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present invention relates to nociceptin receptor agoni st
3-nonosubstituted tropane derivatives useful in treating cough, pain,
anxi ety, asthma, al cohol abuse, depression, urinary incontinence or
over act i vayghaddesiss Phar maceuti cal conpositions conpri sscgusbe/041925
conpounds and conbi nati ons of the cl ai ned conpounds w th ot her
10agents for treating cough, allergy or asthnma synptons are al so
di scl osed. BACKGROUND Noci cept-ln is a seventeen anino acid
neuropepti de that has been recently identified as a potent endogenous
agoni st of the opioid-like receptor NOP (previously 15ternmed ORL-1).
The NOP receptor is a O-protein coupled receptor with 47% over al
honol ogy to the opioid receptors and 64% i dentical in transnennbrane

domains. In spite of 3tONCSUBETUUTED IROPANEODERIVATIVESIdS have
very low affinity for thm@@%ﬁg%&m&aﬁ NOP r ecept or

| eads to inhibition of a dul ati on of
neuronal K and Ca+2 conductance. It is structurally related to the
200ppoi dFpA OFFEHBUNVEPESONOt acti vate opioid receptors.
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abuse, urin |ncont|nence anxiety, stress, cardi gvascul ar
f und®i ongge@s@yﬁr@tlgglﬂoyahc@ler%@kaﬁbm synytemsse ARe disciReeder ' s
Di sease. 3-Substituted 8-azabicycl 043.2. 1] octanes were disclosed in

US 6, 262?&%‘% WD 95/ 04742, WD 97/48397, and WO 98/ 25924,

3-substi i cycl o- 30p.2.11loctan-3-0ls were disclosed in US
6, 727, 254 B2. NSukamiRYs ersemantaeMENNO@gid mawispentide Btatihrs beeadeegntly

i nvent | Reliffed gfé%%?é]ﬁeeqldgéeﬁ&jé%&lét of the opioid-like receptor NOP (previously
15 termed ORL-1). The NOP receptor is a G-protein coupled receptor with 47% overall
homology to the opioid receptors and 64% identical in transmembrane domains. In

spite of this homology, classical opioid ligands have very low affinity for this receptor.
Activation of the NOP receptor leads to inhibition of adenylyl cyclase activity and
modulation of neuronal K™ and Ca™ conductance. It is structurally related to the

20 opioid peptides but does not activate opioid receptors.

Nociceptin and its receptor are widely expressed throughout the central
nervous system. Thus, nociceptin is likely to participate in a broad range of
physiological and behavioral functions. Reports in literature have implicated its role in
cough (see, for example, McLeod et al, Pulmonary Pharmacology & Therapeutics

25 (2002), 15, 213-216) as well as in pain, feeding, locomotor activity, alcohol abuse,
urinary incontinence, anxiety, stress, cardiovascular functions, sleep disturbance,
Parkinson's Disease and Alzheimer's Disease.

3-Substituted 8-azabicyclo-[3.2.1]octanes were disclosed in US 6,262,066 B1,

WO 95/04742, WO 97/48397, and WO 98/25924; 3-substituted 8-azabicyclo-
30 [3.2.1]octan-3-ols were disclosed in US 6,727,254 B2.

SUMMARY OF THE INVENTION
Compounds of the present invention are represented by formula |




WO 2007/ 053435PCT/ TJS2006/ 041925 - 2- R2 or a pharmaceutically
acceptabl e salt thereof, wherein Rl is Rtaryl, Rtaryl al kyl,
Rt heteroaryl, Rtheteroarylal kyl, Rtcycloal kyl, R4- cycl oal kyl al kyl ,
Rt het er ocycl oal kyl or Rtheterocycl oal kyl al kyl; 5R2 is R5-aryl,
R5-aryl al kyl, R5-heteroaryl, R5-heteroarylal kyl, R5-cycloal kyl, R5-
cycl oal kylywbkyhios3s het er ocycl oal kyl or R5-het er ocycl oaddayiabdewliiozdR3
Is Fe-alkyl, R6-aryl, R6-heteroaryl, R6-cycloal kyl or
R6- het er ocycl oal kyl ; X is a bondy_ (G - CS) al kyl ene,
-(CH2) prN(R7) - (CH2) n-, -(CF12) m O- (CFl%) (CH2) m S- (CH2) p-,

-C(0)-, -CH( G—l) C(O) N(R7)-, -C(O)N(R7) - aI kyI ene or 10-N(R7)C(0)-
nISO 1, 2, ;4, or 6; mISO, , 4 3; 4, 5 or 6; provided that
the sum of nn and n |s 0, 1, 2, 3; 45%7@ 6; each R4 and R5 is Ito 3
substituents independently sel e&Lﬁ ¥ gr oup consi sting

of I-1, halo, alkyl, cycloalkyl CN, -CF3, -(CH2)p-OR8, -N(R19)2 and
15-(CH2),-,-N(R1) 2; R6 is 1 tRf 3 substitudnts independently
sel ected f-é %]% al kyl , cycl oal kyl
het er ocygl 0 Frhgcﬁje@g@og 'tascflégg (ﬂier Of b’%ﬁré'ﬂyanoal kyl , -CF3,
-C(0)al kyl, - pal@R%R -argalys, R Ntﬂftﬁ)rﬁ R4411€té2a>arym(nl?49§42cmwb|kyr R
- C(0) N R&:)cgoall@lélﬁyloR‘* hetefocybioatky! dr Re- he‘terocycloa[ﬁylal-lkglr
5 R?is R%aryl, Rarylalkyl, R%-heteroaryi, R®-heteroarylalkyl, R®-cycloaikyl, R’

cycloalkylalkyl, R>heterocycloalkyl or R®-heterocycloalkylalkyi;

R®is R%alkyl, R®-aryl, R®-heteroaryl, R®-cycloalkyl or R®heterocycloalkyl:

X is a bond, (C+-Cs)alkylene, —(CHz)m-N(R")-(CHz)y-, —(CH2)m-O-(CHz)y-,
—(CHz)m-8~(CHg)y-, -C(Q)-, -CH(OH)-, -C(O)N(R)-, -C{O)N(R")-alkylene or

10  —NR")C(0);

nis0,1,2,3;4,50r6; mis0,1,2,3;4,50r6; provided that the sum of m
andnis0,1,2,3;4,50r6;

each R* and Ris 1 to 3 substituents independently selected from the group
consisting of H, halo, alkyi, cycloalkyl, -CN, ~CFs, ~(CH,),-OR®, -N(R'™), and

15 ~(CHz)-N(R")y;

R%is 1 to 3 substituents independently selected from the group consisting of H,
halo, alkyl, cycloalkyl, heterocycloalkyl, heterocycloalkylalkyl, -CN, cyanoalkyl, -CFs,
-C(O)alkyl, -(CHz),-OR®, -COOR?, -N(R");, -(CHo), N(R %2 and —C(OIN(R"),:

pis0,1,2,3;4,50r6;

20 R’ is H or alkyl;

R® and R® are independently selected from the group consisting of H, alkyl,
cycloalkyl, haloalkyl, hydroxyalkyl, alkoxy, alkoxyalkyl, aminoalkyl, alkyl-C(QO)- and
alkyl-C(O)-N(R")-C(O)-; and

R%is independently selected from the group consisting of H and alkyl.

25 _
In another aspect, the invention relates to a pharmaceutical composition

comprising at least one compound of formula | and a pharmaceutically acceptable
carrier.
The compounds of the present invention are agonists of the NOP receptor,
30  and therefore, in another aspect, the invention relates to a method of treating pain,
anxiety, cough, ésthma, alcohol abuse, depression, urinary incontinence or



R8 and R9 are independently selected fromthe group consisting of H,
al kyl, cycl oal kyl, hal oal kyl, hydroxyal kyl, al koxy, al koxyal kyl,

am noal kyl, al kyl-C(0)- and al kyl-C(0)-N(R7)-C(0)-; and R19 is

i ndependently selected fromthe group consisting of H and al kyl. 25
I n anot her aspect, the invention relates to a pharnmaceuti cal

conposi ti QP sARRLAS Ng at [ east one conpound of fornul gdra@ighedsr92s
phar maceuti cal |y acceptable carrier. The corrpounds of ]h

present invention are agonists of the NOP receptor, 30and therefore,
i n anot her aspect, the invention rel at¥es to a nethod of treati ng
pai n, anxiety, cough, asthma, al cohol abuse, depression, urinary

I nconti nence or WD 2007/ 053435PCT/ US2006/ 041925 -3- overactive

bl adder ,ovesagiivediladgerdeemprsieg peginistesngdengenammat svaeed ofsigh treatment
treatne ound of formula I.
I n anot %g@%‘%&%ﬁ%é%ﬁ 0?nven%’t grﬁ]e ?é@%ﬁﬁ&togﬂg od of treating
cough, conpr |Iﬂ|angtlmatraspesﬁ the ingentmrarahedesnid almethefédf treaingooughteat ment

an effective. amun t

of 1 or micmArSHER Ay Stord 4 RAMaEh Pt o SuchureeBBly &0 BLEBTREHREun
cough, _a:lflaeafcgubmat:@rsbﬁr(a) shlepstane (&ﬁhﬁ@hmﬂoﬁocmulahgagﬂ! dbponewsimsdreng
nii bi t GRSTUGRS PARHS1TPE S EHEMa e ALY & AL LM BTEGBH STEoted it
deri vat igrgep congigti®y\6F: garmhi@@mmr 5&?@&3{@@3(&%&)[’[@@ leukbtriehkiidtebitors,
anti-tussives, expectorants, NKi, and NK3 10t achyki ni n receptor

ant agonitds whibiers, Gaaienattinrenestor agonists,xasthing davatives, HsHEEneoite

i nventi I a g

one. con Rl paFu ey BETBEBIEL6F epBRAR: bRERRARE, NKF M- 2o

f r ong t heagiyitin ¢edspist amggeiistspahd BABAFBOesistsS- | | poxygenase

i nhibitors, |eukotriene inhibitars, H3 inhibi torﬁ R—adrener(%n

recept or agodi‘ still angther aspret, the invention relates to a pharmaceutical composition
comprising at least one compound of formula | and one or more additional agents
selected from the group consisting of: antihistamines, 5-lipoxygenase inhibitors,

Jeukotriene inhibitors, Hs inhibitors, ®-adrenergic receptor agonists, xanthine
15  derivatives, a—adrenergic receptor agonists, mast cell stabilizers, anti-tussives,
expectorants, NK1, NK and NK3 tachykinin receptor antagonists, and GABAg
agonists.
In another aspect, the invention relates to a method of treating urinary
incontinence (Ul) or overactive bladder comprising administering to a mammal in
20 need of such treatment an effective amount of a combination of: (a) at least one
compound of formula I; and (b) one or more agents useful for treating Ul or overactive
bladder. ,
In still another aspect, the invention relates to a pharmaceutical composition
comprising at least one compound of formula | and one or more agents useful for

25  treating Ul or overactive bladder.

DETAILED DESCRIPTION OF THE INVENTION
Referring to formula |, above, preferred compounds of the invention are those
wherein R' is R*-phenyl and R? is R®-phenyl, wherein R* and R® are independently
30 selected from the group consisting of H, halo and alkyl. More preferably, R'is R*-
phenyl wherein R* is one halo atom, and R is R®phenyl whersin R® is H or one halo
atom. The preferred halo atom for R* and R® is chlorine. The R* and R® substituents

are preferably in the 2-position in the phenyl ring.



15derivatives, a-adrenergic receptor agonists, nmast cell stabilizers,
anti-tussives, expectorants, NKi, NK2 and NK3 tachykinin receptor

ant agoni sts, and GABAs agoni sts. I n another aspect, the invention
relates to a nethod of treating urinary incontinence (U) or
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Exanpl esPtherwise in ca
15 halo represents fluoro, chloro, bromo and iodo;

alkyl (including, for example, the alkyl portions of arylalkyl) represents straight
and branched carbon chains and contains from one to six carbon atoms;

alkylene represents a divalent straight or branched alkyl chain, e.g., ethylene
(-CH2-)2 or propylene (—CH2CH2CHz-);

20 cycloalkyl represents a non-aromatic mono- or multicyclic ring system
comprising about 3 to about 10 carbon atoms, preferably about 5 to about 10 carbon
atoms. Preferred cycloalkyl rings contain about 3 to about 7 ring atoms. Non-limiting
examples of suitable monocyclic cycloalkyls include cyclopropyl, cyclopentyl,
cyclohexyl, cycloheptyl and the like. Non-limiting examples of suitable multicyclic

25  cycloalkyls include 1-decalinyl, norbornyl, adamantly and the like;

aryl (including the aryl portion of arylalkyl) represents a carbocyclic group
containing from 6 to 15 carbon atoms and having at least one aromatic ring {e.g., aryl
is a phenyl or naphthyl ring), with all available substitutable carbon atoms of the
carbocyclic group being intended as possible points of attachment;

30 heteroaryl represents cyclic aromatic groups of 5 or 6 atoms or bicyclic
groups of 9 to 10 atoms having 1, 2 or 3 heteroatoms independently selected from O,
S or N, said heteroatom(s) interrupting a carbocyclic ring structure and having a
sufficient number of delocalized pi electrons to provide aromatic character, provided
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azacycloheptanyl, 1,3-dithianyl, 1,3,5-trioxanyl, morpholinyl, thiomorpholinyl, 1,4-
thioxanyl, and 1,3,5-hexahydrotriazinyl, thiazolidinyl, tetrahydropyranyl. The

20  heterocycloalkyl ring can be substituted with 1-3 R* R® or R® groups, wherein any of
the available substitutable carbon or nitrogen atomns in said heterocycloalkyl group
may be optionally and independently substituted

Claim 1 does not include compounds known by the skilled artisan fo be
unstable.

25 The compounds of the invention can be in purified or isolated form. The term
“purified”, “in purified form” or “in isolated and purified form” for a compound refers to
the physical state of said compound after being isolated from a synthetic process or
natural source or combination thereof. Thus, the term “purified”, “in purified form” or
“in isolated and purified form” for a compound refers to the physical state of said

30  compound after being obtained from a purification process or processes described
herein or well known to the skilled artisan, in sufficient purity to be characterizable by
standard analytical techniques described herein or well known to the skilled artisan.



10atonms in said heteroaryl group nay be optionally and i ndependently
substi t ut ed; het er ocycl oal kyl represents a saturated carbocylic
ring containing from3 to 15 carbon atons, preferably from4 to 6

carbon atons, which carbocyclic ring is interrupted by 1 to 3 hetero
atons selected from-0-, -S-, -SO, -SQ2 or -NH exanples include but

are not | iyppb@dokas- or 3-tetrahydrofuranyl, 2- or 3- perrus2006/041925
15t etrahydrot hienyl, 2-, 3- or 4-piperidinyl, 2- or 3-pyrrolidi nyl,

2- or 3-piperizinyl, 2- or 4- dioxanyl, 1, 3- dloxolanyl
1,3,5-trithianyl, pentanethylene sulflge perhydr0|squ|noIinyI,
decahydr oqui nolinyl, trinmethyl ene oxide, azetidinyl, 1-

Ch o ohob Feoutlod b Sed it B Gok PR G A unsacsrod
t hi azol i dhleytes Irﬁﬂ‘léélémdétﬂﬁfﬁ@él)dxam'ﬁr@s aﬁalehsre@meéuﬁaé lsyéurhe@fb R&VEe ’m@
substltuteigvmth 1- wherein any of th

avai | abl 8Udigest PPWP&EPE“YSHP%%a@m%D fo saftshy Hieoralensessai d
het er ocycl oal WHerg4 ﬂ}fﬁztlﬂﬁﬂ] dqb@uﬁm h%ﬁ*ﬂoﬁné’?@térﬁ@%p‘ﬁfﬁg&bby ﬂ'kl)ls means that

substi t ut ed Claim 1 does not include conpounds known

ski | Ped Hya9roHR is i medilind faism & prEsiyde Wadwaﬂﬁapws ak/f@ﬁmr@m@dn
be in p“él’té Wﬁgn"?ﬁe béﬁ’ibﬁﬁ qid Q.ﬂ:#]%ct%a?or m tlcf?\“ SultheR” rot(fcﬂnﬁéFdes%’i] be

form' or I sol ated a or a conp
phyS| cal r@panaedfbystboale wdhmaimaryaskl!bm theiantgs woll as @@r refepemce tqmanmmc

rocess r u hxra

P 11 el B S8 S Binef VI bt S P oteckb o S i BidRois o,

a conpouSﬂnﬂ?eSBr(QQQb) WbypNyameaﬂk state of said 30conpound after

bei obt ain 0 u cat'Qn Locess or Qcess s descr

ner 88 or e TUienoay S ible (i) RP e REReS R e AR eIt i S Pojstiuent
be char aot ierforatila], iy defiattidarch eaet yédurehnct écindepoedertes isidediditibazei n

or well knovvntothe skilled artisan. WD

2007105334 PEHITSSHHBRRE 025 - 6- It should al so be noted that

any carbon aSAsVBlséd Asraie AL BANP MBOMBALITEIE A insdridRdl tbfdr@;@ﬁﬁfasb% ;SrB@uct
text, schenes,, e Ies d Tapl es herein is assunmed to have the

suffi ci e?ﬁmﬂflﬁfﬁ%it gredignigdn $he specifiedgmounts. aawel @ annredud
f ung§i onghicHresAtd, 'E!lré‘clﬁ,%mﬁél%bﬂys froRT élﬁ’ﬁblnaf & 8fthe gecffféﬂﬁné’i‘é@lbﬁ@ fahe

5the group is in nodi filed formto precl ude undesire de reactions
at the pRAHIGAMEURIE. when the conpound is subjected to a reaction.

