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WO 2007/150010PCT/US2007/071849 CYCLOPROPYL AMINE
DERIVATIVES AS HISTAMINE H3 RECEPTOR MODULATORS

WBACKIGROUND OF THE INVENTION Technical Field The irREFitiSen07/071849

relates to cyclopropyl amine compounds, compositions  comprising such
compounds, methods for making the compounds, and methods 5 of
treating conditions and disorders using such compounds and
compositions. Description of Related Technology Histamine is a

cYCLUHROPVNAMNE e RA ATIVES A S¢ilE HARiNESRBIRECEPSOR MGIBULATORS

receptors have been reported in the literature, typically referred 10to as
histamine-1, histamine-2, histamine-3, and histamine-4. The class of
histamine receptor known as histamine-3 receptors is believed to play a
role in neurotransrRRSOkE ' ‘ L8N,

Tedhpiaanprig (H3) receptor was first characterized pharmacologically on

histagminergic nerve terminals (Nature, 302:832-837(1983)). where it
regU RFUBYREIES FEIaleS B ONBIIRSORM IS SATBOHTHRe CampapiieRtous

compﬁﬁngandmmmbﬁtmd@_rgﬂemmgmg N@W'&@ﬁ;ﬁé\ﬁﬁl@{%ﬁ)@fﬂéthogs
. rointestinal tract. .H3 receptors are thought to be locate
of BB B B RS ol R e Spg s e rBam .
possessing other activity, such as adrenergic, cholinergic, serotoninergic,
De%ﬁ&%ﬁlﬂ%@é@gﬁ %@W%IJ&? existence of H3 20 receptors has been
confirmed by the development of selective 1-13 receptor agonists and
ant&S13RNeg (e aure!-spown meddatosef pewgnabaetivitnmik fnast four
typ&Bht hiisgninefreceRore Risve BIH 9Bh Rl WMH%?&tﬁé??&%éﬁ??@?érred
to a@ﬂﬁ}%&%‘fﬁﬁﬁ %he H3 receptors can %e madified or regulated by the
Administratio 'Is@ﬂ@%e% StRaINgsST#RdiRysiRmined ud e ciassef
histamingoreseiar ikvevseasoistatingeBisicentpesigbagevist Repldya rele in
nel%ate %igg%Heﬁ%@%nﬁgp#?\%hgr‘g(&%%}%.cond|t|ons and disorders

to memory and cognition processes, neurological processes,

carJiBQ_zi&%‘@F_@fffﬁT?cﬂdﬁ, refeRion waddinsbrhasedterized, piraongoothgically on
his@HRIRSFATNERENBRVINYAECEE £ 85583 P 1883)), where it regulates the

release of neurotransmitters in both the central nervous system and peripheral

organs, particularly the lungs, cardiovascular system and gastrointestinal tract. Hs
receptors are thought to be located presynaptically on histaminergic nerve
endings, and also on neurons possessing other activity, such as adrenergic,
cholinergic, serotoninergic, and dopaminergic activity. The existence of H3
receptors has been confirmed by the development of selective H; receptor
agonists and antagonists ((Nature, 327:117-123 (1987); Leurs and Timmerman,
ed. “The History of H3 Receptor: a Target for New Drugs," Elsevier (1998)).

The activity at the Hs receptors can be modified or regulated by the
administration of H; receptor ligands. The ligands can demonstrate antagonist,
inverse agonist, agonist, or partial agonist activity. For example, H; receptors
have been linked to conditions and disorders related to memory and cognition
processes, neurological processes, cardiovascular function, and regulation of

blood sugar, among other systemic activities. Although various classes of
1-



compounds demonstrating H3 receptor-modulating activity exist, it would
be beneficial to provide additional compounds demonstrating activity at
WK NWeeptors that can be incorporated into pharmaceuticCT/US2007/071849
compositions useful for therapeutic methods. SUMMARY OF THE
compeURNS fiemonstratingikiscadeptds-tinsittiating agtiliyreyist dtnimeddave,
berIREIRB BOHRR adURKIE BOMPIGHI st RAS KERA BYYAETe
derivatives. Accordingly, one aspect of the invention relatés to compounds
recepiimiel ¢an chquraéﬁﬁHﬁ&f&t@’mwwaebemlgan,s aiseful for
theripéiltic PhatFRss!g thereof, wherein: one of R1 and R2 is a group of the
formula -L2-1R6a-L3-R6b; the other of R1 and R2 is selected from
hydrogen, alkyl, alkoxy, halogen, cyano, and thioalkoxy; 15R3, R3g, and
R3b are each indep &utMiARE IBEtdH EINMENTIONP consisting of

h ifly, 11 | d
SRl i sl cobsmopliamral o lpgEariaaR,
bicyglisransificysisosysiuienersianiopyamine derivative R Aesardiggykene

aspE TPl AleHid r FeRitERaR EaHPO IR bE foRRtlh i Attached form a
non-aromatic ring of the formula: R RlJR':gR D

RSa I-’\’1

Rs~MN.. R Re

10 (1)
or a pharmaceutically acceptable salt, ester, amide, or prodrug thereof, wherein:

one of Ry and R is a group of the formula -L2-Rga-L1-Rep;
the other of Ry and R; is selected from hydrogen, alkyl, alkoxy, halogen,
cyano, and thioalkoxy;

15 R, Raa, and Ry, are each independently selected from the group consisting
of hydrogen, alkyl, trifluoroalkyl, triflucroalkoxy, alkoxy, halogen, cyano, and
thioalkoxy

R4 and Rs are each independently selected from alkyl, fluoroalkyl,
hydroxyalkyl, alkoxyalkyl, and cycloalkyl, or R4 and Rs taken together with the

20 nitrogen atom to which each is attached form a non-aromatic ring of the formula:

Rq2 Rit Re Ry
Rs. Ry
Py ) <N_;
[C(RMHRy)m N-g
R4 R
Rg Rio Rz RgR1w0

(a) or (b)

R7, Rs, Rg, and Ry at each occurrence are each independently selected

-2-
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nig Ri3 R9 RIO (a)Or(b) R7, Rg, Rg, and R10 at each occurrence are
each independently selected from hydrogen, hydroxyalkyl, fluoroalkyl,
WQMGARM L tand alkyl; R11, R12, R13, and Ritt are each inBEBARGAHH(71849
selected from hydrogen, hydroxyalkyl, alkyl, and fluoroalkyl; R6a is
frora diydnegenohydroxyaliednfluotsalisy. reyel csdieyl, rang, alikghophenyl, an 5 8- to
12 red. bicyelg r (e - -
o e R S roner)

hydpxeaioy kv 209 SHA7ealkYsn 8- to 12-membered bicyclic heteroaryl ring,
anRg,4s telbcicacvoneers-hetsrineysberdahieléladr/PaIRS: epaliephEiN &%

o U o e A oo

ringt 3 is selected from a bond, alkylene, -0-, -C(=0)-, -S-, -N(R16)C(=0)-,

A e Al e 58 AR R PRIl A i

ringa AN ifriich bernmempeiar bisydie hetsroasybingnandig - to 12-membered

heterocyclic ring;

Q is selected from O and S;

L is {{C(R16)(R17))k;

L2 is selected from a bond, alkylene, -O-, -C(=0)-, -S-, -NH-, -N(R15)C(=0)-,
-C(=0O)N(R+¢), and -N(alkyl)-;

L; is selected from a bond, alkylene, -O-, -C(=0)-, -S-, -N(R1§)C(=0)-,
-C(=O)N(R1g), and -N(R1s)-;

Ris is selected from hydrogen, alkyl, acyl, alkoxycarbonyl, amido, and
formyl,

R1s and R4z at each occurrence are independently selected from hydrogen
and alkyl;

Rx and Ry at each occurrence are independently selected from hydrogen,
hydroxy, alkyl, alkoxy, alkylamino, fluoro, and dialkylamino;

kis 1,2, or 3; and

m is an integer from 1 to 5.

Another aspect of the invention relates to pharmaceutical compositions
comprising compounds of the invention. Such compositions can be administered
in accordance with a method of the invention, typically as part of a therapeutic
regimen for treatment or prevention of conditions and disorders related to H3
receptor activity.

Yet another aspect of the invention relates to a method of selectively
modulating Ha receptor activity. The method is useful for treating, or preventing
conditions and disorders related to Hs receptor modulation in mammals. More
particularly, the method is useful for treating or preventing conditions and
disorders related to memory and cognition processes, neurological processes,
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20Rx and Ry at each occurrence are independently selected from
hydrogen, hydroxy, alkyl, alkoxy, alkylamino, fluoro, and dialkylamino; k is

wWa@2e7a5@1and m is an integer from 1 to 5. Another aspect of PETHASMIIT 1849

relates to pharmaceutical compositions 25 comprising compounds of the
cardioxasiolar Surettion nanasitalysweazighbe Acktoidisiglye thie caropalantscanith a
cod@G&ﬂ%QBﬁﬁé'}r‘-{%ﬁW 'E§ qﬁ‘éé’é‘ rh%jﬂ:él?r‘?éﬁp t{Fe Q"g‘ for

atment or prevention o itions and disorders ate receptor
Pfe‘éﬁ,ﬁﬂn@Hﬁé?‘éﬁRiﬂféF‘a@Hé&%f‘t%aﬁ%ntlon relates to a method of

Se|P@BM@é‘sé’QmpMWbﬁﬁQGﬁﬂ%@ﬁﬁHVﬂeﬂm@%@Qﬁel%éﬁﬁl@mbfﬁfed.
trea&tD g, or reventln d[ltlons and disord }?@S related to H3 rece tor

ARG RAERNRSABARIDIHe FRARIIBsEIEiRYS for
makingiting aurypeuadsnancometons fordrdizinglerspreiateting corditoneard

RN ARG U clpRiER RpSrs T S iargseHia fncrion. and

Accor e compounds ang composItions o
invention are useful as a medicament for treating or preventing H3

receptor mogygated HiSERSSERIFIIENEHTHEAKDERTTARQUNS Of the

invention also are contemplated. he compounds, compositions
comprising the compounds, methods for making the compounds, and
Deﬂni%iﬂmds'lferrﬂseating or preventing conditions and disorders by

tering th f rd ibed h A
B e B DR ARl Rt meraraa e oo,
follcmnmcm” niiedsnas detpitetiibatiom are mtended to refer to the following
defﬂfé%ﬁna%&ﬁ"ad?gs%lwé’remﬁ@ﬁ‘% a%cédkﬂ f'b?ﬁ'ij he U’éﬁd@&%?e‘i’r’i‘

alkyl rou as defined herein, 15 ap%en ed to t?e parent molecular
ap %Qﬁrﬁ'&’dMﬂ?}l"QdeB'eébé B ERE R PR REdRined
her%%ﬁ%@éﬂ@ﬁb@@kﬁiﬂpi&kﬁ@@ﬂﬂﬂﬂ@@d BQt aeehot AmR¥aneRdetyl, 1-
oxo%’r%pqllwfy)éume ;l)r%p?/i(op u%b&&? %?(%tgentyl

The term "acyloxy as used herein means an acyl group, as defined herein,

appended to the parent molecular moiety through an oxygen atom.
Representative examples of acyloxy include, but are not limited to, acetyloxy,
propionyloxy, and isobutyryloxy.

The term "alkenyl" as used herein means a straight or branched chain
hydrocarbon containing from 2 to 10 carbons, and preferably 2, 3, 4, 5, or 6
carbons, and containing at least one carbon-carbon double bond formed by the
removal of two hydrogens. Representative examples of alkenyl include, but are
not limited to, ethenyl, 2-propenyl, 2-methyl-2-propenyi, 3-butenyl, 4-pentenyl, 5-
hexenyl, 2-heptenyl, 2-methyl-1-heptenyl, and 3-decenyl.

The term "alkoxy" as used herein means an alkyl group, as defined herein,
appended to the parent molecular moiety through an oxygen atom.
Representative examples of alkoxy include, but are not limited to, methoxy,
ethoxy, propoxy, 2-propoxy, butoxy, tert-butoxy, pentyloxy, and hexyloxy.

The term "alkoxyalkoxy" as used herein means an alkoxy group, as defined

herein, appended to the parent molecular moiety through another alkoxy group, as
-4-
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The term "acyloxy" as used herein means an acyl group, as defined
herein, appended to the parent molecular moiety through an oxygen atom.

WQRREedentative examples of acyloxy include, but are not liR€GRHS2007/071849

acetyloxy, propionyloxy, and isobutyryloxy. The term "alkenyl" as used
definertheriparRepmseigiatioe lesamopled ohalikoRydiasnar henuee)iginiag fiom 2

.y ) :3?9595 ) o6 carbons, and containing at
"mll{ggls%g%? c?fg}r%o -carb%wzl%@ﬁg#ﬁgfﬁeﬁ%b?%g% ?fayr’h‘i‘)r\}(aaell of two
methenRRINeXRepresentative examples of alkenyl include, but are not

limigd n@natwuky%ﬂefpwube% R ER | eBFRP SR Yk SMGROND, 4PeERBY -
5- hexenyl 2-hePten , 2-methyl-1-heptenyl, and 3-decenyl. The term
hereify aRpeadssbIa i RareRIaRScHI R OGN sk arewp. as
defmppmmtem.td;mmatwmmlukm@@eagﬂmgaw &mmﬁggmtaé%mo’io
- e tiy. es of alkoxy include, but are not limited to
m G RN S LA A e

hexligdgrm "M!@W@N&MB@QWﬁsiusedamramaﬁfemgampdIasxy
defBEd Redindg 'Bsﬁéé%f%ﬂhéﬁfh?@ﬁ?ﬁl&bﬁma%s@ﬂﬂl% %‘BQ}B%gn

through another alkoxy group, as -4- defined herein. Representativ

groun A AefingdnessimIRspraranirtive Axaaries nhaketycarbonyl include, but

are tRot-wited/ o pthemnxg oeiftborye B MoK Y& AR ERId ei1- ey carbonyl.
metlthoexyerpr%thq&(g. 'Imqtlante,rms"allé arlk%/_(ls" as used hTIrﬁeln means an I#(,oxg
group. as defined 5 hergird Sapenae i HRapa AN AN QI AnBRgpfine
hereinoappemdedidpl thepprent tefiecudarensietyRbpraghrativénexgroype aof
Yty i imifed.t i ) | 2-ethoxyethyl,
defgg‘n?ethoxjet%ﬁghﬁé%%%%ﬁg{%@ ﬁnﬂémgar c?nag/%%s%gfed

limited o ethaxydminalmstiy e malhestiatinereathbppended to the parent
MOTFIGa! lRFrM R EANERYR S8R hERRIYBaAS SRTHNSkPSrBND, as

Representative examples of alkoxycarbonyl include, but are not limited to,
Qe TSI BRRSOEh IS Re ARSR)! AR SR TUTRIRE RGN rHTEharoub.
as defleed/heedl. Rapeddmtative meamplas of latkoxgsalfongdritiide cbberinnot

- [ h an.imino group, as

I'm'gefinéﬁ%ﬁ%&%@%ﬁ@%ﬁ%&“@éﬁ%ﬁ? gr‘%%%ﬁjm%'yllhclude, but are
not Iitaad akyEtas HRadineRiRMopaR@ steaaightygrrhreophedshain  The

hydi@RBr bk @ereiny trém yssd b%%%bﬁ‘ﬁﬁ‘i?ﬁsé‘%ﬁdmégié%‘l&pq ag, %ejlﬁf)%%r

herein, appended tg the parent maolecular moiety t h a sulfonyl group,
6 cofboR BANERSIANLR RETEIER OTlHh EUdR Ak 7R AR mied e, bu
methyd, retylitpebtoy nisshrepgl febutyk dmxpauiforphbang, EFPDMHS UHQartyl,
isopentyl, neopentyl, n-hexyl, 3-methylhexyl, 2,2-dimethylpentyl, 2,3-
dimethylpentyl, n-heptyl, n-octyl, n-nonyl, and n-decyl.

The term “alkylamino" as used herein means an alkyl group, as defined
herein, appended to the parent molecular moiety through a NH group.
Representative examples of alkylamino include, but are not limited to,
methylamino, ethylamino, isopropylamino, and butylamino.

The term "“alkylcarbonyl" as used herein means an alkyl group, as defined
herein, appended to the parent molecular moiety through a carbonyl group, as
defined herein. Representative examples of alkylcarbonyl include, but are not

limited to, methylcarbonyl, ethylcarbonyl, isopropylcarbonyl, n-propylcarbonyi, and
-5-
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20The term "alkyl" as used herein means a straight or branched chain
hydrocarbon containing from 1 to 10 carbon atoms, and preferably 1, 2, 3,

Wa2@)7a5@)tarbons. Representative examples of alkyl include, BUT/AiS209G(071849

limited to, methyl, ethyl, n-propyl, iso-propyl, n-butyl, sec-butyl, iso-butyl,
the fidee-butyl, n-pentyl, isopentyl, neopentyl, n-hexyl, 3-methylhexyl,

2,2-di | e nt nh t octlnno I, and
n-dﬁég? Fet,t;.x ﬁ@}/é?r%ﬁgéy|§%,é@g ;%s% u (—:c‘?r‘ée)rl'rxlerﬁpefans 5ﬂ<9q¥b?(5up
brapehggffhainardiacaieaeidem thie ﬂ@reattm@lemm rReiptgsemtatiye a NH
exadipléR d%am@aﬁatm&ufdexemmﬁémqm@mo @}Q%d%%ﬁ IR q'(#m'g
o methylamino, ethylaming, isopropylamino, and amino. 30
%fl\‘lbyﬂcagéﬂ %%'laseﬁzﬁé%ﬁ%% %aﬁ’!ﬂ dgb)@ﬁﬁed herein,
ap?mmm'mmtmmeboswmm?tyﬁbfmisgémg@llylmublgamwgm@d
i resentative examples of alkylcarbonyl include, but are
e B VoL e oy oSG BN IS B RSB glode. o5
defunqﬁbpmariﬂem?aemath@ H@mpleibé&ﬁcylsﬂlibq&ém@ludeabm argivalent
limiew Fiﬁﬂﬂﬁgtffﬁ IQuIRf ched chain hydrocarbon of from 1 to

10 carbon atoms eprese ntative examples of alkylene include, but are

not TGiteMoalkyny!".as Mesddyereinmagns.astrelgbign branchedeamH2-,

hym&&wmwﬁtaﬂmgqma{:ﬂ&fb?man Oﬂ?ﬁﬁﬁ éﬂd%ﬂ%’dé#&d W%‘h@%
erein mea an a ne erein, appended 1o the
o 3 O AR T REIDG 3h ot e CRHATRT EAoR K RRRBE: rorein
Rememmaxamum pleaighgliptsutfenyliratkidet limitadtocadsbiienyto -
| | dh

profy Ry LS S, B TR > omtaining from 2

to 1hedasenh arige’ ahusedhatginmeansianemingbalylamide.dtaining at
d.anmmwmmbﬁemmi%%}enﬁﬁer@aﬂammm chaPsYJﬁxA

include, ?ut are not limited to, acetylenyl, 1- propynyl, 2-pro

oy B8 AT EA BRIy PRTSSBUIONNE SABNS o SR e ik e ot
limitee 4o,saanircanboykyieettigtanmindial kyday)| ingsthitearinecaed 9! kad
eth gﬁ{gpgm%ﬁ%ulg%mmsty through a carbonyl group, as defined herein.

enta

Ive'examples of amido include, but are not limited to,
am%&ﬂnﬁ?mme'ﬂ@ﬂammwompﬁammﬂwrbrgmparbonyl and

ethyiavPRINe SR HeRY In &I RNR %’ﬁ%c?éu&?%ﬂ%%%bﬁ‘ﬁ?&ﬁﬁc

-NH2 group. The term "aryl" as used herein means a monocyclic
nnq@yﬁ@g&ftjgﬁpé@gﬁqg%ve examples of aryl include, but are not limited to,

phenyl.

The aryl groups of this invention are substituted with 0, 1, 2, 3,4, or 5
substituents independently selected from acyl, acyloxy, alkenyl, alkoxy,
alkoxyalkoxy, alkoxyalkyl, alkoxycarbonyl, alkoxyimino, alkoxysulfonyl, alkyl,
alkylcarbonyl, alkylsulfonyl, alkynyl, amido, carboxy, cyano, cycloalkylcarbonyl,
formyl, haloalkoxy, haloalkyl, halogen, hydroxy, hydroxyalkyl, mercapto, nitro,
thioalkoxy, NRaRg, and (NRaRg)sulfonyl.

The term "arylalkyl" as used herein means an aryl group, as defined herein,
appended to the parent molecular moiety through an alkyl group, as defined
herein. Representative examples of arylalkyl include, but are not limited to,

benzyl, 2-phenylethyl and 3-phenylpropyl.
-6-
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ring system. Representative examples of aryl include, but are not limited
to, phenyl. The aryl groups of this invention are substituted with 0, 1, 2, 3,

Wa2¢78 3819ubstituents independently selected from acyl, acy RV, ik exiH71849

alkoxy, alkoxyalkoxy, alkoxyalkyl, alkoxycarbonyl, alkoxyimino,

alkdlysstaromyecashionytilaglvasddmsrieial kytsisoayC ) ghaamido, carboxy,

cya : . I hydroxy,
o e Tarl A e oA B
Proasied 43,0 esterarolnCxalidrein means an aryl group, as defined
herging tmemduéoébm@@dermrmﬁl@@ﬂﬁél mcriffNyg s .glh aln glkyég{oup,
as defined herein. Representative examples of arylalkyl include, but are
ot TTRHCETY, HENDS T &R fEEH PETRT-maRIs by Srove ampended to
the 26087t BugeORa TroBRAOB(RighSH P HEMyItgroupc inbladidg Abut sl aneid to,
_ £ &) t " y" as used herein means a
4 C%ﬂggﬁ&%%%'g\%ﬁg%ﬁgylbgﬁ?%tgg%gﬁgaﬁgi ester group -002-alkyl. The
ternh PyEIB"a¥clostiy i ae wsackherein rasans aupateTatedeaynlic hydrocarbon
grolfyoarEliny o uRebheerEICERa Rl ISR AMP RIATHE SAEY
In lecular metk&lthroughaphenyl roup, including, but not limitéd to,
cycﬁ%}%ﬁoﬁyﬁgﬁﬂf‘ | GYABPREHy CYERNS Rt RBARYSIROCY!. The term
"cydibelkyticekybgrbbpsadh tmmmieawre@sbelilm?@?fdﬂ?@gmm 9rerR
inl rbans, Examples of cycloalkyl include
s O Sl B S o ARV, heelfioana
alkexyadabralkoxycaibaryt] ckiexyiming satkyihelkymyh tanidoe carbstiy teghnsth
ethﬁeﬁe@i&yﬂoﬂnwpﬁgwglﬂﬁ??@mwHbl% n2FyHBYy: x%@'u'ﬁs},y’
lkoxyalkoxy, a I k a

oxyalkyl, alkoxycarbonyl, alkoxyimino, alkyl, alkynyl,

me W@%M&Wc%?ﬂ!‘%y@fgwwrmyl, haloalkoxy, haloalkyl,
halThertehmdeygodikgapatyl, dSuveimeeaindinendsbyanakP§roan hs

deﬁ'r%\tle@%gr%in. appended to the parent molecular moiety through a carbonyl
group, as defined herein. Representative examples of cycloalkylcarbonyl include,
but are not limited to, cyclopropylcarbonyl, cyclopentylcarbonyl,
cyclohexylcarbonyl, and cycloheptylcarbonyl.

The term “dialkylamino" as used herein means two independent alkyl
groups, as defined herein, appended to the parent molecular moiety through a
nitrogen atom. Representative examples of dialkylamino include, but are not
limited to, dimethylamino, diethylamino, ethylmethylamino, and butylmethylamino.

The term "fluoro” as used herein means -F.

The term "fluoroalkoxy" as used herein means at least one fluoroalkyl
group, as defined herein, appended to the parent molecular moiety through an
oxygen group, as defined herein. Representative examples of fluoroalkyl include,
but are not limited to, trifluoromethoxy (CF30), and difluoromethoxy (CHF,0).

The term "fluoroalkyl” as used herein means at least one fluoro group, as
defined herein, appended to the parent molecular moiety through an alkyl group,
as defined herein. Representative examples of fluoroalkyl include, but are not

limited to, fluoromethyl, difluoromethyl, trifluoromethyl, pentafluoroethyl, and 2,2,2-
-7-
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The term "cycloalkylcarbonyl" as used herein means a cycloalkyl group,
as defined herein, appended to the parent molecular moiety through a

weashomytoghoup, as defined herein. Representative examples BET/US2007/071849

cycloalkylcarbonyl include, but are not limited to, cyclopropylcarbonyl,
triflggrgefihtylcarbonyl, 20 cyclohexylcarbonyl, and cycloheptylcarbonyl.

Therigsfendiafyiqymiag’ ueéaiﬁs%eﬁ%aﬂﬁ%aﬁalﬂ r@@}% endent alkyl

groups, as defined herein, appended to t ular moiety

thro tﬁrmtrB@Qn %\“tah@qgéﬂr@e?'eH?&ﬁ\@é&'&rﬁiﬁéQ%%laWWﬁﬁo
Inﬁllﬂlﬁe,tﬂm? alﬁaIBékmtﬁhtfs%h?t’é)ﬁ&ﬁégg_?ﬁﬂf%@ﬁnﬁ%alogen as
ethylmethylamino,.a methylamino e term "fluoro” as use
def R TR ABPEAS0 10 Ao, AR, Ttete B OB A Akt roup,
as M@dﬂmf&mrdﬁﬂgﬂegmﬂptmeseka‘mp!éshefemmarbqummdmupéremot
limitB &S WGBSRV ﬁ‘fﬂ d?f'?rﬁ g%ﬂb'gfe%?a Sétroéihh&rem
fluoroatkyl'in

Representative exam are 1ot limited to,

tnﬂJ&%mmh&a}q@hébysaﬂﬁf@.hamm@ﬁa&@(@aamem:em
def.ribwnaaml a%'béﬁ@é’dh@f@ié Wéﬁ%lkﬁﬂﬁépﬁﬁuﬂ fﬁrgﬂﬁﬂ%rﬁﬁlﬁ}ﬂfﬂ?%p,
e|n d to the parent molecular m rough an alkyl group
as %% Hgﬁr{.é%p%’éreﬁ? MESRR 3&%@&9?%96»85\%9?"%&@ Bet are
limitet tandbmmnﬁwbmﬂwbaﬁ&lptmetbmethﬂuW@ﬂ&ftbdioethyl, and 2-
chi rjéaffl 0} tnﬁj and 2,2,2- trifluoroethyl. The term "formyl" as used
ns

erein me C(O)H group. The term "halo" or "halogen” as used
heréfieriesEnhetemary|ces ushd bereirnheafestogn asanaticréangicontainisg

onbIFASIOREIERNADATS ﬁr?iép@ﬁﬁ@ﬁﬁy@i%‘&eﬁ?%ﬂqﬁ@ NCRGGER! or sulfur,

molecular m0|eq)£ through an alkoxy group, as defined herein.

or &gy iemeh IARIBAL x SHETEENISAB AR SRONAENFE Q5 RicHelin @i fwitaer to,
des%rfh&dmibﬂxw%ﬂomﬁﬂwe%&ﬁéa@ﬁ't@tﬁétbéﬁéhﬁh@é@ﬂlﬁr monety

or g s B e e DN RO RO

nitrqgane@bnerem Representatlve examples of haloalkyl include, but are not

limitgeh trellerRB I dicH w@%swng' 8%% PERistdn rgﬁmg

and 2- chloro-3-fluoropenty he ter eteroar as use rein
as yspdheseim ptaniaie- rﬁ@dBﬁfﬁhﬁFﬁfcﬁﬂ@rﬁ?#ﬁdmﬁ&@fﬁéﬂm1 2,3,0r4

hetmdammfépéﬁmﬁﬁlé@éetearﬁaﬁnnm NoRYGeHUsr $a1fir Sotegitomer
ol R LTS 5 VR Bk o B 7 i Tk

A | oftfiflg
wherein one carbon is replaced wnth an O or S atom; one, two, or three N atoms
arranged in a suitable manner to provide an aromatic ring; or a ring wherein two
carbon atoms in the ring are replaced with one O or S atom and one N atom.
Such rings can include, but are not limited to, a six-membered aromatic ring
wherein one to four of the ring carbon atoms are replaced by nitrogen atoms, five-
membered rings containing a sulfur, oxygen, or nitrogen in the ring; five
membered rings containing one to four nitrogen atoms; and five membered rings
containing an oxygen or sulfur and one to three nitrogen atoms. Representative
examples of 5- to 6-membered heteroaryl rings include, but are not limited to,
furyl, imidazolyl, isoxazolyl, isothiazolyl, oxazolyl, pyrazinyl, pyrazolyl, pyridazinyl,

pyridinyl, pyrimidinyl, pyrrolyl, tetrazolyl, {1,2,3]thiadiazolyl, [1,2,3]oxadiazolyl,
-8-



10

15

20

25

30

or to L2 or L3, wherein L2 and L3 are defined in formula (1), through a
carbon or nitrogen atom. The terms "monocyclic heteroaryl" or "5- or

W@2008miseted heteroaryl ring"”, 20 as used herein, refer to 5- oPCT/US2007/071849

6-membered aromatic rings containing 1, 2, 3, or 4 heteroatoms
thisipolyl dnigopklyis2idltteifdnl hRréliragiody fbd, Straziyl, §t,2,8]tiazoby, and
(1,386 ofgicamples of such rings include, but are not limited to, a ring
wherein one carbon is replaced with an 0 or S atom; one, two, or three N

atorHeedRHRgRIEYRIS BatelprRIYh Ainér 1 Romesbararhiexricingtesparying
ringmrwei@egmeaél'\lmamrs g@%:sem gherongf dif%dﬁpiaﬁ%irwb Efblerlﬁ&(fﬁes

atom and one N atom. Such. ri an inc¢lude, but are not limited to, a
arofialt 809 CoNIAING 2 SRR oLl BRRSs, FBH IS FRIN s Elemts oL s
ringainchegigoene] drymuine hetemiatomsfindependeetlycs legtecointanoxy ge s Lulfur,

i j g fi i ini ne to four

and WiEert RUSPECINRIVE ol BIHEVEIE REREFT AL TS 1hdBih,
benzqttienn kenzeduiand. indagelyl dbenamdazeyk hemzetkinaalyies of 5- to
berdREFONE BEMRISEINBLJINIBRSHISE 481 A (NAbIIRYISEdquiivbihy!,
.imid zoh/l, |soxaTonI, [ othlaz,oI?I, oxazolyl, pyrazinyl, Fy-:))%/razq)Flg{/l,
QuingEeli SRS BOIA BTG RS RS EKH NaPPNFRIB oy,
cianbJBlﬁlU)iedﬂ!ﬁZ' Idsd]inﬂulazm' b',lJhiéaow.zibﬁziiﬂm??lin;lhdbgrfﬂtﬁwiig)ﬂhlin?ﬂ.

1, VAl i iazo 1.2.4ltriazolyl. The term “hicyclic

oA ot U AR AR e oyt 6 BRTB. Y eV be
substituind Wity bydrages., @-optionally sybstitutedrwithameioyoliers subsiittients
indépEraRAY BIBALEAGHIALLAE RAYIIRRHIMAIRERY! tiealame ) (he ring

al
include one or more heteroatoms md@e;en ently selected from oxygen,

alkexyrlkvh AkmtysaERenEk Fkervming. kanysidionybrlvafsteashentings
alkwmiudayindail;dlot;mhyeaﬁdgemrgmyﬂintlsilaawkﬁ_eammiﬂﬁémukoxy.
olvl, .benzoxazo enzolisothlaz enzaols Z0
e R SR R S SRR AR and
(NRrBe}vagaopyirirVipnegyetio/netierdanihonfingr, Gheemntisted]vatdecary rings are
su%ﬂ@@v&;ﬂ%ﬂwfﬁi%Yh,%%ﬁ%&ﬂﬂxﬁf&‘di?]gbcnc h'éfet%%@!yérgé%”?g

the invention, whether monocyclic or bicyclic, may be substituted wit

MemREESRICHISHRIREIR UG At sHRBlibHe b WiltbPe SLdsBitde B, 7. 8, or 9
substtepAtrendierRAPALEFLIIBSTORMS FredertindliaibA. MEPKY, FkeMalkoXY,

{ 5alkoxyalkyl, alkoxycarbonyl, alkoxyimino, alkoxysulfonyl, alkyl,
au q@?&%‘rbonyl, alkylsulfonyl, amido, carboxy, cyano, cycloalkyl,
fluofte! terms fivetsro tyadlic g yahd heterh dyalelicas hyedoxgreivyorefey adka|,
3 c iteq, iQp = , n yel
R o R o e o e o
fiveheferoaipmsinsiangedentiyisolartetemdhe er@meansisting of nitrogen,

oxygen, and sulfur and also containing either at least one carbon atom attached to
four other atoms or one carbon atom substituted with an oxo group and attached
to two other atoms. Four- and five-membered rings may have zero or one double
bond. Six-membered rings may have zero, one, or two double bonds. Seven-
and eight-membered rings may have zero, one, two, or three double bonds. The
non-aromatic heterocycle groups of the invention can be attached through a
carbon atom or a nitrogen atom. The non-aromatic heterocycle groups may be

present in tautomeric form. Representative examples of nitrogen-containing
-9-
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20membered bicyclic heteroaryl rings are substituted with 0, 1, 2, 3, 4, 5,

6, 7, 8, or 9 substituents. Heteroaryl groups of the present invention may
WhR0pT4seridas tautomers. The terms "heterocyclic ring" arRCT/US2007/071849
"heterocycle”, as used herein, refer to a 4- to 12-membered monocyclic or

hetenagutiesiingiuceiioirarenot imitethtecazepanyl, 2& étiding i exiadingts

. f _ m . and
i AR AR RSN B o R i
PiPgfRRPYiIREHIBHe RMFEbHINHo RYEGHRYk ity drpthiazelyb dirtudseaysidinyl,
anﬁﬁﬁh@ﬁbt@ﬁé%.ﬁ#%r@%ﬁ?@@kfﬁ&é&@frﬁ@mﬁﬁfﬁéﬂ%ﬁ@ﬁbﬁ@%\fﬁ-
Zero Qr one do e nd. oIxX-membpered rings ma ave zero, one, or two
a0l BB OB BRI s B RO B e IR R bare. oo,
tetrgmwtgfmhybdidWMpMsteTmmemﬂamemmo‘j@kelgmps of the
inveplion.paaRRalahEE FVaMmh 22 B0 R %aﬁ'%%geé‘naté’rm' The

non-aromatic eter_ocycf?e groups may be presen Ic form.
opticalhy suhfdiinied with et & Sittb o B.corlarTifsubstituenisindependantly,
selé&!é@%ﬁ%&?ﬁ,@@?l&gf}mlaﬂ@i&ﬂ@)ﬂoﬁ}é’ii{ﬂﬂ,wmw .

K dlhédgr%) rIda] g}{ di Xdro yridinyl, dihydropyrimidinyl, morpholinyl,
alkgRUERIARY. BISCIAmC e Ay UMY Ao, arvialky,
aryldikggyopsbitiply lcanbdth) @ywriphfosmyl, n;awmmlaﬁmamgmngﬂégéfn,

-Nitr t -aromatic heterocycles igclude, but are not
R AN e e PR
(NRafmsytiesylranyl, and [1,31dioxolanyl.  The heterocycles of the

S TS M BT M e

2-00¢, pzepasANE ARARGOlNR bR HIRERy | rgelelhitisigenpisa(AH)-
oneaHKWﬁl' ; M(aﬂwwb Ié,LlﬁWh-aM)Qihﬁlelﬂﬁhdirﬂ?Qiﬂ@)—éﬁﬁﬂ%ﬂmi?}in—

I carbon carnoxy, cyano m oxXy, nhalog ,, alogen,
24 S e e H ol el RO soe. A o,
imidamidiBsatienyH-inidikzol? @kbropks pidericior@oynts detralwtiro pytimidimot

o - A
2 DS
[1.%##@@1305 &1 pyfitiamiazinenybrd, hglexadiazolenm,3H)-dione,
[1,25]6Rkdiazeon, Pesapstibiaznbd(dlard s dmyirn Ao C4]diazepin-

2 imidazolidin-2-one, 1H-imidazol-2(3H)-one, piperidin-2-one,
~OfkY, ahydropyrimidin2(1H)-one, 1H-benzo[d]imidazol-2(3H)-one,
[1, ZThhedidhytinoyly 244 Liged| Heeairammdanylafil.0M4)gragiazinonyl,

L s o s o W BEERER S v
as gefinad hergins anpendedyiedie parent molecular moiety through an alkyl
group, as defined herein. Representative examples of hydroxyalkyl include, but
are not limited to, hydroxymethyl, 2-hydroxyethyl, 2-methyl-2-hydroxyethyl, 3-
hydroxypropyl, 2,3-dihydroxypentyl, and 2-ethyl-4-hydroxyheptyl.

The term "hydroxy-protecting group” means a substituent which protects
hydroxyl groups against undesirable reactions during synthetic procedures.
Examples of hydroxy-protecting groups include, but are not limited to,
methoxymethyl, benzyloxymethyl, 2-methoxyethoxymethyl, 2-

(trimethylsilyl)ethoxymethyl, benzyl, triphenylmethyl, 2,2,2-trichloroethyl, t-butyl,
-10-
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The term "hydroxyalkyl" as used herein means at least one hydroxy
group, 25 as defined herein, appended to the parent molecular moiety

warReaghoaralkyl group, as defined herein. Representative ex®EpeES2047/071849

hydroxyalkyl include, but are not limited to, hydroxymethyl, 2-hydroxyethyl,

trimetingdsilyl &-biytaidiryetinysilgt, M@PMWISWBMWM%;ML agdtonide

berfiiehd QAP HRAE Y EBID rbHERIBIRIRSHE L ILARMERLRE, and
| groups against andesirable

substituent which protects 30.hydroxy
CYCHCRATORSIES iy Lyt RIS ATRUPSEAIG ARRENERH RIS YEroNy iRy PS

by @ractimiotiHd eompcusdializoiadiie, e HyRURIEIRILDRIR Y BaEBEHI¢h as
¥

oo R A S A S, v
halideutsiadkyleillylteifiate;- Botididilblyisilylsifidien ot arnaikytotitabfacatie)dtH,l,, or
' [, ' I clic

a dEIORTRE A o SR R e M Al ge

trietiysiividtetmiaceideXprifsubensyirbinins ef dimethylgathanate fontains
protBEtiRE RN EHRBIMYHE BFsendeddMS alHGHNYIG YRR 8 dERIEHE the

selected from an alkyl halide, alky! trifilate, trialkylsilyl halide, trialkylsilyl

corpia g TR RS HR R O ARG Sy BSaiaTa
dihdibe teandimipsteasfde fivedripesinithenath wliojdeHpagrayigodide,
triethylsjlyltrifl yl_chlaride. benzvichloride, pr dimethylcarbonate. A
prott@é%i %%@ro%%r‘é??g&mﬁ% %%egﬁﬁé% epét?)anr{%"?";1'hyP'|d|%r>%l/I %’roup by reaction
of tﬂ@qmﬂamfm eeerlneinaTeandRyQgooppsitR caid &l whictikyl

aresghdbeRIIHE pERARTAEIISHIENPIRBIRNS Aintge Hof KR ahlR
term "mercapto” as used herein means a -S &roup. The term

arengRRGRESTIY RElerIRS HAMRYNSIRR gHeMipacyend dorpyhRerrgrentative
examyples dEANR R Piziaté bolerd aimpiitedtis 0asing, Hirmeny I amsb, RA

B 15 ind dentl d from hyd , alkyl, [, and
e e PR A SR TMIRARG nclode, but are notmitec
to, éﬁhﬁt@rMiHﬁHWkal"me}lltgedmmeiranmamelﬂﬁ’a&e_group, as
defREIHEEHERIENRed R K BalOR BRLAKY mBRel PRI B ARAN 330,

|II
-NRARB group, as defined herein, appended to thie pare
as defired hetsinn %ﬂpaﬁaﬁrﬁ?&uﬁ,ez@'agleémﬁéwe‘?gbﬁ!ﬂxbpmtawere not

nmwe@mpipwét_ﬂwama)aihy[,inq@%tﬁubmmwﬁmi@@amino)etgyl, 2-
2-(methylaminp)ethyl, 2-(dimethylamino)ethyl, 2-(amino)ethyl, 2-
(et%é'ﬂﬁ ?ﬁ%ﬁ%ﬁ& tﬂ?/ﬂ(‘g}?d' e like. The term "(NRARB)carbonyl" as
usetiiecterim NNRAR gJoafiBAVRRIg used, lerein means an -NRARg group, as
defined herein, appended to the parent molecular moiety through a carbonyl
group, as defined herein. Representative examples of (NRaRg)carbonyl include,
but are not limited to, aminocarbonyl, (methylamino)carbonyl,
(dimethylamino)carbonyl, (ethylmethylamino)carbonyl, and the like.

The term "(NRaRg)sulfonyl" as used herein means a -NRxRg group, as
defined herein, appended to the parent molecular moiety through a sulfonyl group,
as defined herein. Representative examples of (NRaRg)sulfonyl include, but are
not limited to, aminosulfonyl, (methylamino)sulfonyl, (dimethylamino)sulfonyl and
(ethylmethylamino)sulfonyl.

The term "nitro" as used herein means a -NO; group.
-11-
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defined herein, appended to the parent molecular moiety through a
carbonyl 25 group, as defined herein. Representative examples of

W@ERRARBItArbonyl include, but are not limited to, aminocarboR¢IT/US2007/071849

(methylamino)carbonyl, (dimethylamino)carbonyl,
(ethihedenyidniirngeaufrotsdting gitwaplllas ddex theneit( NRARB)RdE0GIdLPS
: I = i rej nded to.the.
g Ao B o e R o e
Proreshiease nhlitioeerkBFAIRELENSr YrFANPRIDIBANS AIarkaRRIEs uaBNidaso NibeRTY!

deriVatiel)amdipnie dertaiAsinPIsrdipay hitrSEsiHHaRERRYYIERIPY S
ethylmethyl mlnoI)squon |. The term "nitro" as used herein means a
aceNohageal,

QRZV. DenrU YR DR DB RiT My BB Wiorb P Malath
temmmdadsmgrwm)inmdewmﬂmmﬂmmﬁoem arenrigRingimethyl
Andes r jons durl nthetic procedures..Nitrogen protecting
T e A o S e e B e

amisYigeatRssh Preastieg thieregew euotiit gontains the Bninengrdupwish pase,

sudPPAZ YHdRRNZMME GHE A WA s dRice: mﬁ%sé!KWWéIiBlé%éWélkyl

... tert-butoxycarbonyl (Boc), tert-butylacetyl, trifluoroacetyl, an _
tr'f'lﬁt&nérﬂ}ﬁ%é({rﬁﬂ"(m@&?: IR SERITRI R EEPIPBRBIRSS i 2N T Qriaiary!
annqm':nrmqneyfc:r;1 S&GMW%M@??@BM&@?@W@?T‘FDWHQH%]% t
n mine gr w se, such as trie ine, and a reagen
ol e S R O R el oA B LA ror
COM(aliyle, &er Rl reeliclitide 2azoyighicige abeyzyliemridexample
vertFy ISR BBIRILAlofRR BIRfyTRoRBA DA IR G RS %@%ﬂm‘?{de.

an alkylsulforiylhalide, an arylsulfonylhalide, or haloCON(al
(tertbattybfa-5c sHiyererealis ARMIYATRe RO Yiphanimethylchloride.
benTiwearersysd gsitehépsmtibmigiesppnenylsulfonylchloride,
piv Ichlorige 15§j¢rt-but [-0-C=0)20, trifluo%)ﬁg;tic anhydride, and
triph yfﬁﬁ@ah%‘éf‘ﬂ% d@.sﬂ'?éq R peans R s RerefHRans (=0). The
ternT heuEomythioalkexgt"res eiseh baresnremB4d R an aikeyl. group hastdefined

N e T e
Reprasepiatie-examplssal thicadtaxydamtests, inutate, nsulimites tolimvediaytthio,
ethyiioy bR prabylthie, and propylthio.

As used herein, the term "antagonist” encompasses and describes
compounds that prevent receptor activation by an Hj receptor agonist alone, such
as histamine, and also encompasses compounds known as “"inverse agonists".
Inverse agonists are compounds that not only prevent receptor activation by an Hs

receptor agonist, such as histamine, but also inhibit intrinsic Hz receptor activity.

Compounds of the Invention

Compounds of the invention can have the formula (I) as described above.

In compounds of formula (1), one of Ry and R: is a group of the formula -L-
Rea-L3-Reb. The other group of R4 and R is selected from hydrogen, alkyl, alkoxy,
halogen, cyano, and thioalkoxy. Preferably, Ry is -L2-Rga-L3-Rep and Rz is

selected from hydrogen, alkyl, alkoxy, halogen, cyano, and thioalkoxy. When one
-12-
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As used herein, the term "antagonist" encompasses and describes
compounds that prevent receptor activation by an H3 receptor agonist

WQRMEIEWAR as histamine, and also encompasses compound$&hax208E071849

"inverse agonists”. 25 Inverse agonists are compounds that not only
of RarevBatisetefar beReatibemiharothenisomeferatyy igdrsgeh. as histamine,
butial Clpvity. ond ventjo
i SRS SR G S
‘C(3@Wﬁ8ﬂﬁb(ﬁﬂﬁ'd§'&”%¥|‘hu!&'ﬂPFSFﬁ!féfj thaire F%Za@%ﬂgroup of the formula

-L2t RedieckRalirdhia b, airyie s, Roand Rois, seleciegrily

aloge anq, and hloalko Prefera Iy, R1is

C(—W 5 L@EG@@Y\% RYNE'E 31 iééf?&ﬁﬁ%% Bﬂ@r{‘yﬁ%ﬁe&kﬂ iyl R%¥gen,
alkaxywachemyd, Bmaidtkoayd Wiveyl .oftds- peefevfed that Ritsa lbdrea- L3 R6Db,

thepg th I d a bon

Al s 9%‘@5‘%“*‘% R Borss e B R R an
8- ton isvslie detercenyigindb amd a 4- to (12-seieered eteracyclic
ringP oSk W%eﬁbe@mmr@a M%l@)%—@meﬁﬁs(e?QM}&@ R oaryl

erein R15| selected from hydrogen, alkyl, acyl,

””gaﬁja@?) 5?0&1916&?9@8 riameglicf B%Q%QPL%‘RSQLHSH@'
unshifstitatedlected from a 5- to 6-membered heteroaryl ring, cyanophenyl an

8- 19 135109 gg&et?%mcg@#r% gee ry{lor ang At t%t%%é“@“ rng, an aryl

hetePScycllc rn efhBera he 1o8 y rn

ring ameAtbbanamiyeies hicyeliatyéetenodany, ringl anda 12-nd2imeesbered
heta%araszyﬁhg ripgde. ?&&ﬁ%ﬁ%@&?&féﬁ&&?he %"f ! &% Fi&'w

selected from hydrogen, a 5- to 6-member roaryl ring, an aryl ring,

memhesesLbicylic hRigraankidndicandidrdar 2 mRimhated heteracyaliembefet
RsbImetebmgabstdedimﬁsmbﬁnmgmbered heteroaryl ring, aryl ring, 8- to 12-

R e R e G
andER&mIﬁcltléenlbatalehewﬂ(mrlﬂdhogmsylltatiéafmlﬂ,ﬁsbmmbl?bhwtb:adelybut
e L
[1,2,4]triazinyl, [1,3,5]triazinyl, [1,2,3]triazolyl, and [1 ,2,4]tr|azolyl. Preferred 5- to
6-membered heteroaryl rings are, for example, pyrimidinyl, pyridinyl, and
pyrazolyl. Each of the 5- to 6-membered heteroaryl rings is independently
unsubstituted or substituted with substituents as described herein, for example as
in the Examples or the Definitions.

Examples of 8- to 12-membered bicyclic heteroaryl rings suitable for Rg,
and Rep include, but are not limited to, indolyl, benzothienyl, benzofuranyl,
indazolyl, benzimidazolyl, benzothiazolyl, benzoxazolyl, benzoisothiazolyl,
benzoisoxazolyl, quinolinyl, isoquinolinyl, quinazolinyl, quinoxalinyl, phthalazinyl,
pteridinyl, purinyl, naphthyridinyl, cinnolinyl, thieno[2,3-d]Jimidazole, thieno[3,2-
b]pyridinyl, and pyrrolopyrimidinyl. Preferred 8- to 12-membered bicyclic
heteroaryl rings are, for example, benzothiazolyl and thieno[3,2-b]pyridinyl. Each

of the 8- to 12-membered bicyclic heteroaryl rings is independently unsubstituted
13-
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20[1,2,3]thiadiazolyl, [1,2,3]oxadiazolyl, thiazolyl, thienyl, [1,2,3]triazinyl,
[1,2,4]triazinyl, [1,3,5]triazinyl, [1,2,3]triazolyl, and [1,2,4]triazolyl.

wereden¥d®- to 6-membered heteroaryl rings are, for exampleR @YUSAMIAPE 1849

pyridinyl, and pyrazolyl. Each of the 5- to 6-membered heteroaryl rings is
or sulisistibesedesitly suisstitssititsent afesalibtithtentelvifiauhainmetasan drscribed

25in the Examples or the Definitions. Examples
Exal?'?%'%g Ecg.'mem R(Iefrfe |cycI|c heteroaryl rings suitable for Rea and Reb

inclExRMBlaspbhde iRmamberathataseayainikings, idtabieuionye, and Re
incliME BRIV hrB A IEBAYY D8paRYNI azeldiEnEanarly lapsempipothiazolyl,

benzoisoxazalyl, quinolinyl, isoquinolinyl, qumazollnyl qumoxallnyl
d'h%m%ﬂﬁywmmmnyr%wnglh)ﬁ%(mymﬂw |, @renanyl, piperazinyl,
plpél‘itﬂnvi[%?ﬂdilimmzmerdlmvn@ﬁaﬂfbﬂmﬁzdlwulaydrawmﬂwnmldmyl |
Preferr 0 12-membere IC s are, for example,
thlof)n fs hfgeqrg' )gtt?)%ﬁr? |ny ﬁ?)‘fcrhe%w 2-membered
tetrdmao)rtewlohhﬂ]dmgglmrlde;@m@%wmmmaméebm iswirgldlistit8ed
dioiNEHPABRDITEIF IR IR S ARBE S wpa&;vragvﬁéﬁ% or
oc rngs

efinitions ples of 4- t0 12~ membered hete

2(1emwenws%awﬁmwamm%m&ww py&pligipr2-onyl,
benaamlmradoazmdmuhﬁzmnwm)y@mpmmﬂmmwﬂpyHﬁiﬁw&azon

olic
2 A R et R e et SR
[1 wmwazemwmcmwammwmyz d4toeadjdzofymalny |, |
e
R AR e ) O
Prefgred-onia, 1;%7mﬂmhﬁra<1h§ 9fﬁﬂ¥@§ﬁ|ﬂﬁi§ﬁﬁ@zﬂlﬂ@ﬂj2d%wyl azepan -2-
onyranxﬁggu%mfm%mﬂasl }m*@;%%%ﬁ)ﬁ)aﬁaxﬁil e%ﬁzﬁlz&g;rllo ®W6h of the
et G BT, TS B S A SR A AR SR ot .
as @Mtlladmmnﬁméxm&]asadI&@Exarhd[bsﬁ)ﬁlhbadamml 11
-:2(3H 5P

Eéﬁg ere@éﬁ%@%ﬁé&? é I%?E% (?.22 %nglzeeba; S 2'8
a waamﬂsmgﬁwwpw@mm&ays s@igqsngfmmasmn eaaembetae
hetSRISFATHICaHRAR, I Rpdepe RIe My wgsahatﬂ%da%rp%bﬁ}uyﬁﬁaé%hbed

substituents as descrlbedahereln for example as in the Examples or the

DefRARPLer PEAETegrERIIMER R SEOHR Ry i - RRRsesLa-Reb, wherein
L, isl2H8hd: FasRShyarbgesinih 2sia Boral PRefisRel ddiyftopgers-Lta ispa bond,;

memBarEy s %%hc i e%%r?l'r?r{g‘?ém‘érﬁ‘;’?ﬁi%aa, Rsb, R4, Rs, and L are as
previously described herein.

