) was

stirred in 5 n of IMHO/AcOH at rt for 2h. The sol vent was evaporated. The
resi due was washed with ether, filtered and dried. Yield: 330 ng (88%. 'H
NMVR 15 (4GENNBec anhiEThgthidicythexasonk. (280g, B 4@umol) was d%&splv&d inB0-mii 082 (m 2 H,
g-d84 ] (:(; Oy(a? a%g g}z DA%E,'(_(%BS ?/}9 ml}igl?wgsn%dded l&'%dpmse and the sollﬁgorg mdS » 2.85
(4-{[ (4, 4sdnfeammgmhamywlmmwwmwmaqmwmh&mowmmmte NHZ | H

~+ O0yN N2O O F Follow ng, the sa procedure as in Step C of
Exarrpl e 4% *[‘1\“20‘!? N@QQ%@P’G@M@H "-ﬁ’é%"ﬁ?ﬁ‘é(ﬁ%"ﬁ%l‘%%@ﬁ oth oride (210
1. 52 e odﬂ%&@rﬂé &&ed%%k‘i‘ﬁ&@géﬁﬁkﬁélﬂ&%ﬂ&% héx%@éﬁ mg, 0.934
rrm)l) and TEAP(r r’r?_ I n e crude product was
purified @Oﬁclaschlegtelelﬂaﬁlﬁrx@{i%%] o‘HaNhﬁt E&)RMDD(&VI as el uent.

L ot 3 SRS R L (5
(1d5l) J16964 %1%{%310112%(11112%2 363@,7J=(5r94111;ﬁ)zﬁ)2439(brs21%9f (gl_gg (H)d1 323318
Hz, | H), 7.66 (br.s, 1H),805(brs 1 H, 8.07 (d, J=2.54 Hz, 1 H). 5

Step
difl uorocycth%F i@ff Ql%he n}l_lethrma)nngr né’flélo *Hit O y NNH2 |1z~ O |

a NHOI NH \n/li/ é

FF
tert-Butyl [(4,4-difluorocyclohexyl)methyl]carbamate (505 mg, 2,03 mmol) was
stirred in 5 mL of IM HCI/AcOH at rt for 2h. The solvent was evaporated. The
residue was washed with ether, filtered and dried. Yield: 330 mg (88%). 'HNMR

15 (400 MHz, METHANOQOL-Dy): 6 1.28 - 1.40 (m, 2 H), 1.71 - 1.82 (m, 2 H), 1.84 (d,
J=3.12 Hz, 2 H), 1.86 - 1.89 (m, 1 H), 2.03 - 2.15 (m, 2 H), 2.85 (d, /~7.03 Hz, 2 H).

Step D: Methyl (4-{[(4,4-difluorocyclohexyl)methylJamine}-3-
nitrophenyl)carbamate

NH, | H Q.
N

g o
F

20 F
Following the same procedure as in Step C of Example 4 using [(4,4-
difluorocyclohexyl)methyl]amine hydrochloride (210 mg, 1.12 mmol), methyl (4-
fluoro-3-nitrophenyl)carbamate (200 mg, 0.934 mmol) and TEA (0.390 mL, 2.80
mmol) in 10 mL of EtOH. The crude product was purified by silica gel flash

25  chromatography using 5% ether/DCM as eluent. Yield: 200 mg (62%). 'H NMR
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FF FF Followng the sanme procedure as in Step D of Exanple 4 using

met hyl (4-{[(4,4 10 difluorocycl ohexyl)nethyl]am no}-3-nitrophenyl)carbanate
(200 ny, O. 583 mmol) and a catalytic anount of 10% Pd/C in 20 nL of Et OAc.
Yield: 185 (599(% M5 (ESI) (M+H)+314.29. Step F: 1)/

{2-tent- buW9 045994742 4- di f | uor ocycl ohexyl ) met hyl ] -1 H lé’c GB2004/004124

benzi m dazol - 5y|}carbamate0y ~NHZONN OVMNH-~pN FF FF

Met hyl (3-am no-4-{[ (4, 4-difl uor ocycl ohexyl ) met hyl ] am no} phenyl ) car bamat e
(185 ngy, (@EHzNGHELORAFORNAP): §134rd,470m] 2 B)nh6s ) 1.8 (e, 2IH3,d0T8ed in 10 ni

and the 20-SaRad EBnr 021 98y LEDa 43 LPE 3. 30 210 3B washed i th
agueous NE(BW66$@66H9&H}}BI78€{S,®W) 6148 @5 sOV H, @smdyaewﬁsﬂaﬁ% The sol vent

was concentr at ed. due was di ssol ved i n of DCE and P205

(cat al yt i )66/hss, dd@e&oéﬂﬂ%ﬁ@) 867 (0 /o485 1Hat ed at 125C for | h using a
Persongl Chem stry mcrowave apparatus. -42 WO 2005/ 030732 PCT/ GB2004/004124
The sol'ution was washed wi th aqueous NaHCO3 sol ution, brine and dried over
anhydr ous SuwEEYMeiliyd (Bamieo4{[(ddet was purified by silica gel flash

h t 5°/E h . Yield: 122 54%: 'H NMR

5468m@9r@%§me@yﬁ qf"%géc ﬁi)’(an } , I1655 (s, 9mg|),( 1./()57 - 1.66

(m 52H, 1.67 1%74(m)2H) 2.08 - 2.18 (m 3H),3.79(s,3|—|),4.19

(d, J=7.42 Hz, k% N s 1H) 7.23 (q, H-- TNHEZ, 1 H), 7.37 -
(d‘ﬂ;;gm Hz, 1 H. Step &

7.46 (m lH) 7
2-tert-Butyl - [( 4,9 ch_ahex.y_I_),trethyIP-l\l- r\I“_-IIH- 10
benzi m dazol - 5- am neI H | NI NHNI N

F F

F
Following the same procedure as in Step D of Example 4 using methyl (4-{[(4,4-

10  difluorocyclohexyl)methyl]amino}-3-nitrophenyl)carbamate (200 mg, 0.583 mmol)
and a catalytic amount of 10% Pd/C in 20 mL of EtOAc. Yield: 185 mg (99%).
MS (EST) (M+H)" 314.29.

