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PURINONE DERIVATIVES AS IIM74A AGONISTS This application
claims benefit of priority to US provisional patent application serial no.
60/815,935 filed June 23; 2006, and to US provisional patent application

S A1%058E1922,924 filed April 11, 2007, each of which is HeFERp2007/071895
incorporated in its entirety, FIELD OF THE INVENTION 10The present
invention relates to agonists of the HM74a receptor, compositions thereof
and methods of using the same. BACKGROUND OF THE INVENTION
Coronary artery disease (or CAD) is the number one cause of death in the
United 15 States (Nature IYled 2002, 8:1209-1262). The initiation and
progression of KCARINOWEMEER CATMER intanpey Dateesnsmsiltiple
physiological processes, including inflammation, lipid homeostasis, and
insulin resistance/diabetes mellitus. Multiple clinical studies have now
shown' tHatRMisatioR & pih BF)eEb A pEIRERt O DIRisHiEdNgicRstqpvprabisnsiep serial
lipoptBtesin o fild Lijndigh-densitydipoprsteins: {ondl| Piya e tbglycesaasno.
@55 A8 GaHERllY,88AAEAMIN 2908 RaRsnaly fo:develop.
atherosclerosis and CAD. Along side other risk factors such as positive
family history of CAD, elevated body-mass index, hypertension; and

gl oasIsiancevdisibetes mellitus; elevated plasma LDL and/or TG-rich
ipopratgingand;firipased plasma HRLIAYAIS HAYRRRER IRINEHBR tercor
major cardiovascular risk factors by the National Cholesterol Education
BIOGFAR AU &5t B15t Panel ITT (NCEP ATP Pk Am | Cardio 25 2003,
92: 19i-260. Accordingly, therapeutic intervention strategies designed to

paRact k68 plasmalipideepeents as well as those that underlie
insulinCresistance ar§. of %r até?\tﬁest to the medical community.
g

In
terms of LBT-IEWENAGE e SERAAURRSE 78 SR RIrARR iy tited
theomolerue ey iy miethgielataryEeoenzyimetd (HMGBoA), GAD involves a
biagynthetisRressnser of 36 chaleRIS X THESE M UGS RIS SAMRARKLING,. 1ipid
R A T e A e R
ITE2EOA requEtass . TISERSHSERA He Statins Tlfef THsE pipdics have now
EsvelytiritheifRe DDLaFE ceprontntine nvenakvidel lews-typrediringthe(or LDL),
edeaASes Y h&br&éﬁxihﬁr@@%baﬂﬁnt?‘é@f@ﬂfﬂ%@ﬂ'@(ﬁ@%lﬁ&r@@Qﬂm&s@g%z%:o@fwith
To]] ring agents can reduce plas L.concentrations. -60%
e T HE e By e o
By Ps 6B HNbitErisk 6F'deativ BiFS0ukvSratindndexndbpeirasigy. and insulin
appraciatileeffeatidntiBelkatdl mechanistieadly distivct agentidmretmikercased

A, ATk 0660 Do A RMATIETAEST: LEARIL I TRAUGE RIARMA LDy o

‘ R
owever it functions by inhibiting the absorption of cho?esterofbﬁlﬁee sma

rbestie \falusatiog s s e NP Sapsitdt sNPRASTI0DE, Am2h Cardio
813281 3T)2VMortathedaply withpaetimibe typicathy e rediPkday 2% these

BQ%V%iW &%‘J@% L\!&l@ltleg Wﬂ)ts}% %é@ﬁ%rl@%&(ﬂﬁ"réﬁ%&&oﬁ g@é}gat interest

exceed 60%. As with the statins, however. Ezetimibe has a negligible
é‘fﬁ%&%ﬂ%‘ﬂé@ﬁ%ﬁ“ﬂﬁf While statins can have a modest impact on
circulatingririghfcefidesyRrRPARIalpha dgonisis (brfibratesyardifasisuiperiothe
@%&%t@ﬁxmlﬂﬁlgzlgﬂﬁmu%el%ybﬁak@ﬁf@[@&m QYblx%}l%'é%@S Qursor of
|IEq| sis Ian&jhellmcin%tlon of trig| tcerrld -rich pagtlcles from plasma by
SEUVERIRG lipSBFOtRIR RS8R PeaticiRg BroaicsE SruputisEp e esterel
Ootithéan mhibror of Hpdprotéinclipase adtivity)isOndsushsfitrateyreid®dL by
ﬁ@@ﬁa@ﬁ@%L@quaeﬁ@ssip%ni%(amcmaglwQ@UL%HQ@@ J&cgﬁcé?§§§ into the
Q‘l%ﬁm? trig Xcae&%golt%é/rels u&\évgltggs olf 40-69%. Inte_r.estlrnygly, the fibrate
class olipid bWerAg iy s SIS8 Rass MBS OBGE Sotrfitantetdicopesma

b&th qu@m"f@m by 30-60% and triglycerides by 25%, producing a reduction in the
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15reduction) and HDL (10% increase).  Currently, the statin class of
LDL lowering agents remains the cornerstone or dyslipidemia therapy.
Despite the substantial reduction in cardiovascular events that have been
aohigvedswith this therapeutic approach., however, the cardipeproteaiiosr1sos
that is afforded to patients by these therapies is still incomplete. Tt is now
clear that therapies that are 20 targeted to increase HDL cholesterol are
critical in terms of maximizing patient eardioprotection. The only therapy
EvéiRabteclo (efblke Rhathe¥ tHadhBifityde effdetiely rfise cirétilitify tevdlavefan
eprainaprotertiven HIDIL . amdrﬁwﬁ&ﬁqwnﬂwimmmﬁh@meg[ﬁs@m afierck and
e AR LS S S D L) B
(iAﬁit?é”EﬁQﬂ ef ah.o)sréﬁ%.@cﬁ@nir%pwsnzs 1958 aganismaet iy NES dfrbdgeptor
&rHAlsezmn@std:zrczadgspec;rummtmyaavailabtetﬂﬁefawmemgemix&ﬁmm@0%
Rk VG132 f%% 3 W% %l%WI%E';H%"I%{l@P&Q PJQ%&“&&%A%/%M the

and tri lycerides ( 8/ Th ecmlca s1gn| icance of this broad-spectrum
Setivt ‘F%é’ﬁe@???@\?%%@éﬂa ekl ietichyer aicarEtidies. in the most

recentvaARB IF&Rs 2 {Atertah Biologyifgrthe tnviestigation gfdhelckraatnientpha
'a:;g%%té { Redueing %PQ!?S sigral %rggﬁ%{l%ﬁﬁﬁl d%QdQAYEP'%HQﬁ&Q&%&&%n by

3512-3 17 study, patients on statin therapy were randomized to either

ma%%%dmtxetﬁ ?ﬁ& eimdniien v aaefée{éﬁ)r AR Il R Rpg by activating
Rhanneicepticais) lPatentsrréogiving matinexhibitedldstatsticallyf lipoprotein
SIRINICARLIE CRERS 1D B @'@éﬂ&%ﬁi@?ﬂﬁ%&h'%%ﬁ%@B@Hdﬁﬁql in clinical

surro ate cardiovascular end point. This study Iso revealed

&ﬁfﬁ 8ﬁ%‘fy’?&ﬁu%é&“€a‘fé%??ﬁﬂ%%&vﬁlfe‘a?ﬁv %h%l? B %{"Og%%&(‘fﬁ%‘ﬁ the fibrate
subjedtémdthouride teetable ihsulinmelsistant sicThisustudycindidatéshe (20%

i@g@n@{g&g@gg{qmmgm%ﬁhm is offered by stain therapy and
substa tlate§ t% utlllty of nlcot%n&img%ln reducm overall cqrrdlac risk in

low-H Errea CV\}FI e I%ICSS'[I%IC acid Wer’bée%gusedmhmca ff &’ modiy© of
|mxp¢emwe§lf@m</epmﬁcBhaeéhﬂééxdtr@@f@@hammi@f@éﬁ}ehemhethdt have
compokiBehasemaineg daigehy.onscutsy Hdasdongibericknawmthat fforded
cut INi¢ aci |ng resylt |na ofound decrease |n rculatin
e Sl R e I S Caaen, W B
19grth ‘Be“??fé%ﬁ%t@@lbf%ﬂ%ﬁlﬁfﬁbﬁé%éﬂ‘é“@éﬁfbfeﬁ‘ﬁkétf faaénage*r%@é%erﬁ cardio-
iptsacedularraAMBy(eyaticyAMPIaEE aycliadenasinehmennphospiiaie;cor raise

R '%@8‘1@rl)‘%Sé”1%1E‘?G{&BR%SQB@%MQX&{&&'&KW Bl @ln.19d Gﬁﬁ%n of

Letters 1980, 1 This hypothesis was later confirmed an

irHistieglesst %F@c%'edi&ﬁﬁ?f@ %%‘\Péf?ﬂ?ec&idﬁﬁ@“p@rf&?g}glt%éém%’éﬁ@?fﬁxﬁvd was

studiesotAktariesdifydlp bt lpettees 1hIB3 5 186588192} Phehidéntificabiaphys

%§96§Aﬂ%§$€§§uglc acidRinding sites,.on he.sudfase of 3ARESSAMe therapy,
|

spleen cells confirmed the membrane hypothesis and refined, usin .

HOUEYRD Ry e RGeS thd &Lprotsin & iﬁp‘ﬁﬁ“ﬁ%ﬁﬁ‘é‘:}’éﬂé@&?}%ﬁé“e L (16%)
(drenzenreical 3ol THPdHauwral 2001cae3LHNBEFalThisGupraeteinty has been
medipted, antiipelytic.actiyithaficatigic acidwas Hﬁ%‘ﬁ%ﬁ mlq&ﬁ@%@élogy

to identify and characterlze nicotinic acid aﬁnalogues in terms of their

et BB, g 3054t e A GOt oo t ol
Sitrulkaine @08ty Pablishedifiestldn m@@ﬁ@motﬁhnﬁ@?@»m@d@@@ﬂ either

HINdsa,fWise L akich BiolGhemeR003. 27811 2869-R8/ i Hnam&lal. Natns
Med 2003, 9: 352. 355), which binds ta nl%otlnlc 20 acid with hlgh affinit

%C%Véra%c{“%?“%hFé“%%’é@%tor WASTEROI #' BE Rk SFEREE [ Sipshd gt g edie
amdksplaen, ahdelsihdsrtogaiot ondiericotinicatidobut alde totie dteucturaliyfd 2
rglatechaeyiviatives that hadheen Reeriousinshown te8xiibil adineytGiithout
anti-lipolytic activity. Mice that have been made deficient in the rodent
ortholog of HM74a (Puma-g) by homologous recombination resist nicotinic
acid-dependent FFA reduction and TO lowering. It is currently 25
hypothesized that the nicotinic acid anti-lipolytic activity is based on the
activation of this high affinity GPCR (lIM74a), resulting in a decrease in
intracellular cAMP and a subsequent attenuation of hormone sensitive
lipase (I-1SL) activity. Decreased adipocyte lipolytie output results in a

reduction in circulating FLA and a corresponding reduction in hepatic TOs,
varvlow dencitvys MTh (AL DIY and I DI The increaced levele nf HDI arice
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(reviewed inDefronzo et al. Int. J. Clin. Frac. 2004,58: 9-21). In muscle,

acute elevations plasma FFA concentrations can increase intramyocellular

lipid content; tills can have direct negative effects on insulin receptor

sigpaling:angsglucose transport. In liver, increased plasma ITAsgashi9071s9s

accelerated lipid oxidation and acetyl-CoA accumulation, the later of 5

which stimulates the rate-limiting steps for hepatic glucose production. In

the pancreas, longterm exposure to elevated ITAs has been shown to

inpairthveibeta-celisadbilitito sedretelirsedithininespplasectolghpeaseicthist is

dﬁt@é@@%@{ﬁntﬁ@ﬁwwa@%&h%@m@%@&S@NﬁfF&@%ﬁ&e&@mg overall
ry oaner 1%c(]iunderlylng pathologies in type 2 diabetes, and

s fa 3&%5 LSigied t84ltice FFASs, for example by agonizing HM74A,

may protelefieetivie #eid Girn provingdnsulireibe trsitivitifaholdowetingtblosd four

JeGase d@/@l@m&m&l@M&Mbfmpgo%pdap@ﬂgslmﬁatamu@g%ﬁ@m@ It has long
The “t‘XP nlcotlnlc acid as? %/ Ollpld mlc/ITA %ent Is
imi actor

curre AESETHY oL s |rs £ Sigmi 11‘%%11lr?tgiﬁ%%gee%Sofnnﬁ;(’:fjlf ffjtoe free
&a‘ﬁél%&ﬁﬁﬁéd?émmwabﬁqﬂm.a?méfas@aﬁmWlﬁmdndé@rf\@eens@diated
|mmeﬂéﬁﬂﬁﬁﬁeé&@t@Fﬁ)ﬂ&i@%i@i@e@%&r@fﬁ@@cﬁﬁu@@%ﬁd@t @y9g/dayiNor cyclic
er to achiev cac nicotinic aci N |
R R e S PR TR i e .
nicotntetEeid! ﬁ%@rdﬁa& Hehﬁtof@iééﬁ??@#é oRehistehaimiretdtsofichomessbio
mmm&@ﬂidgi&ﬂg&éﬁmﬂﬁﬁlg@em@@f@naiﬁi(ienQNAM)sﬂ[&ﬁf@@@ﬁ@ri@v@ﬁlOFEBS
b i ith.elevated liver.transamin w ic
B o e
sﬁ%ﬁéﬁﬁ%@%é%?ﬁ%%ﬂ%ﬁ%‘scﬁﬁ@%édhé PripE e dung s mter miasd: usmv
enzymes dirihgidhe initiatigroaithenapyy Thitd, hightdoses of stieatinie acidiol
3, Assasiated yih %vefﬁbpéoa@amgmd@mﬂﬁg&%@%% Uu3RINGsc acia

Virtually all patients experience flushing when on Ik-riieotinic acid at or

&% il B%ftﬁ*éoof}ffgcﬁwdfiﬁeam.mﬁlaﬂawﬁ%ﬁ%faw BiECHHS HHs98 Grms of
|mldwwhmlwct\dlas;pamtwmléxeadmb|tmqm’i inereaisdchdigsolutiompdinsieyustilc2bsly
Passessesadiushi &U@%ﬂ%ﬁ@%ﬁﬁf&?‘@i@@%@?&a ans!etféksawb?&'mm

(0) e O e osin reglment at in es taki Ing NIaS an alo ng
bbbt pSfded dosing reolmen nay clydes taking fas B dRdrsotinic
resdltsin IFgnafabounds arednditidnswherebyfres fatty achd leyelsarénadipose

a@@wml%@ugp&ﬁ@mghsmmw ﬁ"t%tﬂ@@i:{&dr%m% 1beSHIRG DAy related
C(? r& rease in a se tISSU SIS With i l medlate rere
eriva VCb 8%6 101t d%

NICOtNIC Acl Cecrnaip))m’t(ﬁls r&bound ph enomep afs c|§”§10 BROAE (A By e
P%%@@%r@é@t@ﬁﬂ@?ﬁtr@é@e@@ﬁtéPﬂﬁéi%yf g&tﬂ@@m@mmumwus

lead ieiimpaireskglyeetic.eankiaand elevaiedioeg gacesailayvelss Bataniy
ch have been shown ta in some individyals, aﬂe%nlcgtlnlcnac;dthj

y}%or%esxze t ét) %’xe ni o(t)mlc acmo g&uf%?lvtlc activi € activatio

iving the importance of nicotinic acid in modulatif
(é%ééfﬁl‘ﬁ}’ &58&)&#}&)7 A IFIMaS Eceftoietn dﬂlt§tlﬁ¥ﬁfh‘ﬂ%ﬁ§%w sHBtpquent
motecules designed tenmimidihe meChanism. obmmmqamdﬁca@u%@mpm

HLV&M@ J;suc&b&m%@cm %goﬁﬁgg&%vmc% eateqh IR ERT, JGG%IC%S fary-

ef |cacy Whl € avoidin verse eftects suc atOtOXICIty

clitadestiy 5fasHirgl alefhItﬁéraﬁbéérﬁf%aﬁ%%ﬁhwftﬁ%@@%@ﬁweaﬁtffectwe

impacibeyohddystipiseniente:ipedtidhe ansiniiesistraeesch psglyce pia,L DL
%gcﬁt%gglg%@%ssyndromes by virtue of their ability to more adequately
reduceg?ilasma FFA levels during the dosing interval. The present

inventiGiie direeisa s \thiddey isaiklirqaratnie Lrifijsorfdntehtsiuagumental role
SUMMARYIQFT EHifcdNY ENTFHO Nt The presesti Havent eArprovigess itet plasma

ail‘@k %95@%991% Qgﬁgthﬁlﬁ Ele'sistance in muscle and liver, and impair insulin secretion
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or pharmaceutically acceptable salts or prodrugs thereof, wherein
constituent members are 15defined herein.  The present invention
further provides compositions comprising a compound of the invention

aRd abdeasiane pharmaceutically acceptable carrier.  The gireg88d07/071895
invention further provides methods of modulating HIV174a receptor with a

compound of the invention. 20The present invention further provides
methods of agonizing IIM74a receptor by contacting the FIN474a receptor
viithigredmipedrd-zofethé invéntion Prac. THg grisdenbinentistefagtieslovations in

pggymeesw%m@gﬁrgt&@agm&gg%e@ﬁﬁﬁ@§§&@lase@M&ht%?él@w%@@m@é direct

The rese tlnventlo urthergrowd sacom ound of the inv milon for
HC d ¢cts on s TCCe T Sjignail 1{ ObC I‘dnbpd) wcr InCdﬂ,dde
erapy presen tinveﬁ’tlon far rovides a com

dfleh@arfxréﬁtubarﬁfm asrs@qw@lﬁiélpn%paﬁéﬂ@ﬁ @ﬁa@%ﬂfbﬁm@ﬁt%ﬂa&@e |ﬁ1€ ater of
tkaelﬁapy%;n&ﬁtmﬂe&d&@ﬁﬁ%%{%{megmﬁ h&@f@%@&&awntmeg{m%%ng.
inter € egpa ygompgunds which ar QQQA%tS aQE'an%%OP'St $OfHMI 42 ecrete
a_n ar useu |n he treatme EO a variety seases, suc as )

c@ﬁaimés@éna?sa@e@gﬁ@wHéleéﬁﬁapbﬁrfa%aﬁmw#wmhﬁé%@mpmlguecﬁ%

afecphagnacetdicaliy aceeptablaseit 9Hpeipigs thergef whiekeisy, and strategies
designed to reduce FFAs, for example by agonizing HM74A, may prove effective in
improving insulin sensitivity and lowering blood glucose levels in patients with type 2
diabetics/metabolic syndrome
The utility of nicotinic acid as a hypolipidemic/FFA lowering agent is currently
limited by four main factors. First, significant doses of nicotinic acid are required to impact
FFA release and improve lipid parameters. Immediate release (IR) nicotinic acid is often
dosed at 3-9g/day in order to achieve efficacy, and ER nicotinic acid (Niaspan) is typically
dosed between 1-2g/day. These high doses drive the second issue with nicotinic acid therapy,
hepatotoxicity.  One of the main metabolic routes for nicotinic acid is the formation of
nicotinamide (NAM). Increased levels of NAM have been associated with elevated liver
transaminase which can lead to hepatic dysfunction. This toxicity is particularly problematic
for sustained release formulations and results in the need to monitor liver enzymes during the
initiation of therapy. Third, high doses of nicotinic acid are associated with severe
prostaglandin-mediated cutancous flushing., Virtually all patients experience flushing when
on IR-nicotinic acid at or near the Tmex of the drug and discontinuation of therapy occurs in
20-50% of individuals. Niaspan, while exhibiting an increased dissolution time, still
possesses a flushing frequency of approximately 70%, and this is in spite of the
recommended dosing regimen that includes taking Niaspan along with an aspirin after a low-
fat snack. Fourth, nicotinic acid therapy often results in FFA rebound, a condition whereby
free fatty acid levels are not adequately suppressed throughout the dosing regimen, resulting
in a compensatory increase in adipose tissue lipolysis. With immediate release nicotinic acid
therapy, this rebound phenomenon is so great that daily FFA AUCs are actually increased
after therapy. Such FFA excursions can lead to impaired glycemic control and elevated
blood glucose levels, both of which have been shown to occur in some individuals after

nicotinic acid therapy.
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a dashed line indicates an option:al bond; X is N, CR2a, CR4aR66,
orlSR6a; 10Y is N, CR3b,R4bntc 5b, or NR; Lis-(C:6
alkylene)-(04,4C, alicylene)0400-(C16 alkyl:erne) optionally substituted by
wd, Bp7honk Rib, wherein if m and q are both 1, then p is 1;pcT/iRbis7H71895
Ci-iu alkyl, C2-10 alkellyl, C20 allcynyl, or Cy, wherein said C1LOalkyl,

C,,10 alkenyl, or C2.10 alkynyl is optionally substituted with 1, 2, 3, 4, or 5
REZ2 ; 15R2 is halo, cyano, Clhaloalkyl, or aeetylenyl, wherein said
acetylEHYIS Bty Sticratp s stitteer By S atrinSssisagRdIM 74
firoep & lamdaikylinG7ti6nal kenyl, GaH1 O @likyhy| &g hatoabikyk @d.Gechanism of
oty £ syenelh it SO, CIOIRNG: CONGRS 95, 1

)JOR"6; RI3a and 13b are independently selected from H, halo,
@i‘f €§ /ilefilc‘@?? BN II‘?cé}LR}Ij“@ldéV?USII%T %‘3“1}16%&8&%@}(@ R3] and cutaneous

fiyelrioxyatkiyh GeBptypanoalioypy’ (CiNyNOR;ORY, BWACC{O)di. BEslipidemia to

9@@\)&'&15!% 1%499&9@ h %}&Qﬂp&@lg&%@Q Bh%?x@s f@x%@z&ﬂ)exr ability
NR2C(0)NfeR6, NRIC S(0)16(1', S(0)NR2Rc, S(01212..b
f\‘flél%rﬁsa&fﬁz‘ﬁi@‘yarﬁ%‘%e(@}éﬁﬁ 6 WHER eﬂ%‘%‘é%d“@ldo%“all&}f”@li 6T§?I(f<é°ﬁ‘§7lem
andnGox 6 dikepreyl arg coptismalhasotbstituted withnlls.2, or 3 substitutents
independently selected from Cy', C1N, NO2, halo, OR', SR’, C(0)Rb,
C&)Y)é\IRZRZ C&O{%Ole 250C‘g% ", OC(0)NR2R.6, NRIR2, NIR"C(0)Rb,
(0)12b, S(O)NR'Rc, S(0)21-Cb,
NR6S®)@W®H@‘$’Q@)‘M@E& jinter alidRt9mRGadancERBhlarde
independently selected from K-hglo, Cmo alkyl, C2.6 alkenyl; C2_6
allcynyl, C1.6 haloalkyL CI 6><ﬁyd xyalkyl, C1.6 cyanoalkyl, Cy2, CN,NO2,
OR. ST222, C(0)Nee, C{Q)oe,; 0)1231, OC(0)NeR32, Nee,
NeC(0)1le. NeC(0O)NeRdIl, NeC(D)Oe. )1s1R'd Rd, S(0)2Rbl,
NeS(0).2R) , and S(0)2Nee, Wﬁ%r% C06 alkyl, C26 alkenyl and C24
allcynyl are optionally substituted with I, 2, or 3 substitutents
independently selected from Cy, QN NO2, ORal, 5 Se, C(0)12131,
C(O)NRIiRdl, C(0)0e, OC(0)Rbi, O&2(0)NeRdi, NR13!R0O, NR2 C(0)R,
NeC(0)NeRd1,N1221C(0)0e, S(0)1251, S(O)NR-R, S(0)212.0, NeS(0)2Rb
and S(0)2NROe; Rd' and R6b are independently selected from El, Ci
&l%ﬁhaéﬁd%e%@éwcﬁpéﬁbﬁlpé%Pf@%h‘é% gﬁiﬂ()fw € E))ﬁb?“@%@‘)r%‘ﬁ%ﬁ“ are
C¢{OHISRES(0)RH, S(O)NRIS(012Rb

The present invention further provides compositions comprising a compound of the

invention and at least one pharmaceutically acceptable carrier,

The present invention further provides methods of modulating HM74a receptor with a
compound of the invention.

The present invention further provides methods of agonizing HM74a receptor by
contacting the HM74a receptor with a compound of the invention.

The present invention further provides methods of treating diseases associated with
HM74a receptor.

The present invention further provides a compound of the invention for use in
therapy.

The present invention further provides a compound of the invention for use in the

preparation of a medicament for use in therapy.
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10Is:RdS(0)2e, and S(0)2NeRdl, wherein said C1 6 alkyl, C26 alkenyl,

and C2-6 a killY1 are optionally substituted with 1, 2, or 3 substitutents
independently selected from Cy2, CN, NO2. OR’, Se, C(0)Rd, C(0O)Nee.
@©@)0d=15000)Rbi, OC(0)NeRdl, NR'I C(0)Rbl , NR C(0)NeR&dr/bH007/071895
C(0)OR'1,e s,(0)NRdwit, s(0)2e, NeS(0)2e, and S(0)2NROIRd1; 15R.21
and RI'2 are independently selected from halo, CI-6 alkyl, C246 alkellyl,
C2-6 alkyllyl, C1.6 haloalkyl, CN, NO2, Oe, Se, C(0)e, C(0)NR22Rd2,
BIYbRID BISEFRBY BT (0)NeRd2, NR,2Rd2, NR22c0.,,b2,2

pc NWHEH0)de Re2ytNe G{0)de, 510)RA2, SihNeRd2hiS(Q}2Rfasts or partial
db%%@%?@%nﬁﬂdﬁ&%ﬂ“&%i‘%&‘ﬁeh@&&ﬁ@ﬁ'ﬁ Q?tgrg%lié%/ %lﬁ?ﬁ&’, %Grgn as

heterocycloalkyl, each optionally substituted by 201, ,40
SUBSHtTerE St pentdS iy BRBELEH R IARIES alkyl, C2.4 alkenyl, C24
alkynyl, C1 haloalkyl, CN. NO2nOe, Se, C(0)Rb3, C(0)NR33e, C(0)0e,
0(0)12b3, OC(01NRe3fe,Nt'3.d3R0,N1223C(0)R63,NR33C(0)0e, S(0)R'3,
S(0)NeRd3, S(0)21e3; and sq 2 . Cy' and Cy' are independently
selected from aryl, heteroary//l{\cxcl Iky}; ant’25heterocycloalkyl, each
optionally substituted by 1,273,™4or 5 ubstituents independently selected
from halo, C144 alkyl, C24 Bike:Lllyd, C7,4 alkynyl, C14 haloalkyl, Cy, CN,
NO2, Oe, Se, C(0)e, C(0)NRcda@3, C(.0)0e, 020;124,
OC(0)NR27Ra4,Neled, NeC(0)&®'NeC(0)01137, S(0)e, S(0)NeRd4,
S(0)212.133, and S(0)2NeRdd; Cy3 and Cy" are independently selected
from aryl. heteroaryl, cycloalkyl, and 30heterocycloalkyl, each optionally
su rgtﬁgl}{t%n %/C\}ftﬁd]?}éb %id%ié Xél%gﬁ)t FONLS NG éb%ﬁr(%%/tly selected from
halo, G#hakincariiaiemiti@g, aoatkynyl, C14 haloalkyl, aryl,
heteroanry v oyrioalkytrFeterorstcloalkyl, CN, NO,), OR'6, S.R26, C(0)R56,
C(0)NeRdg, G0)0e Q6 (00:6,C(0)NRc613d6, NR361C16, N it:6(20e,
NeC(OEdfr%%{((d)%g{Z%, Szog)ﬁ{el?d& S(0)2Rb6, and S(0)2NeRdb:

is -(Cy6 alkylene)-(Q )m-(Crs alkylene)p-(Q7)¢-(Ci.6 alkylene);- optionally
substituted by 1,2, 3,4, 0r 5 R™, wherein if m and q are both 1, thenpis 1;

R'is H, C1.10 alkyl, Cy.1p alkenyl, Cy.1p alkynyl, or Cy, wherein said C,.10 alkyl, Ca.10

alkenyl, or Cy.ipalkynyl is optionally substituted with 1,2, 3,4, or 5 RM .

R? is halo, cyano, C; haloalkyl, or acetylenyl, wherein said acetylenyl is optionally
optionally substituted by a substitutent selected from C,.s alkyl, Cp. alkenyl, Cy.19 alkynyl, C;.
¢ haloalkyl, C\.s hydroxyalkyl, Ci. cyanoalkyl, Cy*, CN, NO,, C(O)R™, C(O)NR®R®, or
C(O)OR™;

R* and R® are independently selected from H, halo, Cy ¢ alkyl, C; ¢ alkenyl, Cy4
alkynyl, C,. haloalkyl, C; ¢ hydroxyalkyl, Ci4 cyanoalkyl, Cyl, CN, NO,, OR?, SR*, C(O)Rb,
C(O)NRRY, C(O)OR, OC(O)R®, OC({O)NRRE, NR°RY, NR°C(O)R”, NR°C(O)NR°RY,
NR°C(O)OR?, S(O)R®, S(OYNRR, S(0)2R", NR°S(0O)R”, and S(0);NRRY, wherein said C,.
s alkyl, Co. alkenyl, and Co.s alkynyl are optionally substituted with 1, 2, or 3 substitutents
independently selected from Cy', CN, NO;, halo, OR?, SR*, C(O)R”, C(O)NR°R?, C(O)OR?,
OC(O)R®, OC(OINRRY, NRRY, NR°C(O)R®, NR°C(O)NR°RY, NR°C(O)OR?, S(O)R®,
S(OINRRY, S(0),R", NR°S(O)R®, and S(0),NRR®,;

R* R*® R** and R are independently selected from H, halo, C4 alkyl, C; alkenyl,
Cas alkynyl, Ci¢ haloalkyl, Cy.¢ hydroxyalkyl, C\.s cyanoalkyl, Cy*, CN, NO,, OR*, SR*
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Q1 and Q2 arc independently selected from 0, S. NH, CTI2, CO, CS. SO,
502, OCT-12, 5CH2, NHCH2, CH2CH2, COCH2, CONH, COO, SOCH2,
SONH, 502CH2, and S027'HH,; Ra and le are independently selected
fxamobt, Gt alkyl, C16 haloalkyl, C2.6 alkenyi, C2.6 alkynylp@ndsey2io71895
wherein said C1_6 alkyl, C1-6 haloalkyl, C2.6 alkenyl, or C2 6 alkynyl is
5optionally substituted with I, 2, 3, 4, or 5 substituents independently
selected from halo, CI 6 alk I C2-6 alkenyl, C2-6 alkynyl, C143 haloalkyl,
ePB hﬂ@k%iﬂé’yk @P@Bya@&é%“@@ ONRRO2NZRRS, SRAS(OR™,
CROROZC(R)N e @@)@E%a@(@u(a) B@})@ﬁ(@N &@R@ MR’ l@'éﬁbl and
(QRNS,NR sC. ds O)Nee,
g%f%%e%{ NRE G58(0)2R bs an % PN é%m lej&ky as, and
é*t%i’n‘ﬂlébeﬁdé?ﬁlwgéfééﬁéa Wé?ﬁcmiee °61<§II€3¢I figr Cafh%dﬂ@z PRED6
atkenyloR26 alkywyt; ity L cycindlkyt; beterasryt) veterocyatoatkyhr c(O)R",
Reyvigleyhheterogpdaliy| %ﬁ'@&iﬁﬁ@ﬁ'%ﬁﬁdft@te [eg 'Oﬁfk‘éélﬁlﬁykw and

wherein said C1-6 alkyl, C1-6 haloalkyl, C2_6 alkenyl, C2-6 alky, ny[ aryl,
é% Mkﬁ heteroaryl, heterocycloalkyl, mylalkyl, heteroarylalkyl

cycloatltalkyl? orchintgrocialbalkytatkytis: eptiopallyisdhstituied, Witha®fnT ],

EScyanik rﬁ%@% s chce%ﬁ‘i'f%‘a&b @ﬁ(*a'@é@) ﬁet%WF‘R“ S(OLR",
hetéeroaré/2é Ikyds%&/8 cloalkyl or heterocy cIoaIk d R61 are

indlep&n Hom HSef 6351 fyts &Y ecﬁar’déql%% B G-ailenyl are
Q2Balkyviytiand S, 1Wheme?i misaithChi6 iadkybn G hadoalkihrORyb CN, NO,

B '1%"‘“"?@%][31%3“?@““? e MR B R eyl
SU Itucnis. inage nae se ro alo 4
B H G féwﬁ"&iﬁf B SR S e

SN S(I@ﬂlbbﬂgd§m5\ﬂt‘(®3 115, C(0O)NRcsRds, C(0)0Ra5, OC(0)Rds,
OC(O)NRQEQQ‘&MBIA&B&@enNﬁQ(&}%%M%&{Q)FJl&&ﬁp@%am@@(%%e

i o R ﬁ‘i&%&@%&%ﬁﬁéﬁﬁi TR oy 2136 i
eq( @maoam% 16 NRAKENH, OR B EIYRY Rarw%%wﬁy HEW&Garyl,
Betexecirctoatiyl R&mﬁxkd)ﬁt@r@mw@imfa%?oalkylalkyl and

hetero ?91%1(3(1'&@%;11 Vthe nyng zfugngge (%l c%a%ﬁaelg %(lk ion e%k{a fl ch by

ynyl; ary cyc oalk teroary heteroc cloa ary
ﬁe%e?o‘é?&l%ﬂ&?ﬁ“&?émﬂ%ﬂgmw%ﬁﬂé‘t@%@%léﬁmﬁaw}ﬁ{é @ptlélﬁ%lw Cos

slipsfittedhwith IHCN, NO,, OR®, SR¥, C(OR™, C(O)NR“R®, C(O)OR®, OC(O)R”,
OC(O)NRZR®, NR®R®, NRC(O)R™, NR®C(O)OR®, S(O)R®, S(O)NRZR®, S(O)R™,
and S(O),NR“R%;

Cy' and Cy” are independently selected from aryl, heteroaryl, cycloalkyl, and
heterocycloalkyl, each optionally substituted by 1, 2, 3, 4 or 5 substituents independently
selected from halo, Cy . alkyl, Cy4 alkenyl, C,4 alkynyl, Ci haloalkyl, ~(L®),~ Cy’, CN,
NO,, OR™, SR¥, C(O)R™, C(O)NR¥R¥, C(OYOR¥, OC(O)R™, OC(O)NR¥R¥ NR*R¥,
NR¥C(O)R™, NR™C(0)OR™, S(O)R™, S(O)NR*R*™, S(0),R™, and S(0);NR*“R¥;

Cy’ and Cy" are independently selected from aryl, heteroaryl, cycloalkyl, and
heterocycloalkyl, each optionally substituted with 1, 2, 3, 4 or 5 substituents independently
selected from halo, Ci4 alkyl, Cy4 alkenyl, Cy.s alkynyl, C, 4 haloalkyl, aryl, heteroaryl,
cycloalkyl, heterocycloalkyl, CN, NO,, OR™, SR*®, C(O)R™, C(O)NRRY, C(0)OR™,
OC(O)R™, OC(O)NRRY, NR*R*, NRPC(O)R™, NR*C(O)OR™, S(O)R, S(O)NR*R®,
S(0)RY, and S(O)NRPRY;
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cyano, amino, halo, C1.6 alkyl, aryl, mylalkyl, heteroaryl, heteroarylalkyl,
cycloalkyl or 30heterocycloalkyl; Re' and Rd are independently selected
from H, C16 alkyl, C1.6 haloalkyl, C,-6 alkenyk aikynyl, and Cy',
whereinisaigk C1 alkyl, C1-6 haloalkyl, C2_6 alkenyi, or C26 atkynybis7/071895
optionally substituted with I, 2, 3, 4, or 5 substituents independently
selected from halo, Cm6 alkyl, Ct., alkenyl, C2.6 alkynyi, C1.6 haloalkyl,
C1-6 hydroxyalkyl, C1.6 cyanoalkyl, (N, NO2, OR", SR', C(O)Rb,
C(0)NRSBR'Q TOy0RepIdDIRS S OCIOINRIBRINEIREN A B0 RO CH:,
NERSSG(OMNRREINRIC(GI0 LS (CIRDSOB0) NRRSS S(OIZRNd SO,NH;
NRSSS(O)R 110, 30 SOVRNRIRIS: 1S A0 R logell wih e,

atom to w ey arc attached form a 4-, 5-, ®- or 7-membere ,
hetetoaydisaiiyy grBGf BptidratySubstitahaty Wit £22 Frevdubstimehray! is
independeniyuselected ramhale stiestadkyl i@ @kend-E21 HalknylC,
-6 haloalkyl, €i-6 a C ri o , OR"
TP R, 6;ﬁjé*@é%@%ﬁ%%&fi%%ﬁ%%&%@%g%%g%%% e,
N@2 Fi2 5, NRWOROiE RIRESE: (05IRBus WRE(0ORBNB (RO R
SOMNRIBRASRS(OIZRR NMR!'S (0)260 it SFO) ANTRCRA O’ RECarkd Rs are

mgeg%q@nt%dsg gcteg-from H, Clx, alkyl, C1.6 haloalkyl, C2.6 alkcnyl,
C2-6 alkynyl, and Cy', wherein said Cl 6 alki/?l, C1.0 haloalkyl, C2-6

alkenyt. oRCR6 AkyH¥iNs HSHUITARY-STLSHITHE Wi 1143 alob 5o
subsiittients dhdepehdenity seledteddmthyhdios Gy kybe@ialkenyiliyl,

et Altyinyl, SdifiRalaalkh Gre NG RI by CSvayRICalN: Cyidy iGN,
02, OR's, C(0)Rbs, C(O)NRaR®s, %0@ 'S{,Op(g)R",' cho)?l%( R"F{%,( |
BlsrEBETE)RD. 5 RIRESE 10 NKESRE KRB iRicrAN i dyi=
BIMNIREBRdpycBIRZLIR NRIBS(QI2REE véatd/'SE0) PNRER eiBstitutedrwith OH,
Relanshfe tegetoer with the, N-atom tewhichithewsie atiached Jarm & 4-,
géiegso' o&gt-]rlpi_mbered heteroeyeloalkyl group optionally substituted with I,
;orYsibstituents independently selected from halo, C1.6 alkyl, C2-6
allsenyf, @48 akinylec ikl G626 ydskyatdiloail Cas alkenyl,
cyannatkyl aka\GENL N2 QR L 2RI, C(QRIisIGIQNRIRSS, £(0)ORyny! is

e SO TR OO B .

R' b
)R FeeS Fis2 ARTO2 e TlEbenddHity Sefbtkdd oML 66, O
alky| 0BT 6 kil oalkyl; G2 @raikanty] (O Grifkyry &Y duteroriy,°, NR“R®,
%Wﬁbihﬁ%@‘@@ﬁl%m ﬁﬁy*é'(@s'oﬂet%f&%ﬁw 3%‘?@5@%@%@'@@% Kyl,
%r};{gsQ(%tgggg)gilgggoyﬁﬁlgégkd\g\!here|n said C1.10 alkyl, C1.6 haloalkyl, C2.6

R%2 R R™ R%, and R” are independently selected from H, C;¢ alkyl, C ¢
haloalkyl, C,¢ alkenyl, Cy.¢ alkynyl, aryl, cycloalkyl, heteroaryl, heterocycloalkyl, arylalkyl,
heteroarylalkyl, cycloalkylalkyl, and heterocycloalkylalkyl, wherein said C,4 alkyl, Ci¢
haloalkyl, Cy alkenyl, Co6 alkynyl, aryl, cycloalkyl, heteroaryl, heterocycloalkyl, arylalkyl,
heteroarylalkyl, cycloalkylalkyl, or heterocycloalkylalkyl is optionally substituted with OH,
cyano, amino, halo, Cigsalkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl, cycloalkyl or
heterocycloalkyl;

R® and RY are independently selected from H, C, alkyl, C . haloalkyl, C,¢ alkenyl,
Cy. alkynyl, and Cyz, wherein said Ci.6 alkyl, Cy_6 haloalkyl, Cy. alkenyl, or Cyo alkynyl is
optionally substituted with 1, 2, 3, 4, or 5 substituents independently selected from halo, C)

alkyl, Ca.6 alkenyl, Cy. alkynyl, Ci6 haloalkyl, C,.¢ hydroxyalkyl, Ci¢ cyanoalkyl, Cy29 CN,

8
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alkenyl, C2.6 alkynyl, aryl, heteroaryl, eycloalkyl, hetcrocycloallcyl,
arylalkyl, heteroarylalkyl, cycloalkylalkyl, or heterocycloalkylalkyl is
optionally substituted with OH, amino, halo, C1.6 alkyl, C1.6 baloalkyl,
avyl 2arylatiogk hocroaryl, heteroarylalkyl, cycloalkyl, or heteraayclosdbylio7189s
30o0r RS2 and R0O2 together with the N atom to which they are attached
form a 4-, 5-, 6- or 7-membered hetcrocycloalkyl group; R" and lie are
mdependentl}/ selected from TI, dC5:1 10 alk}/l Cl6 haloalkyl C2-6 alkepyl
S96 Ayrii, afy ReteraRR é?clé&ﬂ%i@%efé%@%ﬁoé?%@%&%@k [NRER™
m{é(masg{l‘é Wtkﬂaﬁ%yF amtetemeycioalkylalighvereréinsaid ' C1_ 10
;{J ga 65hal g ﬁfﬁ@ .alkenyl. C2 allcynyl, aryl, heteroaryl, cycbalkyl,
eteroc goafﬁyl ryla heteroaryialkyl, cycloalkylalkyl, or
hetero%&%ldé&@la‘%ﬂ‘h@ @b%h%ﬁ%%&lﬁ]’ﬂéﬁ RO rtaRiHE TR A, 1067
alkydmGerca méa&w&;amgylg@tmlalkwmm@tsnﬁsatydemeteroar;daﬂgmyﬁi%ﬂkyl or

'1%%% %X&!@%Mtc%q{ 0%5?331 apd 6%9%1‘%9 eﬂ?ﬁ&lw“& . HanQﬂ%h they
are attached form a - 5 6- or cmbercd groc;;cloal group; R64.and
ﬁ%‘&%?’é”fﬁf&&éﬁ&"éﬁﬁ&%e@c{@%%% ﬁRcfﬂ?to &l l%écf@ﬁé%aﬁkw C2-6

AR CIG@IKY NP @PRASErORYR SOk RIBIEROC CIDaK A,
@Jﬁ*%@%}@wﬁ%@m@%ﬁxdﬁw@é@ lloyks andsbeieroeyglpal lagfvh@ﬂwﬂw

wherein_ said |, C1-6 haloalkyl, C2-6 10 alkenyl ynyl,
aryl, h&teﬁ?&& &’g‘idrbiﬁﬂég}f‘eﬂ&é%waéaw &ryialksh %étE?&&P%lEyP alkényl,
relatiiolatiol Cof. heterocydlcalkylaikylis optidnallg.subistitited Gvith IRy is
%EH&%H?@I{FBI%%CQ %Hﬁyllkgb, h;?lp§‘L'@6Lt§15|¥rltﬂfbé@&%mh®t&f@&'é)é| from halo Crs
Abihe Fy TR SRt Ry e SOAEHU i SR R e O
SPmeRibeR’d RERSCYERAIRYIRIToOUE) RBE a@fd@aﬁ é?é(ifﬁﬂﬁbelhdéﬁfﬁwl?
sﬁi@@@rﬁmmﬁ@@)ﬂfﬁﬂwl NEE @ halealkyb RZ-GalkeryR €2(6)atkynyl,
ﬁ@( g}gt)c&(ga% 3 g}/&%ﬁkgﬂ shetcrocycloalkyl, arylalls71, heteroarylalkyl,

or R®! and RY! together with the N atom to which they are attached form a 4-, 5-, 6- or
7-membered heterocycloalkyl group optionally substituted with 1, 2, or 3 substituents
independently selected from halo, Ci.s alkyl, Co alkenyl, Co6 alkynyl, C,6 haloalkyl, C,.6
hydroxyalkyl, C,.s cyanoalkyl, Cy?, CN, NO,, OR®, SR*, C(O)R™, C(O)NR* R,
C(O)YOR®, OC(O)R™, OC(OINRZR®, NR¥RY, NRZC(O)R”, NR®C(O)NR“R®,
NRZC(0)OR®, S(O)R?, S(OINRZR®, S(0),R”, NR*S(0)%R", and S(0),NR“R%;

R% and R* are independently selected from H, Cy.10 alkyl, C¢ haloalkyl, Cy.
alkenyl, Cs.¢ alkynyl, aryl, heteroaryl, cycloalkyl, heterocycloalkyl, arylalkyl, heteroaryialkyl,
cycloalkylalkyl, and heterocycloalkylalkyl, wherein said Ci.10 alkyl, C haloalkyl, Cy.6
alkenyl, Cy.6 alkynyl, aryl, heteroaryl, cycloalkyl, heterocycloalkyl, arylalkyl, heteroarylalkyl,
cycloalkylatkyl, or heterocycloalkylalkyl is optionally substituted with OH, amino, halo, C;.¢
alkyl, Ci.¢ haloalkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl, cycloalkyl, or
heterocycloalkyl;

or R? and R%? together with the N atom to which they are attached form a 4-, 5-, 6- or
7-membered heterocycloalkyl group;

R and R® are independently sclected from H, Cy4p alkyl, Ci.¢ haloalkyl, Cyg
alkenyl, C, ¢ alkynyl, aryl, heteroaryl, cycloalkyl, heterocycloalkyl, arylalkyl, heteroarylalkyl,
cycloalkylalkyl, and heterocycloalkylalkyl, wherein said C,.10 alkyl, Ci.6 haloalkyl, Cs6
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cycloalkylalkyl, and heterocycloalkylalkyl, wherein said CI1-10 alkyl, C1.0
haloalkyl, alkenyl, C2.6 alkynyl, aryl; heteroaryl" cycloalkyl,
heteroeycloalkyl, arylalkyl, heteromylalkyl, 20cycloalkylalkyl or

hetesacyaiaalkylalkyl is optionally substituted with OH, aminop i 6eh/E 1895
alkyl, Cd .6 hal o alkyl, aryl, arylalkyl, heteroaryl, heterowylalkyl,

cycloalkyl, or heterocycle/alkyl, or Res andle3 together with the N

atom to which they are attached form a 4-, 5-, 6- or 7-m nbered

héterdcyetodikytigrolpe2sRe6. andorkg. rtcirtiepedenthydele dtedofrorntkyl,

Hyé%&@ékﬂkﬁ JaL@et@aéle;aJ}@ﬁ kgﬂkl@ﬁél@wha@ &‘@Sa{{{mm%@t{%ﬁg?m; ézl,é

c C erocycloa a teroar yl, cyc alkyl, an
R e TS RV R R S

éllﬁfémlf,c@@l@alkynyl, aryl, heteroaryl, cycloalkyl, heterocycloalkyl,

arylalkyl, iheieqaatyladad: oyelaalkylalkylorheterogyeleadkidalkyhis 4-, 5-, 6- or
tlon II listltut? W h OH, amino, halo, C _6 30alkyl, C1 6ha|oa|ky|
em cre grocycioal

ary eteroaryl, Tlef)eroarylalkyl cycloalkyl, or heterocg}éloalkyl
or R66Ran%i“ﬁ%161%@éfﬁ%‘?‘\ﬁﬂﬂ¥ tREe A to @vhqcﬂl%%e@n akélettad e form

atenfi: (67 Akyirmambesecbhetesagyaloalkylegrodpalkyl, 4blisk@adtatiotaneyl,
O&E'Baﬁ%ﬁ%b%w%%& ‘é’v@‘o%y 1a§<yf‘ %é?é&ipa?&%{ ! ZM? jper{a%%%)’ Cas

sélected from OH, halo; -O- ---0-(Ci4 haloalkyl), and amino; ti is
GHsPY ek kg, aéﬂth%‘f@iﬁ‘d &ﬁ&?&f@h@%@@e %%J%ﬁﬂéaaﬁa eteroaryjalkyl,
sgniekpiiodinrentsowaralAzRy lis GRHISa:GRERR 51 dienminihigo, Ci.
Qﬁ@ tran. Gt 2l [Rsame £mhg mu%%%a%mn g Ribarshgn Clear

4hR51). Insonmie embodiments, R2 is hald, cyan, Clhaldallcyl, or
AR f¥'some embodiments, 123a and RTh are independently
selected RomdR halgti@ikwith the N atom to which they are attached form a 4-, 5-, 6- or

7-membered heterocycloalkyl group;

R and R* are independently selected from H, Cy.ig alkyl, C1.6 haloalkyl, Co.s
alkenyl, Cy.6 alkynyl, aryl, heteroaryl, cycloalkyl, heterocycloalkyl, arylalkyl, heteroarylalkyl,
cycloalkylalkyl, and heterocycloalkylalkyl, wherein said C,.1s alkyl, Ci haloalkyl, Cs6
alkenyl, Co¢ alkynyl, aryl, heteroaryl, cycloalkyl, heterocycloalkyl, arylalkyl, heteroarylalkyl,
cycloalkylalkyl or heterocycloalkylalkyl is optionally substituted with OH, amino, halo, C;
alkyl, C,.¢ haloalkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl, cycloalkyl, or
heterocycloalkyl;

or R and R together with the N atom to which they are attached form a 4-, 5-, 6- or
7-membered heterocycloalkyl group;

R and R® are independently selected from H, Cy.1o alkyl, Ci. haloalkyl, C,.¢
alkenyl, Cy alkynyl, aryl, heteroaryl, cycloalkyl, heterocycloalkyl, arylalkyl, heteroarylalkyl,
cycloalkylalkyl, and heterocycloalkylalkyl, wherein said Cy.1 alkyl, C.6 haloalkyl, Cs
alkenyl, Cy.¢ alkynyl, aryl, heteroaryl, cycloalkyl, heterocycloalkyl, arylalkyl, heteroarylalkyl,
cycloalkylalkyl or heterocycloalkylalkyl is optionally substituted with OH, amino, halo, Ci.6
alkyl, C ¢ haloalkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl, cycloalkyl, or
heterocycloalkyl;

or R and R* together with the N atom to which they arc attached form a 4-, 5-, 6- or

7-membered heterocycloalkyl group;
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10alkyl, Cm alkenyl, CA alkynyl, C1_6 haloallcyl, CIA hydroxyalkyl, C16
cyanoalkyl, Cyl, CN, NO2, ORE, SRa, C(0)R, c()NR'r, C(0)OR", 0C(O)Rh,
OC(0)NReRd, NReRd, NR'C(0)Rb, NRC(0)NR'Rd, NRIE(0)OR", S(0)R5"
SO)NRGERD2S(01)2W, NRIS(0)2Rb, and S(012NR"RII, whergin sai@dd&hAisos
alkyl, C2 6 alkenyl, and C156 alkynyl are optionally substituted with I, 2, or
3 substitutents independently selected from Cy', CN, NO2, ORa,E1(0)Rb,
15 C(0)NReRd, C(0)OR', OE(0)RI', OC(0)NRcR", NR"Rd, NRIC(0)Rb,
NRIC(0)NRIRIINRSCIG)ORY, SSoiREY BOINRIRA 0S{0)2RGIeNts
INR@SAA 2R bR HNINR KIS, —0-(IN_sams, emhodiments:, G nansh&y2
q{%igglep%gently selected from aryl, heteroaryl, cycloalkyl, and
heterocycloalkyl, each optionally substituted by I, 2, 3, 4 or 5 substituents
indepefidertlrddltetadenent el ocetalaiky @4 alkenyl, C54 alkynyl,

CIA ha{l}?ﬁ%ﬁé'mﬁ&di%@nu%epBg—gRgs %@)ﬁég@wdﬂhcgi@@l% other
QC(O)RI", OC(O)NR"4 R*, Mee, NR"E(0)e, NR"C(0)0R", S(0)R14,

() F?Ziﬂiyf'S(O)ZR, and S(0)2NR"R4 . In some embodiments, Xis N. in
some embedimenisnehis ERtavin semerembrtRientsy IR EH. 25In

come C e K L e R oo
embodifeREEYO TR IR sedRertsorifmeia s temelr ap i dainé s
emaodimanisyl Y(s, GRAGRE6; tnlsome embaiinents), X isdteand1Yds, CN,
GRAFRER: C(0)R”, COINRRY, C(0)OR?, OC(O)R?, OC(OINRRY, NR°R',
NRCC(O)R®, NR°C(O)NRRY, NR°C(O)OR®, S(O)R”, S(O)NRRY, S(0),R®, NR°S(0),R", and
S(O)NRRY, wherein said Ci6 alkyl, Cos alkenyl, and Cy.6 alkynyl are optionally substituted
with 1, 2, or 3 substitutents independently selected from Cy', CN, NO,, OR®, SR*, C(O)R",
C(O)NRRY, C(O)OR?, OC(O)R®, OC(OINRCRY, NRRY, NR*C(O)R®, NR°C(O)NRRY,
NRC(O)OR?, S(O)RP, S(OIYNRRY, S(0),R, NR°S(0),R®, and S(0),NR°R®.

