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Oxadi azoant hracene Conpounds for the Treatnent of
Di abet es BACKGROUND OF THE | NVENTI ON 5The present

WO pwentizen provi des oxadi azoant hracene deri vat PUBEES2009/036333
conposi tions conprising oxadi azoant hracene
derivatives, use of the oxadi azoanthracene derivatives
for the preparation of pharmaceutical conpositions and
nmet hods of use thereof for the treatnment and/or
prevention of disorders and di seases wherein
modul atQxedia@barithv@cdndrEnfduldsl for @it PicMimdns obBRGEIcS al .
10Type Il diabetes nellitus is a netabolic disorder
where di sease progression may be characterized by
peri pheral tlSﬁR%Kkﬁgy Esh§éﬁqgg Ti%REr gl yceni a
islet b-cell conpensation, hyperinsulinenma
dysli pi dem a, increased Ilver gluconeogenesis and

U|Lﬂ€ mat e | oss of b-cell s and funct.i on.

pat %%P@P&@}W&ﬂﬂ%ﬁ%@é&a HEAUYRCRE @P?‘éé}‘?’tveﬁlcﬂ%g%‘tlons
con%ﬁ%n%'o&h&ta%hﬁf?&deh@ H&I‘Wa@ivgtso )ﬁh&bﬁt}ie BQacQéz%@fﬂtﬁra%&g‘déi‘ﬁfatwes for
mot Timted to, ney, eye, peripheral
the plepamamm of/[dslcmh@tumzd campoheama a.nd'lfmihodstdfells@theseoé for the

weal I A8l G Vel oD B0 g iR st GhoRRS o theyhuman

GLm@g@ﬁ%ﬂglj&ﬁ@ﬁhgp d ucagon i ke peptide-1 (GQP-1) is
er of the incretin famly of neuroendocrine

pe pﬁ}?@ 1 HAhERNGSI1IBRGE & hRHlie mSBrdé? whéreclflsetathe%ro %ression may
intéstine in response to 20food 1 ngestion -1 has
be amaitatiepkel yepatpbkrat tisfuf ecsubin rdsatanae chypetglhaetia; eslétdr-cah

congpigiabdpranibBgERon DelFhit ngh L AT ontpsgesis and
ultikae 8dds of 8-RN MRS Bnd e RsE- KMy sibREal CorSEGcaEdsT-
Positive netabolic benefits of GLP-1 may i nclude, but

aberand ghusose and hipid mqbabOét@rp@rfet@glc@n tepreang susiag.cbuy Ingtclagmd to,

the @8?}5 %txeﬁ%%flﬁgeral nee?lsoeng,rr\féa%%ou iy a"’h‘a‘%}e@q g’%ﬁ% gi}gﬁ{ mgdlcal need

for dgeAttth@mayldigaypdisdaké pﬁ‘)g&fsﬁl@ﬁ b§ idprovidg g’lly@lmlb c61ittd] an@sscell
and function offers the hope that G.P-1-based

mas gagd picEeN.nay del ay early stage di sease progression.
In addition, a GP-1 agonist could be useful in
corflupagondiketnieptidpl ESLE s mmembenof; the incratini fampzof ent s

neul\‘r’a\éien ocrﬂ¥1 gle%tlcge hao%%bge_sts secreIe%rf{r ¥ of {h%:?trg%?qe 1 gesponse to

nto an nacill ve

food iﬂg’eitfonl (LIS Badmufiplh@eapelid bffeo@@tﬁﬁlﬁ are attractive for an anti-
Validation of GP-1R %%pnlsts as a_ therapeutic

dialyetig aeenty Avieey faegtioawd $1H 1 Bdergiivata ity meepton G Lbad pmthe
pangljggtfwgay{o' GithSoe éaﬁ'é‘os%-y e}é@]{i?ﬁﬁﬁ%ﬁ\ tsg‘rgtlgn rle&sﬁw %ep‘)ceébthc

goni st recent or t reatment o
beneﬁtabéGéﬁP Ielaly nﬁa]mie ansarmgotdfmﬂt‘edetndsupptkshyn stibautsiveegiusagon

mnistration Lo s .hl ood gl ucose and decreases Hb
pm@wrlewfegream topd gk tgéﬁttrlcﬁﬁ&%%épgﬁ%‘a@w@ﬁ%trﬂ J-cell
mask 3hd AR EESF. eTH@}%sﬁt?Je effgla% oFlA®R1 ofR- c%ﬂ%asgagd ﬁmrcﬁ&? BEFSS the

agoni st shoul d provide glycenic control fering
hopt ket G@Mbba®d¢berqﬁlemlmay deleyg eary stage dlsea@_ﬁogﬁsbeh ohysldition,

o G @fnSL Bl Bol REEB Pt dc o Bgfort dia it ogpin in patients
with €96l 3la88tcfROM oSl MHe rRfY Hrab&IgEis 8f GRRI into an inactive

metabolite limits its use as a therapeutic agent.
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10 pat hophysi ol ogi cal processes. In addition to the

seven transnmenbrane domai ns characteristic of all GPCR
wo acwphyr7eenbers, class B GPCRs contain a rel at POEUS2009/036333

|l arge N-termnal domain. It is believed the binding

and activation of these receptors by relatively |arge

natural peptide ligands require both the N-term na

domai n and the transnenbrane donmain of the receptor.

In particular, class B GPCRs have proven difficult for

t hevalhiaendi G LRAR Qdvndts dsawhsmbpagidlndédaiet §h achieved by
non@E@?t|de agoni st nol ecul es. Because pzftldes such
Exegdin tta@epmydiaiPhapaqentieatt, leg: by a b@ﬁﬁl&l@ L Pabir¢ceptpr pganist

receE R0 PAPY LB ol o e PRl 0 R, RO 8 Pyoncin by

subditgitbys ahsinisedtion losvepy lﬁsemglubmemtildecreﬁkes HblAtieSe\&ls which
cl ass of. conpounds t hat gydulate GLP- 1R

SUMVA
are pOTiaRE RIRREHRT Measurenmeids fr&dssate qoﬁV@htTI%?ﬁe P@I a %’?BE&P 1
recegﬁma bRdsshehidfREHe &1 g Cdhic c%ﬁtr@l WHiE SRG RIS hE @(ln{v)émence off oral

ccept abl e sal't the nmet hods conpri Sing the use
dosingnpounds of formul a (I) , or a 25pharmaceutically

acceptable salt thereof, for the preparation of

phaGb®d B el c@h tchaptss Bir@@torﬁf&bhtﬁ@SoﬂtthBﬂ pdteigcdupted

use of ggnpou ds, o L for a(l)., or a ) )
receptpt (FRERY Ry %terﬁg %n@ay fmpayEmE physiqlegical pad
patﬂo:qﬁ%ﬂﬁ gﬁcalgﬂgééa&esp TEYERSOR, AE sl HalGhSmBrAAe Qbrﬁ%?é es,

utical conpositions conprising conpounds

cha](af:tehsnnmﬂ adl (GP(jJR famorly mqnﬂﬁrsmikaeyB |C&%(ER§/coa1¢mm prahtivelshige N-

t.h fr NI \ N RS/ OR3(
termniTgorigin. g DTS B a G TS R s e e tively
largyﬁﬁtupeﬂ %%?t'fde ligﬁﬁ@ﬁkh@f‘ﬂe both tReN-te@hihI&Rnian it BE MRALALBSanc

usef ul exanpl e, in the 5synthesis of conpounds of

donfagr e the r¢ckptor. mrmmmroam CPICBN hare praeen NEMAL O the

identification of low molecular weight non-peptide agonist molecules.

Because peptides, such as GLP-1, may lack sufficient oral bioavailability for
consideration as oral drug agents, small molecule modulators of GLP-1R with oral
bioavailability are highly desired. The present invention describes a class of compounds

that modulate GLP-1R.
SUMMARY OF THE INVENTION

The present invention relates to compounds of formula (I), or a pharmaceutically
acceptable salt thereof, methods comprising the use of compounds of formula (I) , or a
pharmaceutically acceptable salt thereof, for the preparation of pharmaceutical
compositions, methods comprising the use of compounds of formula (I) , or a
pharmaceutically acceptable salt thereof, for the treatment and/or prevention of disorders
and diseases, and pharmaceutical compositions comprising compounds of formula (I) , or

a pharmaceutically acceptable salt thereof,,
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DEFI NI TI ONS 10The follow ng definitions are neant to

clarify, but not limt, the terns defined. If a
w@aoiieub@r term used herein is not specifici abCHUS2009/036333

defi ned, such term should not be considered

indefinite. Rather, terns are used within their

ordi nary meani ngs As used herein the term

"al kyl" refers to a straight or branched chain

hydr ocar bon havi ng one to twel ve carbon atons, which

may be optiongtly substituted as hepein further 15

descri bed, witlh nultiple degrees of|[substitfuti on being

al | owed. Exanpl es of | herein include,

but ar | P
isopropyr> ﬁF, isoﬁgntyl,
and n-pent qughout khis

specifica , Suctt as carbon

at ons ps g Examprgs will be (
represented by the ph "Cx-Cy al kyl," or 20aIE@I,"
which refer to an al kyl group, as herein defined,
containing fromx,to,y, inclusjve, carbon atons.

wheggipiA, & G, %r’ B il BgyR vitnd R gp py/hgrein dspitedt er ms and
ranges as well. One enbodi nent of the present

i nvidstirensnt ingeniwadughergelptcs i intasmeerates uksfil, éoraixamplss in the
n ' . Thus, C -C6 al kyl represents

Symgeﬁ%&ggﬁgﬁ&éﬁggﬁgpﬁﬁggﬁhereabove descri bed.

As used herein the term"al kenyl" refers to a straight

or branched chain aliphatic 25 hydrocarbon having two

to twel ve PETHIRERIYFRCRIT IOMHPRI AN Y RN TEPNmor e

carbon-to- carbon doubl e bonds, which may be

optionally substituted as herein further described,
DEMINITRIONSt i pl e degrees of substitution being all owed.

Ex les of "alkenyl" as used herein ingclude, but e

ot T e et BTGy pre ot 1511y, i ng Bt Bk i REed. 17
a par@uRr t&nk Y Iherdi®fselod sfRifftialyr RifBY, sQfh REARGHAH nshRd N

al i phatic 5 hydrocarbon having two to twelve carbon

congitlened ingleinido nRather, tegmo pes wed mothen heir bohnary casabimgs.
triple bonds, which may be optionally substituted as
herZed wsell hetelhrethe desc'tallyd'tivefass tcha stedighit pl éradelyrdedhaindiydrocarbon

substitutjon being allowed. exanpl e of "al kynyl". as
havBEERE el Creh BES, v i DR aR oy Rt d g i fyrther

desdibedlSah A8kRlNeglBEorlsabMutBh H¥he BBowd € fiBlamplQ of "alkyl" as used
strai ght or branched chain divalfent 10 hydrocarbon

herqimdichale, hebwirawptfimutmdsnenttbyl, eyt ardpoh isapoemyl, mbbuil, nebptyl,
tert e}ﬁption?ll%uﬁubsti uted as herein further described,
ert-Ripsl ROR Y DIfEBFHES of substitution being al | owed.

Ex ol tiabugtukitiegreifidstiors @ iRt Bf atomk Utieh aPedrbéd foms
not limted to, nethylene, ethylene, n-propylene, and

in ap alkyt giovpdor pmpde avil be egmicscntsd by dhaphragek emfdyaterl,” or "Cyy
alkfl,efvﬁlrial feferdo Bt Elﬁlylgé]rgulg Fas %Er%ﬂlcge%eﬁ,hc%in&ining from x to y, inclusive,
carbon atoms. Similar terminology will apply for other terms and ranges as well. One
embodiment of the present invention includes so-called ‘lower’ alkyl chains of one to six

carbon atoms. Thus, C,-Cs alkyl represents a lower alkyl chain as hereabove described.

As used herein the term "alkenyl" refers to a straight or branched chain aliphatic

hydrocarbon having two to twelve carbon atoms and containing one or more carbon-to-
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15 di val ent hydrocarbon radi cal having fromtwo to ten
carbon atons and contai ning one or nore

W@ 200000t70®- car bon doubl e bonds, which nay be opCT/082009/§36333
substituted as herein further described, with nmultiple
degrees of substitution being allowed. Exanples of
"al kenyl ene" as used herein include, but are not
limted to, vinylene, allylene, and 2-propenyl ene. As
used herein, the term"al kynyl ene" refers to a

cart®hlddubletboads, Bhashahshetdptibmal BGublitiviad EaitheheyrdfueBar degdtibed, with
radi cal having fromtwo to ten carbon atons and

multipls degrass g Sehatugen hepg allardoRserarlenpbomkanyl psasebhmasin
1nd§@§%ntﬁgﬁopﬁnﬁﬁiﬁ90%- %ng tituted as herein further

mul t ﬁle egrees of substitution being
al | pwed., . An
i nd gg he%:uli %Ie § o taﬂfyn%ﬁ %/ t8 ng%? oy rancheﬁscﬁaln a C}phatlc
hydhﬁfaﬁiolﬁ hat/ g thv@rtotwalvk eXsbon raﬁfn@&f andt cQ)ntahﬁing roﬁel pr Rbrdcarbon-to-
where Rx is alkyl. 25As used herein, the te

carbog) tgiplgyhosdsy Whl‘éhr 8% bg @ptioRa [ygubsfputEs: s hergip, @rr@leﬂd@%bed with

mulﬁ%% %Q%rle?s of tslﬁbstl Hec‘iﬁg 61%%6%1 hn éx@pfeed'f %@ﬁyMs%Pferem

1ndm$£dnh$netmmnﬂM© ﬂhﬁﬁﬂ"alkylsulfanyl" refers to the
group RxS-, where Rx is al kyl. As used herein,

t head @ethe @hk eiyteih ' {IRfkhe"” reRbEloS dRidhper BrafthedRk&n.divalent
where Rx is alkenyl 5As used herein, the term

hydr%altbyﬁ yadieal hayipe fopegnerte tanesaros agBy mvhmbsnay Rrptienatly

sub§t e ! és%yi{é}{én% ﬂ@t‘ﬁallrjcgeg%bgﬁ r\%kkggmﬁlﬂfe cfeglr lujéwttftﬁ)lnfbeﬁgallowed

Exaﬁ@lets&ifd' alkgteaichas tided Heesiminchldee byt aserhdti limyited tbﬁiﬁléﬁhslehe
t he group R1' S(0)- ere Rx 10is al kenyl . As
ethylensa Npegnyilene, ?H%np%@ﬁ$¢alkynylsulfinyl refers to the
group R1'S(0)-, where Rx is alkynyl. As used herein,
t heAs wedhhergitcyesiarmn Sellenylenst é?fgrstt@ a st gl ARk zin

dlvéll\glet h?leéatjb8n ?eldlé/all having from two to ten carbon atoms and containing one or
more carbon-to-carbon double bonds, which may be optionally substituted as herein further
described, with multiple degrees of substitution being allowed. Examples of “alkenylene”

as used herein include, but are not limited to, vinylene, allylene, and 2-propenylene.

As used herein, the term "alkynylene" refers to a straight or branched chain
divalent hydrocarbon radical having from two to ten carbon atoms and containing one or
more carbon-to-carbon triple bonds, which may be optionally substituted as herein further
described, with multiple degrees of substitution being allowed. An example of “alkynylene”

as used herein includes, but is not limited to, ethynylene.
As used herein, the term “alkoxy” refers to the group R*O-, where R™ is alkyl.

As used herein, the term “alkenyloxy” refers to the group R*O-, where R™ is

alkenyl.

As used herein, the term “alkynyloxy” refers to the group R*O-, where R* is
alkynyl.
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15As used herein, the term"al kenyl sulfonyl"” refers to
the group R1l' S02-, where Rx is al kenyl. As used
wheeeiin70@ he term "al kynyl sul fonyl" refers to PEEUSIOUMG6333
R1' S02-, where Rx is alkynyl. As used herein, the term
"cycloal kyl" refers to an optionally substituted non-
20aromatic, three- to twel ve-nenbered, cyclic
hydrocarbon ring, optionally containing one or nore
degrees of unsaturation, which may be optionally
subsd udedhegim shderetakisilirher @esctd the droupi R'B- Mdckd R 8
degrees of substitution being all owed. Exenplary
alkycy(:loalkyl groups as used hereln i nclude, but are
not limted to, cyclogropyl ycl obutyl, cycl gentyl
Cyoqssomdyprelraﬁ@ texna [‘adl @Ipztlgulfan}al r¢fets|to alge grpmgg where R is
coptalnlng one or nore degrees of 25unsaturation but
SNOrt of aromatic, such as cyclopropenyl

ychORe Ry 150 SRS S0 g SLOBN Y S, where i

dkwﬁycloalkylene refers to a dival ent, non-aromatic,
ree- to twelve nenbered, cyclic hydrocarbon ring,

whi .oha i i
dod e RRYeR, AR LA Ty SRS UERKSP SR R HRRR i
alkydl | owed. Exenpl ary "cycl oal kyl ene" groups include but
are not limted to, cycl opropyl ene, cyclobutyl ene,
Scyd wyee htiehe fie: tehy ChlRbeAyil fme” radys kot ryleRS(Oandhere R*
. Substituted versions thereof. The termis intended to
is alkg@dnpass dival ent rings having different points of
attachment as well as a common point of attachnent,
whifshused haestt ithroterm ortkymsudfing” rﬁeferrsé@ thergseun B"HO)-, where R*
iSa]:i{sgllroatom" As used herein, the terns "heterocyclic",
ﬂeXerocycIe and heterocyclyl" refers to 10an

O R A S MR PR ST

alkyor € degrees of unsaturation and al so containing one
or nore heteroatons seIected fron1the gr oup conS|st|ng
of I h, [
opt onsl oo BYORD, BB o 6 i TBGPR )
1s alkamytlher descrlbed, mnth mul ti pl e degrees of
substitution being allowed. Typically, the ring is
t hreeuded hd&id, ved tean frElRbef adfoant! referetotthegrolip RFFO0,-, where R
i aturated or has one or nore degrees of unsaturation.
is al§yey- 1 ngs may be optlonally fused to one or nore of
anot her heterocyclic rin , cycloal kyl ring(s), aryl

gr dupesed erctethicrieen serle ylo rreﬁqette 20 apt}qnagy suhsgtugeggnon-
arorggt dﬂﬁge Q(? VQG\:T% Fl%@"@}%gu%cﬁ‘é hy %a%';)&% Mﬁ% é)% 101ga.rlgluc%1§ita%§ing one

»-, where R*
er el n

erern i1 nc are no

or rﬁc&é dadry el affuuns @t atos, arhuchlndyhb dpriaindly sﬁbs’ﬁtut&ﬁd;l hewcairther
pi p.eridine, 6%rrolld|ne r phol j ne,

desqribed, gﬁghdpglpme gr,egqpf sgl?.,sé;;tutlon being allowed. Exemplary "cycloalkyl"

groups as used herein include, but are not limited to, cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, and cycloheptyl, as well as rings containing one or more degrees of
unsaturation but short of aromatic, such as cyclopropenyl, cyclobutenyl, cyclopentenyl,

cyclohexenyl, and cycloheptenyl.
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t et r ahydr ot hi ophene. As used herein, the term

"het erocycl yl ene" refers to an optionally substituted
wamwvatonmt i ¢ diradical ring system optional | BCT/US2009/036333

contai ning one or nore degrees of unsaturation and

al so containing one or nore heteroatons, selected from

the group 25consi sting of nitrogen, oxygen, and

sul fur, which nmay be optionally substituted, including

oxi di zed, as herein further described, with multiple

deke@wdterdnfant itdrut T@nldatiydehealrtRVed.a diyplcad hbﬁwardrﬁb&ic
ring is three to twelve-nenbered and is either ful
threéa@ﬂwskvwl%mbqﬁ% cyeie ftyﬁrq%ﬂ@nd@@s which gray psontionadly |swt1tuted

as hSdfi! fth&%%c%& o h%lh@@ %lzé %es of 3 tl{'ulﬁﬁg Pang %llédlgegde E%emlplary

anot her he eroéyc icr
"cydodkydsnc3 @rquas inkeddden bat dneh@m)mmerd tbﬁ(t}&tdpmi[wller@[ Qu:ﬂlﬂau(ﬁ&le

cyc]i%gf&ll}tg]gge bcg{;ll,(p)%yé nﬁofyoilcﬁlﬁ.pty&&e,tag ts&‘tgs%%ute ersmns thereof. The term
is m&é?fd%@t&’éi%%ﬂés@ Rivalent ghé’sl havﬂi%rd?ﬂ?&kﬁt%ﬁlt@oiddtﬁé!:hmé}ﬂ ds well asa
pyran-2, 4- . As used herein, the term"aryl" refers
COHIHEDI‘EpGlIIItIOf attanhtneat oviecthi coneentibg atooomaalsd heraférmag toms
« EOI cyclic fused ring system (up to three rings) where
SP} Ting 5contains between 3 to 7 atoms, which may be
optional |y su stltu ed as her further descri
it Hed F?rﬁun felgetf‘a?cygﬂ%st efea?%wh e ﬁ%et%{P%g@ grefers to
an 0@@&%&1@ﬁbs@iftute@ﬁlﬁbale&r&ﬂpﬁoﬁ%@ﬁgf% | 43 o%?ehcbﬁ'ﬁg §/seenflOt
mted to, phenyl, 2-naphthyl, 1-napht
optiamtl hyr @nemang ph@mambm@e:es aﬁuinsandranen aAd allweqi)nhzanmgmne or
term"aryl ers to a dival ent.aromat
ok g SRS 8T HGEioiD S0Pk PE i TR, piesgen: and
sul fRY.SHIEEA fbPbé Qj%‘cbhﬁlﬁesu'bhtﬁﬂt%al 1M‘é]§d1§%§ﬁ§ﬁed 'a@Eer&ﬁ%tﬂieF described,
between 3 to at oms, which e optional
withsblipletdggrses efsubssitusion bengahewe eEyzmpblén thwrtnlg imthnel jp e
el ERETRq JHP Biitoth P PERGe® bt R RN 88erBhs of

unsfarzRne-Shch rihigy knay%ﬂﬁitfﬁﬁlhﬂﬁ €uskd 8o dhy br mbse Uf&bther
herein, the term"heteroaryl"” refers to_a npnocyclic

hetqrpgeslic gingévle Y A9 hrhbiaeen, avdgeauns (a5 dgfined beleva orused
y ‘V "
het&bgﬁrg lgilrgupfk (%%Eflﬁ ([bgl%r\?é %%x%m&g?%n t&%c%%}g %roﬁ sCQsa lslsed
herdierie¢clindé umthme ndeBoiticdad, teWahpdmﬁhttanppgradegMeémmﬂe 1,3-
. substltutlon bei ng.al | one These heteroaryl ripgs
dioxais AISTIGRRS- Gy SR raaline. &irahyfrothinRydp. Hid gen
tetr@tlyAiGthiopiese N-oxides, sul fur oxides, and dioxides are
perm ssi bl e het er oat om subst it uti ons. Exanpl es of

" I .
shasy Bregtcin, S ARARCHE A TE R GpHORL Mbitiuted non-
arothai cdizolic] ripy sysrah eyptibnalbzaineinihg bnazomere ddgr@z of e,
oxazol e, jsoxazol e,. oxadi azol e, thiadi azol. e,

unsg‘gl&tmna% %lso ﬁ9p‘iaéqlﬁg OHEWF’&%FﬂhﬁéeroEﬂ?P};?z W{gcted from the group

cong’ﬂéflh%"o@'nﬂ?o GUROLINGndisS IV Iﬂ%{ b@@ﬂﬁ%ﬁgl;ys%flstltuted
benzodi oxol % benzot hi ophene, 1 nd I nda

incliobng oxrilided; @b kx¢r¢1n|fmtlwadcﬂp§lb¢ddwnil imulmyle degnées py subsiitntién being

allowg(&i ’Rilr)l%%lﬁly,o &%rrgnné 1ds tm{ee to twelve-membered and is either fully

saturated or has one or more degrees of unsaturation. Such rings may be optionally

fused to one or more of another heterocyclic ring(s), cycloalkyl ring(s), aryl groups

(as defined below) or heteroaryl groups (as defined below). Examples of
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25As used herein, the term"heteroarylene" refers to a
nmonocyclic five - to seven - nenbered aromatic ring
walzeoadived , or to a fused bicyclic ring systenPCT/US2009/036333

conprising two such rings, which may be optionally

substituted as herein further described, with nmultiple

degrees of substitution being allowed. These

het eroaryl rings contain one or nore nitrogen, sulfur,

and/ or oxygen atons, where N oxides, sulfur oxides,
“he@futy iyt d®surle Ebut REY W6t $igditeld o etk ehydadf@dah-2,5-diyl, morpholine-

substitutions. Exanples of "heteroaryl ene" used herein
2,3-diyd) ergepy ire-4a¢iEl not limited to, furan-2,5-diyl,

t hi ophene- 2, 4-diyl, and pyridine-2,4-diyl. As

us et meddicreing the tarar rarylf' uskees oycihwalkyl arpwplatic cebens t o

ne or. two cycl oal kyl ,aroups. fused tg an .aryl grou .

confiing gk ni et e P B R0 o, G RO O R en ring
conRAHTHOR;eea B0koVih Rio@i s whith nddye dptiontlyisebstiigedaintciOfurther

substitution. Exanples of "fused cycl oal kyl aryl" used
desqbediwith rﬁ@l[ug]@éiegr_eqesmféﬁl?,qn}utlgﬁ deing allowed. Examples of "aryl"

6, /Syt y - 2- -yl A er e
sroftce i B AR AP IV Gl yp ntonyt 2B, LT
antloyicdabpkyhantidene et idoné.he aryl group is dival ent.

Exanpl es i ncl ude 10 As used herein, the term

" useakedmptan ctheadrisytarylegé erfeSert @ @A6a®nt a¥dm@id/darbon
g&qups‘fused to a cycl oal kyl group, the cycloal kyl and
con

Jing gngis oy g fusge rareohstan (e kvdce BREs)MBeisiqgch ring
N . ! S
con s SYSLBNN T BN AR R0 SO, e
desdribed, wdeh rhultipidaloyiees df-substianiph beiflg tllavosde Nigtamples df, < Aryderd?

. tetrahydronaphthyl) and i As used herein, the
mclt@s‘» R §1 él@ﬁluartv? @%@%ﬁﬂﬁe@wh n?@ﬁléaﬁ%nerbgz@wlus ed

aryl cycl oal kyl , wherein the cycl oal kyl group is

di VAt esd. h@@nﬁm%grmn'&ew@ag}){refers to a monocyclic five to seven

membered aromatic ring, or to a fused bicyclic aromatic ring system comprising two
of such aromatic rings, which may be optionally substituted as herein further described,
with multiple degrees of substitution being allowed. These heteroaryl rings contain one
or more nitrogen, sulfur, and/or oxygen atoms, where N-oxides, sulfur oxides, and
dioxides are permissible heteroatom substitutions. Examples of "heteroaryl" groups
as used herein include, but should not be limited to, furan, thiophene, pyrrole,
imidazole, pyrazole, triazole, tetrazole, thiazole, oxazole, isoxazole, oxadiazole,
thiadiazole, isothiazole, pyridine, pyridazine, pyrazine, pyrimidine, quinoline,
isoquinoline, benzofuran, benzodioxolyl, benzothiophene, indole, indazole,

benzimidizolyl, imidazopyridinyl, pyrazolopyridinyl, and pyrazolopyrimidinyl.

As used herein, the term "heteroarylene" refers to a monocyclic five - to seven -
membered aromatic ring diradical, or to a fused bicyclic ring system comprising two such
rings, which may be optionally substituted as herein further described, with multiple degrees
of substitution being allowed. These heteroaryl rings contain one or more nitrogen,

sulfur, and/or oxygen atoms, where N-oxides, sulfur oxides, and dioxides are
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WO 2009/ 111700PCT/ US2009/ 036333 fl uorenyl ene SO and As
used herein, the term"fused heterocyclylaryl" refers
W@ ooonet7er two 5 heterocyclyl groups fused to BEI/HS2009/036333
group, the aryl and heterocyclyl groups having two
atons in common, and wherein the aryl group is the
poi nt of substitution. Exanples of "fused
het er ocycl yl aryl ™ used herein include
3, 4- et hyl enedi oxy- 1- phenyl and As used
perii8k il dhettivatdne cistitwtsnd. fERhﬁapQ@ WE Hydt@byiytone” ugeditRrsn ilude,
a fused 10het erocyclyl ary wherein the aryl roup IS
but eVt Hppited Exémané filryb|tkyleehenAs2 et Wmyridinetdt tYér m
"fused arylheterocyclyl" refers to one or two ary

gr dpesetl m@m, ﬁl@ tarrh efusebeyetdafltylgybupfers theonher éfr@@xﬁécb%]rkyl

ero Ry @ioto pRaBHERuPEs ARy G pRRTRY PaGRTBF R Epdioms i
confindds bhd WheRh thE&@mghﬁ@) i9thelfoi ﬁtl@&feabsawioheuzaampbe@ by Yused
used herein |nclude (1, 3- benzodi oxo

1) and As
cyclgalbalonds e5es hertie mebirds, > Fdgmd a3 hadeiebEpery Levehthy!
refers to a fused aryl heterocyclyl, wherein the

acychyl group is divalent. Exanples include As
in, the term"fused cycl oal kyl heteroaryl™
d o one or two 5cycl oal kyl groups fused to a
=t erodryl group, the heteroaryl and cycl oal kyl groups

As used herein, the term "fused cycloalkylarylene” refers to a fused

cycloalkylaryl, wherein the aryl group is divalent. Examples include

As used herein, the term "fused arylcycloalkyl" refers to one or two aryl groups
fused to a cycloalkyl group, the cycloalkyl and aryl groups having two atoms in common,
and wherein the cycloalkyl group is the point of substitution. Examples of "fused
arylcycloalkyl" used herein include 1-indanyl, 2-indanyl, 9-fluorenyl, 1-(1,2,3,4-
tetrahydronaphthyl) and

As used herein, the term "fused arylcycloalkylene” refers to a fused

arylcycloalkyl, wherein the cycloalkyl group is divalent. Examples include 9,1-



having two atons in common, and wherein the heteroaryl

group is the point of substitution. Exanples of "fused
weywhoal7hy/| het eroaryl " used herein include 5-ap@F/682009/036333

i ndanyl and 10As used herein, the term "fused

cycl oal kyl het eroaryl ene” refers to a fused

cycl oal kyl heteroaryl, wherein the heteroaryl group is

di val ent. Exanpl es incl ude As used herein, the

term "fused heteroaryl cycl oal kyl" refers to one or two
fluohgtyesnear yl groups fused to a cycl oal kyl group, the

cycl oal kyl and heteroaryl groups 15 having two atons

i n comon, and wherlein the cycl oal kyl group is the

.0|nt of gubstitutj anpl es of "fused

ycl oak* g herein include
ndanyl a
Sed Zroar yl

As used herein, the term

fe" refers to a fused
het er oar yf cyaidoal kyl , mhere n.the cycl oal kyl group is
divalent. Exanpl es include As used herein, the term
"fused heterocyclyl heteroaryl” refers to one or two
Shes £ii8 et 118 eHR Sk et BdcibBydy BB CFe@as W o URo t he
het er oar yl and het er ocycl yl groups having two atons in
5 hetasoayetyh groainel fu«sﬁét@amarvh@mhmtbqb et 9111d bptogpydly grewpsgeiing two
of . substltu%%on

atorﬁs necrog%:n)}oc gvthgl;eénar ylax;yﬁ l%ou(y) 1Fﬁhe 0r11nt| Or€ 8}1bs(‘%utlﬂnz ,Eg,a]ilples of

"fusb&hétafmglclg}abﬁr asc@iafebeh inth@ite)314-atthylldhelNixy =1-phend DAR]

used herein, the term"fused

heterocyc | het eroaryl ene” refers to a fused

het eroaryl, wherein the heteroaryl group
Exanpl es include |11

As used herein, the term "fused heterocyclylarylene” refers to a fused

10 heterocyclylaryl, wherein the aryl group is divalent. Examples include

As used herein, the term "fused arylheterocyclyl” refers to one or two aryl groups
fused to a heterocyclyl group, the heterocyclyl and aryl groups having two atoms in
common, and wherein the heterocyclyl group is the point of substitution. Examples of

15 "fused arylheterocyclyl” used herein include 2-(1,3-benzodioxolyl) and
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NN% z/ As used herein, the term"fused
het er oaryl het erocycl y1" refers to one or two

wheaoenoEdy| groups fused to a heterocyclyl groRgrl/Us1969/036333

het erocycl yl and heteroaryl groups 15 having two atons
i n comon, and wherein the heterocyclyl group is the
poi nt of substitution. Exanples of "fused
het er oaryl het erocycl y1" used herein include
-5-aza- 2, 3- di hydrobenzofuran-2-y1l and n NN As
us ek ied @eRin, tieteit rséd sgBdterocyclylene” refers to a fused
het er oar y| het er oc clylene” refers to a fused
arylh@t@@%@v&yr MRSt} @éﬁl@tewcycw groap s @lw@eﬁfetFéiaa@m ip¢ludg oup
is divalept. Exanples include >\ | NN 5 As used
[ e term"acyl"” refers to the group RxC(0)- ,
RY i s al kyl, al kenyl, alkynyl, cycloal kyl,
, or heterocyclyl. As used herein, the
" refers to the group RLI'C(0)- , where Rx
is aryl. As used herein, the term

" h ef h
Aerofins AL QNGB B B B o S5
cycfo@ﬂ(K’Dg’ﬂ)ﬁE\{ R9EYHo"a He@ér@zﬁr%l g@uﬁ NBe BEOtORYRAND @@dalkyl\/gﬁ@!}ﬁ

Rx 1s al used herein, the term"acylo
havm@ftavra@tqr@s eIy Bnctav@e@)roﬂle hetgrparyd graun i thel ey, of

I Ly '
LY I B S UL B -
indangf & to the group R1' C(0)0- , where Rx is aryl

As used herein, the term "heteroaroyl oxy" refers to
C(0)0- , where Rx is heteroaryl.

As used herein, the term "fused cycloalkylheteroarylene” refers to a fused

cycloalkylheteroaryl, wherein the heteroaryl group is divalent. Examples include

AN

Z
N

As used herein, the term "fused heteroarylcycloalkyl” refers to one or two
heteroaryl groups fused to a cycloalkyl group, the cycloalkyl and heteroaryl groups
having two atoms in common, and wherein the cycloalkyl group is the point of
substitution. Examples of "fused heteroarylcycloalkyl" used herein include 5-aza-1-

indanyl and

N

=
N

10



10

15

As used herein the term "hal ogen" refers to fluorine,
chl orine, brom ne, or 20i odine. As used herein

W@ b@otiex7oe " hal oal kyl " refers to an al kyl gr oupPCHES2009/036333
defined herein, that is substituted with at |east one
hal ogen. Exanpl es of branched or straight chained
"hal oal kyl " groups as used herein include, but are not
limted to, nmethyl, ethyl, propyl, isopropyl, n-butyl,
and t-butyl substituted independently with one or nore

h alm@gma heffe@t, theeasaiPluged hdtetohgicye Hlalkyne DFIE® to afited
The term "hal oal kyl" should be interpreted to

i odo.
hetqr@?é}/l&ml%lliﬁlh whgiedt the Gedpalkylerpen mIdivigul Kypmples ifstude
such as - : As used herein, the term

)8 -ne" refers to a straight or branched chain
hydr ocar bon radi cal, substituted with at
| ogen. The term shoul d be Sinterpreted to

As used hérei-n, the term "hal oal koxy" refers to a

gro %l e
|ne§8ﬁ§§1ﬁon ?“ﬁuﬁF%bﬁégghgﬁgé&ﬁﬁgﬁgaﬁ?%ggbg%ﬂﬁggo
hetdrdmylcl;ﬂi groups GHRY FQ a h&él@bbyﬂ:grou@mﬂle H@ek@uryl and he®sodyskgti groups
herein the term"nitro" refers to a group -NO2. 10As
havipgdWoREIRS if CORENQTe ARY WRGISHY e ietrﬁg}ag/ltgam@ igihsRPintal  As
subéiﬁ&t‘i’oxﬁ qijﬁhl{})lésrbﬁf "F&Eéifhet%'c%n?zlh%f&ﬁ" b dhBLRHR IR 2,3 4-
used eln the term"a refers to a group
‘&UMﬁmﬂ}hﬁmﬁmbohn8NRBh¢(0) , Where each Rx and RY
i ndi vi dualkly i s hydrogen, al kyl, alkenyl, alkynyl,
aryl, heterocylcyl, or heteroaryl. 15As
"am no" refers to a group - NRxXRY, where
Rx and RY individually is hydrogen, alkyl,
M, al kynyl, cycloal kyl, aryl, heterocylcyl, or
het eroaryl. As used herein, when either Rx or RY is
Ot ey udeli@brehy dicogen "fusetcliet@rogmjdneteﬁmb@ler’ effersrted fhsed
as a "substituted am no" for example if Rx is H
hetogorychrihgteyogylepyhergis th@rhe‘!eépwl RPN, dwack%ntu Fxamplep gchude
the term \oxo" shall refer to the substituent =0, and
e 20as a substituent on carbon atons have

of,

may be oxidized to forma bond with the oxo
substituent.’ As used herein, the terns "hydroxy"

andAs ied heveit, the efre rfuled Ret@otyihetdebtycAs" Hgad tdedcdritwo
the term "am nosul fonyl" refers to the substituent

heteragapinpoupsAg e tgadigtaneqyshh graupethe deterocyelyt at beterpayb groups
havft:ngrtﬁ/? eat X ar%ﬁ cohﬂl? 8nq§@hergm thF ,hé%ro 9191 %\%Pﬁ idthe bgﬁ‘lt of

oxY car
subﬁiﬂnmﬂ tExmtples cﬁl@‘jlﬂed hé’tSrouQ&hbtdsreCﬂly’ll' utddehek@n mnclude —5-aza-2,3-

. 'C S to the substituent -C(0)NH2. As
(hhﬁg éﬁ%ﬁ%@yfﬁ%{tern1"sulfanyl" refers to the
substi t ueyt

11



As used herein, the term"sulfinyl" refers to the
substituent -S(0)-. As used herein, the term
WO suwbfiortgd " refers to the substituent -S(0)2-.PERES28%036333
herein, the term"optionally" neans that the
subsequent|y descri bed event(s) nmay or may not occur.
As used herein, the term"direct bond", where part of
a structural variable specification, refers to the
direct joining of the substituents flanking (preceding
andAswed dedin) #ic tthe "ided Bhtatyitictditoagydencdiréfetto Adngdd.
Wiere two or npre consecutive 10var.i abl es are )
hetegpraypiheiceasy elyb nwheein thedietesegychd gipup ip fyalent Uhemnlerdpelyde
f I anki ng\( precedi ng and succeedi ng) those two or nore
[ specified "direct bonds" are directly
: As used herein, the term "substituted"
NT eflers tlo substitution of one or nore hydrogens of the
I gRat edy/noi ety with the named substituent or
substituents; multiple degrees of substitution being
al | oned unl ess otherw se stated, provided that the
15substitution results in a stable or chemcally
5 f easi bl e conpound. A stabl e conpound or chemically
feasi bl e compound is one in which the chem cal ..
st rfwsaﬁ dereyl, tha tewyy E%% nicf P fothg greuPeRy C\?ﬁé-n Rats alkyl,
u = t +40 C, in the
alkeglgggn egllc’)F fc&%%lg}fpbég@dé?keg %gfh%:tgreo < éggll ly reactive
congli td - L ) € ou e
nai%%%eg g&*e%rg He Bfm %gf’ r@fe}%etglﬁ’le gtrﬁu (1){ g ¥ gg{ﬂﬁﬁ/‘% 01? aryl.

| Integrity I'ong enou

t herapeytic.or, prophyl actic.,20adm njstratiop to a X -
pat Selﬁ%ﬁ‘.g hoféi the&&”ﬁs R e,?erﬁ‘?{e]‘h% Roged &Sﬁf%)e' > ghere R7is
10 hetdd®drgl. substituents” refers to a nunber of substituents
that equals fromone to the maxi mum nunber of
SUBGS hd-H BRI, RRSEHR F‘ﬁk@ﬁ%ﬁ%oﬁ?l”trgﬁrs%l mRegrolp RAGE(DRDNBere
bondi ng sites, provided that the above conditions of
R*istlyl.| ity and chemical feasibility are met. 25As used
herein the terns "pharmaceutically acceptable
carAs wed hereph dtentae tiidybady yefasae picadrbep BI'C@OL ', wharedR™ is
har maceuyti cal | cept abl e exci pi ent” ans the
alky st &y éﬁéoaﬂﬁyle%ﬁ?ﬁlw ’r?ﬂg?te’ﬁ)éy%lgﬁ‘pat ible with
the other ingredients of the fornmulation and not ..
15 del4t e hain, gha then r geyloxentefem & bgmeroup R'C(O)Qs, wBag R is
aIylherein the term"therapeutically effective anount” as
used herein neans that anmount of active conmpound or

phay maceut i cal ent, that elicits the.biolog r

roaLrancisGE R e BhroflebS Hp g Y Stk oy
R* i9het3tbdjy@Ct that is being sought by a researcher,

veterinarian, medical doctor, patient or other

cliAN Gde@erdRiecictChM@ESn" refers to fluorine, chlorine, bromine, or
20  iodine.

As used herein the term "haloalkyl" refers to an alkyl group, as defined herein, that
is substituted with at least one halogen. Examples of branched or straight chained
"haloalkyl" groups as used herein include, but are not limited to, methyl, ethyl, propyl,

isopropyl, n-butyl, and t-butyl substituted independently with one or more halogens, for

12
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5reduction or alleviation of the synptons of the
di sease being treated. Wen the active conpound (i.e
wa@ewvaer7dingr edi ent) is adm ni stered as the sal BCT/US2009/036333

references to the anmount of active ingredient are to

the free acid or free base form of the conpound.

As used herein, "Subject(s)" include, for exanple,

horses, cows, sheep, pigs, mce, dogs, cats, prinates
such as chi npanzees, gorillas, rhesus nonkeys, and,

examplepsoro, LAlokd) bedreo, and wdb NEhE terrd "Baldylied!t shogildebelibtaFieted
anot her enbodlnent a subject is a human i n need of
inclydq sugh syhsHtugnts @mrﬂr@mé@dwmuéhwlﬁm nts of the

present invention conprise substituted

15t4st wsadh herewi, oderitn Hlallqaékydme vefbisves straighpardirencbad chain
dlvabeénctl hggrgaargan Pafﬁhc% \e%t St[]l teec? ith ate lﬁgst Re alo%ge?nveﬂlt It?rrn %LaoYlld be

inteAB@e€ to intlhee pérﬁ&@ﬂ@hlklymie gfdugm surhQy -4Es-.
t et rahydr oi soqui nol i ne derivatives which are

MO AN @k@hsrehf tl@-tgmg-ala%ull%??l”?éfe@% HgRIupl-OreT whbBR R* is a

management and treatnent of di sease where nodul ation
halogtkyl peouh asrherc@ defined.ed e porwtimitengxxaeiviasi dloallagdyrgreups

. fir nbqdi t, the present invention
inclide, -3?@2@%2‘948@(?%)&%“&&1% Srmula (1): R4OR  R50
25 [:Aosr&rsléld %m(eir? th% ‘?errn "nitro" refers to a group -NO,.

As used herein the term "cyano" refers to a group -CN.

As used herein the term "azido" refers to a group -Ni.

As used herein the term “amide” refers to a group —C(O)NR*RY or -NR*C(O)-, where
cach R* and R individually is hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl, aryl,
heterocylcyl, or heteroaryl.

As used herein “amino” refers to a group -NR*RY, where each of R* and R”
individually is hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl, aryl, heterocylcyl, or heteroaryl.
As used herein, when either R* or R” is other than hydrogen, such a group may be referred to

as a “substituted amino” or, for example if R* is H and R” is alkyl, as an “alkylamino.”

As used herein, the term "oxo" shall refer to the substituent =0, and is available
as a substituent on carbon atoms have at least two hydrogens available for substitution
and on heteroatoms such as nitrogen and sulfur where the heteroatom may be oxidized to

form a bond with the oxo substituent.
As used herein, the terms "hydroxy" and “hydroxyl” refer to a group —OH.
As used herein, the term “aminosulfonyl” refers to the substituent -SO,NH,.
As used herein, the term “mercapto” refers to the substituent -SH.

As used herein, the terms “carboxy” and "carboxyl" refer to the substituent -

COOH.

13
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wherein Ris -(CH2)p-G LI _& 5 wherein 1 _,1 is
sel ected fromthe group consisting of: a direct bond,
WO aH9ABI700-, -N(R16)-5 C(0)-5 -CON(R16) _5 PCT/US2009/036333
_N(R16),,c(0)_ 5 NR6)s -2 5 _u SO2N(R16)-5
C(0)-0-5 -0-C(0)-5 -S-5 -S(0)-5 -S(0)2-5 and -CC-5
wherein R 6 is selected fromthe group consisting of:
- hydrogen, -alkyl, - aryl, -alkylene-aryl; 10 4 is
sel ected fromthe group consisting of: al kynyl ene,

ar YAeined hBeirs taaeith ea@barhskd e etfeds Yo thelibalthkant e@)NHs ed
cycl oal kyl aryl ene, fused cycl oal kyl het er oaryl ene,

f usedydagherat Yied i rMlIRaer rafeb b usedibstituent -S-.
het erocycl yl het eroaryl ene, wherein @ is optionally

ub h
DL et ot ot fhrTOS R kS HE RIS g $%s rip

epen ent y sel ecte rom erelrn

_ hef%sgtgsgg‘rhgfe%n i BT SR IE SHR RN Shbge-SoRY
200ex BByt g i S‘%ﬁ@ﬂ%@%&%ﬂﬁé@% B R ale S

evem/(ggwyrbr(ﬁ;’ayl@t@p@dronal |y substituted 1-4 times with
sub stituents independently selected fromR', wherein

RH Assuth @ereﬁ? %e t'elstn S&Ir&@ beeh T LRt ﬁ CH ra%HBctﬁPan $hdiog
C(0)NH25 - C(0) N - tetrazol e,

specaﬁdatML ntf@rs tmtthe deﬁctwbuan@ af tlmsllbststusmls é@lﬂenlg fproeadidpsmnd

r Qu ons n K cl oal k
sucS ) nana Bike9ss & et Bl o &Y o0 Rt Som v
varidbleard sPEQEE tdRHapaNdiedtt byndetRet ambsfituents Ranking (preceding and

succeeding) those two or more consecutive specified "direct bonds" are directly joined.

As used herein, the term “substituted” refers to substitution of one or more
hydrogens of the designated moiety with the named substituent or substituents, multiple
degrees of substitution being allowed unless otherwise stated, provided that the
substitution results in a stable or chemically feasible compound. A stable compound or
chemically feasible compound is one in which the chemical structure is not substantially
altered when kept at a temperature from about -80° C to about +40° C, in the absence of
moisture or other chemically reactive conditions, for at least a week, or a compound
which maintains its integrity long enough to be useful for therapeutic or prophylactic

administration to a patient.

As used herein , the phrase "one or more substituents" refers to a number of
substituents that equals from one to the maximum number of substituents possible based
on the number of available bonding sites, provided that the above conditions of stability

and chemical feasibility are met.

As used herein the terms "pharmaceutically acceptable carrier”, "pharmaceutically
acceptable diluent”, and pharmaceutically acceptable excipient” means the carrier, diluent
or excipient must be compatible with the other ingredients of the formulation and not

deleterious to the recipient thereof.
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30 R2 is selected fromthe group consisting of:
- hydr ogen, -al kyl, -phenyl, -cycloalkyl, -

wa@bdogheriee cycl oal kyl, and -al kyl ene- phenyl , WheCEUS2009/036333
al kyl, phenyl, and cycl oal kyl groups are optionally
substituted 1-4 tinmes with a group i ndependently
selected fromRc ; 5 R3is selected fromRa; R4 is
selected fromRa ; and 10R5 is -G&3-L2-Q@-L3-HA,
wherein L2 and L3 are independently selected fromthe
gr Qupuse@hsict the gerdf "thé:talﬁieiutleﬂty &fegRtlve afabidnt! as Gsed herein means

that (ORQ‘B)@N(JC(O- dCC{[\ali_l -t-{\l(RZE%g(O)-., L
a wRoorppound gy RhaECcEYtral agcntiheh N(cp@ Gl)e_blologlcal or
rned'lcg%%?r@pggie( 18)a tﬁ%\lggg%( %Ig%gérﬁ%w_g )5903 o Q%art ésl ‘tﬁegi ?__?éléht by

a resqaethie2 Xze&heamarml epdivdbdddtyr, palcatdmsthdrrobinididre whidhtipcludes
conS|st|n dr ogen, kyl, -aryl, an .
reduHPRYF e aémof h%ﬁﬁmtwnw%haﬁ&ew%%ére&&% ONBn §pe active
compYisd {itey ta@ﬁlvelméretdieﬂﬂqs WrhihideGed 8¢ thB%@lt qgfére'ﬁ%gs t@tRe amount of
taken together with the atons to hey are
zmmmmmmMMMMMMWmmm&mﬁMMQmM7mmas
contai ning 0-2 additional 20heteroatons independently

sel egiised htrea" Sxbyjgee)" includedencxaatpde, Shufsfe&fcpw@shieép, plgs
. se|lected fromthe grogp consi st

a direct
micg| 0@5 cgrskpqu@ﬁ‘@s Slé‘él ap§ gp}p@élﬁg:ﬂs g@ﬂ?aéﬂr e niqgkeys anc? rflumans
In oﬁ& Eﬂﬁ%&%{éﬁt a%aFact 1§ a%ﬁhﬁﬁt ﬁgaﬁﬁﬁgpem%di%e%y 91 SBfel Rhindghan
. -arylene, -cycloalkylene, heterocyclylene,
in nermUaﬁanf@LP-ﬂRsed aryl cycl oal kyl ene, -fused
cycl oal kyl aryl ene, -fused cycl oal kyl het er oaryl ene,
-fused heterocycl ylaryl ene, and -fused
comirmepycl! yl het eroaryl ene, wherein
G3 is optionally substituted 1-4 tinmes with
sudgnbadiments of ﬂ?@eq@@sﬁ@felmfwwwgmpée@ wsﬁﬁum |l e, wherein

tetra%gﬁrmsof(’]lgmeo 1Begerlva?1v?s cOrnl} t10a Sé g’r}e methg? ) oggn tl%et%?eofg [I%Up

-ar
presehﬁh%rﬂﬁ)mfhay b éiﬁlﬁﬁile’if Mb&b&@lb@ajfk’ydys -fused
cycl oal kyl aryl, -fused

In a first aspect, the present invention provides tetrahydroisoquinoline derivatives
which are modulators of GLP-1R which may be useful for the management and treatment

of disease where modulation of the human GLP-1 receptor is beneficial.

In a first exemplary embodiment, the present invention provides a compound of

Formula (I):

R5

Formula (1)
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cycl oal kyl heteroaryl, -fused heterocyclylaryl, and
-fused 5Sheterocyclyl heteroaryl, wherein 4 is

wopivonahl y substituted 1-4 tinmes with substi t BERNUS2009/036333
i ndependently selected fromR9, wherein RO is sel ected
from Rb, Rings B and C are optionally substituted
1-4 tinmes with substituents independently 10sel ected
fromthe group consisting of Rip; Rais selected from

t he group consisting of: a) -hydrogen,

whdddin- S(0) m Rd, 15c) - S(0)20Rd, d) -S(0)mMRd
Re, e) -C(O)Rd, f) -CO2Rd, g) -C(0)NRd Re,
20h) - hal oaI kyl, i ) -cycloal kyl, j)

.-h 0 y -C1_10 al kyl, 1) -C2-10
RlsaI (Efe%?f‘ié #i W&frefb al kynyl, n) -aryl, o)
- het eroaryl, p) -Cl1_10 al kyl ene-aryl, q) -C2_10

al l%/lng/se?ecte(fl frgrn the3 grroup cgr}srs]ﬁ%gaolf <Y a ld?rre]gt b%lelé er&? Y lO- N(R'%)-,
-C(0)-, -CON(R'®)-, -N(R')C(0)-, -N(R'*)SO;-, -SO,N(R'%)-,
-C(0)-0-, -0-C(0)-, -S-, -S(0)-, -S(0),-, and -C=C-, wherein
R'® is selected from the group consisting of: -hydrogen, -alkyl, -
aryl, -alkylene-aryl;

G' is selected from the group consisting of: alkynylene, arylene, heteroarylene,
fused arylcycloalkylene, fused cycloalkylarylene, fused
cycloalkylheteroarylene, fused heterocyclylarylene, and fused
heterocyclylheteroarylene, wherein G' is optionally substituted 1-4 times with
substituents independently selected from R'®, wherein

RY s R",

G’ is selected from the group consisting of: -aryl, -heteroaryl, -fused
arylcycloalkyl, -fused cycloalkylaryl, -fused cycloalkylheteroaryl, -fused
heterocyclylaryl, and -fused heterocyclylheteroaryl, wherein G* is optionally
substituted 1-4 times with substituents independently selected from R,
wherein

R"isR",

R' is selected from the group consisting of: -CO,H, -CO,R"?, -C(O)NH,, -C(O)NHR'?, -
tetrazole, and acid isostere, wherein
R'? is selected from the group consisting of: -C\_j, alkyl, -cycloalkyl, and -aryl,
wherein R'? is optionally substituted 1-4 times with a group independently

selected from R";
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s) -C2_10 al kynyl ene-heteroaryl, and t) -C(Rf
Rg) -aryl, wherei n al kyl, al kenyl, al kynyl, aryl,
woewenooyel yl, heteroaryl, and cycl oal kyl gr oupGI/H8209/036333
optionally substituted 1-4 tines with a group
i ndependently selected 5fromRc ; Rb is selected from
the group consisting of: a) -cycloal kyl, b) -cyano,
10c) -ORd, d) -NO2, e) -halogen, f) -S(0)m Rd, g)
-SRd, 15h) -S(0)20Rd, i) -S(O0)mNRd Re, j) -NRd Re, k)
R’ 1s Qe(léaﬁd ﬁ@h/tlhé\ﬁ@uﬁeonmstlng of: -hﬂzdrogéf{ Q1R -pendl, -cGERRdLy], -
O2(CRf Rg)"CONRd Re, 0) -0C(0)Rd,
al ylene cycloalkyl, ‘and -alkylene-phenyl, ‘wheteif alkyl, phenyl, and cycloalkyl
groups are optionally substituted 1-4 times with a group independently selected from

R®;
R? is selected from R*;
R*is selected from R* ; and

R’ is -G*-L*-Q*-L*-G", wherein
L?and L? are independently selected from the group consisting of: a direct bond,
—CH,-, -O-, -N(R*)-, -C(0)-, -CON(R*)-, -N(R**)C(0)-, -N(R**YCON(R"")-,
N(R**)C(0)0-, -OC(O)N(R*)-, -N(R**)SO;-, -SO;N(R?*)-, -C(0)-0-,
-0-C(0)-, -S-, -S(0)-, -S(0),-, and -N(R*>)SO,N(R*")-, wherein
R” and R*" are independently selected from the group consisting of:
hydrogen, -alkyl, -aryl, and -alkylene-aryl, wherein R*® and R*” are
optionally substituted 1-4 times with R¢, or R*® and R’ are taken
together with the atoms to which they are attached to form a
heterocyclic ring of 5 to 7 members containing 0-2 additional

heteroatoms independently selected from oxygen, nitrogen, and sulfur;

Q’ is selected from the group consisting of: a direct bond, C_1 alkylene, Cy-10

alkenylene, and C,_j alkynylene,

G’ is selected from the group consisting of: -arylene, -cycloalkylene,
-heterocyclylene, -heteroarylene, -fused arylcycloalkylene, -fused
cycloalkylarylene, -fused cycloalkylheteroarylene, -fused heterocyclylarylene,
and -fused heterocyclylheteroarylene, wherein

G’ is optionally substituted 1-4 times with substituents independently

selected from R®, wherein R® is selected from R,

17



10

15

20

25

30

p) -C(0)NRd Re, q) -NRd C(0)Re, 25r) -0C(0)NRd
Re, s) -NRd C(0)ORe, t) -NRd C(O)NRd Re, U -CF3, V)

WO Qp311780w) - hal oal kyl , x) -hal oal koxy, 3r) PQ/US09/036333

al kyl, z) -C2-10 al kenyl, aa) -C2_10 al kynyl, 5ab)
-C1_10 al kyl ene-aryl, ac) -Cl1_10 al kyl ene-heteroaryl,
and ad) -heteroaryl, wherein al kyl, al kenyl, al kynyl,
aryl, heteroaryl, and cycl oal kyl groups are
10optionally substituted 1-4 times with a group

I ndependently selected fromRc ; Rc is selected from
the group consisting of: a) -hal ogen, 15b} - am no,

G*is selected from the group consisting of: -aryl, -cycloalkyl, -heterocyclyl,
-heteroaryl, -fused arylcycloalkyl, -fused cycloalkylaryl, -fused
cycloalkylheteroaryl, -fused heterocyclylaryl, and -fused
heterocyclylheteroaryl, wherein

G is optionally substituted 1-4 times with substituents independently

selected from R?, wherein R’ is selected from R,

Rings B and C are optionally substituted 1-4 times with substituents independently

selected from the group consisting of R”;

R" is selected from the group consisting of:
a) -hydrogen,
b) -S(0)m R,
¢) -S(0),0R",
d) -S(0)uNR!R®,
¢) -C(O)R’,
f) -COsR’,
g) -C(O)NRR®,
h) -haloalkyl,
i) -cycloalkyl,
j) -heterocyclyl,
k) -Ci.i0 alkyl,
) -Cy-10 alkenyl,
m) -C,. 0 alkynyl,
n) -aryl,
0) -heteroaryl,
p) -Cii0 alkylene-aryl,
qQ) -Cy10 alkynylene-aryl,
r) -Ciio alkylene-heteroaryl,
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c) -carboxy, d) -cyano, e) -Cl 4 alkyl, f) -0-C1_4
al kyl, 20g) -0-CF3, h) -cycloalkyl, i) -0-cycloal kyl,
W@ 2009atyDg k) -Cl_4 al kyl ene-aryl, 251) -hydr oRgT/US2009/036333
m -CF3, n) -haloal kyl, o) -hal oal koxy, p)
-0-aryl, 30q9) -heteroaryl, r) -heteroarylene-C _10
al kyl, s) -heterocyclyl, t) -02-G _10 al kyl, u)
-02-Ci _10 al kyl -aryl,
8) -Cy.10 alkynylene-heteroaryl, and
t) -C(R'R®),-aryl,
wherein alkyl, alkenyl, alkynyl, aryl, heterocyclyl, heteroaryl, and cycloalkyl
groups are optionally substituted 1-4 times with a group independently selected

from R¢;

R” is selected from the group consisting of:
a) -cycloalkyl,
b) -cyano,
¢) -ORY,
d) -NO,,
¢) -halogen,
f) -S(O)mR",
g) -SR¢,
h) -S(0);0R’,
i) -S(O)uNRRS,
j) -NRUR,
k) -O(CR'R®),NR!R®,
) -C(O)R’,
m) -CO;R’,
n) -CO,(CR"R®),CONR‘R®,
0) -OC(O)RY,
p) -C(ONR‘R®,
qQ) -NRYC(O)R®,
r) -OC(O)NRRS,
s) -NRYC(O)ORS,
t) -NR® C(O)NRYR®,
u) -CF;,
v) -OCFs;,
w) -haloalkyl,
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5v) -fused aryl cycloal kyl, w) -al kynyl ene-heteroaryl,
x) -al kyl ene-aryl, y) -alkynylene-aryl, z) - nitro,

waQman1ri H) - C(0) - G _6-al kyl, and bb) -S-C _6-BAkY32009436333

and Re are independently selected fromthe group
consi sting of: hydrogen, Cl1_10 al kyl, C2-10 al kel |yl
C2_10 al kynyl, cycl oal kyl, -Co al kyl ene-cycl oal kyl
aryl, heteroaryl, 15and heterocyclyl, wherein al kyl,
al kenyl , al kynyl, cycloal kyl, aryl, heteroaryl,
ket-ailegikeky| groups are optionally substituted with
one to four substituents independently selected from
-Crorallrd. and Re together with the atons to which
%ggtfﬁgﬁk ached forma heterocyclic ring of 5to 7
nbér's cort’ai ning 0-2 additional heteroatons
ar)d€pandentyl,y sel ected from oxygen, sulfur and
gﬁtrogen Oand Pptionally substitued with 1-3 tines
rh-ralkodenes#Hi.Rg are i ndependently sel ected from the
%)Q@p_locﬂmblg-h&&o%l, aBMdr Ogen, Cl_lo al kyl ’
cycl oal kyl, -Co al Kyl ene-cycl oal kyl, -carboxy, and
ad)yhetendheiei n al kyl, cycl oal kyl, and aryl groups are
optionally substituted with one to four substituents
25i ndependent|y selected fromRc; or Rf and Rg
t ogeinah amyu,faflﬁelgmt, @&?B?ID atly®, HoktrGdiy 1t Bﬂwc@%l%n bagpSdre
0 0 -

forma ring ( menbers containin

het er oatoptgnslydwbettuied -4 times wethadr @Wmlﬂgﬁ)@ylé@ﬁly sslgictedrirom
and ni trpgen optionally substitued with 1-3 tinmes with
Rc; 30 mi’s an integer from1 to 2; nis an integer
from1l to 10; and p is an integer fromO to 2; or a

har maceuti cally acceptable salt thereof 5 In a

¢ .P
R™ ig adesier Bomipe aioyp spbodingdit , the present invention

relatgs conpounds of the first exenplary
enﬁ@diné%%?’mherein Rings B and C of Formula (I)

cortf)aiaming,
c) -carboxy,
d) —cyano,
¢) -Ci4alkyl,
f) -O-Ci4 alkyl,
g) —O-CF;,
h) -cycloalkyl,
1) -O-cycloalkyl,
J) -aryl,
k) -Ci.4 alkylene-aryl,
) -hydroxy,
m) -CF;,
n) -haloalkyl,
0) -haloalkoxy,
p) -O-aryl,
q) -heteroaryl,
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further substitutions. 10ln a third exenplary
enbodi nent, the present invention relates to conpounds

w@Roowher760 r st or second exenpl ary enbodi nent s, PGITES®091036333

when a substituent is an aryl group, the aryl group is
a phenyl group. In a fourth exenplary enbodi nent, the
present invention relates to conpounds of 15 the first
through third exenplary enbodi nents, wherein, when a
sub stituent is a heteroaryl group, each of the

hetrpr aRterbargleatHos. | Skylndependent |y sel ected fromthe
gr oup conS|st|ng of pyridinyl, pyridazinyl,
pyﬁPnﬂ@‘ﬁ?ﬂw§6yraZ|nyl furanyl, pyrrolyl, pyranyl,

t hi,opt azol yl, oxazolyl, thiazolyl,

|sg hhggopyf ﬁ&é’ldazolyl pyrazol yl, indolyl,
benzoﬂubﬁ@yuuhbnzmﬂhlophenyl and qui nolinyl. 20

In enp enbodi ment, the present invention
reP’te S? mﬁgﬁﬁ@ﬁﬁﬂg of the first through fourth

exgpLakyngcaidsal, s, wherein, when a substituent is
a heterocyclyl group, each of the het erocycl yl groups

|S)®nddbﬁhm@mm&y sel ected fromthe group consisting of
pi per di azinyl, norpholinyl, dioxanyl,
yrroT@E%%@?P %@ietrahydro furanyl, dioxol anyl,
I mgazgiiodi nyl and pyrazolidinyl. In a sixth exenplary
embodi ment, the present invention relates to conpounds

off@hé“@fk@@)&@mwﬂ@ﬂ»WN¥th exenpl ary enbodi ments,

wh [ sel ected fromthe group consisting of
CS&&N?C&6 %ﬁleZ 30 In a seventh exenplary
enbodi ment, the present invention relates to conpounds
of the fIrSt through fifth exenplary enbodlnents

R® 4R @r%mﬁppqngentb@z cted from the gfﬂulh?PDé}S&ﬁg R ehoakipgcar 91 10 alkyl,

di he | t
ST PRERhY, oA PR TRk L O BB ES e TR A oaryl
wheaine |hateR2:yclsrl s;éiee@n elkyf, mtkenyh elkgnyiu pycﬂmihlsxlsetryh getofoaryl,
hy nd -Cl1 10 a ni net h exenpl ary
rrgl%ﬁ%%ﬁ vl gtyes Blieé’é’élﬁ{l?‘/llyn%}@ﬁtﬂti@ﬂ WIEh oited8 Tows suBTRI IS
of 1ﬁﬁk'°peflélé'n§l& sEllgEt@&' %n?ﬁ‘ve&tli‘i ﬁlﬁml@éﬂ}/er SodL %B{ssto which

wherein R2 is hydrogen. tenth exenplary
e n‘dbw areattachief dorpr ehqnmcyﬁMg erﬁ mél laf:mbers contampeihds

ea‘dg %w%%lrl}seieraano s rhe{)]enrgiee}ltrl]y st ec%)(i R ogggeond s{ﬂ?ur and nitrogen
and optionally substitued with 1-3 times with R,

R" and R® are independently selected from the group consisting of: hydrogen, C1.1o alkyl,

cycloalkyl, -C, ¢ alkylene-cycloalkyl, -carboxy, and aryl, wherein alkyl,
cycloalkyl, and aryl groups are optionally substituted with one to four substituents
independently selected from R¢; or R' and RE together with the carbon to which
they are attached form a ring of 5 to 7 members containing 0-2 heteroatoms
independently selected from oxygen, sulfur and nitrogen optionally substitued

with 1-3 times with R";

m is an integer from 1 to 2;
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In an el eventh exenpl ary enbodi nent, the present
invention relates to 15conpounds of the first through

wo ewphigaenpl ary enbodi nents, wherein 1 ,1 i s BCHUS®09/036333
bond. In a twelvth exenpl ary enbodi nent, the
present invention relates to conmpounds of the first
t hrough ni neth exenpl ary enbodi nents, wherein 20p is
1, d is a substituted or unsubstituted phenyl, 1 ,1
is selected fromthe group consisting of a direct

n isRAMsteger Grom amsl10;Npk) C(0) -, and & is a phenyl group
.Substituted 1-4 tines with substituents independently
D is 23 4PRE M P fQf R, and G2 is substituted with at
| east one substituent selected fromthe group
consisting of: a) -C1_10 al kyl, b) -haloal kyl, c)
or a-phaineakitocayly a8éxghtabldFal, thercof. e)
-0CF3, f) -hal ogen, g) -0-Rd,
h) -cyano, 5i) -C(0)Rd,

In a second exemplary embodiment, the present invention relates to compounds of
the first exemplary embodiment, wherein Rings B and C of Formula (I) contain no

further substitutions.

In a third exemplary embodiment, the present invention relates to compounds of
the first or second exemplary embodiments, wherein, when a substituent is an aryl group,

the aryl group is a phenyl group.

In a fourth exemplary embodiment, the present invention relates to compounds of
the first through third exemplary embodiments, wherein, when a substituent is a
heteroaryl group, cach of the heteroaryl groups is independently selected from the group
consisting of pyridinyl, pyridazinyl, pyrimidinyl, pyrazinyl, furanyl, pyrrolyl, pyranyl,
thiophenyl, isoxazolyl, oxazolyl, thiazolyl, isothiazolyl, imidazolyl, pyrazolyl, indolyl,

benzofurany, benzothiophenyl and quinolinyl.

In a fifth exemplary embodiment, the present invention relates to compounds of
the first through fourth exemplary embodiments, wherein, when a substituent is a
heterocyclyl group, each of the heterocyclyl groups is independently selected from the
group consisting of piperdinyl, piperazinyl, morpholinyl, dioxanyl, pyrrolidinyl,
tetrahydro furanyl, dioxolanyl, imidazolidinyl and pyrazolidinyl.

In a sixth exemplary embodiment, the present invention relates to compounds of

the first through fifth exemplary embodiments, wherein R' is selected from the group
consisting of -CO,H and -CO,R ",
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j) -NRd Re, k) -cycloalkyl, and 1) -CO2Rd,
wherei n al kyl and cycl oal kyl groups are optionally
weustitraa ed 1-4 10tines with a group i ndepende@i/U§2009/036333

sel ected from Rc. In a thirteenth exenplary

enbodi nent, the present invention relates to conpounds

of the first through nineth exenplary enbodi nents,
wherein p is 1, 153 is a C2_10 alkylene, LI is a

direct bond, and & is a substituted or unsubstituted

phanyilsegimduPxemplary embodimdn, the pawérit earho® kit @rgpmpounds
enbodi ment, the present invention relafes to 20

of theoisbilhrenghdifth gremmlary embpdigipgts. baethR el el y
enbodi nents, wherein pis 1, G is -CC, LI is a
direct bond, and G is a substituted or unsubstituted
phdnyh egphdugxempbat ictnbodancht,4hé¢ preesnt wmvichti@bslthst totcumpbends

i ndependently sel ected fromRH, and & [s.substitute
of thg f?lﬁp O_%E‘e%&‘fe%%x | %I?iefrg)éﬁ{m@éﬁi’ steen R b@n%ef%@dgff% e
groG P RLADEE Al droden afd -0, alky! . b) -haloal kyl, c)
- hal oal koxy,
In a nineth exemplary embodiment, the present invention relates to compounds of

the first through seventh exemplary embodiments, wherein R” is hydrogen.

In a tenth exemplary embodiment, the present invention relates to compounds of

the first through nineth exemplary embodiments, wherein p is 1.

In an eleventh exemplary embodiment, the present invention relates to

compounds of the first through tenth exemplary embodiments, wherein L' is a direct

bond.

In a twelvth exemplary embodiment, the present invention relates to compounds
of the first through nineth exemplary embodiments, wherein
pis 1,
G' is a substituted or unsubstituted phenyl,
L' is selected from the group consisting of a direct bond, -O-, and ~N(H)C(O)-,
and
G’ is a phenyl group substituted 1-4 times with substituents independently
selected from R, and G? is substituted with at least one substituent
selected from the group consisting of:
a) -Cy alkyl,
b) -haloalkyl,
¢) -haloalkoxy,
d) —CF;,
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30d) -CF3, e) -0CF3, f) -halogen, Q)
- 0- Rd, h) -cyano, 5i) -C(0)Rd, j) -NRd Re,

worovaycboal kyl , 1) - CO2Rd, wherein the al kyl BeUS2009/036333

cycl oal kyl groups are optionally substituted 1-4
10times wth a group independently selected from Rc.
In a fifteenth exenpl ary enbodi nent, the present
invention relates to conpounds of the first through
ni neth exenpl ary enbodi nents, wherein p is 1, 153 is
a substituted)orogpsubstituted phenyl, LI is a direct
bond, and & s selected fromthe group consisting of:
i ndol e, pyrld? eha®$W+n1d|ne qui nol i ne, isoxazol e,
wherein & |§%og iggnal Iy substituted or unsubstituted.
20l n a sixteéhth exénplary enmbodi ment, the present

i nvention rellgt eyat@ conpounds of the first through
ni net h exenplary &yﬁgdlnents wherein p is 1,

j) -NRR®,

k) -cycloalkyl, and

1) -CO.RY,

wherein alkyl and cycloalkyl groups are optionally substituted 1-4

times with a group independently selected from R,

In a thirteenth exemplary embodiment, the present invention relates to compounds

of the first through nineth exemplary embodiments, wherein

pis 1,
G'is a Cy.10 alkylene,
L' is a direct bond, and

G’ is a substituted or unsubstituted phenyl group.

In a fourteenth exemplary embodiment, the present invention relates to

compounds of the first through nineth exemplary embodiments, wherein

pis 1,

G'is -C=C-,

L' is a direct bond, and

G’ is a substituted or unsubstituted phenyl group substituted 1-4 times with
substituents independently selected from R'', and G* is substituted with at
least one substituent selected from the group consisting of:

a) -Cy alkyl,

b) -haloalkyl,

¢) -haloalkoxy,

d) —CF;,
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G is an unsubstituted phenyl, LI is a direct bond,
and 25& is a phenyl, substituted with a cyano group.
WO p009/1880&Nt eent h exenpl ary enbodi nent, the prBSENS$2009/036333
invention relates to conpounds of the first through
si xteenth exenpl ary enbodi nents, wherein R3 is
sel ected fromthe group consisting of: 30a) -G _io

al kyl , b) -phenyl, c) -thiopheneyl, d) -furanyl, e)
-pyridyl, 5f) -Cl1_10 al kyl ene-pyridyl, g) -cl10
al kyl epeFgm not hi azolyl, h) -C1_10

al kyl ene-i mdazolyl, i) -Cl1_10 al kyl ene-oxazol yl,
j) £ cthalegosy kyl ene-t hi opheneyl, 10k) -C2_10
al kynyhgpe- phenyl, 1) -C2_10 al kynl ene-t hi opheneyl, m
-CZ’10 al kynyl ene-pyridyl, n) -C2_10
al kynydyene- pyri m di nyl ,

i) -C(O)RY,

i) -NRYR®,

k) -cycloalkyl,

1) -CO.RY,

wherein the alkyl and cycloalkyl groups are optionally substituted 1-4

times with a group independently selected from R,

In a fifteenth exemplary embodiment, the present invention relates to compounds
of the first through nineth exemplary embodiments, wherein

pis 1,

G' is a substituted or unsubstituted phenyl,

L' is a direct bond, and

G’ is selected from the group consisting of: indole, pyridine, pyrimidine,

quinoline, isoxazole, wherein G* is optionally substituted or unsubstituted.

In a sixteenth exemplary embodiment, the present invention relates to compounds
of the first through nineth exemplary embodiments, wherein

pis 1,

G' is an unsubstituted phenyl,

L' is a direct bond, and

G’ is a phenyl, substituted with a cyano group.

In a seventeenth exemplary embodiment, the present invention relates to
compounds of the first through sixteenth exemplary embodiments, wherein R? is selected
from the group consisting of:

a) -C1_10 alkyl,
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0) -S02-phenyl, 15p) -02-Cl1_10 al kyl, q)
-02-cycloal kyl, r) -0Q2-tetrahydrofuranyl, s)

WO Q2410 ahydr opyr anyl , t) -002- CIPAUS2009/036333

al kyl ene-cycl oal kyl, 20u) -002-C2_10-al kynyl, v)

- 02- CH2- CC- phenyl, w) -C(0)-C1_10 al kyl, x)

-C(0)-phenyl, y) -C(0)-naphthyl, 25z)

-C(0)-cycl oal kyl, aa) -C(0)-furanyl,

bb) - C(0) - t hi opheneyl , cc) -C(0)-isoxazolyl,

dd)‘tr)Célﬁ)[)engmf 10 al kyl ene-cycl oal kyl , 30ee)
C(O)-NHC1_10 al kyl, ff) -C(0)- NH- phenyl, and

gg)C)CC@}QPNE’WéI oal kyI )-Cl- 10 phenyl, wherein the

gidé, ynyl, cycloal kyl, tet rahydr of ur anyl ,
tet ahy pyr anyl,
e) —pyridyl,

f) —Ci.10 alkylene-pyridyl,

g) —Ci.10 alkylene-aminothiazolyl,
h) —C,.j0 alkylene-imidazolyl,

1) —Cy.0 alkylene-oxazolyl,

j)  —Ci.10 alkylene-thiopheneyl,
k) —C,.0 alkynylene-phenyl,

1) —Cy.10 alkynlene-thiopheneyl,
m) —Cy.10 alkynylene-pyridyl,

n) —Cy.0 alkynylene-pyrimidinyl,
0) —SO,-phenyl,

p) —CO,-C;.yp alkyl,

q) —CO;-cycloalkyl,

r) —CO;-tetrahydrofuranyl,

s) —COs-tetrahydropyranyl,

t) —CO,-C, alkylene-cycloalkyl,
u) —CO,-Cy.19-alkynyl,

v) —CO,-CH,-C=C-phenyl,

w) —C(0)-Cy.yp alkyl,

x) —C(O)-phenyl,

y) —C(O)-naphthyl,

z) —C(O)-cycloalkyl,

aa) —C(O)-furanyl,

bb) —C(O)-thiopheneyl,

cc) —C(O)-isoxazolyl,
dd)—C(0)-C,.1o alkylene-cycloalkyl,
ee) —C(0)-NH-C,_y¢ alkyl,

26



10

15

20

25

30

phenyl, naphthyl, thiopheneyl, furanyl, pyridyl,
pyrimdinyl, thiazolyl, imdazolyl, 5oxazolyl, and

W0 s@ariohy| groups are optionally substituted BREHUSI0N¥E36333

with a group independently selected fromRc .

In an eighteenth exenpl ary enbodi nent, the present
invention relates to conpounds of the first through
si xteenth exenpl ary enbodi nents, wherein R3is -G _io
10al kyl substituted with a phenyl group. In a

ni ret-ag0)INIepasPladnd enbodi ment, the present invention
reI at es to con&gunds of the fi rst through sixteenth
‘rg )-NiaysrhyhtG 0o RAerdi n R3 is selected fromthe

%86{%8 @l%‘e#ﬁf;{é/lngkg[%l alkgfq) %tr&h?rfﬁo f%dhyl' tetrahydropyranyl,
phenﬁl(ﬁap(htlgzﬂ tthiophgtegly dhrah@xyyrjdyl, pyrimidinyl, tl@)zolyl, imidazolyl,
- -tetrah f 2-
Oxaﬂg% a@ﬁg%g{ ggij}léggr%pilpnalés Su%%zteéﬂz“ tper Wbﬁh&p%?PuP h)
1ndep€ﬁ&9nﬁ8"sél‘é%&ﬁ%ﬁiw phenyl), i) -C(0)-piperidin-2-yl,

NH (trifluoronmethoxyphenyl), 25k)
C(O) NH-(l 1 di phenyl methyl ), 1) -C(0)-isopropyl,

o) Toch o) BRIy Prooaiohy B e
o) 1o oj PR Rk Doyt TR pL ke o
compounds of the ﬁrst through sixteenth exemplary embodiments, wherein R* is -Cy10

alkyl substituted with a phenyl group.

In a nineteenth exemplary embodiment, the present invention relates to

compounds of the first through sixteenth exemplary embodiments, wherein R? is selected

from the group consisting of:
a) —CO,-tert-butyl,
b) —CO;-n-hexyl,
c) —CO;-isopropyl,
d) —COx-(tert-butylcyclohexyl)
¢) —CO,-tetrahydrofuran-2-yl,
f) —COs-tetrahydropyran-4-yl,
g) —CO,-CH;-cyclopropyl,
h) —C(O)NH-(tert-butylphenyl),
1) —C(O)-piperidin-2-yl,
7)) —C(O)-NH-(trifluoromethoxyphenyl),
k) —C(0O)-NH-(1,1-diphenylmethyl),
1) —C(O)-isopropyl,
m) —C(O)-phenyl,
n) —C(O)-(fluorophenyl),
0) —C(O)-(chlorophenyl),
p) —C(O)-(cyanophenyl),
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q) -C(0)-pyridin-2-yl, r) -C(0)-pyrimdin-4-yl, s)
-C(0)-furan-2-yl, t) -C(0)-cyclobutyl, 5u)

wo g{ontoyel opentyl, v) -C(0)-cycl ohexyl, w PCT/US2009/036333
-C(0)-thi ophene-2-yl, x) -C(0)-benzyl, vy)
-C(0)-(fluorobenzyl), 10 z) -C(0)-(chlorobenzyl), aa)
-C(0) - (cyanobenzyl),
bb) - C(0) - (2, 5-di net hyl - oxazol -4-y1), cc)
- CH2- oxazol - 2-yl, dd)-CH2-(1-nethylindiazol -2-y1),

15ep) - €c@Rpwindiy- 2-yl, ff) -CH2-furan-2-yl,
gg) - CH2-t hi azol -2-yl, hh)-CH2-CC-pyrimdin-2-yl, ii)
~CHY- S PrAidingivl) - cHe- t hi ophene- 2-yI |

kké}(%(é%enyﬁ) y};ll) propyl, and 11)

pt opyl . In an twentieth exenpl ary
emipdi-@GEdk-cycldbatypr esent i nvention relates to 25

compou of the first through nineteenth exenplary
n‘gg Lﬁ@%yclqm@ry in R4 is selected fromthe group

I s¢ fohehkyidrogen, Ci_io al kyl, C2-10 al kenyl,
CZ 0 af(@g%%o g%lcl oal kyl, -C1_10 al kyI ene- cycl oal kyI

ar yW) —G6ed ethomhyhe-29hd het erocycl yl, wherein the al kyl,
nerdr SEURF™AY oups” ar o opti onal 1y substi tat od v th
one),)t oc(@y(rﬂus,mm}tlyent s i ndependently selected from

z) —C(O) (chlorobenzyl),

aa) —C(0O)-(cyanobenzyl),

bb)—C(0O)-(2,5-dimethyl-oxazol-4-yl),

cc) —CHz-oxazol-2-yl,

dd) —CH,-(1-methylimdiazol-2-yl),

ee) —CHy-pyridin-2-yl,

ff) —CH,-furan-2-yl,

gg) —CH,-thiazol-2-yl,

hh)-CH,-C=C-pyrimidin-2-yl,

i1) —CH,-C=C-phenyl,

Jj) —CHa,-thiophene-2-yl,

kk)—(R)-1-(phenyl)-propyl, and

1) —(S)-1-(phenyl)-propyl.

In an twentieth exemplary embodiment, the present invention relates to
compounds of the first through nineteenth exemplary embodiments, wherein R” is
selected from the group consisting of: hydrogen, Ci.19 alkyl, C2-19 alkenyl, C,.19 alkynyl,
cycloalkyl, -C;_j alkylene-cycloalkyl, aryl, heteroaryl, and heterocyclyl, wherein the
alkyl, alkenyl, alkynyl, cycloalkyl, aryl, heteroaryl, heterocyclyl groups are optionally

substituted with one to four substituents independently selected from R®,
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In a twenty-first exenplary enbodi nent, the present

invention relates to conpounds of the first through
wormetnesm h exenpl ary enbodi nents, wherei n R4 PGI/US2009/036333

sel ected fromthe group consisting of: a) -hydrogen,

5b) -G _6 alkyl, and c) -C(0)-C1_6 al kyl. In a

twenty-second exenpl ary enbodi nent, the present

invention relates to conpounds of the first through

ni neteenth exenpl ary enbodi nents, wherein R4 is -Cl1-3

10ahlytlventy-first exempéary WeBbYindcht, i gysmpinatyticinieRedsnent

the present invention relates to conpounds of the

compppags af i igsh thipyebsesiemtiessmnlay prbeaenie pihsrein R is
reel N R4 i s . 15 In a twenty-fourth
sele\é{%g nﬁ%}[]gtrhfééér%o%gls@@ge@f y u

I'ment the present invention relates to
compodmgioge, t he first through twenty-third exenplary
e di pents, wherein RS is -G3- - wherein L2 is

6‘1‘1]?‘1%?1%‘1% group consisting of: a direct bond,
'C'éé'fcg(%-cl_gé‘ﬂk 26) -5 - 20C(0)-, - CON(R26)-,
-N(R26) C(0) -, -N(R26) CON(R27)-, -N(R26)C(0)0- 5
-0C(0) N(R26) -5 -N(R26) S02-5 - SO2N(R26)-5 -C(0)-0-5

andP e FOTPH LR ER I o~ LTSI U PG

confpBBnd STURe BRDHrSEdhNEnQ@EcntYEngIa% entbdtkidnts, whiehin RARA-C)
-al kyl ene-aryl , erein R26 and 7 are 25optionally

alkdubstituted 1-4 tinmes with Rc or R26 and R27 are taken
together with the atons to which they are attached to
forma heterocyclic ring of 5 to 7 nenbers containing

0- Anaddichtyahiadl chehsigaintoeiradefhe pesaitliyvaaabe edleds for om
oxygen, nitrogen, and sul fur; L3 is a direct bond; , Q2
compguads) of theafirst fgonghianggeditiperesdayenmbgdipronts whereae R is
hydﬂ%%ﬂ’ Cl1_10 al kyl ene, C2-10 al kenyl ene, and C2_10
al’kynyl ene; G3 is a phenyl ene group, wherein G is
optionally substituted 1-4 tines with sub stituents
in nden I from. R rein R8 i
g|e| epa:t&/%g};é%ﬂ%ﬁg %Xecélgtdy em‘t?odimgﬁt, ‘m%reeslent ingenlti%n relates to
compounds of the first through twenty-third exemplary embodiments, wherein R’ is —G’-
L*-Q*-L*-G", wherein
L?is selected from the group consisting of: a direct bond, —CH,-, -O-, -N(Ry)-, -
C(0O)-, -CON(R26)-, -N(R26)C(O)-, -N(R26)CON(R27)-, -N(R26)C(O)O-
, “OC(O)N(R26)-, -N(R26)SO2-, -SO2N(R2)-, -C(0)-0-, -O-C(O)-, -S-, -S(0)-,
-S(O)z-, and -N(R26)SOQN(R27)-,
wherein R* and R*’ are independently selected from the group consisting
of: hydrogen, -alkyl, -aryl, and -alkylene-aryl, wherein R** and R*’ are
optionally substituted 1-4 times with R® or R*® and R*’ are taken
together with the atoms to which they are attached to form a
heterocyclic ring of 5 to 7 members containing 0-2 additional
heteroatoms independently selected from oxygen, nitrogen, and sulfur;

L? is a direct bond;
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4 is selected fromthe group consisting of: -aryl,

-cycl oal kyl, -heterocyclyl, - heteroaryl, -fused
waeapbgyioboal kyl , -fused cycl oal kyl aryl, -fusedPCT/US2009/036333
cycl oal kyl heteroaryl, -fused heterocyclylaryl, and

-fused heterocycl yl heteroaryl, 10wherein 4 is
optionally substituted 1-4 tinmes with sub stituents

i ndependently selected fromR9, wherein RO is sel ected
fromRip. In a twenty-fifth exenplary

entdk gEBEted fbe the eeRPicohdivaRtdfondirelt dbes .9, SRS,
of the first through twenty-third exenplary
embodilkemtlenc, aptbeiotlmylegc. 3- 15L2- - L3- &4, wherein
L2 the group consisting of: -CH2-,

- O-Gﬁsﬁl?hg‘égl&% %Bﬁn C(0)-, wherein R26 is selected
fromt he;vlg:lrﬁum} doopgtiialln gubj;ﬁtutdftyﬂ-ﬁom wﬁlaidbythments

e L S YT
wheg el Rel&3ed FofRtht gﬂ%'%ﬁ&tﬁ@dﬁ Ufn‘?g élycfoaik ﬁet\é%otcg)clyl -

sub stituents i1 ndependently selected from wher el
RS i shetetoegil.efustd erpl@icpmallamhdfiGed psclsdksdelty@dﬁfsad) m t he

group consisting of: .c oal k enyl R ridinyl,
Jbenstinbahunays . -BerE bty oh R el re®pe fonal iy
subst hétbloegclhétctdalls W th substituents independently
sel ected from viherein R9 is sel ected from Rb.