Step F: Methyl {2-tert-butyl-1-[(4,4-difluorocyclohexyl)methyl]-1H-

15 benzimidazol-5-yl}carbamate

Methyl (3-amino-4-{[(4,4-difluorocyclohexyl)methyl]Jamino} phenyl)carbamate (185
mg, 0.590 mmol) and DMAP (15 mg, 0.118 mmol) were dissolved in 10 mL of DCM.
Trimethylacetyl chloride (0.080 mL, 0.649 mmol) was added dropwise and the

20  solution was stirred at rt for 2h. The solution was washed with aqueous NaHCO,
solution, brine and dried over anhydrous MgSQO,. The solvent was concentrated. The
residue was dissolved in 4 mL of DCE and P05 (catalytic) was added and the

solution was heated at 125°C for 1h using a Personal Chemistry microwave apparatus.



F F F F Mthyl

{2-tert-butyl-Il-[(4, 4-difluorocycl ohexyl)nethyl]-1H benzi m dazol - 5-

yl }carbamate (115 ng, 0.303 nmol) was dissolved in 10 nL of THE at 0OC. I M
HCl /ether (0.425 nL, 0.424 mmol) was added and the solution was stirred at

0C for 15 WO2@3073% Al H4e (57 ny, 1.52 mol) was added SIGFEROMNIHe
solution was stirred at it overnight. The reaction was quenched at 0C by

the addition of MeOH (1 nL) and water (2 nlL). Anhydrous Na2SO4 (5.0 g) was
added and Thaeolytionwasomashed with pqueeus MaHCOs sqlutiongbring and diipdo¥ss] ut i on was

filtered e . LS] was di ssolved in EtOAc
and vvasheM‘#ﬂﬁshg%%a?gg\@giﬁg}é@%%ﬁggﬁﬂ%lﬁgdréwg?slhne 20 and dried over
anhydr ous chypB@fografibghising 56 tT5% BE0AC / HetahdeR Yid A0 2hizg (SAZH ' BROMBRM D) : S 1. 41
-1.51 (m 2 1.54 (s, .9 H .57 -1.67 2 , . 1.68 - 1.76 (m 3 H),
2075 g MzgCRf ORDRORVIDY §145 - 1526, odb, £53 9 B0, 17 1§66 Bmt (da.
L8 595 2.5, L e o] 298 los I2 s B, 90, 3793, 939 (ud Al e, | H. 25
N-{2-tert -HBu6¥B (tr=s| [ H),4~28 @melldﬂiﬁﬂ.ﬁﬂ)—ﬂdﬁhﬂ ] )Gzl azol - 5-yl }- N-
met hyl - 2- gi. per,i.di n- 1-yl et hanesul f onam de -43 WD 2005/ 030732
PCT/GBZOO%I%SHQM HNCCNNo/ SNN /\ FFFF

2-tert-Butyl-1-[(4, 4-difluorocycl ohexyl)net hyl]-Nnethyl-IH benzi m dazol -5-a
mne (45 ng, 0.134 mmol) and pyridine (0.022 nL, 0.268 mmol) were dissol ved
in 3 nl  ditemBe2-rerr-Bufiriold dulifiearecysighsryimethydN-methydb 181 ni, 0.201 mol )

was a d L ) ution was stirred at rt for 2h. Piperidine (0.066 ni,
0. 670%3@%‘5@‘1%533‘%&% the solution was stirred at 75C for 2h. The

solution was washed i th saturated aqueous NaHCO3 sol ution, brine and dried

over anhydrous Re v odyct was “purifidiN wer sed- phase HPLC usi ng
10- 50% CH3CN/ H20 afid |hi1~>&-7€d \)—76
N - . N

F F
F

Methyl {2-tert-butyl-1-[(4,4-difluorocyclobexyl)methyl]-1 H-benzimidazol-5-
yl}carbamate (115 mg, 0.303 mmol) was dissolved in 10 mL of THF at 0°C. 1M
HCl/ether (0.425 mL, 0.424 mmol) was added and the solution was stirred at 0°C for
15 15 min. LiAlH, (57 mg, 1.52 mmol) was added slowly and the solution was stirred at
rt overnight. The reaction was quenched at 0°C by the addition of MeOH (1 mL) and
water (2 mL). Anhydrous Na;S0,4 (5.0 g) was added and the solution was stirred at rt
for 30 min. The solution was filtered and the solvent was evaporated. The residue
was dissolved in EtOAc and washed with saturated aqueous NaHCO; solution, brine
20  and dried over anhydrous MgSO,. Yield: 95 mg (93%). 'H NMR (400 MHz,
CHLOROFORM-D): § 1.41 - 1.51 (m, 2 H), 1.54 (s, 9 H), 1.57 - 1.67 (m, 2 H), 1.68 -
1.76 (m, 3 H), 2.07 - 2.17 (m, 3 H), 2.87 (s, 3 H), 4.15 (d, /<7.42 Hz, 2 H), 6.61 (dd,
J=8.59,2.34 Hz, 1 H), 7.01 (d, /~1.95 Hz, 1 H), 7.09 (d, /=8.59 Hz, 1 H).

25 Example 12
N-{2-tert-Butyl-1-[(4,4-difluorocyclohexyl)methyl]-1H-benzimidazeol-5-yl}-V-
methyl-2-piperidin-1-ylethanesulfonamide



affording the title conmpound as the corresponding TFA salt. Yield: 40 ng
(48% . rH 10 NWVR (400 MHz, METHANOL-D4): S 1.53 -1.63 (m 3 H), 1.68 (s, 9
H, 1.71 - 1.77

(m4H),1.77-1.85(m 3H), 1. 90- 1. 97(m 2H), 2. 03- 2. 12( m 2H)

(m 1H) . 2. ¥ WOR22H) . 3. 45(s, 3H), 3. 51-3.59 (m 4 H), §CE’?B‘*“’%"’%“(m 2 H,
4.55 (d, J=7.62 Hz, 2 H), 7.68 (dd, J=8.98,2.15 Hz, 1 H), 7.86 (d, J=1.95
Hz, 1 H), 7.95 (d, J=8.98 Hz, 1 H); M5 (ESI) (MtH) +511.0; Anal. Calcd for
15 025H4a|\|402|SF2 + 2.7 TFA + 1.0 H2O C, \08:; 5.39; N, 6.70. Found: C,

45. 01, : \ N7 -44 WO 20051030732  PECT/IGH2004/ 004124  What is
clalrredls . dof Formula | or apharrﬁa eyt NealN y cceptable salt
t her eof : OR4 1'/M N~ RR—N—31 R 5 wher&n s ected from