[n some embodiments, Cy' and Cy” are independently selected from aryl, heteroaryl,
cycloalkyl, and heterocycloalkyl, each optionally substituted by 1, 2, 3, 4 or 5 substituents
independently selected from halo, C.4 alkyl, Cy4 alkenyl, Cy.4 alkynyl, C;.4 haloalkyl, CN,
NO,, OR¥, SR*, C(O)R™, C(O)NR*R¥, C(O)OR™, OC(OR™, OC(O)NR*“R*, NR¥R¥,
NR¥C(O)R™, NR*“C(0)OR™, S(O)R™, S(OINR¥R¥, S(0),RY, and S(O),NR*R¥,

In some embodiments, X is N.

In some embodiments, X is CR*".

In some embodiments, X is CH.

In some embodiments, X is C-Me.

[n some embodiments, X is CR*®*R>,

In some embodiments, Y is N.

In some embodiments, Y is CR’".

In some embodiments, Y is CH. Insome embodiments, Y is C-Me.

In some embodiments, Y is CR*R*®,

In some embodiments, X is NR® and Y is CR*R*®,

In some embodiments, X is CR*R* and Y is NR°".

In some embodiments, X is NR®® and Y is NR®",
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In some embodiments, X is CR412.5'and Y is NR51'. In Sortie
embodiments, X is NW'and Y is Ne. In some embodiments, X is N and Y
is N. In some embodiments, X is CR3b and Y is N. In some

evobodtinweis, X is N and Y is CR34 . In some embodimentspaid;d 238 @i&os
independently selected from II, halo, C1_6 5alkyl C2-6 alkenyl, 02.6

alkynyi, Co haloalkyl, C16 hydroxyalkyl, Cy', OR", SR", S(0)12", S(0)2125,
and NWW, wherein said Ci_6 allcyl, C2.6 alkenyl, and C2_6 alkynyl are
optionB§PEgIsstitedmerytith is B ap¢ ¥ substitutents independently selected

from Gy’;&%&@&&@@l@ SORMRSR @(Q)EG, C(O)'Eg/)VW, C(é))obié(O)OR
0C(0) NICW, NWW, N NR'C,(0)NW Rd, N
R o)oRs NG

5(0)ftb s(0 and S(0)2NWW. 10Tn some

emboéﬁm@ﬁ%m@oéﬁ@@z% ard ﬁqd@péﬁ&ém@@@@e@mwfr@w H; @iosCalkyl,

@i, lnaloakkyihi Gy, Q&a,yllsﬁi'é fﬂ@)n@b @éﬁm&tyl a8 NR &R, w?emmb
optiona st wit su Stlt tonts

?n%bg %n%lgrlﬁﬁ/gél\&%e nfr%lmg Y lﬁé&e? 33 d’y a% aée\RPtNW\X/

NR“@(@W&% %ﬁdﬁ\?\?@@%ﬁ‘@d“depend“ﬂ*ws@?ﬁiﬁ ﬁ?ﬁb@ﬁngﬁ@%s?éh@m
$R3lo@rRindappmiahty cpected foory, b dhalorag: BukSalkyk’ C;‘(t)@zalkenyl,

G a b
SECanA e CIAIH, N JORS e S

alkynyl® é%ﬁeéfi}b%%%%w 4 Sonies éﬁ‘ﬁ?@a@ﬁ?@ﬁt@*@f@d féﬁ% }hﬂqsaaﬁéy Crs
IntlepehdantlyRe RRteddiBinsioLRiaio BRERE mhercialkyll On stmes fyriberly

Saa i) 3'%mqlﬁi?u?crrﬁs'ﬂgg&%&‘?@%@&l@%@% Fomy gbﬁ\ﬁm@alkyl
&é(et further erqbodgrqe are mde&endentl’y 4 alkyl

YOR®, halo, OR", NR*R' NR"C(O)NR“Rd dnd NR°C(O)

In some embodiments, R* and R*® are independently selected from H, halo, Ci.
alkyl, Cy.6 alkenyl, Cy6 alkynyl, and C, ¢ haloalkyl.

In some embodiments, R** and R*® are independently selected from H, halo, C;
alkyl, Cs6 alkenyl, Cos alkynyl, and Cy.¢ haloalkyl.

In some embodiments, R* and R* are independently selected from H, halo, and Ci.
alkyl. In some further embodiments, R* and R*® are independently selected from H and C; 4
alkyl. In yet further embodiments, R* and R*® are independently C,4 alkyl.

In some embodiments:

at least one of R* and R*® is selected from Cy';

Cy' is selected from aryl, heteroaryl, cycloalkyl, and heterocycloalkyl, each optionally
substituted with 1, 2, 3, 4 or 5 substituents independently selected from halo, Cy.4 alkyl, Cy4
alkenyl, Co.4 alkynyl, Cy 4 haloalkyl, —(L"),— Cy’, OR™, SR*, C(O)R™, C(O)NR**R¥, and
C(OYOR™; and

Cy’ is selected from aryl, heteroaryl, cycloalkyl, and heterocycloalkyl, cach optionally
substituted with 1, 2, 3, 4 or 5 substituents independently selected from halo, Cy4 alkyl, Cy4
alkenyl, Cy.4 alkynyl, Ci.4 haloalkyl, aryl, heteroaryl, CN, NO,, NR®R*, OR®, and SR*.

In some embodiments:

R* or R* is Cy';

Cy' is sclected from aryl, heteroaryl, cycloalkyl, and heterocycloalkyl, cach optionally

substituted with 1, 2, 3, 4 or 5 substituents independently selected from halo, Cy4 alkyl, Ca4
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In some embodiments: at least one of 123" and R31' is selected from Cy;
Cy' is selected from aryl, heteroaryl, cycloalkyl, and heterocycloalkyl, each
optionally substituted with 1, 2, 3, 4 or 5 substituents independently
saleotedfr@m halo, C1 4 alkyl, 044 25alkenyl, C2-4 alkynyl, 8¢+ tral@alkylsos
-(L11)ti- Cy3, -Ka4, USW', C(0)e, C(O)NR C(0)ORa4; and Cy3is
selected from aryl, heteroaryl, cycloalkyl, and hererocycloalkyl, each
optionally substituted with 1, 2, 3 4o0r5 substlments mdependent

Ystartder frokymals, eljlaAOalkx}i o2 >4 dieriyRk’ CORY MR- @@ﬁéﬁogﬂwﬁnd
arghdreterparyl, (TN, Non, NR.ToRis, 0.-K a6, and SW6. In some

embo@m%mé c%%” mFd(? I ?(%X)aryl c?ylolﬁlér?lg% % r85vc%rﬂlqm%ggﬁg&; yt!hdlly

cy cloal |an heteroc cloalkyl, each optionally stitnted with 1

wtb%l isstittients M@péﬁ@éﬂﬂ%@&%@%m P%%‘eéﬁ?’élkﬁﬂio 4 Ahch Cu

20671160026R AT, SRCRIM7A95Ratenyl (824 @lkyR§iR CAHR®, and SR*.
haloaliyl, CY' QR 1 Sig,£(0)12.34, C(OINR'111:14, and C(0)0R"4, and Cy’

is selected from aryl, hotel-Gar fy Cyétlzlloalkyl and betcrocycloalkyl, each
optiondify*EGbstitife ‘\?\ﬁf‘r\e‘ite‘b '$U-3r'5 substituents independently
selectédl fromehalbfr G4 4ralkyte Gyl cycloalkyl, and heterocycloalkyl, each optionally

substituted with 1, 2, 3, 4 or 5 substituents independently selected from halo, Ci. alkyl, Cay
alkenyl, Cy4 alkynyl, C;.4 haloalkyl, (L%),;— Cy’, OR*, SR*, C(O)R™, C(O)NR*‘R*, and
C(O)OR™; and

Cy’ is selected from aryl, heteroaryl, cycloalkyl, and heterocycloalkyl, cach optionally
substituted with 1, 2, 3, 4 or 5 substituents independently selected from halo, Ciy alkyl, Coy
alkenyl, Co alkynyl, Ci.4 haloalkyl, aryl, heteroaryl, CN, NO,, NR*R%*, OR™, and SR*.

In some embodiments:

one of R*and R*® is Cy';

Cy1 is selected from aryl and heteroaryl, each optionally substituted with 1, 2, 3, 4 or
S substituents independently selected from halo, C,.4 alkyl, Co. alkenyl, Cou alkynyl, Ciy
haloalkyl,~(L®),— Cy*, OR™, SR*, C(O)R™, C(O)NR*“R™, and C(O)OR™; and

Cy’ is selected from aryl and heteroaryl, each optionally substituted with 1, 2, 3, 4 or
S substituents independently selected from halo, Ci4 alkyl, Co4 alkenyl, Cyy alkynyl, Ciu
haloalkyl, aryl, heteroaryl, CN, NO,, NR°R%, OR™, and SR*.

In some embodiments, one of R* and R*” is selected from aryl and heteroaryl, each
optionally substituted with 1, 2, 3, 4 or 5 substituents independently selected from halo, Cy4
alkyl, Cy.4 alkenyl, Cy4 alkynyl, Ci haloalkyl, OR®, SR™, C(O)R™, C(O)NR*R*, and
C(OYOR™.

In some embodiments:

one of R** and R*™ is Cy';

Cy" is selected from aryl and heteroaryl, each substituted with —(L®),— Cy* and
optionally substituted with 1, 2 or 3 substituents independently selected from halo, C, 4 alkyl,
Cy.4 alkenyl, Coy alkynyl, Ci4 haloalkyl, OR™, SR*, C(O)R™, C(O)NR*R¥, and C(O)OR™;

and
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5alkenyl, 024 alkynyl, 014 haloalkyl, aryl, heteroaryl, ON, NO2, Mier, Or
and SW. In some embodiments: one of R3a and R33 is selected from Cy;
Cy' is selected from aryl, heteroatyl" cycloalkyl, and heterocycloalkyl" each

aptionadlyssastituted with 1, 2, 3,4 or 5 substituents independeftlys2o07/071895
selected from halo, 014 alkyl, C24 | Oalkenyl, C44 alkynyl, Cia haloalkyl,

4011- Cy3, OR, SR34, C(0)RM, C(0)NRc4le, and C(0)012b4; and Cy'
is selected from aryl, hoteroaryl, cycloalkyl, and heterocycloalkyl, each
optiondlly sublstitdt&dnvithil 1nd hGeway Seatibstitrassibdéped dany 2. 3, 4 or
selgsiad-frlomdaplndieddalicytdGritalkenyl . ad@lkynyhyC 4 haloalkyt, .

ryl, heteroaryl, CN, NQ2, Nee, 012 46, and se. 12In some embodiments:
%d){()dh]( E aii jg%{gr?gxg;&\%%g&%{ (%I?“n de S)%l

one ar IS selected from aryl and heteroaryl, each
optionaflyosistitatenkwith 1, 2, 3,4 or 5 substituents independently
selectegdamr*halorC4 4 dlkyl, C424 alkenyi, C24 alkynyl, C1,4
haloalkyl;-(1231112- Cy', Rat slr4, coysK:24, C(.)NR 4121, and C(0)Q1le;
o 200 R N A RO e o
SuHsttlredwithier ital. 2 f Ssshpsttasitdcnradpeiidelely SBrsetetr flomalkyl

lalogicad atkyliGay, alkanyla ;D rikygyf, Cltitaloatky R/, bateraayt;
N, NO2, N11.361 €6, Ole, and Ste6. In some embodiments, one ofand
Rilb is selected from aryl and heteroaryl, each ~optionally substituted with

I, 2, 3,46r S SEBEttiIA R RS PRty SEteRic T A1 C Dbyt > 4 or
G24batkeny Q4R allky nytc €4 4dmlealkyl, . Glel,C(0) Rk&G(Q)NeR 4 And, .
GRS IR SAME.ENPEJIMENIKRR® OR™, and SR,

In some embodiments:

one of R**and R™ is Cy';

Cy' is selected from aryl and heteroaryl, each substituted with — Cy’ and optionally
substituted with 1, 2 or 3 substituents independently selected from halo, Ci.4 alkyl, Cr.s
alkenyl, Cyq alkynyl, C,4 haloalkyl, OR™, SR*, C(O)R™, C(O)NR*R*, and C(O)OR™; and

Cy’ is selected from aryl and heteroaryl, each optionally substituted with 1, 2, 3, 4 or
5 substituents independently selected from halo, Ci.4 alkyl, Cp4 alkenyl, Cpq alkynyl, Ci4
haloalkyl, aryl, heteroaryl, CN, NO,, NR**R%, OR*, and SR*.

In some embodiments, at least one of R** and R*® is selected from Ci alkyland C;
haloalkyl, wherein said Ci.s alkyl is optionally substituted with 1, 2, or 3 substitutents
independently selected from halo, OR?, C(O)NR°R®, C(O)OR®, NR°RY, NR°C(O)NR°R, and
NRCC(O)Rb. In some embodiments, one of R* and R*® is selected from Cpg alkyl and Cy 4
haloalkyl, wherein said C, 4 alkyl is optionally substituted with 1, 2, or 3 substitutents
independently selected from halo, OR?, C(O)NR°RY, C(O)OR®, NR°RY, NR°C(O)NRRY, and
NR°C(O)R”.

In some embodiments, at least one of R™ and R™" is selected from Ci.6 alkyl and Cy
haloalkyl, wherein said C,.¢ alkyl is optionally substituted with 1, 2, or 3 substitutents
independently selected from OH, -O-(C,4 alkyl) and -O-C;4 haloalkyl. In some
embodiments, one of R*® and R*® is selected from Cy alkyl and C, ¢ haloalkyl, wherein said
Ci6 alkyl is optionally substituted with 1, 2, or 3 substitutents independently selected from
OH, -O-(C, 4 alkyl) and ~O-Cy_4 haloalkyl. In further embodiments, one of R*™and R*™is C,.
¢ alkyl.
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one of R3a and R3b is Cy'; Cy' is selected from aryl and heteroaryl, each
substituted with -(1A1- Cy' and 30optionally substituted with 1,2 or 3
substituents independently selected from halo, CI a alkyl, C444 alkenyl,

G4 allkkynyha644 haloalkyl, OR34, SRA., C(0)R'4, C(O)NRG4RI4;a0 /071895
C((Y)01:e; and Cy3 is selected from aryl and heteroaryl, each

optionally substituted with 1, 2, 3, 4 or 5 substituents independently

selected from halo, C1.4 alkyl, C24: alkenyl, C2.4 alkynyl Ola haloalkyl,

aryl, hétcroanen@NmNO2: R 18 COR" sah Se- - Someteminddiménts:

HoRe:ef a)tw?bn@mﬁkx%ahdﬁ&ym 1 or @Mxﬁ&ﬁﬁlﬁ%tﬁa@cfﬁé}meaﬂy'q@l@&eﬁﬁﬁ%ﬁ@ﬁmg
e&gh bﬁ{lltulted W|th % and OE ubsixu dw 01 fpr
stitiems mcfepen en féc{led’) rom h C\,44a?2 ﬁalken
@@A@aﬁ@}ﬁwa@nw*ﬁméwﬁ; D@ch@ﬁet}lt@(@)%z:?@wjmF@'Iwe@mn halo
@(1@1),%& 'mdm&% ﬁ&zﬁ@ﬂ%ﬁ{@@iﬁ@msa@bagdl h%ﬁar&@iqrodrﬁa,@tm?ti@ﬁ@iyy
| ub tltuems ently. se r
e T e s Rt ooyl £
MYNgW'abwl e de.ﬁ%n@@ﬁe Y eerger, i

CyHOR s selecteddronbadihend, W&E%ﬂﬂm@ﬂﬁﬁt&yb@iﬂuﬁ@my%ﬁﬁlmt@ﬂﬂﬁl

§ A it d S b fue ts d ntI
?;%3%%8&@% f{?;{% %14 a Q e&%%%a%f@ 7% 284 a ?%? aloqlf( l,

élﬁy'nﬁéﬁﬂha@éby&@\b@@y)r@ﬁ"zi& 14, @a "CHOTORY: %ndaey%‘(@@@lected
from aiylsand heltedoanyh: each optionally substituted with 1, 2, 3, 4 or

at least onc of R* and R*® is sclected from Cis alkyl, whercin said Ci.3 alkyl is
substituted with Cy' and optionally substituted with 1 or 2 substitutents independently
selected from halo, OR®, and SR¥;

Cy' is selected from aryl, heteroaryl, cycloalkyl, and heterocycloalkyl, each
substituted with 1 or 2 R and optionally subsituted by 1, 2, or 3 R®;

R’ is, at cach occurrence, independently selected from Cy3 and ~LB*Cy3 ;

R? is, at each occurrence, independently selected from halo, Cy4 alkyl, Cy.4 alkenyl,
Cy.4 alkynyl, C,_4 haloalkyl, CN, NO,, OR™, SR*, C(O)R™, C(O)NR*R*, and C(O)OR™;
and

Cy’ is selected from aryl, heteroaryl, cycloalkyl, and heterocycloalkyl, each optionally
substituted with 1, 2, 3, 4 or 5 substituents independently selected from halo, Ciu alkyl, Cag
alkenyl, Cy.4 alkynyl, Ci.4 haloalkyl, aryl, heteroaryl, CN, NO, NR*R*, OR*, and SR™.

In some embodiments:

one of R* and R*" is selected from C,_3 alkyl, wherein said Cy; alkyl is substituted
with Cy' and optionally substituted with 1 or 2 substitutents independently selected from
halo, OR", and SR;

Cy' is selected from aryl, heteroaryl, cycloalkyl, and heterocycloalkyl, each
substituted with 1 or 2 R” and optionally subsituted by 1,2, or3 R%;

R’ is, at each occurrence, independently selected from Cy* and —LP-cy’;

R® is, at each occurrence, independently selected from halo, Cy.4 alkyl, Cy4 alkenyl,
Cy.q alkynyl, C).4 haloatkyl, CN, NO,, OR™, SR*, C(O)R™, C(O)NR*R*, and C(O)OR™;

and
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5 substituents independently selected from halo, C-14 alkyl, C2-4 alkenyl,
C2.4 alkynyl, C1-4 20haloalks,4, aryl, heteroaryl, CN, NO2, NR"R", OR",
and SR". In some embodiments, at least one of R" and R31' is

selesieg g C14 alkyl and Cl4 haloalkyl, wherein said Ca, gd&ylii&o07/071895
optionally substituted with I, 2, or 3 substitutents independently selected

front halo, OR", C(0)NR"Rd, C(0)012, Nlefe, NR"C(0)NR"R3, and
NR"C(0)R5. hi some embodiments, one of R3" and R31' is selected from
C14 alkyl and<ik6 R5hatpalioytroviye widsiig Glitatkytislaptidratly optionally

%ummw@eimhzlaa o S.svbslitHienis,Indenendroily seiesied énqmmlez )
OR", C(O)NR:KI, 20)0R% Nﬂ(fl NR,110101NR R4 and;glg C(;%;R%{Fg
ed4forn?

SEHR eRB HREnte A Ry loHa dils aiG TReb T e

alkyl ahos@fsmbidatiepts wherein said Ci_6 alkyl is optionally substituted

vvli;h . £, 1%&%?%?%@@5:3%@%@@mgmyd%ﬁ@meﬁeié&%]{}ﬂRbl Od%ﬁﬂggl

a aloa n some empodiments, one o an 'is
etg “et%‘ﬂ‘r”dtrﬁ% “RIRPER dl 54D |1<§? WHerE S P LIRS R
op‘ﬁ@iﬁ%ﬂy@%ﬁl%&mﬂfﬁl 2, or 3 substitutents independently selected

from Ot 10sé(edidiatkw)andm Qo2 halaalkyls i fur ther RMbodimanats,
c%?%gwé%'gh Ial}d Rgﬁgs Cl 6 alkyl. In some embodiments, at least one

o le 15 LA -Cyl, wherein LA is C1,3 alkylene optionally
substithitet! WtPhosP2reissidmRmts THHeRsiRIeh Iy Seleeted frém halo,

OR', ardigSnt m&mﬁ@@m&pmmm@nap@eaﬁﬁﬁﬁamdxm kris miberein 41kis1,
%1 3 %ﬁ Ié pe %pltrl)o&gll Itl.gﬁdz gh;]c é%Q u&% tﬁlﬁe.q{a t?qd C(O)OR™:

md‘ép y selected rom al0, 5t S. Tn'some fur
éffbodiments, Cy'is aryl or heteroaryl, each optionally subsituted by 1, 2,
or 3 substituentscinfiependantlycsetaciedaifiomt Cyallhalnst@itdd atkyl] Q2% 4 or

allenvh, 0gd; Eglc rrd e faaloadiorl. QN NOg PRM ’a%gf ERMyny1, ¢,

C(0)NRme, an 0)ORm. In yet fyrther embodlm(-;nts

f“ﬂ“ﬁ%ﬁﬂéﬂ’@fﬁfﬁﬁbﬁ&%W}%U%&tﬁ@% 128 35 3 substituents
independentiysbldctedifrom Cy3, halo, Ch4 alkyl, C24 alkenyl, C2_4

alkynylS Cls &ralg@llﬁyt,zg& %@%OIQ Rm a§ﬁ”w§ér@) R, Cq (%qug%%d

R o T T T o RIS SRR GeL Wi € 2R

dptioRRlyaedb8fituted with 1 or 2 substitutents independently selected from

halo QR andeSR rbaCyyissealestedhronatyliaataroand’ exelgalinduand
netRroRAqoa AR

R’ is, at each occurrence, independently selected from Cy’ and —LP~Cy’;

R®is, at each occurrence, independently selected from halo, C, 4 alkyl, C,4 alkenyl,
Cy alkynyl, Cy4 haloalkyl, CN, NO,, OR*, SR*, C(O)R™, C(O)NR“R*, and C(O)OR™;
and

Cy3 is selected from aryl and heteroaryl, each optionally substituted with 1,2, 3, 4 or
5 substituents independently selected from halo, Cy.s alkyl, Cy4 alkenyl, Cy.a alkynyl, Cyu
haloalkyl, aryl, heteroaryl, CN, NO,, NR*R“, OR*®, and SR™.

In some embodiments, one of R* and R* is selected from C, 5 alkyl substituted with
1,2,4-oxadiazolyl, wherein said 1,2,4-oxadiazolyl is substituted with a substituent selected
from Cy’ and ~L®~Cy’. In some embodiments, one of R** and R is sclected from Cys alkyl
substituted with 1,2 4-oxadiazolyl, wherein said 1,2,4-oxadiazolyl is substituted with

~L"-Cy’. Insome further embodiments, Cy’ is selected from aryl and heteroaryl, each
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substituted with 1 or 2 R7 and optionally subsituted by 1, 2, or 3 Rs; R'is,
at each occurrence, independently selected from Cy' and -1_18-Cy3; Rs
is, at each occurrence, independently selected from halo, C14 alkyl, C24

alkenyh akmyl, CIA haloalkyl, CN, NO2, OR",C(0)Rm, C(0)Ne4Rroanéh 1805
20)01e; 20 and Cy3 is selected from aryl, heteroaryL cycloalkyl, and
heterocycloalkyl, each optionally substituted with 1, 2, 3, 4 or 5

substitucnts independently selected from halo, CIL" alkyl, C24 alkenyl,
Crpiky s 014 ralbalkdyl3 aryt, Treteroznt, SR NO2 ]y 6itecOR1G) brid Cis

sm&Jmmge embadiments; Zhong ol kaRnd.Rib, issalested:fram Gk,
wherein said CIL alkyl is substituted with Cy' and optionally

su sF‘tuted with 1 or 2 substitutents mdependently selected from halo,
OR', alith @R cboddyeigssee ofdd ‘frofrRarylsHesteroimyl CoycibsalRybs dngd with

h%er@@m@@@mwlﬁaeb ssubstitutedwith 1 0 &%Bh@ému@aa"mmtﬁﬁmr
e S e A T St >
Rafoer€ Iﬁﬂbﬁrféﬁ{“@.{%ﬁﬁ%ﬁw @12?16‘%6%%1@ FE1 hal@di@w eRnNG2: DR
M@M)&Mlm%@a&lﬁm;mmdz@mm; aladr*. Cy"is selected
from ayyl, | etgﬁ%%dymg;{gloalkyl and heterocycloalkyl, each optionally
substituted wit r 5 substituents independently selected from

halo, CHlcaft qat &2 %%Jk (EPE eI eyriVy E R AN 1 Al 1S
heteroamyly@NO N2 p NeRibte 1 0epaind: Sé win same etbadimeantspendeatly

I&q&tm(aqg)gfﬁgacﬁ{mddgd@ﬁelected from C13 alkyl, wherein said C13 alkyl
is substituted with Cy' and optionally substituted with 1 or 2 substltutents

mdepe%éhfﬁ}cgg%g%%rﬁ%%{% WelgpyEgpd heterocycloalkyl, cach

substituted with 1 or 2 R” and optionally subsituted by 1, 2, or 3 R;

R’ is, at each occurrence, independently selected from Cy’ and —L*-Cy’;

R® is, at each occurrence, independently selected from halo, Cy.4 alkyl, Co.4 alkenyl,
Cr.q alkynyl, Cy4 haloalkyl, CN, NO,, OR*, SR*, C(O)R™, C(O)NR™R®, and C(O)OR™;
and

Cy’ is selected from aryl, heteroaryl, cycloalkyl, and heterocycloalkyl, each optionally
substituted with 1, 2, 3, 4 or 5 substituents independently selected from halo, Ci4 alkyl, Cy4
alkenyl, Cy4 alkynyl, C14 haloalkyl, aryl, heteroaryl, CN, NO,, NR**R*, OR*, and SR*.

In some embodiments:

one of R** and R™ is selected from Cy.3 alkyl, wherein said C,5 alkyl is substituted
with -O-Cy” and optionally substituted with 1 or 2 substitutents independently selected from
halo, OR?, and SR*;

Cy2 is selected from aryl, heteroaryl, cycloalkyl, and heterocycloalkyl, each
substituted with 1 or 2 R” and optionally subsituted by 1, 2, or 3 R%;

R’ is, at each occurrence, independently selected from Cy* and ~LP-Cy’;

R® is, at each occurrence, independently selected from halo, C. alkyl, Cy.4 alkenyl,
Ca.4 alkynyl, C; 4 haloalkyl, CN, NO,, OR*, SR*, C(O)R™, C(O)NR*“R%, and C(O)OR™;
and

Cy’ is selected from aryl, heteroaryl, cycloalkyl, and heterocycloalkyl, cach optionally
substituted with 1, 2, 3, 4 or 5 substituents independently selected from halo, Cy alkyl, Cp4
alkenyl, Cy.4 alkynyl, Cy.4 haloalkyl, aryl, heteroaryl, CN, NO,, NR°*R®, OR*, and SR*.
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Cy' is selected from aryl and heteroaryl each substituted with 1237 and
optionally subsituted by 1, 2, or 3 Rs; 10R' is, at each occurrence,
independently selected from Cy' and -LB-Cy3; R8s, at each

QESYHRASR2ndependently selected from halo, Ci .4 alkyl, C%4aikemn71ses
C2-4 anCyllyl, C1-4 haloalkyl, CN, NO2, ORm, SW", CC:0)Am,

C(0)NeRm, and 40)01e; and Cy is selected from aryl and heteroaryl,
each optionally substituted with 1, 2, 3, 4 or 155 substituents
indepéndentlyseléctedsfrom halo, C14 alkyl, C24 alkenyl, C24 alkrlY],

Clétl) hgl%uswm@&yhﬁ@ﬁ@@3@%&%&%@& @}é@?k@!’?ﬁ%&%kaifﬂ@lg%ﬁyl is y
embodiments: ong,of e and RTh is selected from C1-3.alkyl, wherein sai
RS 0 SRS -y 2T oty SUGHtSe it 101
stibstidutentsaindeBendéhBy selected from 20 halo, OW, and SW; Cy is

selectedfront aryh ang hsterpaniteash substitdtegdayithdRe angoptionally
SL{fbsitut qy21'01-23 9\@.3 Rs; R" is, at each occurrence, independently

Selacted from Cy'and ---123-Cy3; Rs is, at each occurrence,

indepehderiigest estas Tronitrardently wikyeCmmdienyl: 262 G-atibgnyh,
Cl-4ibalpatkyl hHININO2 QRI3HBIRKY C{O)RM, @O)NWER3 4 80@d))OR™;
%@)01254; and Cy3 is selected from aryl and heteroaryl, each
optionally substituted with 1, 2, 3, 4 or 5 substituents independently
selectéd fiopRl 176 femearkynd boareaRbripEhCPIcayyPstrte FalbalRyf, 4 or
arylpdreiersanitpti iNO2]NelVion e ad.Seq8an, someiembadinents,
ggl%aﬁ!ﬁ%%ﬁfﬂc%ﬂ%ﬁ ERIGHEAIERL Y alkyl substituted with

1,2,4-0xa vherein said 1,2,4-oxadiazoly1 is substituted with a
substitheRESBRAE ¥ Cy" and -L,"--Cy". In some embodiments, one of
R3" ancRI§AS seletitid frbne CirbalKyk sikystithitednwitl €, 2 dkokadidzotytd
wherein-saldi Ly2idsonadiazalych i sUPSIIRd Wil alintoped B.50ME MRS m
%Qg%dﬁgpg&t%mﬁ is selected from aryl and heteroaryl, each

Cy* is selected from aryl and heteroaryl, cach substituted with Cy® and optionally
subsituted by 1, 2, or 3 R%;

R® is, at each occurrence, independently selected from halo, Cy4 alkyl, Cy.s alkenyl,
Cy. alkynyl, Cy4 haloalkyl, CN, NO,, OR*, SR*, C(O)R™, C(O)NR*R%, and C(O)OR™;
and

Cy’ is sclected from aryl and heteroaryl, cach optionally substituted with 1,2, 3, 4 or
5 substituents independently selected from halo, Ci4 alkyl, Co4 alkenyl, Cos alkynyl, Cj4
haloalkyl, aryl, heteroaryl, CN, NO,, NR*R®, OR™, and SR™.

In some embodiments, L is -(C;.5 alkylene)- optionally substituted by 1,2,3,4, or 5
RLI

In some embodiments, L is -(Cy. 15 alkylene)-.

In some embodiments, m and ¢ are both 0.

In some embodiments, m 1s 0.

In some embodiments, q is 0.

In some embodiments, m is 1.

In some cmbodiments, g 1s 1.

In some embodiments, p is 1.

In some embodiments, r is 1.
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optionally substituted with 1, 2, 3, 4 or 5 substituents independently
selected from halo, C1.4 alkyl, C24 alkenyl, C2.4 alkynyl, C1-4 haloalkyl,
aryl, heteroaryl, CN, NO2, N12.88R36, and Sle.  In some embodiments,
ane06R3aand R1" is selected From C14 alkyl substituted with/us2007/071895
1,2,4-oxadiazoly4 wherein said 1,2,4-okadiazolyl is substituted with.-
Cy3. In some further embodiments, Cy3 is selected from aril and
heteroaryl, each optionally substituted with 1, 2, 3, 4 or 5 substituents
indepénsiaptlyndeiEed fRiyA-halo, C14 allcyl, C?.4 alkenyl, 024 alkynyl, t6
'6R, Ole46nre Grébalaalkylianyl, heteroaryl, CN NOZ NRand Se. In some
embo iments: Oat least one of 123 selected.fro 1.3 alkyl,
whereglin ‘said o i? i Tgsuggtcfl te gk\xllth - -C an 5c‘i‘ﬁ)t:(%)nal‘li ciulbstltuted
Wi’fﬁnﬂb’ﬁz@mﬁé@tﬁ%éh}csﬁr?dép@rnij]éntly selected from halo, OR', and sr;

Cy' is selesteshfrianmainyl, ieteroaryl .aycloalkyliiand hrteroeyaloatkyl seach
ﬁubstituted with 1 or 2 k7 and optionally subsituted by 1, 2, or 3 Rs;

1512.7 is, at each occurrence, independently selected from Cy" and
-411- é’}/%’me eﬁéoﬁémé’ﬁ‘éé%ﬁ*&éé’ﬂﬁewé&yhdependently selected from halo,
Ci4 alkykogi2 ehadkemyis G2-4 alkynyl, C14 haloallyl, CN, NO2, OR,

C(O)nggj(gl%&&gﬁg ARd O @)O%@y Cy' is selected from

aryl, heteroaryl, cycloalkyl, an d heterodycloalk l, each o

tionall
205 bR R34 br's SibsHbEnt edpenbeiity Cetdeted frohir 3
h@l@mﬁhﬁtbadkgﬂ CRbalke nylkoB dtloyriyl Cdd o atityl patyINh éterosr iy ther
ENolNRandNee RORG, 308 $RAR RS AR GIRATHRENSS 4 or 5 halo,

In some embodiments, —L-R' is Cy.7 alkyl optionally susbstituted with 1,2,3, 4 or 5
substitutents each independent selected from halo, cycloalkyl, OH, and CN. In some further
embodiments, “L-RYis Gy alkyl optionally susbstituted with 1, 2, 3, 4 or 5 halo.

In some embodiments, —~L-R' is Cy.7alkyl. Insome embodiments, —L-R' is Cs.6 alkyl.
In some embodiments, —L-R' is Cs.s alkyl. In some embidiments, —L-R' is propyl, butyl or
pentyl.

In some embodiments, —L-R' is C4.¢ alkyl optionally susbstituted with 1,2,3,4 or §
substitutents each independent selected from halo, cycloalkyl, OH, and CN.

In some embodiments, -L-R' is butyl or pentyl.

In some embodiments, R? is halo, cyano, C, haloalkyl, or acetylenyl.

In some embodiments, R? is halo, cyano, or C; haloalkyl.

In some embodiments, R* is halo or C; haloalkyl.

In some embodiments, R?is Br or CFs.

In some embodiments, R?is halo. In some further embodiments, R%is Cl or Br.

In some embodiments, R is C; haloalkyl.

In some embodiments, R? is Br.

In some embodiments, R? is Cl.

In some embodiments, R? is CF;.

In some embodiments, R*, R*®, R**, and R*® are independently selected from H, halo,
Cr alkyl, Cog alkenyl, Cog alkynyl, C haloalkyl, Ci4 hydroxyalkyl, and C,.¢ cyanoalkyl.

In some embodiments, R™ and R™ are independently selected from halo, Cy.¢ alkyl,

Ca. alkenyl, Cy6 alkynyl, Cy 6 haloalkyl, CN, NO,, and OR™.
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one ofand R.313 is selected from C1.3 alkyl, wherein said C1.3 alkyl is
substituted  with -0-C3? and optionally substituted with 1 or 2
substitutents independently selected from 25halo, OR', and SW, Cy'is
sabenied fietn aryl, heteroaryl, cycloalkyl, and heterocycloalkyd;ie@no /071895
substituted with | or 2 Rl and optionally subsi toted by 1, 2, or 3 R13; 7133
R is, at each occurrence, independently selected From Cy' and -L -Cy ; R3
is, at each occurrence, independently selected from halo, C: 4 alkyl, C2-4
alkenyh SoEPROadky e, CyashiatbetkynaEnsuaRicdRE3 LIOFRNF, substituents
Qﬂ@b&lﬁeﬂx' sddcand & @)QRY, amdi, ¢, Cyikissetectad,frantaryhioalkyl, CN,

eroaryly oy i, ferec yl p W ubstituted, s
W|ta &gr § g@gbsét é?’lgsql{’ldgggﬁ%%ntl segﬁggte r%ﬁﬁ ? ﬁlﬁ ik '
§I]?<yp(@ﬁ5'4 ai&%n(}(%@& alMy, SIOIBa k%oén%‘i Hé@e‘r@&?WdN NO2,
NR K Ql&namdxtﬁﬁmbmﬁcme; embodlments at least one of R3.2 and
e PSIRCeIam. L A nhsTeinSall ShA kYL su

with -0-O " and optional substltute with or 2 substirutents independently

é@%@&’t@&t%&?ﬁpﬁ&%“@rﬁ? e51d faRvhebie o aliedi Setetidih Gry ey Crs
hetetoarygheaahy m@nm@mmtwammﬁt{é‘nau@)mmémgdmy,|, 2,0r3

R2sis, at:gac RCQnIA ﬁomzh N
g%(lm& fngJNsl ﬁci)IRI ﬁﬁ@é@‘l §/h%loalkyl C?I% NO2, OR84, C%?Bz‘l, '
Rand O(0)OR24; and 10Cya3 is selected from aryl and

heteroarydreactrajptiensallyysubstituted with I, 2, 3, 4 or 5 substituems

indepgpdentlyselactedsrem.halg,, ﬁ%@l&@@al wstRlaIY, 1C24 alkyayl,

C1-4 haloalkyl, aryl, heteroar I CN, NO2, NR86.11826, OR, and SR,
substituents mdcpcndcntly sclcctcd rom halo, C,4 alkyl, Cos alkenyl, Cyg alkynyl, C, 4

haloalkyl, CN, NO,, OR™, SR*, C(O)R”, C(OINR®R®, C(OYOR™, OC(O)R™,
OC(O)NRZR®, NRPR®, NR¥C(O)R®, NRZC(O)OR™, S(O)R™, S(O)NR®R®, S(O)R™,
and S(O),NR®R®.

In some embodiments, Cy is cycloalkyl.

In some embodiments, Cy is heterocycloalkyl optionally substituted by 1,2, 3,4 015
substituents independently selected from halo, Ci4 alkyl, Ca.4 alkenyl, Cy.4 alkynyl, Ci4
haloalkyl, CN, NO,, OR™, SR®, C(O)R™, C(O)NR*R®, C(O)OR™, OC(O)R™,
OC(ONRZR®, NRZR¥, NREC(O)R™, NR®C(O)OR?, S(O)R™, S(O)NR®R®, S(0),R”,
and S(O),NR“R®,

In some embodiments, Cy is heterocycloalkyl.

In some emboidments, Cy' and Cy* are independently selected from aryl, heteroaryl,
cycloalkyl, and heterocycloalkyl, each optionally substituted by 1, 2, 3, 4 or 5 substituents
independently selected from halo, C,4 alkyl, Cy.. alkenyl, Co alkynyl, Ci4 haloalkyl,
~(L%,- Cy’, OR™, SR™, C(O)R™, C(O)NR¥R®, and C(O)OR™. In some emboidments,
Cy' and Cy” are independently selected from aryl and heteroaryl, each optionally substituted
by 1,2, 3,4 or 5 substituents independently selected from halo, Cy.4 alkyl, Co4 alkenyl, Cya
alkynyl, C\.4 haloalkyl, (L%~ Cy’, OR™, SR*, C(O)R™, C(O)NR*R*, and C(O)OR™.

In some emboidments, Cy' and Cy” are independently selected from aryl and
heteroaryl, cach substituted with R and optionally subsituted by 1,2, or 3 R®:

R’ is selected from Cy’ and —LP-Cy*;
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In some embodiments: one ofR38 and 12.26 is selected from C1_3 alkyl,
wherein said Cj., alkyl is substituted 15with -0-Cy' and optionally
substituted with 1 or 2 substitutents independently selected from halo, OR,

and BR7150026 Cy' is selected from aryl and heteroaryl, each substitistedo71sos
with Oy3 and optionally subsituted by 1, 2, or 3 Rs; R8 is, at each
occurrence, independently selected from halo, 014 alkyl, C24 alkenyi,
20C2,4 alkynyl, C14. haloaLkyl, ON, NO2,SR84, C(0)le, C(0)NR24R114,
and C(®)0R2achprpurrengyindepederdd forhrahd héteralny Ceatlienyl,
aptianaly substilvtad with, @, 3r4’ o8 sutbstittiants)ireRengdanty) ) or*;
selected from halo, C1_4 alkyl, C24 alkenyl, C122L alkynyl, C14 haloalkyl,
aryl heteroaryl, ON, NO2, NeRd6, OR"6, and Se. 25In some
embodithentaestde tr(@ %thww@?ﬁ@)m@bﬁéﬁmml@%btmww 1ih3 4, dripr

Risdbintseme ephacimentssibdigo(QbRakkylene)-dn sneweembeantiments. in
%”f%a‘ilk { eQP%thOd@y?%ﬂeﬁH‘bﬁQ“R@”&ma'l%% 20 In some embodiments,

g is 0.1n some embodiments,’in is 1. In some embodiments, g is I. in
some éfmalaa FREATENGIS, i) SorBARad RS b g1 pd w%&yrﬁcor 3

embadémentspgikOlyl e somefemhoid Ents)-(ds.Qlkyl), and —O-(C, 4 haloalkyl).
In some further embodiment, L® is C,_s alkylene optionally subsituted with 1 or 2 substituents
independently selected from halo, OH, —O-(C, 4 alkyl), and —O-(C,.4 haloalkyl). In yet
further embodiment, L® is C, 5 alkylene optionally subsituted with OH. In further
embodiment, LBis Cis alkylene.

In some embodiment, L® is C,4 alkylence optionally subsituted with 1, 2, or 3
substituents independently selected from halo and OH. In some embodiment, LBisCy
alkylene optionally subsituted with 1 or 2 substituents independently selected from halo and
OH. In some embodiment, L® is C,_4 alkylene optionally subsituted with 1 or 2 halo.

In some embodiments, the compounds of the invention have Formula 11a or Iib:

N-~—N

N /'T

Oj\ l N/>—R2 OJ\ l N/>__‘R2

RSa

g —r—Z
O —r—2Z

1

{Ta Tb.
In some embodiments, the compounds of the invention have Formula ITa or 1Ib
wherein:
L is Ci.g alkylene:;
R g H, halo, Cys alkyl, Ca6 alkenyl, Cy.6 alkynyl, or Ci.¢ haloalkyl; and
R? is halo or C; haloalkyl.

In some embodiments, the compounds of the invention have Formula [Tal or Ib1:
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In some embodiments, 12.1 is H, C1.10 alkyl, or Cy, wherein said C,1
alkyl is optionally substituted with 1, 2, 3, 4, or 5 1L2 . In some
embodiments, R1 is H,10 alkyl optionally substituted with 1, 2. 3, 4, or 5
S sempembodiments, R1 is H or C1.40 In some embogisanis oRdsisos
Cy. In some embodiments, -L-R1 is C to alkyl. 10ln some embodiments,
-L-R" is CI-7 alkyl optionally susbstituted with I, 2, 3,4 or 5 substitutonts
each independent selected from halo, eyeloalkyl, OH, and ON. In some
further embodiments;=k-R1 is C1.7 alkyl optignally susbstituted with 1, 2,
3,4 or 5 halogs, some emgodiments, -LN\' i8102.2 alkyl optionally
susbstituted with 1, 23,4 bstirments each i dent selected
from halo, eyelnalkyl, OH, hd ON some fufther 1Bempo iMments,
-12-k1 is C2-7 alk{l optiohally %usbstltuted with ThZ, 3, 4or 5 halo. In
some embodiments, -L Pl is C247 alkyl. In someiembodlments -L-R is
Ci.6 In some embodiments, -L-R1 is C3.5 alkyl. I 'some embidiments,
-L-R1 is propyl, butyl orentyl. In some erftbodiments, -L-121 is
C4.6 alkyl optionally stisbstituted with 1, 2, 3,4 or 5 28substitutents each
indepgndent selagted fromhalo.eyeloaliky, QB and CN. In some

embodiments, -L-R1 is butyl or p ent%l In some embodiments, R2 is halo,

cyano, I?ﬁfﬂ&l“&i&‘ﬂ%@)fﬂ%}iﬁa&%@tﬂ’é‘?ﬂﬂm} e BB aIRERES RS Ehalo,
cyano,lor@ichatbalkybnkntsome@miodirentss R2niddvalboomCi Hal oaliayin

—L-R' is C1.7alkyl optionally susbstituted with 1, 2, 3, 4 or 5 substitutents each independent

selected from halo, cycloalkyl, OH, and CN. Tn some futher embodiments, —L-R" is Cy alkyl
optionally susbstituted with 1, 2, 3, 4 or 5 halo. In yet futher embodiments, -L-R' is Ca.
alkyl or Cs.s alkyl. In still further embodiments, —-L-R' is propyl, butyl or pentyl. In further
embodiments, ~L-R' is butyl or pentyl.

In some embodiments, the compounds of the invention have Formula [Ibl, wherein R’
is halo or C; haloalkyl. In some further embodiments, R?is halo. Tn further embodiments, R?
is Cl or Br. In some further embodiments, R* is Cl. In some embodiments, R is Br.

In some embodiments, the compounds of the invention have Formula Ilal,

In some embodiments, the compounds of the invention have Formula [Ial, wherein:

—L-R'is Cy.; alkyl optionally susbstituted with 1, 2, 3, 4 or 5 substitutents each
independent selected from halo, cycloalkyl, OH, and CN;

R? is halo or Ci haloalkyl; and

R* is selected from H, C alkyl, Cy.¢ haloalkyl, Cy', OR?, SR®, S(O)R”, S(O);:R", and
NR°RY, wherein said Cy. alkyl is optionally substituted with 1, 2, or 3 substitutents
independently selected from Cy', C(O)NRR?, C(OYOR?, halo, OR®, NR°R?, NR°C(O)NR°RY,
and NR°C(O)R”.