In a twerhoyeis |G<F$3h01@tm¢ﬁy é‘#‘%ﬁtléﬁ%&“r’ﬁéﬁﬁs Wlﬂh@lbpﬁlt@gl@ﬁt
i nvention reI of
tmenty-thlr f%%%ﬁ%ﬁékégﬁﬁﬁgg X h&e e eﬁﬁcé%&B%QPQB_

30L2-@--.- 3_ L cn mhereln L2 |s sel ect ed fron1the
group consi sting -,.-0-, -N(R26)-, and - %
wher B afwRpty-fih §’éq%ﬁ1é(d3mhoérﬁ1@ﬁeth§ PESPNtaBREfigR reﬁ{e}%

con@%gﬁ&%g%en%ﬁlt %u%h twh -thlragg?m@ ‘%h 11‘351%& ’Wﬂ'@%@lh?{s% ~G*-

I rect S Se ecte e group ‘consi st ng

12@tL -G dih@cih bond and a CL 10 al kyl ene

L?is selected from the group consisting of: —CH,-, -O-, -N(R*)-, and -C(O)-,
wherein R is selected from the group consisting of: hydrogen, -alkyl, -
aryl, and -alkylene-aryl;
L? is a direct bond;
Q*is a C1.1¢ alkylene group:;
G’ is a phenylene group,
wherein G’ is optionally substituted 1-4 times with substituents
independently selected from R¥, wherein R® is selected from R”; and
G is selected from the group consisting of: cycloalkyl, phenyl, pyridinyl,
benzothiopheneyl, benzothiazolyl, G* is optionally substituted 1-4 times with

substituents independently selected from R®, wherein R’ is selected from R®.

In a twenty-sixth exemplary embodiment, the present invention relates to

compounds of the first through twenty-third exemplary embodiments, wherein R’ is —G’-

L*-Q*-L*-G", wherein
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group; G3 is a phenyl ene group, wherein G3 is
optionally substituted 1-4 tinmes with sub stituents

W0 pepertoent |y sel ected from R8, wherein R8 i SPGEUSN®B6333

fromRb; and 104 is a phenyl group, wherein 4 is
substituted 1-4 tinmes with sub stituents independently
sel ected fromR9, wherein RO is selected fromR p, and
wherein 4 is substituted with at | east one
substituent selected fromthe group consisting of:

a) -IC1s &I@té@/ﬂroml@@mbpb@ls@dtlhgbf C()sz-hé(DQgN(R%)i)and -C(0)-,
- al koxy, hgl oal koxy and 20g) - 0- CF
In a tmmﬁlteyelg&/ewﬁleé%ﬁ@maw Wﬁémg oft hédreg@seﬂkyl -

i nvention 5\;311 ah8Sal ﬂeﬁé)%unds of the first through

tvventy thir exen‘p ary odi nents, wherein wherein RS
|s-L w\,h]drrecttrboﬁEBLZ |s -0-, L3 is adirect bond; Q2 is a

Snerre Gpedpe hise Bive i BT et 2l
vv| th sihpstituents
G’ is a phenylene group,
wherein G is optionally substituted 1-4 times with substituents
independently selected from R®, wherein R® is selected from R®; and
G* is a phenyl group, wherein G” is substituted 1-4 times with substituents
independently selected from R’, wherein R’ is selected from R®, and wherein
G* is substituted with at least one substituent selected from the group
consisting of:
a) —Ci alkyl,
b) —haloalkyl,

c) —halogen,

d) —alkoxy,

e) —haloalkoxy,
f) —CF;, and

2) —O-CFs.

In a twenty-seventh exemplary embodiment, the present invention relates to

compounds of the first through twenty-third exemplary embodiments, wherein wherein

R’ is -G*-L*-Q*-L*-G", wherein

L’is -O-,

L? is a direct bond;

Q2 is a Cy.y¢ alkylene group;

G’ is a phenylene group, and

G* is a phenyl group, wherein G” is substituted 1-4 times with substituents

independently selected from R’, wherein R’ is selected from R®, and wherein
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30i ndependently selected fromR9, wherein RO is

selected fromRi p, and wherein 4 is substituted wth
W@e0obaaso0 one substituent selected fromthe grBCpUS2009/036333

consisting of: h) -G _6 alkyl, i) -haloalkyl, j)

- hal ogen, k) -al koxy, 1)-hal oal koxy, m -CF3, and n)

- 0- CF3. I n anot her enbodi nent of the present

i nvention, the configuration of the conpound of

Formula (1) of the first exenplary enbodi ment is

r epr ege iy elstivtclaritidtacdst o) subvtiesiselcétbe froar thatwp

are as defined above, or a pharnaceutically acceptable

salt £9BIEBEOB0I n anot her embodi nent of the present

inventigp, the copeund of Formula (1) of the first

exenpl ary embodi’ment’ i s represented by Fornmula (1-B):

For mul a if | - B}-halhelwgi,n the vari ables are as defi ned

above, Hor a pharmaceutically acceptable salt thereof

Her eﬂ%&@

I n anot Bent of the present invention, the
con‘pounq()of F_g[krggg,,a (1) of the first exenplary
enbodi nent is represented by Fornmula (I1-0O):
1) —haloalkoxy,
m) —CF3, and
n) —O-CFs.
10
In another embodiment of the present invention, the configuration of the
compound of Formula (I) of the first exemplary embodiment is represented by Formula
(I-A):
O
R5
15 Formula (I-A)
wherein the variables are as defined above,
or a pharmaceutically acceptable salt thereof.
20 In another embodiment of the present invention, the compound of Formula (I) of

the first exemplary embodiment is represented by Formula (I-B):
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wherein the variables are as defined above, or a

phar maceutically acceptable salt thereof 15In another
weerwodirtent of the present invention, the conpbChusShI/ 036333

Formula (1) of the first exenplary enbodi ment is

represented by Fornmula (1-D): Formula (1-D) wherein

the variables are as defined above, 5or a

pharmaceutically acceptable salt thereof In

anot her enbodi nent of the present invention, the

conmpound of Forfula (1) of the first oexen'pl MY

enbodi nent is epresent ed by Fornmul a (1-E): §?11 I

ON A R5 0 R3 1 Formula (I-E)

T )@ an

Formula (I-B)

wherein the variables are as defined above,

5  orapharmaceutically acceptable salt thereof.

In another embodiment of the present invention, the compound of Formula (I) of

the first exemplary embodiment is represented by Formula (I-C):

R4

R
] I
W N R'
A C |
N R2
RS 0 o
10 Formula (I-C)

wherein the variables are as defined above,

or a pharmaceutically acceptable salt thereof.

15 In another embodiment of the present invention, the compound of Formula (I) of

the first exemplary embodiment is represented by Formula (I-D):
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wherein * indicates the presence of a chiral center

which may be in the R or S-configuration and wherein
wo h@ostar’pmbl es are as defi ned above, or a PCT/US2009/036333

pharmaceutically acceptable salt thereof 15 1In

anot her enbodi nent, the present invention provides a

conpound of Formula wherein 5R4 is selected fromRa

and R5 is -G3-L2-Q@2-L3-&4, wherein L2 and L3 are

i ndependently selected fromthe group consisting of: a

direct bond, R4 -CH2-, -06 -N(R3P)-,

-C(0)-, -CON(RP6)-, -N(R26)C(0)-, -N{|R26)CO¥ R27) -,

10- N(R26) C(0) 0d, -0C(0)N(R26)-, -N(RH6) S02-,=

- SO2N( Q).- 0 - NS OYTNS(0) 2-,

and - N( R26)JS02N( R27) -, _wha R

i ndependent|l y el edf edBfrdm t ke gf oup cohsisting of:

R26 angks <)
Rc, or R26 and R27 are taken 15 together with the
atons to which they areFanmuedd) to forma
heterocyclic ring of 5 to 7 nmenbers containing 0-2
addi ti onal heteroatons i ndependently selected from

whe@di} e variables @@e,defingl shoveur ; Q@ is
sel ected fromthe ?roup consisting of: a direct bond,

5 oragpharmmegpisallygecepeplaglizbeieefeny| ene, and C2_10

al kynyl ene, G3 is selected fromthe group consisting
of : -arylene, -cycloal kyl ene, -heterocyclyl ene,
- hdhanodeydrebriimeitus ettt @eyne inetmadnk HeaoenpouhidisEBormula (1) of
ycl oal kyl aryl ene, -fused cyc] oal kyl het er oaryl ene,

the it guan SV SROPEPGAL P PERENIE %‘éﬁﬂm‘fl%@é‘g)‘
het er ocycl yl het eroaryl ene, wherein G3 i [ v
substituted 1-4 tines with substituen dapengent | Y7
selected fromle, wherein R8 is sel ec R

R* 0 CHJ
N CO,H
A sk H 2
N
RS 0 g
10

Formula (I-E)

wherein * indicates the presence of a chiral center which may be in the R- or S-
configuration and wherein the variables are as defined above,
or a pharmaceutically acceptable salt thereof.

15
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4 is selected fromthe group consisting of: -aryl,

-cycl oal kyl, -heterocyclyl, -heteroaryl, -fused
waeapbgyioboal kyl , -fused cycl oal kyl aryl, -fusedPCT/US2009/036333
cycl oal kyl heteroaryl, -fused heterocyclylaryl, and

-fused 5heterocyclyl heteroaryl, wherein 4 is

optionally substituted 1-4 tinmes wth substituents

i ndependently selected fromR9, wherein RO is sel ected

fromRb, wherein Ra is selected fromthe group

COnNgiafbdthBigerdbodirhO@) the pysemdeentidn pré3idisn ddehpothd of Formula

-S(0)20Rd, d) -S(0)mNRd Re, e) -C(0)Rd, 15f) -CO2Rd,
(I)g) -C(0)NRd Re, h) -haloalkyl, i) -cycloalkyl i)

- het erocycl yl, 20k) Rgl 10 aIkyI -C2-10 alkenyl
na) -C2-10 alkynyl n) ryI
(1),
wherein

R*is selected from R* ; and

R’ is -G*-L*-Q*-L*-G", wherein

10

15

20

25

L?and L? are independently selected from the group consisting of: a direct bond,
—CH,-, -O-, -N(R*)-, -C(0)-, -CON(R*)-, -N(R**)C(0)-, -N(R**YCON(R"")-,
N(R**)C(0)0-, -OC(O)N(R*)-, -N(R**)SO,-, -SO,N(R?*®)-, -C(0)-O-,
-0-C(0)-, -S-, -S(0)-, -S(0)s-, and -N(R*>)SO,N(R*")-, wherein

R” and R*" are independently selected from the group consisting of:
hydrogen, -alkyl, -aryl, and -alkylene-aryl, wherein R*® and R*” are
optionally substituted 1-4 times with R¢, or R*® and R’ are taken
together with the atoms to which they are attached to form a
heterocyclic ring of 5 to 7 members containing 0-2 additional

heteroatoms independently selected from oxygen, nitrogen, and sulfur;

Q2 is selected from the group consisting of: a direct bond, C,_1¢ alkylene, Cy-19

alkenylene, and C, 1 alkynylene,

G’ is selected from the group consisting of: -arylene, -cycloalkylene,
-heterocyclylene, -heteroarylene, -fused arylcycloalkylene, -fused
cycloalkylarylene, -fused cycloalkylheteroarylene, -fused heterocyclylarylene,
and -fused heterocyclylheteroarylene, wherein

G’ is optionally substituted 1-4 times with substituents independently

selected from R®, wherein R® is selected from R,
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0) -heteroaryl, 25p) -C1_10 al kyl ene-aryl, q) -C2_10
al kynyl ene-aryl, r) -C1_10 al kyl ene- heteroaryl s)

wo ana07ed kynyl ene- heteroaryl, and t) -C(Rf R) P@I/y820090)36333

wherei n al kyl, al kenyl, alkynyl, aryl, heterocyclyl,
heteroaryl, and cycl oal kyl groups are optionally
substituted 1-4 tinmes with a group i ndependently
selected fromRc ; 5Rb is selected fromthe group
consi sting of: a) -cycloal kyl, b) -cyano, c) -ORd, d)
-NO2, 10e) -hal ogen, f) S(O)n1Rd g) -SRd, h)

- S( 04) 20Rd, i LO) ,» NRd Re, tJ -NRd Re
is seleéted from the group consisting of: -aryl, -cycloalkyl, -heterocyclyl,

-heteroaryl, -fused arylcycloalkyl, -fused cycloalkylaryl, -fused
cycloalkylheteroaryl, -fused heterocyclylaryl, and -fused
heterocyclylheteroaryl, wherein

G is optionally substituted 1-4 times with substituents independently

selected from R?, wherein R’ is selected from R,

wherein R is selected from the group consisting of:

a) -hydrogen,

b) -S(O)m R,

¢) -S(0),0R",

d) -S(0)uNR!R®,

¢) -C(O)R’,

f) -COsR’,

g) -C(O)NRR®,

h) -haloalkyl,

i) -cycloalkyl,

j) -heterocyclyl,

k) -Ci.0 alkyl,

) -Cy-10 alkenyl,

m) -C,. 0 alkynyl,

n) -aryl,

0) -heteroaryl,

p) -Cii0 alkylene-aryl,

qQ) -Cy10 alkynylene-aryl,

r) -Cyo alkylene-heteroaryl,
s) -C,.10 alkynylene-heteroaryl, and
) -C(R'R®)-aryl,
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k) -O(CRf Rg)NRd Re, 1) -C(O)Rd, m) -CCRRd, n)
-02(CRf Rg) "CONRd Re, 200) -0C(0)Rd, p) -C(0)NRd Re,

W@ 2009MRAOC( 0) Re, r) -O0C(O)NRd Re, s) -NRd C(0)PREUSDB)36333

-NRd C(0) NRd Re, u) -CF3, v) -0CF3,

- hal oal kyl , x) -hal oal koxy, 30y) -Cl_10

al kyl, z) -C2-10 al kenyl, aa) -C2_10 al kynyl, ab)
-Cl1_10 al kyl ene-aryl, ac) -Cl1_10 al kyl ene- het er oar yl,

and 5ad) -heteroaryl, wherein alkyl, alkenyl, alkynyl

ar Wheréigtatdydatinyl, an@nyly @ﬂyo aie&yécygry@ UfeEerédrel, aind cmtaiut;y
substituted 1-4 tines wth a group independent!y
selSBeYRsEre PRy subsgituted 1-4 tlrnes with a group independently selected

from R¢;

R” is selected from the group consisting of:

a) -cycloalkyl,

b) -cyano,

¢) -ORY,

d) -NO,,

¢) -halogen,

f) -S(O)mR",

g) -SRY,

h) -S(0);0R’,

i) -S(O).NRRS,
j) -NRUR,

k) -O(CR'R®),NR!R®,
) -C(O)R’,

m) -CO;R’,

n) -CO,(CR"R®),CONR‘R®,
0) -OC(O)RY,

p) -C(ONR‘R®,

qQ) -NRYC(O)R®,

r) -OC(O)NRRS,
s) -NRYC(O)ORS,
t) -NR® C(O)NRYR®,
u) -CF;,

v) -OCFs;,

w) -haloalkyl,

x) -haloalkoxy,

y) -Cio alkyl,
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Rc is selected fromthe group consisting of:
a) -hal ogen, b) -am no, c) -carboxy, 15d)

WO eopanol7oe) -Cl_4 al kyl, f) -0-Cl_4 alkyl, g) POFCER09/036333

h) -cycloal kyl, 20i) -0-cycloalkyl, j) -aryl, k) -Cl1_4
al kyl ene-aryl, 1) -hydroxy, m -CF3, 25n) -hal oal kyl,
o) -hal oal koxy, p) -0-aryl, q) -heteroaryl, r)

- het er oaryl ene- Cl10al kyl , 30s) -heterocyclyl,

z) -Cy-10 alkenyl,

aa) -C, 19 alkynyl,

ab) -C,_jo alkylene-aryl,

ac) -Cy.19 alkylene-heteroaryl, and
ad) -heteroaryl,

wherein alkyl, alkenyl, alkynyl, aryl, heteroaryl, and cycloalkyl groups are
optionally substituted 1-4 times with a group independently selected from

R®;

R¢ is selected from the group consisting of:

a) -halogen,

b) -amino,

c) -carboxy,

d) —cyano,

e) -Ci4alkyl,

f) -0-Ci4 alkyl,

g) —O-CF;,

h) -cycloalkyl,

1) -O-cycloalkyl,

J) -aryl,

k) -Ci.4 alkylene-aryl,
) -hydroxy,

m) -CF;,

n) -haloalkyl,

0) -haloalkoxy,

p) -O-aryl,

q) -heteroaryl,

r) -heteroarylene-C,. ¢ alkyl,
8) -heterocyclyl,
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t) -02-CG _10 al kyl, u) -0Q2-G _10 al kyl -aryl, v)
-fused aryl cycl oal kyl, w) -al kynyl ene-heteroaryl, 5x)

W0 200rgtiEEme- aryl , y) -al kynylene-aryl, z) - nitPOI/US2PI/036333

-N(H) -C(0)-C _6-alkyl, and bb) -S -C 1 _6-alkyl, 10 Rd

and Re are independently selected fromthe group

consi sting of: hydrogen, Cl1 10 al kyl, C2-10 al kenyl,

C2_10 al kynyl, cycloalkyl, -G _10 al kyI ene-cycl oal kyI

aryl, heteroaryl, and heterocyclyl wher ei n al kyl ,

al kpnydQ,-ak_ I@anwl,, cycl oal kyl, aryl, heteroaryl,

het er ocycl yI oups are opti onal |y substituted with

one}l t Qo0 t¥luent s 15i ndependently sel ected from

0 R gether with the atons to which

they af;uggg%]?ggﬁlgg]k&grm a heterocyclic ring of 5to 7

rrerdm)epﬂkmqrhémi-hdmga@} 2 additional heteroatons

[ nd gﬁent I X el ected from oxygen, sulfur and

mtXr 1”é(gtlonally substitued with 1-3 times with
)ZQﬁE glelggylare i ndependently selected fromthe

group COI’]SI sting of: hydrogen, Cl1_10 al kyl,

cycdoahiap, , -Ci 10 al kyl ene-cycl oal kyl, -carboxy, and

aryl r | k | oal kyl, and aryl groups are
optH )Jrﬁ&ﬁf@b@ﬁ’w&deﬂy ith one to four substituents
|nq%9331¢@gua |,selected fromRc; or Rf and Rg together

with the carbon to which they are attached forma ring
of 5 to 7 nenbers containing 0-2 heteroatons

ngtﬂ}o gé; ﬁlﬁ%}%{l ¢ eﬁ/t yecgeﬁib%ggm% 8%5/ ?9? s&stlég PI” Uy o %etnhchto;alkyl,

m (- @alkehyle Q@[o aﬂlE}fiﬁl Lkytloealkyl, -C, 1o alkylene- cycloalkyl, aryl, heteroaryl,
and heterocyclyl, wherein alkyl, alkenyl, alkynyl, cycloalkyl, aryl, heteroaryl,
heterocyclyl groups are optionally substituted with one to four substituents
independently selected from R¢ ; or R® and R® together with the atoms to which
they are attached form a heterocyclic ring of 5 to 7 members containing 0-2

additional heteroatoms independently selected from oxygen, sulfur and nitrogen

and optionally substitued with 1-3 times with R,

R" and R® are independently selected from the group consisting of: hydrogen, C1.1o alkyl,

cycloalkyl, -C,.10 alkylene-cycloalkyl, -carboxy, and aryl, wherein alkyl,
cycloalkyl, and aryl groups are optionally substituted with one to four substituents
independently selected from R¢; or R' and RE together with the carbon to which
they are attached form a ring of 5 to 7 members containing 0-2 heteroatoms
independently selected from oxygen, sulfur and nitrogen optionally substitued

with 1-3 times with R";

m is an integer from 1 to 2;
n is an integer from 1 to 10; and

p is an integer from 0 to 2;

39



10

15

20

25

nis an integer from1 to 10; and 30 p is an integer

from0O to 2; or a pharmaceutically acceptable salt
w0 b@paof700 | n anot her enbodi nent, the present i|iPUBEN$10091036333
provi des a conpound of Fornul a wherein 10R3 is

selected fromRa;, R4 is selected fromRa; and RS is
-&3-L2-@-L3-HA, wherein 15L2 and L3 are independently
selected fromthe group consisting of: a direct bond,
-CH2-, -0-, -N(R26)-, -C(0)-, -CON(R26)-,
-N(R26) C(0) -, -N(R26) CON(R27)-, N(R26)C(0)O0-,
-0C(0) N(R26) -, - RZG%SOZ-, - SO2N(R26) -, -C(0)-0-,

or agpheyngiceutically accoptap)e salt.thgrgef>.  and - N( R26) SO2N( R27) -,
wherein R26 and R27 are independently selected from
t he group consisting of: 20hydrogen, -alkyl, -aryl,
andn-aabtkyl @nlecdimyiht, thatpessentinR2Gioa pebvikkes aadoenpound of Formula

(I11):

wherein

R? is selected from R*;

R*is selected from R*; and

R’ is -G*-L*-Q*-L*-G", wherein
L?and L? are independently selected from the group consisting of: a direct bond,
—CH,-, -O-, -N(R*)-, -C(0)-, -CON(R*)-, -N(R**)C(0)-, -N(R**YCON(R"")-,
N(R**)C(0)0-, -OC(O)N(R*)-, -N(R**)SO;-, -SO;N(R?*)-, -C(0)-0-,
-0-C(0)-, -S-, -S(0)-, -S(0),-, and -N(R*>)SO,N(R*")-, wherein
R” and R*" are independently selected from the group consisting of:
hydrogen, -alkyl, -aryl, and -alkylene-aryl, wherein R*® and R*” are
optionally substituted 1-4 times with R¢, or R*® and R’ are taken
together with the atoms to which they are attached to form a
heterocyclic ring of 5 to 7 members containing 0-2 additional

heteroatoms independently selected from oxygen, nitrogen, and sulfur;

Q’ is selected from the group consisting of: a direct bond, C_1 alkylene, Cy-10

alkenylene, and C,_j alkynylene,
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optionally substituted 1-4 tinmes with Rc, or R26 and
R27 are taken together with the atons to which they

wae@dattrached to forma heterocyclic ring of 5PEDUS2009/036333

menbers containing 0-2 additional heteroatons
i ndependently sel ected from oxygen, nitrogen, and
sulfur; 25 Q2 is selected fromthe group consisting
of : a direct bond, Cl1_10 al kyl ene, C2-10 al kenyl ene,
and C2_10 al kynylene, G3 is selected fromthe group
consi sting of: -aryl ene, -cycloalkylene
-hetﬁrocycl | ene, -heteroarylene, -fuse

ar ¥ ciy e¢leeipk frErbe erqupsensisi al wleaﬁ,ypjé%alkylﬁ% ed

cyclo ar ne,

5and _eﬁ%@%%hﬁ% g%k%&EYﬁn%e?%g%QSLﬁ%Eﬁ%ﬁk%é Aﬁ%g'is

opt i oopdléafkdadybine} ised cfeldalkylivetsroarylnes winsdd Hetieratyslylarylene,

i ndependent | sele(%gg fromle, erein RB is selected

from %@E “éifyﬁ‘eéer%?( HAORPYTASt WASSHoup consi sting of :

-ary i ’sub t Yirmds wit endently
aryl (9:35"§|0 eyl s*ﬂi%@di PONrhdd ﬂ@uﬂ@ﬁ%u%ﬁ@%ﬁ

-fused arylcyc oa fused cycl oal kyl ar used
cycl oal kyi Bﬁtceerdoﬁwmlli whclsedR%stsehedc@cEﬂom &r,yl and
-fused heterocycl yl heteroaryl, wherein 4 is
optional Iy substituted 1-4 tines wi th substituents

I naghigRelesttd Fromerhe gfRe cBﬁQéHn%%f Wher, ety 3yl SheetRGE1ed
fromRb, 15 wherein Ra is selected fromthe roup
conS| etaneprpk fused aryleyclaglkylhy-ised; éyploaélfylarsé olusedRd,

C%ﬁ%%a%qyete %%%r N%Q%Weldocyglylaryl and fus%zl - X(0) Rd
heterocyclylheteroaryl, wherein
G is optionally substituted 1-4 times with substituents independently

selected from R?, wherein R’ is selected from R,

wherein R is selected from the group consisting of:

a) -hydrogen,
b) -S(O)m RY,

c) -S(0)0R’,
d) -S(0)uNR!R®,
¢) -C(O)R’,

f) -COsR’,

g) -C(O)NRR®,
h) -haloalkyl,

1) -cycloalkyl,
j) -heterocyclyl,
k) -Cj.jo alkyl,
1) -Cy-10 alkenyl,
m) -Cy 9 alkynyl,
n) -aryl,
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h) -hal oal kyl, 25i) -cycloalkyl, j) -heterocyclyl,
k) -C1_10 alkyl, 1) -C2-10 alkenyl, nm -C2_10 al kynyl,

wWQ@p/11E0y | | 0) -heteroaryl, p) -C _io  PCT/US2009/036333
al kyl ene-aryl, q) -C2_10 al kynyl ene-aryl, r)
-Cl1_10 al kyl ene-heteroaryl, 5s) -C2_10
al kynyl ene-heteroaryl, t) -C(Rf R-aryl, wher ei n

al kyl, al kenyl, al kynyl, aryl, heterocyclyl,
heteroaryl, and cycl oal kyl groups are optionally
subsétetodtyed 1-4 times with a group independently
selected 10fromRc ; Rb is selected fromthe group
ebn&i-stallegensraryh) - cycl oal kyl, b) -cyano, 15c) - ORd,

b
) -hal.agen, f) -S(0)m Rd, g) -SRd, 20h)
E-;BS ( S)Zl\l%ar_lalaﬁ)ylenlg aalrﬁ,
r) -Cj.10 alkylene-heteroaryl,
8) -Cy.10 alkynylene-heteroaryl,
t) -C(R'R®),-aryl,

wherein alkyl, alkenyl, alkynyl, aryl, heterocyclyl, heteroaryl, and cycloalkyl
groups are optionally substituted 1-4 times with a group independently selected

from R¢;

R” is selected from the group consisting of:

a) -cycloalkyl,

b) -cyano,

¢) -ORY,

d) -NO,,

¢) -halogen,

f) -S(O)mR",

g) -SRY,

h) -S(0);0R’,

i) -S(O)uNRRS,

j) -NRUR,

k) -O(CR'R®),NR!R®,
) -C(O)R’,

m) -CO;R’,

n) -CO,(CR"R®),CONR‘R®,
0) -OC(O)RY,

p) -C(ONR‘R®,

qQ) -NRYC(O)R®,

r) -OC(O)NRRS,

42



10

15

20

25

30

i) -S(0)m\Rd Re, j) -NRd Re, k) -O(CRf Rg)n-NRd Re,
1) -C(0)Rd, 25m) -CRRd, n) -0CR(CRf Rg)"CONRd Re, 0)

WO 2i000) 1R p) -C(0)NRd Re, g C'F/NER#09/036333

C(0)Re, 30r) -OC(O)NRd Re, s) -NrRd C(O)ORe, t) -NrRd
C(O)NRd Re, u) -CF3, v) -0CF3, 5w -haloal kyl, x)

- hal oal koxy, y) -Cl1_10 alkyl, z) -C2-10 al kenyl, aa)
-C2_10 al kynyl, 10ab) -Cl1_10 al kyl ene-aryl,

s) -NRYC(O)ORS,

t) -NR® C(O)NRYR®,

u) -CF;,

v) -OCFs;,

w) -haloalkyl,

x) -haloalkoxy,

y) -Cio alkyl,

z) -Cy-10 alkenyl,

aa) -C,.1o alkynyl,

ab) -Cy.y¢ alkylene-aryl,

ac) -Cy.19 alkylene-heteroaryl, and

ad) -heteroaryl,

wherein alkyl, alkenyl, alkynyl, aryl, heteroaryl, and cycloalkyl groups are
optionally substituted 1-4 times with a group independently selected from

R®;

R¢ is selected from the group consisting of:

a) -halogen,

b) -amino,

c) -carboxy,

d) —cyano,

e) -Cj4alkyl,

f) -O-Ci4 alkyl,
g) —O-CF;,

h) -cycloalkyl,
1) -O-cycloalkyl,
J) -aryl,

k) -Ci.4 alkylene-aryl,
) -hydroxy,
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ac) -Cl1_10 al kyl ene-heteroaryl, and ad) -heteroaryl,
wherei n al kyl, al kenyl, al kynyl, aryl, heteroaryl, and

weywboal7ky ! groups are 15o0ptional ly substit ut eBICT/UZ2009/036333

times with a group i ndependently selected fromRe ; Re
Is selected fromthe group consisting of: a) -hal ogen,
20b) -am no, c¢) -carboxy, d) -cyano, e) -Cl_4 alkyl,

f) -0-C1_4 alkyl, 25g) -0-CF3, h) -cycloal kyl, i)
-0-cycl oal kyl, j) -aryl, k) -Cl_4 al kylene-aryl, 301)
- hyly @,

n) -haloalkyl,

0) -haloalkoxy,

p) -O-aryl,

q) -heteroaryl,

r) -heteroarylene-Cy_qalkyl,
8) -heterocyclyl,

t) -CO,-Cipalkyl,

u) -CO,-Cy o alkyl-aryl,

v) —fused arylcycloalkyl,
w) —alkynylene-heteroaryl,
x) —alkylene-aryl,

y) —alkynylene-aryl,

z) - nitro,

aa) -N(H)-C(0)-C,s-alkyl, and
bb) -S-Cy6-alkyl,

R¢ and R® are independently selected from the group consisting of: hydrogen, Cy_¢ alkyl,

Cy-10 alkenyl, C, 1 alkynyl, cycloalkyl, -C, ¢ alkylene-cycloalkyl, aryl, heteroaryl,
and heterocyclyl, wherein alkyl, alkenyl, alkynyl, cycloalkyl, aryl, heteroaryl,
heterocyclyl groups are optionally substituted with one to four substituents
independently selected from R¢ ; or R® and R® together with the atoms to which
they are attached form a heterocyclic ring of 5 to 7 members containing 0-2
additional heteroatoms independently selected from oxygen, sulfur and nitrogen

and optionally substitued with 1-3 times with R,

R" and R® are independently selected from the group consisting of: hydrogen, Cy.1o alkyl,

cycloalkyl, -C,.10 alkylene-cycloalkyl, -carboxy, and aryl, wherein alkyl,
cycloalkyl, and aryl groups are optionally substituted with one to four substituents

independently selected from R¢; or R' and RE together with the carbon to which
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m -CF3, n) -haloal kyl, o) -haloal koxy, p) -0-aryl,
59) -heteroaryl, r) -heteroarylene-C _10 al kyl, s)

WO b@vatioeyclyl, t) -002-C _10 al kyl, u) -002- GrCT/0S2009/036333
al kyl -aryl, 10v) -fused aryl cycl oal kyl, w)
- al kynyl ene-heteroaryl, x) -al kylene-aryl, vy)
-al kynyl ene-aryl, z) - nitro, 15aa)
-N(H)-C(0)-C _6-alkyl, and bb) -S -C 1_6-alkyl, Rd and
Re are independently selected fromthe group
conbéysire Agaddkd fidi g€ 6f 5 @l7 ddnlekydontaiind 0-2ahdt@bhtphs
C2_10 al kynyl, cycl oal kyl, -Co_al kyl ene-cyc| oal kyl , .
ar yhdepgedaily sehgeted @@W%ﬁ,@&&@%ﬁmgﬂ@&%ﬁoﬁalb}{ fupptitued
al P }WW c.cycl oal kyl, aryl, heteroaryl,
heb’gi%!:;ctﬁ/ gr%ll}ﬁs are optionally substituted with
one to four substituents independently selected from

.Rc or%th aind Re together with the atons to which
m is eptegertranildOted form a heterocyclic ring of 5 to 7

n is TRTREES AT & 1H;nYq0- 2 addi tional heteroat ons
i ndependent |y sel ected from oxygen, sul fur and

p is @n timtegperdrom 0 to 2;
or a pharmaceutically acceptable salt thereof.

In another embodiment, the present invention provides a compound of Formula

Iv):
9}
RNO1
O/
N
HO
RN02 (IV),

wherein RN and RN°? are independently selected from NO, and hydrogen, provided that

one of R™°! and RN? is hydrogen and the other is NO,;

or a pharmaceutically acceptable salt thereof.

Pharmaceutically-acceptable salts of the compounds of the present invention,
where a basic or acidic group is present in the structure, are also included within the
scope of the invention. The term “pharmaceutically acceptable salts™ refers to salts of the
compounds of this invention which are generally prepared by reacting the free base with
a suitable organic or inorganic acid or by reacting the acid with a suitable organic or

inorganic base. Representative salts include the following salts: Acetate,
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25and optionally substitued with 1-3 tinmes with Rc, Rf

and Rg are independently selected fromthe group
wa@oengitst’ding of : hydrogen, Co al kyl, cycl oal kyl PCFUB2009036333

al kyl ene-cycl oal kyl, -carboxy, and aryl, wherein

al kyl, cycloal kyl, and aryl groups are optionally

substituted with one to four substituents

30i ndependently selected fromRc; or Rf and Rg

together with the carbon to which they are attached

Benz&{dduidoriatd) Behfoake, BicafbdiRrd) 8ishil faRNBahtidattg BArate, Bromide,
het er oat ons i ndependently selected from oxygen sul fur

Calgihar Tlotate demnsy s Snehangtes (Bloridefavilipate, LCifate; Rihydygchlgride,
t t
Ede qfe E%isjgﬁdtec‘ f%ﬂ)lét@ d]'%g Pruﬁmra]t? e(frgaugepft 'élg@(%ha'téﬂfﬁlgtgﬁlate

i€ anin
Glypckimim&llatel Elakylycsantreyd, &yldeabaalite, Hydrc&mcﬁmida H;ndlbhlehde

B I TN TR X T
MadRRARAS ML X188 18RS (VIO N M ydigeMoRiRYs Rt

hat ‘one”of 'RN1 and RNCP hydr ogen and t he ot her
Malhm Morateg, Wylﬁm&uttatc,dﬂmﬂadglsmrmbb@smw Rdmm*am)(fEnZ@nate),

Palge i o PR R R il PR el Sl AP RSTR By Shlicylate

Sodiuin, Ht&SH0! Subacdiie, Sidchald) Tanad, Tadt86 TcBElatd®dsymitni n
t he scggf of the invention, The term" pharnaceutlcally

Tn@é@@@ﬁ@, réetballatr@'ronmén @n@ Velsrael Whepfanahdicubpidusids piesent,

ention %ﬁ grall ar e .
Suc}? %Sac%tq(g[é t?% S Irlee ase VVI a sl (?Iglﬁ e or ’gsla%\ré}ugl &Y ptassium,
bariufiQtgainhCsatCartdl e liky, foeatds g ddieg@fditl. Wiht lacfa a‘&iditioﬁb;hl@
organi c or inorganic base. Representative sa
mayj l?f‘c(phj@)lgeq prethe é}rp@\mq@lcgsaqftcgmp@@& snghesis. In the alternatlve the free

basgﬁggﬁg ﬁ%%ltf Al Sult@ﬁ%?g%%ﬁ‘ coﬁi&aﬂﬁ'ﬁ? g{&haaégro ﬁlat%udlcfda‘éu?d the salt

rtrate, or ate
1solﬁadr19y kedperatidgrtboswtant ofCbthorwiskeseptasiug tersatt and Ehlyerat 8yhen a
Edet at e, Ed] Iate 1ol at

dr.ochl ori de , )
baSlE%f/‘%/ Uy 8 Proseitpiuch @S apinpci bisis e @r%}s#faaléal @C&aﬁm@yh an

acidic salt, such as hydrochloride, hydrobromide, phosphate, sulfate, trifluoroacetate,
trichloroacetate, acetate, oxlate, maleate, pyruvate, malonate, succinate, citrate, tartarate,
fumarate, mandelate, benzoate, cinnamate, methanesulfonate, ethanesulfonate, picrate

and the like.

Other salts which are not pharmaceutically acceptable may be useful in the
preparation of compounds of the invention and these form a further aspect of the

invention.

Thus, in a further embodiment, there is provided a pharmaceutical composition
comprising a compound of the present invention, or a pharmaceutically acceptable salt

therof, and a pharmaceutically acceptable carrier, excipient, diluent, or mixture thereof.

Compounds set forth in the examples below demonstrated utility as modulators of
GLP-1R. Within the context of the present invention, a modulator of GLP-1R may be an

agonist, antagonist, partial agonist, partial antagonist, inverse agonist or inverse
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G ycol lylarsani |l ate, Hexyl resorcinate, Hydrabam ne,
Hydr obr om de, Hydrocl ori de, 5Hydroxynapht hoat e,
wo o@ddeL700 set hi onate, Lactate, Lactobi onate, LBCF/HSE09/036333
Mal at e, Mal eate, Mandel ate, Mesyl ate, Methyl brom de,
Met hyl nitrate, Methylsulfate, Monopotassi um Ml eat e,
Mucat e, Napsylate, N trate, N nethylglucam ne,
Oxal at e, Panpate (Enbonate), Palmtate, Pantothenate,
Phosphat e/ di phosphat e, Pol ygal act uronate, Potassi um
antapahis€ YIn@he embodinsit, cOhpatadsaf tiinaeriontags afonitd SRGEP-1R. In
Tannate, Tartrate, Teqclate, Tosylate, 10
anothef enpedienctle COMPRURSS Y thariesintigrpatsrataganisisaf GLRMRN an
acidic substituent is present, such as-COOH, there can
be Wohimghe eordexd wfrthei resenimnr eiiising o Gl 11 egidonishis understood to
B RSB P b BB Oy Bl
Withitthé efle:asf ttereiche@bveiondyl phi%iaDGLRARSLNG K)iHdB8&I0d to
In the alternative, the free base nmay be dissolved in
refep tasiyt cRBINOUBG et ingre#ca fhisi asH vVithel t&ﬁ%ﬂ@ﬁ? (APel grepptor but
. I i v [ | v r
whiBlforhfed R GLER, BRI TR o YARRL UM bt P <002
relabasiooGOP-dypWithipthesentext sfithé pascraniveation, asGbRdi ahtagonist is
het eroaryl radical, such as pyridyl, an acidjc salt
undgrstond 4 TH{grdp GER FRIRPRIND Wygh desrentrtidic aptiybptdhghuman GLP-1
recezwrfs@éneaftetr il AAbRIGRIALE. . tWinsiR Q! QA%sL BF e pR&EhAhGention,
xl'ate, nal eate, pyruvate, malonate, succinate,
GLR+1tis enderstoat toactet & cithgmar btk of theridelkaven neevnzane GLP-1 (7-

Ci t hanesul f onat e, et hanesul fonate, picrate
36) %Cgﬁ;g‘gﬁw&% ke. O her salts which are not
phar maceuti cal ly acceptable may be useful in the |
pr dP&FARTRlp AT, ?dleeﬁw% mRfsPrEtent W@ﬂﬁﬂﬁéﬁ?f@ forpharrpaceutical
appﬁ@arﬁlahgmfag hAREECIPPRCAct@hihdtfny MY SR Yor defermining HSbility to
in a further enbodi nment, there is provided a
stinpitesie pAYBUformatiorciompedlilinc erpRScngrhcickined GLR: dRpsmghds tfe one

t he .present.. i nyenti on har uticall .
des bR 8T sy VR nhP BM. EmBo bR Bkt tak vgntion wseful for
phaff&RRt &P hSpRafibisGhay BXGIHU RN tof 16ks i@Nto Nl Fat ¥4rERular

t her eof Conmpounds set forth in the exanples

medied] dwliehtinnn HGRtsdawert thin 091 adl masl bearsoivs Bfus@opnefher
Within the cont of the present inveation, a

emtghir sgfid Ehe Rlesy Tu RS Bl YL g of abous

0.0@aiMitabba@a0iL M., IiP@fotheRlemdBliaganicdnpolMiseITsiRe Fgsunt fivention
or inverse antagonist. In one enbodi nent, conpounds. of

mayt ey eibi sl ghowlel lagdrip abautar L Psprited #hoyporeemist activity may
' t ; - ; i i st
be T o Ay BB G BYETRAOR, et oo '

in tipn, a P--1R agoni st.. i s, under st tg refer .to
v BB oEhe RS BBR P SopEp PR A RH Dy (e
phafhBR i &l Corhpds2eaRtaad usGMELRE t hbBogoE exdulting B.P-1R, which
resent invention, a partial G.P-1R agonist is

metipdsecoginpisel adpinisieraNg to @ suhipcids meedipamailation of pleld Bsa
i vi GLP-1 tor but which
condEnd 6t bttt @), GREURRE 07 0 abe to efteet a full

response . 100% rel ative.to R-1).. Wthin the

Cormabeshlipa TogRdAdig SR el b b Frgpented s
disdréte WRHE ESdhoRdapulELHEblets; POY d 6 HR QL1 hisIhtislecsraasRssions,

the activity of the human P-1 10 receptor seen after
cacks wiltharaeaue AT wpr-AUSEPs liquivy; cHibhe forens o6 Mthanet: opeil4mwater liquid

present invention, GP-1 is understood to refer to

either or both of the two known native forms GP-1 (7-

36) and GLP-1 (7-37). 47
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In general, enbodinments of the present invention
useful for pharnmaceutical applications may have EC50's
w@goodatEoimi ned by the nethod for determ ning tPEr/US2009/036333
ability to 15stinulate cAWP formation in a cell line
expressing the cloned GLP-1R, such as the one
descri bed bel ow, of less than 100 [tM Enbodi nents of
the present invention useful for pharnmaceuti cal
applications may have EC50's of less than 10 [tM For
emPp§ibhs Galvicalin-oHdiq@ad cmiBiciat iFeRsnstdrcd0fos of ) \Wemiiib@ition in
M may be useful Thus, in anot her enbod, nment ,
the &;ﬁb@{m

blesor ehrsufs: drcorntivie iy EPBROTRARY CHRbR corEned With an
oralgrrl]%tf‘-ﬁb%?c @{r%orﬁgpéﬁ'ﬁcglgl Qcc%@%%l% C]il%r{ ?arﬁ%%ﬁtch 39 etﬁllalll\él %}g?ﬁr?lo F}vater,

I ment resent
and nieylilea (e k28, sovodera e pirerdillbyf ¢dhﬂ1mmuab@ the c&n[ploMld fsa
st atfed abov g .a]%oni. t activit be determ ned b
suitpllg S K¢ B SU¥Y BG4t 3nREC aé%la%‘%%caﬁ}%éﬁ‘? s

edl‘t% cdrBEhy dRMENK] BR A8SAL] BEEH BEhghMR Fla@gﬁlﬂlés' &%@érlﬂtlves

directed to pharnaceutical conpositions and
dispehengagenityy ang tblodsg fagentsroguhlad bagresti- 1R, V\/m ch 25
nmet hods conprise adm nistering to a subject in need of

nmodidpatilieo arcahadalby- p‘rEbam(gammwm lafuid; o sudpandidn rmxture and
defi ned above. rmaceuti.cal formul atio

CNCIRPABBE 18t SRIRUN OB P@FF APRTORTIAGyP hEl: Mt iadn flagts and

lubﬁjdaﬁfsrsﬁ&l’?aé"éﬂlfoﬁia{; 4i6iBa, 3¢ GARSHILIER Qeardid tﬂafctufm sRAMEE LS sAld
granul es; sol utions or suspensions, each wth aqueous

polynthyicuns g\lquelmm Hei agdedi & tlednhltwre foofors thor enmhpma;tlomr A

I I
e L e A R
carboRgtefcan Bsebe addib & ngﬁﬁie GRPOSML8b11iEyhsT tREtkb¥RaMlEMTGvhen the
conponent can be conbined with an oral, non-toxic

capqyrh%nsn@gféwm meeéc‘&]@%t desired @wmc@ssela/s sm@blestu@qlﬁrséubncants
dlSln t1n§ aggrét)é,ga}eneag %drloe \éll?%sgr n(gsﬁ(f‘,nﬁ% a%l eg 1ntcRg) ﬁ% 11%8 éﬂe{ rnlxture
Exa51p$é$l drabiteblé bi’ﬂlﬁeﬁl1ﬁ(ﬂu@d1ﬁa1ﬂh)(gdl’&guﬂ\fn§thra’iBu@ﬁ@ﬁ&ﬁrals l@ose or
pharmaceutical carrier such as an edi bl e carbohydrate,
betaakacthéfCOé‘sz ansFiencise baterel 8rd FEMAFHGEUMERURIOR 3fg6ia, tragacanth,
or sB&lﬁﬁleePgﬁHbV@ﬁbo@n?e‘?ﬂléélﬂl%s%g&gétryl% glg/%log’aQ% AUPAL Sike.

ent
PrgRarin ensi on
en?“ag)suf1 at P%egolvhntﬁhese g?s | n or mc Pr% Xamg ppr O&;I‘I a egge

sodishedtbari®R] Sapadsiurtsicdand, Sodiueh B@izbl@t%l Sod 1B aSét@ﬂé gsdium
colloidal silica, talc, magnesium stearate, cai ci um

chlogidsapng the lde. JypmEeEsyPYenpidens thousdonitaion. pardgase o
cenhf%%‘e rqgé{j%feﬁtoﬁﬁég%ﬁthaﬂgm%”%@a%g'11%' on. A disintegrating

suth as agar-agar, calci um

car,lb ‘fq m car bo ate can .also b to .

T frdbRtp AT e PEE b mEtefe E Dol e Rffe: fanutatine

or sﬁ@gﬁtgl eddisg lafl@lﬁiidaﬁﬂand\@l@ int, WEPrcokRSd @6l tadlcts. A powder

necessary, suitable blnders | ubricants,

mixiuEg gy hegwerirechley Bgeng she composnl.aritay &g@mlguté@nm&l g @iluent
I faSui table

or bt A0 QRRUARER. hbohl g alth i el B Sy last o

carb@xygkthglzskulose, bieginattagtiagss, oc polpviaybgtratidoss, solation adtardants

and s%g}t hetic gunms such as ﬁcam a, trag a(fant or .
sucly gHpaFpATal FSARIEN AecelHBRYICAYH & SPHEMgBEsalipBild/et Hiyprken

age@%Xﬁ&ﬂ as DAY SRte, Rint Gte ibhKfm %ﬁ&gh&@nﬁ"ﬁe ol gé’tl mixfure can be

ese sage forms |nc ude, xanpl e I um
ol eat e,
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20 sodi um stearate, nmagnesi um stearate, sodi um
benzoate, sodium acetate, sodiumchloride, and the
WO pMe/1110&I nt egrators i ncl ude, w thout |imtatPCRUS2009/036333
starch, nethyl cellul ose, agar, bentonite, xanthan
gum and the |iKke. Tabl ets are fornul ated, for
exanpl e, by preparing a powder m xture, granulating or
sl uggi ng, adding a |ubricant and disintegrant, and
pressing into tablets. A powder 25 mixture nmay be
wetRirgpaited wath Mbxdadsuchas spripostmdh paste! @abiy raeitigs Wi 86lutions
wth a dlluent or base as described above. Optional
of cpl,lllglp@g pepelymerie matraialy, prfblogcing doygh a screen. As an alternative to
era B o e £ 58 o Bl BB B Bl ot rosultis
1mp|eaffeaﬂ§z|fnrme<esmgpthr0kemnne lgearatl es. SThegharadeacqubt erhmrayed to
sal t, and/or ahsorption ents such.as bentonite,
preyeghphigkingo the éagff%i. i %h‘ax Beantf tﬁw@@tl%os@ pigpide acid. »
steabfic WL, tAICRR %1?151%%%1‘” e futhl AR mSUGE @ﬁleﬁ)éﬁﬁfi%res%@fn@(htablets.
paste, acadia nucilage or solutions of cellulosic or
Thep)ohymmldsc)f ﬂwtpemeat igycrdiod chioalsd hgcdrhbioedywitha Sice dewingAgert
an alternati t he. powder xtur can
careig of, kSRR b b ATt e Siufoen Pty G2 br
sluggrﬂ?g kfcpst Ay cle@F B@Q%aﬁu'é%ot%ﬁl&@ Rohtid Oc &M ESE a IBing coat
ranul es can be |ubricated to 5prevent stic ng to the
amceta-qoetlﬁ’g ] sugewrmﬂlmam mgitctideardidipplish cofting of wax
can:c'loh é)rP éec? glg}les s i ca L %Eigedstto tflése cgalrt]‘;%n gréos g}a&%ﬂ%%h cﬁﬁlefent unit
dosdg@bl ets. The conpounds of the present invention can
al so be conbined with a free flowing inert carrier and
CONPh&E S ftaﬂilit@ db@iat @his fotnliRESAYoMbhNRMiniGRitRE chAibOUgh
the granu ? or slugging steps. A clear or opaque
mlcmemaeo@mlmé dbatdrmylationshs eisabe pieparcd éapiolpees atlstam@ thgfrelease
f
as for eﬁ%inlpsehbyccoog g%%rn 4 Wglng 6alurrtl oLateg rrng%/elrlal 18 po%ﬁ ! Cﬁgafx orglgeghke
ﬂ dto heselgoat| S to Lstln sh dlf[ 4; .
unl 5 éléc as solufions P& 366 @fﬁ’? S PIGSS §3g¢ unit
forrh Q6 Mt %tgl%}ﬁ (it c;oé&ﬁtalﬁﬁi @p@éc&ttérﬁﬁh&ﬂarﬁ@ﬁhtk@ﬁ" the compound.
ntcroencapsu ate formul ati on can al so be
Syrymsegpabe graperads Hir sngmple, kyudissalving He qogipease 111195sstabkvrﬂavored
aqueousn:s%:l1‘13’[},9'311y W Oﬁeﬁ)%lxgrf%%%g%?%g tﬂ%ugﬁ t@e ﬁéjeljos & 1&%1}1 ox1c afcohohc

vehfid. USms@Bﬁsmﬁsydahﬂﬁt fofidla@di gehE2116 B d@@epsﬁ@g)ﬁfee@mmund ina
dosage unit formso that a_given quantity contains a

non&whétlﬁn ﬁel@bﬁ%t&rwld@fnutwéeré swporihoxgiAtehisogeatyldcohols
and% g %Iférso%gm%hleers esHhaRObY 'fﬁg%&ﬁhﬁ:& guigdsin a
uit a

avor ed aquedus sol utidn X|rs are
pepperapar @d dr maoughsvwdeeenase saicharimam-otloet iacti @d¢ieldvadctan e and the
vehi Ie. S%e ensi ons can be fornul ated general ly by
like fag &e conpound in a nontoxic vehicle.
Solublllzers and enul sifiers such as_ethoxyl at ed
i sdensadipe oy |t&%ﬁdtlgtyaqfdh%@wbydeqrhyﬂeﬁen% ppjagyinistered by
adrn%hﬁg lt\§0 S a?aﬁg Ft‘é"iih{u\ﬂgs ne ol?\égeg\e@g dx!vfncﬂ‘ﬁ?a ldﬁ ntag‘oncentrated
or natuta teners,
conpohed 1rBer sttatﬂe emlatlons (/%e@enqﬂes at aseblic tpeH)j aﬂdea mnnda Iﬁsmexlample
.added. 25Dependi ng on the_stabil i of the conpound
wh lgh\ HRYy FPT&FF‘BI‘s‘P gyt HavorHws hyiders ﬁ%ﬂﬁ;}%@ﬁd T ﬁ?f@ng %3 Huid may not
be sBRORAGRIR 1M s@e sl corfionsi8F whHER TR ﬁvst YR HFldq?Q/table.
contai n concentrated conpound I n a stable solution
(for exanple, at a stable pH), and a second, for
exanpl e, which may contain dil uent, flavoring, buffers
and the like. The second or fluid may not be stable
under the sane stability cohditions for which the
first oral fluid is stable. Any sol vent whi ch
i s pharmaceutically acceptable and which is able to
di ssol ve a conmpound of the present invention may be
used The solutlon may also contaln one or nore

o oy s o o o oy
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al cohol s; esters of pol yoxyethylenated fatty aci ds;

pol ysor bates, such as TweenTm pol yoxyet hyl ene
walerpmrarrpves of pol ypropyl enegl ycol' s, such as PCT/US2009/036333

Pl uroni csTM Suitable 15tonicity adjustnent agents may

i nclude, but are not limted to, pharmaceutically

acceptabl e inorganic chlorides, such as sodi um

chloride; dextrose; |actose; mannitol; sorbitol, and

the |like. Preservatives suitable for physiol ogica

admmi siveat vbithmayghdithacddicallynsdcapablc a8 txich i9fable to dissolve a

parahydroxyben20|c acid, for exanple nethyl, ethyl,
con@pg@p the @rqg@ntypve@gp@ p@y bsrused- x g S@;l‘uttqqép@bqlso coritain one or
rnorg ggglﬁlgﬁélﬁéﬁ%ggéﬂg%{) E?ls 2 cé %R%ut%i‘i}zﬁtﬂﬁbiggaﬁ' I\xglf?éh I&lé}y PB9the same as a
solveom) a:mnmt;aztdj aesestighntas stgbihaniga@entam ﬂre@emamm er mixtures

rldes such as | actose, pol des such as

thera%fit eé%ﬂﬁé agyl pQy oulublinme dgels stigin g&a :bb‘m-;e not limited to,
watBel@rile V@"ﬁgr RAMTEREN ¢S @@@“ph%}ﬁ@log chlpsl&ﬁﬁé %l&)‘%béoiu%h%k’ &fhanol,

as mannitol, sorbitol, and l'ycerol’, cyclic
benpydlajoohel sdhe bike: ighaslstand pehdlohglaniuch sobropptescayat, ggcerin

and g Wi FER 48 e Ao TS s ST Ry DGR e (e polyelyeols
and oRRiHesS, mtas%%ﬂﬁllelﬁg@@bﬂ 4001 popR8E Sl ifbthylethers and the

preservati ves can be uséd alone or as a mixture of two
likepdionplprespfuchigs mompahé@lgiuqe@n ahg th@dlkat fligtethylisosorbigeyr

pyrr%i‘lﬁé‘fpe c?e’rw%n@e%aéru%ﬁ%ﬁﬁ tﬂ¥ea 1d§ &{{-mg{‘ oi"&' on ”agn g

pol}aﬂny’:lgﬁ’fﬁhd‘é)ﬁb Qﬂ,@tafbd s‘ohmmhztuligea@houm 0o mse qidlytgyeﬁhy&ﬁ@kb@) fatty
chl ori de solutlon nan%éyttt physi ol ogi cal sal i ne
[0

alcofiglet pxiers of pelipmtedivlengte ?‘tléﬁ POWH@ﬁbé’Eeﬁ sugipps Tween™,
pol;ﬁ)%gg%grljeﬁg QORGi 47 %?g&gaﬁ—:ggﬂglsaﬂﬁﬂta? PRrSHESON S lifkble

ect i ve anount sSucC ornmul ati on may
toniaity adjbemadi a@hﬂdnetyunclmje dueatchet Bmacdge phﬁm’ﬂllcbmttcyllly

usi.n har tic ceptable acid o
ace 1%5%%%5? eﬁﬁ@alb?%%.@mm Pﬁk?@ﬁ?o. ﬁtrﬁ%fy %@Sg ummﬂeh
sorA®1,3nk WR: IHQTIRALAatiS¥S{eab i 16 pisfolo Acal h&ﬁfmﬁl%t)h %a?fbe, for
concentrated compound sol ution (from about 20 ng/ 0

1nst5wbo¢ﬁter6 of payaly draxybeezalid w@lfolutxanwlmb‘@l)fl aﬁdfl,eprsmd @n@l butyl

este&so %gﬁﬁﬁ;eg gt}eg?rqi | l(?riphrgs ?,@tthg Ellg? | %Slg-aﬁgeys% qbnf:zelﬂgtg agen S 1nc1ude
but ARGREifed t thoMobdtchd1RicE Bhdl & LanrtROhsd Blictbhe d@h&dhﬁﬁaes
sol ution (the second bottle) to give a sol uti on,

such @?la@tﬁmpb’sa@bm}@s ﬁuclaa;@eﬁg@m,ﬁgclm-plyg@sgmmq_n@s such as "alpha-,

bet oA R . RURBRE IREPISLER s MR TR TRY,,

thlo@gzrae@ntcyalﬁcepblfmnpmmé isslitul ardrorhdiciesiterdtosuch as ethyl alcohol
Concentrated Conpound Sol uti on Conpound. of the present
andjglxestali ohep§oygmRriiongdsplyents and co-solubilizing agents, tonicity

adjustment agents, stabilizing agents and preservatives can be used alone or as a mixture

of two or more of them in a solution formulation.

For example, a pharmaceutical solution formulation may comprise a compound
the present invention, SWFI, and an agent selected from the group consisting of sodium

chloride solution, namely physiological saline, dextrose, mannitol, or sorbitol, wherein
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Pol yet hyl ene gl ycol 400, USP/ NF Di basic sodi um
phosphat e. 7H20, USP/ NF Pol ysorbate 80 (Tween 80).
WQBRHNATBuUCT al ose, USP/ NF Banana flavor D&C BEl/U82409/036333
#10 Purified water, USP/NF Sodi um hydroxi de to
adjust pH In this enbodi nent, the concentrated
conpound solution may be reconstituted as 15descri bed
by first warm ng the concentrated conpound sol ution
and the diluent solution to roomtenperature by
the pgcAeisi@edeheim aatefeodve dresqer Bheipl of Qiich?a foPmalakion ity also be
Then, .using a syringe, the entire contents of the
adjugted e AMPIYE theestprege pabilifyusitsy pharmgceticalizgeasatable acid or base.
transferred into the concentrated conpound sol ution
botheecompptiads of dhppresant m@nmwmmay bh suipdicd hea ﬁ@@rcm@ponent

sysi3 0ol BRI B AR L Ao LS R Pl Ll o e
aboftt mg@l typicalip ubodthOHﬂg‘/g) dndByechd 53taE Sﬁstéﬂilerd‘ﬂ@é'ﬁt at H 12.
tenperature (15-30C, 59-86F) and shoul d be used wi thi

abopie Bhdenaitds L Bsdl@F K:Eﬁd firdt bsHle) mMAELS RAGHsHAM d ith
vol unme ofnfecongﬁﬁfute% sol ution fron$va?f%us bé?t %s“q

the erdire bententanétherdilocntisptudion (e sgrond ibaglee tapgipe i selution, at, for
§M|table packagi ng for the

adm ni stration. .
eX%BH%?ﬂggﬁﬂPf%gﬂ”§8EG#?$%5#&rnu|at.ons may be al

253ﬁprov ontainers inten ﬁf f garentqrg use,

su ogg € 8 p}egt élrp alapaézggtlcél r& 1'0 may mclude cornponents as
described in the table below.

Concentrated Compound Solution Diluent for Concentrated Compound Solution
Compound of the present invention Povidone, USP/NF
Polyethylene glycol 400, USP/NF Dibasic sodium phosphate.7H20, USP/NF
Polysorbate 80 (Tween 80). USP/NF Sucralose, USP/NF

Banana flavor

D&C yellow #10

Purified water, USP/NF

Sodium hydroxide to adjust pH

In this embodiment, the concentrated compound solution may be reconstituted as
described by first warming the concentrated compound solution and the diluent solution
to room temperature by placing them at room temperature for 2 to 3 hours. Then, using a
syringe, the entire contents of the diluent bottle (typically about 7.5 mL) may be
transferred into the concentrated compound solution bottle. After complete addition, the
bottle may be swirled and gently shaken to mix the comtents while avoiding foam
formation. The reconstituted solution (typically about 10 mg/ml) may be stored at room
temperature (15°-30°C, 59°-86°F) and should be used within about six hours of its
reconstitution. The required volume of reconstituted solution from various bottles may

be transferred into a dispensing cup prior to administration.

Suitable packaging for the pharmaceutical solution formulations may be all

approved containers intended for parenteral use, such as plastic and glass containers,
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ready-to-use syringes and the like. In an enbodi nent,
the container is a sealed glass container, such as a
wao@b/1or7o@n anpoul e. A hernetically seal ed gl aRGI/UB209/036333
is one exanple of a typical sealed glass container.
According to an enbodi ment of the present invention,
there is provided, in a sealed glass container, a
sterile, injectable solution conprising a 5conpound of
the present invention in a physiologically acceptable
read30loMB80 yrigded amdh thehikieakh arenatidioliragit] tht €ombintols a scaled glass
stability. ACId salts of the conmpounds of the present
confaifFBuFibRs i Hemasaroult | A hrengtically sradades! % Vial finens example
t C
ofa tgllﬁ@al s@ﬁ%& g%gseg)n?%ﬁegq uzggdl}g(ﬁé% lP(ﬁ{nl{ %rﬁ%@(t‘ﬁ W}Eﬂh# Bl%%&qu 'ngfentlon,
thers @ plbwmlnd may sbded glasd @ntdierbeststilicl mjﬂcmb[dxrolutlon comprising a

COH&gT%(ggét%r %Hsg}?tsn%;—:gl;[ligq gls gl@ u}%@&ﬂ%ﬁglﬁ%&%%%%ﬁ? golggﬁ/t a?nd vehlch has
an a?ﬁﬂ?pﬁht%tﬂfﬁfdr@&bﬂ’it h Aidid 14 thSQnto Rl & th@'}ﬂegén% ahvRhtion

an 7 such that the pH of the conbination tornulation
majyalshminpiesstobrbéalini asjupdds4oBitions thiag berr, fréerbasn eowmtdygditsut when the

seidifa e Rt G Re B e e s fneopiioge
sultiﬂ'l@ f&%ﬂﬁilﬂ@@atfdﬁr Mt sk O ML stk Sthving O WBSR fH4 5 may

.0 and 7.0. One or nore additional conponents such as
be C@@bsnﬂdmor foradiginisetersvith eriiluratypohssignjofisHraseatcrahemt sych that
the ?]{;{ 0 tlllel cZI ntgnaq%%% lﬁarl]tgorp ar(fﬁ' i ‘}/eff-‘et(f %EI 4. fjgr hi ﬂ? ! 61 o%e of
previously speci

ern‘tﬁﬁirﬂéﬂt orne Attt sélan@fas(&nmses b@hsmiauémtnfally hc&p@bletlhl@e such as
ster|I|2|ng filt nPounds may al so be

sodigguiprdseridy il We lpﬁlo(Pféh?) ewrph@?%f utaieg admpisicrg dgpetween pH
5.0 %ﬁf 7. beb%] o§ﬂfo|i‘ 1%5%2 E@g?&hehﬁcslul:‘lg &s co- olublhzln% Sgents, tonicity

yvi ny pyrro one pyran copo ymer,
adqutrhe;ﬂn ytgesmsg ymbﬂnyﬂgmehmany bm@e@#&enﬁmlr ;mstance of the kind

yeth henoJ
preyi Si}é ihomay E@ﬁ%fe@ tg e eTEORAF ot i Ritgsine e s9ltion ippeh
theg@§hgﬂgghmFurthernnre t he conpounds may be coupled to

a cl ass of bi odegradabl e pol yners useful in achieving

I f '
aCI J{ec?:lolﬂ guﬂcﬁ a@sootte Buffel Yith sgglgm‘l?%)s( f}?@l{g’el)t/a;%?eg debig

yepS| n capr ol ctone,
cmr&u;Gudpmﬂwmmmhamﬁmhmspob@hy&@ebhmsw(BNPy¢Whmdmpmynans

pol)égrgrgol%g Bﬁgoacr yl aérplaﬁgh&p é({lgl?}?dr&y%t V] n@gl) cag), or
pol;fe%yﬁﬁeakﬂd@ﬁbﬁ ?f@lﬁ@‘é@&tﬁ%d HRDSHGH %esﬁ‘ﬂ@@ nFﬁ{He%bl%nthe

be presented as discrete patches intended
compemuisnnay%a upled tea clamd@odmgnaﬂahlhpolemeamsnﬁutmca‘chtehmg
I pient f.or a prolon riod o

R T e e R TS
polyiydiRRRBRIRI RE, Polyorthoesters, BBBALRELS) Lﬁdlﬁ&hydr@pmﬂsat i ons

adapted for toplcal admi ni'stration may for mul at ed
polygyarsiagryatpy, end erosshskedgpwhaiagne blopbtcomizmerp ohbedrogels.

sol utions, pastes, gels, sprays, aerosols, or oils.

ForPharreaentical Sromilatines aslapted forgtanedermxl aeimmlstratioslsn@sbe

for .ex npl th.and in, 5 the fornul
presgBl5HEA dRR TP CFTARY P ARREGF PO o 6 Ypidrmis
of thOFcRidH:t €6k d Profthged ?Eﬁ&ﬂbf tih BEF ARGk hMBldl, HRrRel € Hord@¥nt may
be enpl oyed with either a paraffinic or a
be dgtivered fostthp patch britierdephosesse. Al t ernatively, the
active ingredient may be fornmulated in a creamw th an
oi |l -in-water cream base or a water-in-oil base.
Phar maceuti cal formul ati ons adapted for topical
adm nistrations to the eye %fclude eye drops wherein
the 10active ingredient is dissolved or suspended in a
suitable carrier, especially an aqueous sol vent.
Phar maceuti cal formul ati ons adapted for topical
adm nistration in the nmouth include | ozenges,
pastilles, and nout hwashes.
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Phar maceutical fornul ations adapted for nasal
adm ni stration, where the carrier is 15 a solid,

W0 p@batEo@ coarse powder having a particle si zeCT/U82009/036333
exanple in the range 20 to 500 m crons. The powder is
adm ni stered in the manner in which snuff is taken,
i.e., by rapid inhalation through the nasal passage
froma container of the powder held close up to the
nose. Suitable fornul ations wherein the carrier is a
| | RHaémadcaricaldiaimiitibad Aduptaisfon tépasdladaptisyattdn @sy be
nasal drops, include aqueous or. oil solutions of the

formglptied @s pingpes.crtamsp SPRSsSHEB eletipea POV etRLIobtiopRgastes, gels,

mnistration by inhalation include fine

Spﬂ%§$§%§ﬁ§£§ﬂg?§ or msts, which nay be generated by
means ., of, vari types of netered dose pressurized .
nergX semeglagitie et vger oREt gy 20r Katipretpyfifigag skin

the foR@uRE6IOBLY bORFH1ied al HDdpREESAMicnt BVEBdrh OWh&RfbraliRedie an

~in the formof suppositories for rectal admnistration
ointgient, jlee ¢cbiyp digiedicfmahiee ¢rRlened wih citherseparaffinic or a water-

misRECHRETh bA0E AR R SRELER Bl b 18 BEtA R
creand dithanyiltiempaeradredne badewlr alwager-id-al badsbePhaaiaadutical

tenperature and will thys nelt in the rectumto .
formulptaonsadppied &rd@pw%@éﬂnm«maé&ov%ﬂosthﬁ R¥$ (qlidg s¥odoBt hergin the

acti@é"ﬁiﬁq%ﬁleﬁﬁ*s Ry S0Ed & S RInded i suR¥AERASier, Fé@ﬁéc‘f‘ﬂﬁ%i{ df@bus
formul ati ons adapted for rectal admnistration may be
solygnesent ed as suppositories or as enenms.
Phar maceuti cal formrul ati ons adapted for vagi nal
adrihaimsdceaidabformulytidis apipestiot ®picakadpesis@itioasn th anquansiclude
creans,  gels, pastes, foans, or spray fornul ations.
bz¢$%$ﬁﬁ%@%ﬁﬁ@&nWQWYﬁﬁﬁ%ions adapt ed for parenteral
adm ni stration include agueous and non-aqueous sterile

i njidermansutenl demuradionh pdaptereipr sewt adminietionryhesnths carrier is
huf f ers, i .
o A ARG W g B S0t BT g 20

500rmeictdais €Tie pandtr aataiu B taadinthe maghedn svisttednulfis taken, i.e., by
suspensi ons whi ch y include suspendi ng agents an

rapid pple i grosge mesr.lag?rr@swﬁ HPMHE P%%mﬁraqigth% pwé%rémcgﬁose up

to tHehddB! duidBR GofMiul nts!WITti:i)eciﬁ tl{"e%{’t"i’érrf%ﬁ fi uiti,ofor %&ﬁﬁ[ﬁi’étﬁﬁon asa
seal ed anpul es and vials, and may be gtored In a

nasdl spey e df nasdl drbyw ptrlideczqudous ondil solomomsedulia dchige orgradient.
the addition of the sterile liquid 10carrier, for
ex dmpireaceaical fohailatids@diptantr adminBdhednedyyiniplation iidude fine

use. .Ext enpor aneous in#ection sol uti.ons and
partighe detis pomdstimayhipe may dsgcaeratsddn Beasiafyapenpss of metered

dos@%t%gwéfzéd a%golg,%bﬁlﬁz%rﬁ, or insufflar@ddi tion to the
l ul a

gredients partic ri'y nmentioned above, the

g R O R RO
suppdxituesd fod Fectdfadmat@anpios of fherdstipatihdynst think adtion. fiese

oral, adm nistration may include . ] o o
compositions can be prepared by mixXing the drug with a suitable non-irritating excipient
which is solid at ordinary temperatures but liquid at the rectal temperature and will thus
melt in the rectum to release the drug. Such materials include cocoa butter and
polyethylene glycols, for example. Pharmaceutical formulations adapted for rectal

administration may be presented as suppositories or as enemas.
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flavoring or coloring agents. The conpounds can be
prepared according to the follow ng reacti on Schenes

W@ povoskizeh vari abl es are as defined before or BEBEUS2009/036333
defined) using readily available starting materi al s,
and reagents. In these reactions, it is also possible
to make use of variants 20 which are thensel ves known
to those of ordinary skill in this art, but are not
mentioned in greater detail. Schene | bel ow

degtiathesuficartdrindatfons admkdd@r keyindlntsiieeitdhaesayusef ul

in the synthesis of conpounds of the present .
PresCARE s iPSPRArICh 4SRN, CIRBIS pEds dRbteh foaRt, rtpray farmplations.

directed to certain nethods and internmediate

c orffeumaesutisalciormslationpadanded foviparerderd! agniistrdoaringade
ST R R

buffoahBitteribsads andeddlutasthbhen e ltitobahiati®n Bdtonic widPthe HesdSof the
. the presence 50f a stereocenter. Each stereocenter nay
intepdedseintpat ang agecoun aphRONRREUSARS Herlgspgsnsipys Whigh may include

- fi ' . ' R- i )
o RSRLAN 3 S80S, 200 il By, A0 S BIR ni
dosaor mgltﬁd@e eontainerBirtexamplelscasd ampilbeapt esknael iy biGitored
n atégepg%.-vrelecl Hygoprlrl?ﬁz@d/% coensdtl:tleorn r>e<(|11'1iri1-ll-é gnty t en atldd?tfiorf ohfethgtsetteplf/el liquid

carrier, for example water for injections, immediately prior to use.

Extemporaneous injection solutions and suspensions may be prepared from sterile

powders, granules, and tablets.

In addition to the ingredients particularly mentioned above, the formulations may
include other agents conventional in the art having regard to the type of formulation in
question. For example, formulations suitable for oral administration may include

flavoring or coloring agents.

The compounds can be prepared according to the following reaction Schemes (in
which variables are as defined before or are defined) using readily available starting
materials, and reagents. In these reactions, it is also possible to make use of variants
which are themselves known to those of ordinary skill in this art, but are not mentioned in

greater detail.

Scheme I below describes a method for making key intermediates useful in the
synthesis of compounds of the present invention. Inasmuch, the present invention is also
directed to certain methods and intermediate compounds, such as compounds XVIII and

XX described below.
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15

XI with trifluoroacetic acid (TFA) and NaNO3 gi ves the

nitro nethyl ester conpound 10 XII and XlIlI as a
wWorzoovatEoof isonmers. The amino group is prot ecR@URIN09/036333

met hods known in the art, for exanple, w th Boc20, and

the isomers are separated to give the nitro-boc-

met hyl ester XIV. This conpound may be treated with

1- hydroxy-1-R5-acetic acid nethyl ester under

M t sunobu conditions to give the coupl ed product XV.

Ring closure of the coupled product XV in the pre

of Fe and an organic acid, such as acet P aci g5

(HOAc) gi,ves the tricyclic corpound XVI,

cont a te Wi th nethyl Lodide J(Mel') irm théH g of
b chrras K9G, |v tHe methytated tricygl i £
’.m» XVI 1. aF'Ii’nad defr ot ect iNgHs0f t e o

tor ,exarrpl e, treatnent og(, t he boc-protect R e Wt h
HC1, gives internedi ate conpound A, conpounOX‘x',!,,ll In
one enbodi nent of the present invention, compound
XVIl11 has the follow ng stereospecific structu Sbarate
XVII1 5The group R5 in the above Schenme 1 ®&¥°penas
defined as herewithin. In one enbodi ment of th

present inventiqQn, RS is a pono- or di-substituted §
benzyl oxy- phany| & @/ano,g-[rg@{ome i OF o
t he present |n0%gt| 5 a

di chl or ghepzyl &Xy-Phenyl ene ér oup. \d’%tl | | ¥anGt Rer oo

enbodi oR5 is di chvoropyri dinyl - phenykigne

group. 10 Schene 2 bel ow, shows the steps to take the

i nter medi ate conpound A, conpound XVIII| from above,
o nternmedi atje conpound B donpound shovvn bel ow.
UG g i o
R5 *O N\boc base

XV XV XVl
Scheme 1

In the above Scheme 1 (as well as the below Scheme 2), * represents the presence
of a stereocenter. Each stereocenter may independently be in the R-configuration, in the

S-configuration or be a mixture of R- and S- isomers.

The acid X may be treated with, for example, MeOH in an acidic environment,
such as in the presence of HCI, to give the methyl ester XI. Treatment of the methyl ester
XTI with trifluoroacetic acid (TFA) and NaNOs; gives the nitro methyl ester compound
XII and XIII as a mixture of isomers. The amino group is protected by methods known
in the art, for example, with Boc,0, and the isomers are separated to give the nitro-boc-
methyl ester XIV. This compound may be treated with 1-hydroxy-1-R’-acetic acid
methyl ester under Mitsunobu conditions to give the coupled product XV. Ring closure
of the coupled product XV in the presence of Fe and an organic acid, such as acetic acid
(HOAC) gives the tricyclic compound XVI, which may be contacted with methyl iodide
(Mel) in the presence of base, such as K,COs, to give the methylated tricyclic compound

55



LIOH I XI X )0( 15Schene 2 In the above Schene
2, internedi ate conpound A, conpound XVIII nmay be
wo e@atterdomni th R3-Br in the presence of a base, PEGIIUR208%036333
NaHCO3 to give the R3-substituted tricyclic conpound
XI X. This R3-substituted tricyclic conpound Xl X may
then be treated with base, such as LiOH, to hydrolyze
the nethyl ester to give the acid as internediate
conmpound B, conpound XX In the above Schene 2,
XVHS3 Figgllybécrastetitdn srable h@tmWor Rk dnpleNtreiacerodas toeeniroRtted
the present invention, R3 is 1-phenyl propane. In )
amla%mtﬁéiCIe%%mﬁé‘émed@fe OHPOERd de ﬁ@msmmde?ﬁ{}llan In pye gpghodiment
e Ik Ut . St - :
of tR e il AR bhigh ERPAIEEVIRLCHR ol b sl ec ARl A firucture:
substituted sul fox de group. In yet another enbodi nent
of the present inyention, R3 may contain an aryl or
heterzg O Oy atrachéd to the ring nitrogen through an
al kyl eqe DREr NH The aci d conpound XX,
i nt'sr neti at'e conpound B, may be coupled with an 10
anmine of tA¥Mornmula HH?1)R R2 wherein R, R and R2

5 gf S]g}a?sggl}eﬁ‘ gglglldthg _glgﬁevvtc}ne%cpérﬁ’gtl %;Lﬁesﬁ%t S néd a8 ﬁe?ewithin. In one
emUd@xAdHt WO FRANERRNAL OB Lis B mbfb-Br UE s@bsBRGIBENGy 18k y L he
present invention having the above described Forritula

pheiyiyne gremhelnadnother smhedimsnheicthe preserdninagen. Bas awichipro-
f to th i fi I d.pr.aoced
bengytry PR 1R ot RGN bt PHHodE el Kt EHEEY on.

pyridinylmethoxy-phenylene group.

10
Scheme 2 below, shows the steps to take the intermediate compound A,
compound XVIII from above, to intermediate compound B, compound XX shown below.
| I | 0
ojv\NDi/\*Hl\o/ R3-Br 0 NWO/
XVl XIX
LiOH
| 0
Oj\:N . on
RS o e
XX
15 Scheme 2

In the above Scheme 2, intermediate compound A, compound XVIII may be
treated with R*-Br in the presence of a base, such as NaHCOj; to give the R3-substituted
tricyclic compound XIX. This R*-substituted tricyclic compound XIX may then be
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METHODS OF MEDI CAL TREATMENT I n anot her aspect, the
present invention provides a nmethod of activating
W@RMAR780conpri sing the step of adm ni st eri ngP@DUS2009/036333
subject in need thereof a therapeutically effective
amount of a conmpound of the present invention. The
i nvention further provides a pharnaceutica
conmposition conprising a pharnmaceutically acceptable
carrier and a therapeutically effective anmount of a
treatedpielinge Oduch BELIUIES6 Mk diolvenhd @BthsUéstdrab @ile th®acid as
. activate GLP-1R A G.P-1R activating anbunt can be an
integpeslizte comppunsk BrApnpoasd XAP 25formation in a cell line
expressi ng cl oned P-1R, or increase insulin rel ease
f r dmthesaiose SahdmmBiR imaxbe seddfined berewitbineds eng ambpdiment of

rel ease in asubject . ILn a further aspect.  th
the BESILAF <PRR A i'oh Phey epyicadn aailenabpedhg il igroscit

compr

5 inveh@Bh/RShey bo g siitituteddiresiyl group Mo stiltarfthdr@rdbeliandnk Hf the
or a pharnageutlcalI%%acceptab e salt thereof In one

presspbigueHiont R map bp psubshitutpd e faxidsreredinph yeé anotherenthediment
o 5 AE RSV, B Ton Gy FTRAL IO 5 P

nitregdnabiiongintn atkhkenptiekant i nventi on provi des a net hod of
treatnment conprising admnistering to a subject in

neerheter @oipoan XM LB @fiatEesMpbiend(B,)may be @upBidnFitiean
enbodi nents, the disease, condition, disorder or

10 amippaf thadoronla r eat ed usi ng net hods of the present
i nvention conprise 1. disorders wherein activation of
the GLP-1 receptor is beneffcial. 102. netabolic
di sorders, wherein activq%&éﬂRof the G.P-1 receptor is
beneficial . 3. gluycose intol erance, 4.
hypergl ycaem a, 5. dyslipitdem a, 6. Type 1

wheiléialReRE aind R3 dre ab¥REn&d HiraRBAiBShy Beatment with o-benzoiriazol-1-yi-
hypertriglyceridema, 9. syndrome X, 10. insulin
terpagpgvamesn hexafluorophosphate (HBTU} o give a compound of the present

wvention having the above described Formala (1),

15 The above Schemes are further described with reference to the specific examples

and procedures described in the below-identified Examples section.

METHODS OF MEDICAL TREATMENT
In another aspect, the present invention provides a method of activating GLP-1R

20  comprising the step of administering to a subject in need thereof a therapeutically

effective amount of a compound of the present invention. The invention further provides

a pharmaceutical composition comprising a pharmaceutically acceptable carrier and a

therapeutically effective amount of a compound of the present invention sufficient to

activate GLP-1R. A GLP-1R activating amount can be an amount that stimulates cAMP
25  formation in a cell line expressing cloned GLP-1R, or increase insulin release from

isolated human islet cells, or increase insulin release in a subject.
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11. 1GT, 2012. obesity, 13. diabetes as a consequence

of obesity, 14. diabetic dyslipidema, 15.
woyeniizpl dem a, 16. cardi ovascul ar di seases, PGI/VS2009/036333

hypertensi on, and 18. conplications resulting from or

associated with diabetes including but not limted to

neur opat hy, retinopathy, nephropathy, inpaired wound

heal i ng, and the like. I n anot her enbodi nent,

the present invention provides a nethod for the

I nhhifhitedt agpect, MbEprichdh@invieBtiond mby pfoaiderd mtthgd cornprlslng

adm ni stering a conpound of the present invention or

adnamigierag i i“&%ﬁCt & 6y d i EBsr (Dsarigpharradnepdemily a@ﬁeptable
salt ttlté(:r‘edy FS S0 ¢ ?ycﬁllﬁtehtoﬁle p&&eﬂﬂﬁ%gﬁ{?ngwgﬁ%m&etﬁg ?q:_)r the

esent I nvention pfovides a net rin
actlheltmmd)f @R OR eomipriginp idmimistomnins fosd subjcatiatermpdiari df doamula (I).

ound of the present invention or maceut i ca
In ae@ﬁ%ro n‘?qdéme@oﬁlﬁ mr%SFﬁ@n&e%H@wﬁ%es&fm?thgg gf Eeakment comprising

adndifiV@AhE R’ subject in ﬂ&d@ﬁ@@&%oﬁfﬂ%ﬁﬁ& HFp&vrmﬂzbﬁ PiifeRate
i nventTon provides a nethod for delaying or preventing

em‘ttokienttﬂm tlp?r digrass sooditibn,ahsorBF or ondigqtien 2redicd eing snethods of the
6@' % adn1n|ster|ng a compound of the present
PIEFCRVANTTE Fmgsﬁharnaceutlcal conp03|t|on conprising a
io CO oun of the pres nvention t her

@Hba%uvé%%?f tFﬁ@éA’r EFﬁeIﬁ}PWub&%%n 1kl et hod
ﬁorma%cﬁw dm)r@érs m}feyaﬂta&mtlbﬂ %f’éH%EGIH‘ qgé&fgﬁ;r@gﬂbe‘n%ﬁam

non-insulin requiring Type 2 diabetes to insulin

Beqlicosagtdlypec? di abet es conpri sing admi nistering a

%o ound of the present invention or a pharmaceutica
8L B 8™ Ponpri si ng a conpound of the present

5 N\ERLipHi8emia,

6. Type 1 diabetes,

7. Type 2 diabetes,

8. hypertriglyceridemia,

9. syndrome X,

10. insulin resistance,

11. IGT,

12. obesity,

13. diabetes as a consequence of obesity,
14. diabetic dyslipidemia,

15. hyperlipidemia,

16. cardiovascular diseases,

17. hypertension, and

18. complications resulting from or associated with diabetes including but not limited

to neuropathy, retinopathy, nephropathy, impaired wound healing, and the like.
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151 n anot her enbodi ment, the present invention
provi des a nmethod for delaying or preventing Type 1
W@le@ba1180 conpri si ng adm ni stering a conpound BET/UR09/036333
present invention or a pharnmaceutical conposition
conprising a conmpound of the present invention. In
anot her enbodi nent, the present invention provides a
nmet hod for appetite 20 regul ation or treatnent of an
energy expenditure di sorder such as eating disorders
eg IhuhoétitiBemBuiimeithek peeyoak ihv@itidn pheidesa methed for the inhibition
reduction _ is required conprising adm ni stering
of ifg¥ielLmatisly comprishesdminisyans p@mpwndaofﬁheapw utveetawn ora

P RS G R B R P B L
ELLIIE %BI%E %r ern (P qdimer) ”[2‘%6 g egent n e tﬁg rpe?w(’i_eg tﬁoc? hr??\germg
blod&@dcos@ fik Eﬁﬁm@ﬂl eMep@Ning ﬁdrﬁﬁfﬁ@érﬁ@td (Qﬁhpﬁiuhﬁ] 0P peéseAifih@ention
known therapeutic agents, In a further enbodi nent, the

or ahAERFEUL GR) BRINPYH QY PRI SEN ZfetHRRPUBE Of FeseReN DRV HigNor
treatment of a G.P-1R nedi ated human di sease, '
t r datenether @nlmmnsliltn@le av)“esanu iavgngioh provades@rmactbed faydelaying or

pre PR B bPRH b Pl RELI Pt L R Gt @hniscrin o

conPpoBNEHH the PrcMtRAvHtiog oR) pRArtbeAiticencodpolsiidn @BE@tisiak a
the disorder, the method conprising adninistering to a

conparBhOf e RESENIMENEBR. a t her apeutical |y effective
amount of a conpound of Formula (1) or a '
p hdnrnetbert ¢mlmdlmelac&1e presbhte neaition phendnfa mgkad fagrdslaying or

uence what constitute e tica
prep e e BRBUREOT Dol G- ToU fhi a0 PF AR b ToHY
reqlﬁhﬁg Topel2 WRbeRs céthpridiy SuhinGedringtd@nipoadeof ddPaisket itvention
of the therapeutic agent, the act|V|t£ of the

or afpharagseutiGat C%gmﬁﬂtlona@nmsmga%cqm@u@ﬂ@ {heinregsny inygntion.
Accordingly, in the context of the therapeutic nethod
of In laeotihﬂt\/@nbddmmntt thic preventnodendlos pravedasanpethed ratelaging or

preyifid Ty iOT AlbERE e el Aol Bt eeny,

invéitisg as g pﬁ&rﬂ{a@é@ci’cal &SR A I COMNPrising a cotdpBuiMd 8588 present
invention includes within its scope pharnmaceutica

mV%@ﬁbOS|t|ons conprising, as an active ingredient, a
therapeutically effective anount of at |east one of 15
t hdneoathowsmdeodomertothaprescnt, ingdntioe pmviciias agoethod Etriappetite
ith a pharmaceuti cal carrl | uent
SRR S e R B S P AR
bulibdla, GAABHHRA b RAMidMsth @ B Qleigh® PRIALIGSIs 98 quild@ cbmpALihg ON,

or in conbination with one or nore other therapeutic
admaggsteripg  compound of the present invention or a pharmaceutical composition

comprising a compound of the present invention.
In an embodiment, a therapeutically effective amount may be administered.

In another embodiment, at least one compound of Formula (1) is used, either alone
or in combination with one or more known therapeutic agents. In a further embodiment,
the present invention provides method of prevention and/or treatment of a GLP-1R

mediated human disease, treatment comprising a) alleviation of one or more symptoms
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The follow ng is a non-exhaustive listing of classes

of additional therapeutic 20 agents which may be
W@ R0Pi1zEeb i n combi nati on with the conmpounds of PETES2009/036333

present invention: antidiabetics, antiobesity agents,

anti hypertensi ve agents, antihypertensive agents,

anti atherosclerotic agent, a lipid | owering agent, and

agents for the treatnent and/or prevention of

conplications resulting fromor associated with
resulliirbfed @ Shat igdordbrng by e o@ight durt Fedhdt@anura®@abher; and

ret.i nopat hy, nephropath¥ i npai red wound heal i ng, and
preyeqgon spmpising ) RawRniraR! therpasetofsudisnsdes theacthpdbeqmprising

[ fe.the

o EAAL AL PRt ool PR B B AR Y
congpgend sf Famula @poi niphapmbyaayisiliycacow@anlic syinthemiwE, agent s

for treating grow h disorders, agents for treating

f r aakctoys whgB =S ihfiticrice @atat MSﬁfutd%rai thérSpeuRig &Iy Sffdcdifre amount

preventlngt§$£%?raft rejection in_transplantation,

inclydge Bpkare gp fongregicamahmmeht of eaubisct, fisthioggergability of
the ﬂlgm%%teﬁtlc fq{ theoa%h@ 8%%%&@%%?1% agen%%%il qu{s b%a%hm&ty

eases, onbot
Accaginglg, ihalic ctdmeexlt béﬂienb&‘tﬁpamﬁc G:r&ltldjdm»fa]s&:mlvamtlcdu ﬁﬁﬂﬁlethod also is
anti - psychot i agents for

ant i i c_agents g
Coniprlé%&f ?ﬁagmeﬁ%lpgﬁwérqaﬁflg aﬁﬂlﬁ?ﬁrpyo%i@é C@ﬁFys @LROTdp the onset of
dméﬁ%ﬁ@@&ﬁﬁh§ggggpﬁ(gg§§;§m£§5 treating anorexia nervosa.