5

Cl -10al kyl, C2- I oaI enyl, C2-1oal kynyl, RSR6N-Cl - 6al kyY’, -Cl. 6 al kyl,
R5C(=O N(-R)-C - 8 yl, R5R6NS(=0) 2- Cl - 6al kyl , RSCS(=0) 2N(#* R6) - C1. 6al kyl ,
6al kyl , RSR6NS(=0) 2N( R7) - Cl - 6al kyl | oaryl 10

Cl. 6al kyl , C6-!Da -C(=0 -dC -6al kyl, C3-10Cyd Cal kylg-= al | cyl,

C4- scyol oal kenyl = CI - 6al kyl, C3.6heterocyclyl-d -6al kyl,

C3-6heterocyclyl -C(=0 -d 4al kyl, C1.1 ohydrocar byl am no R5R6N-, R50,

RSC( =0) N( 2R)m Busamsm@:cmmocyclaﬁeﬁ()a@)l@mN-amhyRmaﬂﬁzmﬁmm-Rzl)ume

ging)?((:l ;)- ZN&FQ@I‘%&@P&%‘%‘%& &Ozér’i‘g“ é§6g%'¥?® WESFC‘P f‘y%‘oal L. wherein

sai d C aogkldE. ﬁhlbflﬁﬂéﬁnﬁﬂémﬂf&&l bm&hd@mmhl m@fio boﬁhifholﬁ;as.ﬁa'a'dé&aﬂd,
C6-loaryl-C(=0 -Cl -6al k C3-10

Cacycl 8al iessplution “@alskly'td at ricfor @h% r&g&%@ﬁﬁ oL, Q&Vmeol) was added
Co-onet e bl B Sl o DSOS A SRR,
C3- 6het er agyey NaHCODselutisrg Brineartdiafried ioner akhydreusdyig$On dlHeypradubswist ut ed by one
OF MOTE  urified by reversed-phase HPLC using 10-50% CH;CN/H,O and lyophilized
affording the title compound as the corresponding TFA salt. Yield: 40 mg (48%). 'H
10 NMR (400 MHz, METHANOL-D,): 8 1.53 - 1.63 (1, 3 H), 1.68 (s, 9 H), 1.71 - 1.77
(m, 4 H), 1.77 - 1.85 (m, 3 H), 1.90 - 1.97 (m, 2 H), 2.03 - 2.12 (m, 2 H), 2.20 - 2.30
(m, 1 H), 2.94 - 3.04 (m, 2 H), 3.45 (s, 3 H), 3.51 - 3.59 (m, 4 H), 3.67 - 3.73 (m, 2
H), 4.55 (4, J=7.62 Hz, 2 H), 7.68 (dd, J=8.98, 2.15 Hz, 1 H), 7.86 (d, J=1.95 Hz, 1
H), 7.95 (d, J=8.98 Hz, 1 H); MS (ESI) (M-+H)" 511.0; Anal. Caled for
15 Cst40N402!SF2 +2.7 TFA + 1.0 H;0: C, 45.08; H, 5.39; N, 6.70. Found: C, 45.01;
H, 5.32; N, 7.00.




20 groups sel ected from hal ogen, cyano, nitro, nethoxy, ethoxy, nethyl,
ethyl, hydroxy, and NRS5R6; R2 is selected fromd -1oal kyl, C2.10al keuyl,
C2-1 oal kynyl, C3-1ocycloal kyl, C3- 10cycl oal kyl -d - 6al kyl ,

C4-scycl o 6al kyl , C3-6heterocycl oal kyl -C - 6a

scycl oal kg‘,(ﬁ% kg-%l\l- C3. 5heteroary| C6-! Daryl and Cg?gﬁg%og?g%;%l oal kyl ,
wherein 25 said Cl-1 oaI kyl, C2-10al kenyl , C2.10al kynyl, C3-scycl oal kyl,
C3-scycl oai kyl -d - 6al kyl, C4scycl oal kenyl - Cl - 6al kyl ,

C3. 6het erocycl oal kyl - -6al kyl, C4-scycl oal kenyl, C3. 5heteroaryl,

C6- | Car y| Wiat i€3labthed €1 ocycl oal kyl used in defining R2 is optionally
substit ut ed by one or nmore groups selected from hal ogen, cyano, nitro,

met hoxy, Let hotyompenndat Foanyls [ or ypharmssputicaliy 2egepirble salbthefgREr ei n R5, R6 and
R7 are independently selected froge-H, C, 6al kyl, C2.6al kenyl, CZ_

6al kynyl, and a dival ent CI. 6grgu that together w th another di val ent R5,
R6 or R?form; a portion of % ¥ selected from-H C, ., oal kyl,
C2-i oal kenyl, C2-, oal kynyl Oc ~RE3- 5 iocycloal kyl - Cl_6a| kyI ,
C4_ecycl oal kenyl - G _6al kyl, C3 . Bet efs Qalkyl, R9 8t R Y 8 R&_N \OR9
and R-,D~~ optionally subsitituted W|th o] or nore groups selected from
Cl. 6al kyl, hal ogen, am no and C, .6al koxy; each of R8 and R is

i ndepegdent|y selected from-H C, ., qal kyl, C2_loal kenyl, C2- 10 ,oal kynyl,
C3_i ocycl oal kyl , C3-ntycl oal kyI C, 6al kyl, C346heterocyclyl, C6.1loaryl,

C3- 4heter®’b9fﬁl§yl -C, . 6al kyl, oaryl C .6al kyl, and a divalent C, -, group

Lt Looeter . AP S SIS AT Bt 7 o @
85%Sféftm‘qj“mm‘?m‘w"%‘ﬁa““‘ ahei o5 6?“5"3“‘@‘: SCLINRID. oy,
optional | @y‘é‘ﬁ%' ’tﬁ‘qﬁb&'@(gﬁé%ﬁ %TM@&T@%&G %@mﬁﬁér ogen IOcyano
ni tr 0,10 Mehemi, C& Ldaﬂxa(r-o}m,fgmgl el. [awcioahaydtczggmy %%ydﬂf&'ﬁ&ﬁ j.and R4 is

sel ected from-H, Cl 10al ky : CB _locycl oal kyl,
C3. iocy® wékxlﬁuhete@ayqlxlrcl «abal, @mwdal-ﬁ@@rclgaﬂ@m kyl T with the

proviso tgat pl fGcAHBRMBIR NI 0-, R’C(=OIN(RY-, R°RNS(=0)y-,
R3CS(=0)N(-R%-, R*'RENC(=O)N(-R")-, R*RNS(=0):N(R")-, Cs.10ary1, Ce.s0aryl-
C(=0)-, Cs.ipeycloalkyl, Cyscycloalkenyl, Csgheterocyclyl and C;_gheterocyclyl-