In some embodiments, the compounds of the invention have Formula I1a, wherein
~L-R' is Cy.7 alkyl optionally susbstituted with 1, 2, 3, 4 or 5 substitutents each independent
selected from halo, cycloalkyl, OH, and CN. In some futher embodiments, —L-R" is Cy.7 alkyl
optionally susbstituted with 1, 2, 3, 4 or § halo. In yet futher embodiments, ~L-R'is Cog
alkyl or Cy_salkyl. In still further embodiments, —L-R' is propyl, butyl or pentyl.
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25In some embodiments, R.2 is Br or 022. In some embodiments. R2 is
halo. In some further embodiments. R2 is Cl or Br. In some embodiments,
R2 is Ci haloalkyl. In some embodiments, 122 is Br. In some

pbasimepts. R2 is Cl. 30In some embodiments, R." is 022 $@068 7071895
embodiments, R’la, Iz4b, -5a k and R5b are independently selected

fromhalo, CIli6 alkyl, C2-6 aliCCllyi, C2-6 aikyllyi, C haloalkyl, C.
hydroxyalkyl, and C1,6 eyanoalkyl. In some embodiments, R121 and -L2
k. are Independéntiysetettechfromniald, 1Gijs vatiidy 0246 attoénith. @B:6in R™

alkypyb Gioahalealkyl, ANeNQZoARE. 0hZ@ne furtlB SRNEASTROAME MR cted
Cy is aryl optionally substituted r%}/ 1, 2, 3,,4 or 5 substituents

R S SetdctEd FRMm RRRIE S alkyfs @58 AlIcenyl, C24 alkynyl,
C'Tyl haloalkyin SNinNGR (1O RBRIGCAUNR 52 e G(@) NRC IR11h B2 C{0)0drein:
OC(0)R%'}; OCIMNRNEMRIZHDRAZ MR £36(QARR33 R@RES
S@IRecRas S(O1RIS and S@anielle? i some embodments Cy
R TR B BB oUinES 6% i€ RetdtoaR Bhtionally substituted by 1,
2, 3, 4%f 5 seibstiterts indeparidently salectbdifrsrhiald, @l akyhtt24
alkenybiG244alkynyt; Clw haloalkyl, CN, NO2, OR", SW",
C(0)Rh3,C(010RII, 020)R'2, OC(0O)NRI'R'13, c'e, ;
NRe7C(IRDS NISE (OOl SR SOl RS G oT

R® is, at each occurrence, independently selected from halo, C;.4 alkyl, C,.4 alkenyl,
Cy.4 alkynyl, Cy haloalkyl, CN, NO,, OR*, SR*, C(O)R™, C(O)NR*R*, and C(O)OR™;
and

Cy’ is selected from aryl and heteroaryl, each optionally substituted with 1,2, 3, 4 or
5 substituents independently selected from halo, Cy4 alkyl, Cy.4 alkenyl, Co alkynyl, Ci4
haloalkyl, aryl, heteroaryl, CN, NO,, NR®R%, OR*, and SR™.

In some embodiments, the compounds of the invention have Formula Ila, wherein R*
is selected from C,.; alkyl substituted with 1,2,4-oxadiazolyl, wherein said 1,2,4-oxadiazolyl
is substituted with a subsituent selected from —Cy® and —LP~Cy’. In some further
embodiments, Cy’ is selected from aryl and heteroaryl, each optionally substituted with 1, 2,
3, 4 or 5 substituents independently selected from halo, C,_4 alkyl, Cy.4 alkenyl, Cy.4 alkynyl,
C\.4 haloalkyl, aryl, heteroaryl, CN, NO,, NR®®R%, OR*, and SR*. In some embodiment, L®
is Ci4 alkylene optionally subsituted with 1, 2, or 3 substituents independently selected from
OH, —0O-(Cy_4 alkyl), and —O-(C,_4 haloalkyl).

In some embodiments, the compounds of the invention have Formula Ila, wherein:

R* is Cy.3 alkyl, wherein said C,_; alkyl is substituted with -O-Cy” and optionally
substituted with 1 or 2 substitutents independently selected from halo, OR*, and SR,

Cy? is selected from aryl and heteroaryl, cach substituted with Cy® and optionally
subsituted by 1, 2, or 3 Rg;

R® is, at each occurrence, independently selected from halo, Cy.4 alkyl, Ca4 alkenjrl,
Cy.4 alkynyl, C14 haloalkyl, CN, NO,, OR™, SR™, C(O)R™, C(O)NR™R¥, and C(O)OR™;
and

Cy’ is selected from aryl and heteroaryl, cach optionally substituted with 1, 2, 3, 4 or
5 substituents independently selected from halo, C; 4 alkyl, Cy4 alkenyl, Cy4 alkynyl, Ci.4
haloalkyl, aryl, heteroaryl, CN, NO,, NR®R%, OR*, and SR™.
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10and 8(0)2NRR.43. In some embodiments, Cy is heteroaryl. In some
embodiments, Cy is cycloalkyl optionally substituted by 1, 2, 3,4 or 5
substititents independently selected from halo, C, 4 alkyl, C244 alkenyl,
GefhalkysnC14 haloalkyl, CN, NO2, OR", SR.3, C(0)12I3, pct/us2007/071895
C(0)NR23126-', (110)0e, OC(0)e, 150C(0)NRI3R113, NRe3Rd3,
NRII3BC(C)Rb2, NRi3C(0)0ORa3, .S(0)Rb3, S(O)NR 3R 2, SC-0121¢', and
S(0)2NRI'le In some embodiments, Cy is cycloalkyl. In some
embodiments;nBydsnhete focyeipalkyk opticnalin substite ted bya 12 wBsrdror
AN e o et

alkynyl, S aloalkyl, , Or', el, C !
8&63613?85(63@"’%%16@&)‘)&@8@%3,%‘?8’&8%, (Pl
ANRIBCO)RMB,NRI3C(0)01e, S(0)R153, S(0)NRc3Rd3, S(0,12R1'3, and
S(0)2NeRmdRsue.embadimaptsn by isnhetersycinalad Hnisome
emboidments, Cy' and Cy' are independently selected from aryl,
heteroatyl, 25cycloalkyl, and Het ocycloalkyl, each optionally substituted
by 1, 2, 3, 4 or 5 substituems indepengently selected from halo, C14 alkyl,
C2_,c alkenyl, Cs y,alkynyl, C1-4hal 1 Cy', 012a4,C(0)R04,
C(0O)NR'IRdI, and C.(0)ORal. In sc;gs\em nts,,Cy' and Cy' are
independently selected from aryl 2 r [, each optionally
substituted by I , 2, 3,4 or 5 substltuenf§ independently selected from halo,
C,_,Lalkyl, C24 allcenyl, C24 L

3
mments, R71s'Cl or Br;

R1
I
wherein R*™, L, R! and R? are defined as the same as hereinabove.

In some embodiments, the compounds of the invention have Formula IIla:

[la
wherein R*®, L, R! and R? are defined as the same as hereinabove.

In some embodiments, the compounds of the invention have Formula Ila, wherein
~L-R' is C,.7alkyl optionally susbstituted with 1, 2, 3, 4 or 5 substitutents each independent
selected from halo, cycloalkyl, OH, and CN;

R? is halo or C; haloalkyl; and

R* is selected from H, Cy. alkyl, C1.¢ haloalkyl, Cy', OR?, SR, S(O)R®, S(O):R”, and
NRCRG, wherein said C, ¢ alkyl is optionally substituted with 1, 2, or 3 substitutents
independently selected from Cy', C(O)NR°RY, C(O)OR?, halo, OR®, NR°RY, NR°C(O)NRRY,
and NR°C(O)R".

In some embodiments, the compounds of the invention have Formula 1la, wherein

~L-R" is Cy.7 alkyl optionally susbstituted with 1, 2, 3, 4 or 5 substitutents each independent
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30alloynyl, C, 4 haloalkyl, --(1,B),,-- Cy', OR".00lle, C(01Nele, and
C(0)01-e. In some emboiciments, Cy and Cy' are independently
selected from aryl and hocroaryl, each substituted with it and optionally

syhsibiashx 1, 2, or 3 le; R2 is selected from Cy' and --LI3-Gy3iu & /071895
2(107/150026PODUS2007/071895 Ro is, at each occurrence,

independently selected from halo, 01.4 alkyl, 024 alkenyl, 03.4 alkynyl,
08.4 haloalkyl, ON, NO2, ORA, C(0)R. C(0)NR14R114, and C(0)0171111,
arlected fro@yidpselectied. fRdmaad/iinthheterbdrycbehetioptionalt} ' is Cor alkyl

sybstitiiedwithuld 2i8.4 ©r:52 supstituentsingependenthy.selected from

4alkcn I 024al ynyl, 014 l, ar I heteroaryl,
R i3 Rt o e et S L B ER b i i
alkylede @pﬁmﬁmlwb@n@m@m@m% 2>fdh®1§@bsmu@m§ G d@b@ﬁ@embyﬁm R

5@!@1@&?@1 fﬁ@m&h@l% @Jﬁla GDC(IQ%]@A%/D BRe-Rd@chaloallithed, 8SOMEsclected
rth an@b f HB 5}41 m q{pllonalll)( ubsituted with 1 or 2
5te d’from %a‘fo

ituents electe H, -0-(C14 alkyl), and
-o (C.dﬁanﬁaﬂl%yl§’P¢ﬁrvét8fmhﬁ@mmﬁéuﬂﬁféﬁtw@8tw@w6a1w@ﬁé@mwﬁéﬁyﬂ
subsiMt&dswith 8. sinduitherembodiraentichBlis bkdabdieanel nsome

d t,LBis Q | iongjly su ted with 1 2, or 3
§g%;§%mer?tlsn?ﬁ e%nn}enﬁége?éecr?eé Pro?#ha?éj %%Lcjj OH. In some

emboo(r‘méhfelﬁﬁerkf@moﬁ AIRITORE opifdnidiK subEriGet WY g
substittentslinde peddentytkelestadfromibaln and OR21. In some

embodiment, hf I8 GlAalylens antionalliaubsiivied pith . or 2 halo. In
some erpbodlments the compounds of the invention have Formula Ha or
Jib: /1;{ 1s, at each occurrence, 1ndcpcndcntly selected from halo, Cy.4 alkyl, Cy.4 alkenyl,

Cy.s alkynyl, Ci haloalkyl, CN, NO,, OR™, SR™, C(O)R™, C(O)NR™R%, and C(O)OR™;
and

Cy’ is selected from aryl, heteroaryl, cycloalkyl, and heterocycloalkyl, each optionally
substituted with 1, 2, 3, 4 or 5 substituents independently selected from halo, Cy4 alkyl, Ca4
alkenyl, C4 alkynyl, C1.s haloalkyl, aryl, heteroaryl, CN, NO,, NR*R*®, OR®, and SR™.

In some embodiments, the compounds of the invention have Formula IIla, wherein:

R* is C\.3 alkyl substituted with Cy' and optionally substituted with 1 or 2
substitutents independently selected from halo, OR?, and SR?;

Cy' is selected from aryl and heteroaryl each substituted with R’ and optionally
subsituted by 1, 2, or 3 R®;

R’ is, at each occurrence, independently selected from Cy* and —LP—Cy’;

R® is, at each occurrence, independently selected from halo, Cy.4 alkyl, Cy.4 alkenyl,
Cy.4 alkynyl, Ci haloalkyl, CN, NO,, OR*, SR*, C(O)R™, C(O)NR*R*, and C(OYOR™;
and

Cy’ is selected from aryl and heteroaryl, each optionally substituted with 1,2, 3, 4 or
5 substituents independently selected from halo, C;.4 alkyl, Co.4 alkenyl, Cp.s alkynyl, Ci4
haloalkyl, aryl, heteroaryl, CN, NO,, NR*R®, OR*, and SR™.

In some embodiments, the compounds of the invention have Formula I1la, wherein R*
is selected from Cy_3 alkyl substituted with 1,2,4-oxadiazolyl, wherein said 1,2,4-oxadiazolyl
is substituted with a subsituent selected from —~Cy* and ~L”*~Cy’. In some further

embodiments, Cy’ is selected from aryl and heteroaryl, each optionally substituted with 1, 2,
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R1R1 Ea 20In some embodiments, the compounds of the invention have
Formula Ea or lib wherein: L is 0188 alkylene; R3I1 is H, halo, Cds alkyl,
02-6 alkcnyl, 024 alkyl-1yd or Cds haloalkyl; and R2 is halo or CI

Ratpalkyhs2hin some embodiments, the compounds of the inyeRiRJIaVR 95
Formula Ea | or MI: wherein [ea, IL, 12.1 and R2 are defined as the same

as hereinabove. In some embodiments, the compounds of the invention
have Formula LIbl. In some embodiments, the compounds of the
ibvention bitiveRondrukaden iwtetaeid fow lisl €T, 7 dikyl Optidially, Ca alkynyl,
sysbstiuied M«’)i’thhbtgeﬁyl‘l@ﬁ wbﬁﬁmmswagmi@ﬁepemﬁm éﬁb%@t%@m LB
R b e RS ko
é?ﬁBo@rfﬁ?engylLﬂRd BQ?@;@*@IR?MDC?;_S alkyl. In still further
embodmeﬂtasemboai%ﬂeﬂ% RreRyh Rk RRNEY b iUber dBpmbodiments,
-L-R-is hutyl or e embodime the S0 s of the
verntion Rt e BRTSR norgi 16 0 Rl bt TR T G
feirtines krrideitdtsh mr |% BaTG G ﬂtﬁéﬁaeéﬁw@mﬁﬂr@rﬁ@ errz helgI gk Bradn

spme further embodiments, R2 is Cl. In some embodiments, R2 is Br. In

some emiodl ?egt%%‘%ﬁoﬁr@(loﬁe‘%ergarﬁf '”V shtien fave Farmy ?ona fg

15In some em ts, the compoun s o e invention have ormu
ISEAF RPN 2 o 3IRR1 is C]) alkyl optlonally susbstituted with I, 2, 3,4 or
5 subsktutents:eéachiindepgndgrh selected-fsomonalalocycloslky) ,@Hll&n@l,

©EN; alkynyl, Crs haloalkyl, CN, NO,, OR™, SR™ C(O)R™, C(O)NRR¥, and C(O)OR™,
and

Cy is selected from aryl and heteroaryl, each optionally substituted with 1, 2, 3, 4 or
5 substituents independently selected from halo, C;4 alkyl, Cy4 alkenvl, Cy4 alkynyl, Ci4
haloalkyl, aryl, heteroaryl, CN, NO,, NRR*, OR*, and SR*.

In some embodiments, the compounds of the invention have Formula I11a, wherein R
is halo. In some further embodiments, R* is Cl. In other embodiments, R’ is Br.

In some embodiments, the compounds of the invention have Formula I1la, wherein
—L-R" is Cy.salkyl optionally susbstituted with 1, 2, 3, 4 or 5 halo; R is halo; and R*® is
selected from H, C)3 alkyl and C,.3 haloalkyl. In some further embodiments, R? is Cl or Br;
and R* is methyl.

At various places in the present specification, substituents of compounds of the
invention are disclosed in groups or in ranges. It is specifically intended that the invention
include each and every individual subcombination of the members of such groups and ranges.
For example, the term “Cy.¢ alkyl” is specifically intended to individually disclose methyl,
ethyl, Cs alkyl (e.g., n-propyl or isopropyl), Cs alkyl (e.g., n-butyl, isobutyl, t-butyl), or, Cs
alkyl (e.g., n-pentyl, isopentyl, or neopentyl), and Cs alkyl.

It is further intended that the compounds of the invention are stable. As used herein
“stable” refers to a compound that is sufficiently robust to survive isolation to a useful degree
of purity from a recaction mixture, and preferably capable of formulation into an cfficacious

therapeutic agent.
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RT is halo or CI haloalltyl; and R3a is selected from H, C1.6 alkyl,
C1-6 haloalkyl, Cyr, ORa, SRa, S(0)R", S(0)2Rb, and NR'Ra, wherein
said C1_6 alkyl is optionally substituted with 1, 2, or 3 substitutents

indeRehdeantly selected from Cy', C(O)NRaRe, C(0)OR', halop Qs Ni/Resos
NRIC(0)NRaR®6 , and NRce(0)126. In some embodiments, the

compounds of the invention have Formula Ira, wherein --L-R1 is C2-7
alkyl optionally susbstituted with 1, 2, 3,4 or 5 substitutents each
independefitrB&saipcteddiomt hatemieloali oyl (10 kyvamt:C Nhikh sameer clarity,

Jyst&}%@mhg@'mg!@oflsegarﬁe%b%@mefdt@p&%@élyb%ﬁpﬁmut%dcm%%& ina
3 4 or 5 halo. In yet father embodiments, 6L-R1 js C7_6 alkyl or C3

AlRSIE [FPBEHRRh of SRS {7t ﬁk%@ﬂdﬁ;}%%ﬁﬁm for fpyevity,
semebeinbodiments; tie cogipoundsnohthecmvientionhaiiedFopmetdyldajn any
whereinB3aisselgcted from H, C1.3 alkyl or C1.3 haloalkyl. In some
further embodiments, 3a is selected from H and meth%ﬁl in yet further

embodiieftePR “Pﬁ%t%fy °| SR8 SbBinte e the B BUIRaY BY R cach
irvishtionhizveddnrila diay wherdifrois €f. Blalkydsubstitisfethwitlh Gyiabladt or

QQ&i@ﬁl@' |M}§M@§H¥Hiﬁgré/\6kﬂae¥c%% sWhalitie '?ktsvﬂ&%nﬁﬁg%lﬁlﬁﬁﬁ%k%@@ friemnt
selected from ary é% nd heteroaryl

al Cy'is
AR IROLSS Ah o naly SbSRUted oy 12 o SHa, Kt e
éé%lwe‘eem*réﬁ@fén%ﬁéﬁendently selected from Cy' and -1-H-Cy3; 1OR8 is,
at each OGeUINRAGS, mﬁw@aﬁwamﬂyssla@ﬁtea feambaleatlrdt@lilotadsdn group

S50t A, G, N O Gl OgEAR,

@&Wﬁéﬁiy sﬁr@gmmltéadvmﬂwp@ ?uwloﬁeg seﬁwbérﬁé%aéﬁéwaeﬁwyl (c.g., n-
selegtasbfiom hadoy Gl daatkyl; G224 alkanyk &2 atiyaydihainatkytoapsul 20,
'}%E%VQ%VXBOS&% Wm ll\l% %ﬁ'@rooﬁ%rﬁ“]qo 4%0%98 ﬁom”i] f% %%t 6, from 1 to about

embodiments, the compounds of the invention have Formula Ea, wherein

R34 féog’elléﬁfé’éméﬁf‘@ingt%@yl substituted with 1,2,4-oxadiazolyi, wherein
said 1,2sd-exdddiazopt issubstituted ity a sulbsituepikgeteated drerxa@yle of
and kB Ly, some further embodiments, Cy' is selected from aryl and

heteroarqyl each optionally substituted with 1, 2,
used herein, “alkenyl” refers to an alkyl group having one or more double carbon-

carbon bonds. Example alkenyl groups include ethenyl, propenyl, and the like.

As used herein, “alkynyl” refers to an alkyl group having one or more triple carbon-
carbon bonds. Example alkynyl groups include ethynyl, propynyl, and the like.

As used herein, “haloalkyl” refers to an alkyl group having one or more halogen
substituents. Examples of haloalkyl group include CH,F, CHF;, CFj;, CiFs, CCh, CHCl,,
CH,CF;, CyCls, and the like.

As used herein, “aryl” refers to monocyclic or polycyclic (e.g., having 2, 3 or 4 fused
rings) aromatic hydrocarbons such as, for cxample, phenyl, naphthyl, anthracenyl,
phenanthrenyl, and the like. In some embodiments, aryl groups have from 6 to about 20
carbon atoms.

As used herein, “cycloalkyl” refers to non-aromatic carbocycles including cyclized
alkyl, alkenyl, and alkynyl groups. Cycloalkyl groups can include mono- or polycyctic (e.g.,
having 2, 3 or 4 fused rings) ring systems, including spirocycles. In some embodiments,
cycloalkyl groups can have from 3 to about 20 carbon atoms, 3 to about 14 carbon atoms, 3 to

about 10 carbon atoms, or 3 to 7 carbon atoms. Cycloalkyl groups can further have 0, 1, 2, or
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20 3,4 or 5 substituents independently selected from halo. C1 alkyl, C7-4
alkenyl, C.2.4 alkynyl, Cj4 haloalkyl, aryl, heteroaryl, ON, NO2, NI'e6Rd6,
OR"6, and Sle6. In some embodiment, tri is CH4 alkylene optionally

sysitiasysigh 1, 2, or 3 substituents independently selecteddfqmd7/671895
--0-(Ci _4 alkyl), and -0-(C14 haloalkyl). In some embodiments, the

compounds of the invention have Formula Ha, wherein! 25R3a is C1.2
alkyl, wherein said CaTi alkyl is substituted with -0-Cy" and optionally
subystite teddvithdl @r(? substituterisnidyde péndesitiyegetetted: frotiha oy QR y!

Q%@@iies thapﬁé‘ylsﬁg l&%@qﬁ%a@i&'i@g@%@%%@@ﬁﬁhﬁgglﬂcﬁﬂtﬁgg%ﬁx(% with)
with Cy- an op,tlonglly spbslltuted byl,2, 0r3R3, ~R4is, ateach d the
Seliehica Hddsedentasiectat o ato O CHP YikyPeESA dlRERS 24 the
306€24 alkynyl] ClovpHaloatkyts CNpNOR SN NE(0) 126440 O(0)MNRY (RU4y gh

ANRLCAQQRARE or nénvarbnslesipl froR.ayhand NELEraand, &aN atoms of a
%g%iloqglly substituted with 1, 2, 3,4 0or 5 ukistltuents indepen
selected f

ubstt Lo 3 A0 SHen UY ot
BB, & 1 # i, o ARGy O A, L gl
anfimhisterodegl C NSO, iNélde Oleloarah ST RIS butyl, [gystpratyl, cyclohexyl,

enhodimentscthecampeyndsefihe Hyentionihiave Henidadia Whersimy,
-I-Rl.is (124 allgyl g){nion ”%ﬁl{%bﬁggtmed with 1, 2, 3, 4 or 5 halo; R2 is

ﬁlglgl;nélﬁao'fcehgl s Sefected ffom ici alkyl and C1_3 haloaikyl. In some

further/eribradipiamts, R2CisaCilOEBYp AHEIRS 18 ATetH/E hatgeprde having at least
embedireasts thentoampouselsafithe, invepiios Rangdorakiaal] RiuBs3hciude
Fr{nzoxu)lcy\éng El%l(pp:!')?yk?:ylc'lic%cagr,l cf\e/xznga 5,e3d grf IE' %gc Srlﬁ‘g%)sé%mc%lgsAqgrr?ﬁg— (pl%gg N
atom in a heteroaryl group can also be oxidized to form an N-oxo moiety, Examples of
heteroaryl groups include without limitation, pyridyl, N-oxopyridyl, pyrimidinyt, pyrazinyl,
pyridazinyl, triazinyl, furyl, quinolyl, isoquinolyl, thienyl, imidazolyl, thiazolyl, indolyl,
pyrryl, oxazolyl, benzofuryl, benzothienyl, benzthiazolyl, isoxazolyl, pyrazolyl, triazolyl,
tetrazolyl, indazolyl, 1,2,4-thiadiazolyl, isothiazolyl, benzothicnyl, purinyl, carbazolyl,
benzimidazolyl, indolinyl, and the like. In some embodiments, the heteroaryl group has from
1 to about 20 carbon atoms, and in further embodiments from about 3 to about 20 carbon
atoms. In some embodiments, the heteroaryl group contains 3 to about 14, 3 to about 7, or 5
to 6 ring-forming atoms. In some embodiments, the heteroaryl group has 1 to about 4, 1 to
about 3, or 1 to 2 heteroatoms.

As used herein, “heterocycloalkyl” refers to a non-aromatic heterocycle where one or
more of the ring-forming atoms is a heteroatom such as an O, N, or S atom. Heterocycloalkyl
groups can include mono- or polycyclic (e.g., having 2, 3 or 4 fused rings) ring systems as
well as spirocycles. Example “heterocycloalkyl” groups include morpholino, thiomorpholino,
piperazinyl, tetrahydrofuranyl, tetrahydrothienyl, 2,3-dihydrobenzofuryl, 1,3-benzodioxole,
benzo-1,4-dioxane, piperidinyl, pyrrolidinyl, isoxazolidinyl, isothiazolidinyl, pyrazolidinyl,
oxazolidinyl, thiazolidinyl, imidazolidinyl, and the like. Also included in the definition of
heterocycloalkyl are moieties that have one or more aromatic rings fused (i.e., having a bond
in common with) to the nonaromatic heterocyclic ring, for example phthalimidyl,
naphthalimidyl, and benzo derivatives of heterocycles. A heterocycloalkyl group having onc
or more fused aromatic rings can be attached though either the aromatic or non-aromatic

portion. In some embodiments, the heterocycloalkyl group has from 1 to about 20 carbon
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In some embodiments, the compounds of the invention have Formula lila:
10R1 Efia wherein 12.3b, L, Rl and R2 are defined as the same as
hereinabove. In some embodiments, the compounds of the invention

Rayefronmyba TEM, wherein L-R] is C: 7 alkyl optionally sushstifutcshwithisos
1, 2, 3.4 or 5 substitutents each independent 15selected from halo,

cycloalkyl, 01-i, and ON; R2 is halo or CI haloalkyl; and RI'is selected
from H, C1-6 alkyl, CI-, haloaikyl, Cy', OR2,SRtStlOiRb, S(0),Rb, and
NRreRedvhefethes aid CdiBeatkyrisioptionallye stibbstitifeck dvith dto@s.or B some

suflitienisindepeRrdanty, seleqied fram £ «tolOMR Bdp L0 Lachala: 7,
OR, NR1RIli, NReC(O)NR"R I, 20and bilReC(0)Rh,  In

or 3 10,6 ring-forming atoms.  In,so e e heterony gy ) & oup has 1 to
b SYAEOTRE BBGURHLCBFRE SRUEHTSH ARVS BRI T 44"
Whieein L 1o-Ribis T2:71 aikgloptioroiy. sisbetitutethulithets 28 iesr@yeloalkyl

sybstitdents eaghindependant. selected awndnalaseyelarikylclba@id group
(gcl)\l.tal.gs%gogng plit eg}r gr’rs]bodiments, -L-R is C2.4 akti optionally susbstituted
with1°2, §, 48 aﬂo’. In yet Luther embodiments, -L-R" is C2-6 alkyl or

C2.4 alkylistd haitiver erbbdirrrspsioalorswsssropy b 1P6f prtigriky lalkyl refers
senikambegimentsy theicampooRdaibr isvantiaryhavedermuleMaxample of
wh relilp ﬂa%%l‘l 5'&5}158£%:ted10fr0m H, C2 alkyl or C1.3 haloalkyl. In some

3 S e 1
fiitther embodimen S, i is Setected from Il and methyl. In yet Luther

embodhierits! mgqs“ﬁfﬁwrylalkyl” refers to an alkyl group substituted by a heteroaryl
group, and “heterocycloalkylalky!” refers to alkyl substituted by heterocycloalkyl. One example

of heteroarylalkyl is —CHo—(pyridin-4-yl). Onc example of heterocycloalkylalkyl is —~CHp—
(piperidin-3-y1).

As used herein, “halo” or “halogen” includes fluoro, chloro, bromo, and iodo.

As used herein, “hydroxyalkyl” refers to an alkyl group substituted with a hydroxyl
group.

As used herein, “cyanoalkyl” refers to an alkyl group substituted with a cyano group.

The compounds described herein can be asymmetric (e.g., having one or more
stereocenters). All stereoisomers, such as enantiomers and diastereomers, are intended unless
otherwise indicated. Compounds of the present invention that contain asymmetrically
substituted carbon atoms can be isolated in optically active or racemic forms. Methods on
how to prepare optically active forms from optically active starting materials are known in
the art, such as by resolution of racemic mixtures or by stereoselective synthesis. Many
geometric isomers of olefing, C=N double bonds, and the like can also be present in the
compounds described herein, and all such stable isomers are contemplated in the present
invention. Cis and trans geometric isomers of the compounds of the present invention are
described and may be solated as a mixture of isomers or as separated isomeric forms.

Compounds of the invention also include tautomeric forms. Tautomeric forms result
from the swapping of a single bond with an adjacent double bond together with the
concomitant migration of a proton. Tautomeric forms include prototropic tautomers which
are isomeric protonation states having the same empirical formula and total charge. Example
prototropic tautomers include ketone — enol pairs, amide - imidic acid pairs, lactam - lactim
pairs, amide - imidic acid pairs, enamine — imine pairs, and annular forms where a proton can

occupy two or more positions of a heterocyclic system, for example, 1H- and 3H-imidazole,
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In some embodiments, the compounds of the invention have Formula
111a, Ws is C1-3 alkyl substituted with Cy' and optionally substituted with
1 or 2 substitutents independently selected from halo, OR’, and SR'; 10CylI

i §8lRsiedfom aryl, heteroaryl, cycloalkyl, and heterocycloglkyly€a%h /071595
substituted with 1 or 2 R7 and optionally subsituted by 1, 2, or 3Rs; 7 R’

is, at each occurrence, independently selected from Cys and -123--Cy3;
R5 is, at each occurrence, independently selected from halo, C1.4 alkyl,
0G24 alkenyl] @42 WalkymuleCitHhalo@lRyl; GdjNQL, @QR' 18R4T, 2H-pyrazole.

QINrR84. and. COIRR:: 1eaRdum -C¥3 s .aelecied fﬁ%@é%rﬂ%‘%r%@;{%@pzate

cycloalkyl, and heterocycloalkyl, each optionally substituted with
Sto8&t98ttuents independently selected from halo, C1-4 alkyl, C2 4
alkenyl;0@24duadkyriyheGivhiatoadkydlsaryk hatefoardp SN NOR; MRusRIS) the

AR maReS 53 AR50 EMROUMERLS TG LAMROURASR Al 1A MYEHIAN atomic
have Formula lila, wherein: 20Rib is Ci.2 alkyl substituted with Cy' and

BBRBHAI) SUSSTRU GRS 2 St et RTa8paritarily See 8t o i
HelgrOR', and SR.", Cy' is selected from aryl and heteroaryl each

substitttedwith Ré-andhaptignallysubgifutad iad. & Bk RS ise@beagh:s,
occurrence, independently selected frot%c 3 and -1-13-Cy3; 25 Rs is, at

ceometric 10somers, tautqmers,-and 1sotopes of the structures depicied.
gach-occurrence, |n8epehd’entf§/ L&iected fom halo éa alkyl, C2_4

alkeny®Coompaikgnyind PhaatoaikythCrCNETe OR ISTe0iC ()R, meant to
GOINRARLL o AR 2Q)0 e and is selected from aryl and
heterofalry]b each gg‘gionaly %ubstituted (y%ith 2,3, 40r5 su(gsti

‘ 9 supstifuents .
indepeﬁdbeﬁ?ﬁ/ gelectedfrom %gfbn?%?% a k&’/’i Pf) ﬂ‘%ﬁ%ﬁyl’d iagﬁ( ﬁlﬁﬂcof are
SbsrooksE dalkipd aryy, Fekstodnly CRIAREZS RRSREE, REMRABNS Ray, lcast
useme esabhadiaentisyihe Campaundsiaihthen i nvemiton thease drowin ulalddaed.

WQ%‘E?L%p@; 1 &(Eg gg‘!%&tﬁ%efr omcga%iﬁlélléﬂoﬁ%@%m&t%%}@h% %tﬂé%%ﬂf%%'é@f the

wherein'said 1,2,4-oxadiazolyl Is substituted with a. subsituent selecte
frofTtey- SR Essseyaion SonsHIRKerBIBORIFREE e S Redsfsetet >
fieamn oyt &0tk betersatphueach optienalysubstitutetaaitib diyt 20%, at least about
95%, at least about 97%, or at least about 99% by weight of the compound of the invention,
or salt thereof. Methods for isolating compounds and their salts are routine in the art.

The present invention also includes pharmaceutically acceptable salts of the
compounds described herein. As used herein, “pharmaceutically acceptable salts” refers to
derivatives of the disclosed compounds whercin the parent compound is modified by
converting an existing acid or base moiety to its salt form. Examples of pharmaceutically
acceptable salts include, but are not limited to, mineral or organic acid salts of basic residues
such as amines; alkali or organic salts of acidic residues such as carboxylic acids; and the
like. The pharmaceutically acceptable salts of the present invention include the conventional
non-toxic salts of the parent compound formed, for example, from non-toxic inorganic or
organic acids. The pharmaceutically acceptable salts of the present invention can be
synthesized from the parent compound which contains a basic or acidic moiety by
conventional chemical methods. Generally, such salts can be prepared by reacting the free
acid or base forms of these compounds with a stoichiometric amount of the appropriate base
or acid in water or in an organic solvent, or in a mixture of the two; generally, nonaqueous
media like ether, ethyl acetate, ethanol, isopropanol, or acetonitrile are preferred. Lists of

suitable salts are found in Remington’s Pharmaceutical Sciences, 17" ed., Mack Publishing
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WO 2007/150026PCT/1JS2007/071895 3, 4 or 5 substituents
independently selected from halo, Cud alkyl, C2-5 alkenyl, C.24 alkynyl,
C14 haloalkyl, aryl, heteroaryl, CN, NO2, Nee, Oe, and Se. in some
erohogtinyesis LB is C, alkylene optionally subsitutcd with 1, 2cav32007/071895
sfrostituents independently selected from OH, -O-(C. alkyl), and
---0-(C1.r,haloakl). In some embodiments, the compounds of the
invention have Formula llia, wherein: R36 is selected from CI alkyl,
{erain SaibC T 5. dH3A. i8- Jdbstingtda witho 02y 2 aad ioptivrey. 66, 2 (1977),
&Hasﬂtum wiﬁkba;@&azea%bﬁtm)emsrms@m@d@m&yyselected from halo,
OR hrase %gng %%Iie tlecj frc%mag{ and h%t)er 31 I i % refer to those
substltutegf with C%/ Haff:y f(ssu situted by 1 r'3 [é Rg
aqr@a@ﬁd@cwwéﬁéec@ﬁ@ébéﬁﬁeﬁw@&é&éﬁfﬂ*@m wm@h @mw@m @wae of
aikﬁn)ﬂe&%%‘}uaﬁé)m)éh 611&4 balﬁauéyim Gdﬂ:aN@Jath, B @)iman beings and
) @al% w(114(’)u? ndxccégsozro i ur1tat1 %els eée%e&)g[gm ar}%h%[‘d roblem or
eteroaryl, eac optlonaf substitute ﬂ1 gﬁ 2 or 155 substitlems
ﬁ‘?&@ﬁ%’@éfﬂ??’%’rét‘féﬁ mslm ﬁe&P@naﬁl%lWFﬂ@?lﬂ%ﬂéényl C2.4 alkynyl,
haloalkyt' meydnheterdianylsC McNORpNae ORhanthbainds ddcSti@erein. As

ePadiments, g FQ@PWQ:%B L08R pe&thggdhc?a\fﬁclx; PRIR BB WRRT Glve

R2 is halo. In some further embodiments, R2 is Cl. In other embodiments,

RIS BRI rYSi5n BB GTh ENts, THE BalAp otiNGS! of IR BV &RRicH Iiirared by

Forifutg Mextiwmie reinRPplesRitis: C2. oalkylndpiionallyasuspstitutechwitifidatRns
e"efaf v%J‘%ﬁﬁrctR% 50810 n@aﬂ%ﬁﬁ M%x’s‘ﬁ!%ﬁ%r@@ ;!jrcﬁlee%lﬁ%'ﬁ}{h angdarugs

aoak In some further embo |ments R2is Clor Br; and e is

fﬁ‘éﬁ%lc‘ﬂ%{ﬁ‘&u@ DTSR ﬁ%&%rﬁ“é%é‘%fﬁ catioh, baiy)sitifehEcgionded to
eanpowrnts, ofithrea2iinvention aredisdiesedicrgroempssor inmandes yisoxyl,
shecifically dntepdegynat QB&M@MQMQC@A%&&% @J&qr@y@%mi\ﬂgyﬁé not
betC ttnblnatlon of thte m mbers o(f1 Sucp % ?pf f(ajh rg?gles For anrln
PRSI AC26 AR R B0 RETHOAT RSB Pl AN i Efpglienal groups
méthgbrenewld:cs témylvceug.n, ﬁrm@pfyblbmé@pmbwg@abaﬂkwoeebgd ipnHuitiguchi
isRbutdiiD Uty Qe alﬁsyle(@glwa;pgﬂt:ymwpsnty&, @Mﬂ@@p@rsty@yxﬁgnﬁ
g:e6r aIkXI 30Ités furth I |n nded thaéthe und iaeﬁn&e tion, are.

€ 1Qreversi riels 1 Iy, grican
stable. RS used hereln “stable” refers t poun that is ‘suffi mérﬁm

OBt Evide psBiatio e apergémndé)g%se oPPlrilPtront aYegetion hercby
mbstysestans, preferably wapahleof formulation into an efficacious
therapeutic agent It is further appreciated that certain features of the
tnvennon, which are, for clarity, described in the context of separate
éiﬁfﬁéﬂfments can also be provided in combination in a simile
embodimentnfooniserseky pratious teatures of thepinuehtiomidyclt atgs forown

Iy AEFGIRC AN FeconExhRlR Hnale.mRadispant, L3 AISRRE: can be
provided separately or in any suitable subcombination.
synthesized using the” methods as hereinafter described below, together with synthetic

methods known in the art of synthetic organic chemistry or variations thercon as appreciated
by those skilled in the art.

The compounds of this invention can be prepared from readily available starting
materials using the following general methods and procedures. It will be appreciated that
where typical or preferred process conditions (i.e., reaction temperatures, times, mole ratios
of reactants, solvents, pressurcs, ctc.) arc given; other process conditions can also be used

unless otherwise stated. Optimum reaction conditions may vary with the particular reactants
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For compounds of the invention in which a variable appears more than
once, each variable can be a different moiety selected from the Ma rkush
group defining the variable. For example, where a structure is described
Reying gk groups that are simultaneously present on the same2007/071895
compound; the two R groups can represent different moieties selected

from the 10Markush group defined for R. As used herein, the term
"alkyl" is meant to refer to a saturated hydrocarbon group which is
stréfyisnickained ordiravichieds Exanspleamryed ouprsifeiide ey ixeytine
eyl itRt)nprepyhie.g., n-propyl and isopropyl), butyl (e.g., n-butyl,

isobutyl, t-butyl), pentyl (e.q., npentyl, isopentyl, neopentyl), and the like,
ol R b e o
kes abBUbA O flgHheit o ot GUFF SPRTE{ENEBBOE B1ROFEL 1 REVIIPL Py means,
fremd tioabeubd earbenatemsspectrASpisedeheneing the)tarartalkydenacopy,
(Glers painking alloharaup. One exemple ol allens BiGdidaihiPsicn o

s used herein, "alkenyl" refers to an alkyl group having one or more
Hishr RERBRSR ZOMA B HERARY Edrhpr BIREHT GREIREIHER e ethenyl,
prope rﬁyépaﬁﬁbhhefli&@gﬁhsndsexdmmiemc "alkkynyttriefermdalematkybigrduprious
PAVING.QNS.A! MALSIHPIS,GRHRANG AR AR, RARAS, EXAMRIG ALY AURS acc

include ethynyl, propynyl, and the like. As used herein, "haloalkyl" refers
ST Ry P OIBUBRAVINr e t5ieHOP Hal gt IeduBdhifulits ! EEIBINE ©f
ofhatoallybgroup irdlude, GrilefinCHER CBES, Gz FB@A3)285CHRCF Urganic
GlGLas and the Wy s SRUSednersin. (e fRIgrs QReNACYSRRMRE in its
polycyclic (e.g., having 2, 3 or 4 fused rings) aromatic hydrocarbons such
S4¥8¥ example, phenyl, naphthyl, anthracenyi, phenanthrenyl, and the

like. InTdomecambodiments;saayligobps e doht 6atodbout2Qithibenvents
ARBILARARUBRANSIRINy eYClaalkylirafers 10 fonRramalics Carhoydesnts
including cyclized alkl, alkemyl and alyyl gropes. Cycloalit groups, gan,
inclddé mono- or'polycyclie having i 35} fimed rngs) ring sysfems,
ireligih gt Spirseyrstes ¢h Borisie ibodiantsc eyBIcaIRY! droupsreairavehich
rama3 4o ahe w20 BP0 R @lamSe3iaahow 1t carhanaioms Sdg.aladt A

10 carbon atoms, or 3 to,7 carbon atoms, Cycloalkyl groups can furth
B S L P e A A A e
iRensBEasi NS BEHARHOF e R R bTetie SAhaPHAGE B RE S AtTR c2n
aramadiedrings fused (i.e., having a bond in common with) to the cycloalkyl

ring, fofh%xc%mﬁiﬁn&e&zﬁmd ‘ﬁ{@‘éﬁ‘&i&%aﬂfb%%&?%d,p%’?tgﬁa%aﬂ?&%%%’ AOGHEn

like. A cycloalkyl group having one or more fused aromatic rings can be
ARDEHET It RIS S AR Er R Srbi9dtic or non-aromatic portion. One or
more riingeforminigscaskonhateyntafsacycldatkyhgitolip danthiedoxidiziegyfiopne

SXAmPLE. Naying.an Rxe:Alsullido-subsituent Hraynple, axcloalkyl QrouRSacid
include cyclopropyl, cyclobutyl, cyclopentyl, eyelohexyl, cycloheptyl,

cyctoJErteny cyEtSHEREHAC eytidhesatiBi ey LIoREpataryr  mermediate
ri@rbﬁi'm@dqthmrqzﬁmymlmweiamylgiwardiamtykr‘amdntmg filsgitable condition {such as in
the presence of acetic acid and aqueous HCI), followed by reducing the resulting nitroso
intermediate 1d using a reducing reagent such as NayS;04, affords the diamino intermediate
le. Cyclization of the diamino intermediate le can be accomplished by treatment with
trifluoroacetic anhydride to yield the xanthine derivative 1f. Following conversion of the 4-
carbonyl of xanthine 1f to thiocarbonyl using P»Ss, sclective methylation at the sulfur using
methyl sulfate in aqueous NaOH solution gives rise to the thioether intermediate 1h. Reaction

of the thioether intermediate 1h with hydrazine affords the resulting hydrazone 1i, which is
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10As used herein, a "heteroaryl" group refers to an aromatic heterocycle
having at least one heteroatom ring member such as sulfur, oxygen, or
nitrogen. Heteroaryl groups include monocydic and polycyclic (e.g., having
v S RAtesad rings) systems. Any ring-forming N atom in a pefeneaiorisos
group can also be oxidized to form an N-oxo moiety. Examples of

heteroaryl groups include without limitation, pyridyl, N-oxopyridyl,
pyrimidinyl, pyrazinyl, 15 pyridazinyl, triazinyl, furyl, quinolyt isoquinolyt
thigeykdimidezolyl; thidzolyktindoly[spyrm ROXitgohiy BerzofBriif;(OEt)] to yield

henzethienyl, benzthiagalyii jsgxazelyl.dyazolyl, tiazolwt tethazold, under a
indazolyl, 1,2,4-Eh|adi’qzolyl, isothiazoly1" benzothienyl, uri?éﬁ% carbazglgﬂih‘
Bt AZOIA, HIBITY AFaPIRE Hice "1 S iffe EMbEENLS; thg Provides the
heterodrtgroupiasdrom | to about 20 carbon atoms, and in further

5 embodiments from about 3 to about 20 carbon 20 atoms. In some
embodiments, the heteroaryl group ﬁontains 3 to about 14, 3 to about 7, or
5 to 6 ring-forming atoms. In somé €mbodiments, the hetcroaryl group has
1 to about 4, | to about 3, or | toACZoheteroato Nns. As used hereirf "

"heterpeycloalkyl” refejsyt%Na nonZarematierieterocycle Viti&re ogémﬂﬁmre

of ‘thﬁ rifge-forming 400mMs’is a heteroatona;%u( s.an N, o1 S N,

Heterocycloalkyl 25 groups can include mone¥ or polycyclic (e.g., having

2, 3 dr4 fused rings) riffy systems as well a spiroeycles. Example'

"beterocycloalkyl" groups include morpholino, thiomorpholino, piperazinyt

tetrahydrofuranyIPtetL%ZEloydrothienyl, 2, dihydrobenz;g?ryl, y
1,3%érz0dioxslt, henZo-EH4<didxaneay pipetidinyl, pyreslidinyl, un N
isoxazoiidinylpi"s[%g || lidinyl, pyrag %K‘:}Bﬁg&olidinyl, thia%(avll'rj]:";‘im)‘CF3
imidazolidinyl, andfthe like. Also includedin the definition of 30  Lx’
heterocycloalkyl ate moieties that have gne or more aromatic ringsqFused
(i.e., having a bond in common with) to the nonaromatic heterocyclic ring,
for example plit tingidyl, naphthalirgidyl, and benzo derivatives pfi
heteretycles. A ocycloalkil grouphaying ong 6f%ibre fﬁéai\?mﬂ%
rings can beoaatitzk thugh eitherﬁle rosmatic or non-aromatj igh. ~°
In some embodifnents, the Iicterocﬁj’clo’élky}]1 group has from 1 to abost 20
carbon WO 200]4150026PCIIIT820071L1% 1895 atoms, and in further
embodiments from about $ to about 20 carbon atoms. In some
embodiments, the heterocycloalkyl grOlllp“@b?’itains 3 to about 20, 3 to

about 14, 3 to about 7, or 5 to 6 ring-forming atoms. in some

embodiments, the heterocycloalkyl grot hE\s 1 to about 4, 1 to about 3, or
1 to 2 heteroatoms. In some embodimentg, thecheterocyeloalkyl 5group
contains 0 to 3 double bonds. In sor®ie emwb’t‘)diments, the heterocycloalkyl
group contains 0 to 2 triple bonds. Asused herein, "aryialky I" refers to
alkyl substituted by aryl and "eycloalkyldlkyl" refers to alkyl substituted by
cycloalkyl. One example of arylalkyl is benzyl. One example of cycloal kyl

alkyl is1GLT Gk AnsGY ClRRIAR YL LOASHEed heroln. theteraptylalkultelgts o

to an alkyl group substituted by a heteroaryl group, and
PRECHSEY oLV TSIERS(D SHST SRR B) el oigios e
10 gxamplesGithdterdanylalkydis Y€hReoymdined-yBin@ne eXample ofagent R'-L-X'
W@W@%'KX@W% IS lpHIPIRGHIHN 3, YiaAS LsedhREein, o MR Ofuch as
"halogen” includes fluor, chloro, bromo, and iodo. As used herein,
HRRHETA e ottt A Ak Y g FSUp Sttt e Wit &%V&r%&ﬁ?m’e‘ ted to the
corresponding thioxopurinone 2¢ using a reagent such as phosphorus pentasulfide. Following

methylation at the sulfur using methyl sulfate in aqueous NaOH, the resulting thiocther 2d is
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10

group. As used herein, "cyanoal kyr refers to an alkyl group substituted

with a cyano group. The compounds described herein can be
asymmetric (e.g., having one or more stereocenters). All stereoisomers,
SHSHas Bpgatiomers and diastereomers, are intended unless 2fys2007/071895
otherwise indicated. Compounds of the present invention that contain
asymmetrically substituted carbon atoms can be isolated in optically active
or racemic forms. Methods on how to prepare optically active forms from
opticallyattivedstaringomaterials tace lkniovwenin thieratjisuchas byyclization of

respition. of ragamis MiXIMERS QLbY steregselgstive synthegisoMamyowed by
geometric isomers of olefins, C---N double bonds, the like can also t?
ﬁgjg? 6\1%;{ results in

b%%%toﬁféﬁw%y&efﬂ‘&oﬂﬁagb (A8 PSR M HIPSUHEA S
isontebs repdedritemplatedmedhe BresentinventionoCistant thalegen (Br or CI)

g%m%UAg isomepa:afiihe &mgpyn% Qb the preseotinveNtienafe such o
escribeq an, el edas a ml tu Isomers or as separate
8%05}‘ %c f%l %.; n’(]% % 8r ?Pc? u(c_ﬁl é Ct%g . .

mp OuUR e |n n also include tautomeric

forms Hpddtorherichiaraas Iﬁés“m@f?é)mltheus\ﬂ}éﬂzi‘mr?g oftarsindiéemdavith gk’
@ﬂjﬁ&e'@}d@i’@lec@ﬁm t&gﬁﬁ}ﬂnWFﬁéh@ggﬁiwmmlmmmﬂf@ﬁ&n allyne

praton, Tantameric foums indlude prgtojrapic automers which aig jsomere,,

rotona ioh states fiavin gfhe same empirical formula and total char
Ewﬁﬁﬁlelcpr@t@frépﬁé’&a’mgﬁf@d’ih@ﬂﬁe‘ﬁéloﬁ% 1 ¥Rl pairs, amide - imidic
acid pairs, lactam intim pairs, amide - imidic acid pairs, enamine - imine
pairs, and annular forms where a proton can occupy two or more positions
of a heterocyclic system, for example, 114- and 31Thimidazole, 111-,
211- and 411- 1,2,4-triazole, 114- and 211- isoindole and 1H- and
2H-pyrazole. Tautornerie forms can be in equilibrium or sterically locked
into one form by appropriate substitution. Compounds of the invention can
also include all isotopes of atoms occurring in the 5 intermediates or final
compounds. Isotopes include those atoms having the same atomic
number but different mass numbers. For example, isotopes of hydrogen
include tritium and deuterium. The term, "compound,” its used herein
is meant to include all stereoisomers, geometric iosomers, tautomers, and
isotopes of the structures depicted. 10All compounds, and
pharmaceuticaly acceptable salts thereof, are also meant to include
solvated or hydrated forms. In some embodiments, the compounds of
the invention, and salts thereof, are substantially isolated. By
"substantially isolated" is meant that the compound is at least partially or
substantially separated from the environment in which it was funned or
detected. 15 Partial separation can include, for example, a composition
enriched in the compound of the invention. Substantial separation can
include compositions containing at least about 50%, at least about 60%, at
least about 70%, at least about 80%, at least about 90%, at least about
95%, at least about 97%, or at least about 99% by weight of the
compound of the invention, or salt thereof. Methods for isolating
compounds and their salts are routine in the art. 20 The present invention
also includes pharmaceutically acceptable salts of the compounds
described herein. As used herein, "pharmaceutically acceptable salts"
refers to derivatives of the disclosed compounds wherein the parent
compound is modified by converting an existing acid or base moiety to its
salt form. Examples of pharmaceutically acceptable salts include, but are
not limited to, mineral or organic acid salts of basic residues