I di abetic es of suitable anti-diabetic
agents for use in conblnatlon Wi th the conpounds of

I t invention include 101. biguanides (e.qg.,
Coﬁﬁﬁy@pﬁéﬁﬂbr phenform n), 2. gl ucosi dase
| NhIHRIfr&ehit {n@erfionaR@TRASALHRM itT & letpﬁllﬂnacéutldaﬂ&iﬁlpdiﬁlons
(i ncluding insulin secretagogues or insulin

COMPERIEIRt alswr@)lve mgrqeenti 4 ﬁhnﬁaa@glce@y gffectrvé @a@lunmfoﬁé leagtrane of
nat e n ureas
the ShRT b EBhmy s ingoreRug B AR HFEPBulin Sarisnr
diludsg |Omioilh1<ﬂﬁ )cornpounds of the presenﬁmvbﬂltgmadﬁh(ﬂ)%/ugéd/ﬁtiﬁd Ghe
combi nations (e.g., G ucovance, RTM),
combifjagio B Wit aiaeri compeuds. o the Wyversians aigrembinssiog mha%r?é more

oth@MLricRal hEagene) .

The following is a non-exhaustive listing of classes of additional therapeutic
agents which may be utilized in combination with the compounds of the present
invention: antidiabetics, antiobesity agents, antihypertensive agents, antihypertensive
agents, antiatherosclerotic agent, a lipid lowering agent, and agents for the treatment
and/or prevention of complications resulting from or associated with diabetes including

but not limited to neuropathy, retinopathy, nephropathy, impaired wound healing, and the
like.

In addition, the compounds of the present invention may also be combined with
one or more of the following therapeutic agents; infertility agents, agents for treating
polycystic ovary syndrome, agents for treating growth disorders, agents for treating

frailty, agents for treating arthritis, agents for preventing allograft rejection in
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8. PPAR- al pha agoni st s, 9. PPAR-ganma

agoni sts, 2010. PPAR al pha/ gamma dual agonists, 11.
w@ekopeagem phosphoryl ase i nhibitors, 12 inhibitPeBUSF009/036333

fatty acid binding protein (aP2), 13. DPP-1V

inhibitors, and 14. SG.T2 inhibitors. 25

Exanpl es of other suitable glucagon-1like peptide-1

conmpounds that may be used in conbination with the

conmpounds of the present invention include GP-1(1-36)

trangpthsttetionFaRents fof +36fin@atteienmideRtiseadel; @) AIDS agents anti-
prollplden1c/I|F|d | oweri ng agents npl es of

OStegPOBIS RECTHY BEF P FIITRENS ITyRENqreRmatary déﬁ‘é?ﬁssaﬁtﬁ]ﬁpﬂﬂ?ﬁ?c
ageltPt'sa', g%ﬁtg f(!)Inthg Brgpth{éﬂ{ O \ta{gcﬁlgredlg&gp %Hﬁﬁ%wégén@se anti-
present 1nvention |nc ude' ‘one- or
psy(tlra)lniic hptms, agerdR fortidaitpéhrorid unmﬂmmaﬂot‘ghlbdwdl(c]nﬁase or syndrome
;. ua%ene synt hetase inhibitors, 4. fibric acid
andd”éf‘g § joy Gty anof R yAERese i nhi bi tors,
6. chol esterol absorption inhibitors, 107. ileal Nat
/bile acid cotransporter inhibitors, 8. upregulators

Antgfiablef)t receptor activity,

Examples of suitable anti-diabetic agents for use in combination with the

compounds of the present invention include

1. biguanides (e.g., metformin or phenformin),

2. glucosidase inhibitors (e.g, acarbose or miglitol),

3. insulins (including insulin secretagogues or insulin sensitizers),

4. meglitinides (e.g., repaglinide, and nateglinide),

5. sulfonylureas (e.g., glimepiride, glyburide, gliclazide, chlorpropamide and
glipizide),
biguanide/glyburide combinations (e.g., Glucovance.RTM.),
thiazolidinediones (e.g., troglitazone, rosiglitazone and pioglitazone),

PPAR-alpha agonists,

A S B

PPAR-gamma agonists,

10. PPAR alpha/gamma dual agonists,

11. glycogen phosphorylase inhibitors,

12. inhibitors of fatty acid binding protein (aP2),
13. DPP-1V inhibitors, and

14. SGLT2 inhibitors.

Examples of other suitable glucagon-like peptide-1 compounds that may be used
in combination with the compounds of the present invention include GLP-1(1-36) amide,

GLP-1(7-36) amide, GLP-1(7-37).
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9. bile acid sequestrants, 10. chol esterol ester

transfer protein inhibitors and/or 11. nicotinic acid
waeederpwvat i ves thereof. 15 The HMG CoAPCT/US2009/036333

reduct ase i nhibitors which may be enpl oyed in

conbi nation with one or nore conpounds of the present

i nvention include nevastatin and rel ated conpounds,

| ovastatin (mevinolin) and rel ated conpounds,

20pravastatin and rel ated conmpounds, sinvastatin and

Hyposibifeail/opiapowaiss ag@h8r vast at i n, quvastatin
cerivastatin, and atavastatin Ies of

f | driaspiesiod saiéarhlfvm%l@sdem/mdﬁa\yew @%M%dnqyme used in
com%%{ﬁfﬁ ARt e @é{ﬁlgo&%s 8Fﬁ1§3;fr?s%}?{ 1 %HQH&&'& r@l *i&?orf;
rozil,

gsent I nven ninc eno rate,
cI of i bbr 2MEP ildeiadrs,br at e, ci pr ofl br at e, cI i nofi brate,

pr obucol the |ike. . Antihypertensive Agents
Exanp §{@£9§%KFQEW5“%H#? Whert ensi ve agents for use
in Cogb'sﬂﬁélbﬂ@sy‘ﬁ%ﬂeths@'ﬁﬁnﬁ%&onpounds of the present

invention include 1. beta adrenerglc bl ockers (e.qg.
al pr efolfdiric aatdedvmivetiyest i nol ol , pi ndol ol propranol ol

and rolo calciunlchannel bl ockers
(L- tgg qgwayaﬂ%vﬁahmgoﬁ ni car di pi ne, isradipine,
nl”UdBPkmﬁbméhhhbﬁﬁﬁMMl%ﬁ%ﬁ@hplne verapam |,

ni f edi pi ne, an1od|p|ne and 5nybefradil) 3. dluretlcs

(e.g.7 dmabN@t/hﬂgzcrldiéotrwmlmrhnl@bmm azi de,

flumethi azi

bendr%fl@nﬁ%zﬁ%§¥g%EﬁAfgﬂﬁ? CFm%thlamde
tr|chbonﬁme&hmaqwﬁ&mnpolyth|a2|de benzt hi azi de,
ethacrynic acid tricrynafen, chlorthalidone,

f ur os éfichelesigrrd grPriaser perteinamiiBiors *0d/PT ant r enene,
ami | 07} feotfR! JANHPKERIEVes therc§eNi 0 1 nhibi tors,

The HMG CoA reductase inhibitors which may be employed in combination with
one or more compounds of the present invention include

mevastatin and related compounds,

lovastatin (mevinolin) and related compounds,

pravastatin and related compounds,

simvastatin and related compounds,

atorvastatin, fluvastatin, cerivastatin, and atavastatin
Examples of fibric acid derivatives which may be employed in combination with
one or more compounds of the present invention include fenofibrate, gemfibrozil,

clofibrate, bezafibrate, ciprofibrate, clinofibrate, probucol and the like.

Antihypertensive Agents

Examples of suitable anti-hypertensive agents for use in combination with the

compounds of the present invention include
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5. ACE inhibitors (e.g., captopril, zofenopril,

fosinopril, enalapril, ceranopril, cilazopril,

wa@letoapti7bg pentopril, quinapril, rampril, |i sPCPR1009/036333
benazepril) 6. AT-1 receptor antagonists
(e.qg., losartan, irbesartan, valsartan), 157. ET

receptor antagonists (e.g., sitaxsentan and
atrsentan), 8. Dual ET/A|l antagonist, 9. neutral
endopepti dase (NEP) inhibitors, 10. vasopepsi dase

i nhi bilt Meta {ddietRrgiNERCREE (¢.80lptdnolos)atddld, timolol, pindolol
omapatrilat and genopatrilat), and 2011. nitrates.
Ant i obedireRrangjaling met0131“0101)Exarrpl es of anti-obesity

agents that t ' NPT
compotndarey eHatEl MGk (1 GRERTHRE thalykliing igggpine
recept ornimnﬂipgmnﬂimazeﬁ fedodifithic artggorl, sif¢diBine sanBbiBitine and

ant agoni s a CRH antagonist, 5. a beta 3
adr ener gvxbeérgém 306. a lipase inhibitor

(orli st afidretics/(e. g cﬁﬂr@ﬁlﬁgid@ LRRE QB AT AR) ﬂﬁﬁl‘éﬂﬁ&?ﬂf@e

i nhi bitor (sibutt’am ne, topiranmate or axoki ne), 8.
t hyr oi d hydodpimthibada bdndrgﬂamdvhmzlde rnethylchlorothla&ldean

oo et AR ST AT AT TG
Ant i psyahetyhefeAdBMdrthalidone, furosemide, musolimine, bumetanide,
triamtrenene, amiloride, spironolactone),

4. renin inhibitors,

5. ACE inhibitors (e.g., captopril, zofenopril, fosinopril, enalapril, ceranopril,
cilazopril, delapril, pentopril, quinapril, ramipril, lisinopril, benazepril)
AT-1 receptor antagonists (e.g., losartan, irbesartan, valsartan),

ET receptor antagonists (e.g., sitaxsentan and atrsentan),

Dual ET/AII antagonist,

A S IS

neutral endopeptidase (NEP) inhibitors,
10. vasopepsidase inhibitors (dual NEP-ACE inhibitors) (e.g., omapatrilat and
gemopatrilat), and

11. nitrates.

Antiobesity Agents

Examples of anti-obesity agents that may be used in combination with the

compounds of the present invention include

. a NPY receptor antagonist,
. a MCH antagonist,
. a GHSR antagonist,

1
2
3
4. a CRH antagonist,
5. abeta 3 adrenergic agonist,
6

. alipase inhibitor (orlistat),

63



10

15

20

25

30

Exanpl es of anti-psychotic agents which may be
optionally enployed in conbination with conpounds of

w0 b@present i nvention include clozapi ne, hal opEr/Us2909/036333
100l anzapi ne and ari pi prazole. It should be understood
that any suitabl e conbination of the conpounds
according to the invention with one or nore of the
above-nmenti oned conpounds and optionally one or nore
further pharmacol ogically active substances are
consi gderaa@rdtonih €ankbdphiint) rhiptske aftdbiddr (bibetrhdsidpiramate or
i nvention. PHARMACEUTI CAL FORMULATI ONS AND DOSAGE
In anotﬁéplﬁ§bect the present invention conprises a
phar [ 1] rising a conpound of
For mu a ?%¥%§%ﬁ£§&gﬁgﬁigﬁgﬂ?@§g||y acceptable carrier,
20exchpiaaninprediit agemt (de@imphetandingl amplverrneiat, phentermiblog
phar maceyti cal conpositions. containing a conmpound of
t he invéﬁ?ﬂﬂﬂ“ﬁ%@p lqeﬁrngHwﬁFsuitable for oral use,
for exanple, as tablets, troches, |ozenges, agueous,
or oily suspensions, dispersible powlers or granules,

___gmuﬂgﬁgﬁgggmard or soft capsules, or syrups or
[ osi.ti.ons int ed for oral . use nmay, be
o dpuPRles R AT ARG oE SEy WRB A RS TR BelgREd 1
conﬁﬂiﬁlﬁ@ﬁ i thQdden RN d CEth@p s @ envhtibP @18 @ z8pia& | RfpeHdol,
fromthe group consisting of sweetening agents,
olarzhpipo pichgfipipwaels; col oring agents, and preserving
agents in order to provide pharnaceutically el egant
and pal atabl e preparations. Tablets may contain the
actlt suldigy @dicendod thataagiskiabl€covhbiRatishofttAX Edmpounds
pharmaceuti cal | y-accept abl e 30eXC|p|ents whi ch are
accqrdingp e ipBFntioRaviernersarale of Brc abars-gicationpgeggpounds and
I
ot GH Rt Ry B Pty RIS, o RSy et Sgn Sl o be
witlia ke seoppbithp heesent aveaton.um phosphat e; granul ati ng and
di sintegrating agents, for exanple corn starch or
al ginic acid; binding agents, for exanple, starch,
PH&EM%GE‘U@IC&E FORVURRNTIONY AS® hogAzgent s, for exanpl e
magnesi um stearate, stearic acid or talc. The tablets
mayin Bnggdenaspecit tbd pmseltthlexﬁntraly c@epmmtaemabmclmtmmh cornposition

t echni ues to,d ratlon absor i
comppe s PFBokPL T Y AL LR RS TR O Bl Qi
excipitht, ek, dC4 mPAuRUBred, | onger period. For exanple, a

tinme delay mat eri al such as gl yceryl nonostearate or

9l yagRl &%bnﬁiéc%ﬁﬁ@aﬁ a8 pHEYoRRoRARTIQY @E’om%'(hﬁﬁﬂ JFe @l SRidAGnay be

~ coate y the technlques to formosnotic therapeutic
1naﬁa@msnsmkﬁbrm@hnﬁmﬁh@dmnpkeas@bb&Oﬁoﬂn&Hanmgﬁsamamusoroﬂy
al so, be fres nted S h

SuSpceﬁﬁlgﬁff é&pﬁﬂﬁ’ﬁ%p?‘ﬁ%er% FURYPhgredT Eht Z}TQ% ‘%t&awlﬁﬁ QTP

orelikiggt solid diluent, for exanple, calcium carbonate,
calciun1phosphate or kaolin, or a soft gelatin

SoRitidas ﬁtﬁérﬂieﬁ tf@r At ﬁs¥ ‘?ndg)r(]%r g%a?w adc%rdo‘ﬂg(ﬁda ‘P"k&lgwn

mater or an oil nmedi um I'e peanut oi l i quid
methad, ahdl such @wmpokitves miay comqmmasar USSP egmtmltd@yfrom the group

th d
con e BrenEatE et in BV POPE Chre naNOr SEPEE Brd Bioulng asents
in ofdép Rﬁﬂr%bf?i@%ha@%@utﬁ?&ﬁy Ric@RhtSindpBlatable preparations. Tablets may

contain the active ingredient in admixture with non-toxic pharmaceutically-acceptable

excipients which are suitable for the manufacture of tablets. These excipients may be for
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suspendi ng agents, for exanple sodi um

car boxynet hyl cel | ul ose, nethyl cel |l ul ose,
whyeoxypr opyl net hyl cel | ul ose, sodi um al gi nat ePCT/US2009/036333

pol yvi nyl pyrrol i done, gumtragacanth and gum acaci a;

di spersing or wetting agents may be a

natural |l y-occurring phosphati de such as lecithin, or

condensati on products of an al kylene oxide with fatty

acids, for 20 exanpl e pol yoxyethyl ene stearate, or
exa@@&dﬁﬁ&&ﬁlh@ﬁs L0 B E citin catﬂa)ylhten@daxh derbvhdth) 1@, calcium

chain aliphatic alcohols, for exanp

P@ﬁf%ﬁé@é@ﬂ@h%@ﬁ%)@@%ﬁ%@nd @#Sll&@gfa%%%&qn@n foscaggplesom

A e [

Smwﬁhm.?gﬁﬁﬁﬁw§e bﬁ%@%%g%%ﬁ%
lubmtlbg h@éntﬂlﬁmmxhﬁ]@te&nagﬁesmﬁﬂdm&a,t steanicprridiratls. Ghe tablets may

eth ne.oxide with i al es ers derlved fromfatt
be %&?%%f AgenEry s |00%1ﬁq§§&§q%% tec %lﬂu%%éaﬁiﬁ 2y dhunigEHon
abs@r?ﬁ&{ hi th@p AN Bat Bact Iﬁ@th%%?%%@vﬁé@ PRESHQINR IR Y ver a
SO contaln one or nore coloring agents, one or nore
longelr avnod. nlﬁpr@g@npb a img dehwg roatemal ﬁecbms@jrmylngotwgema@ or
such,. as sucro or .sacc S
oy S B R 36 g RS Ik B g rbe et DR PSR RlRER o form
osmlofic Zheyati@RibetPfol codtRillc@xaeRke arachis oil, olive
oil, sesane oil or coconut oil, or in a n1nera| oi
sughyr@ilaiohd Y 'ofial R& ALY hido bg—?FeSQAtEd/ asslkh?@ BialiR @zﬁ)sm Where
contain a thickening agent or exanple eesmax
the pavafiigrodiont is etixdd witlc huoinertsmbétiémm Joagemige, wkchmasarbonate
t hos t. forth. above d.flavorin ent s
calctRfoR eS80 5 BaR i SR als BeRdr e R iniGaient i
mix6@ WRASHtérQSn FYMEBuR! % @ﬁé&ﬁﬂe ?}éaﬂutﬂ Bil al‘ijcﬁild bﬁﬁffﬁf ofBlive oil.
antl-OX|dant such as ascorbic b5acid Di sperS|bIe
[
P U8 A SLAMILES Bl Pl Goil ¥ oo RAA O Bl B with
exciphmtsauitable f«):tcthp oundfacturadidqutersssuspenkions. dbshexsiprgtsoare

susiS AT TIBs xR S e pertr Ry e ey Shelees
hyd&X9p ﬁitﬁﬁﬁ‘éi 1B AGR N RliBh ﬁlg%%f@blyfvi@%y%élﬁil?&@ SuAl tf%@@éﬁtb

10menti oned above. Additional excipients, for exanple
and gmweftceﬁan@smfrfpl@g/ or Walgng ag@ltszmlab bE ﬂ@a@g@m @:cnﬁylga}h@@pltﬁ@de

Al Th h t
sucl}?nv gnlt Hifl, ¢ rnéng nlzélétgoa Ceuctiuc%st %f ot o@'i?ycr%csﬁoefolxgl qv th fat&aatmdrs for

exa@pldl piil}idk%thﬁéﬁe Stichrvitch Bas dBBAtIOE pROIUEE OF ath!yl%n@ bkide f@th long
exa olive oil or arachis 0|F or a mneral oi

chaipli ng%mﬁh:@o}f fargipmaplsabentadepactip- eacqmyReaRel, pHwmdesation
procﬁwt lﬁflé'ﬁ% o?;‘['&é' @ftﬁ ¥ér|ﬁgl e%%?p&éh\;gﬁ%rol%fatta’ acids and a he;rqtol such

nat ur al occurring guns, for exa m acacl a
aspgumkyﬁhgamﬁnﬂMnﬂmanmohhkyewmﬁMmmmnqnpﬁﬂsahafuﬁg&ne6mﬂewﬁh

exanpl e soy | eci t hi and ers or partia
partad gipis d&ev%& heigpadidy gl higxjtelca HOF 45y oF gRample polycthylene

sorfANYodRge. FAk agff&ﬁﬁ’ |s§sfp§1‘i’sr1@ﬂstrﬁé& NONESRLRe oiaﬂl‘gre coloring

condensation products of said partial esters wt

agems mynicen e fladeyringogerts.aamd| e po noox yetdigiienhegcaty kudnaus sucrose
nonool eate. The emul sions may al so contain

ors Tt ening and flavoring agents.

Oily suspensions may be formulated by suspending the active ingredient in a

vegetable oil, for example arachis oil, olive oil, sesame oil or coconut oil, or in a mineral
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Syrups and elixirs may be fornulated with sweetening
agents, for exanple glycerol, propylene glycol,

W@ 00Bi111000 or sucrose. Such formul ati ons nmay al BCI/US2009/036333
contain a denul cent, a preservative and flavoring and
col oring agents. The pharnmaceutical conpositions nmay
be in the formof a sterile injectible aqueous or
ol eagi nous suspension. 25 This suspension nay be
fornul ated according to the known net hods using

oil siidh habliguidipapgfisi Mee Gily VWBbEnsitghs agEHoditadngl tHE ek ipdigott, for
agents descri bed above. The sterile injectable

em@?l@&&ﬁ%}(% RandeRpradfis gr Bty aleholr Sweetpiipg agalrst Bich @b thase set

[

forf S R ol B R 84 0 A0 SRR bl ABRTRIRR fagtion.
Thebtit@ngdit@ins nAIydjeg)rédeevedd’xy&m ahhteommn@inammatuﬂlt sahwsnt®rbic

that may be enployed are water, Ringer's solution,
acidand i sot oni ¢ sodi um chl oride sol ution. In addition,

sterile, fixed oils are convenlently enpl oyed as

sol isparsible nowslses e g suisbLEET DE§nasation of 88 equcony

ixe

sus&'né‘lgﬂ b& );ﬁéeeérjd kdn Watagpggﬁﬁ eagnu?%&g%a%@mg g@h&uﬁ@ With a
dlsp@tsmg:oraxzetdng agmht Lsa@endnng Iagernraeq:b anabt moregiresenyagictabfigmble

5The conpgsitions O be in the fo

disps s Wt e agqgya é&f%ﬂnaﬁa&gﬁmww?@ﬁ ifd {%Elose already

merﬁf&ﬁp@%m@ Afddithpal &‘éﬁﬁéﬂt@ For e&'& £, SRERGSH 'fﬁ%nﬁg%nge
prepared by m xing t drfug wth a suitabfe

colarmg-aigemts tatyiahg bexeesghent which is solid at ordinary
tenperatures but liquid at the rectal tenperature and
W | Thetphagnaceltical bormpesiti@stofithd iavemtioaass atlirwbejmuge fobumadf oil-

, materlals |ncI ude cocoa butter and pol hyl
in-vgigregasionsor heodlyaivpremaybe 2 Vet ¢ St waﬁmohve oil or
arac%s%ff%% ?mnér@ll 311 g exﬁ%g % ?ﬁ\?% ggra%? B?Q?ﬁl%?@ thBlebf.» Suitable

cont ai ni ng t he cdonpoun i nvéntion are
emldsnf}nm‘qtgeatserday bomnatgiayjpacyyosg goiis,tthi @(aambé goatacamg or gum

t opi,c appl i cation al.l, include
oyl den PR BN B e g QR ooy Aongs-gRinma esers or
part@l $QecRIcAH ﬁbﬁtf@t&ﬁaiclagﬂaﬂd%xﬁ&rdnh9anae'§l foPeRAFe sorbitan
delivery systens, such as smal uni | anel | ar_ vesi cl es,

mon@iegée, and tendensation prosiugts @6 said mrtlﬁmsﬁe’trs atitblcthgiene oxide, for

arn I Cl ok tlh 880 ﬁanrn q fOf d l’glr olmna \é,ar c%n{a)un
x Rospp Ty B TS Y §H°‘?% Fof By cmulsidh FyIafReE,
swe@ﬂéﬁﬁ]@l’aﬁﬂlﬂdyd)@ﬂ‘g)égeﬁgs General ly speakl ng, a

conpound of Formula (1) may be adm nistered at a
dowﬁpsl a%u%hx@i rna& %enf&laﬁfuétec@wﬂﬁ wkQeninl aga{tés qopéxahﬁsfe
body wei ght of the subject being treated

glyaesrdd optioprelang glacalosaybitel @r sficretsy rhich fan)ulms b@y also contam a

d b b 0. 00 d
cenffTh g FhGeSR bl (BRERE <pEPSRa) AR PR a ek

conié)@ﬁﬁ@hmﬁia Phe TothBYbdn 6t 9 sty 1ﬂ@ctﬁﬂéﬂl lcdtiebeslcalindlis suspension.
osage_ range between about 0.1 to 100ngy/ kg of body

Thisyaispensigpepayibg formplategdasapndingsto da knpavr mgthads ewng sihtgble
dlsp%Ps,YH%:)@r &&g@% %e%s"\éntd@\l}é ‘ﬁdlgl Lg&@ﬁ d&%tlﬁédn aié%t hd gtg fce
inj ettﬁbl&tp@@bamd)ntdm epar thd a:stbla]re mjecteblefsoladnn pi Qitspatsiomnn akon-

exanp tion intended for aqral
toma@ﬁlieﬁreg%llaa%q%mg@s%Hu%ﬁg SqHggAt cfgﬁ?&}rwli apy selgtion igr ladrs
butibdidl. CRABAY AL &Ee&%l@‘éétﬁcl@é ﬁnd"é&l%n%h@tﬁﬁéfﬁé élﬁel%z@({‘éire water,
conveni ent ~anmount carrier materi al may vary
fromabout 5 to 95 percent of the total conposition.
Dosage unit forns may generally contain between from
about 5 ng to about 500ny 056 active ingredient. This
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dosage may be individualized by the clinician based on
the specific clinical condition of the subject being

w0 e@attexdoo Thus, it will be understood that thePGpES10p9/€36333
dosage | evel for any particular patient will depend
upon a variety of factors including the activity of
the specific conpound enpl oyed, the age, body weight,
general health, sex, diet, tinme of 5adm nistration,
route of adm nistration, rate of excretion, drug

ngarﬂ:sionaioinpaihda@@tomlaao&aﬁﬁdﬂlctrydecsfoldthﬁ panddigeH, 3tcrith, $iRas 8ils
under goi ng t her apy Al t hough specific

are eRRYSBICHEN PRPIeYCd ﬁSeS%Ye@é ehiuspeiéte Mediusy & ondHepwpose, any
j 4 t I 5 ti
blard 5 SRR RS o of BEIGBHER! 1P Hud Fon, ary
acidarsectpasleid adiddmdawe ipthapyepatatiohef prjeseits. i nvent i on and
shoul d not be construed as 10constituting any
| i MHeadohPdsi@ibnd ey bRY 88t ;e .folpef §fuppadiiodias fomredtalbe
obvious to those skilled in the art, and al
admigigirgtionaafitemeonneandyef the inveatien t THose sompesitigysicpr beprepared

s T

temﬁ’asramefd;wue liguid Re &mamﬁﬁh tempafatlmmmmlh&hmgle}tlﬁﬂlie r&'@:tuﬁn to

stifrring sol ution, of. m xt ur of a.ca lic ac
relegsg tE %B%ﬂ’@ieﬂf%éa@u%%o%ﬁ {igrzng p@[neqw# <or
exm5?Qn1tenperature I's added an ami no acid nethyl ester
0 eq), and the mxture is stirred 4-16 h. After

o081 i S0 0P LU

contadgh@the. coﬁipeummltmteldvart@amr@cdm@tﬁplateﬂ Wasiheqbuvpotshoﬂthu
4C1, satur ated NaHCO3 an ri ne th drled over
appglecfalioaﬁpgwlf aam)gcaﬁﬂ% skl %‘HB@ n@uthe gles.educed

pressure to afford the am de, which nay be purified by

col thertostpoBids B ghapriesend ﬁ1V§11‘ll¢Ib@a§g also b admingyterce frethe form of
hpoﬁcﬁﬂéé 8?%6%3%%? 23RNSR Rl lﬁ{lﬁ&gg?‘{ %eﬁcle%ﬁ&g ﬁ%%g[a[‘r vesicles,

a solutlon 0

and (rrﬁllﬂ.lahﬁllér vepicled. Mipdsbimesimal pd forxicddraob whtiety of 2- 10 eq)
dded, and the resulting. reaction nXx
Pho%HhO?lP’éié Sigh g5 Céowtelﬁtgo%wae'@ﬁﬁé?eatbwl@sp%%ﬂdzgyﬂqlz@ﬁsm nut es
(if started at 0 C) and then warned to room

t erfpacellyrsecakie. sicpmpednd el Farmuba@l may be adrpingstercd af 3 desage
levet B a{bgﬂt (? pl0§ E)GS do‘%ﬂ‘é&{g 8Pthte]b§dgﬁ]e#h% g Fﬁ%gué‘]gct be%n(‘g tgerated. In

neu ra l1ze ase rac cet

an ela@bﬂdlrhm OE@afuuad |OﬁY61|‘1’nM:ﬁ$I) wastteddwlitibtetudi an e dostige @shge
ver sodlun1sulfate he solvent is renoved_ under

betwa@é%t 939%%?@0%%/5@ PBP%dYt veepirsadey. Inpgrmodingenh a

cont OB & rorhREPEA e Ta I s AL Blhe AR R R PO B0
100angdexbfbobly MCighit peiddayx dihe afrexoesiSictivd heredead thao maly de
corn%med w1ﬂ1 t%e car%%r materials to produce a single dosage may vary depending upon
the host treated and the particular mode of administration. For example, a formulation
intended for oral administration to humans may contain 1 mg to 2 grams of a compound
of Formula (I) with an appropriate and convenient amount of carrier material which may

vary from about 5 to 95 percent of the total composition. Dosage unit forms may

generally contain between from about 5 mg to about 500mg of active ingredient. This
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tenperature until reaction was conplete. Solvents are
renoved under reduced pressure. The residue is
W@ eiovatEded with ethyl ether and the precipitap@dusSwh/eB6333
is filtered and dried under vacuumto give desired
am ne as hydrochloric acid salt. 10 CGeneral Procedure
D. Reductive amnation. To a solution of a secondary
amne (1.0 eq) in dichloroethane or dichloronmethane is
added an al dehyde (1.0-3 eq), acetic acid (0.25 eq)
dos@gédnﬁ}obﬁ tvidiatie&t me @[1@1@3&&%@@1 @ the @fkicia clinical condition of

cyanobor ohydri de and the mxture is stirred
the beiRe tre%tﬁ@eifh% #mléﬁqedwd@fsmﬁéhqt diectrreific dpgageilevel for
any ?Qﬁ{%gla? ﬁgtéérl]lg g%ﬁ) Iﬁ%&[ﬂh %,Réf? E,I‘létg r r@%tbgg len\rMJSEio (ﬁ]‘t(ﬁg %W% the

SpedlﬁS obrhpdend chipdoysal thenpe | tody evodyle doonadéhealtbdsmedict, time of

ressure to ford the desired an ne
admipistratjoRgroye ?ﬁ aéiéfﬁnléﬁ?t&?afaé@Pg UO@eﬁ@g&PfﬂgwaEéa tipcthe.

sevé:> &?BP’Eh%%aP&u% d?s'é!lsfe%ﬁ ggﬁ% ‘thd@py@ sol ution of an am ne

i s added a sul fonyl chloride (1-3 eq),
%ﬂtoﬂglg gﬂecﬁic © bol(a mértféé (Stttir'f% {%n)%ggn@ gwgﬂjtlo% ardl %161%191 ﬁ'&%a‘ced and
desﬁﬂieldrlﬁ eleltaﬂpﬁhe hivbﬁtlbn isAdot Bfnltﬁd) hRiretd | The above Haaflcﬁbdtﬁsm@p’tlons are

et h acet added .and the organic |l ayer is washed
proyflg asmem@ %ﬁ*&rpa%@%t YNGR SRR SBITEGA and

con{HthiREs a@ﬂﬂnftm S the %\%Ylﬁﬁn S QT HYnk %\;lﬁ be-la?)%o?u@ltéf Bse
I's renoved under reduced pressure to afford
skilbdl ih ot dend aumlothlfwagvottsethmdu fatedpday ﬁbhlatbh sp1r1t of the

chromato rnati.yely, aft n of the
inv a8 e e 1’ iR ot b f iy BaBace Bl
purified by flash chronatography. Gbneral Procedure F
Preparation of am des: E&@ppEytion of an amne (1.0
eq) in DCMis added an acid chloride (1-3 eq), and
pyridine (1-5 eq) or triethylam ne (1-5 eq) and the

red for 16 h. | etion of
Gereii bogpdingch refiteain gt ainags b BBAE T e M henptiof ora
mixhaY 8f a b&b&%ﬂﬁ@l@ld" t0eh MBAEE (1.3 %ﬁ}lirﬂi B4 edo ) in DMF at room
bi carbonate solution and brine, and then dried over
tempeydiugams eidil¢ hareamimp @Clsidn@ﬁéﬂt estes (]r @ﬁ@)/ aad ﬁwa@wwr@ thutiagd 4-16
h. 1${teersclsglr’lnr r1to(1)1 o?‘ftﬁeorregcr‘][}orﬁe%% 01ent rnou y &QT%{ 18 ad! ({ | f(f fe rthure

onmat ograpny ernati ve er COITp

is eﬁfactdalemrﬂeaﬁpll @Btatd. MBc CE&ABInk® Bra¥hictibyc igmyshioe wdihr ENH—HGZI
rified by flash chronatoaraphy 5 CGeneral Procedure

SatuetevaéHQDatap@ Rrige. aafl han diter ovet wivae slfateroThe sobyent jsgpmoved
|
L R ey PG e

chm'%naétograplﬁf dresilicogg tetffomd thé déded amadxt i on, the sol vents
and excess phosgene are renoved under reduced pressure
to afford the al kyl chloroformate, which nay be

GenﬂeQ&P@do%@&nﬁ‘i B.MERPEABRL BydrolysRt T817 s()ﬁ%ﬁ ofbstdl 1961‘?{#1 re

wi thout further purification. General Procedure H.
metParsb & 4to b ), N didribarhydescideTwhgtiond 2 +10i eqfh 1soa‘dda¢h aadithree

1.0 in. f . aqd hi f
resu iRy oaMeTt £ Sr Sy e o R hiseitsraue o 1 i R r
starfed h60 RC) AMd BEn %ﬁ’ﬁé@fo' @Bm%mf)&ﬁtu[r@ﬁﬁi dteRed w@tinhction complete.

acetate is added and the organic
After completion of the reaction, 1N HCI is used to neutralize the base, extracted with
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15l ayer is washed with 1IN HCl, saturated sodi um
bi carbonate sol ution and brine, and then dried over
waowvam7sul f ate. The solvent is renoved in vacROI/US2009/036333
afford the carbamate, which may be purified by flash
chromat ogr aphy. Alternatively, after conpletion of the
reaction, the reaction mxture may be directly
purified by flash chronat ography. 20 Genera
Procedure!. Preparation of ureas: To a solution of an
ethydAtdigte ot DT M Othe ioFgafNbi & vaddegdhéd wah bareyricdiver jod@im sulfate,
g -5 eq), and trlethylan1ne (1-5 e and the m xture
and the spiyqnf isgemgyediundgr Feduggd REessEEsHp [aEforbie produgkin pure form.
reaction, ethyl acetate is added and the organic |ayer
i s washed with 1IN HC1, saturated sodi um bi carbonate
GemphlURoeadwred.Reéemeval afi tert-batyl darleanatecTo 8 adiredisolution of the

cartpigaig pop VL a0 TN R D) U fehapn SFF s room
temBOALQPRLRE TE&RAYN WAk EEMPREd. WRlVentArt ?erm&%mlnﬁéﬂ RfuRfl ptdiSure.

reaction, the reaction m xture may directl
Thepasiddd mdmb;,atéd wgh ethiyt ethert m@rth@m:clpltat@é nelrchis fitcoxlendrdeicd

und AR BB Rl SRS LA B (o2 e
foll owed by al kyl/aryl isocyanate (2 eq). The

30resulting solution is stirred at r.t. for 2 h. The
GenezalcRrosedyred. Reductive amiratigmile a§9hl§1|09t0é d scqqadiapgumine (1.0
t mnth t h
e<) BN h R BPG a ARy Bt LaBledd RERN S Brs? MR st

(0. 26 \eqQ) aﬂﬂ&%ﬂ% tr&mdtoﬁywtﬁslﬁbtd'rﬂ% o sodighrcyitsboestsy dide s §ieg) and
purified by silica gel flash colum

and t hen

the prpyteiees étgr%%wrmshtg |f\/fé€rtcﬁ’élpkfél§¥l Pé&ledﬁ@élon@%@@éﬂed and the
[

e A e L G i VS R
sulfate. dhkyolvenalis ceendvid 10deayducad dropatragsafind clar dsirted emore,

sodi um bi carbpnate (1-10 e and the mxture is
whigh may 2g P’alflg?‘gghgf‘gh%‘?f&%tﬁ@gp%r 2-72 h. After

conpl etion of the reaction, ethyl acetate and water

are added. The organic Iayer is washed with water, and
Geltehreﬂ’mc'ewe@dfrepmti@m of shifenanidesrcl sobaletion ofsanrasmpe €d0 eq)

red S affor the de
ot e ahlBRE ) b8 ritik i By OF Figkfamine 1-5 c0)

and m%@%ﬁgﬁrﬁ&ﬁﬁ if 1EMeE® lan PERGBRUITE islstirfst e 1- @ hMatfic@n

under M tsunobu reaction conditions: To a solution of

complqsiea e tho(reacdign, cthyl agk@tshis kdderl apddlag orgaric Fbemey warashed with IN

HC%W&[eg/sgd%c%l@ga cgﬁ%frg\%!a%% r%larf% tﬁ&% dh?d @%‘i‘é&'@&% Sylfate.
Thetsbeaeﬁaa@ém@fedmn&éweeuaea p$d:s®wﬂe)to affbvié sil onanida, lwmlcthcmay be
and stirred for 1-24 h. After con&letlon of th

puﬂﬁéaéy iflgph ehvemaioeyanby. dlispueivey. %fléqr SPERlcHipH e&@ﬁur%tlpg, the
4t ted und
rea B O D 2 v er 11 msh

chromat ography on silica gel. 20 General Procedure M
N- | ati o ani |l j des using. M tsunobu_.reactio .
Genga g nacghu b dreP g o AT IO a8 of 11 6ty LAk in
DC@ 1S QHRd dolicri &ﬂ%nden(lm)oénd-rﬁ%d'ﬁe @ddeg OP%éfﬁ'ﬁﬁrmne (1-5 eq)
upported triphenyl phosp hi ne “or tri phenyl phosphi ne
and (dle— Bixgerk s ﬂﬂreedrfpkl 11|6é1 |f§ft¢r®oh@bbt1too of t@ore@nonoet@l a@ntdte is

added SRS G PRATEL VTR Sy Sl B o o

for 1-24 h. After conpletion of the reaction, the
reaction mxture is filtered and the organics
concentrated under reduced Ry essure. The resulting
material may be purified by flash chromatography to
gi ve desired product. GCeneral Procedure N. Acid
catal yzed nethyl ester hydrolysis: To a solution of
ester (1 nmol) in dioxane (30 nL), 6 N hydrochloric
aC|d (20 m.) is added, and the resultlng reaction

- L | o, P N A NN AL +
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5organic layer is washed with brine, dried over sodium

sul fate, and the solvent is renoved under reduced
wee@ssuwreo t o afford the product. General ProceRF/ES®09/036333

Preparation of am des using EDCI coupling. To a

solution of acid (1 eq) in dichloronethane at room

tenperature is added HOBt (1-2 eq) followed by 10 EDCI

(1-2 eq), amne (0.9-2 eq) and NW (2-4 eq. The

reaction mxture is stirred for 1 h then the sanple is
solutiek @Ad ariflc, and khaekliclvéiGollam Aflfaes. Tigaleheis removed under

conversion, the reaction mxture is_di I uted with

DCM
redupre PrAssre fafferd ihestraidevivhish wsyeie pusifies by fiksnefiematography.
Alteﬁﬁ% Qﬁ&f co\?\nlgt]f?;uo\gf otf I?hest%%_ﬁ{O%D%vlr :cj)ft? ;t%bﬁél?és 111%%5 Bo 8R£ctlé/

puridieth d flasis cilaSO4raphg. concent r at ed by evaporation. The
15 residue nmay be purified by colum chromatography.
Al'ternatively, the crude mxture was concentrated and

Gerdvhl ProReadki% ¢ mBaﬁlf&Wa%l%BWofo%ﬁ%sa ToR QRBIMIGR af-

Acet am de Deprotection. To ‘a solution of acetam ne
alcohdl 0.(kep) i PGMthsdowly a@ieédd@eﬂﬁ%@q,lZ@‘Vdsaiman(tdlﬁlel&) at -5

o h t 62 f -4 h. 20 Th
C il ot S Sl P i o6 1 reeuo e Selkerts g e i Seene
are totd¥euadd rtNiR @ pELIRIrs td AYRH th&all@ﬁ%ﬁﬂo%ﬁ‘m 1@%’0%?&??
e e

solution and brine, and dried over sodium sul fat |
subjseted émearbamate flymagion fderers] aiersduregiesdhaus furheappiafieption.

the desired am ne, which may be purified by flash

chromat ography (9:1 to 7:3 hexanes/Et0Ac). 25 General
Ge@i’@ﬂ&dﬂé(ﬁll@HAl’ﬂélbhrz{HdhrﬁfdaerﬁmE Ald 9BolNiGOsdn {rdined).0 eq)

d.t | h hi | yst
in TR B DLSBAORBAIE 113 G onel DRI (1- Syl dgsmixture i

0
s B O A oGP Bf ] R B A0 LSRR BRI e
layetr ds wmhedtvxothr 0ol evapedtad ssdu@ribicastidnatessd lition adth briResind then
i.s filtered and shed with dic Iororreth filtrate
driclgversedint il Hhceolienb rﬁlﬁov%c@mﬂfzgaaw pi the carbarmae,
wh1€19fnra§ e %ﬁlqﬁ&gb? FQdH éiﬁomat@éﬁbﬂf Shfc@htivd, %%P bR 188on of the
Ani no- 7- hydroxy- 3, 4-di hydr o- 1Hi soqui nhol i ne- 2, 3-di ca
reaqtlboxtjab reaction oigutcandy lhmqllydctlﬁ @utified By ﬂethghrom@tlograpby-

Step 1. Esterification: To a suspension of
(S)-7-hydroxy-1, 2, 3, 4-t et rahydr o-i soqui nol i ne3- car boxy

Geilersl Pocd$iRy B §faadidi 8f 6k Td A saTBEANPH0OIn 4rdiad (1M kqaDCM
added hydrochloric acid (27 m, of 4Msolution in

is adled ecanebamaxd chloridelds emeandtisthybaming «t-arca) werbthe afikiyxid

e .
s Fa o B R
layes @d \Nhsih@ﬂl with 1N BI)Ca,rbatu)ratadi d@ﬂumﬂi@rbﬁnutmmtroafahd Yeide,fa@t then
was concentrated, under reduced pressure. The

dﬂefi%%ﬁ?él%%ulf%t? t Theatodveniistamergseynder radpegdaryesshes taéiedithe
ure%h@ﬁﬁ@ef)e E&lf%d\/@g}%htcg{ormaﬁ%?%hyl SAolteJ}leﬁchlell ft%r comrpbetlon of

the ydactiorg dictremaitonhyhixast sy by dirocth! urrifobd bsraﬂash cRoniatapraphiH
NVR (400 MHz, DMSO d6): 10.1 (m 152H), 9.62 (s, 1H),
7.03 (d, 1H), 6.7 (m 1H), 6.26 (d, 1H), 4.48 (m 1H),

Gerfer#lPfoRed i)y, PRepatalidn oBliteas3Td 4 s8rr@PsdiMiorddPan amine (1.0 eq)
in THF or DCM is added DIEA (0-2 eq) followed by alkyl/aryl isocyanate (2 eq).The

resulting solution is stirred at r.t. for 2 h. The reaction mixture is poured into saturated
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Step 2. Nitration: To a solution of
(S)-7-hydroxy-1, 2, 3, 4-tetrahydro-i soqui nol i ne- 3-

W@ 20000xyho ¢ aci d nmet hyl ester hydrochl ori de (1PQI/bHf09/036333
in TFA (300 m.) was slowy 20 added sodiumnitrite
(102 mmol) at 0 C The m xture stirred at 0 C for 3 h.
After conpletion, excess TFA was renoved in vacuo. The
resi due was taken up in DCM (200 nlL) and neutralized
with triethylamne (300 ml.). The m xture was

NaHJ@(Dg sotitict 8, cxea&s® W dthyn aEXEMe ( 20Qrdombaind ce@ali€ryéois O

Triethylam ne (306 mmol) and di-tertbutyl
Wasa%yrrtb SrAE angd doed owes N22Yas aa@j eI eningtedpndes Fskiged ressure, and

v DL ARSI P DR SRR M S B
wat er) to cl eave the carbonat e The reaction m xture
was for 30 The xture was_poure
GengiiPrpck f?afh@ygvm of sEcandaRY amye gﬁf ganpltipa e S%ﬁggafy
armﬂ@?lh@gq Vih DMB &l ARl & alkSPHAIND (P119RIH %ﬂﬁ?@ta@ﬁﬁn%f%ﬁate or

dried over sodium sulfate and concentrated under
soduedicatiomtedls U0 eqtanddhemiiaichs stirredadt eobm égnmirstoreeios2-72 h.

8-Nitro ubsttuteda | ogs i due .was .
Aft%L?PF]prg]&n\ﬂI}I £l 1599 ﬁOBaet MIECHE oaﬁ’atv% Fb E(%QI ﬁ%’ Srgénic Tayer is
Was?@d(@'ﬁﬁ %agérhé’dd Bl Badfer 9vai PR salfhe. Qhé );ol@ént@@re%{dii@ﬂ‘ under

0 provi

redycgyl preskiyrd toadjord g dasied teatiary e whith may b¢ poifiadeby flash

carboxylic acid 2-tert-butyl ester 3-nethyl
Chmm%tggg‘%‘/s g). 1H NMR (400 MHz, CDC13): 10.45 (d, 1H),
7.9 (s, 1H), 6.95 (d, 1H), 5.19 - 4.83 (m 1H),

4.79-4.49 (m 2H), 3.64 (d, 3 3.30-3.14, 9m 2H),
Gen_prg]oPl(ogedlmq)L Ether fogp@‘glgn under Mitsunobu reaction condltlons Toa

s l'ine-2, 3-
solu §)éao?g§m]th-c(l (@y%{%w}iogt(felﬁt% E%I?({/ ol telesr?u%gblhrréelfhyl ester
trlpﬂ'emy&)hstplnmee(d -4 ed)uh lankny dodusiD € Moardideri Nk lsvaeldécBDMDq,l -4 eq) at rt

10. 0 ) in nmethanol 0 was added Pd- 342
to-51’ IGE z%fﬁlweﬁur&}& %Je\gffy %{(} e WeEB wPta Rt apd é%lfr%ﬁg 1-24
h. AR ESRBINES o SHRIECTEH tHeD oML QUERRIIAp DS gh@%hme is removed
pressure). The reaction mxture was stirréd under
frortn y@pbgemmaﬂel apdwongentrated uhder réduchd pidssure &t afifgrdtdesiesl product
f g ter off thr g}wg;h a $a§ of celite 15and the celite
a ef) 85%0%9%%8 PHUE&E BY1 acet at e- et hanol mixture
(1:1, 25 nlL). The conbined filtrate was concentrat ed
under reduced &ressure The resulting residue, (S)-6-

GengrplnRroredyreryx)-slkylafiomyafranilidesiusigMisin el reagtign egmdjtions:
To 4 g(&f 1091 c?fc dan?h(fe% t() g{gtau){(l lggﬁoefr% 3% th Igéi\/l SSH8E Sy\@d%ied

e next ¢ i rpurlflcalon
polﬁn@map@rtednnptﬁensqihssplﬁmﬁ (ﬁdﬂﬁ&ﬁ@fﬁihb@plﬁﬁe d-esqe rEhemealre is

sol uti on of dr ox |Ar(IP4 dr oxy enyl ) -acetic acjd 0
cooﬁgﬁ%mr St (él/)@ng I; @Née%)g@a & MieHEsds prgszat 20 "C -0
°C f@??@ Kn ’l)h Sl thVGR oY tn eergFé“ﬂoPﬁ%EIP ZX e ofiF dfon(cF et

m xture was st roomtenperature for
reacfﬁlbn ﬂﬁh eeaxmom oixuneds figoned @edd th@tcmgamctseuon(:aﬁﬁtemﬂ_@ndam@duced

ted with Et0Ac. The a er was

Do et URTAETH G b PUBBEE P B oD SRy e desired
profRpcentrated. The resulting solid was triturated with

diethyl ether and filtered to provide

[ 4- (3, 4-di chl oro-benzyl oxy) - phenyl] - hydr oxy- aceti c

acid 3,4-dichloro-benzyl ester as a white solid (9.4

g). 1H NWMR (400 MHz, DVSO d6): 7.69 (d, 1H), 7.63 (d,

1H), 7.55 (d, 1H, 7.41 (m 1H), 7.37 (d, 1H), 7.31

(m 2H), 7.20 (m 1H), 6.97 (m 2H), 6.06 (d, 1H)

5.16 (d, 1H), 5.1 (m 4H). ﬁp
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Simlar procedure was used to prepare the foll ow ng
mandel i ¢ acid derivatives: [445, 6-

wo@r@blior7ee pyri di n- 3-yl met hoxy) - pheny1l] - hydr oxyPEIES$1009/036333
acid nmethyl ester [hydroxy-(4- hydroxy-phenyl)-acetic
acid nethyl ester was used in place of
hydr oxy- (4- hydr oxyphenyl) -aceti c aci d nonohydrate)],
[4-(2,5-dichl oro-benzyl oxy) - phenyl] - hydr oxy-acetic 5
acid 2,5-dichl oro-benzyl ester,

Genetal ProRediir@N.0x@d bamydeaxlyéthmel Hydityl¥5i9XYo ae6lutién of ester
acid. 2, 6-dichloro- benzyl este

(1 opmolg 1 GRKBIeA Dy b S ramaTcidrokyisaddd endiedesulting
reacﬁlgﬁ %Q{U}%}%r@g&? % %t;’; f/l{l‘qOR b yArqer co %e)tao/n édéee {elagtlonc rlm ture is
condentiateds meudehized wels B(&hurn bicarbonate, extracted with ethyl acetate. The
org%]?lqz ]&%I‘ng (V%slgeéﬁ)véf e egldglglg 8{_136% Sg ﬁ%l@é{% ar?cp &e%lolgggtelts ¥e|rnoved

und@ﬁx%d&é’edj)r@s&[lalt@ﬁﬁb}aecﬁéwo%w pheny1] - 2- hydr oxy-acetic
acid di chl or o- benzyl ester (9.4 g,) was dissol ved

in 120 nL of THF- et hanol (4 1) and 2N |ithium

GenbbRl BTy Brebirtrion, dFamifes g EDR hblinkrth g patution of

amdélﬁ Feq) TH@ bkt Rand@s rdddieBihe il isldddeEHemid 1 Bt @AFodiekd by

e organic |layer was washed with brine, dried over

EDGbdruiea s@nnfn@t(@ 9-Zem a0dPBENt o e, Thihesagtiass mixalre b $tirgeddor 1
h th%r? hle C?a e is ao'i'\:'le arq@ ana ¥zefi { i@ W er cﬁ%ﬁfjete %qj]lg’ﬁelon the

t
S was ered an xahes

readh@n alﬁlf(@l[‘éjlstdﬁ]lﬁtedeﬁlﬂf PAM IT@usikture is washed with water, with 1 N
[4-(3, 4-di chl orobenzyl oxy) - phenyll hydrox -acetic, acid
aqu?WSﬁalﬂléwn 8f RiClLevith gpfirated agprRup s0l0timr-pf NodBsthageyith brine.

W %qbg%(hg d“%ié‘% %’gliyd]féégs N%ﬁ)él aiko ﬁ%p\trat%i_ﬁyle&sitﬁgrangn. The

resid\d way hé puriifikel pr @panachomatogpaphy. Alternatively, the crude mixture was

4-( 3, i chl.o e 0X ny1l] - hydr oxyacetic acid
CO“&?ﬁ%@GF“&@%“E@%&EHﬁ§5¥l@ﬁ%%%ng m.) and the sol ution
was refluxed at 70 C 25for 3 hours and then slowy

cooled to roomtenperature. The excess thionyl '
GengiraloPioged weesP . rAetareide Nepeotecteoiuc Bol a polegsu paccBingne (1.0 ¢q) in

esi du olved in x 50 nL and o
meth i AT T R A P LT b it dRRGd et e for 24 b
TheMA&HHTs d@m@érﬁﬁtéd%dﬁlﬁ@féb‘ﬁhe 132d'1$solved in DCM and the organic layer is

chl or o- 244- (3, 4-di chl or o- benzyloxy) phenyl | - acetyl

washed with d8%(Maf Qy)soluion indengged died pewrtsofiyr swdfate. The solvent
is re%lfgdezi luﬁgér rQliced pressure to afford the desired amine, which may be purified by

flash chromatography (9:1 to 7:3 hexanes/EtOAc).

General procedure Q: Alkyl bromide preparation Alcohol (1 eq) and
triphenylphosphine polystyrene or triphenylphosphine (1-2 eq) are taken in anhydrous
dichloromethane and cooled to 0°C, carbon tetrabromide (1-2 eq) and stirred for 1h. The
reaction is allowed to warm to room temperature and stirred for 2h. Resin is filtered and
washed with dichloromethane, filtrate is concentrated and dried in vacuum gave

corresponding bromide.
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(7S)-344-(3, 4-Di chl oro- benzyl oxy) - pheny1] - 2- oxo-1, 2, 3,
5, 7, 8- hexahydr o- 4- oxa- 1, 6-

wGoaioaa sr7ent hr acene- 6, 7- di carboxylic aci d 6-terechusan9/036333
ester ClO A sol ution of
(S)-7-hydroxy-6-nitro-3, 4-di hydro-1Hi soqui nol i ne- 2, 3-
di carboxylic acid 2-tert-butyl ester 3-nethyl ester
(3.0 g, 8.5 mml), resin-bound triphenyl phosphine (17
nmol ),
[4- (3, 4-di chl oro-benzyl oxy) - phenyl] - hydr oxy- aceti c
acid 3,4-dichl oro-benzyl 10 ester (13.0 nmmol) in

Synthewss PhEtgrmediatgso ni) was cooled to 0 C. To this
sol ution was added DI AD (13.0 nmol) and the m xture
was agitated for 10 mn at 0 C and the m xture was

-Aﬂimmnyh)&lrbmm;zl -dibydso-tHeipoduinolirie-2 dnticaboatlchdid 2-tdG-butyl

The reaction mxture was filtered, concentrated and

eStelrﬁémFg’é’llﬂﬂér passed over a plug of silica-gel hexanes
-ethyl acetate (9:1). The resulting residue was

nndi ssolyedlli n_glacial acetic acid (65 nL) and iron 15

’ 703nnnl) added. The resulting m xture was

HO @O0 C for Ih. The m xture was poured onto
wat er andlEt OAc. The organic | ayer was washed wth
mater,\g{Lne, saturated sodi um bi carbonate sol ution
and driéd over sodiumsulfate. The solution was
concentrated under reduced pressure to%%ive t he

Stepdb Jistasti cgfl@fﬁdﬁq a supp¢nsicgrafde)- prhydioay- whas.Apairayidetispguinoline-

3 hR (SRS SHTUL B AT S9N ARIN KL PRACRRRYS Bhloric

acid( (Z$)m]3 of 4M(s3]dtod i Bloatte. o 1 2 vh® ¥ie)reqdtion ydiktuze @xOrctluReBfor 4
8- hexahydr o- 4- oxal, 6- di aza- ant hr acene- 6, 7 di car bo

h. i&yﬂ m’é‘uﬁé s goncspiratpdhrgtuspeieded m kgl of MaQH apd hglypchloric

acid G, GEsoflton in dioxang) addegl, The mizture refluxed for 4 b agd was
conﬁan’fr,a&adhmzlahydimaad@r@mel TGe remdue was trlturated with ether, filtered and
a anthrac 6 7-di r c.acid 6- ert but
WaSE%ff with ? hﬁét%%}ive ’Pyd(raxss‘f%ﬁ Wa%rabyé@dﬁw qlige-3-car hollyic
a01dTI!ﬁ'Eth 'Eghro(:ﬂ’lo%llde At @5)1’ ggz N NiRabo 'xJiB]QrW'S@ed@ 10.1 (m,

solu and the resulting
2H) %éat(s dH)n’i 03 (d, éH)a@ éltnt Hﬂ)a@ 24t (d011g), #ot8 (81, H Hahvedl éen2H), 3.77

diti iv of LiOH (2N) was added. The
(34ﬁg%3ﬁ??ﬂ§£%%§&ﬂre stirred at 0 Cfor 3 h. The reaction
m xture was neutralized with 1IN HC1 and extracted wth
ethyl acetate. The orggnlc | ayer was washed with

Stepht-iig atien-i e aleions@fddhimhydrorat le2.3 drigtreydressogeinelingd-
carbgggﬁc\(/ %cqgl H%gngrl F%t;glg%ﬁdg%c}% 3;1‘6? iy oli{nf'@!g )((3 00 mL) was slowly

add&dLsodidn Ritriteq D2 xaholyl atc) 04: ORlge thixbuidistizad ang ta &ﬁ@l’lﬁ ﬁftar
di carboxylic acid 6-tert-butyl ester (1.5 g

complgtion, Eess ity Fe%?\@éé@ Nres- v@:@ée&a@ww& @@Me@OO
I Vv
mL d@lg rféo rrglgzggs%l't ﬁ’lte{h_ R 1né r?ﬁ Eheny xtlire g&;(ag cgncentratgd
diss8hvke xabydd 200ndxYand Cﬁeldd &a@ C Trlethylarmne (306 mmol) and di- tert-
but )%%?Fg%%%%égﬁﬁépmqlggﬁg %%&3% er car arnate %O%Il'aFtIOIbl %a%lcor%%fe?er the
reaciof; i Rfubs RENEYAQXWith nag&rayl%]: hedidteq3d n?L 339’% séiuBoft %@Bﬁé@b"to
0- 4-oxa- 1, 6-di aza- ant hr aceneb, 7-di car boxylic acid
cleage ﬂ@(qar‘tmma‘gel Theteaetion Imgcttm [was §t1grpd atr.t. for 30 min. The mixture was

poul(e 5c?nt0 1 &\I4H&?and ed[in?l aceta’?e The organic layer was washed with saturated

73
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benzyl oxy) - pheny1] - 2- oxo-1, 2, 3, 5, 7, 8- hexahydr o- 4- oxa- 1

, 6-di aza- ant hracene-6, 7- di carboxylic acid
w@2G0enirbut yl ester 7-methyl ester, PCT/US2009/036333

(75)-3-[4-(3-chl oro-benzyl oxy) -

15phenyl] - 2- oxo-1, 2, 3, 5, 7, 8- hexahydr o- 4- oxa- 1, 6- di aza-

ant hracene- 6, 7-di carboxylic acid 6-tert-butyl ester

7-met hyl ester and

(75) - 344- (4-chl or o- benzyl oxy) - pheny1] - 2- oxo1, 2, 3,5, 7, 8
sodrufediaioide dnddne] dedlovt JodnivudaRNBd Qordccttre@d hadat reduced

acid 6-tert-butyl ester 7-nethyl ester. 20Preparation
presgpre to give both nitrated regioisomers (6- arid 8-Nitro substituted analogs). The

rem&\geingﬁglgﬁﬁﬁ V&lﬁl s‘h'lgd géj lcﬂlroﬁla?c?g?My%Wg H%QM Jelhy% agéfé)[e(%ro?n

95:émieahyétraa-eaummﬁm@ldeli(&)zah@mbhymﬁne-sm Tingliloatiasoyinpline-
id 6- 7.
2.3 Peboy DGHd C4onk b T i Bmsuy TGN DR 4400, 5

CDCQ)5464§(d 1H), 79 (5, 1H), 6.95 (d, 1H). 5.19 - 4.83 (m, 1H), 4.79-4.49 (m, 2H),
hexahydr o-'4- 0xa- 1 | aza- ant hr acene- 6, 7-di car boxylic

3.6%4(l, dHB %%}ﬁ-lé@nyQHé,sl B0 (Z9Hpet hyl ester Step 1 :
Et her formation by Mtsunobu reaction: A solution of
(S)-7-hydroxy-6-nitro-3, 4-
Ste;ﬁ.kl (®)B-Andihb I 7SRO RA31408h dﬁr dHCRé A ylinE 2. 3Cdichrboxylic acid 2-
-tert-butyl ester 3-net ester (1 nnDI)
tertthwtqdrﬁétﬁy I3pln©§b’h pster (1.2 mml ) and

25)144 nget%ri;]e%] soiu(flton of %h‘fpoec?erf’(faf ‘)5%/ % %%Ld\a%l Cg ﬁ)%e%?a%t éSO mL)

was@ddddPEU S48 alg) 110 of onastivatc@ddesbnPhiiDihe kesdltammtictidn thixture
the m xture was stirred for 45 mn at -5 C and the
wasiRicgicd uagdresation ghellegrpresirvlat iy TFACHQ thixture afpy stirred
nf c f
S Bl B 00 SRR A% A T064A g
and h)lye «dlitd el gl washbdimithekiryd redtagmaphanolisiixtgre (1:1, 25 mL). The

s-et hyl acet at :1)  to,afford e desired
Comé% i irgts s ﬁoacen@feﬁ lé\g?r- ‘)SﬁiPCF@ RESST W If[%%re%hﬂas rolust (9)-6-
amiRQIUR dRS 4!d11ilydmhlls¢dgm&hﬁlﬁlzai -dRGAJok §1i@5did 2 (1Bt Bkidyl ester 3-
was added iron “powd . The m Xture was heat ed
methyl 8@r @ab oscd30 mhlﬁmexTBtep WLmoutrfdrtbatmmﬂchfeom onpl et e
conversion of starting material. After cooling, the
solution was diluted with EtOAc (30 nL) and filtered

PrepiFrisghf3ubatufid mehddirR defl éstemve the insol uble
solids. The organic |ayer was washed with water

To sepluion ofdwdiaxat(@dhyissadihsryld-actsrietemenphydrase (1012 >4n @CMF (50
e 5 PEA R PP €6 601 YRR SR e TRE) e

mixgiry &ab bgrretestiroed t@ﬁprﬁlhmte fas 3brthemixilre whipsured utte water (250
roduct was purified by silica ge

mLEHWorieegd apEtQRdicn dhyaseanis datch yas avglglte&tvélﬂ( gaigy INGICL, brine,

drle? é)g %zsg Iand cgncenétageﬁ[ C")Frhg r%sgglzn sg}gg)was I%réthl§/a{ d \glth dleth é
cther 3nd filteiBd e patvydetr[d-(3,4ediekldroebabizglpay apiicny H dedox6; aZetnh axad

3Bl berdareo e ) 1 Sk gt By B oy 7.0
121159 768 (&31f¢)3|7 5%(:&1 Hﬁ) 3411(({41 1121507, 7Z6d22H§ dy. 31'(% 2%; 920 (m,

1H)4698(1(ns2H2+€)06 (41 6), (5t16(11H)H)£5 B(Tn(4tH) 1H), 4 13 (t,
1H), 3.60 (s, 3H, 3.05 (m 1H), and 1.46 (d, 9H)
LC-MS (mz) 614. 25Simlarly
(3R, 75)-3-[4- (3, 4-di chl or o- benzyl oxy) - pheny1] - 2- oxo- 1,
2,3,5,7, 8- hexahydr o- 4-
oxa- 1, 6- di aza- ant hr acene- 6, Zldlcarboxyllc acid
6- tert butyl ester 7-nethyl’  ester was synthesized from
(S) mandelic acid derivative. 1H NVR (400 WMHz, CDC13):
9.45 (d, 1H), 7.50 (s, 1H), 7.43 (d, 1H), 7.34 (d,
2H), 7.22 (d, 1H), 6.92 (d, 2H), 6.93 (d, 1H), 5.63
(s, 2H), 5.12 (m 1H), 4.98 (s, 2H), 4.62 (t, 1FD
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(38, 78) - 344- (3, 4- Di chl or o- benzyl oxy) - phenyl ] - 1- net hyl -

2-o0xo0-1,2,3,5,7, 8-
wheooahydpo- 4- oxa- 1, 6- di aza- ant hr acene- 6, 7- di caP@K§100%2036333

acid 6-tert-butyl ester 7- nethyl ester,

(3R, 78)-344- (3, 4-Di chl or o- benzyl oxy) - phenyl ] - 1- net hyl -

2- 0Xo0-

51, 2, 3,5, 7, 8- hexahydr o- 4- oxa- 1, 6- di aza- ant hr acene- 6, 7-

di carboxylic acid 6-tert-butyl ester 7-nmethyl ester,
Slm(1318pr38éd-u3¢44va£ WedtPbehpherthe RglBNhOMyNdddideod deridativeds hyl,6-

- 0x02, 3, 5, 6, 7, 8- hexahydr o- 1H 4- oxa- 1, 6- di aza- ant hr ace

chhl@rorpmlg-éxxlmegl%@} Hh%{]ﬁwdr@gt@etlc aid methyl ester [hydroxy-(4-

hydbg b 3 4o b LMD QiG-S MRN! PHdccRiFRYtoky k2 FE LAY -
pheind xatyrdraordimbdbhgdeetd) ], 6H4di2az dichlot drbacgtvay Y-pharyblehydrog/-acetic
. aci %‘rﬁfth%l esiter . .
amd?%% ichirpibepl GX§E é‘#*&%ﬁﬁl%wrﬁd?egleﬁxﬁﬁi“ﬁw@ hydrgry pgetipcid
2,6- a{mﬂ&ro%&}ﬂ eabiC 4363 th%twﬂ 1%§§, heﬁﬂrﬁ FOXRLacegkid 3-chloro-
(R dICh or o- benzyl oxy eny ]- hydroxy-acetlc
benasdledterrmm% -(eshlero-Y@aylbxymphonyljerydrakyssotiv edd #reh8Go1benzyl
‘ DCM resin-bound triphenyl phosphine (33.6 mmol)
ese£\dded and the mixture cooled to -20 C. To this
solution 15 was added DIAD (25.2 mml) and the m xture
was agitated for 30 min at -20 C. The m xture was
2-Chlayoet2y (403 dishlore-bearyloxy-phenyl]acgtydghlerid¢ for 1.5 h.
ion mxtyre was filtered and concentrated..
gl due was di ssolved in glacial acetic

. @ 60 \iegted to 100 C. Iron powder (336
was added SAnd the resulting m xture heated at
00 C for 1 h. The m xture was poured onto water and

t OAc. The 20 m xture was brought to - pH 7 wth
Sters DATsWR/GEFIBRAt B[4- (@wm&m@mts‘enléﬁyﬁy) [Yl@ﬁqul-QLlﬁ%Qir@we&cetlc acid

sodi um sul fate and concentr at he res

3, 4-dicalore-dengyl msteri @rhg) was ﬁléi’*Ol‘éfﬁjdntlﬁ@ mlg e%EHF rm@hwl (41) and

N %@“&g El ?er - xycg3 bon? (gdrﬁatno %%Eﬁ{gf%fcigkgyﬁg& eRT S girred

at rdodn mydtmylﬁhphlwmﬂ:ﬂturamqmaredﬂdtdwm HC] 20k Fe@ A0 [ahd 4{e0
01rge%(n,€i:’Z %n ergﬁ%lwzk%gg t%g)lrlcr:lea rlle% or\rfeeltr Eoy iun? Smtll a{te (a?ld7conc):entr|5tce:d N%he
residwl of Rk RN ¥ Yxﬁﬁﬁ‘h‘?a@ mdm %H! Redmbd Rlded b gived sbrid AR Blid

ro- benzyl oxy) - phenyl1] - 3- ox
wassﬁlzbrdi myidvuhed-lwb:hrhz&qnbs 44 d’ﬁmdnlm &esyrdd prodogti [4A(B &-diclildro-

benfSoR iy (b iRt Rk Ramdtricar nboMT bRz
DMK d)engd pnasnhy 8 (1427 frrrthkq mm ﬁctﬂfv‘QH)T@% (anzmr)r 8.10 (s,

was cooled to 0 C and Di AD 2 nmol ) “added.’” The
2H)pit R (- Hlas agitated for 10 m n at 0 C and the mxture
was slowmy allowed to warmup to r.t. and agitated for
16 h. The reaction mxture was filtered, concentrated
StepPNUANERIDAEGE Prepaiition] Te M-B/edichildrb-Gangedxyhohamashydroxy-
- et h% Ztacet ate

8-2) to afford i 0
acetiag)aid( “Bé@éé@ﬁc’ﬁ‘@b%ﬁﬂ%@p )3 ey sopution.vas ratleediat 40 °C
for %_ﬁ%l)?(fg 'Agé( {f%ﬁ)é?\l )\;ﬁ? %5'%1%% E)Oerr?gﬁl[ t?%ﬁﬁ'frg;c(uég.i "l;]he s}s thlo p}lctl)ﬂnonde was

remaeédumiet redhceigiressure( #hOragj)duc BHs dissolved in DCM (3 x 50 mL) and

concentrated under reduced pressure and dried under vacuum to give the product, 2-

75
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15NMR (400 MHz, CDC13): 7.51 (d, 1H), 7.44 (d, 1H)
7.31 (m 2H), 7.25 (m 1H), 6.96- 6.88 (m 3 H), 6.74

W@ 29092H)700 5. 63 (s, 1H), 5.03 (m 1H), 4.98 (s,PQhYs2009/036333
4.58 (m 1h), 3.70 (s, 3H), 3.41 (s, 3H), 3.05 (m
2H), 1.28 (s, 9H). (S)-2-tert-Butoxycarbonyl am no- 3-
{(S)-2-[4-(3, 4-di chl oro-benzyl oxy) - pheny1] - 4- net hyl -
20

3- 0x0- 3, 4-di hydr o- 2H benzol[ 1, 4] oxazi n- 6-y1} - propi oni c
chlo6-2d/4n@14yichlesd-Bénzl #x9)-gllepfisacdg P tiitbadd @U arebich iaB@sed
eneral procedure Cto provide (S)-2-am no-3-

w1tl{oclsgur‘rchgqp1€r 1cation.
di chl or o- benzyloxy)-phenyl]-4-nethy1-3-oxo-3,4-dihydro
- 2H benzo[ 1, 4] oxazi n-6-y1} - propionic acid nethyl
(7S)93-t[4&-l(3 hglﬁcbbhb-benzi&é@)ﬁ)lg)lyl]-I2€inMSl,2J$iSz7,8 Hik&ahydro-4-oxa-1,6-
3, 4-di chl or o- benzyl oxy) - phe

dlaqﬁ, aqﬁgfe 7Id1§aél%3£ gc &L]@I éw -jutyl ester
Zdnbenzo[l 4] oxazi n- 6-y 1} -propionic acid nethyl ester
a hydrochl gride (7.2 Dl ) was suspended in 120 nlL of
Ioroe ang d par affdr mal dehyde (9.4 mmol) and TFA
dAThe Lesyding mxture heated at 70 C
he m xture wag concentrated and di ssolved in
t hyl am ne °8 mmol ) and di-tert-butyl
dlcarbonate (10.9 30 nnDI) wer e added and the m xture
stirred at roomtenperature for 3 h. The m xture was

A seJonereaf (Sit/ o deoxy- -(puortiof3, ddlilydee-1&4- ﬂsoq;an@eje& 3-dicarboxylic acid

2y ST Snefi By P § S o Bouad fihenyphosghipeg 17
mmol) epaa(lzxydm@hlér@tsarzgdo&yyipma]nﬁﬁﬁ@ge&t%u@ adid i épéircbléi‘d%érfzyl
acid 6-tert-butyl ester 7-nmethyl ester g4

estef 41560 Hpo)) M@THE (41, B mLy H)as cpo],gpdt 8, Cafp, tZIly sglgtipmyvas

addéﬁ’%&AlZ) (13 9 &éﬁa %’_%%th% rg%t Er\xza% E%nat%aﬁ@g%? Onid %m R afrd e

mixéiré 84 sl34113( ahlovedd) to v&rﬁhp(ts r.t.34d, agButet¥of $6 h3Hhe reaction mixture

3,22-3.11 4 d 9 3S57.9S5)-3- 14-(3
was fiteggde ﬁplgﬁegtrgeg and the ressl;du(e passeEDovelg a plug of silica-gel lgexar(les —ethyl

acet%f%z@I lzxﬂle | %]reslddmmdlrssgf 5Qn§l%1a§ ’ag’etl% R %gll')d?fng iron

-4- a- ant hracene car boxylic
powelet €70 -naoly Iad@sit éthe?fesrrl%tnrtgymmemt avas (hdat2d g 1000°Cfas 1h. The

. rotecte er procedure C. .
i PG A RO T RCar ST (o dsatNRd with water
brine 2R RRRY So BN R PBShatcToBuRALURA USicl BYE! soWRth WamRe drid solution
Et OAc and the organic |ayers combi ned. The organic
was| caywaWén@ddrneé@ed\peerS@mﬂ@ give hd deatred preducto A gwmruéﬁt prgduct

was gl By i s e hepy by R RIS el asetpio 7:3) o
afford¥78) BXpi=(B,HdidhRZRb &y vk n?y. R&ryT-Z-3%8axy3 5.0 samxdhy@bf%xa-
ester (3.4 15 LC 528. NVR (400 Mz, CDCL3):
1,6-diagg-a Qijracg).q) 6 7731qa4b(p@lhc fp.;)d 6- lprlzlglt]g],ﬁsteg ﬂbmethylzq;te(m 6g). LC-

68 2 6. 69 1 6. 68 1 5. 64
MS%WZ’)fZﬁ 4(317 (I;) 2H) | 4.(83 (rl_nb 2H), 3.(§9 (?? 3H) ,
373(m 1H), 3.40 (s, 3H), 3.09-2.90 (m 2H).

(731“%&/#1(?6)3[ 1eflorg-hegzyloxy)gteBY d-2uaiz P 8xy ) 8 prEHy d1o-4-oxat iy
diazh-etiiOne.o0-dicabiitc ®R o-terrbutyl ester 7-methylester (L6 g) was
dissabied 16T HEFmetbario) (4:¢ s2EmLY,- st yiimdasderxiddNidRit{oh0Q. ikl ) was

add%](a:nél_ﬁ)e re%ﬁ%r%é r(eﬁ?til'o?_ﬂnx %ré 3\61_ gt'ugécﬁ%t’nq JCZE%SI,S(I?Wg%_%%?dﬁit%OJhaI

5.18-4.83 (m 1H), 4.96 (s 2H), 4.65-4.36 (m

ZFD 3.64 (m 3H), 3.40 (n1 , 3.23-3.03 (m 2H),

1.48 (d, 9H)] and (3R 75)- 3/ 4-

(3, 4-Di chl oro- benzyl oxy) - phenyl] - 1- net hyl- 2- oxo- 2, 3, 5,

6, 7, 8- hexahydr o- 1H 4- oxa- 1, 6-

25di aza- ant hracene-7-carboxylic acid nmethyl ester [NWR

(400 MHz, CDClS) 7.49 (d 1%0, 7.43 (d 1H), 7.29 (m

-_— o~ A P — ~1 N ~ N~ A1 N P —
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WO 2009/ 111700PCT/ US2009/ 036333
(3S,7S)-3-[4-(3, 4-di chl or o- benzyl oxy) - pheny1] - 1- net hy1l
WO 200080760 ( 1S- 1- phenyl propyl) - 2, 3, 5, 6, 7, 8- hexahgmU82009836333
4- oxa- 1, 6-di aza- ant hr acene- 7- car boxyl i c acid and
(3S,7S)-3-[4-(3, 4-di chl or o- benzyl oxy) - pheny1] - 1- net hyl
- 2- 0X0- 6- (1R- 1- phenyl -
propyl)-2, 3,5, 6, 7, 8-hexahydro- 1H 4- oxa- 1, 6- di aza- ant hr
acene-7-carboxylic acid 5 CI
equ{v10f3[10HD(2N) Ry hjidde Menesulass pheparsttted BOMPC for 3 h. The
hen%ll propan-1-01 foll ow hg general procedure Q and

reac@gg dnig Wéi)%ﬁ%railﬁéi with 1Y Iégh%)éibﬁ;fgacted with ethyl acetate. The
R O S SN B i
remenet vhdearddoxyd prﬁssm_a k;cd gﬁtch%—l([f—éﬁ4{elnch4(|§ioﬂ)egzyld)&y)€i)(l)1mr‘i;§!)l)Z 0XO0-
L2480 %ﬁ%gr@ U o Al ofhon %1101@2&&‘%&%@ oster

(15§Dtg(ppgg%g@qxﬁ0 40 m xture of methyl esters of title
I ds. These conpounds were separated by col um

chronatography on silica gel using hexanes-ethyl

Sim?l%F I%rgtcezef{ugqs ;v%%rgt}lgedotg ﬁ)ﬁﬂa&(\%«f fglh)ézﬂg)g ﬁerlva‘uves (75)-3-[4-(5,6-

dictidro 3 1A%8o 8y )(phenyli]-Rhspyl 2 BVSOPS'—'L]}:xahydro 4-oxa-1,6-diaza-
152, 8- hexar;%dro 1H 4- oxa- 1, 6-di aza- ant hr acene-
antlva@aﬁﬁo&@llcﬁrboadwoac o+ 1-butyt @&terﬂzmgyhymtwm Sp-Bold-(réz

dlcigg%géae}n n%/lo?a)lph(egyl.}-?:%m I ?[él)% ’f g hgﬁa dI‘07 %)?(a- 1562 é}éga?'hntﬁg)cene-

6,7-8tdhrbody e 4&d 62bﬂ)twbu€’yl éﬁel( ’mneﬁfﬁ estar, 8778)(31[4 OZI‘.B dicBlob&- (m
ben%mxmm)henyllﬁ-g q;qql—'_%) 2_|395 7 &-hs)gah(yfiro @ﬂ)(a-lén@laza anthf%lc_:gne 62 7-3

dlC&)%/Q&_xg/ﬁo c 4ok 63%%%1({531 e%feg W%Hétﬁﬁh%;ﬁ%?{@g -96Y X3 RABRY B 0%

X0- 6 enyl
phe2yl3-250x6~ 172 8; SHE&-éhbya(ﬂnydfolHoﬁa-O}@dliz&ﬁ&tdhﬁﬂﬁ&%’ﬁ-hl[@d&nghé’ acid

6- teF@,ala}ngx%; rB?t ersrt%tr I;J].Xé (7983t e{4-&19ch'}/osro (brglzgloxyg p%enyl] 2-0X0-
1,2 §%57 g. ﬁ%xa%zl[iﬂ) 4. 8xdt1 GLEAN Q5 RnRENRYE, RAYoarTIRGRY ddid b-PRIAKA ester

2 oxo0-
7mpﬂneh§dt@rpropy1) 2 3,5, 6,7, 8-hexahydr o- 1H 4- oxa- 1, 6- di az
a- ant hr acene- 7-car boxylic acid 25nethyl ester usi ng
general procedure N provided

Mntion)of 336,48 &&:ﬁur«hélﬂﬁﬂrb d -2-0x0-1,2,3,5,7,8-
Pref) erﬁg)?i { EEne*t%yl[ 5 0XO0- 6- ?y xﬁ)%henyl] OXO 2 3§75, 6
Q

hexalyy(yn w&r@azwuﬂyygm dmag yllc acld 6 tert butyl ester 7-

me@l Q@SENEGBR, 7 LN A Qi AT b IRy L fhéyi)-$3%0-1,2,3,5,7,8-

hexahydro-4-oxa-1,6-diaza-anthracene-6,7-dicarboxylic acid 6-tert-butyl ester 7-

methyl ester

o b

77
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Simlar procedures can be adopted to furnish
(35,75)-3-[4-(3, 4-di chl oro- benzyl oxy) - 5phenyl] -1
WO p@bhyl70®- oxo- 6- (1R- 1- phenyl - propyl)-2,3 ,5 PCT/US2009/036333
, 6, 7, 8- hexahydr o- 1H 4- oxa- 1, 6-
di aza- ant hracene- 7- car boxyl i ¢ aci d.
(3R, 7S) - 344- (3, 4-di chl or o- benzyl oxy) - phenyl] - 1- r net hyl
- 2- 0X0- 6- (1S- 1- phenyl propyl) -2, 3,5, 6, 7, 8- hexahydr o- 1H
4- oxa- 1, 6-di aza- ant hr acene- 7- car boxyl i c acid and
SteplIO (E@l%rf@)r%@zﬂa/f-lgﬁz Mégudblﬁh)re@&ﬁbrb@nzcuht@waf(g‘henwal}oxgz g-figdorB ,4-
0XO0-
dlhsﬁirr@qdﬁll)w@l@olgleé #dg@mwy avid 21iprrdhugl ester d=rathylegsten  hpmol),

trlpl?eqlgib%ogph%?er @O%%%{r% ) a?h‘a 9\% (RCS (3. 34308 20: b%mpx%g) oéﬁ%ﬂgﬁ A droxy-

are r opan
acetgeen;md aiethyt otadu rl&n@o@nﬂ DﬁMd)vets@:opreé pare’d.hEo thig $cdution was

75) - 3- 4 3,4-Di.c
adda@ﬁ@%ﬁ;ﬂ éiEJljﬂRBﬁ‘@i)Wﬂ le‘t‘gFEt“f‘?*ﬁ ftﬂ@e%t%a 45 mingt & °F andfbg SHyture
wasq;mmyalnawees@o \Jva@n 915 azlat amtnmcwq W - &ﬁ&%ﬁﬂlétﬁ)n%ﬁf'ﬂ%

ester (6.2 g, mmol ) was reacted with
reacllobrthermlmptﬁewys cmnogaraéed(ﬁ(d theraisiduamas Natd@BbY Slicargell cplumn
as descri bed ene ced oht ai 60: 40
chrdiiagpipahor e bipieasial wBhR B S ofoldiod il sthe?
conpounds were separated by col um chromat ography on

silica gel using hexanes-ethyl acetate.(3:1) to 20
Stert YrGicdipation reaction: To solution of above ether (~1 mmol) in glacial acetic acid

(5 II(I;R oM gg’cz &%n &gwﬁer%gl %nngl O % REYLRY S IRARD%A ko dc TG M.

0XO0-

TheZF 1R, mdfcatcd@hd edrablséwd@n&hlslén@xamﬂu@-rdatarzar NTtch caslane thé-
carboxyllc acid neth est % 1H NWVR (400 MHz"
solutiprr gy dilyted pvithgEtOpg) O ltej_q.ci)t ropgBg.ppd i celie taggmove

VYA (M e
sodl@m catbdnatcsohBiond | xFA)mL B.baide (s 3BHL), d%ie]i@eﬁ@(dl'tﬂm Ridfdte. The
solugj)n 3vag c[)grce(}_llgate% uag?egﬁ%‘psd Breéﬁgg qu)él;’ ﬂ%l}%ﬁ]f/&f grodlgcs‘; aégblr?own

oil. ﬂllﬁ&hhé’ ﬂ;ro%u@%@as%uﬁ% R io}z@hﬁg Ykr Mlﬁﬁﬂ[ #romatography using hexanes-
hexah oXa- 1, 6- di aza- ant hr acene- 7-

ethyi acetmws i tosafTeuld (ﬁa& P9F3-Eb{%4- dLo@lqub@mﬁc)xy)@henyl] -2-0x0-
12,858 B Xl p g Gr dinpesprebpesns i T ipretonels A £-preipd oser
7-medyP¥Rerf70%$) ' HINMR (400 MHz, CDCls): 9.45 (d, 1H), 7.50 (s, 1H), 7.43 (d,
1H), 7.34 (d, 2H), 7.22 (d, 1H), 6.92 (d, 2H), 6.93 (d, 1H), 5.59 (s, 2H), 5.12 (m, 1H),
4.98 (s, 2H), 4.62 (t, 1H), 4.37 (t, 1H), 4.13 (t, 1H), 3.60 (s, 3H), 3.05 (m, 1H), and 1.46
(d, 9H). LC-MS (m/z) 614.