Sui tabl e pr otEghigs Q’fcﬁﬁﬁat@s'dﬁﬁ@céﬁ B9RIL EANBYN MRS bl or di nary
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S0t ks WL oY SRl LA LSk b S, and

20  In Bioreversible Carriers in Drug Design, (1987) Edward B. Roche, ed., American
Pharmaceutical Association and Pergamon Press. The term “prodrug” means a
compound (e.g, a drug precursor) that is transformed in vivo to yield a compound of
Formula (i) or a pharmaceutically acceptable salt, hydrate or solvate of the
compound. The transformation may occur by various mechanisms (e.g., by metabolic

25  or chemical processes), such as, for example, through hydrolysis in blood. A
discussion of the use of prodrugs is provided by T. Higuchi and W. Stella, "Pro-drugs
as Novel Delivery Systems,” Vol. 14 of the A.C.S. Symposium Series, and in
Bioreversible Carriers in Drug Design, ed. Edward B. Roche, American
Pharmaceutical Association and Pergamon Press, 1987.

30 For example, if a compound of formula | or a pharmaceutically acceptable salt,
hydrate or solvate of the compound contains a carboxylic acid functional group, a
prodrug can comprise an ester formed by the replacement of the hydrogen atom of

the acid group with a group such as, for exampie, (C1+—Cs)alkyl, (C2>-C12)alkanoyl-



or in Formula I, its definition on each occurrence is independent of
Its definition at every other occurrence. As used herein, the
term"conposition” is intended to enconpass a product conprising the
specified ingredients in the specified anounts, as well as any

product 15which results, directly or |nd|rectly, from conbi nati on of

t he speci fWGdooh}ﬁﬂﬂ%l ents in the specified anounts. PCT/GN206 4 D55
and sol vates of the conpounds of the invention are al so contenpl ated

herein. A discussion of prodrugs is prgw ded in T. Hi guchi and V.
Stella, Pro-drugs as Novel Delivery Systems (1987) 14 of the A C. S
Synposi um Series, and 20in Bioreversible Carriers in Drug Design,
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25  Cgalkyl, carboxy (Cq-Cs)alkyl, amino(C4-Ca)alkyl or mono-N—or di-N,N-(C4-
Ce)alkytaminoalkyl, —C(Y*)Y® wherein Y* is H or methyl and Y® is mono-N— or di-

N.N-(C4-Cg}atkylamino morpholino, piperidin-1-yl or pyirolidin-1-yl, and the like.
The compounds of Formuta | can form salts which are also within the scope of
this invention. Reference to a compound of Formula | herein is understood to include
30  reference to salts thereof, unless otherwise indicated. The term “salt(s)", as employed
herein, denotes acidic salts formed with inorganic and/or organic acids, as well as
basic salts formed with inorganic and/or organic bases. [n addition, when a compound
of Formula | contains both a basic moiety, such as, but not limited to a pyridine or
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25 d[cyclohexylammes t—butyl amines, and salts with ammo ac:ds such as argmme

lysine and the like. Basic nitrogen-containing groups may be quarternized with agents
~ such as lower alkyl halides {e.g. methyl, ethyl, and butyl chlorides, bromides and
iodides), dialky! sulfates (e.g. dimethyl, diethyl, and dibutyl sulfates), long chain
halides (e.g. decyl, lauryl, and stearyl chlorides, bromides and iodides), aralkyl halides
30 (e.g. benzyl and phenethyl bromides), and others.
All such acid salts and base salts are intended o be pharmaceutically
acceptable salts within the scope of the invention and all acid and base salts are



20The Orange Book (Food & Drug Adm ni stration, Washington, D.C. on
their website). These disclosures are incorporated herein by
reference thereto. Exenpl ary basic salts include ammonium salts,
al kali metal salts such as sodium lithium and potassiumsalts,

al kaline earth netal salts such as calciumand nagnesiumsalts, salts
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or optionally
converted to, a solvate. “Solvate” means a physical association of a compound of this
invention with one or more solvent molecules. This physical association involves
varying degrees of ionic and covalent bonding, including hydrogen bonding. In certain
instances the solvate will be capable of isolation, for example when one or more
20  solvent molecules are incorporated in the crystal lattice of the crystalline solid.
"Solvate” encompasses both solution-phase and isolatable solvates. Non-limiting
examples of suitable solvates include ethanolates, methanolates, and the like.
“Hydrate” is a solvate wherein the solvent molecule is H,0.
Preparation of solvates is generally known. Thus, for example, M. Caira ef al,
25  J. Pharmaceutical Sci., 93(3), 601-611 (2004) describe the preparation of the solvates
of the antifungal fluconazole in ethyl acetate as well as from water. Similar
preparations of solvates, hemisolvate, hydrates and the like are described by E. C.
van Tonder et al, AAPS PharmSciTech., 5(1), article 12 (2004); and A. L. Bingham et
al, Chem. Commun., 603-604 (2001). A typical, non-limiting, process involves
30  dissolving the inventive compound in desired amounts of the desired solvent (organic
or water or mixtures thereof) at a higher than ambient temperature, and cooling the

solution at a rate sufficient to form crystals which are then isolated by standard



converted to, a solvate. "Solvate" neans a physical association of a
conmpound of this invention with one or nore solvent nolecules. This
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Polymorphic forms of the compounds of Formula |, and of the salts, solvates,
esters and prodrugs of the compounds of Formula |, are intended to be included in
the present invention.

Compounds of the invention can be prepared by known methods from starting

25  materials either known in the art or prepared by methods known in the art. Scheme 1
shows a typical reaction scheme for preparing compounds of formula | wherein R’
and R? are as defined above, X is a bond and R* is R%-phenyl or R®heteroaryl joined
to the tropane ring through a ring carbon (e.g., Rs-(Z-pyrimidyI) or R®-pyridyl).



centers of the present invention can have the S or R configuration as
defined by the I UPAC 1974 Recommendations. The use of the terns
"salt", "solvate", "ester", "prodrug"” and the like, is intended to
equally apply to the salt, solvate, ester and prodrug of enanti omers,
stereoi sonmers, rotaners, tautoners, positional isonmers, 20racenates

or prodr ug®o Sfo7hk34 nventive conpounds. Pol ynor picarnd26d€Fo4 bs
t he conpounds of Fornula I, and of the salts, solvates, esters and
prodrugs of the conpounds of Formula |, are intended to be included

in the present invention. Conpounds of‘“'he i nvention can be prepared
by known nethods fromstarting 25materials either known in the art or
prepared by nmethods known in the art. Schene 1 shows a typical
reaction scheme for preparing conpol@#i€mgifornula | wherein RL and
R2 are as defined aboyg,, X is aghond and R32 is R6-phenyl or
R6- het eroaryl d—to—the t[phaneFrag- uggg)a ti AgEeafbon (e.g.,
R6- (2-pyrimdyl) or R6-pyridyT). “WO 288%% 053435PCT/ US2006/ 041925
Schene 1 o Compounds of formula I in Sche 1 avherein R3a
is pyridinyl cango__le'/conver fedi't o tclea,cemr r espdwed ng pi 1 di nyl
conpounds by hyswogenati \M')t\h an a@ent suchgas 5 Pt Scheme
2 shows a typical reaction schene for preparing conpounds of fornula
| wherein R1 apnd R2 are, as defi ned above, X is a bond @ndy R3b is R6-
het er oaryl or %ﬁﬁet eracycl 9 | +].Qj ned tq tropawefing through
a ring nitrogt" (e.b.a‘%g(pﬁzg%ol -(%e.y&h)dr—g%ép;p’ipﬁ%iz nyl). The
nesyl at e interi@diate is also used to 10pr epar e conpofinds of fornul a
| wherein al and & e as definedyabove, , X.s .- 7) - (CH2) n rein
R7 is Hand n'f% ZNANREROS,  f ﬁﬁﬁﬁ@%@f%ﬁ%l or wiaa
pyrim dyl, where the pyridyrorRpyrim dy ring S joi;ned ¥hfough a
ring carbon atom AE®MEt he tropa®d al co iph rpeﬁ;jate cati be
converted to the conpound wherein X is - -\|qn ati R6- phenyl or
R3e is R6-pyrimdyl; the am no-tropane intefnediate can be
converted to assgapeund wherein -X- RSHi s -NHC(0)-R3,_.which can, be
reduced to obteertd re°ccpsd @spondi Ng - R3 conpglnd A~ UrN)_j

NaOH, (CH,OH)z, 2-3 d, 195°C R1—(2 re=lLJ R T

R ‘R8 R®

Compounds of formula | in Scheme 1 wherein R* is pyridinyl can be converted

to the corresponding piperidinyl compounds by hydrogenation with an agent such as
5 PO,

Scheme 2 shows a typical reaction scheme for preparing compounds of
formula | wherein R" and R® are as defined above, X is a bond and R is RS-
heteroaryl or Re-heterocycloalkyl joined to the tropane ring through a ring nitrogen
(e.g., RB-(pyrazoI-1—yl) or Rs-piperidinyl). The mesylate intermediate is also used to

10 prepare compounds of formula | wherein R' and R? are as defined above, X is
~N(R")-(CHz)n- wherein R” is H and n is 0, and R* is, for example, R®-pyridyl or R®-
pyrimidyl, where the pyridyl or pyrimidy ring is joined through a ring carbon atom.
Also, the tropane alcohol intermediate can be converted to the compound wherein X
is ~O- and R* is R%-phenyl or R* is R®-pyrimidyl; the amino-tropane intermediate

15 can be converted to a compound wherein —X-R® is -NHC(O)-R?, which can be
reduced to obtain the corresponding —~NH-CH»-R® compound.

Scheme 2



Schenme 2 H2/ PdCaCG3 _ Ri...T..N NH2 NH3/ MeOHR2 MeOH, Et OAc " NNR30

Schenme 3 shows a typical reaction schene for

preparing conpounds of forrmula I wherein RL, R2 and R3 are as defined
above and X is -C(0)N(R7)-, which can be reduced to conpounds wherein
Xis -CH2-N(R7)-. 5Schenme 3

WO 2007/053435 PCT/US2006/041925
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Scheme 3 shows a typical reaction scheme for preparing compounds of
formula | wherein R', R? and R® are as defined above and X is —~C(O)N(R")-, which
can be reduced to compounds wherein X is ~CHa-N(R)-.

Scheme 3
2-amino-pyridine H
RH’NHG‘CN _ﬂg_* R Ngﬂ'*cozH EDC, DMAP g1 N}jﬂ\n‘N\Rs
2 cone. HCI 2 s T o
R R rt, CH,Cl, R2
LAH
H
N
R1TNBﬂV “R3
RrR2

Scheme 4 shows a reaction scheme for preparing compounds of formula |
wherein R’ and R? are as defined above, X is a bond, and R® is benzimidazolyl,
Scheme 4



2-am no-pyridine CN OCCO2H EDC, DVMAP3 R NRI T rt, CH2a2R2 LAHR T R2
Scheme 4 shows a reaction schene for preparing conpounds of formula I
wherein RL and R2 are as defined above, X is a bond, and R3 is
benzi m dazol yl . Schene 4 WO 2007/ 053435PCT/ US2006/ 041925 -13-
The starting materials used in the above procedures are conmmercially
avai | abl e yo4 ;b p&askur es for making themare known in t %1%5%006;5%25
follow ng solvents and reagents are referred to herein by the
abbrevi ations 5indicated: tetrahydrofuran (THF); ethanol (EtOH);
net hanol (MeOH); N, N-di cycl o- hexyl carbddi i ni de (DCC); dichl oroet hane
(DCE); ethyl acetate (EtOAc); lithiumdiisopropyl am de (WA);
triethylam ne (Et3N) and N, N-di net hyl f or mram de SDIVF);
di i sobut yl al um nwm hydri de (DI BAL); hydroxyqﬁ t"?;l aZ(ﬁLe ( :
1- ( 3-di net hyl ml\;hmrm)y - 3- et hyly- HD mi ydroc I hd ;
4- <(1Ii met hyl am I%ﬁgyri di o P)A;Tgi i SOpI‘Op—)Ll—e-t—B-)d—am netIpl PEAJ
met hanesul f onyR? ( mesy| olu@¥: sodi Bm NaHSO;

The starting materials used in the above procedures are commercially

available or procedures for making them are known in the art.
The following solvents and reagents are referred to herein by the abbreviations
5  indicated: tetrahydrofuran (THF); ethanol {EtOH); methanol (MeOH); N,N-dicyclo-

hexylcarbodiimide (DCC); dichloroethane (DCE); ethyl acetate (EtOAc); lithium
diisopropyl amide (LDA); triethylamine (EtsN) and N,N-dimethylformamide (DMF);
diisobutylaluminum hydride (DIBAL); hydroxybenzotriazole (HOBT); 1-(3-dimethyl-
aminopropyl)-3-ethyi-carbodiimide hydrochioride (EDCI); 4-dimethylaminopyridine

10 (DMAP); diisopropylethylamine (DIPEA); methanesulfonyl (mesyl, Ms); sodium
bis(trimethylsilyl)amide (NaHMDS); thin layer chromatography (TLC). Room
temperature is abbreviated as rt.

Example 1

15  Step 1:
c 9 c cr OHcl
-

NaBH, (1.5 g, 39.82 mmol) was added to a solution of 2,2’-dichlorobenzo-
phenone 1 (5 g, 19.9 mmol) in MeOH (40 ml) at rt. After stirring at rt for 2 h, the
mixture was quenched with H0, neutralized with 1N HC} followed by evaporation of

20 MeOH. The residue was extracted with EtOAc, washed with brine, dried (MgSO,) and
concentrated to give the desired compound 2 (5 g) as white solid which was used for
next step reaction without purification. 'H NMR (CDCl3) § 7.45 (m, 4H), 7.35 (m, 4H),
6.60 (d, 1H), 2.58 (d, 1H, OH).

Step 2:

c CQHo c Brc

—
25 2 3



bi s(trimethylsilyl)amde (NaHVDS); thin |ayer chromatography (TLC).
Room tenperature is abbreviated as rt. 15Step 1: AddC oHcl 12
NaBH4 (1.5 g, 39.82 mmpl) was added to a sol ution of

2, 2" -di chl orobenzophenone 1 (5 g, 19.9 mmol) in MeOH (40 nl) at rt.
After stirring at rt for 2 h, the mxture was quepcggd with Id-8120,
neutraliz ' L HCl followed by evaporation o - NRGH; 2% 41925
resi due m@gogd)?:?/?sgé}{%ed w th Et0Ac, washed with brine, dried S( @oﬁ’f
and concentrated to give the desired conmpound 2 (5 g) as white solid
whi ch wa& used for next step reaction-¥#thout purification. 1H NWVR
(cbc13) 8 7.45 (m 4H), 7.35 (m 4H), 6.60 (d, 1H), 2.58 (d, 1H, OH).
Step 22 G OH CIQ Br a WO 2007/ 053435PCT/ US2006/ 041925 -14-

The product ofh&pgsiuct pbBtepst (20.86 9480 Afuhind rin CGi2Clpwas breatedatidtd SOBr,

i . I t 0.C Aft tirring at rt
over ni oo he: 1485 N o0 A s alt oSremats begfdie e
ext r act equewidhedQH2Ccd andr N&ld CO5i(ht) §redraatied] Wit OMLULAHAEd titcRsPENG €
the desired c ound 3 (23,6 g). 1H NWR (CDCISE? 6 7,6 ﬁwd' 52I(—;|), 7.4
(d 2ty SoPeeRTRIRd igyoaycethedisig comnung: 3 (29.6 0). 'H NMR (CDCK) 57.6 (,
5 2H),7.4(d, 2H), 7.13 (m, 4H), 7.0 (s, 1H).

Step 3:
Is} =0
g o cl
bﬁ/ + m*o’l\ - M
Hee ™ Mo 4

A solution of tropinone (10 g, 71.84 mmol) in DCE (200 ml) was added o~
chloroethy! chloroformate (15.4 g, 108 mmol) dropwise at 0 °C . The mixiure was
10 then heated at reflux for 2h. Solvent was evaporated to give a brown residue. The
residue was dissolved in MeOH (200 mi) and heated at reflux for 2 h. The MeOH was
evaporated to give a solid which was stirred in EtOAg, filtered and washed with ether
to give the desired compound 4 (7 g). Crude product was used for the next step
without further purification. 'H NMR (CDCl3) 6 4.45 (s, br, 2H), 3.35 (dd, 2H), 2.58 (d,
15 2H), 2.49 (dd, 2H), 2.0 (m, 2H).
Step 4:

A mixture of 4 (26 g, 161 mmol), 3 (563 g, 168 mmol) and KCO;3 (110 g, 796
mmol) in anhydrous CH:CN (410 ml} was heated at 80 °C. Reaction progress was

o

20  monitored by "H NMR analysis. ~79% conversion was observed after 87 h. The
reaction mixture was cooled to r, diluted with CH.Cl,, filtered and concentrated.
Purification of the residue by SiO, chromatography (4-7% EtOAc/hexane) gave the
desired compound 5. 'H NMR (CDCl3) 8 7.9 (d, 2H), 7.3 (m, 4H), 7.2 (m, 2H), 5.7 (s,
1H), 3.35 (s, br, 2H), 2.7 (dd, 2H), 2.3 (m, 2H), 2.2 (d, 2H), 1.85 (dd, 2H).