34



25 such as amines; alkali or organic salts of acidic residues such as
carboxylic acids; and the like. The pharmaceutically acceptable salts of

the present invention include the conventional non-toxic salts of the parent
c\g[pﬂgggq}g%med for example, from non-toxic inorganic or YEaAMS AGIFHses
The pharmaceutically acceptable salts of the present invention can be
synthesized from the parent compound which contains a basic or acidic
moiety by 30 conventional chemical methods. Generally, such salts can

be prepared by reacting the frea agéigherdase forms of these compounds
with a stoichiometric amount of the appropriate base or acid in water or in
an organic solvent, or in a mixturejof theiwo; generally, nonaﬁueogm
medi ther, ethyl acetate, gt N iIsopropasol, or a dlare
prefeggd Lists of suitabl€ saltsAre d in Remington' sOFélha[\Jr | g%utlcal
Sciéncey, 11%th ed., Mack Pu%llsﬁf g Company, Easton, Pat &985 p.
1418 and Journal 0' Pharmaceutlca Science, 66, 2 (1977), each of which
is incorpgrated herein by referencezin its entirety. The phrase
"pharmaceutically acceptable” is employed herein to refer to those
compounds, materials, compositions, andior dosage forms which are,
within the scope of ?fsoun%medlcal Judgeme'f‘ﬁ\‘sultabl for use in contact
with thgdissyes of h beings agq@nlmals W u @xces&y@g%(lcny,
irritatiory; attergic r %ponise?or otherproblem dficompligation;
commensurate with alfeaSonable benefit/riskarati” N The present
invention also mclude'strodrugs of the compoundsidescribed herein. As
used herein, "prodmgs;' refer to any covalently bospided carriers which
release the active 10 parent dreg when administered to a mammalian
subje t. Prodmgs can be prepare d by modifying functlon% roups present

|n ghg cg@mpo@mds in such a wgy@hgt\ézeamodlflcatlons > Al C aved, either

|pulau9n+or in vivo rent compoundsy Pr
|ncI mound&whgreln hyd) mlnaaisgdﬂayﬂfyl @ﬂ‘Lc Y
groups drgtbonded o any group thaL‘t,Rwhen“adTTTfTstered to a_rrammalian
subject, cleaves to form a free hydroxyl, amino, sulthydryl, or carboxyl
group regpectively. Examples of prodgugs include, but are notlmited to,
acetate, fon-nate and benzoate derivatives of alcohol and amine
functional groups in the compounds of the mventhp reparation and use
of prodmgs is discussed in T. Higuchi and V. S@U@ \ ro drugs as Novel
Delivery Systems,i-\¥al—kéof Hﬂeﬁ—GS—Symposm ne;,_a&ekaZa
Bioreversible Carriers in Drug Iggsol&r;h%d Edwarg ocke, American
20Pharmaceutical Association angi#?@rgamon Press, ﬁl.a87 both of which
are hereby mcorpora%ed by reference in their entirety. Synthesis The
compounds of the present invention can be prepared ifa variety of ways
known 25 to one skilled in the art of organic synthesis. The compounds of

the preé%ﬁbbﬂ%@@&%rﬁﬁﬂd%?c%}{% @%&?Qﬂ ¢St &g ‘éeﬁﬁ%b%fﬁc?e% in Scheme 3. 7-

hereinafter described below, together with sy nt etic methods known in the

antist %Vrﬁh‘é‘t?c%éﬁé‘%ﬁ‘@ﬁ‘ﬁéﬁf%‘f %ﬁ%&i&*ﬁé@ {Feredn %%yg&ﬂré&.ﬁfeérwm
thoseaskilledhinithesgrt: Rhé. cOmpoundsliofi thisdnvehticin can lbe prepareds’ is
fﬁpdm)rﬁaﬁwm@i%m@ B%@QQC?&VQ@&%@@M%HA%tﬁ%JQUQMY!HQ %ﬂﬁ@kte 3b is

methods and procedures. It will be appreciated that where typical or
pRAEHEY ProcaBetidinbne e, CPé%{b"ﬁ"o‘ﬁ BE I8 r‘&fﬁ‘?@%‘j‘f’iﬁwg | [Hfafgent of 3¢
rativs of neactdntsnsolvents;opressuresiietes) iakengivery, dthépiregessmoval of
capdiians £an RIBADRISE hlERS Atheryise Sateh@RIMUMIBEARIRN of e
conditions may vary with the particular reactants or solvent used, but

such conditions can be determined by one skilled in the art by routine
optimization procedures.
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The processes described herein can be monitored according to any
suitable method known in the art. For example, product formation can be
monitored by spectroscopic means, such as nuclear magnetic resonance
speatioseoiy (e.9., 'H or 13C) infrared spectroscopy, spectrephaiomettysos
(e.g., UV-visible), or mass spectrometry or by chromatography such as
high performance liquid chromatograpy (I-IPLC) or thin layer
chromatography. Preparation of compounds can involve the protection
andldup rsERon o Poartgs chelntivatiggoupesnT hechae dNBST protettion affdrd
deppetaetion, and the selection of appropriate 10 protecting groups can be
readily determined by one skill hn the art. The chemistry of protecting
groups can be found, for examp e n éreene et al., Protective Groups in
Organic ;Synthesis, 2d. Ed., Wiley 8c Sons, 1991, WhICh is incorporated
hereln gpence in its entirety. The{feactions of the processeg
descrlb d h ein clg’rw(e carried out in U|table solvents 15 whichycan be
readil )keﬁ"cv d by-oné-oF SSI%IIIHN th ét} of orgatii-synthess. tb\i able
sol be substantlally ve with the stargﬁbk fials
(reactafits), the intermediates, or p;gducts at the temperatufes at which
the reactlons are carried out, i.e., temperatures which can range from the
solventsatreezmg temperature to the solvent's boiling temperature A
given reaction can be carried out in one solvent or a mixture of more than
one solvent. 20Depe§ﬁd|ng on the particular reaction step, suitable
solvents for rticufar reaction step'can bepselected ) H
compBlinds of therimentisiédiche prepared, ieseipld! ysi He_
reaction pa d téeRRigues tf d below. Schemela 7~ ¢VBr
describes the synthesis of trittuoromethyl substituted Mazoolop? inone 25
derivative 1 j and tctrazolopurinone derivative Ik. Reaction of urea la with
cyanoacetic acitf Ib in the presence of apeanhydride such as Aé70
provides the pyrimidinedione intermediate Ic. Nitrosarion of compound Ic

using %odlumn |tr|te und sumﬁble cond tion (such P?s in thf ﬁraesestﬁe of4
acetic acid and’ag ug%lﬂls B)-follcwed by red]l%cﬁ’ My thE Fe8UiG tRrsae™me

|$ﬁ@ﬁhed43<ﬂédtwmtrﬂg%ameduefwgﬁ r@&@éﬁﬂ%@l@%%%ﬁ%@%@@@ﬁbﬁﬂ@t@?@ob5~
dtamgnmmtemgidtﬁtet% &r&aa@&ﬁ%ﬂii%{l @%ﬁiﬁtg@mg@de@meeﬁ ate ah@tatea
can ISNE treatment w trif Elét&{a to
edxg%n@ﬁlne é;‘?\l}a(ztl\}gt% ¥ § (T)WAI% C%I’]Virl I‘CEIOI’] (6) g @ﬂ% % nazole
RIS ‘ﬂFtoAth‘FBb‘étP’BbfhW‘i%fH@lPéESd“sé‘téétw methyréwehtaﬂwrswtﬁﬁc to
dsingeaieinid.suliate invaigueossoNasdl sokiiongives risedo dheithivethet de.

'ﬁ&%éﬁ&%%@é%dﬂa &%ﬁt{gae%tme » sy rdm@@eﬁt%ﬁﬂhy}’é’ 1 INARANG ative

affords the resultin drazone i, WhIC

2607 ﬂ/s’efeﬁepefr;ftw%@?mtggéemfécﬂeb farhtivsht s 4RDD vields
cmtthotestem{ﬁuelﬁ &lRtl@(&aR)lg@d)ﬁgﬂlZ)BaGl@E@@&ﬁﬁb}d&kﬂd@ﬁﬁh{@E@@m (such

t«(éz@ll% ;Ial‘ I@d‘ &Xhé%tﬁé'“@@&l%‘r‘cﬂ &@E‘o%uﬁr g&§QQC¥YaQ1NwO under a

suitable condition (such as in the presence of an acid, e.g., aqueous HO)
to provides the cyclized tetrazolopurinone 1j. Scheme 1
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Compounds of formula 5b can be prepared using procedures described in Scheme 5.

Cyclization of triazole derivative 4c (wherein R* is R™ or R™) with phosgene yields a

mixture of triazolopurinones 5a and 4f which can be separated by conventional methods such

as using column chromatography. Selective halogenation of 5a using a suitable halogenating

reagent (such as NBS or NCS) provides the halo-substituted triazolopurinone derivatives of

formula 5b.
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N aN 02 NN | t-OF3 NCN 1k Triazolopurinone derivatives of formula
2h can be synthesized according to procedures as illustrated in Scheme
2. Selective alkylation at the 1-position of 7-benzyl-1id- 10

RFNB7AHE34 1, 7H)-dione 2a can be accomplished using an gdkylgting e71895
reagent R'-L-X' [wherein X' is a leaving group such as halide (e.qg., iodide)]
in the present of a base such as sodium carbonate. The resulting

alkylated purinedione derivative 2b can be converted to the corresponding
thioxopurinone 2c using a reagent Salteras Hhosphorus pentasul fide.
Following inethylation at the sulfur using methyl sulfate in aqueous NaOH,
the resy 'ng thiocther 2d is WO 20071150026PCT/US2 071895
reacted witf) hydrazine to produce thekhydrazone intermedi

2e. Cycﬁizajirjégf interfvédiate 2g:wi orthoester [such s, §

RIC(0 al%/O) 1 C(0EO3tfollowed Ry rémaval ofthe benZ)gL\q ‘ %uch
as via hydrogeration using Pd(OH)2 achatﬁiyst results in the N

de- benzyIaEe triazole intermediate 2g, Wihich can be converteaLttﬁe1
halogen (Br or'Cl) 5substituted triazolopurinone derivative 2h usmg a
halogenatif§ reagent such as N- 52

l halogenation

R3a’<
2\ />—halo

LR1

5b

Compounds of formula 6g can be prepared using procedures shown in Scheme 6.
Coupling of hydroxyimidamide 6a with acid 6b (wherein n can be 1, 2, or 3) in the presence
of CDI (followed by cyclization and condensation) yields oxadiazol ester 6¢. Saponification
of 6¢, followed by coupling with hydrazine under a suitable condition, provides hydrazide 6e.
Reaction of hydrazide 6e with carbimidothioate 4e at an elevated temperature generates
triazolopurinone 6f, which is halogenated using a suitable halogenating reagent (such as

NBS or NCS) to provide the halo-substituted triazolopurinone 6g.
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bromosuccinimide (NBS) or N-chlorosuccinimide (NCS).  Halide 2h
further can be reacted with an alkyne 2i (wherein R2a can be H, alkyl,
alkenyl, ON, NO2, aul or the like) under Sonogashira coupling condition to
affordoansadtyne derivative 21 (See, e.g., Sonogashira, K. et &lcT/Us2007/071895
Tetrahetron Letter, 1975, 4467; see also, 10Nicolaou, K. C. Et al. Angew.
(hem. Ini. EngL 1991, 30, 1100). WO 2007/150026PCT/1JS2007/071895
Scheme 2 2a2b2c 2d2e Fif 2.

Scheme 6
N/OH 0O 0 CD f/\l“‘O 0
| + - 7/4 /)\(\a)J\ ~ ——
/k HO 0 R N e
R7 NHZ 8l
6a 6b 6¢
/
S
N §
- 0O ~0 @] HN
A /)\H)L — A A@)L + |2
R7 N n OH N n NHNHz Hh’l N
L"‘Rj
6d Ge de
N~ N-O
)I\ />‘H>n~ ANW
RN N/ ftj H  halogenation R? N/ \}J H
T X fgian
0" NT N o7 'NT N
|
LRy L™Ry
6f 6g

Compounds of formula 7f can be prepared using procedures outlined in Scheme 7.

Conversion of commercially available (4-bromophenoxy)acetic acid (7a) to hydrazide 7b

5 using hydrazine, followed by condensation with carbimidothioate 4e, provides triazole
intermediate 7c. Cyclization of triazole derivative 7c¢ in the presence of CDI yields
triazolopurinone 7d. Reaction of formula 7d with known boric acid B(OH),Cy’ [wherein Cy’

is an optionally substituted aryl or an optionally substituted hetroaryl group] under Suzuki
coupling conditions can yield triazolopurinone derivatives of formula 7e.  Selective

10 halogenation of 7e using a suitable halogenating reagent (such as NBS or NCS) provides the

halo-substituted triazolopurinone derivatives of formula 7f.
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Compounds of formula 5b can also be prepared using procedures summarized in
Scheme 8. Reaction of commercially available 2,6-dichloropurine (8a) with dihydropyran
catalyzed by an acid provides protected 2,6-dichloropurine 8b. Addition of hydrazine to
compound 8b gives hydrazinopurine 8c, which can be cyclized with an orthoester [such as
R**C(O-alkyl)s, e.g., R**C(OE);] to give triazolopurine 8d. Treatment of chloride 8d with a
base such as LiOH vields triazolopurin-5-one 8e. Selective alkylation of compound 8e with
alkylating reagent such as an alkyl iodide R'-L-I, in the presence of a base such as K,COs,
gives alkylated triazolopurin-5-one 8f. Removal of the tetrahydropyranyl protecting group of
compound 8f under acidic condition [such as in the presence of trifluoroacetic acid (TFA)],

followed by selective halogenation of intermediate 8¢, provides the halo-substituted
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Compounds of formula 3f can be prepared using procedures depicted in
Scheme 3. 7- Allyl-1 H-purine-2,6(3H,7H)-dione 3a can be
region-selectively alkylated at the 3-position 5 with im alkylation reagent
Robds-s4snan alley] halide (wherein the leaving group Xl is,bgl@)igotAe 1505
presence of a base such as sodium carbonate. The resulting intermediate
3b is subjected to treatment with phosphoryl chloride to provide
intermediate 3c. Treatment of 3¢ with sodium azide can give rise to
ietralsplojpuinone-intermediate. 3d. Following removal of the allyl group
such as using morpholine in the presence of Pd(PPI113)4, halogenation of
the resulting intermediate 3e using a halogenating reagent such as NBS
or NCS can afford compound 3ESSEA@fR 3 ,c 0l HN-IC__-NPOCI2'N
.-----,, ON"'ON ----N tR1L-R1 3b3c N-N7/NN NaNaN.morpholiner;
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Cl . Z N 2 N
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Pharmaceutical Methods

Compounds of the invention can modulate activity of the HM74a receptor. The term
“modulate” is meant to refer to an ability to increase or decrease activity of a receptor.
Accordingly, compounds of the invention can be used in methods of modulating HM74a
receptor by contacting the receptor with any one or more of the compounds or compositions
described herein. In some embodiments, compounds of the present invention can act as full
or partial agonists of HM74a receptors. In further embodiments, the compounds of the
invention can be used to modulate activity of HM74a rcceptors in an individual by
administering a modulating amount of a compound of the invention.

The present invention further provides methods of treating diseases associated with
the HM74a receptor, such as dyslipidemia, insulin resistance, hyperglycemia, and others, in

an individual (e.g., patient) by administering to the individual in need of such treatment a
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O NNO NI oN N L-R1L-R1L-R1 3d3e31 5Compounds of fomiula 4g can be
prepared using procedures outlined in Scheme 4. Selective alkylation at
the amino group of commercially available 4-amino-1H-imidazoles5-

srsbenitiig 14a) by reductive amination with an appropriate aldelyeR /071595
provides the alkylated product 4b. Reaction of intermediate 4b with a

hyclrazide 1t5-C(0)-NHNI-I2 yields triazole derivative 4c. Alternatively,
carbonitrile 4b can be reacted with sodium hydrogen sulfide to 10 form
dariothicdnidedd cwhichnis subjectedacmetiylatidntto afferd invention or a
%r@mi&memig@ﬁgoéﬁmﬁmlqn @;ta@@giaimi@LgUai@@ienéﬁawimﬁd@ygeaéi@l&der or
R391t NHNd[ Cy%’ds trigzol Fﬁ\{/%tl\t/e4cé¥ Ilzatlontof trlaﬁole
GVt E A W itheT Y 124 Scncy litidaz8ie" ?yle‘icépsFfr(l)éz%)ul%punrﬁié)bﬁdscs
4poSetectivedindoyenationdof df mmgpaemmbléwamq@mamh@ﬁéag@npm
(such asNRS O NGShprevidasthrihalosubstituted dkiazalQRUARORGitcd to,
9 IilV tive 4 ?11 4d4{e4g . Ctom qun}ds of f?éffn%tﬁ b candktJe p eggred }
%Sn% srocedu i e desCribad iR Scheme BPEyclization of tiazole &’erl e
%‘Mhé?@ﬁ*?‘l‘??e igl Fi@@sorSF@éb?%vlﬁ?bh%s@éWyléRféh&‘m|>Ell*9*i@‘6f€ syndrome,
mk&z@@ausimm&@ apgHAdisalichieRl, hesepasrietbpsonventipnal BmD),

methods such as, “S'f%% galumn chromatography. Selective h?'%?g”atéeatom
fc%a using aswta afogenatlng reagent SucC as gg OI’
bva?ﬁaé%omedw@%b@%hﬂé@%awbwrﬁ*ﬁaﬁéld@nvaWegfo@roﬁﬁama%bme@

seheme bithR3&atdy HGOICIRs.

Other diseases treatable by administration of compounds of the invention (and salts or
prodrugs there) include chronic inflammatory discases such as, for cxample, pancreatitis and
gout.

As used herein, the term “dyslipidemia” refers to any one or more of the following
diseases or conditions: low-HDL cholesterol, elevated cholesterol, elevated LDL cholesterol
(including any combination of small, dense LDL, intermediate density lipoproteins, very-low
density lipoproteins, and chylomicrons), elevated total cholesterol/HDL ratio, elevated
plasma triglycerides, elevated circulating free fatty acid levels, and elevated lipoprotein (a).

In some embodiments, the present invention provides methods of lowering cholesterol
level, lowering LDL, lowering total cholesterol/HDL ratio, lowering plasma triglycerides,
lowering circulating free fatty acid levels, lowering lipoprotein (), or raising HDL
cholesterol, in a mammal by administering an effective amount of a compound or
composition herein to the mammal.

As used herein, the term “cell” is meant to refer to a cell that is in vitro, ex vivo or in
vivo. In some embodiments, an ex vivo cell can be part of a tissue sample excised from an
organism such as a mammal. In some cmbodiments, an in vitro cell can be a cell in a cell
culture. In some embodiments, an in vivo cell is a cell living in an organism such as a
mammal. In some embodiments, the cell is an adipocyte, a pancreatic cell, a hepatocyte,
neuron, or cell comprising the eve.

As used herein, the term “contacting” refers to the bringing together of indicated
motictics In an in vitro system or an in vivo system. For example, “contacting” the HM74a
receptor with a compound of the invention includes the administration of a compound of the

present invention to an individual or patient, such as a human, having the HM74a receptor, as
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HHNL R3b.\N-NrNilL-RIL-R1 5a4f bgena bon 5b Compounds
of formula 6g can be prepared using procedures shown in Scheme 6.
Coupling of bydroxyinaidamide 6a with acid fib (wherein n can be 1, 2, or

3 éntheBEesence PCT/US2007/071895

well as, for example, introducing a compound of the invention into a sample containing a
cellular or purified preparation containing the HM74a receptor.

As used herein, the term “individual” or “paticnt,” used interchangeably, refers to any
animal, including mammals, preferably mice, rats, other rodents, rabbits, dogs, cats, swine,
cattle, sheep, horses, or primates, and most preferably humans.

As used herein, the phrase “therapeutically effective amount” refers to the amount of
active compound or pharmaceutical agent that elicits the biological or medicinal response that
is being sought in a tigsue, system, animal, individual or human by a researcher, veterinarian,
medical doctor or other clinician.

As used herein, the term “treating” or “treatment” refers to one or more of (1)
preventing the disease; for example, preventing a disease, condition or disorder in an
individual who may be predisposed to the disease, condition or disorder but does not yet
experience or display the pathology or symptomatology of the discase; (2) inhibiting the
disease; for example, inhibiting a disease, condition or disorder in an individual who is
experiencing or displaying the pathology or symptomatology of the disease, condition or
disorder; and (3) ameliorating the disease; for example, ameliorating a disease, condition or
disorder in an individual who is experiencing or displaying the pathology or symptomatology
of the discase, condition or disorder (i.e., reversing or retarding the pathology and/or

symptomatology) such as decreasing the severity of disease.

Combination Therapies

The compounds of the present invention can be used in combination with other
enzyme or receptor modulators. Examples of other enzyme or receptor modulators include,
but are not limited to, any one or more of the following: steroidal and non-steroidal anti-
inflammatory agents (e.g., inhibitors or prostaglandin synthesis), inhibitors of PCSKSY,
inhibitors of ACCI, inhibitors of ACC2, inhibitors of SCD1, inhibitors of DGAT, activators
of AMPK, thyroid receptor modulators, renin inhibitors, agents that degrade or inhibit
formation of advanced glycation end products, HMG-CoA reductase inhibitors (so-called
statins), PPAR alpha agonists or selective modulators, PPAR gamma agonists or selective
modulators (both TZD and non-TZD), PPAR delta agonists or selective modulators, PPAR
alpha/gamma dual agonists, pan-PPAR agonists or selective modulators, glucocorticoid
receptor antagonists or selective modulators, bile acid-binding resing, NPCIL1 receptor
antagonists, cholesterol ester transfer protein inhibitors, apoA-I or synthetic apoA-VHDL

molecules, LXR agonists or selective modulators, FXR agonists or selective modulators,
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5 of CDI (followed by eyclization and condensation) yields oxadiazol ester
6¢. Saponification of 6¢, thllowed by coupling with hydrazine under a
suitable condition, provides hydrazide 6e. Reaction of hydrazide 6e with
eashimiaatihigate 4e at an elevated temperature generates pCT/US2007/671895
triazolopurinone 6f, which is halogenated using a suitable halogenating
reagent (such as NBS or NCS) to provide the halo-substituted
triazolopurinone 6g. 10 WO 2007/150026PCT/LS2007/071895 Scheme 6
adItRNG frastnBBgers Nu@@igLipRy iNhibitoy- G R 7NFRu It GsHgytrogen receptor

agonists or selective modulators, anabolic steroid or steroid derivatives, insulin or insulin
mimetics, sulfonylurcas, metformin or other biguanides, DPP-IV inhibitors, PTP-1B
modulators, glucose-6-phosphatase inhibitors, Tl-translocase inhibitors, fructose-1,6-
bisphosphatase inhibitors, glycogen phosphorylase inhibitors, glucagon receptor antagonists,
11-beta-hydroxysteroid dehydrogenase type 1 inhibitors, intestinal lipase inhibitors,
neurotransmitter reuptake inhibitor, endocannabinoid receptor antagonist, NPY antagonist,
MCH antagonists, MC4R agonists, GLP-1 or GLP-1 analogues (incretins), GLP-1 receptor
agonists, thiazide diuretics, beta-adrenergic receptor antagonists, angiotensin II converting
enzyme inhibitors, angiotensin II receptor antagonists, calcium channel antagonists, and

mineralocorticoid receptor antagonists, or combinations thereof.

Pharmaceutical Formulations and Dosage Forms

When employed as pharmaceuticals, the compounds of the invention can be
administered in the form of pharmaceutical compositions. These compositions can be
prepared in a manner well known in the pharmaceutical art, and can be administered by a
variety of routes, depending upon whether local or systemic treatment is desired and upon the
area to be treated. Administration may be topical (including ophthalmic and to mucous
membranes including intranasal, vaginal and rectal delivery), pulmonary (e.g., by inhalation
or insufflation of powders or aerosols, including by nebulizer; intratracheal, intranasal,
epidermal and transdermal), ocular, oral or parenteral. Methods for ocular delivery can
include topical administration (eye drops), subconjunctival, periocular or intravitreal injection
or introduction by balloon catheter or ophthalmic inserts surgically placed in the conjunctival
sac. Parenteral administration includes intravenous, intraarterial, subcutaneous,
intraperitoneal or intramuscular injection or infusion; or intracranial, e.g., intrathecal or
intraventricular, administration. Parenteral administration can be in the form of a single bolus
dose, or may be, for cxample, by a continuous perfusion pump. Pharmaceutical compositions
and formulations for topical administration may include transdermal patches, ointments,
lotions, creams, gels, drops, suppositories, sprays, hquids and powders. Conventional
pharmaceutical carriers, aqueous, powder or oily basges, thickeners and the like may be
necessary or desirable.

This invention also includes pharmaccutical compositions which contain, as the active
ingredient, one or more of the compounds of the invention above in combination with one or

more pharmaceutically acceptable carriers. In making the compositions of the invention, the
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Compounds of formula 7f can be prepared using procedures outlined in
Scheme 7. Conversion of commercially available (4-bromophenoxy)acetic
acid Cat to hydrazide 7b using hydrazine, followed by condensation with
easkimidsihieate 4e, provides triazole intermediate 7c. Cycliratiowsefor/071895
triazole derivative 7e in the presence of CDT yields triazolopurinone 7d.
Reaction of formula 7d with known boric acid B(0.1T)2Cy3 [wherein Cy3 is
an optionally substituted aryl or an optionally substituted hetroaryl group
et o btirg e SHET R caih SR i 2Bl H Ikone eleitvatveacared
farmulacre. Selective-ohalogenationof, 1edgsing acsuitahierhalogenatingner.
W@g}e[ﬂ(t, (:%Hl Qﬁ%éﬁé‘@?%ﬂ'ﬁ'&? }t Q!l%\ﬁg§§gﬂ(? Q%?S%H(R%tllthl&gg material, which
triazolopuidnone derivatives of formula 7f Scheme 7 "7albde

acts as a vehicle, carrier or medium for the active ingredient. Thus, the compositions can be
in the form of tablets, pills, powders, lozenges, sachets, cachets, elixirs, suspensions,
emulsions, solutions, syrups, aerosols (as a solid or in a liquid medium), ointments
containing, for example, up to 10 % by weight of the active compound, soft and hard gelatin
capsules, suppositories, sterile injectable solutions, and sterile packaged powders.

In preparing a formulation, the active compound can be milled to provide the
appropriate particle size prior to combining with the other ingredients. If the active compound
is substantially insoluble, it can be milled to a particle size of less than 200 mesh. If the active
compound is substantially water soluble, the particle size can be adjusted by milling to
provide a substantially uniform distribution in the formulation, e.g. about 40 mesh.

The compounds of the invention may be milled using known milling procedures such
as wet milling to obtain a particle size appropriate for tablet formation and for other
formulation types. Finely divided (nanoparticulate) preparations of the compounds of the
invention can be prepared by processes known in the art, for example sce International Patent
Application No. WO 2002/000196.

Some examples of suitable excipients include lactose, dextrose, sucrose, sorbitol,
mannitol, starches, gum acacia, calcium phosphate, alginates, tragacanth, gelatin, calcium
silicate, microcrystalline cellulose, polyvinylpyrrolidone, cellulose, water, syrup, and methyl
cellulose. The formulations can additionally include: lubricating agents such as tale,
magnesium stearate, and mineral oil; wetting agents; emulsifying and suspending agents;
preserving agents such as methyl- and propylthydroxy-benzoates; sweetening agents; and
flavoring agents. The compositions of the invention can be formulated so as to provide quick,
sustained or delayed release of the active ingredient after administration to the patient by
employing procedures known in the art.

The compositions can be formulated in a unit dosage form, each dosage containing
from about 5 to about 100 mg, more usually about 10 to about 30 mg, of the active
ingredient. The term "unit dosage forms" refers to physically discrete units suitable as unitary
dosages for human subjects and other mammals, each unit containing a predetermined
quantity of active material calculated to produce the desired therapeutic effect, in association

with a suitable pharmaceutical excipient.
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Ye7d N. 3,,,NEINEIN, N\,I/7.-halo 0 NECNO r'IN L-R1L-R1 7e71
Compounds of formula 5b can also be prepared using procedures
summarized in Scheme 8. Reaction of commercially available

A diphingpyrine (8a) with dihydropyran catalyzed by an aciqd-preVigies 7195
protected 2,6-dichloropurine 8b. Addition of hydrazine to compound 8b

gives hydrazinopurine 8c, which can be cyclized with an orthoester [such
as lea20-alkyOs, e.g., 1211C(OEt)l to give triazolopurinc 8d. Treatment of
chloridén8catiith avbasersweh bs tiOtHivdalds triazdlopurgs-SangreaBé.is generally

Selective.alkylation.of campOURL.8a With.alkylating. reRIRMAUERRSANhat the
alkyl iodidein the presence of a base such, is K2CO3, 10%;/i§§éie}?lkylated. ,
c

2C
{HESYIbPUHS -2 BRR BT R OVAT B RS L AN Sy Pt thg BIRSUE™
ot cordmpowntiBfarvder acidiceonditioriysuchhasindhiepredericatof, the chosen

tr%@gpg&gma&kqnﬂfﬁwglL%%?gupy selective halegenaliani®fand response of
g}ter edjate 89, pr vides the ptg o-substituted trlaz%I%%L{H(répne

eandividual ent, the sevgrity of the patient's symptoms, ax
rvatves dfomiia 6 P P
For preparing solid compositions such as tablets, the principal active ingredient is

mixed with a pharmaceutical excipient to form a solid preformulation composition containing
a homogeneous mixture of a compound of the present invention. When referring to these
preformulation compositions as homogeneous, the active ingredient is typically dispersed
evenly throughout the composition so that the composition can be readily subdivided into
equally effective unit dosage forms such as tablets, pills and capsules. This solid
preformulation is then subdivided into unit dosage forms of the type described above
containing from, for example, 0.1 to about 500 mg of the active ingredient of the present
invention.

The tablets or pills of the present invention can be coated or otherwise compounded to
provide a dosage form affording the advantage of prolonged action. For example, the tablet or
pill can comprise an inner dosage and an outer dosage component, the latter being in the form
of an envelope over the former. The two components can be separated by an enteric layer
which serves to resist disintegration in the stomach and permit the inner component to pass
intact into the duodenum or to be delayed in release. A variety of materials can be used for
such enteric layers or coatings, such materials including a number of polymeric acids and
mixtures of polymeric acids with such materials as shellac, cetyl alcohol, and cellulose
acetate.

The liquid forms in which the compounds and compositions of the present invention
can be incorporated for administration orally or by injection include aqueous solutions,
suitably flavored syrups, aqueous or oil suspensions, and flavored emulsions with edible oils
such as cottonseed oil, sesame oil, coconut oil, or peanut oil, as well as elixirs and similar
pharmaceutical vehicles,

Compositions for inhalation or insufflation include solutions and suspensions in
pharmaceutically acceptable, aqueous or organic solvents, or mixtures thereof, and powders.
The liquid or solid compositions may contain suitable pharmaccutically acceptable excipients
as described supra. In some embodiments, the compositions are administered by the oral or

nasal respiratory route for local or systemic effect. Compositions in can be nebulized by use
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WO 2007/150026 PCT/US2007/071895

of inert gases. Nebulized solutions may be breathed directly from the nebulizing device or the
nebulizing device can be attached to a face masks tent, or intermittent positive pressure
breathing machine. Solution, suspension, or powder compositions can be administered orally
or nasally from devices which deliver the formulation in an appropriate manner.

The amount of compound or composition administered to a patient will vary
depending upon what is being administered, the purpose of the administration, such as
prophylaxis or therapy, the state of the patient, the manner of administration, and the like. In
therapeutic applications, compositions can be administered to a patient already suffering from
a disease in an amount sufficient to cure or at least partially arrest the symptoms of the
disease and its complications. Effective doses will depend on the disease condition being
treated as well as by the judgment of the attending clinician depending upon factors such as
the severity of the disease, the age, weight and general condition of the patient, and the like.

The compositions administered to a patient can be in the form of pharmaceutical
compositions described above. These compositions can be sterilized by conventional
sterilization techniques, or may be sterile filtered. Aqueous solutions can be packaged for use
ag is, or lyophilized, the lyophilized preparation being combined with a sterile aqueous carrier
prior to administration. The pH of the compound preparations typically will be between 3 and
11, more preferably from 5 to 9 and most preferably from 7 to 8. It will be understood that
use of certain of the foregoing excipients, carriers, or stabilizers will result in the formation of
pharmaceutical salts.

The therapeutic dosage of the compounds of the present invention can vary according
to, for cxample, the particular use for which the treatment is made, the manner of
administration of the compound, the health and condition of the patient, and the judgment of
the prescribing physician. The proportion or concentration of a compound of the invention in
a pharmaceutical composition can vary depending upon a number of factors including
dosage, chemical characteristics (e.g., hydrophobicity), and the route of administration. For
example, the compounds of the invention can be provided in an aqueous physiological buffer
solution containing about 0.1 to about 10% w/v of the compound for parenteral
adminstration. Some typical dose ranges are from about 1 pg/kg to about 1 g/kg of body
weight per day. In some embodiments, the dose range is from about 0.01 mg/kg to about 100
mg/kg of body weight per day. The dosage is likely to depend on such variables as the type
and extent of progression of the disease or disorder, the overall health status of the particular

patient, the relative biological efficacy of the compound selected, formulation of the
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8a8bSc 8d8e 5 Pharmaceutical Methods Compounds of the
invention can modulate activity of the HM74a receptor. The term
"modulate” is meant to refer to an ability to increase or decrease activity of

@V@Q&)q}groﬁccordingly, compounds of the invention can be pPged 47071595
methods of modulating flA474a receptor by contacting the receptor with

any one or more of the compounds or compositions 10 described herein.
In some embodiments, compounds of the present invention can act as full
etquactialaaganiststefd-iMrdatrateptbitsclindutheroembodimentsiethom dose-

FRPIRAHNS: Of IR INYSRYUON: C80: b HEed MR medulatg activity of IN474a

receptors in an individual by administering a modulating amount of a
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individual (e.g., patient) by administering to the individual in need of such
treatment a therapeutically effective amount or dose of a compound of
theqiré Senpinventiohosa Ppladirraceutical composition thereof Example
diseasgg.gan iacluds %%@&%@ﬁ%eﬁl@i%g%%&rtGQﬂQi@&@ﬁh@é%QiﬁQ%ﬂ Aeavy
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many o the afore ned5 associated wit evate sma ITAs.

where one or more atoms are replaced or substituted by an atom avmg an atomic mass or
mags number different from the atomic mass or mass number typically found in nature (i.c.,
naturally occurring). Suitable radionuclides that may be incorporated in compounds of the
present invention include but are not limited to ?H (also written as D for deuterium), *H (also
written as T for tritium), ''C, °C, *C, N, "N, 0, 0, **0, '*F, *°s, *°C1, **Br, "Br, "Br,
77Br, 123 1, 1241, 1257 and B'1. The radionuclide that is incorporated in the instant radio-labeled
compounds will depend on the specific application of that radio-labeled compound. For
example, for in vitro labeling and competition assays, compounds that incorporate *H, “C,
82Br, 127, B, *3S or will generally be most useful. For radio-imaging applications ''C, BE,
1257 123y 124 13y TSpp TRy or 7B will generally be most useful.

It is understood that a “radio-labeled ” or “labeled compound” is a compound that has
incorporated at least one radionuclide. In some embodiments the radionuclide is sclected
from the group consisting of °H, "“C, "’ , *°S and **Br.

Synthetic methods for incorporating radio-isotopes into organic compounds are
applicable to compounds of the invention and are well known in the art.

A radio-labeled compound of the invention can be used in a screcning assay to
identify/cvaluate compounds. In gencral terms, a newly synthesized or identified compound
(i.e., test compound) can be evaluated for its ability to reduce binding of the radio-labeled

compound of the invention to HM74a. Accordingly, the ability of a test compound to
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Other diseases treatable by administration of compounds of the invention
(and salts or prodrugs there) include chronic inflammatory diseases such
as, for example, pancreatitis and gout. 15As used herein, the term
wyslipidernid” refers to any one or more of the following diseasessoso7/071895
conditions: low-HDL cholesterol, elevated cholesterol, elevated LDL
cholesterol (including any combination of small, dense LDL, intermediate
density lipoproteins, very-low density lipoproteins, and chylomicrons),
elovated thtdicdiestbebiHDENA, felcatiit frashE rigiyrsdridesslates to its
sienatedigirgulating free fatty acid levels, and elevated lipoprotein (a). 20
In some embodiments, the present invention provides methods of
lowering cholesterol level, lowering LDL, lowering total cholesterol/HDL
fatio, lowering plasma triglycerides, lowering circulating free fatty acid
levels Tiawekiag: lipepraieinstaharirising ik chalestesal, inacmamah the
Exa%%’e%}”o‘lfﬁtr%%‘ B0 SHRGHYE amoL Qé gla.compeund.or GRMBESINON 14 one
erein to the mammal. ~ As used herein, the term "cell" is meant to refer
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culture. In some embodiments, an in vino cell is a cell living inan
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to ether of_in(‘jipate.d,moieties in an ‘in vitro system or an in vivo system.
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used herein, the phrase "therapeutically effective amount” refers to the
amavrgiofactive compound or pharmaceutical agent that elicits the
l&jologﬂiF?Aio;Hm%di&inal response that is being sought in a tissue, system,

ene ; 10 . . .
animal, indivigual or human by a researcher, veterinarian, medical doctor

or othérhffiesan. PIALEY terenhianedtdirh "sualifgiebrotieatAidntere used
mlfm@tqiomet mMr@lﬁﬁéh)ipgemmS}gnmﬁsﬁ @seaﬁgiquﬁ@b«arn pleter SunFire C18
RERYENENG @ diseases capditianordisordarin.ap indbdduat who may o8 025y,

redisposed to the disease, condition or disorder but does not yet

XPeHEned s diiptag thepRATIEYyY 6 syptothatdloly dtne dyadse {2)S
imhibitingnthecdiseasentdrexakipte, inhikiting a gigseaseingonditidinegrd fraction
dizordapdnAn edividnalwng. s Grperenine L displavingthes) e Lo

pathology or syr\r}c/pto_matology of the disease, condition or disorder; and (3)
SHBRG PGt SERSE SY EXMMPIL) AmENidtating Y E8ESe "Coridition BHD
digorder’inT&n indisd dud Dvolis esqperientirg diedisplalyid ghibve pathotoglyroige
%M@P&REHQRQ@QX of dhe @'iﬁ@%ﬁic‘?@ﬁ%ﬂ%ﬂ@ﬁg@lﬁ%@%ﬂ-ﬁ%@%ﬂ&&&f 0.15%
retarding the pathology and/o(?rﬁz%l?m tomatology) such as decreasing the

)
SRty P UIdE K8 S5 C i o‘?? “THirdpiRg! 30 P ECHH A Bt i ©f
present ilNlgRtiopecan berasddainedombigatioviendth dttrewreiyme dfercury-400
receptor modulators. Examples of other enzyme or receptor modulators
include, but are not limited to, any one or more of the following: steroidal

and non-steroidal anti- 49
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/se inflammatory agents (e.qg., inhibitors or prostaglandin synthesis),
inhibitors of PCSK®9, inhibitors of ACC 1, inhibitors of ACC2, inhibitors of
SCDI. inhibitors of DGAT, activators of AMPK, thyroid receptor

RRALIPIEs kenin inhibitors, agents that degrade or inhibit foppaiRRe /671805
advanced glycation end products, IMG-CoA reductase inhibitors

(so-called statins), PPAR alpha agonists or selective modulators, PP.AR
gamma agonists or selective 30 modulators (both TZD and non-TZD),
RRARRta agbnists orsélective mpodedatorgaPPAR atphiafgapoma dimive to
agRRists; Pans RPAR aganists.arselective modulators, gducocorticoid
receptor antagonists or selective modulators, bile acid-binding resins,
Iﬁﬁﬂﬁ)ﬂl‘f }'eceptor antagonists, cholesterol ester transfer protein inhibitors,
FpaArdtion simiiretid-SHoALHDhethplee M8 IAXRSEG O stirinzsbidetiipurin-
mggulators, FXR agonists or selective modulators, endothelial lipase
inhibitors, hepatic lipase inhibitogs, SR-BI modulators, estrogen receptor
agonists or selective modulatorg, ahabdjic steroid or steroid derivatives,
insulin or insulin mirneties, sulfo%ur asy-mgtformin or other biguanides,
DPP-IN' inhibitors, PTP-113 mogulators! glucose-6-phosphatase

inhibitors, T1-translocrise inhibitors, fructose-) ,6- 5 bisphosphatase
inhibitors, glycogen phosphorylage inhibitors, glucagon receptor
antagonists, 11-beta-hydroxystgroid dehydrogenase type 1 inhibitors,
intestinal lipase inhibitors, neurotransmitter reuptake inhibitor,
endocannabinoid receptor antagonist, NPY antagonist, MCH antagonists,
MeAR EdenistseOLP-1 or CiLP-1 analogues (incretins), GLP-1 receptor
agonists, thiazide diuretics, beta-adrenergic receptor antagonists,
angiotensin H converting 10enzyme inhibitors, angiotensin H receptor
antagonists, calcium channel @t}g\o(n'@ts)@nd mineralocorticoid receptor
antagonists, or combinations théreof Phiarm&¢eutical Formulations and
Dosage.forms When, ameloyed s Pharmageyicals, ihe.compounds,ghe, 1.
the invention can be 18 administered in the form of S)h rmaceutica
ABMPBBERIGRENT S & cORfosRIbrmaCatB e BHaparty MixHranAepivel at room
kaopereiinrd e phamhacedticakdity dnd candeadnmi niiesec:bytasyviat) etyiof was
'AHGS, deRending uagn whether,Iags! qreysiemic dgatnentis desired;, .o
and upon the area to be treated. Administration may be topical (mcluélng
(Swmgl}ﬁ?claﬁé}%lﬁ‘r‘uhous membranes including intranasal, vaginal and
rectal delivery), pulmonary (e.g., by inhalation 20 or insufflation of

powde s oriaelasuisinretudir ol e btliZéndntratracheal, intranasal,
epidermal and transdermal), ocular, @ral or parenteral. Methods for ocular
delivery can include topical adminigfration (eye drops), subconjunetival,
periocular or intravitreal injection gdintroduction by balloon catheter or
ophthalmic inserts surgically pla¢éd il thé'éonjunctival sac. Parenteral
administration includes intravenous; intraartcri al, subcutaneous, 25
intraperitoneal or intramuscular injection orinfusion; or intracranial, e.g.,
intrathecal or intraventricular, administration. Parenteral administration

can beAﬂnﬁQ%xf@BMe%@iﬁ‘ngelg?@'Q,%Qﬁ%%&f g&@t){cba%h{r?ﬁ@(@mﬁlﬁ’@ﬁol) and

continuous perfusion pu%p. harmaceutical compositions and

ORMASHISAS for topieal Smimdi- 288N s théfude Badduetfiracpaippggwn to
ointments;riotionss oreamisicgels cdileps] supposiidiies;sprayseliquitl @it and
ReWRES Conyentiongl3opharmanrutical CaKerSAIUEP S, BRNEIEEPodium

oily bases, thickeners and the like may be necessary or desirable,
TRISTHYBASA Q50 iRGiLes phidithadetics WSHISOSIHGHS WRIAESHEH be
aslthet=ctiveiimgredienty ondjosted drerofttlegumipounids efutsetinveritionand the
above in combination with one or more pharmaceutically acceptable
carriers. In making the compositions of the invention, the active ingredient
is typically mixed with an excipient, dfluted by an excipient or enclosed
within such a carrier in the form of, for example, a capsule, sachet, paper,
or other container: When the excipient serves as a diluent, it can be a

solid, semi-solid, or liquid material, which acts as a vehicle, carrier or
medium for the active ingredient. Thus, the compositions can be
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g in the form of tablets, pills, powders, lozenges, sachets, cachets, elixirs,
suspensions, emulsions, solutions, syrups, aerosols (as a solid or in a

liquid medium), ointments containing, for example, up to 10 % by weight

b e @eiigeompound, soft and hard gelatin capsules, suppQsiteEas7/071895
sterile injectable solutions, and sterile packaged powders. In preparing a
formulation, the active compound can be milled to provide the 10
appropriate particle size prior to combining with the other ingredients. If

thé dttive Compolvttidsubistantiadyfifvsdlbblesitdambe milled baaspattidle g,
Sigs; 94@%&&!&@@%@9@@% & mgqa@;imm@@qnﬁ)&%@upﬁ@antially water

soluble, the particle size can be ad usted by milling to provide a
sifBstarti ’”%r%u?é”ﬁiod{sﬁ?ﬁﬁt‘ji’%ﬁ”% fR& TS MUTAtSS.g. about 40 mesh.
The compounds of the invention may be milled using known milling
procedures, such as wet milling to ohfain g particle size appropriate for
tablet formation and for other formifdation types. Finely divided
(nanoparticulate) preparations of e ¢ Junds of the invention can be
prepared by processes known in the an, for example see International
Patent Application No. WO 2002/000196. Some examples of suitable
excipients include lactose, dextrase, sucrose, sorbitol, 20 mannitol,
starches, gum acacia, calcium phosphate, alginates, tragacanth, gelatin,

Ca'C'“r‘%éﬁ'%%g’H{B&%rXﬂ%'H&%B% 1Hh ﬁ% Q%Y&{HEHQXE@H%Q%&QJIM%S% 020

water, syrup, and methyl cellulose. rmulations can additionall
iRRIAR 1B Fc%fﬁfh@%ﬁ‘én?s“éﬂ%‘ﬁ A (PR et e arded, b&ﬂﬁrrﬁﬁﬁéfﬁﬂ 3
@l owettinghagentss emulsifinng andsuspepmingeagents xppraservime tagentsion

%Qkh%%@&@m%l&nﬂ(%%}@hm@%&?ﬁ%@%@éxcﬁ%‘%{ﬁ@%@&%E’ﬁm’%&fiunder
25 flavorlng agents. The compasitions of the invention can be formulated

B30 FOVITe GRS UINENE S HEiagEn Hale A5 S BF IS AR solution and
ingredigntvatitematinimistidtioge tacthepatie by dmploilingeprecedupsgion was

kpowmiadthearcl andlhecomprasitionscan hafasnulaied mc@lm‘t HRSAUS:J.

ach dosa e cont |n|n from_about 5 to about 10 S
VB4 o S0, D KB 0 AR o O HoLag

mg o the Active
f6vfﬁsN@fé%*@ Mélcﬁnydd%%?ét%ﬁﬁ)s %i?iﬁéflﬁfl@ﬁé unitary dosages for
human subjects and other mammals, each unit containing a

reo Etefminech qudntity, of aetive atateriab Baltulated to produce the

desired therapeutic effect, in association with a suitable pharmaceutical
excipient. The active compound gan be effective over a wide dosage
range and is generally administered |: lr|cgp(e\rmaceut|cally effective

amount. it will be understood, how#Ver that the amount of the compound
actually administered will usually. ipined by a physician, according

to the relevant circumstances, including the condition to be treated, the
chosen 5route of administration, the actual compound administered, the
age, weight, and response of the findividual patient, the severity of the
patient's symptoms, and the like. For preparing solid compositions

such ad tabletsuihel sritieipal a0 ihgragiemtinidhise dlits d)-dione (1.9 g, 8.3
phaﬂnaﬁetﬂi@ah@@qciaianﬁﬁonﬁ@rm agalicpreforonuiatienconpesitiaiied sodium

CORtAINDNG:3 NOMO %”ﬁ%w ’%%‘t%‘? al.a é,om%“mmﬁ%‘é}h%é)rgac%on mixture was

invention. WHen re erring 10 these 10 préformulation compositions as
HORTEYEHELYS fﬁ@%%ﬁ@ébm{jr&@hﬁryw@ény tspebadd g%&ngﬁmsh solid was
thsoegboby theacompogiinsaibatdhesampasitioncan e deadiyroduct (1.5 ¢,
sshdivded plcauallysiaaive Wi daeage fpmeaiah g ablets, pill
and capsules. This solid preformulatlon is then subdivided into unit

dosage forms of the type described above containing from, for example,

0.1 to about 500 ma of the active ingredient of the present isinvention.