15 C(=0)-; wherein said C,_palkyl, Cy.j0alkenyl, Cs.j0alkynyl, Ce.10aryl-C,.salkyl,
Cs.10aryl-C{(=0)-C, salkyl, Cs.1gcycloalkyl-C galkyl, C4gcycloalkenyl-C,.calkyl,
Cssheterocyclyl-Cysalkyl, Cs gheterocyclyl-C(=0)-C,.salkyl, C;.1chydrocarbylamino,
Ce-10aryl, Ce.10aryl-C(=0)-, Cs.1qcycloalkyl, Csgcycloalkenyl, Cs.sheterocyclyl or

Cs.gheterocyclyl-C(=0)- used in defining R} is optionally substituted by one or more
20  groups selected from halogen, cyano, nitro, methoxy, ethoxy, methyl, ethyl, hydroxy,
and -NR°RS;

R? is selected from Cj-10alkyl, Cs.ipalkenyl, Cpjoalkynyl, Cs.jecycloalkyl, Cs.
1ocycloalkyl-Cy galkyl, Cyscycloalkenyl-C)salkyl, Cs.sheterocycloalkyl-Cygalkyl, Ca.
scycloatkenyl, RRSN-, Cs.sheteroaryl, Cq.10aryl and Cs.sheterocycloalkyl, wherein

25  said Cy.jealkyl, C;.jealkenyl, Cy.palkynyl, Csgcycloalkyl, Cascycloalkyl-Cysalkyl,
Cqscycloalkenyl-C;salkyl, Csgheterocyeloalkyl-Cysalkyl, Csscycloalkenyl, Cs.
sheteroaryl, Cg.joaryl or Cs.¢heterocycloalkyl used in defining R? is optionally
substituted by one or more groups selected from halogen, cyano, nitro, methoxy,
ethoxy, methyl, ethyl, hydroxy, and -NR’R;
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20 N-(1, 2- D phenyl -1 H benzi m dazol - 5-yl ) propanesul fonam de. 2. A conpound
as clainmed in claiml, wherein R is selected fromCC, , al kyl, C2.6al kenyl,
C2. 6al kynyl , phenyl -C, 4al kyl, C3-, ocycl oal kyl - C, 4al kyl ,

C4. 6cycl oal kenyl - C, aal kyl , C3.,oheterocyclyl-d Aal kyl, C6.,o0aryl, 25
C3_10cycl oal kyl , C3_10heterocyclyl and Cg_ 60yc| oal kenyl , wherein said

C, _6al kyl, C2. 6a| kenyl , C24al kynyl, phenyl-d _Qal kyl,
C3-, ocycl oal kyl - C, 4al kyI Ca _6cycl oal kenyl - C 4al kyl , C3
ohet erocycl yl - C, . 4al kyl , ,oaryl, C3_11cycl oal kyl , ohet erocycl yl and

C4- byl oal kenyl iand R"Qmﬁg a}e%cfagenﬁémb; S108 4403l 'C}/qsaﬁﬁl méagleé by one or

nmore groups sel ected from hal ogen, cyano, d% hoxy, methyl,
et hyl , hydr ¢lynylapde divgesHo serag ﬂmtos%hes‘éw@e?%dwﬂﬁﬂcli kymsa C2. 6al kenyl ,
C3- 6cyc| oal koHion oE€Sriegycl oal kyl - C, - Oal kyI . 6cycl oal kenyl - C, . 4al kyl ,

C3. 6het er ocycl oal;kyl - 4al aryl, RS5R6N-,
and phenyl, V\hefliei’%dgg?doﬁo& I%gl ‘Ff\%l’}(é gﬁg‘i{“y@%aﬁak&!ﬁkyl ,

C3- 6¢cycl bal kiyeloallgl-Calakyl, Ca- s@%&%kﬂlaﬂbﬂhﬁ&@ﬁﬂ&kkykﬂ -46 WO 2005/ 030732

PCT/ GB2004/ 004124 C3. 6het er ocycl oal kyl - Cl4al kyl, Ca. 6cycl oal kenyl,

C3- 5het eroarylh, RSRE6NR an‘ad pheny Z’gd in defining R2 is optionally
substitutedg Qne or ngﬁe ,gr S §ej/ ted from hal ogen, cyano, nitro,

met hoxy, ethoxy,” nethyl ;" "ethyl, hydroxy and -NRSR6; R3 is selected from-H,

G -6al kyl , 6gtiofml, &Qﬁyﬁlwd@ﬂaﬁﬁyﬂﬁl&abrkl)ﬂs seldcidd fr8in O alkitsRiogédanne 4nd

6het er ocycl Eal llﬁgl optionally subsitituted with one or nore groups sel ected
from Cl. 6al a d hal ogen; each of R8 and R9 is independently selected from
-H, C, -6al kyI Gzch@éRf(@d W is indg@ndutocklodctiiipim, —HO3r 18ty k Coadiientl-&i . 6al kyl ,

C3- 6het gpocy, eregin said Cl. 6al kyI
C2- 6al kggy ygl&%&l ang mEh@; ﬁ‘%g&)ﬂlyﬁb:‘ 2 lcagélemyd 1\@1 £r?IfLO C3. 6het er ocycl yI

I°0a
C3- 6het er oc{§erogy Cy'&iﬁ%ﬁ qﬁrnﬂy%&éﬂ P'é*ﬁ‘tdy"dem@ %ﬂh‘ﬁﬁ‘f’ﬁaﬁethﬁd’@@t her wth
\emot her di va{oa;extdlglregngmu;se&@&ﬂ &ﬁlmki‘ SARRB A ¥hofRBn mrrmg vhee@fdid on of a ring,
erein sai
3. 60ycl oal b‘ﬁlk E% 'F’P%'y 108 ﬁg@ﬁ%ﬁ‘ﬁ%@&éwv °aé‘ﬂ>(§cl <alkyl, Cs. |
C3. 6het er ocyeespky<il, Caadridyfra,ahmylallms&yldcaaryﬁél day], or @RalGa Ckeroyp is C3.
6cycl oalkyl opt@all@%@tltﬂ?ﬁ‘ d§36he (S;:l'nof%aglrt}ﬁ}f srele(gél fﬁnl%@ééﬂc&&%oy llmro methoxa/al ly

