Oxadiazoanthracene Compounds for the Treatment of Diabetes BACKGROUND OF THE INVENTION
5The present invention provides oxadiazoanthracene derivatives, compositions comprising
oxadiazoanthracene derivatives, use of the oxadiazoanthracene derivatives for the preparation of
phaimaceutid&Pes#pppbsitibns and methods of use thereof for the treatmeR(GHEL28#9II&Ntion of
disorders and diseases wherein modulation of the human GLP-I receptor is beneficial. 10Type Il
diabetes mellitus is a metabolic disorder where disease progression may be characterized by
peripheral tissue insulin resistance, hyperglycemia, islet b-cell compensation, hyperinsulinemia,
dyslipidemia, increased liver gluconeogenesis and ultimate loss of b-cell mass and function. The

pathophysiological conggguengesahaberrant iceseand TRidmetiahalsmLaie toxicity to organs such
as, but not limited to, 15 the kidney, eye, peripheral neurons, vasculature and heart. Thus, there is a

medical need for agents that may delay disease progression by improving glycetnic control and b-cell

mass and function. Glucagon-likgspeptidec (Gbyi)rig @ mmemierokthe incretin family of
neuroendocrine peptide hormones secreted from L-cells of the intestine in response to 20food

ingestion. GLP-1 has multiple metabolic effects that are attractive for an anti- diabetic agent. A key
functiors of GLP-1 &htpastvaievitstiecentorccbRdiRpanithe gpanicrdatit &; celmeatibance

glucose-dengdent. syl seqietion. Rositve metabolie fenefts of GLE.L may e ut are ot
limited to, suppression of excessive glucagon production, decreased food intake, delayed gastric

emptying, athd mw@}n@ﬁpb&@@@dbéﬁmmmmﬂimmﬁ@mewpoﬁimél@f@&t@bﬁi@ LP-1 on b-cell
mass and fupgtigmoffers the-bane hatfEbRelshagefhsaRes ey driau sasbsiads disease

progression. In addition, a'GLP-1 agonist could be useful in combination therapies such as with insulin
in patients WitlPtygecrfigeteaicOrifdrtunately, the rapid proteolysis of GLP-1 into an inactive
metabolite limits its use as a therapeutic agent. . . Validation of GLP-1R agonists as a therapeutic
modanké was achiVaH thy EYRRRIHCH i o AAF R A AT I SIS RO S BB gRte GLP-1
receptor agonidiaiecenttyddppperighefar fhaitraatihe nistiabypehiidiaheiaesi maliiiscfosing of Exendin-4
by subcutanequs ad{pirqi%tration I?wers blaoc%ﬁl ucose and d s HbAI ¢ levels, which 5 are

important biOMArkar measdrements o]radlgéaggeé%%ln rgll“.m:f‘ See‘rae rc?%?gqa%c%?%?%f%ﬁaﬁié{ceptor agonist
should providensgieclensiofdonttbinasileidfferptigrthdloopatbaidyee ot ordcdasiggnces of
aberrant glucose and lipid metabolism are toxicity to organs such as, but not limited to,
15  the kidney, eye, peripheral neurons, vasculature and heart. Thus, there is a2 medical need
for agents that may delay disease progression by improving glycemic control and b-cell

mass and function.

Glucagon-like peptide-1 (GLP-1) is 2 member of the incretin family of

newroendocrine peptide hormones secreted from L-cells of the intesting in response to

20  food ingestion. GLP-1 has multiple metabolic effects that are attractive for an anti-
diabetic agent. A key function of GLP-1 is {o activate its receptor, GLP-1R, on the
pancreatic b-cell to enhance glucose-dependent insulin secretion. Positive metabolic
benefits of GLP-1 may include, but are not limited to, suppression of excessive glucagon
production, decreased food intake, delayed gastric emptying, and improvement of b-cell

25 mass and function. The positive effects of GLP-1 on b-cell mass and function offers the
hope that GLP-1-based therapies may delay carly stage discase progression. In addition,
a GLP-1 agonist could be useful in combination therapies such as with insulin in patients
with type 1 diabetes. Unfortunately, the rapid proteolysis of GL.P-1 into an inactive

metabolite limits its use as a therapeutic agent.



GLP-IR belongs to the class B receptor sub-class of the G protein-coupled receptor (GPCR)
superfarnily that regulates many important physiological and 10 pathophysiological processes. In
addition to the seven transmembrane domains characteristic of all GPCR family members, class B
GPCRs contain a relatively large N-terminal domain. It is believed the binding and activation of these
receptors by relatively large natural peptide ligands require both the N-terminal domain and the
transmembrane domain of the receptor. In particular, class B GPCRs have proven difficult for the
15identification 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 GLPVeRdatithn efalibidd aikzdility ave thighpewesitedafhevpresaitsavgntion describes a
class of co 1R, 20 SUMMARY The pre isclosure relates to

com pound?gf%gr%ﬁgg(%%@gfg% rqr;#a%éau |g§ﬁ§§§%¥éﬁ§f%gé&§éﬁ?’g§g?e’elc‘)r}?'?nreeﬁ?%)g &Mifising the use
of compoundeceftiappiaved faotle 28ptmeeh at Eutically dugeptadlishsal Dibengafl Fortdmpreparation of

| pharmaceutmcﬁ%&%iai&aéﬁéﬁ%ﬂ%ﬂqév@amﬁéﬁgﬁb&yéﬁdoofgféyﬁg%ﬂ% giformulafl) . ora

pharmaceutically acceptable salt thereof, for the treatment and/or prevention oF disorders and
diseases, arfdSIRRATIARRINERI EIHssHEoReEDIvTRISHEr compdusrofdstmmuitaall TL8r h
phaimaceuticalytaceentablasalt Wﬂ@fuly%ﬁﬁéqj&ﬁoﬁv}gle%@n@%l&%n%im Ro.81F as herein
described. . The present disclosure further relates to intermediates useful, for example, in 5 the
synthesis ofc&jgi‘ﬂ%‘ounds of formula (). In a first aspect, there is provided a compound of Formula (I):
Formula (1)

GLP-1R belongs to the class B receptor sub-class of the G protein-coupled
receptor (GPCR) superfamily that regulates many important physiological and
10°  pathophysiological processes. In addition to the seven transmembrane domains
characieristic of all GPCR family members, class B GPCRs contain a relatively large N-
terminal domain, Tt is believed the binding and activation of these receptors by relatively
large natural peptide ligands require both the N-terminal domain and the transmembrane
domain of the receptor. In particular, class B GPCRs have proven difficult for the

15 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-IR.

20
SUMMARY

The present disclosure relates to compounds of formula (I), or a pharmaceutically
acceptable salt thereof, methods comprising the use of compounds of formula (1) , or a
25  pharmaceutically acceptable salt thereof, for the preparation of pharmaceutical
compositions, methods comprising the use of compounds of forruia () , or a
pharmaceutically acceptable salt thereof, for the treatment and/or prevention of disorders
and diseases, and pharmaceutical compositions comprising compounds of formula (1), or

a pharmaceutically acceptabie salt thereof,,



wherein 10R is -(CH2)p-G1-1,1-G2, wherein L1 is selected from the group consisting of: a direct bond,
-CH2-, -0-, - -0(0)-, -CON(R16)-, -N(R16)C(0)-, -N(R16)S02-, -SO2N(R16)-, -C(0)-0-, -0-0(0)-, -S-,
-S(0)-, -S(0)2-, and -0=-C-, wherein 15R16 is selected from the group consisting of: -hydrogen, -alkyl,
-aryl, -alkylene-aryl; 01 is selected from the group consisting of: alkynylene, arylene, heteroarylene,
fused arylcycloalkylene, fused cycloalkylarylene, fused 20cycloallcylheteroarylene, fused
heterocyclylarylene, and fused heterocyclylheteroarylene, wherein 01 is optionally substituted 1-4
times with substituents independently selected from R1, wherein R1I1 is Rb, 2502 is selected from the
group consisting of: -aryl, -heteroaryl, -fused arylcycloalkyl, -fused cycloalkylarA, -fused
cycloalkylheteroaryl, -fused hetepocyclylaryl, and -fused hetegocyclylheteroaryl, wherein G2 is
optionally substituted 1-4 timesi/ith substituents independe tIy selected from RI I, wherein RIl is RIE,
i [ L-C(0)bTHZ, -C(O)NER12, tet-azole, and
ofj<C1- 1 alkyl, -cycloalkyl, and aryl

selected from the group consisting of hydroge , phenyl, -gycloalkyl, - alkylene- cycIoaIkyI and
-alkylene-phenyl, wher‘gg alk : grchp§3are optionally %l)bstltuted 1-4 times with
a group independently selected from It’;

wherein A, B, C, R, rRL RE R RYand R are as herein described.

The present disclosure further relates to intermediates useful, for example, m

5 the synthesis of compounds of formula (I).



15 Rs is selected from RE; R4 is selected from RE; and 20 R5 is -G3-L2-02-L3-04, wherein L2 and Ls
are independently selected from the group consisting of a direct bond, -C112-,-MR26)-, -0(0)-,
-CON(R26)-, -N(R26)C(0)-, -N(R26)CON(R27)-, -N(R26)C(0)0-, -0C(0)N(R26)-, -N(R26)302-,
-SO2N(R26)-, -C(0)-0-, 0-0(0)-, -S-, -S(0)-, -S(0)7-, and -N(R26)S02N(R27)-, wherein R26 and R27
are independently selected from the group consisting of hydrogen, -alkyl, -aryl, and -alkylene-aryl,
wherein'R26 and R27 are optionally substituted 1-4 times with RE, or R26 and R.27 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 30heteroatoms independently selected from oxygen, nitrogen, and sulfur; Q2 is selected
from the group consisting of: a direct bond, C3.10 alkylene, gﬁg-lo E}Ik Slyiene, and C2.40 alkynylene,
(33 is selected fréﬁ%ﬁ&bﬁ‘ﬁﬁﬁ%ﬁﬁé&‘tﬁ@%’?@%?l8??8?%\‘7:%8 STEhé, @-‘heterocyclylene,
-heteroarylene, -fused arylcycloalkylene, -fused cycloalkylarylene, -fused cycloalkyllieteroarylene,
-fused heterocyclylarylene, and -fused heterocyclyilieteroarylene, wherein (33 is %‘Eﬂﬁﬂ%@ substituted
1-4 times with substituents indepgndently selected from R8, wierein B¥sis selected from Rb, 10 G4 is
selected from the group consisting of: -aryl, -cycloalkyl, -hetergicyclyl, -héteroaryl, -fused
arylcycloalkyl, -fused cygloalkylagyl, -fused ﬂ -fuseﬁ\;aterocyclylaryl, and -fused
heterocyclylheteroaryl, w ; N R

5 R

whersin
10 Ris ~(CH)y-G-L-G?, wherein

L' is selected from the group cc_msisting of: a direct bond, ~CHj-, -O-, -NR®.,
-C(O}-, -CON(R'®)-, -N(R)C(0}-, -NR®)SO,-, -SON(R'S)-,
-C(0}-0-, -O-C(O}-, -5-, -8(0)-, -S(O)-, 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 aryicycloalkylene, fused cycloalkylarylene, fused |

20 cycloalkylheteroarylene, fused hcte:rolcyclylarylcne, and fused
heterocyclylheteroarylene, wherein Gf 1s optionally substituted 1-4 times with
substituents independently selected from R®, wherein |

RYis R,

25 G is selected from the 'group consisting of: -aryl, -heteroaryl, -fused

aryicycioalkyl, -fused cycloalkylaryl, -fused cycloalkylheteroaryl, -fused

‘heterocyclylaryl, and -fused heterocyclyiheteroaryl; wherein G* is optionally
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15G4 is optionally substituted 1-4 times with substituents independently selected from R9, wherein BY
Is selected from Rb, Rings B and C are optionally substituted 1-4 times with substituents
independently selected from the group consisting of R1'; 20 B? is selected from the group consisting
of: a) -hydrogen, b) -S(0)",, Rd, c) -S(0)20Rd, 25d) -S(0),,ad e) -C(0)Rd, f) -CO2Rd, g)
-C(0O)NRd h) -haloallcyl, 30i) -cycloalkyl, j) -heterocyclyl, k) -C1.10 alkyl, I) -C2-10 alkenyl, m)
-C2;10 alkynyl, n) -aryl, :

substitited 1-4 times with substiments independently selected from R\,
wherein

RM is R",

5 R!is selected from the group consisting of: -CQO,H, -COsz, -C(O)NH,, -C(O)NHRY, - -
tetrazole, and acid isostere, wheremn
R is selected from the group conéisting of: -Cj.0alkyl, ~cycloalkyl, and -aryl,
wherein R is optionally substituted -4 times with a group independently

' selected from RS
10 o | :
R%is selecfed from the group consisting of: -hydroglen, -allcyl, -phenyl, -cycloalkyl, -
alkylene-cycloalkyl, ~and -alkylene-phenyl, wherein alkyl, phenyl, and cycloaliyl
gréups are optiionally substituted 1-4 times Witil a group indei)endenﬂy selected from
R . . _
15

R® is selected from R
R*is selected from R® : and

20 R’is—G-L-Q*L*-G*, wherein
| L*and L* are independently selected from the group consisﬁng of: a direct bond,
~CHzr, -O-, N®R*)-, -C(0)-, -CONR™)-, -NR*)C(O)-, -NR*)CONR™),
NER*)C(0)0-, -OC(OINR)-, NR*)S05-, -SONRS)-, -C(0)-O-,
-0-C(0)-, -S-, -S(O)-, -S(O)z-, and NR¥)SO,N(R*")-, wherein
25 R* and RY are independently selected from the group consisting of:
hydrogen, -alkyl, -arj'fl, 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
heterocychic ring of 5 .to_7 members containing 0-2 additional

30 * beteroatoms independently selected from oxygen, nitrogen, and sulfur;
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o) -heteroaryl, 513) -C1-10 alkylene-aryl, g) -C2-10 alkynylene-aryl, r) -C1.10
alk-ylene-heteroaryl, s) -C2;10 alkynylene-heteroaryl, and t) -C(RR)-aryl, 10wherein allcyl,
alkenyl, alkynyl, aryt, heterocyclyl, heteroaryl, and cycloallcyl groups are optionally substituted 1-4
times with a group independently selected from Re ; Rb is selected from the group consisting of: 15a)

-cycloalkyl,

b) -cyano, c) -ORd, d) -NO2, e) -halogen, 20f) -S(0)m Rd, g) -SRd, h) -S(0)20Rd,

i) -S(0)mNRd Re, j) -NRd Re, 25k) -0(CR1 Rg)"NRd Re,

10

15 .

20

25

30

Rings

Q is selected from the group consmtmg of: a direct bond, C; 10 aikylene Co-10
- alkenyiene, and Cy.p alkynylene,

G* s selected from the group consisting of: -arylene, -cycloalkylene,
-heterocyclylene, -heteroarylene, -fused aryleycloalkylene, -fused
- cycloalkylarylene, -fused cycloalicylheteroarylene, -fused heterocyclylarylene,
and -fused hetcrocycly]heteroarylene wherein
G’ is optionally substituted 1-4 times with substmmnts independently selected

from RS wherein R® is selected from Rb

G* is selected from the group consisting of: -aryl, -cycloalkyl, -heterocyclyl,
~hcteroaiy1, ~fused aryicycloalkyl, .—fussd’ cycloalkylaryl, -fused
eycloalicylheteroaryl, -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®,

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)
b)
c)
- d)
e)
6
g)
k)
i)
)
k)

-hydrogen,
-S(0)x RS,
-S(O)},0RY,
-S(0)=NRYR®,
-C(O)RS,
-CO.RY,
-C{OYNR®R®,
-haloalkyl,
-cycloalkvl,
-heterocyclyl,
~Ci.10-alkyl,
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1) -C(O)Rd, = m)-CO2Rd, n) -002(CRf Rg) "CONRd Re, 0) -0C(0)Rd, 30p) -C(0)NRd qg) 4\ad
C(O)Re, r) -OC(0)NRd Re, s)idC(0)0ORe, t) NRd C(0O)NR' Re, u) -CF3, v) -0CF3, w) -haloalkyl, x)
-haloalkoxy, y) alkyl, z) -02-10 allcenyl, aa) -C2.10 alkynyl, 10ab) -C;40 alkylene-aryl, ac) -C140

- alkylene-heteroaryl, and

I} -Cy-1p alkenyl,

m) -Cyqp alkynyl,

n) -aryl, "

0} -heteroaryl,

5 p) -Cro alkylens-aryl,

q} -Cap alkyrylene-aryl,

) ~Ciao aJky]cne—hete;oaryL

s) ~Causo allynyléne-heteroaryl, and

§ -CRROarl, |

10 : whf:rein alkyl, alkenyl, alkynyl, aryl, heterocyclyl, heteroaryl, and cycloalkyl

groups are optionally substituted 1-4 times with a group mdcpendcnﬂy selected
from R®;

R" is selected from the group consisting of:
15 a) -cycloalkyl,
b) -cyanc,
¢) -ORS,
d) -NOs,
e) -haloge
20 f) -S(0) R,
g -SRY,
h) -S(0):0R",
i) -S(O)=NR‘R",
) _NRd RS,
25 k) -O(CR'R®),NR®R®,
1 -COR,
m) -CO.RE, |
n) -CO.(CRR®),CONR®R®,
0) -OC(OIRS,
30 p) -C(O)NRYRS,
q) -NRC(O)RS,
) -OC(ONRER?,
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ad) -heteroaryl, wherein alkyl, alkenyl, alicynyl, aryl, heteroaryl, and cycloallcyl groups are 15optionally
substituted 1-4 times with a group independently selected from ; BY is selected from the group
consisting of: a) -halogen, 20b) -amino, c) -carboxy, d) --cyano, e) -C1_4 alkyl, f) -0-Ci_4 g) -0-CF3, h)
-cycloalkyl, i) j) k) alkylene-aryl, 301) -hydroxy, m) -CF3,

s) -NR’ C{O)OR’,
t) - -NRE C(O)NRR?,
u) -CK,
v) -OCF;, -
5 w) -haloalkyl, =
x) -haloatkoxy,
y) -Ciap alkyl,
- z) -Cop-yp alkenyl,
aa) ~Co.yo alkynyl,
10 ab) -Cy.0 alkylene-aryl,
ac) -Cyyp alkylene-heteroaryl, and
ad) -heteroaryl,

wherein alkyl, alkenyl, alkynyl, aryl, heteroaryl, and cycloalkyl groups are
15 optionally substituted [-4 fimes with 2 group independently selected from
_ _ R

R is selected from the group comsisting of:
| a) -halogen,
20 b) -amino,
¢) -carboxy,
d) ~Cyano,
g) ~Ciqalkyl,
f) -0-Ciyalkyl,
25 gy —O-CHs,
' .h) -cycloalicyl,
i) -O-cycloaliyl,
i) -aryl,
k) -C;s alkylene-aryl,
30 1) -hydroxy,
m) -CF;,
B) -haloalkyl,
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n) -haloalkyl, o) -haloaltkoxy, p) -0-aryl, q) -heteroaryl, r) -heteroarylene-01.10 alkyl, 5s) -heterocyclyl,
t) -002-C1-10 alkyl, u) -002-C1_10 alkyl-aryl, v) -fused arylcycloalkyl, w) -alkynylene-heteroaryl, 10x)
-alkylene-aryl, y) -alkynylene-aryl, z) -that, aa) -N(H)-C(0)-C1.5-alkyl, and bb) -S-C1.6-alkyl; 15 Rd
and Re are independently selected from the group consisting of: hydrogen, C1.10 alkyl, C2-10 alkenyl,
C2_10 alkynyl, cycloalkyl, -C1_10 alkylene-cycloalkyl, aryl, heteroaryl, and heterocyclyl, wherein alkyl,
alkenyl, alkynyl, cycloallcyl, aryl, heteroatyl, heterocyclyl groups are optionally substituted with one to

four o) -haloalkoxy,
p) -O-aryl,
q) -heteroaryl,
r) -heteroaryiene-C;palkyl,
5 _ s) -heterocyclyl,
) -COz-Crypalkyl,
1) -COxCiuy alkyl-aryl,
v) —fused axylcycioalkyl,
W) _—aﬂ{}quien.é-hetéroaryl,

10 x} —alkylene-aryl,

| y) wéﬂcynyicne—a'ryl,
z) - mitro, _
aa) -N(H)-C(0)-Cy.¢-alkyl, and
bb) -5-C;.¢-alkyl;

15 S |

R® and R® are independently selected from the group consisting of hydrb gen, Cr.yg alkyl,

Cem10 alkenyl, Cyye allynyl, cycloalkyl, -Cy.14 alkylene-cycloalkyl, aryl,
heteroaryl, and heterocyclyl, whcr'einralkyl,' alkenyl, alkyxiyl, cycloalkyl, aryl,
heteroaryl, heterocyelyl groups are optionally substituted with oﬁe to four -

200 - ‘substituents independently selected from R° ; or R? and Rtogether 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®, '

25  R'and R® are independently selected from the group consisting of: hydrogen, Cy.;0 alkyl,
cycioalkyl, -Cy.yp 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 R® together with the carbon to which
they are attached form a ring of 5 to 7 members containing 0-2 heteroatoms

30 independently selected from oxygen, sulfur and nitrogen optionally substituted
with 1-3 tfimes with R;
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20substituents independently selected from Re; or Rd and Re 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
Re, 25R1 andRg are independently selected from the group consisting of: hydrogen, CI..10 allcyl,
cycloalkyl, -C1_10 allcylene-cycloalicyl, -carboxy, and aryl, wherein alkyl, cycloallcyl, and aryl groups
are optionally substituted with one to four substituents independently selected from Re; or R1 andRg
together Wigli%%@égpggﬁvhmghey are attached form a ring of 5 to 7 members containing 0-2
heteroatoms 30independently selected from oxygen, sulfur and nitrogen optionally substituted with 1-3
times with Ré&S aﬁﬂ%e&ﬁriﬁf&% erbh 2; nis an integer from 1 to 10; and p is an integer from 0 to 2;
ora pharmgqggﬂig@gg@%g@aﬁ;salt thereof. In a second aspect, there is provided a compound
selected from the group consisting of a compound of Formula (Il) and a compound of Formula (111)
wherein* represents the presence of a stereocenter; R3 is selected from r; R4 is selected from r; and

5 R8 is -03d:2-Rrhadadioshereiaptable salt thereof.

In a second aspect, there is provided a compound selected from the group

consisting of a compound of Formula (II) and a compound of Formula (I11)

oy
O
»
Rs
({15
O
RS

wherein* represents the presence of a stereocenter;
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L2 and L3 are independently selected from the group consisting of: a direct bond, -CH2-, -0-, -N(R26)-,
-C(0)-, -CON(R26)-, -N(R26)C(0)-, -N(R26)00N(R27)-, -N(R26)C(0)0-, su 30214(R26)-, -C(0)-0-,
_0c(0)N(R26)_, 10-S-, -S(0)-, -S(0)2-, and -N(R26)S02N(R27)-, wherein R26 and R27 are
independently selected from the group consisting of hydrogen, -alkyl, -aryl, and -alkylene-aryl, wherein
R26 and R27 are optionally substituted 1-4 times with r, or R26 and R27 are taken together with the
atoms to which they are attached to form a 15heterocyclic ring of 5 to 7 members containing 0-2
additional heteroatoms independently selected from oxygen, nitrogen, and sulfur; Q2 is selected from
the group cogsisting of: a direct bond, C140 alkylene, C2-10 alkenylene, and 02.10 alkynylene, 20 G3
is selected Foth iectbiprednsisting of: -arylene, -cycloalkylene, -heterocyclylene, -heteroarylene,
-fused arylcycloallcylene, -fused cycloalkylarylene, -fused cycloallcylheteroarylene, -fused ‘
heterocyclqurylene, and -fused heterocyclylheteroarylene, wherein 25G3 is optionally substituted 1-4
times with SibstHesies fﬁd%ﬁehé%ﬁtly selected from R8, wherein R8 is selected from Rb, G4 is
selecteg¢l from the group consisting of: -aryl, -cycloalkyl, -heterocyclyl, -heteroaryl, -fused arylcycloalkyl,
-fused cycloalkylaryl, s;fused 3Qcycloallcylheteroaryl, -fused heterocyclylaryl, and -fused
heterocyclyﬁ‘neﬁ%?ga‘rtyl,“ Wrerire ‘@E‘i%"bptionally substituted 1-4 times with substituents independently

selected from R9,Whgggih ﬂ&ﬁ@ﬂﬁ@gﬂj@mc&b,ﬁw@mw &plgeted o hegmysa consisting of:
a) -hydrogen, —CHy, -O-, -NR>)-, -C(O)-, -CONR®)-, -NR¥)C(O)-, -NR¥)CONR)-,
| NER¥)C(0)0-, -OCONR* ), -NERZ)SOs-, -SONR), -C(0)-0-,
10 -0-C(O)-, -S-, -S(0)-, -S(O)z-, and -N(R¥)SO,NR")-, wherein
R* and RY are independently selected from the group consisting of:
bydrogen, -alkcyl, -aryl, and -alkylene-aryl, wherein R* and RY 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
15 heterocyelic ring of 5 ©0 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, Cy.4¢ alkylene, Cy-1g
alkenylene, and Ca.1¢ alkyn.ylen;, -
20 _
| G’ is selected from the group consisting of: -arylene, -cycloalkylene,
-heterocyciylcnc, -hetercaxylene,d -fused arylcyeloalkylene, -fused
cycloalkylarylene, -fused cycloalkylheteroarylene, -fused heterocyelylaryiene,
and -fused heterocyclylheteroarylene, wherein _
25 G* is optionally substituted 1-4 times with substituents independently selected

from RY, wherein R® is selected from R,

G is selected from the group consisting of: -aryl, -cycloalkyl, -heterocyeivl,
-heteroaryi, ~fused arylcycloalkyl, -fused cycloalkylaryl, -fused
30 cycloalkylheteroaryl, -fused heterocyelylaryl, and -fused

heterocyelytheteroaryl, wherein
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b) -S(0)," Rd, ¢) -S(0)20Rd, d) -S(0)",NRd  e) -C(0)Rd, 10f) -002Rd, g) -C(0)NRd Re, h) -haloalkyl,
1) -cycloalkyl, j) -heterocyclyl, 15k) -C1.10 alkyl, 1) -C2-10 alkenyl, alkynyl, n) -aryl, 0)
-heteroaryl, 20p)alkylene-aryl, q) -0240 alkYnylene-aryl, r) -C1.40 alkylene-heteroaryl, s) -C2.10
alkynylene-heteroaryl, and t) -C(Rf R)-aryl, 25

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:
5 a) -hydrogen,
b) -S(0)m RS,
¢) -S(0)0R",
d) -S(O}.NRRS,
&) -COORS,
10 f) -CORY,
g) -C(ONRRS,
h) -haloalkyl,
1) -cyeloalkyl,
3) -hetcrocyclyl,
15 k) -Cyag alkyl,
- ) -Co-yp alkenyl,
m) ~Coe alkynyl,
n) -aryl,
o) -ﬁeteroaryl,
20 p) .-Cz-m allcyiénc~aryl,
@ -Cop alkynylene-aryl,
1) -Cric alkylene-ﬁeteroazyl,'l
s) -Ca.p alkynylene-heteroaryl, and |
9 -CR'R®)-aryl
25 ‘ _
wherein alkyl, alkenyl, alkynyl, aryl, heterocyclyl, heteroaryl, and cycloatiyl
groups are optionally substituted 1-4 times with a group independently selected
from R*;

30 RPisselected from the group consisting of:
a) -cycloalkyl,

b} -~cvano,
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wherein aLkyl, alkenyl, alkynyl, aryl, heterocyclyl, heteroaryl, and cycloalkyl groups are optionally
substituted 1-4 times with a group independently selected from Re ; 30Rb is selected from the group
consisting of: a) -cycloalkyl, b) -cyano, c) -ORd, d) -NO2, e) -halogen, f) -S(0). Rd, 59)
-SRd, 11) -S(0)20Rd, i) -S(0),,,NRd Re, j) -NRd Re, k) -0(CRf Rgblad Re, 101) -C(0)Rd, m) -CO2Rd,
la) -002(CRf Rg)"CONRd Re, 0) -0C(0)Rd,

¢) -ORY,
d) -NO,,
e} -halogen,
) -S(O)RS,
5 g) -SRS,
B) -S(O}0R%,
iy -S(O)NRR®,
i) NRR, |
k) -O(CR'RE,NR' R,
10 ) -CO)RY,
m)} -CO,RS,
n) -CO;(CR'R®,CONRIRS,
o) -OC(ORS,
p) -CONR’RS,

15 q) -NR!C(O)RS,
r) -OC(ONRIRS,
5) -NR! C(O)OR®,
t) -NR® C(O)NR® RS,
w) -CF, '

20 v} -OCF;,
w) -haloalkyl
%) -haloalkoxy,
v} -Cig alkyl,

_z) -Ca-10 alkenyl,

25 ag) ~Cs.o alkynyl,
ab) ~Cy.10 alkvlene-aryl,
ac) -Cy. alkylene-hetercaryl, and
ad) -heteroaryl,

30 wherein alkyl, alkenyl, alkynyi, aryi, heteroaryl, and cycloalkyl groups are
optionally substituted 1-4 times with & group independently selected from
RS
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p) -C(0O)NRd Re, 15q) -NRd C(0)Re, r) -OC(0)NR' Re, s) -NRd C(0)ORe, t) -NRd C(0)NRd Re, u) -CF3,
20v) -0CF3, .w) -haloallcyl, x) -haloalkoxy, y) -C1.10 alkyl, z) -C2-10 allcenyl, 25aa) -C2.10
alkynyl, ab)alkylene-aryl, ac) -C1_10 alk-ylene-heteroaryl, and ad) -heteroaryl, 30wherein 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) -Cyualkyl,
9 -O-Craaliyl,
g -O—CFg,, |
h) -cycioalkyl, -
1) -O-cycioalkyl,
- J) -aryl,
k) -Ci4alkylene-aryl,
) -hvdroxy,
m} -Chs,
-0} -haloalkyl, .
o) -haloalkoxy,
p) -O-aryl,
q} -heteroaryl,
1) -heteroarylene-C, jq alkyl, -
| s} -heterocyclyl, -
t) -COrCroalkyl, -
) -CO0z-Ci.y0 alkyl-aryl,
v) ~fused arvicyeloalkyl,
w) —alkynylene-heteroaryl,
X) —a}lkylehe—aryl,
y) —alkynylene-aryl,
z) - nitro,
az) -N(H)-C(O}-C;¢-alkyl, and
bb) -S-Cy.¢-alkyl;
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It is selected from the group consisting of: a) -halogen, b) -amino, c) -carboxy, d) --cyano, e) -C14
adicyl, f) -0-Cm alkyl, g) -0-CF3, h) -cycloalkyl, i) -O-cycloalkyl, 1) -aryl, k) -C1.4 alkylene-aryl, 1)
-hydroxy, m) -CF3, n) o) -haloalkoxy, p) -O-aryl, q) -heteroaryl, r) -heteroarylene-C140 alkyl,

RY and R® are mdependently selected from the group consisting of: ﬁydrogen, Ciai0 alkyl,
" Cymyg alkenyl, Ca.p alkynyl, cycloalkyl, ~Ciyg alkylene-cycloalkyl, aryl, |

heteroaryl, and heterocyclyl, wherein alkyl, alkenyl, aliynyl, cycloalkyl, aryl,
heteroaryl, heterocyelyl 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 op‘uonaﬂy substitued with 1-3 times with Rc

Rfand R® are independently selected from the group consisting of: hydrogen, Cy.jp alkyl,
o cycloalkyl, -Ci.0 élkylene—cycloalkyl, ~carboxy, and aryl, wherein alkyl,
cycloalkyl, and aryl grouﬁs are optionally substituted with one to four substituents
independently selected from R%; or R and R® togeﬁer with the carbon to which
- they are attached form a ring of 5 to 7 members containing 0-2 ineter‘batoms
independently selected from oxygen, sulfur and nitrogen optionally substitued
with 1-3 times with R,

m 1s an integer from 1 to 2;
nisan mteger from 1 to 10; and

p is an integer from 0 to 2;

or a pharmaceutically acceptable salt thereof.

In a third aspect, there is provided a pharmaceutical composition comprising:

a compound of Formula (I):

Formula (T}

3



s) -heterocyclyl, t) -002-C1.10 alkyl, - u) -002-C1_10 alkyl-aryl, v) -fused arylcycloalkyl, w)
-alkynylene-heteroaryl, x) -allcylene-aryl, y) -alkynylene-aryl, z) - nitro, aa) -N(H)-C(0)-C1_6-alkyl, and
bb) -S-C1.6-alkyl; Rd and Re are independently selected from the group consisting of: hydrogen,
C1.10 alkyl, C2-10 alkerayl, C2-10 alkynyl, cycloallcyl, -C1.40 alkylene-cycloalkyl, aryl, heteroaryl, and
heterocyclyl, wherein alk-yl, alicenyl, alkynyl, cycloalkyl, aryl, heteroaryl, heterocyclyl wows are
optionally substituted with one to four substituents independently selected from R."; or Rd and Re

together Wit@@%ﬁﬂﬁﬁeﬁﬂi%ﬂ?'&&?ﬁé@f@s@ﬁ%@&f%ﬂ% iQeterocyclic ring of 5 to 7 members

containing 0-2 additional hetefoatonas independently selected from oxygen, sulfur and nitrogen and
optionally substitued with 1-3 times with R., Rl and Rg are independently selected from the group
consisting of hydr 0. &1 1galky cygloalkyl, -C1_10 alkylene-cycloalkyl, -carboxy, and-aryl,
wherein alkyl, cycloalkyl, and aryl groups are optionally substituted with one to four substituents
independently selected from Re; or R! and Rg together with the carbon to which they are attached

form a ring of 5 to im&w@@@m&{?cﬁﬁ&%@ﬁ%ﬁsé%ﬂ%e%&ﬁﬂﬂbﬁgle%@dﬁé%‘ﬁxyge“’ sulfur
3t ) ;

and nitrogen optionally substitued with 1- mes with Re; m is an integer from 1to 2; nis an integer

from 1 to 10; and p is drfitedePih 010 FoP & PhariéBe ity 8eetiRable salt thereof  In a third
aspect, there is providgtf@Rhaunasedical-cCompesign compyisings.a ¢ampgund of Formula (1):
| R'® is selected from the -group comsisting of: -hydrogen, -alkyl, -aryl, |
-alkylene-aryl; '

G’ is selected from the group consisting of: alkynylene, a:ylené, heteroarylene,
fused aryleycloalkylene, fused cycloalicylarylene, fused
cycloalkylheteroarylene, fused beterocyclylarylene, and fused
heterocyciylheteroarylene, wherein G’ is optionally substituted 1-4 times with
substituents indcpemdenﬂy selected from R'®, wherein

RUisRY, |

G? is selected from the group consisting of: -aryl, -heteroaryl, ~fused
aryleycloalkyl, -fused cycloalkylaryl, -fused cycloalicylheteroaryl, -fused
heterocyclylaryl, and -fused heterocyclyiheteroaryl, wherein G* is optionally
substifuted 1-4 times with substituents independently selected from R,
wherein

RMisRE

R’ is selected from the group consisting of: -CO,H, -CO,R™, -C(O)NH,, -C(ONHRY, -
tetrazole, and acid isostere, wherein ‘
R™ is selected from the group consisting oft —é;_m alkyl, -cycloatkyl, and -arvl,
wherein R* is optionally substituted 1-4 times with 2 group independently
selected from R®;
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Formula (I) 31 or a pharmaceutically acceptable salt thereof, wherein R is -(C1-12)rG'-L1-G wherein
LI is selected from the group consisting of: a direct bond, -CH2-, -0-, -N(R16)-, -0(0)-, -CON(R16) _,
4,4(R16)c-,_, _ (0) N(R16)S02-, -S02N(R.16)-, -C(0)-0-, -0-C(0)-,-S(0)-, -S(0)2-, and -CH2-, wherin
R16 is selected from the group consisting of: -hydrogen, -alkyl, -aryl, -alkylene-aryl; G1 is selected
from the group consisting of: alkynylene, arylene, heteroarylene, fused arylcycloalkylene, fused
cycloalkylarylene, fused cycloalkylheteroarylene, fused heterocyclylarylene, and fused

heterocyclylﬁesgeeww&w%éﬁ%%&ﬁ&w@élm lutedilof %@&wi@}aem@&y?ms

independently selected from 111, wherein Rl is Rb, G2 is selected fromthe group consisting of: -aryl,

-heteroaryl, -fusdyiesacyeloalkyl, Fdcdijersakaaismhariadibyb phmeyimae aytiiised -
hetefOCyC|y|afyc:géﬁﬂsaJ}é$t§i5ﬁbﬁéﬁ%M£@5€fﬂﬁﬁ¥le¥Vﬁ%§H”g%%é%ﬁﬁ%@ﬂ@éﬁﬂ?‘é@@é%%4 times with
ependently

substituents in selected from R13, wherein R11is Rb, R1 is selected from the group
consisting of: -dO2H, -002R12, -C(0)NH2, -C(0)NEIR12, - tetrazole, and acid isostere, wherein R12 is
selected from the group consisting of: -C1.10 alkyl, -cycloalkyl, and -aryl, wherein R12 is optionally
substituted 1-4 times with a group independently selected from Rc; ' :

18 selected from™ RS,
Ris selected from R” ; and

R’ is -G -L2-Q%L -G*, wherein |
1?and L? are independently selected from the group consisting of: a direct bond, -
CHi-, 0=, NR®)-, -C(O)-, -CON(R}, -NER*)C(O)-, -NR*)CONRT ),
- NER*)C(0)0-, -OC(ONER™)-, -N(R*505-, -SONR¥)-, -C(0)-0-,
-0-C(Q)-, -S-, -S(0)-, -8{0)-, and »N(RZG)SOZN(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 1o which they are attached to form 2
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: 2 direct bond, Cy.y9 alkylene, Co-1g
alkenvlene, and Ca.q0 alkynylene, '

G® is selected from the group comsisting of: -arviene, -cycloalkylene,
-heterocyclylene, -heteroaryiene, -fused aryicycloalkviene, -fused
| cycloalkylaryiene, -fused cycloalkylheteroarylene, -fused heterocyclviarylene,
and -fused heterocyclylheteroarylene, wherein
G* is optionally substituted 1-4 times with substituents independently selected

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

in



R2 is selected from the group consisting of: -hydrogen, -alkyl, -phenyl, -cycloaLlcyl, -
alkylene-cycloaLkyl, and -alkylene-phenyl, wherein alkyl, phenyl, and cycloalkyl groups are optionally
substituted 1-4 times with a group independently selected from ; R.3 is selected from Ra; R4 is
selected from Ra ; and R5 is -G3-L2-Q2-L3-04, wherein L2 and ii are independently selected from the
group consisting of: a direct bond, _C(0)-, -CON(R26)_, N(R26)c(0)_, wR26)coN(R27)_,
-N(R26)C(0)0-, -0C(0)N(R.26)-, -N (<26)sor, -s02N(R26)_, -0-C(0)-, -S-, -3(0)-, -3(0)2-, and

-N(R26)S02N(R2 7). :whersin Ref aldRey aieindependenily selecied frogthe.giup consisting of:
hydrogen, -alkyl, -aryl, and -alkylene-aryl, wherein R26 and'R27 are optionally substituted 1-4 times

with R6, or R26 and REFEEYaREN§etcEr artkyine Bissthevgwkdhimeyiesedattached to form a
heterocyclic ring of 5 {o.Toaembers £9NtainodtRdditlensl heteraatams independently selected from

oxygen, nitrogen, and sulfur; Q2 is selected from the group consisting of: a direct bond, C140 alkylene,
Crio alkerwlene, and Ee5eexsldRalsmRadaBLe R cted from the group consisting of: -arylene,

-cycloalkyleine, -heferogyiienautRaterennianges sadardarciealiadsaseiused cyglpalkylarylene,

-fused cycloalkylheteroarylgne, -fused.heterocyclylarylepe, and -fused heterocyclylheteroarylene,
wherein G3 is optiongfﬁf%}}bs‘ﬁh?fg@ﬁﬁiﬁ‘?@ Wifstituents independently selected from 118,
wherein RE is selected from Rb, G4 is selected from the group consisting of: -aryl, -cycloallcyl,

fised hotel ST A AT R CEE LTSyt LR R EF S COBROMAT) SLbstiuned 1-4
times with substituektsHt depeidentypseladteddrarR B9, wherein R is selected from RDb, ‘
R* s selected from the groupi conststing of:

a) -hydxégen, |

b) -S(O)y R,

¢) ~S(0):0R,

d) -S(O)mNR'R",

e} -C(O)RS,

) ~COR’,

g -CONR'R®,

h) -haloalkyl,

1) -cycloalkyl,

j) -beterocyclyl,

k) -Ciy alicyl,

15 -Cy-1p alkenyl,

m) -Ca.y0 alkynyl, -

n) -aryl,

o} -heteroaryl,

p) -Cr.io alkylene-aryl,

@ -Cay alkynylene-aryl,

1y -Ciap alkylene-heteroaryl,

s} -Cao alkynylene-heteroaryl, and

t) -CR RE)-aryl,
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Rings B and C are optionally substituted 1-4 times with substituents independently selected from the
group consisting of Rb; Ra is selected from the group consisting of: a) -hydrogen, b) -5(0)m Rd, c)
-S(0)20R", d) -5(0)mNRd Re, €) -C(0)Rd, f) -CO2Rd, -C(0)NB? Rb, h) -halo alkyl, i) -cycloalkyl, j) -
-heterocyclyl, k) -C1_10 alkyl, 1) -C2-10 alkenyl, m) -C2-10 alkynyl, n) -aryl, o) -heteroaryl, p) -C1_10
alkylene-aryl, q) -C2.10 alkynylene-aryl,

wherein alkyl, alkenyl, alkynyl, aryl, heterocyclyl, heteroaryl, and cycloalicyl
groups are optionally substituted 1-4 tirnes with a group independently selected
from R*;

RP is selected from the group consisting of:
2) -cycioalkyl, |
b) -cyano,
¢ -ORE
d) NOy,
¢) -halogen,
f) -S(O) R,
g -SK',
h) -S(0)OR,
D) -S(O)NRR,
5 NRCRS,
k) -O(CR RE),NRE R,
) -CORY
m) -COR,,
n) -COCR'R¥),CONR? RS,
o) -OC(O)RY,
p) -C(O)NR’R®,
@ -NR® C(OR,
r} -OC(O)NR® RS,
s) -NR® C(OYOR®,
) -NRYC(ONRURS,
u) -CF;,
v) -OCFs,
w) -haloalkyl,
x) -haloalkoxy,
y) ~Ciao alkyl,
Z) -Cz-ié alkenyl,

p



r) -C1.10 allcylene-heteroaryl, s) -C2_10 alkynylene-heteroaryi, and t) -C(Rf R5)11-aryl, wherein alkyl,
alkenyl, alkynyl, aryl, heterocyclyl, heteroaryl, and cycloalk-yl groups are optionally substituted 1-4
times with a group independently selected from Ice ; BY is selected from the group consisting of: a)
-cycloalkyl, b) -cyano, c) -ORd, d) -NO2, e) halogen f) -S(0). Rd, g) -SRd, h) S(O)20Rd |)
-S(O)"11NR4 ) -1\VI Re, k) -0(CRf_Rg)"NRd Re, ) -C(0)Rd,

aa} Co.go alkynyl,

ab) -Cy.0 alkylene-aryl,-

ac) -C.y¢ alkylene-heteroaryl, and
ad) -heteroaryl,

wherein alkyl, alkenyl, alkynyl, aryl, heteroaryl, and cycloalkyl groups are
. optionally substituied 1-4 times with a group independently selected from
R%;

R° is selected from the group consisting of. -

a) -halogen,

b) -amino,

¢) -carboxy,
| d) —cyano,

e) -Cialkyl,

f) -0-Cryalkyl,

g -O-CF;,

h)_ -cycloalkyl,

i} : l-O-cycloalkyI,
e

k) -Ci4 alkylene-aryl,

) -hydroxy,

m) -CFs,

n) -haloalkyl

o) -haloalkoxy,

p) -O-aryl,

g) -heteroaryl,

r) -heteroarvlene-Ci.jp alkeyl,
s) -heterocyclyl,

t) ~-CO»Ciygalicyl,

1) -CO2-Ciyg alkylaryl,
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m) -CO2Rd, n) -002(CRIRg),,CONRd Re, 0) -0C(0)Rd, p) -0O(0)NRd Re, q) 4R6 C(0)Re, r) -OC(0)NRd
Re, s) -NRd C(0)ORd, t) -1\1Rd C(0)NRd u) -CF3, v) -0CF3, w) -haloalkyl, x) -haloalkoxy, y) -Cmo
alkyl, z) -C-o alkenyl, aa) -C2_10 alkynyl, ab) -CIA allcylene-aryl,

v) ~fused aryleycloalkyl,

w) —alkynylene-heteroaryl,

%) —alkylene-aryl,

y) —alkynylene-aryl,

Z) - nifTo,

aa) -N(H)-C(O)-Cy.4-2lkyl, and
bb)-$-Cye-alicyl;

R? and R® are .i.ndcpendently selected from the group consisting of: hvdrogen, C;. alkyl,
| Cy-10 alkenyl, Cog alkynyl, cycloaliyl, -Cl-'m aﬂcylene—cycioalkyl, aryl, |
héte_roaryl, and heterocyclyl, wherein alkyl, alkenyl, alkynyl, cycloalkyl, aryl,
heteroaryl, heterocyclyl groups are optionally substitated with one to four
substituents independently selected from R® ; or R% and R® together with the atoms
to which they are attached form 2 heterocyelic ring of 5 to 7 members containing
0-2 additional heteroatoms indcper_idcﬁtly selected from oxygen, sulfur and
~ nitrogen and optionally substited with 1-3 times with RS,

‘ R and RE are independently selected from the group consisting of: hydrogen, Cy.jo alkyl, -
eyeloalkyl, -C1.-10 aJl{ylene-cycioalkyl, -carboxy, and aryl, wherein alkyl,
cycloalkyl, and aryl groups are optionally substituted with one to four substituents
independently selected from R”; or R’ and R® together with the carbon to which
they are attached form a ring of 5 to 7 members containing (-2 heteroatoms
independently selected from oxygen, sulfur and nitrogen optionally substitued
with 1-3 times with R";

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

a pharmaceutically acceptable carrier or diluent.
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ac)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."is
selected from the group consisting of: a) -halogen, b) -amino, c) -carboxy, d) --cyano, -C).4 f) -0-C14
alkyl, g) h) -cycloalkyl, i) j) -arYl> k) -Ci4 alkylene-aryl, 1) -hydroxy, -CF3, n) -haloalkyl, o) -haloalkoxy,

In a fourth aspect, there is provided
(8)-2-({(S)-6-Benzoyl-3-[4-(3 4-dichloro-benzy-
loxy)~pheny1]-2~oxo—2,3,5.6,7,8-hsx_a.hydro—lH~4—oxa~1,6-
diaza-anthracene-7-carbonyl } -amino)-3-(4° -Cyano-biphe-
nyl-4-yl)-propionic acid or a pharmaceutically acceptable
salt theresof,

In a fifth aspect, there is provided
. (8}-3~(4"-Cyano-biphenyl-4-y1}-2-({(8)-3-[4-(3,4-
dichloro-b enzyloky}-phenyi}-2-oxof6~pyridin—2-y1misthy1~
2,3,5,6,7, S-hekéhﬁfdro-lﬂ-%i—éxa-l ,_6-diaza-anthracéne-7~
. carbonyl}-amino}-propionic acid or a pharmaceutically

acceptable salt thereof.

in a sixtﬁ aSpect, there is provided
- (8)-3-(4-Cyano-biphenyl-4-y1}-2- {[(3R, 75)-3-{4~(3,
4-dichloro-benzyloxy)-phenyl]-l-methyl-2-0x0-6-((S)-I-
phenyl —propyi}—?.,fi ,5.6,7,8-hexahydro-1H-4-oxa-1, 6-diaza-
anthracene-7-carbonyl}-amino} -propionic acid or a

pharmaceutically acceptable salt thereof.

In a seventh aspect, there is provided
(8)-3-(4'-Cyano-biphenyl-4-yI}-2- {[(38,75)-3-[4~(3,
4-dichloro~beﬁzyloxy)-phcnyl}-i-methyl-z-oxo-6«((S)—1- '
- phenyi-propyl}-2.3,5,6,7,8-hexahydro-lH-4-0x a-1, 6-diaza-
anthracene-7-carbonyl] -amino }-propionic acid or 2

pharmaceutically acceptable salt thereof.

. In an eighth aspect, there is provided
(S)-3-(4'-Cyano-biphenyl-4-yl)-2-{[(S)-3-[4-(3 4
dichioro-benzyloxy)-phenyl}-l-methyl-2-0x0-6-((S)-l-phe-
nyi-propyl}-2,3,5,6,7,8-hexahydro-1H-4-0x2-1 , 6-diaza-an-
thraccne~7-carbony1}—amjno}-2—methy1-pr0pionic acid or a

pharmaceutically acceptable salt thereof.

In a ninth aspect, there is provided a compound selected from the group
consisting of?

(S)-7-{(8)-1-Carboxy-2-(4'-cyano-biphenyl4-yl}-ethyl-
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p) -0-aryl, q) -heteroaryl, r) -heteroarylene-C3 40 alkyl, s) -heterocyclyl, t) -002-01.10 alkyl, u)
-002-C1.10 allcyl-aryl, v) -fused arylcycloallcyl, w) -alkynyl en e-hetero aryl, x) -alkylene-aryl, y)
-alkynylene-aryl, z) - nitro, aa) -N(H)-C(0)-C1.5-alkyl, and bb) Rd and r are independently selected
from the group consisting of: hydrogen, Ci.to alkyl, C2-10 alkenyl, C240 alkynyl, cycloalkyl, -C1.40
alkylerte-cycloalkyl, aryl, heteroaryl, and heterocyclyl, wherein alkyl, aLkenyl, alkynyl, cycloalkyl, aryl,
heteroaryl, heterocyclyl groups are optionally substituted with one to four substituents independently

selected fro%@gﬁoqs,h%%@@g Bﬁéﬂgﬁ;&%@%}%&%ﬁ?‘@ which they are attached form a

heterocyclic ring of members containing dditional heteroatoms independently selected from

oxygen, sulfercahd hitrbiraa~abeisptiondty. Subsaed with 1-3 times with Re, Rf and Rg are
independenﬂ*g@ﬁg&@&;@@ﬂgQ‘gaogg}@g@gmgw@@&en, C1.10 alkyl, cycloalkyl, -C1.10

alkylene-cycloalkyl, -carboxy, and aryl, whefein alkyl, cycloalkyl, and aryl groups are optionally

substituted With’df®-oGabestssttueracnabsenttnthy-adidcted from le; or Rf and Rg together with the

carbon to whigh.theyrese attaghachisfmmarine ofairdy/members containing 0-2 heteroatoms
independently selected from oxygen, sulfur and nitrogen optionally substitued with 1-3 times with Lt.",
m is an inteQ’éPﬂ‘ér§|=5k7t(§‘Q,"'mhydm“‘af‘oxa'i’é‘dmm”m' ‘ :

thracene-6-carboxylic acid 3-hydroxy-cyclopentyl
ester, .
(S)-3-(4'-Cyanc-biphenyl-4-yl)-2-{[(S)-3-[4-(3 4~
dichloro—benzyloxy}-phenyl]—2—ox0—6-(pyﬁdine~3 -cat-
bonyl}-2.3,5,6,7,8-hexahydro-IH-4-oxa-l,6-diaza-an-

| thracene-?-carbonyl]namino}—propionic acid, :
(8)-3-(4'-Cyano-biphenyl-4-yl)-2- {I(8)-3-[4-(3,4-

" dichloro-benzyloxy)-phenyl]-2-0x0-6-((S)-ietrabydro-
furan-2-carbonyl)-2,3,5,6,7,8-hexahydro-1H-4-oxa-1,
6—diaza—antﬁraccne-7-carbony1]-amino}-propionic
acid, A |
(S)-3-(4’-Cyano-biphenyl-4-y1)-2- {[(8)-3-{4-(3,4-
dichio.ro-benzyloxy)—phsnyl]-2-0x0-6-((R}—tetrahydm—
furan-2-carbonyl)-2,3,5,6,7,8-hexabvdro-1H-4-oxa-1,
6-diaza-anthracene-7-carbonyl] -amino} —propionic
acid,

(8)-3-(4’-Cyano-biphenyl-4-yI}-2-{[(8)-3-[4-(3 4~
dichloro-benzyioxjr)—phenyl} -2-ox0-6~(3 -phenyl —prop-
2-ynyl}-2,3,5,6,7,.8-hexahydro-1H-4-oxea-1,6-diaza-an-
thracene-7-carbonyl]-amino } -propionic acid, '
(8)-7-[(S)-I-Carboxy-2-(4"-cyano-biphenyl-4-yl)-ethvi-
carbamoyl]—3-[4~(3,4—di¢hloro*bcnzyloxy)-phcny1]—2-—
0x0-1,2,3,5,7,8-hexahydro-4-oxa-1,6-diaza-an-
thracene-6-carboxylic acid isopropyl ester,

(S)-7-[(S}-1-Carboxy-2-(4"-cyano-biphenyl-4-yl}-ethyl-
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n is an integer from 1 to 10; p is an integer from 0 to 2; and a pharmaceutically acceptable carrier or
diluent. In a fourth aspect, there is provided (S)-2-( {(S)-6-B enzoy1-3-[4-(3 ,4-dichloro-b enzy-
loxy)-pherty])-2 -oxo-2,3 ,5.6 , 7, 8-hexahydro-1H-4-oxa-1, 6- diaza-anthracene-7-carbonyl } .
-amino)-3-(41-cyano-biphe- nyl-4-y1)-propionic acid or a pharmaceutically acceptable salt thereof. In
a fifth aspect, there is provided (S)-3-(4}-Cyano-bipheny14-y1)-2-( {(S)-3 -[4-(3,4-
dichloro-benzyloxy)-phenyl]-2-oxo-6-pyridin-2-ylmethyl2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-authr
acene-7-C ~aimiNQ)-propionic-aci a ytically acceptable salt thereof. In a sixth
epoct here e (o B (LR 75) 340.(.

4-dichloro-bekryidsdyd- pResyapimbtayi-hto 326 43) 4-

phenyl-propy1)-2,3.5.6.48: bexahydigsiiit4:0a4,6-diazaantlaracene-7-carbony1}-amino}-propionic
acid or a pharmaceutically acceptable salt thereof. In a seventh aspect, there is provided
(5)-3-(4-CyEo AR P2 (S PB4l oty '*
4-dichloro-bepgylaxy)-pheny ldoRetanknd ey rkEint-2-
phenyl-propy1)-2,3,5,6,7,8-hexahydro-1H-4-qx.a-1,6-diazaanthracene-7-carbonyl] -amino }-propionic
acid or a phﬁﬁ?fégeﬁﬁcja%‘?@@é’ﬁi%ﬁ@%h’ﬁig%ﬁﬁn an eighth aspect, there is provided
(S)-3-(4'-Cyana-biphrayddayid-2: (B)-3idefSlpropy] ester,

o-inze o S BB B PR PP DO Bl of & pharmaceuicall acceptable sl

thereof: tarbaRioi-3spect Athiddsravded a-sampihd selected from the group consisting of: .

)71 Cany 2 aanonehefyl g ymkelv
thracene—G—cafboxylic acid tetrahydro-pyran-4-y] ester,
(S )43~(4‘-Cyano-biphenyl—4—y1}~2-( {(8)-6-cyclobutan-
ecarbonyl-3-[4-(3,4-dichloro-benzyloxy )-phenyi] -2-
0x0-2,3,3,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-an-
thracene-7-carbonyl}-amino}-propionic acid,
(S)-3(4"-Cyano-biphenyl-d-y1)-2-({(S)-3-{4-(3 ,4-
dichloro-benzyloxy)-phenyll-6-isobutyryl-2-0x0-2,3,5,
6,7,8-hexahydro-1H-4-oxa-1,6~diaza-anthracene-7-
carbonyl} -amino }-propionic acid
(S)—?_-({(.S)»G-Bcn'zenesulfonyl—B~{4—(3,4~dichlbro*benzy—
loxy)-phenyl}-2-0x0-2,3,5,6,7,8-hexahydro-1 F-4-oxa-
1,6-diaza-anthracene-7-carbonyl}-amino}-3-(4° -cyano-
biphenyl-4-yl)-propionic acid,
(S)-2-({(8)-6-Benzoyl-3-[4-(3,4-dichloro-benzyloxy)-
phenyl}-2-0%0-2,3,5,6,7,8-hexahydro-IH-4-0xa-1,6-
diaza-anthracene-7-carbonyi} -amino}-3 -{4-cyano-bi-
phenyl-4-yl}-propionic acid,
(5)-3- (4'-Cyano-biphenyl-4-y1}-2-({(S)-6-cyclopentan-
ecarbony!-3-[4-(3 ,4-&ichioro~benzylexy}-phenyl] -2-
0x%0-2,3,5,6,7,8-bexahydro-1H-4-0xa-1,6-diaza-an-

thracene-7-carbonyl} -amino}-propionic acid,
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carbamoy11-3-[4-(3,4-dichloro-benzyloxy)-pheny1]-2- :
oxo-1,2,3,5,7,8-hexahydro-4-oxa-1,6-diaza-anthracene-6-carboxylic acid 4-hydroxy-cyclohexyl ester,
(S)-7-[(S)-1-Carboxy-2-(41-cyano-biphenyl-4-y1)-ethylcarbamoy11-3-[4-(3,4-clichloro-benzyloxy)-phen
y1]-2- oxo-12,3,5,7,8-hexahydro-4-oxa-1,6-diaza-anthracene-6-carboxylic acid 3-hydroxy-cyclopentyl
ester, (S)-3-(4!-Cyano-bipheny1-4-y1)-2- {(5)-34443,4- _
dichloro-benzyloxy)-pheny1]-2-oxo-6-(pyridine-3-car-bony1)-2,3,5,6,7,8-hexahydro-111-4-oxa-1,6-diaz
a-an-thraceng-%-car, Ikamino-proprnieacic -3-(41-Cyano-bipheny1-4-y1)-2-{[(S)-3-[4-(3,4-
dichloro-ber@%gl)- §?l%)l/gl%rg%%i%"zf(S%)-?etgrsgf(?y_ci[iﬂ;(g?}l}f;zln-2-(:arbony1)-2,3,5,6,7,8-hexahydro-111-4--ox
a-1, 6-diazadighiradensipsamirmyiaiet)-propentescid

(S)-3-(4-Cyanghiphenyd s4-¥ 1024 (3)3114-6342-1,6 -diaza- |
dichloro-benzyloxy)-phényi]-2-0xo-6-( R)-tetrabydrofuran-2-carbony1)-2,3,5,6,7,8-hexahydro-1H-4-oxa
-1, 6-diaza-anthmrscene=72eambh R RABRiC acid, (8)-344' -Cyano-biphenyl1-4-y1)-2-
{[(3)-3-[4-(3 & dichoiC loxy)- sRa -phenyl

-prop-2-ynyl)- %?gg%&%%ﬁ%ﬁ%cﬁﬁ%gﬁgffﬁﬁgfgﬁhracene-?-carbonyfl-aminol-propionic
acid, carbamoyl] -3-[4-(3,4-dichloro-benzyloxy)-phenyl]-2- _ , :
(S_)-7-[(3)-1-%Q%xg7g§jhgywmwm:maemylcarhamoyl]-3-[4-(3,4-dichloro-ben’zyloxy)-phenyl]
-2- oxo0-1,2,3,5,7,8-hexahydro-4-oxa-1,6-diaza-a th}:acene-G-carboxylic acid isopropy! ester,
(S)-7-[(S)-1-*&3%&58?@%@-%%&*&6%%%@%}&38& ter. |
carbamoy1]¢3;[4-(Graichiero-penzyiaxyoiieayll-21)-cthyl-

oxo-1,2,3,5,7,8-hexahydro-4- xa—é},G-dﬁza-jmtl'ga ene-6-carboxylic acid isobutyl ester,
(S)-7-[(S)-1-¢BEH5B ﬁ(&‘:@y%%?d‘? P -RRAFRArBamoy1]-3-[4-(3,4-dichloro-benxyloxy)-pheny
1]-2- tuto-1,23:35,2,8-eratwdrodroxacks d;6lidiza-anthracene-6-carboxylic acid 2,2-dimethyl-propyl
ester, ' N
(S)-7-[(S)-1-@%‘8&3&?—3@9@1&%@ﬁgﬁ%‘ﬁ?ﬁ%@?ﬁggﬁﬁégﬁgmoy13-3-[4-(3,4-dichIoro-benzyloxy)-phen
y1]-2- oxo-1eg2teé:5,7,8-hexahydro-4-oxa-1,6-diR72-anthracene-6-carboxylic acid tetrahydro-pyran4-y1
ester, (S)-3-(4:-Cyang-bipheny1-4-y1):2:({(S)-65 butanecarbony1-3-[4-(3,4-dichloro-benzyloxy
)-phenyl] -2-Egg(gi)@é%%%%ﬂr%%%h“ﬁl‘(%lﬁzl(-)-ﬁ-&%-%ﬁyﬂ%’-ﬁiaza-anthracene-?-carbonyl} -amino)-propionic
acid, (S)-3-(4ieRyanbehiyivenybibnyi]-2-(Fi5)-3-far¢8n4db)<i-chloro-b enzyloxy)-phenyl]-6-isobutyry1-2-o0
xo0-2,3,56,7,8-h rp;1H-d-0xasd, 6-diaza-anthracene-7- carbonyl) -amino)-propionic acid (S)-2-(
R L
,4-dichloro-biénaydexy}apbrenyt kRiox b @B B 7e8hexahydro-1H-4-oxa- 1,

6-diaza-anth - rboavll -aming)-3(4<iayanebiphenyl-4-y1)-propionic acid, (S)-2-(
{(S)-6-Benzo@f—%?a- ﬁﬁ%%gpﬁt%ﬁ%%@@%ggﬁ}%oxo-Z,3,5,6,7,8-hexahydro-lH-4-oxa—1,6-
diaza-anthradishlsrp-berEday)) 2henybla msteyabisiphehy 1-4-yl)-propionic acid, (S)-3-
(4t-Cyano-bighenyls4 vl sl absQrelopgniprasarhany 1-3-[4-(3,4-dichloro-benzyloxy)-phenyl] -2-
ox0-2,3,5,6,7,8-heéxahydro-1H-4-oxa-1,6-diaza-anthracene-7-carbonyPramino)-propionic acid,
(S)-3{4'-Cyafigaspehyabenyt  pping(syrapanis 28id gichloro-benzyloxy)-phenyl] -2-0xo-6-(piperidine-1 -
carbony1)-2,25:6,4. ;W AH-4rox -gli hracene-7-carbonylFaminol-propionic acid,
(S)-7-[(S)4-C§%§§§/-82:4-cyano-%ﬁﬁlﬁ&-ﬁﬁth ?Iiggr%gfflm oyl]
-344-(3,4-didﬁﬁ3ﬂﬁfﬁéﬁﬂé@<§/ﬁﬁﬁﬁ‘ﬁ1ﬂ)}(@z@'ﬂuom‘ enzoyl)-2-

0x0-1,2,3,5, h3shexaty drmmd-oxeds6-giazasanttgagenesg-carboxylic acid cyclopropyinethyl ester.
(S)-7-[(S)-1-Carboxy-2-(4'-cyano-biplieny1-4-y1)-ethylcarbamoy11-344-(3,4-dichloro-benzyloxy)-pheny
11-2- oxo-1, 3388 7¢a] ARG GBI EPT BARZ 4% hthracene-6-carboxylic acid |
(R)-(tetrahycl-fuanc3abysstenyS)- AR QyaIc-biptiny 1-4-y1)-2- {[(S)-3-4-3 4-

dichloro-benzyloxy)-phenyl]-6-(furan-2-carbony1)-2- :
oxo-2,3,5,6,7‘%§48’5§’é%%’§5%ﬂ'?}? ﬁ__fc%%_l ez%é%ﬁ't}ﬁ?%%Wé—7-carbonyIkarn'inol-propionic acid,
(S)-3-(41-CyansxbinBengF4-txah (&) F344£3;4:6-dlaza-an-

dichloro-benzyloxy)-phenyl]-6:(3-methyl-benzoyl)-2-
oxo-2,3,5,6,%ﬁé@(ﬁ%ﬁ%Slfﬂj%)%é}i%?afglznax-g):r%?ﬁracene-?-carbonyl]-amino}-propionic acid,
(S)-3-(4)-Cyaisp-bigh€yphedbyiye@v i S)H3u4 (848 theBldro-benzyloxy)-phenyll-6-(4-fluoro-benzoy1)-2-
0x0-2,3,5,6,7 8-ierailydro-11i4-oxa-1.6-diaza-anth -7-carbonyl13-amino -propionic acid,

(S 4Oy SR B e
dichloro-benzyloxy)-pheny1]-6-(4-metiaoxy-benzoyl)- '
2-0x0-2,3,5,6,7,8-hexahydro-11-1-4-oxa-1,6-diaza-apthracene-7-carbonylkaminol-propionic acid,
(S)-3(4-Cyano-biphenyl-4-y1)-2- ([(S)-344-(3,4- dici Yoro-benzyloxy)-phenyI]-2-oxo-6-(3-trifIuorona-
ethyl-benzoy1)-2,3,5,6,7,8-hexahydro4H-4-oxa-1,6- diaza-anthracene-7-carbonylFaminol-propionic
acid, (S)-3-(4'-Cyano-biphenyl-4-y1)-2-(
(S)-6-cyclohexanecarbony1-3-[4-(3,4-dichloro-benzyloxy)-pheny1]-2-
oxo-2,3,5,6,7,8-hexahydro-1H-4-oxa4,6-diaza- anthracene-7-carbonyl} -amino)-propionic acid,
(N2 (NA'-Cvvann-hinheanvl-ANn/N_2JT([N-2A_TA-(R A- dichloro-bhenzviovv \-nhenvil-A-fnanhthalana-1



(S)-2-( {(S)-6-Benzy1-3-[4-(3,4-dichloro-benzyloxy)-phe-
ny13-2-oxo0-2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diazaanthracene-7-carbonyl} -amino}-3
-(4'-cyano-bipheny1- 4-y1)-propionic acid (S)-3-(4'-Cyano-biphenyl.4-y1)-2-({(S)-3-[4-(3 ,4-
dichloro-benzyloxy)-phenyl] -2-oxo0-6-phenethy1-2,3,5,
6,7,8-hexahydro4H-4-oxa-1,6-diaza-antbracene-7- carbonyll-amine)-propionic acid,
(S)-3-(4t-Cyano-bipheny1-4-y1)-2-{[(S)-3 -[4-(3 ,4-
dichloro-beW@ng%’qg}h@;@}ﬁﬁym&wggl@!@oyl}-2,3,5,6,7,8-.hexahydro-111-4-oxa-1,6-di
aza-anthracene-7-carbonyl)-aminol -propionic acid, (S)-3-(41-Cyano-biphenyl-4-y1)-2-{[(S)-344-(3,4-
dichloro-bersBgt3aPBrMER 1 S BRI OB, 3 5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-a
gjtt;]lljacegefgﬁgrpﬁ)x%gﬂ@gi%ﬂ%@mgﬁlg?g@(gyils(@);ﬁf,%'x%yano-bipheny1-4-y1)-2-{[(S)-344-(3,4-
ichloro-benzyloxy)-phenyij-6-(2-methyl-benzy|)-2- '
oxo-2,3,5,_6,§?8‘:w5ﬁ§lé?éff—@’ bé)??&ﬁ%ﬂﬁféﬁéﬁﬂ%é%‘e-?-carbonyIkamino}-propionic acid,
éS);]?-J(4'-§yaﬁ@l:D,mﬂ6gyﬂ-l {@)43%54&@41;5&&?[ . hexahyd d
ichloro-benzyloxy)-phenyl)-2-oxa-6-pyridin-2-ylm-ethyl-2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-an-t
hracene-?-célrﬁ 9%’%%%? r@&?&iﬁké&?ﬂ?’@)?ﬁl‘éﬂ!-Cyano-bipheny14-y1)-2-({(8)-3-[4-(3,4-
dichloro-bengyloxy'-Cyano-biphenyl-4-y1)-2-{[(8)-3-[4~(3 4~
)-pheny11-2-0%0-6-thiophen-2-ylna-ethyl-2 7,8-hexahydro-1H-4-oxa-1,6-diaza-an-thracene-7-car
bonyl}-aminS) r%ﬁi’o%%’g%ﬂf_éﬁ@: &gjé‘i/%’rﬁ%g-%?%ﬁ?énﬁfﬁyl)-2-{[(5)-3-[4-(3,4- | |
dichloro-bengylieXy):picn§i: 6.4k uhraitociizyi)@-1,6 -diaza-
o0xo-2,3,5,6,7 -hexgehygcra?_%%H- -oxa-1 §-§;iia%a@ntlh&acene-7-carbonyli-aminol-propionic acid,
(S)-2-({(S)-6-(Z- TOro-benzﬁé%Zf)-éll%h%lroa:%ehzyloxy)-phenyl]-2-oxo-2,3,5,6,7,8-hexahydro-1
1-14- oxa-1 & Hiazt-Grebrduehe:il-dayhehyll Sadiife]3 3~(4'- cyano-biphenyl1-4-y1)-propionic acid,

(S)-3-(41-Cyangesbipheny1-4- ;% 2- JHS)3- 14 (B -

dichloro-bengzlﬁ%g?yl; -Bﬁ“gﬁ;}" }é gfﬁfgﬁo%%b%%ﬁ%ﬁn &2

0x0-2,3,5,6,Zg8ehexkafydic Ti¥-tesseydi6-Mab-azmihraiene-7-carbanyl]-amino}-propionic acid,
(S)-3-(4'-Cygﬂ%ﬁ&t&g_qyéﬁ%ﬁ%a agnga%é%r@pﬁméag' hIo_ro-benzylory)-phenyl]-6-(6-metr_1yl-pyridir-1-2-_
ylmethy1)-2-ox0-2,3 ,5,6,7,8-hexahydro-1H-4-oxa-1,6- diaza-anthracene-7-carbonyll-amino}-propionic
acid, (S)-2-(@B)-656:Bramrrpyritincyaperamyrny s =Ml styl- |
clio'nloro-bepzylaxy)iRRenyklRa040:203her0f By 1eKaIVEre-1H-4-0xa-1,6-dizza-antbracene-7-carbo-
ny1} -amino)-3 -(4'-Cyano-biphenyl4-y])-propionic acid,
(S)-3-(4'-Cyé?¥6=i&kﬁéﬂﬁ:h5§iﬂ@fﬂt§W(}5§d§‘&ﬁ%?Gr methylsulfanyl-pyridin-2-ylmethy1)-3-[4-(3,4-
dichloro-bengylpxy):-pheRirk3i%-aXe-#xd- byl &rdpexahydro-1H-4-oxa-1,6-diaza-anthracene-7-
carbonylhamin(z%)-< ropionic acid, (S)-C’;{-ﬁ4'-§@/ano-biphenyl'—4-y1)-2-{[(S)-3-[4-(3,4-

dichloro-benZt ’Eﬁ--‘ﬁéféﬂ?/'i’iﬂlég%ﬂ‘ff P23y l)-2-0x0-2,3,5,6,7,8-hexahydro-111-4-oxa-1,6-
diaza-anthrageRRré-6 AT PRAOTHPQPiIaEE ACHo £2)03=(4'-=Cyano-bipheny1-4-y1)-2-{[(S)-3-[4-(3,4-
dichloro-benzylory)-pheny1]-6-(1- |-IM-i icﬁg I-2-ylmethyl)-2-ox0-2,3,5,6,7,8 -hexahydro-1H-4-
oxa—l,6-diaz%ﬂ?§8é?@%—’ga%ﬁo?ﬂ§$%é%F T%Tﬂéaé R, (S)-3-(4-Cyano-biphenyl-4-y1)-24
{(S)-3-[4-(3 ,&taza-anthracene-7-carbonyl]-amino} -propiomic acid, . ,
dichloro-benzyl -phenyl]-2-oxo-6-thiazol-2-ylni-ethyl-2,3,5,6,7,8-laexahydro-1H-4-oxa-1,6-diaza-an
-thracene-7-@%@Qﬁ%ﬁ#ﬁ@ﬁ?ﬁﬁ%ﬁ&%&@,gké)‘Tﬁ'-&%Cyano-bipheny|-4-y1)-2- {[(S)-3-[4-(3 ,4-
dichloro-benidaioyy-plreryydls2-phxarGi(PridinG et@scptzaeyh)-2,3,5,6,7,8 ‘
-hexahydro-113-4-oxa-1.6-digza- anthracene-7-carbonyfl-aminol-propionic acid,