25 Step 5:



A solution of tropinone (10 g, 71.84 mml) in DOE (200 m) was added
achl oroet hyl chloroformate (15.4 g, 108 mmol ) dropwi se at 0 00. The
m xture was 10t hen heated at reflux for 2h. Solvent was evaporated to
give a brown residue. The residue was dissolved in MeOH (200 m) and
heated at reflux for 2 h. The MeOH was evapoLaged_tﬁ gll;\;;a solid

whi ch was | 4+ EtOAc, filtered and washed with et BheHls 1485

t he desi rggé(b:@rﬁr@%d%ﬂ 4 (7 g). Crude product was used for t/lfl'n% ngx%é
step without further purification. 1H NVR (CDCl 3) 84.45 (s, br, 2H),
3.35 (dd, 2H), 2.58 (d, 152H), 2.49 (d#-2H), 2.0 (m 2H). Step 4:

A mxture of 4 (26 g, 161 mml), 3 (53 g, 168 mvl) and K2CG8 (110 g,
796 mmol) in anhydrous CH3CN (410 ml) was heated at 80 C. Reaction
progress was 20nonit oged “BH NVR anal ysis. -79% conversion was
observed _after 87 I Maction m xture was cooled to rt, diluted
rediand concentrated. Purification of the residue
y €l4- 7% Et OAc/ hexane) gave the desired conpound
5. 1H NWMR (CDClI 3) 8 (dé 2H), 7.3 (m 4H), 7.2 (m 2H), 5.7 (s,
1H), 3.35 (s, br, 2 2.7 (dd, 2H, 2.3 (m 2H),2.2 (d, 2H), 1.65

(dd, 2H). 253pem@sSium ¥H-BR840ET343 8 ivké AadB8 YRM 953 stifrdd sBiutiSh of 5 (300

g) and tosylmethyl isocyanide (211 g} in anhydrous 1,2-dimethoxyethane (3.51)and
absolute EtOH (240 ml) under Nz at -40 °C. The mixture was slowly warmed to rt and
5  stirred at rt overnight. The mixture was filtered and washed with EtOAc. Most of the

with cHBl 2, Til
by Si 02 chromat

solvent in the filirate was evaporated in vacuo (bath temperature < 40 °C) to give a
suspension which was filtered and washed with ether to give 6 (158 g). LC/ESI-MS
m/z=371 (C21HaoClaNo HY).

Step 6: -

CN
N
A
O~
Cl
O

LDA was ireshly generated from diisopropyl amine (2.27 mi, 16.15 mmol) and
n-BuLi (2.5 M, 6.46 ml, 16.15 mmol) in THF (25 ml). The LDA solution was treated
with a solution of 6 in THF (25 mi) dropwise at -40 °C, stirred for 2 h and 2-chloro-
pyrimidine (1.85g, 16.15 mmol) was added. The mixture was slowly warmed to rt,

15 stirred at rt ovemnight, quenched with water, extracted with EiOAc, dried (MgSOy4) and
concentrated. Purification of the residue by SiOp chromatography (1:4 EtOAc/
hexane) gave 7 (3 g). LC/ESI-MS m/z=449 (CusHaaClaNg, HY).

Step 7: |

A mixture of 7 (200 mg) and conc. HCI (2 ml) was heated at 100 °C in a sealed

20  tube for 3 days, cooled to 0 °C, neutralized with aqueous NaOH solution, extracted
with EtOAc, dried (MgSQ,) and concenirated. Purification of the residue by SiO,
chromatography (0-50% EtOAc/hexane) gave the title compound (410 mg). LC/ESI-
MS m/z=424 (CasHaaCloNz HY).

10

Examples 2 and 3




Pot assiumtert-butoxide (232 g) was added slowy to a stirred
solution of 5 (300 g) and tosyl methyl isocyanide (211 g) in anhydrous
1, 2-di net hoxyethane (3.5 |) and absolute EtOH (240 m ) under N2 at
-40 C. The m xture was slowy warmed to rt and 5 stirred at rt
overnight. The m xture was filtered and washed with Et0OAc. Most of

t he sol ve sfiltrate was evaporated in vacuo (b ’ re
<40 O toRg|J@ aaﬁuspen3|on whi ch was filtered and washe n&? ﬁ%?’%r
to give 6 (158 g). LOESI-M5 m z=371 (C21H20C12N2. 11+). Step 6: CN
LDA was freshly generated fronldiisoprégyl amne (2.27 m, 16.15
mml) and n-BuLi (2.5 M 6.46 m, 16.15 mml) in THF (25 m). The LDA
solution was treated with a solutlon of 6 in THF (25 nm) dropw se at

-40 C, stirred for 2 h and 2-chl oropyri m di ne (1 , 16.15 mol ) was
added. The mi xture was sl y vva med to rt, 153 | at rt

over ni ght, quenched wt ct ed , dried (MJSO4)
and concentrated. Purif on ofN 5i 02 chr omat ogr aphy
(1:4 Et0Ac/ hexane) gave LC ESI - %449 (C25HNC 2N4.  HH+) .
Step 7: A mixture of 7 (2 ) &Xd2conc 2 m) Bxa8 heated at
100C in glse,ia_l ed 20t ube for 3 days, cool ed to 0 C, neutralized with
aqueous 'sol uti on, eéhr acted with EtOAc, dried (MgSO4) and
concentrated. Puridic f the residue by Si 02 chr onat ogr aphy
(0-50% Et OAc/ heyane) ha title conmpound (110 ng). LC/ ESIMS

m z=424 {C24F423 Hg? N 2007/ 053435PCT/ US2006/ 041925 -16- Step
1: 8

8
To a stirred solution of 6 (20 g, 53.9 mmol) in THF (100 ml) was added

5  NaHMDS/THF (40.4 ml, 2M) dropwise at -78 °C under Np. The solution was stirred at
-78 °C for ~1 hr, then 2-bromopyridine (17 g, 154 mmol) in THF was added dropwise.
After stirring for another hour at this temperature, the reaction flask was moved to a
CH3CN/dry ice bath. The reaction mixture was slowly warmed to t, stirred at rt
overnigh’;, guenched with sat. ag. NH4Cl at -78 °C, warmed to rt, and extracted with

10 EtOAc. The combined organic layers were dried over Na,SQ,, filtered, and
evaporated to dryness. The residue was washed with ether several times to give the
desired compound 8 (19.1 g) which was used in the next reaction without further
purification. LC/ESI-MS: m/z 448 (CzsHasCloNa.H*).

Step 2:

15 A mixture of 8 (5 g), NaOH (20 g), and' ethylene glycol (40 ml) was stirred and
heated to 200 °C under N» atmosphere for two to three days. After the reaction was
complete, the mixiure was cooled to rt and dissolved in 1N HCI solution. The
suspension was partitioned with CH,Cl; under basic conditions. The organic layer
was dried over Na>S0, filtered, and evaporated to dryness. Puriﬂéation of the

20 residue by SiO, chromatography (EtOAc/hexane) gave Example 2 (~4.3 g), LC/ESI-
MS: m/z 423 (C25H24CLN2 H') and Example 3, LC/ESI-MS: m/z 423 (CasH24CloNo. H™).

Examples 4 and 5

| ~
cl H CH, ol &cm
Y N% SN
4




To a stirred solution of 6 (20 g, 53.9 nmmol) in THE (100 M) was
added 5NaHVDS/ THF (40.4 m, 2M dropwi se at -78 C under N2. The
solution was stirred at -78 Cfor -1 hr, then 2-bronopyridine (17 g,
154 mml) in THF was added dropwi se. After stirring for another hour
at this tenperature, the reaction flask was noved to a CH3CN dry ice
bath. The g xture was slowmy warnmed to rt, stip,

over ni ght, quenc%gcfvmth sat. ag. NH4Cl at -78 C, warne &ﬁﬁ%zﬁéﬁmﬁbzs
extracted with 10Et OAc. The conbi ned or%gnl c layers were dried over
Na2SO4, filtered, and evaporated to dr' The resi due was washed
wi th ether several times to give the desired conpound 8 (19.1 Q)

whi ch wa t d in the next reaction w thout further purification.
LC ESI - ot 'z 448 (CZGH%%CI 2N3. H+). Step 2: 15A m xture of 8 (5 @),
NaCH (20 g) and e(t;|hyl ®Ng gl,\ycol (40 mM) was stirred and heated to
200 C under N2 gt “or) two to three days. After the reaction
was conplete, tR &S cooled to rt and dissolved in I N HCl
sol ution. The suspé was partitioned with CH2C 2 under basic
conditions. The orgamic | aer was dried over Na2SO4, filtered, and

evapor at ed t CCQmeBBd; 9 was pfepasdd atcopding h‘@t!’?@ﬁl%%bgul% d%écﬁb@@ in E)I\%mple

2 423 POIRa IO VDR el oo meteriine. LVESHYS: m 462

(0255124C0(2N2256i§N3|—E)<arrpl es 4 and 5 Compound 9 was prepared
accordi ﬁ % the procedure described in Exanple 2, Step 1, using 6,
NaHVDS br ono- 3- net hyl pyridi ne. L ESI - V5. rn/z 462 5(r l-1N

—

Lok o, TSSO L8 i Fatrf T "

under NZ-A I:FIH@(T R galitionds57 ml, 4.57 mmol) dropwise at rt under Nz. The mixture was
stirred at 50 °C for 1 h. After cooling to r, the following solutions were added

10 sequentially: 190 pul water, 570 ul 156% NaOH, and 190 ul water. The mixture was
stirred, filtered, and evaporated to dryness. Purification of the residue by SiO,
chromatography (EtOAc/hexane) gave Example 4 (~370 mg), LC/ESI-MS: m/z 437
(C26H25ClN2.H™) and Example 5, LG/ESI-MS: m/z 437 (CaHasCloNz H™).
Examples 6 and 7

Br

J° :
15 Ex. 6 Ex. 7

Step 1:

Compound 10 was prepared according to the procedure described in Example
2, Step 1, using 6, NaHMDS and 2,5-dibromopyridine. LC/ESI-MS m/z=528
20 (CoeHa2oBrClaNz. HY.
Step 2:
A mixture of 10 (210 mg) and conc. HCI (1.5 ml) was heated at 100 °C in a
sealed tube for 3 days, cooled to rt, neutralized with aqueous NaOH solution,
extracted with EtOAc, dried (MgSO.) and concentrated. Purification of the residue by



stirred at 50 C for 1 h. After cooling to rt, the follow ng sol utions
wer e added 10sequentially: 190 pl water, 570 pl 15% NaOH, and 190 pl
wat er. The m xture was stirred, filtered, and evaporated to dryness.
Purification of the residue by Si02 chronmatography (Et0Ac/ hexane)
gave Exanple 4 (-370 ny), LOESI-MS: mz 437 (C26H26C 2N2. H+) and
Exampl e 5, » mz 437 (C26H26C12N2. H+) . Exanpl g%

Conpound R)é\%gﬁaﬁgfar ed according to the procedure descr'l’ﬁbsaglﬂmzwb
Exanple 2, Step 1, using 6, NaHVDS and 2, 5-di bronopyri di ne. LC/ ESI-MS
m z=528 20(r. -4 Renl NI 1-4 ) Step 218~ A mixture of 10 (210
ng) and conc. HCl (1.5 m) was heated at 100C in a seal ed tube for 3
days, cooled to rt, neutralized with aqueous NaCH sol ution, extracted
with Eto&2 fHTrP@@’fQGWQBbMIO-éﬁ% EMehexane) gaveiaemptat] 6C/B8I-MEm/2=503

d / 0 5 t h
(0 50 AL LCANg) Ja0a eelinly £ B/ ASy e S JLshaBItRE P o
(C25H23BrCI 2N2 H+) and Exanple 7, LEXEBSIpdB: m z 503
(C25H23Br C 2N2. H+) . Exanple 8  5Sge ;
N, ~OCHs

N | _

CI

5
BjL\LN),OCHs
6 —
Comp_ound 11 was prepared according to the procedure described in Example
2, Step 1, using 6, NaHMDS and 2-bromo-6-methoxypyridine. LC/ESI-MS: m/z 478
(Cz7Ha5ClN30.HY).
10 Step2

To a stirred solution of 11 (21 mg, 0.044 mmol) in THF, was added 1 M
LIALH4/THF solution {132 pl, 0.132 mmol) dropwise at 0 °C under N2. The mixture
was stirréd at 60 °C overnight. After cooling to rt, the following solutions were added
sequentially: 2 i water, 6 pul 15% NaOH, and 2 ul water. The mixiure was stirred,
15  filtered, and evaporated to dryness. Purification of the residue by SiO,
chromatography (0-40% EtOAc/hexane) gave the title compound (5 mg). ESI-MS: m/z

453 (C2sH25CINRO.H).
Example 9
Cl
O "y T
N } P
@ Cl
20 Stepi:

To a stirred solution of 6 (371 mg, 1 mmol) in THF was added NaHMD/THF
(750 pl, 2M) dropwise at -78 ° C under N2. The solution was stirred at -78 °C for ~0.5
hr, and then 2,6-diflucropyridine in THF was added dropwise. After stirring for at least



Compound 11 was prepared according to the procedure described in
Exanple 2, Step 1, using 6, NaHVDS and 2- brono-6-net hoxypyri di ne.
LOESI-Ms: mz 478 (C27H25C12N30. H+) . 10Step 2: To a stirred
solution of 11 (21 ny, 0.044 mmol) in THF, was added 1 M Li ALH4/ THF
solution (132 jil, 0.132 nmol) dropw se at OC under N2. The m xture

was stirregyafy7syss overnight After cooling to rt, the Ifdal,ﬂqsgwﬁyg,gms
sol utions were added sequentially: 2 ill water, 6 gl 15% NaOH, and 2
psi water. The mi xture was stirred, 15filtered, and evaporated to
dryness. Purification of the residue UQQSi 02 chr omat ogr aphy (0-40%
Et 0Ac/ hexane) gave the title conpound (5 ng). ESI-MS: mz 453

(C26H26CL2N20Q, Ht) . 20Step 1: Cl To a stirred solution of 6
(371 ny, %%‘%rt&ﬁ %Wemw%@mﬁlenmmw Sy wRrmeging rﬂlaﬂpwtlﬂedaiver

-78 C ungiey égk wbheriso I
then 2, 6- dl\?ll goernopyrl dhr?gufér}v%%élba t(gd ezéda%&vc\;nﬁgé%t QtNW‘}?ﬂhg

for at |WgEPe m@w%mmw@sammmaalutmana HiOAk:—hehaaae (1:1).
t enper at YRE cokibhd bh Q. rt. and
stirred over the meEen%qa%%%rgtdﬁgg O\ifggw@% %Jﬂ@geé fé‘dévaﬁﬁﬁﬁﬁé‘ﬂ
wi t hOsat dryagss.wBurfication Q’ftth%mzslcﬂufr by SiOnefttohetiogrephpgavdtd ¢losaigyt | on
and EtO organl c layers were dried over
Na2SO4, A?C{@eﬁre &ézn%é% F%lc(ﬁr%ﬁ\let Sdryness Purification of the
resi due $igpst:02 chr onmat ography gave 12 (194 ng). LU ESI-MS: mz 466
(C26H22C12F stirred solution of 12 (69.5 ny,
0.149 ol ) Na%ﬁﬁﬁ"ﬁﬂé%ﬁ'&@dﬁle\&%@ APGaPTAR ragplin JhiR was agied d.M49
mol) - dridaMSEHREolutioH T84S . 14 @B KEMRINRSE rt under Na. The misture was
10 stirred at rt overnight. The following solutions were added sequentially: 5 il water, 15
) ul 156% NaOH, and 5 pl water. The mixture was stirred, filtered, and evaporated to
dryness. Purification of the residue by SiO, chromatography (0-100% EtOAc/hexane)
gave the title compound (14 mg). LC/ESI-MS: m/z 441 (CasHasClaFNo HY).
Examples 10 and 11

X N

cl

15
Ex. 10 Ex. 11

To a stirred solution of 6 (3336 mg, 9 mmol) in THF was added NaHMDS/THF
20 (6750 pl, 2M, 13.5 mmol) dropwise at -78 °C under N,. The solution was stirred at -78
°C for ~0.5 h, and then 2-bromo-5-flucropyridine (5000 mg, 28.4 mmol) in THF was
added dropwise. After stirring for at least 8 h at this temperature, the reaction mixture
was slowly warmed to rt and stirred overnight. The mixture was cooled to -78 °C,
quenched with sat. ag. NH,Cl, warmed to rt and partitioned between aq. NH4ClI
25  solution and EtOA¢. The combined organic layers were dried over Na,SQ,, filtered,
and evaporated to dryness. Purification of the residue by 8i02 chromatography
(EtOAc/hexane) gave 13 (1650 mg). ESI-MS: m/z 466 (CosHzoCloFNa, HY).
Step 2:



10stirred at rt overnight. The follow ng solutions were added
sequentially: 5 gl water, 15 gl 15% NaOH, and 5 gl water. The m xture
was stirred, filtered, and evaporated to dryness. Purification of the
resi due by Si 02 chronmat ography (0-100% Et 0Ac/ hexane) gave the title

conmpound (14 ng). LC/ESI-Ms: mz 441 (C25H23C12FI N12. Exanpl es
10 and 11 w&heorfekdess To a stirred solution of q,dﬁﬁ’é@) 5102
nmol ) in Hg was adaded NaHVDS/ THF 20(6750 gl, 2M 13.5 éropvmsgse

at -78 C under N2. The solution was st 6red at -78 Cfor -0.5 h, and
t hen 2-brono-5-fluoropyridine (5000 28.4 mol ) in THF was added
dr opwi se. After stirring for at |east 8 h at this tenperature, the

reaction m xt ﬁrras ?Ig%% rmed to rt and stirred overnight. The
m xture was c (W'é gl m@u@ﬁ@ﬁbﬁoﬂnm@ﬂ &hd e“adene\bleﬂ!@bl (4wah ired t o
Combi ned of qan o | ayer oo and hoaetort - Rt Pforgeaffo 19 the mixure
evapor at ¥gS %agegr%gfy@ and ffiGAG al he argsnic lager was diashbdy with(itine, dried over
?258”35%@%%%*’ ISR S 2N OB i Bl B i B

It urh 4femai@reehy fﬂgj CONAER Achinexameg) gamrs Exatipld ﬂm@;}g; htgz ]91_:% (r,m??g? |z|n 3
a seal e h
tort, the']ugl%)s(?%?ézw 5 EggaﬁgﬁﬁégqﬁWé 8&&% df'}&é’rﬁgc | ayer was
washed viCesta€lNeQ HiDi ed over Na2SO4, filtered, and evaporated to
dryness. Purification of the resi d b Sr 5 chromat ogr aphy (0-100%

Et OAdhexane) gave Exanple 10 (-2 : : mz 441
(C25H22C12FN2. H+) and Exanpl e 11 L ESI-IVIS mz 439
(C25H24C12N20, FO. l N
P/
cr
10 SteQT
Br Br
| ——
HaC . Bl‘HzC