Similarly (3R,7S)-3-[4-(3,4-dichloro-benzyloxy)-phenyl]-2-0x0-1,2,3,5,7,8-hexahydro-4-
oxa-1,6-diaza-anthracene-6,7-dicarboxylic acid 6-fert-butyl ester 7-methyl ester was
synthesized from (S) mandelic acid derivative. "H NMR (400 MHz, CDCl3): 9.45 (d,
1H), 7.50 (s, 1H), 7.43 (d, 1H), 7.34 (d, 2H), 7.22 (d, 1H), 6.92 (d, 2H), 6.93 (d, 1H),
5.63 (s, 2H), 5.12 (m, 1H), 4.98 (s, 2H), 4.62 (t, 1H), 4.37 (t, 1H), 4.13 (t, 1H), 3.60 (s,
3H), 3.05 (m, 1H), and 1.46 (d, 9H). LC-MS (m/z) 614.
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phenyl - propyl) -2, 3, 5, 6, 7, 8- hexahydr o- 1H 4- oxa- 1, 6-di az
a- ant hracene-7-carboxylic acid nethyl ester using
w@emenal70pr ocedure N provi ded PCT/US2009/036333
(3R 7S) -344- (3, 4-di chl or o- benzyl oxy) -
phenyl] - 1- met hy1- 2- oxo- 6- ((S) - 1- phenyl - propyl )-2,3,5,6
, 7, 8- hexahydr o- 1H 4- oxa- 1, 6- di aza-
ant hracene-7-carboxylic acid. LCM (mz): 632. 10
Simlar procedure can be adopted to furnish
(SR 75) 344 (3 4-di chl or o- benzyl oxy) phenyl] -1
1R- 1- phenyl - {JI‘ , 5
@3S, 7§) $ [g (ﬁ,éxlam}mrg ppy!omgplgpn@ 1- methyl 2 oxo 1,2,3,5,7,8-

hex%@ﬁé%—%ﬂ&\naﬁ gfzz %nﬁ@ﬁgér?]féy({i? gﬁ%ﬁquyj,lc af id 6 tert butYI ester 7-

memyl ektem(SR(,US)BS{[M3 4¥D'idhlocb1-lben13dexy)(fmenﬁ]apmlathyl 2-0x0-
terification: solution o

1,2 5@7 hF’&a‘B’ﬂS% ‘H‘ﬁ‘éh fhaz: %‘EPFWFB)@VCQ&%WEWH& Gstesfsputyl

L e R e e A L

2 3,5rj6x7t,8rheXMdroddlI-é{oxaﬂ,(f-drazz-aatllrazeheamammo ariddmethyd ester,

g Bl ni BB eh T LRG0T dfbros 67

hexahydrdt BH-A06kaCP, ammatﬁhﬁﬂaceh&h chrbdxyHcU R methyl ester
phenyl) - 2-tert-but oxycar bonyl am no-propi oni c aci d

nethyl ester (25 19 was used w't hout furfher
( %/359. tep X W
@ A Z Otert-

onyI am no- pr?él oni ¢ ac d ester (

o) t ol uene (2 was added® Lﬁ
4- cyanobenzeneboronl clacid (105 mol ), Pd(PPh3)4 (3.5
nmol ), and 1N Na2CO3 solution (105 nlL). The m xture
was heated at reflux for 7 h. After conpletion of the
reacti on, the aqueous bayer was atr ai ned. T|he or gani c®
wals wash \Afth 10% amg N HClo T ORQaARC
u e di uty sufPfate A ‘ i

o _afford the

%url fied by colum

(h < Et 0Ac) to provide O

(S)-2-tert-But oxycarbonyl am no- 3-(4' -
(S)-3ayrubbotdxiyplrboyylaming)- (AbhxactrbmyrB alim«z-iphem;é) -prpbioast aid rnethyl

este£ éf%éﬂ)%%oé) ancci ([f@ [gl r& El)dlé?}ﬁoro benszlo y)- p%eeg?l\j %ydroxytacetlc erd

metﬁ es?er 9318 nﬁkﬂlp%)é&&ﬁ@@méh%UB@HTL%KECNPY@E}Q’%Menyl 4-y
ropionic acid meth ester

(18.
trlp@télw stie(3B 6l mmmi)m@dgémtéb npxmfe@sv?@ te- ?-Q) Gr o itldesolution

wasrhig PR TES 2 abtoR U IRARBRIEENY s oSG RiRg 2036 e

mixriZ waPMO@IE Bllowddl t6 IvdriSo r3 H)nd aéla&Ql fof . 54i'|)The7regc310(1dmxture
EI%?S?dZH) 4.31 (t, 1H), 3.54 (s,
wasfpiergignd ognegntratedp  Besigeiliag fstdac u\@édl%lvieﬁ @p%la@alt?ﬁ@tw acid

|
oA PPIEN BLERLE S8 N NES ke gt
mixfet hydteeatt 190,"CHyd o chihcomixdee wWaS)podred onto water and EtOAc. The

mixture was brought to ~ pH 7 with sodium carbonate. The organic layer was dried over

Cl

sodium sulfate and concentrated. The residue was treated with diethyl ether and the
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30

15am no- 3- (4' - net hoxy- bi phenyl-4-y1)-propionic acid
nmet hyl ester; hydrochloride, (S)-2-
W@ri090130q 4- pyri di n-4-yl - phenyl) - propi oni ¢ aci BCTES1999/036333
ester; bis-hydrochloride. (S)-2-
am no- 3- (4' - net hyl - bi pheny1-4-y1)-propionic acid
nmet hyl ester; hydrochloride, (S)-2-
am no- 3-(4' -fluoro-bi phenyl-4-yl)-propionic acid
nmet hyl ester; hydrochloride, and (R)-2-
res@ﬂiﬁgn@-haﬂl‘&red%ﬁa%béd)ﬁﬁﬁ)dile-tl‘ﬂylyéﬂh)er o BpiEBi(S)-aedrel met hyl
ester hydr ochlorid

Butpxgjcathopyh arr@yoa%r{(@r%r[fb@ﬂ dighjorp-bengyley-phgayl(-3-ox0dit-Hitydro-
A S G o 1%%%?5 SR S A
Bocaci d net hyl ester; hydrochl orl de ("Internediate A")
(S)-7-hydroxy- 6- nitro- 3, 4-di hydr o 1H i soqui nol i ne- 2, 3-
di carboxylic acid 2-tert-butyl ester 3- nethyl ester
(S)- Qﬁer‘l B?i%?éy):a%%lmgfo@ YESS. Flnﬁ @Qféﬁio?&i b¥Yﬁ xy)-phenyl]-3-oxo-
-2-am’'no- 3-(4' - cyano- bi phény1- proplonlc acid
3,4- dfhythyd 2Iésh€em[@5]€8<5zmﬁ3yb} -rmogiondi angi mcthgben;mr &9.5 mmol) was

dissPlafi F g)iﬁﬂﬁjﬁjc@gﬁ% 835}?@?931(44);131@1) and resin-bound

mplaia@tﬂh@gp{ﬁ@ @ayhm@1)RYA sGRIE B MPcLinixfard Yehis Q¥ Y8 1610 PC @nd DAAD
dro-1Hi soqui nol i ne-2- carboxylic acid tert-butyl
(148 gm@pl) @ddel. g’[jhe rmxture was agltated for 10 min at 0 °C and the mixture was

f y
sloZHIRS A i o SEVE PRLPUBABIN 14 T diagrion g wpatered

con@Bnlﬁdede fthd I%QG,LM: plﬁﬁfﬁddi&w%r sitiad- @él)ﬁéb(aﬁ?es a@thtg}l iRkdte @sll)ytb afford
ester was di ssolved in Pd/ C was added

(S)-grigrt cha& améa@tmr?r aPuinkfets: AoﬂWM%‘?rbﬁ%Zé%@‘dP -ghgjryl]-4-methyl-
3_0%8/?[4?%%%5(2 B&zo%ﬁﬁ%@ %} E\Ld@kgﬁg%dacon eﬁ%t%gt(g(? %)'o H
NMBr @00 dH#, §) PGB fibcd31 H).S).42d, 1H), 7.31 (m, 2H), 7.25 (m, 1H), 6.96-

688 U R e T, 561y e Ot T A0R 08k, & AW AR o s

3H)1§;|4q2§)qm)npb5§ﬁ gqfqrzkgggyj}lc acid tert-butyl ester
which Wwas used W thout further purification.

15(8) 6 am no-3-[(S)-2-(4'-cyano-bi phenyl-4-y1)-1-neth

)P SRR RS 2t G ichlorosbeptasyphenldgpethyl

3-0kB U=dibkdrb- 288 b&iz0[114]8RaAMNBLY) i¢Hi S 8Qk ViRehyil Bster as
Et OAC, hl}‘.‘ilo L vvatze§ a!nd 15 gy}ég%)?um bi car bor?ate a(gliage%fw

deprategiidarcgonding tp ganerml grashdee 6 9amoviio i8))2-phaey] (Rceidy(3.4-
. |
A0 TR0 B S B 0850 R g

proffionit aeidanghyii sstek ﬁy@belﬂ@n&ﬁs v s hedMs hz)atiene, dried

over sodium sul fate and concentrated. The resulting

resi due was d| ssol ved in 5 nL DMF and pot assi um

9%9 hi 10K % ph GRELA- BRI 5693 Bldin
) %a; ?(3.5<) rH\/T\gls? Sﬁgg%yoon? e?ﬁ@l g%e@aﬁe&g)%f dihydro-
2H Watzetl 4]'6hezm>|6g3d}npcopmsc dmdembtlayi@steo}nymrmlﬂm@ﬂ Zbhremol) was

susggga%cg{ljlgl)Z\ﬁ,targL g? a{?H?goeﬂ%{l% ran alra%:orrn%F(ieh)gdeh(%xéfsl ol ol) angyllFA (20
mL%( @d‘eaﬁ rhSteséhing miA RPN §0YE-dr 1) THe MBLRR XS bR QAW ated
and 25e0lvgd oalPb¥hoYridthBaindnc((3] A-miinohlapd di-rehbutylodgarberenil0.9

= 2-0X051,.2 5,7, 8- hexahydr o- 4- )
mm;ﬂl?éﬂe:{? %q%ﬂé‘?iﬂé?n’?lﬂ‘?% éﬁlér?%‘i‘tchP%l&?&}P?%mé%fO& 3 rEhcgpHre was
ester (931 ng). LCGMs (mz) 862.
(S)-3-(4'-Cyano- bi phenyl-4-y1)-2-({(S)-3-[4-(3, 4-dichl
or o- benzyl oxy) - phenyl] - 2-0 ,3,5,6, 7, 8-hexahydro- 1H 4
- oxa- 1, 6-di aza- ant hr acene- 7-"car bonyl }
-am no) - propi oni ¢ 30acid nethyl ester hydrochloride
(740 ng) was prepared from (S)-7-[(S)-2-(4"-Cyano-
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bi phenyl - 4-y1) - 1- met hoxycar bonyl - et hyl carb anoyl] -3
4443 , 4-di chl oro-b enzyl oxy)- phenyl] -2-oxo0-1,2,3,5
WO 20084 hss@hydr o- 4- oxa- 1, 6- di aza- ant hr acene- 6- CPCT/US2009/036333
arboxylic acid tertbutyl ester (900 ng) follow ng
general procedure C. LCGMS (mz) 762. 5 Alternate
Procedure to Prepare Internediate A Step 1: Am de
coupling: To a solution of
344- (3, 4-di chl or o- benzyl oxy) - pheny1] - 2- oxo-1, 2, 3,5, 7, 8
concd’h@ﬁ&&h}éﬁﬂ @udfied over silica gel (hexnaes-EtOAc) to provide (3S,7S)-3-[4-(3,4-
-1, 6-di aza- ant hr acene- 6, 7 S) - dlcarboxyllc acid

dlcféorpéqepzxiew)rph@grléﬂ r(lgthsl ?on%? > Ok qz@hﬁ@maf‘d@eadl 6-diaza-
|

antkfr@eﬁg 6321%1?%;@ lg;raocc or | gﬁt@?%@% 7 ’ esgéi%bg: gﬂ\@ﬁ'(%O

MHnn@Dms)amdl DI EA)( 540 (dimi)) 7.0 dmt 2ie), (123 (a, & H)RG 98 (1iny 21d)]

68 g BH0-5- 0 SO held OxB Al 0158 Db 65k (. 5. 3.1

(s, XL 52G(EAHY § bo. @tlhcfhl agR! piS(d, D, Or gani c ayer was

washed with 10% so |un1carbonate and dried over sodium
sul fate. The solvent was rennved under 15 reduced

O IR G e onray Syng ST e SRy T L A 8o

oxalDCAiRe £ hAMecER:- éﬁfdiéaﬁ‘b&@‘hc derl d-Rat-RitPddRt 7-methyl ester (4.2 g)

WaS(dﬁpr%qﬁm(dogoﬂpwmg@eml p@\;e@uﬁ@t Hdw iy drosbleyide é@lh‘y%%i%%dﬂvlth
10 ‘yyseghgéhéaﬂbq&régrang BA%.r ?[%% eo%)sq%ln? { Xzalhegi émﬁloEtbAgc and the

exa oxa- racen

orgdad h@mlcbﬁlba@dd The bfgabi:ttlyﬂferﬁ%ﬁfdr(ea%zfef@)dlurh Culldee §id 2)
862. 20 Step Boc-Deprotection: To a stirred

congttigted pfﬁvu%erﬁ3§ T2hrdé- @ér%&#&r@bew@whﬁwlbbwq@l -2-oxo0-
23,67 AREAAR0 AT o Ll MBNRRL 32 iplyid BB FRAGH o8 3.4
)Dﬁbh/fS(m&r)ﬁQ&dNW@OOrM@llzc@ﬂ)CM)egsmr(é 119), prid\i del), 7.29 (m, 2H),

7238 11057 65 () 29 AR M or WD - Iy 4 8 eng - 503 (.
2}D0399% %}glgzzognFﬁfg?£g§q§b22?9éﬁ???“ %5% no) - pr opi oni c
acid nethyl ester hydrochlorlde (.758 g) as

sim Atk 8By R LR R it ) TR e by e85 722,857

hex%ﬁlylfalkd afoxﬂflo&ﬁﬁﬂaﬁ afthFRYnd6, 7UE L4 1R 2E1A3T-Rrittiyl ester 7-methyl
ol1owmn

estef [NM%@S Mg, (13§133- 748 (@éﬁ(ﬂ-ﬂﬁb frhefly.17.28 ¢y 213, 7 21 sy, 3H),

688 G S Gl O APLS RN TR AP 2B st

(m, aHh§4 §m,-FH, BGI)(m[ BH), 31330816, PEY, MY @SEY];and (3R,7S)-3-[4-

(3 Ach S oz D et Pr9%0n2. B S5 icpaydgo-H-4-oxa-1.6-
dlazgdinﬁﬂh&ﬁlg 7b@c1?|§§ééyg5 ﬁ%ldmﬂﬂje]stegm (%06 1\?[*19 C7D§Bt5' eXad é’dj 1H),

S1H4-
7. 43a(ran; HR el e, B mmym} THN6RT) (npr6Di @68 6s, aBl).d.626hyH), 5.62 (s,

hl o (,S)
1Y ARG B Bt 78 CEE) 68 m Sk Fb 26082y P8
Wer&( ntﬁ?&%ﬁﬂon?-g )ifﬁ’an%ieﬁ@ 208 dériBiive.
hexahydr o- 1H 4-oxa- 1, 6- di aza- ant hr acene- 7- car bonyl} - am
i no) - propionic acid nethyl ester; hydrochl oride,
(S)-2-({(S)-3-[4-(3-chl oro-benzyl oxy) - pheny1l] - 2- oxo- 2,
3,5,6,7, 8-
10hexahydr o- 1H 4- oxa- 1, 6- di aza- ant hr acene- 7- car bonyl }
-am no) - 3- (4' - cyano- bi phenyl-4- yl1)-propionic acid
nethyl ester; hydrochlorldeg1 and
(S)-2-({(S)- 344 (4-chl oro-



10

15

20

25

benzyl oxy) - pheny1l] - 2- oxo- 2, 3, 5, 6, 7, 8- hexahydr o- 1H- 4- ox
a- 1, 6-di aza- ant hr acene- 7-

W@ 200000704 - ami no) - 3- (4' - cyano- bi pheny1- 4-y1) - ppCpUSML036333
acid nethyl ester; hydrochloride. 15Preparation of
(S)-3-(4'-Cyano-bi phenyl -4-y1)-2-({(S)-344-(3,4-dichlo
ro- benzyl oxy) -
phenyl ] - 1- et hyl - 2- oxo- 2, 3, 5, 6, 7, 8- hexahydr o- 11- 1- 4- ox
a- 1, 6-di aza- ant hracene-7- carbonyl t-am no)-propionic

(3S38)-9- [mBhydlclﬂSP@beMMh@ﬁquiﬂ théthyl-2roxeds-atse1 - Bhenyl-

75 4- (3, 4-di chl or o- benzyl oxy) - phenyl1] - 2- 0x0-1, 2
propgls-g? S,Q, %kqﬁ\}wﬂ@ AHOA}(-gxq_-I@_ diaza-anthracene-7-carboxylic acid and

L ef
(5 98PA TR UPRPE M FNRRIL S Aol 8 Rl lin T
prop9l)-2,37%:6]7)8-hexahydr &3 H-4-08la-116- ﬁﬁzmnmbelﬁe%-icmFHmehdacid
triphenyl phosphine (9. 8 nmol ) yas added and the
ture coolbd to 0 C To thisf solutlon has added il AD
‘ e AT gHe® S :
: s sl
I P : 2 4 h. TheYT ea
' ] concentratﬁiijnd thelvesidae purified o
S|I|ca gel hexanes-e acetate (7-3) to affor
(S)-3 4443 , 4-dichl or enzyl oxy) - phenyl ]

-1-net hyl- 2- oxol, 2, 3, 5, 7, 8- hexahydr o- 4- oxa- 1, 6- di aza-a
(1-Bromedvepmd)- éenzﬁdv Bay prsrycd droat | -@hent-wrenapui-gi fOBQW@tg general

prokg I Qg ERATh sttt 8 bRl ey Ry,
ben@mxyb Iﬂl,eﬁylﬂ'}ﬁm&hhle)(-ahy-dw 6;7(®xlexahydro-1H-4- oxa-l,6-diaza-
6-di_az -an .hracene- 6 dlcarboxyllc acid

antlgaqe@f—;ﬂ %;qy g a¢id rrnefhy]fé‘@tﬁg,ﬁ Qg Hr {ngn@) W§s kA ragted with 1-bromo-
1- plﬁé Zﬁ)‘?{)})‘agg 661?11@3’1:)'% b §64) rﬁmoﬁglg g%gc*rlbgd B %énteﬁ'l PBcedure K

e sol ution
to obtaaud 60:AQ nmietact (Dfanethyb(dswmoﬁma& aidsr rTéldseactonQ)o@nﬂ&)welE h.

The reacti on m xture utr I|ze
e R A e A B TN RN
furnd@shed with brine, dried over sodiumsulfate, and the
sol vent was renoved under reduced pressure to afford

(357833443 ichlDbochiney lox epfiph Bty eplibaytp (it el -y 2popy)-
23 38 B DR Bl dipr B Bl g 0B Cer .0

HNMRMOGMHZI@@EP 7P10dp1Ey, 7.45 Sd 1H), 7.35-7.24 (m, 8H), 6.88 (m,

3 4-Di chl or o- benzyl oxy) -
2 aa g H G oy 11> Abs 181, 3. oK) Hebde iy AF- %8B T 3.62
(m, 1) 2% &4 Ps[‘ﬁﬁS,%%%”@;ﬁq)h.l-z.gl(m, 2H),, 2.3 (m, 1H), 1.8 (m, 1H), 0.53 (t,
3H); and

(3S,75)-3-[4-(3,4-dichloro-benzyloxy)-phenyl]-1-methyl-2-0x0-6-(1R-1-phenyl-propyl)-
2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-carboxylic acid methyl ester LC-
MS (m/z): 646.

Hydrolysis of (3S,7S)-3-[4-(3,4-dichloro-benzyloxy)-phenyl]-1-methyl-2-0x0-6-((S)-1-
phenyl-propyl)-2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-carboxylic acid
methyl ester using general procedure N provided (3S,7S)-3-[4-(3,4-dichloro-benzyloxy)-

82
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15di carboxylic acid 6-tert-butyl ester 7-methyl ester
may be renoved to provide the conmpound Internediate C
W@ 20t ex7pedi ate C'). PCT/US2009/036333
(S)-3-[4-(3,4-Di chl oro-benzyl oxy) - pheny1] - 1- net hy1l- 2- o
xo-1,2,3,5,7, 8 hexahydr o- 4- oxa-
1, 6-di aza- ant hr acene- 6, 7-di car boxylic acid
6-tert-butyl ester (2.9 g) was coupled to (S)-2-
20am no- 3- (4' - cyano- bi phenyl - 4-y1) - propi oni c acid
pheﬁ@ﬂ-mMhetﬁﬁlt-f—bxdi%Ct(S))ChbHéﬂyd-@rdpM)EQ 85,6 8 hexdhygrad erer-ata-1,6-

procedure A to provid

dlaZ@synﬂrtam@ﬂ-garpqulwwob& MRy 4331) - 1-
nmet hoxycar bonyl - et hyl car banoyl1] - 3-[ 4- ( 3, 4- di chl or o- ben
zyl oxy) - pheny1] - 1- net hy1- 2-

Similxoprbe@iuBesTard b8 atieptadhsodinenigh GSa-S);36Mdi3akz dichlotdibacgivay b

phegst 1 1o -Br ol R DR VIOrG)) ok o BRI [ ovac1 6

dla&@n’ch?ac{eﬁ@h' c?arlg& ti€ ¥&no- bi phenyl - 4-y1)-1-
nmet hoxycar bonyl ethylcarbannyl] 3-[4-(3, 4-di chl or o- ben

zyl oxy) - pheny1] - 1- net hy1- 2-

-1, 2.3 8- he a dro 1, §-di,aza- acene- 6
GRS BBl g AR e gl ey TPt Fl GRS
pro rﬁS 67, @ﬁ@a@h&ﬁr@lH@nk@l(ﬂlﬁﬁla -ahEhradéhe-7-carboxylic acid and
Cﬂﬁéiri "Benz yl oxycar bonyl am no- 3- (4- hydr oxy- phenyl) - 2-nme

- [dr Gpt- dwhbradiedzyiexﬁyphe@s’l]elrmemlé o-or(1 11 -plienyl-
proé@-& %g'.g@ hg’xa&-ygr i%xg Iie()ng]ﬁ&a %n[ﬂé‘t&@%ﬁs PG Ql%o%agg %Iad

4N HCl in dloxane (1.¢8 L, 7. SCnnDI) and the antUKE
refl f or_4h : er t letig
rlflcajlo ot 1f4h aporat
RSN §uph\{or th

TS FS T
(S) o no- 3- (4- hydr - pheny1l) - yl - propi oni c

acid nmethyl 10 ester rochlorlde in ethyl acetate
(25 nm) was added 1IN NaHCO3 solution (12.5 m.) and

(1- E%Ijaﬁlo rélgﬁf FeRie ;% Heggreﬂ %’tﬁjy%bh@rhrl %’?%Jaﬁnlt oltf%[r?\‘g.fr% 5%59&11

or theaddition o at benz formate
progduik. (Q)ﬁ&d]used&o PEeparethy titl&odbhpavindg (&Ri,d Sh BeH; (3#4HRichloro-

1 xtur for tional hour;
ben e AT A oS 2o -t -Giove Gaa -
antlﬁQdEBE St Qrbok e Ty ey 1 \WeRr RAJ L 1 Iﬁﬁfé@ %Qeﬁd?@d @ftH 30r6mo-1-
phase was séparated and dried 15 over Na2S

pheedniopans @ednohed Nabidéyip0 duaal) swedesersted id |g¢mrall 1y0¢qdure K

to op & SHEFHIFRLS AREbHGTIAS oo aeBb IS rSPnds wereo. m

sep@hidane solubndbrexyBBRPNY dn iliod gélﬁisﬁlg&ﬁ:b(&leﬁ&&m lac@SEE3:1) to
20 To a 00 solution of the crude

furnish) - 2. benzyl oxycar bonyl ani no- 3- (4- hydr oxy- pheny1) - 2-

oS LR O o T o AR 0 -
2,3, 5 ol Slhex:hhb&rot- THfkoxa- BeHdyadniadthr{ b8 7 darbokEc add edeitlon ester (2 3
o) T God8Baz, . CDCly): 7.51 (d, 1H), 7.45 (d, 1H), 7.35-7.24 (m, 8H). 6.88 (m,
2H), 6.72 (s, 1H), 6.62 (s, 1H), 5.64 (s, 1H), 4.98 (s, 2H), 4.13 (m, 2H), 3.80 (m, 1H),
3.63 (m, 1H), 3.56 (s, 3H), 3.38 (s, 3H), 3.1-2.85(m, 2H),, 2.15 (m, 1H), 1.65 (m, 1H),

0.65 (t, 3H); and

J
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stirred at 0 C for an additional hour at which point
starting material was no | onger 25 visible by TLC or
wWO.HMB1170the m xt ure was quenched wi th of sat urB@BUS2009/036333
NaHCO3 sol ution. The m xture was partitioned and the
aqueous phase di scarded. The crude product in DCM was
washed with water (30 nL), dried over Na2SO4 and
concentrated to furnish a brown oil. The crude
triflate was used as is without further purification.

(3S07S)-3 94 BepzyitiospcEsmbployy) BpticnoH 3-héthyt g dR0-0o( 1RA E@Ménﬂﬂoydpyl)
| -propionic acid nethyl ester In a

t hr
2.3 %@e&%&ew ydve- 1 doyspltr dW@ﬁﬂﬂlééf%W@@ﬁ@éﬁaewdmhyl ester LC-
]MSZ%%§ jghe crude triflate (609 5 ng, 1.28 mml),
anaophenyl boronic acid (226 ng, 1.54 nmol),
Na2CO3 (350 ngy, 2.82 mmol) water (1.41 nlL) and totune

Hy e akT GRS S B AT 60 TOFOT-0 RGN goparo-(S)-I-

phehyTERSYv1)-€8. 94.68- he'})tghoyme-)lH-éT %ﬁaﬁcﬂ &hﬁk@&ltﬂﬁée&eﬁ‘—@%bﬂglc acid

foor an additional m nut es. he m xture was heat ed
methyldster nsing ggeamal proced@sre@y pfcomde@l(SR'mSé-SF[ée(éﬂi dinhloro- benzyloxy)

phef et Eiovme oAy skl prw)&%ﬁ%ﬁ SR TR Swste

diaZa€ @thta@h ol ¥4 Mb Ly 1R € oot -AdlS (/3R ent termer ature and
partitioned. The crude product In toluene concentrated

and purified by flash chromatography (7:3

BRI GERoRE OB B SIS

pheﬁ}bﬂ ,l-rﬂetﬁﬂ y& Hko-%l‘d)lR l7pﬁk51y( fﬂrop&l‘))Z 3 5,6528-{1@§ah dikd) 118-420xadl ,6-

9 (s, 3 , 3.52 (m 152FD 3.23

dlaZ@dantlgp.ﬁene-l c@gqughc gcqib
(S)-2-Am no- 3-(4' -cyano- bi phenyl-4-y1)-2-nethyl - propi o
nic acid nethyl ester

(S)-B-Ambh 2N(T'hey aporhiipheny1-d bd)-prapieit adidanethgl esterd-hydtavhloride
(475 ng, 1.11 nnDI) Jas di ssol ved in 20cycl ohexene (fw

= 82.15, p = ¥°N0. 23 nL, 2.23 mmol ) and et hano
(100§¥k, Sol ution was added Pd/ C (48 ng) and
t he N¥xt as degassed for 30 minutes. The m xture

/Mbs heated. 2t reflux (74-75C) for 4-6 hours, at which
poHHt startlng materi al was no Ionger detected The

Stepcgaqcfeé%gﬁﬂo 0 4 sola ?oncgfo(g‘)a'-g-(ﬂ I'ﬁjlrognlol- eny -2 t-trelrrt-o ugh
butoxycarbonylamino-propionic acid (72.6 mmol) in DMF (50 mL) was added DIEA

H

(145 mmol) and methyl iodide (363 mmol). The reaction mixture stirred at rt for 2.5 h
and was poured onto EtOAc and water. The organic layer was washed with 1 N HCI and
10 % sodium carbonate, dried over sodium sulfate and concentrated. (S)-3-(4-Bromo-
phenyl)-2-tert-butoxycarbonylamino-propionic acid methyl ester (25.1 g) was used
without further purification. LC-MS (m/z) 359.

Step 2. Suzuki coupling: To a solution of (S)-3-(4-Bromo-phenyl)-2-tert-
butoxycarbonylamino-propionic acid methyl ester (70.1 mmol) in toluene (250mL) was
added 4-cyanobenzeneboronic acid (105 mmol), Pd(PPhs), (3.5 mmol), and 1N Na,CO;

solution (105 mL). The mixture was heated at reflux for 7 h. After completion of the
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washed with ethyl acetate. The organic | ayer was
concentrated and the residue was purified by flash
wa@toarmi7ethr omat ogr aphy (gradi ent el uti on with BEB082009/036333
ethyl acetate in hexanes) afforded the purified
product as a white solid. 1H NWR (400 MHz, CDC13):
7.72 (m 2H), 7.66 (m 2H), 7.52 (m 2H), 7.28 (m
2H), 3.73 (s, 3 H, 3.18 (d, 1H), 2.86 5(d, 1H, 1.7
(bs, 2H), 1.42 (s, 3 H).
reac{u%ﬁ thShqubds (agerdwhi ¢hined 0The byhieXygs-viedzaeydth 209€a,L(% and
5,7, 8- hexahydr 0- 4- oxal, 6- di aza- ant hracene- 6, 7-di car

1 Ntlr& ITihe oxgande w2y diad ayist yodiwaselfaty apg geuesryrageg upder reduced

e SRR TR FIE RS G5BTy cotn

chrafppbgmnyii)] (hzyém;:eaElOApEt@rﬁiae gﬁg)l)ﬁmtdBotroftym‘mnlylegzl?grdz(al—

cya b PRRIS HRPICP SO SIS SHE (1 By NS B85 er
(S)-3-[4-(3, 4-Di chl or o- benzyl oxy) - phenyl] 2-o0xo0-1, 2, 3,

5, 7, 8- hexahydr o- 4- oxa- 1, 6-
Step15 di@amalaaﬁmuad emdabiate: diSe-artoButoxy cabody 16 miirer-8-(4erygho-

oinf G Dedenie iR T DERRET fopesied 24l iRbers
proétﬂﬂre dpt@‘?ﬁlte (3)-248#6b-3 -Ehl'ecyﬂhd-'blﬁh@n t4- &%)_%Qo;ﬁémﬁ abid th@hyl

t he n1xture di | uted he "or gani c

esef abﬁéifoﬁ‘abé@ﬂd@a(éﬁécg)w EAMRN BN ABOSRrS Bb bt 7.90 (.
fied
gl WP LR AN o 6 4R 2% 20”5 o

to 30 % to prOV|de
(3S,75)-3-[4-(3, 4-Di chloro benzyl oxy) - pheny1l] - 2- oxo- 1,
Slmzlalgprgce;dugcs%qgﬁmt@ prengxcthg fglowing biphenyl aldnine derivatives: (S)-

G e R A

amiesBdH’ 1(118th6xg—)31ﬁh€nj>\l/81 - NApzYpidid8 acill kh MR e(stéﬂ(hy?sl/l'dz:hlorlde (S)-2-

aml{%?g (g I‘ldi;n %—4{ ny%rop@ng: a(cHi' rngawl 67566‘}%@ s?li%dl q?hior?deg?% 2-

arn1£1§ 3 (lﬂ'l)neth@ Q@héﬂs}l 41ﬁ) Fré}m&n@ adid QﬂBthy;l ter; %y@ro(:ﬂbrla@b(S) -2-
arn13¢-|)3 (41ﬂ5)rpd)1p1®h[yl -4- yl)zfgoplnmczale@d rnelhyl- e_‘ste@ lrdrodigrideQant (R)-2-
amig 55 Iy B biphenyiat wamprip e e BB REH T35 0- 1.

2,3,5,7, 8-hexahydr o- 4- oxa- 1, 6-
dlaza anthracene 6, 7- dlcarbo lic acid 6-tert-butyl

(S)-34# €y uo- RiphangRy-yD-3-66Pr It (3 4-dichlpro hgnzyloxy)-pheskyl]-3-oxo-

t . -

2’3’%%8‘2%}‘?%@59)6#%:1@@5@? Gy abbh DY bR HilBina)-npgpionic
acid Meti3itlester’;. IBUroenlodit (“Iat@nfemiate”) 6. 76 (m 1H), 6.58

(s, IH), 5.62 (m 1H), 4.8-5.1 (m 1H), 5.0 (s, 2H),
4.6-4.35 (m 3H), 3.05 (m 2H), 1.8(mZIH, 1.6 (m
3H), 1.5 (d, 9H), 1.26 (m PRH), (0 (m 9H), 0.4
(g 3H). .0 Qﬁ/o
10[ 3S, 7S).- 344- ( 3, 4-Di dhl of o- 4

y| oxy) - phenyl] - 1- net hy

0XO0- > T 8- N

hy 6- i aza- ant hr acene- 6, 7-di car boxylic
ci d rt‘%utyl estel 7-
( B; R) - 2- |sopropy? 5-nmet hyl - cycl ohexyl ) ester
3

S, 7S)-3-[4-(3, 4-Di chl or o- benzyl oxy) - pheny1] - 2- oxo- 1,
3,5, 7, 8-hexahydr o- 4- oxa- 1, 6-

cl
a
(
(
2,
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15di aza- ant hracene- 6, 7-di carboxylic acid 6-tert-butyl
ester 7-((1R 2S, 5R)-2-isopropyl-5- nethyl-cycl ohexyl)
we@2ien1x780 0 g) was N-nethyl ated accordi ng to gRECEDS1009/036333
procedure Mto provide
(3S,7S)-3-[4-(3, 4-Di chl or o- benzyl oxy) - pheny1] - 1- met hy1
-2-0x0-1,2,3,5,7, 8-
hexahydr o- 4- oxa- 1, 6- di aza- ant hracene- 6, 7- di car boxylic
acid 6-tert-butyl ester 7-
(S)- 17 (hlyﬂi:o&@(ﬁﬁ)tro% 4~ﬁﬂ@ﬂﬁpyﬂz-1§cwqmmdmylh ¢y gicatboxylic acis 2 -eérz-butyl

estef éﬂaﬂel%l c3ien 3 hm@g VRS b}f@fol‘yéﬁ& ndoseypled ey )2 1amigp Ry -
cyadf Biberdy1 - gh-Brobidiig acid methyl ester (5,85 mmol) pocording tg eneral

pro@ducts & drelr A tdpitoylde€S)-84 (S)-2-(4'-cyano-biphenyl-4-yl)-1-

1R 2S, 5R | oh t
e e AL e I LG
carb%x?b;@ftcgd geg?%%éé@é&z 1th 4 xajsfoduedandtifeagensi-car
methdRc2dobR)etRylcabpmoyly-1- lfydrmctykﬁfmttwblﬁl@iﬂ@dyd) lensequnQdJm(e -2-

car‘t%%yﬁ?la%qgl\l- 863&%\%};4 %%)er(zéﬁlcgg gvrag s olved %%\r)[e{)la—f pB/® \%gsd all'l({(f%d and the
mixhfte ét%‘ré’dé u@lﬁfgggﬁk@;l kf)%!;@%ﬂ; g%ﬁ}dﬂ@@&ﬂfbl]l h 1 MREURY Wa L fiRked thrdugh
celity ashednyif WeBHEAS] FOGhcsmelsosAniisteddp arosideci-Soumigp-3-((S)-2
(4'- cgl%%g rl:)lp(7h:4?1)|; £ S[) q&]ﬁéo%i%%%% %grg-ﬁthyfca{{%}nﬁ ]-’ﬁM}g(lrgx e—@ﬁ-&lhydl@-

1H-SodShoknd- ﬁ-—-cérfﬁ)oﬂyl[al i &Et%lbﬁrbmek X060 gpWBit wlas used without
- 1- met hyl - 2- oxo- 2, 3, 5, 6,

furth@ierdRgRto- 1H- 4- oxa- 1, 6- d| aza- ant hr acene- 7- car boxyl i ¢
acid (1R 2S,5R)-2- i sopropyl 5- net hyl - cycl ohexyl ester
hydrochloride C

(S)-6-amino-3-[(S)-2-(4'-cyano-biphenyl-4-yl)-1-methoxycarbonyl-ethylcarbamoyl]-7-

hydroxy-3,4-dihydro-1H-isoquinoline-2-carboxylic acid tert-butyl ester (1.75 mmol) was
dissolved in 5 mL EtOAc, 10 mL water and 15 g sodium bicarbonate added. 2-Chloro-2-
[4-(3,4-dichloro-benzyloxy)-phenyl]-acetyl chloride (1.93 mmol) in 5 mL EtOAc was
added to the mixture. The resulting mixture stirred at r.t. for 1.5 h. The organic layer
was washed with brine, dried over sodium sulfate and concentrated. The resulting
residue was dissolved in 5 mL DMF and potassium carbonate (8.75 mmol) added. The
reaction stirred at r.t. for 3 h and was poured onto ethyl acetate and water. The organic
was dried and concentrated. The residue was purified over silica gel (-hexanes-ethyl
acetate) to provide (S)-7-[(S)-2-(4'-Cyano-biphenyl-4-yl)-1-methoxycarbonyl-
ethylcarbamoyl]-3-[4-(3,4-dichloro-benzyloxy)-phenyl]-2-ox0-1,2,3,5,7,8-hexahydro-4-
oxa-1,6-diaza-anthracene-6-carboxylic acid tert-butyl ester (931 mg). LC-MS (m/z) 862.

(S)-3-(4'-Cyano-biphenyl-4-yl)-2-({(S)-3-[4-(3,4-dichloro-benzyloxy)-phenyl]-2-oxo-

2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-carbonyl } -amino)-propionic
acid methyl ester hydrochloride (740 mg) was prepared from (S)-7-[(S)-2-(4'-Cyano-
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(3S,7S)-3-[4-(3,4-Di chl oro- benzyl oxy) - pheny1] - 1- net hy1l
WO 20005 0r700 2, 3, 5, 7, 8- hexahydr o- 4- PCT/US2009/036333

oxa- 1, 6-di aza- ant hr acene- 6, 7- di car boxyl i c acid

6-tert-butyl ester 7-((1R 2S,5R)-2- 15

i sopropyl - 5-net hyl -cycl ohexyl) ester (3.7 g) was

deprot ected using general procedure C to provide

(3S,7S)-3-[4-(3, 4-Di chl or o- benzyl oxy) - pheny1] - 1- met hy1
blpheﬁypx-@-})zl &e&o&ygarﬁonyl ethylcarbamoyl]-3-[4-(3,4-dichloro-benzyloxy)-

hexahydr o- 1H 4- 6- di aza- ant hr acene- 7-car boxyl i c

phenyi-d-qxoR . 28,554 hQXa}hé’éi?r‘ﬂrW*l B- 1ﬁﬁ"ﬁ}ﬁhm€%r%ﬁ@l?9¥yhé§t°@rteﬁ'
but’?%%,r ‘?%% g‘i@ﬁ%‘ﬁ@%ggﬁ?rgﬁg edhlg%/ oxg)2 MSh P et hyl -
7, 8-

2-0x0-2,3,5,6,

hexag dr 9- 1H 4- oxa- 1 anthracene-?-carboxylic
Alterpatg {% ,%S,t%%epﬁrelp@gﬁ?% \ 5- et hyl - cycl ohexyl ~ester

hydrochloride C O

5(3R, 7S) - 344- (3, 4- Di chl or o- benzyl oxy) - phenyl] - 1- et hyl
Step- D-Aowidle Lo@plBigh, 7, 8- hexahydro

To %soglét?qnlﬁ 64| (% égfilgﬁ ?Cen?oz@) gpsnl_y %gé( Bi j f 5 a/cg lqexahydro 4-

oxal mafaewﬁrhﬁacaﬁatbytsw&ir@&@mIabld%kﬁtbdtﬁ Rted]2. B\/ﬂﬁnol) in DMF
de rot ect ed u5|q&_ general procedure Cto ErOV|

WaS(aéFteCV@) -23arpipo¢ B(AcranonbiphaLybéridy piorioni pethyl estest hy 1

hydhoc)T(lgoHﬁa fZ §TEE]§I) OI)’I(éTI_.LI (% 8 Cfnmol rgt]RIrEaAc 5.0 mfnol?iarbdot)l(le lrmxture was

stirr@@ ifek XHRAE& &B)plé’udrﬁﬁhh@w&ucﬁr sdi@iﬁ&hha’lhom}t @EQ'NEKMI was added
ester hydrochl oride , LOMS: mz 652)

and theqmipdyyrie yvas crtiacte v |66wéa<5‘é%§ y%@(gl)gaﬁlﬁé%ﬂyvﬁw&éhqﬁlwuh

10985 %%g&gha‘cé 2R (1 NP Qéfc]ﬂ}m%u R Gth s&v@ﬁz}@%g&gvéﬁiﬁier
-oxa- 1, laza- ant racene- /- car oxy I Cc aci

reductRpESsibR}o &ford olpr apidke; Ghiok M’ay pudfied ofthxilica gstt @droramdgraphy

us1n%§ﬁ<z‘§48%w)4c b G Vs 1 26501t g red PERRR (S)eT-By-2-
cyan&b%h%nﬁﬂ yB- 1%%&63(9&%@%%%9%&091]as?-fir a-hicaReae-

car boxylic”aci
bengyleRphsmyl]-2- QXQObZ O y1.8-Bexakytyd-4ps -0 ifedipra-aghracene-6-

cart3 g g0 st Gt uEnl] o Sa0E e AT KAT 16 it aza ant e
acene-7-carboxylic acid (2.6 g, 4 nmol) in DVF was

treated wth (1-brono-propyl)-benezene (15 mmol) and
SteiNAHRooaPaBoterit . The mixture was stirred at 40 C for

o ¢ 8hed PR i RS ARURSE 05 Bl Blov PXHF68dadd I

HCianidexahe areel). Thiee feesucdueamea @t fdone@nmpéeiturs ifbd L s h.
( Et OAc- hexanes- DCM TEA, 0.5/5/4.5/0, 02% to 8rovide
SolYeglg e Ign?\zp_dcgl ar oppgedgrressure to provide (S)-3-(4'-Cyano-biphenyl-4-
) 0% G( _
yl)- %3%@@; [%?ﬁ(é,f 6@%2&’%&&1%%%5?%1#&1]%&@2 6(s,7 5-RAedrs RH4
oxa4l, ®@dmzd-abthdicaza?-aatbongl¢ enend)-mapivoicydcicmathiybester hydrochloride

(750 o BidtoRiRig A0 %%gg abigndin ety R fulthel
man(éﬂ.llat;dibs Ltl@@@% 7.33 (m 7H), 6.98 (m 2H),
7 (s. 1H), 5.65 (s. 1H), 5.13 (s.
455(m 1H), 4.20 (s. 2H), 3.9 (m 1H), 3.55 (m
1H) 3.38 (s, 3H), 2.95 (m 2H).
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102.6 (m 6H), 1.15 (m 1H), 0.95 (m 1H 0.9 (m 2H
0.8 (m 4H), 0.7 (d, 3H, 0.65 (m 6H) and
W@ 3®9/151)70B- [ 4- ( 3, 4- Di chl or o- benzyl oxy) - pheny 1] PAF/b#1009/136333
- 2-0X0- 6- ((R) - 1- phenyl - propyl ) -
2,3,5,6,7, 8-hexahydro- 1H 4- oxa- 1, 6- di aza- ant hr acene- 7-
carboxylic acid (1R, 25, 5R)-2-
i sopropyl-5-nethyl -cycl ohexyl ester (230 ng). 15
(3R 7S) -344- (3, 4-Di chl or o- benzyl oxy) - pheny1] - 1- net hy1-
Slmﬂaﬂm@c&iu(re(sS)la}ﬂ-deMtlyd) picpmié the BI13whHinterBetiakaly)ds-04' Lvano-

ant hracene-7- carboxylic acid

blplzem égl)s% {(§) ﬁ%ﬁ? épmhl@mri@trww 3oyerthpeRythcagt2roxend
D A B R b
ac1d2t§-iéRﬂhzléesdsie|§ah§&ir@chraiba(?fﬂ-fﬂ-aszarmleblﬁhmlt bq»é)ﬂ-:( (:(SZ?I—[? -(2,5-
dick@zm bﬁﬁﬂls%@zlph'@%?l 2r gﬂ? jﬁgﬁ?mﬁffa ?Qnﬁééwf dirar hy1l
antlirdceX9- c%rﬁbn?l}ﬁarﬁmg) B%M@ﬁ&& E&eﬂl}@%ﬁerﬂ- h9d1‘3b1§6ﬁd@'(3j1§5{‘@'-

ene-7-carboxylic aci

Cyamq-b@ha@'l%ylwt(ﬁ(s()ﬂ}b@ @mwhkmwmty@m@hmyan&om@ 5,6,7.8-

e R S S e B
esteyd Hyhrd%hﬁﬂae (\@%}ab(e{es)vg [ﬁ(%@ﬂ@forbé%ylaﬁy) ? -2a6%b-2,3,5,6,7,8-

concentrated. The residue was gurl | ash

hexelhidsmlotypagyhy- QIWXWBEI@NCCM anyl}- @mmspbﬁr(élhcyano biphenyl-4-
S
yl)- rﬁgionﬁ acidln ‘Eh&?ej_s%g ro%fl(?r(l%? gd tﬁi@%{;@)&é h]Qm3 5 6

benzﬂo&)klﬁ%ﬁﬁ}’-dfcﬁmlﬂﬁ,4-69'/)§&héxﬁrydro 1H- 4 -oxa-1,6- dlaza anthracene-7-
5di aza- ant hr acene- 7- carboxylic aci.d

car@fyi}z@nepe)ﬁﬁr%w Bire0E-ArEhRyenienje peH axsihyl estes hyqiqchloride.
NVR (400 WHz" d6 acetone): 7.68 (s, 1H), 7.58 (d, 1H),
7.45 (d, 1H), 7.33 (m 7H), 6.98 (m 2H), 6.85 (s,

Prepidatiof. of §S)-3-(4'1Eyandbiphens;4-¥H2-({B5)IR[4-63,4-Akdhlord-Ixhzyloxy)-

1 21 2 3.85 , 3.56, 1H),
phe%?h—)-@DgthY%QXé%é,@r?-hml}WWd%?ma-kgﬂléﬂ%@a%%%
carﬁ&ﬁylﬁ'jﬁl’in%)aﬂl%p{dﬁc 4dill netRyl(efter Hliro@&3ad PIntbnedfhtd B7)

(d,” 3H), 0.64 (m 6H) and

10(3R, 7S) - 3-[ 4- (3, 4- di chl or o- benzyl oxy)z¥bhenyl] - 1- et h
y1-2-0x0-6-((R)-1-phenyl - prppyl)
2, ? 5, 6, 7, 8- hexahydr o-

boxyl iC aIC| d 1R 2S,

aza- ant hr acene- 7-

N ahexy ter (1H NMVR (400 MHz"

NHm), 7.59 (d, 1H), 7.46 (d, 1H),
(R 6.94 (m 2H), 6.88 (s, 1H), 6.54
; 5.62 (s, 1H), ©6.09 (s, 2H), 4.61 (m 1H)),
4.28 (s. 2H), 3.86-3.74(m 3H) 3.55 (d, 1H), 153. 38
(s,3H) 32130(m3|—|)1 (m6|—|)1 -1.1(m
(h (m 4H), 0.79 (d,
(7SB$.ﬂ4 (3)46120 (pfp ‘t@pgcyloxy)- enyl] 2 “0X0- 1 2 ,3,5,7,8- hexahydro 4-oxa-1,6-

diada %fhr@eng 6('5'511?}{1% gfl(%p J;Wg@%é‘ﬂ: b&ty{'ggt&yﬂ'm%th% gstgr%% }Q%nol)

andglglad'my)ﬁ(%% trhoty wx@- dlssﬁ}vréd az 60 ailt hCHL eResin-boamidooxyl i ¢
trlpl?e(illy ph%gpdhnges(% 87mrno?) was added and the mixture cooled to 0 °C. To this
solution was added DIAD (9.8 mmol) and the mixture was agitated for 10 min at 0 °C
and the mixture was slowly allowed to warm up to r.t. and agitated for 4 h. The reaction

mixture was filtered, concentrated and the residue purified over silica-gel hexanes—ethyl
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20
Hydr oxy- phenyl) - 1- net hyl- 2- oxo- 6- ((R) - 1- phenyl - propy1)

W0 2009/151760 7, 8- hexahydr o- 1H4- oxa- 1, 6- di aza- ant hPE/ES®09036333
carboxylic acid
(3S,7S)-3-[4-(3, 4-Di chl or o- benzyl oxy) - pheny1] - 1- met hy1
-2-0X0-6-((S)-1-phenyl -propyl) -
2,3,5,6,7,8-hexahydro- 1H 4- oxa- 1, 6- di aza- ant hr acene- 7-
carboxylic acid (1R 2S,5R)-2- 25

aceﬂafeqpmwhff&dmspyi[éucy ald@mdmlbeasyleiy)(@ﬁﬂymcg)mmgxl 2- oxo-

di ssolved in 10 DCM and cool ed to 0OC. Bor

1,2.8:5 7c$rh@%%haér0c%0ﬁ{1 61%@04&&@%@%@&#14@%&9&510 Had 6&@@@&@1 ester
t gat 0C for 3 hours. The
7mrgn&g% %@%ﬁ@c%ﬁ%ﬁ %)e and treated with
wat er / sat ur at ed sodi um bi carbonate until pH 7. The

(S)'gggt(ggeptﬁ r(z e oy g*)lg ?ra tfglqttlg{} ?O%gﬂg%ng&% fElﬂag%hydro 4-oxa-
1,6-8RPRL G LR IBAL cﬁca{rgé(}%ﬂlc%fd% i lﬁﬁixélcb\é%? Zsfﬁ%ﬂr@s%" (3 .8LFwas

and concentr at ed provi de (3
dlssﬁb/hé iy THF imetbarny 14 2 txols- ZN@thlmmﬁh@mﬂldqoman) (43 BLbwas
6,7 hexahydro- | H 4- oxa- 1, 6- .. o .
addgg) é‘ﬁt@r{{eﬂ’rl%%geﬁécuf’nc%%%ﬁﬁ a5 gtited ff O fe gt TR wRstiony 2
mixfféivas neutralized w1th IN HCI and extracted with ethyl acetate, The organic layer
(3S,7S)-3-[4-(3,4-Di chl oro-benzyl oxy) |Iohen y1l]-1-net hyl
was-wasgsdwgh (o(lﬂy dp.egwgglysodpm pylfate, and the solvent was removed under

reddeed B?esg 1 $a& g?%%g-[gg} Iél_l' Fgllcglo?ol%enzypoxy)z Sﬁe%%hf A% ?—2-oxo-

car boxyl'rc aci
1,2, Sppg-ﬁégﬁhyﬁm%bhaﬂl M@iaohﬁmten%% El'dlo(aﬂﬁﬁyli@écm\lﬂaert-butyl ester
d| ssolved in 10 to 0OC. Boron

29%®)i ERI-MS @e2) 3 4T, e iﬂmcwm qfdﬁ) ﬁﬂ%é%dﬁl@&bor%henzama

1t f
P S s Ty e P gt S
dicapbaatib avidtoetertriutyl eptldr 7-mebyl estds mialy bt ucraoweaso prdvidecthed

thre tlrre | .acetate-THF (9-1) and organic
compay Fc'i}%éedwﬂ %S%ﬁerég' organi ¢ 15l ayer were

dri ed over sodi um sul fate and concentrated to provide
(3S,7S) - 3- (4- Hydr oxy
(S)- ﬁﬂé’r@&})Dmhm hslmzymxor%ph@y(l]f RmethypiZeono-1,3301¥.8)he ety d8o-6-oxa-

Loy A TR SRR B SR T ot e 8 MEerRledp 492
amifld- 4)(;1 -cyano- 4phenyl -4-yl)-propionic acid rneth ester hydrochloride (1. 5 )

(3R 75)-3-( dr oxy- pheny I%dl 3/1 2- 0X0-6-((9S)-
follgnsing|seperahypyedpraAgo gropid: (S2F-[(S)-2-(4'-Cyano-biphenyl-4-yl)- l-

metﬂc‘? Q%‘Jg& %Ew%@?ﬁg %gl@-[ﬂ-(%adlé‘i%%r RGP0 -SRI e fhy1-2-

oonyIlB 6205{8 -[hbﬁhydl)o- 4-oR® [BydiaZr-@xraberc(dYarbophieriyldtprtdyysd ester
7 8 hexahydro 1H4- oxa- 1, 6- di aza- ant hracene- 7-
(.08 MMS

Intermediate B (2.2 g) was prepared from (S)-7-[(S)-2-(4'-cyano-biphenyl-4-yl)-1-
methoxycarbonyl-ethylcarbamoyl]-3-[4-(3,4-dichloro-benzyloxy)-phenyl]-1-methyl-2-
oxo-1,2,3,5,7,8-hexahydro-4-oxa-1,6-diaza-anthracene-6-carboxylic acid tert-butyl ester
(3.0 g) following general procedure C. LC-MS (m/z) 776.
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To a solution of

(3R, 7S)-3-[4-(3, 4-di chl or o- benzyl oxy) - pheny1] - 1- net hy1l
WO 200080766 ( (S) - PCT/US2009/036333

251- phenyl - propyl) -2, 3, 5, 6, 7, 8- hexahydr o- 1H 4- oxa- 1, 6-

di aza- ant hr acene- 7- carboxylic acid

(1R, 2S,5R) - 2-i sopropyl - 5-net hyl -cycl ohexyl ester (0.2

nmmol) in DCM (3 nL)was added 1N BC1l3 solution in

hexane (0.5 nL) at 0 C and the m xture was stirred for

(S)-3'BenZbRx it 2t buh Aakiso-8\(313idas Btphényl)-J-neghyloprépidific acid
resi due was quenched with water. The m xture was

methxkestérad usi ng sodi um bi carbonate solution to pH 7.
The residue was extracted wth Et 0OAc and 10% THF. The
organi c | ayer was washed and dried to get (3R

To eB?cEIi)tio’h— c(fé(Sthmﬁm’-s HHeyyigxy Ipheay R im@thekpropbhs) acid (HEmyg, 5

mmﬁ@ﬁ%ﬁ%nal %ﬂrfafb‘;‘(as ac?d@d dhaFS:Ldm dioxarsel i 87mtaf-p gyl and the
mixfft %a@?efﬁlx)‘,@ kdroly. Aokt Ghe CARA14B of tHAI StefibAEhnVBR H&BSho!l was

as is for the next step.

evaf@Red Shd Be[rdsidB; wadhiseth e surhfenthg nextysteppheny1] - 1- met hy 1
- 2-0x0-6- ((R) - 1- phenyl - propyl ) -
102, 3, 5, 6, 7, 8- hexahydr o- 1H 4- oxa- 1, 6- di aza- ant hr acene-

To J sBPERPNYA (S)-2GinHnd-3 RAZS dRIRY=phrenyl)-2-methyl-propionic acid methyl
y1l-5-met hyl -cycl ohexyl ester was converted to

estef Qﬂ?rgg)logde( w-aiyd Iag;{cg/te ’ﬁ%ﬁg_&)’uﬁi added 1N NaHCO; solution (12.5 ml.)
andgF 1% \X%,)é%tl%‘lé@ udl aan 1entp[ ggr??ure %’tl?e dltion Q dlegthtyenzyl

racen car

chldrdb8matg)0.859 pol 614,505 phRtE doleviag ad&ﬁlﬁﬁ,l the ebaab@wmlxture
and was used as is for the next ste

was(sgjred fqr@maégawaalmoyﬁe‘%w and [,¢yMB a{lﬁl(S’SlS Sl‘rﬂszyedsﬂl(: Acas iR toxbe

comf) PP ik PR s o RSP orgapic phase was separpleg and drigd

over HajﬂOizaad anndm&ated €Fhe- cradyr flrodydt peaasiuseat dipredpiiothicGubseiqdent
net hyl ester. HO CN

feacéletls‘jlﬂl@umuﬂféﬂa% bi pheny1- 4-y1)-2-{[(3S, 7S) - 3- (4- hydr
oxy- phenyl) - 1- net hyl - 2- oxo- 6-

(S)-2-Benzyloxycarbonylamino-2-methyl-3-(4-trifluoro-methanesulfonyloxy-
phenyl)-propionic acid methyl ester

To a 0° solution of the crude (S)-2-benzyloxycarbonylamino-3-(4-hydroxy-phenyl)-2-
methyl-propionic acid methyl ester (440 mg, 1.28 mmol) in dry DCM (13mL) was added
dry pyridine (155 uL) followed by triflic anhydride (259 uL). The reaction mixture was
stirred at 0 °C for an additional hour at which point starting material was no longer
visible by TLC or LC-MS. The mixture was quenched with of saturated NaHCO;
solution. The mixture was partitioned and the aqueous phase discarded. The crude
product in DCM was washed with water (30 mL), dried over Na,SO4 and concentrated to

furnish a brown oil. The crude triflate was used as is without further purification.
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((S)-1-phenyl -propyl)-2,3,5, 6,7, 8 hexahydro-1H 4- oxa-1

, 6-di aza- ant hracene-7- carbonyl]-am no}-propionic acid
woredobsti17est er (190 ng) was prepared from (3S, 7B)F/B81049/036333

Hydr oxy- phenyl) - 1- met hy1- 2- oxo- 64( S) - 1- phenyl - propy1) -

2,3,5,6, 7, 8-hexahydro- 1H 4-

oxa- 1, 6-di aza- ant hracene-7-carboxylic acid (183 np)

and (S)-2-am no-3-(4'-cyano- biphenyl-4-y1)-propionic

acid nmethyl ester hydrochloride foll ow ng general
(S)-RBgRIsk gcatbohidalind-BY(3)-cyad6-biphenyl-4-yl)-2-methyl-propionic acid

‘S‘SL 3-(4' - Cyano- bi phenyl -4-y1)-2-{[(3S,7S)-3-[4-(3, 4-d
methyhest@To- benzyl oxy) - phenyl ] - 1-

5nmet hyl - 2- ox0-6-((S) - 1- pheny,LN propyl)-2,3,5, 6,7, 8 hexa

hydr o- 1H 4- oxa- 1, 6- di

ant hr acene- 7- (iar bonyl

y1)-2,3,5,6, 7, 8-hexahydro-1H 4- oxa-1
-7- 10 carbonyl]-am no}-propionic

aci d net hyl ester (O 259 nnDI) was dissolved in 2 m
of DMF and, 3,4-djchlo ronlde
In aﬁﬁ&ﬂﬁ&%?&?ﬁq%alf (FERRPES 1Y ?e%@f avasisn merigad uftile (609

rng,n[' 2@ Mhl%l)"‘@%y%doﬁyh&ﬂzl %romom& g kAl @4%&@[) RalOY @50 mg,
poufed onto ethyl acetate and saturated sodi um

2. S%Imomlmatalt ©.41The) mdgﬁ@tun@ (P aylor Thasnighiredapstarcdsodidggassed
: o . s
it pier o o g o ERe bty o198 A0 ERaATRERR, BB lsho ey, e

soluioR W @egassmg for an additional 20 minutes. The mixture was heated, under
(S)-3-(4" - Cyano- bi phenyl-4-y1) - Z{L 3S, 75) - 3-[ 4- (3 4-
nitregenhiodt5o (b éerzgh. obhe)readtion cohtinuedami emﬂmm@sﬂongepﬁféected

by TRG LRI R iR I Sien) on by L GiVIS s roactiop gty “ain
coolcd@ aPbRAt RAiperadtt dnd[f?hﬂﬁbn&ist"ﬁfe & prdudt S MRienBT Z

895). 1H NWVR (400 MHz" d6 acetone% 89-7.77 (m 5H),
congensgtedrnd pmﬁedzbngaf(hﬁhrmtpgmpmﬂ (“frhexamp-EtQAgtorget 8 solid

(48%%i?1@-M§@7)-(458511?‘)NM%§60 %‘(ﬁchg%ﬂ(ﬁn Q;ﬁ) 280 (m, 2),

7. 39ldrh,,7PB, 706 ((@,,2PBI-B 52 3bs§8§1§ glj (HH)H) 3. 15@1 QH) 32,7-8) (s, §HZ}73 52 (m,
(s, d, ) )

2H)35%é (¢, rﬁH)1H)68 (9 3@2 71 (m 2H) 1 90 1, 66 (m 2H)

0.54 (t, 3H).

(S)-3-(4'-Cyano- bi phenyl -4-y1)-2-{[(3S, 7S) - 3- (4- hydr ox
(S)-2-Axdniroy3-(4'lcyamotbpherybied B52-methyl-propionic acid methyl ester

((R -1-phenyl -propy})-2, 3,5, 6, 7, 8-hexahydro- 1H 4-oxa- 1

, 6-di aza- ant hracene- 7- car bonyl pam not - propi onic acid
nmet (Ignyl este O

O

HN
The purified cbz-protected amino acid ester (475 mg, 1.11 mmol) was dissolved in
cyclohexene (fw =82.15, p = 0.811, 0.23 mL, 2.23 mmol) and ethanol (10 mL). To this
solution was added Pd/C (48 mg) and the mixture was degassed for 30 minutes. The
mixture was heated at reflux (74-75°C) for 4-6 hours, at which point starting material was

no longer detected. The reaction mixture was cooled and filtered through celite and
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HO CN 5(S)-3-(4'-Cyano-biphenyl-4-y1l)-2-
{[(3S,7S)-3-(4-hydroxy-phenyl)-1-net hyl-2-oxo- 6-
w@ ¢RyAtLrphenyl - propyl) - 2, 3, 5, 6, 7, 8- hexahydr o- 1IPEBUR2089/036333

, 6-di aza- ant hracene-7- carbonyl | -am no} -propionic
acid nethyl ester (130 ng) was prepared from
(3S,7S)-3-(4-
Hydr oxy- phenyl) - 1- net hy1- 2- oxo- 64(R) - 1- phenyl - propyl) -
2,3,5,6, 7, 8-hexahydr o- 1H 4-

wasﬁ%c&with et azZe@a:tanTh]é &%@ﬂl@ 1e7y-e6 evrab odteh@atad bl thd Dsid@)was

and -cyano-

(S
purificg B rﬁZﬂsh mly@y Cbmﬁﬂt‘éﬁﬁﬁﬁ%@r?’dh%?h%lpn 84thel-50% cthyl acetate in
hex%y ng); @%}Qg& idufifibd BIaNS AENALR soBlt OFPREE (4do MEMBDCIy):

7.73 @),-B1) 266 Gnadby, b iheny2hH47 99 ym 22K, 633, 3.3 HRB4H @, 4Hli2.86

| 1]-1-
(d, ﬁ%)eg&l (-b%’eﬁi)ylg)z(@ I%p'_ﬁl)(lengh]enyl propyl)-2,3,5,6, 7, 8 hexah

ydr o- 1H 4- oxa- 1, 6-di aza-
15ant hr acene- 7- car bonyl pam not - pr opi oni ¢ aci d net hyl
(3S48)-3+[4-(BM-Dichloro-benzyloxy)-phenyl]-2-0xo0-1,2,3,5,7,8-hexahydro-4-oxa-

1 6'&%}%%{\&%3_0%%& htglf:zpr en ¢ %aé{ %)tert lilLtS’FeS’ter')--(ﬁR(Z% ?f()‘iﬁ_ox
isoplro Py = 3-niRyIYdycRhe M) éﬂ@l‘ PR, 7S B3- M ERoAdIb én A¥exyI-

6- di aza- ant hr acene-7- car bony6ldé am no}- propionic acid
phenﬁHﬂyMOethésS,Z,G lmxahyﬂmré -ox@rd 6cdigsypytaraceness, fridicarboxylic

N iSO S5 0

m xture was stirred at roomtenperature for 6 hours
and was poured ont o, et acetate and saturated sodi um:

i carbonatie. The org an| ayer jpras dried over sodiym
yt fat € ah “ety” The rlesi dueswaf purified
iC O 5ex hyl at e- g ya 0
(9 - gan “bi phe 4- ;“
4-di chloro-b oxy) - ph ny nethyl 2- 0X0

4< s
R) - 1- phenyl - propyl)

(S)-3-[4-(3,4-Dichloro-benzyloxy)-phenyl]-2-ox0-1,2,3,5,7,8-hexahydro-4-oxa-1,6-
diaza-anthracene-6,7-dicarboxylic acid 6-tert-butyl ester (6.9 g, 11.5 mmol) was
suspended in 30 mL DCM and 1R-2S-5R (-)-menthol (23.0 mmol), EDC (23.0 mmol)
and DMAP (cat.) added. The mixture stirred at r.t. for 16 h and the mixture diluted with
DCM. The organic layer was washed with 1 N HCl, dried over sodium sulfate and
concentrated. The residue was purified over silica with hexanes-EtOAc gradient (25 %
EtOAc to 30 %) to provide
(3S,7S)-3-[4-(3,4-Dichloro-benzyloxy)-phenyl]-2-ox0-1,2,3,5,7,8-hexahydro-4-oxa-1,6-
diaza-anthracene-6,7-dicarboxylic acid 6-tert-butyl ester 7-((1R,2S,5R)-2-isopropyl-5-
methyl-cyclohexyl) ester (3.0 g) LC-MS (m/z) 738; '"H NMR (400 MHz, CDCl;): 8.87
(m, 1H), 7.5 (m, 1H), 7.42 (d, 1H), 7.35 (m, 2H), 7.24 (m, 1H), 6.9 (m, 2H), 6.75 (m, 1H),
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2,3,5,6,7, 8-hexahydro- 1H 4- oxa- 1, 6- di aza- ant hr acene- 7-
carbonyl] -am no}-propionic acid nethyl ester. 1H NWR
W@ 209/1M#0 d6 acetone): 7.77-7.86 (m 5H), 7. 60PCTHUSBY/036333
7.54 (m 3H), 7.37 (dd, 1H), 7.32-7.18 (m 7H), 6.97
(d, 1H), 6.92 (s, 1H, 6.82 (m 3H), 106.78 (m 2H)
6.71 (s, 1H), 5.65 (s, 1H), 4.95 (m 2H), 4.66 (m
1H, 3.76 (m 2H), 3.70 (s, 3H, 3.58 (m 2H), 3.40
(s, 3H), 3.06 (m 2H), 3.02 (m 2H), 2.83-2.72 (m
6. 6?sHlH) 15516(113, IH)(mS 2Hm, H{ﬁé O((Tm 231704 3-4.6 (m, 3H) 3.1 (rn 2H)
cyano- hen B[ 3R, 78% (4- hydr
1. 7@%%1? (gp, ﬁlélt)hlyz’p fcg%ﬁﬂol 88 {rn 2H), 0.7-1.0 (m, OH), 0:4 (m, 3H) and
4
s e R R s e A s A TS
diazaeinthracenbypl 7-dsbiboxyldcid 6-tert- butyl ester 7-((1R,2S,5R)-2-isopropyl-5-

et TP b kLA ot/ ke it XM 0 itk Cbahs s.50
(m, (1£1§)7 é(@hﬂ)%’y 1P(PAYH) 727§n D, 7.21 (m, 1H), 6.9 (m. 2H), 6.76 (m, 1H),

Rexahydr 0o-'1H 4-oxa- 1, 6- di aza- ant hr acene
6. 58:(3r bld)qyilqz (narfﬂ)m 8-5. PpfopitinG 6 (aAH, ﬁnét41§d (nestex 3 084m, 2H),

f S) 5 3: (4
L8 [y HrEnEh; 1 by 225 BT O fmp Ryl Pt -
2,3,5,6,7, 8-hexahydro- 1H 4-
oxa- 1, 6-di aza- ant hracene- 7- car boxylic acid (100

(3&56»&[@(33 lhiChblrgb(enZyl@yjérwlenzﬂﬂa pwelmm apoyl, ’3§ﬁa7)§'r én. c
hexgﬁ%(fjro :Y i6e(§ %\%{ ge(flty 6 'dij %r{)(? ‘%\Mcﬂp6 g?ln %u?%l ester 7-

ar pradceaur e
((1IR,2S® 5R<)12L1@upm I;S-lmalml;lsyclohexyl) ester
(S)- -chl orobi phenyl-4-y1)-2- { [(3R 7 §)-3
-(4- hydroxy pheny1l) - 1- met hy1-2- oxo- 64( S) - 1- phenyl pr opy
)-2,3 ,5 ,6,7, 8- hexahygro Hd- oxa- 1, 6-di az a-ant hrac
ne-7- c%rbor'b/l] -am no}fj- 5

pi oni ¢ aci d net hyl
@. pheny124-ylL) - 2-{[ (3R, 7S) - 3- (4- hydr 0

NP M N Nxg-@- - 1- phenyl - propyl )-2, 3,5
exahydr o- 1H 4->c§ga- 1, 6-

T t hracene-7-carb | -am nol - propionic acid
rret hyl ester, and (S)-2-7{[(3R 7S)- 3
- (4- Hydr oxy- phenyl ) - 1- net hy1- 2- oxo- 64(S) - 1- phenyl - prop
(3Sy$)-34433 45)Lcﬁlo?0-86ﬂt@kﬁ|yy-@h@ﬂyﬂ']=21~0®d-a ;203,67 8-Bexahydro-4-oxa-1,6-
a- ant hracene- 7-

diazacagthragonagxid Bﬁéﬂéﬂiﬁla%l 9~1§rt b&@L?S&% Toft1R-2ReXRd-2risepippyl-S-

met?%l) (Sfrclo exyl) esz;clenr o(3 gg%aﬁ)}\l-meth 3ted achEdnﬁg S%enic)ﬁl}‘rpr(ogechure M to

prodtié @So?@é%%(b&ﬂlemmemmzyldzxy) -phenyl]-1-methyl-2-0x0-1,2,3,5,7, 8
s R AT S B 7 SE BT R0 o

((1FOPS BR)-2-i86Ir8pyTBL ¥hy RS @5heN) ester (3G gL PELMS (m/z) 752.

(3R,7S)-3-[4-(3,4-Dichloro-benzyloxy)-phenyl]-1-methyl-2-o0x0-1,2,3,5,7,8-
hexahydro-4-oxa-1,6-diaza-anthracene-6,7-dicarboxylic acid 6-tert-butyl ester 7-

((1R,28,5R)-2-isopropyl-5-methyl-cyclohexyl) ester
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(S)-3-(4'-Cyano-bi phenyl-4-y1)-2-{[ (3R, 7S) - 3-(4- hydrox
y- phenyl) - 1- net hyl - 2- oxo- 6-

w@ ¢@yAat1riphenyl - propyl ) - 2, 3, 5, 6, 7, 8- hexahydr o- 1IPEBUR2089/036333
, 6-di aza- ant hracene-7- carbonyl ] -am no}-propionic acid
met hyl ester (15 ng) was dissolved in 1 nL of DVF and
3, 4-di chl or obenzyl brom de (46 ng) and potassium
carbonate (26 ng) were added. 20 The m xture was
stirred at roomtenperature for 6 hours and was poured
onto ethyl acetate and saturated sodi um bi carbonate.
The organic | ayer was dried gier sodiumsulfate and

oncent r at eq The resi d s rified over silica
hexanes et hyl acet at e- 6-4-0.1) to provide

-3-(4'g\§ya : Q- yIy-2-{[ (3R 7S)-344- (3, 4
ben .- pRenyad] - et hy1- 2- ox0- 64(S) - 1- phe

hl ox0-
yl-f 1)02,3567§fy
Ry H o 1H 4- oxa- 1, 6- ﬁh@m ant hr acene- 7- car bonyl] - am

in%}-propi onic acid net ester (18 ng, LOMS: nfz
894). 1H NWR (400 MHz" d6 acetone): 7.92-7.81 (m 5H),

: 1K) : :
st At BB A1 v
1 ,6-§-1fd)la-agthgagé%ed7%gl)boxﬁ%c7 ic(lid gII(R,1$',|;}5- lsgafigdbég@%l-ﬁhgt&DyBcgﬁoslgeﬁyl

. ) ) . . m ) . S, . .
estey Eg 0 g)_iyv,as %I_—I@chzl%(aﬁ?orép:bg to gerzeyal(mﬁ)cegpﬁe Mtto gtpvideb{éR(}ﬁ)-}

[4-(%%%]?@?1(02&?%13 1 }37% Iph%ngn{; -rnetl;y]l_)2 02x0{[ %gRS ng)hexah(ydr%y c?xa 1,6-
diaz/a-qnﬂ&mgdn):éﬂ-dmalfbykylﬂs- awxd6-Gert-butyl ester 7-((1R,2S,5R)-2-isopropyl-5-

R) - 1- ph | - -2, 3,5, 8- hexahydro- 11- 1- 4- oxa
metg)gl,'%’-cgqh‘g’ig%tﬁ?&ﬁgg%ricﬁ\-/’gf@/zggg%onyI pamyno} - propi oni ¢
acid nethyl ester HO CN
(S)-3-(4'-cyano-bi phenyl-4-y1)-2-{[ (3R, 7S) - 3-(4- hydr ox

(3S,378pﬁdﬁ3(3,)4-llichhxrhjhenm10m -jhenyl]-1-methyl-2-0x0-2,3,5,6,7,8-

nexhfRro DR IEERACT BBRA dich sy B M AT 5 G

lsopreﬁ Ws-nfRthAlcycRAetestod hy af@hﬁfmﬁbfrom (3R 7S)-3-(4-
ydroxy phenyl) 1- net hyl - 0X0- 64R) - 1- phenyl - pr opyl )
, 5, 6,7, 8-hexahydro-| H4- £

oxa 1 6- dlaza anthracen;

y1l-4-y1)-propionic
e foll ow ng general

~{[ (3R 7S) - 344- (3, 4-di

EtRFA - 2- 0x0- 6- ((R) - 1- phenyl - propyl) -2, 3, 5, 6, 7, 8- hex
ahydro 11-1- 4- oxa-1, 6-di aza-
(3S a6)-Af[ad@Addichivar- bamquxa%phatyl]ef«nmit@i%oml ,8,3re1,Ryhexahydro-4-

oxa-els,é-glraza-anthracene-6,7-dicarb0xylic acid 6-tert-butyl ester 7-((1R,2S,5R)-2-
isopropyl-5-methyl-cyclohexyl) ester (3.7 g) was deprotected using general procedure C
to provide (3S,7S)-3-[4-(3,4-Dichloro-benzyloxy)-phenyl]-1-methyl-2-ox0-2,3,5,6,7,8-
hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-carboxylic acid (1R,2S,5R)-2-isopropyl-5-
methyl-cyclohexyl ester hydrochloride (3.1 g, LC/MS: m/z 652).
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(S)-3-(4'-cyano-bi phenyl-4-y1)-2-{[ (3R, 7S) - 3-(4- hydrox
y- phenyl) - 1- net hyl - 2- oxo- 6-

w@ ¢RyALrphenyl - propyl ) - 2, 3, 5, 6, 7, 8- hexahydr o- 1IPEBUR2089/036333
, 6-di aza- ant hracene-7- carbonyl ] -am no}-propionic acid
met hyl ester (52 ng) was dissolved in 1 nL of DVF To 5
this solution was added 3, 4-di chl orobenzyl brom de (33
ng) and potassium carbonate. The nmixture was stirred
at roomtenperature for 6 hours and was poured onto

(3R§AS)BL[42@6t-Bichldtdch éay 10k f)- fRerBd1 ety IcR b koD 3 56,7, Bhe

organic | ayer was dried over sodiumsulfate and

hexglyfrontH-4r eva-1.fidazacanthracengrd -gaupoxylisacl dR,23,PR12-
1) t d
‘so‘f('g?%gﬁﬁ%tﬂﬂ? l"ﬂ %E%VT‘S*E‘“?'}" é‘P{ [ % 3Ro7gl)r o\’o<|414e( 3, 4-

10di chl or o- benzyl oxy) phenyl] 1- met hyl- 2- oxo0-6-((R)-1-
phenyl - propyl) 2,3,5,6,7,8- _
( g

hracene- 7- car bonyl | - am
or (16 ng). LOMS: mz
tone): 7.92-7.81 (m
, 7.43 (m 1H),

YYECR (m 5H), 6.66 (s, 1H),
7 1H), 5.1 (s, 2H), 4.78 (m 1H), 3.74 (s, 3H
3.66 (m 1H), 3.56 (d, 1H), 3.46 15(m 1H), 3.35 (s,

5 GRY -8_—[%(%%-?%hlo%{bbo’enzéﬁl%)%th?%g-.n%s!fﬂyl-Zzo;gozl,Q[@,S,a,@hexahydro-
4-0xa8) ,6-flifzantt@aqent-6Gdicabbk yireavyd 6-4ery bty ll estast @RS ROFRy

. l-ethyl 1] - 3- (4- ,
isonp oy SRR b I tEA0S 8 wasAearotasteduie sspoml gropedure C
to p%v@d@@ﬁmﬂﬁﬁmﬁ‘@eﬁt Biche8le Hehopvky)phaBYILL 1L REthyO2bYS-28554,617,8-

sol uti on of

hex fsodrcal{m e%a-4.5pligdrantlyaeag iy paakeRylie mxdﬂ]&@%%&ﬁ 1802%033/1 -5-
10 medlfc AR R TN Bor ot L T M 7850 et ol was

added Pd/ C (O 2 mml) The m xture was hydr ogenat ed
m xture was pas

(35175}6%@1{3,& %HI%P b&EFXlt”éY)dﬂlf“f/Hel et Y12 exoprd(S)- . -phenyl-
progyl?ﬂoj }_@g 6)(99);4!'1&&% §F] 4( §);a- l %méa anthrgc%ne-%car oxylic acid

y1l) - 2- oxo- exahydr o- 4- oxa
(1R ZS,,ﬁl)dZ-dmprqrptl#ﬂ’-mﬂtﬁb—cﬁclBhem esteband (3579e3-(H-(3,4-Dichloro-
-tert-but est er._  Thi conv rte
15 benggpShrphay ol Pt zsmir bR he R DY A P EAP R ro-
1HY4: (ﬁ(tahly bR AR ceRe-T4aby sy BeacRNARY3S, Sﬁ)-Qli&fplfoﬁyl% ﬁle?hyl-
exahydro 4- oxa- 1, 6- dlaza ant hr acene- 6- car boxy
Cychbﬂwlteeﬁer butyl ester using 10 the general pr ocedure
A LCM (nlz): 704. . The compounds specifically
exenplified bel ow were naned based on their chem cal
cstructure |u5| ng Aut 0 (VerS| on 4.1, SP1,
| sevi ex ML)~ plug-J | SI S{ Drawand I\/DLCrossf?re

; - (3, 44di chl or obenzyl 3
, 2,35, 7, 8- hexahyd oxa- 1, 6-dj-azg#ant hr acene- 6~
carboxylic acid 4-% OXYy- cyclohexyl ester 20
(3S,7S)-3-[4-(3,4-Dichloro-benzyloxy)-phenyl]-1-methyl-2-0x0-2,3,5,6,7,8-hexahydro-

20  1H-4-oxa-1,6-diaza-anthracene-7-carboxylic acid (2.6 g, 4 mmol) in DMF was treated
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ON Title conpound (66 ng) was prepared from

Internmediate A (76 ng, 0.1 nmmol) foll ow ng general
w@e@eathapes H and B. LCG-MS (mz): 890. 5 ExanpP&r/BS2009/036333

kS)-7-[(S)-1-Carboxy-2-(4'-cyano- bi phenyl-4-yl)-ethylc

ar banoyl] - 3-[ 4- (3, 4-di chl or obenzyl oxy) - pheny1] - 2- oxo- 1

,2,3,5,7, 8-hexahydr o- 4- oxa- 1, 6-di aza- ant hr acene- 6-

carboxylic acid 3-hydroxy-cycl opentyl ester 10 CN

Title conpound (61 ng) was prepared fromInternediate

w1th°( 1€ %masgpropyl;t)beﬂiegz%e 61? Igin&f(ﬂ) agd gamtmomﬁ@e)d UrteSmildtiae tras
m z anp
Stlﬂl%@)dt@ (C4foré§hn ) h%npﬁéﬁrywaszlpwqd 1210{1%@9 extracied with EgP Apy

s A5 BN 525880, s wpypai s
(EtQ Re-ticamas-DXXANVy HEAe, HES/BMC.%‘(O oyl granida @S, Tﬁ)(—ib[éb(ﬁ 4-Dadiloro-
NI INEN L ST T L
4-0R4 P,%Qﬁléhra%ﬂﬁ’a@bﬂgﬂ%arﬁ&yl\@aélm(?1)\,28% 2-isopropyl-5-methyl-
cyclohexyl ester (401 mg), "H NMR (400 MHz, , ds acetone): 7.7 (d, 1H), 7.6 (d, 1H),
7.46 (d, 1H), 7.33 (m, 7H), 6.98 (m, 2H), 6.87 (s, 1H), 6.77 (s, 1H), 5.65 (s, 1H), 5.13 (s,
2H), 4.55 (m, 1H), 4.20 (s, 2H), 3.9 (m, 1H), 3.55 (m, 1H), 3.38 (s, 3H), 2.95 (m, 2H),
1.6 (m, 6H), 1.15 (m, 1H), 0.95 (m, 1H) 0.9 (m, 2H), 0.8 (m, 4H), 0.7 (d, 3H), 0.65 (m,
6H) and
(3S,75)-3-[4-(3,4-Dichloro-benzyloxy)-phenyl]-1-methyl-2-0x0-6-((R)-1-phenyl-propyl)-
2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-carboxylic acid (1R,2S,5R)-2-
isopropyl-5-methyl-cyclohexyl ester (230 mg).

(3R,7S)-3-[4-(3,4-Dichloro-benzyloxy)-phenyl]-1-methyl-2-0x0-6-((S)-1-phenyl-
propyl)-2,3,5,6,7,8-hexahydro-1H-4-0xa-1,6-diaza-anthracene-7-carboxylic acid
(1R,2S,5R)-2-isopropyl-5-methyl-cyclohexyl ester and (3R,7S)-3-[4-(3,4-Dichloro-
benzyloxy)-phenyl]-1-methyl-2-0x0-6-((R)-1-phenyl-propyl)-2,3,5,6,7,8-hexahydro-
1H-4-o0xa-1,6-diaza-anthracene-7-carboxylic acid (1R,2S,5R)-2-isopropyl-5-methyl-

cyclohexyl ester

C | (0]
Cl Os N ¢l | 2
T o' Cl O« _N o
N
O\\ ° [ jTo NS

(3R,7S)-3-[4-(3,4-Dichloro-benzyloxy)-phenyl]-1-methyl-2-0x0-2,3,5,6,7,8-hexahydro-
1H-4-oxa-1,6-diaza-anthracene-7-carboxylic acid (2.6 g, 4 mmol) in DMF was treated
with (1-bromo-propyl)-benezene (15 mmol) and NaHCO3(16 mmol). The mixture was
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5 Exanpl e 4: kS)-3-(4'-Cyano-bi phenyl-4-y1)-2-
{[(S)-3-[4-(3, 4-di chl oro-benzyl oxy) - phenyl] - 2- oxo- 6-

W@ paopitdi7oe- 3- car bonyl) - 2, 3, 5, 6, 7, 8- hexahydr o- 1IPEBUR2089/036333
, 6-di aza- ant hr acene- 7-car bonyl | am no} -propionic acid
Cl CN 10 Title conpound (69 ng) was prepared from
Internmediate A (76 ng, 0.1 nmmol) foll ow ng general
procedures F and B. LG-M5 (mz): 852. Exanple 5:
kS) - 3- (4' - Cyano- bi phenyl1-4-y1) - 2-

stirrel 68)0 ] fo# 488, Fhé hihuey wadysuzad iy ateh) errddtePwiik BtOAc,
15f (S)-tetrahydro-furan-2-carbonyl)-2,3,5,6,7, 8- hexah%l/

Wasaiacbwpt walxpine, guigl apdacongeiyatese nide residue was purified by flas
R PSR IR AP PP o N TR
pheng ]-1ndhyirdbbxo-bal$ owphenytreropydl-2, P @cE8Hhe eshy Hroahl-4Boxa-1,6-
i) ol ey o e RGN 25 R) isopplsy mstpkeyglobert etfer
H¥?f§_4t@g{1§§%§iﬁ%9&%§é%%g gsa%qgnﬁs% (d; 11,745 (7d 1H%e7X%3 (m, 7H),
6.9%,HH); 6884 ,160)06.3G 65, aHY.Hr.Gten ), éaIer(tsr@HI) 4z§ﬂ1(no}alz,r4bbl (m,
20 985 $m@Fh5 3,56 (m, 1H), 3.37 (s, 3H), 2.95 (m, 2H), 2.9 (3H), 2.2 (m, 1H), 1.6 (m,
6H), 1.15 (m, 1H),1.0 (m, 2H), 0.83 (m, 4H), 0.78 (d, 3H), 0.64 (m, 6H) and
(3R,7S)-3-[4-(3,4-dichloro-benzyloxy)-phenyl]-1-methyl-2-0x0-6-((R)-1-phenyl-propyl)-
2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-carboxylic acid 1R,2S,5R)-2-
isopropyl-5-methyl-cyclohexyl ester ('H NMR (400 MHz, , ds acetone): 7.67 (d, 1H),
7.59 (d, 1H), 7.46 (d, 1H), 7.33-7.35 (m, 7H), 6.91 (m, 2H), 6.88 (s, 1H), 6.54 (s, 1H),
5.62 (s, 1H), 5.09 (s, 2H), 4.61 (m, 1H), 4.28 (s, 2H), 3.86-3.74(m, 3H), 3.55 (d, 1H),
3.38 (s, 3H), 3.21-3.0 (m, 3H), 1.6 (m, 6H), 1.4-1.1(m, 2H), 0.95 (m, 1H) 0.9 (m, 2H),
0.8 (m, 4H), 0.79 (d, 3H), 0.62 (m, 6H).

(3S,7S)-3-(4-Hydroxy-phenyl)-1-methyl-2-0x0-6-((S)-1-phenyl-propyl)-2,3,5,6,7,8-
hexahydro-1H-4-0xa-1,6-diaza-anthracene-7-carboxylic acid and (3S,7S)-3-(4-
Hydroxy-phenyl)-1-methyl-2-0x0-6-((R)-1-phenyl-propyl)-2,3,5,6,7,8-hexahydro-1 H-

4-oxa-1,6-diaza-anthracene-7-carboxylic acid
| i | I
O N o © NI:(?)LOH
Jeescequpbeseel
HO HO @

(3S,75)-3-[4-(3,4-Dichloro-benzyloxy)-phenyl]-1-methyl-2-0x0-6-((S)-1-phenyl-propyl)-
2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-carboxylic acid (1R,2S,5R)-2-
isopropyl-5-methyl-cyclohexyl ester (300 mg) was dissolved in 10 mL of dry DCM and

cooled to 0°C. Boron trichloride (3 mL, 1M solution in hexanes) was added and the
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CN Titl e conpound (62 ng) was prepared from

Internmediate A (76 ng, 0.1 nmmol) follow ng 10 genera
w@eweathapes F and B. LC-MS (m z): 845. Exanpl eP@T/US2009/036333

kS) - 3- (4' - Cyano- bi pheny1-4-y1) - 2-

{[(S)-3-[4-(3, 4-di chl oro-benzyl oxy) - phenyl1] - 2- oxo- 6-

f 3- phenyl - prop-2-ynyl)-2, 3,5, 6, 7, 8- hexahydr o- 1H 4- oxa-

1, 6-di aza- ant hracene-7- 15carbonyl | - am no} - propi oni c

acid CN Title conpound (44 ng) was prepared from

mixturé etim@bital € féy X H&rﬂgTh@mixtﬁ%B/{/és doatdn@utcdging ereeahvith
procedures K and B. LC M5 &C ;h§ 862. 20 Exanpl e 8:

watg@atuyatp@ spydiym bigaplppgteauntil p UBPHSTYIKIAC Yoy c@fmdcthree
tlme%rvplgn@{%l] %gﬁgefz‘gﬂﬁ éé—lg 319&; )B(%r 1?1*8 g%}[ Lo ¥he @ NPRY a&n&gg’d{ Qrglmc

I aza- ant’hracen
layet avcpodnydd @Veasmdiumsokfate raydi cesfeetrated to bvids (3S,7S)-3-(4-Hydroxy-

BN TSR SO A TR S
diaA-@Iriden-Qfboxylic acid (183 mg LC/MS m/z 474).
(S)-7-hydroxy-1,2, 3, 4- tetrahydro i soqui hol i ne- 3-
carboxylic acid nethyl ester hydrochloride (3.0g 12.3
(38,%?—13» [4- (g 4TIJ):Ah§0ro-benz)yloxy§ plsleny\f\f anethyl 2-0x0-6-((R)-1-phenyl-propyl)-
2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-carboxylic acid (1R,2S,5R)-2-
isopropyl-5-methyl-cyclohexyl ester (230 mg) was dissolved in 10 mL of dry DCM and
cooled to 0°C. Boron trichloride (3 mL, 1M solution in hexanes) was added and the
mixture stirred at 0°C for 3 hours. Mixture was concentrated and treated with
water/saturated sodium bicarbonate until pH 7. Aqueous mixture was extracted three
times with ethyl acetate-THF (9-1) and organic layer combined. The combined organic
layer were dried over sodium sulfate and concentrated to provide (3S,7S)-3-(4-Hydroxy-
phenyl)-1-methyl-2-0x0-6-((R)-1-phenyl-propyl)-2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-
diaza-anthracene-7-carboxylic acid (153 mg, LC/MS: m/z 474).