(S)-3(4-Cyario: ?Bﬁf%%f@ﬁ?ﬁf?g% -(3.,3%.&%9_ atizes .
dichloro-benzytoragpphenyfijods@-mtmebanzemesuifodyl)-2-0xo-2,3,5,6,7,8-hexahydro-111-4-oxa-1,6-
diaza-antiaragene;/-sarhonylEamingl -propiogic,agi 5)-3(4-Cyano-biphany1-4-y1)-2- ((S)-3-[4-(3,4-
dichloro-ben o%xg-5%%?/%%%?%%&%&&%&%@?@1)-2-oxo-2,3,5,6,7,8-hexahydro-11-1-4-oxa—1,
6-diaza-anthéadepe-pesarbongipheniyibiépioptditcabgpnoyl-2-
(S)-2-({(8)-6-&gbg‘@@_@%Ig?gjﬁwéﬁ?&%@{ﬁggggjgggdggg@pxy)-phenyl]-2-oxo-2,3,5,6,7,8-hexahydro-1H-
4- oxa-1,6-diaza-antbracene-7-carbonyll-Rmino)-3-(4%- cyano-biplianyl4-y1)-propionic acid,
(S)-3.(4-Cyafsasmplehyanyl- 2uo)-gTepis i 8ffimethy 1-3-[4-(3,4-dich 1oro-banzyloxy)-pheny13-2
-0X0-2, 3,5,6¢%:8 byargs kb s 400041 Hegigraranitiacenszcarbonyll-amino)-propionic acid,
(S)-3-(4'-Cya(ng-btit;w@nyl-4-yl)-2it{[ S)-3-14-(3 ,4- ci%ﬁ@&gggnzyloxy )-phenyll -2 -oxo- 6-(3
-pyrimidin-2- yl-prop-2-yny1)-2,3,5,6,7,8-hexahydro-IH-4-oxa-1,6-
diaza-anthracane-7-carbonyl]-amino}-propionic acidy(S)-3-(4'-Cyano-biphenyl-4-y1)-2- {[(S)-3-[4-(3,4-
clichloro-benzyloxy )-phenyl] -2-0x0-6-(3 -thiophan-3 - yl-prop-2-yny1)-2,3,5,6,7 ,
8-hexahydro-1H-4-oxa-1, 6- diaza-anthracene-7-carbonyl]laminol-propionic acid,
(S)-2-({(S)-6-Benzoy1-3-[4-(2,6-dichloro-benzyloxy)-
phenyl]-2-oxo-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, (S)-2-( {(S)-6-B enzoyl-3

TAa-(2 BE_Adichloro-beanzviov\/)\- nhenvll -2-0vn-2 R E A 7 Q_-hevahvdrn-1H-A-0va-1 A-




oxa4,6-diaza-anthracene-7-carbonyll -amino)-3 -(4' - cyano-biphenyl-4-y1)-propionic acid,
(S)-2-({(3)-6-Benzyl-3-[4-(5,6-dichloro-pyridth-3-ylmethoxy)-phenyl]-2-oxo-2,3,5,6,7,8-hexahydro-1H-4-
oxa-1,6-diaza-anthracene-7-carbonyll -amino)-3 -(4'- cyano-biphenyl-4-y1)-propionic acid,
(S)-3-(4'-Cyano-biphenyl-4-y1)-2-{[(S)-344-(5,6- dichloro-pyridin-3-ylmethoxy)-phenyl]-2-oxo-6-
(thiophene-2-carbonyl)-2,3,5,6,7,8-hexahydro- 1H-4- on-1,6-diaza-anthracene-7-carbonyl] -amino }-
propionic acid, (S)-2-({(S)- 3é4ﬁ§ -Chloro-benzyloxy)-phenyl]-2-oxo-6--

thiazol-2-yIRBthytox® 536> £.8- P akisiie-1H-f- &féﬁaélmﬁzéraza anthracene-7-carbonyl}
-amino}-3-(4;gyanabiphenysdry Li-iRpienig A nyl-

(S)-7-[(S)-1- Carboxy 2-(4'-cyano-biphenyl-4-yl)- hylcarbamoy13 -3-[4-(3,4-clichloro-benzyloxy)-pheny
1)-1- methyﬁzﬂéﬁﬁrlz?&%’% hexahydro-4-oxa-1,6-diazaanthracene-6-carboxylic acid isopropy! ester,
(S)-34- Cyaqg bg,p(qe ggﬁg y&gnﬂ@yg B¢ (3e9-3dightorn-benzyloxy)-phenyl]-1-methyl-2-0x0-6-(3-
phenyl-prop-2-yny )@ ,3,5,6,7,8-hexa %ydro 1H-4-oxal,6-diaza-anthracene-7-carbonylFaminol
-propionic a@ﬂg‘(@} crarey e hyEe 9?@“5[@1@»@3(3 4-

dichloro- ber@ylmwwiﬂfﬂ%@myﬁ AraP40afiHiarene-7- '

phenyl-propy1)-2 5 6,7,8- hexahydro LH-4-oxa-1,6- diaza- antlaracene 7-carbonylFamino}-propionic
acid, (S)-3- (AL CTENCIBIBRERTRICNS 86(S)-344-(3.4-

dichloro- berquj@)(y)_{pi?@ja,yﬂqﬁl@vem%mh@&ﬁm@myl 2-0x0-2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-di
aza- anthrace arb no -3-(4'-Cyano-biphenyl-4-yl)-2-(

{(S)-6-cyclo %@é’ ?ﬁf@'ép%g% ﬁg%y‘f??ﬁé%ﬁ"i -methy1-2-oxo- 2,3

,5,6,7,8- hexeénﬁﬂm}m;héﬂxﬁkﬁﬂm@maﬁthmmmmbonyl} -amin 0)- prop|on|c acid,

(S)-34- Cyano hen j; % - cIohexyl- -
[4-(3,4- thchl%tf‘ onxj‘/S\é 8?% %é%/ PL546* :3,5,6,7,8-hexahydro-1H-4-oxa4,6-diaza-anthrace
ne-7-carbonid}- arqﬂhﬁmm}btphmgad@l@)-{?&%ma(ﬁo&bipheny14 y1)-2-({(S)-6-cyclobutyl-3-

[4-(3,4-dichlgrg-ben on E methyl-2:0x0 2,3 6,7,8-hexahydro-1H-4-oxa-1,6-ciiaza-anthra
cene-7- carb%n(h#D an%\%noix %%%S%leo gr%/?,( f’z}’imaf)’yanoﬁr1 bipheny1-4-y1)-2- {,[(S)-3-[4- (3 4-

ciichloro- berﬁegzm)ey)spﬂ;@ﬁ;ﬁ}h ﬂ;ahyéthydﬁzﬁlm&@%ﬂdxaza an-

phenyl- cycl thyl 9.6,7:8: hex H4-oxa-1,6-diaza-anthracene-7-carbonylkamino}-
propionic aci Sé%u/a(ﬁgggaﬁi %Ihoe}nﬁ E -y S)-344-(3 ,4-

dichloro- ber(@kﬁ)(yi) @ME}P@WBG}WIPQO{@SG @ﬂ‘rﬁﬁeﬁyl -ethyl)-2,3,5,6,7,8-hexahydro-LH-4-oxa-1,6-
dia7a-anthr BJZ L@@Q&?&% ﬂz;r)

(S)-2-({(S)-6-(2- Acetylamlno- -met yI -thiazole- -suLfonyl) -3-[4-(3,4-dichloro-benzyloxy)-phenyl]
-2-0X0-2,3, @@72§eﬁé(&ﬁﬂm%ﬂf¢&%ﬂf%3d%macene 7-

carbonyll- ar@ﬁ‘%cﬁe@} éﬁ bbdz Qg@lonlc acid, (S)-2-({(S)-6- Benzoyl -3-[4-(3
,4-dichloro- benz on;c? hen 1 2-0X0-2, 8-hexahydro -1H-4-oxa-1, 6- diaza- anthracene-7-
¢

carbonyl} -afSha)4- aawhan#wyw};%ﬂﬁsdr%ﬂfoéﬁéacud (S)-24 {(S)-6-8 enzoy1-344-(3

,4-dich|oro-mfdggy}9)gé};zg;hﬁgfy;b}jgn9 02 26 fri8nhetehydro-111-4-0za -1, 6-
diaza-anthracene-7-carbonyl1 -aming )-3 (4 chloro bi - phenyl-4-y1)-propionic acid, (S)-2-(

((S)-3-[4-(3, B BERIro b LA By hdhyT32 L 6-dlaza-an-

0X0-6- pyrlduﬂngayéﬁaeﬂamég&@,}i&nh&k}@@mfﬁﬁma;m4 oza-1,6-diaza-anthracene-7-carbonyll
-amino)-3-(4'- methyl-bipheny on S)-3-(4'Cyano-bipheny1-4-y1)-2- ([(3R,7S)-3
[4-(3,4- dicKR¥ob" ﬁi’?ﬂi&% éﬁ’é%(y%]y%# 1g§£g§b %-KS )- 1-phenyl-propy1)-2,3 ,5 ,6, 7,

8- hexahydrmcﬁiréﬁmyh;@maay@mmmzpﬁﬁmpwamlno | -prop ioni ¢ acid,

S)-3-(41-Cy - 4-y1)-2- 7S
E:Il():hlo(ro bm%%%?ﬁh%%yg ) og’b- _%éi.za -an-

1-phenyl- prapyb)e&&%@m&héxahmppkoﬂemaa&;dﬁ -diaza-anthracene-7-carbonyl)- amino -propionic

acid, (S)3( loro=hi h [ 4-
dichloro- ben@y%; %p eny l}é hyI g}sg'sg‘l‘é @ '
1-phenyl-propyhie:e.5e677] %éxhhwﬂﬁeﬁﬂiﬂum@@zﬁ%%za anthracene-7-carbonyl] -amino}
-propionic aCAQb(?S (%S 6{’I(§ B/ -4 344 pé %l;g%oaé)enzyloxy) pheny1l]-

X0-

1-methy1-2-0 )-1-phenyl-propy1)-2,3,5°,6 2, 8

hexahydro- Iwmieamamlhmﬁmd@rewoml@ednyl] -amino
1-3-(4'-methoity-biphenyl-4-y1)-propionic acid, (S)-2- { [(3 R,7 S)-3-[4-(3 ,4-Dichloro-b
enzyloxy)-phenyl)- 1-methyl1-2-ox0-6-((S)-1-phenyl-propy1)-2,3,5,6,7, 8-
hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-carbox



nyli-amino 1 -3 (4-fluoro-bipheny1-4-y1)-propionic acid, (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-prop y1)-2,3 ,5 ,6, 7,
8-hexahydro-11-14-0 xa-1, 6-diaza-anthracene-7-carbonyl] -amino) -propionic acid,
(S)-2-{[(3S,7S)-3-[4-(3,4-Dichloro-benzyloxy)-pheny1)-
1-methyl-2-ox0-64(S)-1-phenyl-propy1)-2,3,5,6,7,8-
hexahydro-111-4-oxa-1,6-diaza-anthracene-7-carbo- nyl] -amino} -3

(4- methoxy@pﬁél{n@-ﬂ-@l@{ﬁ:@@@ﬂ@}fé}dﬁ{%@&d{(ﬁ&%@@&[M3 4-Dichloro-benzyloxy)- phenyl]
1-methy1-2: 2K E[’*gf%’%#gae‘% ~PEODY 98%@38@&0&1—14

hexahydro- f1- diaza-anthracene-7-ca.rbo- nyl] -amino} -3

-(41-fluoro-hiphéhylidey EyprapionicadidnyB)B{nReyfie-biphenyl-4-y1)-2- {[(S)-3-[4-(3 ,4-

dichloro- be
-tiimethyl- |so -}%’B 4-su foﬁk}% Ig?oréo?ﬁc |a2 -0x0-2,3,5,6,7,8-hexahy-dro-IH-4-oxa-1,6-diaza-anthracene-
7- carbonyl](S}fﬁriél -proplopirbaeit4(B)- %(K%aﬂ%d%;ﬁrhenyl 4-y1)-2-{[(S)-3-[443,4-

dichloro-beng t@&&@&%@ﬁx@ﬁﬁ&w&%ﬁa&%ﬁﬁo@cﬂl 3-2-

1-phenyl-propyl)-2,3,5,6,7,8-héxanydro-11-1-4-oxa- diaza-antbracene-7- carbonyl]amlno)
-2-methylprépiorie: ééﬂ;ﬂchsxa%dd@ygﬁ& BishbAyizaey 13-2-{[(3R, 7S)-344-(3,4-

dichloro-bengyloxy)-phgayl éfzﬁmﬁby dpzo 16-48)-
1-phenyl-pr§§%1) -2,3,5,6,7,8-hexahydro-LH-4-oxa-1, 6-diaza- anthracene 7-carbonyl] -amino)

-propionic 3&ﬁﬂ§ﬁ?@?@§?¢é'ﬁéﬁfm{/ﬁ% F4£ﬁ§344d|chloro benzyloxy)- phenyl] -2-ox0-2,3 ,5,6,7,
8-hexahydr%%ﬂﬁb%@kg%mﬁt@@m}y@%m amino)-3-[4-(pyridin-4-

yloxy)-phenyl pI’OpIOI’lIC acid; or a pharmaceutlcally acce table salt thereof. In a tenth aspect,
there is prow h%?ﬁ%%éﬂtégb%éﬁﬁmg" g a compound of the fourth aspect and a

pharmaceutigaily. ageaptable. g@g@@gragﬁggpgamplmh@j@yenth aspect, there is provided a
pharmaceutical co §)osmon comprising a comg@rﬁ g of the fifth aspect and a pharmaceutically

acceptable At GP aATERT OO A HTES Réré i provided a pharmaceutical composition

comprising @ﬁam@ouﬂﬁﬂ&ig}?.ﬁiﬁlg}@.ap@m aewgpthmaceutlcally acceptable carrier or diluent.  In
a thirteenth %I,Xt th é}l mace t al composition comprising a compound of the
seventh as y 35?3%1 fer or diluent. .

nyl} -amino}-3 (4'-cyano-b1pheny1-4~y1}—prop1on1c
acid, .

(S)-3-(4'-Cyano-biphenyl-4-yi)-2-( {(S}—é—(S-cyano-ﬁ-
rhethylsulfanyl—pyridjn-Qny]mefnyl)-S-[4-(3,4—
dichloro-benzyloxy)-phenyi}-2-ox0-2,3,5,6,7.8-
hexahydro-IH-4-0xa-l,6-diaza-anthracene-7-
carbonyl}-amino}-propionic acid,
(S)-3-(4'-Cyano-biphenyl-4-yI)-2-{{{S}-3-[4-(3 4~
dichloro-benzyloxy)-phenyi}-6-(IH-imidazol-2-yim-
.ethyi)—Z—oxo—Z,S ,5,6,7,8-hexahydro-1H-4-0xa-1,6-
diaza-anthracene-7-carbonyl}-amino} -propionic acid,
(8)-3-(4'-Cyano-biphenyl-4-yi}-2- {[(8)-3-[4-(3 4~
dichloro-benzyloxy)-phenvl}-6-(l-methyl-IH-imida-
zol-2-yimethyl}-2-0x0-2,3,5,6,7,8 -hexahydro-1H-4-
oxa—l,6—6iaza«anthrécenc-7-carbony1}-amino} -

propionic acid,



In a fourteenth aspect, there is provided a pharmaceutical composition comprising a compound of the
eighth aspect and a pharmaceutically acceptable carrier or diluent.  In a fifteenth aspect, there is
provided a pharmaceutical composition comprising a compound of the ninth aspect and a
pharmaceutically acceptable carrier or diluent.  In a sixteenth aspect, there is provided a
pharmaceutical composition comprising a compound as defined above and a pharmaceutically
acceptable carrier or diluent. DETAILED DESCRIPTION OF THE INVENTION DEFINITIONS The
following deffifidf'sCarmartepmmy -Statifg - L0t ndt firtit.the terms defined. If a particular term used herein

is not SPECi@?%ﬁjgoqgéE?%xég-&ﬂéﬁﬁ fi—o%%%*}’ggei%% thﬁlér'Sidered indefinite Rather, terms are used

within their ordinary meani S use _ m "alkyl" refers to a straight or branched
chain hydrozésthded Hebvintrorehyritwdfiré-earbdndatermsnwhich may be optionally substituted as herein

further descgibed, with, multiple, }a_ﬁﬁ)?{oﬁytg)gjﬁgtion being allowed. Examples of "alkyl" as used
herein include, but are not limited to, methyl, ethyl, propyl, isopropyl, isobutyl, n-butyl, tert-butyl,

isopentyl, afi®)A-ffektyanc-bighsmdedyimdulfBodt thisspecification, the number of atoms, such as

carbon at_o%mo@g%gl&9&&@9{,@_)&@5@&%%&%@%nted by the phrase "C-Cy alkyl," or "Cry
alkyl,” which refer to an‘alkyl g

roup, as herein defined, containing from x to y, inclusive, carbon atoms.

Similar termhrBIBg Wil dpplefeP it rasiakt Fageras well. One embodiment of the present
invention in%%ﬁéﬂ%%i%ﬂ@%ybﬁf@m%g&one to six carbon atoms. Thus, CI-05 alkyl

represents a lower allcyl chain as hereabove described. As used herein the term "alkenyl" refers to

a straight oK%h@ﬁ@é@ﬁﬁ@%ﬁﬂﬁﬂ@hﬁdf&&%&%@a@ing two to twelve carbon atoms and containing

one or Mores&RIRR LAz viarPosheipuhie bongs el aay.be optionally substituted as herein further
described, with multiple degrees of substitution being allowed. Examples of "alkenyl" as used herein

include, but™&ie H8Efrhitets; SitRNER A+ R&20s8 e H#&Rein the term "alkynyl" refers to a straight or
branched chain-atihatic-shbydrpearhenieyingidwedo twelve carbon atoms and containing one.or .

more carbon-tocarban triple bonds, which may. be gptionally substituted as herein further described,
with multiplé Hetedsyrey F‘tﬁ%@%ﬂg’gém&fgﬁ?gﬁ“example of "alkynyl" as used herein includes,

but is not lingikelote, iy yApHssel-bebeitrit=termesalitylene” refers to a straight or branched chain
Substituted BERGHAT ot dr HESEABEA AN LAtple uBEbs of subsittion being allowed, Examples
of "alkylene'ia@rased-Nereboid]usenbliaspinat liided to, methylene, ethylene, n-propylene, and
N-DULYIENE. oy 5 (((S)-6-(2-Cyano-benzyl)-3-[4-(3,4-dichloro-ben-

oxa-l, 6»diaza~anth;é;ccne-7-carbonyl} -amino }-3-(4'-

cyano-biphenyl-4-yl)-propiome acid,

(8)-3-{4'-Cyano-biphenyl-4-yI}-2-( {{S)-6-cyclopropylm-

ethyl-3-[4~(3,4-dichioro-benzyloxy)-phenyl}-2-0x0-2,

3,5,6,7,8-hexabydro-1H-4-oxa-1,6-diaza-anthracene-

- 7-carvonyl}-amino}-propionic acid, ) |

(S)-3-(4'-Cyano-biphenyl-4-y1)-2- {[(S)-3-[4-(3 4-

dichloro-benzyloxy }-phenyl] -2 -oxo0- 6-(3 -pyrimidin-2-

yi-prop-2-ynyl}-2,3,5,6,7,8-hexahydro-1H-4-0xa-1,6-

diaza-anthracene-7-carbonyll-amino } ~propionic acid,

(8)-3-(4"-Cyano-biphenyl-4-y1)-2- {[(S)-3-14-(3 4-

dichioro-benzyloxy )-phenyl] -2-0x0-6~(3 ~thiophen-3-

vi-prop-2-ynyl-2,3,5,6,7,8-hexahydro-1H-4-0xz-1,6-

3z



As used herein, the term "alkenylene" refers to a straight or branched chain 15 divalent hydrocarbon
radical 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 a
qulistibitinn hiring allnwed. Examples nf “tdkenylene" as used herein include, but are not limited to,
vinylene, allylene, and 2-propenylene. As used herein, the term "allcynylene" refers to a straight or
branched chain 20 divalent hydrocarbon radical having from two to ten carbon atoms and containing
one or mor@m@g@wbm@@p@thwm&yabﬁ optionally substituted as herein further

described, \/g%h mg %j re %1 stit ing allowed. An example of "allcynylene" as used

herein inclu zrg géra] ff‘f%%?’f%”%%g’t éf\gﬂe %K%z%ff erein, the term "alkoxy" refers to the group

WO-, whereplienﬁ]a:l»:kMAS &§®Hweﬁwdrméﬂé¥m§alk®nyloxy" refers to the group WO-, where le is
alkenyl. S use ere| ter Ilcx loxy.' refers.to the group r0-, where Rx is alkynyl As

- used herelnd%t%ze S §ﬂ<y su ezEl)ny rr11r}e ers fgl%ggr%up S where le is alkyl As used herein, the

term "aIkenyalhttifsmﬂiyj}l)lﬂgfepsamdlaa@roup WS where Ie is aIkenyI 5As used herein, the term

aIkynyIsqu the , x 15 sed herein, the term "alkylsulfinyl" refers to
the group le ?l ?i/ e%rteﬁe 13 9%&8 A%l%sec?here fhe teini "alkenylsulfinyl" refers to the group
R'S(0)-, wh@rimtellﬂrsfal%ytﬁ ’7 8-Asxaspd hédefothe, ferm "alkynylsulfinyl" refers to the group

FeS(O) Whﬁf%i%%h?i@ﬁ@ﬂ éﬁgﬁ?ﬂ QE{B& §h@,tg§g}ma%kylsulfonyl refers to the group FeS02-, where

R."is
phenyi~4»yl} proplomc acid,

(S)-2~({(S)-6-Benzoyl-3-[4-(3-chloro-benzyloxy}-phe-
nyl}-2-0x0-2,3,5 ,6,7,8-hexahydro~»1H-4-oxa—1 ;6~diaza;

' anthmcane—?—c&rﬁonyl}-amﬁno)& -(4'-cyano-biphenyl-
4-yl}-propionic acid, '
(8)-2-{{(S)-6-Benzoyl-3-[4-(4-chloro-berzyioxy)-phe-
nyl}-2-0x0-2,3.5,6,7,8-hexabydro- 1H—4—0xa~i,6~diaza-
anthracene-7-carbonyl }-amino)-3-(4'-cyano-biphenyi-
4y1}-propionjc acid,

(S)-2-( {(8)-6~Benzoyl-3-[4~(4-chloro-3 —ﬁiﬂuoromethyl—
benzytoxy)-phenyi}-2-0x0-2.3,5,6,7,8-hexahydro-1H-
4-oxa-L6-Giaza-anthracene-7-carbonyl}-amino)-3-(4-
cyano-biphenyl-4-yl)-propionic acid,

(8)-2~{ {(§)-6-Benzoyl-3-[£-(4-methoxy-3-irifluorom-
ethyl -benzyloxy }-phenyl] -2 -0x0-2.3,5,6,7,8 ~hexahy-
dro-lH-4-oxa-],6-diaza-anthracene-7-carbonyl }-
amino}-3-{4'-cyano-biphenyl-4-yl)-propionic acid,
{S)-7~ [(8)-1-Carboxy-2~(4'-cyano-biphenyl-4-vi)-ethyl-
carbamoy!] -3-[4~(5,6-dichloro-pyridin-3 ~ylmethoxy)-
phcnyl]—Z»oxo-l,Z,S,5,7,8-hexahydro—4-oxa~l,_6—diaza—
anthracens-6-carboxylic acid tent-butyl ester,
(S)-2-({(S}-6-Benzoyl-3-[4-(5,6-dichloro-pyridin-3-yi-
methoxy)-phenyl]}-2-0x0-2,3,5,6,7,8-hexahydro-1F -4-

3aa



alkyl 15As used herein, the term "alkenylsulfony!" refers to the group 1eS02-, where le is alkenyl.

As used herein, the term "alkynylsulfonyl" refers to the group R'S02-, where fe is allcynyl. As used
herein, the term "cycloalkyl" refers to an optionally substituted non- 20aromatic, three- to
twelve-membered, cyclic hydrocarbon ring, optionally containing one or more degrees of unsaturation,
which may be optionally substituted as herein further described, with multiple degrees of substitution
being allowed. Exemplary "cycloalkyl" groups as used herein include, but are not limited to,
cyclopropyl ceyel6hiityk-aytbiepertyl-ceytoiie xgiiand yéloheptyl, as well as rings containing one or
more degrees_of 25unsatyra 'Qndgu ort. of aromatic, such as cyclopropenyl, cyclobutenyl,
cyclopenten?f?%?%ﬁglﬁ%%r%@aﬁr gig)c ohae%%enyl. As used herein, the term "cycloalkylene" refers
to a divalentSheA-EfOrhdaimzired 40 fvéildanepabéiaet -sclic hydrocarbon ring, which may be

optionally s%&%&ﬁgﬂg& ﬁ_rg_igxyglgesr gg%ggg&gy%h]ggl_tiple degrees of substitution being allowed.
cloalkylene' include ' i

Exemplary "cy “groups In¢lude, but are not limited to, cyclopropylene, cyclobutylene,

5cyclopentytens,fefisishanitermeccishentiicieinahd <dbstituted versions thereof The term is intended

to encompaﬁﬁyg{w_g%@ﬁg@giﬁe‘@@t points of attachment as well as a common point of
attachment, which connectin% atom may also be referred to as "spiroatom.” As used herein, the terms

"heterocycli€®)*hétetoeperbiphgnyfaterédychy £ reféréto 10an optionally substituted univalent

non-aromatig; SRRRAO:H % ALY CYANSEING Sysiayn-eRlanally containing one or more degrees of
unsaturation and also containing one or more heteroatoms selected from the group consisting of

nitrogen, ox%@fﬂhéﬁﬁj%ﬁﬁﬁﬂn\ﬂl}ﬂ%ﬁéﬁy S pREY Substituted, including oxidized, as herein further
described, wjth-melsple degreesofsubstivionbring.allowed. Typically, the ring is three to

propionic acid,
(S)-2-({(8)-3-[4-(3-Chnloro-benzyloxy)-phenyl}-2-0x0-6-
thiazol-2-yimethyl-2,3,5,6,7,8-hexahydro-IH-4-oxa-1,
6-diaza-anthracene-7-carbonyl} —amino).—3~(4‘-cyé.ne-'
biphenyl-4-yl}-propionic acid,
(S)-7-[(S)--Carboxy-2-(4'-cyano-biphenyl-4-y1)-ethyl-
carbamoyl]-3-{4-(3,4-dichioro-benzyloxy)-phenyl]-1-
methyl-2-ox0-1,2.3,5,7,8-hexahydro-4-oxa-l,6-diaza-

- anthracene-6-carboxylic acid isopropyl ester, B
(S)-3-(4'-Cyano-biphenyl-4-y1)-2-{[(S}-3-[4-(3 4-
dichioro-benzyloxy)-phenyl]-l-methyl-2-0x0~6-(3-
phenyi-prop-2-ynyi}-2,3,5 ,6,7,8~héxahydro-’1H—4—oxa—
1,6-diaza-anthracene-7-carbonyl]-amino } -propionic
acid, |
(8)-3-(4'-Cyano-biphenyl-4-y1)-2- {[(S}-3-[4-(3 ,4-
dichioro-benzyloxy)-phenyl}-l-methyl-2-0x0-6-(1-
phenyi-propyi}-2.3,5,6,7,8-bexahydro-IH-4-oxa-1,6-
diaza-anthracene-7-carbonyl}-amino } -propionic acid,
(8)-3-(4'-Cyano-biphenyl-4-y1)-2- {[(5)-3-[4-(3.4-
dichloro-benzyloxy)-phenyll-6-(2-ethyl-benzyl}-l-me-
thyl-2-0x0-2,3,5,6,7,8-hexabvdro-1H-4-0xa-1,6-diaza-

3bb



15 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 "heterocyclic" groups
as used herein include, but are not limited to, tetrahydrofuran, pyran, 1,4-dioxane, 1,3- 20dioxane,
piperidine, pyrrolidine, morpholine, tetrahydrothiopyran, and tetrahydrothiophene. As used herein, the
tei "heterocyclylene" refers to an optionally substituted non- aromatic diradical ring system, optionally
containing GREGRTRETCIEGRIbSBEIMSRIGPAIIER 2 also containing one or more heteroatoms,

‘selected frm;@gm@mmmmm@@ygmﬁiwd sulfur, which may be optionally

substituted, includinq@oxidized, as herein er described, with multiple degrees of substitution being

allowed. Typrc@nyGrelTRGRAAREY BRSNS ber&d %nd is either fully saturated or has one or

more degre.@’gggf@mg%gﬁm-@mdﬁggm&gn@m&w fused to one or more of another
heterocyclic ring(s), cycloalkyl ring(s), aryl groups 30(as defined below) or heteroaryl groups (as
defined beluPf ESE RS PRBIES Y Iene” include, but are not limited to, tetrahydrofuran-2,5-diyl,

0 holine2,3giyk-and-pyramigdidaivh- A5 nsed hersiticdthexiesn "aryl” refers to a univalent aromatic

carbon containing ring or polycyclic fused ring system (up to three rings) where each ring 5contains
between 3 t@"ﬁ%%oﬂ‘f&‘?ﬁh%‘?ﬁé? ?Bﬁ?@%&%@e@g&ﬁ& as herein further described, with multiple
degrees of suhstiiotichekaipgratinwesk Eh@adiptesahiarghiegroups as used include, but are not limited

to, phenyl, 2-ng&)}hth , 1-na§hth |, anthracene, phenanthrene, and indene. As used herein, the term
"arylene" refaF& R di AoRiatc &on 10containing ring or polycyclic fused ring system (up to

three rings) (Where! sdeimoidpheanthglpetijeEntctelohtors; which may be optionally substituted as
herein JUrthey - 4 dichloro-benzyloxy)-phenyi]---methyl-2-oxo-
2.3,5,6,7,8-hexehydro-1H~4-0xa-1,6-diaza-anthracene-
7-carbonyl }-amino}-propionic acid.
(S)-3-(4"-Cyano-biphenyl-4-y1)-2- {1(S)-3-[4-(3 4-

, d.ichloro—benzyloxy)-phenyl]»1-methy1§2—ox0—6-(1»
phenyl-cyclopentylmethyl}-2.3,5,6,7,8-hexabydro-1H-
4-oxa-l,6-diaza-anthracene-7-¢ arbdn.y}]namino} -
propionic acid, - _
(S)-3-(4*-Cyano-biphenyl-4-y1)-2- {{(S)-3-14-(3 4-
dichloro—benzylgxy}~phenyl]-i-methy1~2—oxo—6—(l—

 phenyl-efhyl)-2,3,5,6,7,8-hexahydro-TH-4-oxa-1,6-
dizze-anthracene-7-carbonyl]-amino }-propionic acid,
(S)-2-( {(8}-6-(2-Acetylamino-4-methyl-thiazole- 5-sulfo-
nyi)-3-[4-(3,4~dichloro-benzyloxy}-phenyl] -2-0x0-2,3,
5,6,7,8-hexahydro-1H-4-0xa-1,6-diaza-anthracene-7-
carbonyl} -amino)-3-(4'-cyanq-bipheny1-4-y1)-
propionic acid,

(S)-2-({(8)-6-Benzoyl-3-[4-(3 4-dichloro-benzyloxy)-
phenyl}-2-0%0-2,3,5,6,7,8-hexahydro-H-4-0xa-1,6-
diaza-anthracene-7-carbonyl} -amino)-3 —(4;pyridin-4-
vl-phenyl}-propionic acid,
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described, with multiple degrees of substitution being allowed. Examples of "arylene" include, but are
not limited to, benzene-1,4-diyt naphthalene-1,8-diyl. As used herein, the term "heteroaryl" refers to a
monocyclic five to seven 15 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 ox %en atoms, where N-oxides, sulfur oxides, and dioxides are

|

permissible feteicteit 2aBsHliEhS URNEs P 4t&aryl" groups 20as used herein include, but

should not %Qﬁg}meﬂdﬁ@mg%m@m%@md@@goIe, pyrazole, triazole, tetrazole, thiazole,
oxazole, isoxazole, oxadiazole, thiadiazole, isqthiazole, pyridine, pyridazine, pyrazine, pyrimidine,

quinoline, iSOGETIESHSAZGRIPAT beFEdsoNT, BTEhBiophene, indole, indazole, benzimidizolyl,'
imidazopyrigtwdypyrazaiepieingldand pyrazolopyrimidinyl. 25As used herein, the term B

"heteroarylene” r r{frst mongcyclic five - to seven - membered aromatic ring diradical, or to a fused
bicyclic ringcsﬁ'sgt'e(E Séo%%éa&%) LY VRRFFEY be optionally substituted as herein further

described, with-mpitijde-degressob bt ginaxhkidgaaligwed. These heteroaryl rings contain one or

more nitrogen, sui;c r,.and/or. oxygen atoms, ywhere N-gxiges, sulfur oxides, and dioxides are
permissible%@féar" §fg’ﬁ%§‘ﬁ%t§ﬁ?gf%ﬁifcﬁr>§g’ c&of éé arylene" used herein include, but are not
limited to, futeed:Z-bidiyh ¢hicphenepidiyidand pyridine-2,4-diyl. As used herein, the term "fused

oroUps hale 8 RORR T aah 2 e tel i arop 1 the point of scbstution.
Examples oﬁi#hbedmﬂ?ﬂgymyﬂyﬂﬁenhﬁhy@hm{?%dé@indanyl, and 5,6,7,8-tetrahydro-_2-naphthyl
Qrsoﬂzeig gi?/r}fll%r}lgﬁ%lh égﬁﬁ%}gg%ﬁﬁgﬁgﬁ%ﬁy&ﬂ? ¥ _rgL%[i to a fused cycloallcylaryl, whereln the aryl
6-diaza-anthracene-7 -carbonyi}-amino} -propionic
acid,
(S)-3-(4’=—Cyano—biphenjr1-4-y1)-2-{{(3 8,78)-3-[4-(3,4-
dichioro-benzyloxy)-phenyl}-l-methyl-2-0x0-6-((S)-
I-phenyi-propyl}-2,3,5,6,7,8-hexahydro-1H-4-0xa-1, -
6~diﬁza~anthraccnc-'7-ca:bonyl] -amino }-propionic
acid, o
(S)-3-{4'-Chioro-biphenyl-4-yi}-2-{[(3R,7S}-3-[4-(3 4-
dichlorq-benzyloXy}-phcnyl]-I-methyi-l-oxo-6-((S}—
- I-phenyl-propyi)-2,3,5,6,7,8-hexahydro-1H-4-oxa-1,
éndiaza—anthrécene—T—carbonylj ~amino }-propionic
acid,
(S)-2-{I(3R,78}-3-[4~(3,4-Dichioro-benzyloxy)-phenyll-
l-methyl-2-0%0-6-((S)-1-phenyl-propvl)-2,3,5,6,7,8-
hexabydro-iH-4-0xa-1,6~diaza-anthracene-7-carbo-
nyl] -amino }-3-(4"-methoxy-biphenyi-4-yl}-propionic
acid. |
(S).—'Z- {[(3R,78)-3-[4-(3,4-Dichloro-benzyloxy)-phenvl}-
l-methyi-2-ox0-6-((S)-1-phenyl-propyi}-2,3,5,6,7,.8-
hexahvdro-1H-4-oxa-1,6-dizza-anthracene-7-carbo-

3dd



As used herein, the term "fused arylcycloalicyl" refers to one or two aryl groups fused to a cycloallcyl
group, the cycloallcyl and aryl groups having two atoms in common, and wherein the cycloalkyl group
is the point of substitution. Examples of "fused 15arylcycloalkyl” 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- WO 2009/111700PCT/US2009/036333 fluorenylene So and As used herein, the term

"fused heterSRYERHRRA o rtefS B SHRbsRAvS B IRIRPRSElyl groups fused to an aryl group, the aryl and

heterocyclykggoups having two atoms in common, and wherein the aryl group is the point of

substitution. Examples of "fuse@%@eterﬁ%

ggl ryl" used herein include 3,4-methylenedioxy-1 -phenyl
and (Ra-cid 8B TP PR Y Prse ErbeyEfyiardiene” refers to a fused 10heterocyclylaryl,

wherein the @l gobanisidivalehintixamplasiinauces Assed herein, the term "fused arylhetcrocyclyr
naving two SBFTHERA . A SR S HEASSEShly arou s the pant of substiuton.
Examples obibifnsathansdheRratysalyl] - usesh hepsipiioglkide 2-(1,3-benzodioxolyl) and
acid, | .
(S)-2-{[(38,7S)-3-[4-(3 ,4—Dichlor0-bcﬁzyloxy}—phenyl};
“ I;methyl—2m0xo—é-((S}-l—phenyl—propyl}&,?;,5,6,7,8-
hexahydro-1H-4-0xa-1,6-diaza-anthracene-7-carbo-
nyl] ~amino} -3 -(4'-methoxy-biphenyl-4-yi-propionic -
acid, .
(8)-2-{[(38,78)-3-[4-(3,4-Dichloro-benzyioxy)-phenyl]-
l-methyi-2-ox0-6-((S}-1-phenyl-propyl}-2.3,5,6.7.8-
hexahydro»ll—i@oxa-i,6-diazaﬁanthx‘acma»7-caxbo—
nj’l] -amino} -3 ~(4'-fluoro-biphenyl-4-yl)-propionic
acid,
~ (S}-3+(4'-Cyano-biphenyl-4-y1}-2- {[(S)-3-{4-(3 4~
dichioro-benzyioxy)-phenyl]-6-(3,5 -dimethyl-isox-
azole-4-sulfonyl)-l-methyl-2-0x0-2,3,5,6,7,8-hexahy-
dro-1H-4-0xa-1,6-diaza-anthracene-7-carbonyl]-
amino }-propionic acid, |
(8)-3-(4'-Cyano-biphenyl-4-y1}-2-{[{S)-3-[4~(3 4-
djchloro-benzyioxy}-ph.enylj-1-mcthy1-2-07;0—6-((8}—
1-phenyi-propyl}-2,3,5,6,7,8-hexahydre-1H-4-oxa-1,
6 -diaza-anthracene-7-carbonyl}-amino} -2-methyl-
propionic acid,
(R)-3-(4'-Cyano-biphenyl-4-y1}-2-{[(3R,78)-3-[4-(3,4-
dichloré-benzyloxy}—phenyl]-i-methyi-z-oxo—ﬁ-((s}—
I-phenyl-propyl}-2,3,5,6,7.8-hexahydro-IH-4-oxa-1,

6-diaza-anthracene-7-carbonyl] -amino} -propionic

3ee



As used herein, the term "fused arylheterocyclylene" refers to a fused arylheterocyclyi, wherein the
heterocyclyl group is divalent. Examples include As used herein, the term "fused cycloalkylheteroaryl"
refers to one or two 5cycloalkyl groups fused to a heteroaryl group, the heteroaryl and cycloallcyl
groups having two atoms in common, and wherein the heteroaryl group is the point of substitution.
Examples of "fused cycloalkylheteroaryl" used herein include 5-aza-6- indanyl and 10As used herein,
the term "fused cycloalkylhetcroarylene" refers to a fused cycloallcylheteroaryl, wherein the heteroaryl
group is divalent. Examples include As used herein, the term "fused heteroarylcycloallcyl” refers to
one or two hetgtroadryl groups fused to a cycloalkyl group, the cycloalkyl and heteroaryl groups
15having w6 atdms in common, and wherein the cycloalkyl group is the point of substitution.

Examples dﬁmdﬂshét@umib%%éﬂﬁ%d@b}@@oh@éﬁmmﬂde 5-an-lindanyl and As used herein, the
term "fused heteﬁaarxlccyglg)%Ilé:),;l%r]J gﬁ{%;g ﬁ@l@—&?@q 6-

diaza- anthracene-’?-carbonyl} -ammo)—S - 4-(pyridin-4-
yloxy)-phenyll-propionic acid;
or a pharmaceutically acceptable salt thereol.

In a tenth aspect, there is provided a pharmaceutical composition comprising a

compound of the fourth aspect and a pharmaceutically acceptable carrier or diluent.

In an eleventh aspect, there is provided a pharmaceutical composition comprising

a compound of the fifth aspect and a pharmaceutically acceptable carrier or diluent.

In a twelfth aspect, there is provided a pharmaceutical composition comprising a

compound of the sixth aspect and a pharmaceutically acceptable carrier or diluent.

In a thirteenth aspect, there is provided a pharmaceutical composition comprising

a compound of the seventh aspect and a pharmaceutically acceptable carrier or diluent.

In a fourteenth aspect, there is provided a pharmaceutical composition comprising

. a compound of the eighth aspect and a pharmaceutically acceptable carrier or diluent.

In a fifteenth aspect, there is provided a pharmaceutical composition comprising a

compound of the ninth aspect and a pharmaceutically acceptable carrier or diluent.

In a sixteenth aspect, there is provided a pharmaceutical composition comprising

a compound as defined above and a pharmaceutically acceptable carrier or diluent.
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heteroarylcycloalicyl, wherein the cycloallcyl group is divalent. Examples include As used herein, the
term "fused heterocyclylheteroaryt” refers to one or two 5heterocyclyl groups fused to a heteroaryl
group, the heteroaryl and heterocyclyl groups having two atoms in common, and wherein the
heteroaryl group is the point of substitution. Examples of "fused heterocyclytheteroaryt" used herein
include 1,2,3,4- tetrahydro-beta-carbolin-8-y1 and 10As used herein, the term "fused
heterocyclylheteroarylene" refers to a fused heterocyclylheteroaryl, wherein the heteroaryl group is
divalent. Examples include As used herein, the term "fused heteroarylheterocyclyl" refers to one

or two heteroaryt groups fusee 6 HetBiR R JFSN D EnEHRIarSEDER AR heteroaryl groups

15having two atoms in common, and wherein the heterocyclyl group is the point of substitution.
Examples #fjgﬂibt oarylheterocyclyl" used herein include -5-aza-2,3- dihydrobenzofuran-2-yl
and A 1T, the term "fused heteroarylheterocyclytene" refers to a fused

- heteroarylheterocyidlyttolibeieinitfiaineteraeyabshigeotiprisydivalestimxampleshochmedS i As used

herein, the term ','aclxl" refers tp the. group RXC(0)- ,.whete R." is alkyl, alkenyl, alkynyl, cycloalkyl
) t h ) ] ) H

cycloalkeny?, poarrtﬁceuteiljo%ilﬁé ltﬁecp ErEiTT 18 ngt spec1(1921aliy Iae med, such legn &oup&/ not Lg/

considered indefinite. Rather, terms are used within their ordinary meanings.

As used herein the term "alkyl" refers to a straight or branched chain hydrocarbon
having one to twelve carbon atoms, which may be optionally substituted as herein further
described, with multiple degrees of substitution being allowed. Examples of "alkyl" as used
herein include, but are not limited to, methyl, ethyl, propyl, isopropyl, isobutyl, n-butyl,
tert-butyl, isopentyl, and n-pentyl, |

As used throughout this specification, the number of atoms, such as carbon atoms
in an alkyl group, for example, will be represented by the phrase "Cy-Cy alkyl," or "Cy-y
alkyl,” which refer to an alky! group, as herein defined, containing 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,-Cy alkyl represents a lower alky! chain as hereabove described.

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

hydrocarbon having two to twelve carbon atoms and containing one or more carbon-to-

3gg



As used herein, the term "aroyl" refers to the group Rt(0)- , where fe is aryl. As used herein, the
term "heteroaroyl" refers to the group RT(0)- , where re is 10heteroaryl. As used herein, the term
"alkoxycarbonyl" refers to the group WOC(0)-, where Rx is alkyl. As used herein, the term
"acyloxy" ref&\é t%HEYBup Rt(0)0- , where Rx is alkyl, alkenyl, alkynyl, &fcFIARN?ESE 8 Ikenyl, or
heterocyclyl. 15As used herein, the term "aroyloxy" refers to the group leC(0)0- , where le is aryl.

As used herein, the term "heteroaroyloxy" refers to the group RT(0)O- , where Rx is heteroaryl. As
used herein the term "halogen" refers to fluorine, chlorine, bromine, or 20iodine. As used herein
the term "haloalkyl" refers to an alkyl group, as defined herein, that is substituted with at least one
halogen. Exambpledcablranchedidcistraighd ghainely shiadtalisiligiaupsiathuseddneedimitclude, but are
not limited-tg, methyl, ethyl..propyl. isopropyl, n-butyl, and t-butyl substituted i ﬁie endently with one or
more 'haloggfﬁusﬂ,} ' éerxee%eren% g?‘fﬁ%@%ﬁﬁ%ﬁl dr%?ﬁvgflf a\éln 1040, L#ea erm S’"h%slgfsﬁé; “Should be interpreted
to include susiidabstitexsritst dsnpedfooroallcyhdrdiyps such as -CF3. As used herein, the term
"haloalkylene" refers to a straight or branched chain divalent hydrocarbon radical, substituted with at

least one halogen/PRésERHERSiAdeHE Sivtepretelgridarictigeermibsrsand dae ghsbpdcsuch as -CF2-.

As used hergigdheret Ma ialaalk o Yw EBfe B0 A SeakParal8o WhRIRI8 S & Ralralkyharqyp as herein
defined. As non-limiting, examples, haloalkoxy gr?up%include -0(CH2)F, -0(CH)F2, and -0CF3.

As used hef&T R RINPR ?OW}PéCIIéP%a%bS%%IN@ ieadan SetrRdrETiNestant i &iho" refers to a
group -CN. Asltisled desainfthebisazisobdieienoloed giauRaMide of “Astdedsheeginetba temi amide”
refers to a group, -C(O)NWRY or -NleC(0)-, where each Rx and RY individually is hydrogen, alkyl,
alkenyl, aLE?ﬁ%eé%Pgéﬁﬁlﬁt, 15%{?%%e%{1¥§}i’éy|, or heteroaryl. 15As used herein "amino" refers to a

group -NleRY, wh%@9&969&5,-Eh@ra&rﬁnmgé&gu?éw&m@gg}%oq'%%_/elna%ﬁ@x&i&lﬁ%gg%wvdoa'kV"

aryl, heterocylcyl, or heteroaryl. As used herein, when either le’or BY is other than ogen, such a
group Hay BEdersrhen fedielnesinsshamaiainisn cohTorexniel P2y ke pptioadlly RY is alkyl, as an

"alkylaminogybstituted as herein further described, with multiple degrees of substitution being allowed.

Examples of "alkylene" as used herein include, but are not limited to, methylene,

ethylene, n-propylene, and n-butylene.

As used herein, the term "alkenylene” refers to a straight or branched chain
15 divalent hydrocarbon radical 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 subgtitution being allowed. Examples of “alkenylens

hoiwl 3 i SALANLITLALILME O Wi LLAGRILENCD WML QARGHL YL

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
20 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*0-, where R is alkyl.

25 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,



As used herein, the term "oxo" shall refer to the substituent =0, and is available 20as a substituent on
carbon atoms have at least two hydrogens available for substitution and on heteroatoms such as
nitiogen and sulfur where the heteroatom may be oxidized to foim a bond with the oxo substituent.

As used heréh} E&HAHS "hydroxy" and "hydroxyl" refer to a group -OH. RETESWH@6HI3 the term
"aminosulfonyl1" refers to the substituent -SO2NH2. 25As used herein, the term "mercapto” refers to
the substituent -SH. As used herein, the terms carboxy" and "carboxyl" refer to the substituent -
COOH. As used herein, the term "carbamoyl" refers to the substituent -C(0)NH2. As used herein, the
tell,’ "sulfanyl" refers to the substituent -S-. As used herein, the term "sulfinyl" refers to the substituent

-S(0)-. As used herginsdhadein druianyalEiersR e s HE RoH RZ. SAsHsedherein, the term

"optionally” means that the subsequently described event(s) may or may not occur. As used herein,
the term "diFélEXIbond", where part of a structural variable specification, refers to the direct joining of the

substituents flanki%% &[S)gg%ading tﬁg?e%{f?%ﬁed"] 1}he \(,ari?ble taﬁen as aé% i_rec bogﬁ". Where two or

more consecutive TOVATTABTEA FBSHR EGEX R HEY IS BIAYE MBS TuBdiftSéhts flanking

(preceding abkdrsticceeding) those two or more consecutive specified "direct bonds" are directly joined.
As used herein, the term "substituted” refers to substitution of onc or more hydrogens of the
designated moietyAditsethberrin die sapstitlieny beEabsiimedemstoths tprepBiFeeshefesRbititution being
allowed unlggsptherwise stated, provided that the 15substitution results in a stable or chemically
feasible compound. A stable compound or

As used herein, the term “alkylsulfinyl” refers to the group R*S(0)-, where R™ is
alkyl. '

As used herein, the term “alkenylsulfinyl” refers to the group R*S(0)-, where R®
10 is alkenyl. '

As used herein, the term “alkynylsulfinyl” refers to the group R*S(0)-, where R*
15 alkynyl.

As used herein, the term “alkylsulfonyl” refers to the group R*SO;-, where R is
alkyl.

Is5 As used herein, the term “alkenylsulfony!” refers to the group R*SQ5-, where R”
1s alkenyl.

As used herein, the term “alkynylsulfonyl” refers to the group R*SO;-, where R
is alkynyl.
As used herein, the term "cycloalkyl" refers to an optionally substituted non-

20 aromatic, three- to twelve-membered, cyclic hydrocarbon ring, optionally containing one
or more degrees of unsaturation, which may be optionally substituted as herein further
described, with multiple degrees of substitution 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

25  umsaturation but short of aromatic, such as cyclopropenyl, cyclobutenyl, cyclopentenyl,

cyclohexenyl, and cycloheptenyl.



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 thevepetsét bi7fgrophylactic 20administration to a patient.

Asuspaseseissite 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. 25As used herein the terms "pharmaceutically
carrier", "pharmaceutically acceptable diluent”, and pharmaceutically acceptable excipient"”

means the carrier, diljent Q&%gigjg@ému?g,%ﬁgm&%ﬂg]%&@tpot gi%fﬁeel{tjn‘ rr'le_gligrrﬁt .of the formulation

acceptable

and not deleterious to the recipient thereot.

S use

erein the term "therapeu |<1:%illy effective

amount" as thsett Weipeshy riasmbasd: arpbubydperstive dompbishdrey phantrmedytichitigedt that elicits
the biologicak aemedicinaliesRss it flissiciSYsient s@@ﬁﬂﬂoﬁ,ﬂ&l@‘aﬁ%}%ﬂpjﬁ%ggﬂéﬁ
s 5re

by a researcher v§terinaﬂrian, medical doctor, patient or other clinician, which inclu

alleviation of F&°

IS mE Sh el Bt BES G ttHaated fanmystp PR kRGeS lobistisaS e .,

being sought
duction or
active

ingredient) isyatiminigteretaddhaprltcreferanpedde thedamauntaf agtive Jagredientangd the free

acid or free basge fgii&] of the comp
18 pended f
cows, sheep, pigs, mice,

und. .
TR AL e T

usedgg?rein, "Subject(s)" include, for example, horses,

R pars ek fpsHngS! Asdistronkeys, and,

humans. 10inmmergminodimigantracsy bjbithisanimemarndmanothss eakogiaentza subject is a human in
need of activaﬂ'%tg&GLP-lR. COMPOUNDS Embodiments of the present invention comprise

substituted
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As used herein, the terms "heterocyclic”, "heterocycle”, and "heterocyclyl” refers to
an optionally substituted univalent non-aromatic mono- or polycyclic ring system,
optionally containing one or more degrees of unsaturation and also containing one or
more heteroatoms selected from the group consisting of nitrogen, oxygen, and
sulfur, which may be optionally substituted, including oxidized, as herein further described,
with multiple degrees of substitution being allowed. Typically, the ring is three 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 "heterocyclic” groups as used
herein include, but are not limited to, tetrahydrofuran, pyran, 1,4-dioxane, 1,3-
dioxane, piperidine, pyrrolidine, morpholine, tetrahydrothiopyran, and

tetrahydrothiophene.

As used herein, the term "heterocyclylene” refers to an optionally substituted non-
aromatic diradical ring system, optionally containing one or more degrees of
unsaturation and also containing one or more heteroatoms, selected from the group
consisting of nitrogen, oxygen, and sulfur, which may be optionally substituted,
including oxidized, as herein further described, with multiple degrees of substitution being
allowed. Typically, the ring is three 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



15 tetrahydroisoquinoline derivatives, compositions, and methods of use thereof. The present
invention. may be embodied in a variety of ways. In a first aspect, the present invention provides
tetrahydroisoquinoline derivatives which are modulators of GLP-1R which may be useful for the
managementanAtBHTENnt of disease where modulation of the human GeErlirsmeptasisibeneficial.
20In a first exemplary embodiment, the present invention provides a compound of Formula (1):
25Formula (I) wherein R is -(CH2)p-G1-L1-G2, wherein 5L is selected from the group consisting of: a
direct bond, -CH2-, -0-, -N(R16)-, C(0)-, -CON(R16)-, -N(R16)C(0)-, -N(R16)S02-, -SO2N(R16)-,
C(0)-0-, -0-C(0)-, -S-, -S(0)-, -S(0)2-, and -C---="C-, wherein R16 is selected from the group consisting

of. -hydrogeherdliy)ci il AMENGIALL AR Geseleciad Iatle B cansfiligen alkynylene.

‘arylene, heteroarylene, fused arylcycloalkylene, fused cycloalkylarylene, fuse
cycloalkytheterdiryléhe Phigkd-fistidtocyclylarytene, and fused heterocyclylheteroarylene, wherein G1
is optionally substituted 1-4 times with 15"subls“tituents independen:tly selected from R'6, wherein R16 is
Rb, G2 is selected HoCthBCH8 B& STty of TR0 AMBIRGAFYT, LRREHSSH1EPBloalkyt, -fused
cycloalkylarybnfiised; circlaalisylpeteraaiyd e diisRdsy stem (up to three rings) where each ring
5  contains between 3 to 7 atoms, which may be optionally substituted as herein further
described, with multiple degrees of substitution being allowed. Examples of "aryl"
groups as used include, but are not limited to, phenyl, 2-naphthyl, 1-naphthyl,

anthracene, phenanthrene, and indene.

As used herein, the term "arylene” refers to a divalent aromatic carbon
10 containing ring or polycyclic fused ring system (up to three rings) where cach ring
contains between 3 to 7 atoms, which may be optionally substituted as herein further
described, with multiple degrees of substitution being allowed. Examples of “arylene”

mclude, but are not limited to, benzene-1,4-diyl, naphthalene-1,8-diyl.

As used herein, the term "heteroaryl” refers to a monocyclic five to seven
15 membered aromatic ring, or to a fused bicyclic aromatic ring s:ystem 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 éxides, and
dioxides are permissible heteroatom substitutions. Examples of "heteroaryl" groups
20 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.

25 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



20heterocyclylaryl, and -fused heterocyclytheteroaryl, wherein 62 is optionally substituted 1-4 times
with substituents independently selected from R'1, wherein R11 is Rb, 25121 is selected from the
group consisting of: -CO2H, -CO2R12, -C(0)NH2, -C(0)NHR12, - tetrazole, and acid isostere, wherein
R12 is selecte@ fen{1i&dgroup consisting of -C3.40 alkyl, -cycloalkyl, andPERASMASHIR 12 is
optionally substituted 1-4 times with a group independently selected from Rc; 30 R2 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 ; 5 R3 is selected from V; R4 is selected from Ra and 1012.5 is

-0342-Q2-L 3G PR R ha ARH shiB RGBS P RRAIG téx&%e{%ég%&h%@y&&fmﬁ}m of: a direct
bond, -0-, -N(R26)-, -C(0)-, -CON(R26)-, -N(R26)C(0)-, -N(R26)CON(R27)-, N(R26)C(0)C-,

-0C(0)N(R2BY!, R AR Y58 -0 SespngR2byL, trgphane-2atdp)-andryra )f:i@fbyé-, and

N(R2B)SO2NR2T), Wherei 19726, 00 R27 IS JLSRRIVEOLY RS IseiSd QT e, g consisting o

groups fused to an aryl group. the aryl and cycloalkyl groups having two atoms in
5  common, and wherein the aryl group is the point of substitution. Examples of "fused

cycloalkylaryl" used herein include 5-indanyl, and 5,6,7,8-tetrahydro-2-naphthyl

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

10

fused to a cycloalkyl group, the cycloalkyl and aryl groups having two atorns in common,
and wherein the cycloalkyl group is the point of substitution. Examples of "fused

15 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-



hydrogen, -alkyl, -aryl, and -alkylene-aryl, wherein R26 and R27 are optionally substituted 1-4 times
with R.6, or R26 and R27 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 20heteroatoms independently selected
from oxygenWik26¢EH1AHd sulfur; Q2 is selected from the group consistinjCatvazaeesshzsnd, C1.)0
alkylene, C2-10 alkenylene, and C240 alkynylene, 25G3 is selected from the group consisting of:
-arylene, -cycloalkylene, heterocyclylene, -heteroarylene, -fused arylcycloalkylene, -fused
cycloalkylarylene, -fused cycloalkylheteroarylene, -fused heterocyclylarylene, and -fused
heterocyclylheteroarylene, wherein G3 is optionally substituted 1-4 times with substituents
independenflys0sgleeted from le, wherein R8 is selected from RE', G9 is selected from the group
consisting of: -aryl, -cycloalkyl, -heterocyclyl, -heteroaryl, -fused arylcycloalkyl, -fused cycloalkylaryl,
-fused cycloalkylheteroaryl -fused hefe rocyclylaryl and -fused 5heterocyclylheteroaryl whereln G9is

the graup.-6Q of Rb; Ra is selected from the group consisting of:
Rg,15c) -8(0)2 ~d) -S(0)mNRd Re, e) -C(0)Rd, f) -CO2Rd,

independently 8 6
a) -hydrogen, b) -8(0)p

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

"fused heterocyclylaryl” used herein include 3,4-methylenedioxy-1-phenyl and

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 heterocvelyl 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 mclude 2-(1,3-benzodioxolyl) and

I N



g) -C(0O)NR" 20h) -haloalkyl, i) j) -heterocyclyl, k)-C1_10 alkyl, 1) -C2-10 alkenyl, 25m) -C2_10
alkynyl, n) -aryl, o) -heteroaryl, p) -C1_10 alkylene-aryl, cO -C2_10 alkynylene-aryl, 30r) -C140 alkyl
ene-heteroaryl, WO 2009/111700PCT/US2009/036333 s) allcynylene-heteroaryl, and t) -C(Rf
Rg),-aryl, Wéhswsimamikyl, alkenyl, alkynyl, aryl, heterocyclyl, heteroary!, rrmusyetoatisgbgroups are
optionally substituted 1-4 times with a group independently selected 5from Re ; Rb is selected from the
group consisting of: a) -cycloalkyl, b) -cyano, 10c) -ORd,

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

arylheterocyclyl, wherein the heterocycly! group is divalent. Examples include

i

As used herein, the term "fused cycloalkylheteroaryl” refers to one or two
5 cycloalkyl groups fused to a heteroaryl group, the heteroaryl and cycloalkyl groups
having two atoms in common, and wherein the heteroary! group is the point of
substitution. Examples of "fused.cycioaﬂqlhetemaryl" used herein include S-aza-6-

indanyl and

Zg\ /g

10 As used herein, the term "fused cycloalkyihéteroarylen.e” refers to a fused

cycloalkylheteroaryl, wherein the heteroaryl group is divalent. Examples include

AN
l =
N
As used herein, the term "fused heteroaryleycloalky?” refers to one or two
heteroaryl groups fused to a cycloalkyl group, the cycloalkyl and heteroaryl groups
15 having two atoms in common, and wherein the cycloalkyl group is the point of
substitution. Examples of "fused heteroaryleycloalkyl" used berein include 5-aza-1-

indanyl and

Zg\ /§

10



d) -NO2, €) -halogen, f) -S(0). Rd, g) -SRd, 15h) -S(0)20R' , i) -S(0)",NRd Re, j) -NRd Rd, k) -0(CRf

Rg)"'NRd Re, ) -C(0)Rd, 20-CO2Rd, n) -002(CRf R)"CONRd Rd, 0) -0C(0)Rd, p) -C(0)NR"
Re, q) -NRd C(0)Re, 25r) -OC(0)NRd Re, s) -NR" C(0)0Re, t) -NR" C(0)NR" Re, u) -CF3, v)
-0CF3, 30w) Wiaksadkat 700 PCT/US2009/036333

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

heteroarylcycloalkyl, wherein the cycloalkyl group is divalent. Examples include

AN

=
N

As used herein, the term "fused heterocyclylheteroaryl” fefers to one or two
5 heterocyclyl groups fused to a heteroaryl group, the heteroaryl and heterocyclyl groups
having two atoms in common, and wherein the heteroaryl group is the point of
substitution. Examples of "fused heterocyclylheteroaryl” used herein include 1,2,3,4-

tetrahydro-beta-carbolin-8-yl and

i

10 As used herein, the term "fused heterocyclyltheteroarylene™ refers to a fused

heterocyclylheteroaryl, wherein the heteroaryl group is divalent. Examples include -

=

=
N

=

As used herein, the term "fused heteroarytheterocyclyl" refers to one or two
heteroaryl groups fused to a heterocyclyl group, the heterocyclyl and heteroaryl groups
15 having two atoms in common, and wherein the heterocyclyl group is the point of
substitution. Examples of "fused heteroarvlheterocyclyl” used herein include —5-aza-2,3-

dihydrobenzofuran-2-yl and

7\

i1



X) -haloalkoxy, y) -C1_10 alkyl, z) -C2-u) alkenyl, aa) -C7_10 alkynyl, 5ab) -C1_10 allcylene-aryl,
ac) -C1_10 alkylene-heteroaryl, and ad) -heteroaryl, wherein alkyl, alkenyl, alkynyl, aryl, heteroaryl,
and cycloalkyl groups are 10optionally substituted 1-4 times with a group independently selected from

; R" is select® R tHE%roup consisting of: a) -halogen, 15b) -amino, c) BEAYE83poH}sEjano, e) alkyl,
0 -0-C14 alkyl, 20g) -0- CF3

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

heteroarylheterocyclyl, wherein the heterocyclyl group is divalent. Examples include

~

Nas

As used herein, the term “acyl” refers to the group R*C(0)- , where R™ is alkyl,
alkenyl, alkynyl, cycloalkyl, cycloalkenyl, or heterocyclyl.

As used herein, the term “aroyl” refers to the group R*C(O)-, where R is aryl.

As used herein, the term “heteroaroyl” refers to the group R*C(0)- , where R* is

10 heteroaryl.

As used herein, the term “alkoxycarbonyl” refers to the group R*OC(0O)-, where
R*is alkyl.

As used herein, the term “acyloxy” refers to the group R*C(0)O- , where R is
alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, or heterocyclyl.

15 As used herein, the term “aroyloxy” refers to the group R*C(O)O- , where R* is

aryl.

As used herein, the term “heteroaroyloxy” refers to the group R*C(0)O- , where
R* is heteroaryl.

As used herein the term "halogen" refers to fluorine, chlorine, bromine, or
20  iodine.

As used herein the term "haloaliyl" refers to an alkyl group, as defined herein, that
1s 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,

1sopropyl, n-butyl, and t-butyl substituted independently with one or more halogens, for

12



h) -cycloalkyl, i) -O-cycloalkyl, j) -aryl, k) -C1_4 alicylene-aryl, 251) -hydroxy, m) -CF3, n)

-haloalkyl, 0) -haloalkoxy, p) -0-aryl, 30q) -heteroaryl, r) -heteroarylene-Cum alkyl, s)
-heterocyclyl, t) -002-Ci_10 alkyl, u) -002-C1_10 alkyl-aryl, 5v) -fused arylcycloalkyl, w)
-alkynylene-Rege¥aiA1 %p -alkylene-aryl, PCT/US2009/036333

example, fluoro, chloro, bromo, and iodo. The term "haloalkyl" should be interpreted to

include such substituents as perfluoroalkyl groups such as --CFj.

As used herein, the term "haloalkylene” refers to a straight or branched chain
divalent hydrocarbon radical, substituted with at least one halogen. The term should be

5 interpreted to include perfluoroalkylene groups such as ~CFp-.

As used herein, the term “haloalkoxy” refers to a group ~OR”, where R* is a
haloalkyl group as herein defined. As non-limiting examples, haloalkoxy groups
include -O(CHy)F, -O(CH)F,, and -OCFs.

As used herein the term "nitro" refers to a group -NO,.
10 As used herein the term "cyano” refers to a group -CN.
As used herein the term "azido™ refers to a group -Ns.

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

15 As used herein “amino” refers to a group -NR™R?, where cack of R* and R¥
mndividually is hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl, arvl, heterocyleyl, 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
20 as a substituent on carbon atoms have at least two hydrogens available for substitution
and on heteroatoms such as pitrogen 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 & group —~OF.
As used herein, the term “aminosulfonyl” refers to the substituent -SO,NH;.
25 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



y) -alkynylene-aryl, z) - nitro, 10aa) -N(H)-C(0)-C1,6-alkyl, and bb) -S-C16-alkyl, Rd and Re are
independently selected from the group consisting of: hydrogen, C1_10 alkyl, C2-10 alkenyt, C2_10
alkynyl, cycloalkyl, -C1_10 alkylene-cycloallcyl, aryl, heteroaryl, 15and heterocyclyt, wherein alkyl,
alkenyl, allcyW§a 269%34aTRY1, aryl, heteroaryl, heterocyclyl groups are optioRElYUS2StE#Ed with one to
four substituents independently selected from 12." ; or Rd and Re 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 20and optionally substitued with 1-3 times
with Re, Rf and Rg are independently selected from the group consisting of: hydrogen, C1.10 alkyl,

cycloalkyl, -Ci_jo alkyieaenexsioaliob-rarhimand ars wheraihalkydneveleais, and aryl groups are
optionally substituted with one to four substituents 25independently selected from R; or Rf and Rg

together with the cashgadtherdhicththeyare: siadhesidata] aringafthetn Smembers containing 0-2
heteroatoms independently selected from oxygen, sulfur and nitrogen optionally substitued with 1-3
times with R™; 30 Misisnl integetiedmm tenEinplTsearitteerstromiatatl:G{@nd p is an integer from 0 to
2; or a phalinaceutically acceptable salt thereof. 5 In a second exemplary embodiment, the present
invention relates t\eUpdarTHS BletkantirsubireyhplafiienbodinishtuswheéhRings B and C of Formula

(1) contain no further substitutions. . )
5 As used herein, the term “optionally” means that the subsequently described

event(s) may 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 and
succeeding) the variable taken as a “direct bond”. Where two or more consecutive

10 variables are specified each as a "direct bond", those substituents flanking (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

15 substitution results in a stable or chemically feasible compound. A stable compound or
chemically feasible compound 1s 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 infegrity long enough to be useful for therapeutic or prophylactic

20 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.

"1

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

deleterious to the recipient thereof.
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10In 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 15the first
through third¥eReftpieily®mbodiments, wherein, when a substituent is a het@rgatryuiEiEp: each 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. 20 In a fifth exemplary
embodiment, the present invention relates to compounds of the first through fourth exemplary

embodiments, wheeinwhap;a suhstituentis a.helyosyciil gtannmeash of dhe beterogyclyl groups is

independently selected from the group consisting of piperdinyl, piperazinyl, morpholinyl, dioxanyl,
pyrrolidinyl, H¥raROURS HhPERYF, HIOREENIT PRIIDAGRARTH asrdidypasbrtitiYe Wolesicth®xemplary
embodiment; dhicipseERpbiRY et oRsiR|aiasto, campoundarfdheaufisi ineugkfifthexamplary
embodiments, wherein R’ is selected from the group consisting of_-COZaﬂHa%péd -00212.12. 30 Ina
seventh exémpran eeﬁa6’8*3?&%6%&%%%’.%@&8?%%8%@8% PL AL t5 TSR 'Bf Hi&¥irst through fifth

exemplary esdbodbimentcwhdreiol BRkisys@Q2k.of the tisenyeighth eedplaiycanibadiment, the present

invention re Qupds.Hof irst thro venth exemplary embgdiments, wherein R2 is
SRR e LR b e

selected from the group consistin _

embodimentctive passéinninveitibn fektesltor Sompoaridaodfittes firstphnodgh seventh exemplary

embodiments, wherein R2 is hydrogen. 10 In a tenth exemplary embodiment, the present invention
SHaEgH R

relates to compouAd e fifst” HEIH Ex &0 PRy e bBRh SAYS WisReighis 1. In an
eleventh exgnap)aneerphodimentstiRipse seihparetioporalalethtQus monkeys, and, humans.

10 In one embodiment, a subject is a human. In another embodiment, a subject is a human

in need of activation of GLP-1R.

COMPOUNDS
Embodiments of the present invention comprise substituted
15  tetrahydroisoquinoline derivatives, compositions, and methods of use thereof, The

present invention may be embodied in a variety of ways.

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,

20 in a first exemplary embodiment, the present invention provides a compound of

Formuta (I):

R5

25 Formula (1)
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15compounds of the first through tenth exemplary embodiments, wherein 1_,1 is a direct bond. In
a twebith exemplary embodiment, the present invention relates to compounds of the first through
nineth exemplary embodiments, wherein 20p is 1, Gl is a substituted or unsubstituted phenyl, LI is
selected from¥th&téftdiily®onsisting of a direct bond, -0-, and -N(H)C(0)-, dd/UR20#acpienyl group
substituted 1-4 times with substituents independently 25selected from RH, and G2 is substituted with
at least one substituent selected from the group consisting of: a) -C1_10 alkyl, b) -haloalkyl, c)
-haloalkoxy, 30d) -CF3, e) -0CF3, 0 -halogen, g) -0-Rd, h) -cyano,

wherein
Ris —(CHy),-G'-L'-G*, wherein .

5 L' is selected from the group consisting of: a direct bond, —CHp-, O-, -N(R')-,
-C(0)-, -CON(R %), -NR')C(O)-, -N(R')S0,-, -SO,N(R®)-,
-C(0})-0-, -0-C(O}-, -S-, -S(0)-, -S(0)2~, and -C=C-, wherein
R'€ is selected from the group consisting of: -hydrogen, -alkyl, -
aryl, -alkylene-aryl;
10
G' is selected from the group consisting of: alkynylene, arylene, heteroarylene,
fused arylcycloatkylene, fused cycloalkylaryiene, fused
cycloalkylheteroarylene, fused heterocyclylarylene, and fused
heterocyclylheteroarylene, wherein G is optionally substituted 1-4 times with
15 substituents independently selected from R, wherein
R' is R®,

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

R is R,

25 R'isselected 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,_0 alkyl, -cycloalkyl, and -aryl,
wherein R'"? is optionally substituted 1-4 times with a group independently
selected from R°,
30
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5i) -C(0)Rd, j) -NR" k) -cycloalkyl, and I) -CO2Rd, wherein alkyl and cycloallcyl groups
are optionally substituted 1-4 10times with a group independently selected from Rc. In a thirteenth
exemplary embodiment, the present invention relates to compounds of the first through nineth
exemplary efBadiiErif®wherein p is 1, 15Gd is a C2_10 alkylene, LI is B&fifegwbymissnd G2 is a
substituted or unsubstituted phenyl group. In a fourteenth exemplary embodiment, the present
invention relates to 20 compounds of the first through nineth exemplary embodiments, wherein p is 1,
G'is -Cat-, L," is a direct bond, and G2 is a substituted or unsubstituted phenyl group substituted 1-4
times with 25substituents independently selected fromand 02 is substituted with at least one

substituent geleled #OMANeRIRLENSRING OF B) alobed QAN 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 sclected from R*; and

10 R is ~G-L%-Q*L*-G*, wherein
L’ and L* are independently selected from the group consisting of: a direct bond,
~CHy-, -O-, -N(R*®)-, -C(O)-, -CONR™)-, -NR*)C(0)-, -NR*)CON(R)-,
NR¥C(0)YO-, -OC(OINR™)-, -NR*SO0,-, -SONR™)-, -C(0)-0-,
-0-C(0)-, -S-, -8(0)-, -S(0)s-, and -N(R*)SO,N(R¥)-, wherein
15 R*® and R*" are independently selected from the group consisting of:
hydrogen, -alkyl, -aryl, and -alkylenc-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

20 heteroatoms independently selected from oxygen, nitrogen, and sulfur;

Q7 is selected from the group consisting of: a direct bond, Cy.10 alkylene, Ca-1¢

alkenylene, and C, i alkynylene,

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

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

30 selected from R®, wherein RY is selected from R®
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b) -haloalkyl, c) -haloalkoxy, 30d) -CF3, -0CF3, 0 -halogen, g) -0-Rd, h) -cyano, 5i) -C(0)Rd, j) -NR"
Re, k) -cycloalkyl, 1) -CO2Rd, wherein the alkyl and cycloalkyl groups are optionally
substituted 1-4 10times with a group independently selected from Re. In a fifteenth exemplary
embodiment¥fialipadérinvention relates to compounds of the first througfitHinetpesesiplary
embodiments, wherein p is 1, 15G1 is a substituted or unsubstituted phenyl, Li is a direct bond, and 02
is selected from the group consisting of: indole, pyridine, pyrimidine, quinoline, isoxazole, wherein G2
is optionally substituted or unsubstituted.