A mixture of 2-bromo-3-methylpyridine (1114 pl, 10 mmol), NBS (1780 mg, 10
mmol), and benzoyl peroxide (45 mg) in CCl, was refluxed for 3 h. After cooling to rt,
the suspension was filtered. Purification of the residue by 8102 chromatography

15 (EtOAc/hexane) gave the desired compound (600 mg). ESI-MS: m/z 250, 252, and
254 (CgHsBraN.H™)
Step 2:
Bro_N Bra. Ny
o —
BrH,C LNJ
To a solution of the product of Step 1 (595 mg, 2.36 mmol) in DMF was added
20  piperidine (205 mg, 2.4 mmol) and K2CO3 (979 mg, 7.08 mmol), sequentially. The
mixture was stirred at rt overnight, quenched with ice-water and then partitioned with
ether. The organic layer was dried over Na,S0,, filtered, and concentrated.
Purification of the residue by SiC, chromatography (0-50% EtOAc/hexane) gave the

desired compound (~450 mg). C11H1sBrNz, LC/ESI-MS: m/z 255 and 257
25 (C11H158I’N2_H+)



10Step 1: Fi3c aruN --). B -BrH2er A m xture of

2- br ono- 3- net hyl pyridine (1114 1LI, 10 nmmol), NBS (1780 ng, 10 nmol),
and benzoyl peroxide (45 ng) in CC4 was refluxed for 3 h. After
cooling to rt, t he suspension was filtered. Purification of the
resi due by Si 02 chronmat ography 15(Et OAc/ hexane) gave the desired
conmpound ESI-Ms: mz 250, 252, and 254 (C31

a sol utio&@(g?m?@gg product of Step 1 (595 ng, 2.36 rnm)I]P)?‘Eeifi"ﬁg\I HRE
added 20pi peridine (205 ng, 2.4 mol) and K2CA (979 ngy, 7.08 rrm)l),
sequentially. The mixture was stirred-af-it overnight, quenched with
I ce-water and then partitioned with ether. The organic |ayer was
dried over Na2SO4, filtered, and concentrated. Purification of the

resi due 8{epsB:02 chr omat ography (0-50% Et 0Ac/ hexane) gave the desired
conmpound (-450 ng). 1H1€aar N2, LCOESI-Ms: nfz 255 and 257
25(0 i Hi sBr N2. H+) CIV\D 3435PCT/ U52006/ 041925 - 21- St ep 3: ,N 14

6 ——
cl
O O 14
Compound 14 was prepared according to the procedure described in Example
2, Step 1, using 6, NaHMDS and the product of Step 2. LC/ESI-MS: m/z 545
5  (CaoMH34ClaNgH™).
Step 4:

14 and LiAlH, were used according to the procedure described in Example 9,
Step 2, to obtain the title compound. LC/ESI-MS: m/z 520 (C31H3sCloaNa H™).

Example 13

Ci

J

10

To a mixture of 6 (580 mg) and fluorobenzene (~1.5 ml) was added potassium
bis(trimethylsilyl)amide (580 mg} in fluorobenzene (~2.5 ml) under Ny. The mixture

15 was stirred for 10 min, then heated in a microwave at 100 °C for 18 min. After cooling
to 1, the mixture was quenched with saturated aq. NH4Cl and partitioned with FtQAc.
The organic layer was dried over NaSO,, filtered, and concentrated. The residue
was washed with ether to give 15 (~450 mg). LC/ESI-MS: m/z 447 (Ca7H24CloNy).
Step 2:

20 To a stirred solution of 15 (310 mg, 0.693 mmol) in THF was added 1 M
LIALH/THF solution (693 pl, 0.693 mmol) dropwise at rt under Ny. The mixture was
warmed to 60 °C and stired overnight. The following solutions were added
sequentially: 50 pl water, 150 pl 15% NaOH, and 50 yl water. The mixture was
stirred, filtered, and evaporated to dryness. Purification of the residue by SiO,



Compound 14 was prepared according to the procedure described in
Exanple 2, Step 1, using 6, NaHVDS and the product of Step 2.
LCESI-Ms: in& 545 5(nel NI 1-1 Step 4: 14 and Li AlH4 were used
according to the procedure described in Exanple 9, Step 2, to obtain
the title conmpound. LC/ESI-MS: mz 520 (C31H35C12N3H+). Exanple 13

Cl 10 Ste ; To a m xture of 6 (580 ng) an ne
(-1.5 m) ﬁv\l\%gﬂﬂg/g%sgﬁs pot assi um bi s(trinmethylsilyl)am de%@#%;ﬂ%{@%@
fl uorobenzene (-2.5 m) under N2. The gixture 15was stirred for 10
mn, then heated in a m crowave at 1084C for 18 min. After cooling to
rt, the mxture was quenched with saturated ag. NH4Cl and partitioned
with EtOAc. The organic | ayer was drjed over Na2SO4, filtered, and

concent CAFXBAOgRPYEEE e BiRédclhexrae) daventhettitlercompayingd~86 me).466/E5)) .
LC ESI - - A 2N2). Step 2: 20To a stirred solution -
of 15 (\l@% %M%Z‘@c%ﬁ;ﬁ%ﬁﬁfﬁ THF was added 1 M L1AL114/ THF sol ution
(693 Al, 0.693 nmol) dropwi se at rExamptg142. The nmi xture was war ned
to 60 C and stirred overnight. The f ow ng sol utions were added
sequentially: 50 1.t1 water, 150 4, and 50 ill water. The
m xture was stirred, filtered, ahd ey 2d to dryness.
Purification of the residue by Si 02V\D 2007/ 053435PCT/ US2006/ 041925

Step 1: MO
cl
N
4 — OQ i

Compound 16 was prepared according to the procedure described in Example

1, Step 4, using 4, 1-chioro-2-(chlorophenylmethyl)benzene and K2COs. 'H NMR

(CDCl3} 5 7.95 (d, 1H), 7.55 (d, 2H), 7.2 (m, 5H), 7.05 (t, 1H), 5.25 (s, 1H), 3.4 (s, b,
10 2H), 2.65(d, b, 2H), 2.1 (d, b, 4H), 1.75 (m, 2H).

Step 2:

S
g

Compound 17 was prepared accaording to the procedure of Example 1, Step 5,
using 16, potassium tert-butoxide and tosylmethyl isocyanide. 'H NMR (CDCls) § 7.9
15 (d, 1H), 7.45 (d, 2H}, 7.25 (m, 5H), 7.05 (i, 1H), 5.0 (s, 1H), 3.15 (s, b, 2H), 2.7 (m,
' 1H), 2 (m, 4H), 1.65 (m, 2H), 1.25 (d, 2H).
Step 3:

N
cl N
7 % 18

Compound 18 was prepared according to the procedure of Example 2, Step 1,
20 using 17, NaHMDS and 2-bromopyridine. LC/ESI-MS: m/z 414 (CogHoaCINs.H™).

Step 4:



-22- chromat ography (0-50% Et OAc/ hexane) gave the title conpound (-80
ng). LC/ESIMS: ink 422 (C231-125CI 2N. H4). 5Step 1: Conpound 16
was prepared according to the procedure described in Exanple 1, Step
4, using 4, 1-chloro-2-(chlorophenyl nethyl)benzene and K2CC3. 1H NWR
(cbc13) 5 7.95 (d, 1H), 7.55 (d, 2H), 7.2 (m 51-1), 7.05 (t, 1H),

5.25 (s, %003@%%%5,2@ 1021-1), 2.65 (d, b, 211), 2-¥c&%sz@16ﬁﬁ‘{?izso

1.75 (in, Conmpound 17 was prepared accordl ng

the procedure of Exanple 1, Step 5, using 16, potassiumtert-butoxide
and tosyl net hyl isocyanide. 1H NVR (CEE$3) 5 7.9 15(d, 1H), 7.45 (d,
2H), 7.25 (m 5H), 7.05 (t, 1H), 5.0 (s, 1H), 3.15 (s, b, 2H), 2.7
(m 1H, 2 (m 4H), 1.65 (m 2H), 1.25 (d, 2H). Step 3:

Conpound 18 wiike pregeaivesl obEramglety Stap 2 heapussd dith & 8edndxer HE| 20 give

Step 1, 20using 17 2-br ridi ESI-M5: rniz 414
( c:26H24cﬁ&ﬁ*ﬁ%m@¥$i@%@}gﬁﬁ%%géﬁﬁw 041925 - 23-

The procedure of Exanple6, Step 2, mggnpiees Wwith 18 and conc. HCl to
give the title conpound. LC ESI-Ms: Z . (C25H25CI N2. H+) .

FN%
o
5 Siep 1:

© CN

P g

Compound 20 was prepared according to the procedure of Example 1, Step 5,
using 19, tosylmethyl isocyanide and potassium tert-butoxide in anhydrous 1,2-
dimethoxyethane and absolute EtOH. ESI-MS: m/z 339 (Cz1HaoFaNaHY).

10 Step 2:
CN

N
6 S
E

Q 21

Compound 21 was prepared according to the procedure of Example 2, Step 1,
using 20, NaHMDS and 2-bromopyridine in THF. ESI-MS: m/z 416 (CagHasFaNaH™).

Step 3:
15 Using the procedure of Example 2, Step 2, with 21 and NaOH in ethylene
glycol, the title compound was prepared. LC/ESI-MS m/z=391 (CasHasF2Na H)

Example 16

H
S E-San
O Cl O



Exanple 15 5Step 1: Conmpound 20 was prepared according to the
procedure of Exanple 1, Step 5, using 19, tosylnmethyl isocyanide and
pot assium tert-butoxide in anhydrous 1, 2- di net hoxyet hane and
absolute EtOH ESI-Ms: nliz 339 (C2+120F2N2. H+). 10Step 2: CN
Compound 21 was prepared according to the procedure of Exanple 2,

Step 1, usj (HaHVDS and 2- bronnopyridine in THF.  E3hdSnosiiforé 16
(022H23F2§E’36%90§@33.4%gt ep 3: 15Using the procedure of Exarrp(%ﬁg, é]'?ep

2, with 21 and NaCH in ethylene glycol, the title conpound was
prepared. LC/ESI-M5 nfz=391 (C25H24F2N24++) Exanple 16 C WD

2007/ 053435PCT/ US2006/ 041925 - 24-
Step 1:

o & NBU\CHO
A solution of 6 (2 g) was added to DIBAL/toluene (7.5 ml, 1.5 M) at 0 °C. The
mixture was slowly warmed fo rt and then stirred at 50 °C for 3 h, quenched with
9 MeOH and H0 at 0°C, filtered, extracted with EtOAc, dried (MgSQy), filtered and
concentrated. Purification of the residue by SiO, chromatography (5%
EtOAc/hexane) gave 22. 'H NMR (CDCl3) 8 9.6 (s, 1H), 7.75, d, 2H), 7.2 (m, 4H), 7.1
(t, 2H), 5.4 (s, 1H), 3.1 (s, br, 1H), 2.5 (m, 1H), 2.2 (m, 2H), 1.75 (, 2H), 1.5 (m, 4H).
LC/ESI-MS m/z=374 (C21H21ClLNO H™)
10  Step 2: _
To a solution of 22 (410 mg) in EtOH was added 1,2-diamincbenzene (119 mg)
and NaHSOs (2.3 ml, 40% in H20). The mixture was stirred at reflux for 3 h,
concentrated, then partitioned between CH,Cl; and water. The CH.Cl, solution was
dried (MgS0,), filtered and concentrated. Purification of the residue by SiO,
15 chromatography gave the title compound. LC/ESI-MS m/z=462 (C27H25CkLN3 H™)

Example 17

H
cl o
N

HN
o "0

Step 1:

¢ Bﬂ\
N COzH
6 — ()
Cl
S

20 Compound 6 (1 g) was dissolved in conc. HCI and then kept at 0 °C for 3 days.
The solution was then heated to 80 °C for 2 h, cooled to rt, and evaporated to
dryness. Water was added and the solution was adjusted to pH 7 using 1 N NaOH
solution. The aqueous solution was partitioned with EtOAc. The organic layer was
dried over NaxS0y, filtered, and concentrated to give 23 (970 mg), which was direcity

25  used in the next step. ESI-MS: m/z 390 (C21H21ClLNO, H).



Step 1: A solution of 6 (2 g) was added to DI BAL/toluene (7.5 m,
1.5M at 0 C The mxture was slowy warnmed to rt and then stirred
at 50 C for 3 h, quenched with 5MeOH and H20 at 0C, filtered,
extracted with Et0OAc, dried (MgSO4), filtered and concentrat ed.
Purification of the residue by Si 02 chromatography (5% Et 0Ac/ hexane)

gave 22. %%053 13) 8 9.6 (s, 1H), 7.75, d, 2H), 7.2‘%14@2%@@19157.1
. S, )

(t, 2H, 3.1 (s, br, 1H, 2.5 (m 1H),

(t, 2H, 1.5 (m 4H). LCJESI-M m z=374 (C2i F121C12N0. Fil) 10Step 2:
To a solution of 22 (410 ny) in EtOH w&% added 1, 2-di am nobenzene
(119 ng) and NaHSO03 (2.3 m, 40%in H20). The m xture was stirred at
reflux for 3 h, concentrated, then partitioned between CH2d 2 and
wat er. The CH2d 2solution was dried (MgSO™4), filtered and

concentr gt . Purification of the residue by 8102 15chronmat ography
gave the trtre conpound. LC/ESI-M5 m z=462 (C27H25C12N3. H+) Exanpl e

&7 tSt ;ap 1: fTomnm' m$36(2(115 g‘tbg mmaﬂy |M€EﬂvlFratng)tO§s gg@bcd fgmd:lg’@g
e a S . on en (0] or

cogl ed t'g‘gr P;d%?r?ﬁ“&@p @550@5% ﬁ’@w@w b s arling GHemg,
sol uSi on0W8smA)us DAdF Et;N‘tt 26 UsSh r’IQ?l‘nMoW‘s’ HiehYdden: THe ggﬁtﬁphﬁﬁdure

sol uti on vvasBrpartltloned h Et OAc. The organic | ayer was dried over
e

Na2804, WPF Elred at 5%868@#&%’?@5@@&%%%@%4%0#@ readtiopminase.
di |
(11 1 1L SREhic Ry braaRBiied ol BN ER Ferdh Segingsatrated. Purfcation of

the residue by Si0z chromatography gave the title compound (11.2 mg). LC/ESI-MS:
m/z 465 (C27H23012N20.H )

10 Example 18
H
=N
HN-_-Ng
Lo ™0
To a mixture of 23 (118 mg, 0.303 mmol) and 2-aminopyridine (55 mg, 0.58
mmol) in anhydrous CH,Cl, was added EDCI (118 mg, 0.76 mmof) and DMAP (15
mg, 0.123 mmol) at rt under N,. The reaction mixture was stirred at rt overnight. The
15 solvent was evaporated in vacuo, and ether and water were added to the residue.
The organic layer was dried over Na;SOy, filtered and concentrated. Purification of
the residue by SiO; chromatography gave the title compound (97 mg). LC/ESI-MS:
m/z 466 (CZGH25C|2N30.H+).
Example 19

SE=A0

20 -

PtO; (40 mg) was added to a solution of Example 2 (200 mg) in CHoCl. The
mixture was stirred at rt under 1 atm Hz environment through a balloon for ~24 h,
filtered and concentrated. Purification of the residue by SiO, chromatography gave
the title compound (~190 mg). LC/ESI-MS: m/z 429 (CasH30ClaNa H™).

25 Example 20

SE.=

CI



-25- Step 2: To a solution of 23 (21.5 ng, 0.055 nmml) in DW
at rt was added EDCl (15.9 ng, 0.0827 mol) and HOBT (10.4 ng, 0.077
nmmol) in DMF and aniline (5.6 ng, 50.06 mml) in DMF. Et3N (26121,
0.187 mml) was then added. The reaction mxture was stirred at rt
overni ght. Water and EtO0Ac were added to the reaction mxture. The
organic | ried over Na2SO4, filtered, and con

Purificat ?%‘ﬁi"é’%%ﬁ% resi due by Si 02 chromat ography gavgﬂwﬁéﬁ%@?gzs
conmpound (11.2 ng). LOESI-MS: nilz 465 (C2+126C12N20. 11+). Exanple

18 Cl To a nmixture of 23 (1186w, 0.303 mol) and
2-am nopyridine (55 ng, 0.58 mmol) in anhydrous CH2CO 2 was added EDCI
(118 ng, 0.76 mml) and DVAP (15 ng, 0.123 mmol) at rt under N2. The

reaction m xtAsespensien of Example 19 (m/mgmlrghtmlcﬂt@d Q—'ﬁ’JOSIQl? ¥AAB7IREq.
The- or et eeleeh e (e o v Stred Sudeiea i 16 86 der ani. diroeitwave
compound (o mod Loy B R e e SRRk 1 ARiEo Soidar. Thpe
_Fr>th 22 (igﬁf ?'Cag!éerélﬁﬁrfe@’@cbo‘éefsf‘éﬂaﬁQmﬁﬁ@BdB{drgﬂmeﬁtrﬁ@dOPugﬁcatmn@ﬂﬂ@ 2.
pal 1 on o3y RO mdodapty Yelle et et (P B b Cop SN mz

resi due 45193 @ﬂiazgﬁ\brh‘hﬂ .ogr aphy gave the title conpound (-190 ng).
LC/ESI-Ms: nilz 429 (C23H33C12N2. Fjéxam le 21

S o)
O od
A mixture of Example 19 (55 mg, 0.128 mmol) and K2CO; (53 mg, 0.385
10 mmol) in DMF was stirred at rt for 20 min, and then bromoacetonitrile (17.8 pl, 0.256
mmol) was added. The mixture was stirred at rt for 30 min and then heated at 60 °C
overnight. The mixture was cooled to rt, quenched with water, extracted with ether,
dried over MgSOQy, filtered and concentrated. Recrystallization of the residue gave the

title compound (16 mg). LC/ESI-MS: m/z 468 (CarHz1ClINs H™).
15 Example 22

O cl MND |

N

Step1:
OH

To a stirred solution of 5 (5 g) in MeOH (200 ml) was added NaBH, (0.7g)at0
20 °C. The mixture was stirred at 0 °C for 2 h. The MeOH was evaporated and the
resultant residue was treated with aqueous NH,Cl, extracted with EtOAc, dried
(MgSQ,), filtered and concentrated. Purification of the residue by SiO;
chromatography gave compound 24 (2.54 g), LC/ESI-MS: m/z 362 (Ca0H21CILNO.HM
and compound 25 (1.71 g), LC/ESI-MS: m/z 362 (CagHa1Ci,NO.H").