In another preferred embodiment, the group R, is -L2-Rga-L3-Ren, wherein
L2 is a bond; Rep is hydrogen; L3 is a bond; Rs, is selected from a 4- to 12-
membered heterocyclic ring; and Rz, R3, Raa, Raw, R4, Rs, and L are as previously
described herein.

In another preferred embodiment, the group Ry is -L2-Resa-L3-Rep, wherein
L2 is a bond; Rep is hydrogen; L3 is a bond; Re, is pyridazin-3(2H)-onyl; and R», R3,
R3za, Rab, R4, Rs, and L are as previously described herein.

Each of R, R3a, and Ry, are each independently selected from the group
-14-



10

15

20

25

heteroaryl ring; and R2, R3, R33, Rai), R4, R5, and L are as previously
described In another preferred embodiment, the group R1 is

WOI280R$30018-R6b, wherein L2 is a bond; Rob is hydrogen; L3 iBCGTR»00)7/071849
Rea is selected from a 8- to 12- membered bicyclic heteroaryl ring; and

COrRBIIRG pRIBalr B, Iamth'rifhmdoblaye ama&wmqsmmamm@bbareivano
g 1is -1 2-R62- La

an%%&%ﬁfﬁ?&?ﬁ% 353/;\ rogen %?é”ﬂsy%rggnd HUpgng 2 i‘:tgaafr%?ﬁ’

Randsibalpgen ﬁ@ﬂb@@b%r@f@wat@gmg Bhel referedr@iogeBls Ruomite,

I
i, 1 e A g

%od u IS -L2-

AR R TR g oy vl B Qe S UAIokYelv s

Rs RRan mthﬁﬂw%tmdlﬂ:omd @dqrrewl @vrﬂlbhwt r Ihﬁamm&fﬁ?‘%\/ ,%3,.
. independently selected from the group -14-

a'°§b%‘?/?i@%§ﬁ%%%ﬁ%%]oo7/o7184g consisting of hydrogen, alkyl,

trifluoroalkyl, trifluoroalkoxy, alkoxy, halogenrgy&mo, Rag.thioalkoxy.

R4 and Rs are 2&ch independently selected frgm the ghqup cansisting of
5al haQroatkyl, hydioxyalkyl, alkoxyalkyl, ang cycloglkyl. Alfernatively,
TR

R4 and" gether with the nitrogen atg ich each is

attached to for non-aromatic ring of th ;
Re R Ria Rg

(a) or (b)

R7, Ra, Re, and Ry are each independently selected from hydrogen,
hydroxyalkyl, fluoroalkyl, cycloalkyl, and alkyl.

Rx and Ry at each occurrence are independently selected from the group
consisting of hydrogen, hydroxy, hydroxyalkyl, alkyl, alkoxy, alkylamino, fluoro,
and dialkylamino.

Preferably, at least one carbon in a group of formula (a) is substituted, such
that either one of Ry, Rs, Ry, or R, or one of Ry and Ry, is other than hydrogen.
The preferred substituents for Ry, Rs, R, or Rg, when substituted, are
hydroxyalkyl, fluoroalkyl, or alkyl. The preferred alkyl group is more particularly,
methyl. The preferred substituents for Ry or Ry, when substituted, are alkyl, fluoro,
or hydroxy.

Groups of formula (a) are preferred for Rq and Rs when taken together to
form a non-aromatic ring. The preferred group for R4 and Rs when taken together
with the nitrogen atom to which each is attached to form a group of formula (a) is
(2R)-methylpyrrolidine or (2S)-methylpyrrolidine.

R11, Rz, R13, and R4 are each independently selected from hydrogen,

hydroxyalkyl, alkyl, and fluoroalkyl. Preferably, at least three substituents selected
from R14, Ri2, Ry3, and Ry4 are hydrogen.

-15-



R7, R8, Rg, and Ris are each independently selected from hydrogen,
10hydroxyalkyl, fluoroalkyl, cycloalkyl, and alkyl. Rx and Ry at each
WQ2eirieme® are independently selected from the group consiRiE¢$2007/071849
hydrogen, hydroxy, hydroxyalkyl, alkyl, alkoxy, alkylamino, fluoro, and
dialyissefentét dfemayarat BaThenwrefertehatomdop @ isioygena (a) is

subsij ith fR7,,R8 Ruh.or.pne of Rx
g s S e A SN e
atogy Riwhich@achiisattacbiedte fermegeup of frrroulayb ois atlorpticiayl.

prefereeshnbtibarPidis iRtegR PRGN Ylsls, methyl. The preferred
substituents for Rx or Ry, when substituted, are alkyl, fluoro, or hydroxy.

5 20 BUPS R iRk 2nere'piBre 2B Ry Aleash RESYIFRIIFERE together
indépéaterdly seleutea fider ingirbgencantesiRg Ziad ik ferRRaBRPreferably, k
is 1t%|ig(=2r:| together with the nitrogen atom to which each is attached to form a

group of formula (a) is (2R)-methylpyrrolidine or (28)-methylpyrrolidine.
R1DOme1gnaadimentrelzigsHarmdsprounsisigf Setavitd(ftbm hydrogen,
25hydroxyalkyl, alkyl, and fluoroalkygPreferably, at least three
substituents selected from Rig, R12)R1g@ and R14 are hydrogen. -15- Q
is selected from 0 and S. The préférred atém for Q is oxygen. The
preferred group for R4 and RR) / kg together with the nitrogen atom
to which each is attached to form ggroup 3f formula (b) is morpholinyl.
The variable m is an integer from 1to 5. 5L is 4C(1115)(R17)1k, wherein
R16 and R17 at each occurrgﬁm'&re independently selected from
hydrogen and alkyl, and k is 1, z'qgr 3. Preferably, kis 1 or 2. One
embodiment relates to compounds dtormula (IN: a. Ri

10 wherein L, Ry, Rz, R3, Raa, Rabn, R4, and Rs are as previously described.

In one preferred embodiment of compounds of the invention of formula (i),
the group Ry is -L2-Rea-L3-Ren, Wherein Lz is a bond; Rgy, is hydrogen; L is a bond;
Resa is selected from a 5- or 6-membered heteroaryl ring, or a 4- to 12-membered
heterocyclic ring; Rq and Rs, when taken together with the nitragen atom to which
15 each is attached, form a 4- to 8-membered non-aromatic ring represented by
formula (a), and Rz, Ra, R3a, Rab, and L are as previously described.
Another embodiment relates to compounds of formula (lIl):

wherein L, Ry, Rz, R3, Raa, Rap, R4, and Rs are as previously described.

20 In one preferred embodiment of compounds of the invention of formula (ll1),
the group R is -L2-Rea-L3-Ren, wherein L; is a bond; Rep is hydrogen; L is a bond;
Rsa is selected from a 5- or 6-membered heteroaryl ring, or a 4- to 12-membered

-16-
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R3bR2 RS5 (ll) 10 wherein L, Ri, R2, R3, R3a, R3b, Ro, and R5 are as
previously described. In one preferred embodiment of compounds of

WareGHIsion of formula (11), the group R1 is -1-2-Rsa-La-R6b PARAIEINL/A71849
is a bond; R6b is hydrogen; L3 is a bond; R6a is selected from a 5- or

hetéroogdibeing] Retand:RyIwing) taker tagetifemeithttbreditnegeroayaictovdiich
cadf RE WP oSSR NG ALROF AR U

Is attached, form a 4- to 8-membered non-aromatic ringrepresente

formutian (22 @0d &ealfR2 R Rag 2nd 3b a5p @3 RipviaysyedesaaBedescribed.

Afﬁ@bééiﬁa‘&@g?%sgdﬁéﬁ?%ggng@@%%ﬁlH)th@'lﬁcgée of the

__wherejn |, Ri, R?, R3, R33, R3h, Ro, and R5 are as previously described.

invesjign ”ﬁlléefBHle?f %H%i'&i’%%%f"&%%‘?&ﬂﬁ@é of the invention of formula
(1114 %06 8128 p I 2S)-2-rREBYIpgrutinvihgleisthZjeyalbprupyRabits

bi ﬁé{&rpg_ R pond; R6a is selected from a 5- or 6-membered
Iphet ro:?%rﬂrﬁg?{% a 4- to 12-membered heterocyclic ring; Rs and R5

whéridrReASbadiieRnmeis inyogédiatbivl coeimibnystapropitdctied to

bipﬁ@rrg}n_q_léapg&mgpbered non-aromatic ring represented by formula (a),
an Ré R3. R3a, R3b, and L are as previously described. Specific
exam

1R.gRIGHIE R metuRysTalisinal- iaretickeilopecaytha. 1-
biphémybaticarboaitrile;, but are not limited to, the following:
AR RS TR T O BBERBY A 1
biphenyl-4-egrbonii(iR)-2-methylpyrrolidin-1-ylimethyl}cyclopropy1)-1,1'-
biphefylsiaeardqptiiginylpyrrolidin-1 -yl)methyl]cyclopropyl}-1,1'-biphenyl-4-
carbonitrile;
5-[4-((1S,2S)-2-{[(2S)-2-methylpyrrolidin-1-
yllmethyl}cyclopropyl)phenyl]pyrimidine;
2-methoxy-5-[4-((1S,28S)-2-{[(2S)-2-methylpyrrolidin-1-
yllmethyl}cyclopropyl)phenyl]pyrimidine;
2,6-dimethyl-3-[4-((1S,2S)-2-{[(2R)-2-methylpyrrolidin-1-
ylimethyl}cyclopropyl)phenyl]pyridine;
2-methoxy-5-[4-((1S,2S)-2-{[(2R)-2-methylpyrrolidin-1-
yllmethyl}cyclopropyl)phenyl]pyridine;
5-[4-((1S,28)-2-{[(2R)-2-methylpyrrolidin-1-
yllmethyl}cyclopropyl)phenyl]pyrimidine;
5-[4-((1R,2R)-2-{[(2S)-2-methylpyrrolidin-1-
yllmethyl}cyclopropyl)phenyl]pyrimidine;
5-[4-((1R,2R)-2-{[(2R)-2-methylpyrrolidin-1-
yljmethyl}cyclopropyl)phenyljpyrimidine;
2,4-dimethoxy-5-[4-((1R,2R)}-2-{[(2S)-2-methylpyrrolidin-1-
ylimethyl}cyclopropyl)phenyl]pyrimidine;
2,4-dimethoxy-5-[4-((1R,2R)-2-{[(2R)-2-methylpyrrolidin-1-

yllmethyl}cyclopropyl)phenyl]pyrimidine;
17-
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104'-((1R,2R)-2-{[(2R)-2-methylpyrrolidin-1-yllmethyl}cyclopropy1)-1,1'-
biphenyl-4-carbonitrile; 4'-((1

WERERJL®S)-2-methylpyrrolidin-1-ylJmethyl}cyclopropyl)-1 PCT/US2007/071849

biphenyl-4-carbonitrile; 4'-{(1S,2S)-2-[(2-methylpyrrolidi
n-ToyvaneikindRycirqees b8 ) 1a-(ipRpahéthisarongikie;

4-((1S,2S lidin-1-
v GRS SNBSS Fcine:

2- rﬂe@memcﬁﬂyedrms)szzﬁo%m&)ahvmwwmnugm- .
yl]rr%i Qg m pﬂgﬁ{gldl?e 202,6-d imethy1-3-[4-((1
rrol id T -

y|]fﬂéﬂ1§‘|]&35b?oﬂ 2ryRRYHOldin-1-
propyt ﬁ&@@ﬁdﬁ@s@zmﬁaﬂﬁépyrrohdm -1-

yI]metrX{ clow@%@réﬁ r|d|ne g (@

yl]wwyﬂwﬂm}vwwnepylwmndlpﬁ(ﬁhﬂmee

y|]i %ﬁ@%ﬁ pyl)p ?%15 J%ﬁ:ﬁﬁﬂﬂ’wg"'ﬂ” 1-

yl]n'FQtEW)WquPﬂ)wb&ﬁcﬂﬁﬂlﬁﬂl'a%ﬂ]ﬁiethyl}cyclopropyl)phenyllpyrl

mi ,‘;,élnq} >-tl@mvirongiRyipyrrol idi n-1 -
mgf saiyclopﬁamﬁiﬁ H’)@;ll{r[r?(ffe 2 4S§|rmethoxy 5-[4-((1

V'lm% bRrjoydnpiepy) Hﬂ&ﬂwa Vigrals
yl]nzestmi}wammqmmwt]:}mzsmmewpw@idin-1-

yl]m&R)Z %:?/c %POFE) TpHeSr?yQI%a%r}gA'g
N-[4-((1S,2S)-2-{[(2S)-2-methylpyrrolidin-1-

yllmethyl}cyclopropyl)phenyl]pyrimidin-5-amine;
4'-((1R,28)-2-{2-{(2R)-2-methylpyrrolidin-1-ylJethyl}cyclopropyl)-1,1'-

biphenyl-4-carbonitrile;
4'-((18,2R)-2-{2-[(2R)-2-methylpyrrolidin-1-yiJethyl}cyclopropyl)-1,1'-

biphenyl-4-carbonitrile;

4'[(trans)-2-(2-pyrrolidin-1-ylethyi)cyclopropyl]-1,1'-biphenyl-4-carbonitrile;
N-[4-((1S,2S)-2-{[(2S)-2-methylpyrrolidin-1-yl]methyl}cyclopropyl)phenyl}-5-

(trifluoromethyl)thieno[3,2-blpyridine-6-carboxamide;
N-[4-((1S,2S)-2-{[(2S)-2-methylpyrrolidin-1-
yllmethyl}cyclopropyl)phenyilisonicotinamide;
2-[4-((1S,28)-2-{[(2R)-2-methylpyrrolidin-1-
yllmethyl}cyclopropyl)phenyl]pyridazin-3(2H)-one;
1-[4-((18,2S)-2-{[(2R)-2-methylpyrrolidin-1-
yilmethyl}cyclopropyl)phenyl]piperidin-2-one;
1-[4-((1S,2S)-2-{{(2R)-2-methylpyrrolidin-1-
yllmethyl}cyclopropyl)phenyllazepan-2-one;
1-[4-((18,2S)-2-{[(2R)-2-methylpyrrolidin-1-

yilmethyl}cyclopropyl)phenyl]pyrrolidin-2-one;
-18-



10

15

20

25

30

2,4-dimethoxy-5144(1S,25)-24(2R)-2-methylpyrrolidin-1-
y1lJrnethyl}cyclopropyl)phenyllpyrimidine; 2,4-dimethoxy-5-[4-((1

W@28)/5@(28)-2-methyl pyrrol idi n-1 - ylimethyl}cyclopropyl) pPETHRRPAT 71849

id ine; 52-[4-(( 1 R,2R)-2-([(28}-2-methylpyrrolidin-1-
ylimgthite/eBppofdRrpmydmwisiariticdii-0-one;  2-[4-((
1 -2:{[(28)-2-methylnyrral id.i n-1 - yllmethyl}cyclopropyl)phe
e OR SRR e
5,2BJ2({1@ 252 2rt@§)R matbyipyrrolidin-1-

yl]m%’ﬂﬁ]g?gétaﬂ}sysﬂmgf}%qmwﬁﬂ.&genzothiazole;

imeth 4-(( 1 8,2S)-2-{[(26)-2-methylpyrrolidin-1 -

iraS S bR A R I leerd:
yl]n%ﬁﬁjmtbyrb@y[)b!ﬁél@%&eif{ﬂégb&methxflp}(/(rmlidin-l -

yli 0 n ridine;.15N-[4-((1

s%‘?‘z@%@%ﬁr}@ '%ﬁgﬁg)(}ew?)@rhnét yl}cyclopropyl)phenylipyri midi
ylimetbyhienahenropyl)phenyilpiperidin-2-one;

4'-({1(;%_,%%:%&2&( t?)sg_mg})g@gﬁ?g%;rylIethyl}cyclopropyl)-l,1'-

biphenyl-4-carbonitrile; 4'-((l 5,2R)-2-(2-[(2R)-2-methylpyrrol id in-1
yl]m%fﬁwm?%[wmf))/ﬂﬂyf@%ﬂ &R$1-4-ca rbonitri le;
4'-_[ﬂrppg)r@;ﬁ%—pyr{Rlz@)jmrﬂe«MﬂWmmpropyl]-l,1 "-biphenyl-4-carbon

yl]"ﬁ*&!{@@%@%ﬂ%ﬁ“ﬂ%g{ﬂmHﬁ‘r@ﬁgin-1-y||methy|)cyc|opropyl)phenyll-
5- (R (Byesha){[{2S)s2iRetjylnydialidi-daytjmethyijeydibpteftyl)phenyl]-
1”%?&?%%27&%%% p%%ﬂl/cljli?c;nlic-otinamide; 2-[4-(( 1
8,28hefgllowing eamAgIsAsdtRbe-Naffaspidisg to the methods and
ScheRies yebapydmeidagin-3(2H)-one; 1-[4-(( 1 5126)-2-{1(2R)-2-methyl
YT pytaiiaint ylcarbonyi) H e KAy B B Byrrolidincio
ylethyl)cyclopropyllphenyl}pyridine;
4'-{(1S,2R)-2-[2-(2-methylpyrrolidin-1-yl)ethyl]cyclopropyl}-1,1'-biphenyl-4-
carbonitrile;
4'-((1S,2R)-2-{2-[(3R)-3-hydroxypyrrolidin-1-yl]ethyl}cyclopropyl)-1,1'-
biphenyl-4-carbonitrile;
4'-((18,2R)-2-{2-[(2S)-2-(hydroxymethyl)pyrrolidin-1-ylJethyl}cyclopropyl)-
1,1'-biphenyl-4-carbonitrile;
4'-[(1S,2R)-2-(2-azepan-1-ylethyl)cyclopropyl}-1,1'-biphenyl-4-carbonitrile;
and
4'-[(1S,2R)-2-(2-morpholin-4-ylethyl)cyclopropyl]-1,1'-biphenyl-4-
carbonitrile.
More preferred embodiments are compounds selected from:
2-methoxy-5-[4-((1S,2S)-2-{[(2S)-2-methylpyrrolidin-1-
yllmethyl}cyclopropyl)phenyl]pyrimidine;
2-[4-((1S,2S8)-2-{[(2S)-2-methylpyrrolidin-1-

yllmethyl}cyclopropyl)phenyl)pyridazin-3(2H)-one; and
-10-
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301-[4-(( 1 S,29)-2-{[(2R)-2-methylpyrrol id in-1 -
ylimethyl}cyclopropyl)phenyliazepan-2-one; 1-[4-((1

W@ 28)1B0{(2R)-2-methylpyrrolidin-1- PCT/US2007/071849

ylJmethyl)cyclopropyl)phenyl]pyrrolidin-2-one; -18-
1-[@((4«‘&?528){K4R9Whmmﬂiﬁmfi4-

yl]rﬁgﬁ\a}?@%% ) Y] yé%%pyrr(t)?g? rﬁﬁ% or salts thereof.

yI]MﬁW%ﬁW&BWsM@MmﬁnQ@h@S to the compound 2-[4-
(1 S Mﬂ§23§k HWJH’ ﬂll@i'l’i\/l}cyclopropyl)phenyl]pyndazun-

cyclopropy) yl]azepan -2-0ne;

B Ispb ?239 2-methylpyrrolidin-1-
yl]neﬂsmboudwmnué iinestl e pasiginaPnedesy ACD/ChemSketch version

-[4- )2 S)-2- h din-1-
501@&%%1%}{%% o%‘y g;?eb}%// E%f (1# %rplgnt Inc., Toronto, ON,
Cammxgw@gvg(ge;)mgﬂwwmmm ACD nomenclature; Alternatively,

°°%me§%’§%%?g§)@ 3 %nﬁﬁhﬁpyrrolldlr?qlﬁ %méﬁﬁ?/?}‘ggc %?8&4) Henylk 1

Prafiise t AbIaeNEmES @ SHETBICes SR e peRiHkes ARt

assigaiie mmﬂ@tmﬁﬁ@'é&%ﬁdglwﬁi SheneIge M AR IBereN RN to those
f #‘ﬁ%ﬁon Icaﬁ)onyl) -2-{4-[(trans)-2-(2-pyrrolidin-1-
o3l yhC opropyﬁphenyl)pyndme
4 {@WWOGZMMWWMWGHMWpme'séb}v&elé'rmiphenyl-

asﬁ‘ﬁmetric or chiral centers are present. These sterecisomers are “R” or “S”
depending on the configuration of substituents around the chiral carbon atom.

The terms “R” and “S" used herein are configurations as defined in IUPAC 1974
Recommendations for Section E, Fundamental Stereochemistry, in Pure Appl.
Chem., 1976, 45: 13-30. The invention contemplates various stereoisomers and
mixtures thereof and these are specifically included within the scope of this
invention. Stereoisomers include enantiomers and diastereomers, and mixtures
of enantiomers or diastereomers. Individual sterecisomers of compounds of the
invention may be prepared synthetically from commercially available starting
materials which contain asymmetric or chiral centers or by preparation of racemic
mixtures followed by resolution well-known to those of ordinary skill in the art.
These methods of resolution are exemplified by (1) attachment of a mixture of
enantiomers to a chiral auxiliary, separation of the resulting mixture of
diastereomers by recrystallization or chromatography and optional liberation of the
optically pure product from the auxiliary as described in Furniss, Hannaford,
Smith, and Tatchell, "Vogel's Textbook of Practical Organic Chemistry”, 5th edition
(1989), Longman Scientific & Technical, Essex CM20 2JE, England, or (2) direct
separation of the mixture of optical enantiomers on chiral chromatographic
columns or (3) fractional recrystallization methods.

Compounds of the invention may exist as cis or trans isomers, wherein
-20-
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20carbonitrile;
4'-((1S,2R)-212-[(3R)-3-hydroxypyrrolidin-1-yllethyl}cyclopropyl1)-1,11-

Whpshemsiudocarbonitrile; 4'4(1 PCT/US2007/071849

S,2R)-2-{2-[(2S)-2-(hydroxymethyl)pyrrolidin-1-yl]eth yl}cycl opropyl)-
subbfiteenishemalidgoadpoaltadied in such a manner that they are on the same

sidtﬁ%fgﬂr%l%a @I@)— Fér&ﬁ@é’ Wé%'éﬂeam}%?@ﬁ) W@lta %IJ%IQ }3? m/el n‘rhé: "%‘éPa‘E.'&ié

to epg(nasherjrang). nsoexampleyievslatyanss apdLcyTiohsKsnas may. be

preGBHY @M tHEesi&/SH 8 AHE (B HFId B BIRPL IIMRINSa BCHBRMUS SSRGS 58T or
302-me hoxy 5- S,2S (28 -2- methylpyrrolldln -1-

a mﬂﬁm@[ﬁyl r&?,&:gégég}[ ggm%[m W ual cis or trans isomers of

corﬁpps((dﬁqtﬁ)eﬂr{\[érﬂibﬂmmmrandldadéynthetlcalIy from commercially

avaldbl tgﬂ}iﬁ%ﬁﬁgé ? t]g é{l@gﬁ\;{e K rﬁhﬂ: ?r%%s%rmajf%ns or prepared in

244-((1S,2 yipyrroli

singlenRamart Upr@pwﬂﬁeﬂw@ﬂf@azmr@wmgsmltsnaesemeosnsm

mefR688 EF@@@I?Q@WHQQ'(HS% glaramiy BRIFAMRE YL i may include

- S -2-methylpyrrolidin-1- yIImethyl}cyclopropyl)phenylIpyrlda
se F?%@%%’ZZ LPyresivFilization orclirgmadiogiaphine invention were

naanyl@ﬁ@tﬁhelrstdetmv&fameﬂlr(d@wlﬁ@qd\)éhﬁwvmwbssess

nt Inc oronto, ON, Cana orw mes

Rt AR BB el e it e B 5

aspestightne invertivosihis @mﬂmgwt@drtﬂmdgegoh)piﬂzmsmbtlmimmnflon
ma?%?d&ﬂ E!Ql&ﬁlﬂl%?ﬁ@@h%%hc&mﬂem HER/D &%%HE%GI

aSS|gn|n chemical structures from give chemlca n es kanown to

,.Spgkmewm@%ﬁittrltlum or '?C, "'C and YF and 'OF.

Methods for Preparing Compounds of the Invention

The compounds of the invention can be better understood in connection
with the following synthetic schemes and methods which illustrate a means by
which the compounds can be prepared.

Abbreviations which have been used in the descriptions of the schemes
and the examples that follow are: Ac for acetyl; atm for atmosphere(s); AIBN for
2,2"-azobis(2-methylpropionitrile); BINAP for 2,2"-bis(diphenylphosphino)-1,1'-
binaphthyl; Boc for butyloxycarbonyl; Bu for butyl; dba for dibenzylidineactone;
DBU for 1,8-diazabicyclo[5.4.0Jundec-7-ene; DCM for dichloromethane; DIBAL-H
for diisobutylaluminum hydride; DMAP for 4-(N,N-dimethylamino)pyridine; DME
for 1,2-dimethoxyethane; DMF for N,N-dimethyiformamide; DMSO for
dimethylsulfoxide; dppf for 1,1'-bis(diphenylphosphino)ferrocene; EDTA for
ethylenediaminetetraacetic acid; Et for ethyl; EtOH for ethanol; EtOAc for ethyl
acetate; HPLC for high pressure liquid chromatography; IPA for isopropyl alcohol;
IPAC or IPAc for isopropyl acetate; LDA for lithium diisopropylamide; NBS for N-
bromosuccinimide; NIS for N-iodosuccinimide; Me for methyl; MeOH for methanol:

Ms for methanesulfonyl; MTBE for tert-butyl methyl ether; Pd for palladium; Ph for
-21-



Compounds of the invention may exist as stereoisomers wherein,

asymmetric or chiral centers are present. These stereoisomers are "R" or
woguiraEepending on the configuration of substituents aroundPRG&E GRAWI7/071849

carbon atom. The terms "R" and "S" used herein are configurations as
phedylinBd forlteRACtYO TE Beffenionanctatibimation JeistiandE FTAdfienREA
for tﬁfﬂﬁ ﬂ&'ﬁt% BRHﬁﬁ&B&:‘eﬁ@ ggi‘d’, Jf?l@foﬁ'et]'ﬁﬁggrc;%n%ﬁ?vﬁ@%rr‘ 2-

contémplates various stereolsomers and mixtures reof and'these are

amiggeZRyeIRximeaitddvithirraRestiolpans Tsdarpaiadetuanesidieartdatlers
“rodifleARERANP BEEMBhEaRIBEPANE SuRRShMAEIRG P5aiRiomers or

.. diastereomers. Individual stereoisomers of compounds of the invention
idenfifiers of iR AYRilRRIRSRBHIRFRtORS IRPaTanBIthetiiarare or
avaiizblertmmbielabp CAS AsyNbeTe it pbehist et hamBe iy R adinTier

o R R R e e
Chqnb;ehﬁm_rietyf andiaterealf kmamtidorthos eoch afdidryuskilbiry tse petration of
theRe WHRBENNYY 6 PhIE FRIERRBRESR BY fb&g Optlé'gﬁ%ov%ﬂét of Synthetic

chromatography and optional liberation o y pure prod rom

ProGREWESiiRTPASeBRINBrRe RIHIRS SR ARAWIBIG, BIshARe AAtiIMmiteddn,

Schytpgels-7A.extbook of Practical Organic Chemistry”, 5th edition 30 (1989),
Longman Scientific & Technical, Essex CM20 2JE, England, or (2) direct
separation of the mixture of optical enantiomers on chiral chromatographic
columns or (3) fractional recrys&dheat®n methods. Compounds of the
invention may exist as cis or trans isomers, wherein -20- substituents on
a ring may attached in such a manner that they are on the same side of
the ring (cis) relative to each other, or on opposite sides of the ring relative
to each other (trans). For example, cyclobutanes and cyclohexanes may
be present in the cis or trans configuration, and may be present as a
single isomer or 5 a mixture of the cis and trans isomers. Individual cis or
trans isomers of compounds of the invention may be prepared
synthetically from commercially available starting materials using selective
organic transformations, or prepared in single isomeric form by purification
of mixtures of the cis and trans isomers. Such methods are well known to
those of ordinary skill in the art, and may include 10 separation of isomers
by recrystallization or chromatography. It should be understood that
the compounds of the invention may possess tautomeric forms, as well as
geometric isomers, and that these also constitute an aspect of the
invention. It is also understood that the compounds of the invention may
exist as isotopomers, wherein atoms may have different weights; for

-02-
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15 example, hydrogen, deuterium and tritium, or 12C, "C and 13C, or 19F
and "F. Methods for Preparino Compounds of the Invention The
w@oeompoesode of the invention can be better understood in conrrCHios200t7071849
the following synthetic schemes and methods which illustrate a means by
20 which the compounds can be prepared. | Abbrviations which have
been used in the descriptions of the schemes) ) amples that
follow are: Ac for acetyl; atm for atmosphere(s); AIBy! for X
2,2'-azobis(2-methylpropionitrile); BINAP for -?au Rab
2,2'-bis(diphenylphosphino)-1,1'- binaphthyl; Bocrtgr butyloxy,gaa
for butyl; dba for dibenzylidineactone; 20 DBY S s
iazabicyclo[5.4.0]undgg-7-ele; DCM for HiHifoYeRethane:
utylgiggainum hydriabe; AP for 4-(N,\N-@n@thylamﬂ%)pyﬁdine;
L 2-timethoxyethatg: DFFRor N, N-gimethyf \/amide; DMSO
imethylsuRe%idé’dppf for £&'-bis(diphenylphogp o)ferro'gaebne;
EIATA for ethylenediaminetefraacetic acid; Et for eth§l; EtOH for et}
RE10Rc for ethyl 30 acetate; HPL, for high pres;sure'}%ﬁid chromlRg
IPAor isopropyl alcohol; IPAC or IPAc for isopmpg"il'-acmte; LDy ¥¢
lithium diisopropylamide; NIBS for NIbromosucciffififtfé2NIS fo
N-iodosuccinimide; Me for methyl; MeOH for methanol; Ms for
methanesulfonyl; MTBE for tert-butyl methyl ether; Pd for palladium(,sbh
for -21- phenylxtBu for tert-butyl; TE buffer for a combination Tris and
EDTA bufgg; Ry triethylamineRJKAXQr kifluoroacetic acid; JHF 1pr

tetrahydrofur tis for 2- amino-2-hydkoxymethy1-1,3-propanedfo @
Ts for para®o ne%hlfonyl; rt for "rées mﬁbrature" or ambieng,; Ra
temperatures§lit3bly ranging 15-40 Cs#s™ identifiers of compoungbs

o aveilable fr scriptions reporte®rig-the literature or availabled\N

c}c&g;mercially, @AS nunftidets may be F'useg' CAS,BlaRRasscare ideptifi "

Z nuibegrs assigned to cadfhoynds by Chér%ical Ab@®acts Service of thé
omsaerican Chefnical Society, and are welkknown to th of ordinary gkill

in the arf?ap pounds of this in® b Phgpared by Raariaty B

syntheticyt dures. Representatiy ceduré€’are ‘shown in, e
not Iimited’afq’"' hemes 1-7. Schem# 1., cTRrUSBURe71849 )5??310 2 3
(R) R (R) R {R)
O H R“N R4\N

(11) R (14)
Compounds of formulas (13) and (14), wherein R, R3a, Rab, Rs, and Rs are
as defined in formula (1), Ry is —L2-Rea-L3-Reb, and Rz is hydrogen, alkyl, alkoxy,
halogen, cyano, or thioalkoxy, wherein L; is a bond, -N(H), -N(alkyl), -O-, or -S-,
and Rea, L3, and Rep are as defined in formula (1), can be prepared as described in
Scheme 1. Esters of formula (1) wherein R is a lower alkyl, and X is Cl, Br, |, or
triflate, purchased or prepared using methodologies known to those of ordinary
skills in the art, can be reduced with a reducing agent such as, but not limited to,
DIBAL to provide allylic alchols of formula (2). Allylic alchols of formula (2) can be
converted to cyclopropyl alcohols of fomula (5) and (6) following the methodology
of A. Charette, J.Org. Chem. 1998. The cyclopropy! alcohols of formulas (5) and
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(6) can be oxidized via a reaction known as Swern oxidation, by an agent, such
as, but not limited to, DMSO and oxalyl chloride to provide aldehydes of formula
(7) and (8). References describe this methodology may be found in the following:
Tidwell, Thomas T. Organic Reactions (New York) (1990), 39 297-572 and the
references cited in the article. Aldehydes of formulas (7) and (8) can be treated
with reducing agents such as, but not limited to, sodium cyanoborohydride or
sodium triacetoxyborohydride, in the presence of an amine of formula (9), via a
reaction known as reductive amination, to provide amines of formula (10) and (11)
respectively. References that describe this methodology may be found in the
following: M. D. Bomann et al., J. Org. Chem., 60:5995-5960(1995); A. E.
Moormann et al., Synth. Commun., 23:789-795(1993); and A. Pelter et al., J.
Chem. Soc., PT |, 4:717-720(1984); A.F. Abdel-Magid et al., J. Org. Chem. 1996,
61, 3849-3862.

The Suzuki reaction can be used to convert amines of formula (10) and
(11) respectively to compounds of formula (13) and (14), wherein R3, Rsa, Rap, Ra,
and Rs are as defined in formula (1), Rz is hydrogen, alkyl, alkoxy, halogen, cyano,
or thioalkoxy, and R is -L2-Rsa-L3-Reb, Wherein Lz is a bond and Rea, and L3 and
Reb are as defined in formula (I). In such a Suzuki reaction, amines of formula
(13) and (14), wherein Xis triflate, |, Br, or Cl can be reacted with boronic acids or
boronic esters of formula (12) wherein R1o1 is hydrogen or alkyl, a metal catalyst
such as, but not limited to, palladium diacetate or Pd(PPh3)s, optionally with a Pd
ligand added such as 2-(dicyclohexylphosphino)biphenyl or tris(2-furyl)phosphine,
and a base such as, but not limited to, aqueous 0.2 M KaPO, or sodium
carbonate.

Alternatively, pinacol borane reagents such as, but not limited to, those
represented by formula (12a) can be used in place of boronic acids or esters of
formula (12) in the Suzuki reaction. References that describe the preparation and
use of such reagents useful in the Suzuki reaction methodogy may be found in the
following: N. Miyaura et al., Chem. Rev. 95:2457(1995) and references cited in the
article.

There are many aryl, heteroaryl, and heterocyclic boronic acids and boronic
acid esters that are available commercially or that can be prepared as described

in the scientific literature of synthetic organic chemistry. Examples of boronic acid
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and boronic acid ester reagents for the synthesis of compounds of formula (1) are

provided, but not limited to, reagents shown in Table 1, below, and the following

description.

Table 1

Examples of Boronic Acid and Boronic Acid Ester Reagents

Boronic Acid or Boronic Acid
Ester

Commercial Source, Chemical Abstracts
Number (CAS #), or Literature Reference

‘i 2-pyrimidinone-5- boronic acid

CAS #373384-19-1

; 2-methoxypyrimidine-5-boronic
 acid

Frontier Scientific, Inc., Logan, UT, USA

1H-pyrimidine-2,4-dione-5-
boronic acid

Specs, Fleminglaan, the Netherlands
CAS #70523-22-7, Schinazi, Raymond F ;
Prusoff, William H., Synthesis of 5-
(dihydroxyboryl)-2'-deoxyuridine and
related boron-containing pyrimidines,
Journal of Organic Chemistry (1985),
50(6), 841-7.

pyridine-3-boronic acid

CAS #1692-25-7, Frontier Scientific, Inc.,
Logan, UT, USA

2,4-dimethoxypyrimidine-5-
boronic acid

CAS #89641-18-9, Frontier Scientific, Inc.
Logan, UT, USA

| 2-methoxy-5-pyridine boronic
acid

Digital Specialty Chemicals, Dublin, NH;
CAS #163105-89-3; New shelf-stable halo-
and alkoxy-substituted pyridylboronic acids
and their Suzuki cross-coupling reactions
to yield heteroarylpyridines, Parry, Paul R.;
Bryce, Martin R.; Tarbit, Brian, Department
of Chemistry, Synthesis (2003), (7), 1035-
1038; Functionalized Pyridylboronic Acids
and Their Suzuki Cross-Coupling

Reactions To Yield Novel
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(8)R5 (11) Ri R3bR2 R30R3 (3)(S) Rs,a, Rs (13) R3aR2 R30R3 (3)

R4,K, 7 R5 (14) Compounds of formulas (13) and (14), wherein R3,
WERBH7RBOIR4, and Rs are as defined in formula (1), R1 is -L2PRIAB206IB17 1849

and R2 is hydrogen, alkyl, alkoxy, halogen, cyano, or thioalkoxy, wherein

. L21sabond, -N(H), -N(alkyl), -JHeiér&rﬁp@ﬂdlﬂ?&?,F‘a?rﬁthRW ;NEafg,

. defined in formula (I), can be pf s de fed in %;:h(f sters
of formula (1) wherein R is a low %"@ﬁ Enog,r, , fall Ia ryce
purchased or prepared using njddautinBgi¢arkitoBrico, tlmsraaifabr@ngar;’rc

skills in the art, can be reduced

limited to, DIBAI to provide all dﬁﬂgrﬁ%ls lé??gz %ﬂ?iy%ﬁlc a Chols of
myimidine5-barepis agidonverte{i G4 8yE199RA% 7 8idoSolSEsTowitaaetsl and
- (6) following the methodology cf--@nQﬁ@%ngrg Veliolh sy Ta%d

- cyclopropyl alcohols of formulap (5) and (6).can be oxidized via a
. reaction known as Swern oxidattCHF BAPYGENHIAeRh GEeRlHt limited
' to, DMSO and oxalyl chloride tp 26(2)305BEdyte86)f formula

pyrimidine-5-boronic acid, Umemoto, et al., Angew. Chem. Int. Ed.
pinacol ester 40(14):2620-2622 (2001).
2-methylpyridine-5-boronic acid | SYNCHEM OHG
hydrate Heinrich-Plett-Strassse 40; Kassel, D-
34132; Germany; CAS #659742-21-9
2H-Pyran, 3,6-dihydro-4- CAS # 287944-16-5; Murata, Miki; Oyama,
(4,4,5,5-tetramethyl-1,3,2- Takashi; Watanabe, Shinji; Masuda,
dioxaborolan-2-yl) Yuzuru, Synthesis of alkenylboronates via

palladium-catalyzed borylation of alkenyl
triflates (or iodides) with pinacolborane.
Synthesis(2000), (6), 778-780.
1(2H)-Pyridinecarboxylic acid, CAS # 286961-14-6; A versatile synthesis
3,6-dihydro-4-(4,4,5,5- of 4-aryltetrahydropyridines via palladium
tetramethyl-1,3,2-dioxaborolan- | mediated Suzuki cross-coupling with cyclic
2-yl)-, 1,1-dimethylethyl ester vinyl boronates, Eastwood, Paul R.,
Discovery Chemistry, Aventis Pharma,
Essex, UK., Tetrahedron Letters (2000),

| 41(19), 3705-3708.
(5-cyano-3-pyridinyl)-boronic CAS #497147-93-0;

acid Chemstep

Institut du PIN - University Bordeaux 1
351 cours de la liberation
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(7) and (8). References describe this methodology may be found in the
following: Tidwell, Thomas T. Organic Reactions (New York) (1990), 39

WQNBYRHNAd the 5 references cited in the article. Aldehydes #IGBHR08%/071849

(7) and (8) can be treated with reducing agents such as, but not limited to,
sodium cyanoborohydride or sodium triacetoxyborohydride in the

ence of an amine of, form a rea\ct kno eductive
D ol T e R Briets PR Ela 1R S e e
premeetémesqnasplesdmlgdmgea@rrmﬂategylmaym mm metal exchange with
an J@E?l@wmgd\é%@nﬁemm it -additise- &Qg&; ORISR HrE Si-

Moormann et al., Synth. Commun., 23:789-795(1993); and A. Pelter et
(2) gllos$. qoHBlIRIYGEN 35135192")‘f?‘%@?lgﬁh')‘oﬁl\“ﬁ“ﬁﬂdel Magid et al., J. Org.

bus(&h@ﬂblét&ﬁﬁb&brﬁwmaﬁnw;utﬂéféaéﬁoésqa;attzmaomdetmeqnyert
me{F8RiFRF 1Y B g RANE U o, 1o el e d SRR feNers.
2:420rm{2000), R2Ds Sipdidweianl ey lalal AetsaHed o5 72880 (2001 oowkc&y,
Bla%%ﬁél'%"@%@%‘iﬁ WIEIQHbdar |8 2 QEHIQ@Q B4, 2'hfharand

55 are as ed in formula (I). In such a Suzuki feaction, amines of

ChagSiag: (8314985041980 aRdFisl tinite!l L. of Medrhenath 233t
2237012004 ORI Ere REEBAANISRBIE B QEBOIR hélnubelsty MamMbe found in

e JHIBERE &1 BEVSRR o AR B LB LT e
et ab; (dh@lgoﬁh)eyﬂpm&mﬁmﬁ})lﬁpbemﬂﬁjr &l T-duag) ghaspMeteatzedtaniatiers,

limited to, aqueous 0.2 M K3PO4 or sodium carbonate.
43; %@E m
ternatl ely, pinacol borane reagents such as, but not limited to, those

repfhesaeihedfan arepaption ofdorma agidanst Boionic atidiasters is
the@é&&ﬁoﬁfcf@gmmécﬂ@onsaeo%w@fiar@,aﬁtor?.Rﬁf@ﬁomﬁmimm
u

aration and use of such reagents useful in the Suzuki reaction
in WHIch BB GBS 0360 P9 ST R 210 TRAgiasavih 2 dalkyloxyaarane

suchbad 44 ¢80y e irethecpresende dfitridgthyddlaitieland palladiena(t)racetate
in @&I heteroaryl and heterocyclic boronic acids and boronic acid esters
are available commercially or that can be prepared as described in

the Atipsnativalic diizing Hericotieling srethedsrauahas Rtikestevrimeoronic
corRfinéd-oMiSaaiad (43Y SRAR 4 WY KL K84 R4, Ry, and Rs are as
defined in formula (1), Rz is hydrogen, alkyl, alkoxy, halogen, cyano or thioalkoxy,
and R, is -L2-Rea-L3-Reb, wherein L; is a bond and Rsa, L3, and Rep, are as defined
in formula (1), can be prepared from amines of formulas (10) and (11) respectively,
by treatment with organostannanes of formula (R102)3SnR1 wherein Rz is alkyl or
aryl, in the presence of a palladium source such as
tris(dibenzylidineacetone)dipalladium (CAS # 52409-22-0) or palladium diacetate,
and a ligand such as tri(2-furyl)phosphine (CAS # 5518-52-5) or triphenylarsine.
The reaction is generally performed in a solvent such as DMF at a temperature
from about 25 °C to about 150 °C. Such methods are described, for instance, in
J. K. Stille Angew. Chem. Int. Ed. 25:508(1986) and T. N. Mitchell, Synthesis,
803(1992).

While many stannanes are commercially available or described in the
-27-
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and boronic acid ester reagents for the synthesis of compounds of formula

(1) are provided, but not limited to, reagents shown in Table 1, below, and
Wiy description. 5Table 1 Examples of Boronic AcidP&RUBZNIAIE1849

Acid Ester Reagents Boronic Acid or Boronic Acid Ester Commercial

literStunecb aCippmratifeStieicobbing ee4Clivh where lcdenpburds @fcisragdas

(10§ @i&p%?nsrﬁl gl% t})ﬁoe%crﬁsc%%?@ ? g}uen ?ﬁ:( 32:3 &143 UT,
respesivel. yﬁrﬂmrmgsma&h@@pmmw stionepesdreneavigalidesthe
aryRVABIBE aRete Ayl M%Ee%ib&i%hfﬁw%fcm&’r{ wﬁﬁﬁné!yﬂhaﬂyl

H., Synthesis 0 dihydroxyboryl)-2'-deoxyuridine and related
istgEReS AL AL el S WA B A ALy P ptgsence o
a pﬁﬁ&hﬁﬂ%ﬁr@ﬂ(&@daﬂmnlmﬁlﬁlﬂé\& ﬁéﬁ@%lﬁ?l—%|éféﬂﬂ§ﬁé§meluuﬁbc

Inc,,.Lo, T, USA imetho - onjc a
out 5L RN, Rermeth TR RERS B bR SER Al K08 Rethodsare
desgribed) foniBiantdincrischec at. e&ildfﬂhwbsﬁdnmlvﬁ@mdﬁw )1O08N,
102816580 &EHAEAYR, New SHelfebledeliancialiosy saginser)

pyridylboronic acids and their Suzuki cross-coupling reactions to yield

Th%&a&mﬁ&m&& reagigd with(#0) sRg-d Wierafferd qemmeundsef
forrmﬂagmyahef(G)&&&gﬁmlﬁrylwwséa@@a)uﬁ&rl@t% déhiftions, or for

exepplganalaed Eviovlboronic Aclds a0 TDR SLPAK SRS RiRG,
Soc. 124:6343-6348 (2002).

Compounds of formulas (13) and (14) wherein Rj, R3a, Rap, R4, and Rs are
as defined in formula (1), Rz is hydrogen, alkyl, alkoxy, halogen, cyano or
thioalkoxy, and R is -L2-Rea-L3-Reb, wherein L3 and Rgy, are as defined in formula
(1), L2 is a bond, and Rea is a nitrogen-containing heteroaryl or heterocyclic ring
linked to the parent moiety through the nitrogen, can be prepared by heating
compounds of formulas (10) and (11) respectively, with heteroaryl or heterocyclic
rings of formula H-RgaL3Rep Wherein H is a hydrogen on the nitrogen atom, in the
presence of a base such as, but not limited to, sodium t-butoxide or cesium
carbonate, a metal catalyst such as, but not limited to copper metal or Cul,
palladium diacetate, and optionally with a ligand such as, but not limited to, BINAP
or tri-tertbutylphosphine. The reaction can be conducted in a solvent such as, but
not limited to, dioxane, toluene or pyridine. References that describe these
methods may be found in the following: J. Hartwig et al., Angew. Chem. Int. Ed.
37:2046-2067 (1998), J. P. Wolfe et al., Acc. Chem. Res., 13:805-818 (1998); M.
Sugahara et al., Chem. Pharm. Bull,, 45:719-721 (1997); J. P. Wolfe et al., J. Org.
Chem., 65:1158-1174(2000); F.Y.Kwong et al., Org. Lett., 4:581-584(2002); A.
Klapars et al., J. Amer. Chem. Soc., 123:7727-7729 (2001);, B. H.Yang et al., J.
Organomet. Chem., 576:125-146 (1999); and A. Kiyomori et al., Tet. Lett.,
40:2657-2640 (1999).

Compounds of formulas (13) and (14) wherein R3, R3a, Rap, R4, and Rs are
-28-
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Heteroarylpyridines, Parry, Paul R.; Wang, Changsheng; Batsanov,

Andrei S.; Bryce, Martin R.; Tarbit, Brian, Journal of Organic Chemistry
w@2002)56@d(21), 7541-7543. pyrimidine-5-boronic acid CAS #1920S20@+671849

S. Gronowitz, et al., "On the synthesis of various thienyl- and

as defimeie ity foymulil{ie R iShaaroGen, 26(A):3R6xFVALLYBH).cyano, or

i S e e B0 S S oy e 5 LA e
anEyNcHEEIRRD fosiakomprstndaidossuiad] jeasses pepass] Beherting
e Qe R
HaNrfgsharee Sh AL Bee-euon V) A BRSSSUFBIRB N 10k lis .
sodhaiteictiutoxtaéady zedinnTyatisnalestk ey bredainse (of donisiepLudilyst such
o« SUERSIAARE NS AR 0. H A WAL e Sl
withia digrethglth ise biet rORBNREAO6BINAB; ¢r treteatiteityphiosplsid. The
oot SR AU BB R
RefRIRNRS M fegcila desnmetnrinieginsmasiaesiepodan e fpwing: J.
HardWidh @ 1S Algearchernyiitimed); 1391 0is amd A898 A 97 4 Widdlet al.,
Acc. Chem. Res., 13:805-818 (1998); J. P. Wolfe et al., J. Org. Chem., 65:1158—
1174 (2000); F. Y. Kwong et al., Org. Lett., 4:581-584(2002); and B. H.Yang et
al., J. Organomet. Chem., 576:125-146 (1999).

Compounds of formulas (13) and (14) wherein R3, Raa, Rap, Rs and Rs are
as defined in formula (1), Rz is hydrogen, alkyl, alkoxy, halogen, cyano, or
thioalkoxy, and Ry is L2-Rea-L3-Reb, Wherein L; is oxygen and Rsa, and L3 and Rg
are as defined in formula (I) can be prepared by heating compounds of formula
(10) and (11) respectively with a compound of formula HORga-L3-Rgp Using a base
such as, but not limited to, sodium hydride in a solvent such as toluene or N,N-
dimethylformamide, in the presence of a metal containing catalyst such as Cul or
palladium diacetate. References that describe these methodologies may be found
in the following: J. Hartwig et al., Angew. Chem. int. Ed., 37:2046-2067 (1998); K.
E. Torraca et al., J. Amer. Chem. Soc.,123:10770-10771 (2001); S. Kuwabe et
al., J. Amer. Chem. Soc.,123:12202-12206 (2001); K. E. Toracca et al., J. Am.
Chem. Soc., 122:12907-12908 (2000); R. Olivera et al., Tet. Lett., 41:4353—4356
(2000); J.-F. Marcoux et al., J. Am. Chem. Soc., 119:10539-10540 (1997); A.
Aranyos et al., J. Amer. Chem. Soc., 121:4369-4378 (1999); T. Satoh et al., Bull.
Chem. Soc. Jpn., 71:2239-2246 (1998); J. F. Hartwig, Tetrahedron Lett.,
38:2239-2246 (1997); M. Palucki et al., J. Amer. Chem. Soc., 119:3395-3396
(1997); N. Haga et al, J. Org. Chem., 61:735-745 (1996); R. Bates et al., J. Org.
Chem., 47:4374-4376 (1982); T. Yamamoto et al., Can. J. Chem., 61:86-91

(1983); A. Aranyos et al., J. Amer. Chem. Soc., 121:4369-4378 (1999); and E.
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halides or triflates via either (1) metal exchange with an organo lithium
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and boronic acid esters is the reacti descr
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12: 3opmsrs(2bdN pnd (11) respectively, 25 by treatment with
organostannanes of formula (ftiothEnRi wherein R102 is alkyl or aryl, in
the presence of a palladium source such as
tris(dibenzylidineacetone)dipall8dhemg@AS # 52409-22-0) or palladium
diacetate, and a ligand such as tri(2-furyl)phosphine (CAS #5518-52-5) or
triphenylarsine. The reaction is generally performed in a solvent such as
DMF at a temperature 30 from about 25 C to about 150 C. Such methods
are described, for instance, in J. K. Stille Angew. Chem. Int. Ed.
25:508(1986) and T. N. Mitchell, Synthesis, 803(1992). While many
stannanes are commercially available or described in the -27-
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literature that support the Stille coupling reaction where compounds of

formulas (10) and (11) can be transformed to compounds of formulas (13)
W@ 1nayotespectively, it is also possible to prepare new stanREAESSAWNTI071849

arylhalides, aryltriflates, heteroarylhalides, and heteroaryltriflates by

reaction with hexa-alkyl 5 distannanes of forqul@((8102)3Sn)2 wherein

Run is alkyl or aryl, in the presence of a pallaﬂit%gﬁzpt{:e like Pd(Ph3P)4.