G' is selected from the group consisting of: -aryl, -cycloalkyl, -heterocyelyl,
-heteroaryl, -fused arylcycloalkyl, -fused cycloalkylaryl, -fused
cycioalkylheteroaryl, -fused heterocyclylaryl, and -fused
5 heterocyciylheteroaryl, wheremn - B
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

10 selected from the group consisting of R®;

R” is selected from the group consisting of;
a) -hydrogen,
b) -S(0)m R,
15 ¢) -S(0),0R’,
d) -S(0)aNR®R®,
e) -C(O)RY,
f) -CO.RY,
g) -C(ONR°R",
20 h) -haloalkyl,
1) -cycloalkyl,
i) -heterocyclyl,
k) -Cyyalkyl, -
[} -Cy-1q alkenyl,
25 m) -Cy.1o alkynyl,
n) -aryl,
0) -heteroaryl,
p) -Cie alkylene-aryl,
Q) -Czi0 alkynylene-aryl,
30 r) -Ciio alkylene-heteroaryl,
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20In a sixteenth exemplary embodiment, the present invention relates to compounds of the first
through nineth exemplary embodiments, wherein p is 1, G' is an unsubstituted phenyl, LI is a direct
bond, and 2502 is a phenyl, substituted with a cyano group. In a seventeenth exemplary
- embodiment¥Re@Aesétlinvention relates to compounds of the first throuBfTgidsentisaemplary
embodiments, wherein R3 is selected from the group consisting of: 30a) -LH) alkyl, b) -phenyl, c)
-thiopheneyl, d) -furanyl, e) -pyridyl, 5f) -C1_10 alkylene-pyridyl, g) -C140 alkylene-aminothiazolyl, h)
alkylene-imidazolyl, i) -C1,10 alkylene-oxazolyl, n -C1_10 alkylene-thiopheneyl, 10k) -C2_10
alkynylene-phenyl,
8} -Co.o alkynylene-heteroaryl, and
t) -C(R'RE)-aryl,
wherein alkyl, alkenyl, alkynyl, aryl, heterocyclyl, heteroaryl, and cycloalkyl
groups are optionally substituted 1-4 times with a group independently selected

5 from R®;

R" is selected from the group consisting of:
a) -cycloalkyl,
b) -cyano,
10 ¢) -OR’,
d) -NO,,
e) -halogen,
f) -S(0)m R,
g) -SR,
15 h) -S(0)0RY,
i) -S(0)uNRR°,
D -NRORS,
k) -O(CR’R&,NR" RS,
1) -C(O)RY,
20 m) -CORY,
n) -COxCR'R¥),CONR'R®,
0) -OC(O)R,
p) -C(ONR® RS,
q) -NR® C(OIR,
25 1) -OC(ONRRS,
s) -NRYC(O)OR®,
t) -NRYC(O)NR®R®,
u) -CFs,
v} -0OCFs;,
30 w) -haloalkyl,
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1) -C2_10 alkynlene-thiopheneyl, m) -C2_10 alkynylene-pyridyl, n) -C2_10 alkynylene-pyrimidinyl, o)
-S02-phenyl, 15p) -002-C1_10 alkyl, q) -002-cycloalkyl, r) -002-tetrahydrofuranyl, s)
-002-tetrahydropyranyl, t) -002-C1_10 allcylene-cycloalkyl, 20u) -002-C2_10-alkynyl, v)
-002-CH2-CWiCGh#éHys w) -C(0)-C1_10 alkyl, x) -C(0)-phenyl, y) -C(0)-R&pisphsasei3s
-C(0)-cycloalkyl, aa) -C(0)-furanyl, bb)-C(0)-thiopheneyl,  cc) -C(0)-isoxazolyl, dd)-C(0)-C1.10
alkylene-cycloalkyl, 30ee) -C(0)-NH-C140 alkyl,

%) -haloalkoxy,
y) -Cip alkyl,
z) -Ca-1p alkenyl,
aa} -Cy.19 alkynyl,
5 ab} -Cy.10 alkylene-aryl,
ac) -C;1o alkylene-heteroaryl, and
ad) -heteroaryl,

wherein alkyl, alkenyl, alkynyl, aryl, heteroaryl, and cycloalkyl groups are
10 optionally substituted 1-4 times with a group independently selected from
R®;
R® is selected from the group consisting of:
ay -halogen,
15 b) -amino,
c) -carboxy,
d) —cyano,
e} ~Cp.4alkyl,
f)y -0-C;4alkyl,
20 g) —0-CF;,
h) -cycloalkyl,
i) -O-cycloalkyl,
) -aryl,
k) -Ci.4alkylene-aryl,
25 ) -hydroxy,
m} ~CFa,
n) -haloalkyl,
o) -haloalkoxy,
p) -G-aryl,
30 q) -heteroaryl,
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ft) -C(0)-NH-phenyl, and gg)-C(0)-N(cycloalky1)-C1_10 phenyl, wherein the alkyl, alkynyl, cycloalkyl,
tetrahydrofuranyl, tetrahydropyranyl, phenyl, naphthyl, thiopheneyl, furanyl, pyridyl, pyrimidinyl,
thiazolyl, imidazolyl, 5oxazolyl, and isozazolyl groups are optionally substituted 1-4 times with a group
independentNy@aisetedom R . In an eighteenth exemplary embodifigts2the43683Ent invention
relates to compounds of the first through sixteenth exemplary embodiments, wherein R3 is -C1_10
10alkyl substituted with a phenyl group. In a nineteenth exemplary embodiment, the present invention
relates to compounds of the first through sixteenth exemplary embodiments, wherein R3 is selected
from the group consisting of: 15a) -002-tert-butyl, b) -002-n-hexyl, c) -002-isopropyl, d)

_002-(tert-butylcyqlph_wg}&)g-ggg_@ jgadn%q,rofuran-Z-yl, 200 -002-tetrahydropyran-4-yl, g)
-002-CH2-cyclopropyl, h) -C(0)NH-(tert-butylphenyl), i) -C(0)-piperidin-2-yl, j)
-C(0)-NH-(trifluorofhethBiRMERH),

t) -C05-Che &ﬁ(yl,

u) -C0O,-Cyyp alkyl-aryl,
5 v) —fused aryleycloalkyl,
w) —alkynylene-heteroaryl,
x) -alkyleng-arvl,
y) —alkynylene-aryl,
Z) - nitro,
10 aa) -N(H)-C(0O)-C,.¢-alkyl, and
bb) -S-C; s-alkyl,

R? and R are independently selected from the group consisting of: hydrogen, Cy.1¢ alkyl,
Cy-10 alkenyl, Co.0 alkynyl, cycloalkyl, -Cy.. alkylene-cycloalkyl, aryl, heteroaryl,
15 and heterocyclyl, wherein alkyl, alkenyl, alkynyl, cycloalkyl, aryl, heteroafyl,
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 -2
additional heteroatoms independently selected from oxygen, sulfur and nitrogen

20 and optionally substitued with 1-3 times with R®,

R' and R are independently selected from the group consisting of: hydrogen, Ci.qp alkyl,
cycloalkyl, -C,.j9 alkylene-cycloalkyl, -carboxy, and aryl, wherein alkyl,
cycloalkyl, and aryl groups are optionally substituted with one to four substituents

25 independently selected from R®; or R and R® 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";

30  mis an integer from 1 to 2;
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25k) -C(0)-NH-(1,1-diphenylmethyl), 1) -C(0)-isopropyl, m) -C(0)-phenyl, n)
-C(0)-(fluorophenyl), 0) -C(0)-(chlorophenyl), 30p) -C(0)-(cyanophenyl), -C(0)-pyridin-2-yl,
r) -C(0)-pyrimidin-4-yl, s) -C(0)-furan-2-yl, t) -C(0)-cyclobutyl, 5u) -C(0)-cyclopentyl, v)
-C(0)-cycloh&%91289/:0(0¥-thiophene-2-yl, x) -C(0)-benzyl, y) -C(0)-(fluorobemnaidodomn 9333
-C(0)-(chlorobenzyl), aa) -C(0)-(cyanobenzyl), bb)-C(0)-(2,5-dimethyt-oxazol-4-y1), cc)
-CH2-oxazol-2-34, dd)-CH2-(1-methylimdiazol-2-y1), 15ee) -CH2-pyridin-2-yt,

n is an integer from 1 to 10; and

p 18 an integer from 0 to 2;

or a pharmaceutically acceptable salt thereof.

5
In a second exemplary embodiment, the present invention relates to compounds of
the first exemplary embodiment, wherein Rings B and C of Formula (T} contain no
further substitutions.
10 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
15 the first through third exemplary embodiments, wherein, when a substituent is a
heteroaryl group, each 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, indoly!,
benzofurany, benzothiophenyl and quinolinyl.
20
In a fifth exemplary embodiment, the present invention relates to compounds of
the first through fourth exemplary embodiments, wherein, when a substituent is a
heterocycly! group, each of the heterocyelyl groups is independently selected from the
group consisting of piperdinyl, piperazinyl, morpholinyl, dioxanyl, pyrrolidinyl,
25 tetrahydro furanyl, dioxolanyl, imidazolidinyl and pyrazolidiny!.

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 ™.,

30
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if) -CH2-furan-2-yl, gg)-CH2-thiazol-2-yl, hh)-CH2-C-EC-pyrimidin-2-yl, ii) -CH2-CE-C-phenyl,
20-CH2-thiophene-2-yl, kk) -(R)-1-(phenyl)-propyl, and 11) -(S)-1-(phenyl)-propyl. In an twentieth
exemplary embodiment, the present invention relates to 25compounds of the first through nineteenth
exemplary eMiBad#ientgé wherein R.4 is selected from the group consistiR§THSRYYEESH Cmo alkyl,
C2-10 alkenyl, C2.40 alkynyl, cycloalkyl, -Cm 0 alkylene-cycloalkyl, aryl, heteroaryl, and heterocyclyt,
wherein the alkyl, alkenyl, alkynyl, cycloalkyl, aryl, heteroaryl, heterocyclyl groups are optionally
substituted with one to four substituents independently selected from 121. 30 In a twenty-first
exemplary embodiment, the present invention relates to compounds of the first through nineteenth

exemplary embodimgatsewheleiRah/sseianied e hearour sansisting of Bhvigiagen, 5b) -C1.6
alkyl, and c) -C(0)-C1.6 In a twenty-second exemplary embpdiment, the present invention relates

to compourRf<hst i Fraueh S RirREEntR RIEMBIS BB ETS Wherein R4 is -C1.3 10alkyl. In

a twenty-third exemplary embodiment, the present invention relates to compounds of the first through
" nineteenth exemplary embgdiments, wheyein R4 is hydrogen. :

p{n g/n mgg& exemplary em ocﬂment, theypresgntr}nventmn relates to compounds
5 ofthe first through seventh exemplary embodiments, wherein R* is selected from the

group conststing of: hydrogen and ~C,. 1 alkyl.

In a nineth exemplary embodiment, the present invention relates to compounds of
the first through seventh exemplary embodiments, wherein R? is hydrogen.
10
In a tenth exemplary embodiment, the present invention refates to compounds of

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

In an eleventh exemplary embodiment, the present invention relates to
15 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
20 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
25 selected from R* i, and G is substituted with at least one substituent
selected from the group consisting of:
a) -Cipalkyl,
b) -haloalkyl,
¢) -haloalkoxy,
30 d) —CF;,
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15  In atwenty-fourth exemplary embodiment, the present invention relates to compounds of the
first through twenty-third exemplary embodiments, wherein R5 is -G3- L2-Q2-L3-G4, wherein L2 is
selected from the group consisting of: a direct bond, -CH2-, -0-, -N(R26)-, - 20C(0)-5 -CON(R26)-,
-N(R26)C(0)WaNR2B)CON(R27)-, -N(R26)C(0)0- , -0C(0)N(R26)-, -N(RZB)3AZ200SOB2MER26)-,
-C(0)-0-, -0-C(0)-, -S-, -S(0)-, -S(0)2-, and -N(R26)S02N(R27)-, wherein R26 and R27 are
independently selected from the group consisting of: hydrogen, -alkyl, -aryl, and -alkyl:me-aryl,
wherein R26 and R27 are 25optionally substituted 1-4 times with It or R26 and R27 are taken together
with the atoms to which they are attached to foim a heterocyclic ring of 5 to 7 members containing 0-2
additional heteroatoms indepe er_lgﬁcgglected from oxygen, nitrogen, and sulfur; L3 is a direct bond;
Q2 is selected from the group consisting of: a direct bond, Ci_io alkylene, C2-10 alkenylene, and
C2.10 alkynylene; G3 is a pher@len]@b’r%?ﬁ}p, wherein G3 is optionally substituted 1-4 times with
substituents 5Sindependently sejgcteg ffom R8, wherein R8 is selected from Rh; and G4 is selected
from the group consisting of: -aryl, -cycloalkyl, -heterocyclyl, - heteroaryl, -fused arylcycloalkyl, -fused
cycloalkylaryl, -fused cycloalkylet&rgEryl, -fused heterocyclylaryl, and -fused heterocyclylheteroaryl,
10whergin G4 is optionally subsfituta@ R4 times with substituents independently selected from R9,

wherein R9 is selected from Rh rilgea twenty-fifth exemplary embodiment, the present invention

relates to compounds of the firé? th"%ug twenty-third exemplary embodiments, wherein R5 is -C3-
k) -cycloalkyl, and
I} -CO.RY,
wherein alkyl and cycloalkyl groups are optionally substituted 1-4

10 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,
13 Glisa Cop 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
20 compounds of the first through nineth exemplary embodiments, wherein

pis i,

G'is ~C=C-,

L' is a direct bond, and

G* is a substituted or unsubstituted phenyl group substituted 1-4 times with
25 substituents independently selected from R', and G* is substituted with at

least one substituent selected from the group consisting of:

a) -Cig alkyl,

b) -haloalkyl,

¢) -haloalkoxy,
30 d) —CFs,
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15L2-Q2-L3-04, wherein L2 is selected from the group consisting of: -CH2-, -0-, -N(R26)-, and -C(0)-,
wherein R26 is selected from the group consisting of: hydrogen, -alkyl, - aryl, and -alkylene-aryl; L3 is
a direct bond; 20Q2 is a C140 alkylene group; G3 is a phenylene group, wherein G3 is optionally
substituted TWCtR#@8 Wl® substituents independently selected from R8, whergiseRSi363sected from
Rh and G4 is selected from the group consisting of: cycloalkyl, phenyl, pyridinyl, 25benzothiopheneyl,
benzothiazolyl, G4 is optionally substituted 1-4 times with substituents independently selected from
R9, wherein R9 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 R5 is
-C3- 30L2-Q2-L3-§ ,_y@@rze,in L2 is selected from the group consisting of: -CH2-, -0-, -N(R26)-, and
-C(0)-, wherein R26 is selected from the group consisting of: hydrogen, -alkyl, - aryl, and
-alkylene-aryl; L3 3 adteeehond; 5Q2 is selected from the group consisting of: a direct bond and a
C1-10 alkylene grgyp;&agds a phenylene group, wherein G3 is optionally substituted 1-4 times with
substituents '

h) -cyano,
5 i) -C(O)RY,
i) NRUR,

k) -cycloalkyl,
) -CO.RY,
wherein the alkyl and cycloalkyl groups are optionally substituted 1-4

10 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
pisl,
15 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.

20 In a sixteenth exemplary embodiment, the present invention relates to compounds
of the first through nineth exemplary cmbodiments, wherein
P is 1,
G' is an unsubstituted phenyl,
L' is a direct bond, and

25 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:

30 a) -Cie alkyl,
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independently selected from R8, wherein R8 is selected from Rb; and 100 is a phenyl group, wherein
G4 is substituted 1-4 times with substituents independently selected from R9, wherein R9 is selected
from RI', and wherein G4 is substituted with at least one substituent selected from the group consisting
of a)-C1_5 alf 2e8B)thialbalkyl, c) -halogen, d) -alkoxy, e) -haloalkoxy, O-BA3y b A0gE0-CF3.

In a twenty-seventh exemplary embodiment, the present invention relates to compounds of the first
through twenty-third exemplary embodiments, wherein wherein R5 is -G3-L2-Q2-L3-G4, wherein 25C
is -0-, L3 is a direct bond; Q2 is a Chu) alkylene group; G3 is a phenylene group, and G4 is a phenyl
group, wherein G4 issubstituted 1-4 times with substituents 30independently selected from R9,
wherein R9 is seleg)tegpfi{&@,l?b, and wherein

¢) —thiopheneyl,

d) —furanyl,
e) —pyridyl,
5 f) —-Ciqoalkylene-pyridyl,

g) —Cip alkylene-aminothiazoliyl,

hy ~Cia0 aikylene-imidazoiyl,

1) —Ci.o alkylene-oxazolyl,

i) —Ci.e alkylene-thiopheneyl,
10 k) —Cs.10 alkynylene-phenyl,

) —~Cayp alkynlene-thiopheneyi,

m) ~Cy.q alkynylene-pyridyl,

n) —Cy.q0 alkynylene-pyrimidinyl,

0) —SO,-phenyl,
15 p) —CO,-Cy.10 alkyl,

q) ~COz-cycloalkyl,

1} —COs-tetrahydrofuranyl,

$) ~COy-tetrahydropyranyl,

t) ~CO,-Cy ) alkylene-cycloalkyl,
20 u) —C0,-Cyje-alkynyl,

v) ~COy-CHy-C=C-phenyl,

W) —C(0)-Cpyq alkyl,

x) —=C(O)-phenyl,

y) —C(O)naphthyl,
25 z) -C(O)-cycloalkyl,

aa) —C(O)-furanyl,

bb) ~C(O)-thiopheneyl,

cc) —C(O)-isoxazolyl,

dd) —C(0)-Ci.ip alkylene-cycloalkyl,
30 ee) ~C(0)-NH-C;_y alkyl,
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G4 is substituted with at least one substituent selected from, the group consisting of: h) -C1_6 alkyl, i)
-haloalkyl, -halogen, k)-alkoxy, t)-haloalkoxy, m) -CF3, and n) -0-CF3. In another embodiment of
the present invention, the configuration of the compound of Foimula () of the first exemplary
embodiment aéprEsdnited by Formula (I-A): 15Formula (I-A) wherein thecztisisiensssns defined
above, or a pharmaceutically acceptable salt thereof. 20In another embodiment of the present
invention, the compound of Formula (I) of the first exemplary embodiment is represented by Formula
(I-B): Formula (I-B) wherein the variables are as defined above,

ff) ~C(O)-NH-phenyl, and
£8) ~C(0)-N(cycloalkyl)-C_1o phenyl,
-~ wherein the alkyl, alkynyl, cycloalkyl, tetrahydrofuranyl, tetrahydropyranyl,
phenyl, naphthyl, thiopheneyl, fufanyi, pyridyl, pyrimidinyl, thiazolyl, imidazolyl,
5 oxazolyl, and isoxazolyl groups are optionally substituted 1-4 times with a group

independently selected from R®.

In an eighteenth exemplary embodiment, the present invention relates to
compounds of the first through sixteenth exemplary embodiments, wherein R? is -Cy10

10 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:

15 a) —COy-tert-butyl,

b) ~COz-n-hexyl,

¢) —COz-isopropyl,

d) -COy-(tert-butyicyclohexyl)

¢) ~COq-tetrahydrofuran-2-yi,

20 f) —COq-tetrahydropyran-4-yl,

g) ~CO,-CH,-cyclopropyl,

hy —C(O)NH-(tert-butylphenyl),

1) ~C(O)-piperidin-2-yl,

1) ~C(O)-NH-(trifluoromethoxyphenyl),

25 k) —C(O)-NH-(1,1-diphenylmethyl),

Iy —C(O)-tsopropyl,

m) —C(O)-phenyl,

n) —-C(O)-(flucrophenyl),

0} —C(O)-{chlorophenyl),

30 p} —C{O)-{cyanophenyl},



50r a phaimaceutically acceptable salt thereof. In another embodiment of the present invention, the
compound of Foimula (I) of the first exemplary embodiment is represented by Fonnula (I-C): R40
10Formula (I-C) wherein the variables are as defined above, or a pharmaceutically acceptable salt
thereof. 15Inve M Bi¥Bodiment of the present invention, the compoundgtEsenieksqIof the first
exemplary embodiment is represented by Formula (I-D): Folinula (I-D) wherein the variables are as
defined above, 5or a pharmaceutically acceptable salt thereof In another embodiment of the
present invention, the compound of Formula (1) of the first exemplary embodiment is represented by
Formula (I-E): 10Formula (I-E) wherein * indicates the presence of a chiral center which may be in
the R- or S-configyatien@ngl wigreip the variables are as defined above,

r) —C(O)-pyrimidin-4-yl,
s) —C(O)-furan-2-vl,
t) —C(O)-cyclobutyl,
5 | u) —C(O)-cyclopentyl,
- v} —C(O)-cyclohexyl,
w) —C(O)-thiopheng-2-yi,
x) —C(O)-benzyl,
y) —C(O)-(fluorobenzyl),
10 z) ~C{O)~(chlorobenzyl},
aa) -C(O)-(cyanobenzyl),
bb)—C(0)-(2,5-dimethyl-oxazol-4-y1},
cc) ~CHy-oxazol-2-vyl,
dd)—CHy-(1-methylimdiazoi-2-y1},
i5 ee) —CHz-pyridin-2-vi,
ffy —CH;-furan-2-yi,
gg)—CH,-thiazol-2-yl,
hh) —CHz-C=C-pyrinidin-2-yl,
ii) —CH,-C=C-phenyl,
20 i) —CH:-thiophene-2-yl,
kk)—(R)-1-(phenyvl}-propyi, and
iy —(8)-1-{pheny!)-propyl.

In an twentieth exemplary embodiment, the present invention relates to
25  compounds of the first through nineteenth exemplary embodiments, wherein R* is
sclected from the group consisting of: hydrogen, Cy.1p alkyl, Ca-0 alkenyl, Cz0 alkynyl,
cycloalkyl, -Cy.j4 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,
30
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or a phaluiaceutically acceptable salt thereof 15 In another embodiment, the present invention
provides a compound of Formula wherein 5R4 is selected from Ra ; and It3 is -G3-L2-Q2-L3-04,
wherein L2 and L3 are independently selected from the group consisting of: a direct bond,

-CH2-, -0-, -M{RIEY1LEW)-, -CON(R26)-, -N(R26)C(0)-, -N(R26)CON(R 27T YBME9SE (0)0-,
-0C(0)N(R26)-, -N(R26)S02-, -SO2N(R26)-, -C(0)-0-, -0-C(0)-, -S-, -S(0)-, -S(0)2-, and
-N(R26)S02N(R27)-, wherein R26 and R27 are independently selected from the group consisting of:
hydrogen, -alkyl, -aryl, and -allcylene-aryl, wherein R26 and R27 are optionally substituted 1-4 times
with R8, or R26 and R27 are taken 15 together with the atoms to which they are attached to font' a

heterocyclic ring Oﬁq&tﬁvzm%ﬁ&ﬁ@[ﬁ@ziBfﬁ&@;ﬁ;@ﬁdﬁ@ﬁ@kﬁﬁtﬁmﬁ%ﬂ$aﬂdﬂﬁgndenﬂy selected from

oxygen, nltro Ik' . 2is sele ted fro consstmg1 Eio A direct bond, C140
alltylene, Cﬁ r%gs AR ASIRGn S ?Pffo?%hfﬁ "hodp consisting of:
-arylene, cydlaﬁﬂdyﬂmmethhgtempmly@mg oﬂﬂeteroarylene -fused arylcycloalkylene, -fused
a) —hydrogen, |
5 b) -—CH; alkyi, and

¢} ~C(0)-Cy. alkyl.

In a twenty-second exemplary embodiment, the present invention relates to
compounds of the first through nineteenth exemplary embodiments, wherein R? is ~Cy.
10 alkyl

In a twenty-third exemplary embodiment, the presént invention relates to
compounds of the first through nineteenth exemplary embodiments, wherein R* is
hydrogen.

In a twenty-fourth exemplary embodimént, the present invention relates to
compounds of the first through twenty-third exemplary embodiments, wherein R’ is -G~
Lz—Qz—Ls—d4, wherein

L*is selected from the group consisting of: a direct bond, ~CHy-, -O-, N(Rz)-, -

20 C(0)-, ~CON(Ra26)-, -N(R26)C(0)-, -N(R26)CON(R27)-, -N(R25)C(0)O-
» “OC(OIN(R26)-, -N(R26)SOz-, -SO2N(R25)-, -C(0)-0-, -O-C(O)-, -S-, -S(0)-,
~5(0);-, and -N(R6)SO;N(R27)-,
wherein R* and R” are independently selected from the group consisting
of: hydrogen, -alkyl, -aryl, and -alkylene-aryl, wherein R* and R* are
25 _ optionally substituted 1-4 times with R® or R*® and R*’ are taken
together with the atoms fo 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,

L7 is a direct bond;
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cycloalkylarylene, -fused cycloalkylheteroarylene, -fused heterocyclylarylene, 25and -fused
heterocyclylheteroarylene, wherein G3 is optionally substituted 1-4 times with substituents
independently selected from R8, wherein R8 is selected from RI% 04 is selected from the group
consisting of 8RR EIHhIKkyI, -heterocyclyl, -heteroaryl, -fused arylcyclo&KJUSpgseeBe3asloalkylaryl,
-fused cycloalkylheteroaryl, -fused heterocyclylaryl, and -fused 5hcterocyclylheteroaryl, wherein G4 is
optionally substituted 1-4 times with substituents independently selected from R9, wherein R9 is
selected from Rh, wherein Re is selected from the group consisting of 10a) -hydrogen, b) -S(0)",, Rd,
c) -S(0)20R", d) -S(0)",,NRd Re, e) -C(0)Rd, 15f) -CO2Rd, g)-C(0)NR' Re, h) -haloalkyl,

Q2 1s selected from the group consisting of: a direct bond, C; jo alkylene, Cy-10
alkenylene, and C,. alkynylene;
G’ is a phenyiene group,
wherein G’ is optionally substituted 1-4 times with substituents
5 independently selected from R, wherein R® is selected from R® and
G* is selected from the group consisting of: -aryl, -cycloalkyl, -heterocyclyl, -
heteroaryl, -fused aryleycloalkyl, ~fused cycloalkylaryl, -fused
cycloalkylheteroaryl, -fused heterocyclylaryl, and -fused
heterocyclylheteroaryl, _
10 wherein G is optionally substituted 1-4 times with substituents

independently selected from R®, wherein R is selected from R".

Ina twénty—ﬁfth exemplary embodiment, the present invention relates to
compounds of the first through twenty-third exemplary embodiments, wherein R is ~G*-
15 LAQMLAG* wherein
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;
1% is a dircct bond;
20 Q% is a Cy_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,
25 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-
30 L%-Q*L’-G* wherein
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I) -cycloalkyl, ]) -heterocyclyl, 20k) -C140 alkyl, 1) -C2-10 alkenyl, m) -Cm() alkynyl, n) -aryl,
0) -heteroaryl, 25p) -C110 alkylene-aryl, g) -C2.10 alkynylene-aryl, r) -C1.10 alkylene-heteroaryl,
s) -C240 alkynylene-heteroaryl, and t) -C(Rf Rg)"-myl, 30 wherein alkyl, alkenyl, alkynyl, awl,
heterocyclyl, WeBEAI78nd cycloallcyl groups are optionally substituted PCIHFEENGHFE group
independently selected from R; 5Fe is selected from the group consisting of: a) -cycloalkyl, b) -cyano,

L7is 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,
5 Q) is selected from the group consisting of: a direct bond and a Ci.10 alkylene
group;
(G’ is a phenylene group,
wherein G is optionally substituted 1-4 times with substituents
independently sclected from R®, wherein R® is selected from R, and
10 G' is a phenyl group, wherein G is substituted 1-4 times with substituents
independently selected from R®, wherein R® is selecied from R®, and wherein

G is substituted with at least one substituent selected from the group

consisting of:

) —Crgalkyl,

15 b) ~haloalkyl,
c) ~halogen,
d) —alkoxy,
e) ~haloalkoxy,
_ ) -CF3, and
20 £) —0O-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*-L2-Q%L -G", wherein
25 L*is -O-,

L? is a direct bond;

Q*is a Cy.1p alkylene group;

G’ is a phenylene group, and

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

30 independently selected from R®, wherein R’ is selected from R, and wherein
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c) -ORd, d) -NO2, 10e) -halogen, 1) -S(0). Rd, g) -SRd, -S(0)20Rd, i) -S(0)n,NRd Re, 15j) -NRd k)
-0(CRf 125)NRd Re, 1) -C(0)Rd, m) -CO2Rd, n) -002(CRf R5) "CONRd Re, 200) -0C(0)Rd, p)

“C(O)NRd g) -NRd C(0)Re, r) -0C(0)NR Re, 5) -NR" C(0)0Re, 25t) -NRd C(ONRd Re, ~ u)-CF3,
WO 2009/111760 PCT/US2009/036333

G’ is substituted with at least one substituent selected from the group
consisting of:

h) —'C]_ﬁ ali{y 1,

1) ~haloalkyl,
5 i) —halogen,
k) —alkoxy,

1 ~haloalkoxy,
m) —CFs, and
n) —0-CFs;.
10
In another embodiment of the present invention, the configuration of the

compound of Formula (T) of the first exemplary embodiment is represented by Formula
(I-A):

15 Formula (I-A)

wherein the variabies are as defined above,

or a pharmaceutically acceptable salt thereof,

20 - In another embodiment of the present invention, the compound of Formula (1) of

the first exemplary embodiment is represented by Formula (I-B):
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v) -0CF3, w) -haloalkyl, x) -haloalkoxy, 30y) -C140 alkyl, z) -C2-10 alkenyl, aa) -C2.40 alkynyl,
ab) -Ct_io alkylene-aryl, ac)alkylene-heteroaryl, and 5ad) -heteroaryl, wherein alkyl, alkenyl, alkynyl,
aryl, heteroaryl, and cycloalkyl groups are optionally substituted 1-4 times with a group independently
selected fromV010PA T kelected from the group consisting of: a) BRAIBGePF63™Ino,

c) -carboxy, 15d) -cyano, e) -Ci4 alkyl, f) -0-C14 alkyl,

A
P
O

.R1

=

T
[3%]
>-mﬂi;U

Py

/

RS

Formula (I-B)

wherein the variables are ag 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
0 N \-‘“\\ ,* |
e N R
A C [
N R?
RS o g
10 Formuta (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 (1} of

the first exemplary embodiment 1s represented by Formula (1-D):
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g) -0-CF3, h) -cycloalkyl, 20i) -0-cycloalkyl, j) -aryl, k) alkylene-aryl, 1) -hydroxy, m) -CF3, 25n)
-haloalkyl, o) -haloalkoxy, p) -0-aryl, q) -heteroaryl, r) -heteroarylene-CIAQ alkyl, 30s) -heterocyclyl, t)
-002-Cmo a,IYI%I,Z%)J 9—/?8%—(91_10 alkyl-aryl, v) -fused arylcycloalkyl, w) -all%qyltlj%rzlgo-gf}%ée;?%aryl, 5X)
-alkylene-aryl,

R p
>mﬂil!?3
A

RS
Formula (I-D)

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-E):

O
RS
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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y) -alkynytene-aryl, z) - nitro, aa) -N(H)-C(0)-C1_6-alkyl, and bb) -S-Ci_6-alkyl, 10 Rd and Re are
independently selected from the group consisting of: hydrogen, Cl_10 alkyl, C2-10 alkenyl, C2_10
alkynyl, cycloalkyl, -C1_10 alkylene-cycloalkyl, aryl, heteroaryl, and heterocyclyt, wherein alkyl,
alkenyl, alkywydr Zopsloslfcyl, aryl, heteroaryt, heterocyclyt groups are optiopaihyrseiestitistad with one to
four substituents 15independently selected from Re ; or Rd and Re together with the atoms to which
they are attached fowl 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
Re, 20Rf and Rg are independently selected from the group consisting of: hydrogen, C1.40 allcyl,
cycloalieyl, -C1to glllsne:cyraaliovl GarBR, RO, WREEIN ot Sycloalivd A aryl groups
are optionally substituted with one to four substituents independently sePected romR"; or Rf and Rg
together witfihe carbon to which they are attached form a ring of 5 to 7 members containing 0-2
heteroatoms 25independently selected frﬁﬁn oxygen, sulfys and nitrogen optionally substitued with 1-3
times with Re; m is an integer from 1 to 2  n s an integigr from 1 to 10; and 30 p is an integer from 0
to 2; or a pharmaceutically accepta A embodiment, the present invention
provides a compound of Formula ¥
Rg™ 70

(1D,
wherein

5  R%is selected from R*; and

R’ is -G -L7-Q%-L*-G*, wherein
L?and L’ are independently selected from the group consisting of: a direct bond,
~CHy-, -O-, -N(R**}-, -C(O)-, -CON(R**}-, -N(R*)C(0)-, -NR*HCONR*)-,
10 NR®)C(0)0-, -OC(OINR)-, N(R¥)SO,-, -SO,NRX)-, -C(0)-O-,
-0-C(O)-, -8-, -S(0)-, -8(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
15 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, Cy.1¢ atkylene, Co-yg

20 alkenylene, and Cs.;p alkynylene,

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

25 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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wherein 10R3 is selected from Ra; R4 is selected from Ra; and R5 is -G3-L2-Q2-L3-G4, wherein 15L2
and L3 are independently selected from the 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)0-, -0OC(0)N(R26)-, -N(R26)S02-,
-SO2N(R26)% aC{0y/0r #0-C(0)-, -S-, -S(0)-, -S(0)2-, and -N(R26)S02N(R2T¢)F1ahesessiR26 and R27
are independently selected from the group consisting of: 20hydrogen, -alkyl, -aryl, and -alkylene-aryl,
wherein R26 and R27 arc optionally substituted 1-4 times with Re, or R26 and R27 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; 25 Q2 is selected
from the group consisting of a direct bond, C1.40 alkylene, C2-10 alkenylene, and C2_10 allcynylene,
G5 is selected from the group consisting of: -arylene, -cycloallcylene, -heterocyclytene, -heteroarylene,

fused arylcycloalk§lehecisrisédeydisnteyiryrasisting s6d-eypdioatkjanttdrobrigengsiused

heterocyclylarylene, Sﬁ&@re&f?ﬁdfﬁﬁe@5%@&81@%?f,0?ﬁ}§€cﬂ€yéwmgﬂé}ﬁ3ﬁ%“°”a”y substituted 1-4
times with substituents indeEendentIy sélected from R8, wherein R8 is selected from Re', G4 is

selected from the grofi© Uiierosriavirscyigtsaneyclvimmdrapg ciyped

5 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:
16 a) -hydrogen,
b) -S(O)m RY,
¢) -S(O)OR",
d) -S(0)NR? R,
¢) -C(ORY,
15 f) -CO.RY,
g) -C(ONR'R®,
h) -haloalkyl,
1) -cycloalkyl,
i)} -heterocyclyl,
20 ky -Cig alkyl,
1) -Cy-y0 alkenyl,
m) -Co.jo alkynyl,
ny -aryl,
0} —heterbaryl,
25 p) -Cio alkylene-aryl,
q) -Co.g alkynylene-aryl,
1) ~Ciag alkylene-heteroaryl,
s) --szm alkynylene-heteroaryl, and
1) -C(R'R®)-aryl,
30
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10-heteroaryl, -fused arytcycloalkyl, -fused cycloallcylaryt, -fused cycloalkylheteroaryl, -fused
heterocyclytaryl, and -fused heterocyclylheteroaryl, wherein G4 is optionally substituted 1-4 times with
substituents | %ez [%?g(i:;ri};téy selected from R9, wherein R9 is selected from Rb, 15 wherein Ra is
selected from thé group consisting of: a) -hydrogen, b) -S(0)0, Rd, ¢) -S(OS%&&?‘QQ%%@@),,,NRd Re,
e) -C(O)Rd, 0 -CO2Rd, g) -C(O)NRd h) -haloalkyl, 25i) -cycloalkyl, j) -heterocyclyl, k)
-C1_10 alkyl, 1) -C2-10 alkenyl, m) -C2_10 alkynyl, 30n) -aryl,  0) -heteroaryl,

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

5 RP"is selected from the group consisting of:
a) -cycloalkyl,
b) -cyano,
¢) -ORY,
d) -NO,,
10 ¢} -halogen,
f) -S(0)xR",
g -SRY,
h) -S(O)0R’,
i) -S(0)mNR®RS,
15 i) -NRYRS,
k) -O(CR'R®),NR® R®,
I} -C(ORS,
m) CORY,
n) -COL(CR'R®) ,CONR?R®,
20 0) -OC(ORY,
p) -C(ONRYR®,
q -NR’C(O)R®,
1) -OC(O)NRRS,
5) -NR®C(O)OR®,
25 ) -NRYC(O)NRYR’,
u) -CFs,
v} -OCF;,
w} -haloalkyl,
x) -haloalkoxy,
30 y) -Cio alkyl,
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p) -C1_10 alkylene-aryl, q) -C2_10 alkynylene-aryl, r) -C1_10 alkylene-heteroaryl, 5s) -C210
alkynylene-heteroaryl, t) -C(Rf R)-aryl,  wherein alkyl, alkenyl, alkynyl, aryl, heterocyclyl, heteroaryl,
and cycloalkyl groups are optionally substituted 1-4 times with a group independently selected 10from
It' ; Rb is sel@tewdram e group consisting of: a) -cycloallcyl, b) -cyano, 26Tl:Qedd)3dy3N0O2, e)
-halogen, 0 -S(0)111 Rd, g) -SR", 20h) -S(0)20Rd, i) -S(0),"NRd Re, j) -NR" Rg, k) -0(CRb Rg),,NRd
Re, 1) -C(0)Rd,

10

15

20

30

z) -Cy-1p alkenyl,

aa) -Cy 1o alkynyl,

ab} -Cy.1 alkylene-aryl,

ac) -Cy.10 alkylene-heteroaryl, and
ad) -heteroaryl,

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

R is selected from the group consisting of:
a) -halogen,
b) -amino,
c) -carboxy,
d) —cyano,
e) -Ciaqalkyl,
B -0-Ci4 alkyl,
g) —~O-CFs,
h) -cycloalkyl,
i) -O-cycloalkyl,
J) -aryl,
k} -C,. alkvlene-aryl,
) -hydroxy,
m) -CF3,
n) -haloalkyl,
0) -haloalkoxy,
p) -O-aryl,
q) -heteroaryl,
r) -heteroarylene-C;_jp alkyl,
s) -heterocyclyl,
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25m) -CO2Rd, n) -002(CRf Rg)fiCONRd Re, 0) -0C(0)Rd, p) -C(0)NRd q) -NR" C(0)1e, 30r)
-0C(0O)NR" Re, s) -NRd C(0)0ORe, t) -NRd C(0)NRd u) -CF3, v) -0CF3, 5w) -haloalkyl, x) -haloaLkoxy,
3r) -C110 alkyl, z) -C2-10 alkenyl, aa) -C2_10 alkynyl, 10ab) -C1_10 alkylene-aryl, ac) -C1_10
allcylene-hetBi@atyy/antdad) -heteroaryl, wherein alkyl, alkenyl, alkynyl, apgiThstereasgbsand cycloalkyl
groups are

ty -CO.-Crypalkyl,

u) -COp-Cyg alkyl-aryl,
v) —fused aryicycloalkyl,
w) —alkynylene-heteroaryl,

5 x) —alkylene-aryi,
y) —alkynylens-aryl,
z) -nitro,

aa) -N(H)-C(O)-C\¢-alkyl, and
§Jb) -8-C -;_e—alkyi,

10
R® and R® are independently selected from the group consisting of: hydrogen, Cy.j0 alkyl,
Cz-10 alkenyl, Ca.qp alkynyl, cycloalkyl, -Cy.yo alkylene-cycloalkyl, aryl, heteroaryl,
and heterocyclyl, wherein alkyl, alkenyl, alkynyl, cycloalkyl, aryl, heteroaryl,
heterocyclyl groups are optionally substituted with one to four substituents
15 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°,

20 R'and R®are independently selected from the group consisting of: hydrogen, Cy.1p alkyl,
cycloalkyl, -Ci.jp alkylene-cycloalkyl, -carboxy, and aryl, wherein alkyl,
cycloalkyl, and aryl groups are optionally substituted with one to four substituents
independently selected from RY; or R” and R® together with the carbon to which
they are attached form a ring of 5 to 7 members containing 0-2 heteroatoms

25 independently selected from oxygen, sulfur and nitrogen optionally substitued
with 1-3 times with RS;

m 18 an integer from 1 to 2;

1 is an integer from 1 to 10; and

30  pisaninteger from 0 to 2;
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150ptionally substituted 1-4 times with a group independently selected from ; Re is selected from the
group consisting of: a) -halogen, 20b) -amino, c) -carboxy, d) -cyano, e) -CIA alkyl, f) -0-CIA alkyl, 259)
-0-CF3, h) -cycloalkyl, i) -0-cycloalkyl, j) -aryl, k) -C1-4 alkylene-aryl, 30I) -hydroxy, m) -CF3, n)
-haloalkyl, WO 2009/111700 PCT/US2009/036333

or a pharmaceutically acbeptable salt thereof,

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

R* 0
T > OH
RS0 "R3

5 (I

(1),

wherein

10 R is selected from R
R*is selected from R? and

R’ is ~G*-L*-Q* L -G*, wherein
15 L*and L* are independently selected from the group consisting of: a direct bond,
~CHy-, -O-, -N(R*%)-, -C(0)-, -CON(R)-, -NR*C(O)-, -N(R*YCON(R?")-,
N(R*)C(0)0-, -OC(ONR)-, NR™S0,-, -SONR®)-, -C(0)-0O-,
0-C(0)-, -8-, -S$(0)-, -S(O);-, and -N(R*SO,N(R?)-,-wherein
R* and R*’ arc independently selected from the group consisting of:
20 hydrogen, -alkyl, -aryl, and -alkylenc-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;
25
Q’ is selected from the group consisting of: a direct bond, Cy_10 alkylene, Cr-10

alkenylene, and C,.g alkynylene,
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0) -haloalkoxy, p) -0O-aryl, 5q) -heteroaryl, r) -heteroarylene-C1_10 alkyl, s) -heterocyclyl, t)
-002-C1_30 alkyl, u) -002-C140 alkyl-aryl, 10v) -fused arylcycloalkyl, w) -alkynylene-heteroaryl, x)
-alkylene-aryl, y) -alkynylene-aryl, z) - nitro, 15aa) -N(H)-C(0)-C1_5-alkyl, and bb) -S-C16-alkyl, Rd
and Re are independantbp selected from the group consisting of: hydrogemc@Asiehadkys3£2-)0 alkenyl,
C2_)0 alkyny, cycloalkyl, -C1_10 alkylene-cycloalkyl, aryl, heteroaryl, 20and heterocyclyl, wherein
alkyl, alkenyl, allcynyl, cycloalkyl, aryl, heteroaryl, heterocyclyl groups are optionally substituted with
one to four substituents independently selected from 12" ; or Rd and Re 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 25and optionally substitued with

1-3 times with Re, -
G’ is selected from the group consisting of: -arylene, -cycloalkylene,

-heterocyelylene, -heteroarylene, -fused aryleycloalkylene, -fused
cycloalkylarylene, -fused cycloalkylheteroarylene, -fused heterocyclylarylene,
5 and -fused heterocyclylheteroarylene, wherein
G’ is optionally substituted 1-4 times with substifuents independently

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

G* is selected from the group consisting of: -aryl, -cycloalkyl, -heterocyclyl,
10 -heteroaryl, -fused aryleycloalkyl, -fused cycloalkylaryl, -fused
cycloalkytheteroaryl, -fused héterocyciyiaryl, and -fused
heterocyclylheteroaryl, wherein
G* is optionally substituted 1-4 times with substituents independently
selected from R’, wherein R’ is sclected from R®,
15
wherein R* is selected from the group consisting of:

a) -hydrogen,

b) -S(0)mRY,

¢) -S(0)0R’,
20 d) -S(O)NR!R®,

e) -C(ORY,

B -COR’,

g) -C(ONR'R’,

h) -haloalkyl,
25 1) -cycloalkyl,

1) -heterocyclyl,

k) ~Cpo alkyl,

) -Cy-1p alkenyl;

m) ~Cs.0 alkynyl,
30 n) -aryl,
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Rf and Rg are independently selected from the group consisting of: hydrogen, C1_10 alkyl, cycloalkyl,
-C1_10 alLkylene-cycloallcyl, -carboxy, and aryl, wherein alkyl, cycloalkyl, and aryl groups are

optionally substit%ed Wi%h one to four substituents 30independently selected from Re: or Rf and Rg
together with the taridi o which they are attached foini a ring of 5to 7 rﬁ%?ﬁ%%%ﬁé’%%%ing 0-2

heteroatoms independently selected from oxygen, sulfur and nitrogen optionally substitued with 1-3
times with 12'; 5m is an integer from 1 to 2; n is an integer from 1 to 10; and p is an integer from O to 2;
or a phaiinaceutically acceptable salt thereof. In another embodiment, the present invention provides a
compound of Foimula RN2(1V), 15 wherein RNI and RN2 are independently selected from NO2 and
hydrogen, providechttexbane of RN1 and RN2 is hydrogen and the other is NO2; or a pharmaceutically
acceptable sal&éhete]“of. g%é%@gggggceutically-acceptable salts of the compounds of the present

invention, whe a basi acidic’group is present in the structure, are also included within the scope

of the inventiorfDTHexterstkypHigphacéutically acceptable salts” refers to salts of the compounds of this
invention whicharg-genaratiy, priepargd by reacting the free base with 25a suitable organic or inorganic

acid or by reacting the acid with a suitable organic or inorganic base. Representative salts include the
following salts:Acétate 2lkynylenc-heteroaryl,

t) -C(R'R®),-aryl,

wherein alkyl, alkenyl, alkynyl, aryl, heterocyelyl, heteroaryl, and cycloalkyl
groups are optionally substituted -4 times with a group independently selected
10 from R®;

R is selected from the group consisting of:
a) -cycloalkyl,
b) -cyano,
15 ¢) -ORY,
d) -NO,,
e) -halogen,
) -S(0)m RE,
g) -SR,
20 h) -S(0)0R",
) -S(O)NRR®,
i) -NRUR®,
k) -O(CR'R&),NR?R®,
D -CORS,
25 m) -CO,RY,
n) -CO(CR'R%),CONRYR,
0) -OC(ORY,
p) -C(ONR®R®,
q) -NR‘ C{O)R®,
30 r) -OC(O)NR'R’,
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Bcnzenesulfonate, Benzoate, Bicarbonate, Bisulfate, Bitartrate, Borate, Bromide, Calcium Edetate,
Camsylate, Carbonate, Chloride, Clavulanate, Citrate, Dihydrochloride, Edetate, Edisylate, Estolate,
Esylate, Fumarate, Gluceptate, Gluconate, Glutamate, Glycollylarsanilate, Hexylresorcinate,
Hydrabamina&y®sasestangmide, Hydrocloride, SHydronmaphthoate, lodide, ssthisasase3éaastate,
Lactobionate, Laurate, Malate, Maleate, Mandelate, Mesylate, Methylbromide, Methylnitrate,
Methylsulfate, Monopotassium Maleate, Mucate, Napsylate, Nitrate, N-methylglucamine, Oxalate,
Pamoate (Embonate), Palmitate, Pantothenate, Phosphate/diphosphate, Polygalacturonate,
Potassium, Salleylate, Sodium, Stearate, Subacetate, Succinate, Tannate, Tartrate, Teoclate,
Tosylate, 10Tri9th1ggid@(6g@1gghylammonium and Valerate. When an acidic substituent is present,
such as-COOH, there can be formed the ammonium, morpholinium, sodium, potassium, barium,
calcium salt, and tHERiKe(®NBs& as the dosage form. The acid addition salts may be obtained as the
direct products,gf compound synthesis. In the alternative, the free base may be dissolved in a suitable
solvent containing the appropriate acid, and the salt 15isolated by evaporating the solvent or otherwise
separating the Bhit8hEsolvent. When a basic group is present, such as amino or a basic heteroaryl
radical,ssuch asvpyfigigklap,acidic salt, such as hydrochloride, hydrobromide, phosphate, sulfate,
trifluoroacetatektrig}pa!ﬁ))% gctate, acetate, oxlatc, maleate, pyruvate, malonate, succinate, citrate,
tartaratc, fumarz;tc, man e}i{gte, benzoate, cinnamate, methanesulfonatc, ethanesulfonate, picratc
20and the like.y) -Qthetlsdlts which are not phaimaceutically acceptable may be useful in the
preparation of ?meglljon eglt#he invention and these form a further aspect of the invention.

Thus, in a further embodiment, there is provided a pharmaceutical composition 25comprising a
compound of thé)pfesertiention, or a pharmaceutically acceptable salt therof, and a
pharmm:euticauyeaggg(pggg}%@gqiﬁ[, 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 méflirktordtEloperlistrmearde®af agonist, antagonist, partial agonist, partial antagonist,
inverse agoniskey-miersayantagonist. In one embodiment, compounds of the invention are agonists of
GLP-1R. In another embodiment, compounds of the invention are antagonists of GLP-1R.

wherein alkyl, alkenyl, alkynyl, aryl, heteroaryl, and cycloalkyl groups are

15 optionally substituted 1-4 times with a group independently selected from
R°;

R® ig selected from the group consisting of:

a) -halogen,

20 b) -amino,
c) -carboxy,
d) ~cyano,
e} -Cy4alkyl,
f) -0-Cj4 alkyl,

25 gy —0-CFs,
k) -cycloalkyl,
1) -O-cycloalkyl,

iy -aryl,
k) -Cj.s alkylene-aryl,
30 Iy -hydroxy,
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Within the context of the present invention, a GLP-1R agonist is understood to refer to any compound
which fully or partially activates the human GLP-1 receptor. 5Within the context of the present
invention, a partial GLP-1R agonist is understood to refer to any compound which increases the
activity of the fUPREAEI-1 receptor but which compared to GLP-1 itself Bs ot 4@ Eect a full
response (Ernax < 100% relative to GLP-1). Within the context of the present invention, a GLP-1
antagonist is understood to refer to any compound which decreases the activity of the human GLP-1
10receptor seen after stimulation with GLP-1. Within the context of the present invention, GLP-I is
understood to refer to either or both of the two known native foiins GLP-1 (7- 36) and GLP-1 (7-37). In
general, embodiments(®;the present invention useful for phaimaceutical applications may have
EC50's as deteimin)eqh%yotjg{igethod for deteimining the ability to 15stimulate cAMP formation in a cell
line expressing the cloned. -1R, such as the one described below, of less than 100 uM:
Embodiments of tle¢ phekmtitamyention useful for pharmaceutical applications may have EC50's of less
than 10 uM. For pggti(_:@l_ld_@medical indications, EC50's lower than 0.01pM may be useful. Thus, in
another embodiment, conipounds of the present invention may have EC50's in a range of about 20
0.001 !AM to aboub16PgiNPatY another embodiment, compounds of the present invention may have
EC50's of about 0,91 uMdte2PeHt-3 UMa1R stated above, agonist activity may be determined by the
assay described in the Examples below. Embodiments of the invention described herein are
additionally direct&d tﬂ‘ﬁﬁﬁi%&iutieal compositions and use thereof in methods for modulating
GLP-1R, which 25methods ceaipyise administering to a subject in need of modulation of GLP-IR a
compound of Fotim}llq B efinzﬂ ei\_bovle. Pharmaceutical foimulations adapted for oral
administration may be préséiifed as drserete units such as capsules or tablets; powders or granules;
solutios or suspevsiefisgearfiawithadkxleous or non-aqueous liquids; edible foams or whips; or
oil-in-water liquid lﬂg'@ga vater-in-oil liquid emulsions. For instance, for oral administration in the
form of a tablet or%ggpsu e, #g%%%ag% component can be combined with an oral, non-toxic
pharmaceutically &cepiabtadrigrl.carrier such as ethanol, glycerol, water, and the like. Generally,

powders are prepghed yya0marigyting the compound to a
z) -nitro,
15 aa) -N(H)-C(O)-C,-alkyl, and
bb) -5-C,.¢-alkyl,

R¢ and R® are independently selected from the group consisting of. hydrogen, C,_jo alkyl,
Co-10 alkenyl, Coop alkynyl, cycloalkyl, -Cy.qp alkylene-cycloalkyl, aryl, heteroaryl,
20 and heterocyclyl, wherein alkyl, alkenyl, alkynyl, cycloalkyl, aryl, heteroaryl,
heterocycly! 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

25 and optionally substitued with [-3 times with R°,

R’ and RE are independently selected from the group consisting of: hydrogen, C,_j, alkyl,
cycloalkyl, -Ci.10 alkylene-cycloalkyl, -carboxy, and aryl, wherein alkyl,
cycloalkyl, and aryl groups are optionally substituted with one to four substituents

30 independently selected from R%; or R and R® together with the carbon to which
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5 suitable fine size and mixing with an appropriate pharmaceutical carrier such as an edible
carbohydrate, as, for example, starch or mannitol. Flavorings, preservatives, dispersing agents, and
coloring agents can also be present. Capsules are made by preparing a powder, liquid, or suspension
mixture and &R AMXHELTAY with gelatin or some other appropriate shell mEETER@ItdEAESand
10lubricants such as colloidal silica, talc, magnesium stearate, calcium stearate, or solid polyethylene
glycol can be added to the mixture before the encapsulation. A disintegrating or solubilizing agent such
as agar-agar, calcium carbonate or sodium carbonate can also be added to improve the availability of
the medicament when the capsule is ingested. Moreover, when desired or necessary, suitable binders,

lubricants, 15dism%ﬁ%%@&t@%@%ﬁpgx@%qf%@gm@g HRARGNCOrREAs A IRLo the mixture.
Examples of suitable binders include starch, gelatin, natural sugars such as glucose or beta-lactose,

corn sweeteners, FRAERSIGHESTHAET RIS SN SR diregaenirmbsadtinesginate,
carboxymethyleellulpse, potyeshylamne.glycol, waxes, and the like. Lubricants useful in these dosage
forms include, for example, sodium oteate, 20 sodium stearate, magnesium stearate, sodium
benzoate, sodium acetate, sodium chloride, and the like. Disintegrators include, without limitation,
starch, methylicet ubdser &gar,Ibertonite, xanthan gum, and the like. Tablets are formulated, for

example, pxﬂQ§%B§£%g€§fp§wg§5dmi%§8e,_granulating or slugging, addi_ng a lubricant and disin_tegrant,
er 25 mixture may be prepared by mixing the compound, suitably

and pressing Into tablets. A pow
comminuted, Whh iataierdmmilbase as described above. Optional ingredients include binders such as
carboxymethylcellulose, aliginates, gelatins, or polyvinyl pyrrolidone, solution retardants such as
paraffin, resorption accelerators such as a quaternary salt, and/or absorption agents such as
bentonite, k¥R EidRaItRIHY sreitRitsat feers@vder mixture can be wet-granulated with a binder
such amysyrup, starch paste, acadia mucilage or solutions of cellulosic or polymeric materials, and
forcing through a screen. As [ternative to granulating, the powder mixture can be run through the
tablet machine anﬁj”tﬁ%o%é%rtﬁﬂ OlahtﬁEl?fe@ﬁ‘)}’fﬁﬁ%ng?aﬁgrﬁ?&?éﬂeﬁﬁ&ﬁpé‘ﬁm@s?%rﬁ?gnules can be
lubricated t@I5prevent sticking to the tablet-forming dies by means of the addition of stearic acid, a
stearate salt, talc or mineral oil. The lubricated mixture is then compressed into tablets. The
compounds of the present invention can also be combined with a free flowing inert carrier and
compressed into tablets directly without going through thie granulating or slugging steps. A clear or
opaque protective coating consisting of a sealing | '

HO
RN Iv),
15
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 thersof.
20

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

25  asuitable 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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10 of shellac, a coating of sugar or polymeric material, and a polish coating of wax can be provided.
Dyestuffs can be added to these coatings to distinguish different unit dosages. Where
appropriate, dosage unit formulations for oral administration can be microencapsulated. The
formulation cXR 5?%%’]Bé7?5)repared to prolong or sustain the release 15as f6F &I Eoating or
embedding particulate material in polymers, wax or the like. Oral fluids such as solutions, syrups, and
elixirs can be prepared in dosage unit form so that a given quantity contains a predeteffained amount
of the compound. Syrups can be prepared, for example, by dissolving the compound in a suitably
flavored aqueous solution, while elixirs are prepared through the use of a non-toxic alcoholic 20
vehicle. Sugpensiras tanhaiprmula®d genealBioy tispBising:if) Geampaundii,a nontoxic vehicle.
Solubilizers and e ifiers.such as ethgxylated.jsostearyl alcohols and oxy ethylene sorbitol
ethers, pres(gér{g/% |\?£%%\%f%§i¥%ﬁg&a&%%§t§ ’&%ﬁglr%in 1%\{},1?%1?&}1%{1?}% %%3@%%%%8 g,%sré Stharin, or
other artificiBiisiatecteimyistcaRstehecliKsyian, Hsndetaddec28Dépendtiag, chithenstability of the
compound, gfaldI s aY DI AJVNLISIELEE. DK Q%'éikﬂget,"i%&x%% %ﬁ%&f.ﬁ#ﬁ}g%ﬁa@e’ for example,
tal in e solution (fo

which may co concentrated ‘compoun sta r example, at a stable pH), and a

second? for BxarppiaanbHieptmdidsnteiiuenaten L atioring i Qusiers drdngie Mela®hdlslsetmd oral fluid
may not be giablenadacihesamasiaiitycondiionsdorwhighyihe first oialdhiddg giable.  Any

solvent which is pharmaceuticall){ acceptable and which is able to dissolve a compound of the present

invention m¥plsettidducatndNeBnitiin Wik s1dh Bshlssarisr ritrdasy fitpnaicdEmperiats such as a
co-solubilizipgagas} Padiighcmay, becthasamehasaselvenizddaniciadivairaent 3geailg stabilizing

agent, a preseyvative, or mixtures, 5 thereof Suitable solyents and cp-solubilizing agents may include,
oot are ot ST SHLAte SO SEST B T SO (SO EAY Gime: aicohole, such as
ethandl) befizidthiedlc| Bnddihylikengivoolsraidapolyal (8hetsysedhiasybsopydensghsett.glycerin and

the like; esters,of p s, su s diaceting, triacetine and the like; polyglycols and polycthers,
such as polgté%gyfer?ebég/%%?% O?%%%?ﬁé%gg@go mmme%l%fr%??g%%%ﬁg’Iﬁﬁggd%x%ﬁ%ﬁ%}é, such as
isopropylidérgiyee fiticawd shls ke thiiribehitisesorbitie dpsate lidone Terhadivdditonchlts 2-pyrrolidone,

N-methyl-2-pyrrplidans, Aol VRMRYRHARNS: 852:hResRILRHIng g And hEIKShe free

polyoxyethylenated fatty alcohols; esters of polyoxyethylenated fatty acids; polysorbates, such as

TweenTm, patsegebsyitsne veritanrde e selyproRneiuns fs1apriver s midreatdrvelSuitable

15tonicity adisistraant fasHSIMAmNGIee: BulkanRtdpiteshioihpRarmagsyticallywgegptable inorganic
chlorides, such as sodjum chloride; dextrose; Iaci%ﬁe' mannit?k sorbitol, and the like. Preservatives

suitable for PRVSBRBE SPESHINEFAASATER Bé, SrhsisTRey datica oAy BRNzoic acid, for
example methigic ethykuphopyil dnchhuiyit dsfershontidxtphespthercafifob|ardtr@sateansd the like. Suitable

stabilizing agenis inelucle: 29! 8RS 0. MANOSAREIATIES Sueh a5 galacigsg.and fructose,
disaccharides
fumarate, mandelate, benzoate, cinnamate, methanesulfonate, cthanesulfonate, picrate

20  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 agpect of the

invention.

Thus, in a further embodiment, there is provided & pharmaceutical composition
25  compnsing a compound of the present invention, or 2 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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such as lactose, polysaccharides such as dextran, cyclic oligosaccharides such as alpha-, beta-, and
gamma-cyclodextrin, aliphatic polyols such as mannitol, sorbitot, and thioglyccrol, cyclic polyols such
as inositol and organic solvents such as ethyl alcohol and glycerol. The above mentioned solvents and
co-solubilizingy@geifts1 1dicity 25adjustment agents, stabilizing agents aner&serasbsasican 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, SWF1, and an
agent selected from the group consisting of sodium chloride solution, namely physiological saline,
dextrose, mannitoL, or sorbitol, wherein WO 2009/111700PCT/US2009/036333 the agent is present
in an effectivg amauntaT he. REwksch adopauiation mawalsahe.Adusied odmppoye the storage

stability using a phaimaceutically acceptable acid or base. The compounds of the present
invention maYPHESEHPRENSR L BRBVBHTTBAIFEINA e rinagristrat B6ftd Bf concentrated
compound solution (from about 20 mg/g to 5about 60 mg/g, typically about 40 mg/g) and a second
bottle of sterile diluSHE & | ﬁ%ﬁ?%‘g SHTPAIEERE R & I sUR AR EHS R BBa fmay be
reconstitutectfwittv they entinecanterth dilthedhvantigatiiiar(the seaandbptte}dengive a solution, at,
for example, 10 mg/m| and ing pH 10.5-11.5. - > embodiment haimaceutical
formula%;on %e%/l?nc ﬁa%n}:egr{r:%&rlgﬁ%s%pﬁgéé8ﬁb€te%amatﬂceﬂfr§)%%%%\'ﬁ? %8%@%%%?3 etﬁ’ Compound
Solution Dile&ear forGomeertrated 'Sonsoeases Solutioni € ofitbo hndof tHePpresamptanbention Povidone,
USPINE Polyeiliyient abieel 09, MEEINE RiPaRias o, RERSRRBIS. (22 LRG/NF Polysorbate 80

(Tween 80). US| - , __
relative to GLP-1). Within the context of the present invention, 8 GLP-1 antagonist is

understood to refer to any compound which decreases the activity of the human GLP-1

10 receptor seen after stimulation with GLP-1. Within the context of the present invention,
GI.P-1 is understood to refer to either or both of the two known native forms GLP-1 (7-
36) and GLP-1 (7-37).

In general, embodiments of the present invention useful for pharmaceutical
applications may have EC50's as determined by the method for determining the ability to
15 stimulate cAMP formation in a cell line expressing the cloned GLP-1R, such as the one
described below, of less than 100 pnM. Embodiments of the present invention useful for
pharmaceutical applications may have EC50's of less than 10 M. For particalular
medical indications, EC50's lower than 0.01 pM may be useful. Thus, in another
embodiment, compounds of the present invention may have EC50's in a range of about
20 0.001@ M to about 10 pM. In another embodiment, compounds of the present invention
may have EC50's of about 0.01 uM to about 3 uM. As stated above, agonist activity may

be determined by the assay described in the Examples below.

Embodiments of the invention described herein are additionally directed to
pharmaceutical compositions and use thereof in methods for modulating GLP-1R, which
25  methods comprise administering to a subject in need of modulation of GLP-1R a

compound of Formula (1), defined above.

Pharmaceutical formulations adapted for oral administration may be presented as
discrete units such as capsules or tablets; powders or granules; solutions or suspensions,

each with aqueous or non-aqueous liguids; edible foams or whips; or oil-in-water liquid
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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
15described by first warming the concentrated compound solution and the diluent solution to room
temperature B gleIg Wem at room temperature for 2 to 3 hours. Then, PEkG§Sa06Y4ipegas 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 corntents while avoiding foam 20formation. The reconstituted solution (typically about 10 mg/ml)
may be stored at room temperature (15-30C, 59"-86F) and should be used within about six hours of its

reconstitution, 1 JegHGevoluma L Ieeanslibiied Al an-tomyaraushaties. maype transferred

into a dispensing cup prior to administration. Suitable packaging for the pharmaceutical solution
formulationdhh &7 BePhft BBt terib ey mishe serrgrpatesiala trBbaGEaD plastic and glass

containers, oral, non-toxic pharmaceutically acceptable inert carrier such as ethanol, glycerol, water,
and the like. Generally, powders are prepared by comminuting the compound to a
5  suitable fine size and mixing with an appropriate pharmaceutical carrier such as an
edible carbohydrate, as, for example, starch or mannitol. Flavorings, preservatives,

dispersing agents, and coloring agents can also be present,

Capsules are made by preparing a powder, liquid, or suspension mixture and

encapsulating with gelatin or some other appropriate shell material. Glidants and

10 lubricants such as colloidal silica, talc, magnesium stearate, calcium stearate, or solid
polyethylene glycol can be added to the mixture before the encapsulation. A
disintegrating or solubilizing agent such as agar-agar, calcium carbonate or sodium
carbonate can also be added to improve the availability of the medicament when the
capsuie is ingested. Moreover, when desired or necessary, suitable binders, lubricants,

15 disintegrating agents, and coloring agents can also be incorporated into the mixture.
Examples of suitable binders include starch, gelatin, natural sugars such as glucose or
beta-lactose, corn sweeteners, nataral and synthetic gums such as acacia, tragacanth,

or sodium alginate, carboxymethylcellulose, polyethylene glycol, waxes, and the like.

Lubricants useful in these dosage forms include, for example, sodium oleate,
20 sodium stearate, magnesium stearate, sodium benzoate, sodium acetate, sodium
chloride, and the like. Disintegrators include, without limitation, starch, methyl

cellulose, agar, bentonite, xanthan gum, and the like,

Tablets are formulated, for example, by preparing a powder mixture, granulating
or slugging, adding a lubricant and disintegrant, and pressing into tablets. A powder
25  mixture may be prepared by mixing the compound, suitably comminuted, with a diluent
or base as described above. Optional ingredients include binders such as
carboxymethylcellulose, aliginates, gelatins, or polyvinyl pyrrolidone, solution retardants
such as paraffin, resorption accelerators such as a quaternary salt, and/or absorption

agents such as bentonite, kaolin, or dicalcium phosphate, The powder mixture can be
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ready-to-use syringes and the like. In an embodiment, the container is a sealed glass container, such
as a vial or an ampoule. A hermetically sealed glass vial is one example of a typical sealed glass
container. According to an embodiment of the present invention, there is provided, in a sealed glass
container, a 3t€rideN%ijaétable solution comprising a 5compound of the praéSeritveniiosin a
physiologically acceptable solvent, and which has an appropriate pH for stability. Acid salts of the
compounds of the present invention may be more soluble in aqueous solutions than their free base
counter parts, but when the acid salts are added to aqueous solutions the pH of the solution may be
too low to be suitable for administration. Thus, solution formulations having a pH above pH 4.5 may 10

be combine@a@aﬁe&ﬁw@i%@ﬁmwmc@_9&'Qgﬂi&og%%%? PR GG HAD. 1,5YshiBAL the pH_ of

ol
the combination formulation administered is p &er. in one embodiment, the diluent solution

comprises £pritrRicotipaiPsEcaptinialhaed Liehadewsh AF FyeRoRNBNAHETHHE SHDT the combined
formullagclan @dﬂﬂﬁﬁﬁg[%iﬁwe%ﬁtﬁié éﬁi@@ﬂﬂnﬂ@m%lfgtl% m&exﬁ&%@%ahqmemts Sfuch as
co-solubilizing agents, tonicity 15adjustment agents, stabilizing agents and preservatives, for instance
of the kind 5?3@?35@&{?%5%%&%%?%%8@&&8&0@%- St S HSRRiRG R SaHSHIA through the
sterilizirig filteevent sthkicgrephundsantyymisg desdpupledywithisolddie pobimetsiasdargetablc drug
carriers. Su mers. gan include, polyvinylpyrrolidane.(PVP ran copolymer, 2
polyhydroxygp%fi)%p%/%/rﬁaétthd%?y Ammit Sbaﬁé’%ﬂoﬁ%|§T§§%§Po§y8%hy‘f‘5%§a&¥%‘ﬁnﬁ8‘é‘ ﬁee&)éh%a, 1611}0 ?ablets‘
polyethylengbﬁi@tepmwﬁétéclbgtmmédwitbpam%ylh@mt@aFwtﬁmerﬁn@f@wh@dmrtpounds may be
coupled to a.glags,of hipflsaradanle pAMDERUREIHRACRYIRGSRALR! ﬂ%ig‘%y&gget@ﬁf a drug; for

example, polylactic acid, polyepsilon caprolactone, polyhydroxy butyric acid, rthoesters,
polyacetals SPBIGHIEYEFBDY e T5h SRAENTALPYIAYS S OANA T OSSIRHREP bR Rt atHic block

copolyrpersgafdpdirgelsoatin @ FRENACRMICA focmulations pdanted Jactranssiesmal,administration may -
be presented a%discrete atches intended to remain in intimate contact with the epidermis of the

recipient for’ATpP6IBFYAYF heRSaBI TR PoRISedrpiRestheradige hiruammid Fa i ivered from the

patch by ionteqligesesis. Pharmaceutical formulations adapted for topical administration may be
formulated as ointments, creams, suspensions, lotions, powders, solutions, pastes, gels, sprays,
aerosols, or oils. Féihareatmrentsiof thergyendiotheietxte abtid sdes)ifor@mermpte mouth and skin, Sthe

formulations, a-REARRHES ahednmiGaONUMEMARAM DR IRMUIIeA N AL lpient. the

active ingredient may be employed with either a paraffinic or a water-miscible ointment base.
Alterndfivelys #6 aeavdahyreatiens o sy brddarenidiadais eersahinnelvaroiliayeatée dksam base or a
water-in-oil base. F(i?él@accutical formulations adapted for topical administrations to the eye include

eye drops wherein HAE U ARy R RS S HRL R T U8 SPR R BEF RS ST GASREC 4Per, especially an

aqueous sofeemtso that a given quantity contains a predetermined amount of the compound.
Syrups can be prepared, for example, by dissolving the compound in a suitably flavored
aqueous solution, while elixirs are prepared through the use of a non-toxic alcoholic
20 vehicle. Suspensions can be formulated generally by dispersing the compound in a
nontoxic vehicle. Solubilizers and emulsifiers such as ethoxylated isostearyl alcohols
and polyoxy cthylene sorbitol ethers, preservatives; flavor additives such as
peppermint oil, or natural sweeteners, saccharin, or other artificial sweeteners; and the

like can also be added.

25 Depending on the stability of the compound, oral fluids may be administered by
admixing two separate oral fluids, one, for example, which may contain concentrated
compound 1n a stable solution (for example, at a stable pH), and a second, for example,
which may contain diluent, flavoring, buffers and the like. The second oral fluid may not

be stable under the same stability conditions for which the first oral fluid is stable.
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Pharmaceutical formulations adapted for topical administration the mouth include lozenges, pastilles,
and mouthwashes. Pharmaceutical formulations adapted for nasal administration, where the carrier is
15 a solid, include a coarse powder having a particle size for example in the range 20 to 500 microns.
The powder HOHRAEE A in the manner in which snuff is taken, i.e., by?ﬁﬁﬁwg@ﬂm through the
nasal passage from a container of the powder held close up to the nose. Suitable formulations wherein
the carrier is a liquid, for administration as a nasal spray or as nasal drops, include aqueous or oll
solutions of the active ingredient. 20Pharmaceutical formulations adapted for administration by
inhalation include fine particle dusts or mists, which may be generated by means of various types of
metered dose pregsurigddeacndsdiss paiutizersicatinsutifaibis and wWhivthesbibeoctissgiesitions of the

present invention may also be in the form of suppositorjes for rectal administration of the compounds
of the inventi(())n%l"wese ‘ ggﬁ%ﬁxgslﬁi‘éeﬁlsl%%ﬁﬁéﬁigetésgéreﬁgﬁor%l&?r?gn%%%ﬂéovr\%ﬁké’ Sultable
non-irritatingresccigibhenshishmigoseolit suchrelinany-teripbratgresisurlictidnay thethestal¢esyperature and

will thus melhinheareaiing I aleass Hhedrid. ol mateialsneluds cogea hytier and polyethylene

glycols, for examgle. Pharmaceutical formulations adapted for rectal administration may be presented

as suppbsit8liE®or Htabssrsenifmy Dopsubianrerrs 30U et 38t prramaliaigddPformulations

adapted f0fwa@fﬂﬁbﬁwméﬂﬁﬁ%ﬂé&ﬁiﬁ'?SWF?}?%S%%@@@%?&%?E@M@,%cH%@%nQE|S, pastes,
foams, or spray formylations. Pharmaceuytical formulations adapted for parenterat administration
include aqu%?ﬂfgl ?fliﬁ?} -%fg@&@‘s’-sﬁ%’ﬁfgsiﬁ]@&%ﬁ%ﬁ%ﬁ#ﬁn@‘%&ﬁ%@%ﬁﬁ%ﬁﬂla%lﬁQBWHants, Sbuffers,

bacteriostatadiid Bolytatthaf pehdaothesfeutidatiordgatoriawithetheihleadefibie iitesided recipient;

and aqueous, ndop:adueaus siarile suspensions hich may. indlyde suspending agents and
thickening ager?ts.y & formu atq‘lgnsyma‘{yegegﬁ’resentéé’mpgm “dose of multdoSe containers, for
example sehledbonplaes.andhdalsopmdyindenpysmreddribs fleezbaiedigyopbidized) condition
requiring 0%&%%@8%9@8& Stexile E%&%ﬁgig{_ﬁg{h%gtggz%wﬁg&for injections, immediately
prior fo use-polyvinylpyrmlidone, as a co-solubilizing agent and the like; polyoxyethylenated fatty
alcohols; esters of polyoxyethylenated fatty acids; polysorbates, such as Tween™,
polyoxyethylene derivatives of polypropyleneglycols, such as Pluronics™. Suitable
15  tonicity adjustment agents may include, but are not limited to, pharmaceutically
acceptable inorganic chlorides, such as sodium chloride; dextrose; lactose; mannitol;
sorbitol, and the like. Preservatives suitable for physiological administration may be, for
mstance, esters of parahydroxybenzoic acid, for example methyl, ethyl, propyl and butyl
esters, or mixtures thercof, chlorocresol, and the like. Suitable stabilizing agents include,
20 but are not limited to, monosaccharides such as galactose and fructose, disaccharides
such as lactose, polysaccharides such as dextran, cyclic oligosaccharides such as alpha-,
beta-, and gamma-cyclodextnn, aliphatic polyols such as mannitol, sorbitol, and
thioglycerol, cyclic polyels such as inositol and organic solvents such as ethyl alcohol
and glycerol. The above mentioned solvents and co-solubilizing agents, tonicity

25  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, & pharmaceutical sofution formulation may comprise a compound
the present invention, SWFI, and an agent selected from the group consisting of sodium

chleride solution, namely physiological saline, dextrose, mannitol, or sorbitol, wherein
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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 15question. For
example, foriitiati¥sIStable for oral administration may include flavoriRf&SAMEsINY IJents. 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 20 which are themselves known to those of
ordinary skill in this art, but are not mentioned in greater detail. Scheme | below describes a method

for making kgy JptpimedialasiHSaiARADE am¥Rinass ff cORRAUNGRRAIAGATRSSMLJB¥ention.