25Exanmple 20 G N H WD 2007/ 053435PCT/ US2006/ 041925 - 26- A
suspensi on of Exanple 19 (30 ng) in formc acid (100 pi) and 37% ag.
formal dehyde (200 ill) was stirred and heated at 70 C for -7 h. The
m xture was evaporated to dryness, and then distributed to Et0Ac and
1 N NaOH solution. The organic |ayer was dried over Na2304, filtered
and concenrat gd. Purification of the 5residue by Si02_chromat ograsohy
gave the e FR7E ﬁsﬁound (17.8 mg). LC/ESI-MS: nfz 443 PCT/US2006/04192
(C261-132C12N2. H+) . Exanple 21 A m xture of Exanple 19 (55 ng, 0.128
mol ) and K2CO8 (53 ng, 0.385 10mmol »27n DMF was stirred at it for 20
mn, and then bronpacetonitrile (17.8 Al, 0.256 nmmol) was added. The
m xture was stirred at rt for 30 mn and then heated at 60 C

over ni gitep Zhe m xture was cooled to it, quenched with water,
extracted with ether, dri over MgSH4, filtered and concentrat ed.
Recrystal lization of »h esi due gave the title conpound (16 ng).

LG/ ESI - Yp:_nmlz 4681 ( 31C12N3. H4) . 15Exanple 22 Step 1. OH

To a stirred s [ of 5(5¢g) in MeOH (200 m ) was added NaBH4
(0.7 g) at 0 20& @ xture was stirred at 0 C for 2 h. The MeOH
was evaporated and refl tant residue was treated with aqueous

NFRQ, - extragl ed d TR or 24 [ £58g) in CHaClp (35 mi) was added EtsN (0.64 mi)

and CH3S0,CI (0.36 mi) at 0 °C. The mixture was stirred at 0 °C for 3.5 h, quenched
5 with water, extracted with CH-Clo, driéd (NapxS0y), filtered and concentrated to give
26. LC/ESI-MS: m/z=440 (C21H2:ClNO:S.H™). The crude product was used in the -
next reaction without further purification.
Step 3
To a solution of 26 (286 mg) in DMF (3 ml) was added NaH (60% in mineral oil,
10 39 mg)at 0 °C. The mixture was stirred at 0 °C for 10 min., warmed to i, then

pyrazole was added and the mixture stirred at 60 ° C overnight. The reaction was

quenched with aqueous NH4Cli, and the mixture extracted with EtOAc, dried over
NazS0q4, and purified by preparative TLC fo give the title compound. LC/ESI-MS:
m/z=412 (CasHpaClaNa. H™).

15 Example 23

O] anB:th}
O cl

The title compound was prepared according io the procedure of Example 22,
Step 3, using 26 and imidazole. ESI-MS: m/z=412 (Ca3H23CloNa.HY).
Examples 24 and 25

H H
9 C'Ngﬂ“@ Ay
% O B (0 s

A mixture of the title compounds was prepared according to the procedure of

Example 22, Step 3, using 26 and 1,2,3-triazole. Purification of the mixture by SiO;
chromatography (EtOAc/hexane) gave Example 24, LC/ESI-MS: m/z 413 ‘
(Ca2H22ClN4H") and Example 25, LC/ESI-MS: m/z 413 (CoaHzaClaNg.H™).



(MgS™), filtered and concentrated. Purification of the residue by

Si 02 chromat ogr aphy gave conpound 24 (2.54 g), LC/ESI-Ms: mz 362
(C20H21C12NO. H) and conpound 25(1.71 g), LCESI-Ms: nmlz 362
(C201-121C12NO. H+) . WD 2007/ 053435PCT/ US2006/ 041925 -27- Step 2: Ovwb
To a stirred solution of 24 (1.38g) in CH2A 2 (35 m ) was added Et 3N

(0.64 m) SQ2C1L (0.36 ml) at 0 C. The m xture Lrr 0
C for 3. 5@9(%??8_%5%& 5wth water, extracted with O%éTafsz@lﬁﬁ%a%
(Na2S™4), filtered and concentrated to give 26. LC/ ESI-MS: m z=440
(C211- 123C12NCBS. H4) . The crude produ@B-was used in the next reaction
w thout further purification. Ste)) 3: To a solution of 26 (286 np)
in DMF (3 mM) was added NaH (60%in mneral oil, 1039 ng) at 0 C. The
m xture was stirred at 0 C for 10 Exampleegnmed to rt, then pyrazole
was added and the mixture stirred at 60 [ overnight. The reaction
was quenched with aqueous NH4CI, It he I xfure extracted with

Et OAc, dried over Na2SO4, and pu } reparative TLC to give the
title conpound. LC/ESI-M5: m z=412 3H23CH2N3. H+) . 15

The title compound was prepared according to the procedure of Example 22,
Step 3, using 26 and 1,2,4-triazole. ESI-MS: m/z=413 (CaaHzClNa.H").
5 Example 27
H
Ci
A7

N
Cl

The title compound was prepared according to the procedure of Example 22,
Step 3, using 26 and pyrrole. ESI-MS: miz=411 (C2qHz4CloN2.H').
Example 28

C0
)

10
The title compound was prepared according {o the procedure of Example 22,

Step 3, using 26 and piperidine. ESI-MS: m/z=429 (CzsHaoClaNo.H').
Example 29

SE.!
Q Ci

15 The title compound was prepared according to the procedure of Example 22,
Step 3, using 26 and morpholine. ESI-MS: m/z=431 (C24H26ClN20.H™).
Examples 30 and 31

To a solution of aminomethylcyclohexane (39 pl, 0.3 mmol} and 5 (72 mg} in
20  THF was added NaBH3CN (32 mg, 0.5 mmol). The mixiure was stirred for ~2 h and



The title conpound was prepared according to the procedure of Exanple
22, Step 3, using 26 and im dazole. ESI-MS: nlz=412 (C23H23C12N3. H+) .
Exanpl es 24 and 25 A mxture of the title conpounds was
prepared according to the procedure of Exanple 22, St ep 3, using 26
and 1, 2, 3- triazole Purification of the m xture by Si Q2

chromat ogr, EFt 0Ac/ hexane) gave Exanple 24, LC ESI- z 41
(C22H22C1 §S3éﬁd Exanpl e 25, LC/ ESI-MB: mz 413 (CZ %ﬂgéﬁoéﬂﬂﬁ%)

The title corrpound was prepared according to the procedure of Exanple
22, Step 3, using 26 and 1,2,4-triazoek8: ES-Ms: nlz=413

(C22H22C1 2N4. H+) . S5Exanple 27 C C The title conmpound was
prepared according to the procedure of Exanple 22, Step 3, using 26
and pyr tiedreHORS (68Bng,M Mﬂlwél@%\ﬁld%éﬂ’ Ré\phixtye was stirred kwem'igh‘c@t rt, water

d d ding. o 22, St
SO el ngndauRaOR Ers Ard. Sedtnkdnidie BR8 e eGSR 6Fc B! o
29 ij Hnﬁb?rﬂgé@Tlhangctdtbﬁ @Qﬁ@%@i@i.le!\@)‘i saénga%mbt phyligage tszaampm 30,
rocedure o a e In a Lne. - .
P a3t Lol R ToREE ey P seehp Lo Exp 3T, L SIS mz 467
5 (CoyHzsClNa.H).
Example 32

Q CINM\QD
O cl '

Step 1:

Cl

.

10 A mixture of 26 (1.68 g) and lithium azide (225 g) in DMF (5 ml) was stirred at
rt for 24 h, quenched with NH4CI (aq.), extracted with EtOAc, dried over Na;SO4 and
concentrated. Purification of the residue by SiO, chromatography gave 27. LC/ESI-
MS: m/z= 387 (CaoHzoClaNa.H™).

Step 2:

H‘B
15

A mixture of 27 (895 mg) and Lindiar catalyst (90 mg} in 1:1 MeOH and EtOAc
(20 ml) in the presence of NHs in MeOH (2M, 1 ml) was stirred under Hz at 1 atm for 2
h. The mixture was filtered and concentrated to give 28. LC/ESI-MS: m/z= 361
(C2oHazCloNa. H™).
20 Step 3:
A mixture of 28 (223 mg) and DIPEA (80 mg) in 2-flucropyridine was stirred at
130 °C for 36 h. The mixture was concentrated, freated with NH4Cl (aq.), extracted
with EtQAgc, dried and concenirated, Purification of the residue by SiO;
chromatography gave the title compound (163 mg). ESI-MS: m/z= 438
25  (CzsHasClaNa.H).



WO 2007/ 053435PCT/ US2006/ 041925 -29- then HOAc (60 ng, 1 nmol) was
added. The m xture was stirred overnight at rt, water and 1N NaCH
wer e added, and the m xture was extracted with ether and
concentrated. Purification of the residue by Si02 chronatography gave
Exanpl e 30, LOESI-MS: mz 457 (C27H34C12N2, H) and Exanpl e 31,

LC/ ESI - mHel NH1, 27-34- .2. :

10A m xt ure‘%@7@%1ﬁ 68 g) and |ithium azide (225 g) | ncgﬁ}._ﬁ%ﬂ)?ﬁs?s
was stirred at it for 24 h, quenched with NHACI (aq.), extracted with
Et OAc, dried over Na2SO™4 and concent réfed. Purification of the

resi due by Si 02 chronmat ography gave 27. LC ESIMs: m z= 387
(C20F120C12N4. H4) . Step 2 15 27 A m xture of 27 (895 ng) and
Lindl ar catalyst (90 mg) in 1:1 Me@Mammie BBOAC (20 ni) in the

presence of NH3 in MeOH (2M 1 nml) \Aﬁl N? ﬁd under H2 at-1 atmfor
2
L
O cl
NaH (14 mg, 60% in mineral oil} was added to a solution of 28 (103 mg) in
DMF at 0 °C. The mixiure was warmed to 1t, 2-chloropyrimidine (65 mg) was added,
5  and the mixture was heated to 60 °C for 0.5 h, then stirred at rt overnight. The

mixture was quenched with NH4Cl (aq.), extracted with CHzClz, dried over NazS0y,

filtered and concentrated. Purification of the residue by SiOz preparative thin layer
chromatography {20% EtOAc/hexane) gave the title compound (16 mg). LC/ESI-MS:

m/z=439 (CasHz24ClaNg. HY). |

10 Example 34
H O
Cl
Q LSS
S8

A mixture of 28 (328 mg), benzoic acid (122 mg), EDC (175 mg), and HOBT

(123 mg) in DMF (2 mi) was stirred at rf overnight. The mixture was quenched with
water, extracted with EtOAc, dried over MgS0, and concentrated. Purification of the

15  residue by SiO, chromatography (0 ~ 20% EtOAc/hexane) gave the title compound.

LC/ESI-MS: m/z=465 (CarH26ClaN20.H™).
Example 35

H
Cl
S AT0
o8
BH3. THF (1.4 mi, 1M) was added to a solution of Exampie 34 (258 mg) in THF.
20  The mixture was stirred at 60 °C overnight. The mixiure was concentrated, treated
with water, exiracted with CH»>Cl> and concentrated. Purification of the residue by

Gilson HPLC gave the title compound (25 mg). LC/ECI-MS: m/z=451
(C27HasClNa. H).



h. The m xture was filtered and concentrated to give 28. LC ESI-M5:
mz= 361 (C20H22C12N2. H+). 20Step 3: A m xture of 28 (223 ng)
and DI PEA (80 ng) in 2-fluoropyridine was stirred at 130 C for 36 h.
The m xture was concentrated, treated with NH4ACl (aqg.), extracted
with EtOAc, dried and concentrated. Purification of the residue by

Si 02 chro gave the title conpound (163 ng). - N5 =
438 25(&%9@%%% 25 .25 _ .2. .3. 44). WD w00t bz
2007/ 053435PCT/ US2006/ 041925 - 30- ExanE_I[e 33 HC NaH (14 ng,
60% in mneral oil) was added to a soPiti on of 28 (103 ng) in DV at
0O C. The mxture was warnmed to rt, 2-chloropyrimdine (65 ng) was
added, 5and the m xture was heated to 60 C for 03 h, then stirred at
rt overnight. The mixture was quenEX2®Pgi3th NH4CI (ag.), extracted
with CH2A 2, dried over Na2SO4, filtegeddand concentrat ed.
Purification of the residue by SIDFQ%VN(G thin | ayer

chromat ogr aphy (20% Et OAc/ hexang he _t hkl € conpound (16 ng).

LC ESI-M5: M Z=439 (C241124C12N4= cl A m xture of 28 (328
ng), benzoic acid (122 ng), EDC (1 rrg), and HOBT (123 ng) in DWF (2
m) was stirred at rt overnight. The m xture was quenched wth water,
extracted wi The ﬁtl@éompﬁunddvmlmpé@%wfdingm\m;baé@ﬂ'e d?lEXafmm@-QQPn

?LJ?.%Z B ab P ETTARS. RP TR b

Example 37
H N
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' O cl

A mixiure of 25 (56 mg), 2~chloropyrimidine (19 mg) and NaH (16 mg, 60% in
mineral oil) in DMF (2 ml) was stirred at 0 °C for 2 h, then at rt for 3 days. The

mixiure was quenched with aqueous NH,Cl, extracted with EtOAc, dried over Na,S0,

10 and concentrated. Purification of the residue by preparative TLC gave the title
compound (36 mg). ESI-MS: m/z=440 (Ca4H2:ClaNsO.H™Y).
Example 38
N/
l
Cl OA:Nj
O
o8
The title compound was prepared according to the procedure of Example 37
16  using 24, 2-chloropyrimidine and NaH. ESI-MS: m/z=440 (Cz4H230I2N30.H+).
Example 39

g
EUL
"

Diethyl azodicaboxylate (111 mg) in THF was added to a mixture of 24 (210
mg), phenot (55 mg) and triphenylphosphine (152 mg) in THF. The mixture was

20  stirred at rt overnight. The mixture was concentrated, treated with hexane, filtered
and concentrated. Purification of the residue by SiO, chromatography (0 ~ 20%



Exanpl e 35 BH3. THF (1.4 m, 1M was added to a solution of Exanple
34 (258 ng) in THF. 20 The m xture was stirred at 60 C overnight. The
m xture was concentrated, treated wwth water, extracted wth CH2O 2
and concentrated. Purification of the residue by GIlson HPLC gave the
title conpound (25 ng). LC ECI-Ms: m z=451 (C27H28C12N2. H4). WD
2007/ 0534 6/ 041925 -31- Exanple 36 CIN H Cl

title corrp%g(gngc&é/b\%é%grepar ed according to the procedurepng“E%(g}r?'é%gzszz,
Step 3, using 26 and piperizine. ESI-MS: mz:=430 (C24H29C12N3. H. E).
5Exanple 37 A nmixture of 25 (56 ng)S22-chl oropyrinidine (19 ng) and
NaH (16 ng, 60%in mneral oil) in DM (2 mM) was stirred at 0 C for
2 h, then at rt for 3 days. The m xture was quenched w th aqueous

WA,  extEt@éckexanergascoine titlerdospawndr(3Ran0od AESh I oneEABB at ed.
Puri fi cagi f resi due by preparative TLC gave the title
corrpoungé%“g@f’%")lw@l- M. m z=440 (C24H23C12N30. H+).

The title conmpound was prepared acéomdiphg40o t he procedure of Exanple
37 15using 24, 2-chloropyrimdine and NaH ESI eM5: m z=440
(C24H23C12N30. H+) . Di et hyl azodi cf)ol ng) in THF was added
to a mxture of 24 (210 ng), p §{357hg) ~dnd triphenyl phosphi ne
(152 ng) in THF. The m xture w4

5 The title compound was prepared according fo the procedure of Example 39
using 24, p-fluorophenol, diethyl azodicaboxylate, and triphenylphosphine. LC/ESI-
MS:; m/z=456 (CasH24ClFNO.HY).
Example 41

H Br
el %
O

10 Step 1:

Compound 29 was prepared according to the procedure described in Example
2, Step 1, using 6, NaHMDS and 2,3-dibromopyridine. LC/ESI-MS m/z 528
(CstzzBFClzNa.H+).

15  Step 2
The title compound was prepared according to the procedure described in

Example 6, Step 2, using 29 and conc. HCl. LC/ESI-MS my/z 503 (CasH2sBrCliaNa.H).
Example 42

H
cl
N N
o

CI

20 Siep 1:



20stirred at rt overnight. The m xture was concentrated, treated with
hexane, filtered and concentrated. Purification of the residue by .

Si 02 chromat ography (0- 20% WD 2007/ 053435PCT/ US2006/ 041925 - 32-

Et OAc/ hexane) gave the title conmpound (30 ng). LC/ ESI-Ms5; nfz=438
(C26H25C12N0. 1-14). 5The title conmpound was prepared according to the
procedure_of Exanple 39 using 24, p-fluorophenol, diethyl

azodi caboX¥9 HWEIS34FY tri phenyl phosphi ne. LT ESIMS; n 2%5@52006"041925
(C26H24C12FNO. H4) . Exanple 41 C

N 1-84.11.31- Cl 10Step 1: Corpdund 29 was prepared according
to the procedure described in Exanple 2, Step 1, using 6, NaHWVDS and
2, 3-di bromopyridine. LOESI-M5 mlz 528 (C26H22Br Cl 2N3. 0. 15Step 2:
The title conpound %/as réPared according to the procedure described
in Exanple 6, St , UST and conc. HCl. LC/ESI-MS nmfz 503

( C25H23BrC-2N2. HE) Y—fexanpl ocEVMD 2007/ 053435PCT/ US2006/ 041925 - 33-
cl 8

30

Compound 30 was prepared according to the procedure described in Example
13, Step 1, using 6 and 1-fluoro-4-triflucromethoxybenzene. LLC/ESI-MS m/z 531
(CagH23CloFaN20.H™).