Example of hexa-alkyl distannanes include, but got gmited to Ry
hexamethyldistannane (CAS #661-69-8). Such me hods are &(, for
instance in Krische, et. al., Helvetica Chimica Act?z)§1(11):19ﬁ ) Rs

(1998), and in Benaglia, et al., Tetrahedron L

10 These reagents can be geactgd with (10) an
Ragy dlas (la.and (14) res?f) @ as des ri\be
RaS Kample-under#he caglitifis Rgport

Amer. Chem. &dt:782:6343-6848 (2002). Com

and (14) wherein R3, Raw R3b, R4, and R5 afe 35 &5 defined in f
R@), R2 is hydrogen, alkyl, alkoxy,dpalogen, cygno of fiioalkoxyReAd K1 Ra

-L264R63-1-3-R6, wherein L3 and Reb are as defi mrformula @£ ®is a

bond, and R64 is a nitrogen-containing heteroarﬁ?%?’%'ﬁerocycug ing

linked to the parent moiety through the nitrogen, can be prepared by,
heating compounds of formulas (10) and (11) respectively, with heteroaryl
or heterocyclic Y rings of formula H-R61H73R6b wherein H is a hydrogen
on the nitRgenatom, in the presenrg, 04 base such as, but noglimitgd tg,

sodium t-buto} 2

limited to Bepy

ligand such @
o reagtion capberconducted in a solffert’such as, but 25not limitegl
Yixane, toluenmyor pyrfjfH Referenkes that desttBadhase metlgod "

c ma_&' ke found in the follofing: J. Hartwig(zeq al., Anég8w. Chem. Int. Ed.
omé2046-2067RK1998); J. P. Wolfe et al., A&gc. Chem. j@:§ 13:805-81&,

-AZ37-4 740X AP97).
111Yt#2afford {:% mpounds
(bunjjer/Stiﬂ@conﬂmons,

ik, Pittke et al., J. of

(1998); NRs a et al., Chem. IRy B, BB ot721 (198%, R;
Wolfe et gl. Chem., 65:1158-1 @' 000); #2Y. Kwong efa R
Lett., 4:58F-5; 4203)2); A. 30KIapaH§3étga. J-Amefd.Gtrem. Soc.,* ¢, ” 3

123:7727-#959 (2001): B. H.Yang et & 1*Organomet. Chem.,  ®
576:125-146 (1999); and A. KiyomSﬂlt al., Tet. Lett., 40:2657-5‘64
(1999). Compdetds of formulas (13) Bnd4}4) wherein R3, R. R30R#,and
R5 are -28- as defined in formula (1), R2 is hydrogen, alkyl, alkox

ol SIEM By SemBPHRARIRbIATMAiRSHAALans F45) WharelB HohBreiRug Ry and
Rs déla®aetatkil) forndiRER. F3 66 hgarbhSra Ias erbxdHaladopseIbef

AR Tl A TR R
-S-Had Ryd) {Rcand R Grevith definse isfomadal{t) nenlbaiprdpared as
described in Scheme 2, from compounds of formula (15) wherein R is a lower
alkyl, X is Cl, Br, |, or triflate, using the reaction conditions that are outlined in
Scheme 1, except for substituting boronic acid or esters of formula (23) for (12)
and pinacol borane reagents of formula (23a) for (12a) for the Suzuki reactions,
and except for substituting organostannes of formula (R192)3SnR2 for (R102)3SnR4
for Stille coupling. References that describe the Suzuki reaction methodology
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sodium t-butoxide or cesium carbonate in the presence of a metal catalyst
such as, but not limited to, copper metal or Cul, palladium diacetate, and
W R B NRIly with a ligand such as, but not limited to, BINAPC#US2007/071849
tri-tert-butylphosphine. The reaction can be performed in a solvent such
maypbelfoxadédn thie éolvingyNdMiyalitalet ereCbemtRée vlc38:1 346 T1He85) and
ound in the following: J. Hartwig, et al., Angew.
refé&wem In;%%ﬁ%t%?égg -2067 (1998); J. P. Wolfe et al., Acc. Chem. Res.,
13:805-818 (1998); J. P. Wolfe et al., J. Org. Chem., 65:1158- 1174
(2000); F. Y. Kwong et al., Org depdmé:381-584(2002); and B. H.Yang et
al., J. Organomet. Chem., 576:125-146 (1999). 15Compounds of formulas
(13) and (14) wherein R3, R3a, R3b, Rgand Rg are as defined in formula
(1), R2 is hydrogen, alkyl, alkixy, halogen, cyano, or thioalkoxy, and R1 is
L2-R6a-L3-R6b, whereft Rygen and RgaR d R6b are as
defined in formula (I) ¢ ared by heatin unds of formula
(10) and (11) respectlvef’y h,a dompound of f m HBR6a-L3-R6b
usifig a base 20 such as,"B[it not limited to, sodiurf? yﬁnde in a solvent
§2t0|l$@fl}ﬁ.eoi’ N,Ndiethylformamide, in the fresence of @WI
ng catalyst such as @bl or pafiadit diacetaig. References that
d crlbe theserethodologies may bexdawad in the following: J. kaytwig et
Angew. Chem. Int. Bd., 37:2046-2067 (1998); K It. korraca etal., J.
ROANRr. Chem. Soc.,123:1) @- 0771 (2001); S. Kujvalle ét 25al., J. Amer.
CHBm. Soc.,123:1220R}2286 (8Q01), K. E. TdraLcajet &, J. Am. Chem.
POy, R. Olivera et al., @t ®ett., 41:4353-4356
g d. Am, Chem. Soc., }£9:10539-10540 (1997);
A. Aranyos et al., J. Amer. Chem. Soc., 121:4369- 4}2378 (1999); T. Satoh
et al., Bull. Chem. Soc. Jpn®1:2239-2246 (1998); J. F. Hartwig,
Tetrahsedron Lett., 30 38:2239-2246 (159(97) M. Palucki et al., J. Amer.R,
Cas~SoR,, 119:3395-3396 (199), Nl Haga et al, J. Org. Cherrﬁ;ib
85445 (1996); R. Bates et al., J]Org. Chem., 47:4374-4376
'IRW ayamdto et al., Can. J. Cherﬁga :1,.. (1983) A. Aranyos
Anfer” Chem. SokMPh1:4369-43784129); and E. -29- Baston &*&1)

i 998).  CRRSBimds of foRAUTES (13)
and @4) Whereln F‘?!s R3a, R33bp R4 apg R5 w&a@“eunedln formu‘lﬁ’&)

R2 |s)hydrogen aIkyI alkoxy, halogeny cyano, of, thi Xy, and Ri is
Ba-Im d RGa, ai Lg-qnd R6b 5 4
fora compound of formula n be prefJal)ed by heating,,
wmppurls of formula (10) and Re )¢ spBetively {tA*E compoupd §F @
U8 HSR6a-La-R66 in the prase{ic& of a base, and with or “without a
vefal catalyst such as Cul or galfaditm diacetate, in a solvent Rauc a5
dime#®Iformamide or toluene. Refergnges that describe these
methodologies may be found in the following: G 10Y. Li et al., J. Org.

Che 66 86,77- 00 et al. rg.Med. Chem. Lett.,
et e A T N L
as &eﬂneﬂ . fogmgla/%l)aﬁem —kﬁ-l:Ed-LﬁﬁslﬁIﬁﬁlloﬁ(ﬁm)géﬂ\. Slttyhfikory,
e

nallgell RIS o el T, KU Dot %
and_BeaeL:.%v Bscig assfineson formule (iz)oew tamarApaf@sim ﬁ@@@tb&d in
Sclﬁ‘é@ﬁe@)eﬂlﬁehydes of formulas of (24) and (25), prepared according to the
reaction conditions in Scheme 1 from esters of formula (1) wherein R is a lower
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12:392-397 (2001). Scheme 2 WO 2007/150010PCT/US211117/071849

HO Similarly, compounds of formulas (24) and (25) wherein R3,
WERBB/RBAIR4 and R5 are as defined in formula (1), R1 is hyd REGEHS 216y 71849

alkoxy, halogen, cyano, or thioalkoxy, and R2 is -Lz-R63-L3-R60, wherein

alkyl 2darpbleanshted (With- Néﬂiﬂibbpﬁénﬂbﬁoﬁrh@ﬂdd?ﬁﬂld@uﬁﬂ% Beeb2rde Fa

defined | b 2, f
badk kT o8, B R ey BrEsS R (BUBKTR, e keapy obr
formiflasc(263iandtkRY )easteotivehdiRefarenae doe Mﬂlmemod Mbmfaumkmpt
Joﬁﬁéo?PWHH’E‘l‘ﬂ%:Wy Pia AL iEBIBR AUENUIR é?gééo pigagal

borane reagents of ormul 23a) for (12 for the Suzuki reactions, 1

Bieh o ldxcAlsirieniliea ek’ no’s(?a)nr?e AhsnesigfRiopiasae? apd
(279%&6868@%&@6%Imc@mmlagfo%ﬂtﬂéer(m ARALPeFUIHE HBCHERUKI

TR e R e Bl Ny o
can be treated with an agent such as, but not limited to, triflate anhydride, tosyl
chloride, or mesyl chloride in the presence of a base such as, but not limited to,
potassium carbonate, to provide the corresponding triflate, tosylate, or mesylate
respectively. The resulting triflate, tosylate, or mesylate can be treated with an
amine of formula (9), optionally in the presence of a base such as, but not limited
to, potassium carbonate or sodium carbonate, to provide amines of formulas of
(30) and (31) respectively. Compounds of formulas of (30) and (31) can be
converted to amines of formulas (32) and (33) repectively using the reaction
conditions described in Scheme 1.

Scheme 4
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(25)(27) Compounds of formulas (32) and (33), wherein R3, R33, R351
R4, and R5 are as defined in formula (I); Ri is -L2-1R6a-1-3-R6b, and R2
Wo2bddtsagan, alkyl, alkoxy, 10halogen, cyano, or thioalkoxy, WPEF&iis2027{871849
a bond, -NQ-I), -N(alkyl), -0-, or -S-, and Rft, I-3, and R65 are as defined
in formula (1), can be preparéH as described in Schenfe 3. Aldehydes of
formulas of (24) and (2B}*prepe ¥on conditions in
Scheme 1 from esters Qfs ot (1) wherein R j -32- alkyl, can
be treated with methyltrip}g} dphosphonium io ide Fge Bresence of a
bage sych as, but not limited to, potassium t-butofftfe, to provide alkenes
ulas §@epend (27)FesPectively. Reference for this methgd, may be
tR; Johnsgn Wide Chéfflistry, Atadfiic PressisNew York, 1966, and
Bops, H. Boagkel,.J. H. Alq{‘ichimicaKA@:ﬁu)(1969), %{2), 3-6. Allkees of
Rof 1 ulas (26) and (27) RAN be cgnverted to alcelpls &f formulas (28) and
(29) via a reaction sequend
of f8tmulas (28) and (28)sCal
limited to, triflate anhydrice;1
presence of a base suchs
provide the corresponding triflate, tosylate, or mesylgfe respectively. The
resulting triflate, tosylate, or(ﬁ?esylate can be treated with an amine of
formulg (9), optionally in the presence gf a base such as, but not Jimit
tBs fim carbonate or sodiu QL 1ongte, to provide amine
(30) and (31) respectg/el mpounds of formulas qis(.a

far
3 R
(3§) Q) be 1, MsCl 3

2, R4RsNH
&)

Ry(RI (S
1

RoB(ORygy)z,0or RN
(23)

39
(39) @1)

Similarly, compounds of formulas (42) and (43), wherein R3, R3a, Rap, Ry,
and Rs are as defined in formula (1); Rz is —L>-Rea-L3-Reb, and R, is hydrogen,
alkyl, alkoxy, halogen, cyano, or thioalkoxy, wherein L2 is a bond, -N(H), -N(alkyl),
-O-, or -S-, and Rea, L3, and Rey are as defined in formula (1), can be prepared as
described in Scheme 4. Esters of formula (15) wherein R is a lower alkyl, X is Br,
Cl, or |, can be converted to amines of formulas (42) and (43), using the reaction
conditions as described in Scheme 3, except for substituting boronic acid or esters
of formula (12) for (23) and pinacol borane reagents of formula (12a) for (23a) for
the Suzuki reactions, and except for substituting organostannes of formula
(R102)3SnR: for (R102)3SNR; for Stille coupling.
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15 converted to amines of formulas (32) and (33) repectively using the

reaction conditions described in Scheme 1. Scheme 4 Similarly,
W@ampadteds of formulas (42) and (43), wherein R3, R3a, R3bPRI USRI RE 1849

are as defined in formula (I); R2 is -1-2-Rsa-L3-1R6b, and R1 is hydrogen,

5 alkyl, alkoxy, halogen, cyano,Syhiénesbkoxy, wherein L2 is a bond, -N(H),

-N(alkyl), -0-, or -S-, and Rea, L3. and R6b are as defined in forgula (1),

can be prepared as described in SEheme 4. Esters of forrﬁula (1

wherein R is a lower alkyl, RisBr 8l-Bzl, can be converte?

formulas (42) and (43), using the! regction conditions as dgscri

for @3) and pinacol borane regglents of formula (12a) for (284 o(rs’the
RSzt aCtIO§I§1 and, excepl fo substltutlnMnostan g0t formula
~ SnR2 1 2)2SnR1 for Stille cgfpling; WO
R3007/158 910RCHIS2007/07184Y X RSb-Rsa{-R-)-Scheme(“)

(E)
= DMSO
RO™ "0
(1)
Ry
Rap R
Rza Ra
(s
Scheme 3
——
_—
——

!
Rs (47
Compounds of formulas (46) and (47), wherein R3, R3a, Rap, R4, and Rs are

as defined in formula (1); Rz is hydrogen, alkyl, alkoxy, halogen, cyano, or
thioalkoxy; and Ry is —L2-Rga-L3-Reb, Wherein L2 is a bond, -N(H), -N(alkyl), -O-, or
-S-, and Rea, L3, and Rgy, are as defined in formula (1), can be prepared as
described in Scheme 5. Esters of formula (1) wherein R is a lower alkyl, X is Br,

Cl, or I, can be converted to alcohols of formulas (28) and (29) according Scheme
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5X a.R2 R3 (S) R3b R2 Scheme 3 HO R3a R3 (28)
WO 2007/150010 PCT/US2007/071849

3. Alcohoils of formulas (28) and (29) can be oxidized via a reaction known as
Swern oxidation, by an agent, such as, but not limited to, DMSO and oxalyl
chloride in the presence of a base such as triethylamine to provide aldehydes of
formulas (44) and (45). Aldehydes of formulas (44) and (45) can be converted to
amines of formulas (46) and (47) respectively using the reaction conditions
described in Scheme 3 transforming compounds of formulas (24) and (25) to
compounds of formulas (32) and (33).

Scheme 6
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WO 2007/150010
Rz
Rap X
Raa Rs3
R» (S)
R X (R) O O
3b HO
Scheme 4
Cl Cl
R3a c Rs (38) _
@z =, DMSO
RO™YO X
(15) R3
R,
Rap
R3a
(S) {S)
Scheme 4
R4\N
—_ Rs
_—
———

R4\N
Rs

(51)

PCT/US2007/071849
R,
Rap X
Raa R3
R
H

Similarly, compounds of formulas (50) and (51), wherein Rj, R3a, Rab, Rq,
and Rs are as defined in formula (1); R4 is hydrogen, alkyl, alkoxy, halogen, cyano,
or thioalkoxy; and Rz is —L2-Rea-L3-Reb, Wherein Lz is a bond, -N(H), -N(alkyl), -O-,
or -S-, and Rea, L3, and Rep are as defined in formula (1), can be prepared as
described in Scheme 6. Esters of formula (15) wherein R is a lower alkyl, X is Br,

Cl, or |, can be converted to alcohols of formulas (38) and (39) as described in
Scheme 4. Alcohols of formulas (38) and (39) can be oxidized via a reaction
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WO 2007/150010 PCT/US2007/071849

known as Swern oxidation, by an agent, such as, but not limited to, DMSO and
oxalyl chloride to provide aldehydes of formulas (48) and (49) respectively.
Aldehydes of formulas (48) and (49) can be converted to amines of formulas (50)
and (51), respectively, using the reaction conditions described in Scheme 4
transforming compounds of formulas (38) and (39) to compounds of formulas (42)
and (43).

Scheme 7
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R3 HO (29) R5 (46) R1 R4-N 45(47) Compounds of formulas (46)
and (47), wherein R3, R3a, RR), R4, and R5 are as defined in formula (1);

WERDE/Mpdidgen, alkyl, alkoxy, halogen, cyano, or 5thioalkoxy P&TAUR2(187/071849

-L2-Rsa-L3-R6b, wherein L2 is a bond, -N(H), -N(alkyl), -0-, or -S-, and
R6al I-3, and Rgb are as defined in formula (1), can be prepaxed as

described in S)Qheme 5. Est fdorpaula (1) wherein Ry RAlkyl, X
converte o alcohols of formulas (28 (29)
e 3. Alcohglsmfg_tmum_(ZS) and (R)canbe Rxidized
ORy as Swegy Gigation, by an agent, sucBlas, but not

triethylam| j provide aldehydes of formulas (44) anR@15)QAldehydes of
formulas (4 f nd (45) can be converted to 5 amines 6 formulas (46) and
(47) respectively using the reaction conditions described in Scheme 3
transforming,compounds of formulas (24) and (25) to &gtr’npo ndi_{of

formui%% 3 ang 2)(33). Slghr;gme\fo\/
0]

CHO heat

Ri
R X
R4 /\nxo\/ 3
Rab Y O Raa Rs3
> (E)
Raa Rj Pd, DMF
Y RO O
(54) (15)
R N
1 Z O~ Rap X
Rap X PhsP” [
0]
R R
RSa R3 > 3 (E) 3
CHO heat
(55) RO™ O

(15)

Esters of formula (1) wherein X is |, Br or Cl or hydroxy; R is a lower alkyl;

Ra, R3a, and Rgp are as defined in formula (1); and Rz is hydrogen, alkyl, alkoxy,

halogen, cyano, or thioalkoxy; can be purchased or prepared as described in

Scheme 7. Halides of formula (52), wherein Y is |, Br, or triflate (prepared by the

treatment of phenols with triflate anhydride), can be treated with ethyl acrylate in
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WO 2007/150010PCT/US2007/071849 known as Swern oxidation, by an
agent, such as, but not limited to, DMSO and oxalyl chloride to provide

W enysed of formulas (48) and (49) respectively. Aldehydes BERSHSRRE71849
(48) and (49) can be converted to amines of formulas (50) and (51),

the, gegsennronf 2 RANG YT SaEeM Lisdsons described in Scheme 4 5

im0 g

sl i acRion plag i [ RanRrark 0 pr i dincatoss
andCh gaydisuch &sitiRidurgatioph e XS #BER8I5215) a5 Gipfieadiin
phdSHRHI (VB LKA it A5 FXP¥E 1o provide the esters of formula
(1).

Alternatively, esters of formula (1) can be prepared through substituted
benzaldehydes of formula (53) via the Wittig reaction, which is well-known to
those skilled in the art of organic synthesis. References that describe these
methods may be found in the following: S. Li et al., Chemische Berichte,
123:1441-1442(1990); T. Kauffmann et al., Tetrahedron Lett., 22:5031-
5034(1981).

Similarly, esters of formula (15) wherein X is I, Br or Cl or hydroxy; R is a
lower alkyl; R, Ria, and Rap are as defined in formula (1); and R, is hydrogen,
alkyl, alkoxy, halogen, cyano, or thioalkoxy; can be purchased or prepared as
described in Scheme 7.

The compounds and intermediates of the invention may be isolated and
purified by methods well-known to those skilled in the art of organic synthesis.
Examples of conventional methods for isolating and purifying compounds can
include, but are not limited to, chromatography on solid supports such as silica
gel, alumina, or silica derivatized with alkylsilane groups, by recrystallization at
high or low temperature with an optional pretreatment with activated carbon, thin-
layer chromatography, distillation at various pressures, sublimation under vacuum,
and trituration, as described for instance in "Vogel's Textbook of Practical Organic
Chemistry", 5th edition (1989), by Furniss, Hannaford, Smith, and Tatchell, pub.
Longman Scientific & Technical, Essex CM20 2JE, England.

The compounds of the invention have at least one basic nitrogen whereby
a desired salt of the compound can be formed by treatment of the compound with
an acid. Examples of acids suitable for the reaction include, but are not limited to
tartaric acid, lactic acid, succinic acid, as well as mandelic, atrolactic,
methanesulfonic, ethanesulfonic, toluenesulfonic, naphthalenesulfonic,
benzensulfonic, carbonic, fumaric, maleic, gluconic, acetic, propionic, salicylic,

hydrochloric, hydrobromic, phosphoric, sulfuric, citric, or hydroxybutyric acid,
-40-



10

15

20

25

30

5 halogen, cyano, or thioalkoxy; can be purchased or prepared as

described in Scheme 7. Halides of formula (52), wherein Y is |, Br, or
warflare iprepared by the treatment of phenols with triflate anhPdrlides2eE71849

be treated with ethyl acrylate in WO 2007/150010PCT/US2007/071849
cantphonadtomic; ofaiqailshylacetiof asmarti, agutamic, and the like.

dichlorobis(triphenylphosphine)palladium(ll) (CAS# 13965-03-2) or

trls(dlbenzylldmeacetone)dlpalladlum (CAS # 52409-22-0) or palladium
Comnpegitiog @Rdetch as tri(2-furyl)phosphine (CAS # 5518-52-5) or

tnphwhp@ﬁﬁ@ﬂ%\%o'ﬁr@ﬁ@éé%ﬂ%@ﬁ@&f %&H‘\Bési]lmg &‘8 r??l‘éﬂ‘a the

esters, of formula (1 Alternatlvely, esters of formula (

thefepuicAnFEEGH S GRFRRRINE gfemwmhb"caaa%wwﬁ@
a pheactaveuticati az:awidm@wﬁerthw'ae shihpddnide @Eﬁﬁ;ﬁl%éfwﬁlpounds of

ptdeseribe th th be found
the B B e S B TS B s S TeRig ey
acqqamaﬁaﬁr@ral Thetptiesarageutica mmnmmmoormulmmwau
adRARIRALIOHIROPIQURPIBHH 10P beirf/el AEIMEIRBY 15 fagdpwer

alkyl: R3, R3a, and R3b are as defined in formula (I); and R1 is hydrogen,
a 'E@'éf@l'oatkoxy, halogen, cyano, or thioalkoxy; can be purchased or

preffaectéas geaerikriticayedssptable CHRIEPTHUSES EIdin, means a

o SR a3 g S s tagte

formpylationtiauriliane dfaty ftypsso Bdmg audrpnhekjmfgrmm mddobecan serve as

pn&mge&mﬁawseeeaabim%ﬁeﬂ% ARARaRRL O, EH&%S i%@8£t%§H8h
erivatiZzed wit

as silica gel, alumina, or silica yIS| ane g ups

SUGTOSR)SHAMGHRR BUShIAG IO Slateand selriastarah; @sllu?mﬁladdatment
demhv@@tuﬁtﬁ@§%6munntbmﬁax%em;are§t%§@Mh?l%&iﬁnesbaérvéeemﬁose

ssures, subljmation um, and trituration, as described for

nder
o B PR ST s PR Duear AR yPPBSHory
wamﬁtlowsmﬁmeﬁumles ¢hdtonsémd ofhnsdfflowet diteeshnmibil Lalveronn
O Th f
R ST e P T R T e E e

olegie anshibyHawatebagerbeiening agentmsughtas coagnesiviniydenxideidnd
aluﬁmﬁpmfafxﬂfédﬁugmréa@ciowif@g@aﬁeewsfépdé‘otBHr@éslfﬁ%t WA L0

30Qtartaric u}jld lactic acid, succinic acid, as well as mandelic, atrolactic,

solyion a1y Alsahel g RIQsRIAte Ruliensaluliont aswrliasaibenneAtoxic
corhpatitsdesulfocants suubras, sudiamdanrgleioif gl endienageEsiURTGIGRte, as

c r ob pho horlc ulfurlc |tr|c of
welﬁ% r%é(%ﬁ%déggﬂ% %A%XQB 5%?05 omc Iad c spﬁ(\afvnel?a%rgp 9 gﬁ%l’?@
ancgnﬁgmngmqmslmgeservatlves and antioxidants can also be present in the
composition, according to the judgment of one skilled in the art of formulations.

The pharmaceutical compositions of this invention can be administered to
humans and other mammals orally, rectally, parenterally, intracisternally,
intravaginally, intraperitoneally, topically (as by powders, ointments or drops),
bucally or as an oral or nasal spray. The term “parenterally”, as used herein,
refers to modes of administration which include intravenous, intramuscular,
intraperitoneal, intrasternal, subcutaneous, intraarticular injection and infusion.

Pharmaceutical compositions for parenteral injection comprise
-41-
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Compositions of the Invention The invention also provides pharmaceutical
compositions comprising a 5 therapeutically effective amount of a

W@ampadtedoof formula (1) in combination with a pharmaceutical§T/US2007/071849

acceptable carrier. The compositions comprise compounds of the
phdrmeneuticiiyadoeptbtig stediedtiueoasmrmonaquesntexéoipkiansiaceutically
; b ' T : | itions can be formulate
e e O A S e SRR PR aS
steril-jniactablaisplutiansmor dispegsiensa ramplasatralablecsapesieand
NORR{IEOUSACaHTEE, ARRINISTSAVES B Vi Te dNREI SR 8RR P Dt

filler, diluent, enc&gﬁqul ting material or formulation auxiliary of any type.

. f any typ
(Prepy, 8%9%’61@? XenR YEAlcaYesdeANd e ke RRdatitahle mixtures
theesmfyprabitatiertiis (suels agaotvelsil) asdacjestabl urganicRdtdhs IURIVSE;

. I . cell ndits ..
o B B W SRS SES Eintbuionsmey
be painlgnedorexapiiridethe agacinieonting gethas tatithindoatbetter
maitiieharBE & IRErEGUIRR] PURIBNCSASIRIRE LY SUIGRSRRIAS ana o WRr
oil, sesame oil, olive oil, corn oil and soybean oll; glycols; such a
usep?f)ﬁ&'ma@%ol; esters such as ethyl 20 oleate and ethyl laurate; agar;
buffEie agemiositions faﬁwmsmhy@umdm%admwml _m&rﬁi?e:
ini id; en-free.water; isotonic saline; Ringer's solution; e
=od e A S RS Rl e R Sing AR . tagisnton of
themﬁm@bmiqmmﬂbmanasmemmwmms amtibechepieisnh
antfRRA Baéy Fr SRR B A9BEH, _@%m%?mﬁe%ﬁtw&gggﬁ: and

sweetening, favorlzqqﬁ 5 and perfuming agents, preservatives an
B

the likgo lldRAYsaisH badesisabledeip@ deiseinnie agentsaéeuearmnie ssugars,
sodudgOONds ana oid e IFRIAGES SSDIBRBATH: the iffBgaamaceutica

iti f this invention can be gadministered to humans and other
ehaftitatiicalTamn My B rabahfabay Tiiloe ias ek osnin.Selaiasy
abSntMperitoneﬂmnlephiahw(ambyqnmst@ratmmgat?t'mr. drops), 30bucally
O 37 BrULRLARPORRIPY BIOTolfH ThoRAHER B Yru 85t ESHER Gllirabe
refers to modes of administration which include intravénous,

to sleyuing absriptinn £bdhrstivalfmm sieeutaneous erintemyseuiasitiaaton.

ThidiR&}i®e aBednibIkABd Bhanaassicali§arBASHIIIR oPRIGSISIAE or
injection comprise. -41- pharmaceutically acceptable sterile aqueous or
(Btgligheog

amarRNoNsLBa Rl LY, H e P ARSI S dha hivg

thepaependsapatitasttetafrdissolution which, in turn, may depend upon crystal
size and crystalline form. Alternatively, delayed absorption of a parenterally

administered drug form is accomplished by dissolving or suspending the drug in
an oil vehicle.

Suspensions, in addition to the active compounds, may contain suspending
agents, for example, ethoxylated isostearyl alcohols, polyoxyethylene sorbitol and
sorbitan esters, microcrystalline cellulose, aluminum metahydroxide, bentonite,
agar-agar, tragacanth, and mixtures thereof.

If desired, and for more effective distribution, the compounds of the
invention can be incorporated into slow-release or targeted-delivery systems such

as polymer matrices, liposomes, and microspheres. They may be sterilized, for
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sterile injectable solutions or dispersions. Examples of suitable aqueous
and nonaqueous carriers, diluents, solvents or vehicles include water,

wegansiopdlyols 5(propylene glycol, polyethylene glycol, glyc®Gl/6$a9ae71849

like, and suitable mixtures thereof), vegetable oils (such as olive oil) and

exampleabyditratioridlesigh aurtiesiatetbviegtaiter supedrisiatimibereof.
st B oA Gy B R RGeS

use a coatlng Su m mtenance 0)

in %ﬁf&%@wm@e&&@ut@rﬂpemt@lamwmemmmmwmm
Thqs.jé@@meQﬂaan%W@&%ﬁ@@tewa%ﬂem&%&%aaﬂsgavﬁames of

agents, wettin ts emulsifying agents, and dispersing agents.

the GG FSBIAERIS Ho BTIATE S 2% Goly ARl B RHRRRIS, JapRRATing
upcarifiiesrctiiviaf dneyaotifolygedragehtie finatareofiiee pam&IﬂQSpaWﬁr&butanol,

l,8Qrhi 5the like, It ma deS|r include
omp78c B8 e AU A ekl caPos RAlRA, e plol

biogegradakie a@bfmpfﬁ)mdﬂdeennjm(aamﬁhwhmiammbmvdnday)béaepot
|nJ&f%ﬂ%ﬁﬁ@%ﬁlgﬁé%ﬁsﬁ@fﬁé{ﬂ?&%WMGQWEHECH}U&J es or

aluminum monostearate and %elatln n some cases, in 0 prolong

MicREHISIANS WRIFNA® oBRaitleyilin oy H854RRY the absorption of the
drugrfmrqu@tarmamwmet&arz@wmréxzmﬁlm%\y Bftration

Ned by th f I id talline or
e R o B PR e TS e e
of smeglg rﬁqjldmmjmsdm wichisanbe distiebeld bodisperheditusteriiayater
or diﬁ@ﬁ&@rﬂ@ SR ﬂéﬁl 9 F@P%Jgém Alternatively, delayed

absorptlon a parentera |n|stered drug form is accomplished by

disdBiRFtRPl: E[?éi?éﬁ&%j't a?@g‘meaﬁ'@wl@émeréable FURAMSSRBNS, in
oleagifbiansios fum sioheenta RO AT SsUorain wmﬂm%—mfs.#@

s HEP R s aan é%‘%’ﬂi%@é%e%mﬁ‘éx% Aot IR B,
|nJebtahbrmepamagamwaajsmaastdnglandammgmlht&mmuspeﬁsﬂﬂﬁhﬁed
emaef&mh@W&%ﬁ&&tg&&ﬁm@'g&ép GHRES: YEAPYGERaL 8" b

incorporated Into sl eleasé or ta |very systems such as

Sollﬂtﬂyrﬁb? rratiapsdiglo ynang Wﬁﬁemabmalchwﬁaylmwnmmay
be éMpRRHRIR \bﬁt@FrR‘ik‘i’ébW%ﬁm&'nb@CS?Paé%%%f&@éd?ﬁmchlonde

mcorp ragqj(hof st r| zm ents in the form of sterile solid compositions,

sollirin oY SR arnaavpaimelyeraorg fecsaent or
suspesing inediediatEtyr hmﬁaperpsec_alamcm{d tiredoibcans bsempidgdey
inclmmér@mﬁgﬁ)@ Hm%%%ﬁ‘%ﬁ&%&?f&%%? ?rﬁ addition, fatty acids such as oleic

acid are used in the preparation of injectables.

Solid dosage forms for oral administration include capsules, tablets, pills,
powders, and granules. In such solid dosage forms, one or more compounds of
the invention is mixed with at least one inert pharmaceutically acceptable carrier
such as sodium citrate or dicalcium phosphate and/or a) fillers or extenders such
as starches, lactose, sucrose, glucose, mannitol, and salicylic acid; b) binders
such as carboxymethyicellulose, alginates, gelatin, polyvinylpyrrolidinone,
sucrose, and acacia; ¢) humectants such as glycerol; d) disintegrating agents

such as agar-agar, calcium carbonate, potato or tapioca starch, alginic acid,
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5 the drug in biodegradable polymers such as polylactide-polyglycolide.
Depending upon the ratio of drug to polymer and the nature of the

W aptouipwolymer employed, the rate of drug release can be ROTUSHeE/071849
Examples of other biodegradable polymers include poly(orthoesters) and

cerigingitiaalasiand)sostiyo: carbonairs Rraclikiooretarsingragartsasechias
par@fiianRipSoipRich %é@lg%ﬁmﬁ%?dﬂﬁi@iﬁ?#|§iﬂﬁl%mmﬁfbaﬁ?pounds a)

compatible with body tissues The injectable formulations can be

We@ﬂ&. Qsatﬁavaaéaﬁréyw?ﬂna et &@ﬂ'ma%tﬁaﬁaam.ﬁeﬁﬂfewsby
suchnas ekt nagdstmﬂwngeagemtanu thiuteianes stmﬂeasobtt cc&maltmb?rate

e A e Rt b St e

mlxwfsmmereﬁénle ihﬁmblefmlﬁsdableaymlmspemmmmay
alsdYMPRGARFRATIGGihELe known art using suitable dispersing or wetting

agents and suspending agents. The sterile injectable preparation may

als@B‘@&%’i‘éﬂ’FPé'HﬂB‘é %B!@Tdﬁp%lﬁ‘@.ﬂéﬁ@er%re@?ﬁ y¥ashan Blleesrimseit

anmmmailgaana [RabdalgEusM P laRebeetirsuik asgarZdsSNtieNHiyh
13- utane the fyscg§table vehicles and solvents that may be

molgrt%]up 53)%8 \R/X%Bylg'ﬁ%g tion, U.S.P. and isotonic sodium
chld'mueﬁstutlniosagﬂ totoisafi tabdetls, diagdes| capsuesypilitpaat\granules

canBBIRIEH AP Rty %n;gs SO gUBe AL ER Uaa@gs;ggg dge@zf'and

fixed oil can be em d including synthetic mono- or

coafipariwgll pgnatinshe pRasarsities| dermulatingeartin theyreameptionally
codﬁiﬂ%@bkﬁﬁ‘ymg agenltsl slasase é‘l%fmﬁef oF Qré’émﬁ%méﬁﬁ'ﬁﬂﬁé@ WelRase the

capsu ?ﬁts ills, ders ranules. In such solid dosa

i TS BN R B AR GFETS Bhn EHAR Rl B e S EeeH
a de1|aeye¢mmnmeﬁmmmpmalawmmmﬂmbﬂmmmﬁ%ﬁhg
rela '8#% %@ﬁ%’%g ?EQ/PEE%H'AT (é%liﬁf—: tcegfﬁ%?aﬁu 0 20a5%skshes,

close, sucrose, giucose, manni sall C acl k%nblndaers Such as

car%@mmimmah@Mawlqulmlnlsyempmmmne sucrose,
supa%m?e@wmmes&aaﬁép%&eb auﬁfg%éﬂamwewwm%ﬁuﬁh

S agar-agar, calcium carbonate potato or taploca starch, alginic acid

with i e fonvrEitaling ST SUEbAS RRCRIIEsPRIVSMBNERINEOLIR

sumﬁ&f@fﬁgaﬁwmmmbmae @mrgm wﬁpa&lmwtﬁmﬁqmaranmua m
ounds nts, such as cetyl alco

e AR R R O e ane i R ety

activbdommpeusdkch as talc, calcium stearate, 5 magnesium stearate, solid

IOO'l?&ﬁ)ﬁ%gb\écfﬂﬁnéqg%l%Muﬁ%lf%i?oﬂﬁ@lﬂ?ié%%?rﬂ%%@ﬂfcéﬁ}he

case Of capsules, tablets and pills, the dosage form may also comprise

acqs@fﬁbﬁﬂ@@g&'ﬁgs m'@eﬁmelﬁ'ﬁﬂésﬁﬂiﬁgoaﬁa%lﬁmm9ﬁé VRSP elixirs.
In am?mtﬂyﬁsitﬁé B&ﬁﬁ% usomﬁba%dsh?idﬂlﬂiad a@bﬁaga ﬁ@ﬁﬁsﬂ?ﬁaywﬁl&‘lﬂﬁéﬁ or
milK s araswe h 10molecula el oye ene cols. The
dilugry eRBmAtH HRec s o S BLe tran oies S
solbmlmegawmlﬁndcmm@memjmmIassemlyl moehtﬂrusmmmygalamimbbtémyl

carb TR EIRRE, b @fxpaeswacsuﬂ 1691 SQHPUIRUNG B8R ERE YR, 13-

o tlon ontaln opac agents and can a comp
but; glg@@leqmethylformamlde oils (in particular, cottonseed groundnut,

corn, germ, olive, castor, and sesame oils), glycerol, tetrahydrofurfuryl alcohol,
polyethylene glycols and fatty acid esters of sorbitan, and mixtures thereof.

Besides inert diluents, the oral compositions can also include adjuvants
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15active ingredient(s) only, or preferentially, in a certain part of the
intestinal tract in a delayed manner. Examples of materials which can be

wa@igedunfopdelaying release of the active agent can include poRET&rR2007/071849

substances and waxes. Compositions for rectal or vaginal
suchdamiwietiingagantspezfielsibjingLambsiiosiesdingiciyems haveearias] by
XI is invention 20 with suitable non-irritating
ﬂa\}é%{;‘.gaﬂheup“ﬁlfﬂﬂwﬁw@g;%&g?

carrfers such as co er, polyethylene glycol or a suppository wax
whiBesagessimafentepical ehiaasdera adminstaetiougfte ropmpund ahd

thistiHVERBER TREILHR BRIFREHIE PiYagiRAl SRAYIORBAY. @ﬁ:?%g%%ggivs%lutions,

compound. Liquid dosage forms for oral administrafion includ
Spry ANk AN PN PrdBRires RARIBRYNG R theninrsRlian ibasdmied
underseriisiconditionpwitng phdirmaceatedligaiedprabriivaraerie ads, the
ne HueLah%pe%% i{,%rsmos m;c}yecsoggam in%rét diluenta cg?m only .used inlth,e art
SUCh™AS, Tor example, Wateror ofter sOrES s Bgf}iﬁrké'% mulation, ear
dropsn gi¥fieinireots apavkgrsiahsblidionspie alsolinternyplaed as digingthy |
wit@ﬁ?@%e@ﬁé‘@f'tﬁigmnﬁgﬁ‘?w benzoate, propylene glycol, 1,3- 30

but){_lene.glycol, dimethylformamide, oils (in particular, cottonseed,

grotiRBIRTBERS RAMEDIGEADE A Hets B3N eRNENS), inigdditen to an

actilesredyigeaindiorthi Gelsntion) iy RO VERiBBRIFALYoRs dvasisy's of
sgrbita and . mixtur theFrLﬁof. Besides inertdilryents the oral

e "
pargiin, Mo taocerinn cRHose fonvaLves Pavansens alveplaiticones.
benrtonitksfysiligiaadidutale adihging eride sorambetanes, thevesfng, and perfuming

oS S B T S

€ ointments, pastes, creams, lotions,

invendienplarigses talasilicis, asigh alyminwma bydsoxsideaealeisin siicates and
polgABe wokaéiher iﬁﬁﬁm@@dﬁtﬁé%%&tﬁﬁé&é@%ﬁ@@ﬁ%%ﬂaﬁiy
e

harmaceutically acceptable carrier and any needed preservatives of
co ?Jﬂé:r'ésm%%89%12&5}%apﬁfbﬂﬂ%ﬂmeq’d?ﬁ?ﬂpéﬂf%?@?ﬂ%ops, eye

oinQuenpeupde/detheindatiotionsyeaisalse admiarsRiriethapdeing vBithin
. %@%op IS i 0 intments. past reams.and gels
hpomay cén'fsés%%tﬁﬁﬁ%ﬁﬁﬁﬁ@;aa&h @gﬁsv%%éc;sn%ﬁ% r%%oréiﬁﬁs& e if&?n',nanimal

phogphalinids 5| etheslipitssubsiansasaldffreonaesrere fergmehbihmosiulosanulti-
nawféﬂg‘waymeew@@ms@@lm%réfiHréab?e@mgnaaéeaﬂmé&i&nta'Rny

and zinc oxide, or mixtures thereof. Powders and sprays can contain, In
nonsiRtioRTYSIRIRUGAY ARFES BPIRIENE: MRERakzahic pic canablsiRf dosming
liposbmesmayperosede, Taecprasentaainpositdrlyinpaeopmsvidem eiapiedntam,
. Of stances. Spr can additionally.contain customar
IS5 MR, R IR VAU SIORE0S ap e
|ike:+nVé‘ﬁtl@Iﬁfﬁ_Ta§ddiDi§ib@radhﬁmswrebanftlsaﬁmeﬁa)bhpspwpklsﬂmd; known
phdSpihRiaficHBRsNfstRRm O assa Sepsrie BPMgether.

Methods to form liposomes are known in the art. See, for example,

Prescott, Ed., Methods in Cell Biology, Volume XIV, Academic Press, New York,

N. Y., (1976), p 33 et seq.

Dosage forms for topical administration of a compound of this invention
include powders, sprays, ointments and inhalants. The active compound is mixed
under sterile conditions with a pharmaceutically acceptable carrier and any

needed preservatives, buffers or propellants, which can be required. Opthalmic
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20 phospholipids or other lipid substances. Liposomes are formed by

mono- or multi-lamellar hydrated liquid crystals that are dispersed in an
WQ@ausas8imedium. Any non-toxic, physiologically acceptable ®6d/US2007/071849

metabolizable lipid capable of forming liposomes may be used. The

formidations;eye atilioesn is) poaEredadnsodyrenaiaiboimendsiited Esl'izﬁngh
; of the. ir ion, stabilizers, preservatives, and the 25like. The
iR e e MR, RSl SRepanrns

corppedpas afiiherpraatiqneaise ass gooteambatedely or together.  Methods

to fore BRARIIRESEE tHRoMIR NG betRe@IEIRITBIR Sescott, Ed.,
Methods, in Cell Blolo%, Volume XIV, Academic Press, New York, N. Y.,

PhagagsuleaikAcsEp B FSHRTS 18% 36pkes darviedframuineoanic or
org_anin[midxi_rd’l'ﬁlhﬁw&rﬁﬁmh@gﬁ@@b@(}%ﬁ?ﬁ%ﬁb@@ié%@ﬁ_i!ﬁhé%i#es".
" ve com nd I, mixed under sterile conditions with a
= e L A Sl Sl kel At birons.
estpifnd emidepsfaompanisis ohfionmulecilretiod itea witbimtiie scope of

soJﬁH%&é[Mﬁz@Qfﬁéﬂﬂt%‘ﬂaﬁeRBW%%WRI?E@ ASQUE TAIRERS

being within the scope of this invention. Aqueous liquid compositions
a"‘%&ﬂ’ﬂ%ﬁéfﬁfa‘elﬁﬁﬁ%’%y'aﬁ'{ﬁé%?amimmaémﬁtaﬁpmw anskthe like,
areccunmenslE atbtihetiny esdisshable benisdidk Haedosmdoire BReERRCRIIREIY
inte%%c%nﬁ?,ﬁle salts, esters, or amides derived from inorganic or organic
amgs. e term "pharmaceutically acceptable salts, esters and amides”,
as Uswdterncphaotaceutisaiyadeeptables saltlirefersitbatidiosatislishich are,

witki e QR LSRR TRINESS ﬁ‘?éﬂ%ﬂﬂ%@f&‘?g}e%g'ﬂm(@ow&‘&w Tthe

within the scope of sound medical judgment, suita or use in contac

tissjigs ohByreans apd iRwes AR Wilbaktunsuetexistiolititationcatsigio,

respoitsidoanaliaeikecananse, consheAd et iRt AMERSHARE bR Bfrisk ratio.
reasonable benefit/risk rati, and are %ffective for their intended use.
[

e
Pha RS ClY-RReeriahiE IR s g aliknom fRdbe 36nbe salischnies
prepasediithéitudutogdbeofisallisolatiedisadjpddficatibrsofttie e denpiamis of the
i : I | nimals without undue
I P ene L1 et o PEERARE (TR SHIER e
aciyith a reasonable benefit/risk ratio. Pharmaceutically acceptable salts are

welRgppge itative HdidT AR M3 RRIBERDHAGIR FbH IFHIEY thadiiale,

sqlatign, aq rification of the compounds of the invention or separately

a5 HNE  FiBiSn e AN PATFPRLE, RERE B gHliRT2Bn e
butwergewnm‘_lmatach;hadﬂiﬁwuliahatmcdlgﬂmdrme,rgmcédbpm@bmaetate,
rrf Yolatea NS AR e N G e,
hycﬁgj@gi%y%gyﬁméyethansulfonate (isethionate), lactate, maleate,
methanesulfonate, nicotinate, 2-naphthalenesulfonate, oxalate, pamoate,
pectinate, persulfate, 3-phenylpropionate, picrate, pivalate, propionate, succinate,
tartrate, thiocyanate, phosphate, glutamate, bicarbonate, p-toluenesulfonate and
undecanoate. Preferred salts of the compounds of the invention are the tartrate
and hydrochloride salts.