(3R,7S5)-3-(4-Hydroxy-phenyl)-1-methyl-2-0x0-6-((S)-1-phenyl-propyl)-2,3,5,6,7,8-
hexahydro-1H-4-0xa-1,6-diaza-anthracene-7-carboxylic acid and (3R,7S)-3-(4-
Hydroxy-phenyl)-1-methyl-2-0x0-6-((R)-1-phenyl-propyl)-2,3,5,6,7,8-hexahydro-1 H-

4-oxa-1,6-diaza-anthracene-7-carboxylic acid

| 0 | i

50000 TP G0 S-

o N o 0 N\./\
O\ ’ ;

HO HO

To a solution of (3R,7S)-3-[4-(3,4-dichloro-benzyloxy)-phenyl]-1-methyl-2-0x0-6-((S)-
I-phenyl-propyl)-2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-carboxylic
acid (1R,2S,5R)-2-isopropyl-5-methyl-cyclohexyl ester (0.2 mmol) in DCM (3 mL)was
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added sodiumnitrate (12.3 nmol) at 0 C, then stirred

and slowy warned to room 10 tenperature. After
wa@opliet’don excess TFA was renoved. The resi duRBCTHES2009/036333

taken up in DCM (100 nL), neutralized with

triethylamne (10 nL)and passed over a silica plug

wi th anmmoni a- MeOH DCM as the eluent. The m xture was

concentrated, redissolved in DCM and triethyl am ne

(36.9 mmol ) and i sopropyl chloroformate (29.6 mol)
addyB SN Bl esbluthdrt Brhe@ @i e) 4 aanthead x @ edWhedtiredtfBe3h.

reaction mxture was treated with 15hydrazi ne hydrate
Themaixggre 338 otatedie qrincgs ped f)hetr%sl@}eéfaaﬁémeﬁ@eédvlﬁbw@e The

r

i SR BE AL WSRO EE B Sl 7, 18U o
extracted atith . EtOAe aaddaw "EHEBQ" hwa@aeﬁt lacir vak V\Msl'rl(a]arairdiled to get (3R,

t ed sodi n1b| onate, The or anlc I S
79) iy S IS et FSreBot S L bRBST RS e T
hex5IBANESH-RbERS W(ﬁaztaoatﬁl'lr\é@enlégﬁ &rﬂé))gyrh%ta@fél ds %%}eﬂbv%%m?ﬁ €122 mg).
(6- and 8-Nitro substituted anal 6gs). The regi oi sormer s

Thi9@(18)was-usydinox yerathainexteted, 4- di hydr o- 1H-| soqui nol i ne- 2,
3-di carboxylic acid 2-isopropyl ester 3-nethyl ester
and

(3R 73) 3 [Eltmdlr @ Nlofy- Béﬂzmxg’») ﬁh&lynyﬁﬁfét@hizto%@%i((laqllen% -Sropyl)-

di car lic acid 2 isopropyl ester 3-neth

2,3 \f«ér7e84§e>@@wélt0ebﬁqum 1561di13@a ag%lrracemﬁrﬁafh@gyh@wd (5R.A8,5R)-2-

ol AR AP AR G DT Sl B i1

metﬁﬁ,& dkh-6-(78)81 f)ﬁenyl. bi)opyV) 0%,9,6, A8hexadhydrds1 B-428{a11 6 i)za-
5-4.7(m 1H), (m_ 1H), 3.5 (d, 3H, 3.1 (m .2H),
antlga@neﬁrcasb.%xyhc a01d (1 18 rng) using similar proceduré as descrlbed above and

was(u'ééd% A B@n&é f (yano- bi phenyl - 4-yl) - 1- met hoxycar bony
I8t iyl car anoyl [ =7- hydr oxy- 6-

nitro 3, 4-di hydr o- Mi soqui nol i ne- 2- carboxylic acid

,SQpr.o

SR rEBtor b &Y B P ot -Rademy:RheasPrmgp-2-oxo-6-

((S)aﬁbﬂer?yll;frﬁﬁﬁl?é}d 5 Gsitseﬁex%hSVHPJHH £3%£1, ¢ diaZa-AHMrhedRs7-
rol'yzed according to géneral procedure B to provide

carbml]aamm((}@rbpmnﬁgacld methyl ester

(S)-7-Hydroxy-6-nitro-3, 4-di hydr o- 1H.soqui nol i ne- 2, 3-

di carboxylic acid 2- |sopropyl ST %2 16 mmol ) was

coupled with (S)- 2~a 3 !o-blphenyl 4-y1) -

ANO- bi phenyl - 4-yl ) - 1- met hoxycar bo
s 1- 31443, 4-

HOdI e - s ?henyl

1-2-oxo0-1, 2, 3,5, hexahydr o- 4- oxa- 1, 6- di aza- ant hr ace

ne- 6- carboxylic acid isopropyl ester.

S e R ey ey g
((S)di bly{eiiybplﬁﬂyl)sbm,ﬁmnb&illemh&drocmblemgaLl 6-ddezi chnilsagenody |
est reduced a kyl at lized follown
carboni Tag}miisbr«oa@él&‘m @ef F%@fﬁg@"{gﬁ évagmpﬂ@é.fgo%@% 75)-3-4-
0f(4-1( i
Hyi&if%ﬁ@l%l)alt ﬁlje@yt:ll 9. rﬁ{oﬁéé g(@ on nyl= I{rgﬁmlgcar Z%@é%gl}ydro l(H -4
oxad, é-duizechhibraseiehzxytboxyl)c a01d (183 mg) and (S)-2-amino-3-(4'-cyano-
phenyl] - 2- oxo- 1, 2, 3,5, 7, 8- hexahydr o- 4- oxa- 1, 6- di aza- an
t hracene- 6- carboxylic acid isopropyl ester (0.037 ng)
LG Ms: mz 848, 850.
20(S)-7-[(S)-2- (4" -Cyano- blayenyl 4-y1)-1- met hoxycar bo
nyl - et hyl carb anmoyl] -3- (3 ,4- dichloro-b
enzyl oxy) - phenyl ] -2-oxo- 1 2 3, 5
, 7, 8- hexahydr o- 4- oxa- 1, 6- di aza- ant hr acene- 6-
carboxylic acid isopropyl ester (35 ng) was hydrol yzed
accordlng to general procedure Bto prOV|de T|tIe

o - ~IrN A ~ - p—
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CN Title compound (37 ng) was prepared from
(S)-3-(4'-cyano-bi phenyl-4-yl1)-2-(}(S)-344-
W@ 044 thi7eh| or o- benzyl oxy) - pheny1] - PCT/US2009/036333
2-o0xo0-2, 3,5, 6, 7, 8- hexahydr o- 1H 4- oxa- 1, 6- di aza-
5ant hr acene- 7- car bonyl } - am no) - propi oni ¢ aci d net hyl
ester; hydrochloride (100 ng) follow ng genera
procedures Hand B. LCG-Ms (mz): 850. Exanple 10:
(S)-7-1-(S)-1-Carboxy-2-(4'-cyano-bi phenyl-4-y1)-ethyl
biphxag bagyrdpidnicdc{dBméthdi &kdr Gk @rochloride following general procedure A.
10benzyl oxy) - phenyl ] - 2- oxo- 1, 2, 3, 5, 7, 8- hexahydr o- 4- oxa
LC44§@U@{ -ant hracene-6- carboxylic acid
2, 2-di net hyl - propyl ester CI CN Titl e conpound
(34 mg) was prepared fromlInternediate A (100 ny)

(S)-Balt-Oyamgbipheaybd-yDR-Hi(38; 28)-3-64-(3H-alhch 18 0-bGVB x§ Jephdnyl]-1-

medual 2-pxp- 05y 1-BhEBYRREORY DA 5 S hex Ry Ly ot-Aiaze-
antﬁfﬂ@ﬁ@y JheBo gf‘ﬁ _Arirfh '}%rﬁgioﬁﬁ@m@ fYdipyvesepheny11- 2- oxo- 1

, 7, 8- héxahydr 0-'4- oxa- 1, 6-di aza- ant hr acene- 6-
ZOcarboxyllc acid tetrahydﬁo pyr a

(@) (@)
cl | Y

(S)-3-(4'-Cyano-biphenyl-4-yl1)-2-{[(3S,7S)-3-(4-hydroxy-phenyl)-1-methyl-2-0x0-6-
((S)-1-phenyl-propyl)-2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-
carbonyl]-amino }-propionic acid methyl ester (0.259 mmol) was dissolved in 2 mL of
DMF and 3,4-dichlorobenzyl bromide (1.30 mmol) and potassium carbonate (1.30 mmol)
were added. The mixture was stirred at room temperature for 6 hours and was poured
onto cthyl acetate and saturated sodium bicarbonate. The organic layer was dried over
sodium sulfate and concentrated. The residue was purified over silica (hexanes-ethyl
acetate-MeOH, 7-3-0.1) to provide (S)-3-(4'-Cyano-biphenyl-4-yl)-2-{[(3S,7S)-3-[4-(3.4-
dichloro-benzyloxy)-phenyl]-1-methyl-2-0x0-6-((S)-1-phenyl-propyl)-2,3,5,6,7,8-
hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-carbonyl]-amino } -propionic acid methyl
ester (96 mg, LC/MS: m/z 895). 'H NMR (400 MHz, , ds acetone): 7.89-7.77 (m, 5H),
7.56 (m, 2H), 7.49 (m, 2H), 7.34 (m, 1H), 7.30-7.18 (m, 7H), 6.97 (s, 1H), 6.84 (m, 2H),
6.78 (m, 2H), 6.71 (s, 1H), 5.65 (s, 1H), 4.88 (m, 2H), 4.73 (m, 1H), 3.71 (s, 3H), 3.68 (m,
1H), 3.53 (d, 1H), 3.47 (m, 1H), 3.41 (s, 3H), 3.34 (d, 1H), 3.10 (m, 1H), 3.02 (m, 1H),
2.83-2.71 (m, 2H), 1.90-1.66 (m, 2H), 0.54 (t, 3H).
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Cl CN Title conpound (42 ng) was prepared from
Internmediate A (100 ng, 0.13 mmol) foll ow ng general
w@e@eathapes H and B. LCGMS (mz): 877. 5 ExanpP@r/82009/036333

benzyl oxy) - pheny1] - 2- oxo- 2, 3, 5, 6, 7, 8- hexahydr o- 1H- 4- ox

a- 1, 6-di aza- ant hracene-7- carbonyl}-am no)-propionic

acid 10 C CN Title conpound (46 ng) was prepared
fromlnternediate A (100 ng, 0.13 nmol) follow ng

general procedures F and B. LC-Ms (nfz): 832. Exanple

(S)- 334'6 -CH489-biplrenfl-4-§1)an Y (3RNTS PRI4-BRdr Xy PHBRD- 1-Arethyl 2k 0-6-

(RY-Sguylr RropzD3eb S 6, T8-hewby dgol &k droparies-diaza-agthrarens-
car%@]ﬁ%ﬂﬂﬁ%ﬁmﬁ&%ﬁ%ﬂ}l esi?elﬂ1 no) - propi oni ¢ acid Cl

5  (S)-3-(4'-Cyano-biphenyl-4-yl)-2-{[(3S,7S)-3-(4-hydroxy-phenyl)-1-methyl-2-0x0-6-
((R)-1-phenyl-propyl)-2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-
carbonyl]-amino }-propionic acid methyl ester (130 mg) was prepared from (3S,7S)-3-(4-
Hydroxy-phenyl)-1-methyl-2-0x0-6-((R)-1-phenyl-propyl)-2,3,5,6,7,8-hexahydro-1H-4-
oxa-1,6-diaza-anthracene-7-carboxylic acid (153 mg) and (S)-2-mino-3-(4'-cyano-

10 biphenyl-4-yl)-propionic acid methyl ester hydrochloride following general procedure A.
LC-MS (m/z) 736.

(S)-3-(4'-Cyano-biphenyl-4-yl)-2-{[(3S,7S)-3-|4-(3,4-dichloro-benzyloxy)-phenyl]-1-
methyl-2-0x0-6-((R)-1-phenyl-propyl)-2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-

15  anthracene-7-carbonyl]-amino}-propionic acid methyl ester

(S)-3-(4'-Cyano-biphenyl-4-yl1)-2-{[(3S,7S)-3-(4-hydroxy-phenyl)-1-methyl-2-0x0-6-
((R)-1-phenyl-propyl)-2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-

carbonyl]-amino }-propionic acid methyl ester (0.177 mmol) was dissolved in 2 mL of
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25

CN Title conpound was prepared fromlnternedi ate A

(40 ng) follow ng general procedures F and B. LG M5
W@ p02)111781L9. Exanpl e 14: PCT/US2009/036333

5kS) - 2- ({(S) - 6- Benzenesul fonyl - 3-[ 4- (3, 4-di chl or o- benz

yl oxy) - phenyl ] - 2- oxo- 2, 3, 5, 6, 7, 8-

hexahydr o- 1H 4- oxa- 1, 6- di aza- ant hr acene- 7- car bonyl}-am

i no) - 3-(4' -cyano- bi phenyl-4- yl)-propionic acid Cl

CN Titl e conpound was prepared fromlnternedi ate
DMA #nd 3, 418ichfoad eawd hgorgRIBE0 8RS pindsl el gstaskinEcabshale (0.885

LC-M5 (mz): 888. Exanple 15:

mmpRywepe pdded) The paxgigs wasstirred s ropny feapcsrtweians hrys gad prs

WA - - 3 , . . . .
Pou R BT e o yedium isebonei, s oppisglygyvas dried
over autfiuro pulBaté dnd cymaardded HByrksidue by Ayrifppdapicosiiica éekghes-

CN_Title conpound .was, pr ed fromlnte i at

cthy, af%ﬁe%sbﬁo‘f 136%% [ NC §ﬁ)-3pf‘@?@am%@%@ygﬁ‘dﬂ@?ﬁ6-8%@8)-3-
[4-(8 AL Bdh10BHeenzfBx BAMIRY B- 1R ethyl-2-0x0-6-((R)-1-phenyl-propyl)-
2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-carbonyl]-amino } -propionic
acid methyl ester . '"H NMR (400 MHz, , ds acetone): 7.77-7.86 (m, 5H),7.60 (d, 1H),
7.54 (m, 3H), 7.37 (dd, 1H), 7.32-7.18 (m, 7H), 6.97 (d, 1H), 6.92 (s, 1H), 6.82 (m, 3H),
6.78 (m, 2H), 6.71 (s, 1H), 5.65 (s, 1H), 4.95 (m, 2H), 4.66 (m, 1H), 3.76 (m, 2H), 3.70 (s,
3H), 3.58 (m, 2H), 3.40 (s, 3H), 3.06 (m, 2H), 3.02 (m, 2H), 2.83-2.72 (m, 2H), 1.96-1.7
(m, 2H), 0.54 (t, 3H).

(S)-3-(4'-cyano-biphenyl-4-yl)-2-{[(3R,7S)-3-(4-hydroxy-phenyl)-1-methyl-2-0x0-6-
((S)-1-phenyl-propyl)-2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-

carbonyl]-amino}-propionic acid methyl ester

(S)-3-(4'-Cyano-biphenyl-4-y1)-2-{[(3R,7S)-3-(4-hydroxy-phenyl)-1-methyl-2-0x0-6-
((S)-1-phenyl-propyl)-2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-
carbonyl]-amino }-propionic acid methyl ester (84 mg) was prepared from (3R,75)-3-(4-
hydroxy-phenyl)-1-methyl-2-0x0-6-((S)-1-phenyl-propyl)-2,3,5,6,7,8-hexahydro-1H-4-
oxa-1,6-diaza-anthracene-7-carboxylic acid (100 mg) and (S)-2-mino-3-(4'-cyano-

biphenyl-4-yl)-propionic acid methyl ester hydrochloride following general procedure A.
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b enzyl oxy) - phenyl11-2-o0x0-2,3 ,5
, 6, 7, 8- hexahydr o- 1H 4- oxa- 1, 6- di aza- ant hracene- 7-

W@ 20000mh¢ - ami no)-propionic acid CI CN 5 TPE1/€S2009/036333
conmpound was prepared fromlInternediate A (30 ng)
foll owm ng general procedures F and B. LC-M5 (nfz):

845. Exanple 17:
10kS) - 3- (4' - Cyano- bi phenyl-4-y1)-2-{[(S)-3-[4-(3,4-dic
hl or o- benzyl oxy) - pheny1] - 2- oxo0- 6-
(pi peridi ne-1-carbonyl)-2, 3,5, 6, 7, 8 hexahydr o- 1H 4- oxa
-1, 6-di aza- ant hr acene- 7- carbonyll-an1n Qpi oni c

A siggi]ag progedurenyas wsgd to prepprg the fe aﬁammw{s &@ér(édclﬂpm

[ o] %o}

o) LT GRS QLRI S PSR .
props®)-2,3 ;i,((,ﬁﬁ-l]bxﬂ@l’db@)l y-2okdH1 -&d&amﬂhrph@reﬂe#bmﬂ;bl]-ahhm[} €

ar banoy1] - 3- 4-di chl or gben -2-0xQ-1
propignig ,asfé%@g ;ﬂé? 4 0P B A i o Sy droxy-
pheAA§-ALRAKYILI -6x RA6L(ES CY.PhART- PR}y .S Bi¥l6, £8heKahydro-1H-4-0xa-1,6-
diaza-anthracene-7-carbonyl]-amino } -propionic acid methyl ester, and (S)-2-{[(3R,7S)-
3-(4-Hydroxy-phenyl)-1-methyl-2-0x0-6-((S)-1-phenyl-propyl)-2,3,5,6,7,8-hexahydro-
1H-4-oxa-1,6-diaza-anthracene-7-carbonyl]-amino } -3-(4'-methoxy-biphenyl-4-yl)-

propionic acid methyl ester.

(S)-3-(4'-cyano-biphenyl-4-yl)-2-{[(3R,7S)-3-[4-(3,4-dichloro-benzyloxy)-phenyl]-1-
methyl-2-0x0-6-((S)-1-phenyl-propyl)-2,3,5,6,7,8-hexahydro-1H-4-0xa-1,6-diaza-

anthracene-7-carbonyl]-amino}-propionic acid methyl ester

(S)-3-(4'-Cyano-biphenyl-4-y1)-2-{[(3R,7S)-3-(4-hydroxy-phenyl)-1-methyl-2-0x0-6-
((S)-1-phenyl-propyl)-2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-
carbonyl]-amino }-propionic acid methyl ester (15 mg) was dissolved in 1 mL of DMF
and 3,4-dichlorobenzyl bromide (46 mg) and potassium carbonate (26 mg) were added.
The mixture was stirred at room temperature for 6 hours and was poured onto ethyl
acetate and saturated sodium bicarbonate. The organic layer was dried over sodium
sulfate and concentrated. The residue was purified over silica (hexanes-ethyl acetate-
MeOH, 6-4-0.1) to provide (S)-3-(4'-cyano-biphenyl-4-yl)-2-{[(3R,7S)-3-[4-(3,4-
dichloro-benzyloxy)-phenyl]-1-methyl-2-0x0-6-((S)-1-phenyl-propyl)-2,3,5,6,7,8-
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Cl CN Title conpound was prepared from I nternedi ate
A (40 ng) follow ng general procedures H and B. LG M5

w@ pdo)1117815. 5 Exanpl e 19: PCT/US2009/036333
kS) - 7- RS) - 1- Car boxy- 2- (4' - cyano- bi phenyl - 4-y1) - et hyl ca
rbanmoyl ] - 3-[ 4- (3, 4-di chl orobenzyl oxy) - pheny1] - 2- oxo- 1,
2,3,5,7, 8- hexahydr o- 4- oxa- 1, 6- di aza- ant hr acene- 6-
carboxylic acid (R)-(tetrahydro-furan-3-yl) ester C
CN 10 Title conmpound was prepared fromlInternediate A

hexélﬂ@lrd’fg}-l -4-6kd-®,\@i-di@zagﬁmlﬁ’geénepﬁ-msﬁtyﬂ}eﬁmﬁo apgorPonit &cil¥incthyl
este} Gy (40 NS0 Bt b B YR (AP0 Hz 1 apetaned: 597, @ GFD).
760,80 PR 0RO L. DS M YRR, ) 0L 00 D6
1H); Slicaza-1801 hi acerd; 478 anbdiy 3174 (s,&H)NdF6 (@t O, Sricc(datily 3.46
(m, ?]H), A (s, 3H), 3.34 (d, 1H), 3.02-2.98(m, 2H), 2.27 (m, 2H), 1.90-1.66 (m, 2H),
0.60 (t, 3H).

(S)-3-(4'-cyano-biphenyl-4-yl)-2-{[(3R,7S)-3-(4-hydroxy-phenyl)-1-methyl-2-0x0-6-
((R)-1-phenyl-propyl)-2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-

carbonyl]-amino}-propionic acid methyl ester

(S)-3-(4'-cyano-biphenyl-4-yl)-2-{[(3R,7S)-3-(4-hydroxy-phenyl)-1-methyl-2-0x0-6-
((R)-1-phenyl-propyl)-2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-
carbonyl]-amino }-propionic acid methyl ester (68 mg) was prepared from (3R,75)-3-(4-
hydroxy-phenyl)-1-methyl-2-0x0-6-((R)-1-phenyl-propyl)-2,3,5,6,7,8-hexahydro-1H-4-
oxa-1,6-diaza-anthracene-7-carboxylic acid (100 mg) and (S)-2-mino-3-(4'-cyano-

biphenyl-4-yl)-propionic acid methyl ester hydrochloride following general procedure A.
(S)-3-(4'-cyano-biphenyl-4-yl)-2-{[(3R,7S)-3-[4-(3,4-dichloro-benzyloxy)-phenyl]-1-

methyl-2-0x0-6-((R)-1-phenyl-propyl)-2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-

anthracene-7-carbonyl]-amino}-propionic acid methyl ester
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Titl e conpound was prepared fromlInternediate A (25

nmg) follow ng general procedures F and B. LCGM (mz):
w@2a9/1Bvenpl e 21: PCT/US2009/036333

5kS) - 3- (4' - Cyano- bi pheny1-4-y1)-2-{[(S)-3-[4-(3,4-dich

| or o- benzyl oxy) - pheny1] - 6- ( 3-

nmet hyl - benzoyl) - 2- oxo- 2, 3, 5, 6, 7, 8- hexahydr o- 1H 4- oxa- 1

, 6-di aza- ant hracene-7- carbonyl | - am no} - propi onic

acid CI CN 10 Title conpound was prepared from

Internediate A (25 ng) foll ow ng generaZprocedures F

and B. LGM5 (mz): 865. Exa ]

kS) - 3- (4' - Cyano- bi pheny;-%@yg;) 2

y) - pheny1] - 6- (4-

{[(S)-3-[4-3,4-dichl or
15f | uor o- be 0 , 8- hexahydr o- 1H 4- oxa
-1, 6-di azaga e N7\-/\car bonyl | -am no} - propionic

acid d itle conmpound was prepared from
e A (25 nmg) | 1 owi ng general procedures F
B. LGCMS (nfz): 8 20

(S)-3-(4'-cyano-biphenyl-4-yl)-2-{[(3R,7S)-3-(4-hydroxy-phenyl)-1-methyl-2-0x0-6-
((R)-1-phenyl-propyl)-2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-
carbonyl]-amino }-propionic acid methyl ester (52 mg) was dissolved in 1 mL of DMF To
this solution was added 3,4-dichlorobenzyl bromide (33 mg) and potassium carbonate.
The mixture was stirred at room temperature for 6 hours and was poured onto ethyl
acetate and saturated sodium bicarbonate. The organic layer was dried over sodium
sulfate and concentrated. The residue was purified over silica (hexanes-ethyl acetate-
MeOH, 6-4-0.1) to provide (S)-3-(4'-cyano-biphenyl-4-yl)-2-{[(3R,7S)-3-[4-(3,4-
dichloro-benzyloxy)-phenyl]-1-methyl-2-0x0-6-((R)-1-phenyl-propyl)-2,3,5,6,7,8-
hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-carbonyl]-amino } -propionic acid methyl
ester (16 mg). LC/MS: m/z 894). 'H NMR (400 MHz, , ds acetone): 7.92-7.81 (m, 5H),
7.66 (s, 1H), 7.57 (m, 3 H), 7.43 (m, 1H), 7.32-7.21 (m, 7H), 7.01-6.94 (m, 5H), 6.66 (s,
1H), 5.60 (s, 1H), 5.1 (s, 2H), 4.78 (m, 1H), 3.74 (s, 3H), 3.66 (m, 1H), 3.56 (d, 1H), 3.46
(m, 1H), 3.35 (s, 3H), 3.34 (d, 1H), 3.02-2.98(m, 2H), 2.27 (m, 2H), 1.90-1.66 (m, 2H),
0.60 (t, 3H).

(S)-7-1(S)-2-(4'-Cyano-biphenyl-4-yl)-1-methoxycarbonyl-ethylcarbamoyl]-3-(4-

hydroxy-phenyl)-2-oxo0-1,2,3,5,7,8-hexahydro-4-oxa-1,6-diaza-anthracene-6-

carboxylic acid fert-butyl ester
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Exanple 23: k S)-3 -(4'-Cyano-bi phenyl -4-y1)-2- {

[(S)-3 - [4-(3 ,4-dichloro-b enzyl oxy)-phenyl] -6-(4-
woreaohoxyeb enzoyl)-2-o0xo0-2,3 ,5 PCT/US2009/036333

, 6, 7, 8- hexahydr o- 1H 4- oxa- 1, 6- di aza- ant hr acene- 7-

carbonyl] -am no}-propionic acid C CN 5 Title

conpound was prepared fromlInternediate A (25 ng)

foll owi ng general procedures F and B. LC-M5 (nf2z):

882. Exanpl e 24: (S)-3-(4'-Cyano- bi phenyl-4-y1)-2- {

[(S)-3- [4-(3, 4-dichloro-benzyl oxy) - phepgll -2-oxo-6-

10f 3-tri fl uoronet hyl - benzqyl) - 2, 3,5 657, 8- hexahydr o- 1H

- 4- oxa- 1, 6-di aza- ant hracene- 7-

car bonyl | - ami no} - pr api ORiC ae
conmpgundjwas__pr epar ¢ :

CN Title
medi ate A (25 np)
and B. LGM (mM2z):

yp21( 1-3-[4-(3

¢hi or obenzyl Qxy)o phenyl] - 2- oxo- 2, 3, 5, 6, 7, 8- hexahyd
ro-1H 4- oxa- 1, 6-di -ant hracene-7- carbonyl }
-am no) - propi oni ¢ aci d

To a solution of (S)-3-[4-(3,4-Dichloro-benzyloxy)-phenyl]-2-ox0-1,2,3,5,7,8-hexahydro-

HO

4-oxa-1,6-diaza-anthracene-6,7-dicarboxylic acid 6-tert-butyl ester (1 mmol) in methanol
was added Pd/C (0.2 mmol). The mixture was hydrogenated using balloon for 2-4h. The
mixture was passed through a pad of celite and the filtrate was evaporated to furnish (S)-
3-(4-Hydroxy-phenyl)-2-o0xo0-1,2,3,5,7,8-hexahydro-4-oxa-1,6-diaza-anthracene-6,7-
dicarboxylic acid 6-fert-butyl ester. This ester was converted to (S)-7-[(S)-2-(4'-Cyano-
biphenyl-4-yl)-1-methoxycarbonyl-ethylcarbamoyl]-3-(4-hydroxy-phenyl)-2-oxo-
1,2,3,5,7,8-hexahydro-4-oxa-1,6-diaza-anthracene-6-carboxylic acid tert-butyl ester using
the general procedure A. LC-MS (m/z): 704.

The compounds specifically exemplified below were named based on their
chemical structure using Autonom 2000 (Version 4.1, SP1, Elsevier MDL) plug-in for
ISIS Draw and MDL Crossfire Commander AutoNom.

Example 1:
(S)-7-[(S)-1-Carboxy-2-(4'-cyano-biphenyl-4-yl)-ethylcarbamovyl]-3-[4-(3.4-dichloro-

benzyloxy)-phenvyl]-2-0x0-1.2.3.5,7.8-hexahydro-4-oxa-1.6-diaza-anthracene-6-

carboxvlic acid 4-hydroxy-cyclohexvl ester
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Cl CN Title conpound (31 ng) was prepared from

Internmediate A (50 ng) follow ng general procedures F
w@eaB1170C- VS (m z): 860. 5 Exanpl e 26: PCT/US2009/036333

(S)-3-(4'-Cyano-bi phenyl-4-y1)-2- { r(S)-3-

1- 4- (3, 4-di chl or o- benzyl oxy) - phenyl | -6-

knapht hal ene-1 - car bonyl) - 2- oxo- 2, 3, 5, 6, 7, 8- hexahydro- 1

H 4- oxa- 1, 6- di aza- ant hr acene- 7-

carbonyl | -am no}-propionic acid 10 C CN Title

conmpound (28 ng) was prepared fromlenNernediate A (50

nmg) follow ng general procedure nd B. LGMs (mM2z):

902, Exarrple 27: o O

Q?pl) 2-0x0-2,3,5,6, 7, 8-hexahydro-1
hracene- 7-
ionic acid

Title compound (66 mg) was prepared from Intermediate A (76 mg, 0.1 mmol) following

general procedures H and B. LC-MS (m/z): 890.

Example 2:
(S)-7-[(S)-1-Carboxy-2-(4'-cyano-biphenyl-4-yl)-ethylcarbamovyl]-3-[4-(3.4-dichloro-

benzyloxy)-phenvyl]-2-0x0-1.2.3.5,7.8-hexahydro-4-oxa-1.6-diaza-anthracene-6-

carboxvlic acid 3-hydroxy-cyclopentyl ester

Cl
Cl O

Title compound (61 mg) was prepared from Intermediate A (76 mg, 0.1 mmol) following
general procedures H and B. LC-MS (m/z): 876.

Example 3:
(S)-3-(4'-Cyano-biphenyl-4-y1)-2- {[(S)-3-[4-(3,4-dichloro-benzyloxy)-phenyl]-2-0x0-6-

(pyridine-4-carbonyl)-2.3.5.6.7.8-hexahvydro-1/+-4-oxa-1,6-diaza-anthracene-7-carbonvyl]-

amino }-propionic acid
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Cl CN Title conpound (28 ng) was prepared from
Internmedi ate A (50ng) follow ng general procedures F
w@e@B1170C- M5 (m z): 904. 5 Exanpl e 28: PCT/US2009/036333
kS) - 3- (4' - Cyano- bi phenyl-4-y1)-2-{[(S)-3-[4-(3, 4-di chl
or o- benzyl oxy) - pheny1] - 2- oxo- 6-
ft hi ophene- 2-carbonyl)-2, 3,5, 6, 7, 8- hexahydr o- 1H 4- oxa-
1, 6-di aza- ant hracene-7- carbonyl | - am no} - propi oni c
acid C CN 10 Title conpound (25 ng) was prepared
fromlnternmediate A (30 ng) foll g gener al
procedures F and B. LC MS b8. Exanpl e 29:
cA5(S)-7-1-(9) - 1- Car bo%a—/@H i
K11-

Title compound (73 mg) was prepared from Intermediate A (76 mg, 0.1 mmol) following
general procedures F and B. LC-MS (m/z): 853.

Example 4:
(S)-3-(4'-Cyano-biphenyl-4-y1)-2- {[(S)-3-[4-(3,4-dichloro-benzyloxy)-phenyl]-2-0x0-6-

(pyridine-3-carbonyl)-2.3.5.6.7.8-hexahvydro-1/+-4-oxa-1,6-diaza-anthracene-7-carbonvyl]-

amino }-propionic acid

CN
c Seend

N

H

N @]

QI ;
o) = I

~ N

Title compound (69 mg) was prepared from Intermediate A (76 mg, 0.1 mmol) following
general procedures F and B. LC-MS (m/z): 852.

Example S:
(S)-3-(4'-Cyano-biphenyl-4-y1)-2- {[(S)-3-[4-(3,4-dichloro-benzyloxy)-phenyl]-2-0x0-6-
((S)-tetrahydro-furan-2-carbonyl)-2.3.5.6.7.8-hexahvydro-1 H-4-oxa-1.,6-diaza-anthracene-

7-carbonyl]-amino }-propionic acid
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Cl CN Title conpound was prepared from
(S)-7-[(S)-2-(4" -cyano- bi phenyl-4-y1)-1-
woregaoboxyear bonyl - et hyl car banoy1] - 3-[ 4- (3, 4- di cPCDUR2008086333
zyl oxy) - pheny1] - 2- oxo-
51, 2, 3,5, 7, 8- hexahydr o- 4- oxa- 1, 6- di aza- ant hr acene- 6-ca
rboxylic acid tert-butyl ester (20ng) foll ow ng
general procedure B. LCMs (mz): 850. Exanple 30:
(S)-3-(4'-Cyano-bi phenyl-4-y1)-2-( { (S)-6-(2-cyclop
Titl€ Bénipoeaby dg) %%pféi)ared from Intermediate A (76 mg, 0.1 mmol) following
4-di ch] or010benzyl oxy) - phenyl ] - 2- oxo- 2, 3,5, 6, 7, 8- hexa
gengrphiprgcadures-fosnd B, éﬁ’ﬁ-zb %r acene- 7-
car bonyll -am no)-propionic acid CI CN Title
conmpound (20 ng) was prepared fromlInternediate A (40
ExamgﬁeﬁolIOMAng gener al 15 procedures F and B. LC Ms

s -34< -djchloro-benzyloxy)-phenyl]-2-0x0-6-

( R{-t[e(r@vd%o-[fﬁ‘raﬁé é]arISHnQIhl 28 8- PEQAY MHIo- PRENYsb] t B-fin-anthracene-

7-carbonyl]-amino }-propionic acid

o Oxy-OH

Title compound (62 mg) was prepared from Intermediate A (76 mg, 0.1 mmol) following
10 general procedures F and B. LC-MS (m/z): 845.

Example 7:
(S)-3-(4'-Cyano-biphenyl-4-y1)-2- {[(S)-3-[4-(3,4-dichloro-benzyloxy)-phenyl]-2-0x0-6-
(3-phenyl-prop-2-ynyl)-2.3.5.6.7.8-hexahydro-1+-4-oxa-1,6-diaza-anthracene-7-

15 carbonyl]-amino }-propionic acid

Cl

Title compound (44 mg) was prepared from Intermediate A (76 mg, 0.1 mmol) following
general procedures K and B. LC-MS (m/z): 862.

20  Example 8:

109



10

15

20

25

met hyl -i soxazol e- 3-car bonyl) - 2- oxo- 2, 3, 5, 6, 7, 8- hexahyd

ro- 1H 4- oxa- 1, 6- di aza20ant hr acene- 7- car bonyl ] - am no} - p
WO 2pponi7e0 aci d Cl CN Title conpound (20 nROT/viez)09/036333

prepared fromiInternmediate A (40 ng) follow ng genera

procedures F and B. LC-M5 (mz): 858. 5 Exanple 32:

kS) - 3- (4' - Cyano- bi pheny1l-4-y1)-2-{[(S)-3-[4-(3, 4-dich

or o- benzyl oxy) - pheny1] - 2- oxo- 6-

(t hi ophene-2-sul fonyl)-2, 3,5, 6, 7, 8- hexahydr o- 1H 4- oxa-
(S)-1,[68)di-@amoap2hUaceing-bipheng b §ORNHEY | c&baMey1-pF[afB @ndichloro-

a%ld CI 1CN 10 gltL; conpound‘(zo -)‘mas pr epar ed

o ) LM (mz): 896 e 33:
car 9& E’ P%tgb pheny1(4 )Z/)l) 2-( | (g;m3e"A'(3

, 4-di chl oro-b enzyl oxy) - phenyl | -6
dlnethylcarbannyl 2- 0X00g, o, K, 7
1 6- dlaza anthracene(7 ear

(S)-7-Hydroxy-6-nitro-3,4-dihydro-1H-isoquinoline-2,3-dicarboxylic acid 2-isopropyl
ester 3-methyl ester To a solution of (S)-7-hydroxy-1,2,3,4-tetrahydro-isoquinoline-3-
carboxylic acid methyl ester hydrochloride (3.0g 12.3 mmol) in TFA (40 mL) was slowly
added sodium nitrate (12.3 mmol) at 0 °C, then stirred and slowly warmed to room
temperature. After completion excess TFA was removed. The residue was taken up in
DCM (100 mL), neutralized with triethylamine (10 mL)and passed over a silica plug with
ammonia-McOH/DCM as the cluent. The mixture was concentrated, redissolved in
DCM and triethylamine (36.9 mmol) and isopropyl chloroformate (29.6 mmol) was
added. After carbamate fomation was complete, the reaction mixture was treated with
hydrazine hydrate (5 mL 33% solution in water) to cleave the carbonate. The reaction
mixture was stirred at r.t. overnight. The mixture was concentrated and dissolved in ethyl
acetate. The organic was washed with 1 N HCI and saturated sodium bicarbonate. The
organic layer was dried over sodium sulfate and concentrated under reduced pressure to
give both nitrated regioisomers (6- and 8-Nitro substituted analogs). The regioisomers
(8)-7-hydroxy-6-nitro-3,4-dihydro-1H-isoquinoline-2,3-dicarboxylic acid 2-isopropyl
ester 3-methyl ester and (S5)-7-hydroxy-8-nitro-3,4-dihydro-1H-isoquinoline-2,3-
dicarboxylic acid 2 isopropyl ester 3-methyl ester were separated with silica gel
chromatography using hexanes:ethyl acetate(from 90:10 to 70:30) as an eluent. LC/MS:
m/z 339. 'H NMR (400 MHz, d; DMSO): 10.8 (d, 1H), 7.8 (s, 1H), 7.0(d, 1H), 4.7-5.0
(m, 1H), 4.5-4.7(m, 1H), 4.4 (m, 1H), 3.5 (d, 3H), 3.1 (m, 2H), 1.2 (m, 6H).

110



10

15

20

25

CN Title conpound (20 ng) was prepared from
(S)-3-(4'-cyano-bi phenyl-4-y1)-2-({(S)-344- (3
WQ 200di1ethor o- b enzyl oxy) - phenyl ] - PCT/US2009/036333
2-o0xo0-2, 3,5, 6, 7, 8- hexahydr o- 1H 4- oxa- 1, 6- di aza-
ant hr acene-7- carbonyl} -am no)-propionic acid nethyl
ester; hydrochloride (40 ng) 5foll owi ng general
procedures | and B. LCG-M5 (mz): 819. Exanple 34:
kS)-2-({(S)-6-Benzyl -344-(3, 4-di chl or o- benzyl oxy) - phen
(S)-9Y1S)2- 0K T dn3 b phbul, @yl) I-methoxycarbonyl-ethylcarbamoyl]-7-hydroxy-6-
_ hexahydro- 1H 4- oxa- 1, 6- di aza- ant hr acene- 7- car bonyl }
nitro-gyf- yd@-l(lz?l&oay%ilﬁén%?ﬁﬁéwmawdWazyappfi @Wor(ﬁ)ﬂ%bfdaoxy-@

o T B S GRNIS 198 B EAEEN LIBBAALTRp e

(2.4(mﬁ15)):wzﬁ31&drolﬁe&>a§¢mﬂlﬁg3(5general procedlflre B to provide the acid (0.704
-3-(4' - - . 1-4-y1)-2- . .

g). @7 -glygiroawg‘sgﬁr%af %%ﬂgﬁ%o-ééﬁg@ﬁ%%}§1 CpsiFaPosyliserié 2

1sop%]%n %Et@ﬂ’(‘%‘ % rﬁm%l)ewa?s’ Ruped Q\hﬁhd(‘S‘)" 2 Lhiflo 3%@+- %aﬁo%@ﬂe%%@@%l)-

hracene- carb -am no)- ropl oni ¢ acid
propionic acid methyl ester hydrochlorlde (2.38 mmol) according to general procedure A

to provide the amide (1.01 g) LC/MS: m/z 588.

(S)-7-[(S)-2-(4'-Cvano-biphenyl-4-yl)- I-methoxycarbonyl-ethylcarbamoyl]-3-[4-(3,4-
dichloro-benzyloxy)-phenyl]-2-oxo-1,2,3,5,7,8-hexahydro-4-oxa- 1, 6-diaza-anthracene-6-
carboxylic acid isopropyl ester. (S)-3-[(S)-2-(4'-Cyano-biphenyl-4-yl)-1-
methoxycarbonyl-ethylcarbamoyl]-7-hydroxy-6-nitro-3,4-dihydro-1H-isoquinoline-2-
carboxylic acid isopropyl ester was reduced and alkylated/cyclized following a similar
procedure described in the synthesis of Intermediate A to provide (S)-7-[(S)-2-(4'-Cyano-
biphenyl-4-yl)-1-methoxycarbonyl-ethylcarbamoyl]-3-[4-(3,4-dichloro-benzyloxy)-
phenyl]-2-0x0-1,2,3,5,7,8-hexahydro-4-oxa-1,6-diaza-anthracene-6-carboxylic acid
isopropyl ester (0.037 mg) LC/MS: m/z 848, 850.

(S)-7-[(S)-2-(4'-Cyano-biphenyl-4-yl)-1-methoxycarbonyl-ethylcarbamoyl]-3-[4-(3,4-
dichloro-benzyloxy)-phenyl]-2-ox0-1,2,3,5,7,8-hexahydro-4-oxa-1,6-diaza-anthracene-6-
carboxylic acid isopropyl ester (35 mg) was hydrolyzed according to general procedure B

to provide Title compound (28 mg) LC/MS: m/z 834.

Example 9:
(S)-7-[(S)-1-Carboxy-2-(4'-cyano-biphenyl-4-yl)-ethylcarbamovyl]-3-[4-(3.4-dichloro-

benzvloxy)-phenvyl]-2-0x0-1.2.3.5,7.8-hexahydro-4-oxa-1.6-diaza-anthracene-6-

carboxvylic acid isobutyl ester
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20 Title conmpound was prepared fromliInternediate A (40

nmg) follow ng general procedures D and B. LCGM (mz):
w@zmo/11Es@mnpl e 36: kS) - 3-(4' - Cyano- bi pheny1- 4-pa/uwg2009/036333

{[(S)-3-[4-(3, 4-di chl oro-benzyl oxy) - phenyl] - 2- oxo- 6-

f2,4,6-trifluoro-benzoyl)-2, 3,5, 6,7, 8-hexahydro-1H 4-0

xa- 1, 6- di aza- ant hr acene- 7-

5car bonyl | -am no}-propionic acid C CN Title

conmpound was prepared fromlInternediate A (20 ng)

fol l om ng general procedures F and=B_-EC- M5 (m z):

908. 10 Exanple 37: k g)

c(4' - Q/ano bi phenyl -

4§

I- 3-

- 253, 5 6,7, 8- hexahydro 1H-4 oxa-1,

-di anehr 7\€ar lld)onyl] ami no{ - pr opi oni ¢ aci d

M 15 Title co was prepared from
Internediate A (20 ng) follow ng general procedures E
and B. LGM (nmfz): 903.

Title compound (37 mg) was prepared from (S)-3-(4'-cyano-biphenyl-4-yl)-2-({(S)-3-[4-
(3.,4-dichloro-benzyloxy)-phenyl]- 2-0x0-2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-
anthracene-7-carbonyl } -amino)-propionic acid methyl ester; hydrochloride (100 mg)

following general procedures H and B. LC-MS (m/z): 850.

Example 10:
(S)-7-[(S)-1-Carboxy-2-(4'-cyano-biphenyl-4-yl)-ethylcarbamovyl]-3-[4-(3.4-dichloro-

benzyloxy)-phenvyl]-2-0x0-1.2.3.5,7.8-hexahydro-4-oxa-1.6-diaza-anthracene-6-

carboxvlic acid 2.2-dimethyl-propyl ester

CN

Title compound (34 mg) was prepared from Intermediate A (100 mg) following general
procedures H and B. LC-MS (m/z): 862.

Example 11:
(S)-7-[(S)-1-Carboxy-2-(4'-cyano-biphenyl-4-yl)-ethylcarbamovyl]-3-[4-(3.4-dichloro-

benzvloxy)-phenvyl]-2-0x0-1.2.3.5,7.8-hexahydro-4-oxa-1.6-diaza-anthracene-6-

carboxvlic acid tetrahydro-pyran-4-vl ester
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Exanpl e 38:
kS) - 3- (4' - Cyano- bi pheny1-4-y1)-2-{[(S)-3-[4-(3, 4-dich

wW@e@hertayl oxy) - phenyl] - 6- ( 2- PCT/US2009/036333

met hyl - benzyl) - 2- oxo- 2, 3, 5, 6, 7, 8- hexahydr o- 1H 4- oxa- 1,
6- di aza- ant hracene-7- carbonyl]-am no}-propionic acid
Cl CN 5 Title conmpound was prepared from
Intermediate A (20 ng) follow ng general procedures D
and B. LGM (nmz): 852. Exanple 39: S-3- 4-C
ano-bi hefLJyp_1(Sl _p_y_]_lichlorg~he®z lox - hen 1

- 2- 0X0- 6-
1 byrldln Zﬁylnethy1-9

8- hexahydr o- 1H 4- oxa- 1,
P < am no) - propi onic acid
cmas prepared fromlnternedi ate

811 owi general procedures D and B. LC M5
: ngﬁﬁfe 40:
(S)-3-(4"- Cyano- enyl-4-yl1)-2-(

{(S)-344- 3 4-di chl or o- benz¥loxy) phen 0X0- 6-
Title pprapewad-(32 pgatan prepared frpng Intemagdiate P%Hlﬂﬂo43él9<f§01:l 6

folloWinB%3n a9t o ASRAS H afPBPLOWES Y %d77Pr opi oni ¢ aci d

Cl

Example 12:
(S)-3-(4'-Cyano-biphenyl-4-y1)-2-({(S)-6-cyclobutanecarbonyl-3-[4-(3.4-dichloro-
benzvloxy)-phenvyl]-2-0x0-2.3.5.6.7.8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-

carbonyl}-amino)-propionic acid

CN
oon_~ ]
1 i
H H

(@) N

N

H

Wo
@IO

O

Title compound (46 mg) was prepared from Intermediate A (100 mg, 0.13 mmol)
following general procedures F and B. LC-MS (m/z): 832.

Example 13:
(S)-3-(4'-Cyano-biphenyl-4-y1)-2-({(S)-3-[4-(3.4-dichloro-benzyloxy)-phenyl]-6-
isobutyryl-2-0x0-2.3.5.6.7.8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-carbonyl}-

amino)-propionic acid
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Cl CN Title conpound was prepared from I nternedi ate
A (20 ng) follow ng general procedures D and B. LG Ms
w@ pdo)1117814. 5 Exanpl e 41: PCT/US2009/036333
kS) - 3- (4' - Cyano- bi phenyl-4-y1)-2-{[(S)-3-[4-(3, 4-di chl
or o- benzyl oxy) - pheny1] - 6- ( 2-
fluoro-benzyl)-2-oxo-2, 3,5, 6, 7, 8- hexahydr o- 1H 4- oxa- 1,
6- di aza- ant hr acene- 7- car bonyl1] - am nol - propi oni ¢ aci d
Cl CN 10 Title conpound (7 ng) was prepared from
Titlé Bér@poEdi %@pp@spéré@ ﬁl'(liﬁi Irt@hlcoiata (9EMg) &lllopriee gehidras D
and B. LC- M5 Cg 856. Exarrpl e 42: (S)-2-(
proqedwes §-and Folhi(oMss (@) $19-- 3- 1- 4- (3, 4- di chl or o- benzyl oxy
) - phenyl | - 2-oxo-
152, 3, 5, 6, 7, 8- hexahydr o- 1H 4- oxa- 1, 6- di aza- ant hr acene-
Exampandonyll - am no) - 3- (4' - cyano-

( S)-B-( I?&% yﬁenzex s)ulfp Irn?lpl 3C4 alchfjoro %anvloxv) phenyl]-2-0x0-2.3,5.6.7.8-

hexahydro-1H-4-oxa-1.6-diaza-anthracene-7-carbonyl}-amino)-3-(4'-cyano-biphenyl-4-

vyl)-propionic acid

Title compound was prepared from Intermediate A (30 mg) following general procedures

E and B. LC-MS (m/z): 888.

Example 15:
(S)-2-({(S)-6-Benzoyl-3-[4-(3.4-dichloro-benzyloxy)-phenyl]-2-0x0-2.3.5.6.7.8-

hexahydro-1H-4-oxa-1.6-diaza-anthracene-7-carbonyl }-amino)-3-(4'-cyano-biphenyl-4-

CN
) oo™

N

H

N O

@I ;

O 5

Title compound was prepared from Intermediate A (30 mg) following general procedures

F and B. LC-MS (m/z): 852.

vyl)-propionic acid

Example 16:
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Title conpound (7 ng) was prepared fromlnternediate A
(40 ng) follow ng general procedures D and B. LG M5
W@ 02111787 3. Exanpl e 43: PCT/US2009/036333
5kS) - 3- (4' - Cyano- bi pheny1-4-y1)-2-{[(S)-3-[4-(3,4-dich
| or o- benzyl oxy) - pheny1] - 6- ( 2-
nmet hoxy- benzyl) - 2- oxo- 2, 3, 5, 6, 7, 8- hexahydr o- 1H 4- oxa- 1
, 6-di aza- ant hracene-7- carbonyl] - ani no} - propi onic
acid CN Title conpound (11 ngy) was prepared
(S)-Br(@nT ¥ drioeipshyhd &1 48) @hcfo@bﬂt@ﬂﬂcﬁl@oﬁﬁl@[é&@,Michloro-

procedures D and B. LC_NB;ﬁx 868. Exanpl e 44.
gnyl, Q=2 v 1s0_-bH 4-oxa-1,6-diaza-anthracene-7-

b 3
) | or o- benzyloxy) phenyl] - 6- ( 6-
carth “%n[’ 1°%°dé i thyl)-2-0x0-2, 3, 5,6, 7, 8- hexahydr o

-1H 4- oxa-1, 6-di aza-
15anthracene 7- carbon.kk;&m Ql - e|on|c_a0|d CN

{tle conpoHnd was pr; mlInternediate A (39.9

“l folld @ 3 es Dand B. LCM (mz):
) (

{(S) -Bronn pyrld n-2-ylmethyl)-3-[4-(3,4-dichloro

- beAzyToxy) - pheny1] -
oxo- 2, 3,5, 6, 7, 8- hexahydr o- 1H 4- oxa- 1, 6- di aza- ant hr acen
e-7- carbonyl} am no) - 3-(4' -
cyano- bi pheny1l-4-yl)-propionic acid
Title compound was prepared from Intermediate A (30 mg) following general procedures

F and B. LC-MS (m/z): 845.

Example 17:
(S)-3-(4'-Cyano-biphenyl-4-y1)-2- {[(S)-3-[4-(3,4-dichloro-benzyloxy)-phenyl]-2-0x0-6-

(piperidine-1-carbonyl)-2.3.5,6.7.8-hexahydro-1H-4-oxa-1.6-diaza-anthracene-7-

carbonyl]-amino }-propionic acid
CN
C O"g

H H
O N A

N

m)LS

o hd

N
° @

Title compound was prepared from Intermediate A (30 mg) following general procedures

I and B. LC-MS (m/z): 859.

Example 18:
(S)-7-[(S)-1-Carboxy-2-(4'-cyano-biphenyl-4-yl)-ethylcarbamovyl]-3-[4-(3.4-dichloro-

benzvloxy)-phenvyl]-2-0x0-1.2.3.5,7.8-hexahydro-4-oxa-1.6-diaza-anthracene-6-

carboxvlic acid cyclopropylmethyl ester
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CN 5 Title conpound was prepared fromliInternediate A
(39.9 ng) follow ng general procedures D and B. LC M5
W@ 021117021, Exanpl e 46: PCT/US2009/036333
10yl net hyl ) - 3-[ 4- (3, 4-di chl or o- benzyl oxy) - pheny1] - 2- ox
o-2,3,5, 6,7, 8 hexahydr o- 1H 4- oxa-
1, 6-di aza- ant hracene- 7- car bonyl}-am no) - propi oni ¢ acid
CN CN Title conpound was prepared fromlInternediate A
(39.9 ng) follow ng general procedures D and B. LC- M5
(mz): 909. 15 Exanple 47: k S)- CN
-(4' - Cyano- bi phenyl-4 3 - [4-(3

Nd-xa- 1, 6- di aza- ant hr acene- 7-
-ptopionic acid CN

Title compound was prepared from Intermediate A (40 mg) following general procedures

H and B. LC-MS (m/z): 845.

Example 19:
(S)-7-[(S)-1-Carboxy-2-(4'-cyano-biphenyl-4-yl)-ethylcarbamovyl]-3-[4-(3.4-dichloro-

benzyloxy)-phenvyl]-2-0x0-1.2.3.5,7.8-hexahydro-4-oxa-1.6-diaza-anthracene-6-

carboxvlic acid (R)-(tetrahydro-furan-3-vl) ester

CN
: Seond
Cl (0] H:@:?HL ;
N
H
@I T
o
o
T
Title compound was prepared from Intermediate A (40 mg) following general procedures

H and B. LC-MS (m/z): 862.

Example 20:
(S)-3-(4'-Cyano-biphenyl-4-y1)-2- {[(S)-3-[4-(3.4-dichloro-benzyloxv)-phenyl]-6-(furan-

2-carbonyl)-2-0x0-2.3,5,6.7.8-hexahydro-1H-4-oxa-1.6-diaza-anthracene-7-carbonyl]-

amino }-propionic acid

CN
o ) o OO
cl o N:@:?HL i
N
H
N o
@IO
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Titl e conpound was prepared fromliInternmediate A (39.9

nmg) follow ng general procedures D and B. LCGM (mz):
w@289/18178xanpl e 48: k S)-3 -(4'-Cyano- bi phenyl PAF/Y32009036333

{ [(S)-3 - [4-(3 ,4-dichloro-b enzyl oxy) - phenyl ]

-6-(1- methyl-1Him dazol -2-yl nethyl)-2-o0x0-2,3 ,5

, 6, 7, 8- hexahydr o- 1H 4- oxa- 1, 6- di azaant hr acene- 7- car bon

yl] -amino } -propionic acid 10 CN Title conpound

was prepared fromlnternediate A (20 ng) foll ow ng

Titlg e&ﬁp@ndpg&qgw@sfr&ngﬁﬂnﬁedlﬁtgﬂ\@S(Iﬁé)ZﬂJllo@{h% geb@aplo€edures
- ' ano- bi

FaWeﬁLW&(’ZE/Zb 821 Jichloro-benz lox - hen 1 -2-oxo-6-
t hi azol - 2-yl net hy1- 2, 3, 5, 6, 7, 8- hexahydr o- 1H- 4- oxa- 1, 6-
di aza- ant hracene-7-carbonyl1}- am no) - propioni c aci d

Exampe 2Ti t| e conpound was prepared from Internediate A

s (52209 f0|_1!10 A3 rsa‘-|3- r%eyres Dand B kG NR .
metﬁ{ﬂsﬁengox(lfb - 3NDs I3i pdL ﬁ@)ya:hvéroyllzal “425xa-1,6-diaza-anthracene-7-

{1(S)-3-14 (5 4-dr chlor o- benzyl oxy) - pheny1] - Z- 0X0- 6-
aghiine}-Propamipnanyd ) -2,3,5,6,7, 8-hexahydro- 1H4-oxa- 1
6 di aza- ant hr acene- 7-car bonyl | am_no} ¢ propi oni ¢ acid

10 Title compound was prepared from Intermediate A (25 mg) following general procedures

F and B. LC-MS (m/z): 865.

Example 22:
(S)-3-(4'-Cyano-biphenyl-4-y1)-2- {[(S)-3-[4-(3,4-dichloro-benzyloxy)-phenyl]-6-(4-
15  fluoro-benzovyl)-2-0x0-2.3.5.6.7.8-hexahydro-1/+-4-oxa-1,6-diaza-anthracene-7-

carbonyl]-amino }-propionic acid

CN
0 OH O
1 i
H H
(0] N ~
N
H
Mo
(0]
(0]

F

Title compound was prepared from Intermediate A (25 mg) following general procedures
F and B. LC-MS (m/z): 870.

20
Example 23:
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CN Titl e conpound was prepared fromlnternedi ate
A (20 ng) follow ng general procedures 10 F and B.
wOo.eHorB11(70d z) : 853. Exanpl e 51: PCT/US2009/036333
kS) - 3- (4' - Cyano- bi pheny1-4-y1) - 2-
{[(S)-3-[4-(3, 4-di chl oro-benzyl oxy) - phenyl] - 6- ( 2-
ni tro-benzenesul fonyl) - 2- oxo- 2, 3, 5, 6, 7, 8- hexahydr o- 1H
4- oxa- 1, 6-di aza- ant hr acene- 7-
15car bonyl | - am no} - propi oni ¢ aci d CN Title compound
(S)-BE8' - Oy petiipitbny I-0pDL I HEWB G 4B & - 3R -y ToRY - Swingl]-6-(4-
ener al procedures E and B. LGCM (mz): 932. 20
m_et%zaalp@@ B2-2-0%0-53.5%.1 Sﬁm&&ﬁrﬂgﬁw@a_@ﬂMhmcene-%
carlofy “athiio |- Bnidadichl oro-b enzyl oxy) - phenyl] -6-(3 -
yl)-2-0x0-2,3 ,5
, 6, 7, 8- hexahydr o- 1H-4 -oxa 1, 6- d| geza~2ht hr acene- 7-
carbonyl] -am no } - pr CN1 o5 Ttle

fpound_wag prepared freml drmedi ate A (30 ng)
and B. LGM (nfz):

Title compound was prepared from Intermediate A (25 mg) following general procedures

F and B. LC-MS (m/z): 882.

Example 24:
(S)-3-(4'-Cyano-biphenyl-4-y1)-2- {[(8S)-3-[4-(3,4-dichloro-benzyloxy)-phenyl]-2-0x0-6-
(3-trifluoromethyl-benzovl)-2.3.5,6.7.8-hexahydro-1H-4-oxa-1.6-diaza-anthracene-7-

carbonyl]-amino }-propionic acid

Title compound was prepared from Intermediate A (25 mg) following general procedures

F and B. LC-MS (m/z): 922.

Example 25:
(S)-3-(4'-Cyano-biphenyl-4-y1)-2-({(S)-6-cyclohexanecarbonyl-3-[4-(3.4-dichloro-

benzvloxy)-phenvyl]-2-0x0-2.3.5.6.7.8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-

carbonyl}-amino)-propionic acid
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Exanpl e 53:
kS)-2-({(S)-6-(2-Cyano-benzyl)-344- (3, 4-di chl oro-benzy
WO 2009)119enyl | - 2- oxo- PCT/US2009/036333

102, 3, 5, 6, 7, 8- hexahydr o- 1H 4- oxa- 1, 6- di aza- ant hr acene-
7-carbonyl{-am no)-3-(4'-cyano-

bi phenyl-4-yl)-propionic acid CN Title conpound was
prepared fromlintermediate A (20 ng) foll ow ng genera
procedures D and B. LC-M5 (mz): 863. 15 Exanpl e 54:
(S)-3-(4'-Cyano- bi phenyl-4-y1)-2- CN
{(S)-6- cyclopropylnethyg§/+[4- 3

di chl oro-
6, 7, 8- hexahydr o- 1H 4- ox
ex7-~carpony1} - am no) - propi oni ¢
qQueound was prepared from
follow ng general procedures D
. 5 Exanple 55:
kS) - 3 (4' - Cyano- b|p ey l-4-y1)-2-{[(S)-3-[4-(3,4-dich
or o- benzyl oxy) - pheny1] - 2- oxo- 6-
(3-pyrimdin-2-yl-prop-2-ynyl)-2,3,5,6, 7, 8-hexahydro-1
Tltlég'g&g &ﬁld ?g %@% gxza_@ @%pfgg%m " 'gtg?medlate A (50 mg) following general
procedures F and B. LC-MS (m/z): 860.

Cl

Example 26:
(S)-3-(4'-Cyano-biphenyl-4-y1)-2- {[(S)-3-[4-(3.4-dichloro-benzyloxv)-phenvyl]-6-
(naphthalene-1-carbonyl)-2-0x0-2.3,5,6.7.8-hexahydro-1H-4-oxa-1.6-diaza-anthracene-7-

carbonyl]-amino }-propionic acid

Title compound (28 mg) was prepared from Intermediate A (50 mg) following general
procedures F and B. LC-MS (m/z): 902.

Example 27:
(S)-3-(4'-Cyano-biphenyl-4-y1)-2- {[(S)-3-[4-(3.4-dichloro-benzyloxy)-phenyl]-6-
(naphthalene-2-carbonyl)-2-0x0-2.3,5,6.7.8-hexahydro-1H-4-oxa-1.6-diaza-anthracene-7-

carbonyl]-amino }-propionic acid
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CN 102-(3-Brono-prop-1-ynyl)-pyrimdine was prepared
from3-Pyrimdin-2-yl-prop-2-yn-1-ol follow ng genera
w@e@eatiwe Q and used to prepare the title conpons2009/036333
Title conpound (24 ng) was prepared fromInternediate
A (38 ng, 0.05 nmol) follow ng general procedures K
and B. LCGM5 (mz): 866. 15 Exanple 56:
(S)-3-(4'-Cyano-bi phenyl-4-y1)-2- {
r(S)-3-1-4-(3, 4-di chl oro- benzyl oxy) - phenyl | -2-o0xo- 6-
f3 -thiophen-3 -yl -prop-2-ynyl)- ¢
, 6, 7, 8- hexahydr o- 1H 4- @&gxﬁ ?
c fbonyll -am no} -pr p|@n|- i d
ound”was womrThter nedi ate A (200 ng)
0 8 cedures D and B. LG M5 (ml z):
869. anpl e 57:

anthracene-?-
CN Title

Cl

- [ 4- (2, 6- di chl or o- benzyl oxy) - ph

hexahydr o- 1H 4- oxa- 1, gdV aza- ant hr acene- 7- car bonyl }
-am no) - 3- (4' -cyano- bi phenyl-4- yl)-propionic acid CN
Tltlé. Gorﬂﬁ)ddnﬁ (2® M) wd pecharadjormdistepeliras ad 50mgyfollowing general
[(S) nQ- bi phenyl-4-y1)-1-
WD%%PK%£' Qﬁﬁéﬁépﬁ%@ﬁalggfbannyl] 3-[4- (2, 6-dichl oro-ben
zyl oxy) - phenyl] - 2- oxo01, 2, 3, 5, 7, 8- hexahydr o- 4- oxa- 1, 6-d
i aza- ant hr acene- 6- carboxylic acid tert-butyl ester (50
Examgple@805 nmol ) follow ng the Procedure C, F and B

()5 S ) SRRy 1)-2- ([(S)-3-[4-(3.4-dichloro-benzyloxy)-phenyl]2-ox0-6-
(thiophene-2-carbonyl)-2.3.5.6.7.8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-

carbonyl]-amino }-propionic acid

Title compound (25 mg) was prepared from Intermediate A (30 mg) following general

procedures F and B. LC-MS (m/z): 858.

Example 29:
(S)-7-[(S)-1-Carboxy-2-(4'-cyano-biphenyl-4-yl)-ethylcarbamovyl]-3-[4-(3.4-dichloro-

benzyloxy)-phenvyl]-2-0x0-1.2.3.5,7.8-hexahydro-4-oxa-1.6-diaza-anthracene-6-

carboxvlic acid tert-butyl ester
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15 Exanpl e 58:
kS)-2-({(S)-6-Benzoyl-3-[4-(2,5-dichl oro-benzyl oxy) - ph

weppfiaewxo- 2, 3,5, 6, 7, 8- PCT/US2009/036333

hexahydr o- 1H 4- oxa- 1, 6- di aza- ant hr acene- 7- car bonyl }
-am no) - 3- (4' - cyano- bi phenyl-4- yl)-propionic acid

Cl CN Title conpound (20 ng) was prepared from
(S)-7-[(S)-2-(4" - Cyano- bi phenyl-4-y1)-1-

nmet hoxycar bonyl - et hyl car banoyl1] - 3-[ 4- (2, 5- di chl or o- ben
zyloxy) phenyl] - 2- oxo01l, 2, 3 5,7, 8-rexaflydro- 4- oxa- 1, 6-d
art-butyl ester (40

Chg 0. 05 nnnl) foII general procedure C and

¢ d B. “RE'MB YW ~ 853t pl e 59:
2- 6~ Benzopl-_4- ( 3- chloro benzyl oxy) - pheny1]
- 2- ox 3, g,6 7, 8- hexahydr olH 4- oxa- 1, 6-di aza- ant hr ac

enef7-Car bonyl } -aﬁﬁﬂo) 3 -(4'-cyano- bi phenyl-4-yl)-

10propionic acid CN Title conmpound (17 ng) was

prepared from (S)-344-(3-chl oro-benzyl oxy) - pheny1] - 7-

[(S)-2-(4"-cyano- bi phenyl-4-y1)-1-net hoxycarbonyl - et hy
Titl¢ cempeimdyds-reemxed fiom (8)-5;[(8)8-(4'-cyano-biphenyl-4-yl)-1-

exahydr o- 4- gxaz; 1. 6- > gnt.hr.acene- 6- ¢ aci d
me g R By oA A DS ST SR
1,2, gg@gﬂbxdgg@&eﬂdkzﬁl 6 difrzaaaidhBeenle &-Mob §iflie Jacidd2i-butyl ester
anmpl e
(20mpg) foflopinegyengrapprpgedure B4 hCeMSAhY D 3benzyl oxy) - pheny1]
- 2- 0x0- 2, 3,5, 6, 7, 8- hexahydr o1H 4- oxa- 1, 6- di aza- ant hr ac
ene-7-carbony|} -anino)-3 -(4'-cyano-bipheny1-4-y1)-
Example 30:

(S)-3-(4'-Cyano-biphenyl-4-y1)-2-({(S)-6-(2-cyclopentyl-acetyl)-3-[4-(3.4-dichloro-

benzvloxy)-phenvyl]-2-0x0-2.3.5.6.7.8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-

carbonyl}-amino)-propionic acid

oI

Title compound (20 mg) was prepared from Intermediate A (40 mg) following general
procedures F and B. LC-MS (m/z): 860.

Example 31:
(S)-3-(4'-Cyano-biphenyl-4-y1)-2- {[(S)-3-[4-(3,4-dichloro-benzyloxy)-phenyl]-6-(5-

methyl-isoxazole-3-carbonyl)-2-0x0-2.3.5.6.7.8-hexahydro-1H-4-oxa-1.,6-diaza-

anthracene-7-carbonyl]-amino }-propionic acid

121



10

15

20 nnpionic acid CN Title conpound (16 ng) was
prepared from (S)-344-(4-chl oro-benzyl oxy) - phenyl]-7-
WO ¢@pAPr708l' - cyano- bi phenyl-4-y1) - 1- met hoxycar bRCE/USBDNY36333
| car banmoy1l] - 2- oxo-1, 2, 3,5, 7, 8-
hexahydr o- 4- oxa- 1, 6- di aza- ant hr acene- 6- car boxylic acid
tert-butyl ester (40 ng, 0.05 5 mmol) follow ng the
general procedure C, F and B. LCMs (mz): 823.
Exanpl e 61:
kS)-2-({(S)-6-Benzoyl-344-(4-chl gz
benzyl oxy) - phenyl] - 2- oxggﬂﬁhS 6, I hexahydr o- 1H 4- oxa
- '6 di aza- ant hr acenef } -ami no)-3
L - cyahg-"'1 piiNpteRyT A~y opionic acid ON
7- > 5 i phenyl1-4-y1)-1-net hoxycar bony
| -leth rbanoyl] - 3- (4-
hydpoxy- phenyl) - 2- oxg- 2, 2, 3, 5, 7, 8- hexahydr o- 4- oxa- 1, 6-
di aza- ant hracene- 6-carbhoxylic acid tert-butyl ester
was converted to

Titl¢ &ymBoun{d((B) n3d 4val praplatedricon Inteiniddirne An@O imyd)-following general

mol g&g ngégiépgﬁ?%w%kéﬁ xo-2, 3,5, 6, 7, 8- hexahydr o- 1H 4-

car bonyl}-am no) - 3- (4'-cyano-bipheny1-4-y1)-propionic
acid nethyl ester hydrochloride follow ng genera
Exmmnkéaure L. and C. Title conpound was prepared from

Y rifluoronethyl -

Cl

(th1&511%n§2-@uﬁfoﬂvl&2@@(@hwdﬁ&aﬁﬂl‘ré -1 H-4-oxa- 1 6-diaza- anthracene-7-

oxa- 1, 6-di aza- ant hr acene- /- car bonyl}-am no)-3- (4" -cyan
carbenysi]mimingltpropienc asidpi oni ¢ acid 20 methyl ester

hydr ochl ori de (0.05 mmol) follom[/g tee genera

procedure F and B. LC—NB Qyiz)

Title compound (20 mg) was prepared from Intermediate A (40 mg) following general

procedures E and B. LC-MS (m/z): 896.

Example 33:
(S)-3-(4'-Cyano-biphenyl-4-y1)-2-({(S)-3-[4-(3.4-dichloro-benzyloxv)-phenvyl]-6-

dimethylcarbamovl-2-0x0-2.3.5.6,7.8-hexahydro-1H-4-oxa-1.,6-diaza-anthracene-7-

carbonyl}-amino)-propionic acid
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Exanmpl e 62: (S)-
{(S)-6-Benzoyl- 3-1-4-(4-nmet hoxy-3-trifluoronethyl-benz
wQq k@) iphenyl | - 2- oxo2, 3, 5, 6, 7, 8- hexahydr o- 1H BCK82009/@36333
- di aza- ant hr acene- 7- car bonyl }
-am no) - 3- (4' - cyanobi phenyl-4-yl)-propionic acid 5 ON
(S)-7-[(S)-2-(4' - Cyano- bi phenyl-4-y1l)-1-net hoxycar bony
| - et hyl car banoyl] - 3- (4-
hydr oxy- phenyl) - 2- oxo- 1, 2, 3, 5, 7, 8- hexahydr o- 4- oxa- 1, 6-
di aza- ant hracene-6-carboxylic acid tert-butyl ester
was converted to

Titlg gympoyng ( Q%&% ippReragaTom () 3-p4' oy iy biphenyl-A-yD-2-({(S)-3-[4-
3, 4'-‘@&@8&%%}%210& y@%@?g‘i@{i&% DOLRBY QKN PRSI U Ot

anﬂ&&%néﬂdmdxmwanmhm@¢pngmiucanbnnyﬁﬂeaanhp&@pﬂﬂpd@hﬁbmg)
acjd meth ester hydro e f OMAng t he genera
fOll%W%é&E?réP/IHO%reé a*i*%l i«%ﬁp@u@d & my) was prepar ed
from(S)-
3-(4' -cyano- bi phenyl-4-y1)-2-({(S)-3-[4-(4-nmet hoxy- 3-t
Examuﬂhﬁéronethyl benzyloxy)

1) 0 ! C =Q.
y
hexﬁﬁrd%-mmb%:mI60d1aziea1ﬁmla&&wmarg&ﬂ@r allnufa)ngcadwa% &p@aél 4-
B. 15LC- NG (mrz) 882. Exanple 63
yl)-prapiopiq geg] - Carboxy 2- (4" - cyano- bi pheny1-4-y1) - et hyl ¢
[ tvret hox - hen 1

6@d|aza anthracene- acid tert-butyl
(¥ was prepared from

er S g)

7- S) - 2- no Hbl phenyl 4-y1)-1-
r b8ny yltar banoyl] - 3-[ 4- (5, 6-di chl or o- pyr
nmet hoxy) - p 1] - 2-

oxo 1 2,3,5,7, 8-hex ro- 4- oxa- 1, 6- di aza- ant hracene- 6
-carboxylic acid tert- butyl ester (10 ng) follow ng
Titlt bempanerads pepecatifiomr IBerrhédiMS A @0zng) BBAwing general procedures

D and B. LC-MS (m/z): 838.

Example 35:
(S)-3-(4'-Cyano-biphenyl-4-y1)-2-({(8)-3-[4-(3,4-dichloro-benzyloxy)-phenyl]-2-0x0-6-

phenethyl-2.3.5.6.7.8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-carbonyl }-amino)-

propionic acid

CN
C O

H :

N

H

N
/@J\:O \/\©
(@]

Title compound was prepared from Intermediate A (40 mg) following general procedures

D and B. LC-MS (m/z): 852.
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Exanpl e 64:

kS)-2-({(S)-6-Benzoyl-344- (5, 6-di chl oro-pyridin-3-yl ne
wo bt} pheny 1] - 2- oxo2, 3, 5, 6, 7, 8- hexahydr o- 1H BCK82009/@36333

- di aza- ant hr acene- 7- car bonyl }

-am no) - 3- (4' - cyanobi phenyl-4-yl)-propionic acid 10

CN Title conmpound (12 ng) was prepared from

(S)-7-[(S)-2-(4" -cyano- bi phenyl-4-y1)-1-

nmet hoxycar bonyl - et hyl car banoyl] - 3-[ 4- (5, 6-di chl or o- pyr

i di n-2-yl met hoxy) - pheny1] - 2-

oxo-1, 2, 3,5, 7, 8 hexahydr o- 4- oxa- 1, 6-di aza- ant hr acene-6
ExampleB6xylic acid tert-butyl ester (30 ng) follow ng

(5)-378-OANGBbh LIS 91314334 Bonble- MR A L) oSl 2-do-6-

2.4 4-GifhorBbarzpdh 3-3.5 4:7( Shéxatliy dlol 07-d-gxyr i, 6Hdinz3-ayihnethe Ky )
-ph nyll- 2 0X0- 2, 3 , 6,7, 8-
, 6-di aza- ant hracene- 7- car bonyl }
-an1no)-3-(4'-cyano blphenyl 4- L) -9y opi oni ¢ acid 20
CN Title conmpound (7 prr ed from

-7- [(S) g (4'-cyan r%/%@

-hexah dr 0- 4- oxa- 1, 6- di aza- ant hracene- 6
' ic acid t'e fyl ester (15 ng) follow ng
general procedures G and B. LGM (nfz): 839.
Exanpl e 66:
5kS) - 3-(4' - Cyano- blphenyl 4-y1)-2-{[(S)-3-[4-(5, 6-dich
Titl¢ opropgyndivddsrprpayédimomdrigimerhanyX {20 mg) following general procedures

oGRS 7 oo o) 20 6.7 a3

carbonyl] -am no}-propionic acid

Cl

Example 37:
(S)-3-(4'-Cyano-biphenyl-4-y1)-2- {[(S)-3-[4-(3,4-dichloro-benzyloxy)-phenyl]-2-0x0-6-
(toluene-2-sulfonyl)-2.3.5.6.7.8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-carbonyl]-

amino }-propionic acid

Title compound was prepared from Intermediate A (20 mg) following general procedures

E and B. LC-MS (m/z): 903.

Example 38:
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CN Title conpound (16 ng) was prepared from
(S)-7-[(S)-2-(4" -cyano- bi phenyl-4-y1)-1- 10

worgaoboxyear bonyl - et hyl car banoy1] - 3-[ 4- (5, 6- di cPCDUR82009/036333
i di n-2-yl met hoxy) - pheny1] - 2-
oxo-1, 2, 3,5, 7, 8-hexahydr o- 4- oxa- 1, 6- di aza- ant hr acene- 6
-carboxylic acid tert-butyl ester (42 ny,.05 mol)
foll owi ng general procedures C, F and B. LCGM (mz):
859. Exanple 67: 15(S)-2-(

(S)-B4(P) € eivd-HiBh ol -0+0r- D TR YB IAY} Apdietilytd- bezlzomgvﬁpﬁdﬁwam}

2-ylmethyl-2,3,5,6,7, 8-
;_.;_a- A)-3-0p W3 7 3-hexahvds : A- RN BCORC
carbioli iﬁ -4 éﬁﬁﬁ&ﬁblphenyl 4 yl) proplonlc aC|d CN

nd (16 ng) was prepared from

(S)-344-(3-chl oro- benzyloxy) pheny

20[ (S) - 2- (4'-cyano blg /
carbanoym] - 0X0- 1‘2 ,5,

Cl
acene- 6-carboxylic acid

O 05 mmol ) foll ow ng genera

Bl LCGMS (nmfz): 811. Exanple 68:

(4' - cyano- bi phenyl-4-yl)-ethylc
hIoro benzyloxy) phenyl] - 1-meth
Titl% %@%ﬁ%@%&%@&%ﬁ%{frg@ﬁ %‘g?tS @ 2%é§$)éfloﬁavmgzgaenearg Errocedures
D and B. LC-MS (m/z): 852.

Example 39:
(S)-3-(4'-Cyano-biphenyl-4-y1)-2-({(8)-3-[4-(3,4-dichloro-benzyloxy)-phenyl]-2-0x0-6-

pyridin-2-ylmethyl-2.3.5.6.7.8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-carbonyl}-

amino)-propionic acid

CN
Title compound was prepared from Intermediate A (20 mg) following general procedures

D and B. LC-MS (m/z): 839.

Example 40:
(S)-3-(4'-Cyano-biphenyl-4-y1)-2-({(8)-3-[4-(3,4-dichloro-benzyloxy)-phenyl]-2-0x0-6-
thiophen-2-ylmethyl-2.3.5.6.7.8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-carbonyl } -

amino)-propionic acid
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CN (S)-7-Hydroxy-6-nitro-3 ,4-di hydro-1Hiso qui no
line-2,3 -dicarboxylic acid 2-isopropyl ester 3-nethyl
we@gien1 720 0 g, LC-Ms (mz) 340) was prepared fPONUS2009/036333
(S)-7-Hydroxy-6-nitrol, 2, 3, 4-tetrahydro-i soqui noline-3
-carboxylic acid nethyl ester (2.0 g) follow ng
general 10 procedure H
(S)-7-Hydroxy-6-nitro-3, 4-di hydro-1H i soqui nol i ne- 2, 3-
di carboxylic acid 2-isopropyl ester 3-nethyl ester
(2.0 g) was dissolved in MeOH and~2Qohy Pd/ C added.
The fl ask was evacuat ed,_ang, place nder bal | oon
priessur e of yhydr ogen. OTﬁE/r.EEmlon stirred at r.t.
c! ro1. 5% EW eever a plug of celite.
cekitesp shed with Et0Ac and DCM The
[ at es were conbi ned and evaporated to provide
(S)°6-dam no- 7- g7
hydr oxy- 3, 4- di hydr o- i soqui nol i ne-2, 3-di carboxylic
Titl?%@E&g{féig’ﬁrﬁ?&yalre@ﬁ&ﬁﬁnénﬂ' VO @Z@ttﬁg) fgﬂlm%in%)gen&gf B@cedures

D a@0BS).CaMarGiniy-84hydr oxy- 3, 4- di hydr o- 1H i soqui nol i ne- 2,
3-di carboxylic acid 2-isopropyl ester 3-nethyl ester
(1.8 g) was dissolved in 10 nL Et0OAc, 20 nL water and

Exatnfle 9150di um bi carbonat e added.

2- Chloro 244 (? 41d|chloro benzyloxy) phenyll-acetyl

annﬂbﬁﬁﬁbﬂﬁﬁhéd}125l5 nL DVF and potaSS|un1carbonate (4.1

g) added. The mixture stirred at r.t. for 3 h and was
poured onto water and EtOAc. The u-nIC was washed
wit h IN HC1, dried ang osgvapne:

o P r|f|ed ovﬁhean tOc-2M anmoni a in
rov
BEfTTEg;‘- -4 o-benzyloxy) phenyl] - 2- oxo-1, 2, 3,
5,

hexahydro 4- oxa- 1, 6
acid 6-isopropyl este

#za- ant hracene- 6, 7-di car boxylic
7-methyl ester (2.0 g). LC-MS

Tidg Erio B 57 3o dpinared. fom niprmsdiate A (49 e Jollowing egngel
pro&didre8 ThandaBylde-d 8 (mxa-8566-
di aza- ant hracene-6, 7-di carboxylic acid 6-isopropyl
ester 7-nmethyl ester (2.0 g) was hydrolyzed foll ow ng
gual procedure B to provide
( 3442(3 4- Di chloro benzyloxy)

2.3 %%rﬁ Eexahvd.rorﬁllglar bof(x,dl),a%a %% hgac]érqgﬂlcsér onvﬁ armno* ? (4'-cyano-

blpﬁeﬁill' &V[)éler&OﬂchJcﬁf” or o- benzyl oxy) - pheny1] - 2- oxo- 1, 2, 3,
5, 7, 8- hexahydr o- 4- oxa- 1, 6-

di aza- ant hr acene- 6, 7- dlcarboxyll'

ester (0.342 nmol)

pot ssi,umicar bonat e
05 St

"%“G-isopropyl
. DMF(2 nL) and
) and met hyl i odide
. Fure stirred at room
NG nutes and heat at 40 C for 4
hou M xture was ppured on ethyl acetate and water.
gantc |layer was Washed with 1 N HCl, dried, and
concentrated to prowide
(S)-344- (3, 4-Di chl or o- benzyl oxy) - phenyl] - 1- met hy1-
2-o0xo0-1, 2, 3,5,7, 8- hexahydr o- 4- oxa- 1, 6-di aza- ant hr acene
-6, 7-di carboxylic acid 6- isopropyl ester 7-nethyl
ester (204 ng, LOMS: mz q&g).
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(S)-3-[4-(3, 4-Di chl oro-benzyl oxy) - phenyl] - 1- et hyl- 2-o
wWOoee0Y1P178) 5, 7, 8- hexahydr o- 4- oxal, 6- di aza- ant hr BECEN82089/736333

-di carboxylic acid 6-isopropyl ester 7-nmethyl ester

(204 ng) was hydrol yzed and coupled to

2-am no- 3- (4' - cyano- bi phenyl-4-y1l)-propionic acid

nmet hyl ester-hydrochl oride according to genera

procedures A and B to provide (S)-7-[(S)-2-(4"-
Titl2 E@yrpmrdqv RS Ryak-phepatod flommehtamydiat Bo@y m@tioNdwmphaneyl

1] -3 &ﬂ (3 4-di chl or o-

WU%%H%§ pHeMS [4A):#d8hy 1- 2- oxo- 1, 2, 3, 5, 7, 8- hexahydr
o-4-oxa 1, 6 dlaza ant hr acene- 6- car boxylic acid
I sopropyl ester (161 ng, LCMs: mz 862). Title

Exanqﬂpaand (96 ng) was prepared from

metﬁ&wp&f%b '2955?5‘2’ 3’7]5'617 @IeQMilvdgo 1 H-4-0xa-1.6- dlaza anthracene-7-
0XO0- 1, hexahydr 0-4-0Xa- 1, 6- C“ aza- ant hr acene-6
' ing acsdpropyl ester (140 ng) according to

general procedure B. LCYNB nrz 848. gxanple 69:

i onic acid CN

3- -prop 1-yn -benzene was prepared from
3°phenyl - pr op- 23 yn | followi ng 10 general procedure
Q and used to prep the title conmpound. Title

un repared fromln |
Tltl (H,bm% (if; QF@abeB&%Pr& E@ﬁ%edb%%%e(%g nirrg?]? ) Wlﬂé general
ro@qﬁe@aj axmr@qmme@n)s) -apd. B. LGMS (mz): 876. Exanple
70: 15(S)-3-(4'-Cyano- bi phenyl-4-y1)-2- { r(S)- 3-
1- 4- (3, 4-di chl or o- benzyl oxy) - phenyl | -1-nethyl -
XQ46- (1- phenyl - propyl) -2, 3,5, 6, 7, 8- hexahydro- 1H 4-0
EX&ﬁgﬁigé dfazg an?hrgceﬁg-;- carbonylI-anino?-propionic
(S)-3q#'dCyano-biphenyl-4-y1)-2- {[(S)-3-[4-(3.4-dichloro-benzyloxy)-phenyl]-6-(6-

methyl-pyridin-2-ylmethyl)-2-0x0-2.3.5.6.7.8-hexahydro-1H-4-oxa-1,6-diaza-

anthracene-7-carbonyl]-amino }-propionic acid

CN
o on N
cl 0 X
H :
cl O« _N
N

Title compound was prepared from Intermediate A (39.9 mg) following general

procedures D and B. LC-MS (m/z): 853.

Iz

Example 45:
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CN Title conpound (42 ng) was prepared from
Internmediate B (242 ng,) follow ng general procedures
wO¢®odim cyanobor ohydydri de was used i n pl aceP@F/US2009/036333
sodiumtriacetoxy borohydride) and B. LC-M5 (m z):
882. 5 Exanple 71: (S)-3-(4'-Cyano-biphenyl-4-y1)-2- {
r(S)-3-1-4-(3, 4-di chl oro- benzyl oxy) - pheny11- 6- ( 2-
et hyl - benzyl) - 1- net hyl - 2- oxo- 2, 3, 5, 6, 7, 8- hexahydr o- 1H
4- oxa- 1, 6-di aza- ant hr acene- 7-
(S)-gar (51w (k] BaymdIpyridih-Opyleathe/1)e8-{ 41(3,4-dNh1ck8-bEh iyl éxy)-phenyl]-2-
corrpoundh(33 ny) vv%s pre ar ed frhom I nter medl ate B (§84'

ofeny 1] - 6- ( 2-

S) 3- [4 (3, 4-di chl oro-benzyl o
,3,5,6, 7, 8-hexahyd

i sopropyl - benzyl) - 1- &y 1-
-1 H4- oxa 1, 6 di az-dgg/

an propi onic acid CN
)* was prepared fromInternediate
nmol )| fol | owi ng general procedures D
m z) N 4. 20 Exanple 73:

Br
Title compound was prepared from Intermediate A (39.9 mg) following general

procedures D and B. LC-MS (m/z): 921.

Example 46:
(S)-3-(4'-Cyano-biphenyl-4-y1)-2-({(8)-6-(5-cyano-6-methylsulfanyl-pyridin-2-
vlmethyl)-3-[4-(3.4-dichloro-benzyloxy)-phenyl]-2-0x0-2.3.5.6.7.8-hexahydro-1/4-4-oxa-

1.6-diaza-anthracene-7-carbonyl }-amino)-propionic acid

Title compound was prepared from Intermediate A (39.9 mg) following general

procedures D and B. LC-MS (m/z): 909.

Example 47:
(S)-3-(4'-Cyano-biphenyl-4-y1)-2- {[(S)-3-[4-(3.4-dichloro-benzyloxy)-phenyl]-6-( 1 H-
imidazol-2-ylmethyl)-2-0x0-2.3.5.6.7.8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-

carbonyl]-amino }-propionic acid
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S -3- 4-Cano-bi hefLJyp f_ il _p_y ] _lichloro-benz | ox
- hen 1

WO 2eopntEam®- y1- 1- net hyl1- 2- oxo- 2, 3, 5, 6, 7, 8- hexahpdr/oS20bb/436333
- oxa- 1, 6-di aza- ant hracene-7-car bonyl | -
am no)-propionic acid CN 5 The indanyl internediate,
(S)-344- (3, 4-Di chl oro-benzyl oxy) - pheny1] - 6-i ndan- 2-y1-
1-

nmet hyl- 2- oxo- 2, 3, 5, 6, 7, 8- hexahydr o- 1H 4- oxa- 1, 6- di aza-
ant hracene- 7-carboxylic acid, (1 N was prepared
HomlmenmmauaC(Ung 0.3

Al procedures D and B.

s-used 10w t hout further

‘ cdhpound (32 mg) was prepared from

ate (63 ng, 0.1 nmol) and

S am no- 3- (4' 1 & - bi pheny1-4-y1)-propionic acid
met hyl ester hydrochkéride (36 ng, 0.12 mmol)
foll ow ng general procedures A and B. LC-M5 (nfz):
879. 15 Exanple 74: S -3- 4'-C ano- bi

Titl® %mfaobfﬂ_vlfasl-ﬂ‘epa)‘éd Abmltheyiidibtt AL39:9 fg) Bllowing general

4-dichl oro-benz | ox -

progsiderey Diantl Bt GyMIS DuGx$28, 3, 5, 6, 7, 8- hexahydr o- 1H- 4- oxa-
1, 6-di aza- ant hracene-7- carbonyll - am no) - pr opi oni ¢
acid 20 CN The cyclopentyl internediate,

Exansple @8Cycl opent y1- 344- (3, 4- di chl or o- benzyl oxy) - pheny1]

anﬂﬁw&hanamﬂﬁmgﬂamﬁﬁoEpnﬂmmﬁoa&@liomﬁng t he genera

procedures D and B. This cycl opent jpternedi ate was

OxyOH

Title compound was prepared from Intermediate A (20 mg) following general procedures

D and B. LC-MS (m/z): 842.