5 Siep 2
The title compound was prepared according to the procedure of Example 8,

Step 2, using 30 and LAH. LC/ESI-MS m/z 506 (027H24CI2F3N0.H+).
Example 43

10  Step 1: Y
Exampie 2 HN% 31

A mixture of Example 2 (4 g), Pd(CH)2/C (12 %, 1g) and ammonium formate (9
g) in MeOH {100 ml) was stirred at reflux for 3 days. The mixture was filtered,
concentrated, treated with water, extracted with 15% MeOH/CH,Cl,, dried aver
15  MgS04 and concentrated. Purification of the residue by SiO; chromatography
(NH3/MeOH/CH,Cls) gave the fitle compound (1.5 g). LC/ESI-MS; m/z=189
(C1eH 12N H).
Step 2:
A mixture of 31 (129 mg), chloro-(2-chiorophenyl}-(2-fluoropheny)methane
20 (175 mg), KzCO3 (380 mg) and Nal (103 mg) in CH3CN (2 ml) was stirred in a sealed
tube at 75 °C overnight. The mixture was cooled to rt, freated with CH2Cl, filtered
and concentrated. Purification of the residue by SiOz chromatography (0 ~ 10%
EtOAc/hexane) gave the titte compound (84 mg). LG/ESI-MS; m/z=407
(CosH24CIFN. H™).
25 Example 44



Compound 30 was prepared according to the procedure described in
Exanmple 13, Step 1, using 6 and 1-fluoro-4-trifl uoronet hoxybenzene
LC/ESI-M5 mfz 531 (C28H23C12F3N20.0. 5Step 2: The title
conmpound was prepared according to the procedure of Exanple 8, Step
2, using 30 and LAH. LC ESI-MS rn/z 506 (C27H24C12F3N0. H1). Exanpl e
43 10St m xture of Exanple 2 (4 g), Pd(OH) g)
and ammn?ﬁom g(r]r% e (9 g in MOH (100 m) was sti rre?c?pfs 9192

3 days. The mixture was filtered, concentrated, treated with vvater,
extracted with 15% MeOH CH2C12, dried34ver 15MgSO4 and concentr at ed.
Purification of the residue by 5102 chromat ography

(N1-13/MeOH CH2C12) gave the title conpound (1.5 g). LCESI-Ms;

m z=189 (C-161-112N2. H+). Step 2: (A xt"Ure of 31 (129 ngy),

chl oro- (2-chl or ophenyl)-(2-fl uor 20(175 ng), K2CO3 (380

ng) and Nal (103 ng) in CH3CN ( was s ed in a seal ed tube at
75 C overnight. The m xture was ed to rt, treated vm'th CHz2dl 2,
filtered and concentrated. Purification of the residue b %}‘
chr omat ogr apAye(title coowamnd Avasieaaeed apspeding o the P@C@%‘&&T aale 4 .
L ES| - Ma., BT 65A9 31( SRURAGISIR AtBlomide and K2COs (508 mg). LC/ESI-MS;
m/z=247(C1gHopClaN2. HY).
5 Example 45

H
o Ao
N
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The title compound was prepared according to the procedure of Example 17

using 23 and piperidine. LC/ESI-MS: m/z 457 (CasHz0ClaN20.H).
Example 46

H
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The title compound was prepared according fo the procedure of Example 17

using 23 and 4-fluoroaniline. LC/ESI-MS: m/z 483 (Co7H2sCIaFN0.HY).

Example 47
H

10

“ Bﬁ\f"
N
Q HN._ Ny
ca
O T\)\F
15 DMAP (4 mg) was added o a mixture of 23 (43 mg, 0.11 mmol}, 2-amino-5-
fluoropyridine (24.6 mg, 0.58 mmol) and DCC (34 mg, 0.166 mmol) in anhydrous
CH,Cl, at rt and stirred at rt for 3 days. The mixture was filtered, and the filtrate was
washed with water and saturated ag. NH,Cl. The organic solution was dried over
Na,S0y, filiered and concentrated. Purification of the residue by SiO:
20  chromatography (EtOAc/hexane) gave the title compound (15.5 mg). LC/ESI-MS: m/z

484 (026H24C|2FN30.H+).
Example 48



25Exanpl e 44 WD 2007/ 053435PCT/ US2006/ 041925 -34- ci The title
conpound was prepared according to the procedure of Exanple 43, Step
2, using 31, 2,6-dichlorobenzyl brom de and K2CO8 (508 ng). LC/ ESI - M5
m z=247(C 9F120C12N2. H4) . The title conpound was prepared
according to the procedure of Exanple 17 using 23 and piperidi ne.

LC ESI - VES: (C26H30C12N20. H4) . Exanpl e 46 i <
conpound m%@@?@%g?sed according to the procedure of Exé)r(r:pﬁ'gz@%{l}gzbng
23 and 4-fluoroaniline. LOESI-MS: mz 483 (C27H25C 2FN20. 1- 14).
Exanpl e 47 15DVAP (4 ng) was added to3% ni xture of 23 (43 ng, 0.11
mol ), 2-am no-5- fluoropyridine (24.6 ng, 0.58 nmmol) and DCC (34 ny,
0.166 mml) in anhydrous CH2Cl 2 at rt and stirred at rt for 3 days.
The m xture was filtered, and the E,iltg]at*b was washed with water and
saturated ag. NH4Cl. The organi ¢,—<ol s dried over Na2SO4,
filtered and concentrated. Puri Yt on ofNthé\ resi due by 5102

20chr omat ogr aphy ( Et 0Ac/ hexane) gavwe~tFe title conpound (15.5 ng).
LG ESI-M5: mz 484 (C26H24C12F1\ 130, H 4). Exanple 48 WO

2 4 - 35-
20071 053435PC|-'I-C/J H@BBEG%S%%E mg,50.0615 mmol) in a cartridge was added 23 (8 mg,

0.0205 mmol) and HOBt (4.2 mg, 0.031 mmol) in 1 ml CH;CN-THF (3:2). A solution
of cyclopropanemethylamine in CHaCN (1 M, 45 ul, 0.045 mmol) was then added to

5  the mixture. The cartridge was capped and shaken overnight. The mixture was
treated with PS-isocyanate (40 mg, ~0.0615 mmol), PS-trisamine resins (30 mg,
~0.123 mmol) and 0.5 ml CH3CN-THF (3:2). The cartridge was capped and shaken
for 6 h. The mixture was filtlered and rinsed twice with CHsCN, and the filtrate was
concentrated to give the title compound (6.4 mg). LC/ESI-MS: m/z 443

10 (CasHasClaN2O.H™).

Example 48
- BﬁH\(O
N
HN
O Lo ™0

The title compound was prepared according to the procedure of Example 48
using 23 and cyclobutylamine/CH;CN (1 M). LC/ESI-MS: m/z 443 (CasHasCloNLO.H™).

15 Example 50
H
c! BULfO
N
HN
QO a ™0
The title compound was prepared according to the procedure of Example 48

using 23 and cyclopentylamine/CH3CN (1 M). LC/ESI-MS: m/z 457
(C2sH30ClaN20.H").

20 Example 51
Cl BjH\fo

O
Sl



To PS-EDC resin (45 ng, 0.0615 mml) in a cartridge was added 23 (8
ng, 0.0205 mol) and HOBt (4.2 ng, 0.031 mmol) in 1 m CH3CN THF
(3:2). A solution of cyclopropanenethylamine in CH3CN (1 M 45 jil,
0.045 mml) was then added to 5the m xture. The cartridge was capped
and shaken overnight. The m xture was treated with PS-isocyanate (40
ng, -0.06 PS-trisamne resins (30 ng, -0.123 D
m CH3CN- ﬁ%w 135 The cartridge was capped and shaken orsz@&ﬂ“gﬁue
m xture was filtered and rinsed twice with CH3CN, and the filtrate
was concentrated to give the title cofPound (6.4 ng). LC/ESI-MS: niz
443 10a.= Hel n H 25 .28 -- Exanmple 49 HN, rn The title

conpound was Brepar ed accordl ng to the procedure of Exanple 48 using
23 and cycl obbe jillaronmpoond erag preppred aydqesiingsy the progadure of Example 48

é?ﬁﬁ??ﬁﬁ%??%%ﬁ*%a 8RR sariarEeoN @M CEgETRE S ana

cycl opeg@g@l—{ggcl N (1 M. LOESI-M5: nmz 457 (C26H30C12N20. H+) .
The t|tIe corrpound was ared according to the
pr ocedure of Exanpl e 48 using aﬁwﬁeﬁyl benzyl ami ne/CH3CN (1 M.

LG/ ESI - MB: niz 493 (C29I—|3002N20 1-1). i e 52 5

5 & o

The title compound was prepared according to the procedure of Example 48
using 23 and 2-fluorobenzylamine/CH;CN (1 M). LC/ESI-MS: m/z 497

(CogHarCLFNLO.HY).
Example 53
cl
10
The title compound was prepared according to the procedure of Example 48
using 23 and 2-S-amino-3-methyl-1-butanol/CHzCN (1 M). LC/ESI-MS: m/z 475
(C2sH32C1N202.H™).
Example 54
: H
“ Bﬂ’\r
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The title compound was prepared according to the procedure of Example 48
using 23 and 3-(2-aminoethyl)pyridine/CHsCN (1 M). LC/ESI-MS: m/z 494
(CasH2aCloN30.H™).

Example 55

H
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The title conpound was prepared according to the procedure of Exanple
48 using 23 and 2-tl uorobenzylam ne/CH3CN (1 M. LCESI-MS: nilz 497
(C281-127C12FN20. H+) . 10 The title conpound was prepared
according to the procedure of Exanple 48 using 23 and

2-S-am no- 3-net hyl -1-butanol /CH3CN (1 M. LOESI-Ms: nfz 475

(C26H32C 43515 The title conpound was pr
accordi ng%g(t%ﬁggsﬁsocedure of Exanple 48 using 23 and P%Q%S%bm‘””s

3-(2-am noet hyppyridine/CH3CN (1 M. LC/ESI-MS: Fritz 494
(C28H29C12N30. 1-11). 20 WD 2007/ 053385PCTf US2006/ 041925 -37- The
title conpound was prepared according to the procedure of Exanple 48
using 23 and N-(3-am nopropyl)imdazole/CH3CN (1 M. LCESI-MS: nifz
497 (C27t 430The Kide camypound was prepared according to the procedure of Example 48

using 23 and N-(3-aminopropyl)imidazole/CH;CN (1 M). LC/ESI-MS: m/z 497
(CarHzoClNLO.H™).
Example 56

' H
cl gj\fo
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To PS-EDC resin (45 mg, 0.0615 mmol) in a cartridge was added 23 (8 mg,

0.0205 mmol}) in 1 ml CHzCN-THF (3:2) and HOBT (4.2 mg, 0.031 mmol) in THF (200
ul). The mixture was shaken at rt for 1 min, and then benzylamine/CHzCN (1 M, 41
ul, 0.041 mmol) was added. The cartridge was capped and shaken overnight. The

10  mixture was freated with PS-isocyanate (45 mg, 0.0615 mmol), PS-trisamine (40 mg,
0.123 mmol) resins and 0.5 ml CHzCN-THF (3:2). The cariridge was capped and
shaken for 6 h. The mixture was filtered and rinsed twice with CH3CN. The filtrate
was concentrated to give the title compound (5.5 mg). LC/ESI-MS: m/z 479
(CasH2sClaNoO.H™.

15 Example 57

o Ng;::o
G

The title compound was prepared according to the procedure of Example 56
using 23 and 4-fluorobenzylamine/CHaCN (1 M). LC/ESI-MS: m/z 497
(CagHarClaFN20.HY).
20 Example 58

H
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The title compound was prepared according to the procedure of Example 56

using 23 and pyrrolidine/CHzCN (1 M). LC/ESI-MS: m/z 443 (CasH2sClaN20.H).
Exampie 59



To PS-EDC resin (45 ng, 0.0615 mml) in a cartridge was added 23 (8
nmg, 0.0205 mmol) in 1 mM CH3CN-THF (3:2) and HOBT (4.2 ng, 0.031
nmml) in THF (200 pi). The m xture was shaken at rt for 1 mn, and

t hen benzylam ne/CH3CN (1 M 41 0.041 mmol ) was added. The cartridge
was capped and shaken overnight. The 10m xture was treated with

PS- i . 0.0615 mol), PS-trisanine (40 |
rosi ns. and BB o THE(312) ) The cartridge was cAgRAE GRgIOE )

shaken for 6 h. The m xture was filtered and rinsed twice with CH3CN.
The filtrate was concentrated to give-3&e title conpound (5.5 ng).
LCOESI-M5: mlz 479 (C28H28C12N20. H+) . The title conpound was
prepared according to the procedure of Exanple 56 using 23 and

4-fl uorobenzyl am ne/CH3CN (1 M. LC/C|ESI M8! rniz 497
(C28H27C12FN20. H). Exanple 58 a" ACTi © The title
conpound was prepared accordi ng @ he procsdure of Exanple 56 using
23 and pyrrolidine/CH3CN (1 M. LOESK NG| Mz 443

(C25H28C12N20. 1- 14). Exanple 59 WO 7/ 058435PCT/ US2006/ 041925 - 38-

The title co ou&g?rwas gre ared according to the procedure of Exanple
56 using 23 a o ls) B ereRareshpccpidinesio-ths progedurs of Example 56

(C251- 12842 b8 @édiidrphBNATRHBCRO(1 M). LC/ESIMS: m/z 459 (CasH2sCloN,02.H).
Example 60
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The title compound was prepared according to the procedure of Example 18

using 23 and 3-aminopyridine. LC/ESI-MS: m/z 466 (C26H25CI:N30.H™).
Example 61

o NI
O+
S8
10 A mixture of Example 19 (34 mg) in pyridine/ acetic anhydride (1:1) was stirred

at 0 °C overnight and then concentrated. Purification of the residue by SiO2

chromatography gave the title compound (13 mg). LC/ESI-MS: m/z 471
(C27H32ClN,0.H).

Example 62
OH

Cl T NH
AR

156 O ’

A mixture of Example 19 (40.3 mg, 0.094 mmol), K.CO3 (26 mg, 0.188
mmole), and 2-bromoethanol (13.3 pl, 0.188 mmol) in DMF was stirred at 50 °C for 3
days. The mixture was cooled to rt, quenched with water, and extracted with ether.
The organic solution was dried over Na,SQy, filtered and concentrated. Purification of

20  the residue by SiO; chromatography gave the title compound (9.4 mg). LC/ESI-MS:
miz473 (027H34012N20.H+).



The title conpound was prepared according to the procedure of Exanple
18 using 23 and 3-ami nopyridine. LCTESI-MS: mz 466
(C261- 125C12N30. H+) . Exanple 61 10A m xture of Exanple 19 (34 ng) in
pyridi ne/ acetic anhydride (1:1) was stirred at 0OC overni ght and then
concentrated. Purification of the residue by Si02 chronatography gave
the title_co nd (13 mg). LOESI-MS: mlz 471 (C27F132C12N20.
Exanpl e 6)&%%?&53935 A m xture of Exanple 19 (40. 3 {US@)O%(F%MS
nmol ), K2CO3 (26 ng, 0.188 mmle), and 2-bronoethanol (13.3 0.188
mmol) in DM was stirred at 50c for 338ays. The mi xture was cooled to
rt, quenched with water, and extracted wth ether. The organic
solution was dried over Na2SO4, filtered and concentr at ed.
Purification of 20the residue by SE&@m@ly 83at ography gave the title
compound (9.4 ng). LOTESI-Ms: mfz 473 (C2{H34C12N20. H+). WO
20071053435PCT/ US2006/ 041925 ciTo olytion of 22 in MeOH (75
ng, 0.2 nmol) was added K2CGO3 (8 | ) and tosyl net hyl
i socyanide (39.1 ng, 0.2 mmol). ur s refluxed 5under
nitrogen for 2 h, cooled to rt and cted with Et 0OAc. The organic
solution was dried over Na2SO4 and centrated. Purification of the
rL‘é/S 'nge by S*rBZa {@ﬁ{?&%Pﬂi RPIEOIRAYA TS0 i iRaPeHE88 k1E03 (#Fing, 0.6
mmol) and tosylmethyl isocyanide (39.1 mg, 0.2 mmol). The mixture was refluxed

=

go

5  under nitrogen for 2 h, cooled to rt and exiracted with EtOAc. The organic solution
was‘dried over Na,S04 and concentrated. Purification of the residue by SiO,
chromatography gave the title compound (11.5 mg). LC/ESI-MS: m/z 413
(C23H22CiN20O.HY).

Example 64
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LAH/THF (1 M, 25 pl) was added to a stirred solution of Example 47 {8 mg,
0.0165 mmol) in THF at 0 °C under nitrogen. The mixture was warmed to rt, stirred
overnight and HxO (2 pl), 15% NaOH (6 w!), and HxO (2 pt) were added sequentially.
The mixture was stirred, filtered and concentrated. Purification of the residue by SiO;

15  chromatography gave the title compound (2.5 mg). LC/ESI-MS: my/z 470
(CzestcleN3.H]+).