The tablets or pills of the present invention can be coated or otherwise
compounded to provide a dosage forfn affording the advantage of
prolonged action. For example, the tablet or pill can comprise an inner
dosage and an outer dosage component, the latter being in the form of an
envelope over the former. The two components can be separated by an
enteric layer
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20 which serves to resist disintegration in the stomach and permit the

inner component to pass intact into the duodenum or to be delayed in
release. A variety of materials can be used for such enteric layers or
GP8lNessysh materials including a number of polymeric acigisandog7/071895
mixtures of polymeric acids with such materials as shellac, cetyl alcohol,
and cellulose acetate. 25The liquid forms in which the compounds and
compositions of the present invention can be incorporated for
agministrasonorallizop by injestianintiudE-agueslis-gokutions, suitably
flavored syrups, aqueous or oil suspensions, and flavored emulsions with
edible oils such as cottonseed oil, $esame oil, coconut oil, or peanut oil,

as well as elixirs and similar phay ical vehicles. 30Compositions for
inhalation or insufflation include;gluﬂ ong 2t suspensions in
pharmaceutically acceptable, ajuebus or organic solvents, or mixtures
thereof, and powders. The liquid ef solid compositions may contain

suitable pharmaceutically acceptable excipients as described supra. In
some embodiments, the compositions are administered by the oral or

nasal respiratory route for local or systemic effect. Compositions in can be
nebulizedbyliisef offiréraseeNdbiRBisdittishshaiptsel breathed mmol)
direalifnromdheniglaulizing deyio® amibe nebulizingwkievies Bamebet 70 °C for 1
Atached 19,8 86 Masks ASL LI SN, ROSIHVE PLGSSHIE PIRANIGuced
machine. SoYut%on, suspension, or owder compositions can be
TR (O FATEHAIE S HASATs framieerd de s S e mpd i dairtatidr ih b
artappsopriate mannetiptrabite aimotmtiofh compound eooampasitioder reduced
administered, 10 RRUGHL Wil Ml ASPERANG HRARMBAL ,PBING precipitates.

administered, the purpose of the administration, such as prophylaxis or
this s this Slisfeddp ievisiedantomadRaer BF Seriimetrailgh, Hdsalcutated
ltke CinHthaEissedtic- dpphcationducdrpositions can be administered to a
patient already suffering from a disease in an amount sufficient to cure or
akdpastpautiplly. arsestthesyopoms-obihe 10 dispaseaneiits-one
complications. Effective doses will depend on the disease condition being
treated as well as by the judgment of the attending clinician depending

upon factors such as the severity of therdisease, the age, weight and
general condition of the patient,-&hd é\'/glgeCF The compositions
administered to a patient can the~form of pharmaceutical

compositions described above. Thgse compositions can be sterilized by
conventional 15 sterilization techniques, or may be sterile filtered.

Aqueous solutions can be packgged for use as is, or lyophilized, the
lyophilized preparation being combined with a sterile aqueous carrier prior
to administestionn{ Theepid-8f(thBueompbuhd prépetatibntypicaltydwil ke 3! g,
betwesn) 3aNddinmrrenieierably from Siadand mastpreferaly framedied

19 St pils understond thatuse, of certain of the foregoing excipiants, .,

| n €
carriers, or stabilizers will resu ormation o é()p armaceutical

saespurificr e ther apbtitiendosuginotiite Commpodaal of the phederield 0.15 g of
IpveNtiRnweans variscarding s forexample, thevpadiciiatusefor which,os
ﬂ(}\% agraaﬁptf(i)% {R»a;%‘?’ the manner of administration of the compound, the
health and condition of the patient, and the judgment of the prescribing
physician. The proportion or concentration of a compound of the invention
iN'954 PrhalEtitAr esmpdditsr esirvhry ddpdramgribE £ umber of
factors including dosage, chemical characteristics (e.g., hydrophobicity),
and the route of administration. For example, the compounds of the
invention can be provided in an aqueous physiological buffer solution
containing about 0.1 to about 10% V'sly of the compound for parenteral
adminstration. Some typical dose ranges are from about 1 jig/kg to about |
glkg of body 30 weight per day. In séfe embodiments, the dose range is
from about 0.01 mg/kg to about 100 mg/kg of body weight per day. The
dosage is likely to depend on such variables as the type and extent of
progression of the disease or disorder, the overall health status of the
particular patient, the relative biological efficacy or the compound

selected, formulation of the excipient, and its route of administration.
Effartivie docec ~ran he avirannlated from dnce-reacnnnce crirvvece AdAearivved




15

20

The compounds of the invention can also be formulated in combination

with one or more additional active ingredients which can include any

pharmaceutical agent such as anti- sviral agents, antibodies, immune

suppnessants, anti-intlammatory agents and the like. Labeleg Giompowodsos

and Assay Methods Another aspect of the present invention relates to

fluorescent dye, spin table, heavy metal or radio-labeled compounds of

the invention that would be useful not only in imaging 10 but also in

assays, both in vitro and in vivo, foelocallzmg and quantitating THA474a

in tissue samples, including hum | for identifying 1D.474a ligands by

binding of a labeled compound. cco dingi¢Fthe present invention

includes HM74a assays that céhtaif suth labeled compounds. The

present invention further includes-iSotopically-labeled compounds of the

15 invention. An "isotopically" or radio-labeled" compound is a compound

of the invention where one or more atoms are replaced or substituted by

an atom having an atomic mass or mass number different from the atomic

mass dr magsteambépeppicaiiyfseridtinlnemumetifye: | Adtlraliyhodertingyin-2-
Sttable ga@I @nluﬁliﬂyeﬁl hatmay bedncer R meemPoURds of theas added

res n ut ar t limited to.2]1 (also written
R L B I R R P E
BSNCWS@)WEB@C‘?HSGMPMFPH@%,Wlfh'Bﬁmﬂ??@Bh}@iBr?&?%M@M?f%I_ined
am@ﬂ@blc&b@ﬁadzi enuglide-that ssidngerpeaiaddnthe nstant radianlabeled to
mpounds will depend O'f]othe Sd?%‘:'{é% appligation of that radia-labeled ; ¢

om ound or exampie rin vitro abellﬁ d c,yompetltlon assays,
&rﬁp@dﬁ@t@%\éﬂﬁcé%ér pargH2i4c, 32BT, 125, 7, t111T,3Sor

will generally be most useful. For radio-imaging applications "C, 111F,
120112 128,04 311 DAL 108 UL WL generalbe.mosh s
3lt is understood that'a radlo akpeled or "labeled compound” i$s a
compound that has incorporated atNeast one radionuclide. In some
embodiments the radionuclide ig, 8d .- from the group consisting of
Hit, 125 1 ,1(S and "Br. Syath g}ﬁgﬁ‘iﬁods for incorporating
radio-isotopes into organic con?po ds are 30applicable to compounds of
the invention and are well known h the art. A radio-labeled compound
of the invention can be used in a'screening assay to identify/evaluate
compounds. In general terms, a newly synthesized or identified compound
t(i-e-, tzﬁ&%m;;*%@Q&%lbﬁo@‘g%’&ﬁ}ﬁ@(ﬁ;fﬂiﬂié?%éﬁﬂié;iﬁr@iéﬂﬁz@rgjf@jﬂgtﬁfz ~one
e radi ele un e Invention to rdin e
z&ﬂéf (?%?;es 3 i oﬁg‘gltno ?éogpnrﬁlg‘t %Hfﬁl%nénr\év i beleg)c%?#b%ﬂnc?’ ¢100
¢ Binding'te HWmavmm@ﬂye@@ﬁ@lat@smﬁmmnmmrafmﬂtgzeotropwaﬂy treated

with toluene twice. The resulting residue was used for next step without purification. LCMS
calculated for C;1HisF3NO (M+H): 305.1; found: 305.1.

Step I: 6-Pentyl-8-(trifluoromethyl)-6,9-dihydro-SH-[1,2,4]triazolo3,4-i]purin-5-one

53
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Kits 5The present invention also includes pharmaceutical kits useful, for
example, in the treatment or prevention of HM74a-associated diseases or
disorders. The kits can include one or more containers containing a
%%@ﬁe%ggal composition comprising a therapeutically effey e% (}%m&%g 05
a compound of the invention. Such kits can further include esire
one or more of various conventional pharmaceutical kit components, such
as, for example, 10 containers with one or more pharmaceutically
acceptable carriers, additional ¢ iners, etc., as will be readily apparent
to those skilled in the art. Instru&%ther as inserts or as labels,
indicating quantities of the com Q\ne J administered, guidelines for
administration, and/or guidelines fof mixing the components, can also be
included in the kit.  The |nvent| n will be described in greater detail by
way of specific examples. The following examples are offered For
illustrative purposes, and are not intended to limit the invention in any

mannefs E@Oﬁ&@f §Wlﬁh<§h§n@{ﬁﬂ¥'kl reaflily sQGRINZE. 8 ¥ AIIELs Ay drazone

noncritic parameterswhlch an echan%id or modified to

Sy L P b ARGt BFthe BRI i
waredfound 16 fre Hyonistsrormpartibbatgoristsed kMt anrépepiot biceordingye
torpReyiEpe abhe3ssays pravidesthergin.20 EXAMRLES Bensral found:
éwfg)rmatlon All reagents and solvents were obtained from commercial
Olifees and were used directly without further purification. LCMS analysis
was performed on a Water SunFire C18 25 column (2.1 x 50 mm, 5 tiM
mmﬁgﬁeaize) eluting with 0.025% TEAlwater and 0,025% TFA/acetonitriIe
sin r?i g(r)]ria (S)§6S B Erg S an g?fl@ :bo h ﬂg%yﬁrf Q]ar%tzl\({fa Surm-5~
purﬂlca iShS\Vere “per rmed on a a Br FractionLynx syste u[sin Mass
ditected fraction and compound-specific method optimization (j. Comb.
Chem. 2004, 6, 874-883). The | ~rfl<ieth<[)_p utilized a Waters SunFire
column (19 x 100 mm, 5 JAM p r\; e), eluting with 30 either 0.1%
TFA/water and 0.1% TFA/acetopitril i&hit (method A) or a Waters
xBridge C18 column (19 x 100?;%1) 5 04 particle size), eluting with

0.15%1811401111/water and 0.15% NH4OHIacctonitrile gradient (method
3) at a flow rate of 30 mtjrnin over a total run time of 5 min. NMR spectra

were Oﬂiél'{‘t?cdc@&gn?d\é% PRI, Xé&@e@é&é@%‘ffd%&%o%@e described for
2007/150026PCT1US2007/071895 s§ectrometer .Chemical shifts are

retsotealtint pRRHEYHANiEH (obhi) YRit¥ 16 tetramEtisiiare as an

internal standard. Example 1
Example 3
Preparation of 6-butyl-3-methyl-8-(trifluoromethyl)-6,9-dihydro-5H-{1,2,4]triazolo{3,4-

N-=N
e
cf\HN N/ 3

The title compound was prepared using procedures analogous to those described for

Example 1. LCMS calculated for CoHi3F3NgO (M+H): 315.1; found 315.1.

ijpurin-S-one

Example 4

54
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Preparation of 6-penty1-8-(trilluoromethyl)-6,9-dihydro-511-ii
,2,4]triazolo[3,4-i]purin55-one Seep A: N-Pent 0 IOWN NH2 Toa7.0
M solution of ammonia in methanol (32 mL) was dropwise, added | -

i@,_%ely)q;};}@g%gntane (5.0 g, 0.044 mol). After the addition, theyppEgWas g5

stirred at room temperature for 1 h and concentrated under reduced
pressure to give a white solid, which was directly used for next step
without further purification. .1tCMS calculated for C6HJ5N20 15(Mi-fli):
Pabdraioiing 431 onoStgR By G Aaiinektpe Pidiner2ri0b o314 Hdione BddA O
N NH2 A mixture of N- pentylurea(ﬁ.S g, 0.044 mol), acetic anhydride (20
mL, 0.2 mot) and 20 cyanoaceflé 4121 g, 0.0495 mol) was stirred at
70 C for 2 h. After cooling down 0 ro m jeraperature, the precipitate was
collected by suction filtration, weished with Et011 and air dried to yield
6.0g of solid. The solid was treated with a 3.0 M solution of sodium
hydroxide in water (.25 int) at 70 (.3 far 2 h. After cooling down to room
temperature, the pH of the reaction mixture was adjusted to neutral using
JO N NCI aquesou solution and the solid formed was collected by filtration

6af or. q;ﬂg ired produc 6 wh (4.0 g, 46% vyield). LCMS
2 féﬁglaétje/}éf for ?:Szél foé%é% ?gl%%?)}%lgg% und 198.0. Step C:

6 Amino-S-nitroso-1- pentylpyrlml%: )-dione 0 FINNO

A mixture of  2-amino-9-[(18,2R,35,48)-2,3-dihydroxy-4-(hydroxymethyl)-
cyclopentyl]-1,9-dihydro-6H-purin-6-one (60.0 g, 0.213 mol) and benzyl bromide (60.9 mL,
0.512 mol) in DMSO (300 mL) was stirred at room temperature for 18 h. Concentrated HCl
aqueous solution {150 mL) was added to the reaction mixturc and stirring was continued for
45 min. The resulting mixture was poured into MeOH (1800 ml). The solution was
neutralized with 2 M NaOH solution. The resulting white precipitate was collected by
filtration, washed with water, and dried under vacuum to afford the product (48 g, 93.3%).
LCMS caleulated for CpH,NsO (M+H): 242.1; found: 242.1.

Step B: 7-Benzyl-3,7-dihydro-1H-purine-2,6-dione
ey
o
To a mixture of 2-amino-7-benzyl-3,7-dihydro-6H-purin-6-one (25.0 g, 0.104 mol) in
acetic acid (750.0 mL) and water (50.0 mL) at 55 °C was added a solution of sodium nitrite
(28 g, 0.41 mol) in water (50 ml) dropwise. After the addition, the mixture was continued to
stir for about 30 min untill no starting material was left and then cooled to room temperature.
The reaction mixture was concentrated to about 1/3 of its original volume, then diluted with

250 ml water. The precipitate formed was collected by filtration to provide the desired

product (20 g, 79.7%). LCMS calculated for CioH1NsOo(M+H): 243.1; found: 243.1.
Step C: 7-Benzyl-3-pentyi-3,7-dihydro-1 H-purine-2,6-dione

55
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ONNH25 To a stirring mixture of 6-amino-I
-pentylpyrimidine-2,4(114,3H)-dione (4.0 g, 0.020 mol) and acetic acid (20
mL, 0.4 mot) in water (20 nalL) was slowly added sodium nitrite (1.5 g,

WB230eatirring was continued at room temperature for Zh-at¥hicR 71505
time the reaction 10 mixture became pink and precipitate formed. The

reaction mixture was concentrated under reduced pressure. The resulting
residue was dissolved in agueous NaOH solution and extracted with
methylene chloride to remove byprodug;@ agueous solution was
neutralized with HCI and conc The-résidue. 'Nati treated with
methanol and filtered. The filtrate wads eoncentrated to give the desired
product as pink solid. LCMS €alc ateld for 15C09lii5ts1403(MH): 227.1;
found: 227.1 (NILE), 249.1(M-hiNa), Step D: 5,6-Diamino4-pentyipyri
dine-2,4(1H,3H)-dione 0 HNNH2 0 H2 20To a mixture of
6-amino-5-nitroso-1-pentylnyrimidine-2,4(111,311)-dione (1.9 g, 8.3

ramol),and, 2 SOWHROLS ?ﬁ‘ﬁﬂ?ﬁ‘é"’b'@ é{\@ggs(%% My %%’8\5)\%7:91%&’\(%% sodium

added sodium dithionite (3 4 mmol) sl owgt/ After S'[IH’IM%
RATRORRE, (the %eébﬁﬁwﬂwﬁefhﬂé%%&fﬁﬁ%é%%&%%d braAdidme a{B%mLfoAftef
mm@momem) irCanricehath rhbd greanishves|idlvwasvdolleetad: by Hiliratiorhe

Q@Q %,9 N9 YACUY R Lo pIQViIde. the desike FE&%J%&WR dried,
LCMS calculated for C91-117161402(M+H): 213.1; found:
gﬁ%r aglté;ﬁnﬁentrated The resulting white solid was collected and dried in vacuum oven

3:BeN6y 181807 Buproiiretmy 8e8i7dqiiyuord 34 Tsplitingids-HioHS OojnCES! Gor
C17H21N4O5 (M+H)I 313.2; found: 313.2.

Step D: 7-Benzyl-3-pentyi-6-thioxo-1,3,6, 7-tetrahydro-2 H-purin-2-one
G

N

»

HN [
O)\N

7-Benzyl-3-pentyl-3,7-dihydro-1H-purine-2,6-dione (2.0 g, 6.4 mmol) and
phosphorus pentasulfide (3.0 g, 6.7 mmol) were mixed in 1,4-dioxane (20 mL). After stirring
at 100 °C for 6 h, the reaction mixture was treated with a 2 M solution of sodium hydroxide
in water (20 mL). Then the reaction mixture was adjusted to be acidic {(pH ~ 4) with 2 N HCI
and extracted with EtOAc. The organic layer was concentrated, and the solid formed was
washed with ether to provide the product as a yellow solid (1.30 g, 61.8% yield). LCMS
calculated for C7H;N4OS (M+H): 329.1; found: 329.1.

Step E: 7-Benzyl-6-(methylthio)-3-pentyl-3, 7-dihydro-2 H-purin-2-one
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A mixture of 5,6-diatnino-1 -pentylpyrimidine-2,40 f1,314)-dione (1.5 g, 7.1
mmol) and trifluoroacetic anhydride (20 mL, 100 mmol) in DMF (20 mil,)
was heated at 70 C1 for 1 U. After removing most of unreacted
tifvayeacesig anhydide by evaporation under reduced pressyggy,tsyo7/071595
remaining solution was transferred to a sealed tube and heated at 120C

for 1 h. After cooling to room temperature, the reaction mixture was
concentrated under reduced 10 pressure and the residue was triturated
with methylene chloride to form Salid pes The solid was Filtered

to provide the desired product ( 39. ield). LCMS calculated for
CI,H14F3N402(1\4H.): 291.107] fou d/>291 Step F:
3-Pentyi-6-thicao-8-(trifluoron&thy0-13,6, 7-tetrahydm-2H-pu2-one 15
HN)CIF11 O Nr-N A mixture of
3-pentyl1-8-(trifluoromethy0-3,7-dihydro-1H-purine-2,6-dione (0.81 g, 2.8
mmol) and phosphorus pentasulfide (1.2 g, 2.8 rnmol) in 44-dioxane (20
rtiL) was eat 2d at100 C for 2 it The reacti [ as concentrate
under re ducec Eerggsur?7¥ﬁ%pr?§¥d%%hid( ngskm %(tt g g\;/sar urm e % e
Rrévatodrappiyioicd redsm/&uvreeﬂerﬁlerdrgc&mé Viorto. ves @déﬁdprérreethy
productasmlyeldannsolid {0 hgionl Blenyield)s kEMSacalcetateetfamt, quenched

Q\)iilhla%%g’f Ei?&ll:ﬁ%% (:M}ﬁg‘icggyﬂ} df(%"ll&gm%&an' (I%% thg &%Hgﬁgyw Wab dncdl and

hio)-3-penod-8-(trUluoromethy dro-211-1-purin-2-oné 2
F(éﬁegft?‘r@r\io pforldea%ﬂwéeef%f%éﬁtﬁ%&h%%/o gld@u&%ﬁr%)ﬂﬂwd for
8,81/ tetraliyero: 2k pufine: B3l (0.15 g, 0.49 mmol) in a solution of
sodium hydroxide in Water (2 NI, 2 mL) was added 5 dimethyl sulfate
0.056 mi., 0.59 mmol). The reaction mixture was heated at 80C for 1.5 h,

q%ré’rﬁ:rréér \/v.ﬁr"étfe% 88&@.6 At B HEA R TRty @ erittide. The

organic layer was dried (Mg.S0O4), concentrate and purified by silica gel
chromatography (0-20% EtOA&, hexane) rovide the product as a
yellow solid (0.15 g, 95% vyield). LCMS C‘I@ed for CI2H16F3N40S
(MTH): 321.1; found: 321.1 o

(OE)-3-.Penty1-8- (trrfruorome(ﬁr) mﬁhydro 1H-purine-2,6-clione-6-hydr
azone H2N.N

7-Benzyl-6-(methylthio)-3-pentyl-3,7-dihydro-2H-purin-2-one (1.2 g, 3.5 mmol) and
hydrazine (10 mL, 100 mmol) were mixed. After being stirred at 100 °C overnight, the
solution was concentrated in vacuum. The residue was dissolved in DMSO and purified using
preparative LCMS, The product fractions were collected and lyophilized to provide the
product as a white powder (0.56 g, 60% yield). LCMS calculated for Ci7Hp;NsO (M+H):
327.2; found: 327.1.

Step G: 9-Benzyl-6-pentyl-6,9-dihydro-5H-[1,2,4]triazolo[3,4-i]purin-5-one
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IIH HN tr-N A mixture of
6-(methylthio)-3-penty1-8-(trifluoromethyl)-3,7-dihydro-2H-purin-2-one
(0.15 g, 0.23 mmol) and hydrazine (0.80 mL, 25 mmol) in water (0.80 mL)
was heatechay 100 15 C, for | h. The solution was concentrated1ose67/071395
reduced pressure and azcotropically treated with toluene twice. The
resulting residue was used for next step without purification. LCMS
calculated for C1I-T61731460 (MTH): 305.1; found: 305.1. Step I: 6-Penn;
/-8-(trifluoro thyI)-6,9-cithydro-5”H4\17,2,o[3,441purin-5-one N-N
CNO  (6E)-3-Penty1-8-(tri%us thy}-8.7-d ihydro- 1
H-purine-2,6-dione-6-hydrazonegl (0. B@} 0.20 mmol) was mixed with ethyl
orthoformate (2 ml., 10 mmol)? Th& mixture was heated at 100 C for 30
mM, concentrated under reduced pressure and purified by preparative
5HPLC to yield the desired product. LCMS calculated for 012H14F3N60
(M+H): 315.1; found: 31.5.1. Example R Preparation of 6-buty1-8-(triflo

orometwﬁlgé%ygrgérﬁw:%%‘igi%%mg@k%rﬁe‘b!k%m'%'-hydrazone (0.50 g, 1.5

mmol) was mixed with ethyl orthoformate (5 mL, 30 mmol). After being stirred at 60 °C for

1 h, the reaction mixture was concentrated in vacuum. The residue was treated with ether to
5 vyield the desired product as a white solid (0.25g, 48.5%). LCMS calculated for C sHyNeO
(M+H): 337.2; found: 337.1.

Step H: 6-Pentyl-6,9-dihydro-5H-[1,2,4]triazolo/3,4-i]purin-5-one

N—N
Y
O)\N N

10 To a mixture of 9-benzyl-6-pentyl-6,9-dihydro-SH-[1,2,4]triazolo[3,4-i]purin-5-one
(0.25 g, 0.74 mmol) in acetic acid (20 mL) was added palladium hydroxide (0.20 g, 1.4
mmol) under Ny, The mixture was shaken under H, at 60 psi overnight. Since the reaction
was not complete, more palladium hydroxide (0.2 g, 1.4 mmol) and concentrated HCI (1 mL)
were added. The resulting mixture was shaken under H, at 60 psi overnight. The reaction

15 solution was filtered and the filtrate was concentrated under vacuum to provide the product as

a white solid (0.12 g, 65.6%). LCMS calculated for C1HsNgO (M+H): 247.1; found: 247.1.

Step I: 8-Bromo-6-pentyl-6,9-dihydro-SH-[1,2,4]triazolo[3,4-i[purin-5-one

N

4N AR

)\ | />—Br
O "N” N

20
To a mixture of 6-pentyl-6,9-dihydro-5H-{1,2,4triazolo[3,4-1]purin-5-one (0.12 g,
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I Oone N-N N, The title compound was prepared using procedures
analogous to those described For Example 1. LCMS calculated for
CILF1]2F3T460: (M+H) 301.1; found 301.1. 15 Example 3 Preparation of

%B%@ﬁm%hyl -8-(trifluoromethyl)-6,9-dihydro-51141,2 41tﬂ@¥RJ9B047/071395
iipurin-5-one N-N ,>-CF3 N The title compound was prepared using

procedures analogous to those described for 20Example 1. I,CMS
calculated for C121113F3N60 (MAT): 315.1; found 315.1. Example 4
Prepanationi®fTHF (5 mL) in a microwave reaction tube was added N-bromosuccinimide

fy%om P&s&%&%@aﬁa Izl dIRIINER PRGN, Afier
- n no-/-benzyl-1,7-dihydro-6HTpurin-6
cooling down to room temperature, it was punﬁcd using preparative C\/IS to provide the

product (0.011 g). LCMS calculated for Ci Hi4BrNgO (M+H): 325.0, 327.0; found: 325.0,
327.0.

Example 5
Preparation of 8-bromoe-6-butyl-6,9-dihydro-5H-|1,2,4]triazolo[3,4-i]purin-5-one

N—-N

¢ A K
Y e

O)\NH\N

The title compound was prepared using procedures analogous to those described for

Example 4. LCMS calculated for CioH3,BrNO (M+H): 311.0, 313.0; found: 311.0, 313.0.

Example 6
Preparation of 8-brome-6-butyl-3-methyl-6,9-dihydro-SH-[1,2,4]triazelo[3,4-i] purin-5-

N—N
X
O)\r\ll\kN/ Br

The title compound was prepared using procedures analogous to those described for

Example 4. LCMS calculated for Ci1HsBrNsO (M+H): 325.0, 327.0; found: 325.0, 327.0.

one

Example 7
Preparation of 8-bromo-6-pentyl-6,9-dihydro-5H-tetrazolo[S,1-i}purin-5-one
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0 HN> H2N
Amixtureof2-amino-9-[(1S,2R,3S,4S)-2,3-dihydroxy-4-(hydroxymethyl)-
cyclopentyl1}-1,9-dihydro-6H-purin-6-one (60.0g. 0.213 mol) and benzyl

%8%'9-;19992 mt.., 0.512 mol) in DMSO (300 mL) was stirreg at raom, . -1c4<
temperature for 18 h. Concentrated MCI aqueous solution (150 mL) was

added to the reaction mixture and stilling was continued for 10 45 min.
The resulting mixture was poured into MeOH (1800 m1). The solution was
neutralized with :2 NI NaoOll solutjb\. Thﬁ resulting white precipitate was
collected by filtration, washed witth N .and dried under vacuum to
afford the product (48 g, 93.3%%.).@ @ikﬁﬁlated for C121-112N50
(MTH): 242.1; found: 242.1. 15Step)B:
7-Benzyl-3,7-ciihydro-1H-purine-2,6=¢lione 0 HN-1C-N O N To a
mixture of 2-amino-7-benzyl-3,7-dihydro-6H-purin-6-one (25.0 g, 0.104
mol) in acetic acid (750.0 nuT) and water (50.0 mt.) at 55 C, was added a
solution of sodium nitrite (28 g, 0.41 mol) in water (50 ml) dropwise. After
the addition, the mixture was continued to 70 stir for about 30 min until] no

StaRting AR 0AS 1 6H AHE BB 3B e 1 760m temperature. The

reaction mixture was concentrated t about 4/3 of its original volume, then
diluted with 250 ml water. The prechpitatg formed was collected by
filtration to provide the desired prgduc (?&)g. 79.7%). LCMS calculated for
C12E1 iN402.(MH): 243.1; fourtd: 2 3.1[\'258tep C: 7-Benzy p ,p21-3,7 hy
0- H-ptp-ine-2,6-thone

A mixture of 7»a11y1—3,7—dihydro~1H—purine~2,6—dione (10.0 g, 0.052 mol), sodium
carbonate (8.3 g, 0.078 mol), and !-iodopentanc (12 ¢, 0.062 mol) in DMF (100 mL) was
stirred at 45 °C for 2 days. The reaction mixture was diluted with water and EtOAc. The
aqueous layer was extracted with EtOAc three times. The combined organic layers were
washed with brine, dried over NaySQO, and concentrated. The residue was treated with ether
and the solid formed was filtered to provide the desired product as white solid (6.2 g, 45.4%).
LCMS calculated for Ci3HoN4Or (M+H): 263.2; found: 263.2.

Step B: 7-Allyl-6-chioro-3-pentyl-3,7-dihydro-2 H-purin-2-one
Cli //
N ' N
o
Oo”"NT N

A mixture of 7-allyl-3-pentyl-3,7-dihydro-1H-purine-2,6-dione (0.80 g, 3.0 mmol)
and phosphoryl chloride (10.0 mL, 100 mmol) was refluxed for 2 h. The excess phosphoryl
chloride was removed by vacuum distillation. The residue was diluted with ice-water,
neutralized with solid K,COs, and then extracted with DCM three times. The combined

organic layers were dried, filtered and concentrated to provide the crude product (0.60 g),
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7-Benzy1-3,7-dihydrolH-purine-2,6-chone (5.0 g, 21 mmol) was mixed
with sodium carbonate (3.3 cd, 31 mmol) and Miodopentane (4.0 mL, 31
mmol) in DMF (60 mL), After being stirred at 40 'Cl for 18 h, the reaction
mixture was diluted with water and EtOAc. The 5 aqueous layer was
extracted with EtOAc twice. The combined organic layers were dried,
fireed andeppcenialed. Wwine seaiiipg whesold Rk cleaiRhantc .1 c1N,0
dried in vacuum oven at 50 C for 18 h to provide the desired product (é.821
Madp 3kt fredEBLdiculated for C171121N402 (MTH): 313.2; found:
313.2. 10Step D: 7-Benzyl-3-pen
$iIPeX0- 411536 LAGHRY 5270 PN; 2: 89D ,bbgp%ﬂ-bﬂé 7-Benzyl-3
-penty1-3,7-dihydro-1H-putrine-2,6-d ion(2.06.4'mmo1l) and phosphorus
pentasulticie (3.0 g, 6.7 mmol) werggmjxed in 1 4-dioxane (20 mL). After
stirring at 100C for 6 M the reactioﬁﬁm)&g/ui?\, as treated with a 2 M
solution of sodium hydroxide 15 in water (2Q>mL). Then the reaction
mixture was adjusted to be acidic nN"4)With 2 N MCI and extracted
with Etthase. The organic layer was coRgentrated, and the solid formed
was washed with ether to provide the product as a yellow solid (1.30 g,
61.8% yield). LCVIS calculated for C717H21N408 (M4-h1): 329.1; found:
329.1. 20 Step E: 7-Benzyl-6-(methylthio)-3-pen ihydro-2H-p n- Toa
m'Xtur@x%&t}a?é’gy’;[-'ﬁTﬂe@%ﬁ)‘@-@%ﬂ%}l’%’,QJZﬁi?H&thf&igklﬁUﬁg‘é%égrﬁ&.3 mmol)
.0in

(5.3 g,.16 mmol) in a solution of sodium hydroxide in water (2 M,

tds Sty HifedRP Sutate BN 2 AL Or At tedetich kel aight.  The
stirgchahBOWE suermigitnted cnde 5 avittmacelic @siduandaexiimotédwitithvater and

Hieplar %‘H@%l@%c(_[ﬁ&ée\@asm‘ﬁ85&%“&8&%@Fa\?{?e%&r 592N CMREMRGHL EroAC
to provide the desired product (5.2 g, 98% yield). LCMS calculated for

EHSE1 TR ARSI 32 SToutRe HSI10WSEeNESOs, filtered and concentrated to

(o) -hBanay lpdhentylhizly i ysiafitd-purinepdratdione Gehtarazonid: the desired
-Benzy1-6-(methylthio)-3-pentyk-3,7-di -2H-purin-2-one, (1 , _ .

A PR AT DR 8 0, v

ot BPetnight, the solution was concentrated in vacuum. The residue

was dissolved in DMSO and purified using

Step D: 6-Pentyl-6,9-dihydro-5H-tetrazolo[ 5, 1-i]purin-5-one

PN H
N, N

L g
0“ "N N

A mixture of 9-allyl-6-pentyl-6,9-dihydro-5H-tetrazolo[5,1-i]purin-5-one (0.10 g,
0.35 mmol) and morpholine (0.2 mL, 2.0 mmol) in THF (3 mL) was degassed for 5 min
using N, and tetrakis(triphenylphosphine)palladium(0) (0.10 g, 0.086 mmol) was added to the
mixture. After being stirred at room temperature overnight, the reaction mixture was mixed
with 2 M HC1 aqueous solution and DCM. The organic layer was separated, dried over
Na,SO; and concentrated. The residue was purified using preparative LCMS to provide the
product as a white powder (0.030 g, 35%). LCMS calculated for C;oH;4N,O (M+H): 248.0;

found: 248.0.
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15preparative LCMS. The product fractions were collected and lyophilized
to provide the product as a white powder (0.56 g, 60% yield). LOAS
calculated for CI7TH23N60 327.2; found: 327.1. Step9-Benzyl-6-pen
twD-6007dieyiro-5T1-11,2 4firiazolo[3,4-Up n-5-one (6Z2)Praes1ay 1631895
-pentyl1-3,7-dih yd ro-1 H-purine-2,6-di one 6-hydrazon e (0.50 g, 1.5
tnmol) was mixed with ethyl orthoformate (5 mt, 30 mmol). After being
stirred at 60 'CC for 1 h, the reaction mixture was concentrated in vacuum.
The residue was treated with ether to yield the desired product as a white
SalicE(3-2bgn48-p)y/ L CMBy calcllated 40 [CI5H2ANGQANI+H): 337.2;
found: 337.1. Step II: 6-Penty1-6,9-dihydro-51I-[1,2,4firiazolo13,4-ipurin
N-N O N N 10To a mixture of

9-benzyl-6-pentyl-6,9- dlhydrO-,@H-\ 1,2 l41tr|azolo[3 4-i]purin-5-one (0.25

g, 0.74 mmol) in acetic acid (20 ed palladium hydroxide (0.20
g, 1.4 mmol) under N2. The mi $1$haken under 112 at 60 psi
overnight. Since the reaction was nef{ complete, more palladium hydroxide
(0.2 g, 1.4 mmol) and concentrated Hel (1 mL) were added. The resulting
mixture was shaken under H.2 at 60 psiovernight. The reaction 15solution
was filtered and the filtrate was concentrated under vacuum to provide the
producdtiasiairite soRento:£2 ¢ e dr696)- temBEdicinaied forchiis $60.081
Mincht}) 22t N brdaisngic2dfide Stepnk, 8.0 mmol) in acctonitrile (2 mL) in a 5 mL-

%fﬁrr&vrgg ; QRE ng{f@e’ %/_agsi H‘%QLE‘B'&E%] %Lg ’%Jr%’{g(z)\%g)vg b%elr‘ll ch)'lrrlli}- 28 n 2N Iélooling
down to room temperature, the reaction mixture was purified using preparative LCMS to
vield the desired product as a white powder. LCMS calculated for CpH;3BrN;O (M+H):
326.0, 328.0; found: 326.0, 328.0. |

Example 8
Preparation of 2-bromo-4-pentyl-8-phenyl-1,4-dihydre-SH-[1,2,4]triazole[5,1-i]purin-5-

ane

Step A: 4-(pentylamino)-1 H-imidazole-5-carbonitrile
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ON/-Br N 0.487 wino!) in THE (5 mL) in a microwave reaction tube was
added Ni-bromosuccinimide (0.20 g, 1.1 mmol). The mixture was heated
at 70 'C in microwave oven for 12 min. After cooling down to room

tQrRRgEAtUEG:dt Was purified using preparative LCMS to provige-the2o07/071895
product (0.011 g). LCMS calculated for C11E11413r18160 (MTH): 325.0,

327.0: found: 325.0, 5327.0. Example Preparation of 8-6
romo-6-buty1-6,941ihyd ro-5H-11,2,4 | triazolol 3,4-il p u rin-5-on e N-N 1
Br O N N 10The title compound was\grepgred using procedures
analogous to those described for Exampté 4. LCN1S calculated for
CIOH12BENG60 (M+H): 311.0,313.0; fo ’>311.0, 313.0. Example 6
Preparation of 8-6 romo-6-butyl-3-mgthy1-6,9-dillydro-511-[1,2,4i]triazolo
150ne N-N NONN The title compound was prepared using
procedures analogous to those desc¢ribed for Example 4. LCMS calculated
for C11111413rN60 (MTH): 325.0; 327.0; found: 325.0, 327.0.

4-amino-1H-imidazole-5-carbonitrile (10.0 g, 0.0925 mol) and pentanal (11 mL, 0.10
mol) were mixed in methanol (100 mL). After stirring at room temperature for 2 hours,
Sodium cyanoborohydride (7.0 g, 0.11 mol) was added to the mixture. The mixture was
continued to stir overnight. The reaction mixture was concentrated, diluted with EtOAc (1L)
and washed with sat. NaHCO3 (30 ml) and then brine (50 ml) solutions respectively. The
organic layers were dried over NapSOy, concentrated and purified with combi-flash silica gel
chromatography (20%-80% EtOAc in hexane) to yield the desired product (11.5g, 70%).
LCMS calculated for CoHisN4 (M+H): 179; found: 179.1.

Step B: N-pentyl-5-(3-phenyl-1H-1,2,4-triazol-5-yl)-1 H-imidazol-4-amine

7 "N
N, | H
N N
H | />
HN N

The mixture of 4-(pentylamino)-1H-imidazole-5-carbonitrile (200 mg, 1.12 mmol),
benzhydrazide (229 mg, 1.68 mmol) and potassium carbonate (100 mg, 0.72 mmol) in 1-
butanol (6 ml) in a sealed tube was stirred at 170 °C for 14 hours. The reaction was diluted
with water and extracted with EtOAc three times. The combined organic layers was dried
with sodium sulfate, filtered, and concentrated in vacuo. The crude residue was purified by
preparative LCMS (method A) to yield the desired product (50 mg, 17% yield). LCMS
calculated for CigHz 1 Ng (M+H): 297.2; found 297.1. '
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20 Example 7 Preparation of 8-bromo-6-pentyl-6,941ihydro-5H-a olol5,1-i
| purin-5-one N-N N, Br O Nr-N Step A: 7-Ally1-3-penty1-3,7-c '7-purin
2,6-dione 0g/ HN T N ON L--, 5A mixture of
7-ally1-3,7-dihydrolH-porine-2,6-dione (10.0 g, 0.052 mol), sodium
carbonate (8.3 g, 0.078 mol), and 1-iodopentane (12 a, 0.062 mol) in DMF

K100cmLy s stimes) &l 45/, 06 34y, T hessREson miMisewas diluted

with water and EtOAc. The aqueous layer was extracted with EtOAc three
times. The combined organic layers were washed with brine, dried over
Na.2S04 and concentrated. The r was treated with ether 10and the
solid fonned was filtered to provide th€ desired product as white solid (6.2

g, 45.4%), / 7;1 H
N. )j:N
N
W
O)\N N

N-pentyl-5-(3-phenyl-1H-1,2,4-triazol-5-y1)-1 H-imidazol-4-amine (50 mg, 0.17
mmol) and N,N-carbonyldiimidazole (50 mg, 0.3 mmol) were dissolved in THF (10 mL) and
stirred at 70 °C for 2 hours. The reaction mixture was concentrated under reduced pressure,
and the residue was purified by preparative LCMS (method B) to yield the desired product
(25 mg, 45% yield). LCMS calculated for C;;H;)NsO(M+H): 323.2; found 323.1.

Step D: 2-bromo-4-pentyl-8-phenyl-1,4-dihydro-5H-[1,2,4]triazolo[5, I-i]purin-5-one
N
N AR
)\ | />“‘ Br
o7 °NT N

To the mixture of 4-pentyl-8-phenyl-1,4-dihydro-5H-[1,2,4]triazolo [5,1-i]purin-5-one
(25 mg, 0.078 mmol) in THF (5 mL) was added N-Bromosuccinimide (19 mg, 0.11 mmol).
After stirring at room temperature for 1 hour, phenol was added to quench the reaction. The
reaction mixture was concentrated, and the residue was purified by preparative LCMS
(method B) to provide the desired product as white powder. 'HNMR (400 MHz, CD;0OD): &
8.25 (m, 2H), 7.50 (m, 3H), 4.31 (t, J= 7.3 Hz, 2H), 1.88 (m, 2H), 1.43 (m, 4H), 0.95 (m,
3H). LCMS calculated for Cy;H;sBrNsO (M+H): 401.1; found: 401.0, 403.0.

Example 9
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LCMS calculated for C1Fi19N402(M+H): 263.2; found: 263.1 Steps:
7,411y1-6-chloro-3-penty1-3,7-4thydro-211-purin- -one Cl//
N---L/-N 1 -1\1ONr 15 A mixture of
allydepragmiy1-3,7-dihydro-114-purine-2,6-dione (0.80 g, 3£-H0@bhape gos
phosphoryl chloride (10.0 ml,, 100 mmol) was refluxed For 2 h. The
excess phosphoryl chloride was removed by vacuum distillation. The
residue was diluted with ice-water, neutralized with solid K2.003, and then
depuotebwith DGV ¢Hrew tiylesp ditig-dombbiydth Z0big it favarsSwetgurin-S-
dyied, filtered and concentrated to provide the crude product (0,60 g),
which was used for next step without further purification. LCMS calculated
for C13i18C11s140 (M+H): 281.1; found: 281.1. Step C:
9-AIIy1-6-penty1-6,9-dihydro-SHthFazolo[S,1-1lpu n-5-one 5 A
mixture of 7-allyl-6-chloro-3-pe fy ) 3,7-Ilgﬁhydro-2H-purit-2-one (0.65 g,
2.3 mmol) and sodium azide (0.98'g, I rpmgl) in ethanol (20 mL) was
refluxed overnight. The reactiormixturé was concentrated under vacuum.
The residue was diluted with water.and EtOAc. The organic phase was
separated and the aqueous layer was extracted with EtOAc 10 twice The
combined organic layers were dfied over Na2S04, filtered and
concentrated to give the crude product, which was purified by preparative
> LCMS to provide the desired product as a white powder (0.15g, 22.6%).
lSeeME salculated far/CL3H AN FONEH)- 2882 iosind: B8 . 1.

10 To the mixture of 4-(pentylamino)-1H-imidazole-5-carbonitrile (0.40 g, 2 mmol),
acetic acid, hydrazide (0.33 g, 4.5 mmol) in1-butanol (10 mL) was added potassium
carbonate (0.10 g, 0.72 mmol). The mixture was sealed and stirred at 165 °C for 14 hours.
The reaction mixture was diluted with water and extracted with ethyl acetate three times. The
combined organic layers were dried with sodium sulfate, filtered, and concentrated in vacuo.

15 The residue was purified by preparative LCMS (method A) to yield the desired product (45
mg, 10% yield). LCMS calculated for Cy;H;oNg (M+H): 235.2; found: 235.1.

Step B: 8-methyl-4-pentyl-1,4-dihydro-5SH-[1,2,4]triazolo/5, 1-i]purin-5-one
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15Step D: 6-Penty1-6,9-d hydro-5H-tetrazolo[5,1-Upurin-5-one '\1-N N.
A mixture of 9-ally1-6-penty1-6,9-dihydro-5H-tetrazolo[5,1-ilpurin-5-one
(0.10 g, 0.35 mmol) and morpholine (0.2 mL, 2.0 mmol) in THE (3 mL)
WasHpgasssd for 5 min using N2 and PCT/US2007/071895
tetrakis(triphenylphosphine)palladium(0) (0.10 g, 0.086 mmol) was added
to the 20 mixture. After being stirred at room temperature overnight, the
reaction mixture was mixed with 2 M HC1 aqueous solution and DCM.
The organic layer was separated,\dried over Na2S0O4 and concentrated.
The residue was purified using pr% ative LCMS to provide the product
as a white powder (0.030 g, 35%). KC “&/)alculated for C101114N70
(MAI): 248.0; found: 248.0. StepdZ 0-6
ony1-6,9-dihydro-5H-tetrazolo[5, -zip- 5-one N-N H NTh-r-N [i 0 N N 5The
mixture of 6-penty1-6,9-dihydro-5Hitetrazolo[5,1-i]purin-5-one (0.020 g,
0.081 mmol) and 1X-bromosuccinimidc (10 mg, 8.0 mmol) in acetonitrile
(2 mL) in a 5 mLmicrowave reaction tube was heated at 70 C in
microwavesgvbenfor 513 mithyAtterichblingzdowr) td room-léhipedetoiré; ahme
r@@ﬁ{' 0. Mixtkee) waspuiified psingdrepalatyshbEMsSitadield the desired
%}% g ggs a Whlte owder. LCMS calcu ated for ClOlll3BE1 N Smgmo I—&he

§r8a%°l?n ARG 358 B BRI Pl & BrSPAFLTSR 8
A5 BUALYE MtSA-BuisRetytd v de mfm@mw@ arrmﬂazzremhps Was[pitiedsay
PP akhive LCMS (method A) to provide the desired product (25 mg, 50% yield) as a white

powder. LCMS calculated for CioHi7NsO (M+H): 261.1; found: 261.1.

Step C: 2-bromo-8-methyl-4-pentyl-1,4-dihydro-5H-[1,2,4]triazolo[5,1-i]purin-5-one
p
oW H
-.N N
)\ | />'—Br
o~ °N" N

To the mixture of 8-methyl-4-pentyl-1,4-dihydro-SH-[1,2,4]triazolo[ 5,1 -ilpurin-5-one
(20 mg, 0.078 mmol) in THF (5 mL) was added N-Bromosuccinimide (19 mg, 0.11 mmol).
After stirring at room temperature for 1 hour, phenol was added to quench the reaction. The
reaction mixture was concentrated at reduced pressure, and the residue was purified by
preparative LCMS (method B) to yield the desired product as white powder. LCMS
calculated for CioH6BrNgO (M+H): 339.1; found: 339.0, 341.0.

Example 10

Preparation of 2-bromo-4-pentyl-8-pyridin-4-yi-1,4-dihydro-5H-[1,2,4]|triazolo[5,1-

ilpurin-S-one
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Step A: 4-(penpdarnino)-111-imidetzole-5-carbonitrile  4-amino-114-
nidazole-5-carbonitrile (10.0g. 0.0925 mol) and pentanal (11 mL, 0.10
mol) were mixed in methanol (100 mL). After stirring at room temperature
Q¥ @ P SHe0dium cyaneborohydride (7.0 g, 0.11 mol) was ﬁé%ngo%m%s 05
mixture. The mixture was 5continued to stir overnight. The reaction
mixture was concentrated, diluted with EtOAc (IL) and washed with sat.
Nal-IC.03 (30 mil and then brine (50 ml) solutions respectively. The
organic layers were dried over 504, concentrated and purified with
ceinbi-flash silica gel chromat hy (20%-80% EtOAe in hexane) to
yield the desired product (11.5g, 0/ LCMS calculated for C19bf15N4
(MH): 179; found: 179.1. 10 Step -pr 1-5-(3-pheny14 / N N,H N\--N
H HN/-'61 15The mixture of 4- (penaffy\a ||n 04-d14-imidazolc-5-carbonitrile
(200 mg, 1.12 rnmol), benzhydrazide 1112, 1.6g mmol) and
potassium carbonate (100 mg, 0.72 ypAmol) in 1- butanol (6 ml) in a sealed
tube was stirred at 170 C for 14 hodrs. Tie reaction was diluted with water
and extracted with EtOAc three tinies. The combined organic layers was
dried with sodium sulfate, filtered, and concentrated in mato, The crude
residue WAL pERTRRAES) TS0 BERETAHVEA REVAIUERS SHRENY t0 YRsRigaibed for
desinedk [3rodtietS(&0c mge LBV WE| e NLONNSHH): 402.1; found: 402.0, 404.0.

Example 11
Preparation of 2-bromo-4-pentyl-8-pyridin-3-yl-1,4-dihydro-5H-[1,2,4]triazolo[5,1-

i]purin-5-one

Ny 7
’ H
! />“Br
O)\

The title compound was prepared using procedures analogous to those described for
Example 8. 'HNMR (400 MHz, CDsOD): 8 9.41 (s, 1H), 8.66 (m, 2H), 7.59 (m, 1H), 4.30 (4,
J=17.9Hz, 2H), 1.87 (m, 2H), 1.43 (m, 4H), 0.94 (t, J= 7.0 Hz, 3H). LCMS calculated for
CisHi17BrN7O (M+H): 402.1; found: 402.0, 404.0.