Example 49:
(S)-3-(4'-Cyano-biphenyl-4-y1)-2-({(8)-3-[4-(3,4-dichloro-benzyloxy)-phenyl]-2-0x0-6-
thiazol-2-ylmethyl-2.3.5.6.7.8-hexahydro-1H-4-oxa-1.6-diaza-anthracene-7-carbonyl}-

amino)-propionic acid

Cl
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Title conpound (13 ng) was prepared fromthe
cycl opentyl internediate (15 ng, 0.025 5mmol) and
W@ 3)0921E00 no- 3- (4' - cyano- bi phenyl-4-y1) - propi oPCTYUSZIN036333
nmet hyl ester hydrochloride (8 ng, 0.025 nmol)
foll owm ng general procedures A and B. LC-M5 (nfz):
830. Exanple 75: 10(S)-3-(4'-Cyano-bi phenyl-4-y1)-2-(

I (S)-6-cycl ohexyl-3 -[4-(3 ,4-dichloro-b enzyl oxy) -
phenyl] - 1- met hy1- 2- oxo- 2, 3, 5, 6, 7, 8- hexahydr o- 1H- 4- oxa-
Titld c&nmmamrﬂrépaa@&ﬁ@nzntmﬁame m\y(z}s m@nfolleymrptranpocedures

CN 15 Title conmpound (24 ng) was prepared from
Dam%BeLﬁéﬂﬁéméﬂéﬂﬁss ng, 0.05 nmmol) followi ng genera
procedures D and B. LC-M5 (mz): 844. Exanple 76:
(S)-3-(4'-Cyano- bi phenyl-4-y1)-2-( f
Exﬁﬁﬁkﬁ@cyclobutyl 3 -[4-(3 ,4-dichloro-b enzyloxy)
: h h

(Dvﬁcﬁh@' 2- ca@xnvm Izté e 60708"'9%%1(0212[1 mgaxawﬁé dparz%ﬁfh%&eﬁé erearbonvn-
Internediate B (38 ng, O0.05 nmmol ) fTolTOW ng genera

amipe ppwgignésadil and B. LC-MS (nfz): 816. Exanple 77:
5(S)-3-(4'-Cyano-bi phenyl-4-y1)-2-{[ (& -3-[4-(3,4-dich
| or o- benzyl oxy) - phenyl] 1-net hyl

OH

Cl O

Title compound was prepared from Intermediate A (20 mg) following general procedures

F and B. LC-MS (m/z): 853.

Example 51:
(S)-3-(4'-Cyano-biphenyl-4-y1)-2- {[(S)-3-[4-(3,4-dichloro-benzyloxy)-phenyl]-6-(2-

nitro-benzenesulfonvyl)-2-0x0-2.3.5.6,7.8-hexahydro-1H-4-oxa-1.6-diaza-anthracene-7-

carbonyl]-amino }-propionic acid

Title compound was prepared from Intermediate A (30 mg) following general procedures

E and B. LC-MS (m/z): 932.

Example 52:
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2- 0X0- 6- ( 1- phenyl - cycl opentyl net hyl ) -2, 3,5, 6, 7, 8- hexah
ydr o- 1H 4- oxa- 1, 6- di azaant hracene- 7- car bonyl | - am no}-p
WO o760 acid CN 10 To a sol ution of PCT/US2009/036333

(1- Phenyl -cycl opentyl)-nethanol (1.0 g, 5.7 mmol) in
DCM (20nm.) was added Dess-Martin Periodine (6.8 mmol,
1.2 eq) and sodi um bi carbonate (6.8 mvol, 1.2 eq) at O

C. The reaction mixture stirred at this tenperature

for 2h and allowed to warmup slowy to room
(S)-BgHpEYaoishendf-481)-Z-9[1Bh-81[19B.40dichIb®-Beaglok PPRphdnkB-6-(3-
) n%xture‘mas pour ed |nto mater and6extracted

(mﬂgmgqaﬁﬁgnugggﬂh§£%§?and concentrated under reduced

henyl - cycl opent anecar bal dehyde
(812 ng) which was inmediately used ©' synt hesi ze
s gi ate B (20 ny,
¢0. 025 mmol) fol | owi ng gé&ner pr ocedures D and B.

Y7 )5 O 20 P 3: S -3- 4'-C ano- bi
N¥g”1Ch|OrO benz | ox - hen

<o
, , 8- hexahydr o- 1H 4- oxa- 1, 6- di aza-
ant hr acene- 7- car bo ~@m no) - propi oni ¢ aci d CN

Title conpound (18 ng) @as prepared from | nternedi ate
B (38 ng, 0.05 nmol) follow ng general procedures D
T1tla B&nﬁounb@vd‘s@)rép‘dréd) from9Rterrhedmxta DSDBG D). fo(l&)vrn%-genéral procedures
% %ﬂ arbo xy-phenyl -nethyl)-3 -1-4-(3
E andyB gh &S f8322) Bhzy| oxy) - phenyl | -1 met hyl 2- oxo-2,3 ,5
, 6, 7, 8- hexahydr o- 1H 4- oxa- 1, 6-di az a-ant hracene-7-c
arbonyl} -am no)-3-(4'-
Examy@nad3bi phenyl-4-y1)-propionic acid

(S)-2-({(S)-6-(2-Cyano-benzy])-3-[4-(3.4-dichloro-benzyloxy)-phenyl]-2-0xo0-

2.3.5.6.7.8-hexahydro-1H-4-oxa-1.6-diaza-anthracene-7-carbonyl}-amino)-3-(4'-cyano-

biphenyl-4-yl)-propionic acid

Cl

Title compound was prepared from Intermediate A (20 mg) following general procedures

D and B. LC-MS (m/z): 863.

Example 54:
(S)-3-(4'-Cyano-biphenyl-4-y)-2-({(8)-6-cyclopropylmethyl-3-[4-(3.4-dichloro-

benzvloxy)-phenvyl]-2-0x0-2.3.5.6.7.8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-

carbonyl}-amino)-propionic acid

131



10

15

10 CN Title conpound (32 ng) was prepared from
Internmediate B (38 ng, 0.05 mml) follow ng general
w@eweatrpes K and B. LCG-MS (mz): 895. 15 ExanptBUSDNY/036333
(S)-3-(4'-Cyano- bi phenyl-4-y1)-2- | r(S)-3-
1- 4- (3, 4-di chl or o- benzyl oxy) - phenyl | -1-nethyl -
2- 0X0- 6- ( 1- phenyl -ethyl ) -2, 3, 5, 6, 7, 8- hexahydr o- 1H 4- ox
a- 1, 6-di aza- ant hracene-7- carbonyl | -anm no} -propionic
acid CN The 1-phen-ethyl internediate,
(S)-344- (3, 4-di chl oro-benzyl oxy) ¢ ¥M] - 1- net hy1l- 2-
0Xx0- 6- (1- phenyl ethyl )s.2,3,5.6,7 exahydr o- 1H 4- oxa-
V ic acid, (44 ng) was
3 ng, 0.1 mmol) and (1-
enené| (38 ng, 0.2 mmol) follow ng the
prcbceur €s and B. This 1-phen-ethyl
rptersedi ate was us wi t hout further purification.
Title conpound (27 ng) was prepared fromthe
Titld ehpoundtviasl prepatrat fredilateeméd3dte g2 50ngFolHowing genelal procedures
cyano- bi phenyl- 4-y1) - propioni ¢ acid
Da&cﬁ%hépﬁgr@@ 1%)%?1ydr ochloride (16 ng, 0.05 mmmol)
foll ow ng general procedures A and B. LC-M5 (nlf2z):
865. Exanple 81 (S)-2-( |
Exang)le §3{ 2- Acet yl anmi no- 4- et hyl -t hi azol e-5 -sul fonyl)-3

(S)-3 -[( ﬂ':éx:;’aﬂof‘ﬁilgjllle%m-g-rv%_-2- {1(S)-3-[4-(3.,4-dichloro-benzyloxy)-phenyl]-2-0x0-6-
(3-pyrimidin-2-yl-prop-2-ynyl)-2.3.5.6.7.8-hexahvydro-1/+-4-oxa-1,6-diaza-anthracene-7-

carbonyl]-amino }-propionic acid

T

2-(3-Bromo-prop-1-ynyl)-pyrimidine was prepared from 3-Pyrimidin-2-yl-prop-2-yn-1-ol

following general procedure Q and used to prepare the title compound. Title compound
(24 mg) was prepared from Intermediate A (38 mg, 0.05 mmol) following general
procedures K and B. LC-MS (m/z): 866.

Example 56:
(S)-3-(4'-Cyano-biphenyl-4-y1)-2- {[(8S)-3-[4-(3,4-dichloro-benzyloxy)-phenyl]-2-0x0-6-

(3-thiophen-3-vyl-prop-2-ynyl)-2.3.5.6.7.8-hexahvydro-1H-4-oxa-1,6-diaza-anthracene-7-

carbonyl]-amino }-propionic acid
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15benzyl oxy) - phenyl ] - 2- oxo- 2, 3, 5, 6, 7, 8- hexahydr o- 1H 4-
oxa- 1, 6-di aza- ant hr acene- 7-

W@ 20000704 - am no) - 3- (4' - cyano- bi pheny1l- 4-yl) - ppOpUS0Y036333
acid (nore polar diastereonmer) ON
(S)-3-(4'-Cyano-bi phenyl-4-y1)-2-({(S)-3-[4-(3, 4-dichl
or o- benzyl oxy) - pheny1] - 2- oxo2, 3, 5, 6, 7, 8- hexahydro- 1H 4
-oxa- 1, 6-di aza- ant hracene- 7- car bonyl }
-am no) -propionic acid nethyl ester (760 ng) was
reacted wth CN

2-acetyl am no- 4- net hyls.t hyazal e-& | fonyl chloride
¢(381 ng) ﬂpIIOMAng g%né?él tedure E to furnish

oIeNS §Ulfony1) 3-[4-(3, 4-di chl or o- benz
phéhy1]-2-0oxo} 2, 3,5, 6, 7, 8-
7dr o- 1H 4- oxa- 1| 6- di aza- ant hr acene- 7- car bonyl }
-am no) - 3- (4' - cyano- pi phenyl-4- yl)-propionic acid
met hyl ester (800 as a mxture of diastereoners.
The di astereoners separated by fl ash
chronatography over S|I|caq(q’g Et 0Ac 9:1- 6:4). The
Titlprgerapeysidarasdirapsred Gomrnierasdise dy 208ame) fabowigy saaeral
20 general procedure B to furnish
mﬂ&gﬁfg&%onpoﬂﬁt@?%kﬁg?%89re pol ar di astereoner). LC M5
(mz):967. Exanple 82:
S).- 74(S) - 2- Bi phenyl-4-yl-1-car boxy- et hyl car banoyl) - 3-
EX%ﬁmhe§74 dlchloro benzyloxy)

dlcarboxA iC aC|d 2- |sopropyl esfer 3 nefhyl esterﬁ
ll%%mgmﬁugék-ws (m z) 340) was prepared from

(S)-7-Hydroxy-6-nitro-
201, 2, 3, 4-tetrahydr o-i sequbhnoli ne carboxylic acid

nethyl eg}erH(Z.O Q) PofEan general procedure H

N

oo T
Cl O

Cl

Title compound (16 mg) was prepared from (S)-7-[(S)-2-(4'-Cyano-biphenyl-4-yl)-1-

10

methoxycarbonyl-cethylcarbamoyl]-3-[4-(2,6-dichloro-benzyloxy)-phenyl]-2-oxo-
1,2,3,5,7,8-hexahydro-4-oxa-1,6-diaza-anthracene-6-carboxylic acid tert-butyl ester
(50 mg, 0.05 mmol) following the Procedure C, F and B. LC-MS (m/z): 853.

15
Example 58:
(S)-2-({(S)-6-Benzoyl-3-[4-(2.5-dichloro-benzyloxy)-phenyl]-2-0x0-2.3.5.6.7.8-

hexahydro-1H-4-oxa-1.6-diaza-anthracene-7-carbonyl }-amino)-3-(4'-cyano-biphenyl-4-

vyl)-propionic acid
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(S)-7-Hydroxy-6-nitro-3, 4-di hydro-1Hi soqui nol i ne- 2, 3-
di carboxylic acid 2-isopropyl ester 3-nethyl ester
W@ 2000/1gi700vas di ssol ved in MeOH and 200 ng Pd/ CPemtiszdn9/036333
The flask 25was evacuated and pl aced under ball oon
pressure of hydrogen. The reaction stirred at rt for
1.5 h and was filtered over a plug of celite. The
celite plug was washed with Et OAc and DCM The
filtrates were conbi ned and evaporated to provide

(S)-6-am no-7- CN

hydr oxy- 3, 4- di hydr o- 1H-oi, 3-di carboxylic

acid 2- |sopnopyl estef 33net ester (1.8 g). LC- M
Lo

, 4- di hydr o- 1Hi soqui nol i ne-2, 3
-di ca ylic acid 2-) sopropyl ester 3-nethyl ester

g)” was di ssol v n 10 nL Et0Ac, 20 nlL water and
5. O g sodi um bicarb e added.

TitlE APIUIg (20 e W PEP AR (LR b s peD R ) - 1-

metﬁ&&}rcaﬁ@nﬁtetﬁﬁc&gaméy@ 34- (Iiaedlemeﬁﬁls&lz&@x?f pi@s1Rshsd
brine, dried and evaporated. The reSidue’ was

1,2 al4557s8}hv>eadhy<11© 4-nxaD, 6nd1a@mtlandetpeﬁ-a5b¢wh0@aldbanémefl (c4terd (40

me DR OHRAOTE® Hi-ruetn oot Babl B 0T RaulE s>

with 1IN HCl, dried and evaporated. The resi due was
purified over silica (hexanes-Et0OAc-2M anmpnia in

ExamgeiS9t o provi de
(S)- §§){CS§£‘64-B&‘1?’Z0€’T ?‘ [4- I'(% %fﬂ%rob 8&@(1 XVY%B&QI?]@/-%J;O %303(8738 I%ex:’:ihvdro-

1H- hemahy@tﬂ@zaﬂra@tmc&neﬁ74&a@aﬁv1aratrﬂiﬁ@)cane-c6aﬂo-biﬂpﬁarvbaxmb-I c
acid 6-isopropyl ester 7-nethyl 15ester (2.0 g). LC M5
0

TOop1gRIe YAC

(S) - 3-[4- (3, 4- Di chl or o- benzyl oxy) -lh ayl] - 2-oxo-1, 2, 3,

5, 7, 8- hexahydr o- 4- oxa- 1, 6-
dlaza ant hr acene- 6, %a&ﬁea?%" cid 6-isopropyl

pas hydrol yzed foll ow ng

benzyloxy)-
20 3.5, 7, 8- hexahydr o- 4- oxa- 1, 6- di aza-
ant hr acene- 6 7- d| cxyl ic acid 6-isopropyl ester
(1.7 g). LGM (mz 86.
Titl§ %mé LL%, (ﬁﬁmg) &a%?geg)gfb}i’qg@ﬁ Yé%—ﬂ-(ﬁ@lﬂa%lﬂ)é&yf&@}ﬂhe%yﬁ*7-

exa
[(S)eB- é%ﬁ-ayam lblphmsfrl‘ré ¥8)- Y—mﬁthca«ybaxbyhjzleet]@d'caibz&ndndbbmxpy]l,2,3,5,7,8-

S was . cou d wth.(S)-
hex SR 6- o DBHER KT b-COBI i Ak SEr BN est er
(40*1?1% f(?@%ﬁ{dl%lla&/ﬁ%f tHé BéhdrQ pISRALAIC, I fReslUTEMS tR/2): 822.
(S) 74(S) - 2- bi pheny1-4-y1-1- met hoxycar bonyl - et hyl car ba
Exd%%%%&Q-i é %45(3 , 4-di chl oro-b enzyl oxy) - phenyl ]
(S)-24 £ B 1teB el I 8- 4 P Riodo-Bertly RARR BRI HCE B L0-8:3¢76 I ®XydxiaBy dro-

acid |sopropyl ester (151 ng, LOMS. mfz 825). Title
H-Ar0ma hya N  Nine a3 4'-cyano-biphenyl-4-yl)-

(.S) - 74 S)-2- blphenyl 4 yl-1-
20 pﬂﬂ%é&ﬁéé@barbonyl et hyl car banoyl) - 3-[ 4- (3, 4-di chl or o- ben

zyl oxy) - pheny1] - 2- oxo1l, 2, 3, 5, 7, 8- hexahydr o- 4- oxa- 1, 6-d
iaza-anthracene-6-carboxy|ic aci d I sopropyl ester (101
ng) according to general procedure B. LC MS: nfz 809.
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5 Exanpl e 83:

kS)-2-({(S)-6-Benzoyl-3-[4-(3, 4-dichl oro-benzyl oxy) - ph
wepedfitZemxo- 2, 3, 5, 6, 7, 8- PCT/US2009/036333

hexahydr o- 1H 4- oxa- 1, 6- di aza- ant hr acene- 7- car bonyl }

-am no) - 3- (4- pyridi n-4-yl phenyl)-propionic acid 10 Ci

(S)-3-[4-(3, 4-Di chl oro-benzyl oxy) - phenyl] - 2- oxo- 2, 3, 5,

6, 7, 8- hexahydr o- 1H 4- oxa- 1, 6-

di aza- ant hracene-7-carboxylic acid nmethyl ester

hydrochloride (1.8 g, LM mz_5%4-§N was prepared

from

(S) 3 [4 (@ 4 Di chl o@oﬁaénz

y) =phenyl] - 2- oxo- 1, 2, 3,

xa dr -4- ar 1, dﬁhza ant hracene- 6, 7-di car boxyl i c

aC| ter®-buty esfer 7- met hyl 15ester (2.2 Q)
ng to gener rocedure C.
(S) 6- Benzoyl- 344- - di chl or o- benzyl oxy) - pheny1] - 2-0

xo-2, 3,5, 6, 7, 8-hexahydr o- 1H4- oxa- 1, 6- di aza- ant hr acene-
Titld ecaphoxdyil 6 mgati)\i'a@ pr@tafeﬂl fr@s ($k3(4(Bclgord-bdnox n)-ghemdB-7-
s prepared f

[(S)c%?f@yw lelshwb“aﬂ} orerthrysgbenyhetbdeahamoxil-gezool .33 5,7.8-
hex%ar%iﬁ?-ﬁnﬁé thyg Qa anthracenc- -carboxyhc7a01d te t-but | ester é40 mg, 0.05

oxa- 1 dl aza-ant hracene- /- car oxy IC a

mmubtfbjdwies ther gdmytdut poktdure e F(ahd 8. §)C-sSaer/dt BZB.t o
general procedure F except no work-up was done. The
m xture was evaporated and placed directly onto

2,3,5;@?7,%5% b%%xya&lgl |ZE%CF0FI sg(d%- !gs I nt er gallcae}leeﬂ ca}boglvl} an%’no*‘? (%chano-

bipHeBy-B-yBeggpwarcdat (3, 4- di chl or o- benzyl oxy) - pheny1] - 2-0
X0-
2,3,5,6, 7, 8-hexahydr o- 1H 4- oxa- 1,
cagpoxylic aci d net hyl, estet
ral psockdure ;

..CN
aza- ant hr acene- 7-
according to

- di chl or o- benzyl oxy) - phe
ny Q

& 5
he -1FL4 oxa 4 di aza- ant hracene- 7- car bonyl }
-am no) 3-(4-pyridi n | phenyl) - propi onic acid nethyl
ester (61 mg, LOMS: mz 842 ) was prepared from

(S)-7qterericahgo-bi é 479))-1amethoxycarbon lethylcarbarnoyl] 3-(4-
S) - 2-am no- 3- bﬁirldln 4-yl - phenyl ) -propionic acid

hydpasyyHpienglg-Leqxobl 3.3 Ry G e mbyeiaié-oaed drdinagantbragense-grrboxylic
amd%ﬁgr)%%” "Stefwas converted to (S)-2-({(S)-3-[4-(4-chloro-3-trifluoromethyl-

benzyloxy)-phenyl]-2-0x0-2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-
carbonyl } -amino)-3-(4'-cyano-biphenyl-4-yl)-propionic acid methyl ester hydrochloride
following general procedure L. and C. Title compound was prepared from (S)-2-({(S)-3-
[4-(4-chloro-3-trifluoromethyl-benzyloxy)-phenyl]-2-0x0-2,3,5,6,7,8-hexahydro-1H-4-
oxa-1,6-diaza-anthracene-7-carbonyl }-amino)-3-(4'-cyano-biphenyl-4-yl)-propionic acid
methyl ester hydrochloride (0.05 mmol) following the general procedure F and B. LC-
MS (m/z): 886.
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10 Title conpound (41 mg) was prepared from
(S)-2-0(S)-6-Benzoyl-344-(3, 4-di chl oro-
whemitlioay) - phenyl] - 2- oxo- 2, 3, 5, 6, 7, 8- hexahydr BET/HS 2009836333
a- 1, 6-di aza- ant hr acene- 7-
car bonyl}-am no) - 3-(4-pyridin-4-yl-phenyl)-propionic
acid nethyl ester (50 ng) according to genera
procedure B. LC Ms: niz 828. 15 Exanpl e 84:
kS)-2-({(S)-6-Benzoyl-3-[4-(3, 4-dichl oro-benzyl oxy) - ph
Exadipid p22- oxo- 2, 3,5, 6, 7, 8-
Eexahydéo 1F¥§ 0Xa- 1 6 dlaz%-anthracene 7- carbonyl}

[ V
bmlenv]l%l-vlz)-lﬁmmﬂﬁl,c&,cﬁi 6, 7, 8-
hexahydr o- 1H 4- oxa- 1, 6- di aza- ant hr acege- 7- car bonyl }
-am no) - 3- (4' - chl or o- bi pheny1- 4- -propionic acid
_ Fethyl ester (71 n1g,oUGHM§ i 8 ) was prepared

( -am nQg- 3- or? blphenyl 4-y1l)-propionic acid
ester yoro oride according to genera

pro A Title ound (50 mg) was prepared

from(S)-2-0(S)-6-Be 1-344- (3, 4-di chl oro-

benzyl oxy) - phenyl] - 2- oxo- 2, 3, 5, 6, 7, 8- hexahydr o- 1H 4- ox
(S)-a-[(9)82-¢i' - dayanabipheayd elrel) ﬂ—methoxycarbonyl ethylcarbarnoyl] 3 (4-

b i 4 bi

hydﬁo?{y %%%;?OT@Q&" L Xt g dieitabg - putiBlape Setbotyiic
PR LA S oty

metb@@fb*}'mﬂlmrnmzﬂlyl hetzyidxg)-Bh&yél- -0 8e-BSxahy &rlmxahychmdiﬁ-pxa-

16U RSP ER REBATR GrRRCRD Rbieh i iqmeipviics haeashieice
foll&king the general procedure L and C. Title compound (9mg) was prepared from (S)-
3-(4'-cyano-biphenyl-4-yl)-2-({(S)-3-[4-(4-methoxy-3-trifluoromethyl-benzyloxy)-
phenyl]-2-0x0-2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-carbonyl } -
amino)-propionic acid methyl ester hydrochloride following general procedures F and B.

LC-MS (m/z): 882.

Example 63:
(S)-7-[(S)-1-Carboxy-2-(4'-cyano-biphenyl-4-yl)-ethylcarbamovyl]-3-[4-(5.6-dichloro-

pyridin-3-ylmethoxy)-phenvyl]-2-0x0-1.2.3.5.7.8-hexahydro-4-oxa-1.,6-diaza-anthracene-

6-carboxylic acid tert-butyl ester

CN
I ) o Ogu
= N (0]
O
T
o >r
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(S)-2-({(S)-3-[4-(3,4-D chl oro-benzyl oxy) - pheny1] - 2- ox
0-2, 3,5, 6, 7, 8-hexahydr o- 1H 4-

W@2@9/1160@i aza- ant hr acene- 7- car bony1} - am no) - 3PCHUS2989/686333
yl - bi phenyl-4-y1l)-propionic acid nethyl ester
hydrochloride (74 ng, L MS: mz 751) was prepared
from(S)-344-(3, 4-

Di chl or o- benzyl oxy) - pheny1] - 2- oxo-1, 2, 3, 5, 7, 8- hexahydr
0- 4- oxa- 1, 6-di aza- ant hracene- 156, 7-di carboxylic acid
Tltlécérﬁpéuddt(Byﬂlg)eﬁds@TeﬂaiéiDﬁ@h (S)W-[(S) 2- (4' Cyano-blphenyl 4-yl)-1-

é yl -bip - propi oni c
met %Y&arrbétlhlyffthﬁél?s%réi‘mﬁxl&ﬁdér(ﬁér‘ﬂl@]@alo@cwr%ﬁlﬁ@’lmé hgarephenyl]-2-

d _
oxopls.? §§d7u %ﬁdﬁg@l‘ﬁ) 44 ?ﬁa 21 6- dla %nrt%ra eenr?z6y arboysyhc acid tiz]ft béltyl ester
(10 ;g9 -fqﬂdeldg me%eylbmbpﬂt’oyédure B. LC-MS (m/z): 851.

2,3,5,6,7, 8-hexahydro- 1H 4- oxa- 1, 6- di aza- ant hr acene- 7-
carbonyl} -am no)-3-(4'-nmethyl- 20
EXJ%%ﬁG%ayl 4-yl)-propionic acid nethyl ester (16 ng,
V5. niz 842) was prepared from
2y 334 profyive y

'MDN%VPLan&MémﬂKM%ﬁrpr0p|On|C aC|d nethyl ester

hydrochl oride (54 ng) according to gegeral procedur e
D. 25 Title conmpound (9 ngy) was 1.red fromTitle
cqQnppound net hyl o ‘ 1CCRY
prlocedur g BH . Bxanpl e 86:

SyN3-(4'= ’

Cl

| or o- benzyl oxy) - pheny1] - 1-
phenyl - propyl) -2, 3,5, 6, 7, 8- hexahy
dr o°1H 4- oxa- 1, 6- di dzafant hr acene- 7- car bonyl ] - ami no} - p
ropionic acid CN | e conpound (28 ng) was

Titl? Ff@%ﬁ@@)(ﬁﬁ A1B) (2 praphtbd RS- PIRNS ML tn¥ Mipifnyl-d-y1)-1-

metBox{ydafbdni= dhﬂbzirbﬁrﬁo&lﬁ?—ﬂ 9L (6 xydiclibenyy] did-2 etinbihbx Y)-phenyg-2-

-(éS)-l-% enyl - propy1l)
oxo09l, 333, B8-hexphpdieatrpsi-o rdipzp-wyhragens-Giparbexylisariddenrhutyl ster

oG TIM AT ARLPERRLA . FOBE L Pepih gk (10 T
87: kS)-3-(4'-Cyano-bi phenyl-4-yl)-2-

4&é ; 7S)-3-[4-(3, 4-dichl oro-benzyl oxy) - phenyl] - 1-
Examplg$3: 5. oxo- 64(S) - 1- phenyl - propyl) -2, 3,5, 6, 7, 8- hexahy

(S)-9LQcshid- ée&wshﬁs B azadRaAN: RS8N o s A RRAYI: &.N8):6.7.8-
ropronic acid
hexerl)hvdgo 1H-4-oxa-1.6-diaza-anthracene-7-carbonyl }-amino)-3-(4'-cyano-biphenyl-4-

CN
o) OH O
cl 0 X
O N
SN N
| LoH
Z o)
o)

Title compound (7 mg) was prepared from (S)-7-[(S)-2-(4'-cyano-biphenyl-4-yl)-1-

h oxo 64(8) 1-

vyl)-propionic acid

methoxycarbonyl-ethylcarbamoyl]-3-[4-(5,6-dichloro-pyridin-2-ylmethoxy)-phenyl]-2-
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CN Title compound (28 ng) was prepared from
(S)-3-(4'-cyano-bi phenyl-4-y1)-2- {[(3S,7S)-

W@2(04A(1B39%- di chl or o- benzyl oxy) - pheny1] - 1- met hyRERUS2009/¢36333
- ((S)-1-phenyl - propyl) -
2,3,5,6, 7, 8-hexahydro- 1H 4- oxa- 1, 6-di az
a- ant hracene-7-c ar bonyl | -am no} - propi oni ¢ 20aci d
net hyl ester (32 ng) r using general procedures B.
LC-Ms (mz): 881l. Exanple 88:

ox0(19),3 3; 1 & heXahg-poRie [ydiath- Mﬁhm@ene{@-dﬁb&yl%ﬁ):rﬁel& bl Sster

4-'di chl oro-b enz yl oxy) - phenyl |

(15 ﬁ@ﬁ@lh&\’gn&g@n%%i(pmceﬂurﬁﬁ a¥A W%MM%(WZB 8897, 8- hexahy
dr o- 1H 4- oxa- 1, 6- di azaant hr acene- 7- car bony1] - am no} - pr
opionic acid 5 CN Title conpound (22 ng) was

Exqm]ﬂpéﬁed from
. ( i
' BN s b bl s pgmotoggphgny -

2- ofc( @(ﬂﬂop‘ﬁ@ﬁ@ylca%ﬁw @,3,5,6,7,8 hexahvdro 1H-4-oxa-1.6-diaza-anthracene-7-
, O, b b (, o- nexanydro 1H 4-0Xa- 1, o-dl aza- ant nracene- /-

a pproaic aidpi oni ¢ aci d net hyl ester (25 ny)
u5|ng general procedures B. LC-Ms (nlg): 879. 10
Exanpl e 89:
k$)-3-(4'-C§ano-biphe@§4@49
c~ 2l or o- I
t hyl - 2- gxo- R) - 1- phenyl - propyl) -2, 3, 5, 6, 7, 8- hexah
yuf o- - ORa- ¥ 6- | aFaant hr acene- 7- carbonyll-an1no} p
acid 15 SN

3R 75)-3-[4-(3, 4-d

Title compound (16 mg) was prepared from (S)-7-[(S)-2-(4'-cyano-biphenyl-4-yl)-1-
methoxycarbonyl-ethylcarbamoyl]-3-[4-(5,6-dichloro-pyridin-2-ylmethoxy)-phenyl]-2-
oxo-1,2,3,5,7,8-hexahydro-4-oxa-1,6-diaza-anthracene-6-carboxylic acid tert-butyl ester
(42 mg,.05 mmol) following general procedures C, F and B. LC-MS (m/z): 859.

Example 67:
(S)-2-({(S)-3-[4-(3-Chloro-benzyloxy)-phenyl]-2-0x0-6-thiazol-2-ylmethyl-2.3.5.6.7.8-

hexahydro-1H-4-oxa-1.6-diaza-anthracene-7-carbonyl }-amino)-3-(4'-cyano-biphenyl-4-

vyl)-propionic acid

Title compound (16 mg) was prepared from (S)-3-[4-(3-chloro-benzyloxy)-phenyl]-7-
[(S)-2-(4'-cyano-biphenyl-4-yl)-1-methoxycarbonyl-ethylcarbamoyl]-2-ox0-1,2,3,5,7,8-
hexahydro-4-oxa-1,6-diaza-anthracene-6-carboxylic acid tert-butyl ester (40 mg, 0.05
mmol) following general procedures C, D and B. LC-MS (m/z): 811.
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CN Title compound (54 ng) was prepared from
(S)-3-(4'-cyano-bi phenyl-4-y1)-2-{[ (3R, 75) -
W@2(04A(1B39%- di chl or o- benzyl oxy) - pheny1] - 1- met hyRERUS2009/¢36333
4(R) - 1- phenyl - propyl) -
2,3,5,6,7, 8-hexahydro- 1H 4- oxa- 1, 6- di aza- ant hr acene- 7-
carbonyl] -am no}-propionic acid nethyl ester (60 ng)
usi ng general procedure B. LGMs (mz): 879. 20
Exanpl e 90:
kS) -3-(4'-Chl oro-bi phenyl-4-y1)-2-{[ (3R 7S)-3-[4-(3, 4-
di chl or o- benzyloxy) phenyl] 1-
Exﬁﬂﬁﬂﬁﬁﬁ~2 0x0-6- ((S) - phenyl propyl) 2,3,5,6,7, 8-hexah

benzsbonhejh‘fthvlm—-lwﬁéthﬁlQ -0X0- 1,2,3,5,7,8 hexahvdro 4 oxa-1,6-diaza-anthracene-
(3R 7S -.3- Q4 hydroxy phenyl) - 1- met hy1- 2- oxo- 6-

6-c 1)-2,3,5,6,7, 8-hexahydro- 1H 4- oxa- 1

, 6-di aza- ant hracene- 7- carbonyll-~

acid nethyl ester (74 ) M@S co

(%) - 3- (4'-cmlorob|phehy ‘

Q_pnoy - propionic
ted to

benzyl oxy) - phenyl] - 1- met h

- 0X0- o<

ph&nyl - prop§§3 2,3,5,6,7, 8-hexahydr o- 1H 4- oxa
aza- anthrace 7- carbonyl]-am no} -propionic
aC|d nmet hyl ester 0 nmg) using general procedure K

o TR O Y g DS Ron
estelt 3-nithyipser @10 gk LE)}ME- (n{/z)[3(43Rsz ﬁ)epareé‘fﬂ)ﬁh (A-PBHydroxy-6-nitro-

1,2 5%%%%%}}%’&?%%3égllngﬁ% é-gar?)oxy 1c a01d rnethy}/ester (8 )(()Og) 6f§lﬂosvv1}1g general

m@cé&ﬁ%&@ hexahydr o- 1H 4- oxa- 1, 6-di az a-ant hrac
ene- 7-car bonyl] -am no} -3 -(4' -
met hoxy- bi pheny1-4-y1)-propionic acid 20

(S)-7-Hydroxy-6-nitro-3,4-dihydro-1H-isoquinoline-2,3-dicarboxylic acid 2-isopropyl
ester 3-methyl ester (2.0 g) was dissolved in MeOH and 200 mg Pd/C added. The flask
was evacuated and placed under balloon pressure of hydrogen. The reaction stirred at r.t.
for 1.5 h and was filtered over a plug of celite. The celite plug was washed with EtOAc
and DCM. The filtrates were combined and evaporated to provide (S)-6-amino-7-
hydroxy-3,4-dihydro-1H-isoquinoline-2,3-dicarboxylic acid 2-isopropyl ester 3-methyl
ester (1.8 g). LC-MS (m/z) 310.

(S)-6-amino-7-hydroxy-3,4-dihydro-1H-isoquinoline-2,3-dicarboxylic acid 2-isopropyl
ester 3-methyl ester (1.8 g) was dissolved in 10 mL EtOAc, 20 mL water and 5.0 g
sodium bicarbonate added. 2-Chloro-2-[4-(3,4-dichloro-benzyloxy)-phenyl]-acetyl
chloride in 10 mL of EtOAc was added and the mixture stirred at rt for 1.5 h. The
organic layer was washed with brine, dried and evaporated. The residue was dissolved in
15 mL DMF and potassium carbonate (4.1 g) added. The mixture stirred at r.t. for 3 h

and was poured onto water and EtOAc. The organic was washed with 1N HCI, dried and
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(S)-2-

{[(3R, 7S) - 3-(4-Hydroxy-phenyl)-1-net hyl-2-oxo-64(S)-1-
W@ b@ost 17pr opy 1) - PCT/US2009/036333

2,3,5,6, 7, 8-hexahydro- 1H 4- oxa- 1, 6- di aza- ant hr acene- 7-

carbonyl|l-amno} -3 -(4'-

nmet hoxy- bi phenyl-4-y1)-propionic acid nethyl ester was

converted to (S)-2- {[(3R 7S)- 3-

[ 4- (3, 4-Di chl oro-benzyl oxy) - phenyl1] - 1- met hy1- 2- oxo- 6- (
evalﬂocﬁ)tted D‘h@ ‘fk}éid‘uﬁ @R Yuified over sﬂlca (hexanes-EtOAc-2M ammonia in

hexahydro- 1H a-1, 6-di aza- ant hr acene-7

Meoggpqﬂﬁwdp (mﬂ;zgyp 4@191(11@rq-benzyloxy)-phenyl] -2-0x0-1,2,3,5,7,8-
hex%;d%) DAL 1D(§1 a4 Iafl"th}/a]cltneo 6 ‘?Pdl%l%wg 'agg{%%s%ﬂggﬁs&ﬁg 7(I§é]thyl

sing general procedul
estehy2dd g). ysCeM$ ) 60@d titl e conpound (58 ng) LCVS
(mz): 884. Exanple 92: 10(S)-2- Ir(3R 7S)-3 -1A-(3
,4-Dichloro-b

| sxa-1.6-
(S)- @r[as(!; w])chfah& Bé’&é@yg‘ﬁﬁ%& %—’ 8%91% § ‘70%&%&]?92&8?%3 a-1,6

dlaza aalﬂtrmeac 6e7né1-c$r—boaylhmwi 6-1mprqpy} est® 7-(ndthyl ester (2.0 g) was
hen

hydg_ql\%%'lz%;ic%%l?? ng %%Pl rB%egﬁéeg[g Iioo ﬂro%ﬁa (5?3 [4-(3,4-Dichloro-benzyloxy)-

phel{&lg@%xBS) 2 3'5?748111}5 ?211‘)6‘ -plagay k) didzd Bt dend-@X@icrboxylic acid
6, hexahydro 1H 4- oxa- 1

f3EOB$EY%§Eﬂéh¥EDab@ﬂﬂsfmﬁ@égﬁonylI-an1no} - propi oni ¢
acid nmethyl ester was converted to (S)-2-
{[(3R 7S)-3-[4-

(S)- e:{ﬁz{s @rmiahr@mbamwlywhém@]h%xd]l 213, pptdalccaBy s oR-6:4S) 6.1
eny

dlaﬁwﬁﬁwp@ ﬁﬂl@a@wlz@ %@ﬂhﬁﬁ%pgppahﬁﬁ@ra(@ 3éA@moly giap disgelyed in
DMFW%n%é?taésémé rchéz&%é%%g PPRMYGY dhid &thl%aﬂ% P L9 %%1) added.

u3|ng general proc dur e
Mixfine stu&sd grrooaempgraiued §os 38 niinntas sielkat bt 406’ fong dionc.

Mlx& gg@qgﬁl@h B?%gé ﬁg}c%)(v&‘gg 161‘@1110 layer was washed with 1 N HCI,

1 L o T 7 i} rn -
driell &@%oé@n}égéggo %?bﬁd@ﬂf?%h[ga(g 4b%;bgﬂédy9)b>éﬁ ym&éé)j%ﬁm: k- L-methy!

2- opt(yb P 3 1 H8hearlgrdio-8-adiaalz@diaza-anthracene-6,7- dlcarboxyllc a01d 6-
cene r.bo - am - pr.opj Qni ¢ acid c
isorp 85 ey BHEE 2 g ISR oy 1]~ 2~ oxo- 1.2, 3,

5, 7, 8- hexahydr o- 4- oxa- 1, 6-
dlaza ant hracene- 6, 7- dlcarboxyllc acid 6-tert-buty

(Sy-edi s ABicblom bamy D b MRS 6. 0N HENERO-4-oxa-
1,6-3&%-11%11?@1%61?56,(7-310%&@% ac1(d26§isgptlgg§)lI Qster g%etﬁ%ﬁés@er w ﬁlg) was
hydrolyzed and coupled to 2-amino-3-(4'-cyano-biphenyl-4-yl)-propionic acid methyl
ester-hydrochloride according to general procedures A and B to provide (S)-7-[(S)-2-(4'-
Cyano-biphenyl-4-yl)-1-methoxycarbonyl-ethylcarbamoyl]-3-[4-(3,4-dichloro-
benzyloxy)-phenyl]-1-methyl-2-0x0-1,2,3,5,7,8-hexahydro-4-oxa-1,6-diaza-anthracene-
6-carboxylic acid isopropyl ester (161 mg, LC/MS: m/z 862).

Title compound (96 mg) was prepared from (S)-7-[(S)-2-(4'-Cyano-biphenyl-4-yl)-1-
methoxycarbonyl-ethylcarbamoyl]-3-[4-(3,4-dichloro-benzyloxy)-phenyl]-1-methyl-2-
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5 and DVAP (cat.) added. The m xture was stirred at rt
for 6 h and the mxture was diluted wwth DCM The
woe@aniwod ayer was washed with water and bri nePCHUB®09/036333
over sodium sulfate and concentrated. The residue
purified over silica with hexanes-Et0OAc gradient (0 %
Et0Ac to 30 %9 to provide
(3S,7S)-3-[4-(3, 4-Di chl or o- benzyl oxy) - pheny1] - 2- oxol, 2
, 3,5, 7, 8-hexahydr o- 4- oxa- 1, 6-di aza- ant hr acene- 6, 7-di ca
oxof D3l 7, &ha&‘dh@dﬁr 4-@1’(& A [pudiyta-@shatentls-carboxylic acid isopropyl ester
741R, 2S, 5R) - ropyl-5-neth I-cycl ohexyl) ester
(14Q@gaa%f0rcmnglw@ne pragegure BoELAYIS: @/2848m 1H), 7.5 (m
1H), 7.42 (d, 1H), 7.35 (m 2H) 7.25 (m 1H), 6.9 (m
2H), 6.7 (m 1H), 6.6 (s, 1H), 5.55 (m 1H), 4.8-5.1
Exa(nrple]SBb 5.0 (s, 2H), 4.3-4.6 (m 3H), 3.1 (m 2H),

2- ogoaé 3@1%@3'1 T 2-(V%Vléi 20 ¢hl708. ﬁe;@%@éﬁbl M sRPES) Yﬂdza 2n¥Qene-7-

, 8- nexanydro 4-0xa- I, b-
bingld & pmes 147 - di carboxyllc acid 6-tert-butyl
ester 741R 28 5R) - 2- |sopropy1 5- et hyl - cycl ohexyl)
ester was N nethyl ated (3.9 9) a [
Cpr ocedure Mto

er 7-

opyl - 5- net hyl - cycl ohexyl ) ester

S pure material).

(38 7S)-3-[ 4- (3 4- ) cHil or o- benzyl oxy) - pheny1] - 1- net hy1l
-2-0xo0-1, 2, 3, rexahydr o- 4-

, 7, 8-
(3- Eg)éﬁe ]I%rg%u t)&%’ﬁ %He a(esrb?ﬂgﬁai%{ %%ﬁ%r 199@)1% bﬁ)p%ﬂlﬁl 1-ol following

genérabprooganie Q- amﬁmh@d toqy epapdiehe it cesipetind. 3Tifle gpmpasnd (140 mg)
depr ot efct ed usi n(g gener al ro& %re C 25to p OVI de
waspiepayes) framIpteymediatiii Pl mp) 8 218w Preshe ﬁ&?ﬂ benzgpg flgwing
genﬁé( Qedj%agsllléil-aﬁd %x]gClMg (dn/z 2%76ant hracene- 7- car boxyl i c
acid (1R 2S, 5R) - 2-i sopropyl-5- nethyl-cycl ohexyl ester

- 3§hloride(359, LCMS: mz 652).
Xa(‘ég 3-[4- (3, 4- Di chl or o- benzyl oxy) - pheny1] - 1- met hy 1

(S)- 334'0@@&‘[1% Bponf1-4-yBr-NeKBNYG1Q3 4-dichloro-benzyloxy)- Dhenvl] 1-methyl-
51H 4- gxa 1 6 dl aza- antghr acene Z car boxy] | C acl d
R (P-phaw) DB Sk -1 Hedroxa

cid tert butyl e
28((1R 2S, 5R) - 2-i s0
4.9 g, not isolate

.37 I vvas dj ssol ved in 10 nL DI\/F and SOdI um

carlionyl]- -pr 2ol ) and (1- Brorm propyl) - benzene

(10.7 mmol) added The m xture ¢Yred at 50 C for
20 h and roomterrperatoureo,j or_48 rs. The m xture
Chas pour ed| onto di et<hy|\et hnd 0 % sodi um

s conbi ned. The organic |ayer
ed ©ver sadi um sul fate and concentrated. The
gshdde was purifi ver silica

( Et OAc- hexanesDCM 0.5/5/4.5/0.02) to provide
(3S,7S)-3-[4-(3,4-D chl oro- benzyl oxy) - phenyl] - 1-

nmet hyl- 2- oxo- 6- ((S) - 1- phenyl - propyl )-2, 3,5, 6, 7, 8- hexah
ydr o- 1H 4- oxa- 1, 6- di azaant hracene- 7- car boxylic acid
(1R 2S, 5R) - 2-i sopropyl-5-net hyl -cycl ohexyl ester (803
15mg" 1H NWR (400 MHz" d6 acetone): 7.7 (d, 1H), 7.6
(d, 1H), 7.46 (d, 1H), 7.33 (m 7H), 6.98 (m 2H),
6.87 (s, 1H), 6.77 (s, 1H),14§ 65 (s, 1H), 5.13 (s,
2H), 4.55 (m 1H), 4.20 (s, 3.9 (m 1H), 3.55 (m
1H), 3.38 (s, 3H), 2.95 (m 2H) 1.6 (m 6H), 1.15 (m
1H, 0.95 (m 1H 0.9 (m 2H), 0.8 (m 4H), 0.7 (d,
3H), 0.65 (m 6H).

20(38 78) 3 [4 (3 4 D| chI or o- benzyl oxy) - pheny1] - 1- met h
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2,3,5,6,7, 8-hexahydro- 1H 4- oxa- 1, 6- di aza- ant hr acene- 7-
carboxylic acid (1R, 2S, 5R) - 2-

WO s@pnoryd - 5- met hyl - cycl ohexyl ester (0.80 g) MEEUS2009/036333
di ssolved in 20 nL of dry DCM and cooled to OC. Boron
trichloride (8 nL, 1M solution in hexanes) was added
and the m xture stirred at OC for 3.5 hours. The
m xture was concentrated and treated with 25
wat er / sat ur at ed sodi um bi carbonate until pH 7. The

Titl@ Gotepeii dH X hif) Bvad@separddrfesih &elcinfiydefe Bi (083 mp tB1lekinglgeneral
acetate-THF (9-1) and organic |layers conbined. The

progegiss M epdirg apenobpeahadedrigereasaise @ B Roesrofsediupmiriacatost e

bO“?@@??%&%@?%i?%§g%gﬁ@pﬁg%;gf 1- met hy1- 2- oxo- 64( S) - 1- phe

nyl - propyl) -2, 3,5, 6, 7, 8- hexahydr o- 1H 4- oxa- 1, 6-

Eﬁi%%iéa ggthracene 7-carboxylic acid (601 ng, LOMS: mz
(S)-6 9= Cydtd- blﬁtfgnQT 9-pj-PhRRY3- f& (3 Lr)-dlghlél[o(-gb%zglg)wﬁpl(eﬂvmﬁj(ﬁ

Xy- phenyTI) - netnyl Z- 0X0- b-
L- g ’ R &

, 6- |aza anthracene 7- carbonyll-an1no} proplonlc aC|d
car > LG/ MB: ml z 745) was prepared from
(35,7S)-3-(4-Hydroxy-phenyl)-1- 1c- 0x0- 64(S) - 1- ph
enyl - propyl)-2,3,5,6
CBhexahydro|1FL4 oxa-9g

estgr T S|ng general procedure A
A pnepyds 4-y1) - 2-{[(3S,7S) - 3-(4-hydro
xy phenyl) 1- nethyl
10((S)-1-phenyl -propyl)-2,3 ,5
Title Borfp&miA&3 3 fpd s %f&pﬁre@ﬁ?onl o iz BBRHAS 6! W)S'rﬂmg g

carbonyl] -am no propi onic acid nmethyl ester (
follepging@cngal nraeddprands ard BsbCvMde (d) B8 of DVF and

3, 4-di chl or obenzyl brom de (0.46 mmol) and potassi um

carbonate (0.46 nmol) were added. The m xture was
Exasiple7ed at room tenperature for 8 hours and was poured
anargonate

y
anﬂﬂm%n@ﬂkhﬂkmvﬂHmmndboﬁﬁﬁemb6dd Chl or o- blphenyl 4- yl)
2-
{[(3S, 7S)-3-[4- (3, 4-di chl or o- benxy)-phenyl]-l- met h
cy1-2-oxo-6; ((S) 1- ph@r%/o“
2|@ H 4- oxa- 1, 6- di aza- ant hr

anidb}- propi onic acid nmethyl ester

) - (Phgny 1= 4-y1)-2-{[ (35, 75)-
344- (3 4-di chl or o- benrZyl oxy) - pheny1] - 1- nethyl 2- 0X0- 6-

i oS8 o) PR B s i SR AP D5 e

foll&&ing g@ﬁérﬁb’ﬂro@e%ih@és o dd HQIC?MS%%@%;@M o general
procedure B. LCMs: mz 889 anpl e 94:

Example 73:
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(S)-2- [(35,75)-3 -1-4-(3 ,4-Dichloro-b
enzyl oxy) - phenyl |

WO 2000811190 - 2- 0X0- 64( S) - 1- phenyl propyl) -2, 3 , 5 PCT/US2009/036333
, 6, 7, 8- hexahydr o- 1H 4- oxa- 1, 6-di az a-ant hrac
ene-7-carbonyl | -am no} -3 -(4'-
nmet hoxy- bi phenyl-4-y1)-propionic acid
(S)-3-[4-(3, 4-Di chl oro- benzyl oxy) - pheny1] - 2- oxo- 1, 2, 3,
5, 7, 8- hexahydr o- 4- oxa- 1, 6-

(S)-di(azeyantiipaaene-yh)- T Ssar g3 yldichlawmi-bknbylogy F-piant 16-indan-
ester 58 0 g, 13. 3.nnnl)dmas suspend%P yq 30’WL DCM

2. A : Eifs a
g added. The m xture was stlrred at
gggfiﬂ&;ggﬁﬁéﬁg'and the mxture diluted with DCM The

organi c | ayer was washed with wat ard brine, dried
over sodium sul fate aad\;&n The residue
Cpurified over silical m@g [

6 di aza- anthracene 6 7-di ca

ester 10

741R, 2S, 5R) - 2-i sopr opyl-5-net hyl -cycl ohexyl ) ester

(2.4 g, 1H NWR (400 MHz, CDC13): 82(m 1H), 7.5 (m
7.25

Thezgganyglnpewglam'_g) %E%?%%g)lth@ro @nggloicwl Imfpyl] 641nga152-gyl 1-

metgl_ﬂ? %rfng -2 355 8 7(83hex%§n‘)dro 4784 %xg 1(6131a§2['%nth%céne(«’mca1%5§yhc acid,

1H), 5 (d,
(150mg) ﬂya@p(elpareg Hhom Dltékn(ed1at686|)(175 rng, O 3 rnrnol) and 2 1ndanone (0.6

mm?l%%ol%vé%é tl%e %@gr(aaﬁ Pla)rcg(lhﬁ;g%ﬁ QL%G%}/S c)i(aYn)yl th erm% fate WE?S used

witlufaathePbiv @&aps- 6, 7- di carboxylic acid 6-tert-butyl
ester 74 R,28,5R)-2-isopropy1-5- nmet hyl - cycl ohexyl)
ester was N-nethylated (3.9 g) according to genera

.procedur t

i RHITA e v prerpssd o g b BHITIOgGS 3y e

and -(S)E,Qiamlno% QX‘belin&bi?phénﬂlréﬁyl) -propionic acid methyl ester hydrochloride
hexahydr o- 4- oxa- 1, 6- di aza- ant hr acene- 6, 7- dlcarbox I|c

(36 me 8- lé_n[u@p]t) _fcblmvgﬂpg gencasl procedures A and B. LC-MS (m/z): 8
20( (1R, 2S, 5R) - 2-i sopropyl - 5- net hyl - cycl ohexyl ) ester
(4.9 g, not isolated as pure material).

Exahﬁﬂe7$a 3-[4- (3, 4-Di chl or o- benzyl oxy) - phenyl] 1-net hyl

2 3 5 7 ]

H105 L) 26 3
Dhe@vl‘i @rtﬁet%ty Bx@?B@fbﬁ,S(-l{e’!x%h@o 51@ 4%xa 1,6- dlaza anthracene-7-

i SOpF Opy1- 5- NEt hyl - cycl ohexyl) ester (3.9 g) was
cartwepl}ednsiot ppropsiniaagéner al  procedure C 25t o provi de
(3S,7S)-3-[4-(3, 4-Di chl oro- benzyl gxy) cpheny1] - 1- nmet hyl
-2-0x0-2,3,5,6, 7, 8-
hexahydrollH-4 oxa- 1, 6~gr8?a

Fatene- 7- car boxylic
nmet hyl - cycl ohexyl ester
3.57g, LC/'MB: Mz 652).
or o- benzyl oxy) - phenyl1] - 1- net hy1l
ydr o-

5%H- 4 oxa 1 6 dlaza ant hracene- 7- carboxylic acid
The(c%,aogéléﬁhte%nb&%f @%C?clﬁﬁénkﬂw 3 [)43@304 QREIFS-LESLEIxy)-Bhehyl]-

was di'ssolved in DMF and sodi um

1 mbthtyh?-mne?t hS (62718 Eemlmydr)o bitd-¢xe- {dmaﬂntme}cﬁ)le-ﬁemmehc acid,

03 ST el e Raser il Chd 56 i o8 b S nd by hgfighShe 0.5
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was poured onto diethyl ether and 10 % sodi um

carbonate. The aqueous |ayer was 10 extracted with
weeleniEam organi c | ayers conbi ned. The organi BCT/Hy209/036333

was dried over sodium sulfate and concentrated. The

resi due was purified over silica

( Et OAc- hexanesDCM TEA, 0.5/5/4.5/0.02) to provide

(3S,7S)-3-[4-(3, 4-Di chl or o- benzyl oxy) - pheny1] - 1-

met hy1l- 2- oxo- 6- ((S) - 1- phenyl - propyl ) -2, 3,5, 6, 7, 8- hexah
mmyd feH ding tieX@endsab pebcadiaad ha 68 NEriy cyedspgeaxy iternadiate was

1R 2S, 5R) - 2- |sopropy1 5-nmet hyl - cycl ohexyl ester (803

used without fHthgyRurilioniaNHz" d6 acetone): 7.7 (d, 1H), 7.6

(d, 1H), 7.46 (d, 1H), 7.33 (m 7H), 6.98 (m 2H)

6.87 (s, 1H), 6.77 (s, 1H, 5.65 (s, 1H), 5.13 (s,
Titl2 BympdundS 1§ mg) Iy prepatd ftem tl%l-d)yploi&eﬁy( mtenhlebh,atefﬂs&g, m025

rnrn% 'nd &gg é‘nﬁé %’(__g"cdg@ gﬁe@ﬂ# ylb—pgop(umlc agg me@h)% e@tar

d?d'cllllorfae @n%“l) O@B‘Dmmol following general proced resAandB LC-MS /.
hy 20( 3S, 7@ 4-( E)|chwor‘(%agbennll3 oxyl)l phenyl1] - %mz)

830y1 2- 0X0- 6- ((S) 1 phenyl propyl) -
2,3,5,6,7, 8-hexahydro- 1H 4- oxa- 1, 6- di aza- ant hr acene- 7-
carboxylic acid (1R 2S, 5R) - 2-

Exan$sIp178py 1- 5- net hyl - cycl ohexyl ester (0.80 g) was

di ssolved in 20 nL of dry DCM and cool ed to OC. Boron
(S)-B+( 4'r(ﬁvaiﬂ|0rbibh€m§ll fHVD A4 (Sbrﬁrﬂ’VC](@heX\ﬂ ShEx(é;feémhkmbeimmw-

Dheffi‘ﬂ?-‘l -1'1é?’[h{;'l'I X to>lijor 8 35 § b%rSelgex%fw(go ll—P b oxa.q (? chlza;anthra%eneﬂ-

T Xt U WaS LUIILBIIL F'ateu Jalfd U1 eal U VVI LT £9O

caﬂm@bﬁtﬁﬁ@bvb@%ﬁﬁmﬁaﬁuun1blcarbonate until pH 7. The
agueous mxture was extracted three times with ethyl
acetate-THF (9-1) and organic |a 5~ conbi ned. The
fombi ned organi c | ayers wet e~dried over sodiumsulfate

anqncogcethated t o [pr ovi de
5 QjEEZEEEx§%npny “met hy1- 2- oxo- 64(S) - 1- phe
) ; Bhexahydro 1H 4- oxa- 1, 6-

Ant hr acene- 7- ck oxylic acid (601 nyg, LCYNB: m z

(S) 2. {[(3S,7S)-3-(4-Hydroxy-phenyl)-1-nethyl-2-oxo-64
(S)-1-phenyl -propyl) -

Tltlac&gﬁo@d]12$n{g9mbpwp@reﬂl-ﬂrc4n Oxarndsdetel BR3 & na) 0l aceon- 7-
car bonyl] - am

follonsing geerpl Ipfﬁ@fﬁiyres@meL%\dSﬁméZ)a&fh4d net hyl ester (64
ng, LM mz 741) was prepared from
(35,7S)-3-(4-hydroxy-phenyl)-1-net hyl-2-o0xo0-64(S)-1-ph

Examnyyle 7pr opy1) -

(S¥§§4'Cwnmﬂmnmxwfﬁ T%ﬂ-85%64wnﬁéww?3?4?5%%?a%on)réﬁ?ﬁivﬁ
ohegvmmrﬁ&h% i 6xo-a%tfh@>?>® %@H@dﬁ;ﬁm;ﬁa 10 &Ek@ﬂﬁtﬁra@gﬂed%

met hy| ester hydr ochl ori1 de usi ng gener al pr ocedure
car‘t{ogyl-}za,mmo) -propionic acid

{[(38,75)-3-(4-Fydroxy-phenyl)-l-
phenyl-propyl) -
c102,3,5,6, 7, 8- hexahyaﬁb§&9¥‘
7- car beg

et hynl- 2- 0x0- 64(S) - 1-

di aza- ant hr acene-

-4 ylﬁfproplonlc acid nethyl ester (64
' wers solved in 2 nL of DWF and
-hIorobenzyI b ide (0.43 mmol) and potassi um
c8rbonate (0.43 mol ) were added. The m xture was
stirred at roomtenperature for 8 hours and was poured
onto ethyl acetate and 10% sodi um car bonate. The
organi c |l ayer was washed 15with brine, dried over
sodi um sul fate and concentrgted. The residue was
purified over silica (hexaﬁg -et hyl acet at e- MeOH,
7-3-0.1) to provide (S)-2- H(35,75)-34443, 4-
Di chl or o- benzyl oxy) - pheny1] - 1- met hy1l- 2- oxo- 64S) - 1- phen
yl -propyl)-2,3,5,6, 7, 8-
hexahydr o- 1H 4- oxa- 1, 6- di aza- ant hr acene- 7- car bonyl ]
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20 Title compound (19 ng) was prepared from(S)-2-
{[(3S, 75) - 344- (3, 4- Di chl or obenzyl oxy) - pheny1] - 1- net hy1l

WO 200050766 ((S) - 1- phenyl -propyl1)-2,3 ,5 PCT/US2009/036333
, 6, 7, 8- hexahydr o- 1H4- oxa- 1, 6- di aza- ant hr acene- 7- car bon
yl'l -am no} -3 -(4'-nethoxy-biphenyl-4-y1)-propionic
acid nethyl ester (21 ng) according to genera
procedure B. LC Ms: niz 886. 25 Exanple 95: (S)-2-
[(3S,75)-3 -1-4-(3 ,4-Di chloro-b enzyl oxy) - phenyl

Title doripdA22 nipy @va@ibfe‘p)areh mﬂwbmméB (38 Zug, 5.05 mmol)
6, 7, 8- hexahydr o- 1H 4- o di az a-ant hrac

foll@ﬁ@%@@%rﬁkiaﬁ%d}lresd?rmfb? L@-M§4mlz) 816.

fl uor o- bi phenyl-4-y1)-propionic acid

(S)-3-[4-(3,4-Di chl oro-benzyl oxy) - pheny1] - 2- oxo-1, 2, 3,
Exd&nﬂe87hexahydro 4- oxa- 1, 6-

o QO 1B 2B o RRARL 2 630 S8 EPFLL 260 6 (DI

band DVAP (cat.) added he mxture was stirred a
onlyl e ja@dwas diluted with DCM The
er agg brine, dried
{. The residue
OAc gradient (0 %

organlc IayerAmas mashed wi t h wat
over sodium sul fate and concentr
cpurified over sili cao\MQ&ho*h ne

Et AC b Sb %.to_pravi de

S, 7S) - B44- - Di'chlMr o='benzyl oxy) -

e OXO< 355, hexahydr o- 4- oxa- 1, 6- di aza- an
hr e-6, 7- dlcarbow acid 10 6-tert-butyl ester

781R2S, 5R) - 2- |soprCﬂr1-5-nethyI-cyclohexyl) ester
(2.4 g, 11-1NMVR (400 , CDC13): 8.2 (m 1H), 7.5 (m
1H), 7.42 (d, 1H, 7.35 (m 2H), 7.25 (m 1H), 6.9 (m

2H),,6.7& 1H), 6.6 (s, 1H), 5. 55 (m 1H[B,, 4.8-5.1
To %{@ﬁluth.tb of ( r%le{lgl cyg].q})entxl)gnqh@m(l A0 g'_é 7 mgmq IHDCM2OH1L) was
add%d §e§snﬂ/la1]tﬁ{)Per1]odﬁlegm8 n?ml 1&2‘)&1) GHd 0%’%1117 a@b&nﬁle (%@rnrnol 1.2

eq) a0 {0y Cﬁhfm'eaeth)n mixture stlrred at thls ternperature for 2h and allowed to warm

| o 2 h h 4-
up GOV S P AT coimBler B TPt (e P peasgyfoured
into8Sdt&! (56 I3, a%&&&ct@d {)vﬁﬁ @@M&GO A1L) TEHB Bkg o ChaRay Wak then

ester was N-nethylated (3.9 g) according to general

drieg m@rle@amn w:]lfa@e grdcmnd@(t@t@ umdsy regueddpr¢sure4o pivehl-Bhanyb
2- .2.3,. 5 8- .
eyl BT 4 i PR Qi e omenesdi

con%oaﬁ‘d g|4 dm batedthe RSt & (26 m%] 0.025 mmol) following general
(1R, 2S y1l-5-met -cycl ohexyl) ester

m%% 2- |sopro?

progeguigs §) a LGdatua)233pur e naterlal)
(3S,7S)-3-[4-(3, 4-Di chl or o- benzyl oxy) - pheny1] - 1- met hy1
-2-0xo0-1, 2, 3,5, 7, 8 hexahydr o- 4-

Examxsle ¥86- di aza- ant hr acene- 6, 7- dlcarboxyllc acid

-tert-butyl
: angrRiphanyly

rnetgﬁq gL& 9?3,9_‘96}??8' ﬁ@(aﬂﬁﬂg r@} 4-%5(9 q%jﬁllrafa ghthraceneﬂ carbonvl} -

al’IllIlO)-DI'ODIOIHC acid
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to provide

(3S,7S)-3-[4-(3,4-Di chl oro- benzyl oxy) - pheny1] - 1- net hy1l
WO 20005078 3, 5, 6, 7, 8- PCT/US2009/036333

hexahydr o- 1H 4- oxa- 1, 6- di aza- ant hr acene- 7- car boxyl i c

acid (1R 2S,5R)-2-isopropyl-5- nethyl-cycl ohexyl ester

hydrochloride (3.5 g, LOMs: mz 652).

(3S,7S)-3-[4-(3, 4-Di chl or o- benzyl oxy) - pheny1] - 1- net hyl

pexylic acid

- 2- 0x0- 2, 3,5, 6, 7, 8- hexahydr o-
51H 4- oxa- 1, 6-di aza- ant hr acene- 7-£1

I ohexyl ester (3.5
10°nL DMF and sodi um

(1R 2S,5R) - 2-i sopropyls 5- get
%9, 5.37 nnpl) was di $sotved

?Eture for 48 hours. The m xture
spoured onto diethyl ether and 10 % sodi um
carbonate. The aqueous | ayer was 10 extracted with
ether and organic | ayers conbi ned. The organic |ayer

TitldQ corn%O \%a SOdreu rapre%il‘fjro r?[e %1&&9 ﬁc(ggtn{g?b%q mr-rrlgﬁ

over si
foll&ﬁm@%@n&e Beﬁwﬂ'@&i BOLSZI\'&SQmEhﬁDZQQZ) to provide
(38,75)-3-[4-(3,4-D chl or o- benzyl oxy) - pheny1] - 1-
nmet hy1- 2- oxo-6- ((S) - 1- phenyl - propyl ) -2, 3,5, 6, 7, 8- hexah
Exﬁﬁﬁﬁ %PF4 oxa- 1, 6- di azaant hr acene- 7- car boxyl i c acid
Z 5R) - 2-i sopropyl-5-net hyl - cycl ohexyl ester (803
(S)-254E8)-61d bR v ROy IMnzthy 8 - Ble @t B dehlord-banAythx y 1Hphenyl]- 6-methyl-

a % anthrateng bonivh |-z
cval%_%mhén\ﬁﬁl élﬁr-brdbtfamcﬂmgo (S ZH) 3.9 (m 1H) 3.55 (m

. 3.38 (s, 3H), 2.95 (m 2H), 1.6 (m 6H), 1.15 (m
1H) 095(m1H)09(m2H) 3
3H), 0.65 (m 6H) .
20( 3S, 75) - 3- [ 4- (3, 4- Dﬁﬂ 0 nzyT oxy) - pheny1] - 1- met h
(yl 2- 0X0- 6- ((S) 1- phey™~pT oL
h

thCh oride (8 nmL, HEM Sbl uti on i n hexanes) was added
and the m xture stirred at OC for 3.5 hours. The
m xture was concentrated and treated with 25

Titlyesrapdusdt(8R ated tvas pedpdraddisraliomaidéate/BBE nfph10.05 nithel)
aqueous m xture was extracted three tines with ethyl

q
follgyisg geacrarogagunes Koprd Br ban¥le (@) et™s- conbi ned. The
conmbi ned organic |layers were dried over sodiumsulfate
and concentrated to provide
Exah&ﬂeBB) 3-(4- Fydroxyphenyl) 1- met hyl- 2- oxo- 64(8) 1- phe
1 2 5 d.

r uj -1
2- 0>f]07 é-)( 1-Dﬁgtlvl-(egﬂv1)32,é,%,6,’E%Hl@§5h\*&kd’-li‘ﬁwéxefll ,%]&az% anthracene-7-

IT(3S, 7/S)- 3- (4- hydr oxy- phenylI)- 1- met hyl- 2- 0X0- b-
carljoh @] -ainiphie prppioniaopyd ) - 2, 3, 5, 6, 7, 8 hexahydr o- 1H 4- oxa- 1

, 6-di aza- ant hracene-7- carbonyl | - am no}- propi onic acid

nethyl ester (57 nmg, LO/MS: mz 729) was prepared from

(35,7S)-3-(4-hydroxy-phenyl)-1-net hyl-2-o0x0-64(S)-1-ph

enyl - propyl)-2,3,5,6, 7, 8-

5hexahydr o- 1H 4- oxa- 1, 6- di aza- ant hr acene- 7- car boxyl i c

acid (70 nmg) and (S)-2-am no- 3-

(4'-fluoro-biphenyl -4-y1)-propionic acid nethyl ester

hydrochl ori de usi ng general procedure A
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(S)-3-(4'-Fluoro-bi phenyl-4-y1)-2-
{[(3S,7S)-3-(4-hydroxy-phenyl)-1-net hyl-2-oxo- 6-
wa o) 746 phenyl - propyl)-2,3 ,5 PCT/US2009/036333
, 6, 7, 8- hexahydr o- 1H 4- oxa- 1, 6- di aza- ant hr acene- 7-
carbonyl] -amno 1 -propionic acid nethyl ester (27
nmg, 0.078 mmol) was dissolved in 2 nL of DVF and
3, 4-di chl orobenzyl brom de (0.39 mmol) and pot assi um
carbonate (0.39 nmol) were added. The m xture was
stirred at roomtenperature for Z=houts and was poured
onto ethyl acetate and, 103 sadi u ar bonate. The
c¢organic | ayer was maﬁhe 15 N brine, dried over
S : 2 The residue was
acet at e- MeOH
S) - 2- H(35 75) - 34443, 4-
behhot heny 1] - 1- net hy1- 2- oxo-6- ((S) - 1- ph
enyl -propyl)-2, 3,54, #, 8- hexahydro-1H 4-oxa-1, 6-di az
a- ant hrac ene-7-carbonyl] -am no}-3
The-1¢ ﬁhenf-éthlylﬁ@teﬁhWﬁBy(S)-é [4Y(3 ¥-diEigIpioobungy & Fp ek 1yll-methyl-2-
est er mz 889). 20 Tltre compound (20
rﬁﬁl p@yb@t@pjgﬁgﬁ ]6r7@8-rhexahydro 1H-4-0xa-1,6-diaza- anthracene-7-

cartfon%%ﬁﬁ@é( bl g SR S L S s o
brotny-ariod tbénderox@8 nd-0dl mpa efiotlbwagehe goheca mpbaryiijes Endndd}. This
fl - bi ph | - 1).- [ d net hyl
ey gt g B e ey bafie? B BbieBdur e B. | LG/ Vs
mz 873. 25 Exanple 96: k S)-3
-(4' - Cyano- bi phenyl -4-y1)-2- { [(S)-3 - [4-(3

Titl¢ derdp@hidd 2 d nig) evres praprycd-fpine the J-phd-¢tByl, ibtermediate (31 mg, 0.05
2,3.,5

rnrnggmea gg):ﬁ%-l)%soxaf-?‘lﬁ%_alio Egpheriy 1211)-pr0p10n1¥ acu?I met yl ester
hydfbcﬁ?o@rd@romﬁ@ce 08 MinSIRFRRMMAG gerfd] PeodedurR APand TG -848 dn/z):
CN C Title conpound was prepared fromliInternediate B
865f ol | owi ng general procedures E and B. LG-Ms (i z):
921. 5 Exanple 97: (S)-3-(4'-Cyano-bi phenyl-4-yl1)-2- {
r(S)-3-1-4-(3, 4-di chl oro- benzyl oxy) - phenyl |
Exaniplegt hyl 2- oxo- 64(S) - 1- phenyl - propyl) -2, 3, 5, 6, 7, 8- hexa

hydro 1H 4- oxa 1 6- dlaza anthracene 7-
, Agg 4-magthylthigzolgidSaulfeonwlyi3g4ni3.4-dichloro-

benzvloxy)-phenvyl]-2-0x0-2.3.5.6.7.8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-

carbonyl}-amino)-3-(4'-cyano-biphenyl-4-y)-propionic acid (more polar diastereomer)
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25

Cl 10(S)-3 4443 ,4-Dichloro-b enzyl oxy) - phenyl ]
- 1-met hyl- 2- oxo- 64(S) - 1- phenyl - propyl ) -
wWQ2®98169%, 8- hexahydr o- 1H 4- ox a- 1, 6- di aza- ant PCHUS2009/036333
ene-7-carboxylic acid (31.6 ng) was coupled with
(S)-2-am no-3-(4'-cyano- bi phenyl-4-y1)-2-nmnethyl-propio
nic acid nethyl ester (14.7 ng) foll ow ng genera
procedure 0 to provide (S)-3-(4'-Cyano-bi phenyl-4-
y1)-2- { [(S)-3 - [4-(3 ,4-dichloro-benzyl oxy) - phenyl ]
(S)3¥4mEﬁﬁMﬂn§M@WD4@£X£qﬂ$)ququ(h&ﬁaﬁﬁwyéibiyﬁbh&hd]2oxo-
hexahydr o- 1H 4- oxa- 1, 6- di aza- ant hr acene- 7- car bo

23 ﬁm 8- h@’?ﬁhﬁél}o Li3-A-oxsgl, ﬁﬂﬂﬁﬁa@wﬁn%kf@r@nﬁﬁrmm%gmromc

a01d(ljg§\[h¥|56(sgeﬁd(’@/0 mgpﬁl ﬁg%t%li %ﬁt‘fl@?&%ﬂﬁﬂ?@% %r lggzz?flg Q! @h fonyl

chlopide{ Beihmyg) ﬁ)llyb)mmg]wﬂdl piocedure E to furnish (S)-2- ({(S) 6- (2-acetylarn1no-

4%%%@568?311? ?fa% i%ggﬁr%hé e%&@@é@%ﬁygl I orr"o? %7 8-

hox AR 7101801 OB o A0k TR ca%&ﬁﬂ} oyl 9§{an\’5 ifinyl-4-

5general procedure B. LC
yD-piRpioBiq atid @gtiybedtérgRehng) 4s glm)lxtal:e of dlastereorners The

. R 7S or o- benzyl oxy).-.ph - 1-
dinsigst S 3 et 5P aA s hPTE ) st 4B VA Y-
6:4)drarebhbrd pekadiks@rdth@FBC-MS m/z 982, 12 mg) was hydrolyzed using the

10ant hr acene- 7- carbonylI-an1no}-prop|on|c acid C
gengraRprpgyduge B4o fignish pitle ispapounsk§2ye.axgiy pplee dipsierepmpst. i tMS
(n/ %ggxo 6- ((S) 1- phenyl - propyl ) - -

9 5, 6, 7, 8- hexahydr o- 1H 4- oxa- 1, 6- di aza- ant hracene- 7-

carboxylic acid was coupled to

(R).- 2-am no- 3- (4' - cyano- bi phenyl-4-y1)-propionic acid
EX%MH%H§P ester followi ng general 15procedure 0 to

phehﬁhlme0-l,2,3,5,7,8 hexahvdro 4-oxa-1.6- diaza anthracene 6 carboxvlic acid
benzyl oxy) - pheny1l] - 1- net hy1- 2- oxo- 64(S) - 1- phenyl - pr opy
ELpgﬂﬁé_ng , 7, 8- hexahydr o- 1H
4-oxa-1, 6- dlaza ant hr acene- 7- car bapy
c acid nethyl ester. Ti%le @

] - am no} - pr opi oni
as prepared from
, (3R, 7S)-3-[4- (83, 4-
et hy1- 2- ox0-6-((S)-1-ph

5, 6.7
oxa‘ﬁ¢6 di aza- ant hr acene- 7- car bonyl ]
’ nmet hyl ester (267 ng) follow ng
general procedure B.!LC-MS (nfz): 880.

(S)-7-Hydroxy-6-nitro-3,4-dihydro-1H-isoquinoline-2,3-dicarboxylic acid 2-isopropyl
ester 3-methyl ester (2.0 g, LC-MS (m/z) 340) was prepared from (S)-7-Hydroxy-6-nitro-
1,2,3,4-tetrahydro-isoquinoline-3-carboxylic acid methyl ester (2.0 g) following general

procedure H.

(S)-7-Hydroxy-6-nitro-3,4-dihydro-1H-isoquinoline-2,3-dicarboxylic acid 2-isopropyl
ester 3-methyl ester (2.0 g) was dissolved in MeOH and 200 mg Pd/C added. The flask
was evacuated and placed under balloon pressure of hydrogen. The reaction stirred at rt

for 1.5 h and was filtered over a plug of celite. The celite plug was washed with EtOAc
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Example 99: k S)-2-( { (S)-6-Benzoyl-344-(3
, 4-di chl or o- benzyl oxy) - phenyl] -2-o0x0-2,3 ,5 ,6,7, 8-
wheoahydso- 1H 4- oxa- 1, 6-di az a- ant hrac PCT/US2009/036333
ene- 7-carbonyl}-amno)-3 -[4-(pyridin-4-yl oxy)-
phenyl] -propionic acid 5
(S)-2-tert-Butoxycarbonyl am no- 3- (4- hydr oxy- phenyl) - pr
opionic acid (29.1 mml) was dissolved in 20 nL of DW
and DI EA (58.2 mmol ) and nethyl iodide (146 nmol)
and amtciﬂd ThEBtriteasbicdnibinddwing csiporited taprotide {(9)- 6~3rﬂ'\ncaf7ld
oured onto Et QAc. and. 1. N HC1., The _qrganic
hydias - pded

Hedraxl HHsoqurpaling-2atdicadyony licrsid) nisoRF e a&t@r &5 rnethyl

0 _nggl Osul fate and concentr at ed.
emﬁ? ;$%§tg${- uto qgcgrbonylamno 3- (4- hydr oxy- phenyl) -

propi onic acid nethyl ester (7.8 g) was used w thout
further

f -M5 (M 297, ) . .
(5)-pgymine; Féfygi{f' 'f@t 5 kﬁr%‘?ﬁ‘\i:‘&?lé)e(zé Airartexyligiddy1yenseryl
este?@'rﬁ’&hﬁ Rkt 3 @%Wa!s d‘?s%&l%&d (151(041§1L1]§O?5m)b@ m%f%z@ﬁéf higly 5 Og

boronic aci
sodiup] Bcarbamats actibds 2v@hlerosm$4}éhéie1®bhﬂm0%nm0>qf) p[héMl] acetyl

Triethyl gm ed and, the. m xtu
chlofidetp RO Fch s R b R RREFE A ST ua i i
orgeﬁﬁ@héklela&@bt W Pe@RethWeghe drivd bkt dApdeat@diThereRdRaNAL Bssolved
. @éép The organic Iayer was dried and concentrated

Mg dmé @Qtaps'le@wﬂ@naw% 1 rgégd@nsﬂe Mggnigture ptireedl viefor 3 h
Si |

and%(s{géulfg ont vla%u oxycar onyl}e 0 mg [i& g/igwa%lilerdlw th 1 qu drlejd and
evapdgibnea)my ?713, psrsamb s puaficdlovetshiich (RSdafss-K €S- BM) amrhamw&
z .
Meégy topiaiids ¢S A4 Hririghlarosbgnzaleyy)-phanila- Oﬁré&b%ﬁw
j I
oG5t TR 851 Eon £ AR GG L B2 DB -
estef (B0 gili bEMF l(mxy pO@henyl ] - propi oni ¢ acid net hyl ester

(650 ng) follow ng general procedure C. LCGM (mz)
274.

O CUES 4Lﬁ1cﬁfér&baz§, 93-Sy oK 12 B UAdRy Or- Sl B

hexahydr o
dlazaehn&zracemﬁ;ﬂr é@@nbexvllccm@@xgdpr@yhcst@t Trectiyl ceet(@10 g) was

I d 1.
v G TP a8 Bt Ees B 30 PRI R et 13 4 Rigpgrorbenayiony)-
phe?l? 2 &xBexabsdr, @-héxéh?@rm Bxa-1,6-diaza-anthracene-6,7-dicarboxylic acid
I aza- ant hr acene- 6 dlcarboxyllc acid 6-tert- buty?

6-isepiopy! cptorrbt.-Rg). EStMS (11£)58¢) fol | owi ng gener al
procedure C. LC-Ms (niz) 514.

(S)-3-[4-(3,4-Dichloro-benzyloxy)-phenyl]-2-ox0-1,2,3,5,7,8-hexahydro-4-oxa-1,6-
diaza-anthracene-6,7-dicarboxylic acid 6-isopropyl ester (120 mg) was coupled with (S)-
2-amino-3-biphenyl-4-yl-propionic acid methyl ester hydrochloride according to general
procedure A to provide (S)-7-((S)-2-biphenyl-4-yl-1-methoxycarbonyl-ethylcarbamoyl)-
3-[4-(3,4-dichloro-benzyloxy)-phenyl]-2-ox0-1,2,3,5,7,8-hexahydro-4-oxa-1,6-diaza-
anthracene-6-carboxylic acid isopropyl ester (151 mg, LC/MS: m/z 825).
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10( S) - 6- Benzoyl- 344- ( 3, 4-di chl or o- benzyl oxy) - pheny1] - 2

- 0xo0-2, 3,5, 6, 7, 8- hexahydr o- 1H
Wal2@2Aa119®- di aza- ant hr acene- 7- car boxyl i ¢ aci d P&L/bi§1009/036333

ester (1.6 g) was prepared from (S)-

3-[4- (3, 4-Di chl or o- benzyl oxy) - phenyl1] - 2-oxo0- 2, 3,5, 6, 7,

8- hexahydr o- 1H 4- oxa- 1, 6-

di aza- ant hracene-7-carboxylic acid nmethyl ester

hydrochl oride (1.8 g) follow ng general procedure F
Titlé Corvounal(7) nfg}&las %Eepared from (S)-7-((S)-2- blphenyl 4-yl-1-

&S - 6- Benzo 4-di chl or o- benzyl oxy) - phenyl] - 2-0
methoxygarbonylget lsarh@%aﬂérér[é (3 Aadighlgrorbaizyiony by Hrlaexe-

1,2 g 073%9%%%%&1% ARGk 1 ¥eHa A" Wag&e(écﬁb&)yl R isopropyl ester (101

Ingﬂmbéﬂ&%tégﬂn@hhﬁbﬂﬂhﬁﬂByLﬁﬂyﬁ pesPl] - 2- oxo- 2, 3, 5, 6, 7,
8- hexahydr o- 1H 4- oxa- 1, 6- di azaant hr acene- 7- car boxyl i c
acid nethyl ester (1.6 g) follow ng general procedure

Exa%splk% 20 M5 (m'z) 604.

{(S)-6-Benzoyl-3-[4-(3, 4-di chl oro-benzyl oxy) - ph

(S)- éf(‘&CSI)—@Baxzovlz:S 34%3.4- d'iclfkero benzvloxv)-phenvl] 2-0x0-2,3.5.6.7.8-

phei@ grdﬂadﬂwhm@ster (57 rrg) was prepared £ om

('S) - 6- Benzoy1- 344-( 3, 4-
25di chl or o- benzyl oxy) - pheny1] - 2- ox#
dQ%-1FL4-oxa-l,6-diazq;ogpmhrﬂ. A
o (700 o) oanch
2- Am nyp-

] 3a 5a 6, 7; 8' hexahy
carboxylic acid

yrydig- | 0Xy) - phenyl] - propionic
j gdrochl oride (63 ng) follow ng
geler rocedure A LUC-M5 (mz) 858. Title conpound
(31°mg) was prepared m Titl e conpound net hyl ester
(50 nmg) follow ng ge | procedure B. LC-M5 (ni2z)

(5911413 2 blsgo-Bealon Aol ony -4 H6 bbby da by 1.6
dlaﬁﬁﬁfﬂrﬁﬁeﬁi gl &abl%]cgiirﬂ% Q%ﬁgﬂétﬁﬁ%‘[’b& ?%%rgc_:hﬁorld lcﬁ C{‘_/FMAS m/z 514 )

eny exa oxa-
waslprépadédaframd 8- Bli‘[éi{ﬁé,ﬁd)l?hloro benzyloxy)-phenyl] 2-0x0-1,2,3,5,7,8-

hex ayrdgoo? é{é_slag' 8{2‘1%)1 _a]gtl_hgag?]ée? ég ?]cg? Jb(?xy?lg acid 6_-'}/6%‘{)-51835106%619 laincl:ethyl
estei‘-@i@@ deebrBfidol @raph Bécﬁfr@cbenzyl oxy) - pheny1] - 1- met hy

1-2-o0xo-1, 2, exahydr o-
4- oxa- 1, 6- di aza- ant hr acene- 6, 7-di carboxylic acid

-GG Sl lon i RN PR AR P £R Rk afParo- -
4- o>(aS) 63&@(&%@1@!}’@&&@% aMh@%athymb@ﬂm% g IEORIS Y~ 81 8% was
r o- 4- oxa 6- di aza- ant hr acene-6, 7

h h
preagcL D SRy LG (ad Aot berbley D e S-a50-3 ot 4 d kerghydro-
lH-%%&?tle(g gQ af?thl( Jcer}e) 7 %Erbtogg} éd(;ﬁ){n%ﬁ& Eﬁ@r h%l%%c%[ondyu 3 2)

ure o S was conv
accc(r&bng'lte Lgét&)ral%)rééédufeyfaébCDept no work-up was done. The mixture was

thox carbonyl et hyl car banoyl] - 344- (
eva@orate %%pl&%ﬁl %ﬂéﬁ?ﬁwoam
phenyl] - 1- met hy1- 2- oxo-1, 2, 3, 5, 7, 8- hexahydr o- 4- oxa- 1, 6

-diaza-anthracene-6-carboxy|ic acid tert-butyl ester
(S)-aBangoylHe[4g6yedehlam-beegiloxe )-Pheifh]-2-oxk 026, b di, Srhex ahgdro- 1 H-

tox b Bl ST At diaied 3 (L BYYS: 44

604$Wa§’pﬁepared from (S)-6-Benzoyl-3-[4-(3,4-dichloro-benzyloxy)-phenyl]-2-oxo-
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20di chl or o- benzyl oxy) - pheny1] - 1- net hy1- 2- oxo- 2, 3,5, 6, 7

, 8- hexahydr o- 1H 4- oxa- 1, 6- di aza-
w@piobngicene- 7- car bony1} - am no) - 3- (4' - cyano- bi ph@ny32049/¢36333

1)-propionic acid nethyl ester as a m xture of

di astereoneres follow ng the general procedure C and

E. This sul fonam de was deacyl ated using the genera

procedure P to furnish (S)-2-({(S)-6-(2-am no-4-

nmet hyl -t hi azol e-5-sul fonyl) - 344- (3, 4-di chl or o- benzyl ox
2,3,5.6; b aeyahlydib- Iedhyia= 6-@ka-anthracene-7-carboxylic acid methyl ester (1.6

252, 3,5, 6, 7, 8- hexahydr o- 1H 4- oxa- 1, 6- di aza- ant hr acene-
2) ageqsding dhgeneral pasayeR (4 - cyano-

bi phenyl - 4-y1)-propionic acid nethyl ester as a

m xture of diastereoneres. The di asteroners were
(S)-2 & i)t Behzbyl 34[4%$314ah>¢h1m5m tehzydost)qdeaplii? -dxocVB, 5, DAC,

ol ar diasteronmer (LC m z.953,
hexafe/]dﬁ%; Herhgwe- E;%(f ay&ﬂgraeﬁgae- geahRnYbe ﬁ@%g3$wé%'g'%
J ' :

pheﬁﬁ? Bfo’i}itﬁﬁ'c Sdé& kr%%gﬁ@ 8%%’1%% ng geﬁé/l\@S’ iz 8‘1% ?%&éa@ Eo%‘a?ﬂ?éd fromd
Inte(‘rﬁ?dl@% (DZ(L&G]ITI@ a@dnf&) hylkmm(hBﬁé@yhéﬂ-ybph@bymy)pianic acid

met{lﬁee%{%, PIS d Iggcggh%r e g%ceo?é%lg & ggn_eral %poechlln]e A. 1
, 6, 7, 8- hexahydr o- 1H 4- oxa- 1, 6- diaza ant hr acene- 7-
10carbony11 am no) - 3- (4' -cyano- gge 1-4-y1) - propioni

Titlg ceraperndrd & povas prepared Epadime2)({ nzoyl-3- [4 (3.4-dichloro-
bengﬁ%}ﬁéﬁ%ﬁéﬁ Crﬂx%rz%é‘ 962'}%%/'%8 )"(“?yﬁ%’o llllhlI 84 1 g:(éaz%yalnth?’arl]é/eng-%

carlpi@nyabhind)-BEY pydidia- @yppli’en§l) Prépidni8 -abrxadtigr Stet th¥mgx a-
1, 6-di aza- ant hr acene- 7-

accggm}gdﬁggl}er@l,ﬁrmyﬂug: B 4LC@\§[§n’GZZt§21§henyl 4-y1)-propionic
acid nethyl ester (nore polar diastereonmer, LGNS nmlz
955, 10 ng) was hydrol yzed using the general procedur e

Exmaqﬂuﬂnished title conpound (nore pol ar diastereoner 8

TP S E NS M 8423 L iAo S A ey 1]-2-0%0-2.3.5.6.7.8-

hexahydro-1H-4-oxa-1.6-diaza-anthracene-7-carbonyl } -amino)-3-(4'-chloro-biphenyl-4-

Cl
(@) OH O
X i
H H
(@) N
N
H
]@Cﬁi
O
O

(S)-2-({(S)-6-Benzoyl-3-[4-(3,4-dichloro-benzyloxy)-phenyl]-2-0x0-2,3,5,6,7,8-

vyl)-propionic acid

hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-carbonyl}-amino)-3-(4'-chloro-biphenyl-4-
yl)-propionic acid methyl ester (71 m g, LC/MS: m/z 878 ) was prepared from
Intermediate D (100 mg) and (S)-2-amino-3-(4'-chloro-biphenyl-4-yl)-propionic acid

methyl ester hydrochloride according to general procedure A.
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(S)-2-( { (S)-6-(2-Am no-4-nethyl-thiazo le-5
-sulfonyl)-3 -[4-(3 ,4-dichloro-b enzyl oxy) -

W k@it 1]7e@- oxo- 2, 3, 5, 6, 7, 8- hexahydr o- 1H 4- oxa- BCBUS108%836333
- ant hracene-7-car bonyl }
am no) - 3- (4' - cyano- bi phenyl1-4-y1)-propionic acid (nore
pol ar di ast er eoner) H,
(S)-2-({(S)-6-(2-Acetyl am no-4-net hyl -thi azol e-5-sul fo
nyl)-3-[4-(3, 4-dichl oro-

Titl® edsmydngm()se ﬂhg)n\yhés] prap@wframQSME({(/S)%-Ben@bysh[a@&kdﬁicmro-

i aza-ant hrac

ben@d%drﬁhf}lyléﬁrqa@)z 35 (647 Sélyéqhadm PAghee- boyHzamngpnesae-
carb%glgﬂ agiﬁibg)rflt’»-é?scth%rg BRRnPA I 28hiBE Se B Ryl 8D (D)
accqrBngde @CiBralproc>dard BLOLE VISt My 862hi azol e- 5-
sul fonyl) - 3-[4-(3, 4-di chl oro- benzyl oxy) - pheny1l] - 2- oxo-
2,3,5,6, 7, 8-hexahydr o- 1H 4- oxa-
Exakqge@gaza ant hracene- 7- car bonyl}-am no) - 3- (4' - cyano- bi
phenyl 4- y1) proplonlc aC|d nethyl ester (LC—NB niz
. |4 H 0 dox 3 .