Examples of acids which can be employed to form pharmaceutically
acceptable acid addition salts include such inorganic acids as hydrochloric acid,

hydrobromic acid, sulphuric acid and phosphoric acid and such organic acids as
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hemisulfate, heptanoate, hexanoate, fumarate, hydrochloride,

hydrobromide, 25hydroiodide, 2-hydroxyethansulfonate (isethionate),
Woaseastmtleate, methanesulfonate, nicotinate, 2-naphthalen&SIos2E/071849

oxalate, pamoate, pectinate, persulfate, 3-phenylpropionate, picrate,

oxatitvatide nualeicavide saociticadeidaatialgitripigsiganate, phosphate,
glu fe oluenesulf nat d un eferre
salgggﬁr%ad?ﬁlg%nsgﬁr%js Pfh’u PIvent or'lnasret iﬁ%afngﬁi lon an
purifigatioehnd Geenpausds of thiainprntion auioeam@mwmmoybmdmng
molRAPIWIAGELAE BestRiabirRARbaRIHRRA L iGHKlE 8PBI&£?86%Q{E%f a

acids as iEil%lldrochlonc acid, hydrobromic aC|d' sulphuric acid and

PhasmassHERRIX aaoeRtpbla-Mele)fationRIvith pmeRiaier Al raaaieRIEATY.
sewmdarytbatadueﬁfndnrﬁ‘ms mmacemmﬂé&@w@l@ ﬁ&dm:r]gmafedal&

| rnng_the final 1Isolation CatIO compounds this
notT]rtrit% ongbynﬁgg%ﬁﬁg%aiart?l%ﬁ rﬁ%ﬁﬁ Bt?‘ﬁ’ﬁ?‘?é%‘iﬁtﬁﬁle
|lthlb%@@dlcmammﬁymo&aﬂ@uuamgaasmnb|eadaahmahmomas§lts and the
hkePQﬁB"ﬂ%ﬁ%ﬁi&%‘dé@?ﬁSR}%Wﬁi@ﬁ%ﬁﬂt%ﬂuﬁ’é BRI %@ﬁﬁ&%“'c

primary, secondary or tertiary amine rmaceutlca acc e salts”’

te"ﬁfﬂﬁ}l}&'aMﬁW%t‘ﬁHﬁ@H&@"@ﬁﬁBhﬁ%dﬁé@ﬂﬁfﬁmﬁl|dﬁ§@§ry|§ﬂun&1hne
tnnféﬂi%fﬁﬁt@!&r%tﬁ?lﬂ%lm\'mtrmﬁhiﬁb RAFRSINAL SALFWR sACRESHRer

minum salts, and the | and n ntoxic quaternary ammonia and

rep e e O e ety It I LR 4 A ipn sais

incltstecatthyfemediamioe) ahhlathglkmnme dnbltheﬂtyhrnhme piperiimgdaanae,
pi épﬂmélamlne diethylamine, ethylamine and the such as. Other
representatlve organic amines useful for the formation of base addition
salidIfifeithgcbagiceitiogrirtaalaifing eranns cam b aueternined wilbriticte,

ageﬁl@dﬁmlﬁﬂt ﬂﬁéié@s%h%ﬂ%ﬁ?ﬂ%‘ﬂh %BW%@HB@F&“&?@ES
ternlze ch agents as lower alky halides such as methyl, ethyl,
orogygh FcHiB'ﬁéjg

B¥and lfRtes R A5 LIty distinyh M@@G&*@&&v'
sulfdies: tloylg «tlmhyhaildmt)élmlrdaél sy slalmyeaninigyeban Siebfs TS

Ry chlerides, bromid d lalky!

brof e T e AL A Sips

andoﬂtaalabré/atea@p@ﬂ§9lgMwwambmmmmammerebybbtmaﬁ
"Phar@aseh HRINCARIENIG Sep1ans e8P LRI KRl SRS P57

comgounds of the invention which hydrolyze in vivo and d include those that

estefakemnevadsiRf metwévr%uﬂ%%ay '?MqE%\V%etHbe‘é?@rﬂ%WB%HaPéﬁa
thatshietikedoah Eeazmwlasrm‘ mﬁnwm&awwmmﬁm@sﬁmﬁ

tnell R oo e R Al e e
lnvmmpmmu@m@im@mym;emmp‘armcaccmmambesmse-ttmagh Cy-
to-CRARPUSSERY SRS SHCESRIR SN Qfnpounds of formula (1) may be
prepared according to conventional methods. For example, such esters may be
appended onto hydroxy groups by reaction of the compound that contains the
hydroxy group with acid and an alkylcarboxylic acid such as acetic acid, or with
acid and an arylcarboxylic acid such as benzoic acid. In the case of compounds
containing carboxylic acid groups, the pharmaceutically acceptable esters are
prepared from compounds containing the carboxylic acid groups by reaction of the

compound with base such as triethylamine and an alkyl halide, alkyi trifilate, for
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appended onto hydroxy groups by reaction of the compound that contains
the hydroxy group with acid and an alkylcarboxylic acid such as acetic

W@zid7as0ith 30 acid and an arylcarboxylic acid such as benz8CTAE 200071849
the case of compounds containing carboxylic acid groups, the

exapiplenditemistiafjodities (iahbyldstide, aoyclupaatye ibtide. CDheyasolsnay be

|
Preg B B o A P B SN R E R MR R S i,
an ag sﬁ@n@ﬁ@amcb@ﬁmmw epcaéqsmﬂwu@buaé metsarpsoratiapel.
PrepREA@hY RatescelitlaIRaeREHAl e UHAdEN B ENgsEATRENIHC REHs to
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the 3MIKe g1ia rﬁé%%% (FiHe foRahed amipesAndiseeandany L ios cor‘%'té"t'ﬁﬁ
Smines. ecaseo secon ary amines, the amine may aiso be

onefBitrpgea FHoor. mﬁba@mét@mmaﬁaﬁgﬁwmmmmndes
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C1-to-C2 dialkyl secondary amides are preferred. Amides of the
of femyia () LN % ReeRRIIsC BSTRIIRG IR sparertirna) mpthadtonventional
thﬂvwﬁcalwm@mmaammbi@wmdam&ewﬁdémaunmg
compounds containing primar OF see ndar}/t mlne a rea tlon?
P S SO GP A TR A R RS SO O kOISR A ehTaans Jhe
amiaorgratigeyitic anhallisleani yayd ectice anhyideide.sacyf balrdpoanda/bbaﬁelmllrg
the%%@WE%BBLHB%%@?&@@&%&%@%\H @&CQH (?i%ﬁﬁ?&éﬂ&%uy

repare from Compoun S contalnlng the car Xy IC aCl groups

accepighlshesterars RisRaRad fieNhee@RPdsCaMaNng R Cafaehx)lﬁaﬁh’g
groape?ymbtm%ﬁ@mwbgamdhmé& %Uéﬁ%}@?létﬁ%ﬁfﬂﬁﬁlg and an
amine, dia am I exa amin mlne
el B0 AL A e o e Y O T B B R ST e
an alkd@ohipe, smaikwlammmrioraxdraplé anithaikgttetbmintc diettydantines acetic
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atlng con ItIO S as wi ar SIeves a € composition

Su%ﬁﬁcﬁiﬂﬁﬁfﬁ a%e b andtyterrhoxyhe Gﬁ'ﬂﬁlﬂﬁhf@ﬁrﬁ‘iﬁt& asishreavdtiviasiny
an@gﬁeé}wé&eoas@ﬂ&ma’ BadR8 beR2biaEFRIB aergBtabiR REKHeNSas

prodrug”, as used 25 herein, represents those odru s of the
w'ﬂa ISR ardertid H“ﬁ/ﬁfﬂﬂ%%"%]tﬁﬁﬂ‘ oA Rt gl
mvgam“@mbnmstﬂdmIeff@phaanamnmwmébeabbsp&sdaﬁglumans and lower

22 :rr?naésn%{:ﬁa#ﬁﬁ%easory%%%?e %ISSKEQ %?p@(gl& WIVE fOFQEeeII’

hergirigpteseRisHROSRRFOdRIGS mﬁmg@mw%qhmammwbm@ﬁn

withiNeHe ébBﬁé%Tts‘Eﬂﬁ@%’éHidéi IQH@H@\(%G%W&M BYRS8Y fiitHhe
blood. A thorough discussion is prowded in T. Higuchi and V. Stella,

lisgugs. BFM?\I%%I %ﬂ/@%f@ﬁ@"\/“ﬁqu@f W?@C)iyc'@t%ﬁﬂpﬂﬁ[ﬁw
resﬁeﬁ@a andithe mmmmm.maomle Bensfitsisk Eaticg and
L d A E I B TR

iIncor ora rence

traoﬁmplmwpnamwﬂmmmmm!mdk é«r@ramem&mw
hy&%\}Eﬁ%K%S& f%m%&amm&%m%mmw GRGRMRAY . Stella,

5formula (1). Methods e Inventio
Pro-drugs as Novel Delivery Systems, V. 14 of the A.C.S. Symposium Series, and

in Edward B. Roche, ed., Bioreversible Carriers in Drug Design, American
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The compounds and compositions of the invention are useful for treating

and preventing certain diseases and disorders in humans and animals. As
W@ 00 1isppidrtant consequence of the ability of the compoundsPOMi§2007/071849

invention to modulate the effects of histamine-3 receptors in cells, the
Phaungseutical dssodiztidnatitcfrevgation Paessf{¢0Bp) istpity tataisassesy
refé'?erﬁ%@ans and animals. In this way, the compounds and compositions

described in the invention are useful for treating and preventing diseases

and'diednvertionrantaepisieriphamacaulisalbcagtivescampivangs eibement
ch@ﬁﬁmgfz@m @&ﬁﬁé‘@ﬁﬁﬂ%ﬂ@%ﬁgﬁéﬁWnb&n@ﬁ%t@gl#éfounds of

for Ilﬂﬁlvely modulating the histamine-3 receptors in a mammal, by
'QH sterlng a compound or composition of the invention, either alone or
in comblnatlon with another active agent as part of a therapeutic regimen.
Mem% %H‘le invention, including but not limited to those
amples, possess an affinity for the histamine-3
recé'ﬁl%@mmlﬂﬁdﬁem@ camepesitipas nfithefinventiopraierusedyl ber treafingor

andRdVRAIIRG CRBth RiS¥E8EORM diSERRES Wtﬁﬂﬂdgli?gﬁfgﬁnn%?s As an

attention-deficit hyperactivity disorder (A ICItS In attention,

impQriaRk tenseyence Afdbe abil Hléf?&l@%??ﬁ&%?ﬁﬂ@&ﬁhﬁ@@éﬁﬁ@ﬁﬁhrenla
modOW|m@gwt§@ﬁlﬁstﬁﬁﬂﬁéfS%%3mﬂ@tweéﬂ%ﬁm@ Gt pOuh RSEABER in
ic_dis s, Alzheimer's disease, mild cognitive impairment,
thegﬁﬁgﬁf@fi gelzures M RS w3 gr%%ecf’%\%?ﬂ%b Wﬁﬁﬁ)ﬁrg@{f 5. In'this
wamlzme@@pnmda@wmem;tmmmuumbnmme meemgoncdweajseful for

treéilﬁ?%tﬁ& p%%ﬁhﬂ@@ﬁ@a%e%ym Q{QS;&HQ%EJS@%@Q%S?XH“& 3 sleep

bolic Sy drome, pain, InC udlng neuropathic pain,‘neuropat

'e°8f§8Faeéymﬁ?ﬂwéi%ﬂ}"}?&h@w%@@g@éﬁmglﬁ@@wg andgispidass can
be mmlealwammmylﬁfo@mm@u@ﬁrﬁém 8hE8EpePGATERHEHRal, by

disorder, Tourette's s éndrome Parkinson's disease, and medullary thyr0|d

admifisietiia & componn Oéﬁ&raa@ﬁf%ﬂ&&%}%ﬁﬁﬁwm@tmﬁmﬁ@wﬂ
corhbitativnesiherweher anlivelagest asgarbnfagherdhetitz cogimennds of

ALY A Yn%}étn?foﬁe%'cﬁ}b‘fﬂg%?r:fﬁ?%t?ﬁ%‘iﬁg@%%’e%ed

examples found in the oIIowmg referenc

in the ¥ADRIES PeRsEsY ARAAINIYTRRG histeminaid !t@@eniom@‘edébemfme in
thetBEnfyQURBLES! RiAE AT HRIY BeficdbRyner et \Huatlisandsh éPeDEH%n of

and deficits i attentlon may be demonstrated by Cowart, et

diseq355 OpEBRANANS SUSh. a8 Jltentign-defigit, Wﬁawﬁw@ar@w@r@of
demsns*mmntmmmmmowm&wmmmlaaﬂommadjﬂwhmgal

scf@gﬁﬁ@nlg %8%%\?&0%’? EC&%%RQ &gl POteEt aré%fseilecméid

amine 113 Receptor ntagonls ourn AFmacols
dy%m@mh@ap@gm@g@o&;@mer s disease, mild cognitive

impairment, epilepsy, seizures, allergic rhinitis, and asthma, motion sickness,
dizziness, Meniere's disease, vestibular disorders, vertigo, obesity, diabetes, type
Il diabetes, Syndrome X, insulin resistance syndrome, metabolic syndrome, pain,
including neuropathic pain, neuropathy, sleep disorders, narcolepsy, pathological
sleepiness, jet lag, drug abuse, mood alteration, bipolar disorder, depression,
obsessive compulsive disorder, Tourette's syndrome, Parkinson's disease, and
medullary thyroid carcinoma, melanoma, and polycystic ovary syndrome. The

ability of histamine-3 receptor modulators, and consequently the compounds of
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10 176-190; "Effects of histamine H3 receptor ligands GT-2331 and
ciproxifan in a repeated acquisition avoidance response in the

wapaTaswously hypertensive rat pup.” Fox, G. B., et al. BehavkeIvalSBre 071849

Research (2002), 131(1,2), 151-161; Yates, et al. JPET (1999) 289,
the Invehtidry 99’ prensfit atitreatrsLiEthdisordere i e ridrswated 18tiexaniples

fouﬁ%[ﬁe@gff&igwi&glféfégﬁ%gggted-Imidazoyl Histamine H3 15 Receptor

Igands"; Lignedu, et al. Journal of Pharmacology and Experimental

Therapabilty of fusropwrowsis ebtherioyention, ingludingpipit natHisnied toic

noBiripRired ! ishladAat
ool ST R

=¥ efigitSiln atentiou PRy be-Armentigied by Soward cela! BuMesy
Chemd 28i06,048 kKBAESS). FBmiIGZBSR? glaﬂ??ggﬁﬁdgﬁfkiw&fdr@é@b& ABT-
Oha I.2(5:598:60¢ . Tedfard et al. . Neuroscil.
20d, e Ruoble chévaeietiontiof s bebad PradinBa Bpfcagyy
COS{Q’@QB)?(EIé@,imnﬂr,eei%ﬂ_b.f'mﬁemmmdéﬁﬁeww?rmmmhsﬁsd%epeptor
AntB?H?ﬁ&iedi hyﬁﬁﬁRQY&%Q%%%S}%&féﬂé{?ﬁr‘i’m@nta‘f%@é&?}?‘&@yﬁos

cinal Chemistry (2002), 37°11-20; Schweitzer, J. B., ar!o\ Ho coml),s?—?.'
176:1 905 GRS pidUs RRANS a6 RABICRHEARER GE R e Lntafamsirger

repé:w@abﬁlﬁfbﬂidﬁﬁ h;/dﬂm_ @?éwbﬁééﬁtz ﬂ?@@gé{aaﬂfe;_&z_sly hyﬁaﬁé@iw Rt
the.co n invention, inclyding, bu mi _those

pup G B e o B NS Bt e AP A T8t o
Yatase @il JRETdAR98) 288 bB1dE168: iderttifichliom andPhatraacoksjiative

chaidaonaiiATsls S iseoPIsATIag R AAMAL A FALRN hin

vivo behavioral and neurophysiological characterization:

Recgpipraigansdearianspiyyehal uwaahadRbamacplear @ngdBrpesimgntal
T e Ml e ST s
nitio nging -50- US2(
o R K BBt LA e R R 25882,
Periphgall N&32uB SysientsinbestigalictidisDrogs € 1999 MafamisehiGapmiget
| idati nd reverses o .
o 2 e T T, SO A B ARV s ey
Resy/6108h@2 A8 mrdfoRkelaliodrARrmacbdomnchng 2I60598:604219;

(1968)0te iRl &l alN YO FEEURIBEL RYYSIE., At ?@é@,aﬁﬂh Fol08k at° Behav.
513é£rast et al. Brain Research (1996) 734, 316-318; Chen, et al.

508- . . L
Broly AP o (100085, QR AcrEis RO detst hyperactiity
disdrie8 phthuhhysiblogyrany desigitsonnewlinbmarmize ianmed Relboressh

) ' "C hj igergic, system and,cognijtion” 10
Mo B R B T el o P AP pRleam. Hrf
"Dragsiupdettinvestigationder aftiertivrdefioit hypenattiyity disood érhiGoremt

Opimeﬁ‘?rﬁmﬁgi?&m%rﬁé?@@@ﬁ) 10 gt schizophrenia, cognitive deficits
of schizophrenia, and cognitive deficits, may be demonstrated bi/ Fox, G.

B., &heabiiheghihestomearps st hesprentiqnpinslyding )
tho§dhspacifisiy atinie Bxampl &y ordtrse dinraiailisne Wiseeaa W dits of

Schizﬁ enia of a Potent and Selective Hjstamine H3 Receptor
L R BRI
noniptdaae 3 reeepddr antbgphistshddtdt2haot A-317920: II. In vivo
behavioral and neurophysiological characterization." Fox, G. B., et al. Journal of
pharmacology and experimental therapeutics (2003 Jun), 305(3), 897-908;

"Identification of novel Hj receptor (H3R) antagonist with cognition enhancing
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prepulse inhibition of startle in mice by the H3 receptor antagonists

thioperamide and ciproxifan.” Browman, Kaitlin E., et al. Behavioural Brain
WERMHEARON1(2004), 20153(1), 69-76; " H3 receptor blockade byCT/US2007/071849

thioperamide enhances cognition in rats without inducing locomotor

prmnwszuatmzs Oglmgtzersv ggﬂéagrgbtﬁﬁxgbgé&mmeggt?gséwﬂéat 1), 33&-
0 S nsen eurs
Ss?%%@%]ré%gﬁ gri(f) t% re%‘a%f'erac’uo'ﬁ W gﬁﬁﬂ%"xﬁﬂ{ﬁ edr9§?am|ne H3
dependpdlyiankanges memesh Gmmmaﬂdhlandm@lmgp Erpe&3jdlihd(Red by
dlzgéﬂﬁnéézgc]aﬁgfbrﬁ’ ASSAY cﬁlteainaﬁﬁﬂfﬁ% %.l g%?g
ewews 7-113;

nition" Neuroscience and Biobehaviora

Bel; f?i‘é'al @a'Bt%ﬁseﬂf)‘?Bléél“l\‘gg%lb%m:'saiﬁhgﬁé@ﬂ%tﬁhﬁhé“?UVﬁover in
Scrgrhmwergs rAydnom‘taymmf@@rﬁesswtg?slsig%geasé%wgﬁfgg
arm r al The i
e LR (P Lorgt i ne b R EAS AR OB Ao THnLes
" Eftectssfcdistarvifiecdim Mie 8Xtinglesd oneewdrg dificitsi omrid zs yohiatric
perfbRRISRiS ifARSIBRES AHPRASH: a%@rmﬁﬂrﬁ%%% Plgg O{%P%Y%ﬁ%w é/ognltlon

demonstrated by Meguro, et al. Pharmacology,
NeB’QﬁS\%‘F*{P@@/ 99@93\32@13%@'6315 (20HBr2hay -1 13t al.

thﬁ@amiqgmheraé,hpbaww@k IRERRVERGAH, ArcBrgL bRtSee i RaRs,
otent an histamine H3 regepto ﬁ?ynﬁtggOHISt Biochemical

R SR G0y 5 CRIeSs ARt SEBF GV SO0 Soamaelieh s
schigopimenia Hiyd cagotivet didicisre)yitbendenadims tracsdty Feficts Bidecad

P Bt A S B BB A Chnisrvaten
a"daﬁmﬂ%ﬁwaw'@hﬁﬁmowm@pmm|Sgbm#‘eema5>fraﬂmm|aom et

SefRktiNCHISERRTS ¢1{ FEBpRs: AN st aRer Rl BEimaBigly Bﬁ&

E 19%\57%'?% 1-44; De Almeida an G§U|erdo Arch. Int. Pharmacod

Xéi@ abEharapaulies t2008) 13, 185,190 BRdMYacERiANCARmEn )102
prepLB&@ iBhiiticarotsamtieSakaice Bpthe H3hecaopbhiRibhist/infoperd®ide
ands&g%%éne" élroﬁr%‘é% "‘ﬂer”%ac%o Y eERS i e? i %%%%9%5()2%4})

ress. Bloom and" aven Press,

15?&(&61 6906, eﬁmrew@tm@inoﬁeqmwgge@mdemnnawdésecagm;oormm
w.tﬁ&mmmfgqs&ﬁmseeaﬁert.mtaﬂ'nﬁkaﬂai&t {mpeqigy 15 those

s ecified in the examples, to treat epllﬁp %{ and seizures, ma

AR A I R T SR
FP smmwﬁlﬁammmmemmmidwmdm@ﬁb&m{eﬂ RZapRE WitRithe

s B3RS S R i M B e R TR o
pp. Jtﬂﬂ&-élimpﬁammw (1994)ramsmr§mWMdugmhanCNS
NeldB&Rhtad PBRBENYIBAPREIRTS feliey) 5%0%671 ENicigef8043'8

.. Etal. Prog. Neurobiol. (1994) 42: 685; Chen Z.,eta F’harmacdloglca
At&m&elé“&#eﬂ&aﬁm&&hmmargﬁe%&wmnrﬁ.rmma British Journal

Hy@f&ﬁ@ymﬁw_rh l@é@ﬁd )&@oW&@B%tﬁnéﬁff Ph@n?a%ﬂ%@ﬁérﬁﬁ?l_"' .
Timmer e medi erapeutic potential of ligands
Exp?rggetﬂt r?ﬁ’ﬁé'tf% ﬁe%%%igg@%%é%é in Drug Research (1995) 45:
170TheX4ikityref dinel cimpoamdaof Fve gnveniipm dscl(HH9E) iRA:nbe Kirited to,
tipns far the
thosg SPEmEI T E Shaies, (S A ARIBR I FRATBIRE e
A'meﬁrﬁ'qﬁa%mﬁhm&d @mﬁw@empmrmﬁuhmwmmsed by

Megiifd, k4, Phaandcsloyyl@ieehasistiiinmii Baidap (TS psirened1-325;
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30seizure susceptibility of electrically induced convulsions in mice", Meth.
Find. Exp. Clin. Pharmacol., 17(C):70-73 (1995); Yawata, et al. "Role of
WwoRgerneergic neurons in development of epileptic seizures inPEIL/kfi2e07/071849
Molecular Brain Research 132 (2004) 13-17. The ability of the
Esbenspedeads.oétiat Rrentracologicd|remdipe matidraltprbpertieesst Sp84dEx i
lleraic ENINJLS, av.be.demonstrated
S oo e b reBeatst A e
Ph%’@éﬁ?@w\ﬁ?Fﬁ%%ﬁ’ﬁ)Fg.W.—,%éyﬁymgi'(\,‘oWbiﬁéelh'l'ﬁﬁmh@f the hisdartne
H3ranRReNi 5t RIBBABFORIOSH SPELRRFHE ABFP BEASHS thHL BB RIS s
%el f na allcon estl%Am. J.Rhino!. {1'999a) 13: 391- 399; McLeod,
ovahiRIEiL By edial ek SR 24 sDaiEN elR; Belopiiauish AsaincResegrch
151¢200A) 287293, Stimnkigwtz-igivilkekcandNsstingR, EanilyarHysiol,

P in Respirgt search (2001), 31 (in gsdfar.._
P e o) Pl o NAene 18 82898 007
Haag s abtiBaNSVaBsaiit Remn é1298)8fit takds D Alaridarantidztrisydo, Arch.
Int FHaMMBEOH! {4 0BE) 28I SABIYR ARG I b LRAS pHEHRRRAShy,

ggﬁr@oof Pﬁm@o (1995%277: 243-250; Dimitriadou, et al.,
(1990142, AR Bk anckialata, dans b hesmaali (459ah B et
482\mmmmismmé wmmbgg%tm@mm r@fzh&?twﬁdoﬁh PRRjtess.
inj I 1587¢: 151, T ilit t mpounds
BloEI RO Tl e toss: oottt ISP L S MR ot

Tf%ﬂfp%%?'@ﬂbéi%éﬁdﬁ.sk@ﬁéss, dizziness, Meniere's disease,
vestiil ablisUFRIS BRHYSHE LR iR ARG IRANRTHDY 5?%;%%;0,

Methods and Findings in Clinical Pharmacology (1998); 20
thogpgafcilied indhe RAADBLeant tiprh SpLaRSYi ARG SPRHFATAGORYEE(1999)

derAb(klrat88-BpPlaradab T R et alrntibitory ¥ffeRctistibpHe Maseiébive

. nedicinal chemistry and therapeutic pofential of liggnds of the histamine
i S L P AR Sy i s Bun
(2091 FB351 43y tH61ismwiticas By YokoywameapebatidBuand Binatimz ¢olt{¢993)
2340F58) 88 rpglel f Y BUFRLT BPPHAMESGRAY :

Neuroslggerrlv(;t(g:1l gg%ﬁgéi%géﬂ Em%??ﬁ)i %hfg tlhaeﬁﬂ%pourglgd%%&fqtlhgeg‘” 260:
23 Yekquamarid diRgmsu GS IPries (P36 8e 3REcKrfpiaibifessiontes, to
(20063660293 CliabRIcdery Re Al drroRiade URIBIEN TS0X) H15 HIEEIRHRIANES ot

| s@drome gmd meﬁéaobl'%c ts)\éndr,ome, may be demonstrated by Hancock,
al. APRAMATRIGNICH| SRS LA NG AP HISIRTUNRISIC ReMFARRIRJe brain
BrifishtdmirmaHs Riwrptacalogyy@0i64) E430523x580;RaLebizhRDavelngya and

- i "Hi in . aNtagonists |

s, e o cremiSyarfl Hecch LR PSRRI o
thehistapaing H; esepter k- Eiegsss sitDruaReseaep 1 ERRHES Al AR E6AINe kIS
andShRMHRIMBIMIRBISI DRY Res. (1992) 39: 127; H. Yokoyama and K. linuma,
"Histamine and Seizures: Implications for the treatment of epilepsy", CNS Drugs,
5(5): 321-330 (1995); and K. Hurukami, H. Yokoyama, K. Onodera, K. linuma and
T. Watanabe, “AQ-0145, A newly developed histamine H; antagonist, decreased
seizure susceptibility of electrically induced convulsions in mice”, Meth. Find. Exp.
Clin. Pharmacol., 17(C):70-73 (1995); Yawata, et al. “Role of histaminergic
neurons in development of epileptic seizures in EL mice” Molecular Brain

Research 132 (2004) 13-17.
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powerfully suppresses peptide YY-induced food intake in rats,” Biol.
Psych. (1999) 45(4): 475-481; S.I. Yates, et al., "Effects of a novel

WoReMTee1M 3 receptor antagonist, GT-2394, on food intake aRETE$Qbf7/071849

gain in Sprague-Dawley rats," Abstracts, Society for Neuroscience,
102rhe:anit(\d veentmnpddtidy aintiéCinb@jtion|ngclatig, hlentdnaillyd to,

thoSE BHEHRIEf Y BEebES & o BRI BEUTE i be
demerstiatashby Mebead-RianMiagsy Gdsibercaundi, DeGennaraGulver, F.,
KrelhWe e et g2R0RIWPakRi J.et @orhiRel piaaname P aRbif*g s or

modulates ad libitum feeding by rats." Brain research (1990 Dec 24),
blogkpra PFpdusessNATAHECANSSEPIHD BiRrReiMS ARGk RS2
conpestidmiy Amit AR tirmdie (1 899ap $8: JeeciBad; MtlceedaRelete 10 tEgirpain,

' ing. neuropathic,paig and neuro Y, may be demonstrateq.by .
R T B B B R O B cering:

PlopghcResasaeiv linslites denimonttitNg URAdRsogiessminRaspijatonp4),
Redesteh): (2869131 dntisk bORSRA A RS RGP L RB R OPDIYSEFSH; A.

, Hriscu, E. "Experimental evaluation of the analgesic efficacy of some

M.
DelgHprisAmfied-adaduptiont ARRMHERRIIR: FRRERIIR iAVBISURHANGR Bain.”
eﬁdﬁ%Wﬁi@tﬂ@}rﬁ_@@pt&ﬁmi&gted dame&ﬂitawi;mgem E@Wﬁ&aﬁfl

the inyention, includi I , those. specified in the examples,
Joup Bt PRl bk O 2 2ol PR AR T Rl e
relationphirbetweenorasl celiayahd Gesaonsitiverens fiboesievidensedbyl.

histAfite W%‘f@b@ﬁ?ﬂ?q{ieammﬁl%ﬂ Mﬁg;’ZRJ Sptech "Viflical Science (S l ?94).

diamine-based113 antagonist” British Journal of Pharmacology (20
87: 113510 nti et al., Neuropsychopharmacology (1996) 15, 31-35; Lin et al.,

BlfgggBQBilﬁ%%?f&&h%ﬁrﬁi@g@tﬁ&h@:br;b@df@ﬁﬁ?PQDH@I'IgﬂH@JP@Y
: 31-35; Ligneau, et 25 a|. Joyrnal.of Pharmacolo .
thog, SEHRTRA T ToLFAARTHIES (BRIl oR kRS A e MAieces
dis€a80 . yek3ibRED dizdtdiry) sandt ey, -ay beld emoiétatedaby an, ét al.

H . . _ . P ’ ’ ] | ] .
Meglﬁggs?ﬁ‘ﬁ‘%‘@@. B S R iy (108, S0, M) e
al. andiFandipgs. in GinigahRharmecology (K999 2 1itb »A6-289%aad by
R By e i

on-Imidazole Histamin n nists" Journal of Medicinal C istry
therIBEM B0 55581 S5 4EENGS 51 D8 BINATIN R &' CRRBBIR e SPAREe OHEL.
Resedralingt 995) néf:|inTile tbin, ltbpadas et alfi ¢Blastibityeodanigtéesing Headadptgr
L ) S
A R R G L
BiahdedCenlr tteirerciancetA88nidhioperamide suppresses the locomotor
stimpratiswiia d BurapeRRaan it ifRIRIBH: iNd R BT AIMIEE o,
to be useful for treating drug abuse as may be demonstraé?d_bg Clapham
those Rapiifctio e S-aMBIsS-APHi6a! ARese ARRSIFS VAR S BRE S or
Syadtameristinatiim vesistasios siavdrome cand ooetatulic sghidiynie theambeise”,

. 4 ) o,
cob RIS A AL CORAEN E) A2, » Ti
imiggzeladustamiaeciargrentabantagonistd BHeapean JoworirafiBhararacology
(2004) 487, 183- 197; Hancock, A. A., et al. " Histamine H3 antagonists in models
of obesity" Inflamm. res. (2004) 53, Supplement 1 S47-S48; as well as by E. ltoh,

M. Fujimiay, and A. Inui, "Thioperamide, A histamine H3 receptor antagonist,
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10 depression, obsessive compulsive disorder, and Tourette's syndrome,
may be demonstrated by Lamberti, et al. British Journal of Pharmacology

wW@Ere08)s088) 1331-1336; Perez-Garcia C, et. al., Psychopharnr@amlisgg07/071849

(Berlin) (1999) 142(2): 215-20. The ability of the compounds of the
powexailyisopprekitis peptitis ot Yuiniedda, fddd haarepeeiticd Efblhﬁs%ﬁnlﬁ@%)
t Rar isease IS wherein, patients have d fICItS in
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antm} rﬁ&y&@@ﬁ@ndngdmep@n@wmemm saragummmarmme'ﬂs
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accumulation in rat striatal slices" Neuroscience Letters (2

Biennigg; §4 ak.Rgripheraladmiristered sipraxfansievales hypgihglamicet al,
histantiaeTaemagidad dleongisiucé Mo L3RG iNawBpragaoDisaley rat,”

Ao R, R Sy PR e Rk d 2B P30
(NoxemizrsnRA00) Hakdtal P retrahdthipothalach Exmpeuioral thistamiromdidtdates

s Bl %0 A ol IO AT s

on histaminergic 25 neurons in't armacology

(20bhs aRility;ehtam gompoyRdsefiiie dnvaBtienipsiudirdo bitaat fistitrshto,
thos@QibdtﬁﬁdeM et dixaligsles, w%@ﬁmﬁlflﬁalﬂlﬁ&r@sﬂaﬁmﬁc alreahd

med I'OI carcinoma, melfanoma, StIC ovary syndrome ma
e PR G H8 S B ARy RAa RS- pleltn) REs: LAt begfaudia)
Ghedareliniy, came @mswmm%r&mﬂptatessaﬂm@rahﬁwammbl of

Phaff3EaRas nﬁ@@ﬁ? '511%'4;41%&1% MRBiGr AR 4 B LA I5F,

ns, €t al., "Histamine recep oré sign ng m eplaer mOr

Paveigisve MiitiisevaE gSRsnatismamtalsvahiation efiibe R@@lgemg;rwaqxsem
sorﬁé m&%.m&%m% S HerRvERTiRg: d@é@é&%ﬁf&i‘ﬁf%l‘&éﬁi@h Gh Barng

venting a condition or disorder affecting attention-deficit
Farﬁ&?ﬁé‘? %Rﬁtﬁ A%élﬁl%ﬁ?d-(&ase or dementia. Compounds of the
inva@hecabiiitg pitiie claripawrefsidosearingiendmridangisuam iciiied @,
S fec ChIZ hr nitive deficits of schizo hr nia.
o e e L AR e RS RSy ane
patm&mmrséeammamm@md@@daambecamgmwepgy Bedpatishrderst al.

A&ll@rﬂl&@l%ﬁoﬁﬁ@H&toﬂ&%@ﬂ?ﬂszmé’ﬁuélrﬂ%i‘%éﬁ%ﬁ@ @s&%}'wﬂ

ingredients in the pharmaceutical compositions of this invention can

am%?faats@ag% &Hﬁ?ﬁ'z% Bhasmacatasy (20843 tomdhdipntiot @lat is
Nemﬁpgymanh@omdb@ ([de9spd shenapsutia B1OBERIAREY, femmcw@'

d d f ad dd
32 e B RS AP 3 PRSP L s ot HRORGHRePbe
al. .injnnalslfzﬂmmaeomAeancExhermmmloThbmpgututemaaﬁﬂ&? 658-666;
sakzRnelitipn|apddiqy eadigal bisgory ﬁmgﬁ&ﬁmémvvg%ﬁﬁ%'mwaﬁ

is within'the skill of the ‘art to start dosés of the compound at levels Tower
CanndrRyviile FRarmacele(dR89) 67: 75-78; P. Panula, et al., Neuroscience

(1998) 44, 465-481; Wada, et al., Trends in Neuroscience (1991) 14: 415; and
Monti, et al., Eur. J. Pharmacol. (1991), 205: 283; Dvorak, C., et al. "4-
Phenoxypiperidines: Potent, Conformationally Restricted, Non-Imidazole
Histamine H3 Antagonists” Journal of Medicinal Chemistry (2005) 48, 2229-2238.
The ability of the compounds of the invention, including, but not limited to,

U'l

those specified in the examples, to treat drug abuse. Amphetamine is an abused
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15 desired therapeutic effect and to gradually increase the dosage until

the desired effect is achieved. When used in the above or other
worgaimeonis) a therapeutically effective amount of one of the ceaposzms/of1849

the invention can be employed in pure form or, where such forms exist, in

snnmhwﬂmacmmﬁﬁ#y ﬂCﬁﬂBtQHﬁéiaébtﬁééfd%&Sﬁlﬂu?&@f&ﬁi%t@’fﬁbttwltr in
nati the co nister as a armaceutica

a3 R 25 RERPG L aE D P DIRHES B IR PRI S5
the@mm@@ﬁmﬁab&mwﬂymwmtﬂweme THeegibre sty dhtagardstscaty

llkeﬁﬂﬁcﬂt‘!%?éﬂﬂtl'&t trebifify mw&%ﬁg@&ysswﬂaﬂ%@gm@ﬁéw J;

amount of the compound to at a reaso

Kilpatiigk SagplidXinperramgenthe cleaiveistamingHxr eprntpsiantagonist,
attdma@segnmtamad@mbdaﬁwﬁaaﬁ SEADRYGATHORRISENE GRIPEAS RSP
|nve tio the attending physician within the scope of
rLO(ﬂ ﬂﬁﬂﬁrﬁ%&%ﬁ\ép@ﬁﬂc therapeutically effective dose level
for 3h9 phitity dhtheatiempouihde pé thek ipam tova ety ikt dat hotdindlieg td) e
oSl GILEEA ekt AR AL e romeHl didhin ol HasaAgiic?

specific compoun e Specific compositlo emp oyed; "the age,
de%ew%@hﬁegﬁmmrnealﬁweséwﬁerd RAGT mqmuérsvrtd@mﬂemy be

demm@wmd%mfea@mImméﬁtuahraaﬂomm R PIdBE £RSCific
ound employed; the duration of the treatment; drugiés used in -56-
1335 TR

8IPETedRa debihith SHehopbamacsingy (Rarim T8R%). 14242):

218128 factors well known in the medical arts. For example, it is well within
the st S he com ound t IeveI owe than
reql-fl’r%dé:{J | Q?ﬂlebtgoﬁ?ﬁ{éeswe%?%ergﬁ%\ﬁ IC eﬂé& g?" W] ted to,

thOﬁﬁ:ﬁ@%é'@ldefdtB@g&amnleméodmfe‘aaekfeaommﬁaeeéa disegaerwherein

patiéABmans Béf%ﬁé"?rF‘BBﬂnt?ftQ'frﬁﬁét% mm@h@é@ﬂ%eﬁ@%@mﬁm%

of this invention administered to a human or lower animal may range from

dopaminedysisianaydit deMAPRERRDBYPARGHRE FRINYarBostlsahi dristamine
Hs mbwmtmtioatmsmmnbr@‘atﬁidmﬁ@m r@%@ﬁt@rﬁhﬁiﬁé@r&ﬂ\m Hec0mbRigon

T A e T
Llh:ﬁﬂtsé&%%ﬂt%sﬂ@éa&e Coxp@shiont aha?bamm@bairﬁmmues of
ABPUSBY|iINRRAGRTGSbidieake har it AZHN 0S5 BroadT%\% %@ane c2

processes of the invention will be better understood 15

C°98m% Aot RehigrRbraniAfa S nien dad %Isﬁtnuawamnlm 5hd?ﬁ§eator
AntHgEaOTUbaRTALLE PRERARDIOEY AVRItiRe defdMVr FRétapeutics, 313:176-

190, 20035; Chen, Z,, et al. "Pharmacological effects of carcinine on histaminergic
neurons in the brain" British Journal of Pharmacology (2004) 143, 573-580.

The ability of the compounds of the invention, including, but not limited to,
those specified in the examples, to treat medullary thyroid carcinoma, melanoma,
polycystic ovary syndrome, may be demonstrated by Polish Med. Sci. Mon. (1998)
4(5). 747, Adam Szelag, "Role of histamine Hs-receptors in the proliferation of
neoplastic cells in vitro," Med. Sci. Monitor (1998) 4(5):747-755; and C.H.
Fitzsimons, et al., "Histamine receptors signalling in epidermal tumor cell lines
with H-ras gene alterations,” Inflammation Res. (1998) 47 (Suppl 1):S50-S51.

Compounds of the invention are particularly useful for treating and
-55-
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20Example 1
4'-((1S2S)-2-1112S1-2-Methylpyrrolidin-1-ylimethylicyclopropy1)-1,1*-biph

wepsiraseerbonitrile Example 1A 25trans-3-(4-Bromophenvl) PCT/US2007/071849

prop-2-en-1-ol To a solution of ethyl trans-4-bromocinnamate (8 mL,
prexgrdimgraaidnditiohyairdissrdehiffectiegattenibhodefici tmgeraidivitas added

AlHLHABHY/RLAINBUE} YRR @BHEBW‘W&(%%M ndlth daRicDEAY

at -78 C dropwise. After the additio mixture was allowedto warm
useflfrr treating s ereverting aconsliienaidisprderafiecting sekizapbreaie
or é8griifive ashicAs erabRiZophrinlavasonsistashiil aridic i(ﬂ)éﬁgénggé PapRiRarly
ol SRR ACO P FOHRA APBH S Bre o A BB DT,
sleéfietisdrdacs caliergit ndiiadis\akthme wrasbeséigsure to provide the title -57-

commauBr IR e PR A 2
compositipns of dhig invergiery capibervarqd s9 ateiabtain amsnoatieHBEm/z
act¥t/cOMibbndBf Ra e AEttive to achieve the desired therapeutic response

1S.2S5)-f2-(4-Bromophenv])cvclogroPvilimethanol | The title compound

f°'§v£§51%ﬂafr§atwm FRBHRDER AT e At SANIs bR Bigsriected
dosagetleaibwilDdéh ettt BPenahs detivitytiobtiaparfe(dabconmdueaylhe route of
SR B AT A L Al
priar. meedies iatonypf e patientbeisgHieater, dlodeued it i WithitHhesBil of,
the'art oldtart Gos 84K ke Bish dlie 24 % Vdis bier than required to achieve the
desired therapeutic effect and to gradually increase the dosage until the desired
effect is achieved.

When used in the above or other treatments, a therapeutically effective
amount of one of the compounds of the invention can be employed in pure form
or, where such forms exist, in pharmaceutically acceptable salt, ester, amide or
prodrug form. Alternatively, the compound can be administered as a
pharmaceutical composition containing the compound of interest in combination
with one or more pharmaceutically acceptable carriers. The phrase
"therapeutically effective amount” of the compound of the invention means a
sufficient amount of the compound to treat disorders, at a reasonable benefit/risk
ratio applicable to any medical treatment. It will be understood, however, that the
total daily usage of the compounds and compositions of the invention will be
decided by the attending physician within the scope of sound medical judgment.
The specific therapeutically effective dose level for any particular patient will
depend upon a variety of factors including the disorder being treated and the
severity of the disorder; activity of the specific compound employed; the specific
composition employed; the age, body weight, general health, sex and diet of the
patient; the time of administration, route of administration, and rate of excretion of

the specific compound employed; the duration of the treatment; drugs used in
-56-
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Example 1C 15(1S.2S)-2-(4-BromophenvOcyclopropanecarbaldehvde
DMSO (0.8 mL, 3 equivalents) was added dropwise to a solution of oxalyl

WeRMAdE00®048 mL) in anhydrous dichloromethane (50 mL) un8€TN22807/p81849

C. A solution of (1S,25)42-(4-bromophenyl)cyclopropyl]methanol (the
combinglih Esaamﬁmm@ wah WS fpeﬁuﬁcdﬂ'@iﬁp@oﬁwmﬁpwae raha m@sfamrs

ded dr wise Stirrin fatt Is te pe[ t aue for
well%\own in H1 Ea e itIs we g to
minutes, then r|e amme? , 4 equiva en wasa

startidpses bﬁthe/mmmuodeaj levfels mwanghan IEMWﬂttceaﬂmaethmdmacbd
ther%@hﬁé%@%ﬁ& 5 gl Grlcrbas dRE U6WgS Griianededita L kibx is

her twice. The combined drganic extracts were dried (MgSO4) and
achigiyefbd. The filtrate was concentrated under 25reduced pressure. The

rew@wmemﬁesrwemeaﬂbrw atnebed Fhig @@éévmmxane to

rovi 2 tltle co 1H NM MH C CI3 8.1. 4%%?
°°"fi)’ hig 'ﬂ‘ée(} °% E"&‘ﬁ fergd ‘i’ﬂ?”z% (Yﬁ 2nimal guay rgn
fromapmwp 005tecabbut BeImgIky cmmnsdweugm e pukppdS qOEN H3)
adnﬂ?'(lét RAMHBR oSt @B@sé?cérlfge% the range of Lrornpabo tO 001 to

25)-2-(4-Bromo-phenvl propylmethy11-2(9)-met vrrolidine
aboy! Jomgika Begyaveight.( &%ﬁrﬁ pﬁ@ﬁm‘;ﬁe{spﬁ% ﬁe&amd&?w@aﬁ@to
mulfipREId6E6S @(W@é@&aamsﬁa%ﬁnm%@@s&ﬁy%m@w&érohdme
tarta ic acid salt % 73 mmol) in ehtﬁ\b? ﬂq{) s tre ted with
°°"Lpo°c? A2yRAb68HR @H%%S ST RGPS S& g8 ng esHPrQbeat
dailyciseb temperature for two hours. The mixture was basified to pH = 10-12

A S A A

aqueous layer was ext ined
by referaneadgdhe mgyvmgegwgmzmam ﬁlit@r'@tﬁnm@ fsrateillyglration of
andGRiGE Ak DEBH IREWRp P stIRERwIiAe residue was purified on
silica gel eluting with 1% to 2% methanol (containing 10 10 %
concentrated NH40H) in dichloromethane to provide the title compound.
1H NMR (300 MHz, CDCI3): EXANPRES, 1H), 0.97-1.02 (m, 1H), 1.16 (d,
J=6 Hz, 2H), 1.22(m, 1H), 1.39-1.49(m, 1H), 1.73-1.81(m, 3H), 2.0 (m,
2H), 2.36 (g, J=6 Hz, 1H), 2.45(m, 1H), 3.13 (dd, J=12 Hz, J=6 Hz, 1H),
3.25 (m, 1H), 7.00 (d, J=6 Hz, Example7l(d, J=6 Hz, 2H). MS (DOI-NEW
ARSIy RARLY Ryl-4-
commercially from a number of sources including; (S)-2-methylpyrrolidine
(Chemical abstracts registry n&&99Ed835_84-1) from Sigma-Aldrich
Chemical Company, P. 0. Box 14508 St. Louis, MO, 63178 USA, and

(S)-2-methylpyrrolidine hydroc#lorldq égi'i&emlcal abstracts registry number

174500-74-4) from AstaTech e Business
trans-3-(4-Bromophenyl) prop-2-en-1-ol

To a solution of ethyl trans-4-bromocinnamate (8 mL, 42.6 mmol) in
anhydrous dichloromethane (150 mL) under N2 was added diisobutylaluminum
hydride in dichloromethane (128 mL, 1M, 128 mmol) at —78 °C dropwise. After
the addition, the mixture was allowed to warm from =78 °C to —30 °C over two
hours. The mixture was then cooled back to -78 °C and aqueous 1 N HCI was
added till acidic (pH=2). The organic layer was separated and the aqueous layer
was extracted with dichloromethane. The combined organic layers were dried with

MgSO, filtered and concentrated under reduced pressure to provide the title
57-
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20 Park 2525 Pearl Buck Road Bristol, PA, 19007 USA. Methods of
obtaining (S)-2- methylpyrrolidine by enantioselective recrystallization with

waoarieseeitl have been described for example in Sakurai, et RCTYRA17/071849

Growth & Design (2006) vol. 6(7) pages 1606-1610.
cor]fﬁb%ﬂ’lethWROf gdgueMHart?o%epid $adg(§13=g@m}) vmim!ixg;@#ﬂ?«ﬁdd
I re.0 iters o an iters of methano eate
e, 0 B R 2t oo Bk A TSR the Hee
7.2adid| dat9 Hz, 2H), 7.45 (d, J = Eki). IBMS (DCI-NH3) m/z 214 (M+H)+.
4'-((1S,2S)-2-{f(25)-2-Methvlovrrolidi
n-1-vlimethvi}cyclopropvl)-1,11-biohenv1-4- 30carbonitrile Toa
solution of 1-[(15, 2S)-2-(4-broExamplniB-cyclopropylmethy1]-2(S)-

methyl- pyrrcl)wﬁ?g(ﬂ,gggﬂ : %@%Eéﬁ Eﬁalm%{b'}'&'mmo&;nd
iso alcoho under an atmosphere of nitrogen was adde
?&E@%ﬁ%%ﬂ@g%mp@@w Byzﬂ'r‘ﬁrmﬁ}md of A.B. Charette and H.

Le&bbtﬂrgﬂmm(&mﬁhegighmm||76)mad)wniﬁi;ﬁM&mUaBé&Qm&w(ﬁmbhenyl)
potassium carbonatecgéa{gl g, 0.43 mmol). The mixture was heatedlto 90
Prop-2521% 18l Hhe-BERe Lok Fxae e MY desnehemy RseRidrant betwedNMR

(300tMi2, ameUR £25.90L) AEhHZA) 1ML . 4eners ey af b of e iF aval,
t%%% ij ried (MgSO4 flltered concentrated under

363l ot o R ot o o S, 48 Skt MBADCH

NH3)eHr2 o8 (@awEpning 10 To concentrated NH40H) in dichloromethane to
provide the title compound. 1H NMR (300 MHz, CD30D)$ 1.01 (m, 1H),
1.13 (m, 1H), 1.25 (d, J=6 Hz, 3H), 1.36 (m, lo1H), 1.54 (m, 1H), 1.89 (m,
3H), 2.11 (m, 11-9, 230(m 1igxerriple(nC 11- 1) 2.79 (m, 1H), 3.27 (dd,
J=12 Hz, J Z, 1 .59 (d, J=6 Hz,
2H), 7.78 (

4'- (@@@&mﬁzmnwpmmddmmwmpreghmmqfdmplyda
chlGN&eA(OQﬁ RN ARINIS SeristbfetbRi QB PN &S at —78 °C. A

535 ropvimethv11-(2R)-2-methvl-pyrrolidine The title compound
soly} é’egﬂg LA HEPRaREAN BRI AR Broset oy
Exé@ﬁb?mtw@mmlldld%ﬁtﬁrb‘ﬁie’t’lﬁﬁhibﬁ@lﬁ'ﬂﬁhw addEd (P i ‘(Wéiﬁ)
(m m
'781.§3%n?}'i€%, f.&?('f(m, , f ﬁ(l)’—wl éq@ﬂﬁg E"I-F} Jjﬁ%’Hz 1H),
triefimtapone (3-AelH4 e];H)IalemlsQrw;asra)j@@Aa(ltdthB:d@ it Bath Was Tethoved.
Aftér%ﬁrﬂ?jlg *61‘)1 716]9' (ﬁéﬁ&kﬁe% @e%@e@w?fﬁgslé%rgt@d é\éﬁe@g}\l Mﬁ)

m/z 29
The mixture was extracted with diethyl ether twice. The combined organic

extracts were dried (MgSO,) and filtered. The filtrate was concentrated under
reduced pressure. The residue was purified by elution through a pad of silica ge!
with hexane to provide the title compound. 'H NMR (300 MHz, CDCl3): 6 1.48
(m, 1H), 1.65 (dt, J =9 Hz, J =6 Hz, 1H), 2.15 (m, 1H), 2.57 (m, 1H), 6.98 (d, J =
9 Hz, 2H), 7.45 (d, J = 9 Hz, 2H), 9.46 (d, J = 4.5 Hz, 1H). MS (DCI-NH3) m/z 226
(M+H)+.

Example 1D
1-[(1S, 2S)-2-(4-Bromo-phenyl)-cyclopropylmethyl]-2(S)-methyl-pyrrolidine
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(R)-2-methylpyrrolidine and its salts are available commercially from a
number of sources, including; (R)-2-methylpyrrolidine (Chemical abstracts
Wwoggisigtiuinber 41720-98-3) from Sigma-Aldrich Chemical CBaTIESRO0P 071849

0. Box 14508 St. 30 Louis, MO, 63178 USA, and (R)-2-methylpyrrolidine

hydmmmmmdmf@&ma&msirmmwmymwpw?h&aaﬂa@aﬁ%d@qme

| Busi P ar rst
prof o o e R A D R P feing 2
acicpalhfibd@ ectvéraunalidniethrnoh(3e mhhwaaﬁielamylﬂesndjmnbed for
cyaﬁESBB?B ARAB48InR 546 RiFTaH CTAN MR REIHS QPR YO8k Pages

10 and in Pu, et al. Or anic Process Research & Development
temfgfﬁuge By gqi_d)r(%m ure was basified to pH = 10-12 with NaOH

(10%51&& ﬁﬁitﬂdﬂé&l?ét@é‘éﬁtbmw/éwidiééndlWméﬁV"FIY@lQ@ﬂ@BM%)IéyérW@Qe
i }é rllee &5@ campou d w u5| the rocedure
ex |.((ilesecrl e xgﬁqp subsetl?ﬁfqr?]]%]"ﬁ -?ﬂ fif

(Mm4tmlﬁf@p§ﬂnéfhglfm¢-mmepmtﬁdj mmeheepmddthbssure and
the Fé@&‘dél%vgébmff éé%sﬁaé of st} QVRHG]BA’ o 2% methanal [Sgontamlr&?R

cyclopropylme li-2(S)-met dlne (the pro duct from
10 {z6BNoeniatgy ﬂ(rﬁwmmomg@vmﬁ tQ-provige the Jite comppynd. oH
Nmm(mmsmdwslom S5, 1199, 6 2H)03 i, 1, JE18 td7 30,
(g( 15J=9 Hz, 1H 241m1H)294(de12H =6 Hz,
2y 372 B 1) 0 RO U9 3,18 b 2017 2. 438 (@, 26
Hz, (Dﬂ)l -N4BJm/7H048 .18 (1D, EBAM 8<% Hz, 1H), 3.25 (m, 1H), 7.00 (d, J=6

1R 2R 41 2R)-2-Methvlovrrolidin-1- vIImethyIIccho_propvll -1,11-biph
Hz &{-l 8o 92L ar%ﬁ G- lclﬂl-\;) m/z 294 (M+H)

2Rxsazmrawmpphermhempt@Baﬂm’@aveilable commercially from a
number of sources including; (S)-2-methylpyrrolidine (Chemical abstracts registry
number 59335-84-1) from Sigma-Aldrich Chemical Company, P. O. Box 14508 St.
Louis, MO, 63178 USA, and (S)-2-methylpyrrolidine hydrochloride (Chemical
abstracts registry number 174500-74-4) from AstaTech, Inc. Keystone Business
Park 2525 Pearl Buck Road Bristol, PA, 19007 USA. Methods of obtaining (S)-2-
methylpyrrolidine by enantioselective recrystallization with tartaric acid have been
described for example in Sakurai, et al. Crystal Growth & Design (2006) vol. 6(7)
pages 1606-1610. (S)-2-Methylpyrrolidine L-tartaric acid salt (313 grams) was
recrystallized from a mixture of 4.8 Liters of ethanol and 1.2 liters of methanol

heated at 60 °C and allowed to cool to deposit (S)-2-methylpyrrolidine L-tartaric

acid salt.
Example 1E
4'-({(18,28)-2-{[(2S)-2-Methylpyrrolidin-1-ylimethyl}cyclopropyl)-1.1'-biphenyl-4-
carbonitrile

To a solution of 1-[(1S, 28)-2-(4-bromo-phenyl}-cyclopropylmethyl]-2(S)-
methyl-pyrrolidine (the product of Example 1D, 50 mg, 0.17 mmol) in isopropyl
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25The title compound was prepared by the method of A.B. Charette and

H. Lebel (Organic Synthesis, 1998, 76, 86-96) substituting
Waras/8¢drBromophenyl) prop-2-en-1-ol (the product from ExBaRIESIMYA51849

3-Phenyl-prop-2-en-1-ol. 1H NMR (300 MHz, CDCI3): 8 0.92-1.0 (m, 2H),
alcohg(4 MB)uAderaNatmosBIRe ol FlY BET YasBdded Heyahtpleayliosdnic

aciP (Bt g 1D.3-Sidl), Hirc R drdniRliphERyiBHEGH h‘é}ﬁ%ﬁ%tﬁﬁﬁlf erﬁ/ 8.5

ﬁiﬂ’é‘. e 3B (1R. 2R -2- §4 Bromophenvl)cyclo ropanec
Hm RB‘%%‘F."‘%EBWQ RS WesUh3 ol w%maﬁeﬂt@ﬂam

90 WloriBen(LrbS cobleith mrﬁmdraua@rwmwsaﬁmdnéa BRHfE ey’ 8

e AL, B SR PR
brmaddeqddtugﬁ@é aftlterect: Csnmng‘atemtmdanmdmampmumanded for 30
chrémalﬁﬁﬁaﬁhsa Hh%fﬁlﬁ?g@f‘@l&% lwrﬂt?ﬁ“'t%% Wé‘én?&ﬂﬁ% 3cbthe dry

ice bath was removed.”After sti rrng for 1 e mixture was treated

congeniraipd Nk B sichlerametharerinamrudribeile cempaundie yNMR
(306 WAerz, BTS,0MY BIRGF: QRN SKHBGE, 1ﬁwe|r9§tt?dJ@t49§0§ﬁ+?ﬁd3@tﬁﬁ6d

The filfrate was caoncentrated under reduced pressure. Thée residue was

TH) o Wy Hht] SRR AR Lo Bt-érhz)a%;%?\ﬂfﬁh Hd) B dprdlilic2iRa (m,
1H)itR 2D dppumt2 Ha, NSRHZOMHY BA0GRCIB), 3. imﬁj(m:glﬁlh PRy @Wso)a,
9 Hz, J=6Hz, 153[215m 1H), 2.57(m, 1H&i 98(d, J =9 Hz, 2H), 7.45
J=6Hz52H) 7.78)s) 45Tn G (BCINE ) /2,31 R BB .NH3) miz 226
15(M+H)+. Example 3C 1-12-(4-Bromo-phenvl)-(1R.
2R1-cycloPropvimethvi1l-(2R)-2-methylarolidine A solution of (1R,
2R)-2-(4-bromophenypcyclopropanecarbaldehyde (the 20 product of
Example 3B, 600 mg, 2. 67 mmahaiMie(R)-2-methylpyrrolidine tartaric acid

0 mL) was treated with sodium
RRGW Wil gl | TN PR 1-4-

temperature for two hours Themuwmwas quenched Wrth HCI (IN) and
then basified to pH = 10-12 with NaOH (10%) and partitioned between
ethyl acetate and water. The 25 aqueous layer was extracted with ethyl
acetate The combrned organr M \BAre drred (MgS04) and filtered.