10

Example 65

H
&
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NaBH(OAc); (32 mg, 0.15 mmol) was added to a solution of 22 (37.4 mg, 0.1
20  mmol) and 3-aminopyridine (3.6 mg, 0.1 mmol) in CH2Cl> under nitrogen. The
mixture was stirred at rtfor 3 h, quenched with saturated NaHCO3 solution, and
extracted with EtOAc. The organic solution was dried over NaxS0y, filtered and
concentrated. Purification of the residue by SiQ, chromatography gave the title
compound (19.5 mg). LC/ESI-MS: m/z 452 (CapHzrClaNa.HY).
25 Example 66



(C23H2. 2C12N20. 1-1). 10 LAHTHF (1 M 25 pl) was added to a
stirred solution of Exanple 47 (8 ng, 0.0165 nmmol) in THF at OC under
nitrogen. The m xtureyas warnmed to rt, stirred overnight and H20 (2
pi), 15% NaOH (6 p.l), and H20 (2 gl) were added sequentially. The
m xture was stirred, filtered and concentrated. Purification of the
residue b | 5chr omat ography gave the title conpou

LC ES| -mﬁﬁ“@%ﬁ%ﬁ(czemacmm H E) NaBH(OAC)3 (32 %%T“%?@g’ayn%)’%ﬁ)
was added to a solution of 22 (37.4 r’rg 0.1 20 mmol ) and

3-am nopyridine (9.6 ng, 0.1 nmmol) in Q:HZO 2 under nitrogen. The

m xture was stirred at rtfor 3 h, quenched wth saturated NaHCO3
solution, and extracted with Et0Ac. The organic solution was dried
over Na2SO4, filtered and concentgpated. Purification of the residue
ound (19.5 ng). LC ESI- ME:

by Si 02 chromat ography gave the
mz 452 (C26H27C 2N3. 1- 1+). 25K
2007/ 053435PCT/ US2006/ 041925 - 40- Q a T itle conmpound was
prepared according to the procedure_of Exanple 65 using 22,

Braml o 67 e 116 GhaBBba SeGimndin dattindlfrEd et h PR Es
ﬁ; Oczgilﬁa?lggQZ!EN@Bﬂ(gA@ arl 2anARopai. QACIESIME: ot 45D €CcHG/CEM . VS
V4

7H28C 2N2. H) . Exanpl e 6% 10 s%propyl magnesi um chl ori de
(2Min THF, 500 ml, 1 nmol) was

H
Cl

P
oy ©
The title compound was prepared according to the procedure of Example 65
using 22, NaBH(OAc); and aniline. LC/ESI-MS: m/z 451 (Cz7H2sClaNa H).

Example 68

10 Isopropyimagnesium chioride (2M in THF, 500 ul, 1 mmol) was added to a
solution of 2-bromopyridine (95.4 ul, 1 mmol) in THF dropwise at rt under nitrogen.
The mixture was stirred at rt for 1.5 h, a solution of 22 in THF was added, and the
mixture was stirred overnight. The reaction mixture was quenched with water,
extracted with CH,Cly, dried over MgSO,, filtered and concentrated. Purification of

15  the residue by SiO, chromatography (EtOAc/hexane) gave the title compound (26
mg). LC/ESI-MS: m/z 453 (CashHasClaNO.H™).

Example 69

H
Cl OH

O
Q cl
Phenylmagnesium bromide (1M in THF, 400 pl, 0.4 mmol) was added to a
20  solution of 22 (75 mg, 0.2 mmol) in ether dropwise at -78 °C under nitrogen. The

‘mixture was stirred at -78 °C for 5 h, quenched with saturated NH,4Cl solution,
extracted with ether, dried over Na»SO,, filtered and concentrated. Purification of the



solution of 2-bronmopyridine (95.4 R, 1 mmol) in THF dropw se at rt
under nitrogen. The m xture was stirred at rt for 1.5 h, a solution
of 22 in THF was added, and the m xture was stirred overnight. The
reaction m xture was quenched with water, extracted with CH20I 2,
dried over My304, filtered and concentrated. Purification of 15the
residue b hyomat ogr aphy ( Et OAc/ hexane) gave the t] nd
(26 ny). WE@?@%S mz 453 (C26H26CL2N20. H). Exanpl e é’g&}@?ﬂ%@%%
Phenyl magnesi um brom de (1Min THF, 400 gl, 0.4 mol) was added to a
20sol ution of 22 (75 ngy, 0.2 mmol) in4&ther dropwi se at -78C under
nitrogen. The m xture was stirred at -78 C for 5 h, quenched with
saturated NH4Cl solution, extracted with ether, dried over Na2SO4,
filteretesighie by Si@nchramaiogrrohy (FiEiid/eexase) paee thagitle compound (33.5 mg).
2007/ 05 éﬁgg_ 1 -ufesi due by S102 chromat ogr aphy

( Et OAc/ Eexanes g%/gg't@’ggéﬂ%%gé@?ﬁ%&md (33.5 ny). LC/ESI-MS: nfz 452
(C27H27C12N0. H+) . Exanple 70 5A nExampke @ Exanple 69 (22 ng, 0.049
mol ) and Dess-Martin periodi nane (42 ,40.097 mmol) in CH2A 2 was
stirred at rt overnight The m xtureiwagl djlded with ether (4 nm) and
poured into a solution of satur @ NaHCO3 and sodi um
thiosulfate (126 ng, in 2 nml). The ol uti on was washed with
brine, dried over Na2SO4, and conce >0 give the title conmpound
(18.5 ng). LC/ESI- 10 MS: miz 450 (GS27H25C12NO. H+).

5 A mixture of Example 69 (22 mg, 0.049 mmol) and Dess-Martin periodinane
(42 mg, 0.097 mmol} in CHzCl; was stirred at rt overnight. The mixture was diluted
with ether (4 ml) and poured into a solution of saturated aqueocus NaHCQO; and

sodium thiosulfate (126 mg, in 2 m!). The organic solution was washed with brine,
dried over Nap,SO4, and concentrated to give the title compound (18.5 mg). LC/ESI-
10 MS: m/z 450 (CorHasCLNO.H.

Example 71

Ci
<

15 Compound 32 was prepared according to the procedure of Example 2, Step 1,
using 6, NaHMDS and 2-bromo-6-methylpyridine. LC/ESI-MS: m/z 462
(C27H25CI2Na.H).

Step 2:
The tiile compound was prepared according to the procedure of Example 2,

20  Step 2, using 32 and NaOH. LC/ESI-MS: m/z 437 (CasHzsClaNa.H™).

. Example 72

H
Cl Ny

O1 Y
Cl

Step 1:



15Conpound 32 was prepared according to the procedure of Exanple 2,
"Step 1, using 6, NaHVDS and 2-brono-6-nethyl pyridine. LG ESI-M5: mz
462 (C27H25C12N3. H+). Step 2: The title conpound was
prepared according to the procedure of Exanple 2, 20Step 2, using 32
and NaOH LC ESI-Ms: nfz 437 (C26H26CL2N2. H+). Exanple 72 Step 1:
Conmpound repared according to the procedure Ex I

1, using g’&?@i‘iﬂ%@nd 2- brono- 4- net hyl pyri di ne. LC ESIEI'%%:!@@%&%Q
(C27H25C12N3. H+) . 5Step 2: The title conpound was prepared
according to the procedure of Exanple4?, Step 2, using 33 and NaOH.
LCESI-Ms: mz 437 (C26H26C 2N2. 1-14). Exanple 73 Conmpound 34
was prepared according to the ¢)rocedure Exanple 2, Step 1, using 6,
NaHMDS and 2- br ono- 5- mef hy\p dine. LCESI-MS: mz 462

(C27H25C12N3. Ht) 15S[ep 2y {tl e conpound was prepared according
to the ’Brocedure of p 2, using 34 and NaOH. LC/ ESI - Ms:
mz 437 (C26H26C12N2. Planplle 74 20Step 1:

33

Compound 33 was prepared according fo the procedure Example 2, Step 1,

using 6, NaHMDS and 2-bromo-4-methylpyridine. LC/ESI-MS: m/z 462
(CarHasCloNz.H™).
5 Stepz:
The title compound was prepared according to the procedure of Example 2,
Step 2, using 33 and NaOH. LC/ESI-MS: miz 437 (CzsH26ClaN2.H™).

Example 73

Cl N

Cl N
6 — N , P
s
oAl
, Compound 34 was prepared according to the procedure Example 2, Step 1,
using 6, NaHMDS and 2-bromo-5-methylpyridine. LC/ESI-MS: m/z 462
(CarH25CIaNz. H).

15  Step 2: :
The title compound was prepared according to the procedure of Example 2,

Step 2, using 34 and NaOH. LC/ESI-MS: m/z 437 (CgstsCizNz.H+).
Example 74

20 Step1:



WD 2007/ 053435PCT/ US2006/ 041925 - 43- Conpound 35 was
prepared according to the procedure Exanple 2, Step 1, using 6,
NaHVDS and 4- brono-pyridi ne (derived from 4-brono-pyridine

hydrobrom de). LCOESI-Ms: niz 448 (C26H23C12N3. H+). 5 Step 2:

The title conpound was prepared according to the procedure of Exanple
2, Step 2 ' and NaOH. LC/ESI-Ms: nmlz 423 (C25H =0
The corrpo%djdzzd“@%ﬁ%rnul a |l exhibit greater than 50-fol %égéﬁg@ﬂ%lig%ay
over 10cl assical opioid receptors. The NOP receptor shares a high
degree of honology with classical oprdi-d receptors (i.e., 12, x and
8), but the NOP receptor is not activated by endogenous opioids, and
endogenous opi oids do not activate the NOP receptor. Codei ne and

ot her opioi ds used as Gpug pressants are known to activate the
mu- opi oi d receptor, gatsi rgé~effects such as respiratory
depressfon, constip Yy 15t ollestince and physi cal dependency. NOP
receptor agonists do'T ¥ivate the nmu- opioid receptor, and
therefore are expected resul *%in a superior safety profile
conpared to opioids. The NOP receptor agoni st a[gtivi ty. of
conpounds of Compeund 35 wamarepaesd aerreby te the BipgRIdiRy ?‘%‘EB‘?rza%t%Pl Tean

be Measilifd 60XaHIDS A Rsind Btidine AMELERN ARinslopiaAs say CHO

cell me né preparati on expressing NOP receptor {2 ng) was
i ncubat eytirabramide). LG5 St enia et (GagaClNsdB). ] [ Tyr | i noci ceptin
(3-p00 bn a buffer containing 50 nM HEPES (pH7.4), 10 nM Nad ,
1 My =—2Z.5 mM CaCl 2, 1 ng/nl bovine serum al bum n and 0. 025%

baci traci n. The titecoingound weisyrisparedamsayding\er theqapebdite 28 Gxaniple 2,
o e Stop 2 iding 35'5ha WRiOH: Pomsi MR T 424 R5.H95ERH, 3ipum n and

The compounds of formula | exhibit greater than 50-fold selectivity over
10  classical opioid receptors. The NOP receptor shares a high degree of homology with
classical opioid receptors (i.e., p, x and &), but the NOP receptor is not activated by
endogenous opioids, and endogenous opioids do not activate the NOP receptor.
Codeine and other opioids used as cough suppressants are known to activate the
mu-opioid receptar, causing side effects such as respiratory depression, constipation,
15  tolerance and physical dependency. NOP receptor agonists do not activate the mu-
opioid receptor, and therefore are expected to result in a superior safety profile
compared to opioids.
The NOP receptor agonist activity of compounds of formula I, and their effect
on cough and respiration can be measured by the following tests.
20  Nociceptin binding assay
CHO cell membrane preparation expressing the NOP receptor (2 mg) was incubated
with varying concentrations of ['2 H[Tyr"“Inociceptin (3-500 pM) in a buffer containing
50 miM HEPES (pH7.4), 10 mM NaCl, 1mM MgCla, 2.5 mM CaClg, 1 mg/m! bovine
serum albumin and 0.025% bacitracin. In a number of studies, assays were cartied
25  out in buffer 50 mM tris-HCI (pH 7.4), 1 mg/ml bovine serum albumin and 0.025%
bacitracin. Samples were incubated for th at room temperature (22°C).
Radiolabelled ligand bound to the membrane was harvested over GF/B filters
presoaked in 0.1% polyethyleneimine using a Brandel) cell harvester and washed five
times with 5 ml cold distilled water. Nonspecific binding was determined in parallel by



bacitracin. Sanples were incubated for |h at roomtenperature (22C).
Radi ol abel | ed |igand bound to the nenbrane was harvested over G-/ B
filters presoaked in 0.1% pol yet hyl enei m ne usi ng a Brandon cel |
harvester and washed five tines with 5 m cold distilled water.
Nonspeci fi c bi nding was det erm' ned in parallel by WO

2007/ 0534 061041925 -44- sim |l ar assays perfo

presence gﬁ%}kﬂ%ﬁ%m ceptin. AII assay points were perfpg‘:qﬂ”{esl(%'l5[1(’}‘]41@92b
duplicates of total and non-specific binding. Calculations of Ki were
made using nmethods well known in the a44-. For conpounds of this

I nvention, Ki values were determined to be in the range 5of about 1
to about 500 nM w th conpounds having a Ki value |ess than 10 nM
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oht oh proeR B ARRFa  HE metetiit R et ab kiR iBhmal Colds
E) rr;at hyl qdbbs) vk 7B5HTIKGBIsPses lIMr?D_E-:-o@ @5&! @Pﬂﬁﬁl@UBdmafFoﬂPM@?n%cdlwl ; 002 %
efore agl.o sai ci e t sive ct|V|ty of Dbacl of en

ng/ kg, p" T‘P}i%i?@oaﬁ'@ P’é’&ineébg W e"%ﬁlh%ﬁ%ﬂ‘%’
Measur ergiténtial antitussive drugs. Qvernight fasted male Hartley guinea pigs (350-450 g,

15 Charles River, Bloomington, MA, USA} are placed in a 12" x 14" transparent chamber.

The animals are exposed to aerosolized capsaicin (300 uM, for 4 min) produced by a
Jjet nebulizer (Puritan Bennett, Lenexa, KS, USA) to elicit the cough reflex. Each
guinea pig is exposed only once to capsaicin. The number of coughs are detected by
a microphone placed in the chamber and verified by a trained observer. The signal

20  irom the microphone is relayed to a polygraph which provides a record of the number
of coughs. Either vehicle (methyicellulose 1 mli/kg, p.o.) or test compound is given 2
hours before aerosolized capsaicin. The antitussive activity of baclofen (3 mg/kg,
p.o.) is also tested as a positive control. |
Respiratory Measurements

25  Studies are performed on male Hartley guinea pigs ranging in weight from 450 to 550
g. The animals are fasted overnight but given water and libitum. The guinea pigs are
placed in a whole-body, head-out plethysmograph and a rubber collar is placed over
the animal’s head to provide an airtight seal between the guinea pig and the
plethysmograph. Airflow is measured as a differential pressure across a wire mesh

30  screen which covers a 1-in hole in the wall of the plethysmograph. The airflow signal
is integrated to a signal proportional to volume using a preampilifier circuit and a
pulmonary function computer (Buxco Electronics, Sharon, CT., model XA). A head
chamber is attached to the plethysmograph and air from a compressed gas source
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One to three compounds of formula | can be administered in the methods of
this invention, preferably one.

Compounds of this invention exhibit anti-tussive activity, making them useful

20  for suppressing coughing in mammals. For mammals treated for coughing, at least

one nociceptin receptor NOP agonist of formula { may be administered along With
one or more additional agents for treating cough, allergy or asthma symptoms
selected from antihistamines, 5-lipoxygenase inhibitors, leukotriene inhibitors, Ha

inhibitors, B-adrenergic receptor agonists, xanthine derivatives, a~adrenergic

25  receptor agonists, mast cell stabilizers, anti-tussives, expectorants, NK4, NK» and
NK3 tachykinin receptor antagonists, and GABAg agonists. Preferably a combination
of this invention comprises one compound of formula | and 1-3 additional agents,
preferably 1-2 additional agents, and more preferably 1 additional agent.