C3. 6het erocyl cyl - or di val ent .bgroup are optio
subst i t ut ede‘B?‘YdPFéhYthhhln*FYérow GMRS%I wét ed f rom

R* is selected from —H, C,. walkyl, Cs.joalkenyl, C; joalkynyl, Cs.jpeycloalkyl, Cs.
cycloalkyl-Ci salkyl, and C,scycloalkenyl-C, salkyl;
with the proviso that the compound is not

20 N-(1,2-Diphenyl-IH-benzimidazol-5-yl)propanesulfonamide.

2. A compound as ¢laimed in claim 1, wherein
R’ is selected from C, galkyl, C.¢alkenyl, Cy.calkynyl, phenyl-C,_salkyl,
Cs.pecycloalkyl-C qalkyl, Cyscycloalkenyl-Cyqalkyl, Cs.ioheterocyclyl-Cy alkyl, Ce.iparyl,

25 Gy ecycloalkyl, Cs.cheterocyclyl and Cyscycloalkenyl, wherein said C,salkyl, C, alkenyl,
Casalkynyl, phenyl-C, _salkyl, Cs. ocycloalkyl-C, alkyl, Cyscycloalkenyl-C, 4alkyl, C,.
icheterocyclyl-C_alkyl, Cq.jqaryl, Cy ocycloalkyl, Csgheterocyclyl and Cyscycloalkenyl used
in defining R’ is optionally substituted by one or more groups selected from halogen, cyano,
nitro, methoxy, ethoxy, methyl, ethyl, hydroxy, and -NR°R®;

30 R? is selected from C,salkyl, C,.calkenyl, C;.ccycloalkyl, C;cycloalkyl-C salkyl, C,.
«cycloalkenyl-C_salkyl, C; sheterocycloalkyl-C,_salkyl, Cyscycloalkenyl, Ca.sheteroaryl,
R’R°N-, and phenyl, wherein said C, salkyl, C..calkenyl, Cs scycloalkyl, C;scycloalkyl-
Caalkyl, C,seycloalkenyl-C, jalkyl,
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hal ogen, cyano, nitro, nethoxy, ethoxy, nethyl, ethyl, hydroxy and NRSRG;
and R4, RS and R6 are independently selected from-H and Cl1. 3al kyl. 3. A
conpound as clained claim1, 20 wherein R is selected from Cl. 6al kyl,

C2. 6al ken -Cydal kyl, C3., ocycl oal kyl - C, . 4al k¥épaB2004/004124
C4- 6eycl og{%ﬁ{}q .4a| kyl , CB- i oaryl C3- 3ocycl oal kyl ,

C3. 6het erocycl oal kyl - Cl . 4al kyl , and C4 6cycl oal kenyl V\/nerei n said

Gt Beyel o %%awef%%ﬂqﬁ“%@yd St SRR idprtall

s optiongi Y subsr ‘i‘??se%*ﬂim?ﬁ““‘““‘%ﬁm”ﬁmfﬁdé’s Code s om hal ogen. o
rcr:llet ggm I gﬁlgﬁl‘ygyaﬁ%’tﬁw’ %SYI» el 5tRY1 eglﬂh ﬁii@) 2 sgl ezgleg }‘rom
wher ei nysal d C?-iggﬁl%tlhd@%gxﬁg 1WJ£&€§Y1((§I0% H&gingj'{CS 6cycl oa?/kyl

Cl. aal kyl used in defi nllhsg R2 is optlonally substltut ed by one or nore
gr oups sel ected 30 frorguh ogg; rré{hpié,y et hoxy, nethyl, ethyl, hydroxy and
/' GB200%/ 00

NRSR6; 5 8@%@ 9@73 @%auﬁsﬁlﬁtﬁtea%ﬁﬁn%%f rom
C2. 6al kyI bet ef dcycl oal kyl and R9-N optiohally subsitituted with one

or nore C@fﬁapmﬂseleam fropnerealkyl andihglogen;ehet erocycl oal kyI contain at |east
o the a1 oas PR EROMERC s ibdiBel @il dlecl sob-BECRAIR AN ' 2 (ORS S
e i s oL
%r phol i n W?JF‘W?“‘ Cﬁy‘fﬂgﬂ%aﬁa ”3‘3‘?1?%1 %W\L‘gﬂqﬁﬁﬁﬂ g:| ﬁf’j*ﬁo 3al kyl ya’r e
o T i ot B g s oo, ol 1o

i ndependem@wng@ﬁ@@vdéntfgrmﬁlqﬂ&@lﬁomﬁ 2af Ry forms 3. Pqﬂih‘@b@rfﬁ)m as clained in

cyel obut yi HElER Pl aR, C R e By L ER Ty = T

cycl ohexy|6m¢ry¢yc1y15n¢gzg¢hmmuy;cybcmauqy1 tndieredrngadtt @pymamytﬂmlmm Cs.

and boney SYIRIVE GamRisl-Ch bt Grebrrocii et gt Ry

i sopensy! divitea®t N@¥ipame optionally substituted by one or more groups selected from
halogen, cyano, nitro, methoxy, ethoxy, methyl, ethyl, hydroxy and ~NR°R®; and
R*, R® and R® are independently selected from —~H and Ciaalkyl.

3. A compound as claimed claim 1,

20 wherein R is selected from C,.galkyl, Cs.salkenyl, phenyl-C;_alkyl,
Cs.jocycloalkyl-C; 4alkyl, Cyscycloalkenyl-C)4alkyl, Ce.jearyl, Ci.jgcycloalkyl,
Cs.¢heterocycloalkyl-Cy4alkyl, and Cs.scycloalkenyl, wherein said C,_galkyl, Ca.
salkenyl, phenyl-C;4alkyl, Cs.jocycloalkyl-Ci4alkyl, Csgcycloalkenyl-Cy qalkyl, Ce.
10aryl, Cs.jocycloalkyl, Cisheterocycloalkyl-C,salkyl, and Cy-¢cycloalkenyl used in

25  defining R’ is optionally substituted by one or more groups selected from halogen,
methoxy, ethoxy, methyl, ethyl, hydroxy, and —NR’RS:
R? is selected from C,.salkyl, Cy.salkenyl, Cs ¢cycloalkyl and Ca.scycloalkyl-
Ci4alkyl, wherein said C_galkyl, C;salkenyl, Cs¢cycloalkyl and Cs.scycloalkyl-
Cialkyl used in defining R? is optionally substituted by one or more groups selected
30  from halogen, methoxy, ethoxy, methyl, ethyl, hydroxy and ~NR’RS;
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propyl, 2-hydroxy-propyl, trifluoronmethyl, |,1-difluoroethyl,
2,2,2-trifluoroethyl, 1- cyclopropyl-ethyl, 1-nethyl-propyl,