Inasmuch, the present invention is also directed to certain methods and intermediate compounds,
such as corfPyERts X PATeNRd s RS BB peB NP PRV 2OHTA Y s Om eI 982 0D BA686333 XVI

Scheme | In LEE above Sageﬂﬁ | (as well as the below Scrgr%g 2), * represents the presence 5of
a stereocenter. Eactt SETE8E &P TERHEHER B P RISOHTY RHESRAHE S-configuration -
or be a mixtiyecof RelatiddS: fissretde of cditenaciddcomappinel tselatdch ifithm fasoaxatple’g MeOH in an

acidic epvirgpment, h.as.inthe.presence of HO., to give the methyl.ester X]. Tr ent of the
methyl?ste?@??ﬁ%@#fﬁiggggg ic %%clfdﬁg%ggﬁ%gﬁg %‘giegbﬁ?gsc ﬂfestgnl %%%ﬁﬁ%%{/?té)s eragompound 10
XIl and XIll as a mixues,of IR Conliae:AIBINGHAMR. BRI BIRGLS thby toeBadsaQWR4D the art, for

example, with Boc20, and the isomers are separated to give the nitro-boc-
the entire contents of the diluent solution (the second bottle) to give a solution, at, for

example, 10 mg/ml and having pH 10.5-11.5,

In one embodiment, a pharmaéeuticai formulation may include components as

10 described in the table below.

Concentrated Compound Solution biluent for Concentrated Compound Sohution
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

Bananra fBavor

D&C yellow #10

Purified water, USP/NF

Sodium hydroxide to adjust pH

In this embodiment, the concentrated compound solution may be reconstituted as

15 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 aveiding foam

20 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

25  approved containers intended for parenteral use, such as plastic and glass containers,
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methyl ester XIV. This compound may be treated with 1-hydroxy-1-R5-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 15(HOACc) gives the tricyclic compound XVI,
which may b 8RR With methyl iodide (Mel) in the presence of base,Pﬁ]réW’ @%?6’@)’3, to give the
methylated tricyclic compound XVII. Finally, deprotection of the amine, for example, treatment of the
boc-protected amine with HC1, gives intelmediate compound A, compound XVIII. In one embodiment
of the present invention, compound XVIII has the following stereospecific structure: XVIII 5The group
R5 in the above Scheme 1 may be as,defined as herewithin. In one embodiment of the present
invention, Rsadyatonorcyongtissulshituikd beazylobydiphenylenegaoup.idrn asdtielambodiment of the

e loropy e e L S e
intermediat@iconipetingaedaap oemiainey| | I faopdtn aeimedmuniaéthompsumthBntiompound XX
shown beloyere LiQdvided, in a sealed glass container, a sterile, injectable solution comprising a
5  compound of the present invention in a physiologically acceptable solvent, and which has
an appropriate pH for stability. Acid salts of the compounds of the present invention
may be more soluble in aqueous solutions than their free base counter parts, but when the
acid salts are added to aqueous solutions the pH of the solution may be too low to be
suitabie for administration. Thus, solution formulations having a pH above pH 4.5 may
10 be combined prior to administration with a diluent solution of pH greater than 7 such that
the pH of the combination formulation administered is pH 4.5 or higher. In one
embodiment, the diluent sohstion comprises a pharmaceutically acceptable base such as
sodium hydroxide and the pH of the combined formulation administered is between pH
5.0 and 7.0. One or more additional components such as co-solubilizing agents, tonicity
15 adjustment agents, stabilizing agents and preservatives, for instance of the kind
previously specified, may be added to the solution prior to passing the solution through

the sterilizing filter.

The compounds may also be coupled with soluble polymers as targetable drug
carriers. Such polymers can include polyvinylpyrrolidone (PVP), pyran copolymer,

20 polyhydroxypropylmethacrylamidephenol, polyhydroxyethyl aspartamidephenol, or
polyethyleneoxidepolylysine substituted with palmitoyl residues. Furthermore, the
compounds may be coupled to a class of biodegradabie polymers useful in achieving
controlled release of a drug; for example, polylactic acid, polyepsilon caprolactone,
polyhydroxy butyric acid, polyorthoesters, polyacetals, polydihydropyrans,

25  polycyanoacrylates, and cross-linked or amphipathic block copolymers of hydrogels.

Pharmaceutical formulations adapted for transdermal administration may be
presented as discrete patches intended to remain in intimate contact with the epidermis
of the recipient for a prolonged period of time. For example, the active ingredient may

be delivered from the patch by iontophoresis.

52



XX 15Scheme 2 In the above Scheme 2, intermediate compound A, compound XVIII may be
treated with R3-Br in the presence of a base, such as NaHCO3 to give the R3-substituted tricyclic
compound XIX. This R3-substituted tricyclic compound XIX may then be treated with base, such as
LiOH, to hydrBl{?4¥&liiethyl ester to give the acid as intermediate comp@GHaUBteeRIpERAnd XX. In
the above Scheme 2, R3 may be as defined herew thin. In one embodiment of the present invention,
R3 is 1-phenylpropane. In another embodiment of the present 5invention, R3 may be a substituted
carbonyl group. Instill, another embodiment of the present invention, R3 may be a substituted sulfoxide
group. In yet another embodiment of the present invention, R3 may contain an aryl or heteryl group

attached to the ringRitrRARNABIPHH AR AV ENEANKRS: topical SHREASILEOMBRYRG XX, intermediate
compound B, may be coupled with an 10 amine of the formula HI?1R', R2 wherein R, R" and R2 are

as defined HOFEWIASA, 30 P HEATHIE ATSHTDS SUSRFLONE LRt BRTdrEh AT PRIt AT OIS phate
(1-113TO tasgives pacinpoOWwRG:ef. the present invention having the above described Formula (1). 15The
above Schemes are further described with reference to the specific examples and procedures
described in the bélowridentiiie dExanyplescsationernal tissues, for example mouth and skin,

5 the formulations may be applied as a topical ointment or cream, When formutated in an
ointment, the active ingredient may be employed with either a paraffinic or a water-
miscible omntment base. Alternatively, the active ingredient may be formulated in a
cream with an oil-in-water cream base or a water-in-oil base. Pharmaceutical
formulations adapted for topical administrations to the eye include eye drops wherein the

10 active mgfediem 1s dissolved or suspended in a suitable carrier, especially an aqueous

solvent.

Pharmaceutical formulations adapted for topical administration in the mouth include

lozenges, pastilles, and mouthwashes.

Pharmaceutical formulations adapted for nasal administration, where the carrier is
15 asolid, include a coarse powder having a particle size for example in the range 20 to
500 microns. The powder is administered in the manner in which snuff is taken, i.e., by
rapid inhalation through the nasal passage from a container of the powder held close up
to the nose. Suitable formulations wherein the carrier is a liquid, for administration as a

nasal spray or as nasal drops, include aqueous or oil solutions of the active ingredient.

20 Pharmaceutical formulations adapted for administration by inhalation include fine
particle dusts or mists, which may be generated by means of various types of metered

dose pressurized acrosols, nebulizers, or insufflators.

Further, the compositions of the present invention may also be in the form of
suppostitories for rectal administration of the compounds of the invention. These
25 compositions can be prepared by mixing 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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METHODS OF MEDICAL TREATMENT In another aspect, the present invention provides a method of
activating GLP-1R 20comprising 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 '
pharmaceuti¥&P édipbSitibon comprising a pharmaceutically acceptable catfigfUapduosadiapeutically
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 25formation in a cell line expressing cloned
GLP-1R, or increase insulin release from isolated human islet cells, or increase insulin release in a
subject. In a fiirther aspect, the present invention may provide a method comprising administering

to a subject a commmﬂ&h&@glrwmﬂat%@ﬁaa{éawgﬂuyaaﬁﬁﬁg@y&l% lgreof. In one
(0}

embodiment, the%Present invention comprises a method for the activation of GLP-1R comprising
administerif Y <Lb] Qe E6 I PO DCEGHSuBS 1L P TRsalRsmer & PR aRifAERT H@ resent invention
provides a method,of treatment comprising administering to a suf'ect_in need thereof a compound of
Formula (1). In althFﬁ% e %Cﬂgbc&’l%%ﬁ%,lifﬁg% igg%%tgf}?r ﬁgﬁ%ﬁfe&? éﬁé@bﬁ%ﬁ’@dﬁﬁ ated using
methods of thecpue sedninventionsatim prisgdtidisolddvsswiarkimactivationuei-thedaitd- 1 receptor is
benefical. 103meghelizdiserdess et Astiveion shiie@rEskisespienshenelelsl 3
glucose intolerance, 4. hyperglycaemia, 5. dyslipidemia, . Type 1 diabetes, . Type 2
diabetes, intended recipient; and aqueous and non-aqueous sterile suspensions which may include

suspending agents and thickening agents. The formulations may be presented in unit-

dose or multi-dose containers, for example sealed ampules and vials, and may be stored

m a freeze-dnied (Iyophilized) condition requiring only the addition of the sterile liquid

10 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
15 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 arc defined) using readily available starting
materials, and reagents. In these reactions, it is also possible to make use of variants

20 which are themselves known to those of ordinary skill in this art, but are not mentioned in

greater detail.

Scheme 1 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 XVIIT and

25 XX described below.
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8. hyperti iglyceridemia, 9. syndrome X, 10. insulin resistance, 11. IGT, 2012. obesity, 13. diabetes as
a consequence of obesity, 14. diabetic dyslipidemia, 15. hyperfipidemia, 16. cardiovascular diseases,
2517. hypertension, and 18. complications resulting from or associated with diabetes including but not
limited to neWW&pdtINiiigtihopathy, nephropathy, impaired wound healing, RG®tRKes6333  In another
embodiment, the present invention provides a method for the inhibition of intestinal motility comprising
administering a compound of the present invention or a pharmaceutical composition comprising a
compound of the present invention. In another embodiment, the present invention provides a method
for lowering 5 blood glucose in a human comprising administering a compound of the present
invention or a pharmaceutical composition comprising a compound of the present invention. In
another embodiment, the present invention provides a method foree
progression from IGT to Type 2 diabetes comprising.administering a gompout d of the present

invention or a pjfjnfj?/ul@al comwpgaltlon W"& TEA  OH a7 o
T | /
N acid oH N NaNGC5 > o

OH
X XI OH

CA/ 4

separate
80020] isomers

o]

OgN
4& m |tsur;obu
hoc
Fe
HOAC OH

XVl Xviil

Scheme 1

In the above Scheme 1 (as well as the below Scheme 2), * represents the presence
5  ofastereocenter. Each stercocenter may independently be in the R-cenfiguration, 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 NaNO; gives the nitro methyl ester compound

10 XII and XHI 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

15 {HOAc) gives the tricyclic compound XV, which may be contacted with methyl iodide
(Mel) in the presence of base, such as KoCOs, to give the methylated tricyclic compound
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10compound of the present invention. In another embodiment, the present invention provides a
method for delaying or preventing the the progression from non-insulin requiring Type 2 diabetes to
insulin requiring Type 2 diabetes comprising administering a compound of the present invention or a
pharmaceuti®d? efif{poditon comprising a compound of the present invenB6HUBSMeAREHer
embodiment, the present invention provides a method for delaying or preventing Type 1 diabetes
comprising administering a compound of the present invention or a phaimaceutical composition
comprising a compound of the present invention. In another embodiment, the present invention
provides a method for appetite 20 regulation or treatment of an energy expenditure disorder such as
eating disorger egiulimirpANE ARSI FeRNSIKIARSFYYRR LS BIW ISR A UCHQNLIS. LEiEgch comprising
administering a compound of the present invention or a phaimaceutical composition comprising a
compound 8FHE BHESEAtiRUES BT MR S FABBEIAE Ay, SORRUpLICHRy BrrasivabadiBist may be
administeregk (85 iirasethereroRocimpeaninaieast RReHROMIRAVAY abkospruiadbisused, either alone or
in combination with one or more known therapeutic agents. In a further embodiment, the present
invention provides methpd of preventipn and/or treatment of a GLP-1R mediated human disease,
treatment comprisi alleviglign@#oneor more symptoms resulting from that disorder, to b) an
outright cure for that partic disorgler; and prevention comprising a) prevention of the onset of the
disorder, the methBe cofhpriSing ddministering to a human in need thereof a therapeutically effective
amount of a compound of Félla (1) or a pharmaceutically acceptable salt thereof 5Factors which
may influence wh j o i I Tale ar limited to, the
size anngeig ht oﬁﬁ%ﬁ%ﬂgﬁﬂgﬁﬁ%‘%ﬁ% i?ﬁ%%tgg ﬁg%%%g%%ﬁ?%?é glc%?\?/%ty of the
therapeutic %@ﬁ{%@ﬁl?@@%ﬁ\?ﬁﬂ&ﬁﬂi& Kccordifgly, dhsihstéseRempirstherapeutic method of

the inventiophdhisciretRag alsQuSther embodiment of the present invention, R’ is 2 dichloro-

benzyloxy-phenylene group. Tn still another embodiment R® is dichloro-

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.
| 0 | 2
Oj\:NW\.O/ R3.RBr O Nm)LO/
" * 5 NH base RIO N\R3
XVl XIX
LiOH ]
: Q
OTN WOH
RS0 "re
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 NaHCO; to give the R*-substituted
tricyclic compound XIX. This R*-substituted tricyclic compound XIX may then be
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comprised of a method for treating a subject prophylactically, or prior to the onset of 10diagnosis such
disease(s) or disease state(s). COMBINATIONS The present invention includes within its scope
pharmaceutical compositions comprising, as an active ingredient, a therapeutically effective amount of
at least one 8YQ 3¢piE1gEoounds of formula |, alone or in combination witRGrgiasmasetstical carrier or
diluent. Optionally, compounds of the present invention can be used alone, in combination with other
compounds of the invention, or in combination with one or more other therapeutic agent(s). The
following is a non-exhaustive listing of classes of additional therapeutic 20agents which may be utilized
in combination with the compounds of the present invention: antidiabetics, antiobesity agents,

antihypertensiye A9RR,seNHYRETSORVE ﬁg&%ﬁ%@m@&t&%ﬁgaﬁgé@é%c%m% 2iipid lowering agent, and

agents for the treatment and/or prevention of complications resulting Trom or associated with diabetes
including bufFERRAE B PRIbBatinetibPathy, nephropathy, impaired wound healing, and the
25like. In addition, thE c%mpo ds of the, presEnt i% tign may also be combined with gne or more of

the following theraBefid Xy &mE Merrifty Bie Rt {5 EEARg ote rorediary Sindrome,
agents for trhatingaawtindisoiicis] ayentipfopdreatingdsdilty cagediador dferdipgafhritis, agents for

preventing qlogafhreiecion., iAgsplaialion, agens ot sging auiaimmune discpses, ant-AIDS
agents,"anti- 0steoporosis-agents, agents for treating immunomodulatory diseases, antithrombotic
agents, agepissfor ithstreatientasficar dibshstedautiseds eranmtidiotict agethts, cantb@isyettotic agents,

agents for tigafing,chranic inflammaiary bows! AisE956: ALRDALINS RABMRTAaeRJor reating
anorexia nervosa. An ti. diabetic
nitrogen through an alkylene linker.

‘The acid compound XX, intermediate compound B, may be coupled with an

10 amine of the formula

wherein R, R? and R? arc as defined herewithin, by treatment with o-benzotriazoll-yi-
tetramethyluroninm hexafluorophosphate (HBTU) to give 4 compound of the present

ivention having the above described Formula (0,

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

activatc 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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Examples of suitable anti-diabetic agents for use in combination with the compounds of the present
invention include 101. biguanides (e.g., metformin or phenformin), 2. glucosidase inhibitors
(e.g, acarbose or miglitol), 3. insulins (including insulin secretagogues or insulin sensitizers), 4.
meglitinides EQ20¢epHglhide, and nateglinide), 5. sulfonylureasRETgSgtiessitsde, glybutide,
gliclazide, chlorpropamide and 15glipizide), 6. biguanide/glyburide combinations (e.g.,
Glucovance.RTM.), 7. thiazolidinediones (e.g., troglitazone, rosiglitazone and pioglitazone),
8. PPAR-alpha agonists, 9. PPAR-gamma agonists, 2010. PPAR alpha/gamma dual
agomsts, 11. glycogen phosphorylase inhibitors, 12. inhibitors of fatty acid binding protein (aP2), 13.

DPP-1V inhibitors, andrldnS @I, IMUBQES: 2R entidm XADNIRSBE athRkRidtaklie algagon-like peptide-1

compounds that may be used in combination with the compounds of the present invention include
GLP-1(1-36 USRI £(FR85 ArRIBIWEpof {9 (1) or a pharmaceutically acceptable

salt thercof. In one embodiment, the present invention comprises a method for the
activation of GLP-1R comprising admintstering to a subject a compound of Formula (1),
5 In another embodiment, the present invention provides a method of treatment comprising
administering to a subject in need thereof a compound of Formula (I). In alternate
embodiments, the disease, condition, disorder or indication treated using methods of the

present invention comprise

disorders wherein activation of the GLP-1 receptor is beneficial.
10 metabolic disorders, wherein activation of the GLP-1 receptor is beneficial.
glucose intolerance,

hyperglycaemia,

dyslipidemia,

Type 1 diabetes,

15 Type 2 diabetes,

hypertriglyceridemia,

A AT i e

syndrome X,

ot
o>

. insulin resistance,
CIGT,
. obesity,

o
[

20

I
[FF I ]

. diabetes as a consequence of obesity,

H
NS

. diabetic dyslipidemia,

ek
N

. hyperhipidemia,

—
=)

. cardiovascular discases,

25

—
~X

. hypertension, and

f—
o0

. 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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Hypo pidemic/linid lowering agents Examples of suitable hypolipidemic/lipid lowering agents that
may be used in combination with the compounds of the present invention include one or more 1. MTP
inhibitors, 57. HMG CoA reductase inhibitors, 3. squalene synthetase inhibitors, 4. fibric acid
derivatives, 3Yfid@y/gerigtse inhibitors, 6. cholesterol absorption irfiRsit6ze)9kdF33tea’ Na+ /bile
acid cotransporter inhibitors, 8. upregulators of LDL receptor activity, 9. bile acid sequestrants, 10.
cholesterol ester transfer protein inhibitors and/or 11. nicotinic acid and derivatives thereof. 15 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, 20prayasiain.- anfhsalAeH, eRMRAR R vention provides a method for the inhibition

of intestinal motility comprising administering a compound of the present invention or a

pharmaceutical composition comprising a compound of the present invention.

In another embodiment, the present invention provides a method for lowering
5 blood glucose in a human comprising administering a compound of the present invention

or a pharmaceutical composition comprising a compound of the present invention.

In another embodiment, the present invention provides a method for delaying or
preventing the the progression from IGT to Type 2 diabetes comprising administering a
compound of the present invention or a pharmaceutical composition comprising a

10 compound of the present invention.

In another embodiment, the present invention provides a method for delaying or
preventing the the progression from non-insulin requiring Type 2 diabetes to insulin
requiring Type 2 diabetes comprising administering a compound of the present invention

or a pharmaceutical composition comprising a compound of the present invention.

i5 In another embodiment, the present invention provides a method for delaying or
preventing Type 1 diabetes comprising administering a compound of the present
invention or a pharmaceutical composition comprising a compound of the present

invention.

In another embodiment, the present invention provides a method for appetite

20 regulation or treatment of an energy expenditure disorder such as eating disorders eg
bulimia, and other conditions where a weight reduction is required comprising

administering a 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.

25 In another embodiment, at {east one compound of Formula (I) 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 freatment of a GLP-1R

mediated human disease, treatment comprising a) alleviation of one or more symptoms
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simvastatin and related compounds, atorvastatin, fluvastatin, cerivastatin, and atavastatin

Examples of fibric acid derivatives which may be employed in combination with 25 one or more
compounds of the present invention include fenofibrate, gemfibrozil, clofibrate, bezafibrate,
ciprofibrate, &tfdfitaié’¥robucol and the like. Antihypertensive Agents PCT/USEZ@#siiss of suitable
anti-hypertensive agents for use in combination with the 30compounds of the present invention include
1. beta adrenergic blockers (e.g., alprenolol, atenolol, timolol, pindolol propranolol and metoprolol),

2. calcium channel blockers (L-type and T-type; e.g. nicardipine, isradipine, nimodipine, diltiazem,
felodipine, verapamil, nifedipine, arnlodipine and 5mybefradil) 3. diuretics (e.g., chlorothiazide,

hydrochloroffiagide cfiumethiagise.yipivmethiazide, Rendiofimstiiazidaimetayichiorothiazide,

trichloromethiazide, polythiazide, benzthiazide, ethacrynic acid tricrynafen, chlorthalidone, furosemi de,

musolimine PEIRTAIR RIEPIBHRE MtPERERECR RifbR qas st dhotitquise) the. metlind ARTBRGYRS. ACE
inhibitors (egmBagtepd izeianesri iesingRrilochalapib e RIARAITI: GilazeBlLt delapriL, pentopril,

besartan, JAIBEFEA) LT B et EEAGGHIGH e RSBl Al B trseniany, o, Dual ETIA
antagorgist, 9. neUEEQ&S&¢*$H{EH@Q%§$é%%@ \iivr}pzzipé@r{sﬁitutes a therapeutically effective amount

inciude, but are not limited to, the size and weight of the subject, the biodegradability of

the therapeutic agent, the activity of the therapeutic agent, as well as its bioavailability.

Accordingly, in the context of the therapeutic method of the invention, this method also is

comprised of a method for treating & subject prophylacﬁ cally, or prior to the onset of

10 diagnosis such disease(s) or disease state(s).

COMBINATIONS
The present invention includes within its scope pharmaceutical compositions
comprising, as an active ingredient, a therapeutically effective amount of at least one of
15 the compounds of formula I, alone or in combination with a pharmaceutical carrier or
diluent. Optionally, compounds of the present invention can be used alone, in
combination with other compounds of the invention, or in combination with one or more

other therapeutic agent(s).

The following 1s a non-exhaustive listing of classes of additional therapeutic
20 agents which may be utilized in combination with the compounds of the present
mnvention: antidiabetics, antiobesity agents, antihypertensive agents, antihypertensive
agents, antiatheroscierotic 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
25 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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10. vasopepsidase inhibitors (dual NEP-ACE inhibitors) (e.g., omapatrilat and gcmopatrilat), and 2011.
nitrates. Antiobesity Agents Examples of anti-obesity agents that may be used in combination with
the compounds of the present invention include 251. a NPY receptor antagonist, 2. a MCH antagonist,
3. a GITSR antaghikti 4% a CRH antagonist, 5. a beta 3 adrenergic agon&E 3080801836356 inhibitor
(orlistat), 7. a serotonin (and dopamine) reuptake inhibitor (sibutramine, topiramate or axokine), 8. a
thyroid receptor beta drug and/or 9. an anorectic agent (dexamphetamine, amphetamine,
phenteimine, S5phenylpropanolamine or mazindol). Antipsychotic Agents Examples of
anti-psychotic agents which may be optionally employed in combination with compounds of the

present inveptioRinGisle %@ﬁ%&&%&ﬁl@oﬁﬂgﬁkﬁ%'aﬁé%@ﬂ%ﬁﬂﬁﬁi@&%@l&'Emit- should be

understood that any suitab

10

15

20

25

e combination of the compounds ‘ ) _
osteoporosis agents, agents for treating immunomodulatory discases, antithrombotic

agents, agents for the treatment of cardiovascular disease, antibiotic agents, anti-
psychotic agents, agents for treating chronic inflammatory bowel disease or syndrome

and/or agents for treating anorexia nervosa.

Antidiabetic

Examples of suitable anti-diabetic agents for use in combination with the
compounds of the present invention include
biguanides {e.g., metformin or phenformin),
glucosidase inhibitors (e.g, acarbose or miglitol),
insulins {(including insulin secretagogues or insulin sensitizers),

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

o I W R

sulfonylureas (e.g., glimepiride, glyburide, gliclazide, chiorpropamide and
ghipizide),

biguanide/glyburide combinations (e.g., Glucovance RTM.),
thiazolidinediones (¢.g., troglitazone, rosiglitazone and pioglitazone),

PPAR-alpha agonists,

oo

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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according to the invention with one or more of the above-mentioned compounds and optionally one or
more further pharmacologically active substances are considered to be 15within the scope of the
present invention. PHARMACEUTICAL FORMULATIONS AND DOSAGE In another aspect, the
present inve Mt AeYMpIi8es a pharmaceutical composition comprising a E6HFSMESEERSrmula (1) and
a pharmaceutically acceptable carrier, 20excipient, diluent, or a mixture thereof. The
pharmaceutical compositions containing a compound of the invention may be in a form suitable for oral
use, for example, as tablets, troches, lozenges, aqueous, or oily suspensions, dispersible powders or
granules, emulsions, hard or soft capsules, or syrups or elixirs. 25Compositions intended for oral use

may be prepriedisigeardingito Ammkpawaethod, and such compositions may contain one or more

agents selected frgm the group cansisting. of sweetening agents, flavaring agents, coloring agents, and
preserving agents 1H&HEF &5 ﬁ%ﬁ?a?éeehﬁﬂﬁ%mﬁ%@ﬁﬁﬁﬁ@lﬁwﬁ&%ﬁﬂtiﬁﬁﬂt%ﬁb&@ﬁ&%ons. Tablets
may contairdhiiactive wigheidientipoadivixfure itkendnviaxispnakmacetiealyracceptable 30
excipients which are suit Igjgi%hteo rryanufacture of tablets. These excipients may be for example,
inert diluents, such as calCium carbonate, sodium carbonate, lactose, calcium phosphate or sodium
phosphate; granulatirfy anbiGiSinfegréaigsagdnispfar example corn starch or alginic acid; binding
agents, for example, gtareh, gelafi &%ﬁggﬁjﬁ{b%gs,lubricating agents, for example magnesium
stearate, stearic acid or talc. The tablets may 5be uncoated or they may be coated by known
techniques to delay disint®gfation dicrabssrption in the gastrointestinal tract and thereby provide a
sustained action oversa Ligpgerprtiognfphaxample, a time delay material such as glyceryl
monostearate or glyceryl distearate may be employed. They may also be coated by the techniques to
form osmotic therapefiticcEATER LR REMHMAHEIEdSe. 10Formulations for oral use may also be

presented as hard gehtiﬂmp@ﬁl@ﬁmedﬁmw@ ingrseient is mixed with an inert solid diluent, for
example, calcium carponate, cfalciumf[iﬁg hate or kaalin, or a soft gelatin capsules wherein the active

ingredient is mixed with WEHEFGHAR il ﬁ?ﬁi’,t%ra%%élﬂfple peanut oil, liquid paraffin, or olive oil.

Aqueous suspension§.majecontamytheractye compounds in an admixture with 15excipients suitable

for t.he manufacture of@% SQUS Sus| gﬂ%‘ﬁrs‘tlse'r yoigtdlh%gﬁjigg}gaa@&uspending agents, for e_xample
sodium carboxymethylcellulosc, methylcellulose, ydroxypropmeethyIceIIuIose, sodium alginate,

polyvinylpyrrolidone, gurhiteiaeasithaaf dyineiiseadiercdispersing or wetting agents may be a
naturajly-occurring phosphatide
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 (mevinelin) and related compounds,
20 pravastatin and related compounds,
simvastatin and related compounds,

atorvastatin, flyvastatin, cerivastatin, and atavastatin

Examples of fibric acid derivatives which may be employed in combination with
25 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

30  compounds of the present invention include
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such as lecithin, or condensation products of an alkylene oxide with fatty acids, for 20 example
polyoxyethylene stearate, or condensation products of ethylene oxide with long chain aliphatic
alcohols, for example, heptadecaethyl-eneoxycetanol, or condensation products of ethylene oxide with
partial esters'dAVEG HoM fatty acids and a hexitol such as polyoxyethyleReTBp8Hd#boleatc, or
condensation products of ethylene oxide with partial esters derived from fatty acids and hexitol
anhydrides, for example polyethylene 25 sorbitan monooleate. The aqueous suspensions may also
contain one or more coloring agents, one or more flavoring agents, and one or more sweetening
agents, such as sucrose or saccharin. Oily suspensions may be fotmulated by suspending the
active ingredient in a vegefable-ait:-te¢ siaraple-arashiraiioplivenolbisasamIe pihdsispconut oil, orin a
mineral oil such as a liquid ara]lfi . The oily suspensions may contain a thickening agent, for example
beeswax, hard paraffin o?ré’ﬁfﬁ%% ol %té’gf@ﬂ g agents such as those set forth above, and flavoring
agents may be addedto glouicechapathtdbiioosdl preparatidryidese compipiitoRsumsde preserved
by the addition of an anti-oxidant such as ascorbic bacid. Dispersible powders and granules
suitable for preparation ol}%éér? (ggﬁ%b%éugﬁ%%’e%r?s{?gﬁp an/3 ’tﬁ%me{)él&lﬁfbﬁ% \Wél%g’rdﬁ\é;ﬁé)\%cﬁ’énﬁwaengctive
compound in admixture Witt&lidigpersing or wetting agent, suspending agent and one or more

preservatives. Suitable digpersing or WelinthAIRAS ANYSHSRARMANG agpninatsLxemplified by those

already 10 mentioned above. Additional excipients, for example, sweetening, flavoring, and coloring

agents may also be presbrirofh@pthiarikc berdaicamibisitisnaehrelavehisidmay also be in the

form of oil- in-water emulsiems:obharRibi RN psE May Re RyasRiabe Hihdohrxample, olive oil or arachis
oil, or a mineral oil, for example a liqujd aﬁffin, ra mixﬁ;re thereaf Suitable 15 emulsifying agents

may be naturally-occurrifi HHE SR RGU SRR PR A AR HSturally-occurring

phosphétides, for exampie:soychesn aletittiite, afichestenssen partial esters derived from fatty acids and

hexitol anhydrides, fog examl;?le sg)rbitan monooleate, and condensation products of said partial esters
: . . Téni 1]ilh1 ﬁ?rs . .

with ethylene oxide, for example polyGxyethylene sorbitan monooleate. The emulsions may also

contain 20 sweetenin§. and Fauvbitrigrage ats:aptor@yrapsrandilk lisisapaly delfpiiulatecith sweetening

agents, for example glycgﬁQEOBFﬁpé’éﬁﬁ?iQky&%pﬂrgﬂl%gﬁﬁ99&9?@,%%%&81%%@%@?@%}“ay also contain

a demulcent, a preservative and flavoring and coloring agents. The pharmaceutical compositions may
be in the fowl of a stefile ekt By YBHES BT O E Rgilvsada shersian. Z5aHB)suspension may be

formulated according1o e kaegwh meibadsiaing switablg.dispersingqnyvetting agents and
suspending agents described above. The sterile injectable preparation may also be a sterile injectable

solution or suspensioﬁ‘ inDé"‘?'}ﬂé’g’(}é%?%?R@Fally-acceptable diluent or solvent, for example as a

solution in 1,3- butanédialcAmdagitheackeptalie)vshisiessand solvents that may be employed are

water, 10. vasopepsidase inhibitors (dual NEP-ACE inhibitors) (¢.g., omapatrilat and
gemopatrilat), and '

20 11. nitrates.

Antiobesity Agents

Examples of anti-obesity agents that may be used in combination with the
compounds of the present invention include
25 . a NPY receptor antagonist,
. a MCH antagonist,
. a GHSR antagonist,

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

30 . a lipase mhibitor (orlistat),
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Ringer's solution, and isotonic sodium chloride solution. In addition, sterile, fixed oils are conveniently
employed as solvent or suspending medium. For this purpose, any bland fixed oil may be employed
using synthetic mono- or diglycerides. In addition, fatty acids such as oleic acid find use in the
preparation oY thféet4blés® 5The compositions may also be in the form of S&FHRIeEESIBY rectal
administration of the compounds of the invention. These compositions can be prepared by mixing thc
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 10 example. For topical use, creams, ointments, jellies,
solutions of suspensigns, %%t&ﬁﬂ@ﬁ&%ﬂﬂﬁiﬁ@ﬂ&%@é%ﬂﬁ%ﬂ?@ﬁ@%iﬁéﬁ pigmplgted. For the
purpose of this application, tqopical applications shall include mouth washes and gargles. The
compounds of the preseﬁﬁ’r‘f\‘)é‘ﬁtion may also be administered in the form of 15liposome delivery
systems, such as small uniharor!larcvpsicies, irngenddamellar vesicles, and multilamellar vesicles.
Liposomes may be fo&m%d from ?_varietty %fho%ppaoli%ids,sugh as.cholesterol, stearylamine, or
phosphatidylcholines.”™ gﬁlgrcam/a eréa(t<|ng§3£,m c%rﬁrf}offnadm Of FoTmLTL Tﬁ%’if/‘lﬂ%’ administered at a
dosagedevel of from abapite® 003 per6lmggreizthdobody weight of the subject being treated. In 20
an embodiment, a compound of Formula (I) may be administered at a dosage range between about
0.003 and 200 mg/kg of body weight per day. In an embodiment, a compound of Formula (I) may be
administere@atiiaygagkge 2aige between about 0.110 100mg/kg of body weight per day. The amount

of active ingredient g iay i LamblRed Wilkde ARy BALSIIRIBHQ Bigdce asingle dosage may

vary dependingﬁ%ﬁ)o_n the host treated and the particular mode of administration. For example, a
formulation SATBHEEERF BRaosepRimde atids RermHANHMEy ROntsiRlo TS Dalpasrddf a compound of
Formula (1)oldithapthepptapiiaie:ang 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 dosage may be individualized by the clinician based
on the specific clinicsloadhblition of thed shdoject beinbldreatdéthafibnsfithwitbbeonderstood that the
ety of BB EYE LI ARN BRIIPRE BRISPRH SR AR AAlE oRlRERL 2Rl ing the
optionally one or more further pharmacologically active substances are considered to be

15 within the scope of the present invention.

PHARMACEUTICAL FORMULATIONS AND DOSAGE
in another aspect, the present invention comprises a pharmaceutical composition
comprising a compound of Formula (I) and a pharmaceutically acceptable carrier,

20 excipient, diluent, or a mixture thereof.

The pharmaceutical compositions containing a compound of the invention may be
in a form suitable for oral use, for example, as tablets, troches, lozenges, aqueous, or oily
suspensions, dispersible powders or granules, emulsions, hard or soft capsules, or syrups

or elixirs.

25 Compositions mtended for oral use may be prepared according to any known
method, and such compositions may contain one or more agents selected from the group
consisting of sweetening agents, flavoring agents, coloring agents, and preserving agents
i order to provide pharmaceutically elegant and palatable preparations. Tablets may
contain the active ingredient in admixture with non-toxic pharmaceutically-acceptable

30 excipients which are suitable for the manufacture of tablets. These excipients may be for
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specific compound employed, the age, body weight, general health, sex, diet, time of 5administration,
route of administration, rate of excretion, drug combination and the severity of the particular disease
undergoing therapy. Although specific embodiments of the present invention are herein illustrated
and desribedf? a4l ¥HE invention is not limited thereto. The above detaREBUEEHPHEHS are
provided as exemplary of the present invention and should not be construed as 10constituting any
limitation of the invention. Modifications will be obvious to those skilled in the art, and all modifications
that do not depart from the spirit of the invention are intended to be included with the scope of the
appended claims. EXAMPLES 15 General Procedure A. Preparation of amides using HBTU: To a

stirring solutipiii @ AvxtHIR ke cRIPAVAICARLLLOheE) FlBd EhrbeAd aRdJIUEALRQ €d) in DMF at

room temperature is added an amino acid methyl ester (1.0 eq), and the mixture is stirred 4-16 h. After

completion BROSRPALHRTRAT ORISR STRR S RE A dsia e Ene D ikt e ol &ifacted with

ethyl acetateaihecoibined Qrganisdayents washeshwitidd, Hldisaturated MagHCO3 and brine, and
then dried olv%r.sotdium sutlsf e. The solvent is.rem(%vedtunder.redu{fedafres%lge afford the -amide,
which may B& PO B Rl TR SRPSTHATE B P B B &l GECE LS (e AN SMide. 25General
Proced@re BeMettntte stehdypydrotysisodtodcbgdlution otlestgreitd dkyrdathapedt{dnlasd 1:4), 2 N lithium

nydrordide gl (8:40,605 At BN be esiling besalon Ilutey s Sl eda10 C or room
temperature for 10-120 minutes (if started at 0 C) and then warmed to room temperature and stirred
until reactiolegmhptatd. Afescsompietidhnefdtieyrsuttion sush] ks Elsassddronnstasralizer the base,

extracted with, cethyhRegtalensRE Mnihe 06 q@gylmrﬁmm%%fm bringies qygs sodium

sulfate, and the solvent is removed under reduced pressure to afford the product in pure foto'. General
Procedure ESREMRAEPRTETEANHN L tpameled 19%4%tirred solution of the Scarbamate in DCM is

added 6 N HO in (:Lioxanle (excess). The reaction js stirred at room X
1 “ormulations Tor oral use may also be presented as hard gelatin capsules where

the active ingredient is mixed with an inert solid diluent, for example, calcium carbonate,
calcium phosphate or kaolin, or a soft gelatin capsules wherein the active ingredient is

mixed with water or an oil medium, for example peanut oil, liquid paraffin, or olive oil.

Aqueous suspensions may contain the active compounds in an admixture with

15 excipients suitable for the manufacture of aqueous suspensions. Such excipients are
suspending agents, for example sodium carboxymethylcellulose, methylcellulose,
hydroxypropylmethylcellulose, sodium alginate, polyvinylpyrrolidone, gum tragacanth
and gum acacia; dispersing or wetting agents may be a naturally-occurring phosphatide
such as lecithin, or coﬁdensation products of an alkylene oxide with fatty acids, for

20 example polyoxyethylene stearate, or condensation products of cthylene oxide with long
chain aliphatic alcohols, for example, heptadecaethyl-eneoxycetanol, or condensation
products of ethylene oxide with partial esters derived from fatty acids and a hexitol such
as polyoxyethylene sorbitol monooleate, or condensation products of ethylene oxide with
partial esters derived from fatty acids and hexitol anhydrides, for example polycthylene

25 sorbitan monooleate. The aqueous suspensions may also contain one or more coloring
agents, one or more flavoring agents, and one or more sweetening agents, such as sucrose

or saccharin.

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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temperature until reaction was complete. Solvents are removed under reduced pressure. The residue
is triturated with ethyl ether and the precipitated solid is filtered and dried under vacuum to give
desired amine as hydrochloric acid salt. 10General Procedure D. Reductive amination. To a solution of
a secondary ¥fAHE9(1107¥Y) in dichloroethane or dichloromethane is addeBCaUSReHa#8361.0-3 eq),
acetic acid (0.25 eq) and sodium triacetoxyborohydride or sodium cyanoborohydride (2-5 eq) and the
mixture is stirred overnight. After completion of the reaction, DCM is added and the organic layer is
washed with 10% Na2CO3 solution and brine, and then dried over sodium 15sulfate. The solvent is
removed under reduced pressure to afford the desired amine, which may be purified by flash

chromatography.cEaneralRrpsesire ﬁme%ﬁéoﬁr@é%@ia{s%ﬁbpe@ﬁmgﬁﬁﬂa&ﬁ&m% gf,an amine (1.0
eq) in DCM is added a sulfonyl chloride (1-3 eq), pyridine (1-5 eq) or triethylamine (1-5 eq) 20and
DMAP (cat. SATBRIGOFs-Ba dne the ?ﬁﬁ&@#@*%@ﬁr@‘d‘?ﬁ?‘f@@&?%ﬁéﬁ%@ﬁéﬁtof the reaction,

ethyl acetatevighagidee anditheangapislayeryisywagheowidh 10 bR satw atadsesliimoRicarbonate
solution andT rine, and then driedbover sodi%rg sgllfatcf .The solvent is raﬁn%ove under reduced
pressure to afford thea StifSRAR e “WHiEH Ay e b ﬁ%%%“ﬁi?ﬁ%%ﬂ%‘ﬂi‘b (OYABhY RIBEnatively, after
complefion efithe reaction, the 25reaction mixture may be directly purified by flash chromatography.

General Procedure F. Preparation of amides: To a solution of an amine (1.0 eq) in DCM is added an
acid chloride (1-3 éiypeindipyasifreyans sanviesriaitaplerfitherepasatbio) ahehtheuambdure is stirred for 1-16

h. After complelionaf heneartinan. sHviacaiaisilsROadArd ANtk AYaRiGIaxesis washed with IN

Ha, saturated sodium bicarbonate solution and brine, and then dried over sodium sulfate. The solvent

is removed SHIBRFREHICKE! 518 &eERE THSAASIISHERTBE CRMMEARTAPISEpREH ISy fiehls

chromatograppyrshitesnaduely. -afias enmplalion;ng hereactionsdhaneasiandRixtiainay be directly
purlfle(ilOby fggrﬁigggg a aotgg r?&%}/ﬁ(?nal excipients, for example, sweetening, flavoring, and

coloring agents may also be present.

The pharmaceutical compositions of the invention may also be in the form of oil-
m-water emulsions. The oily phase may be a vegetable oil, for example, olive oil or
arachis oil, or a mineral oil, for example a liquid paraffin, or a mixture thereof. Suitable

15 emulsifying agents may be naturally-occurring gums, for cxample gum acacia or gum
tragacanth, naturally-occurring phosphatides, for example soy bean, lecithin, and esters or
partial esters derived from fatty acids and hexitol anhydrides, for example sorbitan
monooleate, and condensation products of said partial esters with ethylene oxide, for
example polyoxyethylene sorbitan monooleate. The emulsions may also contain

20 sweetening and flavoring agents.

Syrups and elixirs may be formulated with sweetening agents, for example
glycerol, propylene glycol, sorbitol or sucrose. Such formulations may also contain a
demulcent, a preservative and flavoring and coloring agents. The pharmaceutical
compositions may be in the form of a sterile injectible agqueous or oleaginous suspension,

25  This suspension may be formulated according to the known methods using suitable

dispersing or wetting agents and suspending agents described above. The sterile
mjectable preparation may also be a sterile injectable solution or suspension in a non-
toxic parenterally-acceptable diluent or solvent, for example as a solution in 1,3-

butanediol. Among the acceptable vehicles and solvents that may be employed are water,

66



General Procedure G. Preparation of alkyl chloroformates: To a solution of an alcohol (1.0 eq) in DCM
is slowly added phosgene (5-6 eq, 20% solution in toluene) at -5 C stirred for 2-4 h. After completion of
the reaction, the solvents and excess phosgene are removed under reduced pressure to afford the
alkyl chlorofGha0@2 44161 may be 10subjected to carbamate folillation (GeRa&tgsvrasaeite H) without
further purification. General Procedure H. Preparation of carbamates: To a solution of an amine (1.0
eq) in DCM is added a chloroformate (1-3 eq), and triethylamine (1-5 eq) and the mixture is stirred for
1-16 h. After completion of the reaction, ethyl acetate is added and the organic 15layer is washed with
IN HO., saturated sodium bicarbonate solution and brine, and then dried over sodium sulfate. The - -

Solvent s remayee i NARHO 8 SRS AREAMAIA. WRR3N RSy Hash ghromatography.

Alternatively, after completion of the reaction, the reaction mixture may be directly purified by flash

chromatografh§P et eHbr sPPIotEt el Py sterdsta medsmro FosBlistuanesariimine (1.0 eq) in

DCM is added: ¢acaasmavh £blosiga (e wsh @Wﬁ%hﬂ@i@%@d&?e@ﬁh@ﬁ%%&ﬂi&lﬂ’%Qti? stirred for
1-16 h. After compl tion%%f, the,éfgncéion, ‘ethyFacetate, is added and the organic layer is washed with IN

Ha, saturaté§' oo Hianan B RO Y tRIRENEY over sodium sulfate. The solvent

is remoyed under reduced pressure 1o qﬁogd EQ%ZEWea which rﬁ%sb&tpr%ggé?d by flash
: .

chromatography. Al ‘grcn%lﬁee‘i/f% er oa}nsﬁle?ion o] Rlémrggé 1N, the Feaction mixture may be directly

purified by fralskhighitetivatofraptynBendsal rotedured. Preparatipnsofaneas: Ropecstiréd solution of
an amine (140 el 1 TIE GHPEVAFHBRLEALO:Z s QRS Byiglivianl socyanate (2

eq).The 30resultingsolution is stirred at r.t. for 2 h. The reaction mixture is poured Into saturated
NaHCO3 sofitio s ext deted il etripl Seapstatimhendoribihutirert amibdayeis Wwashed with brine

and dried oygieiNa2RQd@nshepReeMEA e HadebEsdueRd REASRINERRG dhensayde purified by silica

gel flash column chromatography to give the desired urea. 5General Procedure K. Alkylation of
seconéigry SHTBLSTo a solution of a secondary amine (1.0 eq) in DMF is added an alkyl halide (1-10
eq), and potassiurg c;atabor] te or sodium.bicar?onq&te gl-Jlote a?d the mixture is stirred at room
temperature for 2- I RORTEr Eg:%r%rﬁfielﬁqdr? 181; fe Tekc li%h?%tlhiﬂ AP IR W are added. The
organic layewisaashétk withnvetds, etk theondde drovensodilaeds ulfateh<ihersebeithis removed under

10reduced ag%%gﬁ%ﬁptagts?gﬁamﬁ&%%%@ghaqrﬁ@gmmgmwmemm Bg-pytified by flash

- chromatograp
The compounds of the present invention may aiso be administered in the form of

15 liposome delivery systems, such as small unilamellar vesicles, large unilamellar vesicles,
and multilamellar vesicles. Liposomes may be formed from a varicty of

phospholipids,such as cholesterol, stearylamine, or phosphatidyicholines.

Generally speaking, a compound of Formula (1) may be administered at a dosage

level of from about 0.003 to 500 mg/kg of the body weight of the subject being treated. In

20 an embodiment, a compound of Formula (I) may be administered at a dosage range
between about 0.003 and 200 mg/kg of body weight per day. In an embodiment, a
compound of Formula (T) may be administered at a dosage range between about 0.1 to
100mg/kg of body weight per day. The amount of active ingredient that may be
combined with the carrier materials to produce a single dosage may vary depending upon

25  the host treated and the particular mode of administration. For example, a formulation
intended for oral administration to humans may contain ! mg to 2 grams of a compound
of Formula (1) 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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General Procedure L. Ether formation under Mit'éuno.bu reaction conditions: To a solution of a phenol
(1 eq), an alcohol (1-4 eq) and polymer supported 15 triphenylphosphine (1-4 eq) in anhydrous DCM
and/or THE is added DIAD (1-4 eq) at it to-5 C and the reaction mixture is slowly allowed to wain up to
r.t. and stirreW 042441710 fter completion of the reaction the polymer supgifktesreipt®asaphosphine is
removed from reaction mixture and concentrated under reduced pressure to afford desired product
after flash chromatography on silica gel. 20 General Procedure M. N-Alkylation of anilides using
Mitsunobu reaction conditions: To a solution of an anilide (1.0 eq) and alcohol (1-5 eq) in DCM or THE
is'added polymer supported triphenylphosphine or triphenylphosphine (1-5 eq). The mixture is cooled

10 (-20 C -05) A8t A Adr A Rakiseeldad. TR mPes v et a6 A SR IArGF0 mm-1h and
then at room temperature for 1-24 h. After completion of the reaction, the reaction mixture is filtered

~ and the orgHtHcE e OSHRATEH B e dudPpreisreot bt iRt HhREs 55/ B purified by flash
chromatographyditigive peanedPraceid peneral-RrpeedueNindRighcatalyzedmethwkester
hydrolysis: To a solution of ester. (1 ol) in dioxane.(30 mL), 6 N hydrochloric acid (20 mL) is added,
~and the resﬁt?ﬁlg ?ecéjé?%or]urrln(}?%?ﬁ%gyé‘l’ s‘t?ilr%?)gg’t }Cvfglréﬁb@ehqgﬁitg?a%‘r‘rfﬁf%t%ﬁ: ey gction mixture is
concenfratedimetsrative drovith odinmi Siesrno rateyfextratiad with ethpliacetatedhe Sorganic layer is
washed witgetg,glq& Shigd P%}‘ﬁ&ﬁ?ﬁ%’s%s%‘ﬁ?&& any Eggrgolvent is removed under reduced pressure to
ct. Genera :

afford the produ Procedure 0. Preparation oP%'mides using EDCI coupling. To a solution of

acid (1 eq) in dichlgrampiiane;at RABETRC RIS IS RAARIHQBLI R e falawedRy 10EDCI (1-2

eq), amine (0.9-2 eq) and NMM (2-4 eq. The reaction mixture is stirred for 1 h then the sample is taken
and analyz&§BPICMvSikihs BbiFsietdErdeshigieve dbachovRAtAeIcd EmARRIGRMAISCM. The

mixture is washddvtiatparwihticirague aus:aalutian afdddhowithesaitHatesgsaqueous solution of
NaHCQOS then with.brine. The DCM solution is dried over.anhydrous Na2SO4 and concentrated by
evaporation- A& & ér%tﬁig}%]e%éﬁiggwl%lu RUHFS é’t%&@p%ﬁztﬁi@fﬁé?i%‘?ﬁ?the crude

mixture waslotiedentiatedt andi plirifiedifiyaflash thhrdmatodeaphyird@etergliRrofedure P. Acetamide
Deprotectiop, 9 .ol IR AEATS LIS LA INLTSIhRBPliE AFU5eA iR N dioxanc (10.0 eq.)
EXAMPLES
15
General Procedure A. Preparation of amides using HBTU: To a stirring solution of a
mixture of a carboxylic acid (1.0 eq) HBTU (1.1 eq) and DIEA (2.0 eq) in DMF at room
temperature 18 added an amino acid methyl ester (1.0 eq), and the mixture is stirred 4-16
h. After completion of the reaction, sufficient amount of water is added and the mixture
20 is extracted with ethyl acetate. The combined organic layer is washed with 1 N HCL,
saturated NaHCQ; and brine, and then dried over sodium sulfate. The solvent is removed
under reduced pressure to afford the amide, which may be puri fied by column

chromatography on silica gel to afford the desired amide.

25 General Procedure B. Methyl ester hydrolysis: To a solution of ester in THF,
methanol (4:1 to 1:4), 2 N lithium hydroxide solution (2-10 eq} is added, and the
resulting reaction mixture is stirred at § °C or room temperature for 10-120 minutes (if
started at O °C) and then warmed to room temperature and stirred until reaction complete.

After completion of the reaction, 1N HCl is used to neutralize the base, extracted with
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20 The mixture is concentrated and the residue is dissolved in DCM and the organic layer is washed
with 10% Na2CO3 solution and brine, and dried over sodium sulfate. The solvent is removed under
reduced pressure to afford the desired amine, which may be purified by flash chromatography (9:1 to
7:3 hexanes/BEMEY BE®Eneral procedure Q: Alkyl bromide preparation MEBHEIZELEEF HA
triphenylphosphine polystyrene or triphenylphosphine (1-2 eq) are taken in anhydrous
dichloromethane and cooled to OC, carbon tetrabrornide (1-2 eq) and stirred for Ih. 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 30 correspondlng bromide. WO

2009/11170eRg W@&@QQ@@%Q&%Y@H@S@&* Ut meghadasith brine, dried over sodium sulfate, -
- 6-Amino-7-h 4 -dihydro- 1?:!5'50%' line-2,3- dlcarbogllc acid 2-tert- butyl 5ester 3- “methyl ester

Step 1. Estéi c%‘f’Sﬂ VIR 1§ LSRRG T ORI aTREG P, 3T (B RFRANGS IR BHL A RRe 3- -carboxylic
acid dehydrate (109 mmol) in methanol (150 mL) was added hydrochloric acid (27 niL of 4M solution in

dioxane.) at ctlo |xture f for.4 10 he mixt re was co entrated,
resuspened(éls(‘itn%p ro MeO Ana 3% c%llglﬁ@acc%b ¥?2|@f1§r§ﬁj 1N |%nd} (t?xﬁane ) added. The
mmture«‘refl@ﬁé@mﬂtﬂﬂm %ﬁM\Afafsid@thééﬁfﬂétbd dmteaeré@@ceﬁ pfésseaetidinie sesidue was triturated with

cther, itereg apdasth W RIGTIO NS YohsoN: 12,8 Adsyabclig spgungle S carboryic

acid methyl ester hydrochloride salt (25.1 g). IHNMR (400 MHz, DMSO db6): 1 EZH) 9.62 (s,
1H), 7.03 (dTAHFs B9 fntripyie %fwfh)m??hmwrﬁlmcmlﬂe(bsém)ws‘werre(é 2BHYrigd1 7-2.96 (m, 2H).

Step 2. Nitratiga: veedsaliinR afiRk GrivdradxyvddeRidrtelalygro-isoquinoline-3- carboxylic acid
methyl ester hydrochloride (102 mmol) in TEA (300 mL) was slowly 20added sodium nitrite (102 mmol)

at 0 C. The mixture stirred at OC for 3 h. After completion, excess TEA was removed in vacuo. The

residu¢(vasGekanlur tedd@nd (ﬁmanbmwﬁmutraﬁzw avthutiietbylameioada9Qmkd (Toe mixture was

concentrated dls§ h/lgd | DCM L)ﬂa{ﬂl%l caole ?%?8 g)nCIE h L ne (306 mmo|) and di-tertbutyl
oma

&1“16 & 1S A : ;
dlcarbonate mmo WaS a er car amalte %)fedcﬁ{gﬁ action mixture

was treated(With fm)dmlzwétmdrai@(@@bnto@ﬁ%c%dusmhumm{m))d:mhydnde (2-5 eq) and
the mixture is stirred overnight. After completion of the reaction, DCM is added and the
organic layer is washed with 10% Na,CQO; solution and brine, and then dried over sodium
15 sulfate. The solventis removed under reduced pressure to afford the desired amine,

which may be purified by flash chromatography.

General Procedure E. Preparation of sulfonamides: To a solution of an amine (1.0 eq)
in DCM is added a sulfonyl chloride (1-3 eq), pyridine (1-5 eq) or tricthylamine (1-5 eq)
20 and DMAP (cat. amount if required) and the mixture is stirred for 1-16 h. After
completion of the reaction, ethy! acetate is added and the organic layer is washed with 1IN
HCI, saturated sodium bicarbonate solution and brine, and then dried over sodium sulfate.
The solvent is removed under reduced pressure to afford the sulfonamide, which may be
purified by flash chromatography. Alternatively, after completion of the reaction, the

25 reaction mixture may be directly purified by flash chromatography.

General Procedure F. Preparation of amides: To a solution of an amine (1.0 eq) in
DCM is added an acid chioride (1-3 eq), and pyridine (1-5 eq) or tricthylamine (1-5 ¢q)
and the mixture is stirred for 1-16 h. After completion of the reaction, ethy! acetate is

30 added and the organic layer is washed with 1N HCI, saturated sodium bicarbonate
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cleave the carbonate. The reaction mixture was stirred at r.t. for 30 mm. The mixture was poured onto
1 N HC1 and ethyl acetate. The organic layer was washed with saturated sodium bicarbonate and
brine, dried over sodium sulfate and concentrated under reduced pressure to give both nitrated
regioisomers{8-28#§ 8-Nftro substituted analogs). The residue was purifidf W81 Gé
chromatography using hexanes:ethyl acetate(from 95:5 to 9:1) as an eluent to provide
(S)-7-hydroxy-6-nitro-3,4-dihydro-1H-isoquinoline- 52,3-dicarboxylic acid 2-tert-butyl ester 3-methyl
ester (9.8 g). IFINMR (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, 3H), 3.30-3.14 9m, 2H), 1.50 (d, 9H).  Step3.

(S)-6-Amingsoldiydraxybaiftdiky dien rl s adeineding: 2ulrdicarnexysiceacidembOiaridudty| ester 3-methyl
ester To st[ﬁr}ged solution 'n(jtro derj ativgf_ ég.Az , 10.Q énn}?ol in methanol (50 mL) was added
Pd-C (342 G100 SRR A A BRY St e eI AL RS A ETE TSR cted to
hydrogenatiditefinatiocy, pfessorapiche séactinaanixiule wasistimedtrdesnhyddagenyballoon at r.t. for
16 h. The c as filter, off through a pad of celite 15and the celite pad was washed with ethyl
acetate-me&ﬁgygﬁn\g&%%%l{ r{)%%{?ﬁf_ . The combined filtrate was concentrated under reduced
pressur®. The resulting residue, (S)-6- amino-7-hydroxy-3,4-dihydro-1H-isoquinofine-2,3-dicarboxylic

acid 2-tert-hgiyl eI sedaibt AEs MR HSRGIRYN G RESFRIERWMINAYS lufther Ryyfication. 20

Preparation of substituted mandelic acid esters To a solution of hydroxy-(4-hydroxy-phenyl)-acetic acid

monohydrafdeield) i MR P5EVhie Fiauly addetrkeeos (29,799 306Irbsabin oluenehidrdbenzyl

bromide (16¢ sk Thexmixtusgwas SHEadHS MR teMRe IRIWVQR Sthdlhe isiyg was poured into
water (250 mL) and extracted with EtOAc. The grganic layer was washed with water' IN HC1, brine,

25dried ovet RIFFEHA. HHE SRR s oAt Soll ¢ MU o RIALR 8 MABTAE AR/ ether and
filtered o pravidetdd (Scdrolinhiertodeniyl gxrahbnylcdyel orynatelic fasikSpnthichinio-benzyl ester as
a white solid (9.4 g). ITHNMR (400 MHz, DMSO d6): 7.69 (d, IH), 7.63 (d, IH), 7.55 (d, IH), 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). 30
Similar procdeeueiidiocxbinadip Rpare ttienfoll cwihgnmatasd hc aoidtiberiviativesifd 4606:q)

Dichloro-pytigisc faimat@enisrdkiedioxsacsile Ay mAI @Sl Ivdr e{ure is
stirred for 1-16 h. After completion of the reaction, ethyl acetate is added and the organic
15 layer is washed with IN HCI, saturated sodium bicarbonate solution and brine, and then
dried over sodium sulfate. The solvent is removed in vacuo to afford the carbamate,
which may be purified by flash chromatography. Alternatively, after completion of the

reaction, the reaction mixture may be directly purified by flash chromatography.

20 General Procedure 1. Preparation of ureas: Toa solution of an amine (1.0 eq) in DCM
is added a carbamoyl chloride (1-5 eq), and triethylamine (1-5 eq) and the rﬁixture 18
stirred for 1-16 h. After completion of the reaction, ethyl acetate is added and the organic
layer is washed with 1N HCI, saturated sodium bicarbonate solution and brine, and then
dried over sodium sulfate. The solvent is removed under reduced pressure to afford the

25  urea, which may be purified by flash chromatography. Alternatively, after completion of
the reaction, the reaction mixture may be directly purified by flash chromatography.

General Procedure J. Preparation of ureas: To a stirred solution of an amine (1.0 eq)

in THF or DCM is added DIEA (0-2 eq) followed by alkyl/aryl isocyanate (2 eq).The

30 resuliing solution 1s stirred at r.t. for 2 h. The reaction mixture is poured into saturated
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hydroxy-phenyl)-acetic acid methyl ester was used in place of hydroxy-(4-hydroxyphenyl)-acetic acid
monohydrate)], [4-(2,5-dichloro-benzyloxy)-phenyl]-hydroxy-acetic 5acid 2,5-dichloro-benzyl ester,
[4-(2,6-dichloro-benzyloxy)-phenyl]hydroxy-acetic acid 2,6-dichloro-benzyl ester,
[4-(3-chloro-BER20#8%Y3Phenyl]hydroxy-acetic acid 3-chlorobenzyl ester aPfgl/US2009/036333
[4-(4-chloro-benzyloxy)-phenyl]lhydroxy-acetic acid 4-chloro-benzyl ester. ci Step I. Ester hydrolysis:
2-14-(3,4-Dichloro-benzyloxy)-phenyl11-2-hydroxy-acetic acid 3,4-dichloro-benzyl ester (9.4 g,) was
dissolved in 120 ml. of THE-methanol (4:1) and 2N lithium hydroxide solution (39 ml.) added. The
resulting reaction mixture was stirred 15 at room temperature 16h. The mixture was poured onto 1N

HCI and Et0fgyans] tha.esaanicdayrnyasivashadwith bring driedQuessadiuny,suifate, and

concentrated. The residual oil was taken up in minimal DCM and hexanes added to give a solid. The

solid was filtEFeF AR AR ERah e Lt SRR RS Ed PRy deduoed pressure, and

[4-(3,4-dichlarehenz yloxy)fudcnysiyadreyascedicnasichiopuke-Fashy 6.die) thklde NMRI400 MHZ,
20DIAS d6): 7.69 (d, IH), 7.63 (d, 1H), 7.41 (m, 1H), 7.31 (m, 2H), 6.96 (m, 2H), 5.10 (s, 2H), 4.94 (s,
1H). Step 2. Acid chloride preparation: To [4-(3,4-dichloro-benzyloxy)-pheny1]-hydroxyacetic acid
(2.13g) was(eeivedl FratS@e K Eyhiticand seeopdiutyormims:rétuxeduabi0C 25 dodB3hours and then

lowl I ) [ ' - duced :
slowly cooleinsPRTHATRS. TN SERSPIIBE dHate IR ETBYEd IS rpduced pressure

The residue was dissolved in DCM (3 x 50 ml.) and conce er reduced pressure and dried

under vacusfsiteyhrethenpiodaty, @b Bl de pirdurg 14 digkibrbrprmigtens ke fayIkaEety| chloride (2.4

g) which wagysedwiBau HHiReLRUHICANAN acetate and water are added. The organic layer is
(7S)-3-14-(3,4-D|chloro-benzylox%-phen []-2-ox0-1,2,3,5,7,8-hexahydro-4-oxa-1,6-

5diaza-anthPAEaHEYE 7 WiSHIBRiE it 6ot BiprestiiFeid Bagalyent is removed under
10 reduced pressure to afford the desired tertiary aming, which may be purified by flash

chromatography.

General Procedure L. Ether formation under Mitsunobu reaction conditions: To a
solution of a phenol! (1 eq), an alcohol (1-4 ¢q) and polymer supported

15 triphenylphosphine (1-4 eq) in anhydrous DCM and/or THF is added DIAD (1-4 eq) at rt.
to-5 °C and the reaction mixture is slowly allowed to warm up to r.t. and stirred for 1-24
h. After corapletion of the reaction the polymer supported triphenylphosphine is removed
from reaction mixture and concentrated under reduced pressure to afford desired product
after flash chromatography on silica gel.

20
General Procedure M. NV-Alkylation of anilides using Mitsunobu reaction conditions:
To a solution of an anilide (1.0 eq) and alcohol (1-5 ¢q) in DCM or THF is added
polymer supported triphenylphosphine or triphenylphosphine (1-5 eq). The mixture is
cooled to (20 °C - 0.°C) and DIAD (1-5 eq) is added. The mixture is stirred at ~20 °C - 0

25 °C for 10 min-1 h and then at room temperature for 1-24 h. After completion of the
reaction, the reaction mixture 18 filtered and the organics concentrated under reduced
pressure. The resulting material may be purified by flash chromatography to give desired

product.

7}



A solution of (S)-7-hydroxy-6-nitro-3,4-dihydro-IN-isoquinoline-2,3-dicarboxylic acid 2-tert-butyl ester
3-methyl ester (3.0 g, 8.5 mmol), resin-bound triphenylphosphine (17 mmol),
[4-(3,4-dichloro-benzyloxy)-phenylkhydroxy-acetic acid 3,4-dichloro-benzyl 10ester (13.0 mmol) in
DCM-THF (1¥C 8&iLyHifas cooled to O C. To this solution was added DIRCH(US20 PSP and the
mixture was agitated for 10 min at OC and the mixture was slowly allowed to wal in up to r.t. and
agiated for 16 h. The reaction mixture was filtered, concentrated and the residue passed over a plug of
silica-gel hexanes -ethyl acetate (9:1). The resulting residue was dissolved in glacial acetic acid (65
mL) and iron 15powder (170 mmol) added. The resulting mixture was heated at 100 C for 1h. The
mixture Wascmterﬁﬂm&m&eﬁ.am@la%qyzthm%&tayﬁyrdma@ée@wsmwws@fine, saturated -

sodium bicarbonate solytion and dried over sodium sulfate, The solution was concentrated under
reduced predgiiaots idiotare ddmd rottiragterirai broduict Waddstrandii etiingel column
chromatogragiaydisingliexanea<tbyracetaie (F03). ta 28 ablapietion, the reaction mixture is
(7S)-344-(3,4-dichloro:benzyloxy)-phenyl]-2-0xo-1,2,3,5,7,8-hexahydro-4-oxal ,6-djaza-anthracene-6,
aitarboy ST B RS RN DSRCr e e i o, The

(7S)-344- (3atedivhlesehe naghexdy)iheryd, th2edxoet &3857s8Hhexahy dro séloxa-k, Gmoved
25diaza-anthiracena-@ f-dicarboxyli id 6-te tyl ester 7-methyl ester (1.6 g) was dissolved in
THF-methano?%4:1,%8 nﬁgﬁ%%z Nﬁ%%ﬁr;?hy%éoé}l{é%géolution (2.5 mL) was added, and the resulting
reaction mixture was stirred at 0 C for 3 h when an additional equiv- of LIOH (2N) was added. The

resulting mixfukeraliBpstahft &GO par] E%ﬁ%@%@ﬂ&é@h@ﬁ%ﬂﬁéx%ﬂ&?ﬂﬂé?%d"@%%%ﬁ‘c?f1 and

extracted with ethyl acetate. The organic layer was washed with brine, dried over sodium sulfate, and

the solvent i3S (refAbVRd thiererebinsett pessarp fifeig added HOBt (1-2 cq) followed by
344-(314-dighiarohenzy) eainp e oYLES-@XONMM (2-4 eq. The reaction mixture is stirred for 1
51,2,3,5,7,8-hexahydro-4-oxa-1,6-diaza-anthracene-6, 7-dicarboxylic acid 6-tert-butyl ester (1.5 g).
LC-MS (m/zlj%% -%MW%P%E%&%F&@ZW@%QJ t%%p“%%a?*g‘?ﬁé RSAGGHEFNINES (7S)-344-(5,6-
dichloro-pynidintssyinietivexy)ibhied yiThZIORd - T2 3o 7B hexadhpdroith ooated], ,Githid Zd-
10anthracene-6,7-dicarboxyli id .6-ten-butyl ester 7-methyl ester, (£S5)-344-(2.6- .
dichioro.ber o o L S Y S ot S s Binse 7-dicarbonyiic
acid 6-terpb’[hyllfé@fé;sqhﬁigmylci@'@gépyer anhydrous Na,SO4 and concentrated by evaporation. The

(75)-344-(2 Seglichlorhenzyig) f&%ﬂ}fﬂf%ﬁmﬁ%@g%%; Srrxaidron oxprl Gidipeq:anthracene-6,

. 7- dicarboxylic acid 6-ten-butyl ester 7-methyl ester, 3-[4-(3-chloro-benzyloxy)-
15phenyl]-2¢p%eratrptadsmd guiied i fssh- shimaggigbtizanthracene-6, 7-dicarboxylic acid

General Procedure P, Acetamide Deprotection. To a solution of acetamine (1.0 eq) in
methanol is added 4N HCI 1 dioxane (10.0 eq.). The mixture is heated at 62 °C for 24 h.
20  The mixture is concentrated and the residue 18 dissolved in DCM and the organic layer is
washed with 10% Na,CO; solution and brine, and dried over sodium sulfate. The solvent
is removed under reduced pressure to afford the desired amine, which may be purified by

flash chromatography (9:1 to 7:3 hexanes/FtOAc).

25  General procedure (J: Alkyl bromide preparation Alcohol (1 eq) and
triphenylphosphine polystyrene or triphenylphosphine (1-2 eg) 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 o room temperature and stirred for 2h. Resin is filtered and
washed with dichloromethane, filtrate is concentrated and dried in vacuum gave

30  corresponding bromide.
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6-tert-butyl ester 7-methyl ester and
(7S)-344-(4-chloro-benzyloxy)-pheny1]-2-ox01,2,3,5,7,8-hexahydro-4-oxa-1,6-diaza-anthracene-6,7-di
carboxylic acid 6-tert-butyl ester 7-methyl ester. 20Preparation of

(3S,7S)-3-14%8, a0¢fioniard -benzyloxy)-phenyl]-2-oxo-1,2,3,5,7,8- PCT/US2009/036333
hexahydro-4-oxa-1,6-diaza-anthracene-6,7-dicarboxylic acid 6-tert-butyl ester 7- methyl ester and
(3R,75)-344-(3,4-dichloro-benzyloxy)-pheny1]-2-oxo0-1,2,3,5,7,8-
hexahydro-4-oxa-1,6-diaza-anthracene-6,7-dicarboxylic acid 6-tert-butyl ester 7- methyl ester Stepl:
Ether formation by Mitsunobu reaction: A solution of (S)-7-hydroxy-6-n tro-3,4-
dihydro-1H-isoquinoline-2,3-dicarboxylic acid 2-tert-butyl ester 3-methyl ester (1 mmol),
triphenylphosphine (1.2 mmol) and (R)44-(3,4-dichloro-benzyloxy)-phenylkhydroxyacetic acid methyl
ester (1.1 mBIRFHDEMTESE8Rd to -5 C. To this solution was added DIAD (1.3 mmol) and the
mixture was stirred for 45 min at -5 C and the mixture was slowly allowed to warm up to r.t. and stirred
for 1 h. After completion of the reaction, the_ mixture was concentrated and the residue was purified by
silica-gel coliteRFOREE G aph E @ﬁe‘%ﬁ%@é’ﬂﬁ} fs2liear box3liGRed diteHaRIEd ether. 10
Step 2: CychzatidrmedntianteFo solution of above ether (-1 mmol) in glacial acetic acid (5 mL) was
added iron powder (5 mmo)). The mixture was heated at 80 C for 30min. The TLC indicated the
complete cqulweran of staliting material. After cooling, the solution was diluted with EtOAc (30 mL) and
filtered through 3 padl of ¥elit€ to remove the insoluble solids. The organic layer was washed with
water (2 x 5Q,8 Y, A #5sodium carbonate solution (1 x 30 mL), brine (Ix 30 mL), dried over
sodium sulfate. The solutioh was concentrated under reduced pressure to give the desired product as
brown oil. This crude p‘r\ﬁuct was purified by silica gel column chromatography using hexanesethyl
acetate (6:4) to afford

(35,75)- 3445(;3p4fdm&ezrﬁbmyﬂe>ey9u@1&eﬁﬂﬂzﬁ mm@&@y Bhexabydkododsaqkifsbiaza-anthracene
-6,7-dicarb acid.6-tert- ester 207-m th 7 MR MHz, CDC13): 9.45 (d,
1H), 7.50 (23( R 1 1%1‘3%1‘"%26 @0 éqé/? (%Bz %‘%39 YRRy (s, 2H), 5.12
(m, 1H), 4.98:1G(ZHN 406 2Nt sakdhiod f&?d(mxa;&)) dtwa(mﬂlht)u&rﬁmnﬁsn&ldl)r,e&@&ﬁﬁuﬂdd)foamd 1.46 (d,
9H). LGsMS, ( 5 :

R 7T (3 e Dt e neded o] S0unf pEMEQH apd ydrochori
oxa-1,6-diazald M raterfctsl rotlisarie dptsaaeid Bldedt- %@/ﬁé@ﬁ@“ﬁ?eﬁm%sftérmésvgynthesized from
(S) mandeligacid gy ativer rﬂehu\é%%r%g&}é\wge (RGN R dRukthelith 205 fildle d A3 (0, 1H), 7.34
(d, 2H), 7.22 (d, 1H), 6.92 (d, 2H), 6.93 (d, 1H) 563(s 2H), 5.12 (m, 1H), 4.98 (s, 2H), 4.62 (t, 1H),
4.37 (t, 1H)"8sPsdevithistheise %é"%@%ﬁ)hédwz’n%a~1M'*aﬁ@1%%wqgm91%mf?ﬁw%14
(35,75)-34463¢4rRisl ese-beneyiaridhenyid-methi Rrono 08, 8bi , BMSO dé): 10.1 (m,

g A e e o L B3, T

51,2,3,5,7,8h8xBhydrb496xex L Hdiaza-anthracene-6,7-dicarboxylic acid 6-tert-butyl

Step 2. Nitration: To a solution of (8)-7-hydroxy-1,2,3,4-tetrahydro-isoquinoline-3-
carboxylic acid methy! ester hydrochloride (102 mmol) in TFA (300 mL) was slowly

20 added sodium nitrite (102 mmol) at 0 °C. The mixture stirred at 0 °C for 3 h. After
completion, excess TFA was removed in vacuo, The residue was taken up in DCM (200
mL) and neutralized with triethylamine (300 mL). The mixture was concentrated,
dissolved in DCM (200mL) and cooled to 0 °C. Tricthylamine (306 mmol) and di-tert-
butyl dicarbonate (204 mmol) was added. After carbamate fomation was complete, the

25  reaction mixture was treated with hydrazine hydrate (30 mL 33% solution in water) to
cleave the carbonate. The reaction mixture was stirred at r.t. for 30 min. The mixture was

poured onto 1 N HCI and ethyl acetate. The organic layer was washed with saturated
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ester 7-methyl ester,
(3S,7S)-3-[4-(3,4-Dichloro-benzyloxy)-phenyll-hmethyl-2-0x02,3,5,6,7,8-hexahydro-M-4-oxa-1,6-diaza-
anthracene-7-carboxylic acid methyl ester, and

(3R,7S)-344 ¥ 2EAI3PO-benzyloxy)-phenyll-I-methyl-2-0x0-2,3,5,6,7,8- PCT/US2009/036333
hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-carboxylic acid methyl ester CI1 0 NH 100
(S)-2-tert-Butoxycarbonylamino-3-(4-hydroxy-3-nitro-pheny1)-propionic acid methyl ester (16.8 mmol)
and (R)44-(3,4-dichloro-benzyloxy)-phenyll-hydroxy-acetic acid methyl ester (20.1 mmol) were
dissolved in 80 mL of DCM, resin-bound triphenylphosphine (33.6 mmol) added and the mixture

cooled to -20,GuF @ insolkinn Layas-RAdRe RIARH2 2. MRk andhe Mixiie Wag.agitated for 30

mm at -20 C. The mixture was sIowI%{ allowed to warm to r.t. and agiated for 1.5 h. The reaction

mixture waTRESHE QS EBAtRF CEFNISTBETH Mg RESTRIE VD eSS R gl alha acetic acid (60
mL) and heaigduowO0 Gifiednpovdrs @3chrmel) wamhadded radibedesuiipaathdure heated at 100

C for 1 h. The mixture was poured onto. r.and EtOAc. The 20 mixtyre was brought to - pH 7 with
sodium cark?gh%}t%gj'lﬁﬁgé’o‘ir%a%lﬁ:n aye¥ %%mgw%%ﬁd%f%éﬁ%# b%{rf}é%orﬂ‘ﬂ}%[(]ﬁ‘.‘@fhe residue
was treditedvdih cictiwyetheridnt ety sstitirfysofigifitere ng. WA Wt diéihyl ether to provide
(S)-2-tertB rb i > ‘ i i

(8)-240- (3o ey S 25 e oo SRS ASTh A7E5240 6Aropionic aci
methyl ested (8. Wg$ NGNSk 2 GRMBOEY. 81$)-2-tert-Butoxycarbonylamino-3-
{(S)-244-(3,4-dichloro-benzyloxy)-pheny1]-3-oxo- 3,4-dihydro-2H-benzo[1,4]oxazin-6-yll -propionic

acid methyl ester %5 mrnol) was dissolved in 60 mL THF-DCM (1:1) and methanol (14.2 mmol) and
resin-bound™tFiphémysHoRmsirehyidr ondb it addiisonninplintot & wicadusmic eest2and DIAD

i0  tert-butyl ester 3-methyl ester
To a stirred solution of nitro derivative (3.42 g, 10.0 mmol) in methanol (50 mL)
was added Pd-C (342 mg, 10 % on activated carbon) and the resultant reaction mixture
was subjected to hydrogenation (balloon pressure). The reaction mixture was stirred
under hydrogen balloon at r.t. for 16 h. The catalyst was filter off through a pad of celite
15 and the celite pad was washed with ethyl acetate-methanol mixture (1:1, 25 mL). The
combined filtrate was concentrated under reduced pressure. The resulting residue, (S)-6-
amino-7-hydroxy-3,4-dihydro-1H-isoquinoline-2,3-dicarboxylic acid 2-fert-butyl ester 3-

methy] ester was used in the next step without further purification,

20  Preparation of substituted mandelic acid esters
To a solution of hydroxy-(4-hydroxy-phenyl)-acetic acid monohydrate (10 g) in DMF (30
mL) was added K2COs3 (29.7 g,) followed by 3,4-dichlorobenzyl bromide (16.1 mL), The
mixture was stirred at room temperature for 3h. The mixture was poured into water (250
mL) and extracted with EtOAc. The organic layer was washed with water IN HCI, brine,

25 dned over NapSQ,, and concentrated. The resulting solid was triturated with diethyl
ether and filtered to provide [4-(3,4-dichloro-benzyloxy)-phenyl]-hydroxy-acetic acid
3,4-dichloro-benzyl ester as a white solid (9.4 g). "H NMR (400 MHz, DMSO dé): 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 (4, 1H), 5.1 (m, 4H).