Non limitative examples of antihistamines include: astemizole, azatadine,

30  azelastine, acrivastine, brompheniramine, certirizine, chlorpheniramine, clemastine,
cyclizine, carebastine, cyproheptadine, carbinoxamine, descarboethoxyloratadine
(also known as SCH-34117), doxylamine, dimethindene, ebastine, epinastine,
efletirizine, fexofenadine, hydroxyzine, ketotifen, loratadine, levocabastine,



one or nore additional agents for treating cough, allergy or asthma
synptons sel ected from anti hi stam nes, 5-1i poxygenase inhibitors,

| eukotriene inhibitors, H3 inhibitors, 11-adrenergi c receptor

agoni sts, xanthine derivatives, a-adrenergic 25receptor agonists,
mast cell stabilizers, anti-tussives, expectorants, NKi, NK2 and NK3
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1-3 additional agents, preferably 1-2 additional agents, and nore
preferably 1 additional agent. Non [ir@-ative exanpl es of
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acrivastine, bronpheniram ne, certirizine, chlorpheniram ne,
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Phar mac MB@bulaY?hgrrﬁgcqiﬂgge\fo 163853648943 (1990 The term

"l eukotriene I n des "any agent o confpound that inhibits,
restrains, relthegsmdleukotriang ipbibitot”dncladss sy agem@ra:ommmndrtha‘ranhtbsts,y

Orel s eSS o8 o bindddethlef i€ 58 Bofibn of ety dt iukbibis! X

chl 95 o- 2ingjtativelexagriplesevtlenkdffiene inhibitors include montelukast [R-(E)]-1[[[1-{3- [2—(7-
henyl ] - 3[;2( 15 hyd 1o | ]thiol- .

ety | P s BRI EEER R na R SR RG ey S B hioberyinepyitieh

0 480 7Imgthyllcyclo- propaneacetlc ac:d and its sodium salt, described in EP 0 480 717,

1- (((R ﬁf &ﬁ .8 ﬁ'& t heny. hydr

oxy- 2. pr STARF- RS E-sHitelo B ted SR s 2 b

sodi um sgitényl Rl: clo waaz.@az,ét%gaa AtHitd s Sdiufpd A1) teberbed IﬁZWO

1-(&61( gg 7( éa |c Iorothle % é

7/28797 an atent 5,270, 324 1 (((1 R})-3(3-(2-(2,3-dichlorothieno[3,2-b]-
pyridin-5-yl)-(E}-ethenyl)phenyl}-3-(2-(1-hydroxy-1-methylethyl)phenyl) propylithio)
methyl)cyclopropaneacetic acid, and its sodium salt, described in WO 97/28797 and

U.S. Patent 5,472,964; pranlukast, N-[4-oxo-2-(1H-tetrazol-5-yi)-4H-1-benzopyran-8-

yil-p~{(4-phenylbutoxy) benzamide) described in WO 97/28797 and EP 173,516;

25  zafilukast, (cyclopentyl-3-[2-methoxy-4-[(o-tolylsulfonyl) carbamoyl]benzyl]-1-methyl-
indole-5-carbamate) described in WO 97/28797 and EP 199,543; and [2-{[2(4-fer!-
butyl-2-thiazolyl)-5-benzofuranyl] oxymethyllphenyllacetic acid, described in U.S.
Patent 5,296,495 and Japanese patent JP08325265 A,

The term "5-lipoxygenase inhibitor" or "5-LO inhibitor" includes any agent or

30  compound that inhibits, restrains, retards or otherwise interacts with the enzymatic
action of 5-lipoxygenase. Non-limitative examples of 5-lipoxygenase inhibitors
include zileuton, docebenone, piripost, ICI-D2318, and ABT 761.



pyridi n-5-y1)-(E)-ethenyl)phenyl)-3-(2-(1-hydroxy-1-nethyl ethyl)pheny
| ) propyl)thio) nmethyl)cycl opropaneacetic acid, and its sodium salt,
described in WO 97/28797 and U.S. Patent 5,472,964; pranl ukast,

N-[ 4- oxo-2-(1Htetrazol -5-y1)-4H 1- benzopyr an- 8-

yl kp- (4- phenyl but oxy) benzam de) described in WO 97/ 28797 and EP ¥
173, 516; Lrdukast, (cycl opentyl-3[2-nethoxy-4-[ (0,

car banoyf F@gg@wﬂ#ﬁmt hyl - i ndol e-5-carbamate) descri gtggh?ér&]%ﬁ%y
97/ 28797 and EP 199, 543; and [24[2(4-tett-

buty1-2-thi azol yl)-5-benzof uranyl] oxyf€t hyl | phenyl]acetic acid,
described in U S. Patent 5,296,495 and Japanese patent JP08325265 A.
The term "5-1i poxygenase inhibitor”™ or "5-LO inhibitor"” includes any
agent or 30coNpodimitativaexamplds aff-adesergc regeptat sgothists inchidee ralbisterol,

[ - M ti ti f . 511 . limtative
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epi nephrine. A non-limtative exanple a xanthine derivative is
t heophy! fivikyl&Rees| (9@ + Bhendpepanpamine and psaudephefrine). duistszoles (e.g.,

pecudeprio L) B RLEAIRE, BREnA e B OB "

t et r ahy deysieslkkeminesdesgy) popylhexedring)., and cycl oal kyl anines (e.g.,

B OB ke LASn ey xaiebr il b EpRYRCR BehhalBghut

ant 10t ussi ve Moredirdative: bxateplesddiant-tushive agerds mipdacoddisszonat at e,

o ek e AES6AY e, ORGSR oL 37 o e

and NK3 t achykinnilimitetiep eaamply amnesgicsstorant isdrF8n88in994 and SR

:?1'363; 15N0n'lllc'JnQ]irtnﬁta’é{\?e g)%(a?anllegsbf NK1,GQ ﬁn%%?é ?e}c?lykiﬂﬁ"ll %ggpt%?gkgggﬂists
include CP-99,994 and SR 480968.

15 Non-limitatve examples of GABAg agonists include baclofen and 3-

aminopropyl-phosphinic acid.

Compounds of this invention are useful in treating Ul or overactive bladder in
mammals. At least one compound of formula | may be administered along with one
or more additional agents for treating Ul or overactive bladder. Agents known to

20  treat Ul or overactive bladder include muscarinic antagonists, for example
darifenacin, tolterodine, solifenacin, trospium, duloxetine and temiverine, and
antispasmodic and/or anticholinergic agents such as oxybutynin and hyoscyamine.
Preferably a combination of this invention comprises one compound of formula | and

_ 1 additional agent.

25 For preparing pharmaceutical compositions from the compounds described by
this invention, inert, pharmaceutically acceptable carriers can be either solid or liquid.
Solid form preparations include powders, tablets, dispersible granules, capsules,
cachets and suppositories. The powders and tablets may be comprised of from about
9 to about 70 percent active ingredient. Suitable solid cartiers are known in the art,

30  e.g. magnesium carbonate, magnesium stearate, talc, sugar, lactose. Tablets,
powders, cachets and capsules can be used as solid dosage forms suitable for oral
administration.
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of this invention conprises one conpoufd of fornmula | and 1
addi ti onal agent. 25For preparing pharmaceutical conpositions from

t he conpounds described by this invention, inert, pharmaceutically
accept abl e caFoi prepatag sbppaditonies, 3w theltingl wapusach & kindixfuse of fatty acid
pr epar at i

ns.inclu rs,-tablets, djispersibl.e granul e
Crpoul os ORESIIBIY SR RIBRL BsPelbarartl BBARME iordbRabclsparssr ve
conpr ibisedomraggn@mneﬂgbmdreiﬁ etscmaiitmlhg.mhﬁem@m h@anbgareedusgnigtlire i then
Suitable _solid carriers are kno In t art, 30 . magnesi um
car bonat BOTRHAREANYREReE S Eed Ml loudt 46 Coptant tretagh cit
powdegr s, cachetgidaafngresaraasns malude sohabnassePdrdiohesrdterh@kidhs, As an
suitable for oral %dm nistration. W) 2007/ 053435PCT/ US20061041925
- 48- For S{RTBPEITRY Peippanes waisr opwatsiRamendiax! sohdiongdonpareRiaitle
of fattyjnedtiingl ycerides or cocoa butter is first nelted, and the
active ingredient is dispersed honbgeneously therein as by stirring.
The nol ten hodggEfesuPreparetions myta?ﬁéhmsbldeé@lutmf@@ﬁtr@na%alt si zed
nol ds, aé&ilﬂﬁﬁé%rét@n?om and thereby solidify. 5Liquid form
preparations Include solutions, suspensions and enul sions. As an
exaffl e may bRengsak prepathtinas suitabledpr ishalgtiop ynanieclyde solutiops endeelids in

for pare LA ' : b G e

el Ude- Bafugiohfi #fichfiflay be in combfishitn W iR BRARRAZALEAR fEbEn TS

pr epar at ¢arsr, such alslan ihert dompiessddogesiay i ncl ude sol utions and solids
i n powder for | - | g ] : eyt 1.cal |
accept abl e ca&??%'g%ﬁdgﬁ%agﬁgnfgpﬁg)?%ég%{'r%?sgg}é\{gh%gr%g%%&?&) % g@?\rerkéd,
i ncl udedstzorily beforel utey tm liguiEbionat preparatibns foraither ota nd edranderak

g?g?{g{)ﬁ e%%mglﬂs%é ttilgﬁ %%cc?lrlﬁu%s%’rmts?nclzlﬁégj é&\u&é’ﬁsrf‘s%ﬁé’r?sﬁ@ﬁé grrll e%%rlsigrlisf. her

The compounds of the invention may also be deliverable transdermally. The
transdermal compositions can take the form of creams, lotions, aerosols and/or
emulsions and can be included in a transdermal patch of the matrix or reservoir type
as are conventional in the art for this purpose. '

20 Preferably a compound of this invention is administered orally.

Preferably, the pharmaceutical preparation is in unit dosage form. In such
form, the preparation is subdivided into unit doses containing appropriate quantities of
the active component, e.g., an effective amount to achieve the desired purpose.

The quantity of active compound of formula | in a unit dose of preparation may

25  be varied or adjusted from about 0.1 mg to 1000 mg, more preferably from about 1
mg. to 300 mg, according to the particular application.

The actual dosage employed may be varied depending upon the requirements
of the patient and the severity of the condition being treated. Determination of the
proper dosage for a particular situation is within the skill of the art. Generally,

30  treatment is initiated with smaller dosages which are less than the optimum dose of
the compound. Thereafter, the dosage is increased by small increments until the
optimum effect under the circumstances is reached. For convenience, the total daily
dosage may be divided and administered in portions during the day if desired.



15adm ni stration. Such liquid forns include solutions, suspensions
and emul sions. The conmpounds of the invention may al so be deliverable
transdernmally. The transdermal conpositions can take the form of
creans, |otions, aerosols and/or enul sions and can be included in a
transdermal patch of the matrix or reservoir type as are conventiona

in the artyd so7bNss purpose. 20Preferably a conpound ofpdiiisSosins1ozs
invention Is admnistered orally. Preferably, the pharnmaceuti cal

preparation is in unit dosage form In_such form the preparation is
subdi vided into unit doses contai ni ng’48ppr opriate quantities of the
active conmponent, e.g., an effective anmobunt to achieve the desired
purpose. The quantity of active conpound of formula | in a it, dose
of prepar at i FheragorSand/fequancyof administsafian efrihasenroynds 95{}1%’”1%@@”
gy, more &g%gpa%gcédt&wBe&ﬁq%b;g%a{tg ﬂ}é%@hﬁfm’bear%%ma@éd‘gcécﬁdhb% the
parti cul rcati on. e actual dosage enpl oyed may_ be A
vari ed dequmehtnd thpattendiegroigisianeransiceriog subb Tazioisean 2Gm FONHEION and size

Gosage. 16T ol AR0v4l BSp PR of S iniE D BRkBN Lhplch P oPe!
el witi e re S e S ey ol
| ner easdiekyprrapite AP SdARY. afe fS FRE iited fRbeRuibvigh dISHTRAN Balr
Ci I cCUNBIARRAP deprésisiledihrhalor elonelaiamee, Theeompoandsdarel nordtexgehemy

be divided and adm nistered in portions during the day if desired.
WO 2007/asninistased WiITDies gﬂ%@?s'%-”ﬁ9= The ampunt and frequency

01;1 admi ni str qupp@mﬂ-@‘ NUFE% I dﬁntﬂé lﬁ@?dﬂnn}ifft@?dih oﬁl’tj@bimd{tg)n with 03;-; or
phar maceutical |y acceptable salts thereof w regyl at aceaqrdi ng
Do 1he jmegrsiitiossl aBent: thenermepwld o forawad g tae Adilotabrogiis) g

as age ;m;ﬁgfé?éﬁw Qﬂnﬁrﬂgtée?é&ﬁ'l SlcokittheRRddsRigk fafm gl PSingietablit)y altioughe
synpt o eing treated. A typical 5 reconmended dosage reginmen js
oral adrthey san heiegmiastared seperaiglyt o hecoditiagaliagers éf %ﬁgm"ﬁstfb‘ad[ 5

1000 ro/ sﬂ'ﬁ@ﬁ%nté %g&&‘fﬂletﬁ 51‘39?69%%%% 48849, dirdy SVASHIRMaRlyhRitomsom

pai n, anxiety, depression, asthnma or alcohol dbuse. The conpounds are
non- t oxiprefsably fom abeuted.ddangia MO0 Mg, ;ate Pigferainiiem alril Mg triePd Mg

agopi st of farla Al 4/ 1 . irhéh bPthaMddiidae agént is from

oy oAb A ket R RERASS dofcERIrE bPtheddhicia g

addi t i onmangag@e00shg/aiag, preferably 1 to 1000 mg/day, in two to four divided doses.
Typical dosage amounts of the other agents may be determined from the literature,

for example in The Physicians’s Desk Reference.

While the present invention has been described in conjunction with the specific
20  embodiments set forth above, many alternatives, modifications and variations thereof
will be apparent o those of ordinary skill in the art. All such alternatives,
modifications and variations are intended to fall within the spirit and scope of the

present invention.



preferably adm nistered in a conbi ned dosage form(e.g., a single
tablet), although they can be adm nistered separately. The additional
agents are admnistered in anounts ef f%@t_i ve to provide relief from
cough, allergy or asthma synptons, preferably fromabout 0.1 ng to
1000 ng, nore preferably fromabout 1 ng to 300 ng 15per unit dose. A
typi cal recommended dosage regi nen of the additional agent is froml
mg to 2000 *hy/ dédycompetied sdpresanted by@®forpuiay, in two to four
divided doses. Typical dosage anounts of the other agents may be
determned fromthe literature, for e | e in The Physicians's Desk
Ref erence. Wiile the present inventi $Htf@en described in
conjunction with the specific 20Brtodi nents set forth above, many
alternatives, nodifications and varRzat i ons t herkof will be apparent

h f i idd o h
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R5- aryl al kyh -cmailed@kyiaﬁﬁhet@aemaik)darWdlekgrbcydREIWalkﬂal kyl, .

mo 1L Recal byt s B AR ARt RS oad RN S -he%r%vao%'ﬂ‘

Rkhet er ocycl oal Byjis;a bond, (B4iCs)alkyiems],—{ CQ&),,,@QF&%&H@)HB §CH28H_0 (CHa)s-

™ NS e S, Lok iy oW

nis O, 1_3JRC(@50r6|n|so 1, 3; ,50r6 prowded
that the sum of mand nis 4, or 6; each R4 and

R5is Ito 3 sub§tf$@uén?sg:l41§e®'eﬁwd6¥iﬁlﬂj15%.I9éd'r. 5ori6; orovides! thabthe sum of

consi sting I .cl oal kyl, -ON, -CF3, -(CH2)5, - ORS,
-N(R15) 2 and "1’'to 3 'substituents independently selecte
 R1L3) 2 n?fan&'n 'E@Rg 2%‘9{ 50135 b g dent ] | q

fromthe group eads i%tandg:{%lfs ‘Ho maumtltwéri{sllndepandmftlylﬁdlected from the
heterocycl 8%(]8’ J:Onmsﬁ%negro (i-Ycha? alTR{yl oy 0a1ky[ OEN i 066152 | OR“CFD?(RW
and
«(CH2)nN(R™);

R%is 1 to 3 substituents independently selected from the group consisting
of H, halo, alkyl, cycloalkyl, heterocycloalkyl, heterocycloalkylalkyl, -CN,
cyanoalkyl, -CFs3,

-C(O)alkyl, -(CH2)p-OR®, -COOR®, -N(R")z, -{CHz)-N(R'%)2 and —C{OIN(R™)z;
pis0,1,2,3;4,50r89;

R is H or alkyl;

R® and R® are independently selected from the group consisting of H,
alkyl, cycloalkyl, haloalkyl, hydroxyalkyl, alkoxy, alkoxyalkyl, aminoalkyl, alkyi-
C(O)- and |
alkyl-C{O)}-N(R")-C(C)-; and

R s independently selected from the group consisting of H and alkyl.



-C(0)al kyl, -(CH2)p-OR8, -000R8, -N(R15)2, -(d2)n-N(R18)2 and
-C(0)N(R10)2; pis O, 1, 2, 3; 4,5 0r 6; R/ is Hor alkyl; R8
and RO are independently selected frorrF he group consisting of H,

al kyl, cycl oal kyl, hal oal kyl, hydroxya alkoxy, al koxyal kyl ,

am noal kyl, al kyl-0(0)- and al kyl - C(0) - N( R7) C(0)-; and Rl is

i ndependent ly selected fromthe group c?n5| sting of H and al kyl . -
51 - 2. A @enpodrirgouridpfmlaimvheherain R :sR-Rhexpmmylledmﬂzsﬁmelngi

henyl el d f
aroup. cons BRI 1Y RRErdRaRbend i SER RN tofm Bk g Bieonpiihg of .
wher ei n Rlhale dvti gkelny| V\/ner ein R4 is one halo atom and R2 is

Rs- phenyl wherein R5 is one halo atom 4. A conpound of claim3
wherein. R4 and R5 are chlorine. 5. A conpound of claiml wherein Xis

a bond, -NgR7)- A@dﬁipodﬁd&if@lélnfgwhérém Rk R‘*-bﬁe&;%e%emfﬁ‘ is %QW?W) -

whereln R7ISH g) ound %|m5 wherein X 1s a bo
conpound oftG#} zﬁ'ﬁﬁ @MFIQSVheéeIR@ 4% gne hgle-alefer oaryl or R6-
het er ocycl oal kyI 8. A corrpound of claim?7 wherein R3 is R6-phenyl,
R6- pyri dyl, yrim dyl | m dazol yl , Ra-benzi m dazol yi,

R6- pi peri d‘ﬂnyl tgﬁomqmdpif@latmny& whe®in R* andPpSuane chlorinbai m 8 wherein
R6 is one substituent selected fromthe group consisting of I-1,

hal o, al kyl, OH and -OCHa. 10. A conpound of claim 1l sel ected from

the group SonsiAtongouhd of claim 1 wherein X is a bond, -N(R")~(CHz)y- whereln R is
H and n is 0 or 1, or -C{O)N(R")- wherein R” is H.

6. A cormpound of claim 5 wherein X is a bond.

7. Acompound of claim 1 wherein R® is R%-aryl, R%-hstercaryl or R°-
hetetocycloatkyl.

8. Acompound of claim 7 wherein R® is R®-phenyl, R8-pyridyl, R%-pyrimidyl,
R°-Imidazolyl, R®benzimidazolyl, R®-piperidiny! or R®-morpholinyl.

8.  Acompound of claim 8 wherein R® is one substituent selected from the
group consisting of H, halo, alkyl, OH and —OCH;.

A compound of claim 1 selected from the group consisting of

Qﬁ\r \J Gé% ﬁ%ma



- 52 - OH 11. The conpound having the fornul a 12. A
pharmaceutical conposition conprising a therapeutically effective
amount of a conpound of claim1 in comgpnation with a
pharmaceutically acceptable carrier.
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11.  The compound having the formula

H
Cl
| .
N N

Cl

12. A pharmaceutical composition comprising a therapeutically effective
amount of a compound of clalm 1 in combination with a pharmaceutically
acceptable carrier,