1, 1-di met hyl - propyl, 1,1-dinethyl-3-buten-1-yl, 20 ethyl, and 2-propyl; R3
is C2.5al oﬁﬂ'ﬁ' RRON-, wherein Rs and R9 are indepengefighyondfiagst ed from
-H, and d I0 5. A conmpound selected from 25

N-[2-tert-Butyl-1-(cycl ohexyl net hyl)-1H benzi m dazol -5-yl]-N, N, N-

trimet hyl sul fam de;

N-[2-tert-Butyl-1-(cycl ohexyl nmet hyl ) - 1H benzi m dazol % yl ] N, N-d| et hyl -

met hyl sul fami de; 30 - 48 WD 2005/ 030732 PCT/ G82004p-0%¢124

1- (cycl ohexyl it isyplyeted %& moapliads Gyshsteapsycloalied pedizi i daZ’tPFlD@JIVI 1-N, N

di et hyl -
N-[2-tert: But?}’]EEE ﬂtlgltler%“?"reg‘ﬁﬂ%yrah 4-yl met hyl ) - 1H benzi ni dazol - 5-yI ] -

N- met hyl but anewhersilshidragheterpcycloalkyl contain at least one nitrogen ring atom and

N ot iyt - S5 piof G RV oAl IR e o g dnd miopencfg a7V

N-[ 2- tth*aﬁdlﬁvﬂéreﬂn-eﬁélﬁéﬂ@fbhﬁdll@-n&Hdﬁiéh@dﬁﬂ%*s)éieﬁﬁHfﬁdni-H"EP@IIMm dazol - 5-yl ]

N- net hyl - hoI I_n- lel et hanesul f onam de;

N- [ 2- tertnmar inyl: Craallvhysreldmp-Gyaelknl andininsridiny-Cr pallsdnwhereiaasid) - 5-y| | -

N- net hyl r

N[ 2-t gn Butgé]?ﬁ’l @%g?lgn g%ﬁ?@g%frhgﬁ?4- y? rrnglhéﬁglﬁﬁdb%}gzﬂ:lf%\a%z o? -5-yl]-

2- met hoxyolaltwmiln ydbsﬁﬁumdézytdnf: onsetedirpups selected from halogen, methoxy, ethoxy,
N-[2-tert-But tr r Qs 248 an- 4-yl nmet hyl ) - 1H benzi m dazol -5-yl] 20
2-[(2- hydr“ﬂ)%i’tettky’)hgﬁ‘ #&Fﬁ&%ﬁ%‘{ hanesul f onanm de;

t2) 2- Agi noet hoRY,)R*Mnli &S aay ibddpehdently sdléttd ABMIEDagtEpyaaN- 4- yl met hyl ) - 1H-

(
enzi m dazol - 5-yl ] - N-net hyl et hanesul f onam de; 25
N-[2-tert-Butyl-I-(tetrahydro-2H pyran-4-yl nethyl)-1H benzi m dazol -5-yl ] -
N-

{ S ert. EL%: eﬁe‘f’%ﬁ’ﬁﬁ%&} i qu%\]?:“y"éT]% YRRt hy! ] - L+ benzi mi dazol - 5-y1 }-
 R'is selected from cyclohexylmethyl, cyclopentylmethyl, cyclobutylmethyl,
cyclopropylmethyl, 4,4-difluorocyclohexanemethyl, cyclohexylethyl,
15  cyclopentyiethyl, tetrahydropyranylmethyl, tetrahydrofuranylmethyl, 1-
piperidinylethyl, N-methyl-2-piperidinyl-methyl and benzyl;
R? is selected from t-butyl, n-butyl, 2-methyl-2-butyl, isopentyl, 2-methoxy-2-
propyl, 2-hydroxy-propyl, trifluoromethyl, 1,1-difluoroethyl, 2,2,2-triflucroethyl, 1-
cyclopropyl-ethyl, 1-methyl-propyl, 1,1-dimethyl-propyl, 1,1-dimethyl-3-buten-1-yl,
20  ethyl, and 2-propyl;
R? is C.5alkyl and R*R°N-, wherein R® and R’ are independently selected
from —H, and Cj_jalkyl.

5. A compound selected from:
25 N-[2-tert-Butyl-1-(cyclohexylmethyl)- 1 H-benzimidazol-5-yl]-N.N' ,N'-
trimethylsulfamide;

N-[2-tert-Butyl-1-(cyclohexylmethyl)~ 1 H-benzimidazol-5-yl]-NV,N'-diethyl-N-

methylsulfamide;
30
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N- net hyl but ane- | - sul fonam de; 30 N

{2-tert-Butyl-1-[(4, 4-difluorocycl ohexyl)net hyl]-1H benzi m dazol -5-yl }-

N- net hyl - 2- pi peridi n-1-yl et hanesul f onam de and pharnmaceutically acceptabl e
salts thepeof . ,6338326. A conpound according to any one pfrehadoiBesdss© for use
as a nedi carrensf. . The use of a conpound according to any one of clains 1-5
I n the manufacture of a nedicanent for the therapy of pain. 5 8. The use of

a conpound accgrding.,t.0 any.o f, ¢l ai 1-5.i he . uf.act of a

medi cament for t'[ﬂ'e(‘:%il‘&ff% éﬁt“yg%'gr}i%ﬁgﬂgp?é’méﬂé&m&m 01%@%@\% conpound
according to adipnetybsiifantdedi "5 1-5 in the manufacture of a 10 nedi canent
for the treatnment of cancer, nultiple sclerosis, Parkinson's disease,
Huntington's chorea, Alzheiner's disease, gastrointestinal disorders and
car di ovascul aryghsak. 1 { t. anpfising a
conpound accorlc\jriq%gé}? gﬁ n;ll (%%ghy?fﬁﬂgg rrspu”lih%agxgqu gﬁ%ﬁ%@?@ﬁ% 1y

accept @bl e carNimethyliBarkil-sulfonenided for preparing a conpound of Fornula I,
OR4 311 NROI R N R conprising the step of reacting a conpound of
Formula ll, O RA9I,NNH R12 I HNOR" 2