VAx 92— gt v?ﬂsﬁ'&“tﬁ)ne

e
as purr ied on Silica ge tammny 10 %0

co nﬂlﬁtﬂ%ﬁé@mmﬂ)’%&%ﬂw&ﬁﬁ éﬁﬁ@@l@ﬁ)ﬁiﬂﬁﬁ@@ﬁwmmr}ound
ExahibRINE, G3fpatiriidrg GRBEMeRifyrolidine 9@ (P.mEthylpdftdRdine. 'H

NMR (300 MHz, CD30D): § 0.92(m, 1H), 0.99 (m, 1H), 1.13 (d, J=6 Hz, 3H), 1.24
(m, 1H), 1.43(m, 1H), 1.77(m, 3H), 1.98 (m, 2H), 2.13 (dd, J=12 Hz, J=6 Hz, 1H),
2.30 (q, J=9 Hz, 1H), 2.41 (m, 1H), 2.94 (dd, J=12 Hz, J=6 Hz, 1H), 3.25 (m, 1H),
7.00 (d, J=9 Hz, 2H), 7.36 (d, J=9 Hz, 2H). MS (DCI-NH3;) m/z 294 (M+H)*.
(R)-2-methylpyrrolidine and its salts are available commercially from a
number of sources, including; (R)-2-methylpyrrolidine (Chemical abstracts registry
number 41720-98-3) from Sigma-Aldrich Chemical Company, P. O. Box 14508 St.
Louis, MO, 63178 USA, and (R)-2-methylpyrrolidine hydrochloride (Chemical
abstracts registry number 135324-85-5) from AstaTech, Inc. Keystone Business
Park 2525 Pearl Buck Road Bristol, PA, 19007 USA. Methods of obtaining (R)-2-
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30J=6 Hz, 2H), 1.19 (m, 1H),1.43 (m, 1H), 1.75 (m, 3H), 1.95 (m, 2H),
2.30 (g, J=9 Hz, 1H), 2.37 (m, 1H), 3.14 (dd, J=12 Hz, J=6 Hz, 1H), 3.22

WQRNVTHIONOO (d, J=9 Hz, 2H), 7.36 (d, J=9 Hz, 2H). MS (DCIRHAISA/071849

294 (M+H)+. Example 3D
metnmymoﬁdimhxmmm@taytwmystamnahwwﬂbmpmmqrmamb'gﬂm

deséPiﬂeé fGIaéQQm B SRt St GBI & I % 6) vol. 8(7)
Pagg&gﬁé/ ropylmeth 1]- (t@gz methyl-pyrrolidine (product o Ex mple

‘rPff'ﬁHfh Vi 8bfrsaniaFsneess Resaarel SdRaveirrspaBte of

2008jtepg860/as added 4-cyanophenylboronic acid (30 mg, 0.2 mmol),
dichlorobis(triphenylphosphine)palladium(ll) (6 mg, 8.5 pmol) and
potassium carbonate (59 mg, 0.43 mmol). The mixture was heated to 90
C 10 for 5 hours, cooled to anExa_ererﬁ,B_erature and part|t|oned between

wasned wi rlne,rle vigoU4), ered, faled Unae

pressure and chromatographeﬁéﬂ%ﬂﬂ%& gel elutlng W|th methanol
The(fORIPEUHL VSO RESHIFBEE A r&é&h@m%a%@%%f@ﬂée

el e
pyrraiididedjiHe @oogoct )P Edarmplel2A) &)67 [(“'3125)&3(4-51*%#%@9'
cyclﬁﬁ') W@%ﬁﬁé\l%fi) e}ﬂéf’)(’%ﬁh% Eﬁ u%é%{ﬁjﬁgﬁz'l-ghhlz@ﬁ '
MHZ!, CRSOPR B I20®)-PHYI 1199 ;()RYTrdermMWI(daeJEFﬁIMC%DrObM 1md, 1HYip
gﬁp“ﬂﬁf‘ F?‘?‘?ﬂ”t‘.ﬂlﬁ ?égmﬁézm% {8 41819 P H%) 402,30

thvila larolidine he titfé cofi poun

ropvime
S0 S 2 e ot ér%e@ﬁié@)néi@%@s&bﬁtﬂuﬂ%d

J= e rolids iC el tof rolidine tartaric
o A N S i R AR o o 1,
1.13 (d, J=6 Hz, 3H) 1.24 (m, 1H), 144 (m 1H), 1.76 (m, 3H), 1.98 (m,
1H), 2.14 (dd, J=12 Hz, J= GHE%%@ .32 (9, J=9 Hz, 1H), 243 (m, 1H),

2,94 (dd, J=12 Hz, J=6 Hz, 1H 7.00 (d, J=9 Hz, 2H), 7.3
ﬂé@ﬁéﬁh {[(2R)- 2-Methvlovrro idin- 1-\L]meth\2I1cvclorgropvl)-1 1-b|pt2envl-4-

carbonitrile

Example 3A
(1R, 2R)-[2-(4-Bromophenyl)cyclopropyllmethanol
The title compound was prepared by the method of A.B. Charette and H.
Lebe! (Organic Synthesis, 1998, 76, 86-96) substituting trans-3-(4-Bromophenyl)
prop-2-en-1-ol (the product from Example 1A) for 3-Phenyl-prop-2-en-1-ol. 'H
NMR (300 MHz, CDCl3): § 0.92-1.0 (m, 2H), 1.45-1.48 (m, 2H), 1.76-1.85 (m,
1H), 3.61 (d, J = 7.5 Hz, 2H), 6.95 (d, J = 9 Hz, 2H), 7.37 (d, J = 9 Hz, 2H). MS

(DCI-NH3) m/z 228 (M+H)*.

Example 3B
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WO 2007/150010PCT/US2007/071849 21-1). MS (DCI-NH3) m/z 294
(M+H)+. Example 4B 4'4(1R,2R)-241. (2S1-2-Methylpyrrolid

WOorRozis@xtylicyclopropvl)-1,11-bip hen y1-4- carbonitrile  POIHBS2M1€7/071849

compound was prepared using the procedure described in Example 3D
‘ 2R 12 phenylieycRiop aotpaichebiidd |-(25)-
2-MEMBEPIO WING EGEIPARMSY WAE BB MSpMSd 1 a solution of oxalyl
1 g4- romo- hﬁ%l)- 1R, 0
Ch%-csscﬁgwﬁy Rysresr Aishiosamethans @R anfhunsierieetore °C. A
soh&ﬁmrm|533c2|1¥)é921HJNMRdﬁ@mM}dyclsﬁgﬁgpnﬁthi%(gméf%réhgﬁﬂas(gé
= 53 (m,. 78.(m, m, : m, , 3.
ExefTRI6 3n, B4 ol i dhforcrsitie 20 iR R alad Stapmisersly
-78360 §iirring ptatdy temperpiurewds condrided Zt) 30 .Bin(ded-hetr, 2H),
, MS - . |
e i IR ves e
Aftey iring ik heriniRRrBiXtu wasdieaisdophawjarated aqueous NHLCI.
ThePhevdopserumaiadivit?-giethyl aigio e cdmBiHEe 6RIBRRUSHIUAS

el R R ReL roPoaieto imp poPAALe Hameegised
preate. TDE85idBeOvers P orified y-¢)0ieT throagm alpd bflkilite, geltvitia,

] ’ : - - . 3H H), 2.36
nexGhle rbfole g e EotbBier W R Y R GO T s
1H)_;_|-1|)§Ey_(g© (Jd= 9 Hz, J=6Hz, 1H), 2.15(m, 1H), 2.57 (m, 1H),6.98 (d, J=9
Hz, 2H), 7.45 (d, J = 9 Hz, 2H), 9.46 (d, J = 4.5 Hz, 1H). MS (DCI-NH3) m/z 226
(M+H)+.

Example 3C

1-[2-(4-Bromo-phenyl)-(1R, 2R)-cyclopropylmethyl]-(2R)-2-methyi-pyrrolidine
A solution of (1R, 2R)-2-(4-bromophenyl)cyclopropanecarbaldehyde (the

product of Example 3B, 600 mg, 2.67 mmol) and (R)-2-methylpyrrolidine tartaric
acid salt (0.82 g, 3.47 mmol) in ethanol (30 mL) was treated with sodium
cyanoborohydride (252 mg 4 mmol). The mixture was stirred at room temperature
for two hours. The mixture was quenched with HCI (1N) and then basified to pH =
10-12 with NaOH (10%) and partitioned between ethyl acetate and water. The
aqueous layer was extracted with ethyl acetate. The combined organic layers
were dried (MgSO,) and filtered. The filtrate was concentrated under reduced
pressure and the residue was purified on silica gel with 1% to 2% methanol

(containing 10 % concentrated NH4OH) in dichloromethane to provide the title
compound. 'HNMR (300 MHz, CDsOD): 8 0.89 (m, 1H), 0.98 (m, 1H), 1.14 (d,
J=6 Hz, 2H), 1.19 (m, 1H),1.43 (m, 1H), 1.75 (m, 3H), 1.95 (m, 2H), 2.30 (q, J=9
Hz, 1H), 2.37 (m, 1H), 3.14 (dd, J=12 Hz, J=6 Hz, 1H), 3.22 (m, 1H), 7.00 (d, J=9
Hz, 2H), 7.36 (d, J=9 Hz, 2H). MS (DCI-NH3) m/z 294 (M+H)*.
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J=6 Hz, 2H), 7.37 (d, J=6 Hz, 2H). MS (Oct-NH3) m/z 294 (M+H)+.
Example 5B 4'4(1S,25)-24(2-Methyl pyrrolid
Worzaoy/iFoedthylicycloaropvll1-1,11-biphenyl-4- 30carbonitrile TRETRITI&2007/071849
compound was prepared using the procedure described in Example |E
substituting 1-[2-(4-bromo-phenyl)-(1S, 2S)-cyclopropylmethyl]-2-
methyl-pyrrolidine (the producté‘)r(g 3 ple 5A) for 1-[(1S,
4'28 2 ( bromophenyl) cyclopmp%ﬂ% 2(S) methyl pyrrolldlne (the

1.1 (m, 1H)1 20 . 1=6 Hz, sgg,%nmé (mlH) 19(m 1H) 1.84 (

2.06 2 1H), 3.06 (dd, J=12 Hz, J=6 H
o o8 S S R b shemin mcxéwpfogzlmﬁsuﬂmiz

mempyx;@u)ae?(ﬁaaamcﬂw EdanZbie, 31:750(mg4lﬂ)1musrﬁamn dgiopyE aidahol

(4 Y G SRR s of rogen was.a RRRYBaNRRIE AR

(30imgiRe2 mmmedmbl@tthaunaenablmepwwmlagwhe(lpx(ﬁmra 5 umol)

andﬂsémgﬁﬂﬂre&b%ml@ 55 .ﬂg})@t'&%ti%%érgyﬁﬁaqiﬂ%?é% Ik o 90.°C
anophenylboronlc acid. 1H NMR (300 MHz, CD30D) 8 0.96 (m, 1H),

forp, Bél{fﬁ-r cepi§d f%ﬁr@a'%fﬁéqu%‘ﬁryrﬁ@f@famt'qmﬁd Petww ety ecBee,
(25210)) aar&b‘moxlﬂ) rilhll_.?91(m &uén&%&ttagnbgéu%ﬁgsheawh %ﬂﬁeHdmg%o
(mg503 fiefed, Fnchdlaterf ek i o2d ficeatya 2t i eidts dllndd
silica gehﬁu&og\mmarmicm@mgzm%mgmmmmNH40H) in
d.cHiHPB‘?ﬁ'éﬁk'éﬂ@Pé%ﬁxl)ﬂ%etﬂ ”ﬂYé Eﬁ“%n%@pﬁﬁ@% oo) 5

prepared using eproce ure

1.08 (ﬁbtﬂd)«y@-%{rﬂn?ﬁhebé?o(ﬂch@d%rw)% é?e(ﬁbp’x’féhﬂllﬁ@rﬁnmétbm 99

(m, KEHNBIRo(GRO M2, Od( 3087 ?m 4‘“1) %2%:?5(5& ggﬁz.

s HAE R, rﬁ“fdzfrl&?'gz'rg?ﬁi by 555 e

4H). MS (DCI-NH3) m/z 317 (M+H)*.

Example 4
4'-((1R,2R)-2-{[(2S)-2-Methylpyrrolidin-1-yljmethyl}cyclopropyl)-1,1'-biphenyl-4-

carbonitrile

Example 4A
1-[2-(4-Bromo-phenvi)-(1R, 2R)-cyclopropylmethyl]-(2S)-2-methyl-pyrrolidine
The title compound was prepared using the procedure described in

Example 3C substituting (S)-2-methylpyrrolidine tartaric acid salt for (R)-2-
methylpyrrolidine tartaric acid salt. 'H NMR (300 MHz, CD;OD): § 0.93 (m, 1H),
0.99 (m, 1H), 1.13 (d, J=6 Hz, 3H), 1.24 (m, 1H), 1.44 (m, 1H), 1.76 (m, 3H), 1.98
(m, 1H), 2.14 (dd, J=12 Hz, J=6 Hz, 1H), 2.32 (q, J=9 Hz, 1H), 2.43 (m, 1H), 2.94
(dd, J=12 Hz, J=6 Hz, 1H), 3.26 (m, 1H), 7.00 (d, J=9 Hz, 2H), 7.36 (d, J=9 Hz,
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2H), 8.78 (s, 2H). MS (DCI-NH3) m/z 324 (M+H)+. 30 WO
2007/150010PCT/US2007/071849

WQ 0Dt 1-3-[441S.2S1-24[(2R)-2-methylpyrrolidin-1- PCT/US2007/071849

Amethvllcvclopropvl)phenvllovridine The title compound was prepared
2HpsM§ (IDCpivEegimie desgnbad) Example 2B substituting
2,6-dimethy1-3-(4,4,5,5-tetramethy141,3,2]dioxaborolan-2- 5 yfl-pyridine
(prepared according to the procedure described in J. Org. Chem.
67:7541-7543(2002)) for 4-cyanxamete@ronic acid. 1H NMR (300 MHz,

ifile 52(s. 3H), 3.0 (dd, J=12 Hz, J=6
Hz, Tié) tilelébpound wlsprdptited TR tHé Prdbdedlbr& tdYeAb & 321

M+H) _— le 9
ExHE AR, Sbotiae L8 U FORP SHRBIR AR EopropyimetnyL(25)
2-mehhratmolidinsdfioprogiict frolimExatimse 4ATtoe Ti2-(otmummephensi)-(1R,
L e i TGS PO BB 3

"H NMR (@05 Mhizz CEROB)) & 1.221(thn 20111, 4248 (=642 H3H).58.50, (),
j" , 0 , 4 \ , =12 =

1.7, 11 Croge, ST I i Fhoidle, JI0 MG SORENH, 5

(M. 3150 3,391 de 5 2121456 1B (d) 33 $R4éma () 7347 ((ma2biki . 2Ffd, J=9

Hz,/2pl, (PledT8,Hi= Ha, 5199 1078 05 144)13nd B EE Rz,
1%?;1.) MS (_E@CI- NH3) m/z%23 ( +|]—§1w%éé@a§fﬁﬂ9oﬁ§§ﬁ (I‘h%ﬂ
5-144(1S,2S)-2-{1(2R)-2-Methvlovrrolidin-1-viimethyl}mlooropvl)phenvllpy
rimidine
Example 5
4'-{(1S,28)-2-[(2-Methylpyrrolidin-1-yl)methyl]cyclopropyl}-1.1'-biphenyl-4-
carbonitrile
Example 5A

1-[2-(4-Bromo-phenyl)-(1S, 28)-cyclopropylmethyl]-2-methyl-pyrrolidine

The title compound was prepared using the procedure described in
Example 1D substituting racemic 2-methylpyrrolidine for (S)-2-methylpyrrolidine.
'HNMR (300 MHz, CDCl3): 5 0.87-0.92(m, 1H), 0.97—1.02 (m, 1H), 1.16 (d, J=6
Hz, 2H), 1.22 (m, 1H), 1.39-1.49(m, 1H), 1.73-1.81(m, 3H), 2.0 (m, 2H), 2.36 (q,
J=6 Hz, 1H), 2.45 (m, 1H), 3.13 (dd, J=12 Hz, J=6 Hz, 1H), 3.25 (m, 1H), 7.00 (d,
J=6 Hz, 2H), 7.37 (d, J=6 Hz, 2H). MS (DCI-NH3) m/z 294 (M+H)*.

Example 5B
4'-{(18,28)-2-[(2-Methylpyrrolidin-1-yl)methyl]cyclopropyi}-1, 1'-biphenyl-4-
carbonitrile

The title compound was prepared using the procedure described in
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The title compound was prepared using the procedure described in

Example 2B substituting 5-pyrimidineboronic acid for
WaL2e9amdenylboronic acid. 30 1H NMR (300 MHz, CD30D) 8CP®2107/071849

2H), 1.45 (d, J=6 Hz, 3H), 1.56 (m, 1H), 1.76 (m, 1H), 2.09(m, 3H), 2.35

Exagﬁb6léH|T|E %&&3@@1551 ﬁlﬁll_ltmgﬂc?‘n%ﬂﬁhfhﬂ)%fﬁ ?)—éﬁoﬁééﬂ%{}\t]@]@ﬂl
=6 Hz, 1H), 3,55 (m, 73 (m, oI -£6-
meByomrabsRe b8 aefﬁe%%&graﬂ?{%é{a?ﬁé%?é)zﬁ%&?@: 2H),
phegylﬂmldwﬁxwlS\ém@l-mﬂir)ﬂefhls&b?@iﬁmﬁ-(Bt‘emmhleﬂfﬂom Example
a i RA T c LA, [l 1R-1- -

10, R GO RHOD R W B R . ) 120 (58 i o
2H)u$iRg (e PriicacASieddtriddih it Ah AOBEe. BB (M, 1H), 2.61 (m,
1H)f/|d?dé' ?CEJH"rﬁ%@%t%%‘%‘?b%ﬁxag.%@ﬂﬁayﬁﬁﬁfﬁ%% agig 19 HHEMMRASAY

Hz, CD30D) 8 1.09 %m, 1% 1.17(m, 1H), 1.29 (d, J=6 Hz, 3H;, 1.45 (m,
1H)1 7422 (89, o121z o6 iz 3H), 3.88 (G, S5 HEBud, T2 #3) 145 (BCH-

NHé'?’Aézst m,P]_q)Q._Hz, 1H), 2.99 (m, 1H), 3.20 (dd, J=12 Hz, J=6 Hz, 1H),

49 (m, 1H), 7.29 (d, J=9 Hz, 2H), 7.63 (d, J=9 Hz, 2H), 9.03 (s, 2H), 9.10
(s, 1H). MS (DCI-NH3) m/z 317 (M+H)+. 15 Example 12
5-r44(1R,21R)-2-ff(2R)-2-Methppapléden-1-

5-[4\4(& E%'%Vh@%r)omg&%ﬂﬂp?é{ﬁﬁm?{ 4 ?]methvl}cvclo ropyl)phenyl]pyrimidine
The title compound was prepared using the procedure described in
Example 1E substituting 5-pyrimidineboronic acid for 4-cyanophenylboronic acid.
'H NMR (300 MHz, CD;0D) 5 0.96 (m, 1H), 1.09 (m, 1H), 1.16 (d, J=6 Hz, 3H),
1.31 (m, 1H), 1.44 (m, 1H), 1.76(m, 2H), 1.86(m, 1H), 1.99 (m, 2H), 2.35 (m, 1H),
2.41 (m, 1H), 3.29 (dd, J=12 Hz, J=6 Hz, 1H), 3.58 (m, 1H), 7.26 (dd, J=12 Hz,
J=6 Hz, 2H), 7.60 (d, J=9 Hz, 2H), 7.77 (s, 4H). MS (DCI-NH3) m/z 317 (M+H)*.

Example 7
2-Methoxy-5-[4-((1S,25)-2-{[(2S)-2-methylpyrrolidin-1-
lImethyl}cyclopropylphenyl]pyrimidine
The title compound was prepared using the procedure described in
Example 1E substituting 2-methoxy-5-pyrimidineboronic acid for 4-
cyanophenylboronic acid. '"H NMR (300 MHz, CD,0D) § 0.94 (m, 1H), 1.05 (m,
1H), 1.15 (d, J=6 Hz, 3H), 1.26 (m, 1H), 1.43 (m, 1H), 1.77(m, 3H), 1.94(m, 2H),
2.32 (m, 2H), 3.21 (m, 2H), 4.04 (s, 1H), 7.21 (d, J=9 Hz, 2H), 7.52 (d, J=9 Hz,
2H), 8.78 (s, 2H). MS (DCI-NH;) m/z 324 (M+H)*.

Example 8
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20The title compound was prepared using the procedure described in
Example 3D substituting 5-pyrimidineboronic acid for

WaL2e9amdenylboronic acid. 1H NMR (300 MHz, CD30D) E 1 FO{HS208)/071849
1.11 (m, 1H), 1.21 (d, J=6 Hz, 3H), 1.34 (m, 1H), 1.51 (m, 1H), 1.82(m,

2H), 1.908:6; 25 L 8¢{f{ 2RHP-thEB ypydroRdinzl -1 H),
2.62(m, 1H), 3.23 (gl Jld Ad ot | , 1H), 25 7.27 (d,
J=9 Hz, 2H), 7.62 X ’48%s, 1H). MS

oA Rm@}qﬁmquﬁ.prgpgfﬁg@sl@ the procedure described in
Exﬁﬁﬁﬁﬁmmﬁézﬁm 8- tﬁ?ﬁé,@MM&TQH%@Hoxaborolan-Z-
clo env|]IPyrimidine The title compound was
-Gy B R AIRA BXTATR 18 RS FEEeRTREh D duih e
67: Zﬁﬁwﬁéﬁawa)ﬁyrlmmyaabmnenmmmfoeéldcyéﬁcmmm ydoormmg,acid. IH

colFT SR L (38 Tag g e e o ad? o

TH}=1.8042, 3+5,1200(m), W32(a01dda B2 Hz) JEO Ham H)HR. 37L51(ddt)J2:na

e 0, 2 2 S S R B b B T b
7.5% W»Dﬁ%tﬂb.x%MWIRQIR*)%){KﬂRMWMﬂMMerrOI1d|n 1-

vlimethylimloproovl)ohenvllpyrimidine The title compound was

prepared using the procedure described in Example 3D substituting

2,6-dimethoxy-5-pyrimidineboronic acid for 4- 15 cyanophenylboronic

acid. 'H NMR (300 MHz, CD30p) 1. 04} (m, 1H), 1.15 (m, 1H), 1.31 (d, J=6

Hz, 3H), 1. 38 (m 1H) 1 62 (m; (m 3H), 2.18 (m, 1H), 2.57 (dd,
R -

s ) 2¢ipyrtblidia-34 (dd, J=12
Hz, J=6 Hz, 1H) A 9 Hz, 2H), 7.41 (d,
J=9 Hz, 2H), 8.22(S & dé § eJH)+ 20 Example 15

The title compound was prepared using the procedure described in
Example 2B substituting 2-methoxy-5-pyridineboronic acid for 4-
cyanophenylboronic acid. '"H NMR (300 MHz, CD;0D) 6 1.21 (m, 2H), 1.45 (d,
J=6 Hz, 3H), 1.50 (m, 1H), 1.76 (m, 1H), 2.00(m, 3H), 2.34(m, 1H), 3.14 (dd,
J=12 Hz, J=6 Hz, 1H), 3.27(m, 1H), 3.44 (dd, J=12 Hz, J=6 Hz, 1H), 3.54 (m, 1H),
3.73(m, 1H), 3.95 (s, 3H), 6.88 (d, J=9 Hz, 1H), 7.21 (d, J=9 Hz, 2H), 7.51 (d,
J=9 Hz, 2H), 7.93 (dd, J=12 Hz, J=6 Hz, 1H), 8.33 (d, J=3 Hz, 1H). MS (DCI-
NHs) m/z 323 (M+H)*.

Example 10
5-[4-((1S,2S)-2-{[(2R)-2-Methyipyrrolidin-1-ylimethyl}cyclopropvl)phenyllpvrimidine

The title compound was prepared using the procedure described in

Example 2B substituting 5-pyrimidineboronic acid for 4-cyanophenylboronic acid.
'H NMR (300 MHz, CD;0D) & 1.26 (m, 2H), 1.45 (d, J=6 Hz, 3H), 1.56 (m, 1H),
1.76 (m, 1H), 2.09(m, 3H), 2.35 (m, 1H), 3.12 (dd, J=12 Hz, J=6 Hz, 1H), 3.26 (m,

1H), 3.46 (dd, J=12 Hz, J=6 Hz, 1H), 3.55 (m, 1H), 3.73 (m, 1H), 7.32 (d, J=9 Hz,
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2.4-Dimethoxv-5444(1S,2S)-2-ff(2R)-2-methvipwrolidin-1-
viimethviTmlopropvl)phenvllovrimidine 25The title compound was

WprepHtse Using the procedure described in Example 2B subsRiUKiiti§2007/071849
2,6-dimethoxy-5-pyrimidineboronic acid for 4- cyanophenylboronic acid. 'H

2H)NKA66 (300EHAZ CIDHORPS (5,021 9142) (S, 1B MSHD CIAH(, rdrsbaiz,

(M+?H ) 1.39 (m, 1H), 1.60 (m, 1H), 1.94(m, 3H), 2.15 (m, 1H), 2.65 (dd, J=12
HZ, J=6 Hz, 1H), 2.78 (g, J= 9 Hz, 1H), 2.98 (m, 1H), 3.17 (dd, 30J=12 Hz,
J=6 Hz, 1H), 3.47 (m, 1H), 4.03 (s, 6H), 7.17 (d, J=9 Hz, 2H), 7.41 (d, J=9
Hz, 2H), 8.22 (s, 1H). MS (DCI-NH3) m/z 354 (M+H)+. WO
2007/150010PCT/US2007/071849 Example 16
2,4-Dimethoxv-5444(13,2S)- 2gﬂé@!@1methvlovrrolld|n 1-
5viimethvficyclqp gvl I The title compound was
prepared using e procettrédeSesedvkdm 15
2,6-dimethoxy- S-MMMMenylboromc acid.

a'**‘?t‘éﬁtl@?%@é"g@ﬁg??a%%%ﬁ%{*% Aobdiles BstiBed s oo
Exa(@@lq]4 Sybstiluling 5-awimisingronicoarid for4- cyasophenyibosobkc (k.
H Nmﬁ 60 h41e0:5D) %4706%1'1"3'1 410%(%6“?4)71154@1 ‘J.TS?_{H 3,

1(d, J=9 Hz, 2H), 8.22 (s, 1H DCI-NH3) m/z'3
14515@,( Kilpi & (m, 1H), 1.95(m, 515.'2:16 (m, 1) 2.66 (dd, 12 Hz J=6 Hz,

1Hgawmza)&{hmszaemtmmvmmwdlJﬂlmﬁbwmpﬁ vAohe Am
1H 2 B = G 7.9 (o e o oo 03 (6 25 8. %S, 9'&)4@15(.

(DCRHY e B (Meyt]-(2S)-2-methyl-pyrrolidine), 3(2H)-

Example 12
5-[4-({(1R,2R)-2-{[(2R)-2-Methylpyrrolidin-1-
Ilmethyl}cyclopropyl)phenvllpyrimidine

The title compound was prepared using the procedure described in
Example 3D substituting S-pyrimidineboronic acid for 4-cyanophenylboronic acid.
'H NMR (300 MHz, CD3;0D) & 1.00 (m, 1H), 1.11 (m, 1H), 1.21 (d, J=6 Hz, 3H),
1.34 (m, 1H), 1.51 (m, 1H), 1.82(m, 2H), 1.90(m, 1H), 2.08 (m, 1H), 2.18(m, 1H),
2.53(q, J= 9 Hz, 1H), 2.62 (m, 1H), 3.23 (dd, J=12 Hz, J=6 Hz, 1H), 3.34 (m, 1H),
7.27 (d, J=9 Hz, 2H), 7.62 (d, J=9 Hz, 2H), 9.03 (s, 2H), 9.10 (s, 1H). MS (DCI-
NH3) m/z 317 (M+H)*.

Example 13
2,4-Dimethoxy-5-[4-((1R,2R)-2-{[(2S)-2-methylpyrrolidin-1-
lImethyl}cvclopropyl)phenyllpyrimidine
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20 pyridazinone (CAS # 504-30-3, 20 mg, 0.2 mmol), copper iodide (1.5

mg, 0.008 mmol), N,Ntrans-dimethyl-cyclohexane-1,2-diamine (2.3 mg,
w®2006150000l) and potassium phosphate (75 mg, 0.35 mmol) ireamistoreof 849

toluene and isopropanol (4 ml, 1:1) was heated to 110C in a screw

cappiesititialdomp6ural masTve patet iesing Stropleddoure tistiRaperature,
Exémg\&eﬂewgh%é%? 2.6% .%g&ﬁsx 1 S FRALSALe (G aa B The

anic layer was epara washe NRe AR
cyaneRiIRabATeRiracidA R NMR: (390 Mlaiz:r@aa(aﬂayiet 03grophisdntrategn,

1H)U'1d£f g dJ“‘@ﬂlP@Fﬁ”ﬁes%Q%thﬁ-l 0'1 %’:m% gﬁ;‘ 5153 Aty

1% to 3% methanol (contaming 1 % cen

2.58Wdovairtiant foHroltde Qﬁ@t(ﬂe\boﬁwﬂéu rid")l@ MM, (3610, BIG (dd,

J=1CPRODSHAA HY, .48, (141 H
R e e T e

J=9.132,2t), 833 (g, 1m)“@81@§id\lb&)1l2\/ra§55=@ﬂﬁlzl)iH) 3.44 (m, 1H), 7.07
(d, J=9 Hz, 1H), 7.24 (d, J=9 Hz, 2H), 7.44 (d, J=9 Hz, 2H), -69- 7.47 (m,
1H), 8.03 (m, 1H). MS (DCI-NH3) m/z 310 (M+H)+. Example 18 52-144(1
S.2S5)-2-{1(2S)-2-Methylpyrrolidin-1-ylimethylicyclopropyl)phenvi]pyridazin

- 3(2f-A-one The title compouﬁ%ﬂé Qr%pared using the procedure
descrlbed in Example 17 subs product from Example 1D 1-[(1S,

star-tlng mt|I|yI) (1R
methyl]-(2S)-2- MR (300 MH
B R R R

Exaple(8h) substii8bge, 8H)rieddsns Hydinididetsordriy, a2idddeadJ=9 Hz,

cvapepet ot s o N (oo ins ROl 8 g 1.

THXDIN$IIIFGHZL 31T B8+ 1EXahGRLr9TH), 1.97(m, 3H), 2.18 (m, 1H),
2, 5?* (dd412$39)- %435(?(51121;"9%‘7' rJQ' o 1H), 302 (m, 1H), 334 (dd,

|n 1 yllmethyl)c clopropylyphenvil-1H- 1,7 4-tr
o b B0 BrpAQh Go P Hodeed s bt

J=9 Hz, 2H), 8.22 (s, 1H). MS (DCI-NH3) m/z 354 (M+H)*.

Example 15

rrolidin-1-

yllmethyli}cyclopropyl)phenyllpyrimidine

The title compound was prepared using the procedure described in
Example 2B substituting 2,6-dimethoxy-5-pyrimidineboronic acid for 4-
cyanophenylboronic acid. '"H NMR (300 MHz, CD3;0D) 6 1.04 (m, 1H), 1.12 (m,
1H), 1.28 (d, J=6 Hz, 3H), 1.39 (m, 1H), 1.60 (m, 1H), 1.94(m, 3H), 2.15 (m, 1H),
2.65 (dd, J=12 Hz, J=6 Hz, 1H), 2.78 (q, J= 9 Hz, 1H), 2.98 (m, 1H), 3.17 (dd,
J=12 Hz, J=6 Hz, 1H), 3.47 (m, 1H), 4.03 (s, 6H), 7.17 (d, J=9 Hz, 2H), 7.41 (d,
J=9 Hz, 2H), 8.22 (s, 1H). MS (DCI-NH3) m/z 354 (M+H)*.
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Example 34G substituting 1H-1,2,4-triazole-3-carboxamide for
pyridazin-3(2H)- one. 1H NMR (300 MHz, CD30D) 5 1.11-1.18 (m, 1H),

wa 2gx81im, 1H), 1.38 (d, J=6 Hz, 3H), 1.47-1.53 (m, 1H), 1ETTAISZA0{/H]1849

1H), 2.01-2.15 (m, 3H), 2.24- 2.35 (m, 1H), 2.91-2.99 (m, 1H), 3.13-3.23
(m, 1H), 3.33-3.43 (m, 2H), 3.60-3.68 25(n, 1H), 7.34 (d, J=9 Hz, 2H),
7.79 (d, J=9 Hz, 2H), 9.05 (s, 1H). MS (DCI-NH3) m/z 326 (M+H)+.
Example 20

YI)Phenyl, 1 )
2007/156610+ BH=H . _
2-Methv1-5-(4,4, e [} ' Alidiné-v1)-benzothiazole

- _ o A hiazole (2 g..8.8 ). ..

0 SR G SERBRETR CRR bearn ¢
Exafiple!,| € aubstitating 20-dimpthexyitraysiceicinslteronjc atid fondol) and
cyaﬁéﬁﬂ@ﬁﬁggﬂ%ieiSEiS’TO‘F}%W?W ERsOEPS Mk HT?;L neh N,

an a%/drous tetrak&d@rofuran (70 mL) under a nitrogen atmosphetre was

THhd A8ddod=Bitiz 3EIn R Mettihdiel ﬁ@i'a?hﬁieh?féfﬁp@kﬁttﬂéﬁh@. 1H),
2.63‘4@!&,@:\1@351%! tg£goHRr 9 My hod7at @djntaeeyiﬁeﬂqw %gg ms{;lﬁﬂ (?I(HI\Z %H(%/L)

_ tate. The filtrat washe water rine, drie g :
R R A A R S Loonigs e g @
J=CCH 21082 (e d Ay, Mg LRI e/ B4l 006 gttyl acetate in hexanes

to provi?::le the tt‘ﬁle C(’jljmpoﬁ‘.;ﬁ.]l?I IHN‘I’I\»;I}S (300 I\%z, I)|C=:ﬂISE’>CI3) 6 1.37 (s, 12
H), 2.84 (s, 3 H), 7.75 (d, J=9 Hz, 1 H), 7.82 (d, J=9 Hz, 1 H), 8.38 (s, 1
H); (DCI/NH3) m/z 276 (M+H)+. 15 Example 20B
2-Methv1-5-14-((1S,2S)-2-{f(2S)-2-methvlpvrrolidin-1-vgmethvllcvclopropv
1)phenv11- 1,3-benzothiazole Exa@B&1Zompound was prepared using

2-[4HAI R QERUE ZBE LB th oy SiIHIRIA) He thyNSE] i88%in-
Example 20A for 4-cyanophen3g ﬁ.ﬁ _rgrcl:e

A solution of the product from Example 4A (47 mg, 0.16 mmol;1-[2-(4-
bromo-phenyl)-(1R, 2R)-cyclopropylmethyl]-(2S)-2-methyl-pyrrolidine), 3(2H)-
pyridazinone (CAS # 504-30-3, 20 mg, 0.2 mmol), copper iodide (1.5 mg, 0.008
mmol), N,N'-trans-dimethyi-cyclohexane-1,2-diamine (2.3 mg, 0.016 mmol) and
potassium phosphate (75 mg, 0.35 mmol) in a mixture of toluene and isopropanol
(4 ml, 1:1) was heated to 110 °C in a screw capped vial for 16 hours. The mixture
was cooled to ambient temperature, treated with H,O and extracted with ethyl
acetate (2 x 25 mL). The organic layer was separated, washed with brine and
dried with magnesium sulfate. After filtration, the organic layer was concentrated
under reduced pressure and the resulting oil was purified on silica gel with 1% to
3% methanol (containing 10 % concentrated NH4OH) in dichloromethane to
provide the title compound. 'H NMR (300 MHz, CD30D) 8 1.07 (m, 1H), 1.14 (m,
1H), 1.26 (d, J=6 Hz, 3H), 1.40 (m, 1H), 1.58 (m, 1H), 1.90(m, 3H), 2.13 (m, 1H),
2.58 (m, 1H), 2.70 (q, J=9 Hz, 1H), 2.89 (m, 1H), 3.14 (dd, J=12 Hz, J=6 Hz, 1H),
3.44 (m, 1H), 7.07 (d, J=9 Hz, 1H), 7.24 (d, J=9 Hz, 2H), 7.44 (d, J=9 Hz, 2H),
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acid. 1H NMR (300 MHz, CD30D) 8 1.01 (m, 1H), 1.14 (m, 1H), 1.26 (d,
J=6 Hz, 3H), 1.35(m, 1H), 1.55(m, 1H), 1.91(m, 3H), 2.12(m, 1H), 2.34(m,

WARIN72EIM, 1H), 2.75 (M, 1H), 2.85 (s, 3H), 3.26 (M, 2H), 3.BCYHS2H)/071849

7.21 (d, J=9 Hz, 2H), 7.60 (d, J=9 Hz, 2H), 7.65 (dd, J=9 Hz, J=3 Hz,
74t i) éﬂoé'ﬂ% FYHL S SR 5 (b MS (DCI-NH3) iz
Example
1 3 5 Trlmethvl 4-14-((1S,2S)-2-{f(2S)-2-methvlevrrolidin-1-
30vlimethvlicyclopropvl)phenvll-1H-pvrazole The title compound was
prepared using the procedure described in Example IE substituting
1,3,5- trlmethyl -4- (4 4,5,5- tetrﬁamg_*ml,s 2]d|oxaborolan-

205988 311), 2.08 (m. 111), 2.15 (5, 3H),
2. 18' t@mtnﬂé—boﬁlﬁdmw a3, [’z}é;ﬁ(l‘ed Ud):@tﬁé procétifre dekérbedh 3.38
Exafpiey {bdtini iy 5radREF O Bk aNpRA DN S 28)-2-(4-bromo-
phenyl)-cyclopropylmethyl]-2(S)-methyl-pyrrolidine as starting material in place of
the 1-{2-(4-Bromo-phenyl)-(1R, 2R)-cyclopropylmethyl]-(2S)-2-methyl-pyrrolidine .
'HNMR (300 MHz, CD30D) § 0.97 (m, 1H), 1.13 (m, 1H), 1.23 (d, J=6 Hz, 3H),
1.34 (m, 1H), 1.51 (m, 1H), 1.85(m, 3H), 1.93 (m, 1H), 2.01 (m, 1H), 2.68 (q, J=9
Hz, 1H), 2.85 (m, 1H), 3.08 (m, 1H), 3.23 (m, 1H), 7.07 (d, J=9 Hz, 1H), 7.22 (d,
J=9 Hz, 2H), 7.44 (d, J=9 Hz, 2H), 7.47 (m, 1H), 8.03 (m, 1H). MS (DCI-NH3) m/z
310 (M+H) .

Example 19
N-[4-((1S,2S)-2-{[(2S)-2-methylpyrrolidin-1-ylimethyl}lcyclopropyl)phenyl]-1H-
1,2,4-triazole-3-carboxamide

The title compound was prepared using the procedure described in
Example 34G substituting 1H-1,2,4-triazole-3-carboxamide for pyridazin-3(2H)-
one. '"HNMR (300 MHz, CD,0D) 6 1.11-1.18 (m, 1H), 1.22-1.28 (m, 1H), 1.38
(d, J=6 Hz, 3H), 1.47-1.53 (m, 1H), 1.67 -1.74 (m, 1H), 2.01-2.15 (m, 3H), 2.24-
2.35 (m, 1H), 2.91-2.99 (m, 1H}), 3.13-3.23 (m, 1H), 3.33-3.43 (m, 2H), 3.60-3.68
(m, 1H), 7.34 (d, J=9 Hz, 2H), 7.79 (d, J=9 Hz, 2H), 9.05 (s, 1H). MS (DCI-NH;)
miz 326 (M+H)*.

Example 20
2-Methyl-5-[4-((18,28)-2-{[(2S)-2-methylpyrrolidin-1-ylimethyl}cyclopropyl}phenyl]-

1,3-benzothiazole
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Example 22 2,6-Dimethy1-344-Th S,2S)-2-{f(2S)-2-methylpyrrolidin-1-
10viimethvl}cycloproovl)Phenvlliwridine The title compound was

WprepHtse Using the procedure described in Example IE substRGiAgS2007/071849

2,6-dimethylpyridine-3-boronic acid for 4- cyanophenylboronic acid. 1H
NMR (300 MHz, CD300) 8 0.%X ,@HZOJAOQ (m, 1H), 1.22 (d, J=6 Hz,
A 1

¢ ‘ 2y

3.3A e‘rﬁ'Ui'Pn of _5;93(%%12)@@9'(@802@}%01@192 m.SB(B)mmuus) m/z 321
saas ?i’éa?sml e BT IS EAS
73 ?’p9 dﬂ%tass'ufﬂé?ﬁ@@oﬁﬂcﬂnﬁjﬁ) ph2Rd PdsirpRa€lprocedure
dichiesumibtiwhive Eamplee GE‘BMd Bmm@mwnmtﬁlmpﬁé:[r)%fo[) PN LRCIE Faky d{?_{i).:ran

aci H NMR
7o AR S RIE S A AL WS tealel laeipe dretmiai pere oh)
coolirgsierambignt lerperEt)re2 thérmiidie vas fMiEred tp @R diatoniatecu’s
eartR afidWagn&dith &th ’\ﬁa?:e?aléz ‘?tll'é)flﬁrgt?é @aglg'gb%[g/? \Qﬁ Q]ﬂ%é\d%d

(DCI-NH3) m/z 294 H)+. Example 24 30N-I

bnr)qur[l ﬁ%}\)ﬂlﬁf%’l iBNA-GRNARNERIRHeRs SRSYPRD f@ﬁ%ﬂ%i néhe
resEluerwak:c%émﬂa(é’gmkaMfghwh@éf@llﬂlﬁg]Wimﬁﬂ% Blhidacetate in

| h lamine 5A ion. of the product Trom Example
hexJa_ Sl > fompound. 8: SRR GOSN By s 137 s 12

H), 2@42%43*%7075*(6@99%91)*@)031mewmsamwmg@ggm)i
(de?{m @?%zﬁi]mﬁ(ﬁ lamide (560 mg), Pd2(dba)3 (100 mg) and
BU)

ane, 530 mg) in toluene (3 mL) was heated in a
microwave reactor at 160C for 40 minutes. The mixture was diluted with

dichloromethane and H20 an‘txamgle 208

2-Methyl-5-[4-((18,28)-2-{[(2S)-2-methylpyrrolidin-1-yljmethyl }cyclopropyl)phenyl]-

1.3-benzothiazole

The title compound was prepared using the procedure described in
Example 1E substituting the product from Example 20A for 4-cyanophenylboronic
acid. 'H NMR (300 MHz, CD30D) § 1.01 (m, 1H), 1.14 (m, 1H), 1.26 (d, J=6 Hz,
3H), 1.35 (m, 1H), 1.55 (m, 1H), 1.91(m, 3H), 2.12(m, 1H), 2.34 (m, 1H), 2.67 (m,
1H), 2.75 (m, 1H), 2.85 (s, 3H), 3.26 (m, 2H), 3.41 (m, 1H), 7.21 (d, J=9 Hz, 2H),
7.60 (d, J=9 Hz, 2H), 7.65 (dd, J=9 Hz, J=3 Hz, 1H), 7.96 (d, J=6 Hz, 1H), 8.06
(d, J=3 Hz, 1H). MS (DCI-NH3) m/z 362 (M+H)*.

Example 21
1,3.5-Trimethyl-4-[4-({1S,2S)-2-{[(2S)-2-methylpyrrolidin-1-
limethyl}cyclopropyl)phenyll-1H-pyrazole

The title compound was prepared using the procedure described in
Example 1E substituting 1,3,5-trimethyl-4-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-
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10 partitioned. The aqueous layer was extracted with DCM and the
organic layers were combined, dried and concentrated to afford a

weovmistnresidue which was purified on silica gel eluting with 8%/ rstlanoi 849

(containing 10 % concentrated NH4OH) in dichloromethane to provide the

2-ylitkHepyramnle (CAS ¥ BHR§S0DMS)AoCD SPANOBIEAGIOrdriy 2ia5 (AN,

(Sod MAETLOIODIF O B S TET, TH 221 e s 25y
THRHH6(8B w)aﬂgaez(nmsﬁmqmmm H}) Pib 2S1341)+21)¥8. (Exarti)l©.24]s,
3H)N 3 ML 4 63 Tt e, B2 M RE i n}Oft4(s 4H).

20V|ImethvllcycloproDv|) enyllamine A’solutio producMrom
(DQ-pitapre/2 324 $8Hid);F0.15 mmol, 4-{2-[(2S)-
2-methyl-pyrrolidin-1-ylmethy1]-(1S, 2S)-cyclopropyl)-phenylamine) and
2-methylpropionaldehyde (20 mL, 0.23 mmol) in ethanol (8 mL) was
treated with boranepyridine (30 mL) at room temperature and stirred for
16 hours. The mixture was 25 E:conceptr ed and the residue was purified
on silica gel eluting with 3% meﬁ-%ﬁtggntammg 10% concentrated
NH40H) ZbcRimetovhStinid $oAF b «m €20 B Af11ee yoratidind H NMR (300
MHz, CD30D) 5 0 h i I‘?Qn riGing= 9 Hz, 6H), 1.17 (m,
1H), 1.26 (d, J=6 , 1.90 (m, 3H), 2.13
(m, ﬂq)‘“?ﬁmﬁ%ls V?wmam’) using g pEpgedure desaribsdrin 30
Exahile6l BGs (sl eRifdz2; %m@e&@@rﬁ%@b&?ﬁb"&ﬁ%ﬁfﬂH@ m/z 287
M+ Exam 50010PCT/US2007/071849
CyaR PRI OIGNS 37190 1 ML 00 M EARA B o vt
1H)ivtiagdidy- F-eurinaH), 1A32ofutjamyf 115 mmduaj fnoss Ewam@jezzdﬂ((ﬁoﬂ—l)

21%@(: ﬁ( efylam ?}_@yg Qﬂ]h%}t ]1{1@ 3%@5’“ 1H),

3.3MmmohH), 7 19 (m, 5H), 7.49 (d, J=9 Hz, 1H). MS (DCI-NH3) m/z 321 (M+H)*.

Example 23

The title compound was prepared using the procedure described in
Example 1E substituting pyrimidine-3-boronic acid for 4-cyanophenylboronic acid.
'H NMR (300 MHz, CD30D) & 0.96(m, 1H), 1.1 (m, 1H), 1.16 (d, J=6 Hz, 3H), 1.31
(m, 1H), 1.45 (m, 1H), 1.77 (m, 2H), 1.86 (m, 1H), 2.0 (m, 2H), 2.4 (m, 2H), 3.18
(m, 1H), 3.27 (m, 1H), 7.26 (d, J=9 Hz, 2H), 7.62 (d, J=9 Hz, 2H), 9.03 (s, 2H),
9.09 (s, 1H). MS (DCI-NH3) m/z 294 (M+H)*.

Example 24
N-Isobutyl-N-[4-((1S,2S)-2-{[(2S)-2-methylpyrrolidin-1-
Imethyl}cyclopropyl)phenyllamine
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tris(dibenzylidineacetone)dipalladium(0)-chloroform (40 mg), Cs2CO3 (1
g), and 1,1'-bis(diphenylphosphino)ferrocene (65 mg) in anhydrous

WQIRans0080mL) was heated to 110 C for 48 hours. The mixturRCHAS2HGI6T 849

to room temperature, diluted with EtOAc and washed with water and brine.
The organic layer was dried 10(Mg504), filtered, concentrated under
reduced pressure, and purified on silica gel eluting with 3% methanol
(containing 10 % concentrated NH40H) in dichloromethane to provide the
title compound. 1H NMR (300Example[2440) 8 0.84 (m, 1H), 0.96 (m, 1H),

4-fol{(dsymoMdtn b £i18039ir€011|:| otAvi}3 48], A
1P Sl e iago R X D RS0, i 8 il S,
2S J42-{4-prontin<phenipl Réy clire i BRa A} S mik tgtbyrmiigiinie), lithium
bis(iriethGH ARIGR QRO PERIEN (6o S PERITRE-B2), (10% in
hexane, 530 mg) in toluene (3 mL) was heated in a microwave reactor at 160 °C
for 40 minutes. The mixture was diluted with dichloromethane and H,0 and

partitioned. The aqueous layer was extracted with DCM and the organic layers
were combined, dried and concentrated to afford a brownish residue which was
purified on silica gel eluting with 3% methanol (containing 10 % concentrated
NH,OH) in dichloromethane to provide the title compound. 'H NMR (300 MHz,
CD;0D) 8 0.73(m, 1H), 0.85 (m, 1H), 1.07 (m, 1H), 1.13 (d, J=6 Hz, 3H), 1.41 (m,
1H), 1.63 (m, 1H), 1.76 (m, 3H), 2.0 (m, 1H), 2.28 (m, 2H), 3.12 (m, 1H), 3.27 (m,
1H), 6.85 (d, J=9 Hz, 2H), 6.83 (d, J=9 Hz, 2H). MS (DCI-NH3) m/z 231 (M+H)*.