Example 12

Preparation of 8-bromo-3-methyl-6-pentyl-6,9-dihydro-5H-{1,2,4]triazolo[3,4-i]purin-5-

one
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calculated for Ca 6H2ING (MIL): 297.2; found 297.1. Step C:
4-pentyl-8-phenyl-1,4-dihydro-5H-[],2,41triazolo[5,1-Upurin-5-one
N-pentyl1-5-(3-phenyl-1H-1,2,4-triazol-5-y0-111-imidazol-4-amine (50 mg,
0.17 5mmol) and N,N-carbonyldiimidazole (50 mg, 0.3 mmol) were
dissolved in THF (10 mL) and stirred at 70 C for 2 hours. The reaction
mixture was concentrated under reguged pressure, and the residue was
purified by preparative LCMS (metl{od\B) tg yield the desired product (25
mg, 45% yield). I,CMS calculated fof“é%@ §N@p(M+H): 323.2; found

323.1. 10Step a O)\N N
2-brotno-4-penty1-8-phenyl-1,4-dihydra-5H-1-1,2,4firiazolo[5,1-Upurin-5-0
ne To the mixture of

4-penty1-8-phenyl-1,4-dihydro-5H-il,2,41tqazolo [5,1-i]purin-5-one (25

mg, 0.078 mmol) in THF (5 mL) was added N-Bromosuccimmide (19 mg,
0.11 mmol). 15After stirring at room temperature for 1 hour, phenol was
added Tdetidnedmpromd actionerpiel isigtivacadintsrenalagooe rthatcadesribed for
arshipe tesidus was.piified bymrepRiaive:EeMSo(methpg Bide ppvide

the desired product as white powder. IHNMR (400 MHz, CD30D): 5 8.25

(m, 2H); 7.50 (in, 3H), 4.31 (1, J= 7.3 Hz, 211), 1.88 (m, 211), 1.43 (m,
Ermpl3IIm, 311). LCMS calculated for C17I1d15BrN60 (M+H): 401.1;

iupakARh O ﬁgg‘ngylzﬂlﬁ%mm%&tﬁ[?ﬂ%ﬂ%@po%H—[l,ZA]triazolo[5,1-_i]purin-5-
2-bromo-8-methy1-4-pentyl1-1,4-dihydro-511-11,2,41triazo10[5,1-iiptirin-5-

ohe
Q_H
N{N\ IH>—
Br
O)\N N

The title compound was prepared using procedures analogous to those described for

Example B. LCMS calculated for C;sH;oBrNgO (M+H): 415.1; found: 415.1, 417.1.

Example 14
Preparation of 2-bromo-4-pentyl-8-pyrimidin-4-y1-1,4-dihydro-5H-[1,2,4]triazolo[5,1-
i]purin-5-one

N=

 y

N
7 N
N\N»In%
/7 Br
O)\N N

Step A: pyrimidine-4-carbohydrazide
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5 Step A: 5-(3-methyl-llI-1,2,4-tr azol-5-y1)-N-pentyl-]11-inz azo1-4-ifinine
10To the mixture of 4-(pentylamino)-11i-irnidazole-5-carbonitrile (0.40 g, 2
mmol), acetic acid, hydrazide (0.33 g, 4.5 mmol) inl-butanol (10 mL) was
pdsghpeigssium carbonate (0.10g. 0.72 mmol). The mixture,was SR8 105
and stirred at 165 C for 14 hours. . The reaction mixture was diluted with
water and extracted with ethyl acetate three times. The combined organic
layers were dried with sodium sulfate, filtered, and concentrated in vcicuo
15The residue was purified by preparative LC1vIS (method A) to yield the
desired product (45 mg, 10% yield). LEMS calculated for
C11H19N6(.1)41-H): 235.2; foun(d%% .pfep B: 8-methyl-4-pentyl-1,44
hydro-511-17,2,4firiazolo[5, -U BN N To a solution of 5-
(3-methyl-1H-1 ,2,4- triazol-5- T-Tﬂlfypentyl 1H-dazol-4 - am i ne (45 mg,
0.19 nimel)dntbk b (Mamidipat Gweasiaddéd phosgensdn tolligReél 0r3.),
Mk &0, DATRA i ID51£QRGUOR SPMHUTE WS SIQWIY VARG A0 P9 Mburs,

tem erature while stirring ‘The 5 reaction mixture was concentrated

GH%I&??&&%@@BF@%’Q&@&%W‘E%O FBS TR R R by PR pavaRR™ 0 °C
T8 (metirod Ay toadrovdd & thetdeésired proderetui251ady B0 gialdcasrated

‘é%gf? PG h G calchiated fori@d2d 1l nida QNN 263 Lirfound;;
ound: 139.1.

Step B: N-pentyl-5-(3-pyrimidin-4-yl-1H-1,2,4-triazol-5-yl)- 1 H-imidazol-4-amine

N
N )
HN™ N

The mixture of methyl 4-(pentylamino)-1 H-imidazole-5-carbimidothioate (1.5 g, 6.6 |
mmol) and pyrimidine-4-carbohydrazide (1.2 g, 8.7 mmol) in ethanol (10 mL) was refluxed
overnight. The reaction mixture was concentrated under reduced pressure to yield the desired
product as light green viscous oil. LCMS calculated for Ci.HsNg (M+H): 299.2; found:
299.1.

Step C: 4-pentyl-8-pyrimidin-4-yl-1,4-dihvdro-5H-[1,2,4]triazolo[5, 1 -i]purin-5-one (14C1)
and 6-pentyl-3-pyrimidin-4-yl-6,9-dihydro-5SH-[1,2,4]triazolo[3,4-i]purin-5-one (14C2)
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Step C: 2-bromo-8-methy1-4-pen
1-1,4-dihyclro-5H-17,2,41triazolo[5,1-upurin-5-one 10 --"  To the
mixture of
8-tnethyl1-4-pentyl-1,4-dihydro-5H-[1,2,41]triazolo[5, 1-iipurin-5-one (20
mg, 0.078 mmol) in THF (5 mL) was added N-Bromosuccinimide (19 rug,
0.11 mmol). After stirring at room temperature for 1 hour, phenol was

added to quench the reaction. The 1E<(e?:n mixture was cor&pentrﬁi H
at reduced pressure, and the residue wag purified by prepaég\iiﬁfé}\\{l N
(method B) to yield the desired product as)white powder. L calcylated 2
for C121116BrN60 (N4)-H): 339.1; Founth.339.0 841.0. Example@ N~ N

20Preparation of 2-b roma penty1-8-pyridint4-y Flobro-Sll—[l,ZA] triazol o
[5,1- iipurin-5-one NN Br ----....----- 0 Ng{' - )N~ N

14C1 14C2

To a solution of N-pentyl-5-(3-pyrimidin-4-yl-1H-1,2,4-triazol-5-y1)-1H-imidazol-4-
amine (2.0 g, 6.7 mol) in THF (10 mL), phosgene 20% in toluene (4.2 g, 8.4 mmol) was
added slowly with a syringe at room temperature. The reaction mixture was stirred at room
temperature for 2 hours. The reaction mixture was concentrated under reduced pressure, and
the residue was purified by preparative LCMS (method A) to yield compounds 14C1 and
14C2 (50 mg, 2.3% yield). LCMS calculated for C;sH;7;NgO (M+H): 325.2; found: 325.1.

Step D: 2-bromo-4 pentyl-8-pyrimidin-4-yl-1,4-dihydro-5H-[1,2,4]triazolo[35, 1-i]purin-5-
one(14D1) and 8-bromo-6-pentyl-3-pyrimidin-4-yl-6,9-dihydro-5H-[1,2,4]triazolo[ 3,4-

ijpurin-S-one(14D2)

(“— N NN

\ ¢ LS Y

N N N
N == )\ | />“‘Br
NN Y 07 NT N
)j\ | />”‘Br

o~ N N

14D1 14D2

To a mixture of 4-pentyl-8-pyrimidin-4-yl-1,4-dihydro-5H-[1,2,4]triazolo[5,1-i]purin-
5-one (14C1) and 6-pentyl-3-pyrimidin-4-y1-6,9-dihydro-5H-[1,2,4]triazolo[3,4-i]purin-5-one
(14C2) (25 mg, 0.15 mmol) in THF (5 mL) was added N-bromosuccinimide (19 mg, 0.22
mmol). The reaction mixture was stirred at room temperature for 1 hour, then the reaction was
quenched by phenol. After removing the solvent, the residue was purified using preparative
LCMS (method B) to yield the pure compound (14D1) and the pure compound 14D2
respectively. LCMS calculated for C;sH;sBrNgO (M+H): 403.1; found: 403.0, 405.0.
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The title compound was prepared using procedures analogous to those
described for Example S. LCMS calculated for C161-117E3rN70 (MLR):
%(7)02'2%6 fggofgdi 402.0, 404.0 5Example 11 Preparation of 2-6

romo- -pen%f/l-S-pyridin-3-y1—1,4-dihxdro-5R-[1,2,4] riamIo[E'?‘:ﬁL?/USZOO7/071‘895
ilpurin-5-one /- N\\ N, z.)-sr N 10The title compound was prepared using
procedures analogous to those described for Example S. IHNMR (400
MHZR3013): 89.41 (s, 1H), 8.66 (m, 2H), 7.59 (in, 1H), 4.30 (t, J= 7.9
Hz, 2?—|), 1.87 (m, 21-1), 1.43 (n, 4H), 0.94 (1, J= 7.0 Hz, 3H). LCMS
ELRaTatieq fAPLIERT P ASPR O WERH UG 1 fotihud ool Lot iazolol3.4-
pEsample 12 Preparation of 8-bromo-3-meihyl-6-pen 'y
-6,9-dihydro-51H1,2,41 triazolo[3,4-i]purin-5- one The title compound

was prepared using procedures analogous to those described for
Example 4. LCMS calculated-fay 6BrN60 (M+H): 339.1; found:
339.0, 341.0. 5Example 13 ¥reparathon N>_

8-benzyl-2-bromo-4-pentyl-1,4-di ﬂ,;/-[l,BéAltriazoIolS,141purin-5-
one "The title compound was prepared using procedures
analogous to those described for 10Example B. LCMS calculated for
C15H19BrN60 (M+11): 415.1; found: 415.1, 417.1.

The title compound was prepared using procedures analogous to those described for

Example 14. LCMS calculated for C,sH;4BrNgO (M+H): 403.1; found: 403.0, 405.0.

Example 16
Preparation of 2-bromo-4-pentyl-8-(trifluoromethyl)-1,4-dihydro-SH-{1,2,4]triazolo[S,1-

ijpurin-S-one

T ‘
N
| />—Br
O)\N N

Step A: Trifluoroacetic acid hydrazide

S

F,C” N
& H

To a solution of hydrazine (1.0 g, 31 mmol) in THF (15 mL) at 0 °C was added
trifluoroacetic anhydride (6.6 g, 31 mmol) slowly with a syringe. After warming up to room
temperature, the reaction mixture was concentrated to yield the desired product as white

solid. LCMS calculated for C,HsFsNoO (M+H): 129.0; found: 129.0.

Step B: N-pentyl-5-[3-(trifluoromethvl)-1H-1,2,4-triazol-5-yl]-1 H-imidazol-4-amine
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Example 14 Preparation of
2-bromo-4-penty1-8-pyrimidin-4-y1-1,4-dihydro-511-11,2,41triazolo[5,1-
15Step A )yrimidine-4-carbohydrazide i
%%E%Qﬁ%% carboxylic acid (1.0 g, 8.0 mmol) in THE (15 m %?ﬁ%%m%gg;
AR-Carbonyldiimidazole (1.4 g, 8.9 mmol) was added. After refluxing for 2
hours, hydrazine (0.8 g, 20 mmol) was added to the reaction mixture
slowly with a syringe at O C. The,tgaction mixture was allowed to warrn to
room temperature slowly and then nicen rated to yield the desired
product aS white solid. LCIN1S céig for C5.141N40 (W-11). 139;1;

‘tbund: 139.1. 10Step B V-penty1-5:63- rifddin-4- -yl-1

H-1,2,4-triazol-5-y0-1H-imidazol-4-amjine Iﬁl'he mixture of methyl

4-(pentylamino)4H-imidazole-5-carpimidothioate (1.5 g, 6.6 15mmol) and
pyrimidine-4-carbohydrazide (1.2 g;mmol) in ethanol (10 mL) was refluxed
overnight. The reaction mixture was concentrated under reduced pressure

t 1l a 1
fgrylcelfﬁy}g &g@ﬁ%@d@%@? afﬁghﬁ%ﬁ ngggria«@&% Pl b calevpded - 4

%%éhwitﬁmaﬁ“i K] B ‘Hﬂ%ﬁﬁ*ﬂ?&aﬁ%wsﬁtﬁba%“@baﬁ%uxed

c(@:@gh) aflk reaction mixture was concentrated to yield the product as slightly green
AsReY-3-oyriBititdsy 156690l AronpA: bho2 Aditiazelots 4-ikurin-5-on
e (14C2) 140114C2

Step C: 4-pentyl-8-(trifluoromethyl)-1,4-dihydro-5H-{1,2,4]triazolo/5, 1 -i]purin-5-one (CI)
and 6-pentyl-3-(trifluoromethyl)-6,9-dihydro-5H-[1,2,4]triazolo[3,4-i]purin-5-one (C2)

N
/N H

F4C,
N%E\//LR *:3(3/4 | >
NN p
Py N> 2\

C1 c2
To a mixture of N-pentyl-5-[3-(trifluoromethyl)-1H-1,2,4-triazol-5-yl}- | H-imidazol-
4-amine (55 mg, 0.19 mmol) in THF (10 mL) at 0 °C was added 20% phosgene in toluene
(0.3 mL, 10 mmol). The reaction mixture was slowly warmed up to room temperature. The
reaction mixture was concentrated under reduced pressure. The residue was purified by
preparative LCMS (method A) to yield the products as a mixture of Cl and C2 (45 mg, 75%
yield). LCMS calculated for CipH4FsNgO (M-+H): 315.1; found: 315.0.

Step D: 2-bromo-4-pentvi-8-(trifluoromethyl)- 1, 4-dihydro-5H-[1,2,4 ] triazolo[5, I-i]purin-3-

one (D1) and §-bromo-6-pentyl-3-(trifluoromethyl)-6,9-dihydro-5H-[1,2,4]triazolo[3,4-
iJpurin-5-one (D2)
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To a solution of N-penty1-5-(3-pyrimidin-4-yl- |
H-1,2,4-triazol-5-y1)-1H-imidazol-4- amine (2.0 g, 6.7 mol) in THF (10 mL),
WHAsee6,20% in toluene (4.2 g, 8.4 mmol) was added slovyy With @-/471505

syringe at room temperature. The reaction mixture was stirred at room
Stemperature for 2 hours. The reaction mixture was concentrated under
reduced pressure, and the residue was purified by preparative LCMS
(method A) to yieldacompounds 14C1 and 11](: (50 mg, 2.3% vyield).
LCMS calculated for) HuhIsO(M+H) 325,@ undi 325 1. StepD:
2-bromo-4 Ny

penty1-8-pyrimidin- 4;&1 @%ro 5H- 11&;,%,\% zxolo[5 1-Upurin-5-
100nel14D1) and
8-bromo-6-pentyl-3-gyrimidin-4-y1-6.9-dihydno-5H-[],2,4liriazolor3,4-
Upurin-5-one(l4D2) .~14D114D2 To a mixture of
4-penty1-8-pyrimidin-4-y1-1,4-dihydro-5H-(1,2,4]triazolo[5,14]purin5-one
(14C1) and D1 D2
6-pentyl-3-pyrimidin-4-y1-6,9-dihydro-5H-[1,2,4]triazolol3,4-ilpurin-5-one

15(14C2

N- brgfﬁ)ogs%c?:?ﬁ?r%flg E(‘?Ltg? nrgg%ﬁéo O%lertma/lﬂhe ré/%rcotlon(ﬂn ?trréa%/ﬁl)g) ° |rred
iHrsotrrre e ratLte s hiifuarerctid redctibrlirasidle Hdtieertsys 4-
iphenal.cAdterremaning. thenselventHhesrasidug wiaisawifietbisifigimide (30

epara d Idth m
ré;rg?go%\%%ug eerfel((:l)n% resgf))é%%ve ISTg Mgt %a %glr%dacf%glr% %O?gjgihll%Brﬂlstégo

eRpHo0E 9 wetFRer 'zpo@@o!méfw IERAYHSIEa R diatrsidusrgppurified
qﬁﬂgwpmnweﬁdsymmdcdamﬁyﬁﬂ&ﬁﬁmhydrr@lﬁﬂﬂ@l)z;ﬁﬂ doiagalod D4-
IR0 BN Naicutated for DI CraHisBrFsNeO (M+H): 393.0; found: 393.0, 395.0.

Example 17
Preparation of §-bromo-6-pentyl-3-(trifluoromethyl)-6,9-dihydre-SH-[1,2,4]triazolo[3,4-

i]purin-5-one

~N
/
F30/4N AN
4\1\ l />‘Br
o °N" N

The title compound was prepared using procedures analogous to those described for
Example 16. 'THNMR (400 MHz, dg-DMSO): 8 4.15 (t, J= 7.3 Hz, 2H), 1.73 (m, 2H), 1.31
(m, 4H), 0.85 (t, /= 7.0 Hz, 3H). LCMS calculated for C;oH13BrEFiNgO (M+H): 393.0;
found: 393.0, 395.0.

Example 18

Preparation of 8-chloro-6-pentyl-3-pyrimidin-4-y1-6,9-dihydro-5H-[1,2,4]triazolo[ 3,4~

ijpurin-5-one trifluoreacetate
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HNN The title compound was prepared using procedures analogous
to those described for Example 14. LCMS calculated for C151-116BrN80
+H): 403.1; found: 401.0, 405.0. Example 16 10Preparati _
éll\-{})?gn%g gi,’2pélen ty1-8-(tri flu oromethyl)-1,4-dihydro-511-11 ,g%lrtrisa%% 6”1895
[5,1- purin-5-one Step A: Trifluoroacetic acid hydrazide NH- F3CN isTo a
solution of hydrazine (1.0 g, 31 mmol) in THE (15 nil) at 0C was added
trifluoroacelic anhydride (6.6 g, 31 mmGl)slowly with a syringe. After
warming up to room temperature, t iQn_fhixture was concentrated
to yield the desired productas Whitaisolid. LQMg-calculated for
C21114F3N20 (M+H): ii@.ﬁ@bf,@und: 129.00208¢ep B:
N-penty1-5-p-Orifluorometiod;j- | HI, 1,2,4dfiazol-5-y11-1H-
adazol-4-amine The mixture of methyl
4-(pentylamino)-1H-imidazole-5-carbimidothioate (0.53 g, 2.4 mmol) and
trifluo ac_e{ic acid hydrazide O.d45 ‘%%3..5 mol) inlethantolt§10 I&)\Q/ade
refluxed oVerMght - Fhe FARioR mixtaFeiAas Concertrated 16 Visid the
Prodpiet! s BfiyHiseigréase for CisHisCINGO (MHH): 359.1; found: 359.1.

Example 19
Preparation of 2-chloro-8-methyl-4-pentyl-1,4-dihydro-5H-|1,2,4]triazolo[5,1-i]purin-5-

=
N §
PR | )—cl
o~ 'N° N

one

The title compound was prepared using procedures analogous to those described for
Example 9. "HNMR (400 MHz, d-DMSO): 8 4.10 (t, J= 7.5 Hz, 2H), 3.4 (br, 1H), 2.40 (s,
3H), 1.70 (m, 2H), 1.29 (m, 4H), 0.84 (1, J= 7.5 Hz, 3H). LCMS calculated for C;,HsCINsO
(M+H): 295.1; found: 295.1.

Example 20
Preparation of 2-chlor0-4-pentyl~8~pyrimidin-4-yl—1,4—dihydr0-5H—[1,2,4]triazolo[S,l-

ijpurin-5-one trifluoroacetate

&
o N4
F%OH B
Fo N N
A | )—ci
o7 N N
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5viscous oil. LCMS calculated for Ct 1bl16FiIN6(M+H): 289.1; found:
289.1. Step C:

@&;&?} %)nfluoromethyo -1,4-dihydro-5H11,2 4f|rlazolo[5P]C,},f’bgkj({dgl/ot',;1@95

6-pentyl1-3-(frifivoromethyl)-6,9-dilydro-5H-[1,2,4firiazolon,4-Upurin-5-one
(C2) F30 H N ,HP3C'N-"" N ON"----NON-r-14 CIC2 0To a mixture of
N penﬁyélrﬁelm%;(&iﬂw Q&%@éh‘ﬂdﬂg%rc?eé&ﬁf@%@ﬁ&ﬁw id HHolnidaz®led for

A0S LCo e Qs ol nUHE AL 240 e added 20%

p)ﬁlmégene in uene action Mixture Was slowly
warmed up to room temperature The reaction mixture was concentrated
1keduced pressure. The residue was purified by preparative LCMS

e e b e R
F51P.Bteipeag|s, 1-1]pur1n-§-0ne

2-bromo-4-pentyl-8-(triffitqromet} 8—1,4-dikydro-5H-[1.2,.4jtriazo|o[5,1-17p
urin-5- one (D.1) and \ =
S-bromo-6-pentyl-3-(tri2ttorornethyN-6,9-dihydm-5H11,2,47sriazo10[3,4-

Upurin-5-one (D2) 20 N
N. )iN
N
| />—Br
Oj;N |

Step A: methyl 3-(3-benzyl-1,2,4-oxadiazol-5-yl)propanoate

N.

~ 0O
[j NH
O,
O\

Butanedioic acid, monomethyl ester (4.0 g, 30.3 mmole) and CDI (5.40 g, 33.3
mmole) were dissolved in anhydrous DMF (15 ml) and stirred at room temperature for 3
hours. (1Z)-N'-hydroxy-2-phenylethanimidamide (5.0 g, 33.3 mmole) was added to above
solution and the mixture was stirred at 90 °C for 20 hours. The reaction mixturc was
concentrated and the residue was diluted with water and EtOAc. The organic layer was
washed with water and brine, dried over Na,SO,, filtered and concentrated. The residue was
purified by flash chromatography (elution with 1:3 ethyl acetate: hexane) to give the desired
product as light yellowish oil (5.2 g, 70% vield). LCMS calculated for Ci3H;sN,O3 {M+H):
247.1; found: 247.1.

Step B: 3-(3-benzyl-1,2,4-oxadiazol-5-yl)propanoic acid
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D1D2 To a mixture of
4-pentyl1-8-(trifluoromethyl)-1,4-dihydro-5H41,2,41triazolo15,1-

urin-5-one (CI) and
égBémZ/iwom(tntluoromethyl) 6,9-dihydro-51-1-11,2 4p“azobﬁczmszoowmlws
Hpurin-5-one (C2) (45 mg, 0.14 mmol) in THE (5 mL) was added
N-hromosuccinimide (30 mg, 0.17 mmol). The reaction mixture was stirred
at room temperature for 1 hour, and then the reaction was quenched by
phenol. After removing the §olVent, the Pesidue was purified using
preparative LCMS (method B¥1o yield tke pure compound (D1) and
compound D2 respectively. LCMS calculated for D1 CI2H13ErF3N60
(MH): 393.0; found: 393.0, 395.0. 10 Example 17 Preparation of

8-bromg+ sc&?ﬁ%{%ﬁxéﬁ &@E?&%&@Wﬁ QJ@M%PSSJ dn%n%&t@'(%zféo[ﬁﬁl

|]pur|n -5-one N 5The title compound was prepared

Sl ﬁFdE%‘Hﬁ‘l‘éé@ﬁ%R)ﬁ%i@%dtﬁ%@é JSLriped forEeRarapier e TAHNKE
(400tNtd 2! ABDIAGOYGreddD (tguls. 7A3tH 2h QHeblt b7 S frio )5 ddBdtddng be

é&&); Qﬁ% ALy 14 Q2,8 Tedohi dnGei calGY @&@Q&%ﬂ%&éﬁﬁéwﬂaw
93.0: found: 393.0, 395.0 20Example 18 Preparation of

SEBHIBD SE I O£ L 6 G B b (4 Moo s

npjmﬂmt-rggqhe) piiflubrolkeetdimoduct as colorless oil (4.8 g, 98%). LCMS calculated for
Ci12H13N205 (M+H)i 233.1; found: 233.1.

Step C: 3-(3-benzyl-1,2,4-oxadiazol-5-yl)propanohydrazide

NH
O NH,

To a solution of 3-(3-benzyi-1,2,4-0xadiazol-5-yl)propanoic acid (1.0 g, 4.3 mmol) in
THF (15 mL) was added N, N-carbonyldiimidazole (0.77 g, 4.7 mmol). After refluxing for 2
hours, hydrazine (0.6 g, 20 mmol) was added to the reaction mixture slowly with syringe at 0
°C. The reaction mixture was allowed to warm to room temperature slowly and then
concentrated to yield the desired product as white solid. LCMS calculated for C;2H;sNsOo
(M+H): 247.1; found: 247.1.

Step D: 5-3-[2-(3-benzyl-1,2,4-oxadiazol-5-yl)ethyl]-1H-1, 2, 4-triazol-5-yI-N-butyl-1 H-

imidazol-4-amine
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N-NONONNOH  The title compound was prepared using procedures
analogous to those described for Example 15. LCMS calculated for

N® })-Algga.&@o (M+H): 359.1; found: 359.1. 5 Example 19 Ppeparading ¢ sos
2-chloro-8-methyl1-4-pentyl-1,4-dihydro-51-1-11,2,41triazolo15,141

purin-5- one The title compound was prepared using procedures
analogous to those described for 10Example 9. 1IHNMR (400 MHz,

d6-DMSO0): 8 4.10 (t, J= 7.5 Hz,. 2] 63'4 (br, 111), 2.40 (s, 3H), 1.70 (m,
2H), 1.29 (m, 4H), 0.84 M 3H). LCALS calculated for
C12H16CIN60 (M+H): 29571, found: .1. Example 20 15Preparation of
2-ch|oro-4-penty1-8-pyrimidin-4-y1-‘ij‘%ﬁ3hmro-5H-[l,2,4] ilazolo15,1-
urin-5-on e trifluoroaeetate The titlels d was prepared using

procedures analogous to those describedHor xa%nple 14. LCMS
calculated for C151116C1N80 (M+H): 35/9?; fouhd: 359.1. Example 21

The mixture of methyl 4-(butylamino)-1H-imidazole-5-carbimidothioate (0.80 g, 3.8
mmol) and 3-(3-benzyl-1,2,4-oxadiazol-5-yl)propanohydrazide (1.1 g, 4.5 mmol) in ethanol
(20 mL) was refluxed overnight. The reaction mixture was concentrated to give the desired
product as lightly green viscous oil. LCMS calculated for CypHpsNgO (M+H): 393.2; found:
393.1.

Step E: 8-{2-(3-benzyl-1,2,4-oxadiazol-5-yl)ethyl]-4-butyl-1,4-dihydro-5 H-
[1,2,4]triazolo[5, 1-i[purin-5-one

N{ Non
?t>

The solution of 5-3-[2-(3-benzyl-1,2,4-oxadiazol-3-ylethyl]-1H-1,2 4-triazol-5-yI-N-
butyl-1H-imidazol-4-amine (0.90 g, 2.3 mmol) and N, N-carbonyldiimidazole (CDI, 1.0 g, 6.2
mmol) in 1,4-dioxane (10 mL) was stirred at 1 10°C for 2 hours. The reaction mixture was
concentrated, and the residue was purified by preparative LCMS (method A) to give the
desired product as a white powder (80 mg, 8.3% yield). LCMS calculated for Cy Ha3NgO,
(M-+H): 419.2; found: 419.1.

Step F: 8-[2-(3-benzyl-1,2,4-oxadiazol-5-ylyethyl]-2-bromo-4-butyl-1,4-dihydro-5H-
[1,2,4]triazolo]3, I-i[purin-5-one
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5Preparation of
8-[2-(3-benzyl-E2,4-oxadiazol-5-ypettly1]-2-bromo-4-butyl-14-dihydro-
511-11,2 41triazolol5,1-ilpurin-5-one | ,>-Br ON Step A teal 3é3 -hen

“flof(? A %(%(Hlazol 5-yppropanoate \ir-0 100’ Butanedioic aTéU 20071071895
monomethyl ester (4.0 g, 30.3 mmole) and CDI (5.40 g, 33.3 mmole) were
dissolved in anhydrous DIYITI (15 mu and stirred at room temperature for
3 hours, (1Z)-N'-hyclroxy-2-phenylethanimidamide (5.0 g, 33.3 mtnole)
was added to above sdjutidn and_tile mixture was stirred at 90 C for 20
hours. The reaction mixwés 15¢bnsentrated and the residue was diluted
with water and EtOAc. The organic Iaye s washed with water and

brine, dried over Na2S0i, filtered and can trgted. The residue was
purified by flash chromatography (elut Idlﬁ\wn 1;3-ethyl acetate: hexane)

to give the desired product as light ye .ol (5.2 g, 70% yield). LCMS
calculated for CDF115N201 (1\4-41). 2421, found: 247.1. 20 Step B:
3-(3-benzy1-1,2,4-oxadiazol-5-Apropangic acid OH

To a mixture of 8-[2-(3-benzyl-1,2,4-oxadiazol-5-ylethyl}-4-butyl-1,4-dihydro-5H-
[1,2,4)triazolo[5,1-1]purin-5-one (40 mg, 0.096 mmol) in THF (5 mL) was added N-
bromosuccinimide (19 mg, 0.11 mmol). After stirring at room temperature overnight, the
reaction was quenched with phenol. The reaction mixture was concentrated, and the residue
was purified by preparative LCMS (method A) to give desired product as white powder.
LCMS calculated for CyHpaBrNgO, (M+H): 497.1; found: 497.0, 499.0.

Example 22
Preparation of 8-[2-(3-benzyl-1,2,4-0xadiazol-5-yl)ethyl]-4-butyl-2-chloro-1,4-dihydro-
5H-[1,2,4]triazelo|5,1-i]purin-5-one

O
H& i

O N

g

The title compound was prepared using procedures analogous to those described for
Example 21. LCMS calculated for Co1HpCINSO, (M+H): 453.2; found: 453.2.

Example 23

Preparation of 2-bromo-4-butyl-8-[(4-pyridin-4-ylphenoxy)methyl}-1,4-dihydro-SH-

[1,2,4}triazolo]5,1-i]purin-5-one trifluoroacetate
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6 To a solution of methyl 3(3-benzyl-1,2,4-oxadiazol-5-y1)propanoate
(5.2 g, 21.1 mmole) in methanol (30 ml) was added 50 ml of IN NaOH
aqueaus %(%Iution. The mixture was stirred at room temperatlgre /E)Sr 20 071895
Nours, ARErthe reaction solution was adjusted to be 5acidic (%ﬁ - \25915 A0
'C, the reaction mixture was extracted with EtOAc 3 times. The combined
organic layers were washed with water and brine, dried over Na2S0O4,
filtered and concentrated tg-give the desired product as colorless oil (4.8

g, 98%). LCMS calculatedfor, 121-1131%1203 (Mt 1): 233.1; found:
233.1. 10Step C: 3-13-benzyil 4-oxadiazpl-5:Aproptmohydrazicie NH 0
NH2 To a solution of 3-(3 y1-32,4-vxadiazol-5-yl)propanoic acid
(1.0 g, 4.3 minor) in THE (15 M) was addell NNIcarbonyldiimidazole

(0.77g. 4.7 mmol). After refluxing Ichours, hydrazine (0.6 g, 20 mmol)
was added to the reaction mixture slowly witp syringe at 0 C. The reaction
mixture was allowed to warm to roont ture slowly and then

concentrated to yield the desired prod%lct fhite solid. LC'MS calculated
for CI2H15N402 (M+H): 247.1; found: 247.1. 20Step D:
5-312-(3-1)y1-1,2,4-oxacitazol-5-yOethiylPIH-1,2,4-tricizol-5-yl-N-13 '14H-
itniciazol-4-cpnine The mixture-of methyl
4-(butylamino)-1H-imatazole-5-earbimidothioate (0.80 g, 3.8 mmol) and
§%§/P?n %—1 ,2,§-oxa iazol-5-yepropanohydrazide (1.1 g, 4.5 mmol) in
ethano é ern"f_C)Dvx?ﬁ%? fisced o‘\l/Zérﬁight. The reaction mixture was
concentrated to give the desired

0]
/©/O\)kN,NH2
H

To a solution of (4-bromophenoxy)acetic acid (1.0 g, 4.3 mmol) in THF (15 mL) was

Br

added N,N-Carbonyldiimidazole (0.84 g, 5.2 mmol). After refluxing for 2 hours, hydrazine
(0.6 g, 20 mmol) was added to the reaction mixture slowly with a syringe at 0 °C. The
reaction mixture was allowed to warm to room temperature slowly and then concentrated to
yield the desired product as a white solid. LCMS calculated for CgH;oBrN, O, (M+H): 245.0;
found: 244.9, 246.9.

Step B: 5-3-[(4-bromophenoxy)methyl]-1H-1,2,4-trigzol-5-yI-N-butyl-1 H-imidazol-4-amine

N
N

N
N
Ho |l »
HN™ N

A mixture of methyl 4-(butylamino)-1H-imidazole-5-carbimidothioate (0.80 g, 3.8

79



10

15

20

5product as lightly green viscous oil. LCMS calculated for C20H5N50
(M--hl): 393.2; found: 393. 1. Step 1_,7: 812-(3-benzW-1,2,4-oxadi zo

- -1-inily1-1,4-do-5H- 11,2,4Pricizolo[5,1-Upurin-5;
V?ﬁ/es)@g?lﬁg%zﬁl of 5-342-0 -benzyl- 1,2,4-oxadi azoI-5-yfiethylk})((l'q%gé%J}I/OH8'gls

H-1,2,4-triazo1-5-yl-Nbutyl-1H-imidazol-4-aminc (0.90 g, 2.3 mmol) and
AR-carbonyldiimidazole (CM, 1.0 g, 6.2 mmol) in 1,4-dioxane (10 mL) was
singdat 1 L0GiashdRu IR ieackiqn mixiure.was ih2eensentratedyand
e residue was purified By preparative LEMS (method A t°»§¥e the
aeswe& p.roéuCt as & white powaer fEf mg, 3. b yie dS_. ) Q%icufated
YorCrbithaNdomiag1apy: (goop: Fdne: matgerol) to Sigdg e desired product
Rl@ddnbandt b 2id-pxactiagQibayRaty i2rhrpmgaAdiuty): 391.1; found: 391.0,
345§d6hydro-5H21)[1,2,4Priazo|o[5, 1-11 purin-5-ono ' N.

Step C: 8-[(4-bromophenoxy)methyl]-4-butyl-1,4-dihydro-5H-[1,2,4]triazolo[5, I -ijpurin-5-

one

Br

Ty,
N.N/\/[N/>
OZ\N N

s

A solution of 5-3-[(4-bromophenoxy)methyl]-1H-1,2,4-triazol-5-yl-N-butyl-1H-
imidazol-4-amine (1.1 g, 2.8 mmol) and N, N-Carbonyldiimidazole (0.68 g, 4.2 mmol) in 1,4-
dioxane (20 mL) was stirred at 110°C for 2 hours. The reaction mixture was concentrated,
and the residue was purified by preparative LCMS (method A) to give the desired product as
a white powder (0.40 g, 38% vield). LCMS calculated for Ci17H1eBiNgO, (M+H): 417.1;
found: 417.1,419.1. |

Step D: 4-butyl-8-[(4-pyridin-4-yiphenoxy)methyl-1,4-dihydro-5H-[1,2,4]triazolo[5,1-

iJpurin-5-one
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"1\H ),Br To a mixture of
842-(3-benzs4-1,2,4-oxadiazol-5-ypethyll-4-butyl-1,4-dihydro-51T-

1,2 4)triazolo15,1-iipurin-5-one (40 mg, 0.096 mmol) in THE ((55 mL) was
g’cﬁ)djé)fi’/f\jlﬁ(?%osuccinimide (19 mg, 0.11 mmol). After stirriné) FHoGH7/071895
temperature overnight, the reaction was quenched with phenol. The
reaction mixture was concentrated, and the residue was purified by
preparative LCAIS (method A).to give desired product as white powder.

8-[2-(3-benzyl-1,2,4-oxatliazol- thyl]-4-butyl-2-ehloro 4-d ihyti ro-

‘ The title compound was
prepared using procedures analog to those described for Example 21.
LC:MS calculated for C21b122CIN502 fWig): 4#53.2; found: 453.2.
Example 23 Preparation of N N
2-bromo-ii-buty1-8-1(4-pyridin-4-ylphengx %yli-1,4-dihydro-511-
11,2,41triazolo[5,1-i]purin-5-one trifludtoagetate Step A:
2-(4-bromophenoxy)acetohydrazide O

8-[(4-bromophenoxy)methyl]-4-butyl-1,4-dihydro-5H-[1,2,41triazolo[5,1-1]purin-5-
one (100 mg, 0.24 mmol) and 4-pyridinytboronic acid (32 mg, 0.26 mol) were dissolved in
N, N-dimethylformamide (3 mL) in a microwave tube. After the solution was degassed with
N2 for 5 minutes, dibromo[bis(triphenylphosphoranyD)-patiadium (20 mg, 0.02 mmol) and a
solution of sodium carbonate in water (2 M, 1 mL) were added. The reaction mixture was
heated on a microwave reactor at 120 °C for 20 minutes. After cooling down to room
temperature, the reaction mixture was diluted with water and EtOAc. The aqueous layer was
extracted with EtOAc. The combined organic layers were concentrated. The residue was
dissolved in DMSO / acetonitrile and purified by preparative LCMS (method A) to yield the
desired product as white powder (30 mg, 24% yield). LCMS calculated for CyHzaN7O;
(M+H): 416.2; found: 417.1.

Step E: 2-bromo-4-butyl-8-[(4-pyridin-4-yiphenoxy)methyl]-1,4-dihydro-5 H-

[1,2,4]triazolo[5, I-i]purin-5-one trifluoroacetate
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To a solution of (4-bromophenoxy)acetie acid (1.0 g, 4.3 mmot) In THF
(15 triL) was added NN-Carbonyldiimidazole (0.84 g, 5.2 mmoli). After
luxing. hours, hydrazine (0.6 g, 20 rumor) was adde
\Egg%@(?ﬁg Drrr)ﬁi ure slowly with a syringe at 0 'C. The 1Oreactic?r)1I:rorn}i')t(%(r)gi\//(\)fz/atlg()5
allowed to warm to room temperature slowly and then concentrated to

yield the desired product as a white solid. LCMS calculated for

C8H10BrN202(1X1+11): R45.0; found: 244.9, 246.9, Step B:

4-(butylarnino)-lH-imidazoIerbimrtft’)thi i (0.80 g, 3.8 mmol), and
2-(4-bromophenoxy)acetohydtaZide (1.0 g, 4.1 mmol) in ethanol (10 mL)
was refluxed overnight. The reac mixture was concentrated and the

residue was purified using Combi-fla hromatography (elution: EtOAci

methanol) to yield the desired produNc S wn oil (1.1 g, 74%). LCMS
calculated for C16H20BrN60 (MAI): 391 1ifafind” 391.0, 5393.0. Step C:
8-114-brontophenor3pnethy11-4-bu?y1- ,4-dihydro-5H-0,2,4Priczzolo[5,
-ilpurin-5- one

To a mixture of 4-butyl-8-[(4-pyridin-4-ylphenoxy)methyl]-1,4-dihydro-5SH-
[1,2,4]triazolo[$,1-1]purin-5-one (25 mg, 0.060 mmol) in THF (5§ mL) was added N-
bromosuccinimide (13 mg, 0.072 mmol). The reaction mixture was stirred at room
temperature overnight and then quenched by phenol.  The reaction mixture was
concentrated, and the residue was purified by preparative LCMS (method A) to vield the
desired product as white powder. LCMS calculated for CooHy1BrN7O; (M-+H): 494.1; found:
494.0, 496.0.

Example 24
Preparation of 4’-[(2-brome-4-butyl-5-0x0-4,5-dihydro-1H-|1,2.4]triazelo{5,1-i]purin-8-
yDmethoxy]biphenyl-3-carbonitrile

e
v

O"\~

7N

-
2—Br

oyj\N N

S

The title compound was prepared using procedures analogous to those described for

Example 23. LCMS calculated for Ca4Hy BrN2Oy (M+H): 518.1; found: 518.1, 520.1.

Example 25
Preparation of 2-bromo-4-butyl-8-[(4-pyridin-3-ylphenoxy)methyl]-1,4-dihydro-SH-
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N HNONN 10 A solution of
5-3-[(4-bromophenoxy)methy1]-1H-1,2,4-triazo1-5-yl-N-buty1-1H-
dazol-4-amine (1.1 g, 2.8 mmol) and AT,N-Carbonyldiimichtzale (0. ]
A NHGYS 14- dioxane (20 mL) was stirred at 110C for 2 égﬁggoz@%@m)s
reaction mixture was concentrated, and the residue was pun i lied by
preparative LCMS (method A) to give the desired product as 15a white
OGS40, 0:38% skD LSS Lalswated for C17H18BIN602(Tv1-41):
417.1; found: 417.1, 419.1

Step4-1/20,1-8-174-pyridin-4

iazoio[5, - gpurin-5-one 20 .
(4-bromophenoxy)methylj-4- 1,4-cibydre-p1-111,2,41triazolol[5, | -i]
puri n-5- one (IOU mg, 0.24 i and 4-pyridinylboronic acid (32 mg,
0.26 mol) were dissolved in Ps;N-gimethylfomiamide (3 mL) in a
microwave tube. After the solution vf\gﬁ egassed with Nr> for 5 minutes,
dibromo[bis(triphenylphosphoranyl)]*batasjurg (20 mg, 0.02 mmol) and a
solution of sodium carbonate in water {2 ,I mIPj were added. The

reaction mixture was heated on a mir}nﬂave reactor at 120 C for 20

Iphenoxy)r%ethvu-l,4-dihydro-51l-[1,2,41tr
8-i

minutes. After cooling down to room tefmperature, the reaction mixture
was diluted with water and EtOAc. The‘aqueous layer was 10extracted

with EfQAG:. The Sambines QreanitilRya R WeLe £anesNratedsThe residye
I\g\giqple 23. LCMS calculated for ConHyBriN,Oy (M+H): 494.1; found: 494.1, 496.1.

Example 26
Preparation of 2-bromo-4-pentyl-1,4-dihydro-SH-[1,2,4]triazolo[S,1-i]purin-S-one

| ;f\/[ s
o N° N

Step A: 4-(Pentylamino)-1H-imidazole-5-carbothioamide

S
%

H,oN
2 1/>
HNT N

A mixture of 4-(pentylamino)-1H-imidazole-5-carbonitrile (25 g, 0.14 mol), sodium
hydrogen sulfide dihydrate (26 g, 0.28 mol) and ammonium chloride (7.5 g, 0.14 mol) in
methanol (400 mL) was stirred at room temperature overnight. The conversion was about
60% according to analytical LCMS. The mixture was then stirred at 50 °C for 3 hours. The
methanol was removed and the residue was diluted with water and EtOAc. The organic
layer was washed with water and brine respectively, dried and concentrated to yield the crude

product (30.0 g), which was used for next step without further purification. LCMS calculated
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dissolved in DMSO / acetonitrile and purified by preparative LCMS
(method A) to yield the desired product as white powder (30 mg, 24%

Q{@QSB!‘%’M% calculated for C22H22N702 (M+H): 416.2; fougdy Ad7 071505

2-bromo-4-buty1-8114-pyridin-4-ylphenoxyknethyli-1,4-dihydro-5IT
,2,4Priazolop,1-Upurin-5-one trifluoroacetate O N N To a mixture of
Arloyty InGs L4+ pyridin 4 ylphenoxy) methyll-L4-dihydro-51-1-
[1,2,4]triazoloil5,14]purins5sone (25 mg, 0.060 mrno0 in THE (5 mL) was
added A bromosuccinimide (13 mg, 0.072 mmol). The reaction mixture
YraPstifedd 4t psoirstempératireoehsiht’afd e quenched by
phenol. The reaction mixture was centrated, and the residue was
purified by preparative LCIMS (methad A)} to yield the desired product as
white powder. LCMS calculated fdf C2 HR2:BrN702 (M+H): 494.1; found:
494.0, 496.0. 10 Example 24 Prepaun»afi‘ﬁl*ﬁJ of
4'-[(2-bromm4-buty1-5-0x0-4,5-dihydro-1f-HE2,41triazo10[5,14]purin-KyO
methoxy]biphenyl-3-earbonitrile The title compound was prepared
using procedures analogous to those described for Example 23. LCMS

calculated for C24H21BrN-102 (M+H); 518.1; found: 518.1, 520.1 ,
Exam"&)ea qunon of 4-(pentylamino)-1H-irnidazole-3-carbothioamide'(1.0 g, 4.7 mmol) in

acetone (40 mL) was added methyl iodide (0.80 g, 5.6 mmol) dropwise. The mixture was

stirred at room temperature overnight. The solvent was removed and the residue was diluted
with water and ethyl acetate. The organic layer was washed with water and brine, dried and
concentrated to yield the crude product (1.2 g), which was used for next step without further

purification. LCMS calculated for CyoHoN4S (M+H): 227.1; found: 227.1.

Step C: N-Pentyl-5-(1H-1,2,4-triazol-5-yi)-1 H-imidazol-4-amine
JA

NN
Hﬁ»
N

HN

A mixture of methyl 4-(pentylamino)-1H-imidazole-5-carbimidothioate (0.53 g, 2.4
mmol) and formic hydrazide (0.21 g, 3.5 mmol) in ethanol (10 mL) was refluxed overnight.
The reaction mixture was concentrated under reduced pressure to yield the desired product as

a slightly green viscose oil. LCMS calculated for CoH7Ne (M+H): 221.2; found: 221.1.

Step D: 4-Pentyl-1,4-dihydro-5H-[1,2,4]triazolo[5, I-ijpurin-5-one
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Preparation of 2-bromo-4-bilty1-8-44-pyridin-3-ylphenoxynnethyll WO
2007/150026PCT/US20071071895 [1.,2,4]triazolo[54-ilpurin-5-one
trifluoroaeetate HO  The title compound was prepared using procedures

2FBYBLIEYS those described for Example 23. LCMS calcul&fetffo1007/071895
C221121BrN702(MH): 494.1; found: 494.1, 496.1. Example 26

Preparation of 2-bromo-4-penty1-1,4-dihydro-51-1-11,2 4]triazolo[5..1-1]
purin-5-one N. 0 Step A: 4- (Penty/La&p) 1H intidazole-5-carbothioa e iiH
H2Ni) RN11 (;) 10 A mixture of .

4-(pentylamino)-1H-imidazole-5- cif\bo ltr’\iﬁ (25 g, 0.14 mol), sodium

A mixture of N-pentyl-5-(1H-1,2,4-triazol-5-y1)-1H-imidazol-4-amine (0.52 g, 2.4
mmol) and N,N-carbonyldiimidazole (0.57 g, 3.5 mmol) in 1,4-dioxane (10 mL) was stirred
at 110°C for 2 hours. The solvent was removed under reduced pressure, and the residue was
purified by preparative LCMS to yield the desire product (30 mg, 5% yield). LCMS
calculated for Cy HisNgO (M+H): 247.1; found: 247.1.

Step E: 2-Bromo-4-pentyil-1,4-dihydro-5H-[1,2,4]triazolof 5, 1- z]purm S-one

)\t -

To a mixture of 4-pentyl-1,4-dihydro-5H-{1,2,4}triazolo{5,1-i]purin-5-one (20 mg,
0.081 mmol) in THF (5 mL) was added N-bromosuccinimide (19 mg, 0.11 mol). The
reaction mixture was stirred at room temperature for 1 hour and then quenched by phenol.
After removing solvent, the residuc was purified by preparative LCMS (method B) to yield
the desired product. "THNMR (400 MHz, CD;0D): 6 8.30 (s, 1H), 4.30 (t, /= 7.4 Hz, 2H),
1.86 (m, 2H), 1.41 (m, 4H), 0.93 (t, /= 7.0 Hz, 3H). LCMS calculated for C,;H;sBrNsO
{(M+H): 325.0; found: 325.0, 327.0.

Example 27

Preparation of 2-brome-4-butyl-8-methyl-1,4-dihydro-5H-[1,2,4]triazolo{5,1-i}purin-5-

one
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hydrogen sulfide dihydrate (26 g, 0.28 mol) and ammonium chloride (7.5
g, 0.14 mol) in methanol (400 mL) was stirred at room temperature
overnight. The conversion was about according to analytical LCMS. The
m&&&@w&ﬂmen stirred at 50 C for 3 hours.. The 15methanbfwhg2007/071895
removed and the residue was diluted with water and EtOAc. The organic
layer was washed with water and brine respectively, dried and
concentrated to yield the crude roduct (30.0 0, which was used for next
step without further purlflcatlon alculated WO
2007/150026N7171152007/07 igi INUS () 13.1: found: 213.1.
Step B: Afelizyl 4- (pentylantmo);tLH- {tfaz&le-5-carbitniciothioate HN /
5NN 5To a solution of 4-(pentyfami o) 14-imidazole-5-earbothioamide
(2.0 g, 4.7 mmol) in acetone (40 L) was added methyl iodide (0.80 g, 5.6
mmol) dropwise. The mixture was stirred at room temperature overnight.

The sqlyent was I6meysd p%qrgﬂ% %2'&%@&%@& dited Wi m}w@%&%ﬂg@d for

ethyl acetate. The f% Oganlc layer was washed with water and brine, dried

Siidrebmienti2de (8 idE S QRIGE RO (12 o Raieh vid sdd 10
nextsiemuithaut)further, 16puwitication. LOMSataletlated FoHCROHOIVNAS
VD) 8l kofound; 227.1. Step C: N-Penty1-5-(1H-1,2,4 azol-5-y0-111-
nidazol-4-antine N /7--N 1\H

Example 28
Preparation of 2-chloro-8-methyl-4-propyl-1,4-dihydro-5H-|1,2,4]triazolo|5,1-i]purin-5-

H
)\ | />—cx

one

The title compound was prepared using procedures analogous to those described for
Example 26. '"HNMR (300 MHz, CD;OD): & 4.20 (t, J = 7.6 Hz, 2H), 2.46 (s, 3H), 1.85 (m,
2H), 1.00 (t, J= 7.5 Hz, 3H). LCMS calculated for CioH2CINsO (M+H): 267.1; found:
267.1.