30
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10 (14.2 mmoD added. The mixture was agitated for 10 mm at OC and the mixture was slowly allowed
to warm up to r.t. and agitated for 16 h. The reaction mixture was filtered, concentrated and the
residue purified over silica-gel hexanes -ethyl acetate (8-2) to afford
(S)-2-tert-Butbiq8asBdHPhmino-3-{(S)-2-0-(3,4-dichloro-benzyloxy)-pheny IS0 tHj5333
3-ox0-3,4-dihydro-2H-benzo[1,4]oxazin-6-y1l-propionic acid methyl ester. (4.9 g). 15NMR (400 MHz,
CDCI3): 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 (m, 2H), 5.63
(s, 1H), 5.03 (m, 1H), 4.98 (s, 2h), 4.58 (m, 1h), 3.70 (s, 3H), 3.41 (s, 3H), 3.05 (m, 2H), 1.28 (s, 9H).
(S)-2-tert-Butoxycarbonylamino-3- {(S)-244-(3,4-dichloro-benzyloxy)-pheny1]-4-methyt- 20

3-0x0-3,4-difydrg- Bﬁdc@@&}%%ﬁjﬁ’é%%‘r@pﬂﬂéﬁé%l%%%%@ﬁﬁydc@@%%@v@ w@c&eprotected
accoriding to general procedure C to provid (dS) -2-amino-3-{(S)-244-(3,4-

dichloro-be iR BHEHY PryHHAR TR @%WW&WM%@H‘E&?W&W@W&UOplonlc acid
methyl estehﬁ&d;@%ﬁ@ﬁﬂ?—%&@hckﬁd&@(ﬁﬁé} 5&5}1@?651(&)&&96’6%&0@ ~(4-hydroxy- :

f(S)-244-(3,4-di b lox -

2H-benzo[1% }ilf(;% Orﬁ%gc%rl]zg it ¥ﬂ) Sﬂj iﬁ"”g%g% ?%)’(y ’}é‘é’%nﬁg H¥ﬁf8ﬁ’v@8§u§uspended in
120 mLSof ohciddc@eﬁhhhmah@m&mtm%l@e&ﬁdﬁl(ﬁmmmgm)@mﬁéﬁﬂ J(BQdmoky-adetédhclde resulting
mixture hea?eéj 11,40 C fg{zg e'{é} Wn tgfl%%ags %ﬂggg trsgar[ gr}l%] éil s)gﬁlge é% CIZIJGC‘,JI\/ICh'{ngthylam|ne

(21.8 rrunol | tert butyl dicarbonate e mixture stirred at room
temperaturétsrd estartiadnitt(frelers-eowplny adgatbhydrifiedacvies @ml:é -gelothexmnaels-Et0AC) to
provide (3S.{Q)-344-(3,4- di
chloro-benzyloxy)-phenyl11-1-methyl-2-oxo-1,2,3,5,7,8-hexahydro-4-oxa-1,6-diazaanthracene-6,7-dica
rboxylic acid 6-tert-butyl ester 7-methyl ester (4.2 g). NMR (400 MHz, CDC13): 7.51 (d, 1H), 7.44 (d,
1H), 780 (M. @hihrd-234p3, A thiuifieR0-ton R3S BRrfHZdctm 2hhe RS2 (s, 1H), 5.16-4.78 (m, 1H),
4.98 (s. 2H), 4.68-4.34 (m, 2H), 3. 61CQS 3H), 3.23 (s, 3H), 3.22-3.11 (m, 2H), 1.48 (d, 9H). (3
S,7S)-344-(3 ,4-dichlorosbe phenyl] 1-methyl-2-oxo0-1,2,3 ,5,7,8-hexahydro-4-
oxa-1,6-diaza-agthracere-6, ylic acid 6-tert-butyl ester 7-methyl ester (4.2 g) 10 was
deprotected foIIo pig general procedure C. The hydrochloride salt was treated with 10 % sodium
carbonate anddttOAc. The aqueous layer was washed with EtOAc and the organic layers combined,

(55,799,390 1 DK EH ARy DS Lot 0 G525 i SRR YA 4 0L -

aza-anthracknelichtarbbxytid agia (Adthylestdis(dided g)z&@ﬂMﬁ(IrHE)rﬂétBaﬂ%MR KﬂﬂﬂiMHz CDC13):

T, 4.07 (S BB At e T e e R DR, Sty
43R, 7$}-344 (BpmDihiordube by Gp)npneny s nretied oRio X! HEBBIESIAc clnd the

organic layer was washed with brine, dried over sodium sulfate, and concentrated. The

residual o1l was taken up in minimal DCM and hexanes added to give a solid. The solid
was filtered and washed with hexanes to afford the desired product [4-(3.4-dichloro-
benzyloxy)-phenyl]-hydroxy-acetic acid in pure form (6.1 g). 'H NMR (400 MHz,

20 DMSO d6): 7.69 (d, 1H), 7.63 (d, 1H), 7.41 (m, 1H), 7.31 (m, 2H), 6.96 (m, 2H), 5.10 (s,
OH), 4.94 (s, 1H).

Step 2. Acid chioride preparation: To [4-(3,4-dichloro-benzyloxy)-phenyl]-hydroxy-

acetic acid (2.13g) was added neat SOCI; (20 mL) and the solution was refluxed at 70 °C
25 for 3 hours and then slowly cooled to room temperature. The excess thionyl chloride was

removed under reduced pressure. The residue was dissolved in DCM (3 x 50 mL) and

concentrated under reduced pressure and dried under vacuum to give the product, 2-
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20 hexahydro-4-oxa-1,6-diaza-anthi-acene-6,7-dicarboxylic acid 6-tert-butyl ester 7-methyl ester [NMR
(400 MHz, CDC13): 7.48 (d, 1H), 7.43 (d, in), 7.28 (m, 2H), 7.21 (m, 1H), 6.88 (m, 2H), 6.80-6.69 (M,
2H), 5.64 (s, 1H), 5.18-4.83 (m, 1H), 4.96 (s, 2H), 4.65-4.36 (m, 2H), 3.64 (m, 3H), 3.40 (m, 3H),
3.23-3.03 (mMVEHI*Y1AE'¢8, 9H)] and (3R,7S)-3-[4- PCT/US2009/036333
(3,4-Dichloro-benzyloxy)-pheny1]-1-methy1-2-oxo0-2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6- 25
diaza-anthracene-7-carboxylic acid methyl ester [NMR (400 MHz, CDC13): 7.49 (d, In), 7.43 (d, 1H),
7.29 (in, 2H), 7.21 (m, 1H), 6.87 (in, 2H), 6.68 (s, 1H), 6.67 (s, IH), 5.62 (s, 1H), 4.96 (s, 2H), 4.03 (in,
2H), 3.78 (s, 3H), 3.68 (m, 1H), 3.39 (s, 3H), 2.94 (m, 2H) were synthesized from (5) mandelic acid
?e,egl\%t)lvg '[4W@rf%qi%uf&%|€m) oy b cety] Chlogd&%’i e ioromy5.3.5.6,7,8-hexah
,71S)-3-[4-(3,4-dichloro-bepzyloxy)-phenylj-1-methyl-2-ox0-6-(1S-1-phenylpropyl)-2,3,5,6,7,8-hexa
ydro-LH-4-0% %lfuékﬂf é%WﬁFg88ﬁe-7-carboxylic acid and
(35,7S)-344-(3,4-dichloro-benzyloxy)-pheny1R-methyl-2-ox0-6-(1R-1-phenylpropy1)-2,3,5,6,7,8-hexah
ydro-1H-4-gxa: 1, 6-djaza- racene-7-carboxylic.acid 5 (1- -pro -benze as prepared
from 1-phe%§ﬁi€§-’%ﬁgﬁg 6?/(/%?8 (AR E¥8%§§ tre ¢ éﬁ%ggg%oa*‘?’é‘ ab%%)aer'e Tﬂxearf]llié/ycom pound.
(3S,7S) 344ligaramidinimanbéizdioxdopiinptit ¢-teHptyPestar-2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-di
aza-anthracene-¢;carboxylic acid methyl egter (6.0 g, 11.3 mmol) was reacted with 1-bromo- 10
1-phenylproganel(60 mmagl) afjd Na 460 mmol) as described in general procedure K to obtain a
60:40 mixture thyl esté ids. THkse compounds were separated by column
chromatograph Silt thyl acetate.(3:1) to flattish (3
S,78)-344-(3,4-dichlos 2nzyloxy)-ph 1-methy1-2-0x0-6-(15 -1-phenyl -propyl)-
152,3,5,6,7,8-hexaﬂydro-lH-4-oxa-1,6-di -anthracene-7-carboxylic acid methyl ester (2 g) IH NMR
(400 MHz" CDC13): 7.51 (d, 1H), 7.45 (d, IH), 7.35-7.24 (m, 8H), 6.88 (m, 2H), 6.72 (s, 1H), 6.62 (s,
1H), 5.59 (sA Bbl)itb1OofS SHM vl B {5 ridtrt); 33487 ydrak HY - 862 i fivljrikkD), 33 {3 H) 23188 (s, 3H),

3.1-2.81(m,2H)" W) 0,53 (. 3H); and__ . .
20(33,78)-34?— fsﬁig’c](u Bt ‘r%%%tﬁ%%i%ﬂ-%ﬁo e%ﬁgré ot (TR E e TRbQS PRS-
2,3,5,6,7,8-Aeseihydroifrdighbya-heszoiaza-ahensdbbnécrcadsbs ywtdatiddicbtna-bstayll C-MS (n/z):
646. 10 ester (13.0 mmol) in DCM-THE (1-1, 80 mL) was cooled to 0 °C. To this solution was

added DIAD (13.0 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 agiated for 16 h. The reaction mixture
was filtered, concentrated and the residue passed over a plug of silica-gel hexanes —cthy!
acetate (9:1). The resulting residue was dissolved in glacial acetic acid (65 mL) and iron

15 powder (170 mmol) added. The resulting mixture was heated at 100 °C for 1h. The
mixture was poured onto water and EtOAc. The organic layer was washed with water,
brine, saturated sodium bicarbonate solution and dried over sodium sulfate, The solution
was concentrated under reduced pressure to give the desired product. This crude product
was purified by silica gel column chromatography using hexanes-ethyl acetate (7:3) to

20 afford (7S)-3-[4-(3,4-dichloro-benzyloxy)-phenyl]-2~0%x0-1,2,3,5,7,8-hexahydro-4-oxa-
1,6-diaza-anthracene-6,7-dicarboxylic acid 6-fert-butyl ester 7-methyl ester (1.6g). LC-
MS (m/~z) 614,

(75)-3-[4-(3,4-dichloro-benzyloxy)-phenyl}-2-ox0-1,2,3,5,7,8-hexahydro-4-oxa-1,6-
25 diaza-anthracene-6,7-dicarboxylic acid 6-terr-butyl ester 7-methyl ester (1.6 g) was
dissolved in THF-methanol (4:1, 20 mL), 2 N lithium hydroxide solution (2.5 mL) was

added, and the resulting reaction mixture was stirred at 0 °C for 3 h when an additional
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Hydrolysis of (35,7S)-314-(3,4-dichloro-benzyloxy)-pheny11-1-methyl-2-0x0-64(S)-1-
phenyl-propy1)-2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-carboxylic acid 25methyl
ester using general procedure N provided (3S,7S)-3-[4-(3,4-dichloro-benzyloxy)-
pheny1]-1-m&tfy4216k8%6-((S)-1 -phenyl-propyl)-2,3 ,5,6,7,8-hexahydro-PHHUSHEBE3 Hiaza-
anthracene-7-carboxylic acid. LC-MS (m/z): 632. Similar procedures can be adopted to furnish
(3S,7S)-3-[4-(3,4-dichloro-benzyloxy)- 5phenyl] -1 -methyl-2-0x0-6-(1R-1 -phenyl-propy1)-2,3
,5,6,7,8-hexahydro-1H-4-oxa-1,6- diaza-anthracene-7-carboxylic acid.
(3R,7S)-3-14-(3,4-dichloro-benzyloxy)-pheny11-1-methyl-2-o0x0-6-(1S-1-phenylpropyl)-2,3,5,6,7,8-hex
T00R 79 3 (4. diahieto. ooy Db iy 2 ov - eyl
,1S)-3-[4-(3,4-dichloro-benzylaxy)-phenyli-l-methyl-2-ox0-6-(1R-1-phenyl-
oropy 1. 3T PR o A T G ) A S EHecd AR The |
(1-Bromo-progtjeieynzens wasaiepar eifsohiddphenyddinapantdi) ddolenisiggenasal procedure Q
and used to_prepare the title compound. (3R..7S)33-[4~(3,4-Dichloro-
bensylox NG At B aats & S S e oo phgp 2 ove
anthracene72chfobfficanidrondtnd-e steli{Br2yhtRanmiol) dicsheadiedowlith ttrbbomyosstor
phenylpropf(\ﬂg %@Om@@@@pﬂ ARHCO3 (60 mmol) as described in general procedure K to obtain a
e

60:40 mixture of methyl esters of title acids. These compounds were separated by column
chromatography on silica gel using hexanes-ethyl acetate.(3:1) to 20furnish

(3R, 75)-3443irdichiorer-Renad a0 hseykd danaihid: ¥A8r3- 7ahsnulirepyl)-
2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-carboxylic acid met b/l ester (2 3 g) 1H NMR

(400 MHz" ByPY BN AR hoRR phenMy -7 B9 34 (! BIFHBH U 0281699785, 1H), 6.62 (s,
1H), 5164 (sintit)cénO (5 didkbhok: AR b d ), B8O (ktdri)nRE3634m (1$9)3 36065, 3H), 3.38 (s, 31-1),

2o RO A (0, 000 (A CSIRISIE G i

2,3,5,6,7,8-héxdinydrosilH-deidxa+d;6bdiak astn thracbnesitecaf ip¢A [d-42Litk drdibyd-ester LC-MS (In/z):

646. benzyloxy)-phenyl]-2-0x0-1,2,3,5,7,8-hexahydro-4-oxa-1,6-diaza-anthracene-6,7-
dicarboxylic acid 6-zers-butyl ester 7-methyl ester, (7S)-3-[4~(3-chioro-benzyloxy)-

15 phenyl}-2-0x0-1,2,3,5,7 8-hexahydro-4-oxa-1,6-diaza-anthracene-6,7-dicarboxylic acid
6-tert-butyl ester 7-methyl ester and (7S5)-3-{4-(4-chloro-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-methyl ester.

20 Preparation of (35,78)-3-[4-(3,4-dichlore-benzyloxy)-phenyl]-2-0x0-1,2,3,5,7,8-
hexabydro-4-oxa-1,6-diaza-anthracene-6,7-dicarboxylic acid 6-tert-buty! ester 7-
methyl ester and (3R,78)-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-tert-butyl ester 7-

methyl ester

Cl 9y 0 ¢ H i
cl o NWO/ c OTN:@)LO/
N Q o N 0
(:jjto Y [ j c \f
o O
o \ﬁ 0 \]ﬁ
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5Hydrolysis of (3R,7S)-314-(3,4-dichloro-benzyloxy)-pheny1]-1-methy1-2-ox0-6-((S)-1-
phenyl-propy1)-2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-carboxylic acid methyl ester
using general procedure N provided (3R,7S)-344-(3,4-dichloro-benzyloxy)-
phenyl]-1-m¥%ﬁ9§?6§(b7-%’-((8)-1-phenyl-propy1)-2,3,5,6,7,8-hexahydro-llﬂcﬂgﬁ%{’-@@:’-ﬁaﬁza-
anthracene-7-carboxylic acid. LC-MS (m/z): 632. 10 Similar procedure can be adopted to furnish
(3R,7S)-344-(3,4-dichloro-benzyloxy)-
pheny1]-1-methyl-2-ox0-6-(1R-1-phenyl-propy0-2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-
diaza-anthracene-7-carboxylic acid. 15(S)-2-Amino-3-(4'-cyano-biphenyl-4-y1)-propionic acid methyl
ester -hydro&hkjotider &)brbtept. Hzsigiisabiv reat tor SAlEBIRA®S of (S)-7-hydroxy-6-nitro-3,4-
(S)-3-(4-Broma-phenyQ-2-terthutoxycarbonylamino-propionic acid (72.6 mm %lin MF (50 mL) was
e DIEA D A R S (o A RS ER e UL SAFTA B for 25 h 20
and was potmebcontphEytiacdhd wateh), FddROFgaticAayeriwas waghag vpitlerl INHi@ard 10 % sodium
g et el AR AP AN PANBR N AT RO s solution

pheny1)-2-tert-butoxycarbonylamino-propionic acid methyl ester (25.1 g) was use Without further
purification. a@éﬁﬂ/@gﬁu} 3somebgrsifte Brseki waupiiry o 45 setutibrd of and the mixture

(S)-3-(4-Bromg-phenydortar RuisxysashanmianinePIPiPRICAtld d&ﬂé&!yﬁ&%@&ﬁzo-l mmol) in
toluene (250mL) was added 4-cyanobenzeneboronic acid (105 mmol), Pd(PPh3)4 (3.5 mmol), and IN
Na2CO3 sol GBI 68 M Urre R fivnsratnss radias %ﬁlfgﬁu‘%%?uflﬁ?i\h?éﬁ%ﬁw%ﬂbﬁﬂﬁ@ the reaction,

the aqueoushayaswasipingg. ikhenosganit waswashpd withrd 0% Nai2zla@dand 1 N HC1. The
organic was dried over sodium sulfate and concentrated under reduced pressure to afford the crude

product. The residue was purified by column  chromatography (hexanes-EtOAc) to provide
(S)-2-t&it-Buterycdrhairglamireo<Bidn. - Tocyrdmidebiphdmyk 41it)y- propienit) acidanigthydtesieid(18.2 g).

LC-MS (in/z);387 %E‘EF&% RE80 &\L&éﬁf&’ﬁﬂg b3 %LE: ° i
(S)-2-tert-Bgtoxy():ar oony gm%%-@'-c ano ?ﬂ:en%- @Tﬁ?ﬁ%?gﬁfc‘?&a&é‘i Ometgo§l3g§?ér}' (18.1 g) was
deprotectedTietidhing gierisrabp eeepiare comsisrovidfestarting material. After cooling, the
(S)-2-aminosgh(dscyaneihiRasnvt MyAk peRie '&1@@1@@%@%&&\%@%@5 dredrechiauds 6.2 9).
1HNMR (400 MHz, DMSO d6). 8.71 (bs, 3H), 7.90 (m, 4H), 7.73 (d, 2H), 7.37 (d, 2H), 4.31 (t, 1H),
3.54 (s, 3H)}E,h§.1i]8°€ﬂ}i},k?ﬁ)}?ds' he organic layér was washed with water (2 x 50 mL), saturated
15 sodium carbonate solution (1 x 30 mL), brine (1x 30 mL), dried over sodium sulfate. The
solution was concentrated under reduced pressure fo give the desired product as brown
oil. This crude product was purified by silica gel column chromatography using hexanes-
cthyl acetate (6:4) to afford (38,78)-3-[4-(3,4-dichloro-benzyloxy)-phenyl]-2-oxo0-
1,2,3,5,7,8-hexahydro-4-oxa-1,6-diaza-anthracene-6,7-dicarboxylic acid 6-tert-butyl ester
20 7-methyl ester (70%). 'H NMR (400 MHz, CDClL): 9.45 (d, 1H), 7.50 (s, 1H), 7.43 (d,
1H), 7.34 (d, 2H), 7.22 (d, IH), 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/%) 614.

25  Similarly (3R,78)-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-ferr-butyl ester 7-methyl ester was
synthesized from (S) mandelic acid derivative. 'H NMR (400 MHz, CDCly): 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 (1, 1H), 4.37 (1, 1H), 4.13 (1, 1H), 3.60 (s,

30 3H), 3.05 (m, 1H), and 1.46 (d, 9H). LC-MS (m/%) 614,
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Similar procedures were used to prepare the following biphenyl alanine derivatives: (5)-
2-amino-3-(4'-chloro-biphenyl-4-y1)-propionic acid methyl ester; hydrochloride, (S)-2-
15amino-3-(4'-methoxy-biphenyl-4-y1)-propionic acid methyl ester; hydrochloride, (S)-2-
amino-3-(4-pY Rt eny1)-propionic acid methyl ester; bis-hydroch|GGIE]{B)9236333
amino-3-(4'-methyl-bipheny1-4-y1)-propionic acid methyl ester; hydrochloride, (S)-2-
amino-3-(4'-fluoro-bipheny1-4-y1)-propionic acid methyl ester; hydrochloride, and (R)-2-
“amino-3-(4'-cyano-bipheny1-4-y1)-propionic acid methyl ester hydrochloride. 20
(S)-3-(4'-Cyano-biphenyl-4-y1)-2-( {(S)-3-[4-(3,4-dichloro-benzyloxy)-p henylj -2-ox 0-2,3,5,6,7,8-h
exahydro-111-4-oxa-1,6-diaza-anthracene-7-carbonyl) -amino)-propionic acid methyl ester;
hydrochloride ("Intermediate A") (S)-7-hydroxy-6-nitro-3,4-dihydro-1H-isoquinoline-2,3-dicarboxylic
acid 2-tert-Hdty Ssrdl s hHintetarenayinmpheas i dresih ¢ detipied fith (S)-2-amino-3-(4™-
cyano-bipheaiyxiid-#)-puxpiaticacis-mehytasia, (RiRadbamolicacs sligpaenasal procedures B and

A to provide (S)-3-[(S)-2:(4-cyanq-biphenyl-4-y1)-1- , _ )

5methoxycar “'Bi"riﬁL%?%‘gné%ilfb%?ﬁ%@%ﬁaﬁi&%}%‘?ﬁé"?ﬁ&ﬁw}sﬂm%’aﬂrﬁo%%2 carboxylic acid
tert-butyl ested, 54,8344 Tyatiozbiphanylkdnydf Ldicarboxylic acid 6-tert-butyl
methoxycar 7€ rhamoyd]s&shydroxy:Gsnitrp-3.4-dihydro-1H-isogujnoline-2- carboxylic acid
tert-butyl es%eqrgg/ll?%% g%\( i\%gglg %g’scgl%/’e% )lrr?llijﬂigél’—?%]cf Oﬁ%éeeﬁfgigg Bgnll?} fie s:tlwulix quh §§r2fe°d‘ inder balloon
pressure of hjdwégetriiexahydrxtiiednize- e didahenibratmedlitarxsiiedoiitmivid@Hestat, EtOAC and

concentrateghip BIRYe3(R)8-2DieR (B 10xy)-phenyl]-1-methvl-2-0x0-2,3.5.6.7.8-
(4'-cyano-bi heﬁy1-4%e8-@§1§ethoxyqarbonyl-%t?ljg/}lr()jgrbag%éyllf%-r{ydrgig-s’,i- ?ﬁg}gro-
1H-isoquindifi e Hdkvhiexickibrdintfribsasens-Go HPRnits aid meBwlatksut further purification.

15(S)-6-amino-3-[(S)-2-(4'-cyano-biphenyl-4sy0-1-methoxycarbonyl-ethylcarbamoya]-7-

hydroxy-3,4-gihydro-1H-isgquiriloline-z- arbdixylic acid teki-butyl ester (1. 73 Q) Os/elissolved in5
ater and 'um picatbonate & d 2-Chﬁo- '
»pheryil-gie i f0s) Swasgdded to the

2 Ngﬁ?lde (1.93¥im )
mixture. The resuling re stirred at (.t. fgr 1.5 h. The'ar ayer 20 was wagsbed with brine,
dried over sodium sBiifate and concentraﬁ?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 gcetate) to provide (S)-7-[(§)-2-(4'-Cyanp-bipheny1-4-y0-1-methox
25ethylcarbamoy ]-344-(%4-d,(§:§§§i?px¥)-phn | 4.5.7.8-hexabl}
oxa-1,6-diaza- cene-63¢ar C acid tevt-butyl @ (931 mli L @ .
(S)-34-Cyano- Ny k=4:y0 -3:[4N(B,4-di chloro~Fen Y-phényd]-2-o%62 ,3 ,5
,6,7,8-hexahydro{1H-4 a-1,6-diaza-anthracene-7-carlsQ ino)-propionic 30 acid methyl ester
hydrodisioride (740 thg) Was prepared from (S)-7-[(S)-2-(4'-Cyano-

{S)-2-tert-Butoxycarbonylamino-3-(4-hydroxy-3-nitro-phenyl)-propionic acid methyl

ester (16.8 mmol) and (R)-[4-(3,4-dichloro-benzyloxy)-phenyl]-hydroxy-acetic acid
methyi ester (20.1 mmol) were dissolved in 80 mL of DCM, resin-bound
triphenylphosphine (33.6 mmol) added and the mixture cooled to -20 °C. To this solution
15 was added DIAD (25.2 mmotl) and the mixture was agitated for 30 min at -20 °C. The
mixture was slowly allowed to warm to r.t. and agiated for 1.5 h. The reaction mixture
was filtered and concentrated.. The resulting residue was dissolved in glacial acetic acid
(60 mL) and heated to 100 °C. Iron powder (336 mmol)} was added and the resulting
mixture heated at 100 °C for 1h. The mixture was poured onto water and EtOAc. The
20 mixture was brought to ~ pH 7 with sodium carbonate. The organic layer was dried over

sodium sulfate and concentrated. The residue was treated with diethyl ether and the
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biphenyl-4-yl)-1 -m ethoxycarbonyl-ethylcarb amoy11-3 4443 ,4 -dichloro-benzyl oxy)- phenyl]
-2-0x0-1,2,3,5,7,8-hexahydro-4-oxa-1,6-diaza-anthracene-6-carboxylic acid tertbutyl ester (900 mg)
following general procedure C. LC-MS (m/z) 762. 5Alternate Procedure to Prepare Intermediate A
Step 1: Amid®@a&MiHg 7o a solution of PCT/US2009/036333
344-(3,4-dichloro-benzyloxy)-phenyl]-2-oxo-1,2,3,5,7,8-hexahydro-4-
oxa-1,6-diaza-anthracene-6,7(5)-dicarboxylic acid 6-tert-butyl ester (2.5 mmol) in DMF 10 was added
(S)-2-amino-3-(4'-cyano-biphenyl-4-y1)-propionic acid methyl ester hydrochloride (2.8 mmol), HBTU
(2.8 mmol), and DIEA (5.0 mmol) and the mixture was stirred for 3 h. After completion of the reaction,

sufficient arpouitf &b HEk-WasAdLRd ARAH IR MU MPSGxiastg with ethyl acetate. The organic

layer was washed with 10% sodium carbonate and dried over sodium sulfate. The solvent was

removed ungePTE AT pREskU e EtfoHd tebistrdi narier s Bihfer wvitd sifedrgel

<(:h)rom[?t<;graahveugapg,@&wmtbw;@qﬁ@mrﬁ@dciaféh\éﬂ%ﬂ%me(sw%fjf.orﬁah%i@;ﬁjé@@@r@quct,

S)-7-[(S)-2- ' ‘ _ '
(4'-cyano-bi%ﬁ%)nyl-4-y1)-1-methoxycarbonyl-ethylcarbamoyl]-3-[4-(3,4-dichIorobenzyloxy)-phenyl]-2-
0x0-1,253,5,7,8-hexahydro-4-oxa-1,6-diaza-anthracene-6- carboxylic acid tcrt-butyl ester (807 mg).
LC-MS (m/z),862..20.Step 2. Boc-Deprotection; To 3 stitred solution of this. above carbamate (800 mg)
in DCM (5 r?ﬁ%itgs% %&é%%ﬁdﬁﬁgfﬁ% |§<g@ 81@%‘3.? gh%%’é%cﬁ%?&%@s?ﬁ%ﬁ@ room tem perature
for 2.5 h. Sclvedisywerdhidrownd b Hinterrddulenr pravsy reitonpibyldet¢S§93 @rOYans-bipheny1-4-

25y1)-2~( 1(r3GAL Ao PREEXP PRI L1922 e B RXANYSIIR 1H-4-

oxa-1,6-diaza-anthracene-7-carbonylhamino)-propionic acid methyl ester hydrochloride (.758 g) as

hydrochlorid &tigreknhorphirsiddicrmal thesradet ddsuentesr ratiseplshniBuesadIBEMS (m/z) 762.

WO %969/1@ﬂf@@ﬁ@gﬂ@@@w&%&%&mla@m&@qﬁmm Decuseskie REgRALHe following
inteediates:(S)-3-(4'-Cyano- . , i

bipheny1-43/ -@%W—@Ztﬂ-@@dﬁﬁ?o%-ﬁﬁi%tﬁgf}lFHE%@J&yS%%@HﬁT]%—W%?@%@?@%xahydro-lH
-4-oxa-1,6-¢aramnibiccend Aoatbomytifiadive) yrepigsitacitimethyl asier: hydseshiaside,

(S)'3_(4I_Cy?gl)qQ@tigrttl-@&g%ﬁ%%_gdﬁgﬁh%ﬂ§: f?s?’z-m-@ A-dichloro-benzyloxy)-phenyl]-4-methyl-
3-0x0-3,4-dihydro-2H-benzof 1 ,4Joxazin-6-y| } -propionic acid methyl ester. (4.9 g). 'H
15 NMR (400 MHz, CDCI3): 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 (m, 2H), 5.63 (s, 1H), 5.03 (m, 1H), 4.98 (s, 2h), 4.58 (m, 1h), 3.70 (s
3H), 3.41 (s, 3H), 3.05 (m, 2H), 1.28 (s, 9H).

bl

(8)-2-tert-Butoxycarbonylamino-3- {(S)-2-[4-(3,4-dichloro-benzyloxy)-phenyl]-4-methyl-

20 3-oxo0-3,4-dihydro-2H-benzo[1,4Joxazin-6-yl}-propionic acid methyl ester (4.9 g) was
deprotected accoriding to general procedure C to provide (S)-2-amino-3-{(S)-2-[4-(3,4~
dichloro-benzyloxy)-phenyl]-4-methyl-3-o0x0-3,4-dihydro-2H-benzo[ 1,4 Joxazin-6-y1 } -
propionic acid methyl ester hydrochloride(4.2 g). LC-MS (m/z) 516.

25 (8)-2-Amino-3-{(S)-2-[4-(3,4-dichioro-benzyloxy)-phenyl]-4-methyl-3-0x0-3,4-dihydro-
2H-benzo[1,4Joxazin-6-y1}-propionic acid methyl ester hydrochloride (7.25 mmol) was
suspended in 120 mL of dichioroethane and paraformaldehyde (9.4 mmol) and TFA (20
mL) added. The resulting mixture heated at 70 °C for 5h. The mixture was concentrated
and dissolved in DCM. Triethylamine (21.8 mmol) aﬁd di-tert-butyl dicarbonate (10.9

30 mmol) were added and the mixture stirred at room temperature for 3 h. The mixture was
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5dichloro-benzyloxy)-pheny1]-2-oxo0-2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-
anthracene-7-carbonyll -amino)-propionic acid methyl ester; hydrochloride, (5)-3-(4'-
cyano-biphenyl-4-y1)-2-({(S)-344-(2,6-dichloro-benzyloxy)-pheny1]-2-oxo0-2,3,5,6,7,8-
hexahydro-1W@ 2884111 Bitliaza-anthracene-7-carbonyl)-amino)-propionicrPaidisethgbester;
hydrochloride, (S)-2-(1(S)-344-(3-chloro-benzyloxy)-pheny11-2-oxo0-2,3,5,6,7,8-
10hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-carbonyll -amino)-3-(4'-cyano-bipheny1-4-
y1)-propionic acid methyl ester; hydrochloride, and (S)-2-( f(S)-3-[4-(4-chloro-
benzyloxy)-pheny1]-2-oxo0-2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7- carbonyl}

- 3- I 1 0 ti f
G R A et i

pheny11-1-feiffrbaxyion) ,éeﬂsé ToH9:= ka1 %laﬁafﬂa'%rﬁtﬁr%@ﬁé -fiaza-
carbonyll- arﬁhﬁﬁhﬂ&%@tﬁ@%ﬁ@éfh\éw&%ﬁ%@%@ﬂ&”ﬂ%&lﬂﬁ%&@@aﬁ%ﬁ NMR (400

20(7S)-3-[4- I] 2- ox -1,2,3.5,7,8-hexahydro-4-oxa-1

diaza-anthra ﬁ’e Q/‘l fr%o %”g %nlmjtg/l é)sq]@r %H}lgr@l(é‘%téﬂ@%gé) %%Hnol) and methanol

(9.8 mnjol) wegeéqumyemman (nJ.IHg:Mlﬁesm{boum wipRenyiphosphing4 %8 prmat)swas added and

the mixture co ti D (9.8 mmot) and the mixture was agitated
B i i e ey |

for 10 mm a & Mixture was &/o 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

acetate (7-3t0R IS '$4:(3 4-dichioro benzyloxy)-phenyl]-1-methyl-2.9x0-1,2.3 5. 8-hoxahydro-4-
(S)-344-(3, Z( dich orog?aénz loxy) p6 E’ J }fyr)rwlétﬁ% ]2 or%lyz 38,78 Fexa ’yc}1 a4 oxrg 1,6-diaza-anthr

acene-6,7-disarbbsajreaw e-Butylieshonytisneti fderebyly ey Tamisy sty GoB2)

5(S)-34¢- (M@@Bﬁ@f&@a@m&m)g@a%mgh&@ﬁ@cl mﬁyaraoﬁ@n?d@g@@mwaeﬂ a0
1,6-diaza-anthracene-6,7 dlcarboi%hc acid 6-tert-butyl ester 7- meth ester Téé-%o g) was dissolved in

THF-methan8I’e424148 ﬁ?{'jo%aﬁﬁ EHRAG DG FEEORSH A TR Qé"’é §AfrdH%esulting
reaction mixigrevas stircechit 8dC fae ErQaﬁhwe@cma@ mixtuseewasinauitadizedyyith IN HC1 and
extracted Wic;[gngég I ettoalt)?oE e ?3@%@5 ?X e(5 4-Dichloro-benzyloxy)-phenyl}- I-methyl-2-ox0-
2,3,5,6,7,8-hexahydro-1H-4-0xa-1 ,6-diaza-anthracene-7-carboxylic acid methyl ester (3.4
15 ) LC-MSfm/z) 528. NMR (400 MHz, CDCI3): 7.51 (d, 1H), 7.4 (d, 1H), 7.29 (m, 2H),
7.23 (m, 1H), 7.68 (m, 2H), 6.69 (s, 1H), 6.68 (s, 1H), 5.64 (s, 1H), 4.97 (s, 2H), 4.03 (m,

2H), 3.79 (s, 3H), 3.73 (m, 1H), 3.40 (s, 3H), 3.09-2.90 {m, 2H).

Similarly ((3R,78)-3-[4-(3,4-Dichloro-benzyloxy)-pheayl]-1-methyl-2-0x0-1,2,3,5,7.8-
20 hexahydro-4-oxa-1,6-diaza-anthracene-6,7-dicarboxylic acid 6-tert-butyl ester 7-methyl
ester INMR (400 MHz, CDCI3): 7.48 (d, 1H), 7.43 (d, 1H), 7.28 (m, 2H), 7.21 (m, 1H),
6.88 (m, 2H), 6.80-6.69 (m, 2H), 5.64 (s, 1H), 5.18-4.83 (m, 1H), 4.96 (s, 2H), 4.65-4.36
(m, 2H), 3.64 (m, 3H), 3.40 (m, 3H), 3.23-3.03 (m, 2H), 1.48 (d, 9H)] and (3R,7S}-3-[4-
(3.4-Dichloro-benzyloxy)-phenyl]-I-methyl-2-0x0-2,3,5,6,7,8-hexahydro-1H-4-0xa-1,6-
25  diaza-anthracene-7-carboxylic acid methyl ester [INMR (400 MHz, CDC13): 7.49 (d, 1H),
7.43 (d, 1H), 7.29 (m, 2H), 7.21 (m, 1H), 6.87 (m, 2H), 6.68 (s, 1H), 6.67 (s, 1H), 5.62 (s,
1H), 4.96 (s, 2H), 4.03 (m, 2H), 3.78 (s, 3H), 3.68 (m, 1H), 3.39 (s, 3H), 2.94 (m, 2H)

were synthesized from (S) mandelic acid derivative.
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10 was washed with brine, dried over sodium sulfate, and the solvent was removed under reduced
pressure to afford
(S)-344-(3,4-Dichloro-benzyloxy)-phenyli-1-methyl-2-0x01,2,3,5,7,8-hexahydro-4-oxa-1,6-diaza-anthra
cene-6,7-dicAYBaryhe1azid 6-tert-butyl ester (2.9 g). LC-MS (m/z) 614. The@otgroupsefs3
(S)-3-[4-(3,4-Dichloro-benzyloxy)-
pheny1l]-1-methy1-2-oxo-1,2,3,5,7,8-hexahydro-4-oxa-1,6-diaza-anthracene-6,7- 15dicarboxylic acid
6-tert-butyl ester 7-methyl ester may be removed to provide the compound Intermediate C
("Inteimediate C").

(S)-344-(3.4Risklg 9(42?J]@ﬂmb‘&hﬁ&%éxg@g%ﬁf%?é&é—%% o%*??@‘ﬁ%{géﬂ% (S)2

1,6-diaza-anthracene-6,7-dicarboxylic acid rt-butyl ester (2.9 g) was cou "(S)-2-
20amino-3-2ragyahdbighédyliexshydsroplbie seibihbgspt extaraspnectumshdeviic 34 falldwing general

procedure AJg, Pspaide (H)-ditiRird-(thnbyang-piRhenyiathiilz- oxo-6-(1R-1-phenyl-
methoxycarbonyl-ethylcarbamoy1]-344-(3.4-dichloro-henzyloxy)-pheny11-1-methy1-2-
oxo-1,2,3,5 P 80 BxA vt -A-Be2RyEng: "—45Hfﬁf&t?éﬂ@-@@é\%ﬁﬁﬁﬂea%iﬁa@ﬁx@’ﬁﬁggter (3.0 g).
LC-MS (m/z) 878125 Intermediate B (2.2 gpwas prepared from 0
(S)-7-[(S)-244cyqno-bi

0'b|p g ' (A€ ' Q I&WH
{ﬁ e e i o Star (336 g)ollogiing general

procedure C. LC-MS . o
(S)-2-13enzyloxycarbonylamino-3-(4-hyd,phenyl)-z-methyl-propionic aci hyl ester: To a
solutiorbof (S)-2-amino-3-(4-hydroxy-phenyl)-2-methyl-propionic acid (976 mg, 55 mmol) in methnol
(50 mL) wagagdgshdhlofIG binAiRanekbBtitkod 5-pBel A0gdhe Mixue wasalluxed for 4h. After

the completion of the esterification, the methanol was evaporated and the residue was used as such
for the next SRS & 04 HEriomEres) he s romsoorn drosy/ Dmsh e ahiotsropionic acid methyl
10ester hydbechinnigs ihatiylacethie- {2t} Was AdaedN-NaHAQ3s06lir{12.5 ml.) and the

mixture was sfirred rapidly, at ambient temperature for the addition of neat benzyl chloroformate (0.859
g, 1.01eq., 5 ar%%%]?f?%?%%#gag | For# tﬁ%"'%’égc{’ti%npﬁi?%%v%%‘ﬁﬁ‘éfa%r&% %Bﬁ’.’ﬁ’é’hm hour; TLC
and LGMS hphmigmpweddghm@a@ﬂdmaﬁﬁémmpiatel)'ﬁhdermvihuéimvmmmﬂﬁm«imm the organic
phase was gepavalefan diied LAPvRENA eSS 203 o088 RIS S ShddS Broduct was used

directly in the subsequent
separated by column chromatography on silica gel using hexanes-ethyl acetate.(3:1) to

furmsh
(38,75)-3-[4-(3,4-dichloro-benzyloxy)-phenyl]-1-methyl-2-0x0-6-( 1S-1-phenyl-propyl)-
15 2,3,5,6,7,8-hexahydro-1H-4-0xa-1,6-diaza-anthracene-7-carboxylic acid methyl ester (2 g)
"H NMR (400 MHz, , CDCL): 7.51 {d, 1H), 7.45 (d, 1H), 7.35-7.24 (m, gH), 6.88 (m,
2H), 6.72 (s, 1H), 6.62 (s, 1H), 5.59 (s, 1H), 4.9 (s, 2H), 4.13 (m, 2H), 3.87 (m, 1H), 3.62
{m, 1H}, 3.54 (s, 3H), 3.38 (s, 3H), 3.1-2.81(m, 2H),, 2.3 (m, 1H), 1.8 (m, 1H), 0.53 {t,
3H); and
20 (38,75)-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-carboxyiic acid methyl ester LC-

MS (m/z): 646.

Hydrolysis of (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-carboxylic acid
25  methyl ester using general procedure N provided (38,7S)-3-[4-(3 4-dichloro-benzyloxy)-
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reaction without purification.
(S)-2-Benzyloxycarbonylamino-2-methy1-3-(4-trifluoro-methanesulfonyloxyphenyl)-propionic acid
methyl ester 20 To a 0 solution of the crude (S)-2-benzyloxycarbonylamino-3-(4-hydroxy-phenyl)-2-
methyl-propificzeeidinteehyl ester (440 mg, 1.28 mmol) in dry DCM (13mi) meeaddaesadry pyridine
(155 ti.L) followed by triflic anhydride (259 4). The reaction mixture was stirred at O C for an additional
hour at which point starting material was no longer 25 visible by TLC or LC-MS. The mixture was
guenched with of saturated NaHCO3 solution. The mixture was partitioned and the aqueous phase
discarded. The crude product in DCM was washed with water (30 mL), dried over Na2SO4 and

trat ' i tri IS, Wi turt ification. WO
concentratephi (WAL ANIOWO.I (d)er SIS NG YResleRdra iUt el prification

(S)-2-SenzylExgicarEAsamne by iy asis-bipReRyuy 13 2-methyl-propionic acid methyl ester In a
three necked flask, equipped with reflux condenser, was taken the crude triflate (609 5 mg, 1.28

mmol), 4-cyanaophenyl boronic acid (226 mg, 1.54 mmol), Na2CO3 (350 mg, 2.82 mmol) water (1.41
mL) and totaHB 1 ARedes sandradnnedinivaid teftkddd-FithdcbisarbearyitFaden for 45 minutes

before addipgdrol (P Rh)41(0-8ded.(3Q-mghenihersplusion was degassingdonan-agditional 20 minutes.
The mixture dvyas_,h%%tf?dhur}der nitro%ern,%o 85 C. for 6h. The reaction continued until the triflate was
no longer dStEEtE (I:o%/ efL’éa(gB% tbAGihexanes, PMA char) or by LC-MS. The reaction mixture
was cooled to ambient temperature and partitioned. The crude product in toluene concentrated and

ified by f : s to get.a salid (488 ma). LC-MS (m/z): 429. 11-1
R‘KZ'FL%OK r@ F%Hg ggﬁ?@%‘%@%@? %%%ﬁ’tgf@}gggee{ﬁﬁ%“%%é{?ﬁzﬂhﬁnyw(%; ) 1H) 5.2 (d,
1H), 5.1 (d, nrepyd-283 (8.6 fh sy (hno-15R#Hpx3- 23 @dazaypth8cgnedTHprboxylic acid and
(S)-2-ApinQak(45£¥39QRILHRAM M- a2y e HRERRAIG A NEHIVE P8 Nhenyl-

propyl)-2,3,5,6,7.8-hexahydro-1H-4-0xa-1,6-diaza-anthracene-7-carboxylic acid

cl | o} cl | o
Cl Ox N OH Cl Os N o
w@ Q‘zom w@ )OS0

o o

(I-Bromo-propyl)-benzene was prepared from 1-phenyl-propan-1-o1 following geherai
procedure Q and used to prepare the title compound. (3R,7S)-3»{4»(3,4¥Dichloro~

15 benzyloxy)-phenyl]-1-methyl-2-0x0-2,3,5,6,7,8-hexahydro-1 H-4-0xa-1,6-diaza-
anthracene-7-carboxylic acid methyl ester (6.2 g, 12 mmol) was reacted with 1-bromo-1-
phenylpropane {60 mmol) and NaHCO; (60 mmol) as described in general procedure K
to obtain a 60:40 mixture of methyl esters of title acids. These compounds were
separated by column chromatography on silica gel using hexanes-ethyl acetate.(3:1) to

20 furnish
(3R,75)-3-[4-(3.4-dichloro-benzyloxy)-phenyl]-1-methyl-2-0x0-6-(1S- I -phenyl-propyl)-
2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-carboxylic acid methyl ester (2 3
¢) 'H NMR (400 MHz, , CDCls): 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),

25 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
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The purified cbz-protected amino acid ester (475 mg, 1.11 mmol) was dissolved in 20cyclohexene (fw
= 82.15, p = 0.811, 0.23 nth, 2.23 mmol) and ethanol'(10 rriL). To this solution was added Pd/C (48
mg) and the mixture was degassed for 30 minutes. The mixture was heated at reflux (74-75C) for 4-6
hours, at whigt® geip téiting material was no longer detected. The reacti@fTiifegfe e ooled and
filtered through celite and washed with ethyl acetate. The organic layer was concentrated and the
residue was purified by flash column chromatography (gradient elution with 5-50% ethyl acetate in
hexanes) afforded the purified product as a white solid. 1H NMR (400 MHz, CDCI3): 7.72 (m, 2H),
7.66 (m, 2H), 7.52 (m, 2H), 7.28 (m, 2H), 3.73 (s, 3 H), 3.18 (d, IH), 2.86 5(d, 1H), 1.7 (bs, 2H), 1.42
(s, 3H). (3S8,78)-3-[4-(3 4-dichloro-benzyloxy)-phenyl]-1-methyl-2-0x0-6-(1R-1-phenyl-pro ycli)_-
(38,78)-344-%3 4-Dichloro-benzyloxy)-phenyl -2-oxo-1,2,3,5,7,8-hexahy_ciro-4-oxa1,g- iaza-anthracen
e-6,7-dicarbo ﬁié%éra“’éﬁl@f@rﬁ' bi-8<te1-f i atiaoree- e HRayES SHdmpts) qerekdh ester and
(3R, 7S)-3-[44S (4 Pickiero-benzyloxy)- _
10phenyl11-2-oxo0-1,2,3,5,7,8-hexahydro-4-oxa-1,6-diaza-anthracene-6,7-dicarboxylic acid 6-tert-butyl
ester 7-((1R,2S,512)-2-isopropyl-5-methyl-cyclohexyl) ester '

(S)-3445(3, 44dchitprio-WEARYIS ) A HERSMAi Zhtneo-isE7316x ¥ )Sphendhy drotiybReod966-((S)-1-

15diaza-an ne-6.7%-dj lic acid 6-tert;hutyl (6.9 g,,11.5 mmol).was, suspended in 30
. Do e R S S S e R e The
mixture stirredty restfo psigeteenwdadisavisdiued tiipadod RS M3 -Th S drdanhiotayrenzylscywashed with 1
N HCI, driedioyersodi ﬁ@l%.@g@ﬁ%gg%@ yie 1esiduie WASIRMIfis AVl siliga with

hexanes-EtOAc gradient (25 % 20 Et0AcC1 ) 10 provide

(3S,75)-314e3 - 5EmerBenrEPRicHihy - YboxerE L @5, 7 8-hexahydro-4-oxa-1,6-

diaza-agthracene-6,7-dicarboxylic acid 6-tert-butyl ester 7-((1R,2S,5R)-2-isopropy1-5-

methyl-cyclghexyl) ester (3.0 )bI%C-MS m?/_%)u73 ; 1H NMR (400 MHz, CDCI3): 8.87 (m, 1H), 7.5 (m,

1H), 7.42 (ag,lﬂi%‘)?%%eﬂ?{e%g, .ﬂf’%fﬁf(‘i ,‘8?&(?%35%?6[.%3(#7% ro-benzyloxy)-
phenyl]-1-methyl-2-0x0-6-(1R-1-phenyl-propyl)-2,3,5,6,7,8-hexahydro-1H-4-0xa-1,6-

diaza-anthracene-7-carboxylic acid.

15 (5)-2-Amino-3-(4'"-cyano-biphenyl-4-yI)-propionic acid methyl ester -hydrochloride

CN

Step 1. Esterification: To a solution of (S)-3-(4-Bromo-phenyl)-2-tert-
butoxycarbonylamino-propionic acid (72.6 mmol) in DMF (50 mL) was added DIEA
(145 mmol) and methyl iodide (363 mmol). The reaction mixture stirred at rt for 2.5 h

20 and was poured onto EtOAc and water. The organic layer was washed with 1 N HCl and
10 % sodium carbonate, dried over sodium sulfate and concentrated. (8)-3-(4-Bromo-
phenyl}-2-tert-butoxycarbonylamino-propionic acid methyl ester (25.1 g) was used
without further purification. LC-MS (m/z) 359.

25 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), PA(PPhs)4 (3.5 mmol), and IN Na,CO;
solution (105 mL). The mixture was heated at reflux for 7 h. After completion of the
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6.6 (s, 111), 5.56 (m, 1H), 4.8-5.1 (m, 1H), 5.0 (m, 2H), 4.3-4.6 (m, 3H), 3.1 (m, 2H), 1.78 (m, 1H), 1.6
(m, 3H), 1.5 (d, 9H), 1.28 (m, 2H), 0.7-1.0 (m, 9H), 0.4 (m, 3H).and
(3R,7S)-344-(3,4-Dichloro-benzyloxy)-pheny1]-2-oxo-1,2,3,5,7,8-hexahydro-4-oxa-1,6-
diaza-anthragemes®/Zidicarboxylic acid 6-tert-butyl ester 7-((1R,2S,5R)-2-Bopispyib/a36333
methyl-cyclohexyl) ester. (3.1 g) LC-MS (m/z) 738; IH NMR (400 MHz, CDC13): 8.50 (m, 1H), 7.5 (d,
1H), 7.43 (d, 1H), 7.37 (m, 2H), 7.21 (m, 1H), 6.9 (m, 2H), 6.76 (M, 1H), 6.58 (s, 1H), 5.62 (M, | H),
4.8-5.1 (m, 1H), 5.0 (s, 2H), 4.6-4.35 (m, 3H), 3.05 (m, 2H), 1.8 (m, | H), 1.6 (m, 3H), 1.5 (d, 9H), 1.26
(m, 2H), 0.7-1.0 (m, 9H), 0.4 (m, 3H).

10(3S,7S)-344-(3,4-Dic - y1l-1-methyl-2- A )

noxahycrb e A e R A A AR 1 a0 and
((IR,2S,5R)-2NddptopicsugratkyiasydisHax) sdiam sulfate and concentrated under reduced

_(38,,75)-344?;&%&;1@k%hiﬁmabcﬁ@émés@fm%ny%ﬂe%e@m% R xalyArp-4-0xa-1,6-
15diaza-anthracene-6,7-dicarboxylic acid 6-tert-butyl ester 7-((IR,2S,5R)-2-isopropy1-5-

methyl-cyclSREXIF Ut 5 ErraEINARE I pretaacd Seoriirgite GeisereeprseEsens®ito provide
(3S,7S)5344and=-Dliorpanzytoxy P haayidtAymathyl 220x0-L235 (58) 382.
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 (3.7 g) LC-MS (rn/z) 752. 20 (3
R,7S)-344-(3# Didlelovodd efizyioxy)phaenyd ] -(Sisthy-BRtexe 3 hfife-3-(4'-cyano-
?(el’;{agédg‘;)%@?‘gg%@@ é‘%‘ﬁ%@ﬁ%@%@%@?g‘se% &g@ﬂx“g) 3 B R DU SR emeral
(3R,7S)-3-18g:4uBihio mdyedeAd b Rydmphery (41-Oroxobin BB 8. - Bohexalydecid ity h-

1,6-diagp-aUnACResf iAo TVHS 3510 1HLRVR GBI RitORIRRG Remethulecysienexd giter (3.0 g) was
N-methylated according to general procedure to)ggoiv(%d%é?,R,? -3-5

[4-(3.4-DichfHo-BAAAHAHD)-BRENGLIH A Gth(/L 351 RuAYBro-4-oxa-L.6-
diaza-anthracene-6,7-dicarboxylic acid 6-tert-butyl ester 7-((IR,2S,5R)-2-isopropy1-5-
(35,75 3-8 BrOROHGE bS5 LRERGHE R g ine oy ope dervatves: (S)
10hexahydr-drlihed3op-chiordiaanthtadppeopiadcoky/icagick (k152 &:&R)edide, (S)-2-
15 amino-3-(4'-methoxy-biphenyl-4-yl)-propionic acid methyl ester; hydrochloride, (5)-2-
amino-3-(4-pyridin-4-yl-phenyl)-propionic acid methyl ester; bis-hydrochloride. (S)-2-
amino-3-(4'-methyl-biphenyl-4-yl)-propionic acid methyl ester; hydrochloride, (S)-2-
amino-3-(4"-fluoro-biphenyl-4-yl}-propionic acid methy! ester; hydrochloride, and (R)-2-
amino-3-(4'-cyano-biphenyl-4-yl}-propionic acid methy! ester hydrochloride.

20
(5)-3-(4'-Cyano-biphenyl-4-y1)-2-( {(S)-3-[4-(3,4-dichloro-benzyloxy)-phenyl]-2-0x0-
2,3,5,6,7,8-hexahydro-111-4-0xa-1,6-diaza-anthracene-7-carbonyl}-amino}-propicnic
acid methy! ester; hvdrochloride (“Infermediate A™)
cl
ci o)
o
25
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isopropyl-5-methyl-cyclohexyl ester hydrochloride CIH-CI 0
(35,7S)-344-(3,4-Dichloro-benzyloxy)-phenyl11-1-methyl-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- 15
isopropyl-5-retipgessciotmexyl) ester (3.7 g) was deprotected using genergqrosedunsd3sio provide
(3S,7S)-344-(3,4-Dichloro-benzyloxy)-pheny1]-1-methyl-2-oxo0-2,3,5,6,7,8-
hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-carboxylic acid (1R,2S,5R)-2-isopropy1-5-
methyl-cyclohexyl ester hydrochloride (3.1 g, LC/MS: m/z 652).
(3R,7S)-314-(3,4-Dichloro-benzyloxy)-pheny11-1-methy1-2-oxo0-2,3,5,6, 7 8-

AR e e T e R
5(3R,7S)- 3¢4t§334n@%wmebéiniww)lméhy4qohmém@@agdmt,@(smm@rmwéro-

4-oxa-1,6-d} aoa&amagﬁm %ROM%%%@&%@(?%%B?} Mi@% WAl
isopropyl-5- metggll cycloh 3.9 g% was Iizérotecte usm%%enera procedure C to provide

(3R,7S)-344105 %y R:"rﬁbi‘a F&;?F@X epRbAHP 2 rieynoiRberyE 58)7. 8-
hexahygro- hﬁtﬂogyaa&)&lyz%z@yﬁﬁfhaa@ne?w@xyuﬁ@&@a(lﬁa%ﬁsﬁﬁi ZdgaRaREl2>- 10

thyl-cyclohexyl ester. h chI rlde
gg 7){3)0%/0[2 a(%%‘g&ﬁl%fi ﬁﬂﬁr%)l](g g\i@ﬁﬁ"% FRA8: Reprdrsidropy1)-2,3,5,6,7,8-hex
ahydro-1H- m&haxy,@i@mgaﬁhmel}dahbdmw@mmﬁlﬂ2@1@&&)—2{15@E{ﬁﬁl}diﬁr&rmthyl cyclohexyl
ter and (38 S 1
benyiony) SO AT e GRTIRAR1 0 s divsolved i MoOH PA/C was aldedandibe - 1 6 o
anthracene iz oxyiist a@@(bﬂ Q@@R}@r@gbhméyfgﬁrtﬁheﬂiylwmmexwéﬁtered through

(3S, 79 3[4 4-Richiareenpanahey L et -2:8%0:%03d égy%ﬁ%ﬁ‘@édf&%%m -4-0xa-1,6-
diaza-anthracene-7- -carboxylic acid (2.6 g, 4 mmo? in DMF was treate
(4'-cyano-biphenyl-4-y1)- ]—methoxycarbony -ethylcarbamoyl]-7-hydroxy-3,4-dihydro-

1H-isoquinoline-2-carboxylic acid tert-butyl ester (1.06 g) which was used without

further purification.

15 (5)-6-amino-3-[(S)-2-(4'-cyano-biphenyl-4-y1)-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 EtQOAc was
added to the mixture. The resulting mixture stirred at r.t. for 1.5 h. The organic layer

20 was washed with brine, dried over sodium sulfate and concentrated. The resulting
residue was dissolved in 5 mE. DMF and potassium carbonaic (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-y1)-1-methoxycarbonyl-

25  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 tert-butyl ester (931 mg). LC-MS (m/z) 862.

(8)-3-(4'-Cyano-biphenyl-4-y1)-2-( {(8)-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
30 acid methyl ester hydrochloride (740 mg) was prepared from (S)-7-[(S)-2-(4'-Cyano-
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with (1-bromo-propyl)-benezene (15 mmoD and NaHCO3(16 mmol). The mixture was stirred at 40 C
for 48h. The mixture was poured into water, extracted with EtOAc, washed with water, brine, dried and
concentrated. The residue was purified over silica (EtOAc-hexanes-DCM-TEA, 0.5/5/4.5/0.02) to
provide (3S, )443, ADichloro- PCT/US2009/036333
5benzyloxy)-pheny1]-1-methy1-2-0x0-64(S)-1-phenyl-propy1)-2,3,5,6,7,8-hexahydro-1H-
4-oxa-1,6-diaza-anthracene-7-carboxylic acid (1R,2S,5R)-2-isopropy1-5-methylcyclohexyl ester (401
mg), IHNMR (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), 5.65 (s, 1H), 5.13 (s, 2H), 4.55 (m, 1H), 4.20 (s, 2H), 3.9 (m, 1H), 3.55 (m,
IH), 3.38 (s, :%l)—}) 22 %H)ﬁ o) ) A2 (m, 1H),.0.95 (m, 1H) 0.9 2H), 0.8 (m, 4H), 0.7
(d. 3H), 0. 63 m?réH) g(rflg’i( ! %Q}Jtaré%ypgﬁy}c}r%agndﬂw {9 ?£4 g}bﬂlm)o%engﬂbxﬂ
S,7S)-344-(8MmitAlere-tehdyidd hptbnytraneth(aliaze e b rEp-t-piibayidprepyliprt-
_2,3,5,6,7’8'*Bﬁ%g@@!féﬁ%i%g‘%@ﬂ?w@%%%ﬂé?ﬂW&%ﬁﬂ%‘&icﬁ@%y'{%@?‘%ﬁ.lR’25’5R)'2'
isopropyl-5-methyl-cyclohexyl ester (230 mg). 15
(3R,75)-3-14-(3,4-Dichloro-benzyloxy)-pheny11-1-methy1-2-ox0-64(S)-1-phenylpropy1)-2,3,5,6,7,8-he.
xahydrgrH-Ai@x¢aa1s Grdiagaraniiragenanieearanylic acid (1R,25,5R)-2-isopropyl-5-methyl-cyclohexyl
ester and
(3R,7S)-3-14-(3,4-Dichloro-benzyloxy)-pheny11-1-methy1-2-ox0-64(R)-1-phenyl-propyl)-2,3,5,6,7,8-h
exahydro- 28k #4-Onar orgiza-anthracene-7-carboxylic acid (1R,25,5R)-2-isopropyl-5-methyl-
cyclohexyl ester_, . AL A ' §
(3R,73)-342125?33,2951%ﬂ?o?g-3b§n Ao R BT RE T 155870 4 36 "B HSRAR U - 4-0xa-1,6-dlia
za-anthracepre-1-6ahooscpichamsich(2667 () 4l ivariot) yHOME twvas begledt@5(vitmmol) in DMF
(1-br0rnp-pr@@@/&é&%@f@%ﬁnﬁﬁém@é}gﬁ%mﬁ%f?étsﬁ@%enmma v stirred at 40 C for
tOAc, washed wi

48h. The mixture was @oured into Wwatér, extracted wi water, brine, dried and

concentrately drpehieiasise-hasplrtHEd by 38 shnerhomd tBEFdp ) e henE tveis taety 8irnish
(3R, 75)-3-[4rf3A-RiEBIRrasbepzyioxXKoR M ek hoathyha-ernt ABdiR)st PRefyl-RIQRYE:R.3 .5

,6,7,8-hexahydro-1H-4-oxa-1,6- S5diaza-anthracene-7-carboxylic acid _

(1R,2S,5R)24<OprBBTS e HREFASHEGMEs1r e NMRTeanis ks vas wedisheithr 68 (s, 1H),

7.58 (d, 1H)1 P& it ks bo@ac(and AHYd 6:-28 {odidt}uBeBS (Bhdlkd)y €nif R dSrebithidd 6ddeg, 1H), 5.12 (s,

2H), 41557 (”i‘éc%,E'Qa ?'Ji%g'mg{"g 'to afford the amide, which was purified with silica gel chromatography
using DCM-ethyl acetate and DCM-acetone to afford the desired product, (S)-7-[(S)-2-
(4'-cyano-biphenyl-4-yl)-1-methoxycarbonyl-ethylcarbamoyl}-3-[4~(3,4-dichioro-
benzyloxy)-phenyl]-2-oxo0-1,2,3,5,7,8-hexahydro-4-oxa-1,6-diaza-anthracene-6-
carboxylic acid tert-butyl ester (807 mg). LC-MS (m/z) 862,

20
Step 2. Boc-Deprotection: _
To a stirred solution of this above carbamate (800 mg) in DCM (5 mL) was added 4 N
HCl m dioxane (15 mL). The reaction was stirred at room temperature for 2.5 h.
Solvents were removed under reduced pressure to provide (S)-3-(4'-Cyano-biphenyl-4-

25 yly2-({(8)-3-[4-(3,4-dichloro-benzyloxy)-phenyl]-2-ox0-2,3,5,6,7,8-hexahydro-1H-4-
oxa-1,6-diaza-anthracene-7-carbonyl} -amino)-propionic acid methyl ester hydrochloride
(.758 g) as hydrochloric acid salt. This product was then used as such for further
manipulaﬁons. LC-MS (m/z) T62.
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2H), 3.85 (m, 1H), 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
10(3R,78)-3-[4-(3,4-dichloro-benzyloxy)-pheny1]-1-methy1-2-o0x0-64(R)-1-phenyl-propyl)-
2,3,5,6,7,8-hexatwdraitéd-4-oxa-1,6-diaza-anthracene-7-carboxylic acid HR2852bRp836333
isopropyl-5-methyl-cyclohexyl ester (1H NMR (400 MHz" d6 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), 153.38 (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,79)-3-( rQx hen -1- meth -2- -0X0- -6- hen .
hexahydro-I E%ar 3 c%l azaagntﬁraceneplfe’é tﬁgsf%)c adid ndE’ @EX% 383493 Cyano-
20Hydroxy- bménwﬁ)—‘&%@tlﬁﬁﬂﬁdﬂe@%ﬁ«@ﬂwﬁWmeWbBﬁﬁm@ﬁéMwro 11/-

4-oxa-1,6-d thr C
(38.75). 344@(%%@3?&%%@2&?0 WQ)S‘V(Q laockgaza,-anthrac ne-7-carbon S%E}:I.- no Iplor%mnbc

enzyloxy)-pheny11-1-methyl-2-oxo0-64
2,3,5,6,7,8- ﬁ@ﬁdﬁifawéﬁﬁﬁr4hﬁsé&@%t%z@hhﬂrééféﬁ ﬁ{éﬁfky&yﬁ@ﬁc{é@iﬁ -PR(BR)-2- 25
isopropyl-5-gnailyd-exalanexyl SiRier (300xma)s wasdissalyeehie -1 9mk.of de f2eM and cooled to 00C.

Boron trlchlon%?(s mL, 1M solutlon in hexanes) was added and the mixture stirred at OC for 3 hours.

The mixtureX AL BRI ARTHASRIGRAH SIS sty St5a JodronD s biSHrd A miil pH 7. The
aqueous mM;truﬁe-WpBeﬁ;ﬁra@xBétI({r(&-su’[m&\mthcﬁlhw aeetalexy 4Ry D) aachbarganicayer combined.

The combincd Siasnis jayel uere dred syl sodu sl and sonesiaied 9 prayice
enyl-propy1§s23 @&6@8%@@&&}3‘2@@i(lﬂ}=45-([)ékﬁ31q5§0r0~benzyloxy)—phenyl}—2—ox0—2,3,5,6,7,8-
10 hexahydro-1H-4-oxa-1 ,6—d1'aza-aﬂthracene—7—carbonyl} -amino)-3-(4'-cyano-biphenyl-4-
yl)-propionic acid methyl ester; hydrochloride, and (S)-2-({(S)-3-[4-(4-chloro-
benzyloxy)-phenyl]-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; hydrochloride.
15 Preparation of (5)-3-(4'-Cyano-biphenyl-4-y1)-2-({(S)-3-[4-(3 4-dichloro-benzyloxy)-

phenylj-1-methyl-2-o0x0-2,3,5,6,7,8-hexahvdro-1 H-4-o0xa-1,6-diaza-anthracene-7-

carbonyl}-amino)-propionic acid methyl ester hydrochioride (“Intermediate B™)

Ci 0
H
NH
0
)

20 (7S)-3-[4-(3,4-dichloro-benzyloxy)-phenyl]-2-0x0-1,2,3,5,7,8-hexahydro-4-oxa-1,6-
diaza-anthracenc-6,7-dicarboxylic acid 6-fert-butyl ester 7-methyl ester (3.0g, 4.9 mmol)

N

and methanol (9.8 mmol) were dissolved in 60 mL DCM. Resin-bound

triphenylphosphine (9.8 mmol) 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
25  and the mixture was slowly allowed to warm up to r.t. and agitated for 4 h. The reaction

mixture was filtered, concenfrated and the residue purified over silica-gel hexanes-ethyl
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diaza-anthracene-7-carboxylic acid (183 mg, LC/MS: m/z 474).
(3S,7S)-344-(3,4-Dichloro-benzyloxy)-pheny1]-1-methy1-2-ox0-6-((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- 10
isopropyl-5-mattegheyciaiexyl ester (230 mg) was dissolved in 10 mL of dryBGivb@ndaeoled to 0C.
Boron trichloride (3 mL, 1M solution in hexanes) was added and the mixture stirred at OC 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 15layer were dried over sodium sulfate and concentrated to provide
(3878)3(4 (@% (S)-3-[4-(3.4-dichloro-b Q thyi-2-0%0x

pheny1)-1- met 1-2-6 2( éﬁfﬁi? p)n rli [-propy 5 g?éﬁ,@ﬂé%(éaﬁ%ro ﬁlfﬁyoi‘ao 9

diaza- anthréc?éhéﬁ&h%d}@;dl@de%f(ils@mﬂmmﬁ% 4-4jarboxylic acid 6-tert-buty1 ester

(BR,75)-3-(4-Hydraxy: ]L@(R;ﬂgy -2:9%9564(S)-1-phenyl-propy1)-2,3,5,6,7,8-
20hexahydro-1H- -oxaarll% 6- aé %za anthracezze 7-carboxylic acid and (3R,7S)-3-(4-

Hydroxy- phenyl) 1-methy1-2-0x0-64(R)-1-phenyl-propyl)-2,3,5,6,7,8-hexahydro-IH4-oxa- l 6-diaza-ant

-hracene-7-qasborylis, gt hiord B SAB9D Ry 1]- 1-methyl-2-0x0-1,2, 3 5 7,8-hexahydro-4-oxa-
(3R,7S)-344- %3 4- dlchlgLé)1 benzyloxy)-phenyl11-1-methyl-2-o0xo- 64

251-phenyl-pPop s 8ues e S e laoars I oAd Sy tert B"a‘%%%h%@é‘ﬁ?te}f ExfBRe acid

(1R,2S 5R)asmm@pwammwr@ymnewhagzam&mmadmﬂ@w&m Jvasiaddged 1IN BC13
solution in h al(lgél L2 ?tt 0OCa d the. mlxture Was ep éo E mlxture was evaporated to
dryness andthé ?e&dug Was Tiqn rea 1%1W|ﬁ% Water: ﬁihm Xture wWa B‘aa %llﬁa sodium
blcarbonater@@mtmwdmrphirihirddew@slﬁu dlivhsneéxiraated wmth EttQAecatatk 1086 drktmicTlageorganic layer

was waghed, and dred Jaoet (3R eq diym_sulfate, and the solvent
57S)-3-(4-hydroxy-phenyl)-1-me F%le 8"8;8061 ?u T ﬁedﬁlyl p?osgy\{f%,wflg,re,m,%md under

hexahydro- IWféﬂmser@iazﬁfawtméemﬁcaa@himmlw&g@m dondtiyb2-mag). This solid was
used as is f?fﬂ,b,%,’?%ﬁé&%dro-éimxw1,6~diaza~anthracene-6,7—dicarboxy1ic acid 6-tert-butyl ester

(2.9 g). LC-MS (m/z) 614. The Boc group of (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-
15 dicarboxylic acid 6-tert-butyl ester 7-methyl ester may be removed to provide the

compound Intermediate C (“Intermediate C”),

(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 (2.9 g) was coupled to (S)-2-

20 amino-3-(4"-cyano-biphenyl-4-yl}-propionic acid methyl ester hydrochloride (1.5 g)
following general procedure A to provide (S)-7-[(S)-2-(4'-Cyano-biphenyl-4-y1)-1-
methoxycarbonyl-ethylcarbamoyi}-3-[4-(3,4-dichloro-benzyloxy)-phenyl}-1-methyi-2-
0x0-1,2,3,5,7,8-hexahydro-4-oxa-1,6-diaza-anthracene-6-carboxylic acid tert-butyl ester
(3.0 g). LC-MS (mm/z) 878.