Example 24B
N-Isobutyl-N-[4-((1S,28)-2-{[(2S)-2-methylpyrrolidin-1-

{imethvl}cyclopropyl)phenyllamine

A solution of the product from Example 24A (35 mg, 0.15 mmol, 4-{2-[(2S)-
2-methyl-pyrrolidin-1-yimethyl]-(1S, 2S)-cyclopropyl}-phenylamine) and 2-methyl-
propionaldehyde (20 mL, 0.23 mmol) in ethanol (8 mL) was treated with borane-
pyridine (30 mL) at room temperature and stirred for 16 hours. The mixture was
concentrated and the residue was purified on silica gel eluting with 3% methanol
(containing 10 % concentrated NH4OH) in dichloromethane to provide the title
compound. 'H NMR (300 MHz, CD;0D) § 0.82 (m, 1H), 0.94 (m, 1H), 0.95 (d, J=
9 Hz, 6H), 1.17 (m, 1H), 1.26 (d, J=6 Hz, 3H), 1.57 (m, 1H), 1.76 (m, 2H), 1.90 (m,
3H), 2.13 (m, 1H), 2.37 (m, 1H), 2.75 (m, 1H), 2.84 (m, 3H), 3.23 (m, 1H), 3.45 (m,

1H), 6.56 (d, J=9 Hz, 2H), 6.86 (d, J=9 Hz, 2H). MS (DCI-NH3) m/z 287 (M+H)*.

Example 25
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Example 26A 3-(4-Bromophenvl)prop-2-ene 1-ol To a solution of ethyl
trans-4-bromocinnamate [CAS 24393-53-1] (8 mL, 42.6 mmol) in

W d7cdkdosodichloromethane (150 mL) under N2 was added 2BCH70SMeE071849

diisobutylaluminum hydride in dichloromethane (128 mL, 1M, 128 mmol)

81D 2o FeHinlid B diMed ‘ 0

C 10 -30 C over two hours. The rgixfure was then cooled back to -78 C and
aqueous 1 N HCI was added. The organic layer was separated, dried with
Mg3baokitieref el Riedushirare Exemete @40cEOProgsird omobvid@-{(2S)-

2-nidmAGgaamAcIHRR @%ym:&%b@fﬁég%%inb‘ g Hz, 1H),

4.32 (t, J = 4.5 Hz, 21-), 6.37 (dt, J = 16.5 Hz, z, 1H), 6.57 (dt, J
br°§l‘§’)& niding i?ﬂ,%l'ﬂs’; 39% M9l o Hz, 2H), 7.45 (d, J = 9 Hz, 2H). MS
tris(GiBeAyidjreaceibhdMipdliad IR NGHSRAHIRE TS 2T /(1840 and

Example 26B  2-Butvl:F1.3.21digxaborplane-(S,S)-4.5-dicarboxylic acid
1.1Bél:sg&rf?eﬁ%rwﬁm?&g%mo)Ferrocene%g mg) in anhydrous dioxane (8 mL) was

hegte@ta-119| fGcionnBcroutsi The, fddiexaasivomeihs [GAH Bhparddrd] was

. ' i -(2- xy-ethylamino)-ethano
O B e e T h G R e
(Mgl filtRresbiseneeytrated undenyedurespmmsare. dinddraified on isillca-gel

elutRigauetBv-mdaredieidtalRiig 103% EoRdeAlrit NP i ifissolved in
dic@f]%hgdrci%s dichloromethane {95 mL) under N2. Brine (30 mL) was added.

metRRNA IR PRIVER NG AWe Geap g on R AYMER (3R AMDZ 1GRGDY e
0.84\elaydjs0NgB EraepRNAtE 4 OB 1R B9 PO EvaR Bxrastad With, 1.75

m RIS B L L e

(m i) P0p sl SE4pH, 2H)NVER (SOPHY hirs EHHRIHAGHZ 508 (f+RiyY,
1.25-1.45 (m, 4H), 2.98 (s, 6H), 3.2 (s, 6H), 15 5.52 (s, 2H). MS

(DCI-NH3) m/z 271 (M+H)+. Example 26C
(1R.2R)-12-(4-Bromophenvl)cyptapnpie2Bnethanol

4'-((1R,28)-2-{2-[(2R)-2-Methylpyrrolidin-1-yllethyl}cyclopropvl)-1.1'-biphenvyi-4-
carbonitrile

N-

e

B 2iMedily

I |_|" % ‘n‘i

Example 26A
3-(4-Bromophenyl)prop-2-ene 1-ol

To a solution of ethyl trans-4-bromocinnamate [CAS 24393-53-1] (8 mL,
42.6 mmol) in anhydrous dichloromethane (150 mL) under N, was added
dropwise diisobutylaluminum hydride in dichloromethane (128 mL, 1M, 128 mmol)
at-78 °C. Following the addition, the mixture was allowed to warm from —78 °C

to —30 °C over two hours. The mixture was then cooled back to -78 °C and
aqueous 1 N HC| was added. The organic layer was separated, dried with
MgSO,, filtered and concentrated under reduced pressure to provide the title
compound. 'HNMR (300 MHz, CDCl3): & 1.44 (t, J = 6 Hz, 1H), 4.32(t, J=4.5
Hz, 2H), 6.37 (dt, J = 16.5 Hz, J = 6 Hz, 1H), 6.57 (dt, J =15 Hz, J =3 Hz, 1H),
7.25 (d, J = 9 Hz, 2H), 7.45 (d, J = 9 Hz, 2H). MS (DCI-NH3) m/z 214 (M+H)*.
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To a -10 C solution of dimethoxyethane (1.2 mL, 2 equivalents) in 20
anhydrous dichloromethane (30 mL) under N2 was added dropwise,

WQIRaHY120020(12 mL, 1M in dichloromethane) followed by dropRiSE Gsiey 1849

of diiodomethane (1.8 mL) over 15 minutes, maintaining the temperature
below -5 C. The mixture was stirred another 10 minutes at -10C after the

addition, then a solution of th%di%%%%g@ne from Example 26B (1.8 g in

5mL dichlorom'etha

tBeSHivERb 3rdleiaxabetala s (3 )edif-Higar bdix Fnethygl dhwde
addepitonyiseurERgdeding BaE RS LesaRYRSE 1&&?%%?&%@%%

stirred overnight. The mixture was qtuenched with the
PrepfReLiRNRrR LY BarPRiACiE AR A (Rrbydiony-RibxlaminekethaneitECASith
11 1eam2]tam@p3hed:mrmigmt@mm§mrm.v\mee%eﬁ%eq:]méth aqu ;(;USSZN

. (40,mL) 30%,aqu 02 (5mL) an tirred for
dlogn%%f%%. ee(én g?éi] 2 %’fﬁf&‘%ﬁr%‘é '&Mﬁgﬁgﬁéﬂﬁany with
tetrapsshydnbetanerianidg 6463426323 Hg e gl warkl G8sleed ihrine. The
i ' it The filtr

B e (h g ol poried 30 HIETUFa Bec The,
resulting mixtce/ wes siredial [BRIeaRerR UL PRI dThewa layars yBoe
sepMHted;E}fa_laie Y 9&olsDdper WAk é)fﬂrf'acle%ﬁfmh &@&ﬁe}hgﬁié%ﬂﬂ o
The?ﬁ%?%%%%;@;?%&ﬁ%&%&ﬁgﬁ \;@bbzrll_l é,7drie over | MgSé’.;. fil?éred
andt&a&ﬁmm d ' @im eéﬁfwg?gg'f?ﬁhl id ('g Z%'eo

3 ivalents) wa ed.dropwise solution of oxalyl chloride (0.
M B Ao s S e 1 A N e 6 s ion
9.52{sheh)chs(DeRNE)MPEe27aGMSEH*MQ) in dichloromethane (20 mL)

was then added dropwise at -78 C. Stirring at this temperature was

continued for 30 minutes, then triethylamine (2 mL, 4 equivalents) was
added, and the dry 15 ice batBxample26led. After stirring for 1 hour, the

mixture was gwww%xwre was

extracted wigh ether, The combined organic extracts w ied (MgSO4)

and RIfErdE Fheolion ol dimelhexyrinase (hddntedredyaieaislia The
anhyeiisluedichtoporribitthhy (30thg) tneeiok Awdethatied dropwise, diethylzine
(12 mL, 1M in dichloromethane) followed by dropwise addition of diiodomethane
(1.8 mL) over 15 minutes, maintaining the temperature below -5 °C. The mixture
was stirred another 10 minutes at —10 °C after the addition, then a solution of the
dioxaborolane from Example 26B (1.8 g in 5 mL dichloromethane) was added
over 6 minutes at -5 °C. A solution of the alkene from Example 26A (1 gin 5 mL
dichloromethane) was then added dropwise. The cooling bath was removed and
the mixture was stirred overnight. The mixture was quenched with the addition of
saturated aqueous NH4CI, and 10% aqueous HCI. This mixture was extracted
with ether twice. The combined organic extracts were treated with aqueous 2N
NaOH (40 mL) and 30% aqueous H20 (5 mL) and then stirred for 5 minutes. The
separated organic layer was then washed sequentially with 10% aqueous HCI,
aqueous Na;S;03, aqueous NaHCO3, and brine. The organic layer was dried
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silica gel with hexane to provide the title compound. IHNMR (300 MHz,
CDCI3): 208 1.48(m, 1H), 1.65 (dt, J = 9 Hz, J = 6 Hz, 1H), 2.15(m, 1H),

W BTN 1), 6.98 (d, J = 9 Hz, 2H), 7.45 (d, J = 9 Hz, 2H), 9ABY&2DH071849

4.5 Hz, 1H). MS (DCI-NH3) m/z 226 (M+H)+. Example 26E
(Mg8Q.Bandhfiltergd R THe) fitrale e kgnceryitbtadzenacuo. ATbelnesidue Was
urilE8RYSIa G mmﬁ%ﬁ%ﬁﬂ@mé& AR the tit
P methyltriphenylphosphonium iodide [CAS 5 66-9] lpi°7wg ein e title
cory ous dichloromethane (50 mL) was stirred at 0 C under N2.

'H ﬁ»tasm@ Mﬁét%lﬁelé%cbfﬁﬁl’fvé%ﬁdéﬁ‘? P 4Bis AlgH, W}U{ers-*\ea@m

ath was removed, and the 30 mixture was stirred at room téemperature
1 Hbﬁeeﬂdgr Jhé- bl R & Rich e WEn2ihfa3édhalie@ s RHIC MBhe
(DO Eva 22 IRetast with dichloromethane and the combined organic
extracts were dried (MgSO4) and filtered. The filtrate was concentrated
under reduced pressure and the residue was purified on silica gel with
hexanes to provide the title cdexpoptel 268 NMR (300 MHz, CDCI3): 8
. J 7-- 34 Hz,
opEleftdiid) -3
6. 9@(@'3%%% %ﬂguwalsqtf)yvasaadﬂeényonge|awﬁta¢|ﬁnpm1yl
chléNhﬁ‘tl D4& KAy H%Rﬁfdro#s dnchlorometharle ;50 r:nL) 1|Jn_|c_ier N2 alat '[_78 ocf:thA
- romophen pr. yllethanol To a solution of the
Soligty o 5 AT TSP P8 SO i A O ST BRI Tk )

was) toy mmerauwm mairae%:H Stifrdgat thM)temﬁefs‘afﬁre waxtcusatWan

for %Jﬁ%&el%gggﬁgéufﬂ%funon%gg % qs%ﬁ J\%\%]s? é}ig?% % e |cé v?/gs":y

ice n‘@ﬂW@é meaves.rdbristirngdard mﬁnﬂf@ pbxune wae rfe@ateohwdh
satSfitEayasRRNIRYE! fPhd AhiRiDr SvasT BaabH Ginestisse e d Mitined

saturated aqueous 15 NH4CI and extracted with ether. The combined

°r98Fb%ﬁ?8’8£IPa‘8?§\ﬂEF@ GMIF Golid Aiterreriie ditigie aseonretrated
undmnedntedqm‘esnﬂme rwdacreehMessasqadflﬁede@@@tmam‘au@ﬁ(hmaIbca
. |th 4: exanes/eth etate to provide the title _compoun
siichge Sl prays 08 DS FAPoHI 4 NMFEs U i aCh):
8 ma)(ni G+-1)71(66 @) )3 ToHE, J=G1Hz, AH), @ &ind, 3 19)HZ.52Hm, 17, 6108

SRS A R R s A8 s o g e

mlz;BRﬁlﬁﬂ*d‘ﬂExample 26F (1.2 g, 5 mmol), 4-cyanophenylboronic acid

Example 26E
1-Bromo-4-[(1R,2S)-2-vinylcyclopropyllbenzene

A solution of the aldehyde from Example 26D (500 mg, 2.22 mmol) and
methyltriphenylphosphonium iodide [CAS 2065-66-9] (1.17 g) in anhydrous
dichloromethane (50 mL) was stirred at 0 °C under N,. Potassium t-butoxide (340
mg) was added to this chilled mixture. The ice bath was removed, and the
mixture was stirred at room temperature for one hour. The mixture was quenched
with saturated aqueous NH4Cl. The mixture was extracted with dichloromethane

and the combined organic extracts were dried (MgSQO,) and filtered. The filtrate
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25 [CAS 126747-14-6] (1.4649. 2 equivalents), Pd(PPh3)2C12 (350 mg),

and Cs2CO3 (6.5 g) in isopropanol (80 mL) under N2 was stirred at reflux
W@eITigho1T he mixture was partitioned between ethyl acetateP&TAUSZAD7/071849

The organic layer was washed with saturated aqueous NaHCO3 and then

was\Gtinbenteatét &indegaredimyer pressiireradd ak(Mekfidé)vaas! glisred ohhica
filtrate was cqncentr; in yacuo an the resulting residue was

te d3
A A X R e ol
1.1at@éte, RH)rdvedet tigritla lepn@aung21(hh NMIR $368 (Wddz JC-EszIBDz',fiJ)&%5
-10 , , -1.2(m, 1H),,.1.65-1.7 (m. 3H),.3, 78,1 = . 2H),
e FT A 1 8o AR 0 0 R e e
Hz, &017 45161 nd/ £ 9642 \MIHH)- ME @EIIN-RB M/ SR24tid+dHalfonic acid,
2-1(1S,2R)-244'-cvano-biphenv1-4-v11-cyclopropvll-ethvl ester To a
solution of Example 26G (560 mg, 2.13 mmol) and methanesulfonyl
chloride (0.22 mL, 1.2 equivaleXeBBed8Eioromethane (10 mL) under N2
was added2sletByYMRPPLAB AR 1obhdndiRYbivBIOpL) lldihandine mixture

' 0 for 5 hQurs. ' : d
ek SR ey el R T

anhydte IHimi$Gireks anteeiivae adieddroranedtef it SanLiptanat @ C.

The SRRtiRgvaS dHRatan RBHIQERYE AR AP URPDLLS tﬁgﬁ%gimg&@gﬁth

4:1 hexanes/ethyl acetate to provide the title compoun I
Aqugeus bydregsn Besaxide 39lution (35%1 8-5 mh)wasiadded. (thesiag, bashvass
rem{dvéd-the1ixdine, Wakbalbwed & WardHb rodi témparfitite £hd) stirdSo(tad =
conﬁrﬂ%@f@%}M%%%gﬁ?ﬁéﬁ@‘%%aﬂ }'ng%(gdm\ﬁilt% %g%urated aqueous
NH& asldigxttactdiwithetherrophé etrabinigd ergednié- @acastsoniréelieda

(Mg%i‘)i%@ﬁﬁé?e%‘ﬁﬂé(ﬁt%&@??ﬂk%%ﬁ%@%@% {édé%’@mrﬁ%l%r}g. The

potassium carbonate (0.446 g, 3.24 mmo as added

resigue was pufisgrRAiaiica 9l Wi dexenes/etnd aretats tgFuovidg, thestitie

RS ORS00,

HEDWirirhimarbd QS 4)= Sz dte ftdadrmitizo 2iihe7 45 (d,

J =@ idlipg ) eMeUD BRNIRLY Higsl quma_tography on silica gel eluted with
7.5/20/70 MeOH/EtOAc/CH2C12 to provide the title compound. 1H NMR
(300 MHz, CDCIS3, free base): 50.85 -0.9 (m, 1H), 1.03-1.0 (m, 1H), 1.14

(d, J = 6 Hz, 3H), 1.4-2.4 (m, ExathpleP66, 1H), 3.15-3.23 (m, 1H),
4'-[(1R,28)-2-(2-Hydroxyethyl)cycloprop-1-yllbiphenyl-4-carbonitrile
A solution of Example 26F (1.2 g, 5 mmol), 4-cyanophenylboronic acid
[CAS 126747-14-6] (1.46 g, 2 equivalents), Pd(PPh3).Cl, (350 mg), and Cs,CO3
(6.5 g) in isopropanol (80 mL) under N2 was stirred at reflux overnight. The
mixture was partitioned between ethyl acetate and H,O. The organic layer was
washed with saturated aqueous NaHCO3; and then with brine. The organic layer
was then dried (MgSQ,) and filtered. The filtrate was concentrated in vacuo and

the resulting residue was purified by chromatography on silica gel eluted with 4:1

hexanes/ethyl acetate to provide the title compound. 'H NMR (300 MHz, CDCl,):
8 0.85-1.03 (m, 2H), 1.12-1.2 (m, 1H), 1.65-1.7 (m, 3H), 3.78 (t, J = 6 Hz, 2H),
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30 7.15(d, J =9 Hz, 2H), 7.47 (d, J =9 Hz, 2H), 7.66 (g, J = 9 Hz, 4H).
MS (DCINH3) m/z 331.2 (M+H)+. Anal. Calc. for C231126N2. C411606

wa 267101 -tartaric acid salt): C, 64.46; H, 6.91; N, 5.57. ForaL/ 052641461849
H, 6.91; N. 5.57. Example 27

7.155(0R)=191 PH( 250 RJ-28(fd BicnioHRe2MY) 68 o Py Szl 1) mitdy(p@trolidi

NH%}WZ%{W p )A (1a2R)-Methanesulfonic acid

omo-phenvl)-cyclopropyll-ethvl ester 10 The alcohol from
Example 26F, 2-[(1S,2R)-2-(4-bromophenyl)cycloprop-1- yllethanol, was

converted to (1S,2R)-methansgaypriogeid 2-[2-(4-bromo-phenyl)-

C clopro 1]-eth Iest?r accor |n to the methods outlined in Example
M S.2R)-2-(4'-cyano-biphenyl-4-yl)-cyclopropyl]-ethyl

15(2R) -142-1(1S,21:2)-2-(4-Broneg @envl)cycloProoleethyll 2-methvlipyrr

I d t
0 I(;iIJmedS mﬁ&fr%ﬁlf %%‘rﬁpo%g?tﬁmg%ﬁé pro dﬂ%cr%c?qg f xam : r%’e}' on?l
chIO(me m:gaﬁa;h&rﬂegqmﬁlsraéidmcﬂzmmmﬂaﬂpaéﬂm9l)td.;)anopmp\mvemyl

add@@iﬁbtf@iéﬂ%@rﬂwﬁﬁﬁ@m IR Serfd) ot 0 NVIFHGRRIRE vﬁ@@l‘iﬁeﬁ%ﬁ

base): 8 0.75-0.9 (m, 2H),.0.9 104m20 1H), 1.15(d, J =6 3H),
room tﬁrmp@sadwesfm 51h99r§ 33“&@%-7’92’@5 geg%qﬁnwm )1 angl foe(ﬁfgamy
Iayeﬁh‘faﬁiwzhggﬂlﬂ biiiné, 3Retl dAed IMES Oh)) aMdiSiltefe N IThe it Was
Xam
condhiEy e BB Re vesuting resieie. 1or ifies 4y SssTialagaehu

on silicargel -eutet vathitdiie hexangsketbglacetate to provide the title compound.

1"“@@ ﬁna%?fmz.‘é@eﬁ po%? 4 t?"%éc'j%o ﬁ%@ﬂg o%'}azé’o%rocu &

4.390AER 5127 2347 @dduzmammaﬂmm@maﬂmm @J=9
Hz, SFUIROBEENALY s Sl eliyxy-

Example 26|
-{((1R,28)-2-{2-[(2R)}-2-Methylpyrrolidin-1-vllethyl}cyclopropyl)-1,1'-biphenyi-4-
carbonitrile
To a solution of the mesylate from Example 26H (500 mg, 1.47 mmol) and
potassium carbonate (0.446 g, 3.24 mmol) in DMF (10 mL) was added (R)-2-
methylpyrrolidine hydrobromide [CAS 117607-13-3] (300 mg, 1.81 mmol). The
mixture was stirred at 50 °C overnight. The mixture was partitioned between ethyl

acetate and H;O. The organic layer was washed with brine, dried (MgSOs), and
concentrated in vacuo. The resulting residue was purified by chromatography on
silica gel eluted with 7.5/20/70 MeOH/EtOAc/CH,CI. to provide the title
compound. 'HNMR (300 MHz, CDClj, free base): 6 0.85 -0.9 (m, 1H), 1.03-1.0
(m, 1H), 1.14 (d, J = 6 Hz, 3H), 1.4-2.4 (m, 11H), 2.9 (m, 1H), 3.15-3.23 (m, 1H),
7.15(d, J =9 Hz, 2H), 7.47 (d, J = 9 Hz, 2H), 7.66 (q, J = 9 Hz, 4H). MS (DCI-
NH3) m/z 331.2 (M+H)*. Anal. Calc. for C23H26N2 " C4HgOs * 1.25 H,0O (L-tartaric
acid salt): C, 64.46; H, 6.91; N, 5.57. Found: C, 64.46; H, 6.91; N, 5.57.
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ethylamino)-ethanol (CAS 111-42-2] as reported in Organic Synthesis,
1998, 76, 86-96, and

WQ@2R RN B-dihydroxy-N,N,N',N1-tetramethyl-butanediamide FCRBS2007/071849

26549-65-5] (9.85 g) were dissolved in anhydrous dichloromethane (160
mL) under N2. Brine (25 mL) was added. The resulting mixture was stirred
at room temperature for about 16 hours. The two layers were separated,
and the aqueous layer was extracted with dichloromethane. The
combined organic layers were washed with 50 mL brine, dried over
MgSO4, filtered and concentr@egnr_{bwyro to provide the title compound
s an orl 1OExamIe 28B

drmethoxyethane (5 2 mL) in anhydrous drchloromethane (200 mL) under
N2 was added dropwise, diethylzinc (62.6 mL, 1M in dichloromethane)
followed by dropwise addition of diiodomethane (10.1 15 mL), maintaining
the temperature below -5 C. Bxampiel@éAvas stirred another 10 minutes

)
(8.988l%0 'Lffm%mlﬁwa )%v&é%aﬁét?e(ﬂ Br@!nﬂpémytaﬁvdpﬂrep 1-
yl]eﬂtbgﬁﬁ tr@gbax@éﬂggta%sﬁ&mnz?ﬁmm@d whwg%@ﬂtgf(&&&ﬁa-éﬂéntq -
or was, the ed dropwis ing bath was
o RS Re T AL BT IR P ETEREo
guenched with the addition of saturated aqueous NRICl, and 10%

agueous HCI. This mixture W@S%@%With ether twice. The combined
organic extracts were treated Wi queo s 2N NaOH (250 mL) and 30%

.....

ﬁfgmém"fu‘i'“‘Z”ﬁ?;og*w%"’ﬁwf’@rﬁ%‘ffﬁ?ﬁ”ﬁbﬂ“ﬁﬁgﬁ
ExaiHIe 20 SR THRa e Ik o e s tod TR R Lo Rsuemc
acid\?@mhmwboalgeyahpmgm%tﬁyemtmsieﬂmbmmmtﬁmmmtﬂe
26, SERTBO SR BB 86 s R O7EaR 2. BRI (™.

1H)eqm56(tdznts§ ovbiz, adtdRd Grd Bt BlE)s0|6662.06 ¢ralBHERBER 95 (m,

a t a S@l on,
1H)f 3 émhll ?e 2% S%%%)btr]o"rzngo@hefny cvg/%lopr pﬁ?@#‘ anol)
NH3) 'Bfétﬁéﬂ)%tﬁane was then added dropwise at -78 C. Stirring at this
temperature was continued for 30 minutes, then triethylamine (4
equivalents) was added and the dry ice bath was removed. After stirring
for 1 hour, the mixture was treated 5 with saturated aqueous NFLICI. The

mrxture was extracted Wrth etrE_ﬁtMnbrned organic extracts was

with hexane to provide the titleaasbamilgile).

Example 28A
2-Butyl1,3,2]dioxaborolane-(R,R)-4,5-dicarboxylic acid bis-dimethylamide

2-(But-1-yl)-tetrahydro-4H-1,3,6,2-dioxazaborocine [CAS 92527-13-4] (3 g,
17.5 mmol), which was prepared from n-butylboronic acid and 2-(2-hydroxy-
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10Example 28D 1-Bromo-4-1(1S,2R)-2-vinvicyclopropvllbenzene A

solution of the aldehyde from Example 280 [(1S,2S)-2-(4-
Wheroigptnyl)cyclopropanecarbaldehyde] and PCT/US2007/071849

methyltriphenylphosphonium iodide [CAS 2065-66-9] in anhydrous
ethylahioojretttaeold0AS tlitrd@-2] BsCepuitdNi? CrigdnidcSpwitnedidutosBlers,

ee-w}%ﬁ&'ﬂgﬂ thf)'-‘é?f-ﬂiH?Qr&!i{-%fﬁ;ﬂ%—%“t}r@%‘&ﬂ@%&%ﬁ%&%ﬁ@g‘: LE‘ES

mixture was stirred at foom emperature Tor one-hour. e mix was

2654 9ehr b PREradavaradissRirRb anbydous Hishiosemetharedd6ama with
unddiclprees@BL) ke SR80 TPReIERNM G HRRIRWRIS Sliifsh Mo

and filtered. The filtrate was _concentrated under reduced pressure and the
tempRIRiE I8RO HUHiBAWH: shRe e rers wetRssRataisHRN theraueous
layerongscextcadiecwithedRBtoromethane. The combined organic layers were

wasfidl it 884 GaREe MR st v aiel o GBI LR AR WA o

ene from Examp romo- ,

provigg r:tbler6ppsuingea@ Rhaiinhydrous THE (50 mL) under N2 was

added borane-THF at 0 C. The mixture was stirred at room temperature
for two hours and then chilled to O C. Agueous hydrogen peroxide (30 %)
solution was added, the ice b ved, and the mixture was

allowed to wgrg)28 W4 -BropeisisngVeibleprdpaktineg for 10

minutes. The mixiure w. uenched,30 with satyrated gqueous NEI4C1

anrc;He;x ra](;?e Wi Lug%e?. ?%%e&% ?ﬁ%%f‘grt;ga i?iﬁ%%&%@?é‘ﬁried
dichiorgsetianed 2@ rel) Phderliblaras asided deopwise) dieleylzint (G216 mL,
1M HRASHER oA RIS MM RSBy ERSb s s icRifieh Wik donetRERS oM

acetate to provide the title compound. [Example 28F 4'4(1
mL)s maintaipng {hg dKRAAILIR BRI Ry fbi gientixives wamateedagetissn
10 winbeymdug X Eﬁamﬁbfallf_iﬁibaﬂfﬁl%e‘i\;ia%l@t(&n of tht:a dioxabor_((:jlani (2-

r opnenypcycloprop-1-vii no -cyanopnheny{pboronic acl .

ot R o BT R el e a0 B styaide) (B8 g in
40 mbichlanunetitne)l ¥ asaddedad a6 AGIUA sobstioghof Tieatkiener&ronas

ExifiE QBRI PRMAER SR ARBIRIE 2] 8% FiF S59R GURGlaNRm RS o

h saturated aqueous N 3 and then e organic

wagfhenRddes;derpwipso 4T e sanling Bathwastrereoxed andibeositiue was
stiméacovepngHieTIRS pilareanisl guaAsHY RH e SHRNH B Ry silica
el eluted with é% }g)axanes/etl?_)(&?c%ate to provide the title compound.
aqueous. 4%@n 0% aqueous . This mixture was extracted with ether
twice. The combined organic extracts were treated with aqueous 2N NaOH (250
mL) and 30% aqueous H20; (35 mL) and then stirred for 5 minutes. The organic
layer was then washed sequentially with 10% aqueous HCI, aqueous Na,S,0;,
aqueous NaHCO;3, and brine. The organic layer was dried (MgSQ,) and filtered.

The filtrate was concentrated in vacuo. The residue was purified on silica gel

eluting with hexanes/ethyl acetate to provide the title compound.

Example 28C
(1S,28)-2-(4-Bromophenyl)cyclopropanecarbaldehyde
DMSO (3 equivalents) was added dropwise to a solution of oxalyl chloride

in anhydrous dichloromethane under N3 at —78 °C. A solution of the alcohol from
-80-
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Methanesulfonic acid,
2-111R,2S)-244'-cvano-biphenv1-4-y1)-cycloproovil-ethyl 15ester To

W@ 206ition10f the product of Example 28F (4'-[(15,2R)-2-(2- PCT/US2007/071849

hydroxyethyl)cycloprop-1-ylibipheny1-4-carbonitrile) and methanesulfonyl
Exaohbieid8gy(2 &q&qum)mwmmﬁﬂmapwdmﬁ%m added
C. urg,was stir t room
cictfORCHRIE s o M htiee 2 SRR R e

temperature overnlg ure WaS

wassegniiaued tngaﬂlmlaymﬁagmaﬂeﬂmnaa(meqwewmgwmm and

the P88 bANPWBLIINOS L ORRBPUAG Fo ANBLANAIRIXRHEIING 1Rs)
wit {g{gunfled by chromatogra hy on silica gel eluted with 4:1 hexanes/ethyl

%0 pYTRISE L e e MaSexipriesbrith ether. The
combig, 8@)3@@4((%&%@“&&%@%@“&!ﬁtt@réayclmrﬂmalarwésbiphe

con?ght% t%%rBﬂﬁgF”r%du SE%?egg&}go?h%r }Q& ue aast%&rc% X)? rerl]utlng g‘nrough
anesultonic acl

a p3Lef sitigepoel veilmhexsipg tnpravige) theditp repypiraing! ester) and
potassium 30 carbonate in DMF was added (R)-2-methylpyrrolidine
hydrobromide [CAS 117607-13-3]. The mixture was stirred at 50C
overnight. The mixture was péﬁﬁ[ﬂﬁ@d@&ween ethyl acetate and H20.

The organlcdlagasrbmaawmmml infegel @@SMG‘?“% )

nirated in vac su re rified by
ggpé:r% 'l'(')%ggrap §/h8naS| ﬁ%mﬂj%%gévﬁ%%b%@TOAc/CHZClZ
brompmwécuﬂoﬂn@pmmmbauenwm\aﬁd(mmmr@wﬁoﬁmmbmﬁ)naude
(0K 2065 B 0T iniylh dcnicetoone-fafs W Y B It

Potassigm byl }*4@@/@@# 49 this ohiled mixture AThe Talbalbrwas

removaHARNREHAGe Waddtired latpstat tarpjsbaalite Forltdhéhidir 68He N
H,6.91: N, 5.57. 10|$>éamﬂgle 29

mlx@r&mszg.’eg% of, 4&553%{3@% aqueous N he mixture was extracted
WItlxﬁwbImmrmemmand/tﬂepmmjr)eﬁ, brgapicexttadicaetoditeddM§SO,) and
filtefe2HRIE ffAte was concentrated under reduced pressure and the residue

was purified on silica gel with hexanes to provide the title compound.

Example 28E

2-[(1R,28)-2-(4-Bromophenyl)cycloprop-1-yllethanol
To a solution of the alkene from Example 28D (1-bromo-4-[(1S,2R)-2-

vinylcyclopropyllbenzene) in anhydrous THF (50 mL) under N, was added
borane-THF at 0 °C. The mixture was stirred at room temperature for two hours
and then chilled to 0 °C. Aqueous hydrogen peroxide (30 %) solution was added
the ice bath was removed, and the mixture was allowed to warm to room

temperature with continued stirring for 10 minutes. The mixture was quenched
with saturated aqueous NH4Cl and extracted with ether. The combined organic
extracts were dried (MgSQ,) and filtered. The filtrate was concentrated under

reduced pressure. The residue was purified on silica gel with 4:1 hexanes/ethyl

acetate to provide the title compound.
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3-(4-Bromophenv1)-N-methoxy-N-methvlacrvlamide A solution of oxalyl
chloride in dichloromethane (2 M, 100 mL, 200 mmol) was added
WQIpopUASeNt6 a stirred solution of trans-4-bromocinnamic acid [EAB/8Y07/071849
1200-07-3] (25.0 g, 110 mmol) and DMF (0.5 mL) in dichloromethane (300
mL) at O C under a dry nitrogen atmosphere. The nitrogen line and cooling

bath were removed and the n@é%ﬁ? Yg%girred at room temperature until

gas eyolution had ceased. Vo emoved under reduced

pres$oid Sadin )B4 pXyetbybeyetomept invikiplhenph«dtcanzohpile

Theagsliios sPiMEpRoNas M esa §|gmv£§qgﬂ@2@,§£@@4§0|mi0n of

N,O-dimeth Itiu droxylamine hydrochloride (21.5 g, 220 mmo&ind
brofRiaBAEITS FPriry PR ) Ry RORRR DX ReRARIE BEKDIGAS 426747-
14-9]1(2 e qoivalédtshrPa¢RRIR jpDIS tanthe Q0N B sSPrivfints edecNa Wadie

- RIXEUr S Sl verni t room temperature. Insoluble materjal was
sl A R A O AR R R

remove nan e Tiltrate was conce

H2QreBherganiq iayes waaavashedavithaatarated\aqueotis/Natt@0e amdi then
witl@BHﬁ@WH@%@Hi’t?|§9§#-J&Letﬁ’éﬂad?i€&a()(()ﬁ‘é§|g§,?1EHH%W&'YJNQ?WE&%V%%

aqueous 10% citric acid, agueous 3 N s ydroxide, and brine. The
congtrifralech Ry AeHARAMARE teRHlng s Jes) Partieftdeanromatogeashy
on witcaque ehutsd tasthadeheranesdthye agetateathroidesine GasoRIpHIRJ

by column chromatography (65:35 hexane/ethyl acetate) to provide the
titte compound. 1H NMR (300 MHz, CDCI3): 63.31 (s, 3H), 3.76 (s, 3H),

7.02 (d, J = 15 Hz, 1H), 7.43 @Exampe BBG>H), 7.51 5 (d, J = 9 Hz, 2H),
Mefartbshifofi'Zciii2- MR OH&-Bi
xample 0Z-(4-Bromo-phenvI)-irans-cycloprop
N-methoxv-N-methyl- amide (race8l85 A stirred solution of

trineghy sollitnre e st ¢R6f ExemplOEBRQH [ RMRRAE0 mL) at 0C
R S M b SR e T pen e
(1.2@advetenlslithdichietorselmnstimeeisouws e tdathylnits tidutes.
eqd\ARHIBES e HEIRINPILAIRLOT FisARASA(RE 5 ARt anc

.
mmol) in DMSO (100 mL) was added dropwise to the mixture and Stirring

theq e dpiiniscnas eagd: withd e seeaniesoianisdayetavpavrshes

Wit BHAG HHEACINYE S, PaRd MR TN/ At S RS ConEEntisiby s hriudtand
. The, combined %ﬂ%{gétr%&s were dried %M9504 and filtered, The
r

100 mL _
theyfsyling residHE HRmpUITRABY Siomalosrashy an s liva.aebelite witg 41

hexansglettifybddeyate anpnoside thattitleaqmmgp@iindd hexane/ethyl acetate) to
provide the title compound. 111 NMR (300 MHz, CDC13): 8 1.23-1.31 (m,

1H), 1.60-1.67 (m, 1H), 2.32-2.42 (m, 1H), 2.42-2.50 (in, 1H), 3.23 (s, 3H),

3.69 (s, 3H), 7.00 (d, J = 9 HZEzempleRBH J = 9 Hz, 2H). MS 25
4109, 2R4-tMAgthvpTraiRi- {Midihcyclopropyl)-1,1'-biphenyl-4-
carbonitrile

To a solution of the mesylate from Example 28G (methanesulfonic acid, 2-
[(1R,28)-2-(4'-cyano-biphenyl-4-yl)-cyclopropyl]-ethyl ester) and potassium
carbonate in DMF was added (R)-2-methylpyrrolidine hydrobromide [CAS
117607-13-3). The mixture was stirred at 50 °C overnight. The mixture was
partitioned between ethyl acetate and H.0O. The organic layer was washed with

brine, dried (MgS0O4), and concentrated in vacuo. The resulting residue was
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Example 29C 2-(4-Bromo-phenvn-trans-cyclopropanecarboxvlic acid
(racemicl 30A solution of the product from Example 29B (24.3 g, 86

WO 3ed0potassium t-butoxide (80.8 g, 684 mmol) in diethyPEXIESZIGUM 71849

mL) and water (10 mL) was stirred at room temperature for three days.

purified by>dhrenvetsgifapinslonmviliosigdi etubedthetma ey concentrated

i The ether Jayer was washed with brine and the acidic
Mo s oo 8 B Gy ERDEhe 1 NMBo 300 AR EHGk,
fredatyase)ndl me&@tiw AOEENG, axtBEseeeHA BRI ad-HiethiMa$P .2

e 23T, N ORI 8 T 9408 2o %ﬂ’{‘”’de

9 He,gtH). MSiD CHNHaBen/z. 83112 (WH)2. 5AR2I6C 4, foHI BHR8KE, O4H{ Dk Z,

1 28Wzd ﬁ%é%%cg)% Héiﬁgb 18408 (5, 3. ST NV P FIRR g 208 1

6.9 (fl‘? 2P )-2-(4-Bromoohenvficycloproov11-{(15,5R7R)-(10.10-dimethvl-3,
3-dioxo- 3X6-thia-4-azatricyclo15.2.1.01.51dec-4-vllimethanone and
15f(1S,2S)-2-(4-Bromoohenvl)cycloDroov11-{(1S,5R,7R)-(10.10-dimethyl-
3,3-dioxo- 3X6-thia-4-azatricyclof5.2.1.01.61dec-4-v1)}methanone A
stirred solution of the racemic, trans-cyclopropyl intermediate in Example

29C (20.5 g, 85 mmol) in DMFF_(}%Q. ﬁkkgvas treated with

41 1- carbonyldumrdazole 15.2 ) under a dry nrtrogen .

(1S) ( ) 2 10 camphorsultam ([%@oﬂﬂﬁ% -90-8], Aldnch catalog number
29,835-2) (25.82 g, 120 mmol) and DBU (12.7 mL, 85 mmol) were added.
The mixture was stirred at 40 C for 6 hours and then at room temperature
overnight. The mixture was then partitioned between ethyl acetate and

aqueous 2 N hydrochloric acrcg Tr,]ﬁ ngac layer was washed with

saturated 25 aqueous sodrum and then with brine. The ethyl

Jinéd8itrate was

congeule brderrre@msﬁador@aerreranetﬁmeeq\weawemu 28R ol)
column chromatogr (90:5:5 hexane/dichloromethanefisopro Ean 3

Wap AN HORMES ng/aa&'afﬁris%&!ﬂrrea of e irmasieRasAs!
1200073 (264 g Weli@ rvemuljated DMEI(0i6MibyavditAloromethane (300 mL) at

0 °C under a dry nitrogen atmosphere. The nitrogen line and cooling bath were
removed and the mixture was stirred at room temperature until gas evolution had
ceased. Volatiles were removed under reduced pressure, and the residue was
redissolved in dichloromethane (200 mL). The resulting solution was added
dropwise to a stirred solution of N,O-dimethylhydroxylamine hydrochloride (21.5 g,
220 mmol) and triethylamine (61.4 mL, 440 mmol) in dichloromethane (150 mL) at
0 °C. When the addition was complete, the cooling bath was removed and the
mixture was stirred overnight at room temperature. Insoluble material was
removed by filtration and the filtrate was concentrated under reduced pressure.
The residue was partitioned between ethyl acetate and aqueous 10% citric acid.
The organic layer was successively washed with aqueous 10% citric acid,
aqueous 3 N sodium hydroxide, and brine. The ethyl acetate solution was then
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30 chiral column (Chiralcel OJ (r), 90:10 hexane/ethanol). The first
diastereomer to elute (retention time: 11.8 minutes) was identified by x-ray
WeRpeTaIRIgtaphy as possessing the S, S absolute configuratio®@T4ig2007/071849

cyclopropyl carbons. The later- eluting diastereomer (retention time: 19
driedifMgSOseandsiltgrex tHbeRilRathaak toncafigatedianddrtredqyetdpropy!

BT TR EY e Ry (8 o
he)@mlstlaﬁ.deadegaﬁ)[mszm'ﬁié)tl’ecﬁﬂeyd:))mpfiumdorfel mmmgm_o (\%aa,mm:la):
533K 30 965 0 2org T s B e AR

(d, 4 )9 312228157 G, (A, 3BEZ. i) (NMS KD CI-MIH§) M 22T BiVI2H)*, D) 287

(MM%HZ, 2H). MS (DCI-NH3) m/z 455 (M+NH4)... 10Late-eluting
diastereomer (R, R-cyclopropyl), MR,2R)-2-(4-

Example 29B
2-(4-Bromo-phenyl)-trans-cyclopropanecarboxylic acid, N-methoxy-N-methyl-

amide (racemic)

A stirred solution of trimethylsulfoxonium iodide (26.78 g, 119mmol) in
DMSO (100 mL) at 0 °C was treated with sodium hydride (60% oil dispersion, 4.57
g, 114 mmol) in small portions. When the addition was complete, the ice bath was
removed and the mixture was stirred at room temperature for 45 minutes. A
solution of the alkene intermediate from Example 29A (26.85 g, 99 mmol) in
DMSO (100 mL) was added dropwise to the mixture and stirring was continued

overnight. The mixture was diluted with saturated aqueous ammonium chloride
and the mixture was extracted with diethyl ether (4 X 100 mL). The combined
extracts were dried (MgSQ4) and filtered. The filtrate was concentrated under
reduced pressure to provide an oil that was purified by column chromatography
(70:30 hexane/ethyl acetate) to provide the title compound. 'H NMR (300 MHz,
CDCl3): & 1.23-1.31 (m, 1H), 1.60-1.67 (m, 1H), 2.32-2.42 (m, 1H), 2.42-2.50 (m,
1H), 3.23 (s, 3H), 3.69 (s, 3H), 7.00 (d, J = 9 Hz, 2H), 7.39 (d, J = 9 Hz, 2H). MS
(DCI-NH3) m/z 284 (M+H)*, m/z 301 (M+NH,)*.

Example 29C

2-(4-Bromo-phenvyl)-trans-cyclopropanecarboxylic acid (racemic)
A solution of the product from Example 29B (24.3 g, 86 mmol) and

potassium t-butoxide (80.8 g, 684 mmol) in diethyl ether (900 mL) and water (10

mL) was stirred at room temperature for three days. The mixture was then siowly
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bromophenyl)cyclopropyli-{(1S,5R,7R)-(10,10-dimethy1-3,3-dioxo-3X6-thi
a-4- azatricyclo[5.2.1.011dec-4-y1)}methanone: 1H NMR (300 MHz,

WEZDCI3F0@80.98 (s, 311), 1.20(s, 3H), 1.29-1.47(m, 3H), 1.1.732CBBI?N07/071849

1H), 1.83-2.00(m, 3H), 2.00- 2.18 (m, 2H), 2.46-2.59 (m, 2H), 3.39-3.56
acidifie® bly,tBeB&ddiB6n(of cbrgerttAdd hjdrddhBridzadit), Tha sl ayér Mas

/ +N
e AR PR R e IR e areri
(2 XateRrankind e qﬂlﬁdayereaﬂﬁéh%[elhwmptatelextracts were combined,
dridd¥ RO e b evRteRsAP e s RRvAR bHRHrdiBr g e? risgliug-3X6-thi
a-4- azatrlcycl 0[5.2.1.01.6]dec-4- y11)}methanone) described in Example
presgyiie tp-pepvidedBeantit pamersmerodWMIR €300 Hine) GRGIskived. 33det 2
(m o ﬁregﬂnﬁtmsnhyere g4 1761% #M §<§wt@@o>tlrﬂ"%muwé%ﬁ"n%

e in 25 dichloromethane (2 1 mmol) was added dropwise
rﬁ& re) WHEGtRE R dif 9\‘7{% ?:H?nr%?e‘qgé Miled 228 stirred at
(Mm&@*for 3 hour. Methanol (27 mL) was then added dropwise at -78 C.
The dry ice bath was then replaced with an ice water bath and saturated
agueous ammonium chloride was added to quench the mixture. After 10
minutes, the insoluble material was removed by 30filtration and the

organic layer was isolated, dr%%% and filtered. The filtrate was

1concentrated under reduced pressure1o prowde a colorless oil that was

containing gﬁdu@we@mwmsa ag! ﬁaeemsm}e_fémeﬂehéed uced
pressure to provide the title compound. 1H NMR (300 MHz, CDCI3): 8

145157(m 1H), 170178(m 1?#211 219(m 1H), 255263(m

|nteﬁﬁt&d@d@@lumEQ&t’npI@Q@EIQZtGmg-cyoldnmmylot)twmdmteant&dample
2062 RKGNBP MG TEERARS PoOlIReS WaSXATBIE vt 1 "PINYE 8RN diimidazole
(15.2 g, 94 mmol) under a dry nitrogen atmosphere. The mixture was stirred at 40
°C for 1 hour and then (1S)-(-)-2,10-camphorsultam ([CAS 94594-90-8], Aldrich
catalog number 29,835-2) (25.82 g, 120 mmol) and DBU (12.7 mL, 85 mmol) were
added. The mixture was stirred at 40 °C for 6 hours and then at room
temperature overnight. The mixture was then partitioned between ethyl acetate
and aqueous 2 N hydrochloric acid. The organic layer was washed with saturated
aqueous sodium bicarbonate and then with brine. The ethyl acetate solution was
then dried (MgSOQy), and filtered. The filtrate was concentrated under reduced
pressure, and the residue was purified by column chromatography (90:5:5
hexane/dichloromethane/isopropanol). Drying under high vacuum supplied a
mixture of diastereomers. The diastereomers were separated by elution through a
chiral column (Chiralcel OJ ®, 90:10 hexane/ethanol). The first diastereomer to
elute (retention time: 11.8 minutes) was identified by x-ray crystallography as

possessing the S, S absolute configuration at the cyclopropyl carbons. The later-
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chromatography (100% hexane) provided the title compound. 1H NMR
(300 MHz, CDCI3): 8 1.07-1.19 (m, 2H), 1.60-1.71 (m, 1H), 1.83-1.91 (m,

WA RN 749D49.97 (m, 1H), 5.05-5.14 (m, 1H), 5.45-5.59 (m, 1H)PEDEL20I/671849

9 Hz, 2H), 7.36 (d, J = 9 15 Hz, 2H). MS (DCI-NH3) m/z 241 (M+NHa)t
elutingdipite?@6mer i (e BRRh 2t Bromimites yWay elenisaed i Rngbsolute
°°@%‘8WSP%€£§%§%@ %rﬁq@oﬁ%(ample 29F (1.64 g, 7.35 mmol) was

verted to e method of Example 26F, followed by
chréxaBYoefkiingydizsteresames (ShGreysieproppho {liS RS2t compound.
O R e as L A gl
azayicynio[5 2360 ldee-9-MijrastmnondS (B SMRH3PNIHE COCHYSL )97 (s,
S PRSI 20.4,87 (m, 35 11199 (1) 183199 . 2k, 27
2.19{@pfbth IterEi2Saa Efmniiid B0tR(8.68 Gna2th). 3i861$.92

(i CoMOSEeg s8I TMTS TGl BB SHG RASS
(Mgﬁ%@gut with a total reaction time of 45 minutes, followed by
chr

atography (7:3 hexane/ethyl acetate) provided the title compound.
1H heNtRe{80Mg\last<CEXTIBY: (B, (RBEyOISE ¢pyl 1L LR BR)y-2Q4-(m, 1H),

orobeg RS SRR fodiethy 3 Fad e e

azaaﬂaymsxﬂfo)‘ﬂdieemmmﬂwndmih‘c;mWWHZ.I CD?'?):l 8 $.%8 (s

S e, Y ST R T e i 81000
2.18d et 2 thd. BSbl2E In8edh3dhatéh itk 3RERhOG (rEXxaH)piR (55 td =
9 HY e § ?JCQ@‘PEH%E{W§%%L%9Q3W/% . m@&fg-o.% (m,

1H), 1.00-1.08 (m, 1H), 1.13-1.24'(m, 1H),'1.76-1 ;'2.98 (s, 3H),
4.35 (t, J = 6 Hz, 2H), 7.16 (d, J = 9 Hz, 2H), 7.49 (d, J = 9 Hz, 2H), 7.68
(0, J = 9 Hz, 4H). MS (DCI-

Example 29E

(1R.2R)-2-(4-Bromopheny! Jcyclopropanecarbaldehyde

A solution of the later-eluting, R, R-diastereomer ([(1R,2R)-2-(4-
bromophenyl)cyclopropyi]-{(1S,5R,7R)-(10,10-dimethyl-3,3-dioxo-35-thia-4-
azatricyclo[5.2.1.0"°|dec-4-yl)imethanone) described in Example 29D (5.2 g,
11.86 mmol) in dichloromethane (100 mL) was stirred under a dry nitrogen
atmosphere at —78 °C. A 1 M solution of diisobutylaluminum hydride in
dichloromethane (26.1 mL, 26.1 mmol) was added dropwise to the mixture. When
the addition was complete, the mixture was stirred at ~78 °C for 3 hour. Methanol
(27 mL) was then added dropwise at -78 °C. The dry ice bath was then replaced
with an ice water bath and saturated aqueous ammonium chloride was added to
quench the mixture. After 10 minutes, the insoluble material was removed by
filtration and the organic layer was isolated, dried (MgSQs), and filtered. The
filtrate was concentrated under reduced pressure to provide a colorless oil that
was purified by column chromatography (9:1 hexane/ethyl acetate). Fractions
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15 NH3) m/z 359 (M+NHa)t Example 29J

4'4(1R,2S5)-2424(2R)-2-Methvlovrrolidin-1-vilethvlicyclopropv11-1
WOQLROBIpIeMAL-4- 20carbonitrile The mesylate intermediat@€ibi#S2007/071849

Example 291(0.37 g, 1.08 mmol) was converted to the final product by the

containivaripod ductwele 26mblwi e conesitnsiedanabtaeastalipresiurano

95:5:t thane/methanol/
ProSIR IRE TR R ED BN SO oG Rz aT FB-(h)
1.76tt28 Go)utidy) 2ves e@dec(ra SIHY [R5 B206® (At UivH|abef(H; e ayin a0 N

han tey, Stirgi ris the dto
7 B S SR e MR Bl e e
m’%@ﬁ?p@ﬂrﬂﬁ*bé*the mono Ltartaric acid salt. 1IFINMR (300 MHz, CD30D,
L-tartaric acid salt): 30.93-1.10 (m, 2H), 1.13-1.24 (m, 1H), 1.44 (d, 30J =
6 Hz, 3H), 1.71-1.85 (m, 2H), 1.85-1.99 (m, 2H), 2.02-2.15 (m, 2H),
2.25-2.49 (m, 1H), 306319(m 2H), 3.41-3.56 (m, 2H), 3.59-3.72 (m,
1H), 4.39 (s, 2H), 7.21 (d, J = Bxdamplt29F.58 (d, J = 9 Hz, 2H), 7.77 (s,
4H). MS (DGl ]
54'4(1S,2F0-72 ' 2 yetsprobvl)-1,11-biph
enthMidebadﬁritéeEmmme fsom Example 29E (2 35 g, 10.44 mmol) was
corénag hedil BREBARK Ir¥SBBR BRREaTHRABRSIE 240 dRbuies & e

early-eluting, S, S-diastereomer ([(1S,2S
chrgmmqmehym&ge%memmgmammme ammmmuyike NMRO(EDGABH,
co@rg g2y clalin?- 2 316854 grﬁnicfffﬁ\ & 973K bgtﬁr‘g]'& XA m,

in dichloromethané' was stirre nltro en osphere at

THL.B G- s diton 4R ér@%lﬁmtyWQbrﬁ}ﬁQrfﬂhy}d’naé"m aidhlﬁr@ﬁ{@nhhﬁé

Hz,vza.ame (D pRMSais D3 thamanyse. When the addition was complete,
the mixture was stirred at -78 C for 3 hours. Methanol was then added
dropwise at -78 C. The dry ice bath was then replaced with an ice water
bath and saturated aqueous ammonium chloride was added to quench the
mixture. After 10 minutes, theéggm g@terlal was removed by filtration

and the organic layer was se (MgS04), and
2-[(18,2R)-2-(4- Bromophenvl)cvcloprop-1 -yllethanol

The alkene intermediate from Example 29F (1.64 g, 7.35 mmol) was
converted to the alcohol by the method of Example 26F, followed by

chromatography (7:3 hexane/ethyl acetate) provided the title compound. 'H NMR
(300 MHz, CDCl3). 8 0.96-0.79 (m, 2H), 1.00-1.14 (m, 1H), 1.54—1.76 (m, 3H),
4.91-4.97 (m, 1H), 3.76 (t, J = 6 Hz, 2H), 6.92 (d, J = 9 Hz, 2H), 7.35 (d, J = 9 Hz,
2H). MS (DCI-NH3) m/z 258 (M+NH,)*.