N qr % 97A-2
bmt(emnza-v?Z&omEmrH@lde 103: (S) 2- ( {

2- Am no-4-nethyl -thiazo le-5 -sul fonyl)-3 -

[-(3 ,4-dichloro-b enzyl oxy) -

Q;nyl] 2-0x0- 2, 3, 5, 6,,798--hexak
- dnt hr acgne47- carbonyl ;

Cl

( S) - 6- (2 acet
nylf 3-14- (3, 4-di chl'or o
benzyloxy) phenyl] - 2-9Xo0- 2, 3, 5, 6, 7, 8- hexahydr o- 1H 4- ox

(8)- 359 B3 B B %E NS 1Ky )-phenyl]-2-0x0-2,3,5,6,7,8-hexahydro-1 H-4-

oxa-1,6-diaza-anthracene-7-carbonyl } -amino)-3-(4'-methyl-biphenyl-4-yl)-propionic acid
methyl ester hydrochloride (74 mg, LC/MS: m/z 751) was prepared from (S)-3-[4-(3,4-
Dichloro-benzyloxy)-phenyl]-2-0xo0-1,2,3,5,7,8-hexahydro-4-oxa-1,6-diaza-anthracene-
6,7-dicarboxylic acid 6-tert-butyl ester (150mg) and (S)-2-Amino-3-(4'-methyl-biphenyl-

4-yl)-propionic acid methyl ester hydrochloride according to general procedures A and C.

(S)-2-({(S)-3-[4-(3,4-Dichloro-benzyloxy)-phenyl]-2-0x0-6-pyridin-2-ylmethyl-
2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-carbonyl } -amino)-3-(4'-methyl-
biphenyl-4-yl)-propionic acid methyl ester (16 mg, LC/MS: m/z 842) was prepared from
(S)-2-({(S)-3-[4-(3,4-Dichloro-benzyloxy)-phenyl]-2-0x0-2,3,5,6,7,8-hexahydro-1H-4-
oxa-1,6-diaza-anthracene-7-carbonyl }-amino)-3-(4'-methyl-biphenyl-4-yl)-propionic acid
methyl ester hydrochloride (54 mg) according to general procedure D.

Title compound (9 mg) was prepared from Title compound methyl ester (16 mg)

according to general procedure B. LC/MS: m/z 828.
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car bonyl}-am no) - 3- (4' - cyano- bi phenyl-4-y1)-propionic

acid nethyl ester(less polar diastereoner, 100 ng) was
w@oweatted to PCT/US2009/036333

(S)-2-({(S)-6-(2-am no-4-nethyl -thiazol e-5-

sul fonyl)-3-[4-(3, 4-di chl oro- benzyl oxy) - phenyl ] - 2- oxo-

2,3,5,6, 7, 8-hexahydr o- 1H 4- oxa-

1, 6-di aza- ant hracene- 7- car bonyl } - am no) - 3- (4' - cyano- bi

phenyl-4-yl)-propionic acid 5 nethyl ester (LC-M5 nfz

940) follow ng the general procedure P. This ester on

hydr ol ysi s using general procedure B furnished title
Exaé’éiﬂﬂ%nd (I ess polar di ast er eomer,, 72 my). LG MBS

£ GED ‘o

: 1 o1
rnethVi hnxdi EZ ESI)} Ga]EbnM-aamizD%3 5®d7(484hemvdm IH@HI mtal-némhiaza-
b| nd| . Msrrbr anes from HEK- 293 or CHO cell s

a1t eceptor were used in the
GLP 1 receptor b| nd| ng assay. Reaggtioms were carried
out in 96-well plates. Cogpound d| luted in 20%
cDMBQ' water. The fi nI %ésa ghcent rati on rangi ng

r 004 C al DMSO 15

ncent r at i c@ H The final binding assay

on % is-HCL, pH 7.4 buffer

ing 10 nM , 1 »MDTT, 0.1 mM EDTA, 0.1 nM
EGTA, 0.1% BSA, 1 ug nenbrane, 20 - 200 pM
[1251 ] GLP-1 aa (7-3 (SA=2200 G /oL, (Perkin El nmer
TitlP8éthpdlRd (MEERI $as ?éwre%lmmds A4 c%ﬁtablp%@m 1)-2- {[(3R 79)-

concentratl on of 50/ final assay vol unme of 0y

3-[4FGst- ﬂlChk@r@bmzrybixy\)vehd:IgflK Ca)ethdSkew- @é(tﬁ)dupittnylammlf}

ERA AT AN Qﬂ?exoegsfséé B 7Ry P spropionic
aciddn 8@l NGtdr ang g&@f&nmdﬁ&g BEAChMSQPOUSE! .
ad

concentration ition of cold excess GP-1 (1 uM.

The reaction vvas carried out at roomtenp for 120 m n.
Fx V}@[ggrsa}ne contai ni ng bound an [1251] G.P-1(aa 7-36)

PIRYERG was i sol ated fol | owi ng filtration onto
(S)-BHHECYdnerbiPitentEAGE2{[(88.78)-at[eg 3 AREEIMbIvEbdIR Y loRAY phonOl]-1-

6005177) using a cell 25 harvester |nstrurrent Pl at es
Mt A 250X O H E3- EDIAG 2 3104/ . S Hcxah

| " al bm n (BSA) FoI | owi ng
h@ﬂaﬁ%n 1%&9 f ‘?oxﬁ@ééi&“t PS (Packard part no.

6013631) vvas added pl ates were s€af o with TopSeal - A
adhesi ve seal s (Packar at_Qo, 05185). 1251
% sot ope bolund to the Unizfi | 96 GF/ C pl ates was
S e ument (Packard).
pically ranged from about 40%
vs [1251] G.P-1. For exanple, the
3 exhi bi ted 68% bi ndi ng, the

conmpound of Exanpl exhi bi ted 60% bi ndi ng, the

conmpound of Exanple 88 exhibited 60% bi ndi ng, the
Title oorpparmd (38 mey avwp Ipecp8B:defirdm b$)bbd4 4480 biptiemydr4-dnd- {(38,75)-

5 d. of ted
S YRR eSS T RR i Ghe a2 bosi Raiebteny Saropiiig)
2,3.8 6nﬂ8-ﬁ9xa3l\?§rocﬁdm%>@t e daa AhHrN8né-9-dahRnoH LA h&NpHBRHrtc
ecpm - NSBcprr) [ Ctcpm - C-cp . Percent
acui nly bi @Sitemﬁ%mgp 1 280§ @reral poacelingsl B CeMS (v&2)c®pound
concentration (X) data were generated. The | C50 val ues
wer e

153



10

15

20

calculated by fitting the data using paraneters for a
si gnoi dal dose response, variable sl ope nonlinear

W0 egpass)on (G aphPAD Prizm San Diego, CA) aceCr/ub19g9/036333
to the equation: Y=Bottom +
(Top-Bottom / (1+10"((LOogEC50-X)*Hi I | S | ope)) wherein,
X is the logarithmof concentration and Y is the
response, and Y starts at 15Bottom and goes to Top
with a signoid shape. This is identical to the four

Ex 188§ er | ogi stic equation. Exanple 105: Functi onal
ce'I -based assay The effsl %acyof GLPll receptor

antlﬁﬁdehsﬂp@rbdhvl]] Mho}/»ﬁr@mhmc&di in 96 well plates in
Dul becco's nodified eagles nmedia (DVEM) containing 10%
fetal bovine serumand penicillif [
’ el |'s, nmedia was

cFol I owi ng over ni ght g)mwb@*ﬂ'
Ind centrations ranging from

welY ddéd to nonol ayer 25cells in
] ed-tulbecco’ s nmedi um (I MM, 1001 LLM RO
PDElnhlblt 0.1% BSA, 2% DMSO in a fi nal
v8l ue of 100 i ut, ‘I i ncubated for 30 mn at 37C
95992, 5% CO2 in a ™ 'difi ed i ncubator, cAMP was

(RISt b ek e e i?%hveﬁq YR BIBSTS)-
3- [4L(f3t4ﬁﬂi%ﬁfo'r616éﬁz)ylox%~?h&ggp-%é@1%q ZCMGI@(K)dluﬁﬁén?[lp%?g
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CN

Title compound (54 mg) was prepared from (S)-3-(4'-cyano-biphenyl-4-yl)-2-{[(3R,7S)-
3-[4-(3,4-dichloro-benzyloxy)-phenyl]-1-methyl-2-0x0-6-((R)-1-phenyl-propyl)-
2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-carbonyl]-amino } -propionic
acid methyl ester (60 mg) using general procedure B. LC-MS (m/z): 879.

Example 90:
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(S)-3-(4'-Chloro-biphenyl-4-y)-2-{[(3R.7S)-3-[4-(3.4-dichloro-benzyloxy)-phenvl]-1-
methyl-2-0x0-6-((S)-1-phenyl-propy)-2.3.5.6.7.8-hexahydro-1H-4-oxa-1,6-diaza-

anthracene-7-carbonyl]-amino }-propionic acid

(S)-3-(4'-chloro, -biphenyl-4-yl)-2-{[(3R,7S)-3-(4-hydroxy-phenyl)-1-methyl-2-0x0-6-
((S)-1-phenyl-propyl)-2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-
carbonyl]-amino }-propionic acid methyl ester (74 mg) was converted to (S)-3-(4'-chloro-
biphenyl-4-yl)-2-{[(3R,7S)-3-[4-(3,4-dichloro-benzyloxy)-phenyl]-1-methyl-2-0x0-6-

10 ((S)-1-phenyl-propyl)-2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-
carbonyl]-amino }-propionic acid methyl ester (60 mg) using general procedure K. This
ester upon hydrolysis furnished title compound (52mg) using general procedures B. LC-

MS (m/z): 888.

15 Example 91:
(S)-2-{[(3R.,78)-3-[4-(3.,4-Dichloro-benzyloxy)-phenyl]-1-methyl-2-0x0-6-((S)-1-phenyl-

propyl)-2.3.5.6.7.8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-carbonyl]-amino }-3-(4'-

methoxy-biphenyl-4-y)-propionic acid

20

155



10

15

20

25

7.0 7 474 35 8 134 64 9 500 54 10 418 51 11 606 71 12
427 61
WO 2009/111700 PCT/US2009/036333

(S)-2-{[(3R,7S)-3-(4-Hydroxy-phenyl)-1-methyl-2-0x0-6-((S)-1-phenyl-propyl)-
2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-carbonyl]-amino } -3-(4'-
methoxy-biphenyl-4-yl)-propionic acid methyl ester was converted to (S)-2-{[(3R,7S)-3-
[4-(3,4-Dichloro-benzyloxy)-phenyl]-1-methyl-2-0x0-6-((S)-1-phenyl-propyl)-
2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-carbonyl]-amino } -3-(4'-
methoxy-biphenyl-4-yl)-propionic acid methyl ester (64 mg) using general procedure K.
This ester upon hydrolysis furnished title compound (58 mg) LCMS (m/z): 884.

Example 92:
(S)-2-{[(3R.,78)-3-[4-(3.,4-Dichloro-benzyloxy)-phenyl]-1-methyl-2-0x0-6-((S)-1-phenyl-

propyl)-2.3.5.6.7.8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-carbonyl]-amino }-3-(4'-

fluoro-biphenyl-4-yl)-propionic acid

Cl |

(S)-3-(4'-Fluoro-biphenyl-4-yl)-2-{[(3R,7S)-3-(4-hydroxy-phenyl)-1-methyl-2-0x0-6-
((S)-1-phenyl-propyl)-2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-
carbonyl]-amino }-propionic acid methyl ester was converted to (S)-2-{[(3R,7S)-3-[4-
(3.,4-Dichloro-benzyloxy)-phenyl]-1-methyl-2-0x0-6-((S)-1-phenyl-propyl)-2,3,5,6,7,8-
hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-carbonyl]-amino } -3-(4'-fluoro-biphenyl-4-
yl)-propionic acid methyl ester (70 mg) using general procedure K. This ester upon

hydrolysis furnished title compound (64mg) LCMS (m/z): 872.

Example 93:
(S)-3-(4'-Chloro-biphenyl-4-y1)-2-{[(3S.7S)-3-[4-(3.4-dichloro-benzyloxy)-phenyl]-1-
methyl-2-0x0-6-((S)-1-phenyl-propyl)-2.3.5.6.7.8-hexahydro-1H-4-oxa-1,6-diaza-

anthracene-7-carbonyl]-amino }-propionic acid
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(S)-3-[4-(3,4-Dichloro-benzyloxy)-phenyl]-2-ox0-1,2,3,5,7,8-hexahydro-4-oxa-1,6-
diaza-anthracene-6,7-dicarboxylic acid 6-tert-butyl ester (8.0 g, 13.3 mmol) was
suspended in 30 mL DCM and 1R-2S-5R (-)-menthol (26.6 mmol), EDC (26.6 mmol)
and DMAP (cat.) added. The mixture was stirred at rt for 6 h and the mixture was diluted
with DCM. The organic layer was washed with water and brine, dried over sodium
sulfate and concentrated. The residue purified over silica with hexanes-EtOAc gradient
(0 % EtOAc to 30 %) to provide (3S,7S)-3-[4-(3,4-Dichloro-benzyloxy)-phenyl]-2-oxo-
1,2,3,5,7,8-hexahydro-4-oxa-1,6-diaza-anthracene-6,7-dicarboxylic acid 6-tert-butyl ester
7-((1R,2S,5R )-2-isopropyl-5-methyl-cyclohexyl) ester (2.4 g, '"H NMR (400 MHz,
CDCls): 8.2 (m, 1H), 7.5 (m, 1H), 7.42 (d, 1H), 7.35 (m, 2H), 7.25 (m, 1H), 6.9 (m, 2H),
6.7 (m, 1H), 6.6 (s, 1H), 5.55 (m, 1H), 4.8-5.1 (m, 1H), 5.0 (s, 2H), 4.3-4.6 (m, 3H), 3.1
(m, 2H), 1.8 (m, 1H), 1.6 (m, 3H), 1.5 (d, 9H), 1.3 (m, 2H), 0.7-1.0 (m, 9H), 0.4 (m, 3H).

(3S,7S)-3-[4-(3,4-Dichloro-benzyloxy)-phenyl]-2-ox0-1,2,3,5,7,8-hexahydro-4-oxa-1,6-
diaza-anthracene-6,7-dicarboxylic acid 6-tert-butyl ester 7-((1R,2S,5R)-2-isopropyl-5-
methyl-cyclohexyl) ester was N-methylated (3.9 g) according to general procedure M to
provide(3S,7S)-3-[4-(3,4-Dichloro-benzyloxy)-phenyl]-1-methyl-2-ox0-1,2,3,5,7,8-
hexahydro-4-oxa-1,6-diaza-anthracene-6,7-dicarboxylic acid 6-tert-butyl ester 7-
((1IR,28,5R)-2-isopropyl-5-methyl-cyclohexyl) ester (4.9 g, not isolated as pure material).

(3S,7S)-3-[4-(3,4-Dichloro-benzyloxy)-phenyl]-1-methyl-2-ox0-1,2,3,5,7,8-hexahydro-4-
oxa-1,6-diaza-anthracene-6,7-dicarboxylic acid 6-tert-butyl ester 7-((1R,2S,5R)-2-
isopropyl-5-methyl-cyclohexyl) ester (3.9 g) was deprotected using general procedure C
to provide (3S,7S)-3-[4-(3,4-Dichloro-benzyloxy)-phenyl]-1-methyl-2-ox0-2,3,5,6,7,8-
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hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-carboxylic acid (1R,2S,5R)-2-isopropyl-5-
methyl-cyclohexyl ester hydrochloride (3.5 g, LC/MS: m/z 652).

(3S,7S)-3-[4-(3,4-Dichloro-benzyloxy)-phenyl]-1-methyl-2-0x0-2,3,5,6,7,8-hexahydro-
1H-4-oxa-1,6-diaza-anthracene-7-carboxylic acid (1R,2S,5R)-2-isopropyl-5-methyl-
cyclohexyl ester (3.5 g, 5.37 mmol) was dissolved in 10 mL. DMF and sodium
bicarbonate (21.5 mmol) and (1-Bromo-propyl)-benzene (10.7 mmol) added. The
mixture was stirred at 50 °C for 20 h and room temperature for 48 hours. The mixture
was poured onto diethyl ether and 10 % sodium carbonate. The aqueous layer was
extracted with ether and organic layers combined. The organic layer was dried over
sodium sulfate and concentrated. The residue was purified over silica (EtOAc-hexanes-
DCM-TEA, 0.5/5/4.5/0.02) to provide (3S,7S)-3-[4-(3,4-Dichloro-benzyloxy)-phenyl]-1-
methyl-2-0x0-6-((S)-1-phenyl-propyl)-2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-
anthracene-7-carboxylic acid (1R,2S,5R)-2-isopropyl-5-methyl-cyclohexyl ester (803
mg, , 'HNMR (400 MHz, , ds acetone): 7.7 (d, 1H), 7.6 (d, 1H), 7.46 (d, 1H), 7.33 (m,
7H), 6.98 (m, 2H), 6.87 (s, 1H), 6.77 (s, 1H), 5.65 (s, 1H), 5.13 (s, 2H), 4.55 (m, 1H),
4.20 (s, 2H), 3.9 (m, 1H), 3.55 (m, 1H), 3.38 (s, 3H), 2.95 (m, 2H), 1.6 (m, 6H), 1.15 (m,
1H), 0.95 (m, 1H) 0.9 (m, 2H), 0.8 (m, 4H), 0.7 (d, 3H), 0.65 (m, 6H).

(3S,75)-3-[4-(3,4-Dichloro-benzyloxy)-phenyl]-1-methyl-2-0x0-6-((S)-1-phenyl-propyl)-
2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-carboxylic acid (1R,2S,5R)-2-
isopropyl-5-methyl-cyclohexyl ester (0.80 g) was dissolved in 20 mL of dry DCM and
cooled to 0°C. Boron trichloride (8 mL, 1M solution in hexanes) was added and the
mixture stirred at 0°C for 3.5 hours. The mixture was concentrated and treated with
water/saturated sodium bicarbonate until pH 7. The aqueous mixture was extracted three
times with ethyl acetate-THF (9-1) and organic layers combined. The combined organic
layers were dried over sodium sulfate and concentrated to provide (3S,7S)-3-(4-Hydroxy-
phenyl)-1-methyl-2-0x0-6-((S)-1-phenyl-propyl)-2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-
diaza-anthracene-7-carboxylic acid (601 mg, LC/MS: m/z 474).
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(S)-3-(4'-Chloro-biphenyl-4-yl)-2-{[(3S,7S)-3-(4-hydroxy-phenyl)-1-methyl-2-0x0-6-
((S)-1-phenyl-propyl)-2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-
carbonyl]-amino }-propionic acid methyl ester (68 mg, LC/MS: m/z 745) was prepared
from (38S,7S)-3-(4-Hydroxy-phenyl)-1-methyl-2-0x0-6-((S)-1-phenyl-propyl)-2,3,5,6,7,8-
hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-carboxylic acid (70 mg) and (S)-2-Amino-
3-(4'-chloro-biphenyl-4-yl)-propionic acid methyl ester hydrochloride using general

procedure A.

(S)-3-(4'-Chloro-biphenyl-4-yl)-2-{[(3S,7S)-3-(4-hydroxy-phenyl)-1-methyl-2-0x0-6-
((S)-1-phenyl-propyl)-2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-
carbonyl]-amino }-propionic acid methyl ester (68 mg, 0.091 mmol) was dissolved in 2
mL of DMF and 3,4-dichlorobenzyl bromide (0.46 mmol) and potassium carbonate (0.46
mmol) were added. The mixture was stirred at room temperature for 8 hours and was
poured onto ethyl acetate and 10% sodium carbonate. The organic layer was washed
with brine, dried over sodium sulfate and concentrated. The residue was purified over
silica (hexanes-cthyl acetate-MeOH, 7-3-0.1) to provide (S)-3-(4'-Chloro-biphenyl-4-yl)-
2-{[(38,7S)-3-[4-(3,4-dichloro-benzyloxy)-phenyl]-1-methyl-2-0x0-6-((S)-1-phenyl-
propyl)-2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-carbonyl]-amino} -
propionic acid methyl ester (17 mg, LC/MS: m/z 903).

Title compound (8 mg) was prepared from (S)-3-(4'-Chloro-biphenyl-4-yl)-2-{[(3S,7S)-
3-[4-(3,4-dichloro-benzyloxy)-phenyl]-1-methyl-2-0x0-6-((S)-1-phenyl-propyl)-
2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-carbonyl]-amino } -propionic

acid methyl ester (17 mg) according to general procedure B. LC/MS: m/z 889.

Example 94:
(S)-2-{[(3S.,7S)-3-[4-(3.4-Dichloro-benzyloxy)-phenyl]-1-methyl-2-0x0-6-((S)-1-phenyl-

propyl)-2.3.5.6.7.8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-carbonyl]-amino }-3-(4'-

methoxy-biphenyl-4-yl)-propionic acid
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(S)-3-[4-(3,4-Dichloro-benzyloxy)-phenyl]-2-ox0-1,2,3,5,7,8-hexahydro-4-oxa-1,6-
diaza-anthracene-6,7-dicarboxylic acid 6-tert-butyl ester (8.0 g, 13.3 mmol) was
suspended in 30 mL DCM and 1R-2S-5R (-)-menthol (26.6 mmol), EDC (26.6 mmol)
and DMAP (cat.) added. The mixture was stirred at r.t. for 6 h and the mixture diluted
with DCM. The organic layer was washed with water and brine, dried over sodium
sulfate and concentrated. The residue purified over silica with hexanes-EtOAc gradient
(0 % EtOAc to 30 %) to provide (3S,7S)-3-[4-(3,4-Dichloro-benzyloxy)-phenyl]-2-oxo-
1,2,3,5,7,8-hexahydro-4-oxa-1,6-diaza-anthracene-6,7-dicarboxylic acid 6-tert-butyl ester
7-((1R,2S,5R )-2-isopropyl-5-methyl-cyclohexyl) ester (2.4 g, '"H NMR (400 MHz,
CDCls): 8.2 (m, 1H), 7.5 (m, 1H), 7.42 (d, 1H), 7.35 (m, 2H), 7.25 (m, 1H), 6.9 (m, 2H),
6.7 (m, 1H), 6.6 (s, 1H), 5.55 (m, 1H), 4.8-5.1 (m, 1H), 5.0 (s, 2H), 4.3-4.6 (m, 3H), 3.1
(m, 2H), 1.8 (m, 1H), 1.6 (m, 3H), 1.5 (d, 9H), 1.3 (m, 2H), 0.7-1.0 (m, 9H), 0.4 (m, 3H).

(3S,7S)-3-[4-(3,4-Dichloro-benzyloxy)-phenyl]-2-ox0-1,2,3,5,7,8-hexahydro-4-oxa-1,6-
diaza-anthracene-6,7-dicarboxylic acid 6-tert-butyl ester 7-((1R,2S,5R)-2-isopropyl-5-
methyl-cyclohexyl) ester was N-methylated (3.9 g) according to general procedure M to
provide(3S,7S)-3-[4-(3,4-Dichloro-benzyloxy)-phenyl]-1-methyl-2-ox0-1,2,3,5,7,8-
hexahydro-4-oxa-1,6-diaza-anthracene-6,7-dicarboxylic acid 6-tert-butyl ester 7-
((1IR,28,5R)-2-isopropyl-5-methyl-cyclohexyl) ester (4.9 g, not isolated as pure material).

(3S,7S)-3-[4-(3,4-Dichloro-benzyloxy)-phenyl]-1-methyl-2-ox0-1,2,3,5,7,8-hexahydro-4-
oxa-1,6-diaza-anthracene-6,7-dicarboxylic acid 6-tert-butyl ester 7-((1R,2S,5R)-2-
isopropyl-5-methyl-cyclohexyl) ester (3.9 g) was deprotected using general procedure C
to provide (3S,7S)-3-[4-(3,4-Dichloro-benzyloxy)-phenyl]-1-methyl-2-ox0-2,3,5,6,7,8-
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hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-carboxylic acid (1R,2S,5R)-2-isopropyl-5-
methyl-cyclohexyl ester hydrochloride (3.5 g, LC/MS: m/z 652).

(3S,7S)-3-[4-(3,4-Dichloro-benzyloxy)-phenyl]-1-methyl-2-0x0-2,3,5,6,7,8-hexahydro-
1H-4-oxa-1,6-diaza-anthracene-7-carboxylic acid (1R,2S,5R)-2-isopropyl-5-methyl-
cyclohexyl ester (3.5 g, 5.37 mmol) was dissolved in 10 mL. DMF and sodium
bicarbonate (21.5 mmol) and (1-Bromo-propyl)-benzene (10.7 mmol) added. The
mixture was stirred at 50 °C for 20 h and room temperature for 48 hours. The mixture
was poured onto diethyl ether and 10 % sodium carbonate. The aqueous layer was
extracted with ether and organic layers combined. The organic layer was dried over
sodium sulfate and concentrated. The residue was purified over silica (EtOAc-hexanes-
DCM-TEA, 0.5/5/4.5/0.02) to provide (3S,7S)-3-[4-(3,4-Dichloro-benzyloxy)-phenyl]-1-
methyl-2-0x0-6-((S)-1-phenyl-propyl)-2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-
anthracene-7-carboxylic acid (1R,2S,5R)-2-isopropyl-5-methyl-cyclohexyl ester (803
mg, , 'HNMR (400 MHz, , ds acetone): 7.7 (d, 1H), 7.6 (d, 1H), 7.46 (d, 1H), 7.33 (m,
7H), 6.98 (m, 2H), 6.87 (s, 1H), 6.77 (s, 1H), 5.65 (s, 1H), 5.13 (s, 2H), 4.55 (m, 1H),
4.20 (s, 2H), 3.9 (m, 1H), 3.55 (m, 1H), 3.38 (s, 3H), 2.95 (m, 2H), 1.6 (m, 6H), 1.15 (m,
1H), 0.95 (m, 1H) 0.9 (m, 2H), 0.8 (m, 4H), 0.7 (d, 3H), 0.65 (m, 6H).

(3S,75)-3-[4-(3,4-Dichloro-benzyloxy)-phenyl]-1-methyl-2-0x0-6-((S)-1-phenyl-propyl)-
2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-carboxylic acid (1R,2S,5R)-2-
isopropyl-5-methyl-cyclohexyl ester (0.80 g) was dissolved in 20 mL of dry DCM and
cooled to 0°C. Boron trichloride (8 mL, 1M solution in hexanes) was added and the
mixture stirred at 0°C for 3.5 hours. The mixture was concentrated and treated with
water/saturated sodium bicarbonate until pH 7. The aqueous mixture was extracted three
times with ethyl acetate-THF (9-1) and organic layers combined. The combined organic
layers were dried over sodium sulfate and concentrated to provide (3S,7S)-3-(4-Hydroxy-
phenyl)-1-methyl-2-0x0-6-((S)-1-phenyl-propyl)-2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-
diaza-anthracene-7-carboxylic acid (601 mg, LC/MS: m/z 474).
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(S)-2-{[(3S,7S)-3-(4-Hydroxy-phenyl)-1-methyl-2-0x0-6-((S)-1-phenyl-propyl)-
2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-carbonyl]-amino } -3-(4'-
methoxy-biphenyl-4-yl)-propionic acid methyl ester (64 mg, LC/MS: m/z 741) was
prepared from (3S,7S)-3-(4-hydroxy-phenyl)-1-methyl-2-0x0-6-((S)-1-phenyl-propyl)-
2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-carboxylic acid (70 mg) and (S)-
2-amino-3-(4"-methoxy-biphenyl-4-yl)-propionic acid methyl ester hydrochloride using

general procedure A.

(S)-2-{[(3S,7S)-3-(4-Hydroxy-phenyl)-1-methyl-2-0x0-6-((S)-1-phenyl-propyl)-
2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-carbonyl]-amino } -3-(4'-
methoxy-biphenyl-4-yl)-propionic acid methyl ester (64 mg, 0.087 mmol) was dissolved
in 2 mL of DMF and 3,4-dichlorobenzyl bromide (0.43 mmol) and potassium carbonate
(0.43 mmol) were added. The mixture was stirred at room temperature for 8 hours and
was poured onto ethyl acetate and 10% sodium carbonate. The organic layer was washed
with brine, dried over sodium sulfate and concentrated. The residue was purified over
silica (hexanes-ethyl acetate-MeOH, 7-3-0.1) to provide (S)-2-{[(3S,7S)-3-[4-(3,4-
Dichloro-benzyloxy)-phenyl]-1-methyl-2-0x0-6-((S)-1-phenyl-propyl)-2,3,5,6,7,8-
hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-carbonyl]-amino }-3-(4'-methoxy-biphenyl-
4-yl)-propionic acid methyl ester (24 mg, LC/MS: m/z 899).

Title compound (19 mg) was prepared from (S)-2-{[(3S,7S)-3-[4-(3,4-Dichloro-
benzyloxy)-phenyl]-1-methyl-2-0x0-6-((S)-1-phenyl-propyl)-2,3,5,6,7,8-hexahydro-1H-
4-oxa-1,6-diaza-anthracene-7-carbonyl]-amino } -3-(4'-methoxy-biphenyl-4-yl)-propionic

acid methyl ester (21 mg) according to general procedure B. LC/MS: m/z 886.

Example 95:
(S)-2-{[(3S.,7S)-3-[4-(3.4-Dichloro-benzyloxy)-phenyl]-1-methyl-2-0x0-6-((S)-1-phenyl-

propyl)-2.3.5.6.7.8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-carbonyl]-amino }-3-(4'-

fluoro-biphenyl-4-yl)-propionic acid
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(S)-3-[4-(3,4-Dichloro-benzyloxy)-phenyl]-2-ox0-1,2,3,5,7,8-hexahydro-4-oxa-1,6-
diaza-anthracene-6,7-dicarboxylic acid 6-tert-butyl ester (8.0 g, 13.3 mmol) was
suspended in 30 mL DCM and 1R-2S-5R (-)-menthol (26.6 mmol), EDC (26.6 mmol)
and DMAP (cat.) added. The mixture was stirred at r.t. for 6 h and the mixture was
diluted with DCM. The organic layer was washed with water and brine, dried over
sodium sulfate and concentrated. The residue purified over silica with hexanes-EtOAc
gradient (0 % EtOAc to 30 %) to provide (3S,7S)-3-[4-(3,4-Dichloro-benzyloxy)-
phenyl]-2-o0x0-1,2,3,5,7,8-hexahydro-4-oxa-1,6-diaza-anthracene-6,7-dicarboxylic acid
6-tert-butyl ester 7-((1R,2S,5R)-2-isopropyl-5-methyl-cyclohexyl) ester (2.4 g, '"H NMR
(400 MHz, CDCls): 8.2 (m, 1H), 7.5 (m, 1H), 7.42 (d, 1H), 7.35 (m, 2H), 7.25 (m, 1H),
6.9 (m, 2H), 6.7 (m, 1H), 6.6 (s, 1H), 5.55 (m, 1H), 4.8-5.1 (m, 1H), 5.0 (s, 2H), 4.3-4.6
(m, 3H), 3.1 (m, 2H), 1.8 (m, 1H), 1.6 (m, 3H), 1.5 (d, 9H), 1.3 (m, 2H), 0.7-1.0 (m, 9H),
0.4 (m, 3H).

(3S,7S)-3-[4-(3,4-Dichloro-benzyloxy)-phenyl]-2-ox0-1,2,3,5,7,8-hexahydro-4-oxa-1,6-
diaza-anthracene-6,7-dicarboxylic acid 6-tert-butyl ester 7-((1R,2S,5R)-2-isopropyl-5-
methyl-cyclohexyl) ester was N-methylated (3.9 g) according to general procedure M to
provide(3S,7S)-3-[4-(3,4-Dichloro-benzyloxy)-phenyl]-1-methyl-2-ox0-1,2,3,5,7,8-
hexahydro-4-oxa-1,6-diaza-anthracene-6,7-dicarboxylic acid 6-tert-butyl ester 7-
((1IR,28,5R)-2-isopropyl-5-methyl-cyclohexyl) ester (4.9 g, not isolated as pure material).

(3S,7S)-3-[4-(3,4-Dichloro-benzyloxy)-phenyl]-1-methyl-2-ox0-1,2,3,5,7,8-hexahydro-4-
oxa-1,6-diaza-anthracene-6,7-dicarboxylic acid 6-tert-butyl ester 7-((1R,2S,5R)-2-
isopropyl-5-methyl-cyclohexyl) ester (3.9 g) was deprotected using general procedure C
to provide (3S,7S)-3-[4-(3,4-Dichloro-benzyloxy)-phenyl]-1-methyl-2-ox0-2,3,5,6,7,8-

163



10

15

20

25

30

40.1 57 570 20.0 58 565 45.0 59 750 52.0 60 1630 62.0
61 850 29.0 62 1000 15.0
WO 2009/111700 PCT/US2009/036333

hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-carboxylic acid (1R,2S,5R)-2-isopropyl-5-
methyl-cyclohexyl ester hydrochloride (3.5 g, LC/MS: m/z 652).

(38,7S)-3-[4-(3,4-Dichloro-benzyloxy)-phenyl]-1-methyl-2-0x0-2,3,5,6,7,8-hexahydro-
1H-4-oxa-1,6-diaza-anthracene-7-carboxylic acid (1R,2S,5R)-2-isopropyl-5-methyl-
cyclohexyl ester (3.5 g, 5.37 mmol) was dissolved in 10 mL. DMF and sodium
bicarbonate (21.5 mmol) and (1-bromo-propyl)-benzene (10.7 mmol) added. The
mixture was stirred at 50 °C for 20 h and room temperature for 48 hours. The mixture
was poured onto diethyl ether and 10 % sodium carbonate. The aqueous layer was
extracted with ether and organic layers combined. The organic layer was dried over
sodium sulfate and concentrated. The residue was purified over silica (EtOAc-hexanes-
DCM-TEA, 0.5/5/4.5/0.02) to provide (3S,7S)-3-[4-(3,4-Dichloro-benzyloxy)-phenyl]-1-
methyl-2-0x0-6-((S)-1-phenyl-propyl)-2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-
anthracene-7-carboxylic acid (1R,2S,5R)-2-isopropyl-5-methyl-cyclohexyl ester (803
mg, , 'HNMR (400 MHz, , ds acetone): 7.7 (d, 1H), 7.6 (d, 1H), 7.46 (d, 1H), 7.33 (m,
7H), 6.98 (m, 2H), 6.87 (s, 1H), 6.77 (s, 1H), 5.65 (s, 1H), 5.13 (s, 2H), 4.55 (m, 1H),
4.20 (s, 2H), 3.9 (m, 1H), 3.55 (m, 1H), 3.38 (s, 3H), 2.95 (m, 2H), 1.6 (m, 6H), 1.15 (m,
1H), 0.95 (m, 1H) 0.9 (m, 2H), 0.8 (m, 4H), 0.7 (d, 3H), 0.65 (m, 6H).

(3S,75)-3-[4-(3,4-Dichloro-benzyloxy)-phenyl]-1-methyl-2-0x0-6-((S)-1-phenyl-propyl)-
2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-carboxylic acid (1R,2S,5R)-2-
isopropyl-5-methyl-cyclohexyl ester (0.80 g) was dissolved in 20 mL of dry DCM and
cooled to 0°C. Boron trichloride (8 mL, 1M solution in hexanes) was added and the
mixture stirred at 0°C for 3.5 hours. The mixture was concentrated and treated with
water/saturated sodium bicarbonate until pH 7. The aqueous mixture was extracted three
times with ethyl acetate-THF (9-1) and organic layers combined. The combined organic
layers were dried over sodium sulfate and concentrated to provide (3S,7S)-3-(4-Hydroxy-
phenyl)-1-methyl-2-0x0-6-((S)-1-phenyl-propyl)-2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-
diaza-anthracene-7-carboxylic acid (601 mg, LC/MS: m/z 474).
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(S)-3-(4'-Fluoro-biphenyl-4-yl)-2-{[(3S,7S)-3-(4-hydroxy-phenyl)-1-methyl-2-ox0-6-
((S)-1-phenyl-propyl)-2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-
carbonyl]-amino }-propionic acid methyl ester (57 mg, LC/MS: m/z 729) was prepared
from (38S,75)-3-(4-hydroxy-phenyl)-1-methyl-2-0x0-6-((S)-1-phenyl-propyl)-2,3,5,6,7,8-
hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-carboxylic acid (70 mg) and (S)-2-amino-3-
(4'-fluoro-biphenyl-4-yl)-propionic acid methyl ester hydrochloride using general

procedure A.

(S)-3-(4'-Fluoro-biphenyl-4-yl)-2-{[(3S,7S)-3-(4-hydroxy-phenyl)-1-methyl-2-ox0-6-
((S)-1-phenyl-propyl)-2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-
carbonyl]-amino }-propionic acid methyl ester (27 mg, 0.078 mmol) was dissolved in 2
mL of DMF and 3,4-dichlorobenzyl bromide (0.39 mmol) and potassium carbonate (0.39
mmol) were added. The mixture was stirred at room temperature for 8 hours and was
poured onto ethyl acetate and 10% sodium carbonate. The organic layer was washed
with brine, dried over sodium sulfate and concentrated. The residue was purified over
silica (hexanes-ethyl acetate-MeOH, 7-3-0.1) to provide (S)-2-{[(3S,7S)-3-[4-(3,4-
dichloro-benzyloxy)-phenyl]-1-methyl-2-0x0-6-((S)-1-phenyl-propyl)-2,3,5,6,7,8-
hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-carbonyl]-amino } -3-(4'-fluoro-biphenyl-4-
yl)-propionic acid methyl ester (21 mg, LC/MS: m/z 889).

Title compound (20 mg) was prepared from (S)-2-{[(3S,75)-3-[4-(3,4-dichloro-
benzyloxy)-phenyl]-1-methyl-2-0x0-6-((S)-1-phenyl-propyl)-2,3,5,6,7,8-hexahydro-1H-
4-oxa-1,6-diaza-anthracene-7-carbonyl]-amino } -3-(4'-fluoro-biphenyl-4-yl)-propionic

acid methyl ester (24 mg) according to general procedure B. LC/MS: m/z 873.

Example 96:
(S)-3-(4'-Cyano-biphenyl-4-y1)-2- {[(S)-3-[4-(3.4-dichloro-benzyloxy)-phenyl]-6-(3.5-
dimethyl-isoxazole-4-sulfonyl)-1-methyl-2-0x0-2.3.5.6.7.8-hexahydro-1H-4-oxa-1.6-

diaza-anthracene-7-carbonyl]-amino ! -propionic acid
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Title compound was prepared from Intermediate B following general procedures E and B.

LC-MS (m/z): 921.

Example 97:
(S)-3-(4'-Cyano-biphenyl-4-y1)-2- {[(8)-3-[4-(3.4-dichloro-benzyloxy)-phenyl]-1-methyl-
2-0x0-6-((S)-1-phenyl-propyl)-2.3.5.6,7.8-hexahydro-1H-4-oxa-1.,6-diaza-anthracene-7-

carbonyl]-amino }-2-methvl-propionic acid

(S)-3-[4-(3,4-Dichloro-benzyloxy)-phenyl]-1-methyl-2-0x0-6-((S)-1-phenyl-propyl)-
2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-carboxylic acid (31.6 mg) was
coupled with (S)-2-amino-3-(4'-cyano-biphenyl-4-yl)-2-methyl-propionic acid methyl
ester (14.7 mg) following general procedure O to provide (S)-3-(4'-Cyano-biphenyl-4-
y)-2-{[(S)-3-[4-(3,4-dichloro-benzyloxy)-phenyl]-1-methyl-2-0x0-6-((S)-1-phenyl-
propyl)-2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-carbonyl]-amino } -2-
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methyl-propionic acid methyl ester (LC-MS (m/z): 909). Title compound was prepared
from (S)-3-(4'-Cyano-biphenyl-4-yl)-2-{[(S)-3-[4-(3,4-dichloro-benzyloxy)-phenyl]-1-
methyl-2-0x0-6-((S)-1-phenyl-propyl)-2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-
anthracene-7-carbonyl]-amino }-2-methyl-propionic acid methyl ester (25 mg) following

general procedure B. LC-MS (m/z): 893.
Example 98:

(R)-3-(4'-Cyano-biphenyl-4-y1)-2-{[(3R.78)-3-[4-(3.4-dichloro-benzyloxy)-phenyl]-1-
methyl-2-0x0-6-((S)-1-phenyl-propyl)-2.3.5.6.7.8-hexahydro-1H-4-oxa-1,6-diaza-

g

anthracene-7-carbonyl]-amino }-propionic acid

Oh
| (0]
(0] N
N
H
o N
/©\\ O
(0]
L : :CI
Cl

(3R,7S)-3-[4-(3,4-Dichloro-benzyloxy)-phenyl]-1-methyl-2-0x0-6-((S)-1-phenyl-propyl)-

N
=

2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-carboxylic acid was coupled to
(R)-2-amino-3-(4'-cyano-biphenyl-4-yl)-propionic acid methyl ester following general
procedure O to provide (R)-3-(4'-Cyano-biphenyl-4-yl)-2-{[(3R,7S)-3-[4-(3,4-dichloro-
benzyloxy)-phenyl]-1-methyl-2-0x0-6-((S)-1-phenyl-propyl)-2,3,5,6,7,8-hexahydro-1H-
4-oxa-1,6-diaza-anthracene-7-carbonyl]-amino } -propionic acid methyl ester. Title
compound was prepared from (R)-3-(4'-Cyano-biphenyl-4-yl)-2-{[(3R,7S)-3-[4-(3.4-
dichloro-benzyloxy)-phenyl]-1-methyl-2-0x0-6-((S)-1-phenyl-propyl)-2,3,5,6,7,8-
hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-carbonyl]-amino } -propionic acid methyl

ester (267 mg) following general procedure B. LC-MS (m/z): 880.

Example 99:
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(S)-2-({(S)-6-Benzoyl-3-[4-(3.4-dichloro-benzyloxy)-phenyl]-2-0x0-2,3.5.6.7.8-

hexahydro-1H-4-oxa-1.6-diaza-anthracene-7-carbonyl}-amino)-3-[4-(pvyridin-4-yloxy)-

phenyl]-propionic acid

Os_ _OH
o) j/
Os_ N N
@I :
N
o o
o
KCEQ
cl

Ol\
~N

(S)-2-tert-Butoxycarbonylamino-3-(4-hydroxy-phenyl)-propionic acid (29.1 mmol) was
dissolved in 20 mL of DMF and DIEA (58.2 mmol) and methyl iodide (146 mmol) added.
The reaction mixture stirred at rt for 2 h and was poured onto EtOAc and 1 N HCIL. The
organic layer was washed with 1 N HCI and 10 % sodium carbonate, dried over sodium
sulfate and concentrated. (S)-2-tert-Butoxycarbonylamino-3-(4-hydroxy-phenyl)-
propionic acid methyl ester (7.8 g) was used without further purification. LC-MS (m/z)
297.

(S)-2-tert-Butoxycarbonylamino-3-(4-hydroxy-phenyl)-propionic acid methyl ester (8.46
mmol), 4-pyridyl boronic acid (29.6 mmol), Cu(OAc), (16.9 mmol), and molecular
sieves were suspended in 25 mL of DCM. Triethylamine (59.2 mmol) was added and the
mixture stirred at rt for 10 h. The mixture was diluted with ethyl acetate and washed with
10 % sodium carbonate (6X). The organic layer was dried and concentrated under
reduced pressure. The residue was purified over silica gel (hexanes-EtOAc) to provide
(S)-2-tert-Butoxycarbonylamino-3-[4-(pyridin-4-yloxy)-phenyl]-propionic acid methyl
ester (653 mg). LC-MS (m/z) 374.

(S)-2-Amino-3-[4-(pyridin-4-yloxy)-phenyl]-propionic acid methyl ester bis
hydrochloride (543 mg) was prepared from (S)-2-tert-Butoxycarbonylamino-3-[4-

168



10

15

20

25

nd nd 89 nd nd 90 1231 43 91 725 39 92 723 30 93 138
31 94 424
WO 2009/111700 PCT/US2009/036333

(pyridin-4-yloxy)-phenyl]-propionic acid methyl ester (650 mg) following general
procedure C. LC-MS (m/z) 274.

(S)-3-[4-(3,4-Dichloro-benzyloxy)-phenyl]-2-0x0-2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-
diaza-anthracene-7-carboxylic acid methyl ester hydrochloride (1.8 g) was prepared from
(S)-3-[4-(3,4-Dichloro-benzyloxy)-phenyl]-2-ox0-1,2,3,5,7,8-hexahydro-4-oxa-1,6-
diaza-anthracene-6,7-dicarboxylic acid 6-tert-butyl ester 7-methyl ester (2.2 g) following
general procedure C. LC-MS (m/z) 514.

(S)-6-Benzoyl-3-[4-(3,4-dichloro-benzyloxy)-phenyl]-2-ox0-2,3,5,6,7,8-hexahydro-1H-
4-oxa-1,6-diaza-anthracene-7-carboxylic acid methyl ester (1.6 g) was prepared from (S)-
3-[4-(3,4-Dichloro-benzyloxy)-phenyl]-2-ox0-2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-
diaza-anthracene-7-carboxylic acid methyl ester hydrochloride (1.8 g) following general

procedure F. LC-MS (m/z) 618.

(S)-6-Benzoyl-3-[4-(3,4-dichloro-benzyloxy)-phenyl]-2-0x0-2,3,5,6,7,8-hexahydro-1H-
4-oxa-1,6-diaza-anthracene-7-carboxylic acid was prepared (1.4 g) from (S)-6-Benzoyl-
3-[4-(3,4-dichloro-benzyloxy)-phenyl]-2-0x0-2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-
anthracene-7-carboxylic acid methyl ester (1.6 g) following general procedure B. LC-

MS (m/z) 604.

(S)-2-({(S)-6-Benzoyl-3-[4-(3,4-dichloro-benzyloxy)-phenyl]-2-0x0-2,3,5,6,7,8-
hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-carbonyl}-amino)-3-[4-(pyridin-4-yloxy)-
phenyl]-propionic acid methyl ester (57 mg) was prepared from (S)-6-Benzoyl-3-[4-(3,4-
dichloro-benzyloxy)-phenyl]-2-0x0-2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-
anthracene-7-carboxylic acid (100 mg) and (S)-2-Amino-3-[4-(pyridin-4-yloxy)-phenyl]-
propionic acid methyl ester bis hydrochloride (63 mg) following general procedure A.

LC-MS (m/z) 858.
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Title compound (31 mg) was prepared from Title compound methyl ester (50 mg)
following general procedure B. LC-MS (m/z) 844.

Example 100:
(85)-2-({(S)-6-(2-Amino-4-methyl-thiazole-5-sulfonyl)-3-[4-(3.4-dichloro-benzyloxy)-
phenyl]-1-methyl-2-0x0-2.3.5.6.7.8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-

carbonyl}-amino)-3-(4'-cyano-biphenyl-4-yl)-propionic acid (Less polar diasterecomer)

(3R,78)-3-[4-(3,4-Dichloro-benzyloxy)-phenyl]-1-methyl-2-ox0-1,2,3,5,7,8-hexahydro-
4-oxa-1,6-diaza-anthracene-6,7-dicarboxylic acid 6-tert-butyl ester 7-methyl ester was
hydrolyzed as described in general procedure B to furnish (S)-3-[4-(3,4-dichloro-
benzyloxy)-phenyl]-1-methyl-2-0x0-1,2,3,5,7,8-hexahydro-4-oxa-1,6-diaza-anthracene-
6,7-dicarboxylic acid 6-tert-butyl ester as a mixture of diastercomers (1:1) at the
morpholino center. This mixture of acids was converted to (S)-7-[(S)-2-(4'-cyano-
biphenyl-4-yl)-1-methoxycarbonyl-ethylcarbamoyl]-3-[4-(3,4-dichloro-benzyloxy)-
phenyl]-1-methyl-2-0x0-1,2,3,5,7,8-hexahydro-4-oxa-1,6-diaza-anthracene-6-carboxylic
acid tert-butyl ester using the general procedure O. This intermediate was further
converted to (S)-2-({(S)-6-(2-acetylamino-4-methyl-thiazole-5-sulfonyl)-3-[4-(3,4-
dichloro-benzyloxy)-phenyl]-1-methyl-2-0x0-2,3,5,6,7,8-hexahydro-1 H-4-oxa-1,6-diaza-
anthracene-7-carbonyl } -amino)-3-(4'-cyano-biphenyl-4-yl)-propionic acid methyl ester as
a mixture of diastercomeres following the general procedure C and E. This sulfonamide
was deacylated using the general procedure P to furnish (S)-2-({(S)-6-(2-amino-4-
methyl-thiazole-5-sulfonyl)-3-[4-(3,4-dichloro-benzyloxy)-phenyl]-1-methyl-2-ox0-
2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-carbonyl}-amino)-3-(4'-cyano-
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diastqremeisiyeere ppaprtechbis flashi aoest chromotogmpby (DCM1EOAC, 9:1-7:3)
Theelé%lp’ola'r %&%%&&H&'(EEYMS m/z 953, 16 mg) upon hydrolysis using the general
procedure B furnished title compound (less polar diastereomer, 12 mg). LC-MS

(m/z):937.

Example 101:
(8)-2-({(S)-6-(2-Amino-4-methyl-thiazole-5-sulfonyl)-3-[4-(3.4-dichloro-benzyloxy)-
phenyl]-1-methyl-2-0x0-2.3.5.6.7.8-hexahydro-1H-4-oxa-1.6-diaza-anthracene-7-

carbonyl}-amino)-3-(4'-cyano-biphenyl-4-y)-propionic acid (more polar diastereomer).

(S)-2-({(S)-6-(2-amino-4-methyl-thiazole-5-sulfonyl)-3-[4-(3,4-dichloro-benzyloxy)-
phenyl]-1-methyl-2-0x0-2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-
carbonyl } -amino)-3-(4'-cyano-biphenyl-4-yl)-propionic acid methyl ester (more polar
diastereomer, LC-MS m/z 955, 10 mg) was hydrolyzed using the general procedure B
furnished title compound (more polar diastercomer 8 mg).LC-MS (m/z) 937.

Example 102:
(S)-2-({(S)-6-(2- Amino-4-methyl-thiazole-5-sulfonyl)-3-[4-(3.4-dichloro-benzyloxy)-

phenyl]-2-0x0-2.3.5.6.7.8-hexahydro-1H-4-oxa-1.,6-diaza-anthracene-7-carbonyl}-

amino)-3-(4'-cyano-biphenyl-4-y1)-propionic acid (more polar diasterecomer)
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~with a géoup i ndependent|y selected fromRc ; is
diastereanere l0G mgmvRacoDOI Rt (S)Lel{ (Dt e (- immer Rencthykithazee-5-
sulfortylj-33 Zl-l'(g,_él%éhl'lgfo%le%z%%rl)%hnenyl]-2-0x0-2,3,5,6,7,8-hexahydro-1H—4-oxa-
1,6-diaza-anthracene-7-carbonyl } -amino)-3-(4'-cyano-biphenyl-4-yl)-propionic acid
methyl ester (LC-MS m/z 941) following the general procedure P. This ester on
hydrolysis using general procedure B furnished title compound (more polar diastercomer,

70 mg). LC-MS (m/z):923.

Example 103:
(S)-2-({(S)-6-(2- Amino-4-methyl-thiazole-5-sulfonyl)-3-[4-(3.4-dichloro-benzyloxy)-

phenyl]-2-0x0-2.3.5.6.7.8-hexahydro-1H-4-oxa-1.,6-diaza-anthracene-7-carbonyl}-

amino)-3-(4'-cyano-biphenyl-4-yD)-propionic acid (less polar diastereomer)

(S)-2-({(S)-6-(2-acetylamino-4-methyl-thiazole-5-sulfonyl)-3-[4-(3,4-dichloro-
benzyloxy)-phenyl]-2-0x0-2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-
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L2 and L3 are independently selected fromthe group
consisting of: a direct bond, 25-CH2-5 -0-, -N(R26)-5

WO 8{00)111506 CON( R26) -5 - N(R26) C(0) -5 - N( R26) CON(IR2I7y82909/036333
N(R26) C(0)0-5 -0C(0) N(R26) -5 - N(R26) S02-5 - SO2N( R26) - 5
-C(0)-0-5 0-C(0)-5-S5-50)-5 -5(0)2-5 and
- N( R26) SO2N( R27) -5 wherein R26 and R27 are
i ndependently selected fromthe group consisting of:
hydr ogen, -alkyl, -aryl, and -al kyl ene-aryl, wherein

cari3a6l } cdibinRR 3 - (ar@aﬁ@e@ﬂm@ﬁaﬂ VIy-psafisitit hciti%ﬁbtllyl‘bstbt(l&§polar
wth Rc, or R26 and R27 are taken together with the
diassgrenraer S0AWREWas Fray cHpdtoAS) AchEd-G-6- @ramr‘hmethyl hiasole-5-

lyi
e e AT
1 6dpaygenﬂ1ramenaf-@getbpnﬁh}chmub)‘ 3H(4‘ cybib-bphsmelleetlpgrdpiaric bdie
t di t bond, Cl 1 kyl
metBig cplgr Mi@ ' n§45)>afﬁlig@grf§5%w%m§ﬁ me%ﬁ@ SO ed

hydfdINR ﬁ%@é&%’a@ pFRR&ISH ﬁgnlgz’l{ed titRbhHEnd (less polar diastercomer,
-cycl | ene, -heterocyclylene, -heteroarylene,

721ngu§éakﬁﬁyhbyéﬂéalkylene -fused 10cycl oal kyl aryl ene,
-fused cycl oal kyl het eroaryl ene, -fused
het erocycl yl aryl ene, and -fused

E ali'-ﬁ%leﬂosmédé iBinapioyA@age, Wherein G3 is optionally
Xsu stltutedb tlné% MA?h

substituents |ng§ endent |
ThegéReist ekpormommislor e biareRer Nsreselduat cnly SHORB: (25146)
equlli%rl % r%ﬁll?ﬁg dr thln %h%ss% Pm%?a],] %%%Q?Ey f293f0r réﬁcp cells

expﬁ’SthJ el Iﬁlﬁ{alﬁ)(BLP - frbkfepd)r @x}é@é oKy lrrGLP- l-rEM@)&d blndlng assay.
cl oal kyl het er oa -fused heterocycl % and
Reas USSHETR BYELH eyfclmﬁy Ohwelbplgtesy Comprundivas dutpdin' 20% DMSO/

v QPR SURSLLAAG0 i RS PR, SRS v
consaltrativredras nsa:Kh RhpfindkibigEnBasampdcdndations oyte 2haiM Jris-HCL, pH
7 GRS 20, B A\ \FES, Y L, SR et hngopeldentiy 1
BSAEl efd sgmeﬁl%mnteh@ 5 @IPMQOPRGE PLINg, @t36) «”@A-M@Mﬁﬁm
(Perk?n Elnger part no. NEX308), and compound in final DMSO concentration of 2%
(final assay volume of 100 uL). Positive control wells (C+) lacked compound, and
negative control wells (C-) lacked compound and contained cold excess GLP-1 (1 uM).
Non-specific binding (NSB) was determined for each compound concentration by
addition of cold excess GLP-1 (1 uM). The reaction was carried out at room temp for 120
min. Membrane containing bound an ['*’T|GLP-1(aa 7-36) ligand was isolated following
filtration onto Unifilter-96 GF/C filter plates (PerkinElmer part no. 6005177) using a cell
harvester instrument. Plates were washed 5 times with cold 25 mM Tris-HCL, pH 7.5
containing 0.05% bovine serum albumin (BSA). Following filtration, 50«L of Microscint
PS (Packard part no. 6013631) was added, plates were sealed with TopSeal-A adhesive
seals (Packard part no. 6005185). '°I isotope bound to the Unifilter-96 GF/C plates was

counted using a TopCount instrument (Packard).
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c) -S(0)20Rd, d) -S(0)m\Rd Re, 30e) -C(O)Rd, f)

-CQ2Rd, g) -C(O)NRd Re, h) -haloalkyl, i) -cycloal kyl,
wWGRAKKdEr ocycl yl, k) -Cl 10 al kyl, 1) -C2- 10PGil/K82999/036333

-C2_10 al kynyl, n) -aryl, 100) -heteroaryl, p)

-C1_10 al kyl ene-aryl, q) -C2_10 al kynyl ene-aryl, r)

-Cl_10 al kyl ene-heteroaryl, s) -C2_10

al kynyl ene-heteroaryl, and 15t) -C(Rf Rg),i-aryl,

wherei n al kyl, al kenyl, al kynyl, aryl, heterocyclyl,

hetRyceptoy bind migdatytgpieallKihg &t RoiRb3IEI0OPTD sbdat L00% binding vs

nsSubstituted 1-4 times with a group independently
[ HelBck diprrerampirethe compound of Example 15 exhibited 68% binding, the

compound of Example 39 exhibited 60% binding, the compound of Example 88
exhibited 60% binding, the compound of example 89 exhibited 44% binding, and the
compound of Example 95 exhibited 65% binding.

Data Analysis

Percent inhibition of ['*°

equation 100 x 1-{(Samplecpm - NSBepm)/C+epm - C-cpm) } . Percent inhibition of [’ T|GLP-

I] GLP-1 (aa 7-36) binding was calculated according to the

1 binding (Y) vs compound concentration (X) data were generated. The 1Cs, values were
calculated by fitting the data using parameters for a sigmoidal dose response, variable
slope nonlinear regression (GraphPAD Prizm, San Diego, CA) according to the equation:
Y=Bottom + (Top-Bottom)/(1+10"(LogEC50-X)*HillSlope))

wherein, X is the logarithm of concentration and Y is the response, and Y starts at
Bottom and goes to Top with a sigmoid shape. This is identical to the four parameter

logistic equation.

Example 105: Functional cell-based assay

The efficacy of GLP-1 receptor agonists was studied in a cAMP functional assay using
either CHO or HEK-293 Cells expressing the cloned human GLP-1 receptor. GLP-1-
expressing cells (10,000 cells per 0.1 mL) were plated in 96-well plates in Dulbecco's
modified eagles media (DMEM) containing 10% fetal bovine serum and penicillin-
streptomycin. Following overnight incubation of cells, media was removed, and
compounds (at concentrations ranging from 0.0001 to 100 uM) were added to monolayer
cells in Iscove's modified dulbecco's medium (IMDM), 100 uM RO 20-1724 PDE
inhibitor, 0.1% BSA, 2% DMSO in a final volume of 100 uL, and incubated for 30 min
at 37°C 95%0,, 5% CO, in a humidified incubator. cAMP was quantitated using a
homogenous time-resolved fluorescence detection system (cAMP dynamic, CIS bio
International). GLP-1 produced cAMP production dose response curves with ECsg

values ranging from 0.01 uM - 100 uM, typically ranging from about 0.02 uM to about
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20Rb is selected fromthe group consisting of: a)
-cycl oal kyl, b) -cyano, c) -ORd, d) -N®2, 25e)
WO b@bo g f) -S(0)mRd, g) -SRd, h) PCT/US2009/036333
- S(0) 20Rd, i) -S(0)mM\Rd Re, 30j) -NRd Re,
k) -O(CRf Rg)"-NIRd Re, 1) -C(O)Rd, m -CO2Rd, n)
-02(CRf Rg)"CONRd Re, 50) -0C(0)Rd, p
-C(O)NRd Re, g) -NRd C(O)Re, r) -0C(0)NRd Re,
s) -NRd C(0)ORe, 10t) -NRd C(O)NRd Re, u) -CF3,
10uM. Receptor activation was expressed as percentage relative to maximal GLP-1-

induced cAMP accumulation. Percent GLP-1 activation vs compound concentration dose
response curves were generated by fitting the data using a sigmoidal dose response curve-

fitting program (GraphPAD Prizm).

The Table below shows EC-50 and activation data for the above exemplary compounds

of the present invention.

Example # EC-50 (nM) | % activation | Example # EC-50 (nM) | % activation
1 900 15 2 670 7.8
3 na na 4 3800 20

5 30000 18 6 3600 7.0
7 474 35 8 134 64
9 500 54 10 418 51
11 606 71 12 427 61
13 1210 59 14 450 77
15 145 99.6 16 657 78
17 699 80 18 270 74.7
19 181 69.9 20 417 83.5
21 399 70.3 22 891 73.5
23 1280 65.5 24 1600 53.0
25 594 12.0 26 1097 14.0
27 nd Nd 28 398 29.0
29 290 17 30 na na
31 1000 13.0 32 700 8.3
33 1300 7.0 34 160 31.0
35 1200 16.0 36 660 13.0
37 490 32.0 38 710 32.0
39 130 56.0 40 1200 34.0
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v) -0CF3, w) -haloal kyl, x) -haloal koxy, 15y) -G _io
al kyl, z) -C2-10 al kenyl, aa) -C2_10 al kynyl, ab)

wo gnIa0i7ed kyl ene-aryl, ac) -Cl_10 al kyl ene- het BEDEHS2009/036333
and 20ad) -heteroaryl, wherein al kyl, alkenyl,
al kynyl, aryl, heteroaryl, and cycl oal kyl groups are
optionally substituted 1-4 tines with a group
i ndependently selected fromRc ; 25 Rc is sel ected

fromthe group consisting of: a) -hal ogen,
41 b) -amnmo 420 c) -c¢apboxy, 3Qdpopcyano,| 56.0
e) -C 4 alkyl f) -0-C 4 alkyl g) -10-CE3,
43 h) -cycl YW kyl, 5(3$400-cycl ¢dfkyl , 1000 250
45 1000 18.0 46 1000 22.0
47 1200 29.0 48 895 64.0
49 557 57.0 50 1220 49.0
51 820 30.0 52 810 33.0
53 1040 52.5 54 1078 11.8
55 216 49.4 56 370 40.1
57 570 20.0 58 565 45.0
59 750 52.0 60 1630 62.0
61 850 29.0 62 1000 15.0
63 476 23.0 64 190 36.0
65 220 32.0 66 950 21.0
67 1150 55.0 68 1100 33.0
69 574 51.0 70 988 6.9
71 793 49 72 na na
73 na na 74 327 19.0
75 244 20 76 1135 8.12
77 1706 53 78 nd nd
79 nd nd 80 66.0 16
81 70.0 25 82 nd nd
83 710 18 84 920 43
85 2000 55 86 59.3 58
87 64.5 82 88 nd nd
89 nd nd 90 1231 43
91 725 39 92 723 30
93 138 31 94 424 41
95 364 49 96 362 8.5
97 38.2 38 98 626 42
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j) -aryl, k) -Cl1_4 al kylene-aryl, 1) -hydroxy, m
-CF3, 10n) -halo al kyl, o) -haloal koxy, p) -0-aryl, Q)
WO b@vatoeryl, r) -heteroarylene-C _10 al kyl, 1BG)/US2009/036333
-heterocyclyl, t) -002-G _10 alkyl, u) -02-CG _10
al kyl -aryl, v) -fused aryl cycl oal kyl, w)
-al kynyl ene- heteroaryl, 20x) -al kylene-aryl, vy)
-al kynyl ene-aryl, z) - nitro, aa)
-N(H -C(0)-C _6-alkyl, and bb) -S-G _6-al kyl;

99 1000 28

na : Not active in the functional cell-based assay of Example 105.

nd : No data available for this compound in the functional cell-based assay of Example 105.

The specificity of GLP-1 agonists for GLP-1 receptor was confirmed by
performing the assay with vector-control mock cells which lack the cloned human GLP-1
receptor. All compounds were devoid of cAMP accumulation in the mock-transfected

cell lines.
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25 Rd and Re are independently selected fromthe group

consi sting of: hydrogen, Cl1 10 al kyl, C2-10 al kel lyl,
w@2200201abkynyl , cycl oal kyl, -Co al kyl ene-cycl oBCkKYE2009/036333

aryl, heteroaryl, and heterocyclyl, wherein alkyl,

al kenyl , al kynyl, cycloal kyl, aryl, heteroaryl,

het erocyclyl groups are optionally substituted with

one to four substituents 30i ndependently sel ected from

Rc ; or Rd and Re together with the atons to which

they are attached forma heterocyclic ring of 5 to 7

nenbers contai ning 0-2 additional heteroatons
WeiGkBbendent |y sel ected from oxygen, sul fur and

nitrogen and optionally substitued with 1-3 tines with

Rc, 5Rf and Rg are independently selected fromthe

gr dup caoxsompoung offForyidr(Bgen, C1_10 al kyl

cycl oal kyl, -Cl1_10al kyl ene-cycl oal kyl, -carboxy, and

aryl, wherein al kyl, cycloal kyl, and aryl groups are

optionally subguituted with one to fgur subgtituents

i ndependently gel ected from Rc; or and Rg toget her

with the carbon to which they are atlflached florma ring

of 5 to0% s ) Qat
10i ndepe sWTur ariyf
ni trogen op}i oral | imes with Rc;

mis an int N1 IS arg2i nteger from
1 to 10gs-dnd $5p~7 s ant egerfromQto 2; or a
pharmaceuti cal Iy acceptable salt thereof 2.
The conmpound of claim1l, wherein Rl is selected from
the group 20 consisting of - H and - CO2R12.

3. The conpound of cl ai n§ofm ein R is -CO2H.

whefein The conpound of claim1, wherein R2 is selected
fromthe group 25consisting of: hydrogen and -Cl1_10
al kyl . 5. The conpound of claim1l, wherein

. R2_i.s hydregen. ) 6. The conpound of claim1,
R isgrEnGpi & 1 Whagin

L' is selected from the group consisting of: a direct bond, -CH,-, -O-, -N(R16)-,
-C(0)-, -CON(R'®)-, -N(R'))C(0)-, -N(R'*)SO;-, -SO,N(R'%)-,
-C(0)-0-, -0-C(0)-, -S-, -S(0)-, -S(0),-, and -C=C-, wherein
R'® is selected from the group consisting of: -hydrogen, -alkyl, -

aryl, -alkylene-aryl;

G' is selected from the group consisting of: alkynylene, arylene, heteroarylene,
fused arylcycloalkylene, fused cycloalkylarylene, fused
cycloalkylheteroarylene, fused heterocyclylarylene, and fused
heterocyclylheteroarylene, wherein G' is optionally substituted 1-4 times with
substituents independently selected from R'®, wherein

RY s R",
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WO 2009/ 111700PCT/ US2009/ 036333 7. The conpound of
claiml1l, wherein 1 ,1 is a direct bond. 8. The conpound
w@Rooehai7me 1, wherein: p is 1; 563 is a substitRCBEUS2909/036333

unsubsti tuted phenyl; 1,1 is selected fromthe
group consisting of a direct bond, -0-, and -
N(H) C(0)-; and & is a phenyl group

substituted 1-4 tinmes with substituents independently
selected fromR', and G is substituted with at | east

ones’siybabitbdiaBin the gﬁﬁlbednimtﬁ@ Jothel, gﬁ@@iﬁa@D nRised i Ng
of: a) -G io alkyl - hal oal kyl , c) -haloalkoxy d)
- CF3, a%é/)c oa@fczl:gfusre}i CYHQPIB@]@Wl ﬁysed@yﬂaa kheterqpsio-fusest

-<(0) ﬁzg[erog%lgllarﬁ%dRﬁlseéfheteﬁ%%@l@l %%}[Aaryla@zﬂerem G’ is optlonally
substituted 1-4 times with substituents independently selected from R,
wherein

R"isR",

R' is selected from the group consisting of: -CO,H, -CO,R"?, -C(O)NH,, -C(O)NHR'?, -
tetrazole, and acid isostere, wherein
R'? is selected from the group consisting of: -C\_j, alkyl, -cycloalkyl, and -aryl,
wherein R'? is optionally substituted 1-4 times with a group independently

selected from R";

R”is selected from the group consisting of: -hydrogen, -alkyl, -phenyl, -cycloalkyl, -
alkylene-cycloalkyl, and -alkylene-phenyl, wherein alkyl, phenyl, and cycloalkyl
groups are optionally substituted 1-4 times with a group independently selected from

R®;
R? is selected from R*;
R*is selected from R* ; and

R’ is -G*-L*-Q*-L*-G", wherein
L?and L? are independently selected from the group consisting of: a direct bond,
—CH,-, -O-, -N(R*)-, -C(0)-, -CON(R*)-, -N(R**)C(0)-, -N(R**YCON(R"")-,
N(R**)C(0)0-, -OC(O)N(R*)-, -N(R**)SO;-, -SO;N(R?*)-, -C(0)-0-,
-0-C(0)-, -S-, -S(0)-, -S(0),-, and -N(R*>)SO,N(R*")-, wherein
R” and R*" are independently selected from the group consisting of:
hydrogen, -alkyl, -aryl, and -alkylene-aryl, wherein R*® and R*” are

optionally substituted 1-4 times with R¢, or R*® and R’ are taken
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1) -CO2Rd, wherein al kyl and cycl oal kyl groups are
optionally substituted 1-4 tines with a group

W0 pepertoent |y sel ected from Rc. 25 9. The conpeamtiSh9/036333
claim1, wherein: pis 1, d is a C2_10 alkylene; 1 _,1
is a direct bond; and 30& is a substituted or
unsubstituted phenyl group. WO
2009/ 111700PCT/ US2009/ 036333 10. The conpound of claim
1, wherein: pis 1l G is -CC; 51 ,1is a direct
bond; and {sgeihsr @ith ¢hsitbintitee@hieh thoysdpsttiched edfopheany|
group substituted 1-4 tinmes with substjituents .
i ndependenh¢tgrogetlisaingpftyy tgm mpmbers gomtpining &4 gdditippaled

o S e RS SR A5 Bt

Q’ is selected from the group consisting of: a direct bond, C_1 alkylene, Cy-10

alkenylene, and C,_j alkynylene,

G’ is selected from the group consisting of: -arylene, -cycloalkylene,
-heterocyclylene, -heteroarylene, -fused arylcycloalkylene, -fused
cycloalkylarylene, -fused cycloalkylheteroarylene, -fused heterocyclylarylene,
and -fused heterocyclylheteroarylene, wherein

G’ is optionally substituted 1-4 times with substituents independently

selected from R®, wherein R® is selected from R,

G is selected from the group consisting of: -aryl, -cycloalkyl, -heterocyclyl,
-heteroaryl, -fused arylcycloalkyl, -fused cycloalkylaryl, -fused
cycloalkylheteroaryl, -fused heterocyclylaryl, and -fused
heterocyclylheteroaryl, wherein

G is optionally substituted 1-4 times with substituents independently

selected from R?, wherein R’ is selected from R,

Rings B and C are optionally substituted 1-4 times with substituents independently

selected from the group consisting of R”;

R" is selected from the group consisting of:
a) -hydrogen,
b) -S(O)m RY,
c) -S(0),0R’,
d) -S(0)uNR!R®,
¢) -C(O)R’,
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c) -hal oal koxy, d) -CF3, e) -0CF3,
f) -halogen, 15g) -0-Rd, h) -cyano, i) -C(O)Rd, j)

WO NRJ/1RE90 k) - cycl oal kyl, 201) -CO2Rd, wher ei nP€TIES2009/036333

al kyl and cycl oal kyl groups are optionally substituted
1-4 times with a group independently selected from Rc.
11. The conpound of claiml1, wherein: 25pis 1; G is a
substituted or unsubstituted phenyl; 1 ,1 is a direct
bond; and & is selected fromthe group
gonsisRing of : indole, pyridine, pyrindine,
qui nol i ne, |soxazole, wherein G2 is optionally
SUbS{PINR R or unsubstituted. 30 WO
§9Q§ﬁ8$£§QOPCT/U82009/036333 12. The compound of claim
, erein:

1) -cycloalkyl,

j) -heterocyclyl,

k) -Cj.jo alkyl,

1) -Cy-10 alkenyl,

m) -Cy 9 alkynyl,

n) -aryl,

0) -heteroaryl,

p) -Ci.10 alkylene-aryl,

q) -Cu.10 alkynylene-aryl,

r) -Cj.10 alkylene-heteroaryl,

8) -Cy.10 alkynylene-heteroaryl, and

t) -C(R'R®)y-aryl,
wherein alkyl, alkenyl, alkynyl, aryl, heterocyclyl, heteroaryl, and cycloalkyl
groups are optionally substituted 1-4 times with a group independently selected

from R¢;

R” is selected from the group consisting of:

a) -cycloalkyl,
b) -cyano,

¢) -ORY,

d) -NO,,

¢) -halogen,

f) -S(O)m R,

g) -SRY,

h) -S(0),0R",

i) -S(0)mNR?R,
j) -NRURS,
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pis 1, @ is an unsubstituted phenyl; LI is a direct
bond; and 5& is a phenyl, substituted with a cyano

w@e@ap11708. The conpound of claim 1, wherein R3CT/ES2009/036333

selected fromthe group consisting of: a) -C1_10

al kyl, 10b) -phenyl, c) -thiopheneyl, d)

-furanyl, e) -pyridyl, f)y -C1L_10

al kyl ene-pyridyl, 15g) -Cl1_10 al kyl ene-am not hi azol yl ,

h) -C1_10 alkylene i mdazolyl, i) -Cl1_10

ajkyKeRéRQmﬂR%RYI j) -C1_10 alkylene -t hi opheneyl ,
-C2 10 alkynylene phenyl, 201) -C2_10

QIkQﬂPEﬁe t hi opheneyl, m C2_1O al kynyl ene- pyri dyl ,

Hb-t%%R&o al kynyl ene- pyrinidinyl, 0) -S02-phenyl,

n) -CO,(CR"R®),CONR‘R®,

0) -OC(O)RY,

p) -C(ONR‘R®,

qQ) -NRYC(O)R®,

r) -OC(O)NR‘R®,

s) -NRYC(O)ORS,

t) -NR® C(O)NRYR®,

u) -CF3,

V) -OCFg,

w) -haloalkyl,

x) -haloalkoxy,

y) -C1_10 alkyl,

Z) -C2-10 alkenyl,

aa) -C,.1o alkynyl,

ab) -C,_jo alkylene-aryl,

ac) -Cy_jo alkylene-heteroaryl, and

ad) -heteroaryl,

wherein alkyl, alkenyl, alkynyl, aryl, heteroaryl, and cycloalkyl groups are
optionally substituted 1-4 times with a group independently selected from

R®;

R¢ is selected from the group consisting of:

a) -halogen,
b) -amino,
c) -carboxy,

d) —cyano,
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p) -002-C1_10 al kyl, 25q) -0Q2-cycl oal kyl,
r)y -02-tetrahydrofuranyl, s) -0Q2-tetrahydropyranyl,

W@ 2009000260€C1_ 10 al kyl ene-cycl oal kyl, PCTIYS2009/036333

-002-C2_10-al kynyl, 30v) -0Q2-CH2-CC-phenyl, w)
-C(0)-C1_10 al kyl, x) -C(0)-phenyl, y) -C(0)-naphthyl,
z) -C(0)-cycloal kyl, 5aa) -C(0)-furanyl,

bb) - C(0) - t hi opheneyl, cc) -C(0)-isoxazolyl,

dd)-C(0)-C1_10 al kyl ene-cycl oal kyl, ee)
- C(&)) =ANH-aky110 al kyl, 10ff) -C(0)-NH phenyl, and
hh) - C(0) - N(cycl oal kyl )-C1_10 phenyl, wherein the

al I@/I :O"QIK?H?’IL, cycl oal kyl , tetrahydrofuranyl,

tetrgr ab?jgélgspyr anyl , phenyl, naphthyl, thiopheneyl,

fu z;ny , pyridyl, pyrimdinyl, thiazolyl, imdazolyl,
oxdyotgykloakyll i soxazol yl groups are optionally
suhstitfuted 1-4 times with a group 15i ndependentl|y
sellbct@@YelPHkYRe . 14. The conpound of claim 1, wherein
R3 ) s_q¢il 10 alkyl substituted with a

k) -Ci.4 alkylene-aryl,

) -hydroxy,

m) -CF;,

n) -haloalkyl,

0) -haloalkoxy,

p) -O-aryl,

q) -heteroaryl,

r) -heteroarylene-Cy_qalkyl,
8) -heterocyclyl,

t) -CO,-Cipalkyl,

u) -CO,-Cy o alkyl-aryl,

v) —fused arylcycloalkyl,
w) —alkynylene-heteroaryl,
x) —alkylene-aryl,

y) —alkynylene-aryl,

z) - nitro,

aa) -N(H)-C(0)-C, ¢-alkyl, and
bb) -S-C,6-alkyl;

R¢ and R® are independently selected from the group consisting of: hydrogen, Cy_¢ alkyl,

Cy-10 alkenyl, C, 1 alkynyl, cycloalkyl, -C, ¢ alkylene-cycloalkyl, aryl, heteroaryl,
and heterocyclyl, wherein alkyl, alkenyl, alkynyl, cycloalkyl, aryl, heteroaryl,
heterocyclyl groups are optionally substituted with one to four substituents

independently selected from R¢ ; or R® and R® together with the atoms to which
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phenyl group. 2015. The conpound of claim1, wherein R3
is selected fromthe group consisting of

WO ¢RpALr0phenyl) - propyl, and -(S)-1-(phenyl) - pp@pPYE2009/036333
16. The compound of claim 1, wherein R4 is sel ected
fromthe group consisting of: hydrogen, Cl_10 al kyl,
C2-10 al kenyl, C2_10 al kynyl, cycloal kyl, -Cl1_10
25al kyl ene-cycl oal kyl, aryl, heteroaryl, and
het erocycl yl, wherein the al kyl, al kenyl, alkynyl,
cy ch®adrk yttachad Yorm HBétefooddl i rind @t Lo oCyempérs g6 0thipngad-2
optionally substituted wth one to four substituents
i ndéperaeldictejoaiams srdeperdepily seiected from oxygen, ygdur and nitrogen

co ' . e kn R4 is selected
frg%?#ﬁgmgggﬁgg% %oﬁgﬁgﬁfﬁ%ﬂ%¥®ﬁ§ rogen, -Cl_6 al kyl,
and -C(0)-C1_6 al kyl. WD 2009/ 111700PCT/ US2009/ 036333
1 he ¢ oynd of claiml1l, R5 is -G3-L2-(R-L3-HA,

RS 8l O LS QFlsCiead o B e Psiipne B%YQ?%?& G alkyl,
- Gz toatkdr, LCI-NQ%%‘Gacy@lBQIkyg&i}boxy‘!‘@&f ﬁzg W&t 8lkyl,

sel écted”"fromthé group cohsisting of: dr ogen,
- aldyyloalkyl, Bad yty] genugs azldpyibeal - subytitptet 3vithsorg tdifowsubstituents

bond; is a C,iq al kyl ene : [ henyl ene.
o7 otder s ri et PRy 8 B R R isetin it e i dicn
W ttheyS4tB afiddhlcl €6thnba 4Rk BEISRENARAYCYs ®atehed-X KasrbiB8ms
wherein RB is selected fromRb; and 4 is sel ected

f r dndapkedagilyspleeten Siogt oxygenfsulfeydorirrgdn onsieastiy substitued

pyg%ﬁ{ﬂxuhngg%]?hhiopheneyl, benzot hi azolyl, &4 is

opt1 onal’l'y Su é I'tuted 1-4 tines with substituents

i ndependently selected fromR9, wherein RO is sel ected
fromRip, 1519. The conpound of claim11, wherein R5 is-
m i Heiptgegar from 1 to 2;

n is an integer from 1 to 10; and

p is an integer from 0 to 2;
or a pharmaceutically acceptable salt thereof.

2. The compound of claim 1, wherein R' is selected from the group

consisting of -CO,H and -CO,R ",
3. The compound of claim 1, wherein R' is —CO,H.

4. The compound of claim 1, wherein R? is selected from the group

consisting of: hydrogen and —C,_j¢ alkyl.
5. The compound of claim 1, wherein R? is hydrogen.

6. The compound of claim 1, wherein pis 1.
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L2is -0-, L3 is a direct bond; Q2 is a G _io al kyl ene
group; G3 is a phenylene group, and 204 is a phenyl

wQ@e@apl17herein G4 issubstituted 1-4 times w tPCT/US2009/036333

substituents independently selected fromR9, wherein
RO is selected fromRi p, and wherein 4 is substituted
with at | east one substituent selected fromthe group
consisting of: a) -Cps al kyl, 25b) -haloal kyl, c¢)

- hal ogen, d) -al koxy, e) -hal oal koxy, f) -CF3, and
309). - 0-1TkcTomp¥eh@00Q4iki 1, APER TUSRH09AB68B3 20. The

conpound of claim1, having the fornmula (I-E)
8. The compound of claim 1, wherein:
pis1;
G' is a substituted or unsubstituted phenyl;
L' is selected from the group consisting of a direct bond, -O-, and —
N(H)C(O)-; and
G’ is a phenyl group substituted 1-4 times with substituents independently
selected from R', and G? is substituted with at least one substituent selected from
the group consisting of:
a) -Cj alkyl,
b) -haloalkyl,
¢) -haloalkoxy,

d) —CF;,

¢) —OCF;,
f) —halogen,
g) —O-RY,
h) -cyano,
i) -C(O)RY,
D -NRRS,

k) -cycloalkyl, and
1) -CO.RY,
wherein alkyl and cycloalkyl groups are optionally substituted 1-4

times with a group independently selected from R,

9. The compound of claim 1, wherein:
pis1;
G'is a Cy.10 alkylene;
L' is a direct bond; and

G’ is a substituted or unsubstituted phenyl group.
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w@emvpourtob of Fornmula (11),

50or a pharmaceutically acceptable salt thereof 21.A
conpound sel ected fromthe group consisting of a

a conpound of For muPEr/($1009/036333
and a conpound of Formula (1V), * represents the
presence of a stereocenter; RN1 and RN2 are

i ndependently selected from NO2 and hydrogen, provided
that one of 5RI\T1 and RN2 is hydrogen and the ot her

iIs NO2; R3is selected fromRa; R4 is selected from Ra
; and 10 R5 is -G3-L2-Q@-L3-GA4, wherein L2 and L3 are

i ndependently selected fromthe group consisting of: a
di ridet pBweompeppd of clgm 1, whapigy = - c(0)-, - CON(R26) -,
-N(R26)(I}d8éf, - N(R26) CON( R27) -, - N(R26) C(0) 0-,

-0C(0) N( j-, -N(R26) S02-, -S2N(R26)-, -C(0)-0-,

15- 0- C( @)-is -€SCr; - S(0)-, -S(0)2-, and

- N(R26) SO2N( R27) -, erein R26 and R27 are

i ndependert §)¢“§élb€l§§\g’6‘dfromthe group consisting of:
hydrogen, 5 sidktited or %ﬁéﬂblstiﬁl% %h%hiﬂ@r@ﬁl?s‘tﬁ@ﬁfﬂute_dm@ 'Eiﬁi_etﬁ‘ r\;vith

R26 and R27 are optionally substituted 1-4 tines w

subfRtyenty inBaEnderdlyRR kcddrdnaRén andGéisrebsttiiet witheat dtashene
t.o whi gh t e attached.to forma 20heterocyclic
subjefud sicutd B e nliub SRTHINE g 0 2 addi &1 ol

het er oat ong) i-ugepgrdent |y sel ected from oxygen,
nitrogen, and sulfur; Q@ is selected fromthe group
consi st i ngbbf-halgaliyk ect bond, C1_10 al kyl ene, C2-10
al kenyl enec) qplgloa(&%&%o al kynyl ene, 25

Y,

d) —CF;,

¢) —OCF;,

f) —halogen,
g -O-R,

h) -cyano,

i) -C(O)RY,
D -NRRS,

k) -cycloalkyl,
1) -CO.RY,
wherein the alkyl and cycloalkyl groups are optionally substituted 1-4

times with a group independently selected from R,

11. The compound of claim 1, wherein:
pis1;
G' is a substituted or unsubstituted phenyl;
L' is a direct bond; and

G’ is selected from the group consisting of: indole, pyridine, pyrimidine,

quinoline, isoxazole, wherein G* is optionally substituted or unsubstituted.
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&3 is selected fromthe group consisting of: -aryl ene,
-cycl oal kyl ene, -heterocyclyl ene, -heteroarylene,

wo twgadi7er yl cycl oal kyl ene, -fused cycl oal kyl arpCEHN82009/036333

-fused cycl oal kyl het eroaryl ene, -fused

het erocycl yl aryl ene, and -fused

het erocycl yl heteroaryl ene, wherein G3 is optionally
substituted 1-4 tinmes with substituents independently
selected fromle, wherein R8 is selected fromRbh, 4

I s 12¢el eclttedtohipothd bclghoOUpyvigResai sting of . -aryl,
-cycloalkyl -heterocyclyl, 5-heteroaryl, -fused
arylcycﬁbﬁlkyl -fused cycloalkylaryl -fused

cycl oal d heterocyclylaryl and
-fused ﬁ%ig§%§§8ﬁ§¥%Kmé%%§ﬁ wherein 4 is

opt i onalll'yis s dbsdtiboud;emdl- 4 tlnes wi th substituents

i ndepend tIy sel ected fromR9, wherein RO is selected
fromRi 5 186 PRABHeuRstEyted Vit SEPEE M Pom t he gr oup
consi sting of: a) -hydrogen, b) -S(0)m Rd,

c) -S(0)20Rd, 15d) -S(0)mM\Rd Re, e) -C(0)Rd,

f) 13C2Rhe og)npo(incDg)NdelnRh wherein R* is $glectévafromlthe/group0i )

conSigh e Ve -heterocyclyl, k) -Cl_10 alkyl, 1)

alkenyl n) -C2_10 alkynyl, 25n) -aryl,
a) C1_10 alkyl,

b) —phenyl,

c) —thiopheneyl,

d) —furanyl,

¢) —pyridyl,

f) —Ci.0 alkylene-pyridyl,

g) —Ci.10 alkylene-aminothiazolyl,
h) —C,.j0 alkylene-imidazolyl,

1) —Cy.0 alkylene-oxazolyl,

j)  —Ci.10 alkylene-thiopheneyl,
k) —C,.0 alkynylene-phenyl,

1) —Cy.10 alkynlene-thiopheneyl,
m) —Cy.10 alkynylene-pyridyl,

n) —Cy.0 alkynylene-pyrimidinyl,
0) —SO,-phenyl,

p) —CO,-C;.yp alkyl,

q) —CO;-cycloalkyl,

r) —CO;-tetrahydrofuranyl,

s) —CO,-tetrahydropyranyl,

t) —CO,-C;.1o alkylene-cycloalkyl,
u) —CO,-Cyjp-alkynyl,

v) —CO;-CH,-C=C-phenyl,
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0) -heteroaryl, p) -Cl-10 al kylene-aryl, q) -C2-10
al kynyl ene-aryl, r) -G _io al kyl ene-heteroaryl, 30s)
WO a9/1017e0 kynyl ene-heteroaryl, and t) -C(Rf RycHD§1009/036333
wherei n al kyl, al kenyl, al kynyl, aryl, heterocyclyl,
heteroaryl, and cycl oal kyl groups are optionally
substituted 1-4 times with a group i ndependently
selected 5fromRc ; Rb is selected fromthe group
consi sting of: a) -cycloal kyl, b) -cyano, 10c) -ORd,
d) wN@(Oel, phadtypgen, f) -S(0)m Rd, g) -SRd, 15h)
-S(0)20Rd, i) -S(O0)nMN\NRd Re, j) -NRd Re,
x)" —C(O)-phenyl,
y) —C(O)-naphthyl,
z) —C(O)-cycloalkyl,
aa) —C(O)-furanyl,
bb) —C(O)-thiopheneyl,
cc) —C(O)-isoxazolyl,
dd)—C(0)-C,.1o alkylene-cycloalkyl,
ee) —C(O)-NH-C1_10 alkyl,
ff) —C(O)-NH-phenyl, and
hh) —-C(O)-N(cycloalkyl)-C,_jo phenyl,
wherein the alkyl, alkynyl, cycloalkyl, tetrahydrofuranyl, tetrahydropyranyl,
phenyl, naphthyl, thiopheneyl, furanyl, pyridyl, pyrimidinyl, thiazolyl, imidazolyl,
oxazolyl, and isoxazolyl groups are optionally substituted 1-4 times with a group

independently selected from R® .