Example 29
Preparation of 2-bromo-8-methyl-4-propyl-1,4-dihydro-5H-|1,2,4}triazolo{5,1-ijpurin-5-

H
)\ | />—Br

ane

The title compound was preparcd using procedures analogous to those described for

Example 26. 'HNMR (400 MHz, CD;0D): § 4.23 (1, /= 7.3 Hz, 2H), 2.49 (s, 3H), 1.86 (m,
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‘NH A mixture of methyl
4-(pentylammo)-1H-imidazole-5-carbimidothioate (0.53 g, 2 4 mmol) and
formic hydrazide (0.21 g, 3.5 nunol) in ethanol (10 mL) was refluxed
BEHGAt %Phe reaction mixture was concentrated under redbcEFHRLGHS
to yield the desired product as a slightly green viscose oil. LCMS
calculated for C10lI17N6(1V1+1-1): 221.2; found: 221.1.

SUPAAA P L diflgro St 2 4AaRalotask S Rions 20 oFe - O
N-‘p%ﬁﬂ?lOS (1H-1,2,4-triazcd-5-y0-1H-imidazol-4-amine (0.52 g, 2.4
mmol) and N,Mcarbonyidiimiclazole (0.57 g, 3.5 minol) in 1,44ioxane (10
ﬁ;{la)n\{mggirred at 110C for 2 hours. The solvent was removed under
reduced pressure, and the residue was 5Spurified ly arative LCMS to
e et RO doRH st iR b oty e RS e rateel oo -TTpurin-S-
@¥LH15N60 (M-hH); 247.1; found: 247.1. Step E: 2-B
romo-4-pentyl-1,4-dihydro-51-1-17,2.4]triazolo[5,n-5-one | O N 10To a
mixture of 4-pcntyl- | ,4-dihydro- -11,‘2,4ltriazolo[5,1-i]purin-5-one (20
mg, 0.081 mmol) in THF (5 mt) W\agzi?eéd Mbromosuccinimide (19 mg"
0.11 mol). The reaction mixture was stirféd @t room temperature for 1 hour
and then quenched by phenol. Afte removmg solvent, the residue was
purified by preparative LCMS (method B) to yield the desired product.
IHNMR (400 MHz, CD30D): 68.30 (s, 1H), 4.30 (T1= 7.4 Hz, 2H),

The title compound was prepared using procedures analogous to those described for
Example 26. 'HNMR (300 MHz, CD;OD): & 4.28 (t,.J = 7.7 Hz, 2H), 2.51 (s, 3H), 1.82 (m,
2H), 1.44 (m, 2H), 0.99 (t, J= 7.4 Hz, 3H). LCMS calculated for C1;H4CINsO (M+H):
2381.1; found: 281.1.

Example 31
Preparation of 8-bromo-6-pentyl-3-methyl-6,9-dihydro-5H-[1,2,4]triazelo[3,4-i]purin-5-

one
N-N
/,Q \ H
)\ ' />_Br

The title compound was prepared using procedures analogous to those described for
Example 4. LCMS calculated for C1oHsBriNsO (M+H): 339.0, 341.0; found: 339.0, 341.0.

Example 32
Preparation of 8-bromo-6-isobutyl-6,7-dihydro-5H-|1,2,4]triazelo{3,4-ijpurin-5-one
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151.86 (m, 2H), 1.41 (m, 4H), 0.93 (t, 1=7.0 Hz, 3H). LEMS calculated for
C1)H,./BrN60 (MTH): 325.0; found: 325.0, 327.0. Example 27 Preparation
V%%Opmya% -butyl-8-methyl-1,4-dihydro-511-[1,2,41triazolgig. iRid507 505
one e title compound was prepared using procedures analogous
to those described for Example 26. IIINMR (400 MHz, do-DMSO0): S 4.01
(t, 1=7.3 Hz, 2H), 2.72 (s, 3H), 1.66 (m, 2H), 1.32 (m, 2H), 0.89 (t, .7=7.4

Hz, 3H). LCMS calculated for Gi=< J¢11413rN60 (NLI 325.0; found: 325.1,
327.1. Example 28 Preparatlor{\
2-ehloro-8-methy1-4-propyl-1 4)illy |ro»%H3'11 2 4]triazolo [5,1-i] purin-5-
one The title compound was pi‘fepaﬁ*ed using procedures analogous to
those described for Example ZB\EFJFNMR (300 MHz, CD30D): ei 4.20 (t,7.6
Hz, 2H), 2.46 (s, 3H), 1,85 (m, 2H), 1.00 (t"7 =7 .5 Hz, 311). LCMS
calculated for C101-t12018160 (MTH): 267.1; found: 267.1, Example 29
ﬁ;)e/p ag%tcfa 919)1’0 9- {lelmhydm -2H-p ymn -2-y1)-9H-purine

2-bromo-8-methy1-4-propy1- 14 dlhydro -5H-11,241triazolo15,1-il purin-5-
one N. H I)---a

of

NZ N,
PN
&

A suspension of 2,6-dichloropurine (22.0 g, 116.4 mmol), dihydropyran (11.5 mL,

Cl

126 mmol) and D-(+)-10-camphorsulfonic acid (2.20 g, 9.47 mmol) in 1,2-dichloroethane
(300 mL) was stirred at 83 °C for 16 hours. The initially white suspension, after 2 hrs, turned
yellow and then black.  The reaction mixturc was diluted with CCH and then washed with
brine. The organic layer is dried over MgSOs, filtered, concentrated and triturated with
hexane 3 times to give the desired product. "HNMR (300 MHz, CCLD): § 8.33 (s, 1H), 5.75
(dd, J=10.4Hz, 2.5 Hz, 1H), 4.18 (m, 2H), 3.79 (m, 2H), 1.84 (m, 4H).

Step B: 2-chloro-6-hydrazino-9-(tetrahydro-2 H-pyran-2-y[)-9H-purine

NH,NH
= N
jgs

c” N7 N

3
To a suspension of 2,6-dichloro-9-(tetrahydro-2H-pyran-2-yl)-9H-purine (5 g, 20
mmol) in 1-butanol (75 mL) was added hydrazine hydrate (2.0 ml, 40 mmol) at room
temperature. The mixture was stirred at 80 °C for 4 hours. The reaction mixture was

concentrated under reduced pressure to give the desired product. LCMS calculated for
CioH14CINgO (M+H): 269.1; found: 269.0.

Step C: S-chloro-7-(tetrahydro-2H-pyran-2-yl)-7H-[1,2,4]triazolo]3,4-i]purine
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NN 20The title compound was prepared using procedures analogous to
those described for Example 26. ItINMR (400 MHz, C12)30D): d 4.23 (t."/
7.3 Hz, 2H), 2.49 (s, 311), 1.86 Ori, WO 2007/150026PC| %711
‘ﬁ&?%’iﬁb’"%l (1, J=7.4 ITz,LCMS calculated for CLOF1213r ?M{ 17135
311.0; found: 311,0, 313.0. Example 30 5Preparation of
4-buty1-2-ehloro-8-methyl-1,4-dihydro-5H-11,2.4]tr one The title
compound was prepared using procedures analogous to those described
for Example 26: 11-1NMR (300 MHz CDTOD): 8 4.28 (t, J= 7.7 Hz, 2H),
2.51 (s, 3H), 1.82 (m, 102H), 1.44 O 99 (t, J= 7.4 Hz, 311). LCMS
calculated for C111i14C1N60 (MT @wj yl; found: 281.1. Example 31

&

A mixture of (6Z)-2-chloro-9-(tetrahydro-2H-pyran-2-yl)-1,9-dihydro-6H-purin-6-one
hydrazone [which is a tautomeric form of 2-chloro-6-hydrazino-9-(tetrahydro-2H-pyran-2-
yD-9H-purine; 0.1 g, 0.5 mmol] and ethyl orthoformate (3 g, 20 mmol) was stirred at 98 °C
for 12 hours. The rcaction mixture was concentrated under reduced pressure to provide the

product. LCMS calculated for Cy;Hi2CINgO (M+H): 279.1; found: 279.0.

Step D: 7-(tetrahydro-2H-pyran-2-yl)-6,7-dikydro-5H-[1,2,4]triazolo[ 3, 4-i]purin-5-one

0N
Iy
B
07N N
@

To the solution of 5-chloro-7-(tetrahydro-2H-pyran-2-y1)-7H-{1,2,4]triazolo[3,4-
iJpurine (0.17 g, 0.50 mmol) in THF (10 mL) was added lithium hydroxide (420 mg, 18
mmol) and water (10 mL). After stirring at room temperature for 10 minutes, the reaction
mixturc was concentrated under reduced pressure to give the product, which is used for next

step without further purification. LCMS calculated for C;;Hi3NgOy (M+H): 261.1; found:
261.0.

Step E: 6-isobutyl-7-(tetrahydro-2H-pyran-2-yl)-6,7-dihydro-5H-[1,2,4]triazolo[3,4-i[purin-

S-one

2y
N N
I
o” N N
v
To a solution of 7-(tetrahydro-2h-pyran-2-y1)-6,7-dihydro-5h-[ 1,2,4}triazolo[3,4-
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Preparation of
8-bromo-6-pentyl-3-methyl-6,9-dihydro-511-11,2,41triazolo[3,4- 11purim -5
- 150ne N-tt N\ | 4/-Br Nr-N The title compound was prepared usin
&%33&@?3& %nalogous to those described for Example 4. LC}LJI\(;IgllcSaP(‘:) YERGGR
for CI2H,613rN60(M+11): 339.0, 341.0; 'found: 339.0, 341.0. 20 Example
32 Preparation of

%9{9@%11@ 500U k- Guf W Y RAra 24 1hh 24d ARz Rl3 4l RHHRR: 0N €0 ¢,
Ste A: 2 6-diehloro-9-Itetrahydro-2H- ran 2(1\%) -9H-purine

EINRRoD ang @?}%B@ﬁ%?b‘?? 02 &:4i 8%?8‘2)&??1 SIIE é’ aiié il ‘rh%’l?l
eihyanop) rann(izhis Tht raReommek)immd DitkiwkGoan phorsulforic eIt (2120

ﬁm%4?#3;}6&9&3%%@%&9%9@%@%&%@% E%&ié)nv\fﬁlﬁa%irg@cgrﬁf %gog)%&%@ted
ours e Initia e er ne ow
A lwtercrda s TR E AR A A

brine. The organic Iayer is dried over MgSO4, filtered, concentrated and

tritprated with hexansitiaes to.give-shesdesiad.proguct. IHNAIR (300
MHz, CC13D): 6 8.33 (s, 114), 5.75 (cld"l = 10.4Hz, 2.5 Hz, 1H), 4.18 (m,

2H), 3.79 (m, 2H), 1.84 (m, 4H). Step
2-ehloro-6-hydrazino-9- (tetrahydrp )qan-Z-yO-9H-ptinne NH2NH

)\ />

0" N

To a solution of 6-isobutyl-7-(tetrahydro-2H-pyran-2-y1)-6,7-dihydro-5H-
[1,2,4])triazolo[3,4-1]purin-5-one (20 mg, 0.06 mmol) in methylene chloride (0.8 mL) was
added TFA (0.1 mL, 1 mmol) dropwise. After stirring at room temperature for 30 minutes,
the reaction mixture was concentrated to give the crude product which was used for next step

without further purification. LCMS calculated for CoHisNsO (M+H): 233.1; found: 233.1.

Step G: 8-bromo-6-isobutyl-6,7-dihydro-5H-[1,2,4]triazolo [3,4-i[purin-5-one

N-N
Q ¥ H
}\ ¥ ,>‘Br

To a solution of 6-isobutyl-6,7-dihydro-5h-[1,2,4]triazolo[3,4-1]purin-5-one (9.4 mg,
40 mmol) in THF (5 ml) was added N-bromosuccinimide (8 mg, 44.7 mmol). The mixture
was stirred at room temperature for 30 minutes. The reaction mixture was concentrated, and
the residue was purified by preparative LCMS {method A) to provide the desired product.
LCMS calculated for C1oH2BrNgO (M+H): 311.0; found 310.9, 313.0.

Example 33
5-(8-bromo-5-0x0-5SH-[1,2,4]triazole]3,4~i]purin-6(7H)-ypentanenitrile
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N CINN tcj To a suspension of
2,6-dichloro-9-(tetrahydro-2H-pyran-2-y1)-9H-purine (5 g, 20 mmol) in |
-butanol_$75 m.L) was added hydrazine hydrate (2.0 ml, 40 n%r%]/%lgz%t Toom .
‘fve?rﬁggyéfu?@. The mixture was stirred at 80 'Cl for 4 hours. THe 1€action
mixture was concentrated under reduced pressure to give the desired
product. LCMS calculated for C101-44(41N60 (MTh): 269,1; found: 269.0
Step C chloro-7-(tetrahydm-214qpyra 2-y0-7H-11,2,41 azolo/3,4-Upurine
N-NNCNN  Amixture of ¢ % _H
(6Z)-2-chloro-9-(totrahydro-2H-pyrarit2-yHsi,9-ciihydro-6H-punn-6-onc
hydrazone [which is a tautomeoic fofm of
2-chloro-6-hydrazino-9-(tetrahydre-2H-pyran-2- 5 y1)-914-purine; 0.1 g,
0.5 mmoll and ethyl ortho formate (3 g, 20 mmol) was stirred at 98 C for
12 hours. The reaction mixture/was concentrated under reduced pressure
to provide the product. LCMS Ediculated for COHpC1NG60 (M+1-1): 279.1;
found Therdlo cStepuld Paseteadiyd rOUEHMPGretEa)gBorsdihjpdedsscribed for
dbafitriazalel8 daklpsiEinr§-ong, BT the-89la8ien; @fund 336.0, 338.0.
5-chloro-7-(tetrahydro-2H-pyran-2-y1)-7H-[1,2,4]triazolo[3,4- i]purine
(0.17g, 0.50 minol) in THF (10 mL) was added lithium hydroxide (420 mg,
5 Bgmplol and water (10 mL). After stirring at room temperature for 10
sinsiRSe {h e, reaatia Hxiure, Was,erosennaieg tiagdas pedsadnpsassure
to give the product, which is used for next step without further purification.
LCMS calculated for CI 114131%682(M+H): 261.1: found: 261.0.  Step

E: ) H
6-Lsobuty1-7-(tetranyc|ro-2H-pyLnaﬁTT/.“)>-§g-cliDniro-511-/-1,2,41triazo|op
'purl 205-one OJ\N N

CF,

10
The title compound was prepared using procedures analogous to those described for
example 32. LCMS calculated for CoH;BrFsNsO (M+H): 351.0; found: 351.0, 353.0.

Example 35
15 8-bromo-6-(2-cyclohexylethyl)-6,9-dihydro-SH-[1,2,4]triazelo[3,4-i]purin-S-one

N~N

b us
4~ Br

o)\N N

The title compound was prepared using procedures analogous to those described for

20 example 32. LCMS calculated for CsHisBrNeO (M+H): 365.1; found 365.1, 367.1.
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N-N N N To a solution of 7 e
hydro -2h-pyran-2-y1)-6,7-dihydro-5h44jtriazolo[3,4- i]purin- 5 -one (2 08g.

0 DMF (20 ml), was added potassium carbonat (]8
Wtl)nzo %93 |sobutyl iodide (1.47 g, 8.0 mmol). 'The mlxture Was stirre 2
room temperature overnight. The reaction was diluted with water and
extracted with EtOAc throe times. The combined organic layers was dried
with sodium sulfate, filtered, and concentrated in men to give the product.
ﬁ_ % culated for C15i4211\1602(M-(H): 317.2; found: 317.1. Step F:

CHBUL®, 7-dihydro-5H11,24Priazolo[3,4-Upurin-5-one N-N CNN ONJN
&t@rp@la-@-(ghjmﬁlﬂputyl)—6,9—dihydr0-5ﬂ-[1,2,4]triazolo[3,4-i]puri11~5—0ne
6-isobuty1-7-(tetrahydro-2H-p)ran-2-y1)-6,7-dihydro-5H-
[1,2,4]triazolo[3,4-i]purin-5-one @91 mg, 0.06 mmol) in methylene chloride
(0.8 mL) was added TFA (0.1 niL,} mrﬂol) dropwise. After stirring at room
temperature for 30 minutes, the heac lonymixture was concentrated to give
the crude product which was L@éd xt step without further purification.
LCMS calculated for C.01413N6Q EN) 233.1; found: 233.1. Is Step G:
8-bromo-6-tsohupl-6,7-dihydro-3H11.2,4Priazolol) 'puttn-5-one NN N 11
,/>-Br To a solution of
6-isobity 1ite, PuitepddovBslireflapcd fisinz olof3UriipurineS e Het{g:d dengribed for
example 32. 'HNMR (300 MHz, d¢-DMSO): § 8.49 (s, 1H), 4.62 (t, J= 6.5 Hz, 2H), 1.81

(m, 13, 1.74 (m, 2H), 0.95 (t, J= 6.5 Hz, 3H). LCMS calculated for C,;H;4sBrNsO (M+H):
325.0; found 325.0, 327.0.

Example 37
Preparation of 2-brome-8-methyl-4-(4,4,4-trifluorobutyl)-1,4-dihydro-5H-

p

N H
NﬁiN)—Br

O)\N N

FsC

[1,2,4]triazolo[5,1 -i]purin-S-one

The title compound was prepared using procedures analogous to those described for
Example 26. "HNMR (400 MHz, dg-DMSO): § 4.21 (t, J= 7.2 Hz, 2H), 2.1 (s, 3H), 2.38 (m,
2H), 1.95 (m, 2H). LCMS calculated for C; 1 Hy1BrF;NqO (M+H): 379.0, 381.0; found: 379.0,
381.0.

Example 38

Preparation of 2-bromo-8-methyl-4-(5,5,5-trifluorepentyl)-1,4-dihydro-SH-

[1,2,4]triazolo[5,1~i]purin-5-one
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2040 mmol) in THF (5 ml) was added ti6bromosuccinifnide (8 mg, 44.7
mind). The mixture was stirred at room temperature for 30 minutes. The
i ixture was concentrated, and the residue was purifi
‘g@%@?&% ‘ILCMS (method A) to provide the desired produ?t.
calculated for C10111213ffs160 (M HIT): 311.0; found 310.9. 313.0.
25Example 33 5-(8-brom 0-5-ox0-511-[1,2,411triazolo [3,441
purin-6(7H)-yl)pentanenile C The title compound was prepared
using procedures analogous to e dgscribed for example 32. LCMS
calculated for CHIT tBrN7OLH)’?J &(/}lin%d 336.0, 338.0 5 Example 34
O_

Y007/071895
VIS

8-bromo-0-(3,3,3-uoropropy1)-6Zdi H-41,2,41triazolo[3,4-i]purim5
-one N-N N[ />-Br C F3 The titfé cg pound was prepared using
procedures analogous to those dgscribed for example 32. LCMS
calculated for C91-17BrF3N60£(MTH): 351.0; found: 351.0, 353.0.
Example 35 CFs

The title compound was prepared using procedures analogous to those described for
Example 26. LCMS calculated for Ci2Hi3BrFsNsO (M+H): 393.0, 395.0; found: 393.0,
395.0.

Example 39
Preparation of 2-bromo-8-methyl-4-(3,3,3-trifluoropropyl)-1,4-dihydro-5H-

7y
H

CFa

[1,2,4]triazolo]5,1-i]purin-5-one

The title compound was prepared using procedures analogous to those described for
Example 26. LCMS calculated for CioHoBrFs;NgO (M+H): 365.0, 367.0; found: 365.0, 367.0.

Example 40
Preparation of 2-bromo-4-(4-fluorobutyl)-8-methyl-1,4-dihydro-5H-{1,2,4]triazolo[5,1-

Yy

N H
N)\//“\N)-Br

o)\N N

F

ijpurin-5-one

The title compound was prepared using procedures analogous to those described for
Example 26. LCMS calculated for Cy1H;3BrEN;O (M+H): 343.0, 345.0; found: 343.0, 345.0.
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158-bromo-642-cyclohexylethy0-6,9-dihydro-51141,2,41triazolo[3,441puri
n-5-one N-N C SSH NN O N N -Nibl The tide compound was

gl %ared using procedures analogous to those described for 20exam G7_}p
P 18 %iculated for CittilsBrN60 (WEE): 365.1; found 3BT iusgg RIS

Example 36
8-hromo-6-(3-methylbuty1)-6,97dillydro-511-11,2,41triazolo13,4-iipurin-5-
eng leNlCN -BrNN 5  The title compound was prepared using
rocedures analogous to those described for example 32. iIHNMR (300
ER2refie NS BB At Ruorep e b gL by Sl ?(ﬁ%tfmy’ﬁ o1-
Upudigriodd 1), 0.95 (t,./- 6.5 Hz, 31-1) LCMS calculated for ClIIK4HrN60
(M+H): 325.0; found 325.0, 327&

T

F
The title compound was prepared using procedures analogous to those described for

Example 26. LCMS calculated for CpH;sBrFNgO (M+H): 357.0, 359.0; found: 357.0, 359.0.

Example 42
Preparation of 2-bromo-4-(3-fluoropropyl)-8-methyl-1,4-dihydro-5H-[1,2,4| triazolo[5,1~

Ny

N H
‘N)\/[N»__Br
oéL\N N

F
The title compound was prepared using procedures analogous to those described for

Exampte 26. LCMS calculated for CioHiiBrEN,O (M+H): 329.0, 331.0; found: 329.0, 331.0.

ijpurin-5-one

Example 43
Preparation of 2-bromo-4-butyl-8-(4-methoxyphenyl)-1,4-dihydro-SH-

[1,2,4]triazolo]5,1-i]purin-S-one
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10 Example 37 Preparation of 2-bromo-8-methy1-444.4 4-triflu
orobutyl)-E4-dihydro-5 1111,2,4prinolo[5,1-iipurin-5-one \P-N NI N N F3C--
The title compound was prepared using procedures analog ]
wOdaise Example 26, IHNN111. (400 MHz, d6-DMSQ)&:}%§4.{§#}%%8) :
7.2 Hz, 2H), 2.1 (s, 3I-1), 2.38 Orr 2H), 1.95 (m, 2H). LCN1S calculated
for CI IFI)113111tblIsO (M-tH): 379.0, 381.0; found. 379.0, $81.0. 20
Example 38 Preparation of —g
2-bromo-8-methy1-445,5,5-triffgexopentyl)-E4-ilihydro-5H[1,2,4 1triazolo[5
,1-ilpurin-5-one N N C F3 itIe compound was prepared using
procedures analogous to those descfjbed for Example 26. LCMS
calculated for C12H13BrF3N60 (M+ : 3%8.0, 395,0; found: 393.0, 3950.
Example 39 Preparation of NOT )—Br
2-bromo-8-methy1-443,3,3-triflu0®éﬁn® yN-1,4-dihydro-5H11,2,4ltriazolol5
,1-ilpurin-5-one

The title compound was prepared using procedures analogous to those described for
Example 26. LCMS calculated for Ci7HisBrNgO, (M+H): 417.1, 419.1; found: 417.0, 419.0.

Example 44
Preparation of 2-bromo-4-butyl-8-(4-hydroxyphenyl)-1,4-dihydroe-SH-
[1,2,4]triazolo[5,1-i]purin-5-one

HO,

N
N, H
N N
¥ e
The title compound was prepared using procedures analogous to those described for
Example 26. LCMS calculated for CigHisBrNsO, (M+H): 403.0, 405.0; found: 403.0, 405.0.
Example 45

Preparation of 2-bromo-4-butyl-8-(4-methoxybenzyl)-1,4~dihydro-SH-
[1,2,4]triazolo[5,1-ijpurin-5-one

Oy

N
N H
. N
N
e
o7 N7 N
The title compound was prepared using procedures analogous to those described for
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CF3 10'The title compound was prepared using procedures analogous to
those described for Example 26. LCMS calculated for C;01-19BrF3N60
ivitii): 365.0, 367.0; found: 365.0, 367,0. Example 40 Preparation of
‘BrEMBA%A-fluorobuty1)-8-methyl-1,4-tlihydro-5H-1,41triaZ8ibf8;1007/071895
15ilpurin-5-one Fr The title compound was prepared using procedures
analogous to those described for Example 26. I.CMS calculated for

S RSRANGR (WMikdabi £72 Qu38RdoIoNndh 34530, 343 Qo rXample A1 0.

Preparation of
2-bromo-4-(5-fluoropenty1)-8-methyl-1,4-dillydro-51f41,2,4 1triazolof 5,1-
Hpuripib4one ONI

Preparation of 2-bromo-4-butyl-8-(4-hydroxybenzyl)-1,4-dihydro-5H-
[1,2,4]triazole[5,1-ijpurin-5-one

HO&
/ N
I
/—Br
O/)\(,‘\J |

The title compound wasg prepared using procedures analogous to those described for
Example 26, LCMS calculated for Ci7H1sBrNgOy (M+H): 417.1, 419.1; found: 417.0, 419.0.

Example 47
Preparation of 2-bromo-4-butyl-8-(methoxymethyl)-1,4-dihydro-5H-{1,2,4]triazolo[5,1-
i]purin-S-one

\

N
N
NN&I}N{
—Br
O)\N N

The title compound was prepared using procedures analogous to those described for
Example 26, LCMS calculated for C,H sBrNgO, (M+H): 355.0, 357.0; found: 355.0, 357.0.

Example A
GTPyS recruitment assay

Membranes were prepared from HEK293 cells transiently transfected with human
HM74a and Ggp protein. Assays were performed i 384-well format in a volume of 50 uL per
assay point. Serial dilutions of compounds were prepared in the assay buffer (20 mM HEPES
pH. 7.4, 100 mM NaCl, 10 mM MgCl, 10 mg/L saponin and 10 pM GDP) and mixed with
membranes (2 ug per assay point) and *°S GTPyS (Amersham, 0.3 nM) in the assay buffer.
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I--Br 5The title compound was prepared using procedures analogous to
those described for Example 26. LCMS calculated for C17HISBrEN60
5A+N): 357.0, 359.0: found: 357.0, 359.0. Example 42 Preparation of
%%8%/6930-f§-ﬂuoropropyl)-8-methyl-1,4-dihydro-511-11,Z,Iftrrg% 8%%7,{[8-)5
10iipurin-5-one H N. )Br The title compound was prepared using
procedures analogous to those described for Example 26. LCMS

f@%!@&?& Wrcci%é%e%’ Q%NQQ}&N%T&@)O%Qn §§é—v@1e@%&% g{%%@min SPA
.0. ISExample 43 Preparation

33 of . ‘
B 90%81?4%%5?%%-(2%rﬂ%ﬁﬁﬁ%p‘}%‘h&%ﬁl?ﬁﬁﬂw}‘éi%ﬁ[ir,"z?éﬂi?ﬁa%‘fdf@, ek
Iipubirii&orig adidtkn (PN were Thertitleedemip6igdwasmprepatedndsitigGTPyS

@59%@%@%@!98%%0&!195?%9@&9{!*%’%91&%%3588{%@6-ALnCzM§e compound
calculated for Ci-tritrBrN602 (MTH): 417.1, 419,1; found: 417.0, 419.0. 5

‘"E%ﬁ‘ffﬂe%&“@?ébﬁ’r&ﬁ%ﬁ“o?cﬂ of about 50 uM or less. In some embodiments, the
2bpomas 4iaut\pleSr(drhydrioxyaheny BB 4-diltydiorabdut 50 pM, less than about

H)' p%{/ﬁ]ferzls%%hoall? [1 b%ﬂ%“ﬂﬁ‘,‘ ?e_s%r&?an about 20 uM, less than about 10 uM, less than about
S uM, less than about 1 uM, less than about 500 nM, less than 300 nM, or less than about 200

nM. For example, the compound of Example 1 has an ECsp of 61 nM in this assay.

Example B
Nicotinic acid displacement assay

Membranes were prepared from HEK293 cells transiently transfected with the human
HM74a and Gy protein. Wheat germ agglutinin SPA beads (Amersham) were weighed and
suspended in the assay buffer (50 mM Tris-HCI, pH. 7.5, 1 mM MgCl; and 0.02% CHAPS).
The beads were mixed with membranc (75 ug membrane/mg beads) at room temperature for
1 hr. The beads were spun down and washed once with buffer and then resuspended in buffer
at 5 mg beads/ml. 20nM of *H nicotinic acid was added to the beads and then mixed with
compounds at (total vol. of 50 ulL.). Nonspecific binding was determined by the inclusion of
100 UM nicotinic acid. The binding mixtures were incubated at room temperature for
overnight with agitation. Plates were centrifuged at 1500 g for 5 min and bound *H nicotinic
acid was determined by counting on a TopCount scintillation counter. An active compound
according to this assay has an ICsy of about 50 puM or less. In some embodiments, the
compounds of the present invention have an 1Csp of less than about 50 uM, less than about 40
1M, less than about 30 uM, less than about 20 uM, less than about 10 uM, less than about 5
tM, less than about 1 uM, less than about 500 nM, less than 300 nM, or less than about 200
nM.

Example C
FLIPR assay

HEK?293e cells transfected with human HM74a and Gais DNA were seeded the day
before the assay at 50,000 celis/well in 384-well plates. Cells were washed once with 1X

HBSS and incubated with FLIPR Calcium 3 (Molecular Devices) dye in 1X HBSS buffer
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N H N. N ,ti/-Br 'Nr-N 1j The title compound was prepared using
procedures analogous to those described for 10Example 26 LCMS
calculated for C16T6BrN602(M+1-1): 403.0, 405.0; found: 403.0, 405.0.
Y—f%’l‘}?&é’ Y$as Preparation of PCT/0S2007/071895
2-bromo-4-butyl-8-(4-metlioxybenzyl)1,4-dihydro-5Hf
1.2,41triazol1l015,14ipurin-5-one 15 The title compound was prepared

é’tl)% 109REAGE %%&QQLPQ%S&&@%S/‘-‘&? Sf%”%@%ff?rc%ﬁ?ounds were added to the
20071150026PCT/US2007/071895 Example 26CMS calculated for

(Fg 11 POBIBOZ IR+ Erpen 92 10 933 mefripingE B uRBRTITy ERRpRscABETC

measured. An active compound according to this assay has an ECse of about 50 uM or less.
In some embodiments, the compounds of the present invention have an ECse of less than
about 50 uM, less than about 40 uM, less than about 30 uM, less than about 20 uM, less than
about 10 1M, less than about 5 uM, less than about 1 uM, less than about 500 nM, less than
300 nM, or less than about 200 nM.

Example D
cAMP assay

CHO cells stably transfected with human HM74a were sceded at 7,500 cells/well in a
96-well plate in HAMS F12 medium with 10 % FBS. The plate was incubated overnight at
37 °C and 5 % CO,. The test compounds were prepared in a stimulation buffer containing 1X
HANKS, 20 mM HEPES, 5 uM forskolin, and 0.25 mM IBMX. The media from the cell
plate was removed before adding 30 pL of the test compounds. After 30 minute incubation at
37 °C and 5 % COo, the cAMP level was assayed using HitHunter cAMP XS assay kit
(DiscoverX, CA). ICs determinations were based on compound inhibition relative to DMSO
controls. An active compound according to this assay has an ICso of about 100 uM or Jess.
In some embodiments, the compounds of the present invention have an ICsp of less than
about 100 uM, less than about 80 uM, less than about 60 uM, less than about 40 uM, less
than about 30 uM, less than about 20 uM, less than about 10 uM, less than about 5 uM, less
than about I pM, less than about 500 nM, less than 300 nM, or less than about 200 nM. For

example, the compound of Example 1 has an ICsp of 20 nM in this assay.

Example E
Adipocyte lipolysis assay

Preadipocytes purchased from Zen Bio were plated at 8.7 X 10 * cells/well in 96-well
plates, differentiated for 14 days and mature adipocytes assayed during days 15 through 21.
Adipocyte maturation is assessed by the presence of rounded cells with large lipid droplets in
the cytoplasm. Following maturation, cells were washed and incubated overnight with IBMX
(100 uM) and various concentrations of compound diluted in assay buffer containing a final
DMSO concentration of 0.1%. After overnight culture, the glycerol concentration in the

supernatants was determined with the Lipolysis Assay Kit purchased from Zen-Bio.
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Preparation of 2-b romo-4-buty1-8-(4-hydroxybenzyThl,4-dihydro-51-1-
5[1,2,41triazolol5,1-itpurin-5-one The title compound. was prepared
usrn rocedures analogous to those described for Example 26. L.CM

WQR 2 He88r Clifir K81-181602 (M-I-H.): 417.1, 419.1; founolCZ’ifI?’c?W’m‘895
419.0. 10Example 47 Preparation of 2-bromo-4-buty1-8-(methoxy
methyl)-1,4-dihydro-511-11,2 41triazolol 5,1- ilpurin-5-on e N N

ARG IR COMPOURCWAS BRI B%%Harlgonﬁ@ggw&ascmlga% 10 dhosepic.
described for 15Example 26. LCMS ¢ c;ul ted for Cj21- 115\\%@1?960
e ec(r’urfr)nsenffn

I 9ty paEops agrdlarsanoal KU “ex‘érrr&ﬁtéva
ca;ssaymnmbdamsrwﬂecprbpaﬁe@fr@maHE(B(sz% delis fandfentljess. In some
éﬁ%%ﬁf%%h‘? | ét&aymm 2PkLNE 4 0D GARRIOIE IR ASSRYSINE S out 10 M,

performed’in 384-well format in a volume of 50 ttL per assay point. Serial

g itiemsoRco Molridsanebeyrepirettin e Bsshy Wi paRaut S00 nbL,
lEEJ;EB&}S?WnM7 41@@&0@15(‘ @éON@C' 6 vl 1thm2@r14@qmiilﬁamﬂifroamd 1€br

aNl and mixed with bran (2 1) ornt) and 35S
%Wy%{g %%mg Og 508" |nt Seagfg%{)yogqapo% he %E(tures were

incubated at room temperature for 30 min and wheat germ agglutinin SPA
beadsvAmgrsbaim: @R sIghperassay, poiatitionthetassayotitier wete, will be
dfgggg't (ITRL U, HCHOAPR M 9%5%%8% QRIERANES SRHINASHAL e

5 nin and boun etermined by counting on a
%eawrﬂds@.ﬁcﬂhaﬁ@ﬂl dbipftere Afnﬂ‘afcﬁw%ﬁrﬁléﬁﬁd Eech (ei5fifg toctpids all
essaymnastapfiGia0 habpulikotivhd, ortteds. tha sems eppboditneniscdherated
E&W&F&e% the.pr. %%%gg,rnventlon have an EC50 of less than about 50
04, less than about 40 taM, less than about 30 ttIVI, less than about 20
[AM, less than about 10 uM, less than about 5 ttM, less than about 1 nM,
less than about 500 nM, less than 300 nAl, or less than about 200 nM. For
example, the compound of .Example 1 has an Frso of 61 nM in this assay.
10 Example B Nicotinic acid displacement assay
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Membranes were prepared from FIEK293 cells transiently trartsfected
wise human HM74a and G") protein. Wheat germ agglutinin SPA beads
(Amersham) were weighed and 15 suspended in the assay buffer (50 InM
Tris-HCI, pH. 7.5, 1 mls,d MgC12 and 0.02% CHAPS). The beads were
AB&d with membrane (75 tig membrane/mg beads) at room temperature
for 1 hr. The beads were spun down and washed once with buffer and
{ then&esus(;ger}%edg buffFrIat 5 mg beads/ml. 20nM of 3H nicotinic acid
‘was added to the bedds ahd then mixed with compounds at (total vol. of
50Nonspecific binding was determined by the inclusion of 20100 uNa
nicotinic acid. The binding mpd\urﬁs were incubated at room temperature
for overnight with agitation. F}Iate\ were centrifuged at 1500 g for 5 min
and bound 3H nicotinic aciéfwas termiﬁed by counting on a TopCount
scintillation counter. An active®ompond according to this assay has an
IC50 of about 50 ttN4 or Iess;n\som empodiments, the compounds of
the present invention have 8n Icseof lesY than about 50 04, less than
about 40 2504, less than about 30 ttM, less than about 20 tityl, less than
about 10 nM, less than about 5 uﬁ(], loss than about | WA, less than about
500 nM, less than 300 nM, or leswthan about 200 Example C 30 FLIPR
assay HEK293e cells transfeeted Wilth human HM74a and Gul6 DNA
were seeded the day hofore the assay at 50,000 cells/well in 384-well
orpladesaCelisaligrveasthécselicbendth, DOEIBSS and incubated with FLIPP.
Calci (Mo 1. Devices),: i 1X HBSS buffer containing 3 mM
probéjr%gl;g%%%q%%ﬁ%%gé é‘)on%}’%r'ﬂé) min. Compounds were added to
the clliphit€BAd FROREcent® Ehanges due to Goo-mediated intracellular
calciymJespanse yesgmeasyred. An active compound according to this
assay has an EC50 of about 50 taM or less. In some embodiments, the

cormotimde orl BREsERt indEnti Nive al oLt of HSd i GBI

sulibiclessihanabout A0 TN dessthanmabaul 3ecdulessibiap ghout 20
tiM, less than about 10 nM, less than about 5 tilM, less than about 1 pM,

MCSLLP

) abc pM
less thalt Sbout 5BV e tran: 300 IV BY e thal BBt a0y AL o0
alkampled 101eAM TPopssayly subkiieealisistably, tansiested’with human
[IM74a,were seeded at 7,500, cells/well in a 96-well plate.in HAMS F12 .
ot L SRS B BTt S Yt SUBATGAEER $720 Ay gptionally
ofi%in@lZubkieiesticompbsmadsenerddorepared dn.akyimalatidadyuftar, alkynyl, Cy6
h:1:olta'n' IX.HANKS, 20 mM HEPES 5. r 'b@@ s 0)OR™:
R T o e e s o B g
pL ofRheamssRcorrpadapendsndy soavivlfomilutiorCan 3 V1EL amtigyl Cos
all R COZ, the oRMR-levelyas.aasayed using HitHuater eANAD X8@ssay, c(o)rR®,
kit (DiscoverX, CAQ. ICS0 determinations, were based on cogn%oucnd o
CiRNIbRidh - relatitio PIMSE et NRRactife e oMiBotifid) Becfbing o thig
Nassayaae an GH80 afabauRI0g o MRomess (@), some erbndimettsyiieein said C;.
compounds of the present invention have an IC50Q of less than ‘
6 alkyl, Co alkenyl, and Cy.4 alkynyl are optionally substituted with 1, 2, or 3 substitutents
independently selected from Cy', CN, NO, halo, OR", SR?, C(O)R", C(O)NR‘R, C(O)OR?,
OC(O)R®, OC(O)NRR?, NR°RY, NR°C(O)R, NR°C(O)NRRY, NR°C(O)OR?, S(O)R®,
S(O)NRRY, S(0O),R®, NR°S(O),R", and S(O),NR°RY,
R* R*™ R and R™ are independently selected from H, halo, C.6 alkyl, C, alkenyl,
Ca.g alkynyl, Cy. haloalkyl, C,.¢ hydroxyalkyl, Ci.s cyanoalkyl, Cy?, CN, NO,, OR* SR*,
C(OR®, CLOINRC'RY, C(O)ORY, OC(O)R®, OC(O)NR'RY, NR*'RY, NR*!C(O)R",
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20 about 100 tiM, less than about SO tiM, less than about 60 nryl, less M
than about 40 ph& less than about 30 nM, less than about 20 pM, less CSLLP ‘
than about 10 pM, less than about 5 nM, less than about | phi, less than

N R o OF XD 1 FADNA G B0 S0 R L Hekay ond
S(Bxﬁmp‘ladE Aﬁmae;aadjmlyslsﬁsgay alkelfyneamh’p@gymlsypwamspﬁomny
oSS MAS PRieA 2L B LD Sl oS el paSS ARl

re adipocy esa sa ed during ays f‘o h

SBRYiERYRE nfAQRSIRE a@@mﬂ @@f@)ﬁ?es@ﬂct@mm&‘mﬁd@d&ém%l WﬁR“C(O)R‘”

e Ratch DUt A VAL (08 ) A vanug e and

S(&)rﬁb@nﬁa ions of compound diluted in assay buffer containing a final

OM5Rseqpeqntration R %A i augRight cutu %1129?@ yc:ﬁk%hyl Cs. alkynyl,

concentration jn the SLdpernatantg was determlped Wltlg the L|po ySis

C Ry lp Gech 54E0Rror CONIRIR ABEIRERCESAPHO- mr&ﬁy S(0)R™,
RFQR@%RM' %t@@gjmgﬁqﬂdé:qgg&@;ﬁag&p@ g@ﬁ@ﬁ'@? !sealw and C,¢ alkynyl are

determinations were based on compound inhibition relative to DNISO

ORISR ARG b p ST SRS S R SRL e IS atefoBRTR fy > CN NO-,
ORBoERI0 PRI lessolRORE ambpoittiens, tha tompaundsat thevk*'RY,

resent inventign have an IC50 of less than about 1 Jesst
N Teon R ARICRR o s e bl A M B Ut e
NEOG(OYR) |ess than 300" mV|" less than 200 riN4" Iess than 100 th or
less than wt 50 nM. For.exam eteco
[E f&é)RM are nd & endenzfl Jgieéte (%n IOhS bﬁf%ﬁ Véﬁ? 513526

IC50 of ssay. various mo

alghoitiany tohtheskdeStyi bé@zh@aé’m SRift m@map@@mmézﬂ%s@@@@d iIrDC(O)R™,

eg pii catigns '5)
mfoﬁgg d Jo flp\%g?&nﬁqt\hﬁegs éeﬁ of ﬁ%%@%%é%ﬂg 6?ﬁ%fére )sz
S(RONIRITTRY alb paieht . pERSTR(ENHICatih§(@ndBiiRications, cited in the
preseat anp F%&Q&éﬁ%&cg%ﬁ{ﬁﬁg hexsinLY, 595%%@9? g&éﬁ%@ﬂﬂﬁ%ﬂy $bstituted by

Claims:1\21CSLI P 1.A compound of Formula'l: or pharmaceuticall

L gl prabiosSRMErEnRmEetla ssted five elodtes akpionaliset:C--
alkynyl, Cy. haloalkyl, CN, NO,, OR®, SR¥, C(O)R®®, C(O)NR*R¥, C(O)OR®, OC(O)R™,
OC(O)NR®R®, NR®R®, NR“C(O)RY, NR®*C(0)OR¥, S(O)R™, S(O)NRZR¥, S(O),R",
and S(O),NR“R%;

Cy' and Cy” are independently selected from aryl, heteroaryl, cycloalkyl, and
heterocycloalkyl, each optionally substituted by 1, 2, 3, 4 or 5 substituents independently
selected from halo, C,.4 alkyl, C,4 alkenyl, C,4 alkynyl, C;.4 haloalkyl, *(LB)H— Cy3 , CN,
NO,, OR™, SR*, C(O)R™, C(O)NRR¥, C(O)OR™, OC(O)R™, OC(O)NR™R%, NR*R¥,
NR“C(O)R™, NR¥C(0)OR™, S(O)R™, S(OINR*R*, S(0),R™, and S(O),NR**R*;

Cy’ and Cy" are independently selected from aryl, heteroaryl, cycloalkyl, and
heterocycloalkyl, each optionally substituted with 1, 2, 3, 4 or 5 substituents independently
selected from halo, Ci4 alkyl, Co4 alkenyl, Cy4 alkynyl, C4 haloalkyl, aryl, heteroaryl,
cycloalkyl, heterocycloalkyl, CN, NO,, OR®, SR*, C(O)R™, C(O)NR*R®, C(O)OR™,
OC(O)R™, OC(O)NR®RY, NRR%, NRC(O)R", NR*C(O)OR®, S(O)R", S(O)NR*R®,
S(O),R", and S(O),NR*R;
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Xis N. CR3a, CR4aR5’,.or NR6a; y is N, CR3, CR4b-k 5h, or NR"; L isL6
alkylene)-(01)",-(Ci_o alkyiene)0-(Q2)0-(C1_6 alkylene),- optionally MCSLLP
substituted by I, 2, 3, 4, or5 RLl, wherein if m and q are both |, then p is

1; 1R| C | | | | id

C1.1% é’lﬁyl&cﬁ%a 05 eny asé efri% f% “Tnj§/5|)’ |§ Ié{)%)(/)n substlfu%?d gﬁﬁ OCH,,
SCH2 N3 @HerGHRCH,, CORHis ﬁéﬂbl}éy@@@ G@@E]@ﬁ@ﬂlbﬁ@éiﬁlgmyﬂ SO,NH;

Wher}gan Sc? ig,ﬁce'%% ?’ l Iae&qtlon ?:g%lon?i%/é Ubﬁé&it afg}{zﬁciaﬂ a/l Cé ¢ alkenyl,

substltut%nt sealect ,,,,,

Canaldratio, 04 BydrodpstiykaiiiCh. cy&fryba@kw h@yalm, N@BH@@)R@@ Ca alkynyl is

a5 ntl
o SIRPRILSONAE. SRR e g ..

allgyh, @& hybiowgalion, eéwrevéﬁmlaqi@aﬂwy C@:mmy@wl ERecepoplY; Cv’, CN,
NE(ONRRKC€©)815, © %}RbR@%‘%&iﬂBﬁ@ HReRr bSNB@@i%S)JgﬁR“ NR®RY,

N CONRR 1\JRC(0)01: ORb ONd 2Rb OZR5
N%E@e@((@)”zmﬁ%éa(%&eﬁq%a%é s o B N Bl o B

NRikyy),are aptigralngubetituted with 1, 2, or 3 substitutents
independen [ﬁ(gelggted frgm Cy', CN, NO2. halo, O

C(0)
o(0)RReRd, 'E(0jOR™ é%(oﬁﬁﬂn%?@?ﬁﬁ*ﬁfﬁ‘éﬁﬂleﬁﬁézfﬁ?&l ﬁa%@@ﬁﬁb Cis
haN&Q@(@WﬂleBﬁ@W%T%W&QD NlB@F&ﬁrﬁ(ﬁé%ﬁb,ycloalkyl arylalkyl,

NRcS(0
Lty SORA hond B e I Lz B Ay e
habdkion|, G.d afk badbalkyl Ak IuGlhyciioxyaliyli &, @Wmﬂlldyd’l@@’ cEhIKNOZ ylalkyl,

T S S IR S G g on
CY@YRbrhinS(D)NIE L - MKYISGWERWNDSJKﬂ)Qﬁmath@@@WWM}é eyhlerdiry! or

h e‘?&’gcgcjrozﬁ <yl, C2.6 alkenyl, and C2..6 alkynyl are optionally substituted
or 3 substitutents independently selected from Cy2, CN, NO2,

ORBR%éIR&(@?RHWWFWcﬁd@(@)DW B0yl @nividiyL. Cog alkenyl,

0 ig N 6 rire d 18
R ONIARA SOPRn WIS and S(OTMWIRELS s aaa

omeaaaaesmgﬁé%é/ﬁ&wlsé;e%téooﬁéﬁvbﬁﬂéwwpé@@lﬁmw@frem halo, C1-¢

algigaNyl %ﬁg@yha@z%gmﬁgz Sc(;g@b%au@(a%vg%\lﬁl&ﬁ%ﬁaﬁ%S&@}Bzmalkyl Cy?, CN,
s s VERC an W 59 dS
N R e R My S S Bos eI RS eore,

NRSobotirtteng i eprrdattlyrseiécted GREMITPIR TN (NDX T, SB};R"S
Nﬁ{%@% @(V\%Vg\g 5&%%(5 ¥912a, OC(0)Rbi, OC(0O)NWIRdi, NROLC(0)RblI,
N ORal, S(0)Rbl, S(O)NrIRd, S(0)2R,

NWIS(@)ZﬁblRﬁ ﬁ@(ﬁmmlaﬁahdependenﬂy selected from H, C; alkyl, Ci
haloalkyl, C,.¢ alkenyl, Co4 alkynyl, aryl, cycloalkyl, heteroaryl, heterocycloalkyl, arylalkyl,
heteroarylalkyl, cycloalkylalkyl, and heterocycloalkylalkyl, wherein said Ci.6 alkyl, Ci
haloalkyl, Cy alkenyl, Co4 alkynyl, aryl, cycloalkyl, heteroaryl, heterocycloalkyl, arylalkyl,
heteroarylalkyl, cycloalkylalkyl, or heterocycloalkylalkyl is optionally substituted with OH,
cyano, amino, halo, Cy.¢ alkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl, cycloalkyl or
heterocycloalkyl;

R®and R are independently selected from H, C,.¢ alkyl, Ci.¢ haloalkyl, Cs.¢ alkenyl,
Ca.g alkynyl, and Cyz, wherein said C; alkyl, C;.¢ haloalkyl, C, alkenyl, or Co¢ alkynyl is
optionally substituted with 1, 2, 3, 4, or 5 substituents independently selected from halo, Cy.
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RLI and RI-2 are independently selected from halo, CI,6 alkyl, C24.
alkenyl, C24, alkynyl, C1,6 haloalkyl, CN, NO2, OR. SR, C(0)Rb2,
C(O)NW2Rd2 C(0)0Ra2, oc (0)Rb2, OC(O)NWZRd NW2Rd2,