N-[2-tert-Butyl-1-(tetrahydro-2 H-pyran-4-ylmethyl)-1 H-benzimidazol-5-yl]-
N-methyl-2-pyrrolidin-1-ylethane sulfonamide;

10 N-[2-tert-Butyl-1-(tetrahydro-2 H—pyran-4-ylmethyl)-1 H-benzimidazol-5-y1]-
N-methyl-2-morpholin-4-ylethanesulfonamide;

N-[2-tert-Butyl-1-(tetrahydro-2H-pyran-4-ylmethyl)-1 H-benzimidazol-5-y1}-
N-methyl-2-pipetidin-1-ylethanesulfonamide;

15 |
N-[2-tert-Butyl-1-(tetrahydro-2 H-pyran-4-ylmethyl)-1 H-benzimidazol-5-yl]-
2-methoxy-N-methylethanesulfonamide;

N-[2-tert—Butyl—1-(tetrahydro-ZH——pyraq—4—ylmethyl)—IH-benzimidazol-S-yl]-
20 2-[(2-hydroxyethyl)amino]-N-me thylethanesulfonamide;

2-(2-Aminoethoxy)-N-[2-tert-buty1-1-(tetrahydro-2 H-pyran-4-ylmethyl)- 1 #-
benzimidazol-5-yl]-N-methylethanesulfonamide;

25 N-[2-tert-Butyl-1-(tetrahydro-2 H-pyran-4-ylmethyl)-1 H-benzimidazol-5-yl1]-
N-methylethylenesulfonamide;

N-{2-tert-Butyl-1-[(4,4-difluorocyclohexyl)methyl}-1 H-benzimidazol-5-yl} -
N-methylbutane-1-sulfonamide;

30
N-{2-tert-Butyl-1-[(4,4-difluorocy/clohexyl)methyl]-1 H-benzimidazol-5-yl}-
N-methyl-2-piperidin-1-ylethanesulfonamide and pharmaceutically acceptable
salts thereof,
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-50 WO 2005/ 030732 PCT/ GB2004/ 004124 11 with a conpound of RZC(=O X, in the
presence of a base and optionally a coupling reagent, foll owed by treatnent
by an acid; wherein 5 X is selected fromd, Br, F and OH R3 is selected
fromd.l|oal kyl, C2.1loal kenyl, C2-1l1oal kynyl, R5R6N-Cl.6al kyl, R50 Cl.6
allcyl, WC(-O N(-R6)-Cl1. 6al kyl, RSR6NS(=0) 2-Cl. 6al kyl, R5CS(=0) 2N( - R6) -

C -6al kyl, RSR6NC(=0) N(- R7) - Cl - 6al kyl , R5R6NS(=0) 2N( R7) - Cl . 6al kyl ,

C6-1 oaryl - C1.6al kyl, C6 |oaryl-C(=0O-d -6al kyl, C3 | ocycl oal kyl - Cl - 6al kyl ,
Caacycl oal kenyl 10. Cl-6al kyl, C3-6heterocyclyl-C.6alkyl,

%C?hg; ﬁIE ocycl ylﬁ%@%ﬁg °g’aflgwﬁ§&(°f8f%ﬁ|{q ocar bél a{%(“ %) E(SR%\I- R50 ,

RSRE6NS( ())2N( R7)-, C6-loaryl, C6-loaryl- O) C3. locycl oal kyl ,

C4-8cycl oal l?enyl He%c@ggnﬁfo%)ﬁgo)ﬁkngmy%o@lﬂﬁ;n@ﬁ @Wtﬁé MAnufaltre@da ;. Wherein
said C aoal k a}oal keng/ C2-1oal kynyl , C6aoaryl -Cl -6al kyl, 15

C6- | oaryl - C{‘% amept gy, W’ py of pain.

C3-1 ocycloal kyl - CI - 6al kyI C4. acycl oal kenyl Cl - bal kyl ,

C3- 6het er ocycl yl

Cl- 1 ohydr 0ot byl Ehr%“s" 32 °l‘“%3;°°°{beng?%" f'a‘g% % e’t‘i‘%‘“faléﬁ%’ al kyl
C4-scycl oal mmyamen@@tmwmemg/@kw dtsq!rderSCS 6het er ocycl yl -C(am - used in
defining RL is optionally substituted by one or nmore groups selected from
hal ogen, cyano, nitro, methoxy, ethoxy, methyl, et ht}{ hydr ox 20 and
NRSR6; R2 i ¢ sel E‘t?t“é“onPP‘B‘i‘ﬁ"Eﬂ)gi‘i%@P%W any e of gfaimg & i the mnutpeiue iy | |

C3-1 OcyC1|00a|rﬂé§hEamemor tllle(lﬁsytﬁlleﬂaf dayder, ﬁhhlﬁl&k&feydsm Mtrﬂ&yﬁlﬁ%le,iﬂixﬂ&{gtoﬂs. 6al kyl ,

C3- 6het erocygcl oa 0a k n N-, C3-5heteroaryl,
G- 0ary1  adirrgrEE e Barauiion HIE AN STt IR T oal Kenyl

C2.ioal kynyl, C3-acycl oal kyl, C3-scycl oal kyl -d -6al kyl, 25
C4-gcycl oal K@nw A%anﬁ?cluﬁbéilcon%%s@&?m%%r%ﬁ%%&@o&hﬁ'acc@du@% ity bne Spascycl oal kenyl ,
C3- 5heteroaryl, 6het erocycl oal kyl used in defining R2 is
optional |y claifsdes |3E1@1%%}H"‘H‘9€“8?i’§3’ #rerble & HFoups sel ected from hal ogen, cyano,
nitro, methoxy, ethoxy, methyl, ethyl, hydroxy, and NRS5R6; wherein R5, R6
and R7 are indep sel.ected fr - 1- 6al kyl, C2 30 6al kenyl,
C2- 6al kynyl l?and‘gﬁwg‘f’%grgﬁﬁmﬁa-céré]P%lﬁ%gaFﬂ'ﬂul tq:’oget her with another dival ent
R5, R6 or R7 forms a portion oanRfing;

|

3_||,N N
cheas
O N

1

comprising the step of reacting a compound of Formula II,

20
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R3 is sel
C3. 10cyol
C3. 6het er
R~ORe and
C _6al kyl
sel ected

C3. | ocycl
C3. 6heter
t hat toge
portion o
C3_| ocycl
C3. 6het er
optionall
cyano, 5ni
sel ected

C3. locycl

10

15

20

25

30

ected from-H, d.loalkyl, C2.loal kenyl, C2-10al kynyl,

oal kyl, C3-1ocycl oal kyl -Cl -6al kyl, C4-scycl oal kenyl - Cl - 6al kyl ,

ocycl oal kyl, -51 WO 2005/030732 PCT/ GB2004/ 004124 8 B B

am no and Cl1. 6al koxy; each of R8 and 1S 1N

W%:’gf‘@%éjf‘?gnal |y subsitituted with one or nor ePCﬂEB%%MJ
H

from-H, -
oal kyl - C1. 6al kyl , C3. 6heterogyclyl, C6aoaryl, 5

ocyl cyl - q. 6al kyl, C6.|oaryl-¥l. 6al kyl, and a dival ent CI1.