25
Intermediate B (2.2 g) was prepared from (S)-7-{(S)-2-(4'-cyano-biphenyl-4-yI)-1-
methoxycarbonyl-ethylcarbamoyl]-3-{4-(3,4-dichloro-benzyloxy)-phenyl}-1-methyl-2-
oxo0-1,2,3,5,7,8-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.

30
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(3R,7S)-344-(3,4-dichloro-benzyloxy)-pheny1]-1-methy1-2-0x0-64(R)-1-phenyl-propyl)-
102,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-carboxylic acid (1R,2S,5R)-2-
isopropyl-5-methyl-cyclohexyl ester was converted to (3R,7S)-3-(4-hydroxy-pheny1)-1-
methy1-2-ox&648paiprenyl-propyl)-2,3,5,6,7,8-hexahydro-1H-4-oxa-1, 6 rtizasamitioacsae- 7-earboxyli
c acid (118 mg) using similar procedure as described above and was used as is for the next step. 15
(S)-3-(4t-Cyana-biphenyl-4-3/1)-2-{[(3S,7S)-3-(4-hydroxy-pheny1)-1-methyl-2-0x0-6-
((S)-1-phenyl-propy1)-2,3,5,6,7,8-hexahydro-IH-4-oxa-1,6-diaza-anthracene-7-
carbonylFaminoi-propionic acid methyl ester HO CN 20(S)-3-(41-Cyano-biphenyl-4-y1)-2-

3S,7S)-3-(4; - I -6- . e
f{)(henyl-|)3roé%%%%%%%%ﬁ@%%g%ﬁgﬁ%ﬁ f%fﬁ%‘}ggg{!gﬁfﬁ}gtgg};g}‘?}’ Car coancil?kamino)-propionic
acid methyl '®&tE¥y ¢96ting) was prepared from (3S,7S)-3-(4-
Hydroxy-pheny1)-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 (183 mg) and (S)-2-amino-3-(4'-cyano- _
bipheny|-4-}1)-%%8%911é’%@&%f?éﬂ*&ﬁ“é@%‘#lﬁém’sﬁﬁiﬁﬂa’é‘?ﬁmmgr’@@ﬂ@%ﬂ HEdEdBrBAS LC-MS (,n/z)
736. (S)-3dnélyanadiipbernyl il by2HE3,78) 13ci( 3iddichioms hanzyommahamihd -
ey 2O R e B R Y i G S s M e e L ol was

evaporated and the residue was used as such for the next step.

To a suspension of (S)-2-amino-3-(4-hydroxy-phenyl)-2-methyl-propionic acid methyl
10 ester hydrochloride in ethyl acetate (25 mL) was added 1N NaHCOj; solution (12.5 ml.)
and the mixture was stirred rapidly at ambient temperature for the addition of neat benzyl
chloroformate (0.859 g, 1.01eq., 5.05 mmol). Following addition, the reaction mixture
was stirred for an additional hour; TLC and LC-MS analysis showed the reaction to be
complete. The mixture was partitioned and the organic phase was separated and dried
15 over Na;SOq and concentrated. The crude product was used directly in the subsequent

reaction without purification,

(S)-2—Benzyloxycarbonyiaminowzumethyl;S-(4-triﬂuoro-methanesulfenyloxy-
_ phenyl)-propionic acid methyl ester

20
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

25 wisible 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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anthracene-7-carbonyl11-aminol-propionic acid methyl ester CN (S)-3-(4'-Cyano-biphenyl-4-y1)-2- {[(3
S,7S)-3-(4-hydroxy-pheny0-1-methy1-2-0xo0-6- ((S)-1-phenyl-propyl)-2,3,5,6,7,8-hexahydro-1H-4-oxa-
1,6-diaza-anthracene-7- 10 carbonylkamino}-propionic acid methyl ester (0.259 mmol) was dissolved
in 2 mL of DM antd/Bi#=gichlorobenzyl bromide (1.30 mmol) and potassiworashenatsi.30 mmol)
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 15acetate-MeOH, 7-3-0.1) to provide
(S)-3-(4'-Cyano-biphenyl1-4-y1)-2-{[(3S,7S)-344-(3,4-

dichloro- be I - 7 8- hexahydro- |
H-4-oxa-1 E? an)g%&Rw é%@@gﬁ%@%% j(éﬁ-zf)igglon mé%hgt%s er o ac IaC/MS m/z
895). 'H Nmmbemfrz" d6 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, IH), 6.84 (m, 2H) 206.7 er 2H), 6.71 (s, 1H), 5.65 (s, 1H), 4.88 (m, 2H),
4.73 (m, 1H), 3.71 (s, 3H), 3.68 (m, g H) 3.47 (in, 1H), 3.41 (s, 3H), 3.34 (d, 1H), 3.10 (m,
1H), 3.02 (m, IH), 2.83-2.7]O H), (
(S)-3-(4'-Cyano-biphenyl 2 -{ §rS)-3=(4- hydroXy phenyl) -1- methyl -2-0X0-6-
((R)-1-phenyl-propyb<2 6,%48-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-
carbonyIFaonlc Heid methyl ester HO CN 5(S)-3-(4'-Cyano-biphenyl-4-y1)-2-
{[(3S,7S)-3-(d~kydroxy-pheny1)-1-methyl-2-0x0-6-

((R)-1-phenyl-pr, 7.8-hexah 1H 4-oxa- 6 diaza-anthracene-7-
carbonylkar%/lngo gg%zﬁlg%cg §é| m%lﬂ%ﬂeg (Té]ﬂ)mm %%r‘é’ﬁ%%%ﬁ% C@%%?‘ge(@og
Hydroxy-phery 1)28-mstiy K-2serachR)- ﬂephemyhﬁr@@ﬁljag,a 556rr8heXaliydsg3thig,

2.82 mmol) water (1.41 mL) and totune (5 mL). The mixture was stirred and degassed

with a stream of nitrogen for 45 minutes before adding Pd (PPhs)s (0.01eq. 30 mg,). The
solution was degassing for an additional 20 minutes. The mixture was heated, under
nitrogen, to 85 °C. for 6h. The reaction continued until the triflate was no longer detected
10 by TLC (50% EtOAc/hexanes, PMA char) or by LC-MS. The reaction mixture was
cooled to ambient temperature and partitioned. The crude product in toluene
concentrated and purified by flash chromatography (7.3 hexane-EtOAc) to gef a solid
(488 mg). LC-MS (m/2): 429. "H NMR (400 MHz, CDCls): 7.72 (m, 2H), 7.64 (m, 25,
7.39 (m, 7H), 7.06 {d, 2H), 5.52 (bs, 1H) 5.2 (d, 1H), 5.1 (d, 1H), 3.78 (s, 3 H), 3.52 {m,
15 2H),3.23 (d, 2H), 1.68 (s, 3 H).

(S)-2-Amino-3-(4'-cyano-biphenyl-4-vI)-2-methyl-propionic acid methyvl ester
N

The purified cbz-protected amino acid ester (475 mg, 1.11 mmol) was dissolved in

20  cyclohexene (fw=82.15, p = 0.811, 0.23 mL, 2.23 mmol) and ethanol (10 mL). To this
solution was added PA/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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oxa-1,6-diaza-anthracene-7-carboxylic acid (153 mg) and (S)-2-mino-3-(4'-cyano-
10biphenyl-4-y1)-propionic acid methyl ester hydrochloride following general procedure A. LC-MS
(m/z) 736.

(S)-3-(4'-Cyawo-biphierighad-y1)-2-1[(3S,7S)-3-[4-(3,4-dichloro-bentyloxy)- plaamytkdeanstbsd - 2-ox0-6-((R)
-1-phenyl-propyl)-2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-
15anthracene-7-carbonyll-amino}-propionic acid methyl ester ON (S)-3-(4'-Cyano-biphenyl-4-y1)-2-
I[(3S,7S)-3-(4-hydroxy-pheny1)-1-methyl-2-0x0-6-
((R)-1-phenyl-propy1)-2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7- carbonylkaminol

-propionic aw&ﬁggkbxgq_%ﬁ%gr 10:447 RmQbwas Q'L%gqéf\é gﬁi%%n%e%fagﬁgﬁ ﬁ%?d%%’gch'orobenzy'

bromide (0.885 mmot) and potassium carbonate ) were a e mixture was stirred at

room temperétiiiedfoy Basbapluandcivanpoareadhp ety eeeate s SRitu rthtebieserdiam bicarbonate.
The organ'ql@aéﬁewag&ﬂ@&ifﬁe@ﬁﬁﬁg&g}w&{!{a&eﬁvﬁt@%ﬁgntfﬁmﬂda@dw%%W@g;?uf'f'ed over silica
(hexanes- 5ethyl acetate-MeOH, 7-3-0.1) to provide (S)-3-(4'-Cyano-biphen 1-4-%/[%- -§[§3S,7S)-3-
45 4 oSt e )L STy .G G R ol Ry B . 1. 2
2,3,5,6,7,8-¢xanydro(bkl-2Hoxp42, 6;diaza-anthracene-7-carbonylkamino} -prop ionic acid methyl
ester. 111. NMR (400 MHz" d6 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), 106.78 (m, 2H), 6.71 (s, 1H), 5.65 (s, 1H),
4.95 (m, 2HF3BH-Gr44 BLj-Dichi¢ro; i yy Bir0)-(sh G| - 3-680¢M2,313)7,8-Hex e &) -Bdda-(m, 2H), 3.02

(m, 24, 183,420, 2 06T 4 B D5 3 ] 2
(8.3 0-oy i TS TR ARk S e ster TR 25 SR
isopropyl-S-methyl-cyclohexyl) ester and (3R,75)-3-{4-(3,4-Dichloro-benzyloxy)-
10 phenyl}-2-0x0-1,2,3,5,7,8-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

Ci O

o OsN § H 9
© Ci Os N o
N._.CO
)® !
0 X

(S)-3-[4-(3,4-Dichloro-benzyloxy)-phenyl}-2-0x0-1,2,3,5,7,8-hexahydro-4-oxa-1,6-

15 diaza-anthracene-6,7-dicarboxylic acid 6-tert-butyl ester (6.9 g, 11.5 mmol) was
suspended in 30 mL DCM and IR-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 HCI, dried over sodium sulfate and
concentrated. The residue was purified over silica with hexanes-EtOAc gradient (25 %

20 EtOActo 30 %) to provide
(35,75)-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-tert-butyl ester 7-((1R,28,5R}-2-isopropyl-5-
methyl-cyclohexyl) ester (3.0 g) LC-MS (m/z) 738; '"H NMR (400 MHz, CDCly): 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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15((S)-1-phenyl-propyl)-2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-
carbonyll-aminol-propionic acid methyl ester CN 20(S)-3-(4'-Cyano-biphenyl-4-y1)-2-
[(3R,7S)-3-(4-hydroxy-phenyl)- | -methy1-2-0x0-6-
((S)-1-phenyWsromei)i2®,5,6,7,8-hexahydro-IH-4-oxa-1,6-diaza-anthracererfscasosspkcamino
-propionic acid methyl ester (84 mg) was prepared from (3R,7S)-3-(4-
hydroxy-pheny1)-1-methy1-2-0x0-6-((S)-1-phenyl-propyl)-2,3,5,6,7,8-hexahydro-IHAoxa-1,6-diaza-ant
hracene-7-carboxylic acid (100 mg) and (S)-2-mino-3-(4'-cyano- 25biphenyl-4-y1)-propionic acid
methyl ester hydrochloride following general procedure A. A similar procedure was used to prepare

the followin ;
(S)-S-(4'-chI%dr80 E?pﬁ@h@f%’ﬁ){%?{[‘(1'38@5,7]3(;?3_1(541};]35,&5*25,?5{,2(@?]95‘_‘{5_,ﬁ%tﬁﬁ:ﬁg}g}é{&)71 o
-phenylprop&@sz(,@;é,lé 7,186N§§(§ﬁ9d.}e'5 (¢ 1.0h a8 118, did x4t dntit ve AD70ch B Afikardinol 5 propionic
acid methyl (@ﬁ,@@)@lﬁ%@'—ﬁb&@ﬁ@i@%ﬁ%hﬁyy%k&i 1;-2-oxo~ 1,2,3,5,7,8-hexahydro-4-oxa-1,6-
{[(3R,7S)-3- 4-hydroxyp en 1)-_1-methyl-2-qxo-6-(eé -1 -ph enyl-ﬁg)lf 1)-2,3,5,6 ,
7,8-hexahyHEar i asae 18- Hrahosfin st idet-Rurd ik &rt; By onieCRB@Yhéthyl ester, and
(S)-2-{[63R, £B)h3-c{felblysraxystoheny 1oy =0yl 086 (MR (400 MHz, CDCls): 8.50
-phe”v'-pfogeglé gﬁgiﬁe@g%g% 3432?'%”2%'["i%j‘f”ﬁ'i%"‘é%%‘%ﬁ)b%%‘i)%m'i’?%
gt e sy 2 0506(O
-3-(4'-cy p ; - ‘ . ; yl-2-0x0-6-
-1-phenyl-prlo§) &l)cgﬂg%g m8'%§ff< 'Byng %c'g‘f‘z% ]%%f@%al hr@i;ﬁngiﬁ%a%nylI-aminoll-propionic
acid methyl ester CN” "~ "CI'I5 ’(i)- (% S/anoi%lb e ’y1'-4-§%t1-1§- P
{[(3R,7S)-3-(4-hydroxy-pheny1)-1-methy1-2-0x0-6- _ '
((S)-1—m1entéseﬁ%9>sl?42c§,m&.ﬁ,ﬂeﬁamgﬁisgyg,Ehf’e- Ailfiegigra-aRiyaceRe ¢-

carbonyll-aminol-propionic acid methyl ester 1 rpr%g was dissolved In i 'mi of DMF and
3,4-dichlorobEMVIdtsihnre-la dirpratiiiyateasnim-disbesdic s ithtoreld askr 3o The mixture

was stirred gt RQRISRMPAGHHAYIS-hbabiscaadnvasipaweed 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-
ci | o E'
cl O N:@CHL
O
oA
o OX :

(38,78)-3-[4-(3,4-Dichioro-benzyloxy)-phenyl}-2-0x0-1,2,3,5,7,8-hexahydro-4-oxa-1,6-
15 diaza-anthracene-6,7-dicarboxylic acid 6-tert-butyl ester 7-((1R,28,5R)-2-isopropyl-3-
methyl-cyclohexyl) ester (3.0 g) was N-methylated according to general procedure M to
provide (38,75)-3-[4-(3,4-Dichioro-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 7-
{(1R,28,5R)-2-1sopropyl-5-methyl-cyclohexyl) ester (3.7 g) LC-MS (m/z) 752.
20 '
(3R,7S)-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 7-

((1R,28,5R)-2-isopropyl-5-methyl-cyciohexyl) ester
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MeOH, 6-4-0.1) to provide (S)-3-(42-cyano-bipheny1-4-y1)-2-{[(3R,7S)-3-[4-(3,4-
dichloro-benzyloxy)-pheny1]-1-methy1-2-oxo-6-((S)-1-phenyl-propyl)-2,3,5,6,7,8-
hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-carbonylkaminol-propionic acid methyl ester (18 mg,
LC/MS: nilz 894 LHHANRIIR (400 MHZz" d6 acetone): 7.92-7.81 (m, 5H), 7.6 syS209/T36533m, 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, IH), 3.74
(s, 3H), 3.66 (m, 1H), 3.56 (d, 1H), 3.46 5(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)-3-(4'-cyano-bipheny1-4-y1)-2-{[(3R,7S)-3-(4-hydroxy-phenyl)-1-methyl-2-mw-6-
((R)-1-phenyl-propy1)-2,3,5,6,7,8-hexahydro-1H-4-o0xa-1,6-diaza-anthracene-7-

10carbonyl]amino} propionic acid methyl ester HO GN (S)-3-(4'-cyano-biphenyl-4-y1)-2-

e 1,6-diaza-anthracene-7-
I estr (6 mg)jwas prepared from (3R,7S)-3-(4-
- gny prepyl)-2,3,5,6,7,8-hexabydro-1H-4-

oxa—l,6-diaza— -7 carboxyllc acid )a/mg) and

(S)-2-mino-3- (4'-é%/an0|pheny1 4-y1)-propionjgacid methyl ester hydrochloride following general
procedure A. (S)-3-(4'-cyano-biphenyl-4-yl)-2-{(3R,7S)-344-(3,4-dichloro-benzyloxy)-pheny1]-1-

20methyl- 2 (
thracene-7- cﬁgnﬁﬁg-&?ﬁg%%%ﬁ)%%%g@g% ?estfeéré%g%-é(%/giﬁ%% CT%%Z(%%WOBGSBB

1,6-diaza-anthracene-7-carboxylic acid (1R,25,5R)-2-isopropyl-5-methyl-cyclohexyl
ester (3.0 g) was N-methylated according to generai procedure M to provide (3R,78)-3-

5 [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,28,5R)-2-isopropyl-5-
methyl-cyclohexyl) ester (3.7 g) LC-MS (m/z) 752.

(358,78)-3-[4-(3 4-Dichioro-benzyloxy)-phenyi]-1-methyi-2-0x0-2,3,5,6,7,8-

10 hexahydro-1H-4-0xa-1,6-diaza-anthracene-7-carboxylie acid (1R,28,5R)-2-
isopropyl-5-methyl-cyclohexyl ester hydrochloride

pesee sl

(38,78)-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 7-((1R,28,5R)-2-

st

15 isopropyl-5-methyl-cyclohexyl) ester (3.7 g) was deprotected using general procedure C
to provide (3S,75)-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-3-
methyl-cyclohexyl ester hydrochloride (3.1 g, LC/MS: m/4z 652).
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(S)-3-(41-cyano-biphenyl-4-y1)-2- {[(3R,7S)-3-(4-hydroxy-phenyl)-1-methy1-2-ox0-6-
((R)-1-phenyl-propy1)-2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-
carbonylkaminol-propionic acid methyl ester (52 mg) was dissolved in 1 mL of DMF To 5 this solution
was added 3WRdigHIdEEeNnzyl bromide (33 mg) and potassium carbonatePThESHiIKGEE33 S 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-bipheny1-4-y1)-2-1[(3R,7S)-344-(3,4- 1 -

Od'chloro-bﬁmyigma Y BEIIRSHDGZy 9 Ot B - PR O R 20Y 42 33,8 5L 8-

hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-carbonylkamino) -propionic acid methyl ester (16 mg).
LC/MS: nz/2gehydier Nirkogsod-friliszaianiberseney’ <arhoxslic asig AR 2B8RE21H), 7.57 (m, 3 H),
7.43 (M, 1Hkopbgyl-2drsmylldycibRdsft 8édrm e fifue, 1H), 5.60 (s, 1H), 5.1 (s, 2H), 4.78 (m,
1H), 3.74 (s, 3H), 3.66 (m, IH), 3.56 (d, 1H), 3.46 15(m, 1H), 3.35 (s, 3H), 3.34 (d, 1H), 3.02-2.98(m,
2H), 2.27 (m, 2H), .90-1.66 (m, 2H), 0.60 (t, 3H). i
(S)-7-[(S)-2-(4'gyano-biphenyl|-4-yl)-1-methoxycarpony-ethylcarbamoyll-3-(4-

/,8:-hexahydrgt4-o -diaza—anthracene-G- 20carboxylic acid

0

S b
* O
/@ H—CI
O

5 (3R,78)-3-[4-(3,4-Dichloro-benzyloxy)-phenyl]-1-methyl-2-0x0-1,2,3,5,7,8-hex ahydro-
4-oxa-1,6-diaza~anthracene-6,7-dicarboxylic acid 6-tert-butyl ester 7-((1R,28,5R)-2-

isopropyl-5-methyl-cyclohexyl) ester (3.9 g) was deprotected using general procedure C

to provide (3R,75)-3-[4-(3,4-Dichloro-benzyloxy)-phenyl]--methyl-2-0x0-2,3,5,6,7,8-

hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-carboxylic acid (1R,28,5R}-2-isopropyl-5-
10 methyl-cyclohexyl ester hydrochloride (3.2 g, LC/MS: m/z 652).

(3S,78)-3-14-(3 4-Dichloro-benzyloxy)-phenyl]-1-methyl-2-0x0-6-((S)-1-phenyl-
propyl)-2,3,5,6,7,8-hexahydre-1H-4-oxa-1,6-diaza-anthracene-7-carboxylic acid
{1R,25,5R)-2-isopropyl-5-methyl-cyclohexyl ester and (3S,7S)-3-[4-(3,4-Dichloro-
15 benzyloxy)-phenyl]-1-methyl-2-0x0-6-((R}-1-phenyl-propyl)-2,3,5,6,7,8-hexahvdro-
1H-4-0xa-1,6-diaza-anthracene-7-carboxylic acid (1R,28,5R)-2-isopropyl-3-methyl-

cyclohexyl ester

Ci g O : :
Gl Q ; Nm o ci 5 O
o cl O. _N "
N OO
o H
o Z
; J

(38,78)-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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To a solution of
(S)-344-(3,4-Diehloro-benzyloxy)-phenyl]-2-oxo-1,2,3,5,7,8-liexahydro4-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
hydrogenate® 9S8 Balon for 2-4h. The Smixture was passed through &pad’sreeMse3and the filtrate
was evaporated to furnish (S)-
3-(4-Hydroxy-pheny1)-2-oxo-1,2,3,5,7,8-hexahydro-4-oxa-1,6-diaza-anthracenc-6,7- dicarboxylic acid
6-tert-butyl ester. This ester was converted to
(S)-7-[(S)-2-(41-Cyano-biphenyl-4-y1)-1-methoxycarbonyl-ethylcarbamoy1]-3-(4-hydroxy-phenyl)-2-o0

x0-1,2,3,5,%,8h @HMH& f’o Waﬁeiyﬁ@@@mh{@%ﬂ@r@aﬁ@@m%ﬁel? teHbritestessusing 10 the
general procedure A L ‘lf%n/? 704 The co Hgounds specifically exemplified below were

named baséd&id fﬁéﬂ RCRPEWSMES RAtSFOR e Bel s Ui tEBY isevier MDL)
plug-in for IGksHadavitia e M fer eBaiTrend oomtandRl ATteNauE xampleided over silica

E)Se)n Zjl%)ii/) E%@ ﬁgﬁao% ﬁl%%org‘%oéa %Ziél’?{/egﬁz A%Qc%l((é%igg @%jgjj %ﬁ gc‘eﬁrﬁ %’%gé%oxylic acid
4-hydraxy- d;e:imﬁexy]—ﬁheeyl -ChicthgleZeprogo({Bg (Ghang)wasy prepaied fianditetmddiate A (76 mg,
0.1 mmol) fgl@xgqrhe(ﬁ\gﬁrg&%g& %%]7 Qi%gxyhg gcxlgl él&nﬂlsz)a‘fé%w%progy gl?nethyl— |

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),

10 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 (mn,
6H) and
(38,78)-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-carboxyhc acid (1R,2S,5R)-2-
isopropyl-5-methyl-cyclohexyl ester (230 mg).

15
(3R,75)-3-14-(3,4-Dichloroe-benzyloxy)-phenyl]-1-methyl-2-ex0-6-((S)-1-phenyl-
propyh)-2,3,5,6,7,8-hexahydro-1H-4-0xa-1,6-diaza-anthracene-7-carboxylic acid
(IR,28,5R})-2-isopropyl-5-methyl-cyclohexyl ester and (3R,78)-3-{4-(3,4-Dichloro-
benzyloxy)-phenyl]-1-methyl-2-0x0-6-({R)-1-phenyl-propyD-2,3,5,6,7,8-hexahydro-

20  1H-4-oxa-1,6-diaza-anthracene-7-carboxylic acid (1R,25,5R}-2-isopropyl-5-methyl-

cyclohexyl ester

Cl | O :
‘/CI O N ¢ |
C Ci Q N o
SISO e Crers
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O H
° ¢

(3R.7S)-3-[4~(3.,4-Dichloro-benzyioxy)-phenyl]-1-methyl-2-0x0-2.3,5,6,7,8-hexahydro-

TR}

1H-4-0xa-1,6-diaza-anthracene-7-carboxylic acid (2.6 g, 4 mmol) in DMF was treated
25 with (1-bromo-propyl)-benezene (15 mmol) and NaHCO3(16 mmol). The mixture was
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(S)-74(S)-1-Carboxy-2-(4'-evano-bipheny1-4-v1)-ethylcarbamoy11-344-(3
4-dichlorobenzylow)-pheny11-2-oxo-1,2,3,5,7,8-hexahydro-4-oxa-1,6-diaza-anthracene-6- carboxylic
acid 3-hydroxv-cyclopentM ester 10 ON Title compound (61 mg) was prepared from Intermediate A
(76 mg, 0 rniwéI2f6ROWING general procedures H and B. LC-MS (m/z): 87 @CIBESze0mple333
(S)-3(4'-Cyano-biphenyl-4-y1)-2- I(S)-344-(3,4-dichloro-benzvloxy)-pheny11-2-0x0-6-
(twridinc-4-carbony1)-2,3,5,6,7,8-hcxahydro-1H-4-oxa-1,6-diaza-anthracenc-7-carbonyllaminol-propioni
c acid Title compound (73 mg) was prepared from Intermediate A (76 mg, O | mmol) following general
procedures F and B. LC-MS (rn/z): 853. 5 Example 4: (S)-3-(4'-Cyano-binheny1-4-y1)-2-

r(S1-3-14-Qdsdichiarrbenzu@wiheayil @d%%@ed(w&%?eﬁ SaraRy id 2 8e

7,8-hexahydro-1H-4-oxa-1,6-diaza-anthracene carbo%‘amlnol propionic acid CN 10Title
compound (B8 iASBrep AFEe. FORT e FoRseRifaiod (FdpTgsiue HanowiBréRiiegeneral procedures

Fand B. LCMS W &hB5HExamBAC 4:1) to furnish (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- 1 H-4-0xa-1,6-
5  diaza-anthracene-7-carboxylic acid (1R,2S,5R)-2-isopropyl-5-methyl-cyclohexyl ester
'H NMR (400 MHz, , ds acetone): 7.68 (s, IH), 7.58 (d, 1H), 7.45 (4, 1H), 7.33 (m, 7H),
6.98 (m, 2H}, 6.85 (s, 1H), 6.76 (s, 1H), 5.67 (s, 1H), 5.12 (s, 2H), 4.57 (m, 1H), 4.21 (m,
2H), 3.85 (m, 1H), 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
10 (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,28,5R)-2-
isopropyl-5-methyl-cyclohexyl ester ("H NMR (400 MHz, , d; 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),
15 3.38 (s, 3H), 3.21-3.0 (m, 3H), 1.6 (m, 6F), 1.4-1.1(m, 2H), 0.95 (m, 15) 0.9 (m, 2H),
0.8 (m, 4H), 0.79 (d, 3H), 0.62 (m, 6H).

(35,78)-3-(4-Hydroxy-phenyl)-1-methyl-2-0x6-6-((S)-1-phenyl-propyl}-2,3.5,6,7,8-
hexahydro-1/-4-0xa-1,6-diaza-anthracene-7-carboxylic acid and (3S,75)-3-(4-
20 Hydroxy-phenyl)-1-methyl-2-0x0-6-((R)-1-phenyl-propy1)-2,3,5,6,7,8-hexahydro-1H-

4-oxa-1,6-diaza-anthracene-7-carboxylic acid
| P | i
HO HO @

(38,78)-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-carboxylic acid (1R,28,5R)-2-
25 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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(S)-3-(41-Cyano-biphenyl-4-0-2- {[(S)-3-14-(3,4-dichloro-benzyloxy)-phenyl}-2-ox0-6-
15((S)-tettahydro-furan-2-carbony11-2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-
7-carbonyll-aminol-nropionic acid Title compound (57 mg) was prepared from Intermediate A (76 mg,
0.1 mmol) foHsn3AePdETé#al procedures F and B. LC-MS (tn/z): 845. ExarRpksg2809/036333
isi3zl4'-Canhen1-2-0x0-6-
((2)-tetrahydro-furan-2-carbony1)-2,3,5,6,7,8-hexahydro-111-4-oxa-1,6-diaza-anthracene7-carbonyll-a
minol-propionic acid Title compound (62 mg) was prepared from Intermediate A (76 mg, 0.1 mmol)
following 10general procedures F and B. LC-MS (m/z): 845. Example 7:

(S)-3-(4"-CyRnaleilierey kb kof 3 (Rnkrs3-He BatedichiRre e Bayleay Jitheiydd «4px0-6- 13- hen |- ro
-2- -s4. -2 35 6 7 8-ID4H4-wca-1 6-diaza-antMacene-7- 15carbonyll-aminol-mopionic acid CN Title
compound (AASHEAHAShIFarRAiBRe TRt FTE MR- AT PG OW DRITG ot Gatieddhiocedures K
and B. LC-Midsnizh 8621 2QtExarmrledSt) WO 2088613 1AQ0RGIhAd S200 943688 Borganic

layer were dried over sodium sulfate and concentrated to provide (38,7S)-3-(4-Hydroxy-
5 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 (183 mg, LC/MS: m/z 474).

(38,78)-3-[4-(3,4-Dichloro-benzyloxy)-phenyl}-1-methyl-2-0x0-6-({R)-1-phenyl-propyl)-
2,3,3,6,7,8-hexahydro-1H-4-0xa-1,6-diaza-anthracene-7-carboxylic acid (1R,28,5R)-2-
10 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
15 layer were dried over sodinm sulfate and concentrated to provide (38,78)-3-(4-Hydroxy-
phenyl)-1-methyl-2-0x0-6-((R)-1-phenyl-propyl)-2,3,5,6,7,8-hexahydro-1 H-4-0xa-1,6-
diaza-anthracene-7-carboxylic acid (153 mg, LC/MS: m/z 474).

(3R,78)-3-(4-Hydroxy-phenyl)-1-methyl-2-0x6-6-({8)-1-phenyl-propyl)-2,3,5,6,7.8-
20 hexahydro-1H-4-0xa-1,6-diaza-anthracene-7-carbexylic acid and (3R,7S)-3-(4-
Hydroxy-phenyl)-1-methyl-2-0xe-6-((R)-1-phenyl-propyl)-2,3,5,6,7,8-hexahydro-1H-

4-0x2-1,6-diaza-anthracene-7-carboxylic acid

| 2 | i
O N OH OTNI;C(U\OH
OO STLIOO
/© HO @

To a solution of (3R,78)-3-[4-(3,4-dichloro-benzyloxy)-phenyl]}-1-methyl-2-0x0-6-((S)-

HO

25 1-phenyl-propyl)-2,3,5,6,7,8-hexahydro-1 H-4-oxa-1,6-diaza-anthracene-7-carboxylic
acid (1R,28,5R)-2-isopropyl-5-methyl-cyclohexyl ester (0.2 mmol) in DCM (3 mL)was
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(S)-7-[(S)-1-Carboxy-244'-cyano-biphenyl-4-y1)-ethylcarbamoy11-3-1-4-(3,4-dichlorobenzyloxy)-pheny
11-2-o0x0-1,2,3,5,7,8-hexahydro-4-oxa-1,6-diaza-anthracene-6- carboxylic acid isopropyl ester CN 5
(5)-7-Hydroxy-6-nitro-3,4-dihydro-1H-isoquinoline-2,3-dicarboxylic acid 2-isopropyl ester 3-methyl
ester To a soifliése i (Bp07-hydroxy-1,2,3,4-tetrahydro-isoquinoline-3- carboxslizeeicdsmathyl 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 wanned to room 10 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-MeOH/DCM as the eluent. The mixture was concentrated, redissolved in

DCM and trigthylamie (36,R.58ma'handdserrany aorofanmale (290 mmalwas.added. After

carbamate fomation was complete, the reaction mixture was treated with 15hydrazine hydrate (5 mL
33% solution 1 Watery trepaperaied dabsneeantibs asidisnmnaurachrdovdtiraate hovernight. The

mixture wasganeeRtalagiape dissavadineiirReisa.Ehe 8 ganic maswaahedwith 1 N HC1 and
saturated sodium bé'ca,r onate. Th orﬁganic Ia?(er was dried over sodjum sulfate and concentrated
%ﬁﬁa I}

under reducBirEasure & P FoldtEd 1EGiBTeami ts Y and BN d dhedingst &%dogs). The
regioisdmersS3a(H)-Aybysroxicainjtiond:tydibyske-AH{9poqlaolingupydidicasimxglic acid 2-isopropyl
ester 3-methyl ester S)-7-hydroxy-8-nitro-3,4-dihydro-1H-ispguinoline-2, 3- dicarboxylic acid 2
isopropyl es é)r(%’-yr%éﬁ?ﬁ 'égéige?'vpiéfélaézexﬁ%%% gge\lllvéi‘fg'gﬁ%%%}elf:c?ﬁ}cg%aatgakrg\ﬁrhss?%%i %a%g%nes:ethyl
acetate(fromt 180 sbdidovZ0186) asiafrelbentxt §#MS: m/z 339. 1H NMR (400 MHz, d6 HMSO): 10.8 (d,
1H), 7.8 (s, 1H), 7.0(d, 1H), 4.7-5.0 25(in, 1H), 4.5-4.7(m, 1H), 4.4 (m, 1H), 3.5 (d, 3H), 3.1 (in, 2H),
1.2 (m, 6H). (S)-3-[(S)-2-(41-Cyano-biphenyl-4-y0-1-methaxycarbonyl-ethylcarbamoylj-7-hydroxy-6-
' nitro-3,4-dihydrd SR tdditrdiidoncdaigno abrndbprowihester gy Ry dresgpepropy -
nitro-3i4-dihy dro gl kiseaup@liner2 SodicaraicAaid &SoRpy S 3ELAd AN 8alps (2.4 mmol) was
hydrolyzed according to %eneral procedure B to provide the acid (0.704 g).
(S)-7-Hydro’>§§7p69ﬁ?f]'%—@‘,‘ﬁ-@fﬁ%?g)ﬁ%yi}s%%iW@ﬁﬁ@@@%ﬁ&ﬁr@&?/ﬁ -3t diespmsidster (2.16 mmol)
was coupleehail (S -2-aMsp-Bridrsyaneriiphenyé Asvldx prapionie-acigimetlayt ester-hydrochloride
(2.38 mmol) according,to general pr re A to pravide the amide (1,01 C(MS: nez 588.
0 T S Ry Ty b e SR TR LS A0
dichloro-bermdoxyg-whieryt thorexostt2,3,5,7,8-hexahydro-4-oxa-1,6-diaza-anthracene-6- carboxylic
~acid ispjaropyl ester. (S)-3-[(S)-2-(4'-Cyano-biphenyl-4-y1)-1- ‘
methoxycarbonyl-ethylearbamoy11-7-hydroxy-6-nitro-3,4-dihydro-1H-isoquinoline-2- carboxylic acid
isopropy! edter ivkk-farneebipkiaubid MictitiA$iZ 4 Jdohdrparsihiayl)- 1 -methyl-2-0x0-6-
{(S)-1-phenyi-propyh)-2,3,5,6,7,8-hexahydro-1H-4-0xa-1,6-diaza-anthracene-7-

carbonylj-aminc}-propionic acid methyl ester

20 (8)-3-(4'-Cyano-biphenyl-4-y1)}-2-{[(3S,78)-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 methy! ester (190 mg) was prepared from (38,78)-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 (183 mg) and (S)-2-amino-3-(4'-cyano-

99



15procedure described in the synthesis of Intermediate A to provide (S)-7-[(S)-2-(4'-Cyano-
bipheny1-4-y0-1-methoxycarbonyl-ethylcarbamoyl]-344-(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
(0.037 mg) LEMr8ivit127888, 850. PCT/US2009/036333
20(S)-7-[(S)-2-(4'-Cyano-biphenyl-4-y0-1-methoxycarbonyl-ethylcarbamoyl]-344-(3,4-
dichloro-benzyloxy)-pheny1]-2-oxo-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: nilz 834. 15Example 9: /51:7-j1.5 -I:I-Carbox -2- 4'-c ano-bi hen
1 4 Lyl):eut Vh,ils zha 3-4- ;
3A-dichtorober}1{§ﬂ?§>l-<4§ -pheﬁ%%f%%%éﬁio?’f%%§,S§"fr8?r%’&‘if%‘éf?g?i“éﬁi’é‘?ﬁ%%%z”%{ m%%%%rgﬁ%-& carboxylic
acid isobutyLQs%gof’( ® 2809/111700PCT/US2009/036333 Title compound (37 mg) was prepared
from (S)-3-(4'-cyano-biphenyl1-4-y1)-2-G(S)-344- (3,4-dichloro-benzyloxy)-phenylk
2-0x0-2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diazaanthracene-7-carbonyll-amino)-propionic acid methyl
ester; hydro@f&fﬂe’?fﬁﬁ%@%ﬂ&\ﬁfﬂ}“ sH&TSH Proed dufed ey ey imbsnstol-Example 10:
7 S-hobh g e oxcr] G et ant o on b Al ac 2 2-cmetyinrony scter CN - Tite.
-hexah drp-4-oxa-1 6-diaza-anthracene-6- carbaxylic acid 2,2-dimethyl-nronyl ester itle
compound (%’Qltgrﬁ%j ev%%’i“ﬁ%pﬁ‘r@f fton ﬁﬁglfﬂ?é%'fé?@ %\é(% gEjS%ﬂOWing general 15 procedures H
and B. LC-MS (m/z): 862. Example 11.: CN
(S)-7-i(S)-1—Carboxy-2-(4'-cyano-binhenyt-4-é{1)-%thylcarb [-3-F4-(3,4-dichlorobenzvloxy)-phenyll-
2-0x0-1,2.3,5 Bi8-hexahydroy4-oxa- L6-digya-ayfthra€eny--

cl O N

Q

(8)-3-(4'-Cyano-biphenyl-4-y1)-2-{[(3S,7S)-3-(4-hydroxy-phenyl)- I-methyl-2-0x0-6-
{(S)-1-phenyl-propyl)-2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-

10 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 ethyl acetate and saturated sodium bicarbonate. The organic layer was dried over
sodium sulfate and concentrated. The residue was purified over silica (hexanes-ethyl

15 acetate-MeQOH, 7-3-0.1) to provide (5)-3-(4-Cyano-biphenyl-4-y1)-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-4-0xa-1,6-diaza-anthracene-7-carbonyl]-amino } -propionic acid methyl
ester (96 mg, LC/MS: m/z 895). "H NMR (400 MHz, , dy acetone): 7.89-7.77 (m, 5H),
7.56 (m, 2H), 7.49 (m, 21}, 7.34 (m, 1H}), 7.30-7.18 (m, 7H), 6.97 (s, 1H), 6.84 (m, 2H),

20 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 (¢, 3H).
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20carboxylic acid tetrahydro-pyran-4-y1 ester Title compound (42 mg) was prepared from
Inteimediate A (100 mg, 0.13 mmol) following general procedures H and B. LC-MS (m/z): 877.
Example 12:

(S)-3-(4 -Cyamo-MiprianipD-4-y1)-2-(1(S)-6-cyclobutanecarbony1-3-14-(3,42divtikmobesssphoxy)-pheny 11l
-2-0x0-2,3,5,6,7,8-hexahydro-1H-4-oxa-1 6-diaza-anthracene-7- carbonyll-arnino)-propionic acid 10
CN Title compound (46 mg) was prepared from Intelediate A (100 mg, 0 13 mmol) following general
procedures F and B. LC-MS (m/z): 832. Example 13: 15(S)-3-(4'-Cyano-biphenyl-4-y1)-2-( f
(S)-3-(443,4-dichloro-benzyloxy)-nheny11-6-

isobutyry1-2<9XQrds3; g ﬂm@% t 1.6-diaza é&riggﬁn)e_ 1= Ryllamino)-propionic
acid CN Ti Isg)gjo(i %%ar?agv%s lprepare %rgm?egrjrﬁgc-fm%ﬁ; mgQ) %ollloﬁégggggnéa%%procedures F
and B. LC-W@W;@BX@P"OPY )-2,3.5,6,7,8-hexahydro-1H-4-6xa-1,6-diaza-anthracene-7-

carbonyl]-amino}-propionic acid methyl ester

5 (8)-3«(4"-Cyano-biphenyl-4-y1)-2-{[(38,78)-3-(4-hydroxy-phenyl)- l-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 (35,78)-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 (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-y1)-2-{[(38,75)-3-|4-(3 4-dichloro-benzyloxy)-phenyi]-1-
methyl-2-0%0-6-((R)-1-phenyl-propyl)-2,3.5,6,7,8-hexahydro-1 H-4-0xa-1,6-diaza-
15 anthracene-7-carbonyl}-amino}-propionic acid methyl ester
CN

(5)-3-(4'-Cyano-biphenyl-4-y1)-2- {[(3S,75)-3-(4-hydroxy-phenyl)- 1 -methyl-2-0x0-6-
{({(R)-1-phenyl-propyl)-2,3.5,6,7,8-hexahydro-1H-4-0xa-1,6-diaza-anthracene-7-

carbonyl}-amino } -propionic acid methyl ester (0.177 mmol) was dissolved in 2 mL of
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Example 14: (S)-2-(I(S)-6-Benzenesulfony1-344-(3,4-dichloro-benzvloxy)-pheny11-2-oxo-2,3,5,6,7,8-
hexahvdro- | H-4-oxa-L6-diaza-anthracene-7-carbonyll -amino)-3-(4'-cyano-bipherw1-4- 1 ON

Title compound was prepared from Intermediate A (30 mg) following general procedures 10E and B.
LC-MS (ni/z) 8B IE HMPle 15: 151:2211(5):5-Benzo 1-3- 4-(3 4-dichlorBFer33e49/036339x0-2 356 7
8- hexahydro-1H-4-oxa-1,6-diaza-antbracene-7-carbonyll -arnino)-3-(4'-cyano-bipheny1-4- 150 ionic
acid ON Title compound was prepared from Intermediate A (30 mg) following general procedures F
and B. LC-MS (m/z): 852. 20 Example 16: (S)-344'-Cyano-biphemrl1-4-y1)-2-(
S)-6-cyclopentanecarbonv1-344-(3,4-dichlorobenzyloxy)-phenyl1-2-oxo-2,3,5,6,7,8-hexahydro-1H-4-0
xa-1,6-diaza>anthice netith LA A BRHIN-(RERPIARISI RS paiLlecemhaiiad wagsprepared from
Intetinediate A (30 mg) following general procedures F and B. LC-MS (m/z): 845 Example 17:
10(S)-344'-EYENS BTNt 418 X psy28 SHATRE o oI STOMsEHENAIRE R FREFRANS 3680 -6-

10

i5

20

25

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, 7-3-0.1) to provide (8)-3-(4'-Cyano-biphenyl-4-y1)-2-{[(38,78)-3-
[4-(3,4-dichloro-benzyloxy)-phenyl}-1-methyl-2-0x0-6-((R)-1-phenyl-propyi)-
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, TH)}, 6.97 (d, 1H), 6.92 (s, [H), 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-yh)-2-{[(3R,7S)-3-(4-hydroxy-phenyl)-1-methyi-2-0x0-6-
{(5)-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-1 H-4-0xa-1,6-diaza-anthracene-7-
carbonyl]-amino } -propionic acid methy! 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-1 H-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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(piperidine-l-carbonyl)-z,3,5,6,7,8-hexahydro-1H-4-oxa—1,6-diaza—anthracéne-7-
carbonyll-amino)-pronionic acid CL NO  Title compound was prepared from Intermediate A (30
mg) following general procedures 151 and B. LC-MS (m/z): 859. Example 18:
(S)-74(S)-1-CHP5898/12174% cyano-binhenyl-4-y1)-ethylcarbamov11-344-(3 ACAIERRIASBaF2YI0xy)-pheny 1
1-2-ox0-1,2,3,5,7,8-hexahydro-4-oxa-1.6-diaza-anthracene-6- 20 carkgylLic_ateth 1 ester ON Title
compound was prepared from Intermediate A (40 mg) following general procedures H and B. LC-MS
(in/z): 845. 5 Example 19:
(S)-7-1(S)-1-Carboxy-2-(4'-cyano-bipheny1-4-y1)-ethylcarbamoy11-3-14-(3,4-dichlorobenzyloxy)-phen
yl1l1-2-oxo-1,2,3,5,7,8-hexahydro-4-oxa-L6-diaza-anthracene-6- carboxylic acid
(R)-(tetrahydro-furan-3-y1) ester 10 Title compgund was prepared from Inteediate A (40 mg) following
general procetifut EFE e Y et R e e SR s P mne s S Sy ey -a-yL)-2-
I(S)-344-(3,Biphehjdm-;bmz{){I(GMS)hB{Whié@oﬁwlj&mi@a-;aﬁbw-ﬂlﬁo%@(g)a@&ﬂy&hexahydro-lH-4-
oxa-1,6-diagasnisacene CeabRmik: AMIBSL -PEORIONIS A8 cnc-7-carbony 1-amino}-

5 propionic acid methyl ester, (S)-3-(4-fluoro-biphenyl-4-yI)-2- {[(3R,78)-3-(4-hydroxy-
phenyl)-1-methyl-2-0x0-6-((S)-1-phenyl-propyl)-2,3,5,6,7.8-hexahydro- | H-4-oxa-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-4-0xa-1,6-diaza-anthracene-7-carbonyl]-amino} -3-(4"-methoxy-biphenyl-4-yl)-

10 propionic acid methyl ester.

(S)-3-(4'-cyano-biphenyl-4-y1)-2-{[(3R,7S)-3-[4-(3,4-dichloro-benzyloxy)-phenyl]|-1-
methyl-2-x0-6-((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

15
(S)-3-(4'-Cyano-biphenyl-4-y1}-2-{{(3R,7S)-3-(4-hydroxy-phenyl)-1-methyl-2-oxo-6-
((S)-1-phenyl-propyl)-2.3,5,6,7,8-hexahydro-1 H-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-dichiorobenzyl bromide (46 mg) and potassium carbonate (26 mg) were added.

20 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, 6-4-0.1) to provide (5)-3-(4-cyano-biphenyl-4-yh)-2-{[(3R,7S8)-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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ON Title compound was prepared from Intermediate A (25 mg) following general procedures F and B.
LC-MS (m/z): 842. Example 21:
5(S1-3-(4'-Cyano-binhen4-4-v11-2-11(S)-3-14-(3,4-dichloro-benzyloxv)-phenv11-6-(3-
methyl-benzdy®)28UKH2R3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-anthraceeBs2009/036333
carbonyll-aminol-nropionic acid CI CN 10 Title compound was prepared from Intermediate A (25 mg)
following general procedures F and B. LC-MS (nz/z): 865. Example 22:
(S)-3-(4'-Cyano-biphenyl-4-y1)-2- [(S)-34443,4-di chloro-benzvloxv)-phenyil-6-(4-
15fluoro-benzoyl)-2-oxo-2,3,5,6,7,8-hexahydro-1H-4-oxa-1 6-diaza-anthracene-7-
carbony11-§iRldREORNIG:ACI%- Dh-anthracene-7-carbonyl]-amino } -propionic acid methy!

ester (18 mg, LC/MS: m/z 894). HNMR (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

5 (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),

(5)-3-(4'-cyano-biphenyl-4-y1)-2-{[{(3R,7S)-3-(4-hydroxy-phenyl)-1-methy}-2-0x0-6-
((R)-1-phenyl-propyl)-2,3,5,6,7,8-hexahydro-1H-4-0xa-1,6-diaza-anthracene-7-

10  carbenyl]-amino}-prepionic acid methyl ester

(S)-3-(4"-cyano-biphenyl-4-y1}-2- {[(3R,78)-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,78)-3-(4-
15 hydroxy-phenyl)-1-methyl-2-ox0-6-((R)-1-phenyl-propyl)-2,3,5.6,7.8-hexahydro- 1 H-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.
(5)-3-(4'-cyanc-biphenyl-4-y1)-2-{[(3R,7S)-3-{4-(3,4-dichloro-benzyloxy)-phenyl|-1-

20 methyl-2-0x0-6-((R)-1-phenyl-propyl)-2,3,5.6,7,8-hexahydro-1H-4-0xa-1,6-diaza-

anthracene-7-carbonyl]-amino}-propionic acid methyl ester

104



Title compound was prepared from Intermediate A (25 mg) following general procedures F and B.
LC-MS (zn/z): 870. 20 Example 23: is -3- lv-c ano-bihe-34-dichioro-ben lox - hen -6- 4-
methox_y-benzoyl)-2-oxo0-2,3,5,6,7,8-hexahydro-1H-4-oxa-L6-diaza-anthracene-7- cm-amino 1
-ainylib_ol:-p"PaY"pidi@heid ClI CN 5 Title compound was prepared froR¢ TESRNAEREE3A (25 mQ)
following general procedures F and B. LC-MS (m/z): 882. Example 24:
(S)-3-(4'-Cyano-biphenyl-4-vl)-2- r(S)-34443,4-dichloro-benzvloxy)-pheny11-2-0x0-6-
10(3-trifluoromethyl-benzoy1)-2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-
carbonylkaminol -Nonionic acid Title compound was prepared from Intermediate A (25 mg) following
general procedures F and B. LC-MS (m/z): 922. 15 Example 25: 2z
(S)-3-(4'-Cyano-biphenyl-4-v1)-2-(1(S1-6-cyclohexanecarbgnylyB-14-(3
,4-dichIorobenzyloxy)-phenyl]-2-oxo-23,5,6,3.§4§e3a- H<-oxa- 1,6-diaza-anthracene-7-

carbonyl} -amino)-propionic %j@@/tﬁ

o

(5)-3-(4"-cyano-biphenyl-4-y1)-2- {[(3R,78)-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
5 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-y1)-2-{[(3R,78)-3-[4-(3,4-

10 dichloro-benzyloxy)-phenyl]-1-methyi-2-0x0-6~((R)-I-phenyl-propyl)-2,3,5,6,7.8-
hexahydro-lH—df;-oxa;i,6-diaza—anthraccne-’]-carbonyl}—amino}-propionic acid methyl
ester (16 mg). LC/MS: m/z 894). "H NMR (400 MHz, , ds acetone): 7.92-7 81 (m, SH),
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 (i, 1H), 3.74 (s, 3H), 3.66 (m, 1H), 3.56 (d, 1H), 3.46

15 (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).

(8)-7-[(S)-2-(4'-Cyano-biphenyl-4-yl}-1-methoxycarbonyl-ethylcarbameyl]-3-{4-

kydroxy-phenyl)-2-oxo0-1,2,3,5,7,8-hexahydro-4-oxa-1,6-diaza-anthracene-6-

20 carboxylic acid ferr-butyl ester
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Cl ON Title compound (31 mg) was prepared from Intermediate A (50 mg) following general
procedures F and B. LC-MS (m/z): 860. 5 Example 26: (S)-3-(4'-Cyano-biphenyl-4-v1)-2-
F(S)-344-(3.4-dichloro-benzyloxy)-phenv11-6- inah dm- IH-4-mca-1 6-diaza-anthracene-7-
carbonyll-am@RpRapidHic acid 10 ON Title compound (28 mg) was prégareskfiermssiasediate A (50
mg) following general procedures F and B. LC-MS (n/z): 902. Example 27: 154'-Cvano-bi hen -4-

1 1.-dichioro-benz- hen 1 -6-
(naphthalene-2-carbonyl)-2-ox0-2,3,5,6.7,8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7- caiSinoi _L

An .-mtc acid.

SToog
Ho j<

To a solution of (8)-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-ferz-butyl ester (1 mmol) in methanol
was added Pd/C (0.2 mmol). The mixture was hydrogenated using balloon for 2-4h. The
5 mixture was passed through a pad of celite and the filtrate was evaporated to furnish (8)-
3-(4-Hydroxy-phenyl}-2-0x0-1,2,3,5,7,8-hexahvdro-4-oxa-1,6-diaza-anthracene-6,7-
- dicarboxylic acid 6-tert-butyl ester. This ester was converted to (S)-7-[(S)-2-(4'-Cyano-
biphenyl-4-yl)-1-methoxycarbonyl-cthylcarbamoyl]-3-(4-hydroxy-phenyl)-2-oxo-
1,2,3,5,7,8-hexahydro-4-0xa-1,6-diaza-anthracene-6-carboxylic acid ferr-butyl ester using
10 the general procedu.re 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 MDI. Crossfire Commander AutoNom.

15
Example 1:
($)-7-[(S)-1-Carboxy-2-(4'-cyano-biphenyl-4-yl)-ethylcarbamovyl]-3-[4-(3.4-dichloro-
benzyloxv)-phenyll-2-0x0-1,2,3.5.7.8-hexahydro-4-oxa-1.6-diaza-anthracene-6-
carboxvlic acid 4-hydroxy-cyclohexvyl ester

20
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Cl CN Title compound (28 mg) was prepared from-Intermediate A (50mg) following general
procedures F and B. LC-MS (m/z): 904. 5 Example 28:
(S)-3-(4'-Cyano-biphenyl-4-y11-2-11(S)-344-(3,4-dichloro-benzylow)-phemtl]-2-oxo-6-
(thionhene-2¥%aA98M AN 3,5,6.7,8-hexahydro-1H-4-oxa-1,6-diaza-anthraRE€RES2009/036333
carbon\41-aminol-propionic acid 10 Title compound (25 mg) was prepared from Intermediate A (30
mg) following general procedures F and B. LC-MS (m/z): 858. Example 29: 15(S)
-74(S)-1-Carboxy-2-(4'-cvano-binhenyl-4-141-ethylcarbamoy11-344-(3,4-dichloro-
benzyloxy)-phenyl11-2-oxo0-1,2,3,5,7,8-hexahydro-4-oxa-1,6-diaza-anthracene-6- carboxylic acid
tert-butyl ester WO 2009/111700PCT/US2009/036333 CN

: Os. LOH
i o Y

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:
(8)-7-1(8)-1-Carboxv-2-(4'-cyano-biphenyl-4-v])-ethvlcarbamoyi]-3-[4-(3.4-dichloro-

benzvloxy)-phenyi}-2-0x0-1.2.3.5,7.8-hexahvdro-4-oxa-1.6-diaza-anthracene-6-

carboxyhic acid 3-hvdroxv-cyclopentvl] ester

cl
Ci 0

»

O

10

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.

15 Example 3:
(5)-3-{4'-Cvano-biphenyl-4-v[)-2- {[{8)-3-[4-(3.4-dichloro-benzyvloxv)-nhenyl1-2-0%0-6-

idine-4-carbonvD-2.3.5.6.7.8-hexahvydro-1H-4-0xa-1.6-diaza-anthracene-7-carbonvil-

amino}-propionic acid
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Title compound was prepared from (S)-7-[(S)-2-(4'-cyano-bipheny1-4-y1)-1-
methoxycarbonyl-ethylcarbamoy1]-314-(3,4-dichloro-benzyloxy)-pheny1]-2-oxo-
51,2,3,5,7,8-hexahydro-4-oxa-1,6-diaza-anthracene-6-carboxylic acid tert-butyl ester (20mg) following
general proc®UPIBIIEIMS (m/z): 850. Example 30: PCT/US2609/036333
(S)-344'-Cyano-bipheny1-4-y1)-2-(1(S1-6-(2-cyclonentyl-acetyll-3-[4-(3,4-dich1loro-
10benzyloxy)-rthenyl]-2-oxo0-2,3,5,6,7,8-hexahydro-1H-4-oxa-1 6-diaza-anthracene-7-
carbonyll-amino)-propionic acid Title compound (20 mg) was prepared from Intermediate A (40
mg) following general 15 procedures F and B. LC-MS (m/z): 860. Example 31: (
S)-3-(4'-Cyano-bipheny1-4-y1)-2- { r(S)-34443,4-dichlorg-henayloxy)-phenyl11-6-(5-
methyl-isoxazole-3-carbonv1)-2-0x0-2,3,5,63 %meah 1 H-4-oxa-1,6-diaza- 20 _
anthracene-7- arbonyll am,_pol proplonlac‘?gi’ @ itle'compound (20 mg) was prepared from Inte
edlate A (40 . epesal proce aper B. LC-MS (n/z): 858.

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,

5 Example 4:
{($)-3-(4'-Cyano-biphenvi-4-v1}-2-{[(S)-3-]4-(3.4-dichloro-benzyloxy)-phenvii-2-0x0-6-
(pyridine-3-carbonyl}-2.3.5.6.7. 8-hexahvdro-1 H-4-o0xa-1.6-diaza-anthracene-7-carbonvil-

aming {-propionic acid

10 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 5:
{(S)-3-(4'-Cyano-biphenyl-4-y1)-2- {{(8)-3-[4~(3.4-dichloro-benzyioxy)-phenyt]-2-0x0-6-
15 {(S)-tetiahvdro-furan-2-carbonvl}-2.3,5.6,7.8-hexabvdro-1 H-4-oxa-1,6-diaza-anthracene-

7-carbonyl]-amino l-propionic acid

CN
Qa N ;
N
m)Ls
o]
o o]
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5 Example 32: (S)-3-(4'-Cyano-biphenyl-4-y1)-2-
11(S)-3-14-(3,4-dichloro-benzyloxy)-phenv11-2-0x0-6-
(thiophene-2-sulfmw1)-2,3,5.6,7,8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-
carbony13-aMfhé¥8ropi8hic acid CI ON 10 Title compound (20 mg) waprépEWd/ 186+ Inteonediate
A (40 mg) following general procedures E and B. LC-MS (tn/z): 896. Example 33:
'15(S)-3-(4'-Cyano-biphenyl-4-y1)-2-(I(S)-344-(3,4-dichloro-benzyloxv)-phem711-6-
dimethylcarbamoy1-2-oxo0-2,3,5,6,7,8-hexalwdro-11-/-4-oxa-1.6-diaza-anthracene-7- carbonyl
}-amino)-nropionic acid ON Title compound (20 mg) was prepared from :
(S)-3-(4"-cyanacRipRgeydd 457 b3 tliShrd3fd={dHichiorhenzyleinBhe Mimol) following
2-0x0-2,3,5,6,7,8-hexahydro-111-4-oxa-1,6-diaza- anthracene-7-carbonyll-amino)-propionie acid
methyl esteBAFH REREAUESGHEMS %Imiﬁ’g@éﬁ@al procedures | and B. LC-MS (fez): 819. Example
34: (S)-2-(f(S)-6-Benzyl-344-(3.4-dichloro-benzyloxy)-phenyl11-2-oxo-2,3,5,6,7,8-
hexahydro-Jd;;é—l%%(gé:l,6-diaza-anthracene-7-carbony||-amino)-3-(4'-cyano-biphenyl-4-

5 (8)-3-{4'-Cvano-biphenyi-4-v1)-2-{[(8)-3-[4-(3.4-dichloro-benzyioxvi-phenyl]-2-0x0-6~
((R)-tetrahydro-furan-2-carbonyl})-2.3.5.6.7.8-hexahydro-1 H-4-oxa-1.6-diaza-anthracene-

7-carbonvl]-amino ! -propionic acid

CN
onon o S
o] ’ o X
@m Og. N :
N
H

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-biphenvl-4-y1)-2-{[{8)-3-[4-(3 4-dichloro-henzyloxy)-phenyl]-2-0x0-6-
(3-phenyl-prop-2-ynvl)-2.3.5.6.7.8-hexahydro-1H-4-gxa-1 6-diaza-anthracene-7-

15 carbonyl]-amino}-propionic acid

CN
. ] o oC]
Cl Q NW H
N
(]
N
@g{’
o It

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:
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10yl)-propionic acid CN Title compound was prepared from Intermediate A (40 mg) following general
procedures D and B. LC-MS (m/z): 838. 15 Example 35:

(S)-3-(4 -Cyano-biphenyl-4-y1)-2-(1(S)-3-(4-(3,4-dichloro-benzyloxy)-pheny]1-2-0x0-6-
phenethyl-2, 352 BIRERAhvdro-1H-4-0xa-] ,6-diaza-anthracene-7-carborRE WiEaidisdsionic acid CN
Title compound was prepared from Intermediate A (40 mg) following general procedures D and B.
LC-MS (m/z): 852. Example 36: (S)-3-(LV-Cyano-biphenyl-4-yl)-2- F(S)-3-14-(3,4-di
chloro-benzylox_y)-nhenyl1-2-ox0-6-
(2,4,6-trifluoro-benzoy0-2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7- 5carbonyl-lI-amino}
-pronionic agigl 7.QNh-1-Carboxy-2-(4'-cyano-biphenyl-4-y1)-ethylcarbamoyl]-3-[4-(3.4-dichloro-

benzvioxy)-phenvl]-2-0x0-1,.2.3.5.7.8-hexahvdro-4-oxa-1.6-diaza-anthracenc-6-

carboxvlic acid isopropvl ester

gtm*ii“

(S)-7-Hydroxy-6-nitro-3,4-dihydro-1 H-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 mmot) in TFA (40 mL) was slowly
added sodium nitrate (12.3 mmol) at 0 °C, then stirred and slowly warmed to room

10 temperature. After completion excess TFA was removed. The residue was taken up in
DCM (160 mL), neutralized with triethylamine (10 ml.}and passed over a silica plug with
ammonia-MeOH/DCM as the eluent. 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

15 hydfazine 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 ethyt
acetate. The organic was washed with I N HCI and saturated sodium bicarbonate. The
organic layer was dried over éodium sulfate and concentrated under reduced pressure to
givé both nitrated regioisomers (6- and 8-Nitro substituted analogs). The regioisomers

20 (8)-7-hydroxy-6-nitro-3,4-dihydro-1H-isoquinoline-2,3-dicarboxylic acid 2-isopropyl
ester 3-methyl ester and (8)-7-hydroxy-8-nitro-3,4-dihydro-1 H-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, ds DMSO): 10.8 (d, 1H), 7.8 (s, 1H), 7.0(d, 1H), 4.7-5.0

25 (m, 1H), 4.5-4.7(m, 1H), 4.4 (1, 1H), 3.5 (d, 3H), 3.1 (m, 2H), 1.2 (m, 6H).

110



Title compound was prepared from Intermediate A (20'mg) following general procedures F and B.
LC-MS (nt/z): 908. 10 Example 37: (S)-344'-Cyano-binhenyl1-4-y1)-2- 11(S)-3-14-(3,4-di
chloro-benzylorsT)-phenyll-2-oxo-6- (toluene-2-sulfony1)-2,3 ,5 ,6,7,8-hexahydro-1H-4-oxa- 1
6-diaza-antt &N 218 bony11- amino}-propionic acid ClI ON 15 TitleP&IHSEMEIRES prepared
from Inteediate A (20 mg) following general procedures E and B. LC-MS (m/z): 903. Example 38:
(S)-344'-Cyano-bipherry1-4-y1)-2-11(S)-34443,4-dichloro-benzyloxy)-nhenv11-6-(2-
methyl-benzyl)-2-o0x0-2,3,5,6,7 8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-
carbonylkamino}-propionic acid CN 5 Title compound was prepared from Intermediate A (20 mg)
following gefigra) (Focqdusadd-anaday LEMI-ttayxBoRbonyl-ethylcarbamoyl]-7-hydroxy-6-

nitro-3,4-dihydro-1H-isoquinoline-2-carboxylic acid isopropyl ester. (S)-7-Hydroxy-6-

nitro-3,4-dihydro-1H-isoquinoline-2,3-dicarboxylic acid 2-isopropyl ester 3-methy! ester

(2.4 mmol) was hydrolyzed according to general procedure B to provide the acid (0.704

5 g). (8)-7-Hydroxy-6-nitro-3,4-dihydro-1H-isoquinoline-2,3-dicarboxylic acid 2-
isopropyl ester (2.16 mmol) was coupled with (S)-2-amino-3-(4'-cyano-biphenyl-4-y1)-
- propionic acid methyl ester-hydrochloride (2.38 mmol) according to general procedure A

to provide the amide (1.01 g) LC/MS: m/z 588,

10 (S)-7-[(S)-2-(4"-Cyano-biphenyl-4-yl)- 1 -methoxycarbonyl-ethylcarbamoylj-3-[4-(3,4-
 dichloro-benzyloxyj-phenyl]-2-0x0-1,2,3,5,7,8-hexahydro-4-oxa-1,6-diaza-anthracene-6-
carboxylic acid isopropyl ester, (S)-3-[(8)-2-(4'-Cyano-biphenyl-4-y])-1-
methoxycarbonyl-cthylcarbamoyl}-7-hydroxy-6-nitro-3,4-dihydro-1H-isoquinoline-2-
carboxylic acid isopropyl ester was reduced and alkylated/cyclized following a similar
15 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-d.ichlor0~’i)enzyloxy)~
phen.yl]-Z-oon 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.

20 (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 1sopropyl ester (35 mg) was hydroiyzed according to general procedure B
to provide Title compound (28 mg) LC/MS: m/z 834.

25  Example 9:
{5)-7-[(8)-1-Carboxy-2-(4'-cvano-biphenyl-4-vl)-ethyicarbamovi]-3-[4-(3.4-dichioro-

ben.

loxyi-phenvl]-2-0x0-1.2.3.5.7.8-hexahvdro-4-oxa- 1 .6~-diaza-anthracens-6-

carboxvlic acid isobuty] ester
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Example 39: (S1-3-(4'-Cyano-biphenyl-4-v1)-2-( {(S)-3-1443,4-dichloro-benzyloxy)-pheny11-2-ox0-6-
10pyridin-2-ylmethy1-2,3 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 procERAEEHHAY B. LC-MS (m/z): 839. 15 Example 40: PCT/US2009/636333
(S)-3-(41-Cyano-biphenyl-4-y1)-24{61-3-14-(3 ,4-dichloro-benzyloxv)-nhenv11-2-oxo-6-
thiophen-2-ylmethy1-2,3,5,6,7,8-hexahydro-1H-4-oxa-E6-diaza-anthracene-7-carbonyl1- amino o
ionic acid WO 2009/111700PCT/US2009/036333 CN Title compound was prepared from Intelediate
A (20 mq) following general procedures D and B. LC-MS (n/z): 844. 5 Example 41:

CN

~ Title compound (37 mg) was prepared from (S)-3-(4'-cyano-biphenyl-4-y1)-2-( {{S)-3-[4-
(3,4-dichloro-benzyloxy)-phenyl]}- 2-0x0-2,3,5,6,7,8-hexahydro-1 H-4-0xa-1,6-diaza-
5  anthracene-7-carbonyl}-amino)-propionic acid methyl ester; hydrochloride (100 mg)
following general procedures H and B. LC-MS (m/z): 850.

Exampie 10:
(S)-7-[{8)-1-Carboxy-2-(4"-cvano-biphenvyl-4-yvD-ethylcarbamovil-3-[4-(3.4-dichloro-

10 benzyloxy)-phenvl}-2-ox0-1,2,3.5.7,8-hexahvdro-4-oxa-1.6-diaza-anthracene-6-

carboxvlic acid 2.2-dimethvl-propv] ester

CN

Title compound (34 mg) was prepared from Intermediate A (100 mg) following general
15 procedures H and B. LC-MS (m/z): 862.

Example 11:
(S)-7-[(83)-1-Carboxy-2-(4'-cvano-biphenvl-4-vD-ethvlcarbamovl]-3-[4-( 3 .4-dichloro-
benzvloxv)-phenvl]-2-0x0-1,2.3.5.7.8-hexahvdro-4-oxa-1.6-diaza-anthracene-6-

20 carboxvlc acid tetrahvdro-nyran-4-vl ester
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(S)-3-(4'-estano-biphenyl-4-y1)-2- fr(S)-3-1-4-(3,4-dichloro-benzM ox0-phenv11-6-(2-
fluoro-benzy1)-2-oxo-2,3,5,6,7,8-hexahvdro-IH-4-oxa-L6-diaza-anthracene-7-carbonyl11- amino -prop
ionic acid CN 10 Title compound (7 mg) was prepared from In ennediate A (40 mg) following general
procedures BVEIBIEMS (tn/z): 856. Example 42: (S)-2-( US)-6-(2-ChRSrE AR 4(3
,4-dichloro-benzvloxy)-pheny11-2-oxo-

152.3,5,6,7,8-hexahydro-1H-4-oxa-L6-diaza- anthracene-7-carbomtll -amino)-3-(4'-cyano-
bipheny1-4-y1)-propionic acid CN Title compound (7 mg) was prepared from Intermediate A (40 mg)
following general procedures D and B. LC-MS (m/z): 873. Example 43: 5S -3- 4-C ano.L_Ljyyy Ljien

1-4- 1 -2- ,j01.3.z[4:13A-dichloro-- hen -6- 2- methoxv be ‘Z‘*oxo 2 ,5,6,7,8-hexahydro- 1H-4-oxa-
1,6-diaza- anthragene-7- carbonylkamlno 1 -orgpia
O

Title compound (42 mg) was prepared from Intermediate A (100 mg, 0.13 mmol)
following general procedures H and B. LC-MS (m/z): 877.

5 Example 12:
(8)-3-(4'-Cyano-biphenyl-4-y1)-2-({(8)-6-cyclobutanecarbonyl-3-[4-(3.4-dichloro-
benzyloxy)-phenyl}-2-0x9-2.3,5.6.7 8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-

carbonvl} -amino}-propionic acid

CN
Oa _OH O
cl " 0 XY
o) N A

N
H

/@I N QO

o

Title compound (46:mg) was prepared from Intermediate A (100 mg, 0.13 mmol)

10

following general procedures F and B. LC-MS (m/z): 832,

Example 13:
15 (83-3-(4'-Cyano-biphenvi-4-y1)-2-({(8)-3-[4-(3.4-dichloro-benzvloxyi-phenyli-6-
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Title compound (11 mg) was prepared from Intermediate A (40 mg) following general .10 procedures D
and B. LC-MS (rn/z): 868. Example 44: (S)-344'-Cyano-blohenv1-4-v11-2-
|(S1-3-1443,4-dichloro-benzyloxy)-phenyll-6-(6-
methyl-ovrid W2 X)HEHI-2-0x0-2,3,5,6,7,8-hexahydro-11/4-oxa-1,6-diaZ2- HESMME¥éHc acid. ON
Title compound was prepared from Intermediate A (39.9 mg) following general procedures D and B.
LC-MS (m/z): 853. 20 Example 45: (S)-2-(
{(S)-6-(6-Bromo-pyridin-2-Amethyl)-344-(3,4-dichloro-benzyloxy)-pheny11-2-
oxo-2,3,5,6,7,8-hexairsidro-1H-4-oxa-1,6-diaza-anthracene-7-carbonyl -amino)-3-(4'-
cyano-bipheriyd ebrupgpid praniegaidd Gbindntitechrmpaund wastpiepaigddront Intermediate A (39.9

?dglej‘gllowin& ggﬁre%llpggg%q?jgm %g%)gigl.lg-MS (m/z): 921. Example 46: 61-1441-Clsulfan. 1-

Example 14: .
5 (8)-2-({(8)-6-Benzenesulfonvl-3-[4-(3.4-dichloro-benzvioxv)-phenvi]-2-0x0-2.3.5.6.7.8-

hexahvdro-1H-4-oxa-1.6-diaza-anthracene-7-carbonv!!-amino)-3-(4'-cvano-biphenyl-4-

O
S i °O
Ci¢ O NWN B
: o H
Nl
0 Sa
C
0 @
Title compound was prepared from Intermediate A (30 mg) following general procedures
10 Eand B, LC-MS (m/z); 888.

vl}-propionic acid

Example 15:
(8§)-2-({(8)-6-Benzovl-3-[4-(3.4-dichloro-benzyvloxv)-phenvll-2-0x0-2.3.5.6.7.8-

hexahvdro-1H-4-0xa-1,6-diaza-anthracene-7-carbonyvl}-amino)-3-{4"-cvano-biphenvl-4-

15 vyD-propionic acid ¢

: CN
| ; o Og
ci o Nm/u\ :
N
H
N (o]
@; ;
O é
Title compound was prepared from Intermediate A (30 mg) following general procedures
F and B. LC-MS (m/z): 832,

20 Example 16:
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10ylmethyl)-344-(3,4-dichloro-benzylOxy)-pheny11-2-o0x0-2,3,5,6,7.8-hexahydro-1H-4-oxa-
1,6-diaza-anthracene-7-carbonyl,-}anno)- |_n_t nic acid ON CN Title compound was prepared from
Intermediate A (39.9 mg) following general procedures D and B. LC-MS (m/z): 909. 15 Example 47:
Ls13:14 ,L-FPAhgMEEHEN 3 4-ct- hen 1 -6- PCT/US2009/036333
1HMidazol-2-ylmethyl)-2-oxo0-2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-
carbonyll-aminol-propionic acid Title compound was prepared from Intel'iediate A (39.9 mg) following
general procedures D and B. LC-MS (m/z): 828. 5 Example 48: (S)-3(4'-Cvano-binheny1-4-y1)-2-
{1(S)-344-(3,4-dichloro-benzyloxy)-pheny11-6-(1 -
metlwl-1H¢Rnidlarat-2aybrmaiha)R4060-2.3(5 667 Schpxahavidiarbiondroxprl Bidiazaapthracene-7-carbo
10

benzvloxy)-phenyl]-2-0x0-2,3,5.6,7.8-hexahvdro-1 H-4-oxa-1.6-diaza~-anthracene-7-

carbonyl} -amino)-propionic acid

m e
oY

Title compound was prepared from Intermediate A (30 mg) foliowing general procedures
F and B. LC-MS (m/z): 845.