”‘g to ’%Fé%/zé» @V%ﬁ«%\éﬁ@%& A %)%fpfé %Rﬁzé eyapale LGy ONs

NOeORFYFREYclaalRyT, an@m%&@o@maéam@pnahﬂ@(@)bmmmﬁdwﬁz“

N A iyt e oaIt KB ORAA it C Oy,

NRS SiNE&%@@@iGI@NBIBﬁbe)RbB OC(0)NRY3Rd3, NW3W13,

NRc3C(0) ndﬁf’%&é@?& gcﬁé%%mg&%hl‘g(em%e HURREAAY 4- 5., 6- or

S(O)ZNRC 2 are indepen ected from aryl,
7- météb@m@/hféymmalRylkﬁlr@mm@mmaalmsmmﬂdpﬁbﬁaﬂy@mmtwrny

mée ndedt s SHRBHIMEMS dndependantly SﬁI&%@%d 6%{29111'3»1 14 ﬂl%]kyl Cis
C24 akenyl C24 alkynyl, C,4 haloalkyl, ( -, ad,

hYéPéMa@(b)ﬁ G?)CNWYIY o> )R WE @%(ﬁﬁ\)ﬁcéfﬁé@)NRlRRdeM

c(soK®) Rf@((ﬁﬂrﬂ’@%df@WRS(OQ@ﬁﬁ@@)NR@G‘EOWb‘N Fém@@ (QRNee;

Cy3 and Cy4 d ected. ) |
Seias iR Sear (e T e

substtt‘ﬂearatsw%l@@@ml@aﬁzeleﬁﬁi%tﬁgc’féarﬂ<Ihalﬁ5 @flglaaklsyl (24 a@a)l.C, ¢ alkenyl,

C24 alkynyl, Ci4,haloalkyl, aryl, heteroar I peterocy IoaIkyI
CoRNDS, %%z éa%er@ebi&eéye%( SarE f 2@%‘%6‘} bt C2-s allcynyl is
opREA) IRV By L 2'6H 2 ];ﬁ SNM@MSINW%@@%Gsﬁ(Q E¥Rbted from halo, Ci

SR mHeR) <o O R o & N i Rk op GHELT. " O

Nezcm“ma@%lg(@ﬂ%e(m)mms mmm@fozm:(so)r‘jﬁmcsom“ws NRCstS

“Eubllr S stdodigh ST G B TSIl

NR&IS(OLRS’ atiogl SEDARS Ba kyl, C2_6 alkenyl, or C2-6 alkynyl is optionally

SUbS%I“If{@daW&'ikﬂ tGacinéb QiR SURSURIENLS IIIQBP%%Q%@EAEQ&%JB%@ 5-, 6- or
halo, C1_6 alkyl, CZ_6 alkenyl, C2_6 alkynyl, Ci_, haloalkyl, C1_6

7 WWWWY@WBW @?@n@limwsm%i g}&glcz(gagbgubsumems

in§dOINELPRESGOY0R I QE(Q) by, O (N 589 15a] %1 ¢ haloalkyl, C;.
NRc5C§(0)Rbs NRCSC(O N125Rth, N12 scgp) S( NR@Rgs

as
hygreyorits F&WS@(@%&‘M)%Y ald\sH2 I\%SRWS C(OI @Waﬁles
c@mprZSa@@(@)m@ﬁe@@@@?NW5&éFeNRdskﬁrerﬁ05@@Qﬁ{aIka@meml

N Re o I oy SR and hetiroly AR R

wher@m saddRCar 6 iabefe Cidyaloaliede@ 2ot atkenyl, LRV16GIkyaydamil, C,.6

eterpar eteroc IoaI I he er lalk
AR ReleP ey R AT tarily RGNS ith Efgrousiati
@mkmﬂm mae@ﬂgoséu@kmwyww@b krsteCoanydlihéteradryledkyd], Ca.c

alﬁgr%% éy ro het roc %(%#)(%YI c%lafoalﬁr (% frgéel?(eny A% C%%HE%;YI hTteroaryIaIkyl,

CB@I@@yﬁilWhenemtsmdy@ma@kaII@I/Itym ephamélmyuh@@u@élkémlérmm halo, Cy.6
| i a d S
al%%%ngfﬁ%%elgéﬁp rom%ah%{ggjo%ré ﬁﬁg/élm%gﬁ g%ﬁlkg%?%% 6 alkyny
hf{f,e@@’ﬁ%&’l%ﬂﬁﬂ@{/l C1_6 hydroxyalkyl, C1_6 cyanoalkyl, Cy2, CN, NO2,
ORa%,; 367 G{R)RBA0 (M NRES e SOIRB: OHVRESy QEUAINRBLZE « 4-, 5-, 6- or
Nfte5R NRcSC(O)lZl 5, NRaC(0)NResRd5, NRe5C(0)0e, S(0)Rbs,
T SRINRES HHEOD KB BB S (0)2¢, and S(0)2NRe'Rd5; Rh2,
Rb3, Rb4, Rb and le' are independently selected from H, C1.6 alkyl, 01-6
haloalkyl, C2-6 alkenyl, C7,6 al.ky-nyl, aryl, cycloalkyl, heteroaryl,
heterocycloalkyl, arylalkyl, heteroarylalk I cycloalkylalkyl, and
heterocycloalkylalkyl, wherein said C1.. aIkyI C;_6 lialoalkyl, 02-6
alkenyl, C26 alkynyl, aryl, cycioalkyl, heteroaryl, heterocycloalkyl
arylalkyl, heteroarylalkyl, cycioalkylalkyl, or heterocycloalkylalkyl is
optionally substituted with OH, cyan(); amino, halo, C1.6 alkyl, aryl,
arylalkyl, hetcroaryl, heteroarylalkyl, cycloalkyl or heterocycl o alkyl ;

R."and Rd are independently selected from H, C}_, alkyl, C1_, haloalkyl,
C?2 A alkanvl C2 A alkvvnvyl and Cv?2 wherain ecaid 1 alkvl CIL-A
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MCSLLP alkyl, C2-6 alkenyl, C2_6 alkyl-1171, C1_6 haloalkyl, C1_6
hydroxyalkyl, Ci_6 cyanoalkyl, Cy’, CN, NO2, oRas, Sr, c(0)Rb5,
c(o)NRe5Rds, c(0)0Ras, oc(0)Rb5, oc(0)NRORds, NRe3Rd5,

NRO5¢(0)RhS; Np.5G(0)NRDHRdS, NR.5¢(0 S, s(Q)Rhs, s(0)NR- ,

0 DA N R SR T OB TG L L A T Che
aldegeétlaar, wikyithie Myatametoanyiicly theykatehattachetbtdkyl ,addabyl Ghaseroarylalkyl,

7- red heterocycloalkyl group optionally. stituted with -1..2,.0r
oy R R R B T S M & i

aliCd; GlioyniklyGL-8Hlalvalicyhrhy crokyalkyl, et oydmdikyl Oyl Chteroarylalkyl,
le5 . . ( . alo, C,
o S G R O e, i .
alkyl165S(@BiRab, S0 RpBlS{oMR eERafesoyrrdbyNuSIoiRbg, and
het%@gé%igﬁﬁﬁds Rbi and Rd' are independently selected from H, C14
alkyl, Clé% hailoe&kyl, C24, alkenyl, C2.6 alkynyl, and Cy', wherein said
C14.0aiRyl aed B higierihe vah4bsIRe#pmdp v higm T LsitisAdym @ 4- 5-, 6-or

7-Sldpsitdedapith o1 Ry A cRup;SUbstituents independently selected from
halo, C1-6 alkyl, C2-6 alkenyl, C24 alkyl, C1.6 haloalkyl, C1.6

hydrSxyayR CEeeRdRRBARIY E5/eceNIRBY, BRE2SRa5 Cle)RHS! - C2
alI@INR REGyH0)YOR hQG(RD Sy E(RYN RESRB eI NREBROSAlk Y], heteroarylalkyl,

Re5C(Q)Rbs, NRe5C(0)NRcad5, NRb5C(0)0e, S(0)R1'S, S(O)NRDR.d5
Cyg&??%%ﬁy &F)ffﬁ?f%g,’%l %«%&V‘\r@%ﬂ gud SRS o
altteggither with Hhe, ht-atorsdamuhichytheyliare lattached foling] aafy]all6H Oieteroarylalkyl,

-membered heterocycloalkyl graup optionally sulstituted wi ,0r 3
s R R Pt S R R T RS 8 g, heo. o
allGR-6 adkyinAlkel 4rivhlealkyk \C héthydrok yatkygadtyl@lkglcyzacioalkyl oCy’, CN,
LNO2 QR%% Sl1a5, C(0)R6, C(0)NRe5e, C(0)0Ra5, OC(0)RO5,

CORREERd5, NRe5RdS5, NVC(0)RO5, NR'5C(0)NRe5RdS,

NR 5E®JORIR S 0prbs: S{0)NREMoS(0)2hidh §iaNRBBSIO)ERbsadH 5-, 6- Or
7 22N R 200 cloal%?i Rindependently selected from H, CI_to

alkyl, C51-6 ha(!gaivky,-l, C2.6 alkenyl, C2.6 alkynyl, aryl, heteroaryl,

cycloﬁfkyﬂf}‘hgte%éyéﬁ?@m}fiﬁaﬁyiéﬂ@ﬁ%ie@@mgyéKyl?‘@?’élgalkwgﬂ&ﬁyé@-é

alﬁ&i?f,o@}’_g|ﬁﬁyﬁﬁlé‘|§:}91,\ﬂ@€%§%ﬁ}ﬁ§i§%ﬂ®§ﬂfwm&b@&'@i@@] kvl alkanibi&sarylalkyl,
alkyny-1, aryl, heteroaryl, cycloalkyl, heterocycloalkyl, aryialk

: l,
oideliod ﬁﬁdc%ﬁ%rénwgfr&wmWé@%%%&}%myﬂ%pﬁytmaﬂ&?alkyl» Co
alkebgtitotediwith Oty mingonslo o el midy h &&dras shalandiy lnatylkantatkydarylalkyl,
heteroaryl, heteroarylalkyl, Ioalkyl, or. heterocycloalkyl; . 12.22
A R S SN s AR 3 OPIGHAES S R (3o Bt e
albylo C{yhdmilieredripbterdajicibalkyrgroimestdaRlalk 123 dndlRY’ @re
hi deé)erqu t&y selected from H, C:1_10 alkyl, C),6 haloalkyl, C2-6 alkenyl,
egﬁf% gﬁq(?ﬁ Q?’aryl, heteroaryl, cycloalkyl, heterocycloalkyl, arylalkyl,
heteroafgf%m;u REY chaathygtaltish, tandl heter ocydlzalkytalkyd, athereirfaaic: 4-, 5-, 6- or
i 0] ael | I |, C2-6 alkenyl, C2.6 alkynyl, aryl, heteroaryl,
e T R

cy < et(%r cyclo lalkyl, heteroaryialkyl, cycloalkylalkyl, or
heterBeyetsalkylaikyhdsspisnallySagstittiosd ifh: O kamhinos halerlod. 62

alyh €1 ahalealkylandanylalkyl hetgraanuheirioarylal %y&lﬁx%?ﬁﬂ%rl]oarylamyl,

or heterocycloalkyk ™~ or R"3 and Rd3 together with the N atom to whic
cxpieplpdality: forra doadkylpligh mhssrib et fietctticiclo -aidPatotp’2-s
a1lféf|1ﬁ[;g%§daﬁ(@ﬁ@1llrgé§29§a@%faably1§@ﬁ@%@&ﬂpmtﬁ%&%ﬂ;}%l%@&g@heteroarymucyL

aloa alkenyl, C2.6 alkynyl, aryl, heteroaryl, cycloalkyl, . ‘

S A %1;9,%m%‘&ﬁaMQW?HQ}%%%R%%%QH» auino, halo, Ci-¢

heterocycloalkylalkyl, wherein said C1_10 alkyl, C1_6 haloalkyl, C2-6

alkenyl, C2_6 alkynyl, aryl, heteroaryl, cycloalkyl, heterocycloalkyl,

arylalkyl, heteroarylalkyl, cycloalkylalkyl, or heterocycloalkylalkyl is

optionally substituted with OH, amino, Ao, C1_6 alkyl, C1_6 haloalkyl,
aryl, aryialkyl, heteroaryl, heteroztrylalkyl, cycloalkyl or heterocycloalkyl;
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or Re” and Rd4 together with the N atom to which they are attached form
a 4-, 5-, 6- or 7-m embered heterocycloal kyl group; 12’5 and R65 are gL Lp
independently selected from H, C1_10 alkyl, C1_6 haloalkyl, C2_6
alkenyl, C2 Ikynyl, ar;% heteroaryl, cycloalkyl, rlft rocyclaalkyl,
o ST Yo e RS R RS B
hewehergitvsidid;Cl_jo alkyl, Ci _6 haloalkyl, C-Lo alkenyl, C2_6 alkynyl, aryl,
beteroaryl, cycloalkyl, loglkyl, aryialkyl, heteroarylalkyl,
dcg{ % eON a%/ n ‘ccy \%‘l’llX{l ﬂlegu%gtﬁ% élagév Iii%na)ﬁf@—, 5-, 6~ or

or i) etgg}%g%:
cycloal yIaTI?yI or be%erocycfoa yIaIky(f is optionally

7-amierddteteds gobtkity Cdrotphaloalkyl, aryl, arylalkyl, heteroaryl,
heteroarylalkyl,.cycloalkyl, or. heter lqalkyl; r Res.and Rd' together
it B A e a2 3 AR dRe
indepeedebdrestltsteddeyal stkyladrouP: (CiBBO)and 166 arelirdiepsriddrtyino;
selected frqmyld, G1,10 alkyl, C14, haloalkyl, C2-6 alkenyl, C2,6 alkynyl,
aryl, hete,moaryl, cycloalkyl, heterocycloalky-I, arylalkyl, heteroarylalkyl,
cycloalkgdaikand anecHatsnsayersilieplafisd, fismefiéaid C1_10 alkyl, C1-6
haloalkyl, C2-6 alkenyl, C2_6 alkynyl, aryl, heteroaryl, cycloalkyl,
heterocycloalkyl, arylalkyl, heteroarylalkyk cycloalkylalkyl or ) .
2-heterbeyersanapakol daptibramnrempetitely wigsone shifscpaphersn X is N.
MCSLLP alkyl, C1_6 haloalkyl, aryl, arylalkyl, heteroaryl, hcteroarylalkyl,
cycloalkyl, or hetcrocycloalkyl;  or Ref' and Rd6 together with the N ,
3- atom 1B ST tREy AFE i A chieRPTEIT A2 b6 ar PR e Hisrerf wherein X is
CRé&terocycloalkyl group; LB is C1,4 alkylene optionally substituted with 1,
2, 3, 4 or 5 substituents independently selected from OH, halo, - 0401.4-
0-(C 1-4 haloalkyl), and amino; tlis 0 or 1; and m, p, g, and r are
4.indepEndentlyselé oteddiran, OranahacEhecempeondiekdiaimrcbf,owherein X is CH.
pharmaceutically acceptable salt thereof, wherein Xis N. 3. The
compound of claim 1, or pharmaceutically acceptable salt thereof, wherein
5.X is OR8'cothpbhedcoinponnd ofitiaimdporafharmsacbisticllicacdeptablen X is
cSglt thereof, wherein X'is CH. 5. The compound of claim 1, or
pharmaceutically acceptable salt thereof, wherein X is C-Me. 6. The
compound of claim 1, or pharmaceutically acceptable salt thereof, wherein

6.YIs %Xcompound of claim 1, or pharmaceutically acceptable salt thereof, wherein Y is
CR®

7. The compound of claim 1, or pharmaceutically acceptable salt thereof, wherein Y is
C-Me.

g. The compound of claim 1, or pharmaceutically acceptable salt thereof, wherein Y is N.
9. The compound of claim 1, or pharmaceutically acceptable salt thereof, wherein R*

and R*® are independently selected from H, halo, C).¢ alkyl, C,¢ alkenyl, Cy¢ alkynyl, Ci.6
haloalkyl, C,.¢ hydroxyalkyl, Cy', OR?, SR, S(O)R", S(O);R", and NRR®, wherein said C;.
alkyl, C,.¢ alkenyl, and Cy¢ alkynyl are optionally substituted with 1, 2, or 3 substitutents
independently selected from Cy', CN, NO,, halo, OR®, SR? C(O)R®, C(O)NRRY, C(O)OR?,
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7. The compound. of claim 1, or pharmaceutically acceptable salt thereof,
wherein Y is C-Me. 8. The compound of claim 1, or pharmaceutically
acceptable salt thereof, wherein Y is N. 9. The compound of claim 1, or

I i =19 g bl € f . 5 { ! e b
O e SR B i e sl B o,
S(GIRYRSR ‘C( @)l 0BRSS Q)5 hydr S5QBIKR B®Ra, SRa, S(0)R0, S(0)2Rb,
and Nfld., wherein said C1-6 C2-6 alkenyl, and C2-6 alkynyl are
optionally substituted with 1, 2, or 3 substitutents independently selected
1Grom Tyl cadito MO 2 ko, ORapBRarCOWALIC (@yRiRaNd s@(6)OR; wherein R
an'}{'§$la%ﬁﬁ%@ﬁ%%ﬂ%&(@é%@%%ﬁ%‘%ﬂ: NRGORB,NTaGONOR: SR® S(O)RY,
NRcC(0)0R8, S(0)Rh, S(O)NRele, S(0)2R". NRe&(0)2Rb,"and’S(0)2NeRd.
S0, RhanddMibBlnttst el Cor pliahmarsisnednsespiehnasal Therebf,
subfRIRIAR npeeindepgpdently setepigddrom bRl BRlkyR CHR R
hglg{zﬁ? tl,é:\:1 g?ye%%%‘gnﬂ R%, %(O)RE{ES( )2e, and NR'R @Wher’_el% said C14
NRIkyG8 Gpfonag Shosfitifed with 1, 2, or 3 substitutents independently
selected from Cy', C(0)Nn4, C(0)ORS8, halo, OR'. NRRu, NReC(0)NReRd,
and NReC(0)Rb. 11. The compound of claim 1, or pharmaceuticaé%% . 3
quhR and

U coep bt BRRUHE P SH R ErdiR 18P SHOCR P SR e er by

Ritere Habaledalé salktkdGzob Blkenyl (G2 8ialkynyl .ard T 12 halkyaltyland C;
b 2. il'qe compound of claim 1, or pharmaceutically acceptable salt thereof,
WHetein: 10at least one Of R3 and R3b is selected from Cy'; Cy' is
selected from aryl, heteroaryl, cycloalkyl, and heterocycloalkyl, each

1:0ptionglly. stibstitied with '1,70r%hﬁrﬁ(a§e§k{@§ﬁ SNAEREPHRDIY, wherein:
selected from halo, Ci..4 alkyl, C24 alkenyl, C24 aikynyl, CL4

haloaikigasly@BieoRE srd R0y d s4eEfO/NER A4, and C(0)OR4:, 15Cy’ is
Selec@d fromearyd @@ﬁ@5%[%6@8&%!%0%@(9@%@@5@%%&aﬁ?ﬁheach optionally

optionally substituted with 1, 2, 3, 4 or 5 substituents indegendently

SURsIEuted Yidhnl nald; EIA AnpstesatsiadrpensontlyRegicET A Habalkyr, kvl Cos

alagylyneteramirly CN, NQRaNRe6a. YR @fd e, L& Thg omrheuothai*R™, and
laim 1, or pharmaceutically acceptable salt thereof; wherein at
C({O)OR™;
Cy’ is selected from aryl, heteroaryl, cycloalkyl, and heterocycloalkyl, each optionally
substituted with 1, 2, 3, 4 or 5 substituents independently selected from halo, C;.4 alkyl, Co4

alkenyl, C,. alkynyl, C;. haloalkyl, aryl, heteroaryl, CN, NO,, NR®R%, OR, and SR™.

13. The compound of claim 1, or pharmaceutically acceptable salt thereof, wherein at
least one of R* and R*" is selected from C;.4 alkyl and C,.¢ haloalkyl, wherein said C;. alkyl
is optionally substituted with 1, 2, or 3 substitutents independently selected from halo, OR?,
C(O)NR°RY, C(O)OR?, NRRY, NRC(O)NRRY, and NR°C(O)R".

14. The compound of claim 1, or pharmaceutically acceptable salt thereof, wheren at
least one of R* and R*" is =L*~Cy', wherein L* is C,.5 alkylene optionally substituted with 1

or 2 substitutents independently selected from halo, OR?, and SR®.

15. The compound of claim 1, or pharmaceutically acceptable salt thereof, wherein:
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70 least one of R3a and R" is selected from C.,4 alkyl and C14 haloalkyl,
wherein said C14, alkyl is optionally substituted with 1, 2, or 3 MCSLLP
substitutents independently selected from halo. ORE, C(0)NReRd,

C(0)0R3, NReRd, NR C(QINR R4, and NRGC(O)Rn. . 14. The compqund.
o o O R B o Al i s s
subBEngbe wittl B imed ARy livheteiinliadis Tl orlkyibneoptionalypendently

ubstitute ith%Sor bstitutents independently selected from halm
B el e

a, " at least one of R3" and R is selected from
C31 8ikyls wehenteihfsaivaQit, adkybis Subwstind withl Ogteand dpaibalisach
s-&gﬁﬁﬂéﬂt%ﬂ"it&%‘?{7%][%&’_95{15%%111%&9&1&88@??rlt,'&,sﬁl%%@f’ from halo.
OR/, agd SR% Cyl is selected from aryl, heteroarylj cycloaIISkyI, 3and
heterBeyelaiatkl, et Sxgbtiteneeditly BoeeeR framd-optofally —Cv

sUbsjttited, by, &y 6 QLR ﬁ&éﬁén@én%@%l%@dl@&ﬁ%ﬁ@?@%QQ&WUM alkenyl,

selected from CY3 and -LB-Cy3; R8s, at each occurrence, ., o
Cordbipanddntysétabited FImiRal I 14 BIky CEDR alkehiNG2 Ralkgify e (O)OR™:
arfd14 haloalkyl, CN. NO2, Oe, Se, C(0)04, C(0)NRe4Rd4, and C(0)0e; and

TOCya3 is selected from aryl, heteroaryl, cycloalkyl, and heterocycloalky

L
each oty SO WL 2 o 19 B Ky BRH DR ARG IRBEN Aty oPtionally
ssteated drem hale, £3-4 aliytitcad alkesudd 624 alionmd, Elndhialoalkydiiyl, C,.4

By A oL SEh THEER, Werens 260kt hastHne 6P SR
R3" and R.3b is selected from C7 alkyl.\ktherein said C1.3 alkyl is

1 gubstityied with, Gy, apdigptio %ﬁﬂ?@&?&i&%ﬂg‘,’é@wp&%é,§MP§¥E§%‘@£{‘t§vherem:
independently selected from halo, OW, and SR"; Cy'is selected from

ary| atidenetersarReaenl KibitisatetodiftyR Landlbphioralgisspsititedisyllis
stsBFuB R AR éﬁdéép%%ﬁglﬁ%ﬁs@&% ndependentiaelectet i iohty

and -1..13-Cy3; R8s, at each occurrence, independently selected
stesthamn doalkfi eshHkenyl, C24 alkynyl, CIA haloalkyl, CN, NO2,
012.'458-R i &fedRhsn GO NRedRadaraneCH Q)0Ri angl wity’ imaeIpstadily

from aryl and_heteroaryl, each optionally substituted with |, 2, 3, 4 or 5
SHLEE &S indBpeRidently selected from halo, C14 alkyl, 0,4 alkenyl, C24
alkynyl] 14 each occurrence, independently selected from Cy’ and ~L°~Cy’;

RS is, at each occurrence, independently selected from halo, Cy.4 alkyl, Cy4 alkenyl,
Cy4 alkynyl, C;4 haloalkyl, CN, NO,, OR™, SR*, C(O)R™, C(O)NR*“R%¥, and C(O)OR™;
and

Cy’ is selected from aryl and heteroaryl, each optionally substituted with 1, 2, 3, 4 or
5 substituents independently selected from halo, Ci.4 alkyl, C,.4 alkenyl, Cy4 alkynyl, Ci4
haloalkyl, aryl, heteroaryl, CN, NO,, NR®R%®, OR®, and SR*.

17. The compound of claim 1, or pharmaceutically acceptable salt thereof, wherein:
at least one of R** and R*" is selected from Ci3 alkyl, wherein said C; 3 alkyl is
substituted with -O-Cy” and optionally substituted with 1 or 2 substitutents independently
selected from halo, OR?, and SR
Cy” is selected from aryl, heteroaryl, cycloalkyl, and heterocycloalkyl, each
substituted with 1 or 2 R’ and optionally subsituted by 1, 2, or 3 R,
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10

15

20

c6K- do, haloalkyl, aryl, heteroaryl, CN, NO2, NROe, and Se. The
compound of claim 1, or pharmaceutically acceptable salt thereof,
wherein: at least one of R.3" and R31) is selected from C1.3 alkyl, wherein
said C14 alkyl is 30substituted with -0-Cy2 and optionally supstituted, with
o D BN IS S QBB RO, DRl P

Cy2 &'selectadifianuatcd)cidepandcayclondiadd g helerogycitialkyl, 4 alkenyl,

R RN O A 0 oo

angdnd -11,13-Cy3;  R5 is, at each occurrence, independently selected

f alg, C14 alkyl, C7-4.alk |, C2-4 alkvilY.1 Adhaloalkyl ,NQ2, ..

O e o B S SN OB, B aptionatly
subrgitniagiviibteroatyt eyeloaikityertd indtorodyoltalioytctddhooptisteally -« alkyl, Coy
all?‘éiﬁﬁ,ti@'ft?gﬂ@ﬁiﬂ}%cﬁ%zﬂo%érlé‘dpﬁt,i%?& l%g%ﬁ@,”g@‘flﬁﬁe"ﬁ@{e@ﬁ@%d SR,

halo, Cl-4 alkyl, €24 alkenyl; C2-4 alkynyl, CIA haloaﬁ<yl, aryl, heteroaryl,
CN, NO2, H",","6-Kd6, Oe, and SR. 18.The compound of claim 1, or
1 pharmpeeuitigaliyascepiable safhareaivhriaibeHiall loast @BRof Rdrein:
and R3p is selected from G1.3 alkyl, wherein said C1-3 alkyl is. substityted
with - %{W&é&iom&su&ﬁ{aﬁa@& i £ of S SphRAE L1 Aty s
suindepeddentlyseleciad fatorablosBWnasthG&W; or GyBdstsriesteddpendently

ryl hete oatlgé;1 ea Wbstituted with Cy3 and optionally subsituted by
Se%é%%or}ﬁd%g};]a{m 1s%n§ige§aCh occurrence, independently selected from

halo, ©144 adleicC 2éualkeryi Co4eatioynyleCll shbel 0tk lyiCN, N@R| @jonally
sBESEDRPAC(QNRe4.Rd4, and c(0)0e; and

R® is, at each occurrence, independently selected from halo, C.4 alkyl, C,.4 alkenyl,

Co.4 alkynyl, Cy.4 haloalkyl, CN, NO,, OR*, SR*, C(O)R™, C(O)NR*“R¥, and C(0O)OR™;

MCSLLP

and

Cy3 is selected from aryl and heteroaryl, each optionally substituted with 1, 2, 3, 4 or
5 substituents independently selected from halo, C;4 alkyl, C,4 alkenyl, C;.4 alkynyl, Ci4
haloalkyl, aryl, heteroaryl, CN, NO,, NR®R*, OR*, and SR*.

19. The compound of claim 1, or pharmaceutically acceptable salt thereof, wherein L 15 -(C;.
18 alkyl)-.

20. The compound of claim 1, or pharmaceutically acceptable salt thereof, wherein R' is H or
C}-IO alkyl

21. The compound of claim 1, or pharmaceutically acceptable salt thereof, wherein —L-R'is
C 1-10 alkyl

22. The compound of claim 1, or pharmaceutically acceptable salt thereof, wherein —L-

R'is Cs5.7 alkyl optionally susbstituted with 1, 2, 3, 4 or 5 substitutents each independent
selected from halo, cycloalkyl, OH, and CN.
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(1y3 is selected from aryl and heteroaryi, each optionally substituted with

1, 2, 3, 4 or 5 substituents independently selected from halo. C14 alkyl, ~MCSLLP

C74 alkenyl, C24 allCYnYI, C1-4 20 haloalkyl, aryl, heteroaryl, CN, NO2,

Nee, or and SR'. 19. The compound of claim 1, or pharmaceutically

acceptable salt thereof, wherein L is -(c1_ ix alkyl)-. 20. The compound of
23clainTli¢ oophanmiaceditically aodeptabie sall thereof;wkerdierdRi,is/btoin ~L-R'is
bup fﬂ;LOeakl?)[I. 21. The compound of claim 1, or pharmaceutically

aycceppta% e salt thereof, wherein -L-Rt is C140 alkyl. The compound of

claim 1, or pharmaceutically acceptable salt thereof, wherein -U- Rl is
243 TR ARIORAIY SHERCEIUI G MR du oty st RRUDIHIIRDIARGRD R is halo,

independent selected from halo, cycloalkyl, OH, and CN. PACSLLP
cyamo, Theéelomiad.rd ssfeeldinylL, or pharmaceutically acceptable salt thereof,

wherein -L-R1 is butyl or pentyl. 24. The compound of claim 1, or

pharmacet cyan, C1 haloalkyl, or acetylenyl. cally acceptable salt thereof .
25wheréls REMBHADOT I8 kot BRiTOAFRItSRIIFCP SR Reutigggin R is halo,
cyagseptahipgalfidhereof wherein R2 is halo, cyano, or Clhaloalkyl. 26. The

compound of claim 1, or pharmaceutically acceptable salt thereoherein R2

is halo or Cl haloalkyl. 27. The compound of claim 1, or pharmaceu cally
26acceptablesplutieseofawherein iR isBeu e Grice@8hid he: campoundein R is halo
or%?mkl)él% Plaannaceuticaliy acceptable salt thereof, wherein R2 is Br or

27. The compound of claim 1, or pharmaceutically acceptable salt thereof, wherein R?is Br,
or CFg.
28. The compound of claim 1, or pharmaceutically acceptable salt thereof, wherein R?is Br
or Cl.
29. The compound of claim 1, or pharmaceutically acceptable salt thereof, wherein R?is Br.
30. The compound of claim 1, or pharmaceutically acceptable salt thereof, wherein R*is CL.
31. The compound of claim 1, or pharmaceutically acceptable salt thereof, having Formula
Ifa or Ilb:
N—N N—N
R3a/< \ H N/i \x H
N N ) N N )
I W
07N N CHENN N
| |
L L
| |

o
A,

Ta : ITb.
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29. The compound of claim 1, or pharmaceutically acceptable salt thereof,
wherein R2 is Br. 30. The compound of claim 1, or pharmaceutically MCSLLP
acceptable salt thereon wherein R2 is Cl. 3 1.The compound of claim 1, or
pharmaceuticall ceptable sal thereof hayvin aor

3 ZaHPﬁf?f T rﬁ%&%% I%f cPARE ST SsHe mgcg Buticain ?/tghgéeéopt%qgrgglt
theréofs @h@eé}mddms C| Italkylene R3a is H, halo, C1a6 alkyl, C2_6

lkenyl,.C | oalkyl 33.
The CoriPEI DL AR o e sceeall S Sebiabie Sa Herect

havilg Edma(NMNREN Rl ITal 34. The compound of claim 33, or
pharmaceutically acceptable salt thereof, wherein -L-R1 is C17 alkyl

optionally susbstituted with 1, 2, 3,4 or 5 substitutents each independent
33seledibel fromphaibo Cyivalkylr SHNERCNBRR Hhloel BIwaidaye formula

n1:And

7 —
\ H
RSa
N N
I W
l
T
R’l
Ilal.
34, The compound of claim 33, or pharmaceutically acceptable salt thereof, wherein

~L-R'is Cy 5 alkyl optionally susbstituted with 1, 2, 3, 4 or 5 substitutents each
independent selected from halo, cycloalkyl, OH, and CN,

R? is halo or C; haloalkyl; and

R is selected from H, Cy.¢ alkyl, Cy.¢ haloalkyl, Cy', OR?, SR%, S(O)R®, S(O),R", and
NRRY, wherein said C;.6 alkyl is optionally substituted with 1, 2, or 3 substitutents
independently selected from Cy', C(O)NRR®, C(O)OR?, halo, OR?, NR°RY, NR°C(O)NR'R’,
and NR°C(O)R”.

35. The compound of claim 33, or pharmaceutically acceptable salt thereof, wherein
—L-R'is Cyg alkyl optionally susbstituted with 1, 2, 3, 4 or 5 halo; R? is halo; and R¥is

selected from H, C,.3 alkyl and C,.; haloalkyl.

36. The compound of claim 1, or pharmaceutically acceptable salt thereof, having Formula

Ib1:
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R3a is selected from H. C1_6 alkyl, C1_6 haloalkyl, Cyl, ORE, SR’,

S(0)11b, S(.0)2Rb, and NR"Rd, wherein said C1,6 alkyl is optionally MCSLLE
substituted with 1, 2, or 3 substitutents independently selected from Cy',
C(O)NReRd, C(0)0Ra, halo, ORE,Nfld., NRC(0)NReRd, and NRC(0)Rb.

35. The compound of claim 33, oriypharmaceutically acceptable salt

thereof, wherein -L-121 is Cﬁ‘_\ﬁ iggpally susbstituted with 1, 2, 3, 4

or 5 halo; R2 is halo; and R3a i§'selected f:%“—HRgl'3 alkyland C
haloalkyl The compound of clajm 1, or phartaceutically acceptable salt
thereof, havina. Formula 'lb ;: ON--- Jit N R2 11bl. 37.The compound
of claim 36, or pharmaceutically acgeptable salt thereof, wherin -L-R1 is
C1_7alkyl optionally susbstitutal with 1, 2, 3, 4 or 5 substitutents each
independent selected from halo, cyrloalkyl, OH, and CI\T; and R2 is halo
or Cl haioalkyl. 38. The compound ofiglaim 1 or pharmaceutically
acceptable salt, thereof, having Formula lila:

37. The compound of claim 36, or pharmaceutically acceptable salt thereof, wherin ~L-R'is
C1.7alkyl optionally susbstituted with 1, 2, 3, 4 or 5 substitutents each independent selected
from halo, cycloalkyl, OH, and CN; and R? is halo or C, haloalkyl.

38. The compound of claim 1, or pharmaceutically acceptable salt thereof, having Formula
[a:
R?:b
N
a
N ﬁ
N
J M=
07 > TN
¥
L
|
R1
[a.
30. The compound of claim 38, or pharmaceutically acceptable salt thereof, wherein:

~L-R'is Cy4 alkyl optionally susbstituted with 1, 2, 3, 4 or 5 substitutents each
independent selected from halo, cycloalkyl, OH, and CN;

R’ is halo or C; haloalkyl; and

R is selected from H, Cy. alkyl, C1 haloalkyl, Cy’, OR?, SR®, S(O)R®, S(O),R", and
NRRY, wherein said Cj.¢ alkyl is optionally substituted with 1, 2, or 3 substitutents
independently selected from Cy', C(O)NRRE, C(O)OR?, halo, OR?, NR°RY, NR*C(O)NRR*,
and NR*C(O)R".
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39.The compound of claim 38, or pharmaceutically acceptable salt
thereof, wherein: -L-R1 is C3,2 alkyl optionally susbstituted with 1, 2,
3,4 or 5 substitutents each independent selected from halo, cycloalkyl,

d CN; R2 o orCl I and 3' |s se
Ohgns: ﬁ%%ﬁtéﬁ@%& S R R RS e
wiGmi6 dlkil is maﬁauy)lsu@mlwmdbmﬂmd Ryidr 3 @u asmmtérmo R? is halo; and R*®

ent lected. fro eRd, C(0)OR". halo, OR", Nfld,
is 1%28%6?& dS& t}%ﬁl a&?]g%h cféoﬂ(*[}je compound of claim 38, or
pharmaceutically acceptable salt thereof, wherein wbereim-L-R1 is C2
lalkynggg{}%léyu%HS& 'ﬁl’ltﬁgé’\él% Gu é’f%ﬁasf’nb%lgnﬁgt %ﬁ@é%’e%QrBl?c&ltwaHy
selected from H, C3 alkyl and Cl haloalkyl. 41. A composition
acéé?ﬁ%ﬁ%ﬁ?@@lcompound of claim 1 and at least one phace cally
acceptable carrier. 42. A composition comprising a compound of claim 26
and at least one pharmaceutically acceptable carrier. 43. A composition
4comp%§map§%6%mené|éuﬁ%mﬁ§ @t J Hhangialrscettiigrmaceutically
acR6peBlablercarrier. 44. A composition comprising a compound of claim 33
and at least one pharmaceutically acceptable carrier. 45. A composition
comprising a compound of claim 34 and at least one pharmaceutically
43ccepiablerealtien. c4apAstQaRSIHe I PHENQ B-edmPewIdf shatm Boutically
ac;acrgda Ialea}ist one pharmaceutically acceptable carrier. 47. A composition
éré compound of claim 36 and at least one pharmaceutically
acceptable carrier. 48. A composition comprising a compound of claim 37

48 nd a& lgoaﬁlggsqgo hc%%ar‘l%%%lg ac|c|> 1%88&? E%bclleal(f\na% and at least one pharmaceutically

MCSLLP

acceptable carrier.

45. A composition comprising a compound of claim 34 and at least one pharmaceutically

acceptable carrier.

46. A composition comprising a compound of claim 35 and at least one pharmaceutically

acceptable carrier.

47. A composition comprising a compound of claim 36 and at least one pharmaceutically

acceptable carrier.

48. A composition comprising a compound of claim 37 and at least one pharmaceutically

acceptable carrier.

49, A composition comprising a compound of claim 38 and at least one pharmaceutically

acceptable carrier.

50. A composition comprising a compound of claim 39 and at least one pharmaceutically

acceptable carrier.



49. A composition comprising a compound. of claim 38 and at least one
pharmaceutically acceptable carrier. SO.A composition comprising a MCSLLP
compound of claim 39 and at least one pharmaceutically acceptable,
caner. 51.A composition comprising a. compound of claim 40 and at least
one pharmaceutically acceptable carrier. 57The compound of claim 40, or
51 p harmaceiicalyn acaepiable sadhibenadfo digreiniRnid € L& adkyl draGadsutically
- }/abISSCJ%e compound of claim 40, or pharmaceutically acceptable salt
fh eo wherein -Jr Rl is propyl, butyl, or pentyl.  The compound of
claim 40, or pharmaceutlcally acceptable salt thereof, wherein R3r is
SZSeleCIﬁx% ‘2!9 mH & gfrq%t %a%rgao Al cgﬂd aocfc a@lﬂ'galﬁ{}rereof Wherem -L-
pharmaceutu‘?aﬁ1 accepta e saltt ereof, IS met
R'derfipoaidlor dainlkgl. or pharmaceutlcally acceptable salt thereof,
wherein R is Cl. c-The compound of claim 40, or pharmaceutically
acceptable salt thereof, wherein R- is Br. 58. The compound of claim 40,
53r phﬁbﬁﬁé@mw|9fa¢é@1@pt%{b|@rsﬂémﬁé¢éwcw1¥e%@ﬁm@h§ eltdhaso hrgherein -L-
R 'R3BrisHonetinh, @FeAgompound that is 2-bromo-S-methyl-4-pentyl-1
,4-dihydro-5 141, ,/A4]triazolor5,1- ilpurin-5-one, or pharmaceutically
acceptable salt thereof

54. The compound of claim 40, or pharmaceutically acceptable salt thereof, wherein R

is selected from H and methyl.

55. The compound of claim 40, or pharmaceutically acceptable salt thereof, wherein R®
is methyl.

56. The compound of claim 40, or pharmaceutically acceptable salt thereof, wherein R is
CL

57. The compound of claim 40, or pharmaceutically acceptable salt thereof, wherein R?is
Br.

58. The compound of claim 40, or pharmaceutically acceptable salt thereof, wherein R* is

Cl or Br; and R™ is methyl.

59. A compound that is 2-bromo-8-methyl-4-pentyl-1,4-dihydro-5SH-[1,2,4]triazolo[5,1-

i]purin-5-one, or pharmaceutically acceptable salt thereof,

60. A compound that is 8-benzyl-2-bromo-4-pentyl-1,4-dihydro-5H-[1,2,4]triazolo[5,1-

i]purin-5-one, or pharmaceutically acceptable salt thereof.

61 A compound that is 2-bromo-4-pentyl-8-(trifluoromethyl}-1,4-dihydro-5H-

[1,2,4]triazolo[5,1-1]purin-5-one, or pharmaceutically acceptable salt thereof.
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60. A compound that is 8-benzy1-2-bromo-4-pentyl-1 MCSLLP

,4-dihydre-5H-[1,2,4]triaZolo[5,1- i]purin-5-one, or pharmaceutically

acceptable salt thereof 61. A compound that is

2-bromo-4-penty1-8-(trifluoromethyl)-1,4-dihydro-5H[1,2,4]triazolo[5,1-i]pu

rin-5-one, or pharmaceutically acceptable salt thereof MCSLLP 62. A
62compoundpbatdshat is 2-chloro-8-methyl-4-pentyl-1,4-dihydro-SH-[1,2,4]triazolo[5,1-

%chl r(())ng methyl-4 aC%up 1 4 d|h le 5 I—{S%Léz 4f]tllazolo[5 1- -5-one, or
ilp 1ﬁlarmaceh?l accep Ci?]% ereo compound that is

842 -(3- benzyl l.2,4- oxadlazol 5- yI)ethyI] -2-bromo 4 buty14,4-

63d'hy9x° %t{l@@‘g[%lbg nl é Qro%ag{ago]aﬁ.@ﬁgﬁ{%f’allﬁ(romo—é’r-butyl 1,4-

accepta e sa t thereof. 64. A co pound that is

dilgao@3 Hdn A Irpzplokad raka@nwr)@mwml@mwczu@ﬁaﬁy@cqmbie salt thereof.
dihydro-5H-[1,2,4]triazolo[5,1-i]purin-5-one, or pharmaceutically
acceptable salt thereof. 65. A com%ound that is

642-brotnerapuityd 1Baf(is-pyAdirbenapheAckyetrs:1; 1wyl T 2 difero-1.4-
difiRBelsl. LrilpupiRazoRNs, 10n phatmasRUbc 3l RGeeRiakIS Salctharrofalereof.

A compound that is
4'-[(2-bromo-4-butyl-5-ox0-4,5-dihydro-1H4l,2,4]triazolo[5,1-

6NpUBA/IRgIhaxyikiphenyiloscarbonitrig (ap pharmaceiiically aceRpiable-dihydro-
I%alt thereof. 67. Ac?;pound that is

It 2a TP hiGRnS: ;ﬂbﬁ%ﬁ&&ﬁ?ﬁ%?ﬁ‘g}? RIS AATS 41

trlazolo[5 1-ilpurin-5-one, or pharmaceutically acceptable salt thereof. 68.

compound that en ih dro 5 CL
41?@2%8%@ p%tzrllsn J&?ﬁé"%r %élr%ﬁggel%ca’ ﬂc%r&éﬁe[ 15,’21[4]ma2010 1
1}pbsne&¥y5ﬁ1a&@mﬁmphmdllt-ﬁad:aﬁaommle or pharmaceutically acceptable salt thereof.
2-bromo-4-butyl-8-methyl-1,4-dihydro-5H-[1,2,4] azolo115,1- 4urin-5-one,
or pharmaceutically acceptable salt thereof 70. A compound that is

672-chldro<Brprathy Kbipsehylom d-4hinytotd-5 i raidin]apble|sxmethyl]-1,4-dihydro-

sURMA: 4}9@2018 Fpgpmacestgally. %%%B%Q@léﬁléﬁ&%r eRfnTls A aRpugeund
that'is 2-bromo-8-methy1-4- propy 1,4-dihydro-5H-[i ,4] azolo[5,1-

iJpurin-5-one, or pharmaceutically acceptable salt thereof
68. A compound that is 2-bromo-4-pentyl-1,4-dihydro-5H-[1,2,4]triazolo[5,1-i]purin-5-

one, or pharmaceutically acceptable salt thereof.

69. A compound that is 2-bromo-4-butyl-8-methyl-1,4-dihydro-5H-[1,2,4}triazolo[5,1-

i]purin-5-one, or pharmaceutically acceptable salt thereof.

70. A compound that is 2-chloro-8-methyli-4-propyl-1,4-dihydro-5H-[1,2,4]triazolo[5,1-

i]purin-5-one, or pharmaceutically acceptable salt thereof.

71. A compound that is 2-bromo-8-methyl-4-propyl-1,4-dihydro-5H-[1,2,4]triazolo[5,1-

iJpurin-5-one, or pharmaceutically acceptable salt thereof.

72. A compound that is 4-butyl-2-chloro-8-methyl-1,4-dihydro-SH-[1,2,4]triazolo[5,1-

i]purin-5-one, or pharmaceutically acceptable salt thereof.
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/L.A compound that is 4-butyl-2-chloro-8-methyl-1,4-d& 0-51

-[1,9,4]triazoio[5,1- i]purin-5-one, or pharmaceutically acceptable salt MCSLLP

thereof 73. A compound that is

2-bromo-8-methy1-444,4,4-trifluorobutyl)-1,4-dihydro-5H[1,2,4]thazolol[5,

1-i]pinin-5-one, or pharmaceutically acceptable salt thereof 74. A
73compousdihatdshat is 2-bromo-8-methyl-4-(4,4,4-trifluorobutyl)-1,4-dihydro-5H-

R AR

compound that is

2-bromo-8-methyl1-4-(3,3,3-trifljoropropy1)-1,4-diRydro-5H : qT
T T i o o B vAcEtay Horahars L iessgr
[1:261]&xieprd OU Adptinat-iS-one, or pharmaceutically acceptable salt thereof.

2-bromo-4-(4-fluorobuty1)-8-methy1-1,4-dihydro-513-

[1,2,4]triazol0[5,1-i]purin-5-one, or pharmaceutically acceptable salt
T5therebfcorpopnddhipoundprapi§-methyl-4-(3,3,3-trifluoropropyl)-1,4-dihydro-5H-
[ Z0ieme(®:Tpiepenti) SmeltvkL g divdioah2 dipealals Loy

rin-5-one, or pharmaceutically acceptable salt thereof 78A compound that

is 2-bromo-4-(3-fluoropropyl)-8-methyl-1,4-dihydro-5H- [1
76A1friazalglRpbulRUHR 2rong oRlPhAI ARt saccaniable sal dharaef

79. A compound that is _

[1 2616170140 b APs -t oy Fut aelingieseRig e salt thereof.
[1,2,4]triazolo[5,1-i]punn-5-onc, or pharmaceutically acceptable salt
hereof 80. A compound. that is .

o ORI Atk g e R By B ARG L 4-dihydro-SH-

[1[2,2/4{triara o5 ilpnircheoneyoiphasnnackyuticaliy st ea pliafhle it
thereof 81. A compound that is
2-bromo-4-buty1-8-(methoxymethyl)-1,4-dihydro-5H11,2,4]triazolo[5, 1-i]pu

7&in-5-6nepgrophatiaceditivathy sdeCeftabiepsait théreafth 82, A domipouthd

rding to.any one of claims_1 to 40 or. f ' icine. 83.

e S b B e e S T

the preparation of a medicament for treating a disease in a patient,

7OVRELEINING fig6 356 i5-assoeiplad With HM{Aa secaptor .4 8n 6 yse
according to claim 83, where the disease s associated with evated plasma
[1E=p&iazolo[ 5,1-i]purin-5-one, or pharmaceutically acceptable salt thereof.

80. A compound that is 2-bromo-4-butyl-8-(4-hydroxybenzyl)-1,4-dihydro-5H-

[1,2,4]triazolo[5,1-1}purin-5-one, or pharmaceutically acceptable salt thereof.

&1. A compound that is 2-bromo-4-butyl-8-(methoxymethyl}-1,4-dihydro-5H-

[1,2,4)triazolo[5,1-1}purin-5-one, or pharmaceutically acceptable salt thereof.
82. A compound according to any one of claims 1 to 40 or 52 to 81 for use in medicine.

83. Use of a compound according to any one of claims 1 to 40 or 52 to 81 in the preparation of a

medicament for treating a disease in a patient, wherein the disease is associated with HM74a receptor.
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85. The use according to claim 83 or 84, wherein the disease is
dyslipidemia, highly-active ant -retroviral therapy (HAAR-F)-associated MCSLLP
lipodystrophy, insulin resistance, diabetes, metabolic syndrome,

erosclerosis, coronary, rt disease, stroke, ob eleva

he use accor 1:% tf eharem ﬁ}e 1SEASE 48 aséoma?scllt%it eFI‘evaEecg ?l?ats[rr}/ FFAs.
S e ) 1C) Slevated' Wwaist circtimference, non-aléoholic fatty fiver
disease, hepatic steatosis, or hypertension.
85. The use according to claim 83 or 84, wherein the disease is dyslipidemia, highly-active anti-retroviral
therapy (HAART)-associated lipodystrophy, insulin resistance, diabetes, metabolic syndrome,
atherosclerosis, coronary heart disease, stroke, obesity, elevated body mass index (BMI), elevated waist

circumference, non-alcoholic fatty liver disease, hepatic steatosis, or hypertension.
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