Example 29H
4'-[(1R,28)-2-(2-Hydroxyethyl)cycloprop-1-yi]biphenyl-4-carbonitrile
The bromophenyl intermediate from Example 29G (0.83 g, 3.44 mmol) was
converted to the biphenyl intermediate by the method of Example 26G, but with a
total reaction time of 45 minutes, followed by chromatography (7:3 hexane/ethyl
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20 filtered. The filtrate was concentrated under reduced pressure, and the
residue was purified by column chromatography (9:1 hexane/ethyl

W@zetatepPoRractions containing product were combined and coMCBibi$20e1071849
under reduced pressure to provide the title compound. 25Example 30B

aceldi’épmcvﬂjé(iﬁme Bﬂ@wmﬂg&uﬁ& ﬂwmﬂgﬁ [i:50] mrllﬁ (éDd- D‘E‘Esor@dvlfé ggg'
was Jecte (0] conailtons outiined In In example

o R O 2 el LS ED BB (9 =
HZCBH")DQUiﬁZI(C{BO EXaHNI2H0C.48 (d, J = 9 Hz, 2H), 7.67 (q, J = 9 Hz, 4H). MS

6I41‘ﬁRI Nep envllcycloproo-1-vilethanol The product from
(© Example %OB w@hqsuﬁilted to the conditions outlined in Example 26F,
followed by chromatography (7:3 hexane/ethyl acetate) to provide the title
compound. 5Example 30D
41(1S,2R)-242-ElvdroxvethvlicycloproP-1-vlibiphenv1-4-carbonitrile
The product from Example 30 cted to the conditions outline in
Msthamds MoGicfadinlved(h® HRPD 4oy M6
provide the title compound. 10 Example 30E Methanesulfonlc acid,
2-1(1R128)-2-(4'-cvano- blphenvl-'tlsfv{) -cycloproDvl11l-ethVI ester
Thelpdleehpbinieradiste Som Exsmpls&aHd@sthg, cbmalmnnelbwémed in

co%@@@ﬁ%%%@%@@éf@%ﬂmg%w Bpie26H to P ot\)nde
4'-((IS12R1-2- {24(2R) -2-methylpyrrolidin-1-vilethyl)cyclopropvl)-1.

thedjtieicompound. 'H NMR (300 MHz, CDCly): 5 0.89-0.96 (m, 1H), 1.00-1 08
(m, 1H), 1.13-1.24 (m, 1H), 1.76-1.93 (m, 3H), 2.98 (s, 3H), 4.35 (1, J = 6 Hz, 2H),
7.16 (d, J = 9 Hz, 2H), 7.49 (d, J = 9 Hz, 2H), 7.68 (q, J = 9 Hz, 4H). MS (DCI-
NH3) miz 359 (M+NH,)".

Example 29J
4'-((1R,2S)-2-{2-[(2R)-2-Methylpyrrolidin-1-yl]ethyl}cyclopropyl)-1.1'-biphenyl-4-

carbonitrile

The mesylate intermediate from Example 291 (0.37 g, 1.08 mmol) was
converted to the final product by the method of Example 261. The title compound
was obtained after column chromatography (95:5:trace
dichloromethane/methanol/fammonium hydroxide). The title compound was
dissolved in methanol. To this stirred solution was added a solution of one
equivalent of L-tartaric acid in methanol. After stirring for 15 minutes, the solution
was concentrated to half volume and treated with ethyl ether to induce
crystallization of the title compound as the mono L-tartaric acid salt. 'H NMR (300
MHz, CD;0D, L-tartaric acid salt): 5 0.93-1.10 (m, 2H), 1.13-1.24 (m, 1H), 1.44 (d,
J =6 Hz, 3H), 1.71-1.85 (m, 2H), 1.85-1.99 (m, 2H), 2.02-2.15 (m, 2H), 2.25-2.49
(m, 1H), 3.06-3.19 (m, 2H), 3.41-3.56 (m, 2H), 3.59-3.72 (m, 1H), 4.39 (s, 2H),
7.21(d, J =9 Hz, 2H), 7.58 (d, J = 9 Hz, 2H), 7.77 (s, 4H). MS (DCI-NH3) m/z 331
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carbonitrile 20The product from Example 30E (methanesulfonic acid,
2-[(1R,2S)-2-(4.- cyano-biphenyl-4-y1)-cyclopropyli-ethyl ester), 0.40 g,

wa20u7retl) was further converted to 4'4(1 PCT/US2007/071849

S,2R)-2-{2-[(2R)-2-methylpyrrolidin-1-yl]ethyl}cyclopropyl)-1,1'-
(M+Biphenyl1-4-carbonitrile through the the procedure described in Example
29J. Column chromatography (96:4:trace
dichloromethane/methanol/ammonium 25 hydroxide) provided the title
compound. The title compound was dissolved in ethyl ether and

anhydrous HCI gas was bUbb%mﬂé% solution to provide the

h drochlorlde salt of the title compoun at was crystalllzed from

6095112(m 21- 1) 1.14- 1.2 gmnikhlél%(d J= 6Hz 3H), 1.66-1.81
(m, 1H), 1.81-1.93 (m, 3H), 2.00- 302.17 (m, 2H), 2.27-2.41 (m, 1)-1),

3.07-3.26(m, 2H), 3.43-3.56 (m, 2H), 3.64-3.75 (m, 1H), 7.21 (d, J = 9 Hz,
2H), 7.58 (d, J = 9 Hz, 2H), 7EXample30A MS (DCINH3) m/z 331 (M+H)+.

Example 4 Bromo hen l)eyclopro anecarbaldeh de
4(tr ns)-2-(Z- n-I-v CvCIopropvI]-I,T- -Z4-carbonitrile

Bﬂé’@i’ﬁ?@rﬁﬂ’u\{?ﬁﬂdﬂﬂ@u \ﬁcﬂdﬁﬁﬂmmﬂ%ﬂ&h% 28%8rfdd, oC
brorﬁ@bﬁ M?M%' SREPRY((H08p- Qi%ﬂzfﬂ%@@l% =3A5-thia-4-

buty hyls 21.5g. 0.14 mol) in dichloromethane (50 mL)
azaff Cf‘ﬁ%&tg ﬁ{ﬂ%‘ﬁﬁ%’w desaried BEXBMPIe IR Rure was
dicrﬂoemnmmmeowamrreatum tadnpaittdgen alnsosphikreeayag svishadivith

soniBiES ARG LIAN Y Rl AR IR AR AN L e TG TNAIS 1o

was concentr er reduced pressure, and e reS| ue was pur
the pixtuienAtrpdbeddiion waseepiets] theraidyte was iieredetitds °C

for @‘Pl@lﬁ@umﬁ’etﬁﬁnH%ﬁQQn'\éb'&e@Q Wisk A4t (3’98(.‘,5 118 a0 Bafti Was
1.96 (t, J=3 Hz, 1H), 2.41 (dt, J = z,J=3
then replaced with an ice’water bath and saturated aqueous ammonium chloride

was added to quench the mixture. After 10 minutes, the insoluble material was
removed by filtration and the organic layer was separated, dried (MgSQ,), and
filtered. The filtrate was concentrated under reduced pressure, and the residue
was purified by column chromatography (9:1 hexane/ethyl acetate). Fractions

containing product were combined and concentrated under reduced pressure to
provide the title compound.

Example 30B
1-Bromo-4-[(1S,2R)-2-vinyl-cycloprop-1-yllbenzene
The product from Example 30A was subjected to the conditions outlined in
in Example 26E, followed by chromatography (100% hexane) to provide the title
compound.

Example 30C
2-[(1R,28)-2-(4-Bromophenyl)cycloprop-1-yllethanol
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2H), 3.75 (d, J = 6 Hz, 21-1). Example 31B
Tert-butvl-dimethvl-(4-tributvistannanvl-but-3-enyloxv)-silane 20A solution
wbézaswlke 31A (1.08 g, 5.87 mmol), tri-(n-butyl)tin hydride (lp¢3/us2067/811849
mmol), and AIBN (cat.) in benzene (10 mL) was stirred at 80C for 3 hours.
VolBhiepradiret fermoEezdmpwosmdumjee&dedmﬁuiﬁtmtﬁlﬁlined in

lor zZ, .
S et R N S D S
the §itlp compoums (m, 25 6H), 2.34-2.40 (m, 2H), 3.66 (d, J = 6 Hz, 2H),

5.94-5.98 (m, 2H). Example 31C
4'-14-(Tert-butvl-dimethvl- sﬂanvloxv? -but-1-envil-biphenvl-4-carbonitrile A

solution of Example 31B (4 9 ), 4'-cyanobiphenyl triflate 30
(3.14HE 82 Hetaned AtO o

DIty M@éh%htfﬂlé by

standar. nd Pd(P. 12 0. 3 47 m

mL?e\?agr wreg %[)ég qeérr%?&? fxﬁJFe%j v%ja%&?o r&?%} r%8H1 me 'n
Exampip 26&. rf@lmpewmmamwebm 6it3/ haxansiethybasekate )b @rovide
the BfaRIMEBDIGIdvas dried (MgSO4) and filtered. The filtrate was

concentrated under reduced pressure and the residue was purified by

column chromatography (97.5:2.5 hexane/ethyl acetate) to provide the

title compound 1H NMR (SOCEB(H;TI;@@@@HB) 30.07 (s 6H), 0.91 (s, 9H)
- )

(m 4H) MS (DCI NH3) m/z 364 @ster)+, m/z 359 (M+NH4)* Example

31Bhe product from Example 30D was su to the condit tlined i
10Trang 41212-ftert- butvlglmethvls?lanv% fe%vllcvcloprobﬁ[ﬁ&%’ehn\?l 4n

Examplso#fiitoprewrtdhe tittegompaypbpanation reaction was conducted
according to the procedure in Tetrahedron Letters 1998, 39, 8621-8624. A

stirred solution of diethyl zinc (é M ig hgigne, 4.1 mL, 4.1 mmol) in
dichloromethane (10 mL) wa C. A 15 solution of trifluoroacetic
4'4(18 ZRIP+2-[(2R)Rreihiviplivolidinri eyl ety {2velbpropgl B dédig hepwise

to the cold mixture. Stirring at Q: Qntinued for 20 minutes, and then

a solution of diiodomethane (O: mmol) in dichloromethane (2
The product from Example 30E (methanesulfonlc acid, 2-[(1R,28)-2-(4'-

cyano-biphenyl-4-yl)-cyclopropyl]-ethyl ester), 0.40 g, 1.17 mmol) was further
converted to 4'-((1S,2R)-2-{2-[(2R)-2-methylpyrrolidin-1-yllethyl}cyclopropyl)-1,1'-
biphenyl-4-carbonitrile through the the procedure described in Example 29J.
Column chromatography (96:4:trace dichloromethane/methanol/ammonium
hydroxide) provided the title compound. The title compound was dissolved in
ethyl ether and anhydrous HCI gas was bubbled into the solution to provide the
hydrochloride salt of the title compound that was crystallized from methanol/ethyl
ether. 'H NMR (300 MHz, CD30D, hydrochloride salt): 8 0.95-1.12 (m, 2H), 1.14-
1.24 (m, 1H), 1.45 (d, J = 6 Hz, 3H), 1.66-1.81 (m, 1H), 1.81-1.93 (m, 3H), 2.00-
2.17 (m, 2H), 2.27-2.41 (m, 1H), 3.07-3.26 (m, 2H), 3.43-3.56 (m, 2H), 3.64-3.75
(m, 1H), 7.21 (d, J = 9 Hz, 2H), 7.58 (d, J = 9 Hz, 2H), 7.77 (s, 4H). MS (DCI-
NH3) m/z 331 (M+H)*.
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mL) was added dropwise to the cold mixture. After 20 minutes, a solution
of Example 31C (0.6 g, 1.65 mmol) in dichloromethane (5 mL) was added
Waoeh#1300mtixture and the ice bath was removed. The mixtureRGIZSANEHD 71849

at room temperature for 3 hours, diluted with 0.1 N aqueous HCI and
extracted with hexane. The crude product was purified by preparative thin
layer chromatography (97:3 hexane/ethyl acetate) to provide the title
compound. 1H NMR (300 MHz, CDCI3): 8 0.04 (s, 3H), 0.05 (s, 3H),
0.84-0.97 (m 2H), 0.89 (s 3H)Ex§ﬁ9]§_@(m 253H) 3. 74 (t, J = 6Hz, 2H),

Example 31E
30Trans-442-(2-(tert- butyl -dingth @ apdoxy)-ethyll-cyclooropyll-bipheny
A b

1-4- carbonitrile (r? lammonium fluoride

in THF (3.1 mL, 3: nivy Gto-a-stred, fopm temperature
sol i stiresid= Q06 psleliﬁllcﬁ) (0. m@m@gwmmymommag@ma)nanemmre

G wem@angwg&wms PRSRAIAAEHANR 380 WEjWad e

organic Tayer was dried O4) and i

tfe%sﬁd@mlrﬁt%'@xjﬁw%a%@e@lpr@s%ﬁﬁéﬂ%dThé Y mtbgﬁﬁw@}/ 5
ovethightaismMaiepaRlré65TRE hixaneedaWlasRENile wERida g ditle

compound. 'FINMR Cl3 87-0.97 (m, 1H), 0.97-1.05 (m,
oroR R HIES e NP 4 Tsie ] e FETSI8 MRS ShAper e Sader
redeice2pfgsaur@,(dnd thé rdsideid wasGiu(ified P dieoriblodvih ki NH3) m/z

281 Ie 3 anesulfonic g
e e o R S 0 e -G OB MG
) OTGBathyBi'ﬂr)nﬂeQ@)(SBQHD, usm(mma Wastidedito(dtstireed Hoa* 3 Hz,
2H)trlnesnﬁ§e_t gtlﬂre %q_‘lli,tl? f Example 31E (0.24 g, 0.91 mmol) and

esulfon loride (0.092 mL, 1.19 mmol) in dichloromethane
(10 mL). After stirring for 30
Example 318

Tert-butyl-dimethyl-(4-tributylstannanyl-but-3-enyloxy)-silane
A solution of Example 31A (1.08 g, 5.87 mmol), tri-(n-butyl)tin hydride (1.43
mL, 5.31 mmol), and AIBN (cat.) in benzene (10 mL) was stirred at 80 °C for 3
hours. Volatiles were removed under reduced pressure to provide the titie

compound as a colorless oil (>95% E-isomer). 'HNMR (300 MHz, CDCls): &
0.05 (s, 6H), 0.80-0.98 (m, 15H), 0.90 (s, 9H), 1.23-1.38 (m, 6H), 1.42-1.53 (m,
6H), 2.34-2.40 (m, 2H), 3.66 (d, J = 6 Hz, 2H), 5.94-5.98 (m, 2H).

Example 31C
4'-[4-(Tert-butyl-dimethyl-silanyloxy)-but-1-enyl]-biphenyl-4-carbonitrile
A solution of Example 31B (4.95 g, 10.4 mmol), 4'-cyanobiphenyl triflate
(3.1 g, 9.48 mmol, prepared from 4'-hydroxybiphenyl-4-carbonitrile by standard
methods), and Pd(PPh3)2Cl; (0.332 g, 0.47 mmol) in DMF (20 mL) was stirred at

80 °C overnight. The mixture was cooled to room temperature and partitioned
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minutes, the mixture was washed with water. The organic layer was dried
(Mg504), and filtered. The filtrate was concentrated under reduced

WPreswusetd provide the crude title compound. 1H NMR (300 MEEZUS2007/071849

CDCI3): 8 0.89-0.96 (m, 1H), 1.01-1.08 (m, 1H), 1.13-1.23 (m, 1H),
betivéén eh§(racdtalle driBwafiB(NTharbrgadk %yés vy cdab(igbof bFd 2H),
ﬁlte}f}j@I ﬁﬁ;@r%)]zél &%Rﬂi&%ﬁi%g% 1 )'?grl%f) rlgezclng&% %?eg%’u‘nle:a%g' t%'leA'rl_e|25'ic'l\(|1eS
wag pyrifigddycoiumpyehigimatageanty ¢9&15 Sphaxaneletipacetate) toaptaide
' lutiorn qf E.( . 0. D\ Ryrroli
s SO BIRTSER M LB € ST T R o s

(9, dredsbie 2iNd3NS fbsiité WasikifedRdy cbRi thitnroMaBgBithy 936
HziH)ormedanetmeshapgAepravire §Ritaomeeynsh ,me M’?O
‘Fth CD§I3 : 8 0.84-9.8‘? (m 1‘—@, 0.92-1.05(1;7’?, 1H), 1.05-ﬁ6 , 1H),
(DG iz 36k (M +5 e m/z85% (MENHA! 4 (d, J = 9 Hz, 2H), 7.48 (d, J = 9
Hz, 2H), 7.65 (g, J 9 Hz, 4H). MS (DCI-NH3) nn/z 317 (M+H)... Example
32
N-(4-U1S.28)-2-{1(28)-2-met|%%%3{|r9|-vlImethvlicyc
anstfifR:2dledtbuividimethy)sibnyexinetiedicytioponidibi
4-((1S,28)-2-(((8)-2-methy|pyrrq}jg&gﬁ%}methyl)cyclopropvlIaniline A
solution of the product from Example é1.72 g, 5.85 mmol), lithium
bis (MR EHFROIPHERTLIEN 1o8¢tiprewes fanducted 2emsusting tistheprosasiure
in Tetratipdvon Letténstyipde spyiseX1-dezu 1A0stifdte¥antioR - S0diEtHYLAUAB (1 M
in h%&%%%r%“? ﬁ?ll.u%n‘F mmol) in dichloromethane (10 mL) was chilledto 0 °C. A
solution of trifluoroacetic acid (0.32 mL, 4.1 mmol) in dichloromethane (2 mL) was
added dropwise to the cold mixture. Stirring at 0 °C was continued for 20 minutes,
and then a solution of diiodomethane (0.4 mL, 4.9 mmol) in dichloromethane (2
mL) was added dropwise to the cold mixture. After 20 minutes, a solution of
Example 31C (0.6 g, 1.65 mmol) in dichloromethane (5 mL) was added to the
mixture and the ice bath was removed. The mixture was stirred at room
temperature for 3 hours, diluted with 0.1 N aqueous HCI and extracted with

hexane. The crude product was purified by preparative thin layer chromatography

loprorwl)phenvl1-

(A O

(97:3 hexane/ethyl acetate) to provide the title compound. 'H NMR (300 MHz,
CDCl3): & 0.04 (s, 3H), 0.05 (s, 3H), 0.84-0.97 (m, 2H), 0.89 (s 3H), 1.56-1.75 (m,
3H), 3.74 (t, J = 6Hz, 2H), 7.14 (d, J = 9 Hz, 2H), 7.48 (d, J = 9 Hz, 2H), 7.65 (d, J
=9 Hz, 2H), 7.71 (d, J = 9 Hz, 2H). MS (DCI-NH3) m/z 378 (M+H)*, m/z 359
(M+NH,)*

Example 31E

tert-butyl-dimethyl-silanylox

carbonitrile (racemic)

A 1 M solution of tetrabutylammonium fluoride in THF (3.1 mL, 3.1 mmol)
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10 (10 mL) was heated to 120C in a sealed tube for 16 hours. The mixture
was cooled to ambient temperature, treated with 1-1C1(1 M) and
Wwetaaswith ethyl acetate (2 x 75 mL). The organic layers W&BUS2007/071849
combined, washed with H20 and brine, and dried with magnesium sulfate.
wasAdtidet it etinte, wganteﬁmaemas mﬂuﬁermtn&téthmle Briess Hresshde

AR EIDD AR SRR L B Shapclasne!

ntainin concen ra orom ane to provi
ethyiaseiateanshwaten Nmﬂmlmlazeom)e@ Mmﬁ@z)@oﬁ fitened. The

filtrdleBfdis 88riEB it dl uhdi6d rdFGCER ub)3rdakhd Fesidile Jvé’é" Afediby
1H), 1.60-1.66 (m, 1H), 1.69-1.87 (m, 3H), 1.92-2.04 (m, 1H), 2.27(dd,

columﬁrrammapm 35 aera'zﬁtemaset@?aao pravidg sh _%z 1H),
ﬂ@ BrEErMR (tidia KHE4, ODEH: 1820 B1)000941e], 1151 6197 2H)5 s, 1H),

1 14« B BT LA B 2T Vb o5

7.48 @Grélmneﬁmlyﬁtﬂasqaf?zﬂ—blﬂﬂldn -G beiauNdem/z 28 polskip. of
the product from Example 32A (50 mg, 0.22 mmol), 5-

(trifluoromethyl)thieno[3,2-b]pyridine-6-carboxylic acid (110 mg, 0.44
mmol), and N-(3- drmethylamlﬁxgmgﬁg ethylcarbodnmrde hydrochlorrde

mﬁ%ﬁ?gg

mixture was concentrated undeﬂ%ﬁﬂmiéb pressure and the resrdue was

purfiedrartie @1 8VHL 1729 mttoly (s aabicP i el fdom

concentrated NH40H) in dichloromethane to provide the title compound.
temparaiNiR $2HIN 9% %@@Bﬁé%@@i o0 MIop dadmsihanespony!
chidridé€ (@.09Brhiz, BHY, drAOHlir8ighlotbethéRel (30 (L)1 Aftet. giring3dn30

mind A SRR PR kool o T %

(Mg$Q1any filtered. (J he=fjtrate wap @Me@stratagl mnge(rneniutnar@pma;sumo

1§,|2[§R1 rko
proy metﬁvﬁ@\%g ro vllr%)enéﬁrsonrcotr mide %%? #E’?/ o% gdé%ejo 9ggo‘udt
1H)frdrﬁ1E1<@|81bm 31214. 603nY,28.02.rithol}; T60hi83 ey dhibride-1. 93 (m, 2H),

I 3 gy 4-
2 ol B e jf e (0.12 . B0

7-685of) aﬁd"%uﬁb’ér %EhNMB%Fa?éPe(M‘rNHﬁours The mixture was

concentrated under reduced pressure and the residue

Example 31G
4'-[(trans)-2-(2-Pyrrolidin-1-ylethyl)cyclopropyl]-1,1'-biphenyl-4-carbonitrile
A solution of Example 31F (0.054 g, 0.158 mmol) in pyrrolidine (5 mL) was
stirred at reflux overnight. Volatiles were removed under reduced pressure, and

the residue was purified by column chromatography (95:5
dichloromethane/methanol) to provide the title compound. 'H NMR (300 MHz,
CDCl3): 5 0.84-0.91 (m, 1H), 0.92-1.0 (m, 1H), 1.05-1.16 (m, 1H), 1.5-1.9 (m,
8H), 2.48-2.75 (m, 5H), 7.14 (d, J = 9 Hz, 2H), 7.48 (d, J = 9 Hz, 2H), 7.65 (q, J =
9 Hz, 4H). MS (DCI-NH3) m/z 317 (M+H)*.
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15 was purified on silica gel with 1% to 3% methanol (containing 10 %
concentrated NH4OH) in dichloromethane to provide the title compound.
WARVNNROEGBOO MHz, CD30D) 5 1.04-1.10 (m, 1H), 1.16-1.23 (P¢TIHHR0073571849
(d, J=6 Hz, 3H), 1.37-1.42 (m, 1H), 1.66-1.77 (m, 1H), 2.01-2.08 (m, 3H),
2.25-2.36 (m, 1H), 2.94 (dd, JEx&tmplEe=32Hz, 1H), 3.15-3.21 (m, 1H), 3.40
(¢ 74Q ~ Ay & O

\{rifluoremetiayiihiane[3,2-b :
2444(1S.2S)-241.(25)-2-Methvirwrrolidin-1-vlimethvllcvclopropvl)phenviio

vridazin253(2H)-one Example 34A (E)-3(4-bromophenvl)prop-2-en-1-ol
30To a solution of (E)-ethyl SMBE%nyl)acrylate (25 g, 96 mmol) in

DCMHEGB) 2:({S)-2itrmryvigyncblidinladyimeBDaverpetsin stinipeise

Yo : W ! .

s paer 8¢ UL B T S el R S SR B
bis(teimesyisiydamisectioh W SdR rmelPodih 4502 68Lay G2 dalignd
tri-t By (FRbs FHIENATEBRR ebod S HOBhE A7 AT B RA SR VRER S4B

with 1420, dried and concentrated under reduced pressur to provide the
(10 fl) veas fisiated 1941RAIS incbserled ibefes 16 hoyrsy Thesrpixtureiyvas 3o
e b AL O ot SR,

e =9 Hz . =9 Hz , - z
acefd (£ 7000, TOR ORI TS g At R Wi end
bringe Rid drigdvittnmagndisidie sfate (260E2 fijiratdanyiheriyabic My@50asl)
conBBA IR (ARG LU HIdSH MIMROTOLIRIAG Ui st Buddils BT Ghea"
) t ambien

15 molecular sieves (3A, 4-6 mesh, 65 g). It was stirre

gel Witholato dnethanpk(containing id Yeeomesritatad Minett ine was
dicrensaatraiechy prsvicRAMeasle @sRBEINEN H RAURN BB HA-S0IEDNBD) 5
ecrystallized with DCM/ether to provide white crystals as the title product.
0.76T1ES (800 MO ZLSETE)Th HHI7 (15 o B AP b0 3 L e 1601
1.33-2a8L(8Y (i), 4-60 21066({rh, 2H), 3.89-0872M), 29599202, A4-{md 44),(br,
2.27¢des, WA 306 DUSRL W% 12 3 D i R8!S, u=12 Wz, J=3 Hz, 1h),

3.23-3.29 (m, 1H), 6.64 (d, J=9 Hz, 2H), 6.84 (d, J=9 Hz, 2H). MS (DCI-NH3) m/z
231 (M+H)*.

Example 32B
N-[4-((1S,28)-2-{[(2S)-2-methylpyrrolidin-1-yllmethyl}cyclopropyl)phenyl]-5-

(trifluoromethyl)thieno[3,2-b]pyridine-6-carboxamide
A solution of the product from Example 32A (50 mg, 0.22 mmol), 5-
(trifluoromethyl)thieno[3,2-b]pyridine-6-carboxylic acid (110 mg, 0.44 mmol), and
N-(3-dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride (55 mg, 0.28 mmol)
in DCM (10 mL) was treated with triethylamine (0.061 mL, 0.44 mmol), and stirred
at ambient temperature for 16 hours. The mixture was concentrated under

reduced pressure and the residue was purified on silica gel with 1% to 3%

methanol (containing 10 % concentrated NH,OH) in dichloromethane to provide
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(4R,5R)-2-butyl-N4,N4,N5,N5-tetramethvl-1,3,2-dioxaborolane-4.5-dicarb
oxamide 25 A solution of the product from Example 34B (31.3 g, 183

WO 300#0(2R,3R)-2,3-dihydroxy-N1,N1,N4,N4-tetramethylsBEEivaRAMITe) 71849

(31 g, 149 mmol) in DCM (600 mL) was treated with brine (120 mL) and
theditleenbatpanniae fitl P (300 MEE 300@0.)@0@6310996%9 1%98 0\W8s!.05

T S D &Y TR TR i oy

3H)N1Ir9ﬂ/l§@6)0ﬂaﬁhl b&%ﬂ@te(muatlé.rfiéddmﬁ Jré8ddze Je:ionnd:Ibl);f&ZﬁLe

r 0 0. 26~ ( oH),

om0 ERIORAIAD I SR

8.384th {i@|ﬂ$)1mr@Ertsnbbhd\dﬁll@@ldﬂiﬁmeméﬂﬁaMH)é‘oIutlon of DME
(24.39 mL, 235 mmol) in DCM (700 mL) under nitrogen 5 atmosphere was

cooled (0 -10 C, and diethylzinc (235 mL, 1M in hexane, 235 mmol) was
added over 5-10 minutes follovie@mplgiddomethane (37.9 mL, 469

mmol). The proptug.[[epglMg@%@%ﬁ@ﬂ;@%ml) in 100 mL

DCM was adde 0 mi utes. eterlnerature was maintained from
-5 t0 -10 C thr : QCOUNAMILS » mple 34A,

(E)Bqatubmmmpmmmmmﬂamq@mgmmmmmmwﬁo mL)
d bi
isoiERAPEh SR GMY; Wa@“@cﬁ]ﬁt%ﬁ#{gs stjjrpd at ambient

temperature for 16 hours Itw aflirated aqueous NHACI

d'rr(%'bw'mwmnmcbm (igmnﬁ%mmlouadlm (@therpeestieatedeviiyanic

trle{ﬂym(@e@fﬁte@ FEMmAMEAS JBYRE WRSRKIERE R (}N%t%‘#&“f&?”l%
The gJ?ﬁ nic layers were 15 combined and treated with NaOH (2N,

“°L§§ mymr a5 GRBReRIERIeq 40dler 198UFRY Wﬁ%&éﬁ‘ﬂr@ﬁ\mne
wastpurifiedtiom siliza gebleithwith rEienhetiiani ¢contiaiitiNngVes Blisidéatratdd

N B R S oo e . R
CDefB &P tohilriratid) Thebrds23uenwhid )crdthatodrapiie b, JilRz el
R s A e S T N R G
Hz, 4731 ig, dHHa 3d 533:21. 5"11121 Y4049 S6HT. HE DG, THY ficﬁ 13379 kim,

1Hj2H)6l\(k$ BECHNHB)NY 5348, Motz 4R¢ 9BE)d23ESMBPEHT 473 (d, J=3
(15,26)-2- &4 BromophenvI?cycIopropanecarbaldehvde

Hz, 1H), 8.03 {m, 1H). MS (DCI-NH;) m/z 336 (M+H)*,

Example 34
2-[4-((1S,2S)-2-{[(2S)-2-Methylpyrrolidin-1-yilmethyl}cyclopropyliphenvilpyridazin-

3(2H)-one

Example 34A
E)-3-(4-bromophenyl)prop-2-en-1-ol

To a solution of (E)-ethyl 3-(4-bromophenyl)acrylate (25 g, 96 mmol) in
DCM (300 ml) under nitrogen and cooled to —78 °C was added dropwise DIBAL-H
(240 ml, 1M in DCM, 240 mmol) in about 20 minutes. The mixture was stirred at
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To a solution of oxalyi chloride (17.50 mL, 2 M in DCM, 35.0 mmol) in
DCM (150 mL) under nitrogen atmosphere and cooled to -78C was added

WQIROOERMMSO (4.97 mL, 70.0 mmol), followed with the dropRETE/a2AWNTIOTI849

of a solution of 30 the product from Example 34D,
-78 (CHF2R) Hd(sbDneop trengihciod dyatbpyhstetinanet (SThe rédcidrmwvas lilated

, ( mbL ) The mixture. tired 30 minutes at -78 C. Then th
wit mixtur Wasqﬁéaggglﬁﬁéir%@ﬁﬁ {ﬁ ?13”6%@# 'I_t'%ﬁ!h 85 the
orgasicRbasesWwriewashedswithddeQodsied mmd tanpentiates Tinenreducedyas
gi i L) #RAAR2 ) rgania layer
preé’ﬁi@%ﬂ%ﬁ%@%%@%ﬁﬁ%g%r’l-gried a&@&c@%t%@gag n%i'rar%eg u ge-d

6 Hardédl b3 rdvic rdziid! bR ctdt ¥ NSRS (oo iz He DER B.§71(d8Y

=15Mz 1), 786 @, 55 RLi2H), 7 @bl 1D PHS ﬂmz.llv\B R 401, iz
6,98 (d, J = 9 Hz, 2H), 7.45 (d, J'= 9 Hz, 2H), 946 (d, J = 4.5 Hz, 1H). MS

214 8¢ 113) miz 226 (M+H)+. Example 34F
1-{1(1S,2S)-2-(4-bromophenyl)cyclopropvilmethyll-(2S)-2-methvipvrrolidi
ne 10A solution of the produc Qg E%ole 34E, (1S,28)-2-(4-
bromophenyl)cyclopropaneca%b’&f@%ﬁ;(ge‘@.7 g, 25.3 mmol) in DCM (20
ml) and MeOH (300 Zrbiiykd B &:2-diovazgs aiehylpyrrolidine tartrate
(8.94 g, 38.0 mmol) at ambient temperature, and the mixture was stirred
for 5-10 minutes. Then, the mixture was cooled to 0 C, and a solution of
NaCNBH3 (2.51 ¢,.38.0 15 mmoal) in MeOH (50 mL) was added dropwise.
AP RO BN FMIE DR o S b DR

ml) stideatherd 500 L} e sesdrtiah nvbtyisoveaictertd (@ 5vitly NBIQ irh (AdH) 4ifld

' racteoh With thrice (5 : led and concentrgted

i A WG R

2 hewismhharnidifie wanthilteredoBws theefilseiel (asneantagtizies 20der

redmgm.waadniﬁ&wnfemmm%aé@@ RPHS BEMIShet B
NMR Esoo MHz, CDCI3): A 0.87-0.92(m, 1H .97-1.02 (m, 1H), 1.16 (d

. . , ( : ,
ProWE WG Ay 13 e Bedugb AMEH 400 V0 RRICHR 68766, =
9 Hzﬁaé-ly,.aﬁieqctrlggoﬁazlﬁ)ﬂ)z-ﬂédm,%)??gl%p@zlfb%ﬁ% sé?gg%%@
3.9 rri@zgep(&gﬂ)@.rz xﬁ?{,@‘?‘;@“s) 17 (MR

2-144(1S,2S)-2-{1(2S)-2-Methvlovrrolidin-1-vilmethvl}cyclopropvflohenvll

pvridazin- 3(2H)-one A soluticg(g uct from Example 34F,
1-{[(1S,2S)-2-(4- 30 _HM' _ _

oI), pyridazin()-one 52.3 m, 0.54 mmol),

N1,N2-dimethylethane-1,2-diamine (0.088 mL, 0.816 mmol) and copper(l)

O S R B AR S SN P EIANE $% 4B (31.3 g, 183 mmol) and
(2R,3R)-2,3-dihydroxy-N1,N1,N4,N4-tetramethylsuccinamide (31 g, 149 mmol) in
DCM (600 mL) was treated with brine (120 mL) and stirred at ambient
temperature for 30 minutes. The organic layer was separated, and the aqueous
layer was extracted with additional DCM. The organic layers were combined and
washed with brine(700 mL), dried with MgSOQ,, and concentrated under reduced
pressure to provide the title product. NMR (300 MHz, CDCl3): § 0.83-0.90 (m,
6H), 1.26-1.42 (m, 5H), 2.98 (s, 6H), 3.20 (s, 6H). MS (DCI-NH3) m/z 205 (M+H)".
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mL..) under a nitrogen atmosphere in a sealed vial was heated in an oil
bath to 135 C for 16 hours. The reaction mixture was cooled and diluted

WaRTISMIL010mL), filtered through diatomaceous earth and WREHRE 2091071849

DCM. The filtrate was washed sequentially with H20, 28-30% NH4OH (10
mL x 2), and H20, dried with 5 MgSas and concentrated under reduced

pressure. The residue was ch %%E%d on silica gel eluting with
concentrated concentrated N CM (0 4/4/96) to provide the

title compou 4S

1 03:%&%6]‘1 ot IOME: 1—54(99411@ 535%01 ?r?ti@%ﬁ Ojfhﬂéllr%%ﬂrﬁ]t?ogan
170180(m 2H)182 05 (m 2.26-2.42 (m, 1021-1), 3.16 (dd,

H
S5 WA KO IS 40 16 a@d(éiemzwcma LWL PRanS: 40
mmblﬁv#é&. addédovér 8HD mihates (5HevEd By didabmetiade 3720 #13 bt

mn‘é:y ‘?h Zégapgt f6 ol_r!'le‘>](a%1gltla_| 54(1:%3'%59(?8 rwrﬂg?) |n/% 8’01 E\B&\A was
adeM@teﬂlm@ﬂmmwermmméHmmHWnyeﬁepmwI€henv||
t olution of the
thrcR.Y '({}Litcﬁt xggﬁnkgé &%él?g%g %mfgggé%ﬁf%)%%ﬂ;éﬁ)a%gﬁzg rInL) was
beM&nwmf@tar?dh&-ab(BQQW HMA) NRGH) (ARA Bilkiavhaaddedent

drofRNRE A hEFeh IR nikRIreWHY SNaY s@amga%@gnwsm%% 20
ressure, and the resulting solid was recrystallized from |so?£&/
nod iy A9

RoHOVAR GHEREHE D WIRRA IR AGUSRHR IGO0 migy
mL{Z0d MildtedOMGOethér 190D inl (mheldaibatuafiayéiﬁﬂ(ﬁe sﬁdhr&té@ (!lihé 6

eadbys et e led W bl Sl s roenia Shets s
combinesandireated with bla@Hz(ZD\l:moer) To 2eeostutions D (A0%.. 436
mL)vae Sddedd aaoﬁweg (Whife the\eaER6r Wé‘@édB(éd%Rrﬁ'};{HléE’bﬁﬂa'The

Calcd. For C23 N307: C, 60.12; 6.36; N, 9.14. Found: 60.07/; 5 N,
solgtigh "B?aﬁtlﬂl%dﬁgr 5-10 minutes.” The organic layer was separated washed

w.tem44(\n)8s%‘ﬁ)rat@‘ﬂ2ﬁ)saomem43wsqlI@uimﬂatémmhuagymem@)ahanvlI
banevrd?'Pe n%(%glnlcgn (reatecf( a‘W‘Pe resuﬁ‘:e was chromatographed on silica gel

eluting with 5-15% EtOAc/Hexane to provide the titte compound. 'H NMR (300
MHz, CDCl3): 6 0.92-1.0 (m, 2H), 1.45-1.48 (m, 2H), 1.76-1.85 (m, 1H), 3.61 (d,
J=7.5Hz, 2H), 6.95 (d, J =9 Hz, 2H), 7.37 (d, J = 9 Hz, 2H). MS (DCI-NH3) m/z
228 (M+H)*. (ee 94%).

Example 34E

(18,28)-2-(4-Bromophenyl)cyclopropanecarbaldehyde
To a solution of oxalyl chloride (17.50 mL, 2 M in DCM, 35.0 mmol) in DCM

(150 mL) under nitrogen atmosphere and cooled to -78°C was added dro wise

DMSO (4.97 mL, 70.0 mmol), followed with the dropwise addition of a solution of
the product from Example 34D, ((18,2S)-2-(4-bromophenyl)cyclopropyl)methanol
(5.3 g, 23.34 mmol) in DCM (100 mL). The mixture was stirred 30 minutes at -78

°C. Then the mixture was treated with triethylamine (13.01 mL, 93 mmol), and
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(R)-1-(((1S2S)-2-(4-bromophenyncyclopropvl)methv11-2-methylpyrrolidine

The title compound was prepared using the procedure described in
WENTPIe0BUF substituting (R)-2-methylpyrrolidine tartrate for PEJFAIS2007/071849

5methylpyrrolidine tartrate. 11-1 NMR (300 MHz, CDCI3): 0.88-0.94(m,

then ithe Ce@BtidnC@rtiperkitiyelwis (aiskebtolanbigntitdripb 2, 11Hé mlxture

wag perthdd bt fon @Mﬁpﬁz%% L e e
Sem&atgdfswhfﬂ)wzsaem, drigda0d Qange@rﬁtzeclzmdersed(@peﬂ:areﬁtmei)o

profde (! thik! Blome2 M (NWR) 1306 w3 B85 1.48 (m, 1H), 1,85 (dt, J
2-14-1(15,251-2- 1(1;&2Rr‘_:)7 2- methvlovrrolldln 1-vlimethylkvclopropvliphenvi p

= O1adifs O3] ldhe2 1R Md bR SEUTS A BraBdred dsthdanaH), 7.45 (d

J = [rereduy; dasodacin 5Hzx e mMSAB CHRSHHirg 2be pupdyet from
Example 35A for the product from Example 34F,
1-([(1S,2S)-2-(4-bromophenyl)cyclopropylimethyl)-(28)-2-
methylpyrrolldlne 1H NMR (SMSOD) 8 0.94-0.98 (m 1H)

2. 3&* &?"ﬂ“@ﬁﬁ fﬁ—ef%mfiomzi@(awpm;@ 9(4%%)@(5—3 Hz, 1H)
bro&%é%l&ﬁbﬂaﬁ@ﬁb&%hﬁ%ﬁ@2215(9 rﬁnﬁ;l‘)"ﬁ‘t @UM ZMP} ahdP
) R R B e 50
mwpnaf(am@trtmnp&mmmndlﬂydmmmMpmd johsrd Ipippitiesin-

OB oK ME SO XS P RERATIO L AECES . 300
mmedtindArOs{ 160-mhd was addeddimyise pﬁﬁdﬂGﬁﬂMﬂE&lﬁmpﬂ:ﬁkﬁﬁnﬁoﬁure
wadh8ifsady cbbmemmanilfc3dfa LtMRRRGht. The reaction mixture was
treated with NaOH (1N) till basic, extracted with DCM thrice (500 mL x 3), dried
and concentrated under reduced pressure. The crude product was loaded onto a
silica gel column and eluted with 1% to 3% methanol (containing 10%
concentrated NH4OH) in dichloromethane to provide the title product. 'H NMR
(300 MHz, CDCl3):  0.87-0.92(m, 1H), 0.97-1.02 (m, 1H), 1.16 (d, J=6 Hz, 2H),
1.22 (m, 1H), 1.39-1.49(m, 1H), 1.73-1.81(m, 3H), 2.0 (m, 2H), 2.36 (g, J=6 Hz,
1H), 2.45 (m, 1H), 3.13 (dd, J=12 Hz, J=6 Hz, 1H), 3.25 (m, 1H), 7.00 (d, J=6 Hz,
2H), 7.37 (d, J=6 Hz, 2H). MS (DCI-NH3) m/z 294 (M+H)*.

Example 34G
2-[4-((1S,2S)-2-{[(28)-2-Methylpyrrolidin-1-yllmethyl}cyclopropylphenvlipyridazin-

3(2H)-one
A solution of the product from Example 34F, 1-{[(1S,2S)-2-(4-
bromophenyl)cyclopropylmethyl}-(2S)-2-methylpyrrolidine (100 mg, 0.340 mmol),
pyridazin-3(2H)-one (52.3 mg, 0.544 mmol), N1,N2-dimethylethane-1,2-diamine
(0.088 mL, 0.816 mmol) and copper(l) iodide (78 mg, 0.408 mmol) in pyridine (2
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30 MHz, CD30D) 8 1.08-1.21 (m, 2H), 1.39 (d, J=6 Hz, 3H), 1.43-1.48 (m,
1H), 1.68 - 1.78 (m, 1H), 1.92-1.96 (m, 3H), 2.01-2,08 (m, 3H), 2.23-2.35

WQROZHIORSO (t, J=6 Hz, 21-1), 3.03 (dd, J=12 Hz, J=6 Hz,1HICT/US2007/071849

3.13-3.22(m, 1H), 3.32-3.36(m, 1H), -100- 3.39-3.47 (m, 1H), 3.58-3.67
mL)omdidp FittGgeh dtrBddphdid)in\dS¢BIEd Mulyas/heditdd W-an) il Bagnipless
o -1.441 -2- :2-m eth vl . .

C 19f 18Kigui, PAE IeREof KRS dholed and diied with ROW(10b
filteredhneygir dibtesiras doapesrtivand weshédeditn B PleFEatebatituting
<22 riglax inys! - titut rad
B o R T s e
Mg3@saits qopsenisaieruntisr freduced prassuren Theesgeidyesvas, 3H), 1.35-

chrdnddidgrapiitd brodilied fénaldiing Wikt ddrieastStde doRdeatPien. 3H),

NHGHFSHBCH o 318166 18 Sodaing (e omatond 5 AR 730 pawz,

CD{BD)L61D, F0IRYA (%3 HE, 1468-1N0S (RCIHYHR) 51(d, 325 (et B, 123-1.33
8,d71144(1S,2S)2- 23 id] |

(m. R ad AR LT O 2 DB T ) 208202 4m

2H)\ s Brisishrds Aditzg 4RE b cidhuid 2ed i, itHD TAZ(hId=8582, 2H),

7.25as eV ligin2-0ns Pl BYHIFZE FB(2 . bgtityti
p?g“éug%%m éxgngp?égsgﬁﬁor tt?é( ?org;dﬂ]g%rgﬂ)g?(grﬁ g‘?éfs%é %‘I%tl' ngl\/lérlyZ

TH) 302\ez JoBBZ0YBY. 861D 98I \MMBHP Gl dH) 08/23 1 OHYHHYD. (d, J=6
Hz, 3H), 1.25- 1.30 (m, 1H), 1.48 -1.55 (m, 1H), 1.8-1.89 (m, 4H),
2.03-2.27 (m, 4H), 2.57 (t, J=6 Hz, 2H), 2.65-2.74 (m, 1H), 3.22 (q, J=6
Hz, 1H), 3.33-3.40 (m, 1H), 3B@mRE-gHE 1, 2H), 7.10 (d, J=9 Hz, 2H),
2-[4- (465 @S)-2 2 Pimist hdits. l}cyclopropyl)phenyllpyridazin-

3(2H)-one (2R,3R)-2,3-dihydroxysuccinate

A solution of the product from Example 34G ( 3.25 g, 10.5 mmol) in
methanol (20 mL) was treated with L-tartaric acid (1.577 g, 10.5 mmol) and stirred
at ambient temperature for 1 hour. The mixture was concentrated under reduced
pressure, and the resulting solid was recrystallized from isopropyl alcohol/acetone
to provide the titled compound as the L-tartrate. 'H NMR (300 MHz, CD3;0D) &
1.12-1.19 (m, 1H), 1.23-1.30 (m, 1H), 1.43 (d, J=6 Hz, 3H), 1.47-1.56 (m, 1H),
1.72-1.81 (m, 1H), 2.02-2.19 (m, 3H), 2.28 -2.39 (m, 1H), 3.04-3.11 (m, 1H), 3.43-
3.55 (m, 2H), 3.64-3.75 (m, 1H), 4.38 (s, 2H), 7.08 (dd, J=6 Hz, J=2 Hz, 1H), 7.28
(d, J=6 Hz, 2H), 7.44 -7.50 (m, 3H), 8.03 (m, 1H). MS (DCI-NH3) m/z 310
(M+H)*. Anal. Calcd. For C23H29N307: C, 60.12; 6.36; N, 9.14. Found: 60.07;
5.76; N, 8.82.

Example 35
2-[4-((1S,2S)-2-{[(2R)-2-methylpyrrolidin-1-ylmethyi}cyclopropyl)phenyl]pyridazin-
3(2H}-one
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(M+H). Example 39
1444(1S,28)-2-{f(2R)-2-methylpyrrolidin-1-yl1lmethvl}cyclopropvl)phenvilaz
W@aelRA30®™ene The title compound was prepared using the pr@€8dlUs2007/071849

described in Example 35B substituting azetidin-2-one for
pyrldazm 3(2H) one and subsﬁﬂat_mm]e%k the product from Example 35A
\ -

1H)T neStﬂelcmeﬁunﬂqumxelzaoeﬂ(ww@pxecgcmqmemym75 (q,

. 26 (M, 1H),
E"aé"?f%%?%%‘%ﬁ%ﬁ?ﬁ%ﬁ%@ﬁ*ﬁﬁ’ﬁf e 1,

metfiylpyfigliging,fartrate. {51 DR % 2BGnQ4S4(m, 1H), 0.95-
1. Ofﬁzmkysém 2_(c! J=6 Hz _2H) 1.19-1 29 (rr_1 1H), 1. ﬁ\7/—1 49(mr01 I-\I/)I) 1h7e1—lla
18S9 00 e 3 Ve ks T P rosachre
1H)dés'lﬁfﬁe@|(ﬂE>121rlm2c-_934®su1atﬂthng-—:ﬁzHudm GrEBme 1H), 7.00 (d, J=6

D 7 1.03 1H
e D T4 G TR 2 MBS e R0 WY 02 68 (. 11,
1.94-2.04 (m, 3H), 2.17-2.29 (m, 1H), 2.71 (q, J= 615Hz 1H), 2.96-3.03

(m, 1H), 3.08 (t, J=6 Hz, 2H), ,g&gg %géégl 1H), 3.51-3.59 (m, 1H), 3.66

(t, J=6 Hz, 2H), 7.11 (d J=9 (d, J=9 Hz, 2H) MS (DCI-NH3)
4 i nethMp) rolidin-1-yllmethyl}cyclop l)phenyl

201 14 1118 281 2- 11128) -2- wmldm -1-vilmethvl}cyclooropvflphe

nv”ﬂ%e?ﬁl A czon?ggund was prepared using the procedure described in
Example 34G substituting the product from Example 35A for the product from
Example 34F, 1-{{(1S,2S)-2-(4-bromophenyl)cyclopropyl)methyl}-(2S)-2-
methylpyrrolidine. 'H NMR (300 MHz, CD3;0D) § 0.94-0.98 (m, 1H), 1.05-1.09
(m, 1H), 1.13 (d, J=3 Hz, 3H), 1.30-1.36 (m, 1H), 1.4-1.48 (m, 1H), 1.72-1.81 (m,
2H), 1.84 -1.88 (m, 1H), 2.16 (dd, J=6 Hz, J=3 Hz, 1H), 2.31 (g, J=6 Hz, 1H),
2.41-2.45 (m, 1H), 2.94-2.98 (q, J=3 Hz, 1H), 3.25-3.29 (m, 1H), 7.07 (d, J=6 Hz,
2H), 7.21 (d, J=6 Hz, 2H), 7.41 (d, J=6 Hz, 2H), 7.46 (dd, J=6 Hz, J=3 Hz, 1H),
8.02-8.03 (m, 1H). MS (DCI-NH3) m/z 310 (M+H)*.