14. The compound of claim 1, wherein R? is -Cy_1 alkyl substituted with a
phenyl group.
15.  The compound of claim 1, wherein R? is selected from the group

consisting of —-(R)-1-(phenyl)-propyl, and —(S)-1-(phenyl)-propyl.

16. The compound of claim 1, wherein R” is selected from the group
consisting of: hydrogen, C,.1o alkyl, C;-10 alkenyl, C,.10 alkynyl, cycloalkyl, -C_o
alkylene-cycloalkyl, aryl, heteroaryl, and heterocyclyl, wherein the alkyl, alkenyl,
alkynyl, cycloalkyl, aryl, heteroaryl, heterocyclyl groups are optionally substituted with

one to four substituents independently selected from R®.

17. The compound of claim 1, wherein wherein R* is selected from the group

consisting of -hydrogen, —C,.¢ alkyl, and —C(0O)-C,s alkyl.
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k) -O(CRf Rg)/INRd Re, 1) -C(0)Rd, 20m)
-OC2Rd, n) -0R(CRf Rg)"CONRd Re, 0) -0C(0)Rd,

W@R009@(0YNRd Re, q) -NRd C(0)Re, 25r)PCT/US2009/036333

-0C(O)NRd Re, s) -NRd C(0)ORe, t) -NRd C(O)NRd Re, U
-CF3, V) -0CF3, 30w) -haloalkyl, x) -haloal koxy, 3r)
-Cl1_10 alkyl, z) -C2-10 al kenyl, aa) -C2_10 al kynyl,
5ab) -Cl1_10 al kyl ene-aryl, ac) -C1_10

al kyl ene- heteroaryl, and ad) -heteroaryl, wherein

al kyl, al kenyl, al kynyl, aryl, heteroaryl, and

cycl oal kyl groups are 10optd onakly substituted 1-4
tinds wikhe campespol daepbitidntOyIs€d ektOa Wit

L?is selected from the group consisting of: —CH,-, -O-, -N(R*)-, and -C(O)-,
wherein R is selected from the group consisting of: hydrogen, -alkyl, -
aryl, and -alkylene-aryl;
L? is a direct bond;
Q*is a C1.1¢ alkylene group:;
G’ is a phenylene group,
wherein G is optionally substituted 1-4 times with substituents
independently selected from R¥, wherein R® is selected from R”; and
G is selected from the group consisting of: cycloalkyl, phenyl, pyridinyl,
benzothiopheneyl, benzothiazolyl, G* is optionally substituted 1-4 times with

substituents independently selected from R®, wherein R’ is selected from R®.

19. The compound of claim 1, wherein R’ is —G3-L2-Q2-L3-G4, wherein
L’is -O-,
L? is a direct bond;
Q*is a C1.1¢ alkylene group:;
G’ is a phenylene group, and
G* is a phenyl group, wherein G” is substituted 1-4 times with substituents
independently selected from R’, wherein R’ is selected from R®, and wherein
G* is substituted with at least one substituent selected from the group
consisting of:
a) —Cj, alkyl,
b) —haloalkyl,

c) —halogen,

d) -—alkoxy,

¢) —haloalkoxy,
f) —CFs,and

g) —O-CFs.
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Rc ; Rc is selected fromthe group consisting of: a)
- hal ogen, 15b) -am no, c) -carboxy, d) -cyano, e)
wo gmogiabkyl , f) -0-Cl_4 al kyl, 20g) -0-CF3, hpCT/US2009/036333
-cycloal kyl, i) -0-cycloalkyl, j) -aryl, k) -C1_4
al kyl ene-aryl, 251) -hydroxy, m -CF3, n)
- hal oal kyl, o) -hal oal koxy, p) -0-aryl,
30g) -heteroaryl,

20. The compound of claim 1, having the formula (I-E)

7N T
I\
R* 0 CH; >

N 1

j\: . 3 N CO,H
R O N\R3

5 or a pharmaceutically acceptable salt thereof.

21. A compound selected from the group consisting of a compound of

Formula (II), a compound of Formula (II1) and a compound of Formula (IV),

R4 0
|
O N /
> 0
R * . NH
S (ID),
R4 0
|
o) N
T » OH
*
N
5 ~
10 R®™ ~o R® (),
(o]
NO1
R ] /
N
HO
RNOZ (IV),

wherein
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r) -heteroarylene-C _10 al kyl, s) -heterocyclyl, t)
-02-G _10 alkyl, u) -02-G _10 al kyl-aryl, 5v) -fused
waeovagychoal kyl , w) -al kynyl ene-heteroaryl, x)PCT/US2009/036333
-al kyl ene-aryl, y) -alkynylene-aryl, z) - nitro, 10aa)

-N(H) -C(0)-C _6-al kyl, and bb) -S-G _6-alkyl; Rd and
Re are independently selected fromthe group
consi sting of: hydrogen, Cl1_10 al kyl, C2-10 al kel |l yI,
C2_10 al kynyl, cycloal kyl, -Co al kyl ene-cycl oal kyl,
aryl, heteroaryl, 15and heterocyclyl, wherein alkyl,
al kenyl , al kynyl, cycloal kyl, aryl, heteroaryl,
* reRB AT PISPRNGr S ipcTaResnisht | onal |y substituted with
one to four substituents independently selected from
Rc ; or Rd and Re together with the atons to which
RYY hey RATearaindephieidnilpsaeac hommMoOyald lydrogeg, mbvied thafone of

NOTE kS: contai ning 0-2 additjonal heteroatons
R iﬁﬂg ndé%y&?gQéWEUgEBﬂPFBﬂﬁé%ygen, sul fur and
nitrogen 20and optionally substitued with 1-3 tines
wth Rc, Rf and Rg are independently selected fromthe
R’ igsdegetbomiRY i ng of : hydrogen, C1_10 al kyl,
cycl oal kyl, -Co al kyl ene-cycl oal kyl, -carboxy, and
aryl, wherein al kyl, cycloalkyl, and aryl groups are

RYiopItconpiby REURgyi tuted with one to four substituents
25i ndependently selected fromRc; or Rf and Rg

together with the carbon to which they are attached
féif9§3h§.2h?9G©ﬂV§x&8 7 menbers containing 0-2
het’er oat ons PnJépendently sel ected from oxygen, sulfur
and_*and 1.0 genin gich@malyl s¢lesteb Stoint the Gronpt ddndis@ngd dfresdivdct bond,
Rc;
~CHy-, -0-, -N(R™)-, -C(0)-, -CON(R™)-, -N(R*)C(O)-, -N(R*)CON(R"))-,
N(R**)C(0)0-, -OC(O)N(R*)-, -N(R**)SO,-, -SO,N(R?*®)-, -C(0)-O-,
-0-C(0)-, -S-, -S(0)-, -S(0)s-, and -N(R*>)SO,N(R*")-, wherein
R” and R*" are independently selected from the group consisting of:
hydrogen, -alkyl, -aryl, and -alkylene-aryl, wherein R*® and R*” are
optionally substituted 1-4 times with R¢, or R*® and R’ are taken
together with the atoms to which they are attached to form a

heterocyclic ring of 5 to 7 members containing 0-2 additional

heteroatoms independently selected from oxygen, nitrogen, and sulfur;

Q2 is selected from the group consisting of: a direct bond, C,_1¢ alkylene, Cy-19

alkenylene, and C, 1 alkynylene,

G’ is selected from the group consisting of: -arylene, -cycloalkylene,
-heterocyclylene, -heteroarylene, -fused arylcycloalkylene, -fused
cycloalkylarylene, -fused cycloalkylheteroarylene, -fused heterocyclylarylene,

and -fused heterocyclylheteroarylene, wherein
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30 mis an integer from1l to 2; nis an integer from
1to 10; and pis an integer fromO to 2; or a

web@eireceut i cal |y acceptable salt thereof 5 22pdnEs2009/036333

conmpound of claim21, wherein wherein R4 is sel ected
fromthe group consisting of-hydrogen, -C 1 6 alkyl,
and -C(0)-C1 6 alkyl. -.- 3- 23.The conpound of claim
21, wherein R5 is -G3-L 2-@@-1 , 4, wherein 10L2 is
-0-, L3 is adirect bond; @ is a G _io al kyl ene
group; @& is spBorpeRybRinGe@ Amesanidh Substiticats phdpyhdently
group, wherein (A is substituted 1-4 tinmes wth sub
stituents 98¢siefeiiemdenthorcddk esselgcted §8MRS,: wherein RO
is selected fromRb, and wherein 4 is substituted
with at | east one substituent selected fromthe group
corGlissélngedfrom the group consisting of: -argl), -eyCloabkya) -kyterocyclyl,
b) -hal oal ky] ,_20c) - hal :

) %e?e%oa%ll, -fusedcezrylcyaog]lgglr,] -fused cycloalkylaryl, -fused
cycloalkylheteroaryl, -fused heterocyclylaryl, and -fused
heterocyclylheteroaryl, wherein

G is optionally substituted 1-4 times with substituents independently

selected from R?, wherein R’ is selected from R,

wherein R is selected from the group consisting of:

a) -hydrogen,

b) -S(O)m RY,

c) -S(0)0R",

d) -S(0)mNR‘R®,

¢) -C(O)RY,

f) -COsR’,

g) -C(O)NRR®,

h) -haloalkyl,

i) -cycloalkyl,

j) -heterocyclyl,

k) -Curip alkyl,

) -Cy-10 alkenyl,

m) -C,. 0 alkynyl,

n) -aryl,

0) -heteroaryl,

p) -Ci.o alkylene-aryl,

qQ) -Cy10 alkynylene-aryl,

r) -Ciio alkylene-heteroaryl,
s) -C,.10 alkynylene-heteroaryl, and
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d) -al koxy, e) -haloal koxy, f) -CF3, and g) -0-CF3. 25
24. The conpound of claim21, wherein R3 is selected

WO e@mi1111e0 gr oup consisting of: a) -G _i o al kyl PCDHYS2009/036333

- phenyl, c¢) -thiopheneyl, 30d) -furanyl,
e) -pyridyl, f) -C1_10 al kyl ene-pyridyl, g) -c110
al kyl ene- am not hi azol yl , h) -Cl1_10
al kyl ene-i m dazolyl, 5i) -Cl _10 al kyl ene-oxazolyl, j)
-C1_10 al kyl ene-t hi opheneyl, k) -C2_10
ol kyogd mheaghenyl, 1) -C2_10 al kynl ene-t hi opheneyl, m
-C2_10 al kynyl ene-pyridyl, 10n) -C2_10
al kynyl ene- pyri m di nyl ,
wherein alkyl, alkenyl, alkynyl, aryl, heterocyclyl, heteroaryl, and cycloalkyl
groups are optionally substituted 1-4 times with a group independently selected

from R¢;

R” is selected from the group consisting of:

a) -cycloalkyl,

b) -cyano,

c) -ORd,

d) -NO,,

¢) -halogen,

f) -S(O)mR",

g) -SRY,

h) -S(0),0R’,

i) -S(O)uNRRS,
j) -NRUR,

k) -O(CR'R®),NR!R®,
) -C(O)R’,

m) -CO;R’,

n) -CO,(CR"R®),CONR‘R®,
0) -OC(O)RY,

p) -C(ONR‘R®,

qQ) -NRYC(O)R®,

r) -OC(O)NRRS,
s) -NRYC(O)ORS,
t) -NR® C(O)NRYR®,
u) -CF;,

v) -OCFs;,

w) -haloalkyl,
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0) -S02-phenyl, p) -02-C1_10 al kyl, q)
-02-cycl oal kyl r) -0Q2-tetrahydrofuranyl,

waz®p/110@e-t et r ahydropyranyl, t) -002-C1_10  PCT/US2009/036333

al kyl ene-cycl oal kyl, u) -0O2-C2_10-al kynyl, v)

- 02- CH2- CC- phenyl, w) -C(0)-C1_10 al kyl, 20x)
-C(0)-phenyl, y) -C(0)-naphthyl, z) -C(0)-cycl oal kyl,
aa) -C(0)-furanyl, bb)-C(0)-thiopheneyl, 25cc)
-C(0)-isoxazolyl, dd)-C(0)-Cl1_10 al kyl ene-cycl oal kyl,
€p)-hal6§i@pxyyH C1_10 al kyl, ff) -C(0)-NHphenyl, and ii)

-C(0)-N(cycl oal kyl)-C1_10 phenyl, wherein the al kyl,
4 k rlry)la,kﬁtlycl oal kyl , tetrahydrofuranyl,
LpLeahyslkagyr any!

aa) -C,.1o alkynyl,

ab) -C,_jo alkylene-aryl,

ac) -Cy_jo alkylene-heteroaryl, and
ad) -heteroaryl,

wherein alkyl, alkenyl, alkynyl, aryl, heteroaryl, and cycloalkyl groups are
optionally substituted 1-4 times with a group independently selected from

R®;

R¢ is selected from the group consisting of:

a) -halogen,

b) -amino,

c) -carboxy,

d) —cyano,

¢) -Ci4alkyl,

f) -O-Ci4 alkyl,
g) —O-CF;,

h) -cycloalkyl,
1) -O-cycloalkyl,
J) -aryl,

k) -Ci.4 alkylene-aryl,
) -hydroxy,
m) -CF;,

n) -haloalkyl,
0) -haloalkoxy,
p) -O-aryl,

q) -heteroaryl,
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phenyl, naphthyl, thiopheneyl, furanyl, pyridyl,
pyrimdinyl, thiazolyl, imdazolyl, oxazolyl, and

W0 s@ariohy| groups are optionally substituted BREHUSI0N¥E36333

with a group independently selected fromRc . 5 25. A
nmet hod, the nethod conprising admnistering to a

subj ect a conmpound of Formula (1): 10 Formula (1) or
a pharmaceutically acceptable salt thereof, wherein
15Ris -(CH2)p-G _LI _&5 wherein LI is selected from
t he) grietpoaoRa:-EL i JWkydf : a direct bond, -CH2-5-0-5
-N(R16) -5 C&y) 5 -CON(R16) _5 N(R16)c(0) 5 N(R16)s
-255 he&Pr@m (LR16) 5 C(0)-0-5 -0-C(0)-5 -S-5 -5(0)-5
-S( )%35 @1 -5 wherein 20le is selected fromthe
grolip oS L g of: -hydrogen, -alkyl, - aryl,
-aId;yL(é(D;eCa[o)dlkyIGIrylls sel ected fromthe group

con erne, aryl ene, heteroaryl ene,
fus é‘??f? [93’6]8?1@ ene, fused cycl oal kyl aryl ene,
ARgnadRaldrbhigt er oaryl ene, fused

heterocyclylarylene and fused
hetgr edirgleyd-hiyl.er oaryl ene, wherein Gl is optionally
substi mes with substituents independently

t
sel¥% ctaelquy:f%ﬁ wher ei n

z) - nitro,
aa) -N(H)-C(0)-C, ¢-alkyl, and
bb) -S-C1_6-alkyl;

R¢ and R® are independently selected from the group consisting of: hydrogen, Cy_¢ alkyl,

Cy-10 alkenyl, C, 1 alkynyl, cycloalkyl, -C, ¢ alkylene-cycloalkyl, aryl, heteroaryl,
and heterocyclyl, wherein alkyl, alkenyl, alkynyl, cycloalkyl, aryl, heteroaryl,
heterocyclyl groups are optionally substituted with one to four substituents
independently selected from R¢ ; or R® and R® together with the atoms to which
they are attached form a heterocyclic ring of 5 to 7 members containing 0-2
additional heteroatoms independently selected from oxygen, sulfur and nitrogen

and optionally substitued with 1-3 times with R,

R" and R® are independently selected from the group consisting of: hydrogen, C1.1o alkyl,

cycloalkyl, -C, ¢ alkylene-cycloalkyl, -carboxy, and aryl, wherein alkyl,
cycloalkyl, and aryl groups are optionally substituted with one to four substituents
independently selected from R¢; or R' and RE together with the carbon to which
they are attached form a ring of 5 to 7 members containing 0-2 heteroatoms
independently selected from oxygen, sulfur and nitrogen optionally substitued

with 1-3 times with R";

m is an integer from 1 to 2;
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Rill) is RRD, 5& is selected fromthe group

consisting of: -aryl, -heteroaryl, -fused
waeapbgyioboal kyl , -fused cycl oal kyl aryl, -fusedPCT/US2009/036333
cycl oal kyl heteroaryl, -fused heterocyclylaryl, and

-fused heterocycl yl heteroaryl, wherein &Q is
optionally substituted 1-4 tinmes with sub stituents
i ndependently selected fromR', wherein 10RHis RID
Rl is selected fromthe group consisting of: -CO2H
n is afPGRRIR fronC( @ Nf2ind- C(0) NHR12, - tetrazole, and acid
_isostere, wherein R12 is selected fromthe group
plS@aﬁgpgﬁﬁhﬁﬂ8f02 Cl_10 alkyl, -cycloalkyl, and -aryl,
15wherein R12 is optionally substituted 1-4 times with
a group independently selected fromRc; R2 is sel ected
or afpharmdcbeti @il upcapaaddd sitithgeoff : - hydr ogen, -al kyl,
- phenyl, -cycloal kyl, - al kyl ene-cycl oal kyl, and
- al kyl ene- phenyl, wherein al kyl, phenyl, and
cychoal kil C%Q%Qﬁ’cpﬁ &hith @pthJHEﬂ@ih Iv@helsell‘tpﬁt1 {stsfc8@d ¥rofn the group
times with a group i ndependently selected fromRc ;
conjistirgaifediyddgtn, ol RalkyRsRd (C605€leetkgd from Ra ; and R5
is -G&3-L2-QR@-L3-G4, wherein L2 and L3 are
i ndependently selected fromthe group consisting of : a
di ract bﬂféd:»o npbtied of c18im 2 1, MHREE) R is (60D 2-Q” 1 AN RABein
- N R26) C(0) -, - N(R26) CON( R27)-, 30- N(R26) C( 0) 0-,
09 1@ R26) - N(R26) S02-, - SOZN( R26) -, -C(0)- 0- :
G(. -S(0) -, -8(0)2-, and -N(R26)802N(R27)-
whé?é?%dﬁ%g%gﬁ% R27 are independently selected from
t ha)gs aun. s oiRgleat p@pof : hydrogen, -alkyl, -aryl, and
-al kyl ene-aryl, wherein R26 and R27 are optlonally
suk@,tlﬁtalh’lh@%b’lqne@rt)ilﬁr% with Rc, or R26 and R27 are

b G2 phOBRG, W %%%?ﬁ%%%?@t%?%g‘%@& MYy Rlifeprs

cont aindepandBntly sedketitdd foora R’ hehercmat orsclectod ﬁemﬁé‘h hhd/whereln

selec ed from oxy ni troge and su

Q@ i RO H@SQ?WBEHH%‘}%?IF%X gpm the grqugct

bond, Lrkidkiflggkkyl ene, C2-10 10al kenyl ene, and C2_10

al kynyl ene, GB is selected fromthe group consisting

of : -aryl@ne—(h@w&Wbalkylene - het erocycl yl ene,

-heteroaﬁ%len%r u?ed aryl cycl oal kyl ene, -fused
arjlghg “fused cycl oal kyl het er oaryl ene,

cycl oal ky
-fused heger ogyRlpyh aryl ene,
d) —alkoxy,
¢) —haloalkoxy,
f) —CF;,and
g) —O-CFs.
24, The compound of claim 21, wherein R? is selected from the group consisting of:
a) -Cy alkyl,
b) —phenyl,

c) —thiopheneyl,
d) —furanyl,
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15and -fused heterocyclyl heteroaryl ene, wherein G is
optionally substituted 1-4 tinmes wth substituents

W0 pepertoent |y sel ected from R8, wherein R8 i SPGEUSN®B6333

fromRb, 4 is selected fromthe group consisting of:

-aryl, -cycloal kyl, -heterocyclyl, 20-heteroaryl,
-fused aryl cycl oal kyl, -fused cycl oal kyl aryl, -fused
cycl oal kyl heteroaryl, -fused heterocyclylaryl, and

-fused heterocycl yl heteroaryl, wherein 4 is
optd)ongridyl,substituted 1-4 times with substituents
|ndependentl¥ selected fromR9, wherein RO is selected
frdin ;ﬂoa weriysidgl.and C are optional Iy substituted

1- t| 218ham%HBﬁB&L&8 is |ndependently sel ect ed
fr 10 g’

up consistin Rip Ra is selected
frdﬂ1%ﬁeNQMQmﬁmennﬁnshﬂng of 30a) - hydr ogen, D)
- S(.0) %O d, d) -S(0)m\NRd Re, e) -C(0)Rd,
5 )i) - Rdﬂkyeneoxgio O)NRd Re, h) -haloalkyl, i)

icg?lQ@&EXQ?QgﬁtPTbhmﬁggterocyclyI, 10k) -C1_10 al kyl,
k) —Cs.10 alkynylene-phenyl,
1) —Cy.10 alkynlene-thiopheneyl,
m) —Cy.10 alkynylene-pyridyl,
n) —C,0 alkynylene-pyrimidinyl,
0) —SO;-phenyl,
p) —CO2-Cip alkyl,
q) —CO;-cycloalkyl,
r) —CO,-tetrahydrofuranyl,
s) —COs-tetrahydropyranyl,
t) —CO,-C;.1o alkylene-cycloalkyl,
u) —CO,-Cy.19-alkynyl,
v) —CO;-CH,-C=C-phenyl,
w) —C(0)-Cy¢ alkyl,
x) —C(O)-phenyl,
y) —C(O)-naphthyl,
z) —C(O)-cycloalkyl,
aa) —C(O)-furanyl,
bb) —C(O)-thiopheneyl,
cc) —C(O)-isoxazolyl,
dd)—C(0)-C,.1o alkylene-cycloalkyl,
ee) —C(0)-NH-C,_yy alkyl,
ff) —C(O)-NH-phenyl, and
i1) —C(O)-N(cycloalkyl)-C,_jo phenyl,
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m -C2_10 al kynyl, n) -aryl, 0) -heteroaryl,
15p) -C1_10 al kylene-aryl, q) -C2_10 al kynyl ene-aryl,
WO 200911700 al kyl ene-heteroaryl, s) -C2_10 PCT/US2009/036333
al kynyl ene-heteroaryl, and t) -C(Rf R)-aryl, 20wherein
al kyl, al kenyl, al kynyl, aryl, heterocyclyl,
heteroaryl, and cycl oal kyl groups are optionally
substituted 1-4 tinmes with a group i ndependently
selected fromRc ; Ro is selected fromthe group
Conghcstin Mg Okyl, AReyl; S)aliall kytrahydofu@ AN trabydrofRgnyl,
d) - N2, e%--halo 30f) -S(0)m Rd, g). -SRd, h)
phend( paphtimd, t qoyhe:tgy8)fulraqwqf:kdp5;:@;5§in,J ermm@yhgpazolyl, imidazolyl,

oxazolyl, and isoxazolyl groups are optionally substituted 1-4 times with a group

independently selected from R® .

25. A method, the method comprising administering to a subject a compound

of Formula (I):

Formula (1)

or a pharmaceutically acceptable salt thereof, wherein
R is —(CHz)p-Gl-Ll-G2 , wherein

L' is selected from the group consisting of: a direct bond, -CH,-, -O-, -N(R16)-,
-C(0)-, -CON(R'®)-, -N(R'))C(0)-, -N(R'*)SO;-, -SO,N(R'%)-,
-C(0)-0-, -0-C(0)-, -S-, -S(0)-, -S(0),-, and -C=C-, wherein
R'® is selected from the group consisting of: -hydrogen, -alkyl, -
aryl, -alkylene-aryl;

G' is selected from the group consisting of: alkynylene, arylene, heteroarylene,

fused arylcycloalkylene, fused cycloalkylarylene, fused
cycloalkylheteroarylene, fused heterocyclylarylene, and fused
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5k) -O(CRf Rg)"-NIRd Re, 1) -C(0)Rd, m
-CO2Rd, n) -0Q2(CRf Rg)"CONRd Re, 0)
WO QBA) R 10p) -C(O)NRd Re, q) -NRd C(0)Re, rpCT/US2009/036333
-0C(0)NRd Re, s) -NRd C(0O)ORe, t) -NRd C(0)NRd Re,
15u) -CF3, v) -0CF3, w) -haloalkyl, x) -haloal koxy,
3r) -C1_10 al kyl, 20 z) -C2-10 al kenyl, aa) -C2_10
al kynyl , ab) C1_10 al kyl ene-aryl, ac) -C1_10
al kyl ene- heteroaryl, and ad) -heteroaryl , 25 wherein

al kyl hetaﬂokﬁcﬂylﬂleteﬁjaky&é\ryd, whaferd G' bedpeioatyydubstiadd 1-4 times with
cycl oal k%/ groups are optl onally sybstituted 1-4 tines

wi t h sibstisgptsinisepeicatn el %t%ﬁe%ltl?ed, Wh@PRe : 30Rc is

sel ect eq{mgsofga,the group consisting of:

G’ is selected from the group consisting of: -aryl, -heteroaryl, -fused
arylcycloalkyl, -fused cycloalkylaryl, -fused cycloalkylheteroaryl, -fused
heterocyclylaryl, and -fused heterocyclylheteroaryl, wherein G* is optionally
substituted 1-4 times with substituents independently selected from R,
wherein

R"isR",

R' is selected from the group consisting of: -CO,H, -CO,R"?, -C(O)NH,, -C(O)NHR'?, -
tetrazole, and acid isostere, wherein
R'? is selected from the group consisting of: -C\_j, alkyl, -cycloalkyl, and -aryl,
wherein R'? is optionally substituted 1-4 times with a group independently

selected from R";

R”is selected from the group consisting of: -hydrogen, -alkyl, -phenyl, -cycloalkyl, -
alkylene-cycloalkyl, and -alkylene-phenyl, wherein alkyl, phenyl, and cycloalkyl
groups are optionally substituted 1-4 times with a group independently selected from

R®;
R? is selected from R*;
R*is selected from R* ; and
R’ is -G*-L*-Q*-L*-G", wherein
L?and L? are independently selected from the group consisting of: a direct bond,

—CH,-, -O-, -N(R*)-, -C(0)-, -CON(R?*)-, -N(R**)C(0O)-, -N(R**)CON(R*")-,
N(R**)C(0)0-, -OC(O)N(R*)-, -N(R**)SO;-, -SO;N(R?*)-, -C(0)-0-,
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WO 2009/ 111700 a) -hal ogen, b) -am no, c) -carboxy, d)

-cyano, 5e) -G _4 al kyl, f) -0-Cl1_4 al kyl,
W@200901CHB, h) -cycl oal kyl, i) PCT/US2009/036333

-0-cycl oal kyl, 10j) -aryl, k) -C 1_4 al kyl ene-aryl, 1)

- hydr oxy, m - CF3, n)

- hal oal kyl, 150) - hal oal koxy, p) -0-aryl,

q) -heteroaryl, r) -heteroarylene-GC _io alkyl,
s) -heterocyclyl, 20t) -002-C _10 al kyl,
-0-C(0)-, -S-, -S(0)-, -S(0)s-, and -N(R*>)SO,N(R*")-, wherein

R” and R*" are independently selected from the group consisting of:
hydrogen, -alkyl, -aryl, and -alkylene-aryl, wherein R*® and R*” are
optionally substituted 1-4 times with R¢, or R*® and R’ are taken
together with the atoms to which they are attached to form a
heterocyclic ring of 5 to 7 members containing 0-2 additional

heteroatoms independently selected from oxygen, nitrogen, and sulfur;

Q’ is selected from the group consisting of: a direct bond, C_1 alkylene, Cy-10

alkenylene, and C,_j alkynylene,

G’ is selected from the group consisting of: -arylene, -cycloalkylene,
-heterocyclylene, -heteroarylene, -fused arylcycloalkylene, -fused
cycloalkylarylene, -fused cycloalkylheteroarylene, -fused heterocyclylarylene,
and -fused heterocyclylheteroarylene, wherein

G’ is optionally substituted 1-4 times with substituents independently

selected from R®, wherein R® is selected from R,

G is selected from the group consisting of: -aryl, -cycloalkyl, -heterocyclyl,
-heteroaryl, -fused arylcycloalkyl, -fused cycloalkylaryl, -fused
cycloalkylheteroaryl, -fused heterocyclylaryl, and -fused
heterocyclylheteroaryl, wherein

G is optionally substituted 1-4 times with substituents independently

selected from R?, wherein R’ is selected from R,

Rings B and C are optionally substituted 1-4 times with substituents independently

selected from the group consisting of R”;

R" is selected from the group consisting of:

a) -hydrogen,
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u) -0@2-G _io alkyl-aryl, v) -fused aryl cycl oal kyl, w)
- al kynyl ene- het eroaryl , x) -al kyl ene-aryl, 25y)

WO 200Rgtnyb@ene-aryl, z) - nitro, aa) PCT/US2009/036333

-N(H)-C(0)-G _6-alkyl, and bb) - S-C 1 6-alkyl; Rd
and Re are independently selected fromthe group
consi sting of: hydrogen, Cl1 10 al kyl, C2-10 al kel lyl,
C2_10 al kynyl, cycloal kyl, -Cl1_10 al kyl ene-cycl oal kyl
aryl, heteroaryl, and heterocyclyl, wherein alkyl,
B} k8. Ral kynyl , cycloal kyl, aryl, heteroaryl,
het erocycl,yl groups are optionally substituted with
eSt@:0Bur substituents 5i ndependent |y sel ected from
¥ nd Re together with the atons to which
Eﬁegag%gﬁgg?éched forma heterocyclic ring of 5to 7
gertiéOR‘cont ai ni ng 0-2 additional heteroatons
ind& eggently sel ected from oxygen, sulfur and
it g@ n and optionally substitued with 1-3 tines with
hcggﬁwRe@q Rg are independently selected fromthe
group consisting of: hydrogen, Cl1 10 al kyl,
bychdailkyl,, -Cl1_10 al kyl ene-cycl oal kyl, -carboxy, and
ryl, rein al kyl, cycloal kyl, and aryl groups are
gpf?%ﬂ&ﬁ? »substituted with one to four substituents
phndegendeayl y selected fromRc; or Rf and Rg together
with the carbon to which they are attached forma ring
b¥ -S11lylmenber s contai ning 0-2 het er oat ons
5i pde ently selected from oxygen, sulfur and
ﬁif?@@gﬁﬂgaéionally substitued with 1-3 times with Rc;
m)i-6, aruliyiygger from1l to 2; nis an integer from
1to 10; and 20 pis an integer fromO to 2. W)
2be9YY1:11700PCT/ US2009/ 036333

0) -heteroaryl,

p) -Ci.10 alkylene-aryl,

q) -Cu.10 alkynylene-aryl,

r) -Cj.10 alkylene-heteroaryl,

8) -Cy.10 alkynylene-heteroaryl, and

t) -C(R'R®),-aryl,
wherein alkyl, alkenyl, alkynyl, aryl, heterocyclyl, heteroaryl, and cycloalkyl
groups are optionally substituted 1-4 times with a group independently selected

from R¢;

R” is selected from the group consisting of:

a) -cycloalkyl,
b) -cyano,

¢) -ORY,

d) -NO,

¢) -halogen,

f) -S(O)m RS,
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26. A nethod for the treatnent of a di sease nedi ated by
the activation of GP-1R the nethod conprising

w@ewpnigoeri ng to a subject a therapeutical ly BET/E81009¢36333

amount of a compound of Fornula (1): 5 Formula (1)
or a pharmaceutically acceptable salt thereof, wherein
10 Ris -(CH2)p-G _LI _@&5 wherein L1 is selected from
the group consisting of: a direct bond, -CH2-, -0-,
-N(R16) -C(0)-, -CON(R16) _5 N(R16), c(O) 5 NRi 6)s
)Z-SR uSOZN(RlG) 15-C(0)-0-, -O- x0)-, -5,

ﬁ% $(0) 2-, and - CC, V\herel n R16 |s sel ect ed
h}c Qh@Rgaroup consi sting of: -hydrogen, -alkyl, -
ry eene aryl; Gl is selected fromthe group
onsi Qtl ng al kynyl ene, arylene, heteroaryl ene,
jaOf NedRear yl cycl oal kyl ene, fused cycl oal kyl aryl ene,

y kyl het er oaryl ene, fused
gﬁ€§>§§ﬁ% élene and fused
gytlylheteroarylene wherein Gl is optionally

subst|tuf ed 1-4 times with substituents independently
80I-6€LBY from RL, wherein Rill) is RD, 25 @ is

sel f Loup consisting of: -aryl,
?@Fg(gl})ﬁg?%@ﬁgeg‘ aryl cycl oal kyl, -fused
kyd aryl, -fused cycl oal kyl heteroaryl, -fused
het er oc IaryI and -fused heterocyclyl heteroaryl,
ﬂhep@ﬁ\)’/&%hS optionally substituted 1-4 tines with
ajJQNitdlct(tﬁQ{s i ndependently selected fromR",

r) -OC(O)NRRS,

s) -NRYC(O)ORS,

t) -NR® C(O)NRYR®,
u) -CF;,

v) -OCFs;,

w) -haloalkyl,

x) -haloalkoxy,

y) -Ciq9 alkyl,

z) -Cy-10 alkenyl,

aa) -C,.1o alkynyl,

ab) -C,_jo alkylene-aryl,
ac) -Cy_jo alkylene-heteroaryl, and
ad) -heteroaryl,

wherein alkyl, alkenyl, alkynyl, aryl, heteroaryl, and cycloalkyl groups are
optionally substituted 1-4 times with a group independently selected from

R®;

R¢ is selected from the group consisting of:
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5wherein RHis RID, R is selected fromthe group
consisting of: -CO2H, -CO2R125 -C(0)NH25 -C(0) NHR125 -

W0 2a0pArODE®, and acid i sostere, wherein 10R12 iBCT/US2009/036333

selected fromthe group consisting of: -Cl1_10 al kyl,
-cycl oal kyl, and -aryl, wherein Rl12 is optionally
substituted 1-4 tinmes with a group i ndependently
selected fromRc; R2 is selected fromthe group
consi sting of: -hydrogen, -alkyl, -phenyl,

- cygl aaldgeh, - 15al kyl ene-cycl oal kyl, and

- al kyl ene- phenyl, wherein al kyl, phenyl, and
cy@ozAYP: groups are optionally substituted 1-4 tines
Wi t gmgk%yp i ndependently selected fromRc ; R3is
selecte omRa; 20 R4 is selected fromRa ; and RS
I S d)G3ejlaBoR- L3- A5 wherein L2 and L3 are

i ndependent|ly selected fromthe group consisting of: a
di regctakfé{frl@fl’ 25-CH2-5 -0-, -N(R26)-5 -C(0)-5

-C%\l(f@-@;%lk'gﬁ\]( R26) C(0) - 5 - N(R26) CON( R27) - 5
N( R26) C( 0)'0- 5 - 0C(0) N( R26) - 5 - N( R26) S02- 5 - SO2N( R26) - 5
- (@) -0-GF3,0- C(0) -5 -S-5 -S(0)-5 -S(0)2-5 and

- N(R26 2 7)-5 wherein R26 and R27 are
ind@pé%ggﬁm&ﬁzselected fromthe group consisting of:
hyqyogggggogkyyl, -aryl, and -al kyl ene-aryl, wherein

R26 and 7 are 30optionally substituted 1-4 tinmes
wi th Reyl. or R26 and R27 are taken together with the

at 0 i,ch they are attached to forma
he%:rbdfém%é&FT%ﬁﬁof 5 to 7 menbers containing 0-2

add) t ilpdadxyhet er oat ons i ndependent|y sel ected from
oxygen, nitrogen, and sulfur; 5Q is selected fromthe
grd%b*@&nsisting of: a direct bond, C1_10 al kyl ene,

C23504§m£mngene, and C2_10 al kynyl ene,
0) -haloalkoxy,
p) -O-aryl,
q) -heteroaryl,
r) -heteroarylene-C,. ¢ alkyl,
8) -heterocyclyl,
t) -CO,-Cipalkyl,
u) -CO,-Cy o alkyl-aryl,
v) —fused arylcycloalkyl,
w) —alkynylene-heteroaryl,
x) —alkylene-aryl,
y) —alkynylene-aryl,
z) - nitro,
aa) -N(H)-C(0)-C, ¢-alkyl, and
bb) -S-C,6-alkyl;
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&3 is selected fromthe group consisting of: -aryl ene,
-cycl oal kyl ene, -heterocyclyl ene, -heteroarylene,

wo tawgadi7er yl cycl oal kyl ene, -fused 10cycl oal kyl B€T/U£2989/036333
-fused cycl oal kyl het eroaryl ene, -fused
het erocycl yl aryl ene, and -fused
het erocycl yl heteroaryl ene, wherein G3 is optionally
substituted 1-4 tinmes with substituents independently
sel ected fromR8, wherein R8 is selected fromRb, 154

R dndl RSekeriestniiet dehe todrfesi teonsis tdmdtiag of - I@rdybgen Ci.10 alkyl,
-cycloalkyl -heterocyclyl, -heterogaryl, -
ar Yooy alksBYk e 10 allﬂalsywyelye%lm Kyloafkyene: eryel@éléfyl aryl, heteroaryl,

VSR EIMERT h BR ASAC o. Wr

0 pthemn@dﬂc},yl grdups Hltel.ttpﬁdnﬂl}}ilsuﬂostlfm&d\hmtﬁb@llb Sourtsubstitsents
i ndepe ntI Os lected frq
@fi 3 S @ik é?%@ﬂ&’ﬁtwlﬁF pipms to which

sell

su Qﬁéy drd taﬁ&’ch%d %ﬁﬂ yﬁ&er‘@'cixéhc"‘rﬂ%s&ﬂ § tH%@mB&g %9&@&%@ d-y

sel ected fromthe group tonsisting o
s eladditedalf retarodthms grd@pq:nd@mrhy; s@tqtfugfrmrh oxggen, lalyldrrcagé mjtrogen

qaes?%a,w%ﬁ%&ﬁ%ﬁ@(@% L %( it ,Q’) H;“Rfjh;{f}oa?g;? i)
-cycl oal kyl,

10 R'and R® are independently selected from the group consisting of: hydrogen, C .0 alkyl,
cycloalkyl, -C,.10 alkylene-cycloalkyl, -carboxy, and aryl, wherein alkyl,
cycloalkyl, and aryl groups are optionally substituted with one to four substituents
independently selected from R¢; or R' and RE together with the carbon to which
they are attached form a ring of 5 to 7 members containing 0-2 heteroatoms

15 independently selected from oxygen, sulfur and nitrogen optionally substitued

with 1-3 times with R,
m is an integer from 1 to 2;

n is an integer from 1 to 10; and

20  pis an integer from 0 to 2.
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5/) -heterocyclyl, k) -Cl1_10 alkyl, 1) -C2-10 al kenyl,
m -C2_10 al kynyl, n) -aryl, 100) -heteroaryl, p)

wo gnIioi7ed kyl ene-aryl, q) -C2_10 al kynyl ene- arRECT/U82009/036333

-Cl1_10 al kyl ene-heteroaryl, s) -C2_10

al kynyl ene- heteroaryl, and 15t) -C(Rf Rg),i-aryl,

wherei n al kyl, al kenyl, al kynyl, aryl, heterocyclyl,

het eroaryl, and cycl oal kyl groups are optionally

substituted 1-4 tinmes with a group i ndependently

selxct edA tieeivdHor the 2HndnS 0B £ B ELse hddiaaed by AE@LHion of

consi stin of a) -cycloal kyl, b) -cyano, c) -ORd, d)
GLR{Rpthepmgihod ?PJPE}’@G@FE adrmmsterlng e 3 sulgmj)aﬁhqrqapeutlcally effective

amount of a compound of Formula (I):

Formula (1)

or a pharmaceutically acceptable salt thereof, wherein
R is —(CHz)p-Gl-Ll-G2 , Wherein

L' is selected from the group consisting of: a direct bond, -CH,-, -O-, -N(R16)-,
-C(0)-, -CON(R'®)-, -N(R'))C(0)-, -N(R'*)SO;-, -SO,N(R'%)-,
-C(0)-0-, -0-C(0)-, -S-, -S(0)-, -S(0),-, and -C=C-, wherein
R'® is selected from the group consisting of: -hydrogen, -alkyl, -
aryl, -alkylene-aryl;

G' is selected from the group consisting of: alkynylene, arylene, heteroarylene,
fused arylcycloalkylene, fused cycloalkylarylene, fused
cycloalkylheteroarylene, fused heterocyclylarylene, and fused
heterocyclylheteroarylene, wherein G' is optionally substituted 1-4 times with
substituents independently selected from R'®, wherein

RY s R",
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g) -SRd, h) -S(0)20Rd, i) -S(0)mMRd Re,
30j) -NRd Re, k) -O(CRf Rg)"-NIRd Re, 1) -C(O)Rd, m
WO G@09RdL700) - 0O2(CRf Rg) "CONRd Re, 50) -0C(0) ReCT/US2009/036333
p) -C(O)NRd Re, q) -NRd C(O)Re, r) -0C(0)NRd Re,
s) -NRd C(0)ORe, 10t) -NRd C(O)NRd Re, u) -CF3, v)
-0CF3, w) -haloal kyl, x) -hal oal koxy, 15y) -C _io
al kyl, z) -C2-10 al kenyl, aa) -C2_10 al kynyl, ab)
-Cl_10 al kyl ene-aryl, ac) -Cl1_10 al kyl ene-heteroaryl,
and;” is selected from the group consisting of> -aryl, -heteroaryl, -fused

arylcycloalkyl, -fused cycloalkylaryl, -fused cycloalkylheteroaryl, -fused
heterocyclylaryl, and -fused heterocyclylheteroaryl, wherein G* is optionally
substituted 1-4 times with substituents independently selected from R,
wherein

R"isR",

R' is selected from the group consisting of: -CO,H, -CO,R"?, -C(O)NH,, -C(O)NHR'?, -
tetrazole, and acid isostere, wherein
R'? is selected from the group consisting of: -C\_j, alkyl, -cycloalkyl, and -aryl,
wherein R'? is optionally substituted 1-4 times with a group independently

selected from R";

R”is selected from the group consisting of: -hydrogen, -alkyl, -phenyl, -cycloalkyl, -
alkylene-cycloalkyl, and -alkylene-phenyl, wherein alkyl, phenyl, and cycloalkyl
groups are optionally substituted 1-4 times with a group independently selected from

R®;
R? is selected from R*;
R*is selected from R* ; and

R’ is -G*-L*-Q*-L*-G", wherein
L?and L? are independently selected from the group consisting of: a direct bond,
—CH,-, -O-, -N(R*)-, -C(0)-, -CON(R*)-, -N(R**)C(0)-, -N(R**YCON(R"")-,
N(R**)C(0)0-, -OC(O)N(R*)-, -N(R**)SO;-, -SO;N(R?*)-, -C(0)-0-,
-0-C(0)-, -S-, -S(0)-, -S(0),-, and -N(R*>)SO,N(R*")-, wherein
R” and R*" are independently selected from the group consisting of:
hydrogen, -alkyl, -aryl, and -alkylene-aryl, wherein R*® and R*” are

optionally substituted 1-4 times with R¢, or R*® and R’ are taken
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20ad) -heteroaryl, wherein al kyl, alkenyl, alkynyl,

aryl, heteroaryl, and cycl oal kyl groups are optionally
weustitrai ed 1-4 tinmes with a group i ndependenedT/US2009/036333

selected fromRc ; 25 Rc is selected fromthe group

consi sting of: a) -hal ogen, b) -am no,
c) -carboxy, 30d) -cyano, e) -G _4 al kyl,
f) -0-G _4 alkyl, g) -0-CF3, h)

-cycloalkyl 5i) -0-cycloalkyl, j) -aryl, k) -C1 4
al kyl ene- afo)gbtheﬂ-s)wth hh/djdt@my to W)nch@r_ésr ard @ﬂféohe@t’d foralakyl
o) -hal oal koxy, p) -0-ar - het er oar yl

heterocycllc ring of to 7 rnernbers containing (-2 additional

heteroatoms independently selected from oxygen, nitrogen, and sulfur;

Q’ is selected from the group consisting of: a direct bond, C_1 alkylene, Cy-10

alkenylene, and C,_j alkynylene,

G’ is selected from the group consisting of: -arylene, -cycloalkylene,
-heterocyclylene, -heteroarylene, -fused arylcycloalkylene, -fused
cycloalkylarylene, -fused cycloalkylheteroarylene, -fused heterocyclylarylene,
and -fused heterocyclylheteroarylene, wherein

G’ is optionally substituted 1-4 times with substituents independently

selected from R®, wherein R® is selected from R,

G is selected from the group consisting of: -aryl, -cycloalkyl, -heterocyclyl,
-heteroaryl, -fused arylcycloalkyl, -fused cycloalkylaryl, -fused
cycloalkylheteroaryl, -fused heterocyclylaryl, and -fused
heterocyclylheteroaryl, wherein

G is optionally substituted 1-4 times with substituents independently

selected from R?, wherein R’ is selected from R,

Rings B and C are optionally substituted 1-4 times with substituents independently

selected from the group consisting of R”;

R" is selected from the group consisting of:
a) -hydrogen,
b) -S(O)m RY,
c) -S(0),0R’,
d) -S(0)uNR!R®,
¢) -C(O)R’,
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r) -heteroarylene-C _10 al kyl, 15s) -heterocyclyl, t)
-02-G _10 alkyl, u) -02-G _10 al kyl-aryl, v) -fused

waeovagychoal kyl , w) -al kynyl ene-heteroaryl, 20R)T/US2009/036333

-al kyl ene-aryl, y) -alkynylene-aryl, z) - nitro, aa)
-N(H)-C(0)-G _6-alkyl, and bb) -S-G _6-al kyl; 25 Rd
and Re are independently selected fromthe group
consi sting of: hydrogen, Cl1_10 al kyl, C2-10 al kel |l yI,
C2_10 al kynyl, cycloal kyl, -Co al kyl ene-cycl oal kyl,
ar yCo,Rét eroaryl, and heterocyclyl, wherein alkyl,
al kenyl | kynyl, cycl oal kyl, aryl, heteroaryl,
Ebr@¥é3@%f3{ groups are optionally substituted with
gPQhMBML ur substituents 30i ndependently sel ected from
c ; or Rd and Re together with the atons to which
theyydeoakys t ached form a heterocyclic ring of 5 to 7
nengers Cﬂntaining 0-2 additional heteroatons
Dnd8gfeiodésithy sel ected from oxygen, sul fur and
%ittgﬁfﬂkﬁpd optionally substitued with 1-3 tinmes with
C, and Rg are independently selected fromthe
br oUp1icdhsiydt i ng of : hydrogen, Cl1_10 al kyl,
gﬁckpﬁgﬁ%%%,-Cl_lOaIkylene-cycloalkyl, - car boxy, and
yl-2t tn al kyl, cycloal kyl, and aryl groups are
gpt-hgnal Iy substituted with one to four substituents
i ndependently selected fromRc; or Rf and Rg together
o t-heteroarsdar bon to which they are attached forma ring
% 2, Lo/ 1Benbers containing 0-2 heteroatons
i ng&pe d

R’gﬁ??y’selected from oxygen, sul fur and

g) t-Cogedkyaldnenayll y substitued

r) -Ci alkylene-heteroaryl,

8) -Cy.10 alkynylene-heteroaryl, and

t) -C(R'R®)y-aryl,
wherein alkyl, alkenyl, alkynyl, aryl, heterocyclyl, heteroaryl, and cycloalkyl
groups are optionally substituted 1-4 times with a group independently selected

from R¢;

R” is selected from the group consisting of:

a) -cycloalkyl,
b) -cyano,

¢) -ORY,

d) -NO,,

¢) -halogen,

f) -S(O)m R,

g) -SRY,

h) -S(0),0R",

i) -S(0)mNR?R,
j) -NRURS,
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with 1-3 tinmes with Rc; mis an integer from1l to 2;
nis an integer froml1l to 10; and 15p is an integer

wWo e@ail070@ 2. 27. A nethod for the treatnent ofPCT/US2009/036333

di abetes, the nethod conprising adm nistering to a

subj ect a conpound of Formula (I): 20 Formula (1) or
a pharmaceutically acceptable salt thereof, wherein
25R is -(CH2)p-Gl4,1-@&, wherein 1 ,1 is selected from
the group consisting of: a direct bond, -CH2-5-0-5
kN(-BIGRE &%), )}RORe5 - CON(R16) -5 - N(R16) C(0) - 5

-N(R16 S02-5 -S2N(R16)-5 C(0)-0-, -0-C(0)-, -S-5

DS(6fOR- 5(0)2-5 and - CC-5 wherein R 6
hg §f%§¢ted fromthe group consisting of: -hydrogen,
| K - bSaryl, -alkylene aryl; d is selected from

hhe(@b@ﬂﬁﬁébnbe Rg, of : alkynylene, aryl ene,
het | ene, fused aryl cycl oal kyl ene, fused
Ebcﬁ526 lParyl ene, fused cycl oal kyl het er oaryl ene,
egocyclylaryl ene, and fused
Oheterocyclylheteroarylene wherein G is optionally
gUBAMR GO, 1- 4 times with substituents independent!y

%etsﬁksﬂNﬁgﬁq1Rl wherein
s) -NRYC(O)ORS,

t) -NR® C(O)NRYR®,

u) -CF;,

v) -OCFs;,

w) -haloalkyl,

x) -haloalkoxy,

y) -Cio alkyl,

z) -Cy-10 alkenyl,

aa) -C,.1o alkynyl,

ab) -C,_jo alkylene-aryl,

ac) -Cy_jo alkylene-heteroaryl, and
ad) -heteroaryl,

wherein alkyl, alkenyl, alkynyl, aryl, heteroaryl, and cycloalkyl groups are
optionally substituted 1-4 times with a group independently selected from

R®;

R¢ is selected from the group consisting of:

a) -halogen,
b) -amino,
c) -carboxy,

d) —cyano,
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Rill) is RID, & is selected fromthe group consisting
of: -aryl, -heteroaryl, -fused 1l5aryl cycl oal kyl

WO bawsati7ey/cl oal kyl aryl, -fused cycl oal kyl het er B&r/¥52009/036333

-fused heterocyclylaryl, and -fused

het er ocycl yl heteroaryl, wherein G2 is optionally
substituted 1-4 tinmes with sub stituents independently
selected fromR', wherein RHis R D, 20 R is selected
fromthe group consisting of: -CO2H

- CPRICS-4A) NH25- C( 0) NHR125- tetrazole, and acid
|sostere wher ei n R12 is selected fromthe group

ﬂhgaﬁﬁk -Cl1_10 al kyl, -cycloal kyl, and -aryl,
mh )ela 2 is optionally substituted 1-4 tines with a
p I'ndependent|y 25sel ected from Rc; R2 issel ected

frdﬂ1kﬁekg&ghp consi sting of: -hydrogen -al kyl

| oal kyl, - al kyl ene-cycl oal kyl, and
-aPkyﬁéﬁ@dB%E wher ei n al kyl, phenyl, and

ogﬁ%» groups are optionally substituted 1-4 tines
Mﬁt a group independently selected from30Rc ; R3 is
sell@ct(éld;a‘lkﬁma%'yl R4 is selected fromRa ; and 5 R5 is
%g, -L3-&4, wherein L2 and L3 are independently
seléct ¥Pom t he group consisting of: a direct bond,
.CF0-, -N(R26)-, -C(0)-, -CON(R26)-,
-N( 6)C(O) - N(R26) CON( R27) -, - N(R26) C(0) 0-,
-om@om&@ﬁeﬂ -N(R26) S02-, -SO2N(R26)-, -C(0)-0-,

6%2&%%%%N?ﬁ27) -Sﬁﬁéreth(O)z-’ and

-O-aryl,
q) -heteroaryl,
r) -heteroarylene-Cy_qalkyl,
8) -heterocyclyl,
t) -CO,-Cipalkyl,
u) -CO,-Cy o alkyl-aryl,
v) —fused arylcycloalkyl,
w) —alkynylene-heteroaryl,
x) —alkylene-aryl,
y) —alkynylene-aryl,
z) - nitro,
aa) -N(H)-C(0)-C, ¢-alkyl, and
bb) -S-C,6-alkyl;

R¢ and R® are independently selected from the group consisting of: hydrogen, Cy_¢ alkyl,

Cy-10 alkenyl, C, 1 alkynyl, cycloalkyl, -C, ¢ alkylene-cycloalkyl, aryl, heteroaryl,
and heterocyclyl, wherein alkyl, alkenyl, alkynyl, cycloalkyl, aryl, heteroaryl,
heterocyclyl groups are optionally substituted with one to four substituents

independently selected from R¢ ; or R® and R® together with the atoms to which
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R26 and R27 are independently selected fromthe group
consi sting of: hydrogen, -alkyl, -aryl, and

WO 200kt Eme- aryl , wherein R26 and R27 are opti oPel/§2009/036333
substituted 1-4 tinmes with Rc, or R26 and R27 are
taken together with the atons to which they are
attached to forma 15heterocyclic ring of 5 to 7
menbers contai ning 0-2 additional heteroatons
i ndependently sel ected from oxygen, nitrogen, and
sultheyr dre @adhed $&hes h@eroty @ rifpeo iy o UPmEAbEE SbhtB@Ief0-2a
direct bond, C1 10 al kylene, C2-10 al kenyl ene, and .
C2_afiditignghheiqresiams slepgndestly sqlectedeliom ogpem sulirsg nitrogen
CoNSsiySt.i: fo 1. 74 yl ene,
b el plilieh B subcilik \g{ﬁgrlgg%?ge‘ggﬂ} R ey
aryl cycl oal kyl ene, -fused cycl oal kyl aryl ene, -fused

5 RO e St S0 S LS RLE s
opth eRALY OURNGALEYcibarkyl RS0 by SYBStCrERASL

i ndépendently selected fromle, wherein"R8 is sel ected
f r ayclRblkyGand srys gtomips et optiomaltynsmbsfitoted vatingieso ifmg sobstituents

- ibsreehi SRty mpim R 81 BEHTL cfogaR B JY iqndg hich
cychoadk wthake Eaal ¥ ting of 5887 nheitRFORYEiNha0Y) het@Bstoms

-fused heterocyclyl heteroaryl, wherein ' '

10 G4 indepepddndsarlicgted figst e rygevduliiyand misegan qptionally substitued
subsi,i nts indgpendently 5selected fromR9, wherein
RQ‘ngégﬁg%?éV%%gdn1Rb, Rings B and C are optionally
substituted 1-4 tinmes with substituents independently
.selected fromthe group consisting of Rip; 10Ra is

m iss) igtegeitemdniPtlhe group consi sting of : a)

e et NS L

15  pisaninteger from O to 2.

27. A method for the treatment of diabetes, the method comprising

administering to a subject a compound of Formula (I):

20 R®

Formula (1)

or a pharmaceutically acceptable salt thereof, wherein

25 Ris —(CHz)p-Gl-Ll-G2 , wherein
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f) -CO2Rd, g) -C(O)NRd Re, h) -haloal kyl, i)
-cycl oal kyl, 20j) -heterocyclyl, k) -C1_10 al kyl, 1)
wo a9a07ed kenyl, m) -C2_10 al kynyl, n) -aryl, PSDYS2009/036333
-heteroaryl, p) -Cl1_10 al kyl ene-aryl, q) -C2_10
al kynyl ene-aryl, r) -Cl1_10 al kyl ene-heteroaryl, s)
-C2_10 alkynylene heteroaryl, and 30t) -C(Rf
Rg),i-aryl, wherein alkyl, alkenyl, al kynyl , aryl,
heterocyclyl, het er oaryl , and cycl oal kyl groups are

optli'ag @éléc}tedsﬁib@tthé giﬂoaﬁ c&nﬁstﬁ@ﬁﬁs av:ﬁre&t b@n@ r-aH,-, -O-, -N(R'%)-,
|ndependentI%@{ gcted | selqued from
the griddh--ch Dth63 X%?) é§@16§ﬁkyrsoﬂq( )=

-C(0)-0-, -0-C(0)-, -S-, -S(0)-, -S(0),-, and -C=C-, wherein
R'® is selected from the group consisting of: -hydrogen, -alkyl, -
aryl, -alkylene-aryl;

G' is selected from the group consisting of: alkynylene, arylene, heteroarylene,
fused arylcycloalkylene, fused cycloalkylarylene, fused
cycloalkylheteroarylene, fused heterocyclylarylene, and fused
heterocyclylheteroarylene, wherein G' is optionally substituted 1-4 times with
substituents independently selected from R'®, wherein

RY s R",

G’ is selected from the group consisting of: -aryl, -heteroaryl, -fused
arylcycloalkyl, -fused cycloalkylaryl, -fused cycloalkylheteroaryl, -fused
heterocyclylaryl, and -fused heterocyclylheteroaryl, wherein G* is optionally
substituted 1-4 times with substituents independently selected from R,
wherein

R"isR",

R' is selected from the group consisting of: -CO,H, -CO,R"?, -C(O)NH,, -C(O)NHR'?, -
tetrazole, and acid isostere, wherein
R'? is selected from the group consisting of: -C\_j, alkyl, -cycloalkyl, and -aryl,
wherein R'? is optionally substituted 1-4 times with a group independently

selected from R";

R”is selected from the group consisting of: -hydrogen, -alkyl, -phenyl, -cycloalkyl, -
alkylene-cycloalkyl, and -alkylene-phenyl, wherein alkyl, phenyl, and cycloalkyl
groups are optionally substituted 1-4 times with a group independently selected from

R®;
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b) -cyano, c) -ORd, d) -NO2, 10e) -halogen, f) -S(0)m
Rd, g) -SRd, h) -S(0)20Rd, i) -S(0),,NRd Re, 15j) -NRd
WQRe0094)1760( CRf Rg) NRd Re, 1) -C(0O)Rd, m - CO2ReICT/H$2009/036333
-02(CRf Rg)"CONRd Re, 200) -0C(0)Rd, p) -C(0)NRd Re,
g) -NRd C(0)Re, r) -0C(0)NRd Re, s) -NRd C(0)ORe, 25t)

-NRd C(0) NRd Re,

R? is selected from R*;

R*is selected from R* ; and

R’ is -G*-L*-Q*-L*-G", wherein
L?and L? are independently selected from the group consisting of: a direct bond,
~CH;-, -O-, -N(R*)-, -C(0)-, -CON(R*)-, -N(R*)C(0)-, -N(R*)CON(R"")-,
N(R**)C(0)0-, -OC(O)N(R*)-, -N(R**)SO;-, -SO;N(R?*)-, -C(0)-0-,
-0-C(0)-, -S-, -S(0)-, -S(0),-, and -N(R*>)SO,N(R*")-, wherein
R” and R*" are independently selected from the group consisting of:
hydrogen, -alkyl, -aryl, and -alkylene-aryl, wherein R*® and R*” are
optionally substituted 1-4 times with R¢, or R*® and R’ are taken
together with the atoms to which they are attached to form a
heterocyclic ring of 5 to 7 members containing 0-2 additional

heteroatoms independently selected from oxygen, nitrogen, and sulfur;

Q’ is selected from the group consisting of: a direct bond, C_1 alkylene, Cy-10

alkenylene, and C,_j alkynylene,

G’ is selected from the group consisting of: -arylene, -cycloalkylene,
-heterocyclylene, -heteroarylene, -fused arylcycloalkylene, -fused
cycloalkylarylene, -fused cycloalkylheteroarylene, -fused heterocyclylarylene,
and -fused heterocyclylheteroarylene, wherein

G’ is optionally substituted 1-4 times with substituents independently

selected from R®, wherein R® is selected from R,

G is selected from the group consisting of: -aryl, -cycloalkyl, -heterocyclyl,
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u) -CF3, v) -0CF3, w) -haloalkyl, X)
- hal oal koxy, 30y) -Cl1 _10 alkyl, z) -C2-10 al kenyl, aa)

wo ana07ed kynyl , ab) -Cl 10 al kyl ene-aryl, ac)PCETZUSZ09/036333

al kyl ene-heteroaryl, and 5ad) -heteroaryl, wherein

al kyl, al kenyl, al kynyl, aryl, heteroaryl, and
cycl oal kyl groups are optionally substituted 1-4 tines
with a group independently selected fromRc ; 10 Rc is
sel ected fromthe group consisting of: a)

- hal Og%[broetﬁrl ﬁﬂécﬁ&ylcycloalkyl -fuse@):ycl@zﬂkﬂil@DyY,, fukbdl)

-cyano, e) -Cl 4 alk¥ll -0-C1_4 al ) -0-CF3,
h) " - coxalekxlgteroppl,)-Tusgd 89‘610@&$1VW§’1 ‘]“9dy 3

heterocyclylheteroaryl, wherein

G is optionally substituted 1-4 times with substituents independently

selected from R?, wherein R’ is selected from R,

Rings B and C are optionally substituted 1-4 times with substituents independently

selected from the group consisting of R”;

R" is selected from the group consisting of:

a) -hydrogen,

b) -S(O)m R,

c) -S(0)0R’,

d) -S(0).NRR®,

¢) -C(O)R,

f) -COsR’,

g) -C(ONR'R",

h) -haloalkyl,

i) -cycloalkyl,

j) -heterocyclyl,

k) -Ci.0 alkyl,

) -Cy-10 alkenyl,

m) -C,.o alkynyl,

n) -aryl,

0) -heteroaryl,

p) -Cii0 alkylene-aryl,

q) -C,.10 alkynylene-aryl,

r) -Ci.i alkylene-heteroaryl,
s) -C,.10 alkynylene-heteroaryl, and
t) -C(R'R®) -aryl,
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k) -Cl_4 al kylene-aryl, 1) -hydroxy, nm -CF3, 25n)
- hal oal kyl , 0) -haloalkoxy, p) -0-aryl, Q)

\Voh@mﬂtnaryl r) -heteroaryl ene-Cl10al kyl, 30shCT/US2009/036333

-heterocyclyl, t) -02-CG _10 al kyl, u) -02-G _10

al kyl -aryl, v) -fused aryl cycl oal kyl, w)

-al kynyl ene- heteroaryl, 5x) -al kylene-aryl, vy)

-al kynyl ene-aryl, z) - nitro, aa)

-N(H) -C(0)-Ci _6-alkyl, and bb) -S-G _6-alkyl; 10 Rd

andviReciafakyl, rmi&mgm deghlly aS€ Ilﬁcar@cqchyn diRrdriegy g bdiPycloalkyl

consisting of: hydro Cl 10 alkyl, C2-10 al kenyl

C2 giwpwapewgﬂonaléy éwtégrw 1- 4T@esmtha4 gipup ﬁéieeweaféy rejected

ar%knnﬁgteroaryl and heterocyclyl wher ei n al kyl ,

al kenyl, "al kynyl, cycl oal kyl , aryl, het er oaryl ,

het erocyclyl groups are optionally substituted with
our_ substituents

R® is seﬁected Frorn the group consisting of:

a) -cycloalkyl,

b) -cyano,

¢) -ORY,

d) -NO,,

¢) -halogen,

f) -S(O)mR",

g) -SR¢,

h) -S(0);0R’,

i) -S(O).NRRS,
j) -NRUR,

k) -O(CR'R®),NR!R®,
) -C(O)RY,

m) -CO;R’,

n) -CO,(CR"R®),CONR‘R®,
0) -OC(O)RY,

p) -C(ONR‘R®,

qQ) -NRYC(O)R®,

r) -OC(O)NRRS,
s) -NRYC(O)ORS,
t) -NRYC(O)NR!R®,
u) -CF;,

v) -OCFs;,

w) -haloalkyl,

x) -haloalkoxy,

y) -Ci.10 alkyl,
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15i ndependently selected fromRc ; or Rd and Re
together with the atons to which they are attached

WO a0opitan7iet er ocyclic ring of 5 to 7 menbers coP@HUS200%036333

0-2 additional heteroatons independently selected from
oxygen, sul fur and nitrogen and optionally substitued
wth 1-3 tines with Rc, 20Rf and Rg are independently
selected fromthe group consisting of: hydrogen, Cl1_10
al kyl, cycloal kyl, -G _iOal kyl ene-cycl oal kyl ,
zcalChoxytkedmd aryl, wherein alkyl, cycloal kyl, and
aryl groups are optionally substituted with one to
pukauemyluent s i ndependently sel ected from Rc; or
_and er wwth the carbon to which they are
gﬁ)t g&'hoe@g}f%r?e?nﬁgﬂri ng of 5 to 7 nenbers containing 0-2
hot-€r patloytenc2iiterdeyedent | y sel ected from oxygen,
s(slnéur and nitrogen optionally substitued with 1-3
POTBECEN Re; mis an integer from1 to 2; nis
an integer from1l to 10; and 30p is an integer fromO
to 2. WD 2009/ 111700PCT/ US2009/ 036333 28. A
phavimace utkyt alkcophpbynyl, aryl,dotepedrsgl, myl cyaladiom grogs efe
Formula (1.): R40R Fo la.(l) or a pharmaceytical
accept alﬂ&)&%}ga&& SU‘FF{‘E‘P%&H ’-f mg}gg gllth al:grglg) n epenlc'ientf:y seie%ted from
-(CH2) p-iG:._LI _&5 wherein LI is selected fromthe

group consisting of: a direct bond, -CH2-5-0-5
-N(R16)-5 -C(0)-5 -CON(R16) _5 N(R16)c(0)_5 NRi6)s

c.=2 N(R16)-5.15-C(0)-0-5 -0-C(0)-5 -S-5
R71s %‘E‘gﬂt%%gé%ej ér-ogg?'gﬂ%ls}%é ' 3/\,her ein R’Cg i)s sel ect ed

framn tHhegghoup consi sting of: -hydrogen, -alkyl, -
ar ybl), _a-n?illé(,yl ene-aryl ;

c) -carboxy,

d) —cyano,

e) -Ci4alkyl,

f) -0-Ci4 alkyl,

g) —O-CF;,

h) -cycloalkyl,

1) -O-cycloalkyl,

J) -aryl,

k) -Ci.4 alkylene-aryl,

) -hydroxy,

m) -CF;,

n) -haloalkyl,

0) -haloalkoxy,

p) -O-aryl,

q) -heteroaryl,

r) -heteroarylene-C,. ¢ alkyl,

8) -heterocyclyl,
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G is selected fromthe group consisting of:

al kynyl ene, aryl ene, heteroaryl ene, 20fused
waeopbgyiohoal kyl ene, fused cycl oal kyl aryl ene, fBGEUS2009/036333

cycl oal kyl het eroaryl ene, fused heterocyclyl aryl ene,

and fused heterocyclyl heteroaryl ene, wherein A is

optionally substituted 1-4 tinmes wth substituents

i ndependently selected fromRl, wherein Rill) is R D

25 & is selected fromthe group consisting of: -aryl,

- hay er©@y-igh 1, atifyised aryl cycl oal kyl, -fused

cycl oal kyl aryl , -fused cycl oal kyl heteroaryl, -fused

heﬂ@rd@?tpywéw@ﬂﬁﬂdnd -fused heterocycl yl heteroaryl,

wherei ' hopally substituted 1-4 tinmes with
sugbstﬁ?ﬁ%ﬁ#gygﬁggggndentIy selected fromR', 5wherein

RH ws—-8kiyl&le-hctersmtyect ed from t he group consi sting

of : - - R125 - C(0) NH25 - C(0) NHR125 - tetrazol e,
and0a§§%§k@%@W’re, wherein 10R12 is selected fromthe

grng_QﬁgﬁhékL jof: -C1_10 al kyl, -cycloalkyl, and
-aryl, erein 2 is optionally substituted 1-4 tines
wi tZ) anigmooup i ndependently selected fromRc; R2 is

sel ect f he .group, consi sting of: -hydrogen
i a|aﬁ§r§81)b‘;@y 1;6'@1%3{)&‘%& kyl, - 15al kyl ene-cycl oal kyl ,
anc) H-kyl-angt;phenyl, wherein al kyl, phenyl, and

cycl oal kyl groups are optionally substituted 1-4 tines
with a group independently selected fromRc ; R3 is

R¢ al%glf_?%e? %Qé@@ﬁl?&éfﬁe%ﬁ?éf}rogﬁ I‘;]hseeérgl% godnsis{igén Eﬁghr%ir(ﬁg}%argﬁm alkyl,
I ndepgatenyl v, sellealygdytioalityt, e, ghikyilene@ysioalkyn arydf het@oaryl,

di rect bond, 25-CH2-5 -0-, -N(R26)-5 -C(0)-5
_ cand freotsyocs clyerizsgicethy L 5 keny Ry tdngyeboafkyd, aryl, heteroaryl,

heterocyclyl groups are optionally substituted with one to four substituents
independently selected from R¢ ; or R® and R® together with the atoms to which
they are attached form a heterocyclic ring of 5 to 7 members containing 0-2
additional heteroatoms independently selected from oxygen, sulfur and nitrogen

and optionally substitued with 1-3 times with R,

R" and R® are independently selected from the group consisting of: hydrogen, C1.1o alkyl,
cycloalkyl, -C,.10 alkylene-cycloalkyl, -carboxy, and aryl, wherein alkyl,
cycloalkyl, and aryl groups are optionally substituted with one to four substituents
independently selected from R¢; or R' and RE together with the carbon to which
they are attached form a ring of 5 to 7 members containing 0-2 heteroatoms
independently selected from oxygen, sulfur and nitrogen optionally substitued

with 1-3 times with R,
m is an integer from 1 to 2;

n is an integer from 1 to 10; and

p is an integer from 0 to 2.

217



N(R26) C(0)0-5 -0C(0) N(R26) -5 - N(R26) S02-5 - SO2N( R26) - 5
-C(0)-0-5 0-C(0)-5-S5-50)-5-5(0)2-5 and

WO NOR26)7BD2N( R27) -5 wherein R26 and R27PEF/ES2009/036333
i ndependently selected fromthe group consisting of:
hydr ogen, -alkyl, -aryl, and -al kyl ene-aryl, wherein
R26 and R27 are 30optionally substituted 1-4 tines
with Rc, or R26 and R27 are taken together with the
atons to which they are attached to forma
heterocyclic ring of 5 to 7 nmenbers containing 0-2
addi tional heteroatons independent|y selected from
oxygen, APhyBlesHtical@nNgsIien COBPPSINE: sel ect ed from t he
group consisting of: a direct bond, Cl_10 al kyl ene,
C2-10 al kenyl ene, and C2_10 al kynylene, G3 is sel ected
from t hea @ngupnd ofiBosdulad).of : - aryl ene,
-cycl oal kyl ene, -heterocyclylene, -heteroaryl ene,
-fused aryl cycl oal kyl ene, -fused 10cycl oal kyl aryl ene,
-fused cycl oal igyl heteroaryl ene, -fusgd R
heterocyclylarﬂ ene, and -fused

t

heterOCécIthe eroaryl ene, is optlionally
substit I mes” i h [ ndent |y
sel ected f ‘ it NFfrom R, 15G4
is selected frémthie gBoup cohsi gting oft -aryl,

-cycl oal kyl - het gr oaryl ,r2- f used

aryl cyc 8 3 -fused

cycl oal kyl heteroaryl, -fused heterocyclylaryl, and

-fused heterocycl yl het erfamyla (Inwherein G4 is
optionally substituted 1-4 tines with substituents
i ndependently 20sel ected fromR9, wherein RI is

or aHh BRI e 19T RpRibl RlaldferBo el € optional ly

ubstituted 1-4 times wth substituents independently
selected fromthe group consisting of Rip; 25Ra is

. se ed;fn t he group consisting of: a) -hydrogen,
R lsbyk%%roﬁrf&ﬁgi,y’ &heredy gy 20Rd,

L' is selected from the group consisting of: a direct bond, -CH,-, -O-, -N(R16)-,
-C(0)-, -CON(R'®)-, -N(R'))C(0)-, -N(R'*)SO;-, -SO,N(R'%)-,
-C(0)-0-, -0-C(0)-, -S-, -S(0)-, -S(0),-, and -C=C-, wherein
R'® is selected from the group consisting of: -hydrogen, -alkyl, -

aryl, -alkylene-aryl;

G' is selected from the group consisting of: alkynylene, arylene, heteroarylene,
fused arylcycloalkylene, fused cycloalkylarylene, fused
cycloalkylheteroarylene, fused heterocyclylarylene, and fused
heterocyclylheteroarylene, wherein G' is optionally substituted 1-4 times with
substituents independently selected from R'®, wherein

RY s R",
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d) -S(0)mM\Rd Re, 30e) -C(O)Rd, f) -CO2Rd, g) -C(0)NRd
Re, h) -haloalkyl, i) -cycloal kyl, 5j) -heterocyclyl,
Wo 200911700 al kyl, 1) -C2-10 al kenyl, m - C2_10PGil/K§2999/036333

n) -aryl, 100) -heteroaryl, p) -Cl_10 al kyl ene-aryl,

q) -C2_10 al kynyl ene-aryl, r) -C1_10

al kyl ene-heteroaryl, s) -C2_10 al kynyl ene-heteroaryl,

and 15t) -C(Rf Rg),i-aryl, wherein al kyl, al kenyl,

al kynyl, aryl, heterocyclyl, heteroaryl, and

cy aiogkKydte@fiotinsc afcpephdistigl dfy -ayhshidtérotst -fsdd ti Nes

W th a roup i ndependentli sel ected fromRc

rylcycloalkyl, -fused cycloalkylaryl, -fused cycloalkylheteroaryl -fused

heterocyclylaryl, and -fused heterocyclylheteroaryl, wherein G* is optionally
substituted 1-4 times with substituents independently selected from R,
wherein

R"isR",

R' is selected from the group consisting of: -CO,H, -CO,R"?, -C(O)NH,, -C(O)NHR'?, -
tetrazole, and acid isostere, wherein
R'? is selected from the group consisting of: -C\_j, alkyl, -cycloalkyl, and -aryl,
wherein R'? is optionally substituted 1-4 times with a group independently

selected from R";

R”is selected from the group consisting of: -hydrogen, -alkyl, -phenyl, -cycloalkyl, -
alkylene-cycloalkyl, and -alkylene-phenyl, wherein alkyl, phenyl, and cycloalkyl
groups are optionally substituted 1-4 times with a group independently selected from

R®;
R? is selected from R*;
R*is selected from R* ; and

R’ is -G*-L*-Q*-L*-G", wherein
L?and L? are independently selected from the group consisting of: a direct bond,
—CH,-, -O-, -N(R*)-, -C(0)-, -CON(R*)-, -N(R**)C(0)-, -N(R**YCON(R"")-,
N(R**)C(0)0-, -OC(O)N(R*)-, -N(R**)SO;-, -SO;N(R?*)-, -C(0)-0-,
-0-C(0)-, -S-, -S(0)-, -S(0),-, and -N(R*>)SO,N(R*")-, wherein
R” and R*" are independently selected from the group consisting of:
hydrogen, -alkyl, -aryl, and -alkylene-aryl, wherein R*® and R*” are

optionally substituted 1-4 times with R¢, or R*® and R’ are taken
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20Rb is selected fromthe group consisting of: a)
-cycl oal kyl, b) -cyano, c) -ORd, d) -N®2, 25e)
WO b@bo g f) -S(0)mRd, g) -SRd, h) PCT/US2009/036333
- S(0) 20Rd, i) -S(0)mM\Rd Re, 30j) -NRd Re,
k) -O(CRf Rg)"-NIRd Re, 1) -C(O)Rd, m -CO2Rd, n)
-0Q2(CRf Rg)"CONRd Re, 50) -0C(0)Rd, p
-C(O)NRd Re, q) -NRd C(O)Re, r) -0C(0)NRd Re,
s) -NRd C(0)ORe, 10t) -NRd C(O)NRd Re, u) -CF3,
together with the atoms to which they are attached to form a

heterocyclic ring of 5 to 7 members containing 0-2 additional

heteroatoms independently selected from oxygen, nitrogen, and sulfur;

Q’ is selected from the group consisting of: a direct bond, C_1 alkylene, Cy-10

alkenylene, and C,_j alkynylene,

G’ is selected from the group consisting of: -arylene, -cycloalkylene,
-heterocyclylene, -heteroarylene, -fused arylcycloalkylene, -fused
cycloalkylarylene, -fused cycloalkylheteroarylene, -fused heterocyclylarylene,
and -fused heterocyclylheteroarylene, wherein

G’ is optionally substituted 1-4 times with substituents independently

selected from R®, wherein R® is selected from R,

G is selected from the group consisting of: -aryl, -cycloalkyl, -heterocyclyl,
-heteroaryl, -fused arylcycloalkyl, -fused cycloalkylaryl, -fused
cycloalkylheteroaryl, -fused heterocyclylaryl, and -fused
heterocyclylheteroaryl, wherein

G is optionally substituted 1-4 times with substituents independently

selected from R?, wherein R’ is selected from R,

Rings B and C are optionally substituted 1-4 times with substituents independently

selected from the group consisting of R”;

R" is selected from the group consisting of:
a) -hydrogen,
b) -S(O)m RY,
c) -S(0),0R’,
d) -S(0)uNR!R®,
¢) -C(O)R’,
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v) -0CF3, w) -haloal kyl, x) -haloal koxy, 15y) -G _io
al kyl, z) -C2-10 al kenyl, aa) -C2_10 al kynyl, ab)

wo ana07ed kyl ene-aryl, ac) -Cl_10 al kyl ene- het BETHR2009/036333

and 20ad) -heteroaryl, wherein al kyl, alkenyl,

al kynyl, aryl, heteroaryl, and cycl oal kyl groups are
optionally substituted 1-4 tines with a group

i ndependently selected fromRc ; 25 Rc is sel ected
fromthe group consisting of: a) -hal ogen,

b) -canikfio, c) -carboxy, 30d) -cyano,

e) -G _4 alkyl, f) -0-C _4 alkyl, g) -0-CF3,

aﬁ -CEOBYRakkyl , 5i) -0-cycl oal kyl ,

h) -haloalkyl,

1) -cycloalkyl,

j) -heterocyclyl,

k) -Cj.jo alkyl,

1) -Cy-10 alkenyl,

m) -Cy 9 alkynyl,

n) -aryl,

0) -heteroaryl,

p) -Ci.10 alkylene-aryl,

q) -Cu.10 alkynylene-aryl,

r) -Cj.10 alkylene-heteroaryl,

8) -Cy.10 alkynylene-heteroaryl, and

t) -C(R'R®)y-aryl,
wherein alkyl, alkenyl, alkynyl, aryl, heterocyclyl, heteroaryl, and cycloalkyl
groups are optionally substituted 1-4 times with a group independently selected

from R¢;

R” is selected from the group consisting of:

a) -cycloalkyl,
b) -cyano,

¢) -ORY,

d) -NO,,

¢) -halogen,

f) -S(O)m R,

g) -SRY,

h) -S(0),0R",

i) -S(0)mNR?R,
j) -NRURS,
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j) -aryl, k) -Cl1_4 al kylene-aryl, 1) -hydroxy, m
-CF3, 10n) -halo al kyl, o) -haloal koxy, p) -0-aryl, Q)

WO b@vatoeryl, r) -heteroarylene-C _10 al kyl, 1BG)/US2009/036333

-heterocyclyl, t) -002-G _10 alkyl, u) -02-CG _10
al kyl -aryl, v) -fused aryl cycl oal kyl, w)

-al kynyl ene- heteroaryl, 20x) -al kylene-aryl, vy)
-al kynyl ene-aryl, z) - nitro, aa)
-N(H)-C(0)-CG _6-alkyl, and bb) -S -C 1_6-al kyl;

k) -O(CR'R®),NRR®,

) -C(O)R’,

m) -CO;R’,

n) -CO,(CR"R®),CONR‘R®,
0) -OC(O)RY,

p) -C(ONR‘R®,

qQ) -NRYC(O)R®,

r) -OC(O)NRRS,

s) -NRYC(O)ORS,

t) -NR® C(O)NRYR®,

u) -CF;,

v) -OCFs;,

w) -haloalkyl,

x) -haloalkoxy,

y) -Cio alkyl,

z) -Cy-10 alkenyl,

aa) -C,.1o alkynyl,

ab) -C,_jo alkylene-aryl,

ac) -Cy_jo alkylene-heteroaryl, and
ad) -heteroaryl,

wherein alkyl, alkenyl, alkynyl, aryl, heteroaryl, and cycloalkyl groups are
optionally substituted 1-4 times with a group independently selected from

R®;

R¢ is selected from the group consisting of:

a) -halogen,
b) -amino,
c) -carboxy,

d) —cyano,
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25 Rd and Re are independently selected fromthe group
consi sting of: hydrogen, Cl1 10 al kyl, C2-10 al kel lyl,

w@2200201abkynyl , cycl oal kyl, -Co al kyl ene-cycl oBCkKYE2009/036333

aryl, heteroaryl, and heterocyclyl, wherein alkyl,

al kenyl , al kynyl, cycloal kyl, aryl, heteroaryl,

het erocyclyl groups are optionally substituted with
one to four substituents 30i ndependently sel ected from
Rc ; or Rd and Re together with the atons to which
they arg altylached forma heterocyclic ring of 5 to 7
menbers contai ning 0-2 additional heteroatons
inéépéﬁﬂéﬂ@ﬂ?dselected from oxygen, sul fur and
niEﬁo%?Qj%nd optionally substitued with 1-3 tinmes with
Rc,”’5 and Rg are independently selected fromthe

gr dyp-ayoleaikst,i ng of : hydrogen, Cl1_10 al kyl,

cycl oal kyl,, -Cl1 _10al kyl ene-cycl oal kyl, -carboxy, and
ary$,§5ﬁ¥¢8¢ﬁyﬁlkyl, cycl oal kyl, and aryl groups are
optjogg&ﬂy substituted with one to four substituents

i ndependently selected fromRc; or Rf and Rg together
wi th) tGie atlgrlberaryly whi ch they are attached forma ring
of_1 to .7 nenbers containing 0-2 heteroatons

10i déﬁgﬁgghtly sel ected from oxygen, sul fur and

ni thpgem, optional |y substitued with 1-3 tinmes with Rc;
mis an integer from1l to 2; nis an integer from
1 to dwloallsh is an integer from0 to 2;and a

ph%ﬁ”ﬂ%ﬁ%ﬁ&ﬁ%lly acceptable carrier or diluent.

p) -O-aryl,

q) -heteroaryl,

r) -heteroarylene-Cy_qalkyl,
8) -heterocyclyl,

t) -CO,-Cipalkyl,

u) -CO,-Cy o alkyl-aryl,

v) —fused arylcycloalkyl,
w) —alkynylene-heteroaryl,
x) —alkylene-aryl,

y) —alkynylene-aryl,

z) - nitro,

aa) -N(H)-C(0)-C, ¢-alkyl, and
bb) -S-C,6-alkyl;

R¢ and R® are independently selected from the group consisting of: hydrogen, Cy_¢ alkyl,

Cy-10 alkenyl, C, 1 alkynyl, cycloalkyl, -C, ¢ alkylene-cycloalkyl, aryl, heteroaryl,
and heterocyclyl, wherein alkyl, alkenyl, alkynyl, cycloalkyl, aryl, heteroaryl,
heterocyclyl groups are optionally substituted with one to four substituents

independently selected from R¢ ; or R® and R® together with the atoms to which
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they are attached form a heterocyclic ring of 5 to 7 members containing 0-2
additional heteroatoms independently selected from oxygen, sulfur and nitrogen

and optionally substitued with 1-3 times with R,

R" and R® are independently selected from the group consisting of: hydrogen, C1.1o alkyl,
cycloalkyl, -C, ¢ alkylene-cycloalkyl, -carboxy, and aryl, wherein alkyl,
cycloalkyl, and aryl groups are optionally substituted with one to four substituents
independently selected from R¢; or R' and RE together with the carbon to which
they are attached form a ring of 5 to 7 members containing 0-2 heteroatoms
independently selected from oxygen, sulfur and nitrogen optionally substitued

with 1-3 times with R";
m is an integer from 1 to 2;
n is an integer from 1 to 10;

p is an integer from 0 to 2;and

a pharmaceutically acceptable carrier or diluent.
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