RB' N\
ected from
ependent |y

Cl. loal kyl, C2-1oal kenyl, C2_10al kynyl, C3. locycl oal kyl

. 6group

Wit cotth bin®BPRIT=00X vial eHheeIHf Sielse sideshtibhAn K& RO forns a
f a ri%‘%, V\herjg(n sal dﬂgll.s,rloal kyl, C2.10al kenyl ggl.i%oal kynyl ,
saew) followed by feptaientBy an 35id;6a) kyl , C3. 6het erocycl yl, C6. 10aryl ,

%glleglys/l -Cl. 6al kyl, C6_loaryl-Cy6al kyl, or divalent Cl.6group is

y su
tro, Kot kelegted fomaGlyBr,fendyOH; et hyl, hydroxy, and NRSRG;

tituted by one or nore groups selected from 10 hal ogen,

and R4 is

1 SR LS 8 5 e e Gk 00

R30-Cy¢ alkcyl, R*C(=0)N(-R%)-C;.salkyl, R*'R*NS(=0)-Ci.¢alkyl, R’CS(=0);N(-R%)-
Calkyl, RPRENC(=0)N(-R")-Cy.salkyl, RERNS(=0);NR")-C;.salkyl, Cg.10aryl-
C.salkyl, Cs_joaryl-C(=0)-Csalkyl, Cs.jecycloalkyl-C, galkyl, Cs.5cycloalkenyl-
Ci-salkyl, Cs_gheterocyclyl-Ci.galkyl, C;_gheterocyclyl-C(=0)-C,¢alkyi,
C).1ohydrocarbylamino, R’RN-, R*0-, R*C(=0)N(-R%)-, R*RENS(=0),-,
R’CS(E0),N(-RY)-, R*RINC(E0IN(-RT)-, RPRENS(=0),NR)-, Cg.10aryl, Ce-roaryl-
C(=0)-, Cs.10cycloalkyl, C4 scycloalkenyl, Cs.sheterocyclyl and Cs gheterocyclyl-
C(=0)-; wherein said C,.joalkyl, Czoalkenyl, C,.jpalkynyl, Ce.10aryl-Csalkyl,
Cs-1paryl-C(=0)-C,.¢alkyl, Cs.jocycloalkyl-Csalkyl, Cqscycloalkenyl-C, saikyl,
C;.gheterocyclyl-C¢alkyl, Csgheterocyclyl-C{(=0)-C,.salkyl, C|.;ohydrocarbylamino,
Ce-10aryl, Cs-10aryl-C(=0)-, Cs.jocycloalkyl, Csgcycloalkenyl, Cs.gheterocyclyl or
Cs.¢heterocyclyl-C(=0)- used in defining R' is optionally substituted by one or more
groups selected from halogen, cyano, nitro, methoxy, ethoxy, methyl, ethyl, hydroxy,
andéNRﬁﬁ;

R%is selected from C,-jpalkyl, C.j0alkenyl, Cyoalkynyl, Csyocycloalkyl, Cs.
1ocyeloalkyl-Cy_galkyl, Cs.scycloalkenyl-C.salkyl, Ca gheterocycloalkyl-C; galkyl, Ca.
gcycloalkenyl, RSR(’N-, Cj.sheteroaryl, Cs.jearyl and Cs_heterocycloalkyl, wherein
said Cy.jpalkyl, C;.jpalkenyl, Cy.0alkynyl, Ciscycloalkyl, Cs.geycloalkyl-Cy galkyl,
Cs.scycloalkenyl-C salkyl, Cs gheterocycloalkyl-Cy.¢alkyl, Cs.scycloalkenyl, Cs.
sheteroaryl, Ce.10aryl or Csgheterocycloalkyl used in defining R%is optionally
substituted by one or more groups selected from halogen, cyano, nitro, methoxy,
ethoxy, methyl, ethyl, hydroxy, and -NR’R®;

wherein R®, RS and R’ are independently selected from —H, C;.salkyl, Cy.
galkenyl, Czsalkynyl, and a divalent C,.¢group that together with another divalent R? s
R® or R forms a portion of a ring;

R’ is selected from —H, C1.jpalkyl, C;.j0alkenyl, Cy.jgalkynyl, Cs.1ocycloalkyl,
Cs.jocycloalkyl-Cy.salkyl, Cqscycloalkenyl-C,.galkyl, Cs¢heterocycloalkyl,
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g

R 8
1 R~ /%
RB,N\g ERQ , and RB\‘O/%

optionally subsitituted with one or more
groups selected from C;.¢alkyl, halogen, amino and C;.salkoxy;

each of R® and R® is independently selected from —H, Cy.;galkyl, C;.j0alkenyl,
Cz.10alkynyl, Cs.jgcycloalkyl, Cs.jpcycloalkyl-C.salkyl, C; gheterocyclyl, Cs.i0aryl,

Cs.sheterocyleyl-Cisalkyl, Cojoaryl-Csalkyl, and a divalent C;.sgroup that together

with another divalent group selected from R® and R? forms a portion of a ring,
wherein said C;.jpalkyl, C;.10alkenyl, Co.0alkynyl, Cs.jecycloalkyl, Cs.jocycloalkyl-
Ci.salkyl, Cs gheterocyclyl, Cs.igaryl, Cs.gheterocyleyl-Cigalkyl, Cq.qaryl-Cysalkyl, or
divalent C,.¢group is optionally substituted by one or more groups selected from
halo gen, cyano, nitro, methoxy, ethoxy, methyl, ethyl, hydroxy, and ~NRR®; and

R* is selected from —H, Cy.jealkyl, Ca.oalkenyl, Cy.j0alkynyl, Cs.jocycloalkyl,
ng,_mcycloa]kyl-Cl-galkyl, and C4gcycloalkenyl-C;.qalkyl.
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