Example 17;
16 (8)-3«(4-Cyano-biphenyl-4-y1)-2- {[(S)-3-[4-(3 4-dichlore-benzyloxy)-phenyl]-2-ox0-6-
{piperidine-1-carbonyl}-2,3.5.6.7.8-hexahvydro- L H-4-oxa-1.6-diaza-anthracene-7-

carbonyl]-amine} -propionic acid
CN

Title compound was prepared from. Intermediate A (30 mg) following general procedures
15 1and B. LC-MS (m/z): 859.

Example 18:
{(S)-7-[{(8)-1-Carboxy-2-(4'-cyano-biphenvyl-4-v}-ethvicarbamov]i-3-[4-(3.4-dichioro-

benzvloxy)-phenyi}-2-0x0-1.2.3.5.7.8-hexahvdro-4-oxa-1.6-diaza-anthracenc-6-

20 carboxylic acid cyclopropylmethvl] ester
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ON Title compound was prepared from Intermediate A (20 mg) following general procedures D and B.
LC-MS (m/z): 842. Example 49: 15(S)-3-(4t-Cyano-biphenyl-4-v1)-2-(
I(S)-3-1-4-(3,4-diehloro-benzyloxy)-phenyll-2-oxo-6-
thiazol-2-yIm&MHP/HEH 7 8-hexahydro-IH-4-oxa-1,6-diaza-anthracene-7HH &My IIdA# 0)-propionic
acid ON WO 20091111700PCT1US20091036333 Title compound was prepared from Intetediate A
(25 mg) following general procedures D and B. LC-MS (m/z): 846. Example 50:
5(S1-3-(4'-Cvano-biphenyl-4-y1)-2- I(S)-3-{4-(3 A-dichloro-benzyloxy)-pheny1]-2-0x0-6-
(pvridine-2-carbony11-2,3,5,6,7,8-hexahydro-1H-4-oxa-L6-diaza-anthracene-7-carbonvl1- amino}
-propionic acid CN

CN
. ’ M
Oa N
N
mf&a-
0]
0

Title compound was prepared from Intermediate A (40 mg) following general procedures
H and B. LC-MS (m/z}); 845,

5  Example 19:
(8)-7-[(S)-1-Carboxy-2-(4'-cvano-biphenyl-4-y»-ethvlcarbamovl1-3-[4-(3 4-dichloro-

benzvloxy)-phenyl]-2-oxo-1,2.3,5,7.8-hexahydro-4-oxa- 1 .6-diaza-anthracene-6-

carboxvlic acid {R)-(tetrahvdro-furan-3-vl) ester

10 Title compound was prepared from Intermediate A (40 mg) following general procedures
H and B. LC-MS (m/z): 862.

Exampie 28: !
(S)-3-(4'-Cvano-biphenvl-4-v[}-2- {{(8)-3-]4-(3.4-dichloro-benzyioxv)-phenvi1-6-(furan-

15 2-carbonvl)-2-0x0-2.3.5.6.7.8-hexahvdro-1 H-4-0xa-1.6-diaza-anthracene-7-carbonyll-

amino }-propionic acid

CN
ci y o Ogﬂ
O N
N
wg
8]
0 Q =
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Title compound was prepared from Intermediate A (20 mg) following general procedures 10 F and B.
LC-MS (nz/z): 853. Example 51: (S)-3-(4'-evano-biphenyl-4-A)-2-
r(S)-3-14-(3,4-dichloro-benzyloxy)-pheny11-6-(2-

nitro- benzeng/ébﬁ%ﬂwﬂ@‘}oxo 2,3,5,6,7,8-hexahydro-1R-4-oxa-L6-diaza- d’rﬁﬁf‘é@:’é’ﬂ%‘-’?@”
15carbonyll-amino}-nro_pionic acid Title compound was prepared from Intermediate A (30 mg)
following general procedures E and B. LC-MS (nz/z): 932. 20 Example 52: WO
2009/111700PCT/US2009/036333 (5):344'-C ano-bi hei4-_Ljj,1-2-S-3-4-34-chcloro-benz- hen 1 -6- 3-
nitro-benzenesulfomrl)-2-oxo-2,3,5,6,7,8-hexahvdro-1H-4-oxa-1,6-diaza-anthracene-7- cartonacid

ON _ 5Title Topatpshibs preppied fiom Intemidiaie AoBHmajifolavsinenernerataraeedures E and
BLCMS(/ 3 53:(S)-2-(
1(S)-6-(2- CyanIc% l%eriz@tgz%ﬁk §4 |chIoro benzyloxv)-ohenv11-2-oxo-

102,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-anthracenc-7-carbonyl} -amino)-3-(4'-cyano-
Example 21:
5 (8)-3-(4'-Cyano-biphenyl-4-y1)-2- {[(S)-3-[4-(3 4-dichloro-benzyloxy}-phenyl]-6-(3-
methyl-benzovl)-2-0x0-2.3.5.6.7.8-hexahydro-1 H-4-oxa-1.6-diaza-anthracene-7-

carbonvll-aminot-propionic acid

S oo

10 Title compound was prepared from Intermediate A (25 mg) following general procedures
Fand B. LC-MS (m/z): 865.

Example 22:
(S)-3-(4'-Cyano-biphenvl-4-y1)-2- {[(8)-3-[4-(3.4-dichloro-benzvloxv)-phenvi]-6-(4-
15 fluoro-benzovl)-2-0x0-2,3.5.6.7.8-hexahvdro-1H-4-0xa-1.6-diaza-anthracene-7-

carbonyvl]-amino } -propionic acid

N
Q OH Q
c o
H :
0 N > .
N
H
/@I D;\NHLO
¢]
[¢]

F

Title compound was prepared from Intermediate A (25 mg) following general procedures
F and B. LC-MS (m/z): 870.
20

Example 23:

117



bi hetionic acid Title compound was prepared from Intermediate A (20 mg) following general
procedures D and B. LC-MS (m/z): 863. 15 Example 54: (S1-3-(4'-Cyano-biphenyl-4-y1)-24 f
(S)-6-cyclonromilmethyl-3-14-(3,4-d chloro-
benzyloxy)-nERY1318b-23,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-antRFaEREIP084 ony | }
-amino)-propionic acid Title compound was prepared from Inteiediate A (25 mg) following general
procedures D and B. LC-MS (m/z): 802. 5 Example 55: (S)-30 o0-benz lox - hen 1 -2-ox0-6r-
(3-pyrimidin-2-y1 -prop-2-ynyl )-2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7- carbonyl]
-aminol-propionic acid ON NN '

(S)-3~(4'-Cyano-biphenyl-4-yl)-2- {[(S)-3-[4-(3.4-dichloro-benzyloxy)-phenyl]-6-(4-

methoxy-benzov]}-2-0x0-2.3.5.6.7.8-hexahvdro-1//-4-oxa-1.6-diaza-anthracene-7-

carbonyi}-amino } -propionic acid

o]

-~

5  Title compound was prepared from Intermediate A (25 mg) following general procedures
F and B. LC-MS (m/z): 882,

Example 24:
{$)-3-£4'-Cvang-biphenyl-4-vD-2- {[{8)-3-4-(3 4-dichloro-benzvloxyi-phenvl]-2 -0x0~6-
10 3-trifluoromethvl-benzovD-2.3.5.6.7.R-hexahvdrg-1H-4-0xa-1.6-diaza-anthracene-7-

Cn
O ~OH Q
c O%:/
H H -
O M
N
bad
N 0
O
0
F
F

£

carbonvli-amino ! -propionic acid

Title compound was prepared from Intermediate A (25 mg) following general procedures
Fand B, LC-MS (m/z): 922.
15
Example 25:
(S)-3-(4'-Cyano-biphenvl-4-v])-2-({(8)-6-cvclohexanecarbonyi-3-[4-(3 4-dichloro-

benzvioxy)-phenvll-2-0x0-2.3.5,6,7.8-hexahvdro-1.H-4-oxa-1.6-diaza-anthracene-7-

carbonyl}-amino}-propionic acid
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10 2-(3-Bromo-prop-1-yny1)-pyrimidine was prepared from 3-Pyrimidin-2-yl-prop-2-yn-1 -01 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. 15
Example 56: {$) 289411 fano-biphenyl-4-v1)-2- RS1-344-(3,4-dichloro-beFZABSAA3MEA3R 1-2-0x0-6-
(3-thiophen-3-yl-prop-2-vny1)-23,5,6,7.8-hexahydro-1H-4-oxa-1.6-diaza-anthracene-7-
carbonylkamino | -propionic acid / Title compound was prepared from Intermediate A (200 mg)
following general procedures D and B LC-MS (m/z): 869. 5 Example 57: (S)-2-(
{(S)-6-Benzoy1-34442,6-dichloro-benzylorv)-phem711-2-ox0-2,3,5,6,7,8- hexahydro-1H-4-oxa-1

[ enyded- y1)-nropionic acid CN 10 Title
7&@)02- bipheny1-4-y0-1-

or Example 58: La -2-.S- 6 Benzoi-3-4-25-dic-henl-2- oX 0-
2 356 7 8- hexahys nthracene-7-carbonyl1-aminol-3-(4'-cyano-biphenyl-4-
y1)-propionic acid

Title compound (31 mg) was prepared from Intermediate A (50 mg) following general
procedures F and B. LC-MS (m/%): 860.

5
Example 26:
(S)-3-(4'-Cvano-biphenvi-4-yH-2- {[{8)-3-[4-(3.4-dichloro-benzvloxy)-nhenyl]-6-
{naphthajene-1-carbonyl)-2-0x0-2.3.5.6.7.8-hexahydro- 1 H-4-oxa-1.6-diaza-anthracene-7-
carbonv!l-amino} -propionic acid
N
Qj ‘;N |
H
G
10

Title compound (28 mg) was prepared from Intermediate A (50 mg) following general
procedurss F and B. LC-MS (m/z): 902,

Example 27:
15 {8)-3-(4'-Cyano-biphenyl-4-yi}-2- {{(8)-3-[4-(3.4-dichloro-benzyvloxy)-phenyl]-6-
(naphthalene-2-carbonyl)-2-0x0-2.3.5.6.7.8-hexahvdro-1 H-4-oxa-1.6-diaza~-anthracene-7-

carbonyli-amino} -propionic acid
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Title compound (20 mg) was prepared from (S)-7-[(S)-2-(4'-Cyano-bipheny1-4-y0-1-
methoxycarbonyl-ethylcarbamoyl1]-344-(2,5-dichloro-benzyloxy)-pheny11-2-o0x01,2,3,5,7,8-hexahydro-
4-oxa-1,6-diaza-anthracene-6-carboxylic acid tert-butyl ester (40 5 mg, 0.05 mmol) following the
general procgvd%?g CIAHE% and B. LC-MS (m/z): 853. Example 59: (S)-2-F CT/US2009/636333 |
(S)-6-Benzoy1-344-(3-chloro-benzyloxy)-phenyl1-2-oxo-2,3,5,6,7,8-hexahydro-
1H-4-oxa-1,6-diaza-anthracene-7-carbonyll-amino)-3-(4'-cyano-bipheny1-4-y1)- 10nropionic acid CN
Title compound (17 mg) was prepared from (S)-344-(3-chloro-benzyloxy)-pheny11-7-
[(S)-2-(4'-cyano-biphenyl-4-y1)-1-methoxycarbonyl-ethylcarbamoyl]-2-oxo-1,2,3,5,7,8-
hexahydro-4-oxa-1,6-diaza-anthracene-6-carboxylic acid tyl ester 15(40 mg, 0.05 mmol)
following the gen&ral procedure C,Fand 1x822. Example 60: (S)-2-(

hhehvl xo -2,3,5,6,7,8-hexahydrolH-4-oxa-1,6-diaza-a
nogblphenyl 4-v:. 1) 20 propionic acid Title compound (16

1-4-y1)-1-meth arbonyI-ethyIcarbamoyl]-z-oxo- 1,2,3,5,7,8-
hexahydro-4-oxa-1,6-diaza-anthracene- xylic acid ten-butyl ester (40 mg, 0.05

Title compound (28 mg) was prepared from Intermediate A (50mg) following general
procedures F and B. LC-MS {m/z): 904.

5 Example 28:
(8)-3-(4'-Cyano-biphenvi-4-y1)-2- {[(8)-3-[4~(3.4-dichloro-benzvioxv)-phenvl]-2-0x0-6-

(thiophene-2-carbonvl)-2.3.5.6.7.8-hexahvdro-1 H-4-oxa-1.6-diaza-anthracene-7-

carbonvl]-amino !t -propionic acid

10

Title compound (25 mg) was prepared from Intermediate A (30 mg) following general

procedures F and B. LC-MS (m/z): 858,

Example 29:
15 (8)-7-[{8)-1-Carboxy-2-( 4‘-cvano—binhenVim4-vI.)-ethvlcarbamoV1.]—3—[4—( 3.4-dichloro-

benzx?l.oxv‘}unhenvl.]—2-0x0-I 2.3.5.7.8-hexahvdro-4-oxa-1.6-diaza-anthracene-6-

carboxvlic acid terz-butvl aster
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5 mmol) following the general procedure C, F and B. LC-MS (m/z): 823. Example 61: 15 -2- (S
-6-Benzo 1-3- 4- 4-chlotromethl-benzlo)c - hen 1 -2-0x02,3,5,6,7,8-hexahydro-1H-4-oxa-1
6-diaza-anthracene-7-carbonyll-aminol1-3-(4 "-cyanol10bi hen 1-4-acid CN
(S)-7-[(S)-2-Z“M'{-)Cz;?}gﬁ&-16?8henyI-4-y1)-1-methoxycarbonyI-ethylcarbamoy]lPlc-\TB/-EEi‘EG{'msés3’3
hydroxy-pheny1)-2-oxo-1,2,3,5,7,8-hexahydro-4-oxa-1,6-diaza-anthracene-6-carboxylic acid tert-butyl
ester was converted to (S)-2-t f(S)-3-[4-(4-chloro-3-trifluoromethyl-
15benzyloxy)-phenyl]-2-oxo-2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-antbracene-7-
carbonyll-amino)-34-cyano-biphenyl-4-y1)-propionic acid methyl ester hydrochloride following general
procedure L. and C. Title compound was prepared from @ #S)-3-
[4-(4-chloro-3-trifluoromethyl-benzyloxy)-phenrylje2-0x0-2:8,5/6,7,8-hexabydro-1H-4-

oxa-1,6-diaza-apthracene; rbo -amingj:3-(4..cyano-biphenyl-4-y1)-propionic acid 20 methyl -
ester hydroch )| following th§ general procedure F and B. LC-MS (m/z): 886. Example
62: (S)-24{(S)-6-1 -3- methoxyE3-trifluoromethyl-benzyloxy -pheny11-2-0x02.3,5 6,7
8-hexahydro-1H- | ,6-diaza—anthr}geone-%carbonylI-amino)-344t-cyanobiphenyl-4-y11-propionic

acid S ON

Title compound was prepared from (8)-7-[(S)-2-(4'-cyano-biphenyl-4-y1)-1-
methoxycarbonyl-ethylcarbamoyl]-3-[4-(3 ,4-dichioro-benzyloxy)-phenyl]-2-ox o~

5 1,2,3,5,7,8-hexahydro-4-oxa-1,6-diaza-anthracene-6-carboxylic acid fert-butyl ester
(20mg) following general procedure B, LC-MS (m/z): 850.

Example 30:
(S)-3-(4"-Cyano-biphenyl-4-v1}-2-( {(S)-6-(2-cyclopentyl-acety!)-3-{4-(3.4-dichloro-
10 benzvloxy)phenvl]-2-ox0-2,3.5.6.7.8-hexahvdro-1 H-4-oxa-1.6-diaza-anthracene-7-

Title compound (20 mg) was prepared from Intermediate A (40 mg) following general
15 procedures F and B. LC-MS (m/z): 860.

carbonvl } -amino)-propionic acid

Example 31:
(8)-3-(4'-Cyano-biphenyl-4-y1)-2- {[(8§}-3-[4-(3.4-dichioro-benzvloxy)-phenyl]-6-(5-

methyl-isoxazole-3-carbonyl)-2-0x0-2.3.5.6.7. 8-hexahvdro-1 H-4-oxa-1.6-diaza-

20 anthracene-7-carbonyl]-amino } -propionic acid
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(S)-7-[(S)-2(4-Cyano-bipheny1-4-y1)-1-methoxycarbonyl-ethylcarbamoy1]-3-(4-
hydroxy-pheny1)-2-oxo-1,2,3,5,7,8-hexahydro-4-oxa-1,6-diaza-anthracene-6-carboxy c acid tert-butyl
ester was converted to (S)-3-(4'-cyano-biphenyl1-4-y1)-2-( f(S)-3-[4-(4-
methoxy-3-triftsbiHEt R benzyloxy)-pheny1]-2-ox0-2,3,5,6,7,8-hexah Y dPE H/HS 20¢e36333
101,6-diaza-anthracene-7-carbonyll-amino)-propionic acid methyl ester hydrochloride following the
general procedure L and C. Title compound (9mg) was prepared from (S)-
3-(4'-cyano-bipheny1-4-y1)-2-({(S)-344-(4-methoxy-3-trifluoromethyl-benzyloxy)-
phenyl1-2-oxo-2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-carbonyllamino)-propionic
acid methyl ester hydrochloride following general proced @and B. 15LC-MS (m/z): 882. Example

63: (S)-74(S1- 1, o Oxy-OH
-Carboxy-244 - cy tarbamay1143-0-(5,6-dichloro-pyridin-3-ylmethoxy)-nheny11
-2 -0x0-1,2,3,5,7 |az§ anthracene-206-carboxylic acid tert-butyl ester ON

’ are -7-[(S)-2-(4'-Cyano-bipheny1-4-y1)-1-
methoxycarbonyl-e bamoyl]-344- ichloro-pyridin-3-yhnethoxy)-pheny1]-2-
o0xo-1,2,3,5,7,8-hexahydro-4-oxa-1,6-dia nthracene-6-carboxylic acid tert-butyl ester (10 mg)
following the general procedure B. LC-MS (m/z): 851. 5 Example 64: (S)-2-( ,
{(S)-6-Benzdytis 3anidubddithiogd was ipiep 83l ethbiyrptieny A0 axpXi816vaE Gdnexahydro-1H-4-oxa

-L6-diaza—a%laggg%gﬁéﬁgrgpgél_m/g}-gsg'-cvanobinheny1-4-y1)-propionic acid 10 CN

iy

5 Example 32:
(S)-3-(4'-Cyano-biphenyl-4-vH-2-{[(8)-3-[4-(3,4-dichloro-benzyloxv)-phenvl}-2-0x0-6-
(thiophene-2-sulfony)-2.3.5.6.7.8-hexahvdro-1H-4-0xa-1.6-diaza-anthracene-7-

carbonvl]-amino} -propionic acid

10
Title compound (20 mg) was prepared from Intermediate A (40 mg) following general
procedures E and B. LC-MS (m/z): 896.

Example 33:
15 (8}»3-(4-Cyvano-biphenyi-4-v1)-2-( {{8)-3-[4-(3.4-dichloro-benzvioxv)-phenyli-6-
dimethvicarbamovl-2-0x0-2,3,5,6,7.8-hexahvdro-1H-4-0xa-1.6-diaza-anthracene-7-

Cn

. o Og]
DN
N
/©j: mAS
e
0 /N\

carbony]}-ammo)-propionic acid
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Title compound (12 mg) was prepared from (S)-7-[(S)-2-(4'-cyano-hiphenyl-4-y1)-1-
methoxycarbonyl-ethylcarbamoy1]-3-14-(5,6-dichloro-pyridin-2-ylmethoxy)-phenyl]-2-

0xo-1,2,3,5,7 8-hexahl¥dro-4-oxa—1,6-diaza—anthracene-6-carboxylic acid tert-b utyl ester (30 mg)
WO 20091 L1700 é?_@ggm

following the general proocedure C, Fand B. LC-MS (m/z): 855. 15 Exampﬁ’g%/g.sf
t(S)-6-Benzyl-3-f4-(5,6-dichloro-rwridin-3-ylmethoxy)-pheny11-2-oxo-2,3,5,6,7,8-
hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-carbonyll -amino)-3-(4'-cyano-bipheny1-4- v1)-propionic
acid 20 Cl cN Title compound (7 mg) was prepared from (S)-7-[(S)-2-(4'-cyano-bipheny1-4-y1)-1-
methoxycarbonyl-ethylcarbamoy1]-344-(5,6-dichloro-pyridin-2-ylmethoxy)-pheny11-2-
oxo-1,2,3,5,7,8-hexahydro-4-oxa-1,6-diaza-anthracene-6-carboxylic acid tert-butyl ester (15 mg)

following g ’ nd B LG 7). 83 ample 66; Seall 3:14'-C ano-bi
hetthoro?gﬁr{%%r%gﬁgg- ?e%gWE%%ge%tl%%ggég&ﬁ %a'ﬁ%‘%%e%ﬁ ! YB%(]S/)[ ﬁﬁ
carbony11-233siEH@mestaiitno-phuidxa-rerdidzatahthrasehe?- iit-4ei-Tiflelieampound (16 mg)

was prepar%ﬁtfﬁ%@%ﬂ@hh&(%k%;ﬁ%ﬁ}i@ﬁ?f Iphepydifaydish-el@r hydrochioride (40 mg)
methoxycarbanyl-ethylcarbamoy1]-344-(5,6-dichloro-pyridin-2-ylmethoxy)-pheny1]-2-

ox0-L23,5, PR eRarrarsiursesdivgsdiand Birhrdle sesiboxylic acid tert-butyl ester (42 mg,.05
mmol) following general procedures C, F and B. LC-MS (m/z): 859. '

Example 34:
(8)-2-(§(8)-6-Benzyl-3-{4-( 3.4—dichforo—benzv[oxv)mhenvﬂ&~ox0—2.3 5.6.7.8-

hexahydro-1H-4-oxa-1.6-diaza-anthracene-7-carbonv]} -amino)-3-{4'-cvano-biphenyl-4-

. CN
{ °°g
Cl o, N ) :
OO
o N
Title compound was prepared from Intermediate A (40 mg) following general procedures
D and B. LC-MS (m/z): 838.

10 yD-propionic acid

15  Example 35:
(8)-3-(4'-Cvano-biphenvi-4-vD-2-({{8)-3-[4-(3 4-dichloro-benzvloxy)-phenvi}-2-0x0-6-
henethvl-2,3.5.6.7.8-hexahydro-1H-4-oxa-1.6-diaza-anthracene-7-carbonvl} -amino)-

propionic acid
O
I ] o Og]
Ci 0 Nm}L H
P N
H
N
@IO \/\@
O

Title compound was prepared from Intermediate A (40 mg) following general procedures
D and B. LC-MS (m/z): 852.

123



Example 67: 15(S)-2-WS)-3-1-4-(3-Chloro-benzvloxy)-pheny11-2-oxo0-6-thiazol-2-vimethvl-2,3,5,6,7,8-
hexahvdro-1H-4-oxa-L6-diaza-anthracene-7-carbomill-amino)-3-(4'-evano-biphenyl-4- v1)-propionic
acid ON Title compound (16 mg) was prepared from (S)-344-(3-chloro-benzyloxy)-pheny1]-7-
20[(S)-2(4-cyARcHEMPL-4-y1)-1-methoxycarbonyl-ethylcarbamoy1]-2- % U2 @ BI768:3
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. Example 68:
(S)-7-[(S)-1-Carboxv-2-(41-cyano-biphenyl-4-y1)-ethvicarbamoy1J-344-(3,4-dichloro-benzylox_y)-nhe
nv1l1l-1-methyl-2-oxo0-1,2,3,5,7,8-hexahydro-4-oxa-1,6-diaza-anthracene- 56-carboxylic acid isopropyl
CN (S)-7-Hydroxy-6-nitro-3,4-dihydro-1H-isoquinoline-2,3-dicarboxylic acid 2-isopropyl ester 3-methyl
ester (2.0 g9, LC-MS (m é /z) 340) was prepared from

(S)-7-Hydro %Wﬁ? 91 3, 4-tetrahydro-isoquinoline-3-carboxylic acid methyl ester (2.0 g) following
general 10 PSOGOAtHEyhd Bipkchiyict oX-B-INBB3[4-(Hilaydicdrbid- tﬁ@guiﬂﬁ&m&han?vﬂimmyhc acid
2-isopropyl e Pd/C dded The flask .

was evacud
5  carbonyll-amino}-propionic acid

o
H
i Og M
O
0
F F
o]

Title compound was prepared from Intermediate A (20 mg) following general procedures
F and B. LC-MS (m/%): 908.

10 Example 37:
(S)-3-(4"-Cyano-biphenyl-4-yl)-2- {[(8)-3-[4-(3.4-dichloro-benzyloxy)-phenyl]-2-0x0-6-

{toluene-2-sulfonyl}-2.3.5.6.7.8-hexahvdro-1H-4-oxa-1 6-di.aza—anthraceneF7—carbonvﬂ-

amino t-propionic acid

ON

Title compound was prepared from Intermediate A (20 mg) following general procedures
E and B. LC-MS (m/z): 903.

15

Example 38:
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15for 1.5 h and was filtered over a plug of celite. The elite 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-isopropy! ester 3 methyl ester (1.8 g).
LC-MS (m/z)‘@@@"%@ﬂ@ -amino-7-hydroxy-3,4-dihydro-1H-isoquinoline-Z8Tdié&#Mésié3acid
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-244-(3,4-dichloro-benzyloxy)-phenylkacetyl 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 2515 mL DMF and potassium carbonate (4.1 g) added. The
mixture stirrgy.atutcdon:3 bianchwas pporgasontpayaterant EIAE- 0 RrEamie was washed with IN
HC1, dried and ted The reS|due was purlfled qver S|I|ca (hexanes EtOAc 2M ammonia in -
MeOH) to proviae 443 } (157 3 gognsg: 7
hexahydro- 4%&16@&@& aﬂﬂﬂmﬁen@fﬁ 7- dlcarboxyllc aC|d 6- |sopropyl ester 7-methyl ester (2.0 g).
LC-MS (m/z) 600. 5 (S)-344-(3,4-Dichloro-benzyloxy)- phe 1]-2r0x0-1,2,3,5,7,8-hexahydro-4-oxa-1,6-
diaza-anthracene-6,7-dicarboxylic acid 6- |so<pro | ester p

following generaPprocedure B,to prowde ($)- §21’4 B

pheny1]-2- 03&0%5 7, Eﬁ A -anthracene-6,7-dicarboxy|ic acid 106-isopropyl
ester (1.7 g). L N:

(S)-344-(3,4-Dic zyloxy)-phenyl -oxo-l,2,3,5,7,8-hexahydro-4-oxa—1,6- '

diaza-anthracene- é)7 -dicarboxylic acid = .
and potassium carbonate (1.71 mmoO and methyl iodide (3.42 mmol) added. 15 Mixture stirred at
room tefn peTz‘ita E@riqydﬁﬁdnmmte@arw heat atctthéditor 4 (Dunsg Mikivrény asnpeliredooduethyl acetate
and water. (ﬁg leéi) d with 1 N HC1, dried, and concentrated to provide
(S)-3-[4-(3,4-Dichloro enzy OX pheny1]-1-methyl2-oxo-1,2,3,5,7,8-hexahydro-4-oxa-1,6-diaza-anthr
acene-6,7-dicarboxylic acid 6- |sopropyl ester 7-methyl ester (204 mg, LC/MS: m/z 616). 20
(S)-344-(3,éhgﬁm%gggenzyloxy) phenyl]-1-methyl-2-o0xo0-1,2,3,5,7,8-hexahydro-4-oxal,6-diaza-antlir
acene-6,7-dicarboxylic acid 6-isopropyl ester 7- methyl ester (204 mg) was hydrol zed and coupled to

2-amino-3-(@Bledrihd-pamabiphonyird-xthion-doid-tAdmdis TPRErEEhIgNEaacediliingr to general
proced@resiﬁﬂﬂ Mﬁi@,iﬁﬁ_ﬁ,&ﬁéﬁ 0-1H-4-oxa-1.6-diaza-anthracene~-7-carbonyl} -

25Cyano- b|hen 1- 4 yO 1- me hoxycarbonyl-ethylcarbamoy1]-344-(3,4-dichloro-
benzyloxy)-BHERAIHREHRIAD oxo-1 ,2,3,5,7,8- hexahydro -4- oxa 1,6-diaza-anthracene6-carboxylic

~acid isopropyl ester (161 mg, LC/MS: nilz 862).
peoats

Title compound was prepared from Interimediate A (20 mg) following general procedures
D and B. LC-MS (m/z). 839.

15
Example 46:
($)-3-(4'-Cvano-biphenyl-4-v1)}-2-({{S)-3-[4-(3 .4~ dtchloro~benzviexv)—nhenvﬂ 2-0X0-6-
thiophen-2-ylmethyl-2.3.5.6.7.8-hexahvdro-1 H-4-oxa-1.6-diaza-anthracene-7-carbonyl}-

amino)-propionic acid
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Title compound (96 mg) was prepared from (S)-7-[(S)-2-(4'-Cyano-bipheny1-4-y0-1- 30
methoxycarbonyl-ethylcarbamoy11-344-(3,4-dichloro-benzyloxy)-pheny1]-1-methy1-2-
oxo-1,2,3,5,7,8-hexahydro-4-oxa-1,6-diaza-anthracene-6-carboxylic acid isopropyl ester (140 mg)
according to YEr&f&iipt8edure B. LC/MS: m/z 848. Example 69: 5(S  PCT/US2009/036333 .
)-3-(4'-Cyano-biphen{{(S1-3-14-(3,4-dichloro-benzyloxy)-nhenyl]-1-methyl-
2-0X0-6-(3-nhenyl-prop-2-ymil)-2,3,5.6.7,8-hexahydro- | H-4-oxa-1,6-diaza-anthracene-7-
carbonyll-amino -nropionic acid CN (3-Bromo-prop-1-ynyl)-benzene was prepared from
3-phenyl-prop-2-yn-1-ol following 10 general procedure Q and used to prepare the title compound.
Title compound (140 mg) was prepared from Intermediate 50 mg) and 3-bromo-prop-1-ynyl
benzene foIIowing general procedures K and 8. &C-MS (Ra/z)! 876. Example 70:
15(S)-3-(4'-Cyanp-biphenyl-4zy1)-2- { I(S) -1-(3,hIoro-benzonxy)-nhenyl1-1-methyl-

2-oxo-6-(1-pﬁe ropyl)-2.3, ‘ 8-ha dro-IH-4-oxa -1,6-diaza-anthracene-7- carbon a 'no o

ionic acid CN 0
[9] o =

Title compound was prepared from Intermediate A (20 mg) following general procedures
D and B. LC-MS (m/z): 844.

5 Example 41: _
(8)-3-(4'-Cyano-biphenyl-4-y1}-2- {{(S)-3-[4-(3.4-dichloro-benzyloxy)-phenyl]-6-(2-
fluoro-benzyi)-2-0x0-2.3.5.6.7 8-hexahydro-1 H-4-oxa-1.6-diaza-anthracene-7-carbonyl -

amino}-propionic acid

BRI

10 Title compound (7 mg) was prepared from Intermediate A (40 mg) following general
procedures D and B. LC-MS (m/z): 856.

Example 42: e
{(8)-2-({(8)-6-(2-Chloro-benzyl)-3-[4-(3 4-dichloro-benzyvloxv)-phenvi]-2-oxo-
15 2.3.5.6.7.R-hexahvdro-1/-4-oxa-1.6-diaza-anthracene-7-carbonyl

biphenyl-4-vl)-propionic acid

%@j o)
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Title compound (42 mg) was prepared from Intermediate B (242 mg,) following general procedures
D(sodium cyanoborohydydride was used in place of sodium triacetoxy borohydride) and B. LC-MS
(m/n: 882. 5 Example 71: (S)-3-(4'-Cvano-biphenyl-4-y1)-2-
li(S)-344-(3, 2§ eP8H3 18¥hzvioxyl-nhem711-6-(2- PCT/US2009/036333
ethA-benzyl)-1-methyl-2-o0x0-2,3,5,6,7,8-hexahvdro-IH-4-oxa-1,6-diaza-antltracene-7-
carbonylkaminol-propionic acid ON 10 Title compound (33 mg) was prepared from Intermediate B
(38 mg, 0.05 mmol) following general procedures D and B. LC-MS (m/z): 880. Example 72:
(S1-3(4'-Cyano-biphenyl1-4-y1)-2- F(S)-344-(3,4-dichloro-benzyloxy)-nheny1]-6-(2-
15isopronvizhgd yhpduragtingl 2% Prépdrodoit:8 hiesalMyidro A ket raxprdiiGodiaZameral
anthracene-7-carbon 1 -aminqQ - o ionic acid__. Title compound (28 mg) was prepared from
Intermediat8 B ESB Y ﬁlg?n%ﬁb%l%gﬁb/%rr% Yeneral procedures D and B. LC-MS (nt/z): 894. Example
73: ( S)-3 -(4'-Cyano-biphenyl-4-y1)-2-( '
f(S)-3-14-(3€\£gichlgr&‘benzyloxy)-phen_yl]-6-indan2-y1-1-methy1-2-oxo-2,3,5,6,7,8-hexahydro-|H-4-o
xa—l,6-diaza—arﬁ?racehe-?-carbomili -amtho - iScl.1_&1

5 (8)-3-(4'-Cyano-biphenyl-4-v[)-2- {[(8)-3-[4-(3.4-dichloro-benzyloxy)-phenyl]-6-(2-

methoxv-benzvll-2-ox0-2.3 5.6, 7. 8-hexahvdro-1H-4-oxa-1.6-diaza-anthracene-7-

carbonyl]-amino } -propionic acid

CN
o g
s o Oxy-Of :
H i

@C o Nm)\

N
N
&O
0 -0

M
Title compound (11 mg) was prepared from Intermediate A (40 mg) following general

10 procedures D and B. LC-MS (m/z): 868.

Exampie 44:
(S)-3-(4'-Cyano-biphenvi-4-y-2- {1{8)-3-]4-( 3.4-dichloro-benzvloxv)-phenvil-6-( 6-
methyl-pyridin-2-ylmethyh-2-0x0-2,3,5.6.7.8-hexahvdro-1 H-4-oxa-1.6-diaza-

15  anthracene-7-carbonvl]-amino } -propionic acid

CN
ci OOYOH O
T

Title compound was prepared from Intermediate A (39.9 mg) following general

procedures D and B. LC-MS (m/z): 853.

20 Example 45:
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CN 5 The indanyl intermediate, (S)-314-(3,4-Dichloro-benzyloxy)-pheny1]-6-indan-2-y1-1-
methy1-2-ox0-2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-carboxylic acid, (158 mg) was
prepared from Intermediate C (175 mg, 0.3 mmol) and 2-indanone (0.6 mmol) following the general
procedures DVEE®IMRMY indanyl intermediate was used 10without furtheP@uitifiziiiope3Fitle compound
(32 mg) was prepared from the indanyl intermediate (63 mg, 0.1 mmol) and
(S)-2-amino-3-(4'-cyano-bipheny1-4-y1)-propionic acid methyl ester hydrochloride (36 mg, 0 12 mmol)
following general procedures A and B. LC-MS (n/z): 879. 15 Example 74:
(S)-3-(4'-Cyano-bipheny1-4-y1)-2-(t(S)-6-cyclopentv1-344-(3,4-d chloro-benzyloity)-

pheny11-1-mesly i2rexe:-BamdiplSihexamvarosh-fr oxar i iliaz a0 RCRRRsHs1]-2-

carbonyll-aminot-propionic acid The ¢ clopent I intermediate, .
(S)-6- Cyclogé%im 4 racene-7-carbonyl}-amino)-3-(4'-

1-methy1-2 %R0 bhyl-BNexaipyen- did4-oxa-1,6-diaza-anthracene-7-carboxylic acid, (95 mg) was

prepared from Intermediate C (130 mg, 0.25 mmol) and cyclopggtanone (0.5 mmol) following the

general procedures D and B. This cyclopentyl |ntermed| as used without further purification. Title
e CyelCpe ediate (15 mg, 0.025 5mmol) and

methyl ester hydrochlorlde (8 mg, 0.025 mmol)

5  Title comﬁdund was prepared from Intermediate A (39.9 mg) following general
procedures D and B. LC-MS {m/z): 921.

Example 46:
(8)-3-(4'-Cyano-biphenyl-4-vI)-2-({{8)-6-(5-cyano-6-methvisulfanvi-pyridin-2-
10 ylmethyD)-3-[4-(3.4-dichloro-benzyloxy)-phenyl]-2-0x0-2.3.5.4.7.8-hexahvdro-1 F-4-oxa-

1.6-diaza-anthracene-7-carbonyl -propionic acid

CN

Title compound was prepared from Intermediate A (39.9 mg) following general
procedures D and B. LC-MS (m/2): 909.

15
Exampie 47:
(8)-3-(4'-Cyano-biphenyl-4-y1)-2- {[(S)-3-[4-(3.4-dichloro-benzyloxy)-phenyl]-6-(1 H-
imidazol-2-yimethyl)-2-0x0-2.3.5.6,7.8-hexahydro-1H-4-oxa-1.6-diaza-anthracene-7-

carbonv!-amino t-propionic acid
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10(S)-3-(4'-Cyano-biphenyl-4-y11-24 {(S)-6-cyclohexyl-344-(3,4-dichloro-benzyloxy)-
phenv11-1-methyl-2-oxo0-2 3.5.6,7,8-hexahvdro-1H-4-oxa-1,6-diaza-antluncene-7-
carbonyll-amino)-propionic acid CN 15 Title compound (24 mg) was prepared from Inteimediate B
(38 mg, 0.05Wshaellyfaldwing general procedures D and B. LC-MS (m/z): BAXUEXEMSISIE6:
(S1-3-(4'-Cyano-biphemil-4-y1)-2-( {(S)-6-cyclobuty1-3-14-(3,4-di chloro-benzMoxv)-
20tiheny11-1-methvl-2-0x0-2,3.5,6,7,8-hexabydro-lH-4-oxa-1,6-diaza-anthracene-7-
carbonyll-amino)-propionic acid CN Title compound (22 mg) was prepared from Intermediate B (38
mg, 0.05 mmol) following general procedures D and B. LC-MS (m/z): 816. Example 77:
5(S)-3-(4'-Cvano-biphenyl-4-yl)-2- 1I(S)-3-14-(3,4-dichloro-benzwvioxy)-nheny1]-1-methyl-
2-0x0-641-phenvl-cyclopentylmethvl)-2 3 5 6 7 §Hhexah H-4-oxa-1,6-diaza-anc. - ro ionic acid

Ci
= N
o]
X,

Title compound was prepared from Intermediate A (39.9 mg) following gencral
procedures D and B. LC-MS (m/z): 828,

5
Example 48:
(8)-3-(4'-Cyano-biphenvi-4-v1)-2- {[(§)-3-[4-(3.4-dichloro-benzvioxy)-phenyli-6-(i-
methyl-1 H-imidazol-2-ylmethyl}-2-0x0-2.3,5.6.7.8-hexahvdro-1 H-4-0xa-1 ,6-diaza-
anthracene-7-carbonyl]-amino} -propionic acid
CN
10

Title compound was preparcd from Intermediate A (20 mg) following general procedures
D and B, LC-MS (m/z): 842,

Example 49:
15 (8)-3-(4-Cyano-biphenyl-4-y1}-2-({(S)-3-[4-(3.4-dichloro-benzyloxy)-phenyl]-2-0x0-6-
thiazol-2-ylmethvl-2,3,5.6,7.8-hexahvdro-1 H-4-oxa- ] ,6-diaza-anthracene-T-carbonyl} -

amino )-propionic acid
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10To a solution of (1-Phenyl-cyclopentyl)-methanol (1.0 g, 5.7 mmolL) in DCM (20mL) was added
Dess-Martin Periodine (6.8 mmol, 1.2 eq) and sodium bicarbonate (6.8 mmol, 1.2 eq) at 0 C. The
reaction mixture stirred at this temperature for 2h and allowed to warm up slowly to room temperature.
After compleWsh28¢hgiréction, the mixture was poured into water (50 mELaASweextEsd with DCM
(50 mL). The organic mixture was then 15dried over sodium sulfate and concentrated under reduced
pressure to give 1-Phenyl- cyclopentanecarbaldehyde (812 mg) which was immediately used to
synthesize title compound (14 mg) from Intermediate B (20 mg, 0.025 mmol) following general
procedures D and B. LC-MS (m/z): 923. 20 Example 78: (S)-3-(4!-Cvano-binhenv1-4-v1)-2-(
US)-3-14-(rdndichinsoshe nayigrepsringrort 1afseiiylogtoys Mgmﬁ,%lﬁgfﬂgzn%rgﬁga%@m ;111-4-0xa-1,
6-diaza-anthracene-7-carbonyl)- amino)-nropionic acid Title compound (18 mg) was prepared
from IntermEdtaterBYS8d 3205 imol) following general procedures D and B LC-MS (m/2): 792. 5
Example 79: (S)-2-( -
1(S)-6- (Cargéﬁzﬂﬁ)hle% methyl)-3-14-(3,4-dich|oro-benzyloxv)-nhenyll-l-methyl2-oxo-2,3,5.6,7,8-hexah
ydro-1H-4 BY&%a-anthracene-7-carbotwl -am in0)-3-(4'- c ationic acid 10

5 (8)-3«(4'-Cyano-biphenyl-4-y1)-2-{[(S)-3-[4-(3.4-dichloro-benzyloxy)-phenyl]-2-0x0-6-

(pvridine-2-carbonyD-2.3.5.6.7.8-hexahvdro-1H-4-oxa-1 .6-diaza-anthracene-7-carbonvll-

amino ! -propionic acid

CN
Title compound was prepared from Intermediate A (20 mg) following general procedures
16 Fand B. LC-MS (m/z): 853.

Example 51:
(S)-3-(4'-Cvano-biphenyl-4-y1}-2- {[(§}-3-F4-(3.4-dichloro-benzvioxy)-nhenyl ]-6-( 2-

nitro-benzenesulfonv)-2-0x0-2.3.5.6.7.8-hexahvdro-1H-4-oxa-1.6-diaza-anthracene-7-

15 carbonyl]-anuno } -propionic acid

Na

-V
o .
N\Og

Titie compound was prepared from Intermediate A (30 mg) following general procedures
E and B. LC-MS (m/z): 932.

20  Example 52;
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CM Title compound (32 mg) was prepared from Intermediate B (38 mg, 0.05 mmol) following general
procedures K and B. LC-MS (m/z): 895. 15Example 80: (S)-3-(4'-Cyano-biphenyl-4-v1)-2-
1(S)-344-(3A-dichloro-benzyloxy)-phenyll- | -methyl-
2-0X0-6-(1-nivemypiemiA}og, 3,5,6,7,8-hexalrydro-1H-4-oxa-L6-diaza-anthrapenasz09/036333
carbonyl1-aminol-propionic acid The 1-phen-ethyl intermediate,
(S)-344-(3,4-dichloro-benzyloxy)-pheny11-1-methy1-2- oxo-6-(]
-phenyl-ethyl)-2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7- carboxylic acid, (44 mg) was
prepared from Intermediate C (53 mg, 0.1 mmol) and (- 5bromo ethyl) -benzene (38 mg, 0.2 mmol)
following the : . 4 £ yas, | 3WIth0ut further
purification. e (31 mg, 0.05
mmol) and By2 ! S $338VEF 8 agntagbletrachloride (16
mg, 0.05 mmﬁotgll@_%g(ge,%%ﬁm&@@ures A and B LC MS (m/z) 865 Example 81 (S)-2-(
(8)-6-(2-Acetylamino-4-methel-thiazole-5-sulfonv1)-3-1443.4- -digploro-
15benzyloxy)-pheny11-2-ox0-2,3,5,6,7,8-hexahydro-1H- F

. o OYOH

O
o
(@]
O Zz
=
no
[®) T=

5 Title compound was prepared from Intermediate A (30 mg) following general procedures
E and B. LC-MS (m/z): 933.

Example 53:
(8)-2-({(S)-6-( 2-Cyano-benzyl)-3-{4-(3.4-dichloro-benzyloxy)-phenyl]-2-ox0-
2.3.5.6.7.8-hexahydro-1H-4-oxa-1 6-diaza-anthracene-7-carbonyl

10

b;’phenvl-ﬂf-vl)-propionic acid

CN
e
H
Cl O N
N
ot X
CN
o}

Title compound was prepared from Intermediate A (20 mg) following general procedures
D and B. LC-MS {(m/z): 863.

15
Example 54:
{S)-3-( 4'—Cvano~binhenvl-4-vi)-2-( {(8)-6-cvclopropvimethyl-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
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carbonyll-amino)-344'-cyano-biphenv1-4-yll-propionic acid (more polar diastereomer) CN
(S)-3-(4'-Cyano-biplieny1-4-y1)-24 _
{(S)-344-(3,4-dichloro-benzyloxy)-phenyl]-2-0x02,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-anthracene
-7-carbonyl) Y45} tBionic acid methyl ester (760 mg) was reacted withy 1/652009/036333
2-acetylamino-4-methyl-thiazole-5-sulfonyl chloride (381 mg) following general procedure E to furnish
(S)-2-({(S)-6-(2-acetylamino- ‘
54-methyl-thiazole-5-sulfony0-344-(3,4-dichloro-benzyloxy)-phenyl]-2-oxo-2,3,5,6,7,8-
hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-carbonyll-amino)-3-(4'-cyano-biphenyl-4- y1)-propionic
acid methyl ester (800 mg) as a mixture of diastereomers tiastereomers were separated by flash
chromatograppy over silica (DCM:EtOAc 9:45 6:4).

mg) was hydr |yzq:q using the 10 gener ?proited te Bjto furnish title compound (8 mg, more polar
diastereom -MS ( z):mn%% 52: '
(S)-74(S)-2- ~d<Carfoxy-8 ylcarbamov1)-344-(3,4-dichloro-benzyloxy)- 15hen -2-oxo-1

2 35 7.8-hexaa- za-anthracene-6-garbox He acid. isopropyl ester
(S)-7-Hydroxy-6-nitro-3,4-dihydro-1H-isoquinoline-2,3-dicarboxylie acid 2-isopropyl ester 3-methyl
ester (2.0 gTHE-dSr(oun}l 340 pveasrpidpandd:tromd{ 8- A-ERpdmeifeblaithee general procedures
201,2,3,4-tq5rgga/grq:'@g\q§iag)%ieg&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

5  Example 55;

{8)-3-(4'-Cvano-biphenvl-4-vi)-2- {{(8)-3-[4-(3.4-dichloro-benzvloxy)-phenyl]-2-0x0-6-

3-pyrimidin-Z-vi-prop-2-vovl)-2.3.5.6.7.8-hexahvydro- 1 f-4-oxa-1.6-diaza-anthracene-7-

carbonvi]-amino}-propionic acid

CN
c ., OOYOH O
N
H
N
/@IO .
o il

10 2-(3-Bromo-prop-1-ynyD-pyrimidine was prepared from 3-Pyrimidin-2-yt-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.

15  Example 56:
(S)-3-(4'-Cvyano-biphenyl-4-v)-2- {[(8)-3-[4-(3.4-dichloro-benzvioxy)-phenyil-2-0x0-6-
(3-thiophen-3-vi-prop-2-vnvD-2.3.5.6.7.8-hexabydro-1 H-4-oxa-1,6-diaza-anthracene-7-

carbonyl]-amino } -propionic acid




25was 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 and DCM. The filtrates
were combined and evaporated to provide (S)-6-anaino-7-
hydroxy-3,4-#ifnageeAliHigoquinoline-2,3-dicarboxylic acid 2-isopropy! estec3Asettmy/bzastar (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-244-(3,4-dichloro-benzyloxy)-phenylkacetyl 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 10 in 15 rriL DMF and potassiym caghonate (4.1 g) added. The mixture
stirred at rt for 3 h and was poured onto wager acpd EtOAGQ e organic was washed with 1N MCI, dried
and evaporated. The residuye was purifie oﬁf sili€a (jfexanes-EtOAc-2M ammonia in MeOH) to
provide (S)- w-25o% _
hexahydro- i ﬁdicarboxylic acid 6-isopropyl ester 7-methyl 15ester (2.0
g). LC-MS (n/
(S)-344-(3,4-DicRloro-benzyloxy)-pheny

1J-2-0x0-1,2,3,5,7,8-hexahydro-4-oxa-1,6-
diaza-anthracene-6,7-dicarboxylic acid g#sopropyl ester 7-methyl ester (2.0 g) was hydrolyzed
following general procedure B to provid )-344-(3,4-Dichtoro-benzyloxy)-
20phenyl]-2-ox0-1,2,3,5,7,8-hexahydro-4-oxa-1,6-diaza-anthracene-6,7-dicarboxylic acid 6-isopropyl
ester (1.7 gil” IE@CW?M)V@‘Q@TGP&M from Intermediate A (200 mg) following general
(S)-344-(3,4Rdickleebang Hoxy)-piwemyi]-2qxo-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)- 25
2-amino-3-biphenyl-4-yt-propionic acid methyl ester hydrochloride according to general procedure A to
prowdeS(S)-Ezﬂ(ﬁe)aR&lSlbhenyl -4-y1-1- methoxycarbonyl ethylcarbamoyO-

344-(3,4-dichloro e 120 566(17|%zaanthracene -6-carb
oxylic acid isopropyi este g) Was prepared from
(S)-74(S)-2: iphenyl-4-

methoxycarbgnyksinicathamoy1)-344-(3,4-dichloro-benzyloxy)-pheny1]-2-oxo01,2,3,5,7,8-hexahydro-
4-oxa-1,6-diaza-anthracene-6-carboxylic acid isopropy! ester (101 mg) according to general procedure
B. LC/MS: m/z 809. 5

] OVOHO
O N
N
H
N Q
e
Ct

10
Title compound (16 mg) was prepared from (S)-7-[(S)-2-(4'-Cyano-biphenyl-4-yl)-1-
methoxycarbonyl-ethylcarbamoyli-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 fere-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-Benzovl-3-[4-(2.5-dichloro-benzyloxyv)-phenyl]-2-ox0-2.3.5.6.7.8-

hexahvdro-1H-4-oxa-1,6-diaza-anthracene-7-carbonvll -amine)-3-(4'-cvano-binhenvi-4-

yvl-propionic acid
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Example 83: -6-Benzo 1-3- 4- 3 4-dilox - hen t -2-0x0-2 3 5 6 7 8- 'hexah dro-lll-4-oxa-1
6-diaza-antlincerphenyl)-propionic acid 10 ClI
(S)-344-(3,4-Dichloro-benzyloxy)-pheny1]-2-oxo0-2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-
diaza-anthraggnes®@eatsoxylic acid methyl ester hydrochloride (1.8 g, LC/AMSafsilacstsk3iswvas prepared
from (S)-344-(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-methyl 15ester (2.2 g)
according to general procedure C.
(S)-6-Benzoy1-344-(3,4-dichloro-benzyloxy)-phenyl]-2-oxo-2,3,5,6,7,8-hexahydro-1H4-oxa-1,6-diaza-
anthracene-7-carboxylic acid methyl ester (1.6 g, LC/MS: rn/z 618 ) was prepared from
(S)-344-(3,4-Dichloro-benzyloxy)-pheny1]-2-0x0:2,3,5,6,1 exahydro-
201H-4-oxa-1,6-diaza-anthragene-7-carbagkylig acithy ester hydrochloride (1.8 g) according to

general procedyiresF Exceprno @ 3 . THe mixture was evaporated and placed directly
onto silica. ¢ o ‘
(S)-6-Benzoyl-344; ichloro-benzylg¥y)-phenyl11-2-oxo0-2,3,5,6,7,8-hexahydro-1H254-o0xa-1,6-dia

za-anthracene-7-carboxylic acid ("Intemigdigte D") (1.4 g, LC/MS: m/z 604 ) was prepared from
(S)-6-Benzoy1-344-(3,4-dichloro-benzyloxy)-pheny1]-2-o0xo-
2,3,5,6,7,8-hékaeapernd 124-syel w26 piiensaca Atbrn Cone [Searbb§lienadiibheaithyl-8Btér (1.6 g)
according tQgepgiaharedure B s l-3-14- 2,5~dichloro-bcnzyioxy_}u%hcnyl]—2-0x0-

{(S)-6-Benzoy1-3 4-(3,4-dich|oro-benzglloxy)-p enyl]-2-oxo0-2,3,5,6
1,2,3,5,7,8-hexahydro-4-oxa-1,6-diaza-anthracene-6-carboxylic acid fert-butyl ester (40

5 mg, 0.05 mmol)} following the general procedure C and F and B. LC-MS (m/z): 853.

Example 59:
{(S)-2-{{(8)-6-Benzoyt-3-[4-(3 -chloronbenzvioxv)-nheﬁ.v13-2—oxo~2,3,5 .0.7.8-hexahydro-

1H-4-oxa-1.6-diaza-anthracene-7-carbonyl}-amino}-3-(4'-cvano-biphenvi-4-v1)-

Cocan L R
oy

Title compound (17 mg) was prepared from (S)-3-[4-(3-chloro-benzyloxy)-phenyl]-7-

10 propionic acid

[(S)-2-(4'-cyano-biphenyl-4-yl}-1-methoxycarbonyl-ethylcarbamoyl}-2-0x0-1,2,3,5,7,8-
hexahydro-4-oxa-1,6-diaza-anthracene-6-carboxylic acid fert-butyl ester

15 {40 mg, 0.05 mmol) following the general procedure C, F and B. LC-MS (m/z): 822,

Example 60: _
(§)-2-({{8)-6-Benzovl-3-[4-(4-chloro-benzyloxy)-phenvil-2-0x0-2.3.5.6.7.8-hexahvdro~

I H-4-0xa-1.6-diaza-anthracene-7-carbony] ! -amino)-3-(4cvano-biphenvl-4-vI}-

20  propionic acid

134



5 hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-carbonyll-amino)-3-(4-pyridin-4-ylpheny1)-propionic
acid methyl ester (61 m g, LC/MS: m/z 842 ) was prepared from Inteunediate D (100 mg) and
(S)-2-amino-3-(4-pyridin-4-yl-phenyl)-propionic acid methyl ester bis hydrochloride according to
general procEdr8UX11iGMGtle compound (41 m g) was prepared from PCT/US2009/036333
(S)-2-({(S)-6-Benzoy1-344-(3,4-dichloro-
benzyloxy)-pheny1}-2-oxo-2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-
carbonyll-amino)-3-(4-pyridin-4-yl-pheny1)-propionic acid methyl ester (50 mg) according to general
procedure B. LC/MS: rez 828. 15 Example 84: (S)-24
[(S1-6-Benzoy1-344-(3,4-dichloro-benzyloxy)-thenyll-2-0xg ,6,7,8-

hexahvdro D1-4-oxa-1,6-diaza- anthracene of - cagpon Il -g p)-3-(4'-chloro-bipheny1-4- Y1)-Pronionic
: benZyloxy)-phenyl]-2-oxo-2,3 ,5,6,7,8-
hexahydro- oxa—l, 3 g a=ant enr-Carboryl | -amino)-3-(4'-chloro-biphenyl-4- y1)-propionic
acid methyl (74 } N ; was prepared from Intermediate D (100 mg) and
(S)-2-amino-3(4-c blphenyl 4 yl) propionic acid 25 methyl ester hydrochloride according to
general procedufe A.” Title compound | g) was prepared from
(S)-2-({(S)-6-Benzoy1-344-(3,4-dichloro-

benbzylo>|<|y) ﬂﬁlwidq&:@aﬁl) i 263ip PuiaBphgally ehan 4= ?4(3410@13{?%@ BR&A] 7»d I
carbon -(4t-chlqro- enyl-4-y ropionic acid methyl ester (61 m accor ing to genera
procedﬁre g‘(‘%é &é{:}(ﬁ%} é)y%}dfh en‘g?él?g@?%rbonyfcthylcar amoyl] —£~oxo 95 3,578 gt
-2-ftS-3-[4-(BodaDydhietaxbehAytbaormshenytin2-6xarbeyyhidicid-dmotiiylester (40 mg, 0.05

5 mmol) following the general procedure C, F and B. LC-MS (m/2): §23.

Example 61:
(8)-2-({(5)-6-Benzoyl-3-[4-(4-chloro-3-trifluoromethvl-benzvloxy)-phenvyll-2-oxo-

2.3.5.6.7.8-hexahvdro-1H-4-oxa-1,6-diaza-anthracene-7-carbonvl} -amino)-3-(4'-cvano-

10 biphenvl-4-vD)-propionic acid

CN
c . o OOI
8] N
E N
H
N o]
@Io
0 5

(8)-7-[(5)-2-(4'-Cyano-biphenyl-4-y1)- 1-methoxycarbonyl-ethylcarbamoyl}-3-(4-

hydroxy-phenyl)-2-0x0-1,2,3,5,7,8-hexahydro-4-oxa-1,6-diaza-anthracene-6-carboxylic
acid rert-butyl ester was converted to (S)-2-({(8)-3-[4-(4-chloro-3-triflucromethyl-

15 benzyloxy)-phenyll-2-0x0-2,3,5,6,7,8-hexahydro-1 H-4-0xa-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

20  methyl ester hydrochloride (0.05 mmol) following the general procedure F and B. LC-
MS (m/z): 886.
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2.3 5,6 7-amino)-3-(4'-methyl- biphenyl-4yl)-propionic acid 12 10 (S)-2-(
{(S)-344-(3,4-Dichloro-benzyloxy)-pheny1]-2-oxo-2,3,5,6,7,8-hexahydro-1H-4-
oxa-1,6-diaza-anthracene-7-carbonyll-amino)-3-(4 -methyl-biphenyl-4-y1)-propionic acid methyl ester
hydrochlorid@@2%8d HH@IMS: m/z 751) was prepared from (S)-3-[4-(3,4- PCT/US2009/036333
Dichloro-benzyloxy)-phenyl]-2-oxo-1,2,3,5,7,8-hexahydro-4-oxa-1,6-diaza-anthracene-
156,7-dicarboxylic acid 6-tert-butyl ester (150mg) and (S)-2-Amino-3-(4'-rnethyl-bipheny1-
4-y1)-propionic acid methyl ester hydrochloride according to general procedures A and C. (S)-2-(
{(S)-344-(3,4-Dichloro-benzyloxy)-phenyl]-2-oxo-6-pyridin-2-ylmethyl- 2,3

,5,6,7,8- hexgﬁmige]@ +4- -oxa- 1 6 di aza-anthracene-7-carbonyl} -amino)-3-(4'-methyl- 20
biphenyl-4-y :miz 842) Was prepared from (S)-2-(
{(S)-3-[4-(3 #eh #18! 2
oxa-1,6- d|aZa“yant’nmad&ﬁehﬁnmdﬁaarﬁHd@h&dﬁthme&hw?bmﬂﬁnvﬂ}%m@bpmm%wr@md methyl

ester hydro%hl rldei gaccordlrgp to general procedure D. 25 Title compound (9 mg) was
prepared frcﬁgﬁ%—cﬁﬁgﬁﬂ‘rﬁw ester (16 mg) according to general procedure B. LC/MS: m/z

828. Example 86: (S1-3-(4-Cyano-biphenyl-4-v1)-2- {11 ¥'344-(3
4-dichloro- ber;zquxy) ohenvll 1- |nethy340@afcél'1 nthracene-7-carbonyl]- ro ionic acid

{S8)-7-[(8)-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 fert-butyl ester was converted to (S)-3-(4'-cyano-biphenyl-4-y[}-2-{ {(8)-3-[4-(4-
methoxy-3-trifluoromethyl-benzyloxy)-phenyl]-2-0x0-2,3,5,6,7,8-hexahydro-1 H-4-oxa-
10 1,6-diaza-anthracene-7-carbonyl}-amino)-propionic acid methyl ester hydrochloride
following the general procedure L and C. Title compound (9mg) was prepared from (S)-
3-(4'-cyano-biphenyl-4-y1)-2-({(S)-3-[4-(4-methoxy-3-trifluoromethyl-benzyloxy)-
phenyl}-2-ox0-2,3,5,6,7,8-hexahydro-1H-4-0xa-1,6-diaza-anthracene-7-carbonyl} -
amino)-propionic acid methyl ester hydrochloride following general procedures F and B,
15 LC-MS (m/z): BE2.

Example 63:
(S3-7-[(8)-1-Carboxy-2-{4'-cyvano-biphenyl-4-vD-ethvicarbamovl]-3-f4-(5.6-dichloro-

pyridin-3-ylmethoxy)-phenvl}-2-ox0-1,2.3.5.7.8-hexahydro-4-oxa-1,6-diaza-anthracene-

20 6-carboxvlic acid tert-butvl ester
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Title compound (28 mg) was prepared from (S)-3-(4'-cyano-biphenyl-4-yl)-2- {[(3R,7S)-
344-(3,4-dichloro-benzyloxy)-phenyl]-1-methy1-2-o0x0-6-((S)-1-p henyl-propyl)- 2,3
,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-carbonylkamino -propionic 10 acid methyl ester
(46 mg) usingFgeetar pidcedures B. LC-MS (m/z): 881. Example 87: anoBGilHS2¢19r636333
methy1-2-0x0-64(S)- | -ph
enyl-orony1)-2,3,5,6,7,8-hexahydro-111-4-oxa-1,6-diazal5anthracene-7-carbonyll-aminot -nropionic
acid ON Title compound (28 mg) was prepared from (S)-3-(4'-cyano-bipheny1-4-y1)-2-{[(3S,7S)-
344-(3,4-dichloro-benzyloxy)-phenyl1-1-methyl-2-o0x0-6-((S)-1-phenyl-propyl)- 2,3,5

,6,7,8-hexa -1H-4- laza- carpenylkaming -propionic,20acid methyl ester (32
mg) r usinghggégria%?g{gg uﬁ)ﬁﬁéﬁéﬁﬁ?@%%@? g%%?l%@g-é&q!éégzg-biphenyl-4-y1)-2-
tr(3S,7S)-34Aconvdiehisd-sEnEpdRPepHehiA{36- dichloro-pyridin-3-ylmethoxy)-phenyl]-2-

ox0-1,2,3,5,7,8-hexahydro-4-oxa-1,6-diaza-anthracene-6-carboxylic acid fert-butyl ester

(10 mg) following the general procedure B. LC-MS (m/z): 851.

Example 64:
{)-2-{ {(S)-6-Benzovl-3-[4-(5.6-dichloro-pyridin-3-vimethoxv)-phenvil-2-0x0-
2.3.5.6.7.8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-carbonvl

biphenyi-4-yl}-propionic acid

N
oon )
o y O
oF o, N 2

\N "N

' N0

/_ o

(]

Title compound (12 mg) was prepared from (8)-7-[(5)-2-(4'-cyano-biphenyl-4-yI)-1-

10

| methoxycarbonyl-ethylcarbamoyl]-3-[4-(5,6-dichloro-pyridin-2-yimethoxy)-phenyl]-2-
oxo-1,2,3,5,7 8-hexahydro-4-oxa-1,6-diaza-anthracene-6-carboxylic acid fert-butyl ester
(30 mg) following the general procedure C, F and B. LC-MS (m/z): 855.
15
Example 65:
(8)-2-({{S)-6-Benzyi-3-[4-(5.6-dichloro-pyridin-3-vimethoxy)-phenvyl]-2-0x0-2,3.5,6,7.8-

hexahvdro-1H-4-oxa-1.6-diaza-anthracene-7-carbonvl} -armino)-3-(4'-cvano-biphenvyl-4-

CN
ol . o
Ci oy [®) N N
P Loon
o]
o]

Title compound (7 mg) was prepared from (8)-7-{(S)-2-(4-cyano-biphenyl-4-y1)-1-

yvh-propionic acid

20

methoxycarbonyl-ethylcarbamoyl]-3-[4-(5,6-dichloro-pyridin-2-ylmethoxy)-phenyl]-2-
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methyl-2-0x0-6-((R)-1-phenyl-orony1)-2,3,5,6,7,8-hexahydro-1H-4-oxa-L6-diazaanthracene-7-carbonyl
I-aminol-nropionic acid 5 ON Title compound (22 mg) was prepared from
(S)-3-(4'-Cyano-biphenyl1-4-y1)-2-{k3S,7S)-
344-(3,4-dichiggioeniyisxy)-pheny11-1-methyl-2-oxo0-6-((R)-1-phenyl-praeyglis2009/636333
2,3,5,6,7,8-hexahydro-1H-4-oxa-1 ,6-diaza-anthracene-7-carbonylkaminol-propion ¢ acid methyl ester
(25 mg) using general procedures B. LC-MS (m/z): 879. 10 Example 89: f5J-3 41-C ano-bi

- | jL=1-4-1-2110r0-benz lox - henvl -1- m eth 1-2-oxo0-6-Icah dro-1H-4-oxa-1
6-diazaanthraeene-7-eathmthd 15 CM Title compound (54 mg) was prepared from

(S)-3-(4-cyang-biphany-Asy Al (B8RS diaza-anthracene 6-carb (.
344-(3,4-dichloro- ben’z;’/loxgz/ p%aernyl] 1- meth;ll/E?LmZa'gxcff1 SA(R)- Czirpﬁé% fg%dpr)flsbutyl sster

2,3,5,6,7,8- Iﬁb@(ﬁ%}éﬁ’@f’f‘lﬂp&%@l @féﬁﬁﬂat%ﬁhﬂa@éﬁ@ﬂééi’%ﬁw&rﬁﬁ?@} -propionic acid methyl ester |
(60 mg) using general procedure B. LC-MS (m/z): 879. 20 Example 90:

Example 66:
5 (8)-3A4'-Cyano-biphenyl-4-v1)-2- {[($)-3-[4~(5,6-dichloro-pyridin-3-ylmethoxy)-phenyl]-
2-0x0-6-(thiophene-2-carbonvl)-2.3.5.6.7.8-hexahvdro-1 H-4-oxa-1 ,6~.diazawanthracene-7-
carbonyl]-amino}~propionic acid

Title compound (16 mg) was prepared from (S)-7-[(S)-2~(4"-cyano-biphenyl-4-yi)-1-

10 methoxycarbonyl-cthylcarbamoyl]-3-[4-(5,6-dichloro-pyridin-2-ylmethoxy)-phenyl]-2-
oxo0-1,2,3,5,7,8-hexahydro-4-oxa-1,6-diaza-anthracene-6-carboxylic acid fert-butyl ester
(42 mg,.05 mmol) following general procedures C, F and B. LC-MS (m/z): 859,

Exampie 67:
15 (83-2-({(8)-3-[4-(3-Chloro-benzyloxy)-phenyli-2-ox0-6-thiazol-2-vimethvl-2,3.5.6,7.8-

hexabvdro-1H-4-oxa-1.6-diaza-anthracene-7-carbonyl

vl)-propionic acid

Title compound (16 mg) was prepared from (8)-3-f4-(3-chloro-benzyloxy)-phenyl]-7-

20 {(S)-2-(4-cyano-biphenyl-4-y1)-1-methoxycarbonyl-ethylcarbamoyl}-2-oxo0-1,2,3,5,7,8-
hexahydro-4-oxa-1,6-diaza-anthracene-6-carboxylic acid ferr-butyl ester (40 mg, 0.05
mmol) following general procedures C, D and B. LC-MS (m/z): §11.
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(S)-3-(42-Chloro-biphenyl-4-y0-2- {113R,7S)-3-1-4-(3,4-dichloro-benzvioxy)-phenyl11- | -
methy1-2-0x0-6-((S)- | '
-phenvl-propvl)-2,3,5,6,7,8-hexaMrdro-1H-4-oxa-1,6-diazaanthracene-7-carbonyll-aminol-propionic
acid CI 5 (S 34%2R18b, -biphenyl-4-y1)-2-{[(3R,7S)-3-(4-hydroxy-pheRG TUE2A0848§~3E-0x0-6-
((S)-1-phenyl-propy1)-2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-
carbonylkaminol-propionic acid methyl ester (74 mg) was converted to
(S)-3-(4'-chlorobipheny1-4-y1)-2- {[(3R,7S)-344-(3,4-dichloro-benzyloxy)-phenyl]-1-methy1-2-0x0-6-
10((S)-1-phenyl-propy1)-2,3,5,6,7,8-hexahydro- 1H-4-oxa-1,6-diaza-anthracene-7- carbonylkamino
-propionic acid methyl ester (60 mg) using general procedure K. This ester upon hydrolysis furnished

titte compound S%m%.using general procedures B. LC-MS (in/z): 888 15Example 91: (S)-2-

_ {113R,781-L§1ﬁ£-'{§,ﬁ- ichloro-benzyloxv )-13 henvl1-1 -incthy I-2-0
X0-64(5)-1-pBeiyIp ; 3 aiphicngt-4 -ty baiaxf-athiagetienlonarbonyll-amino
-344'- met}*B) /; [

{[(3R,7S)-3
2,3,5,6,7,8-heots

52,3,5,6,7,8:hexdhydro-1H-4-bxa-1,6-dia @ @
methoxy-bipﬁﬁ-yl)-p pIo id methyl ester(64 mg) using general procedure K. This ester
upon hydrolysis¥grni Hﬁ%@ mg) LCMS (in/z): 884. Example 92: 10(S)-2-
fr(3R,7S)-3-14-(3A: ro-benzyloxw<pttenv11-1-methy1-2-0x0-6-((S)-1-phenvl-
nropyl)-2,3,5,6,7,8-hexahvdro-1H-4-oxa-1,6-diaza-anthracene-7-carbonylkaminol1-3-(4'-

fluoro-bi phe(rg\j_l/- -ﬁy&r)é%géj—'z%ﬂjg—iﬁ'-%ihydm-1H~isoquino line-2,3-dicarboxylic acid 2-isopropy!
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
10 procedure H.

(5)-7-Hydroxy-6-nitro-3,4-dihydro- 1 H-isoquincline-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.

15 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 (8)-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.