Example 36
1-[4-((1S,28)-2-{[(2R)-2-methylpyrrolidin-1-yllmethyl}cyclopropyl)phenvl]piperidin-
2-one

The title compound was prepared using the procedure described in
Example 34G substituting piperidin-2-one for pyridazin-3(2H)-one and substituting
the product from Example 35A for the product from Example 34F. 'H NMR (300
MHz, CD3;0D) 6 1.08-1.21 (m, 2H), 1.39 (d, J=6 Hz, 3H), 1.43-1.48 (m, 1H), 1.68 -
1.78 (m, 1H), 1.92-1.96 (m, 3H), 2.01-2.08 (m, 3H), 2.23-2.35 (m, 1H), 2.50 (t, J=6
Hz, 2H), 3.03 (dd, J=12 Hz, J=6 Hz,1H), 3.13-3.22 (m, 1H), 3.32-3.36 (m, 1H),
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The title compound was prepared using the procedure described in

Example MG substituting azepan-2-one for pyridazin-3(2H)-one. 1H
WORWZRIB00 MHz, CD30D) 0.98-1.05 (m, 1H), 1.09-1.16 (m, MET/UBROA) 71849

J=6 Hz, 3H), 1,36- 251.39(m, 1H), 1.59-1.69(m, 1H), 1.83 (broad, 6H),
3.39-342(fh(riHRH}, 5B4%67. 2% ,(BH)L N 2(8123 HERH) MBS IDCI8H P mi),
3,07-3.14 (m, 1H), 3.32-3.37 (m, 1H), 3.48-3.58 (m, 1H), 3.75-3.78 (m,
3134+ '%13 (d, J=3 Hz, 4H). MS (DCI-NH3) m/z 327 (M+H)+. 30Example 42

1-1.44(15,2S)-2-{[(2S)-2-methvipwrolidin-1-ylimethvlimiclopropylliphenvlipi

peridin- 2-one -102- The tlge comé)%L}nd was prepared using the

procedure descrlbed in Exam tltutlng plperldln 2 -one for

108115(m 111), 130(d J= 6H §H) 1.31- 138(m 1H), 1.56-1.63

(m,_1H), 1.92-1.99 (m, 3H), 2.14- 2‘22r(m 3H), 2.49 (t, 5J=6 Hz, 2H),
2. 55*?é@%ﬁpmmuzdsw@ée@ﬁrfﬁysznsét@@mﬁdmdes&m@sm(m

Exa‘rht)l,eRSGB-QtﬂhEt(mulﬂjéieﬁirzzibsnl;gm%di;mi@ﬁdd‘é%@ﬂb&i‘tﬁtlnl
+ 4 -2-met C
the QYBAUKT ot EAIE B St e AR R N g

MHasmgam@mdc@aur@sjemmbadim E-)da‘fﬁrﬂmm SuB8t{ititep Hz, 3H), 1.35-

138 TR TR A RATRL T A Higg. o NI TR M a2 30 3
(m, (Hr')12|557125'é1 {72, 2.78- 218355(12101!'()113@5!-)32&@2 zmxra 28,2858,

) 368513 £H)m2 i) 237%u () 3 H3, 1 (e
1H§%1 3.37 (Omle)) g% ?gg % 3.89 (t J 6 "Hz, érﬁﬂﬁ%aé déﬁi

4H MS P C-Mdite) 40337, (M‘lbi)Ms (DCI-NH3) m/z 299 (M+H)+.

Example 38
1-[4-((18,2S)-2-{[(2R)-2-methylpyrrolidin-1-vllmethyllcyclopropyl)phenvilpyrrolidin-
2-one

The title compound was prepared using the procedure described in
Example 35B substituting pyrrolidin-2-one for pyridazin-3(2H)-one and substituting
the product from Example 35A for the product from Example 34F. 'H NMR (300
MHz, CD;0D) & 0.89-0.96 (m, 1H), 1.01-1.08 (m, 1H), 1.22 (d, J=6 Hz, 3H), 1.25-
1.30 (m, 1H), 1.48 -1.55 (m, 1H), 1.8-1.89 (m, 4H), 2.03-2.27 (m, 4H), 2.57 (t, J=6
Hz, 2H), 2.65-2.74 (m, 1H), 3.22 (q, J=6 Hz, 1H), 3.33-3.40 (m, 1H), 3.89 (t, J=6
Hz, 2H), 7.10 (d, J=9 Hz, 2H), 7.46 (d, J=9 Hz, 2H). MS (DCI-NH3) m/z 299
(M+H)*.

Example 39
1-[4-((18.2S)-2-{[(2R)-2-methylpyrrolidin-1-ylimethylicyclopropvl)ohenvllazetidin-
2-one

The title compound was prepared using the procedure described in
Example 35B substituting azetidin-2-one for pyridazin-3(2H)-one and substituting
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20Example 44 N-[44(1S,25)-2-ff(2S)-2-methylpvrrolidin-1-
vilimethyllcycloProOvlIPhenyllacetamide The title compound was

WprepHtse Using the procedure described in Example 34G subREiiftiszp07/071849

acetamide for pyridazin-3(2H)-one. 1H NMR (300 25MHz, CD30D)
the pRA8CL fsh{Exdirblel SEA¥okGHeproblcfLiffin( € xdntpldzs 84H). 4. RMA 4800

s 8580} 2D el Bl el VLA T TP et o,

(m, 1H), 3.58-883(Mm,1H)) 1 RE6IDAKRS, BiA),24) 872420 ((n J+8)H2,78Hy, VB

(RGI- 3, (M+H)M%. 30 inatign, af Binlggical Ach\gty T
g R T g R R T R R
(m, ihkidn B2k GRdmni Y- 3. Gl lpit5iBigandb kH3 e tbpto? Idardtd), THi0 (d,
_afollow; r c rding to methods previously described
J'Q(Eﬁr?brégaﬁiﬁ%ﬁ@%ﬁ%ﬁb‘,'ﬁ 88:219-227 (1990): Journal of
Pharmacology and Experimental Therapeutics, 275:598-604 (1995);
Journal of Pharmacology and Exaergeial 5 Therapeutics,

276:1009-1015 (1996); and Biochemical Pharmacology, 22:3099- 3108
1 S)-2- 22 ih1s azetidin-

homogénized Qg :tissuello mL (6@ iF1 50 mM Tris-HCI/5 mM EDTA

conaining protease inhibitor cocktail (Calpiochem) using a pelytron set at

20,000 [im SRR oS e S g R el e
Exanipin846. m@uﬁmamwasmm@ﬂiwwme %bh@MEbl (30
MHQetlﬁﬁg/ S%W.%ﬁ%bWﬁW%UMﬂﬂﬂeﬂ%?‘i'%'(Bf‘%k?,osg? 11 35

Tris- mM EDTA with protease inhibitors and centrifuged for
(M, ik (e 8 Gl £8 00T hEm2Mr line b & 1Vad-P8s(mpéHdcdi 7 61246

Hz, vy Me96Pe '@ 1l wely 9Eseietbph 58 AdBsHClR) VG FB 54
with pratease 15 inhibitors anz aliquots flash frozen in Iiguid N2 and

(M. tbYed 86 o' TOUR G5 Lidays? R4t ehbhidapidmbadi& erh-nidSvet

(DOMRIBAY R gsqia-ipgtibated with (3H)-N-cc-methylhistamine (-0.6 nM)
with or without H3 receptor antagonists in a total incubation volume of 0.5
mL of 50 mM Tris-HCI/5 mM EDTA (pH 7.7). Test compounds were
dissolved in DMSO to provide Bxg@hpldlddolution, serially diluted

1-[4-((15,2S)-2-{[(2S)-2-methvlpyrrolidin-1-yllmethyi}cyclopropyl)phenyllazepan-2-

one

The title compound was prepared using the procedure described in
Example 34G substituting azepan-2-one for pyridazin-3(2H)-one. 'H NMR (300
MHz, CD;0D) 6 0.98-1.05 (m, 1H), 1.09-1.16 (m, 1H), 1.32 (d, J=6 Hz, 3H), 1.36-
1.39 (m, 1H), 1.59-1.69 (m, 1H), 1.83 (broad, 6H), 1.94-2.0 (m, 3H), 2.16-2.27 (m,
1H), 2.61-2.71 (m, 2H), 2.90-2.98 (m, 1H), 3.07-3.14 (m, 1H), 3.32-3.37 (m, 1H),
3.48-3.58 (m, 1H), 3.75-3.78 (m, 1H), 7.13 (d, J=3 Hz, 4H). MS (DCI-NH3) m/z
327 (M+H)*.

Example 42
1-[4-((18,28)-2-{[(2S)-2-methylpyrrolidin-1-ylimethyl}cyclopropyl\phenyllpiperidin-
2-one
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20and then added to the incubation mixtures prior to initiating the
incubation assay by addition of the membranes. Thioperamide (3 JIM)
W Uswd b determine nonspecific binding. Binding incubatioPSTAE2907/071849
conducted for 30 minutes at 25 C and terminated by addition of 2 mL of
ice Toedtifie compoisv @agpiepatedndifidr o provedyle dé¥¢ribed in

L o P
R e S A T T v S T s
MHg CDRBE) ROSTAcAFitynwhY )ddtedniidSd msihg lidu3® {dinkiBititan Jdritidg-
1.385FAMMES. 58 UES WerpAnalzer dy (Rilldransiounate rﬁ,nggji ¥AYee

were determined using the'Cheng-Prusolf equation. As an altefhative ‘to

J=6hz R)of AnttcaPiBnitthfed i1 Hd) %863 OH(mo HibkahAfe3134
(m, relB PRI - B BaARE, (e Pt dEDAzCakh eKBIETINHR) RFLBigs are
alsg suitable. For this, the rat histamine H3 receptor, cloned and
(M""é'%ressed in cells was used, and subsequently competition binding
assays were carried out according to methods previously described (see
Esbenshade, et al. Journal of Eharmgcg!ogy and Experimental
Therapeutics, vol. 313:165-175; “t+=Sbenshade et al., Biochemical
1-[PHABRERI{(PGNH 268 iy @bidid4syltnetydic el aprd llpyrrolidin-
Pharmacology and Experimental ilaﬁgapeutics, ol. 314:271-281, 5 2005.)
Membranes were prepared from Tt of HEK293 cells, expressing the rat

histbhgiHEe-FPRRAIEWES REsRBtgshising FhePreesrure drgesibeshimM
Exahigtd BA siistiRting pyRoniinmene foVoiiiedin-B(Pi-BRBZamiNR 4300
itg/mlaprotinin, 1 u /m&f@hu ﬁ?tm’ and 1 u g/m1 pepstatin. The
MHE IR B LR gl ot 800 For U wrrithled 48 Bz o1t
1.40v@m, rekatesd AnTHtige, @By tingseRItet (e es)resusizerried i3H Y D584t
_Aligugt at,-70 il needed. t ssay,
O LA R e T b B2 Rt-.57
(M, pridp F&10BSXive rbuBBEdtwieB[BZ12HY- Z-hfe(HyUHSthin, 2610749 (niAD
in,the bse i asing concentrations of ligands for H3
HZ'r%ﬂ'p@gﬁﬁ%aﬂiﬁl"@ﬁ%%ﬁg?qﬂgﬁinding incubations were conducted in a
15 final volume of 0.5 ml TE buffer at 25 C and were terminated after 30

minutes. Thioperamide (3012!@&4@@%% to define non-specific binding.

All binding reactions were terninated by Tiltration under vacuum onto

polyethylenimi 304 ardeeralkee i4piNBE P IWERRIHTEIMer Life Sciences)

or Whatman GF/BifitietsiRdimiaaidpytpimprlirieaaies with 2 ml of

ice-gold. TE buffer. Bound radiolabel 20was determined by liquid,

o TR SOTREHG SRS A SPaRE HaIRH D BB R ARBTRA Passays,
Examp i4iGesu bstititigstetamided atqipridazzd 3@ HjHbtrean SFO NIMR 0(306 the

MHEP BB S 0GR P DL RIE ARICTHBSC R el enge s pThadalian, oo

enerally, representativé compoun & invention

1.48itairid il ed irdtibe abdue 24286 om3ho Bt 105 3iN),18.20482 080
1H)M7PIeeATeA, 9@1?1@.9@@@ the 'mgea!@ﬂéﬁ.@v N9 ng?@.%t&nsé’gigzzﬁ’
nifi 0.05 nM to 2 ref

S
with binding affinities from about about 250 nM. More erred
3 SEChEML ) G erTBMBoRHY oA 2HptMS R DS g2
273amﬂi ias from about 0.05 nM to about 10 nM. 30In addition to the utility of
in vitro methods for characterizing the H3 binding affinity of compounds,
there are animal models of human disease available which demonstrate

the utility of compoupgte phiignvenBRIbgEd edinghuman disease.
To determine the effectiveness of representative compounds of this

-103-




10

15

20

25

30

One animal model of the human disease ADHD (attention deficit
hyperactivity disorder) and related human disorders of attention is an
Worgtsittigp Hvoidance test in SHR rat pups (a Spontaneously HYEEHS2HWI/E71849
strain of rat pups). This model has also been alternatively termed a PAR
inveipiiorsive listzioinsS wwnonsgameqag r‘?@emtr@mdewwﬁuﬁw&é@@
ture, for Komater, V. A., e
wer B T M el CESTen E ARt gt

Phamﬁ?ﬂ'@%l Aga: 8&%@&\?’6(1%%%0&4 m?iwemoolagnagmsmenmal
Therageitidd,/27%) 5381904\@ M)ay&fﬁla@%‘?' WQWEQVSW‘Expenméantal

characterization.” urnal of Pharmacolog

Th%‘%&éﬁﬂﬁ@%ﬂ@ ﬁéé ?Qﬁbﬂ‘%wglyeg‘gqebﬁgarm Y. @2:3099-

31omen9',{3m)em 2005, 48, 38- 55 in Fox, G. B., et al. "Pharmacological
T 239 Ruro siological Charact erlzatlon and Broad
Prec nlelélrﬁ%"é ﬂueogn\% ﬁ%vg(ﬂfzg it OB‘&%?'R% (F
tissgritQnvle bﬂiﬁ@&hﬁh@l—w\m&ueﬂ'ﬂ&l/ﬂn\m@&ﬂiﬁ Cneiaingf fPbteasedotigijor
cocREl FORBIIIRNA gﬁ%ﬁ?&%‘?@ 28F00bAP- 190mBy éﬁé‘?&ﬁgre

histamine H3 rece tor Ilgan GT-2331 and ciproxifan in a repeate

centifyardifon %R/HPHM% FL4R AN thbespnrrEnriantasdreasted ans
pellBtePwer@Weiyhid. eTﬁ% B@fé@waur@gﬁéwwgfté 5 nBtlrﬁ;%%%%)geﬂf%b@nWI @htion in
atl mpounds are ive i IS

40 'Bfe]?é 1@!‘3&!‘%&% D R TARIR Groleass PNIRLOFcRRY Seotsiegeskfor 20
mintaes) g o[0n0<Q ocrheamﬂbgavfetmmemwrgbnspen@@macmzslwmhes
e R aR RS oY B BRREN 5 i R RS e
inhibitaitsitaihe ajmtammmmpmpammmemmommﬁmm

{ d god, th th
oS A HARSRAS T A R B S g
CHiNgemribAnistareint (0. 6 eMkeithasriiwilitatit s mnptbeantagemﬂtﬁm a
totaunﬁenagfbmmﬁé SPB%E%P%W“;@%%% B a@%t'?ef Test

equivalents. Various cha?;c?]es and modifications to e disclosed

CO"QHBBM%%W\@H@ MR Goterriswidrim20 mMesalutigncsednliv gited
andahermidiéaas ane irsUBatISHIEIIIRAUSAGR SRS e lAEnBRH 8ssay

tructure substlﬁgli ents, derivatives, intermediates, syntheses,

|
by ﬁ&ﬁ»@@%& mBiARas: [RIRiEHE M asserdnglatesmine
norﬂmﬁmsmamgf m@dmghﬂwrwammwerawbﬂdr@da TotioUhHRRest e

and Sl By S SRE O 2 L 'OF ce cold 50 i THs-HC (pH 77§ and "
ﬁltratlon through 0. 3% polyethylenimine-soaked Unifilter plates (Packard). These
filters were washed 4 additional times with 2 mL of ice-cold 50 mM Tris-HCI and
dried for 1 hour. Radioactivity was determined using liquid scintillation counting
techniques. Results were analyzed by Hill transformation and K; values were
determined using the Cheng-Prusoff equation.

As an alternative to the use of cortical membranes from rats as a source of
histamine Hs receptors, membranes prepared from cells expressing H; receptors
are also suitable. For this, the rat histamine H3 receptor, cloned and expressed in

cells was used, and subsequently competition binding assays were carried out
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Reit R3 (I) 5 or a pharmaceutically acceptable salt, ester, amide, or
prodrug thereof, wherein: one of R1 and R2 is a group of the formula

WOI280TRP010-3-R60; the other of R1 and R2 is selected froR€CIESPOTUP71849

consisting of hydrogen, alkyl, alkoxy, halogen, cyano, and thioalkoxy;
accBd@ling3a, maeth&Bbpresioasly deberosddsty Eemniendoenctha. guihal of

isti f I ifluoroalkyl, triflu I XY,
R O R i L AR el
Eslgeé}ébmﬁbﬁi-uﬁéoghmrpmr%mn@wggwmmdam)r@aﬁe&@usnueger.
et 2l l9oxyAdNdf PRErmAEERILY aRl BARfBRaR i BRrapd08EiNe6EI391_281,

tom to which each is attached form a non-aromatic 15r|n%l of the

20 © %Er\graqgg wore) NeRaradSRomHebor HHEK293 cells, expressing the rat

histamine Hj receptor, by homogenization on ice in TE buffer (50 mM Tris-HClI
buffer, pH 7.4, containing 5§ mM EDTA), 1 mM benzamidine, 2 ug/m! aprotinin,

1 ng/mi leupeptin, and 1 u g/ml pepstatin. The homogenate was centrifuged at
40,000g for 20 minutes at 4 °C. This step was repeated, and the resulting pellet
was resuspended in TE buffer. Aliquots were frozen at -70°C until needed. On the
day of assay, membranes were thawed and diluted with TE buffer.

Membrane preparations were incubated with [3H]-N-a-methylhistamine
(0.5-1.0 nM) in the presence or absence of increasing concentrations of ligands
for H3 receptor competition binding. The binding incubations were conducted in a
final volume of 0.5 ml TE buffer at 25 °C and were terminated after 30 minutes.
Thioperamide (30 uM) was used to define non-specific binding. All binding
reactions were terminated by filtration under vacuum onto polyethylenimine (0.3%)
presoaked Unifilters (Perkin EImer Life Sciences) or Whatman GF/B filters
followed by three brief washes with 2 ml of ice-cold TE buffer. Bound radiolabel
was determined by liquid scintillation counting. For all of the radioligand
competition binding assays, ICso values and Hill slopes were determined by Hill
transformation of the data and pK; values were determined by the Cheng—Prusoff
equation.

Generally, representative compounds of the invention demonstrated
binding affinities in the above assays from about 0.05 nM to about 1000 nM.
Preferred compounds of the invention bound to histamine-3 receptors with binding
affinities from about 0.05 nM to about 250 nM. More preferred compounds of the
invention bound to histamine-3 receptors with binding affinities from about 0.05
nM to about 10 nM.

In addition to the utility of in vitro methods for characterizing the H; binding
affinity of compounds, there are animal models of human disease available which

demonstrate the utility of compounds of the invention for treating human disease.
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(a)Or(b) R7, R8, R8, and R10 at each occurrence are each
independently selected from the group consisting of hydrogen,

Whelrox§aily 1, fluoroalkyl, cycloalkyl, and alkyl; 20R11, R12, RAGI/ER26T1071849

are each independently selected from the group consisting of hydrogen,

hyom@/amuifaﬁlga?agﬂ filiéqmﬁiiidh' #B@éd'é ﬁﬂﬂﬁ?dtf@ﬁﬁbﬁ@é@ﬂp o

e oa rn ano (0]
PYPE TSRS AT FRRE AR S ShTers OISR oAl btory
avoitsiacedesiovBIgR rat puas(ﬁ|§petéatmd>wyrﬂmegnnmvemmmm pups).
Tn@%aeﬂﬁbsaa‘gfg%ée hR5RId lsm@ag% AL bfén&@@a%%{a

12-membere |cyc eteroary ring, an membere

respRAgR pesisinhe ritogplagy adiuliity of thisast has beenigersdbastin
the TiFathR JEHEXERIPHS )nmdiﬁaté}ondﬁa"@tlan@lo& ﬁag?‘la?ggagww?rhn
Is selected from the
DAY AP BA b L ToA ROVl 203 SelSciRr SEyPIRsPe Ho
recePier e b6istait 304 RaGand A-3 79205 bteclied b’ema\llwajmd)
neLﬁelagg%%\%gwy&%g&r%wv#&'k@ aé?ggﬁjt?ya‘@%% %@%élow

/ at each occurrence aré indepen om

andyRyRprimeriAsTATgRIURS dePRINAPR(R)I;897- maanucrayvafteat:al J. Med.
cnaﬁcw@@czaawaéewr@mewdﬁmﬁaeo% JaHwE ¥ ABT-

P A R T T a'kéi‘%kﬁaégaa%ﬂ'hwaéé’f‘?é%&'ﬁ
CogmhqnmmuﬂSﬁmmphfhnmefrelﬁ’GténSaMFBa’EebedRebsmlﬂmeIHJ-Rewptwnd,
Ant &Iéthyﬂ%%%i‘&éHE&BSBBQ%%QE%Srﬁ%'eer%i%%drﬁé’rré‘paeﬁucsr(zoos) 313,

embered heteroaryl rin
176-190; in "Effects of hlstamlne H3 receptor ligands GT-2331 and ciproxifan in a

repeated acquisition avoidance response in the spontaneously hypertensive rat
pup.” Fox, G. B., et al. Behavioural Brain Research (2002), 131(1,2), 151-161.
Representative compounds are active in this model, with preferred compounds of
the invention active in the model at doses of ranging about 0.001-3 mg/kg of body
weight.

Compounds of the invention are histamine-3 receptor ligands that modulate
the function of the histamine-3 receptor. The compounds may be inverse agonists
that inhibit the basal activity of the receptor or they may be antagonists that block
the action of receptor-activating agonists.

It is understood that the foregoing detailed description and accompanying
examples are merely illustrative and are not to be taken as limitations upon the
scope of the invention, which is defined solely by the appended claims and their
equivalents. Various changes and modifications to the disclosed embodiments
will be apparent to those skilled in the art. Such changes and modifications,
including without limitation those relating to the chemical structures, substituents,
derivatives, intermediates, syntheses, formulations, or methods, or any
combination of such changes and modifications of use of the invention, may be

made without departing from the spirit and scope thereof.
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25 3. The compound of claim 2, wherein Rea is an unsubstituted or
substituted heteroaryl ring selected from the group consisting of furyl,

WOgaa6WIlisoxazolyl, isothiazolyl, oxazolyl, pyrazinyl, pyrazoRgT/US2007/071849
pyridazinyl, pyridinyl, pyrimidinyl, pyrrolyl, tetrazolyl, [1,2,3]thiadiazolyl,

WHADIS (ehAIMEBI8: thiazolyl, thienyl, 30[1,2,3]triazinyl, (1 ,2,4)triazinyl, [1
,3,5]triazinyl, [1,2,3]triazolyl, and [1,2,41triazolyl. 4. The compound of
claim 2, whereijn Rea is an unsubstituted or substituted heteroaryl ring

1. selOFOTROAGRS e Ronsisting of pyrimidinyl, pyridinyl, and -108-
pyrazolyl. 5. The compound of claim Rawherein R1 is -L2-R62-L3-R66,
wherein L2 is a bond, Rga is hydRegep,+3.iB1a bond, and Rea is selected
from a 4- to 12-membered Shegerocyglic zing. 6. The compound of claim
5, wherein R6a is an unsq@smutor siibstRated heterocyclic ring
selected from the group coRnsis! g of aBepanyl, azetidinyl, aziridinyl,
azocanyl, dlhydropyrldazmyl dihydrogyridinyl, dihydropyrimidinyl,

d I -~
|hy(§}r{§tﬁ%yzﬁ¥cﬂ%ll dih dropy'ﬁoc?(é gt%l%kn%}g{ %I)hg];)l/ %,{%‘ n{ygl';?gni (]er ein:

tetrﬁw&fcﬁjrﬁ‘l‘mréﬂjw t@ﬁéﬁ%k&@y\cmﬂda-ﬂagﬁahoxolanyl
azahdlatﬁeealealé?iﬁ% %@évéct%@m@ﬂhr?né érgwabg(szuﬂu)ng of hydrogen
iazepip- onyl, pyridazin- on
alk)&%’é eﬁé?lb ylckS%%‘aR‘i{]g(‘gq’WB pyrimidin-2,4(1H, 3H) dlonyl,
15®frﬁjyd1rarmmlatnsaaotd]ﬂdmﬂl{mﬁmsmm;twt%ﬂrﬂgé@@'WJ:onsisting
il eridin-2-on
10 thi%tr r%rl? ﬂ%z‘%@ ?%ﬁ%&?é%laz bny|°?f3§]¥ abdlggglonyl

thioplk S’Xb]thladlazmonyl [1,2,4]oxadiazolonyl, [1,2,5]oxadiazolonyl,
[1. mm;a&@égaﬂ indepbRdenTPidleidazrim (i g%\y.!; &hsfsti

ompou f claim 5, wherein Rea is an unsubstituted or substitute
el oSN G G SRR ) EoRBRID B Bzémﬂrﬁzlahw
togethep a2 thenyitrogein atdm3wiion wa ety iscdittéeta iyt thon-aromatic

-2-gnyl. 25 8.The compound of claim 1, wherein Rl is
, wherein L2 is a bond, Rga is hydrogen, L3 is a bond,
15 ""doég?@%% 56, wherein L2 is a bond, Rga is hyd 3is a bond

and R6a is selected from a 8- to 12-memberrg, Hioyche Reteroaryl ring.
9.The compound of claim 8, wherein R6a is amynsuljgtituted or
substituted R,

d N— %
CRIR N“%

R14
Ry Rio Riz RgR1w0

(a) or (b)

Rz, Rs, Re, and Ry at each occurrence are each independently selected

from the group consisting of hydrogen, hydroxyalkyl, fluoroalkyl, cycloalkyl, and
alkyl;

20 R11, Ri2, Rq3, and R4 are each independently selected from the group
consisting of hydrogen, hydroxyalkyl, alkyl, and fluoroalkyl;

Rsa is selected from the group consisting of a 5- to 6-membered heteroaryl
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30ring selected from the group consisting of indolyl, benzothienyl,
benzofuranyl, indazolyl, benzinnidazolyl, benzothiazolyl, benzoxazolyl,
W HzoisHlazolyl, benzoisoxazolyl, quinolinyl, isoquinolinyl, RETAZEAINKFI071849
quinoxalinyl, phthalazinyl, pteridinyl, purinyl, naphthyridinyl, cinnolinyl,
ringtivyandpt@nijinddf-dte | SrivaoiBered 1ooyclig heteliogtybring, and a 4- to 12-

merﬂBHr%'@%E%@ch .The compound of claim 9, wherein R62 is
unsubstituted or subsfituted benzothiazolyl or thieno[3,2-b]pyridinyl. S 11.

ThEedmiRlarigd framthe sipsppsiRiingef Redraeen gdethe Fynemhaered
hetetSErgiaingl @i deyyviie) Sneb i pttatdiagdasmbicyclle Reteriabgash, and a

nop-aromatic ring represented by formula (a). 10 12.The compound of
4- t%l%\?' fﬂ%ﬁ% ﬁgtgﬁ%‘éfcorﬁré%ubstituent represented by R7, R8, R9, and

R1Qis SelwdBed from the group consisting of alkyl, fluoroalkyl, and

hyq_r@%@g% @l@t lgast one substituent represented by 1%, or Ry is alkyl,

fluoro, or '§7droxyalkyl. 15 13. The compound of claim 1, wherein

R4l seteaiedifoen theygtaup wansisingieba dendoalkdensictPeati70)-
-S-,&}N&Phﬂd(mefmme)(?%(&‘@mm&')[qKHHN_(SIIEJ/BI; (25)-methylpyrrolidine

e PR S e e e AU 5. o
-S-, RM( Ry ICIRED)r e-€1(clD fd(Ref)naddrMiRiz)-1. 15. The compound of claim

R e e T R e TR
alkoxycarbonyl, amido, and formyl;

R1s and Ry7 at each occurrence are independently selected from the group
consisting of hydrogen and alkyl;

Rx and Ry at each occurrence are independently selected from the group
consisting of hydrogen, hydroxy, hydroxyalkyl, alkyl, alkoxy, alkylamino, fluoro,
and dialkylamino;

kis1,2o0r3; and

m is an integer from 1 to 5.

2. The compound of claim 1, wherein R, is -L>-Rsa-L3-Reb, Wherein L, is a
bond, Rep is hydrogen, L3 is a bond, and Rg;, is selected from a 5- or 6-membered
heteroaryl ring.

3. The compound of claim 2, wherein Rg, is an unsubstituted or substituted
heteroaryl ring selected from the group consisting of furyl, imidazolyl, isoxazolyl,
isothiazolyl, oxazolyl, pyrazinyl, pyrazolyl, pyridazinyl, pyridinyl, pyrimidinyl,
pyrrolyl, tetrazolyl, [1,2,3]thiadiazolyl, [1,2,3]oxadiazolyl, thiazolyl, thienyl,
[1.2,3)triazinyl, [1,2,4]triazinyl, [1,3,5]triazinyl, [1,2,3]triazolyl, and [1,2,4]triazolyl.

4, The compound of claim 2, wherein Rg, is an unsubstituted or substituted

heteroaryl ring selected from the group consisting of pyrimidinyl, pyridinyl, and
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25 heteroaryl ring or a 4- to 7-membered heterocyclic ring, and R4 and R5
taken together with the nitrogen atom to which each is attached form a 4-

W@ H¥WHBered non-aromatic ring represented by formula (aPCTA/SP#/071849

compound of claim 1, wherein the compound has the formula R R3b R2
pyr&z®hiR3 R4-N1-1- R5 (111) wherein L, R1, R2, R3, R33, R3bi R4, and R5

are each as defined in claim 1. 5 17. The compound of claim 16, wherein

R1.is -L2-Rea-1-3-Rsb, wherein L2 is a bond, Ree is hydrogen, L3 is a

5. boﬂ@%@&"@%@@&%ﬂ?%ﬂ d"@-e{ﬁ%%é?rflﬁe@éhﬂ@ta@aM‘WWdﬂdS@ to
bond; ReMSAIRIOYEIs DI hohang, and Rd rstBBéawontngatheridhmered

hetgr'troy% n atom to which each is attached form a 4- to 8- 10 membered
SHY5ISHLH: ring represented by formula (a). 18. The compound of claim
1, wherein R1 is -L2-1R6a-L3-R6b, wherein L2 is a bond, Ree is

6. NYOFRgBnipbima BPOdiAR] ARadmRNLidazn- G edebinnyk ﬁﬁsﬁﬂsﬁﬁﬁed

compound of claim 1, selected from the group consisting o

hetﬂf@&i@l%ﬁ\@fﬁ{?@ﬁéiﬁ?@ﬁ%ﬁmmﬁpnsgﬁ]mgmwo@qydlnyl
azurhjmwrazbéhﬁ?lfbﬁﬁwmpyndazmyl dlhydrop ridinyl, dih dropyrlmldlnyl
morglb%llg}yﬁ BZP&S% Izé:%?%l 'ﬁygﬁ'}g %|r11 E‘)(/ar}['h”? dl%yrdorIO hlazolyl
dlhmébWWﬂRﬂqmcﬂﬂ)dﬁﬂvbﬂwwlldﬂhréﬂyllrt&tbwdwﬁmmppyl)-l,1'-
dihydropyranyl, tetrahydropyranyl, [1,3]dioxolanyl, azetidin-2-onyl, azepan-2-onyl,
isoindolin-1,3-dionyl, (Z)-1H-benzo[e][1,4]diazepin-5(4H)-onyl, pyridazin-3(2H)-
onyl, pyridin-2(1H)-onyl, pyrimidin-2(1H)-onyl, pyrimidin-2,4(1H,3H)-diony,
pyrrolidin-2-onyl, benzo[djthiazol-2(3H)-onyl, pyridin-4(1H)-onyl, imidazolidin-2-
onyl, 1H-imidazol-2(3H)-onyl, piperidin-2-onyl, tetrahydropyrimidin-2(1H)-onyl,
[1.2,4]thiadiazolonyl, [1,2,5]thiadiazolonyl, [1,3,4]thiadiazinonyl,
[1,2,4]oxadiazolonyl, [1,2,5]oxadiazolonyl, [1,3,4]oxadiazin-onyl, and 1H-
benzo[d]imidazol-2(3H)-onyl.

7. The compound of claim 5, wherein Rg, is an unsubstituted or substituted
heterocyclic ring selected from the group consisting of azetidin-2-onyl, azepan-2-
onyl, pyridazin-3(2H)-onyl, pyrrolidin-2-onyl, and piperidin-2-onyl.

8. The compound of claim 1, wherein Ry is -L2-Rsa-L3-Reb, Wherein Lz is a
bond, Res is hydrogen, Ls is a bond, and Rs, is selected from a 8- to 12-membered
bicyclic heteroaryl ring.

9. The compound of claim 8, wherein Rga is an unsubstituted or substituted
ring selected from the group consisting of indolyl, benzothienyl, benzofuranyi,
indazolyl, benzimidazolyl, benzothiazolyl, benzoxazolyl, benzoisothiazolyl,
benzoisoxazolyl, quinolinyl, isoquinolinyl, quinazolinyl, quinoxalinyl, phthalazinyl,

pteridinyl, purinyl, naphthyridinyl, cinnolinyl, thieno[2,3-d]imidazole, thieno[3,2-
-109-
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biphenyl-4-carbonitrile;
4'-((1R,2R)-2-{[(23)-2-methylpyrrolidin-1-yl]nethyl}cyclopropy1)-1,1'-
W RHemocarbonitrile; PCT/US2007/071849
4'-{(13,23)-2-[(2-methylpyrrolidin-1-yOmethyl]cyclopropy1}-1,11-biphenyl-
b]pyridibd agndrmiyiteiopyrisajditgl3,25)-2-{[(28)-2-methylpyrrolidin-1-
yllmethyl}cyclopropyl)phenyl]pyrimidine;
2-methoxy-5-[4-(é)15,28)-2-{[(28)-2_-methﬁyl pyrrol id in-1- _
10. yI]rﬂ-@ﬁ\%B}R‘PHB 9WBH@|%IWF@|‘WRG@?S unspipsiifistedtpr substituted
bergbtBid4dliyl o dRikrofH 2 gymiyIpyrrol id in-1-
yllmethyl}cyclopropyl)phenylipyridine;
52-methoxy-5-[4-((1S,28)-2-{[(2R)-2-methylpyrrolid in-1-
1. yl|ribehgtoymboocbpf/ Hairarty | iplyeidineR, andoH4 téien 269 elhigt2vRth-theanethy |
nitn%éFP -6 WHIGT ECKC IR G RS IUE B Ro’r bty ({5R Sromatic
_ -2-{[(2S)-2-methyl pyrrolidin-1-
NNgIIGPRARSIMPIBN fOpTBH {Bheny!pyrimidine;
5-[4-((1R,2R)-2-{[(2R)-2-methylpyrrolidin-1-
ylynethylicyclopropyllphenyl]pyrimidine; )
12 4 A EIBHEC P T e e 2t sy o SHaient represented by
Ry, RgnBohwihdyRlgpscjeetbdivdnittiengliongs consisting of alkyl, fluoroalkyl, and
' -5-[4- -2-{[(2 R)-2-methylpyrralidin-1-
hyd}%ﬁ‘t@ﬂ?&%%%??pé%%ﬁeﬂﬁﬁﬁa}fr?i]rtr{ﬁgo%rﬁe%?n{gg Tb)y IFﬁ or(fJ\"y ] a]|kyl, fluoro,
hydpoxysl PR EFERSIRY((1S,2S)-2-([(2R)-2-methylpyrroli d in-1-

ylimethylicyclopropyl)phenyl]pyrimidin e; 2,4-dimeth
oxy-5-[4-((18,28)-2-{[?2_5)-2-methy_| p&rrolid n-1- )

13.  "The compound of claim 1, wherein R4 and Rs are taken together with the
nitrogen atom to which each is attached to form a (2R)-methylpyrrolidine ring or

(2S)-methylpyrrolidine ring.

14.  The compound of claim 1, wherein the compound has the formula

Rs ()

wherein L, Ry, Rz, Rs, Ra3a, R3b, R4, and Rs are each as defined in claim 1.

15.  The compound of claim 14, wherein Ry is -L2-Rga-L3-Reb, Wherein L is a
bond, Reb is hydrogen, Lj is a bond, Rg. is selected from a 5- or 6-membered
heteroaryl ring or a 4- to 7-membered heterocyclic ring, and R4 and Rs taken
together with the nitrogen atom to which each is attached form a 4- to 8-

membered non-aromatic ring represented by formula (a).
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20ylmethyl}cyclopropyl)phenylipyrimidine;
2-[4-((1R,2R)-2-{[(2S)-2-methylpyrrolidin-1-

WQRMEtHWEY clopropyl)phenylipyridazin-3(2H)-one; PCT/US2007/071849
214-((1S,2S)-2-{[(25)-2-methylpyrrolidin-1-
yllmethylicyclopropyl)phenyl]pyridazi n-3(2H )-one;

16.252TME Ebhpoldnt bp daitet ﬂ‘ﬁ@én’ﬂ%%%@% Rab the formula
ylknethyl}cyclopropyl)pheny11-1,3-benzoth iazole;
1,3,5-trimethy1-4-[4-((1S,2S)-2-{[(2S)}2- ethylpyrrolldln -1-
ylimethyl}cyclopropyl)pheny1]}-
methy1-3-(4-((1S,2S)-2-{[(2S)=2-
30ylimethyl}cyclopropy! )phe
N-[4-{(1S,2S)-2-{[(2S)-2- methylpyrr lid i n-1- yllmethyl}cyclopropyl
)phenyl]pyrimidin-5-amine; 41:(4(1%1.25) -2-(2-[(2R)-2-methylpyrrol id

in-1-yl]ethyl}cyclopropyl1)-1,1'- -1112- bipheny1-4-carbonitrile; 4'-((1_
S,2R)-2-(2-[(2R)-2-methylpyrrol | in(m)yllethyl}cyclopropyl) 1,1- bi

whB i RA e i e S (A2 B SH R R S -1
-yllmethyl}cyclopropyl)p henyl] -5-

17.  The compound of claim 16, wherein Ry is -L,-Rea-L3-Rep, Wherein L; is a

bond, Re, is hydrogen, L; is a bond, R, is selected from a 5- or 6-membered

heteroaryl ring or a 4- to 7-membered heterocyclic ring, and Rs and Rs taken

together with the nitroagen atom to which each is attached form a 4- to 8-

membered non-aromatic ring represented by formula (a).

18.  The compound of claim 1, wherein Ry is -L3-Rsa-L3-Rep, Wherein L, is a
bond, Rgy is hydrogen, L3 is a bond, and Re, is pyridazin-3(2H)-onyl.

19.  The compound of claim 1, selected from the group consisting of
4'-((1S,28)-2-{[(2S)-2-methylpyrrolidin-1-ylJmethyl}cyclopropyt)-1,1'-
biphenyl-4-carbonitrile;
4'-((18,28)-2-{[(2R)-2-methylpyrrolidin-1-yljmethyl}cyclopropyl)-1,1'-
biphenyl-4-carbonitrile;
4'-((1R,2R)-2-{[(2R)-2-methylpyrrolidin-1-yljmethyl}cyclopropyl)-1,1'-
biphenyl-4-carbonitrile;
4-((1R,2R)-2-{[(2S)-2-methyipyrrolidin-1-yl]methyl}cyclopropyl)-1,1'-
biphenyl-4-carbonitrile;
4'-{(1S,28)-2-[(2-methylpyrrolidin-1-yl)methyl]cyclopropyl}-1,1'-biphenyl-4-
carbonitrile;
5-[4-((1S,28)-2-{{(2S)-2-methylpyrrolidin-1-
yllmethyl}cyclopropyl)phenyl]pyrimidine;
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(trifl uoromethyl)th ieno[3,2-b]pyri dine-6-ca rboxamide;
N-[4-((1S,2S)-2-{[(2S)-2-methyl pyrrolidi n-1 - yllmethyl)cycl opropyl

WOeHIA8Bhicotinamide; 2-[4-((1 S,2S)-2-{[(2R)-2-m ethylpyrRfidl{HS2007/071849

toyllmethyl)cyclopropyl)phenylipyridazin-3(2H)-one; 1 -14-((1
8,2 3)AIB{I@Y) S2A4nk 15\ 29)r Bo{[(21B)-R-nyditmgl yy Fiatictih-1 -

ineddinc2-one:.1 -[4-{(1 8,2S)-2-{[(2R)-2-methylpyrrolid
Yﬂ"%?l - ﬁv %%?r%ﬁ@&ﬁ%g% Iqlﬁmgl?fynaze pan-2-one; 151 -[4-((1

ylIn@ R eyRes prd Syl iR Rlp3riliAR)-2-methyl pyrrolidi n-1 - yli
qu&%@&%@g@%%ﬁ I%gi_sfp%/rrolidin-t

ylimeyifiyeytiohmmytiphemyllphedingazeti din-2-one; 1 -[4-((1

N AT e L ST o A

yimsdisyslepeanyiintigmptientnpidiesidin-2-one; 251
'[‘_1'6(-143(?@:@ﬁi@q}(ﬂﬁﬁQihiétﬁyfﬁ?ﬁ_%iﬁ&i%-*l- |
fi hylicyclopropyl)phenylipyrrolidin-2-on e;
vl Wﬁ&éﬂéﬁ’%ﬂ{%ﬁdm&ﬁﬁm@ id in-1 -
yO5:4a(t ByZRpRo{H AR Rimys todpgrnadidin-1-
yllmethyl}cyclopropyl)phenyl]pyrimidine;
2,4-dimethoxy-5-[4-((1R,2R)-2-{[(2S)-2-methylpyrrolidin-1-
yllmethyl}cyclopropyl)phenyljpyrimidine;
2,4-dimethoxy-5-[4-((1R,2R)-2-{[(2R)-2-methylpyrrolidin-1-
yllmethyi}cyclopropyl)phenyllpyrimidine;
2,4-dimethoxy-5-[4-((1S,28)-2-{[(2R)-2-methylpyrrolidin-1-
yllmethyl}cyclopropyl)phenyllpyrimidine;
2,4-dimethoxy-5-[4-((1S8,2S)-2-{[(2S)-2-methylpyrrolidin-1-
yllmethyl}cyclopropyl)phenyl]pyrimidine;
2-[4-((1R.2R)-2-{[(2S)-2-methylpyrrolidin-1-
yljmethyl}cyclopropyl)phenyl)pyridazin-3(2H)-one;
2-[4-((1S,2S)-2-{[(28)-2-methylpyrrolidin-1-
yllmethyi}cyclopropyl)phenyl]pyridazin-3(2H)-one;
2-methyl-5-[4-((1S,2S)-2-{[(2S)-2-methylpyrrolidin-1-
yllmethyl}cyclopropyl)phenyl]-1,3-benzothiazole;
1,3,5-trimethyl-4-[4-((1S,28)-2-{[(2S)-2-methylpyrrolidin-1-
ylmethyl}cyclopropyl)phenyl]-1H-pyrazole;
2,6-dimethyl-3-[4-((1S,2S)-2-{[(2S)-2-methylpyrrolidin-1-
yllmethyl}cyclopropyl)phenyljpyridine;
N-[4-((1S,2S)-2-{[(2S)-2-methylpyrrolidin-1-
ylJmethyl}cyclopropyl)phenyl]pyrimidin-5-amine;

4'-((1R,28)-2-{2-[(2R)-2-methylpyrrolidin-1-yljethyl}cyclopropyl)-1,1'-
-112-
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N-[4-((1 8,28)-2-{[(2S)-2-methyl pyrrol id i n-1
-Amethyl}cyclopropyl)phenyll301H-1 ,2,4-triazole-3-carboxamide;
W&2Q95(HMON-1 -ylcarbony1)-2-{4-[(trans)-2-(2-pyrrol idin-1 - PCT/US2007/071849
ylethyl)cyclopropyliphenyl}pyri dine; 4'-{(1 S,2R)-2-[2-(2-methylpyrrolidin-1
biphgnylettoaibgoitdleropyl)-1 ,1'-biphenyl-4- -113- carbonitrile;

4 | 1,11-

USSR R AR ARG o
bipheRylAraaibeRifdgy)cyclopropyly 51,1 blphenyl -4-carbonitrile; 44(1

S, 2R (Rl p2epapyiralieihv) pesypisRIGrdpY MWmuhérmmearﬁdﬂ.tm@d

coP S £ AR o AT S sy bFaRel Ao 5

(triflamwnwxsyl)ﬁnanqms Bmyﬂd(ﬂsﬁ-z;armmarpmolldln 1-

;
32/4;4|-ng:': 28)@%53? Zﬁq ﬂ% s

ymgthy '}28)298 B?UHH&R?IWHQEEQ%(ZH) -one; and 2444(1
S, 2542 & RS R0 iR rolidin-1-

VDR D P S B T rernyipyroliin L.
1-[4-((1S,2S)-2-{[(2R)-2-methylpyrrolidin-1-
ylimethyl}cyclopropyl)phenyl]piperidin-2-one;
1-[4-((1S,28)-2-{[(2R)-2-methylpyrrolidin-1-
yljmethyl}cyclopropyl)phenyllazepan-2-one;
1-[4-((18,28)-2-{[(2R)-2-methylpyrrolidin-1-
yllmethyl}cyclopropyl)phenyl]pyrrolidin-2-one;
1-[4-((18,28)-2-{[(2R)-2-methylpyrrolidin-1-
yilmethyl}cyclopropyl)phenyl]azetidin-2-one;
1-{4-((18,28)-2-{[(2S)-2-methylpyrrolidin-1-
yllmethyl}cyclopropyl)phenyl]azetidin-2-one;
1-[4-((1S,28)-2-{[(2S)-2-methylpyrrolidin-1-
ylJmethyl}cyclopropyl)phenyllazepan-2-one;
1-[4-((18,28)-2-{[(2S)-2-methylpyrrolidin-1-
ylJmethyl}cyclopropyl)phenyl]piperidin-2-one;
1-[4-((1S,28)-2-{[(2S)-2-methylpyrrolidin-1-
yljmethyl}cyclopropyl)phenyl]pyrrolidin-2-one;
N-[4-((1S,2S8)-2-{[(2S)-2-methylpyrrolidin-1-
yllmethyl}cyclopropyl)phenyllacetamide;
N-[4-((1S,28)-2-{[(2S)-2-methylpyrrolidin-1-ylJmethyl}cyclopropyl)phenyl]-
1H-1,2,4-triazole-3-carboxamide;
5-(pyrrolidin-1-ylcarbonyl)-2-{4-[(trans)-2-(2-pyrrolidin-1-
ylethyl)cyclopropyl]phenyl}pyridine;

4-{(18,2R)-2-[2-(2-methylpyrrolidin-1-yl)ethyl]cyclopropyl}-1,1"-biphenyl-4-
-113-
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ylimethyl}cyclopropyl)phenylipyridazin-3(2H)-one or a salt thereof. 22. A

pharmaceutical composition comprising a therapeutically effective amount
woi@posopound of claim 1 in combination with a pharmaceutid«y/2s2007/071849

acceptable carrier. 23. The use of a compound according to claim 1 for
carbBaiffigatment of a condition or disorder modulated in a mammal in need of

R G e e N B
bipheswyled-carbonjttibeslaim 21, wherein the condition or disorder is selected

A SR e S ST MO e b
1. 1'1hiphenyl-fcareqitalgiizophrenia, cognitive deficits of schizophrenia,

cognif('\rs.éﬁgcﬁzﬁa%éﬁmmﬁyi&%ﬁﬁ@@i}zﬂwaﬂﬁnﬁ&dm&ﬁﬁme;

disease, mild cognitive impairment, epilepsy, seizures, allergic rhinitis, and
Ndasthma, motion sickness, dizziness, Meniere's disease, vestibular

diséfS, 2R-2(2-nloeshiyglinkélytdtiayl Joyeldprdipppitd-Bipherayié- X, insulin

caﬂggﬁiﬂ%r]ce syndrome, metabolic syndrome, pain, including neuropathic
pain, neuropathy, sleep disorders, narcolepsy, pathological sleepiness, jet
lag, drug abuse, mood alteration, bipolar disorder, depression,

20. 109088 RHYE P SYRLREIR IS bro QY CIHR Mg dfome, Parkinson's
disease, and medullary thyroid carcinoma, melanoma, and polycystic
ova?rmﬂwfﬁé.‘"«" S,28})-2-{[(2S)-2-methylpyrrolidin-1-

yilmethyl}cyclopropyl)phenyl]pyrimidine;

2-[4-((1S,28)-2-{[(2S)-2-methylpyrrolidin-1-
yI]methyI}cycIopropyI)phenyl]pyridazin-3(2H)-one; and

24-((1S,28)-2-{[(2R)-2-methylpyrrolidin-1-
yllmethyl}cyclopropyl)phenyl]pyridazin-3(2H)-one,

or a salt thereof.

21. A compound that is 2-[4-((1S,2S)-2-{[(2S)-2-methylpyrrolidin-1-
yllmethyi}cyclopropyl)phenylpyridazin-3(2H)-one or a salt thereof.

22. A pharmaceutical composition comprising a therapeutically effective
amount of a compound of claim 1 in combination with a pharmaceutically
acceptable carrier.

23.  The use of a compound according to claim 1 for the treatment of a condition or
disorder modulated in a mammal in need of such treatment comprising administering an
effective amount of a compound of claim 1.
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24. The use according to claim 21, wherein the condition or disorder is selected from
the group consisting of attention-deficit hyperactivity disorder (ADHD), deficits in attention,
dementia, and diseases with deficits of memory, learning, schizophrenia, cognitive
deficits of schizophrenia, cognitive deficits and dysfunction in psychiatric disorders,
Alzheimer’s disease, mild cognitive impairment, epilepsy, seizures, allergic rhinitis, and
asthma, motion sickness, dizziness, Meniere’s disease, vestibular disorders, vertigo,
obesity, diabetes, type Il diabetes, Syndrome X, insulin resistance syndrome, metabolic
syndrome, pain, including neuropathic pain, neuropathy, sleep disorders, narcolepsy,
pathological sleepiness, jet lag, drug abuse, mood alteration, bipolar disorder, depression,
obsessive compulsive disorder, Tourette’s syndrome, Parkinson’s disease, and medullary
thyroid carcinoma, melanoma, and polycystic ovary syndrome.
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