20 (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 ¢
sodium bicarbonate added. 2-Chioro-2-[4-(3,4-dichioro-benzyloxy)-phenyi]-acetyl
chloride in 10 mL of EtQAc 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

25 15 mL DMF and potassium carbonate (4.1 g) added. The mixture stirred atr.t. for3 h

and was poured onto water and EtQAc. The organic was washed with IN HCl, dried and
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15(S)-3-(4'-Fluoro-bipheny1-4-y1)-2-11(3R,7S)-3-(4-hydroxy-pheny1)-1-methyl-2-oxo-6-
((8)-1-phenyl-propyl)-2,3,5,6,7,8-hexahydro-lH-4-oxa- 1,6-diaza-anthracenc-7- carbonylFamino 1 -
-propionic acid methyl ester was converted to (S)-2-{[(3R,7S)-3-14- (3,4-Dichloro-benzyloxy)-phenyl
]-1-methyl-2voxae6# B)rdvphenyl-propyl)-2,3,5,6,7,8- hexahydro-1H-4-0xapL1/U82009/036333
,6-diaza-anthracene-7-carbonyll-amino 1 -3-(4'-fluoro-bipheny1-4- 20 y1)-propionie acid methyl ester
(70 mg) using general procedure K. This ester upon hydrolysis furnished title compound (64mg) LCMS
(in/z): 872. Example 93:
(S)-3-(4'-Chloro-bipheny1-4-y1)-2-11(3S,7S)-344-(34-dichloro-benzvloxy)-phenv11-1-

25methvl-2-Qxq- 5 1-1- I-% 1)-2,3,5.6,7,8-hexahydrg:=1H-4-0xa- 1 6-%iglzna-
anthracene-%ggr ggiir%%?%éﬁc ggl%m)\ﬁg%%sf %&ﬁﬁ%@%?o%@a © ‘
(S)-3-14-(3, Mesithitr ombEidzyiBky) [ hiiédyltichino-152231657 )8 hexdhfcroo 4 3 S176- -‘

diaza-anthr B Aicarhexylic acid, 6-tert-biky 333 , L ed in 30 mL
Do and | B B B e mixture

was stirred S8t férfeh dric e ikt was diluted with DCM. The organic layer was washed with
water apd brine, dried over sodium sulfate and concentrated. The residue purified over silica with

?3? é a?%%%%&%%&fé% ﬁ&@%ﬁ%@%’éﬁﬁ%ﬁ%&@z@é? Sheegtrs-2x401 6-diaza-anthrace
ne-6,7-dicarbexylicthcict fiet6r1-bistrbesitic 20id 4(36dRyD Ri?-TseribpydstBthyl-wyclohexyl) ester (2.4
). 6.7 (i e D el st i (S o G 1 (m, 2h,
1.8 (M, 1H) pheyth?23p); 12638, /IH)e ety (ine- 2ie 2. 0. B-didrdran QkkeDodt(MrdBhthoxylic acid
15(38,1703)-%14;6(51.0 -gigbqgg)r@-@%?_zﬂ@%sqggg%jz-oxo-1,2,3,5,7,8-hexahydro-4-oxa—1,6-

diaza-anthracene-éj -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, 7$3):344{ 3 Ri B IRRENEV RNV ety k-2:0%00 dv8.3.544- 8-

hexahydro-4-oxa-1,6-diaza-anthracene-6,7-dicarboxylic acid 6-tert-butyl ester 7- _
20((1R,2S, SRFZ R EY -6 AT LO ARGy S8H 9T b feorinel) aeeptirethiatiial).
DMF(2 mL) and potassium carbonate (1.71 mmo!) and methyl iodide (3.42 mmol} added.
15 Mixture stirred at room temperature for 30 minutes and heat at 40 °C for 4 hours.
Mixture was poured on ethyl acetate and water. Organic layer was washed with 1 N HCl,
dried, and concentrated to provide (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-
isopropyl ester 7-methyl ester (204 mg, LC/MS: m/z 616).
.20
(8)-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-isopropy! ester 7-methyl ester (204 mg) 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-
25 Cyano-biphenyi-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-[(8)-2-(4-Cyano-biphenyl-4-yl)-1-
30 methoxycarbonyl-cthylcarbamoyl]-3-[4-(3,4-dichloro-benzyloxy)-phenyl]-1-methyl-2-

140



(3S,7S)-3-[4-(3,4-Dichloro-benzyloxy)-pheny1]-1-methy1-2-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 (3.9 g) was deprotected using general procedure C 25to provide
(3S,7S)-344X8440¥IGP-benzyloxy)-pheny1]-1-methyl-2-0x0-2,3,5,6, 7,88 CT/US2009/036333
hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-carboxylic acid (1R,2S,5R)-2-isopropy1-5-
methyl-cyclohexyl ester hydrochloride (3.5 g, LC/MS: m/z 652).
(3S,7S)-344-(3,4-Dichloro-benzyloxy)-pheny11-1-methy1-2-ox0-2,3,5,6,7,8-hexahydro-
51H-4-oxa-1,6-diaza-anthracene-7-carboxylic acid (IR,2S,5R)-2-isopropyl-5-methyl- cyclohexyl ester
(3.59,5.37 &ampa W3y @Iﬁédlgdwl&m@é{@mﬁﬁ%ﬂm&gﬁm@n@c@k pehan

(1-Bromo-propy1)-benzene (10.7 mmol) added. The mixture was stirred at 50 C for 20 h and room
temperaturé#&%’/%}ﬂfﬁ% ding dorfeird s Hua B d Sridi@k $réther and 10 % sodium carbonate. The
aqueous layer was 10 extracted with ether and organic layers combined. The organic layer was dried
over sodium sulfate and concentrated. The residue was purified over silica (EtOAc-hexanesDCM-TEA,
0.5/5/4.5/0. Iﬂ? itle (3S,7S)-344-(3,4-Dichloro-benzyloxy)-pheny1]-1-
methy152-0x8»64@)-Ayphebifhpre byl D 3,516 V- Bilagahyditeidibdnoxnd, Priliarapntheaisgne-7-carboxyli
c acid (1R, 5R - -sro 15£neth |4:¥ ghe Iesge q Z'éomgl H N 4r0aOM " d6
acetone): 7.7(0, IH), 7.6 , 33 687 (S, 6.77 (s, 1H),
5.65 (s, 1H)sB0BYE a0 4 B8 1fieni 'd420(s 2H) 39(m 1H) 355(m 1H), 338(5 3H), 2.95 (m,
2H), 16(m 6H) 115 (m 1H) 0.95 (m 1H)09(m 2H) 0 ,N4H) 07(d 3H) 0.65 (m, 6H).

isopropyl-5 ot — z olved in 20 mL of thy DCM and cooled to OC
Boron trichl (8 ml,, It inH xanes) was added and the mlxture stlrred at 0C for 3.5 hours.

aqueous mixture’was extracted three times with ethyl acetate-THF (9-1) and organic layers combined.
The combined organic layers were drieg=syer sodium sulfate and concentrated to provide
(3S,7S)-3-(4-Hydroxyphenyl)-l-methyxo-6-((S)-1-phenyl-propyl)-2,3,5,6,7,8-hexahydro-1H-4-ox
a-1,6- diaza-anthracene-7-carboxylic acid (601 mg, LC/MS: m/z 474). 30

(3-Bromo-prop-1-ynyl)-benzene was prepared from 3-phenyl-prop-2-yn-1-ol following

10 general procedure Q and used to prepare the title compound. Title compound (140 mg)
was prepared from Intermediate B (150 mg) and 3-bromo-prop-1-ynyl benzene following
general procedures K and B. LC-MS (m/z): 876.

Example 70:
15 (8)-3-A{4'-Cvano-biphenvl-4-y1)-2- {[{8}-3-[4-(3.4-dichloro-benzyloxvy)-phenyll-1-methvi-
2-0x0-6-(1-nhenvl-propvly-2.3.5.6,7.8-hexahvdro-1 H-4-0xa-1.6-diaza-anthracene-7-

carbonvl]-aming} -propionic acid

CN
ar I o O
ct 0 N N -
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(S)-3-(4'-Chloro-biphenyl-4-yl)-2- f [(3S,7S)-3-(4-hydroxy-pheny1)-1-methy1-2-0x0-6-
((S)-1-phenyl-propy1)-2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-
carbonylkaminolnpropionic acid methyl ester (68 mg, LC/MS: m/z 745) was prepared from
(3S,7S)-3-(4 M9 apoesyipHenyl)-1-methy1-2-0x0-64(S)-1-phenyl-propyl)-2, B8, F2819/036333
5hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-carboxylic acid (70 mg) and (S)-2-Amino-
3-(4'-chloro-biphenyl-4-y1)-propionic acid methyl ester hydrochloride using general procedure A.
(S)-3-(4'-Chloro-bipheny1-4-y1)-2-1[(3S,7S)-3-(4-hydroxy-phenyl)-1-methyl-2-ox0-6-
10((S)-1-phenyl- propyl) 2 3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-
carbony kamnglcBHARIBRT AHLPIONL ESIeH (887 A A DD JIRSRNERLIDA 0k of DMF and
| bromide (0.46 mmol

3,4-dichlorobenz ) and potassium carbona Pg mmol) were added. The
mixture waSPEUFEr St RSNy RreRGFRbEST S MR BRI WA D BotirbdskiE! HAGFEState and 10%
sodium carhRhgited:The arganicdayvsr was. weshed 15with brine, 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'-Chloro-bipheny1-4-y1)- 2-

{[(3S,793)-3424hpieThloro- benzyloxy) phenyl1]-1- methyl -2-0X0- 64(8) 1- phenyl-

propyl)-2,3%,6 7,§ Hexah d ~di

methyl este :

314-(3,4- d|qgtg%r(9]ma%¥l@<y&gggﬂycqcldmethyl -2-0X0- 64(S) 1- phenyl propyl) 2,3,5,6,7,8-h

exahydro-1H-4-oxa-1,6-diaza-anthracen e-7-carbonyl]-amino proplonlc acid methyl ester (17 mg)

accordlng to general procedure B. LC/MS: itilz 889. 25 Ex&mple 94: (S)-2- ff (3S ,7S)-344-(3,4-Di
etwlpropyl)-2,3.5,6,7,8-hexahydro-1H-4-oxa-1,

acid WO 2009/111700PCT/US2009/036333

6- dlaza anthrage er7-

10 Title compound (33 mg) was prepared from Intermediate B (38 mg, 0.05 mmol)
following general procedures D and B. LC-MS (m/z): 880.

Example 72:
(S)-3-(4'-Cyano-biphenyl-4-y1}-2- {[(5)-3-[4-(3.4-dichloro-benzyloxy)-phenyl]-6-(2-
15  isopropyi-benzvD-1-methvl-2-0x0-2.3.5,6.7.8-hexahvdro-1H-4-oxa-1.6-diaza-

anthracene-7-carbonyll-amino }-propionic acid

N
Gl % o Ox-OH O
ct o N:@CY)\NE O
M
@I T

Title compoimd (28 mg) was prepared from Intermediate B (38 mg, 0.05 mmol)
following general procedures D and B. LC-MS (m/z): 894,

20
Example 73:
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(S)-344-(3,4-Dichloro-benzyloxy)-pheny1]-2-oxo0-1,2,3,5,7,8-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) 5 and DMAP (cat.) added. The mixture
was stirred atx2609/61H#hd the mixture diluted with DCM. The organic lapER@azwasssd 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)-344-(3,4-Dichloro-benzyloxy)-phenyl11-2-ox01,2,3,5,7,8-hexahydro-4-oxa-1,6-diaza-anthracen
e-6,7-dicarboxy|ic acid 6-tert-butyl ester 10 7-((1R,2S,5R)-2-isopropyl-5-methyl-cyclohexyl) ester (2.4

g,NMR (40QH Agifh2(nad )g 5( Mcﬁ%mqml!s@n 1§§ (Mg 6Zmm, 1H), 6.9 (m,
2H)67(m 1H 665 . 3- .-m , 3.1 (m, 2H),
1.8 (m, 1H) Y -’ B < 2E. A A : = g0 th cqnn—? carbonyli-

15(3S,7S)- %ﬁﬂ&%ﬁ@%@mnzyloxy) phenyl] 2 -0X0- 1 2, 3 5, 7 8- hexahydro -4-oxa-1,6-
diaza-anthracene-6,7- dlcarboxyllc acid 6-tert- butyl ester 7 (1R,2S,5R)-2-isopropy1-5-

0 general procedure M to
prOV|de(3S 71X9-344-(3,4- quhloro benzylox y1l-2-oxo0-1,2,3,5,7,8-
hexahydro-4-exa:156-diaza-tanthtacene -84 dis: X acid 6-tert-butyl ester 7-
20((IR,2S,5 SOpLQP @ ; oh yI) ester (4.9 g, not isolated as pure ma e al).
(3S,7S)-344-(3,4- ro benzyloxy) pethyl -2-0x0-1,2,3,5,7,8-hexahydro-4-
oxa-1,6-diaza-arfthracene-6,7-dicarboxylic asid_@-tert-butyl ester 7-((1R,2S,5R)-2-
isopropyl-5-methyl-cyclohexyl) ester (3.9 g) was deprotected using general procedure C 25to provide
(3S,7S)-344-(3,4-Dichloro-benzyloxy)-pheny1]-1-methy1-2-oxo0-2,3,5,6,7,8-

hexahydro- :Illﬂe4rﬂ14ﬁy1iﬁtdi:azaiaaattsaee[me(ﬁ%aﬁblﬂnyé%aﬁﬁhﬁiﬂ@&ﬁﬂ}ﬁii&ﬂmmgylw-

methyl-cycloh ster o) MS:

5510 3 s T S asnesene 7 SRRy
51H-4-oxa-1]6%diagaran hicpeeneiprdntoryditacid (TR 28, BR)n2+ishpraps-inBamethil-tcyclohexyl ester
3595 37&%@%&%&9@%@&%&%&8&%%‘3 BO q%mndanyl mtermediate was used

10 without further purification.

Title compound (32 mg) was prepared from the indanyl intermediate (63 mg, 0.1 mmol)
and (S)-2-amino-3-(4'-cyano-biphenyl-4-yi)-propiomic acid methyl ester hydrochloride
(36 mg, 0.12 mmol) following general procedures A and B. LC-MS (m/z): 879.

15
Example 74;
{8)-3-(4'-Cvano-biphenyl-4-y1)-2-({(S)-6-cyclopentvl-3-[4-(3.4-dichloro-benzyloxy)-
phenyl}-1-methvi-2-0x0-2.3.5.6.7.8-hexahvdro-1H-4-oxa-1.6-diaza-anthracene-7-

carbonyl }-amino)-propionic acid

- CN
o} CH Q
C1 [ O %E/
Cl O Nm’}\r\l F
H
N
,E‘:;" O
e}

The cyclopentyl intermediate, (S)-6-Cyclopentyl-3-[4-(3.4-dichloro-benzyloxy)-phenyl}-

20

l-methyl-2-0x0-2,3,5,6,7,8-hexahydro-1H-4-0xa-1,6-diaza-anthracene-7-carboxylic acid,
(95 mg) was prepared from Intermediate C (130 mg, 0.25 mmol) and cyclopentanone (0.5
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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 10 extracted with ether and organic layers combined.
The organic Eyeroas dnied over sodium sulfate and concentrated. The rexianeswascpesitied over silica
(EtOAc-hexanesDCM-TEA, 0.5/5/4.5/0.02) to provide
(35,7S)-344-(3,4-Dichloro-benzyloxy)-pheny11-1-
methy1-2-0x0-6-((S)-1-phenyl-propy1)-2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diazaanthracene-7-carbox
ylic acid (1R,25,5R)-2-isopropyl-5-methyl-cyclohexyl ester (803 15 mg, 1HNMR (400 MHz" d6

acetone): 7 330/, , 8. % . (s,.1H), 6.77 (s, 1H),
566 (o, 11 B o AT DT Y SRR 30 S os o
2H), 1.6 (mretd)wWithes{ frthenpwigsatian.1H) 0.9 (m, 2H), 0.8 (m, 4H), 0.7 (d, 3H), 0.65 (m, 6H).
20(3S,7S)-344-(3,4-Dichloro-benzyloxy)-pheny1]-1-methy1-2-ox0-6-((S)-1-phenyl-propy1)-
2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-carboxylic acid (1R,2S,5R)-2-

isopropy 1-5 IS FREYEISHE yRaktets @y e gs Was: dsoveasriyansrmsisy OEMatd2doled to 0C.
Boron techledigie! (8natS )LV sohstini- hexaneswa-30ded Abst dheimbding stigred at OC for 3.5 hours.
The mixture was concentrated and. treated with 25 water/saturated sqdium bicarbonate until pH 7. The
aqueous m?%l&’ﬁ%rgc(\;v& é@?&aﬁ% t e?ﬁﬁ?&g\gﬁ/ﬂﬁ%ﬁﬁﬁ%&%ﬁg@%féﬁlg@d I(Cj%gg#c?’fé{ rs combined.
The combingllorganic layers were dried over sodium sulfate and concentrated to provide
(3S,7S)-3-(4-Hydroxypheny1)-1-methy1-2-0x0-64(S)-1-phenyl-propyl)-2,3,5,6,7,8-hexahydro-IH-4-oxa
-1,6- diaza-anthracene-7-carboxylic acid (601 mg, LC/MS: tn/z 474). 30

(S)-2-{[(3S, Fspmytle-FHydroxy-pheny1)-1-methyl-2-0x0-6-((S)-1-phenyl-propy1)-
2,3,5,6,7,8-pexalydro-hg-dhmas L-diazeaniRracaprs(searbony Kamingl 3t vioxy)-
methoxy-bipheny1-4-y1)-prOpionic acid methyl ester (64 mg, VIS M/Z 7471) was prepared from
(35,7S)-3- (A ke B 0K Pra il Ssisogplrydnos L BhdaasndSrdiaag-anthracene-7-
52,3,5,6,7,&hesalmdienhb-4roxantGrdinza-anthracene-7-carboxylic acid (70 mg) and (S)-
2-amino-3-(4'-methoxy-bipheny1-4-y1)-propionic acid methyl ester hydrochloride using general
procedure A. (S)-2-1[(3S,7S)-3-(4-Hydroxy-phenyl)-1-m -0X0-64(S)-1-phenyl-propyl)- 102,3
5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-antfirecth rBorfylkamino}-3-(4'-

methoxy-bipheqylsd-y D=propioric acid methy 4 mg, 0.087 mmol) was dissolved in 2 mL of
DMF and 3,4 ide (.43 mmol) and potassium carbonate (0.43 mmol) were added.
The mixture w @ at rBom tempera*or 8 hours and was poured onto ethyl acetate and 10%
sodium carbonate. Ttie organic layer was washed

15 Title compound (24 mg) was prepared from Intermediate B (38 mg, 0.05 mmol)
following general procedures D and B. LC-MS (m/): 844,

Example 76:
(8)-3-(4'-Cyano-biphenvi-4-vD-2-({(8)-6-cyclobutyl-3-[4-(3.4-dichloro-benzvloxv)-
20  phenvll-1-methyl-2-0x0-2,3.5.6.7.8-hexahvdro-1H-4-oxa-1,6-diaza-anthracene-7-

carbonvi}-amino)-propionic acid

CN
o_on N
al | o Y
Ci O Nm/ﬂ\ H
N
H
N
J©I° O
o]
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15with 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)-344-(3,4-
Dichloro-benzyloxy)-pheny1]-1-methy1-2-ox0-64(S)-1-phenyl-propyl)-2,3,5,6,7,8- hex ahydro-1H-4-ox
a-1,6-diaza-anthtélveniere-carbonylkamino -3-(4'-methoxy-biphenyl- 4-y1 pproptomieaeidsmethyl ester
(24 mg, LC/MS: m/z 899) 20 Title compound (19 mg) was prepared from
(S)-2-{[(3S,7S)-344-(3,4-Dichlorobenzyloxy)-pheny1]-1-methy1-2-0x0-64S)-1-phenyl-propyl)-2,3,5,6,7,
8-hexahydro-11-1- 4-oxa-1,6-diaza-anthracene-7-carbonylkanainol
-3-(4'-methoxy-biphenyl-4-y1)-propionic acid methyl ester (21 mg) according to general procedure B.

LCIMS: /2 350,25 EXATEIE.A5 (S) A3 Bo RAALR drRNPREbRRRHI0 Xy)-D henvii-L

-methyl-2-0 x0-64( S)- -pheny 1I-ro 1-2 35 6 7 8-11exalthracen ino -3- 4'- fluoro-bi
acid (S)-34al@vinpamiriad messdsryd-preRy LLAEX 62122 B1S,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 E5#PRY F'h and the mixture was diluted with DCM. The organic layer was washed with
water apd b~ dmdzmeb@galwwsuhfatef&%Wﬁtﬁ&Jb@f&ﬁjﬁdﬁs@wm -euekgilica with
hexanes- EtgAc_ hloro-benzyloxy)-
pheny1]-2-6x04 ' =G r-drearpoRyieacid 10 6-tert-butyl
28BS : ' 1 --"J ester (2 4 g, NMR (400 MHz, CDC13): 8.2 (n,
1H), 7.5 (m, 1H), 7 42 (d 1H) 7. 35 (n, 2H) 7.25 (n, 1H), 6 w2H), 6.7 (in, 1H), 6.6 (s, 1H), 5.55 (m,
1H), 4.8-5.1 (in, 1H), 5.0 (s, 2H), 4346(%3H% .
(m, 2H), 0.7-190 (n, 9H) 04[(n 3H). 15 (8 S7&S)-3

4-Dichloro-ben zyloxy)-phenyl1]-2-oxo-1,2,3
vr=etcarboxylic acid 6-tert-butyl ester
ester was N-methylated (3.9 g) according to general

((IR,2S,5R)-2-isopropy1-5-methyl-cyclohexyl) ester (4.9 g, not isolated as pure material).

10 To a solution of (1-Phenyl-cyclopentyl)-methanol (1.0 g, 5.7 mmol) in DCM (20mL) was
added Dess-Martin Periodine (6.8 mmol, 1.2 eq) and sodium bicarbonate (6.8 mmol, 1.2
eq) at 0 °C. The reaction mixture stirred at this temperature for 2h and allowed to warm
up slowly to room temperature. After completion of the reaction, the mixture was poured
into water (50 mL) and extracted with DCM (50 mL). The organic mixture was then

15 dried over sodium sulfate and concentrated under reduced pressure to give 1-Phenyl-
cyclopentanecarbaldehyde (812 mg) which was immediately used to synthesize title
compound (14 mg) from Intermediate B (20 mg, 0.025 mmol) following general
procedures D and B. LC-MS (m/2): 923.

20 Example 78:
(8)-3-(4'-Cyano-biphenyl-4-v[)-2-{ {{8)-3-[4-(3.4-dichloro-benzvloxy)-phenvil-6-ethvl-1-

methyl-2-0x0-2.3.5.6.7.8-hexahvdro-14-4-oxa-1.6-diaza-anthracene-7-carbonvl} -

aming)-propionic acid
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(3S,7S)-344-(3,4-Dichloro-benzyloxy)-pheny1]-1-methy1-2-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-
25isopropyl-5-methyl-cyclohexyl) ester (3.9 g) was deprotected using general procedure C to provide
(3S,7S)-344483:ct1liono-benzyloxy)-phenyl1-1-methy1-2-0x0-2,3,5,6, 7 BET/US2009/036333
hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-carboxylic acid (1R,2S,5R)-2-isopropy1-5-
methyl-cyclohexyl ester hydrochloride (3.5 g, LC/MS: ni/z 652).
(3S,7S)-3-[4-(3,4-Dichloro-benzyloxy)-pheny1]-1-methyl-2-ox0-2,3,5,6,7,8-hexahydro-
51H-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 sodiuwm bigarbonate (21.5 mmol) and
(1-bromo-propyl)-benzene (10.7 mmol) adgled The m|x as stirred at 50 C for 20 h and room
temperature fay 48 hours. The mixture wgs pﬁﬂre igthyl ether and 10 % sodium carbonate. The
aqueous lay » dhorganit layers combined. The organic layer was dried
over sodium ! ated.N eHreS|due was punfled over silica (EtOAc-hexanesDCM-TEA,
0.515/4.510.02) to roy

methyl-2-ox0-64¢S)-I-phenyl- propyl) -2 3 5 6 7,8- hexahydro 1H-4-oxa-1,6- d|azaanthracene-?-carboxyl
ic acid (1R,2S,5R)-2-isopropyl-5-methyl-cyclohexyl ester (803 15 mg" 1H NMR (400 MHz" d6
acetone): 7; id 1H ?ﬁ 7.46 (d, 1H) 7.33 (m, 7H), 6.98 (m, 2H), 6. 87 s, 1H), 6.77 (s,5.65
(s, 1H), 5.13 {&° 91”%%5( g}y as PErpLTes o é“t?ﬁmiiil?f%%@%rﬁlgl , 3H), 2.95 (m, 211),
1.6 (m, 6H)fdllﬂ:51€rglgiﬁ)a®9(5:éﬁm;ad{) 68 BNL2HNSQB/4m74H), 0.7 (d, 3H) 0.65 (m, 6H).
20(3S,7S)-3-[4-(3,4-Dichloro-benzyloxy)-phenyl]-1-methyl-2-0x0-64(S)-1-phenyl-propy1)-
2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-carboxylic acid (1R,2S,5R)-2-

isopropy1- SEXﬁetn;lBa)‘?clehexyl ester (0.80 g) was dissolved in 20 rtiL of dry DCM and cooled to OC.
Boron trichlggids ‘ | pxture ?1. eldéi‘étg for 3.5 hours.
The mixture was concen ra e ' hicar e-until pH 7. The
agueous mixt¥a g ' E9XgithCetiiAapHpaReCTe L0y ' 4)

ooy QAT

, FEA {rme i BEARE 2 arhis-(ayers combined.
The comblngg@%mgnﬁxﬂlg% 51515@@@3& sodium sulfate and concentrated to provide
(3S,7S)-3-(4-Hydroxypheny0-1-methy1-2-0x0-6-((S)-1-phenyl- %kopyl) -2,3,5,6,7,8-hexahydro-1H-4- oxa
-1,6- diaza-anthracene-7-carboxylic acid (601 mg, LC/MST ngz 474).

Title compound (32 mg) was prepared from Intermediate B (38 mg, 0.05 mmol)
following general procedures K and B. LC-MS (m/z): 895,

15 Example 80:
(8)-3-(4'-Cvano-biphenyl-4-y1)-2-{[(8)-3-[4-(3.4-dichloro-benzvioxvi-phenvil-1 -methyl-
2-0x0-6-(1-phenyl-ethy[}-2,3.5.6,7.8-hexahvdro-1 H-4-0xa-1.6-diaza-anthracene-7-

carbonyl]-amino } -propionic acid
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30 (S)-3-(4'-Fluoro-biphenyl-4-y1)-2- {[(3S,7S)-3-(4-hydroxy-phenyl)-1-methyl-2-ox0-6- -
((S)-1-phenyl-propy1)-2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-
carbonylkaminol-propionic acid methyl ester (57 mg, LC/MS: m/z 729) was prepared from

(3S,7S)-3- (4% aroxyipHeny0-1-methy1-2-0x0-64S)-1-phenyl-propyl)-2,3 BB /L 8009/036333
5hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-carboxylic acid (70 mg) and (S)-2-amino-3-
(4'-fluoro-bipheny1-4-y1)-propionic acid methyl ester hydrochloride using general procedure A.
(S)-3-(4l-Fluoro-biphenyl-4-y1)-2- {[(3S,7S)-3-(4-hydroxy-phenyl)-1-methy1-2-o0xo-6-
10((S)-1-phenyl-propy1)-2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-
carbony1]-amino}-propionic acid methyl ester (27 mg, 0.028 mmol) was dissolved in 2 mL of DMF and

sodium car °The’
concentrate e [es]
(S)-2-([(3S,7S)=34 -
dichIoro-benzylo?(y)-phenyl]-1-methyl--6-((S)-l-phenyl-propyl)-2,3,5,6,7,8-
hexahydro-1H-4-oxa-1,6-diaza-anthracerie-7-carbonylkamino)-3-(4'-fluoro-biphenyl-4- y1)-propionic
() 2GS TS S (3 Hiohlores Bl Ry L e 3o B4 e L ey -PIopYL-23.5.6

-2- ,71S)-344-(3,4-dichlorg-hen -pheny1]-1-methy1-2-oxo- -1-phenyl-propyl)-2,3,5,6,
7,8-hexahyagfgglﬁg%gfgﬂi)é%igéﬁ%zggﬁ%gﬁ]%lﬂ SHYIRAT 1@1’%}95@(3“- B8 BiBheny1-4-y1)-propioni
¢ acid methydresisiit24id) @aag) rdingptepgedarahphtcatkdiatB (LGIME; 0ilznB%31)2bdEample 96: La-
hen 1 -6-(3 g dmeify s xazo e suioniiid dei 2R ARRALANCAN AR -0
-1,6- diaza-anthracene- TasonviEaniino -pronionic cid & P '

I-phen-ethyl intermediate was used without further purification.

Title compound (27 mg) was prepared from the I-phen-ethyl intermediate (31 mg, 0.05
mmol) and (8)-2-amino-3-(4"-cyano-biphenyl-4-yl)-propionic acid methyl ester

10 hydrochioride (16 mg, 0.05 mmol) following general procedures A and B. LC-MS (m/z):
B65. N

Example 81
S)-2-(H{8)-6-2-Acetviamino-4-methvl-thiazole-5-sulfonviy-3-[4-(3.4-dichloro-
15 benzvioxv)-phenyll-2-0x0-2,3.5.6.7.8-hexahvdro-1 A-4-0xa-1,6-diaza-anthracene-7-

carbonvl} -amine)-3-(4'-cyano-biphenvl-4-vh) -propionic acid (more polar diastereomer)

Ci
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CM et Title compound was prepared from Intermediate B following general procedures E and B.
LC-MS (m/z): 921. 5 Example 97: (S)-3(4'-Cyano-binhenyl-4-v11-2- RS1-3-043 A-dichloro-benzv
mon-phenyl11-1-m.ethelSm | -2 3 5 6 76-diaza-anthracene-7- earbonyll-aminol-2-methyl-propionic acid
10(S)-3-[4-(FMeRivaitrydsenzyloxy)-phenyl]-1-methyl-2-0x0-6-((S)- 1-pherBa-prespgty/036333
2,3,5,6,7,8-hexahydro-IH-4-oxa-1 ,6-diaza-anthracene-7-carboxylic acid (31.6 mg) was coupled with
(S)-2-amino-3-(4'-cyano-bipheny1-4-y1)-2-methyl-propionic acid methyl ester (14.7 mg) following
general procedure 0 to provide (S)-3-(4'-Cyano-bipheny1-4- y1)-2-
{[(S)-344-(3,4-dichloro-benzyloxy)-phenyl1-1-methyl-2-0x0-64(S)-1-phenyl-
15propy1)-2:,3.647 Sshex 1H-A-%ard: Grdiazass ne:Z-rarbonylkaming, 1 -2-
methyl-proé%ﬁ%:%ci%ﬂ%t(%sﬁ elru_é’é%A@%%%?%@%ﬂ%gﬁ?%%%@ﬁvﬁm@g% from
(S)-3-(4t—Cy%ﬁt§46iB*@ell’*?ﬁ@ﬁyﬂ%ﬁ{%ﬁ}xgﬁﬁ(@%ﬁm@%@ﬁz‘iﬁmﬁh‘éﬁmjlhpmpiomc
methyl-2-oxab@4§§ah}re§tepwa@rﬁ.gy%géé@a?&ab@&@ﬁfqmﬁbmﬁ%ﬁymigia&a%{ﬁmmne-7-carbonyl
kamino)-2-methyl-pro ionig facid methyl ester (25 ng)Efo Iowin%S S;eneral procedure B, LC-MS (m/z):
893. Examp‘fgl%c.ie (381 mg) following general proceduré (S¥-2-({(S)-6-(2-acetylamino-

(R)-3-(4-Cvame:tbipheiydid g Hntd (IR 78) Bdidi@t tdiehinre-bemmylnxybahe iyl ;18-

e o S R S e R
yi)-propionic acid methyl ester (800 mg} as a mixture of diastercomers. The

to furnis

diastereomers were separated by flash chromatography over silica (DCM:EtOAc 9:1-
6:4). The more polar diasteromer (LC-MS m/z 982, 12 mg) was hydrolyzed using the

10 general procedure B to furnish title compound (8 mg, more polar diastereomer). LC-MS
(m/z):967.

Example 82:
($)-7-{(S)-2-Biphenvl-4-vl-1-carboxv-ethvicarbamov])-3-14-(3.4-dichloro-benzvioxvy-

15 phenyl}-2-0x0-1.2.3.5.7.8-hexahvdro-4-oxa-1.6-diaza-anthracene-6-carboxvlic acid

isopropy! ester

oo o o A

(S)-7-Hydroxy-6-nitro-3,4-dihydro-1H-1soquinoline-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- .
20 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
25 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

148



(3R,7S)-344-(3,4-Dichloro-benzyloxy)-phenyl1]-1-methy1-2-0x0-64(S)-1-phenyl-propy1l)-
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-y1)-propionic acid methyl ester following general 15procedure 0 to
provide (R)-3¥@206HAGbipheny1-4-y1)-2-{[(3R17S)-314-(3,4-dichloro- PCT/US2609/036333
benzyloxy)-pheny1]-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]-aminol-propionic acid methyl ester. Title compound was
prepared from (R)-3-(4'-Cyano-biphenyl-4-y1)-2- {[(3R,7S)-344-(3,4-
dichloro-benzyloxy)-pheny1]-1-methyl-2-o0x0-64(S)-1-phenyl-propy1)-2,3,5,6,7,8- 20

hexahydro-ihit40xa- 1 f: diazac AN HAANSnEL AR RNYHANIN G -PIARIRNIG) acid Methy! ester (267 mg)

following general procedure B. LC-MS (m/z): 880. Example 99: . S -6-Benzo 1-3- 4- 3 4-dicinz lox
- hen I-2-m (}5155%%@7%,_4@1@(11*0-1H-lsoqumohne-2,3~dlcarboxy11c acid 2-isopropyl ester 3-methyl

hexahydro-#st4-¢x&-) 6 Idiaxss amthracene-7-carbonvl1-amino)-344-(nyridin-4-yloxv)- heitacid 5
(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 rnmol) added. The reaction mixture stirred
at rt for2 h éhebveasrpeitedonie3Ritiiy duwedl HAs¢4Cindine-0rdniatayehwasdlashpopyith 1 N HC1 and
10 % sodium carbonate, dried p [ d cenirated,
(S)-_2-tert-Butoxyca(ba(;}ﬁylami(rjl(ol%%ﬁ%&?%g&%ﬁéﬁﬁ)%{Tﬁraﬁp)%ﬁ’cagc| rﬁvé% Iilfutl-:%tse{r) E’7 .8 g) was used
without furttiedigoriicationatcadis. (Afzllogr2-[4-(3.4-dichloro-benzyloxy)-phenylj-acetyl
(S)-2-tert-BuigygarhananireSA¢-hydiexysRhemyd prapionic.agit methyleptef8.46 15 mmol),

4-pyridyl boronic_ acid (29.6 mmol), Cu(OAc)2 (16.9 mmol), and molecular sieves were suspended in

25 mL of DEMEFFiEHRIAMNEEY. > Hinidnfvas eitpticameP s nikhsredtlHetradmel ed h. The
mixtureowasdilsitat wiireihylpesiatenantbwashedvwith 9o Bedikmncarpprate: (8Xo: Jhe organic
layer was dried and congentrated under reduc ressure. The residue was purified over silica gel
(héxanes-E?ﬁi &ats OPB}%%E? qoéxto water anc? EtSic. GICLE organic was Was?heg with iN E]%l, deﬂec(iJ and g
evaporated. The residue was purified over silica (hexanes-EtOAc-2M ammonia in
MeOH) to provide (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 7-methyl

[5  ester (2.0 g). LC-MS (m/z) 600.

(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 cster 7-methyl ester (2.0 g) was
hydrolyzed following general procedure B to provide (8)-3-{4-(3,4-Dichloro-benzyloxy)-

20 phenyl]-2-ox0-1,2,3,5,7,8-hexahydro-4-oxa-1,6-diaza-anthracene-6,7-dicarboxylic acid |
6-1sopropyl ester (1.7 g). LC-MS (m/z) 586.

(5)-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)-
25 2-zmino-3-biphenyl-4-yl-propionic acid methyl ester hydrochloride according to general
procedure A to provide (S)—7~((S)~2-biphen.y1-4-y§-1-methoxycarbonyl—ethylcarbarnbyl)-
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 823),
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20 (S)-2-tert-Butoxycarbonylamino-344-(pyridin-4-yloxy)-phenylkpropionic 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-344-
(pyridin-4-yld%) 28t ropionic acid methyl ester (650 mg) following gelfeFAIPR8B€EMRHMS C. LC-MS
(tez) 274. (S)-344-(3,4-Dichloro-benzyloxy)-phenyl]-2-oxo-2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-
5diaza-anthracene-7-carboxylic acid methyl ester hydrochloride (1.8 g) was prepared from
(S)-344-(3,4-Dichloro-benzyloxy)-pheny1]-2-oxo0-1,2,3,5,7,8-hexahydro-4-oxa-1,6-
diaza-anthracene-6,7-dicarboxylic acid 6-tert-butyl ester 7-methyl ester (2.2 g) following general
procedure GifilCeMhpdiNg1F1hg) was prepared from (S)-7-((S)-2-biphenyl-d-yl-1-
10(S)-6-Benzoy1-344-(3,4-dichlorao-benzyloxy)-phenyl11-2-oxo0-2,3,5,6,7,8-hexahydro-1H-
-oxa-1,6- RO PRREHE ST Bt e BBy (T e R et fom (5)-
344-(3,4-Dichigxo;herzahydrplaciiil];8-0xes 2 cn S drexdbydio Uik aptapdiGster (101
Sig_zl\a/ll-sar(]m/r%c %g%-, gg%xggge%igr&gég elﬁstErCMr%/glgng (1.8 g) following general procedure F.
(S)-6-B&nzoy1-344-(3,4-dichloro-benzyloxy)-pheny1]-2-oxo-2,3,5,6,7,8-hexahydro-1H4-oxa-1,6-diaza-
anthraceney/-garbaxdic acid was prepared (1.4 g) from (S)-6-Benzoy1-
344-(3,4-dichloro-benzyloxy)-pheny1]-2-oxo-2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diazaanthracene-7-c
arboxylic adidlélie§)-sstsnrovd- 3 4dlicivbelgsprbearplocadiieng]-Loxod M8 z) 604. (S)-2-( f
(S)-6-Benzayl:344r6314rdichipnoshe nzylionn:phemy 11:2-0X0r 2:3iRe8.T-G- pyridin-4-vl- |
hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-carbonyll-amino)-344-(pyridin-4-yloxy)-
phenylkprogseliaignigisgcihier (57 mg) was prepared from (S)-6-Benzoy1-344-(3,4-
25dichloro-benzyloxy)-phenyll-2-oxo0-2,3,5,6,7,8-hexahydro-AH;4-oxa-1,6-diaza-
anthracene-?-carctl)oxylic acid (100 mg) andO(SLQ’Z,-Am' 44-(pyridin-4-yloxy)-pheny1l]- propionic acid
methyl ester, bis fjydrochlqride(63 mg) follgving ge @
compound (31 was pre arqupoun
N G

methyl ester (50 mg) following general
procedure B. L

o 4:
o
10

(8)-3-[4-(3,4-Dichloro-benzyloxy)-phenyl]-2-o0x0-2,3,5,6,7,8-hexahydro- 1H-4-0xa-1,6-
diaza-anthracene-7-carboxylic acid methyl ester hydrochloride (1.8 g, LC/MS: m/z 514 )

was prepared from (S)-3-[4-(3,4-Dichloro-benzyloxy)-phenyi]-2-0x0-1,2,3,5,7,8-
hexahydro-4-oxa-1,6-diaza-anthracene-6,7-dicarboxylic acid 6-tert-butyl ester 7-methyl

15 ester (2.2 g) according to general procedure C.

(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, LC/MS: m/z 618 ) was
prepared from (S)-3-[4-(3,4-Dichloro-benzyloxy)-phenyl]-2-ox0-2,3,5,6,7,8-hexahydro-
20 1H-4-oxa-l,6-diaza-anthracenc-7-carboxylic acid methyl ester hydrochloride (1.8 g)
according to general procedure F except no work-up was done. The mixture was

evaporated and placed directly onto silica.

(S)-6-Benzoyi-3-[4-(3,4-dichloro-benzyloxy)-phenyl]}-2-0x0-2,3,5,6,7,8-hexahydro-1H-
25 4-oxa-1,6-diaza-anthracene-7-carboxylic acid (“Intermediate D) (1.4 g, LC/MS: m/z
604 ) was prepared from (S)-6-Benzoyl-3-[4-(3.4-dichloro-benzyloxy)-phenyl}-2-oxo-
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Example 100: 5(S)-24 (S)-6-(2-Amino-4-methyl-thiazole-5-sulfonv1)-3-f 4-(3,4-dichl oro-benzyloxy)-
nhenyl1-1 -methyl-2-o0x0-23.5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7- carbonyl 1
-amino)-3-(4'-cvano-biphenyl-4-y1)-pronionic acid (Less polar diastereomer) ON
10(3R,7S)-3¥6(3)ep/Mictioro-benzyloxy)-pheny1]-1-methyl-2-oxo-1,2,3,5p;8Aezsahysios3
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)-pheny1]-1-methy1-2-ox0-1,2,3,5,7,8-hexahydro-4-oxa-1,6-diaza-anth
racene-6,7-dicarboxylic acid 6-tert-butyl ester as a mixture of diastereomers (1:1) at the 15morpholino
center. Thisymixtyr ' a rt - -2-(4'-cvanos. . . -

ooy AT R e e el S5 0611 et
y1-2-0x0-1,Z)3Sorigaéx apRRIrb Prossdute B-diaza-anthracene-6-carboxylic acid tert-butyl ester using
the general procedure 0. This intelmediate was further converted to (S)-2-( '
{(S)-6-(2-acetylamino-4-methyl-thiazole-5-sulfony0-3-[4-(3,4- :

20dichloro-Betizsig )y GoReme-Hdhfishis-beam g%y Brhesdihvdrse1if £:6xa81,6-diaza-
anthracene-flcaiiroyl f-ario);84tieyaasihipbeny lcatshy Drapipric AcdmeiAys sster as a mixture of
diastere,omeres following.the general procedure C . This sulfonamide was deacylatcd using the
omornl o B BB R S Qo S: me b e prepared o
methyl-thiaZolesmesiidto iy O 80[ {3 shliSMDEarbeny(bxyYipnehylldhmethptopioni-acid

252,3,5,6,7,8- 0-1H-4-oxa-1.6-diaza-anthracene-7-carbonyll-amino)-3-(4'-cyano-
biphenyl-4-;%1%?§?c%p%%liig%]}§g$ r%ge@@]ldgsatcé:? Iégsmg %iﬁ?&?éao%)l%%%rr%%meres. The diasteromers were
separated by flash column chromatography (DCM: EtOAc, 9:1- 7:3) The less polar diasteromer (LC-MS
miz 95 16 TRe) AR NIOS HAIRG L RnRIAl PSR AR EBURITNS At campgHd (ess polar

diastereomer, 12 mg). S 5(m/z):93
benzyloxy)-phenyl}-2-ox0-2,3,5,6,7,8-hexahydro-1H-4-o0xa-1,6-dlaza~anthracene-7-

carbonyi}-amino)-3~(4-pyridin-4-yl-phenyl)-propionic acid methyl ester (50 mg)
according to general procedure B. LC/MS: m/z 828.

15 Example 84:

(85)-2-({(8)-6-Benzovi-3-[4-(3 4-dichloro-benzvioxy)-phenv!l-2-0%0-2.3.5.6.7.8-

hexahydro-1H-4-oxa-1.6-diaza-anthracene-7-carbonvl

yl)-propionic acid
o Gl
cl ’ o Ogl
cl 0 N i
N
mg
o .
o

(S)-2-({(S)-6-Benzoyl-3-[4-(3,4-dichloro-benzyloxy)-phenyl]-2-0x0-2,3,5,6,7,8-

20

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—biph.eny1~4~yl)-propidnic acid

25  methyl ester hydrochioride according to general procedure A.
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Example 101: (S1-241(S)-6-(2-Amino-4-methyl-thiazole-5-sulfony1)-3-1443,4-dichloro-benzyloxy)-
phenyl1-1-methyl-2-ox0-2.3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7- 10carbonyl}
-amino)-3-(4'-cyano-biphenyl-4-v1)-nronionic acid (more polar diastereomer). ON (S)-2-(
RS)-6-(2-amwo-despethyethiazole-5-sulfony1)-344-(3,4-dichloro-benzyloxppheryiiois3ss
-methyl-2-ox0-2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7- 15
carbonylfamino)-3-(4'-cyano-bipheny1-4-y1)-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 diastereomer 8 mg).LC-MS (m/z) 937. 20 Example 102: (S)-2-( 1(

26,70 nod I o] D (a9 TR e G o2 2

amino)-3-(4beyaferpirienyll- awr%épﬁo?ﬂ&dmaa{m@rﬁe%&o@h%@mnmramwm (S)-2-(
{(S)-6-(2-Acghiaminasdnae iy biase st onyblmsdidd daBighiRlid ester (61 mg)

according to general procedure B. LC/MS: m/z 862.

Example 85:
(8)-2-({(S)-3-{4-(3.4-Dichloro-benzyloxy)-phenyl]-2-oxo-6-pvridin-2-ylmethyl-
2.3.5.6,7. 8-hexahvdro-1H-4-oxa-1 6-diaza—anthracene-?—carbonvi‘( -aming }-3-(4'-methvyl-

biphenyl-4-yl)-propionic acid

(S)-2-({(S)-3-[4-(3.4-Dichloro-benzyloxy)-phenyl]-2-o0x0-2,3,5,6,7,8-hexahydro-1H-4-

10

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-

Dichioro-benzyloxy)-phenyl]-2-0x0-1,2,3,5,7,8-hexahydro-4-oxa-1,6-diaza-anthracene-
15 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-oxo-6-pyridin-2-yimethyl-
2,3,5,6,7,8-hexahydro-1H-4-0xa-1,6-diaza-anthracene-7-carbonyl } -amino)-3~(4"-methyl-

20 biphenyl-4-yl)-propionic acid methyl ester (16 mg, LC/MS: m/z 842) was prepared from
{8)-2-({(8)-3-[4-(3.4-Dichloro-benzyloxy)-pheny!}-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-yh-propionic acid
methyl ester hydrochloride (54 mg) according to general procedure D.

25 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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benzyloxy)-pheny1]-2-oxo0-2,3 ,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7- carbonyl)
-amino)-3-(4'-cyano-biphenyl-4-y1)-propionic acid methyl ester(more polar 5diastereomer, 100 mg)
was converted to (()SJ f8(S) -6-(2-amino-4-methyl-thiazole-5-

sulfonyl)-B-[Xq&Zﬂ ihidto benzyloxy)-phenyl]-2-oxo-2,3,5,6,7,8- hexahyd’r%TilﬁzﬁogQ%PSB
1,6-diaza-anthracene-7-carbonyll-amino)-3-(4'-cyano-biphenyl-4-y1)-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 diastereomer, 10 70 mg). LC-MS (m/z):923. Example 103:
(S)-2-({(S)-6-(2-Amino-4-methyl-thiazole-5-sulfony11-3-14-(3,4-dichloro-benzylozA-

phenyl]-2-oxo-2 3,5.6,7,8-hexahvdro-1H-4-oxa-1,6-diaza-anthracen.e-7-carbony1l-

15aminol: 3]}}4134&]13)% eolgreomer ON (S)-2-(

t(S)-6-(2-acetylamino-4- methyl thlazole 5- sulfonyl) -3-[4- (3 4- dlchloro-

benzyloxy)-phieiid]=210 ¥ A heax Al 4 1 aritlo

carbony )-aguine)-3:44-eyanorhinbEnykdsyd)prapionics e meihyesisiless pplar diastereomer, 100
mg) was converte to (S)-2-(t -amlno 4-methyl-thiazole-5-

sulfonyf’i) 3480 e P NN R I ROY DR HON 4g80-2,3,5,6,7,8-hexahydro-1H-4-oxa-

1,6-diaza- anthracene 7-carbonyl)-amino)-3-(4'-cyano-biphenyk4-yo-propionic acid 5 methyl ester
(LC-MS m/z 940) following the general prog@/u&a P.This er on hydrolysis using general procedure
B furnished titfg compognd I\(;Ies.s polar di stereom mg). LC-MS (m/z): 923.

Title compound (28 mg) was prepared from (8)-3-(4'-cyano-biphenyl-4-y1)-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

10 - acid methyl ester (46 mg) using general procedures B. LC-MS (m/z): 881.

Example 87:
(S)-3-A4"-Cyano-biphenyl-4-y1)-2-{[(38.78)-3-[4-(3.4-dichloro-benzyloxy)-phenyl]-1-
methyl-2-0x0-6-((S)- 1 -phenyi-propyl)-2.3.5.6.7,8-hexahvdro-1H-4-oxa-1,6-diaza-

15 anthracene-7-carbonyl]-amino }-propionic acid

CN

e D
€l Os_ N N O

O 5

Title compound (28 mg) was prepared from (S)-3-(4'-cyano-biphenyl-4-y1)-2-{[(38,7S)-

3-[4-(3 ,4~dichloro-benzyloxy)-phenyi] - I-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
20 acid methyl ester (32 mg) r using general procedures B. LC-MS (m/z): 881.
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Example 104: Receptor Binding Assay 10The affinity of compounds for GLP-1 receptor were studied
in an [1251]GLP-1(aa 7-36) equilibrium radioligand binding assay. Membranes from HEK-293 or CHO
cells expressing the human GLP-1 receptor were used in the GLP-1 receptor binding assay. Reactions
were carried wat im@6rwadt plates. Compound was diluted in 20% DMSO/ weateszébaiaat assay
concentration ranging from 0.1 TIM to 100 uM in 2% final DMSO 15concentration was used. The final
binding assay conditions were 25 mM Tris-HCL, pH 7.4 buffer containing 10 mM MgC12, 1 mM DTT,
0.1 mM EDTA, 0.1 mM EGTA, 0.1% BSA, 1 - 10 ug membrane, 20 - 200 pM [1251)GLP-1 aa (7-36)
(SA=2200 Ci/mmoL, (Perkin Elmer part no. NEX308), and compound in final DMSO concentration of
2% (final as é fﬁ of 100 uL). Positive control wells (C+) lacked compound, and 20 negative
control wellsﬁ% nsl a d compound and contalned coId excess GLP 1(2 gM) Non speC|f|c binding
(NSB) was de FEfOr Bp gof 4 i gic e IR

The reaction \Was j , ! ) iy M ining QQ-d an
. O 0 iiter plates
(PerkinElme A¥ifester instrument. Plates were washed 5 times with

cold 25 mM Tris-HCL, pH 7.5 conta|n|ng O 05% bovine sepip atbumin (BSA). Following f||trat|on, 50uL
of Microscint PS (Packard part no. 601363%&/@ added @
seals (Packard part no. 6005185) 1251 ipotope bound to the Unifilter-96 GF/C plates was counted
using a Top |nstru W pinding data typically ranged from about 40% to
about 100% bigetin Fer-example, the compound of Example 15 exhibited 68%
binding, the cok of Example 39 |ted 60% binding, the compound of Example 88 exhibited

60% binding, the 'compound of examplg_89exhibited 44% binding, and the 5compound of Example 95
exhibitetl 65% binding. Data Analysis Petcent inhibition of [1251] GLP-1 (aa 7-36) binding was

calculated ammrddmg;hoﬁhezequ@)ti@as};@éb&éd{ﬁﬁﬁi@j@em'rGN&BB@hﬂl@dfami)' 2 Qrasmi) Percent
inhibition of%% élca i 1%1901: bi nd é)Y% qm%c%l Eonce é g‘frﬁtgfa\’é’e{f generated. The

IC50 values ated thta usm arame 0se response,
“variable slo@e?ﬁ@ﬁﬂé@%g@eéﬂﬂf@rapmmmn@aﬂmgmp@&ﬁWM1mme equation:

Y=Bottom +,(fopBaHuR (510 AFCRO-ABTHURIRY 1.cMS (- 879,
i0
Example 89:
(S)-3-(4'-Cyano-biphenyl-4-y1}-2- {{(3R,78)-3-[4-(3.4~dichloro-benzyloxy)-phenyl]-1-
methyi-2-0x0-6-((R)-1-phenyl-propyl}-2,3.5.6.7.8-hexahydro-1 /-4-oxa-1,6-diaza-

anthracene-7-carbonvl]-amino }-propionic acid

CN

Title compound (54 mg) was prepared from (S)-3-(4'-cyano-biphenyl-4-y1)-2- {[(3R,7S)-

T

15

3-[4-(3 4-dichloro-benzyloxy)-phenyl]-1-methyl-2-0x0-6-((R)-1 -phenyi-propyl)-
2,3,5,6,7,8-hexahydro-1H-4-0xa-1,6-diaza-anthracene-7-carbonyl]-amino } -propionic
acid methyl ester (60 mg) using general procedure B. LC-MS (m/z); 879,

20
Example 90:
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wherein, X is the logarithm of concentration and Y is the response, and Y starts at 15Bottom 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 P0eaHarOMO or HEK-293 Cells expressing the cloned humaP(GERz0Pé86§br. GLP-1-
expressing cells (10,000 cells per 0.1 rnL) 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 'AM) were added to monolayer 25 cells in Iscove s modified dulbecco’ s medium (IMDM), 100 tiM
RO 20-17244 1% B 1S } j(y.gind ipcybated for 30

Sl - th P2y oS - Sdtidnal). GLP-1 produced
CcAMP prodldﬁtlﬁﬂo@ﬂ@ﬁ-@ﬁﬂﬁﬂsﬁa@ﬁﬁés%wjﬁ_b 1@5@130 values ranglng from 0.01 p.M - 100 p.M,
typically ranging from about 0.02 uM to about 10uM. Receptor activation was expressed as

=fidkated by fitting the data using a sigmoidal
AD F . The Table below shows EC-50 and activation
exefﬁl‘g Oc ndg of the present invention. Example # EC-50 (nM) % activation

compound corcentration doge response ouP\?esW
dose responsexgurve-fitti
data for e al
1 Example #

o)

(S)-3-(4"-chloro, -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-o0xa-1,6-diaza-anthracene-7-
carbonyl]-amine}-propionic acid methyl ester (74 mg) was converted to (S)-3-(4"-chloro-
biphenyl-4-yl)-2-{[(3R,78)-3-[4-(3,4-dichloro-benzyloxy)-phenyl}-1-methyl-2-0x0-6-

10 ((8)-1-phenyl-propyl)-2.3,5,6,7,8-hexahydro-1H-4-0xa-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:
{8)-2-{[(3R.78}-3-[4-(3 4-Dichloro-benzyloxy)-phenvll-1-methyl-2-0x0-6-({S)- i -nhenyl-

methoxv-biphenyl-4-vli-propionic acid

O\
z i O
20
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(8)-2-{[(3R,7S)-3-(4-Hydroxy-phenyl)-1-methyl-2-0x0-6-((S)-1-phenyl-propyl)-
2,3,5,6,7,8-hexahydro-1H-4-0xa-1,6-diaza-anthracene-7-carbonyl]-amino } -3-(4'-
methoxy-biphenyl-4-yl)-propionic acid methyl ester was converted to (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-4-0xa-],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.7S)-3-{4-(3.4-Dichloro-benzyioxy)-phenyll-1-methyl-2-0x0-6-((S)- 1 -phenyl-
1-2,3.5,6.7.8-hexahvdro-1H-4-oxa-1,6-diaza-anthracene-7-carbonvl

(S)-3-(4'-Fluoro-biphenyl-4-y1)-2-{[(3R,7S)-3-(4-hydroxy-phenyl)- 1 -methyl-2~ox0-6-
{(S)-1-phenyl-propyl)-2,3,5,6,7,8-hexahydro-1 H-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}- I -methyl-2-0x0-6-((S)-I-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 titie compound (64mg) LCMS (m/z): 872.

Example 93:
(S)-3-(4'-Chloro-biphenyl-4-y1)-2-{[(385.78)-3-[4-(3.4-dichloro-benzyloxy)-phenyl]-1-
methyl-2-0x0-6-({S)-1-phenyl-propyi)-2.3.5.6.7.8-hexahvdro-1 H-4-0xa- 1 ,6-diaza-

anthracene-7-carbonvl]-amino i -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 DMARP (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 (35,75)-3-[4-(3,4-Dichloro-benzyloxy)-phenyi}-2-oxo-
1,2,3,5,7,8-hexahydro-4-oxa-1 ,6-diaza—anthracene—6,7-dicarboxyiié acid O-tert-butyl ester
7-((1R,28,5R)-2-isopropyl-5-methyl-cyclohexyl) ester (2.4 g, "H NMR (400 MHz,
CDCl3): 8.2 (m, 1H), 7.5 (m, TH), 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).

(38,75)-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 é-tert-butyl ester 7-((1R,25,5R)-2-isopropyl-5-
methyl-cyclohexyl) ester was N-methylated (3.9 g) according to general procedure M to
provide(38,78)-3-[4-(3 4-Dichloro-benzyloxy)-phenyli-1-methyl-2-0x0-1,2,3,5,7,8-
hexahydro-4-oxa-1,6-diaza-anthracene-6,7-dicarboxylic acid 6-tert-butyi ester 7-
((1R,2S,5R)-2-isopropyl-5-methyl-cyclohexyl) ester (4.9 g, not isolated as pure material).

(38,75)-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 7-{((1R,28,5R)-2-
isopropyl-5-methyl-cyclohexyl) ester (3.9 g) was deprotected using general procedure C
to provide (3S,75)-3-[4-(3.4-Dichloro-benzyloxy)-phenyl]-1-methyl-2-0x0-2,3,5,6,7,8-
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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).

(38,78)-3-[4-(3,4-Dichloro-benzyloxy)-phenyl]- [ -methyl-2-0x0-2,3,5,6,7,8-hexahydro-
1H-4-0xa-1,6-diaza-anthracene-7-carboxylic acid (1R,28,5 R)-2-130pr0py1;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 (38,75)-3-[4-(3,4-Dichloro-benzyloxy)-phenyl]-1-
methyl-2-0x0-6-((S)-{-phenyl-propyl)-2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-
anthracene-7-carboxylic acid (1R,28,5R)-2-isopropyl-5-methyl-cyclohexyl ester (803
mg, , 'H NMR (400 MHz, , ds acetone): 7.7 {d, 1H), 7.6 (d, 1H), 7.46 (d, 1H), 7.33 (m,
TH), 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).

(35,78)-3-[4-(3,4-Dichloro-benzyloxy)-phenyl]-1-methyl-2-0x0-6-((S)-1 -phenylwpropyl)—
2,3.5,6,7,8-hexahydro-1 H»4-Qxa~1 ,6-diaza-anthracene-7-carboxylic acid (1R,28,5R)-2-
isopropyl-S-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 agueous mixture was extracted three
times with ethyl acetate-THEF (9-1) and organic layers combined. The combined organic
tayers were dried over sodium sulfate and concentrated to provide (3S,7S)-3-(4-Hydroxy-
phenyl)-1-methyl-2-0x0-6-((S)-1-phenyl-propy!)-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-y1)~2-{{(38,78)-3-(4-hydroxy—pheﬁy1)—1 -methyl-2-0x0-6-
((S)-1-phenyl-propy1)-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 (38,75)-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 (70 mg) and (S)-2-Amino-
3-(4'-chloro-biphenyl-4-yl}-propionic acid methyl ester hydrochloride using general

procedure A.

(S)-3-(4'-Chioro-biphenyl-4-y1}-2-{[(38,7S)-3-(4-hydroxy-phenyD)-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-dichlorobenzy! 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, driéd. over sodium sulfate and concentrated. The residue was purified over
silica (hexanes-ethyl acetate-MeOH, 7-3-0.1) to provide (8)-3-(4'-Chloro-biphenyl-4-y1)-
2-{[(35,75)-3-[4-(3,4-dichloro-benzyloxy)-phenyl]- I-methyl-2-0x0-6-((5)-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 (8)-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 methy! ester (17 mg) according to general procedure B. LC/MS: m/z 889.

Exampie %4:
{5)-2-{{(35,75)-3-14-(3.4-Dichloro-benzvloxv)-phenvil-1-methvi-2-0x0-6-((83-1 -phenvi-

‘propvi}-2,3,5.6,7.8-hexahvdro-1 H-4-oxa-1,6-diaza-anthracene-7-carbonvl]-amino} - 3-(4'-

methoxy-biphenvi-4-vh-propionic acid

159



1600 53.0 25 594 12.0 26 1097 14.0 27 nd Nd 28 398 29.0 29 290 17 30

10

15

20

25

WO 2009/111760 PCT/US2009/036333

(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 .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 (38,78)-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,28,5R)-2-isopropyl-5-methyl-cyclohexyl) ester (2.4 g, "H NMR (400 MHz,
CDCla): 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, TH), 1.6 (m, 3H), 1.5 (d, 9H), 1.3 (m, 2H), 0.7-1.0 (m, 9H), 0:4' (m, 3H).

(38,78)-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-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(38,78)-3-[4-(3,4-Dichloro-benzyloxy)-phenylj-1-methyi-2-oxo0-1,2,3,5,7,8-
hexahydro-4-oxa-1,6-diaza-anthracene-6,7-dicarboxylic acid 6-tert-butyl ester 7-
((1R,28,5R)-2-1sopropyl-5-methyl-cyclohexyl) ester (4.9 g, not isolated as pure material).

(35,78)-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 7-((1R,2S,5R)-2-
1sopropyl-3-methyl-cyclohexyl) ester (3.9 g) was deprotected using general procedure C
to provide (35,78)-3-{4-(3,4-Dichloro-benzyloxy)-phenyl}-1-methyl-2-0x0-2,3,5,6,7,8-
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hexahydro-1H-4-0xa-1,6-diaza-anthracene-7-carboxylic acid (1R,2S,5R)-2-isopropyl-5-
methyi-cyclohexyl ester hydrochloride (3.5 g, LC/MS: m/z 652).

(38,78)-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,28,5R)-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 (38,75)-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-ox%a-1,6-didza-
anthracene-7-carboxylic acid (1R,28,5R)-2-isopropyl-5-methyl-cyclohexyl ester (803
mg, , 'H NMR (400 MHz, , ds acetone): 7.7 (d, TH), 7.6 (d, 1H), 7.46 (d, IH), 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,7S)-3-[4-(3,4-Dichloro-benzyloxy)-phenyl}-1-methyl-2-0%0-6-((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-
isopropyi-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 (38,78)-3-(4-Hydroxy-
phenyl)-1-methyl-2-0x0-6-((S)-1-phenyl-propyl)-2,3,5,6,7,8-hexahydro- | H-4-oxa- 1 ,6-
diaza-anthracene-7-carboxylic acid (601 mg, LC/MS: m/z 474).

161



660 ,13.0 37 490 32.0 38 710 32.0 39 130 56.0 40 1200 34.0 WO 2009/111700PCT/US2009/036333
41 430

WO 2009/111700 PCT/US2009/036333

(8)-2-{[(38,78)-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-carbonyl}-amino } ~3-(4'-
methoxy-biphenyl-4-yl)-propionic acid meth&] ester (64 mg, LC/MS: m/z 741) was
- prepared from (38,78)-3-(4-hydroxy-phenyl)- 1-methyl-2-0x0-6-((S)-1-phenyl-propyl)-
5 2,3,5,6,7,8-hexahydro-1H-4-0xa-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,

(8)-2-{[(38,7S)-3-(4-Hydroxy-phenyl)-1-methyl-2-0x0-6-((S)-1-phenyl-propyl)-

10 2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-carbonylj-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 § hours and
was poured onto ethyl acetate and 10% sodium carbonate. The organic layer was washed

15 with brine, dried over sodium sulfate and concentrated. The residue was purified over
silica (hexanes-ethyl acetate-MeOH, 7-3-0.1) to provid.é (S)-2-{[(38,78)-3-[4-(3,4-
Dichloro-benzyloxy)-phenyl]-1-methyl-2-0x0-6-((S)-1-phenyl-propyl)-2,3,5,6,7,8-
hexahydro-1H-4-0xa-1,6-diaza-anthracene-7-carbonyl}-amino} -3-(4'-methoxy-biphenyl-
4-yl)-propionic acid methyl ester (24 mg, LC/MS: m/z 899).

20
Title compound (19 mg) was prepared from (8)-2-{[(38,7S)-3-[4-(3,4-Dichloro-
benzyloxy)-phenylj-1-methyl-2-0x0-6-((S)-1-phenyl-propyt)-2,3,5,6,7,8-hexahydro-1 H-
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 §86.

25
Example 95:
(8)-2-{[(38,78)-3-[4-(3.4-Dichloro-benzyloxy)-phenyl]-1-methyl-2-0x0-6-((S)-1-phenyl-
propyl)-2.3.5.6.7.8-hexahvdro-1H-4-oxa-1,6-diaza-anthracene-7-carbonyll-amino } -3-(4'-

fluoro-biphenyl-4-vl}-propionic acid
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{S)-3-[4-(3,4-Dichloro-benzyloxy)-phenyl]-2-oxo0-1,2,3,5,7,8-hexahydro-4-oxa-1,6~
diaza-anthracene-6,7-dicarboxylic acid 6-tert-buty! ester (8.0 g, 13.3 mmol) was
suspended in 30 mL DCM and 1R-2S-3R (-)-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
gradicnt (0 % EtOAc to 30 %) to provide (38,7S)-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-tert-butyl ester 7-((1R,28,5R)-2-isopropyl-S-methyl-cyclohexyl) ester (2.4 g, 'H NMR
(400 MHz, CDCl3): 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,78)-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,25.5R)-2-isopropyl-5--
methyl-cyclohexyl) ester was N-methylated (3.9 g) according to general procedure M to
provide(38,78)-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-buty! ester 7-

((1R,28,5R)-2-1sopropyl-5-methyl-cyclohexyl) ester (4.9 g, not isolated as pure material).

(38,7S)-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 7-((1R,28,5R)-2-
isopropyl-5-methyl-cyclohexyl) ester (3.9 g) was deprotected using general procedure C
to provide (3S5,78)-3-[4-(3,4-Dichloro-benzyloxy)-phenyl}-1-methyl-2-0x0-2,3,5,6,7,8-
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hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-carboxylic acid (1R,28,5R)-2-isopropyl-5-
methyl-cyclohexyl ester hydrochloride (3.5 g, LC/MS: m/z 652).

(3S,78)-3-[4-(3,4-Dichloro-benzyloxy)-phenyl}-1-methyl-2-0x0-2,3,5,6,7,8-hexahydro-
5  IH-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

10 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 (38,75)-3-[4-(3,4-Dichloro-benzyloxy)-phenyl]-1-
methyl-2-0x0-6-((S)-1-phenyl-propy!)-2,3,5,6,7,8-hexahydro-1H-4-0xa-1,6-diaza-
anthracene-7-carboxylic acid (1R,2S,5R)-2-isopropyl-5-methyl-cyciohexyl ester {803

15 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,.}H.),
4.20 (s, ZH), 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 (35,75)-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-3-methyl-cyclohexyl ester (0.80 g) was dissolved in 20 mL of dry DCM and
cooled to 0°C. Boron trichioride (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

25 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 (38,75)-3~(4-Hydroxy-
phenyl)-1-methyl-2-0x0-6-((S)-1-phenyt-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).

30
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(S)-3-(4'-Fluoro-biphenyl-4-y1)-2-{{(3S,78)-3-(4-hydroxy-pheny!)- 1-methyl-2-oxo-6-
({S)-1-phenvl-propyl)-2,3.5,6,7,8-hexahydro-1H-4-0%a-1,6-diaza-anthracene~7-
carbonyl]-amino} -propionic acid methyl ester (57 mg, LC/MS: m/z 729) was prepared
from (3S,75)-3-(4-hydroxy-phenyl}-1-methyl-2-0x0-6-((S)-1-phenyl —propjl)-2,3 ,9,6,7,8-
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 methyt ester hydrochloride using general

procedure A,

(S)-3-(4'-Fluoro-biphenyl-4-y)-2-{[(3S,7S)-3-(4-hydroxy-phenyl)-1-methyl-2-ox0-6-
((8)-1-phenyl-propyl}-2,3,5,6,7,8-hexahydro-1H-4-0xa-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-{{(35,75)-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 (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-propy!)-2,3,5,6,7,8-hexahydro-1 H-
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:
(8)-3-{4'-Cyano-biphenvl-4-vD)-2-{[{§3-3-[4-(3.4-dichloro-benzvloxv)-phenyl1-6-(3.5-
dimethvi-isoxazole-4-sulfonvi)-1-methvi-2-0%0-2.3.5.6.7.8-hexahvdro-1H-4-oxa-1.6-

diaza-anthracene-7-carbonyl]-
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Title compound was prepared from Intermediate B following general procedures E and B.

LC-MS (m/z). 921.

5  Example 97:
(83-3-(4'-Cyano-biphenvl-4-yD-2- {[(8)-3-[4~(3.4-dichloro-benzvloxy)-phenvli-1-methvi-
2-0x0-6-((5)-1-phenyl-propvl-2.3.5.6.7.8-hexahvdro-1H-4-oxa-1,6-diaza-anthracene-7-

carbonv!]-amino t-2-methvl-propionic acid

10 (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-4-0xa-1,6-diaza-anthracene-7-carboxylic acid (31.6 mg) was
coupled with (S)-2-amino-3-(4'-cyano-biphenyl-4-y1)-2-methyl-propionic acid methyl
ester (14.7 mg) following general procedure O to provide (S)—3—(4'—Cy&no-bipheﬁyl~4u
yD-2-{[(S)-3-[4-(3,4-dichloro-benzyloxy)-phenyl}-1-methyl-2-0xo-6-((S)-1-phenyl-

15 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-y1)-2- {{(S)-3-[4-(3 ,A-dichloro-benzyloxy)-phenyl]-1-°

methyi-2-0x0-6-((S)-[-phenyl-propyi)-2,3,5,6,7,8-hexahydro-1H-4-0xa-1,6-diaza-

anthracene~7~carbonyl]—amino}-2-methy1~propion.ic acid methyl ester (25 mg) following
5 general procedure B. LC-MS (m/z): 893.

Example 98:
{R)-3-(4'-Cvano-biphenyl-4-yD-2-{[(3R.78)}-3-[4-(3.4-dichloro-benzyloxv)-phenyl-1-
methyl-2-0x0-6-({8)-1-phenyl-propyl}-2.3.5.6.7.8-hexahvdro-1H-4-oxa-1.6-diaza-

10  anthracene-7-carbonvil-amino ! -provionic acid

G Oh O

N
Z

(3R,78)-3-[4-(3,4-Dichloro-benzyloxy)-phenyl]-1-methyl-2-0x0-6-((S)-1-phenyl-propyi)-
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

15 procedure O to provide (R)-3-(4'-Cyano-biphenyl-4-yD)-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-1 H-
4-oxa-1,6-diaza-anthracene-7-carbonyl]-amino } -propionic acid methyl ester. Title
compound was prepared from (R)-3-(4'-Cyano-biphenyl-4-y1)-2- {[(3R,7S)-3-4-(3,4-
dichloro-benzyloxy)-phenyl]-1-methyl-2-ox0-6-((8)-1 -phenyi-pr0pyl)-2,3 .5,6,7.8-

20 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:

167



49,72 nana 73 nana 74327 19.0 75 244 20 76 11351 8.12 77 1706 53

5

10

15

20

WO 2009/111700 PCT/US2009/036333

(S)-2-({{S)-6-Benzovyl-3-[4-(3.4-dichloro-benzvioxy)-phenyll-2-0x0-2.3.5.6.7.8-

hexahvdro-1H-4-0xa-1.6-diaza-anthracene-7-carbonvl} -amino)-3-I4-(pyridin-4-vioxy)-

phenvli-propionic acid

. O OH
O
O Nm fry,
N
H
N
J@TO )
o

ﬁCI
ci

e
&

(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 HCL. 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.

(8)-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
(8)-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)-phenylj-propionic acid methyl ester bis
hydrochloride (543 mg) was prepared from (S)-2-tert-Butoxycarbonylamino-3-[4-
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(pyridin-4-yloxy)-phenylJ-propionic acid methyl ester (650 mg) following general
procedure C. LC-MS (m/z) 274,

(S)—S—[4~(3,,4~Dichloro-benzyloxy)-phenyl]~2~0xo-2,3,5,6,7,8-héxahydro—IH-4-0xa-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-buty! ester 7-methyl ester (2.2 g) following
general procedure C. LC-MS (m/z) 514,

(S)-6-Benzoyi-3-[4-(3,4-dichloro-benzyloxy)-phenyl}-2-0x0-2,3,5,6,7,8-hexahydro-1H-
4-oxa-,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.

(8)-6-Benzoyl-3-{4-(3,4-dichloro-benzyloxy)-phenyl}-2-0x0-2,3,5,6,7,8-hexahydro-1H-
4-oxa-1,0-diaza-anthracene-7-carboxylic acid was prepared (1.4 g) from (S)-6-Benzoyl-
3—{4—(3,4-dich10r0-be_nzyloxy)—phenyl]-2—oxo—Z,S,5,6,7,8-hcxahydro-]_H~4-0xa~1,6~diaza—
anthracenc-7-carboxylic acid methyl ester (1.6 g) following general procedure B. LC-
MS (m/z) 604.

(8)-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)-phenyi]-
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 methy! ester (50 mg)

following general procedure B. LC-MS (m/z) 844.

Exampie 1060:
| S)-6-(2-Amino-4-methyl-thiazole-5-sulfonyi

phenyl]-1-methyl-2-0x0-2.3.5.6,7.8-hexahvdro-1H-4-0xa-1.6-diaza-anthracene-7-

carbonyi}-amino)-3-(4'-cvano-biphenyl-4-vh-propionic acid (Less polar diastereomer)

(3R.75)-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 7-methy! ester was
hydrolyzed as described in general procedure B to furnish (S)-3-[4-(3 ,4-dichloro-
benzyloxy)-phenylj-1-methyl-2-0x0-1,2,3,5,7,8-hexahydro-4-oxa-1,6-diaza-anthracene-
6,7-dicarboxylic acid 6-fert-butyl ester as a mixture of diastereomers (1:1) at the
morpholino center. This muxture of acids was converted to (8)-7-[(S)-2-(4'-cyano-
biphenyl-4-yl)-1-methoxycarbonyl-cthylcarbamoyl}-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-carboxylic
acid fert-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]-i-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 diastereomeres following the general procedure C and E. This sulfonamide
was deacylated using the general procedure P to furnish (S)-2-({(8)-6-(2-amino-4-
methyl-thiazole-5-sulfony!)-3-{4-(3,4-dichloro-benzyloxy)-pheny!]- I-methyl-2-oxo0-
2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-carbonyl} -amino)-3-(4'-cyano-
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biphenyl-4-yl)-propionic acid methyl ester as a mixture of diastercomeres. The
diasteromers were separated by flash column chromatography (DCM: EtQAc, 9:1- 7:3)
The less polar diasteromer (LC-MS m/z 953, 16 mg) upon hydrolysis using the general
procedure B furnished title compound (less polar diastereomer, 12 mg). LC-MS
(my/z):937.

Example 101:
(5)-2-({(5)-6-(2-Amino-4-methyl-thiazole-5-sulfonyD-3-[4-(3.4-dichloro-benzvloxv)-

nhenvl]-l-methvl-2-ox0-2.3.5.6.7.8-hexahydro-1f-4-oxa-1,6-diaza-anthracene-7-

(8)-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-1 H-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 diastereomer 8 mg).LC-MS (m/z) 937.

Example 102:
(8)-2-({(8)-6-(2- Amino-4-methyl-thiazole-5-sulfonv])-3-[4-(3.4-dichloro-benzvioxyv)-

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 (more polar diastereomer)
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362 8.5 97 38.2 38 98 6261 42 WO 2009/111700PCT/US2009/036333 99100028 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 byVepasfdrmif the assay with vector-control mock cells which cktisesedanesthuman
GLP-1 receptor. AR compounds were devoid of cAMP accumulation in the mock-transfected cell lines.
We Claim: 1.A compound of Formula (I):

Ci
H
Cl (o] N
: N
o S
o} = g
N=
NH

(5)-2-({(5)-6-(2-Acetylamino-4-methyl-thiazole-5-sulfonyl)-3-[4-(3,4-dichioro-
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 aéid. methyl ester(more polar

5 diastercomer, 100 mg) was converted to (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~1 H-4-0xa-
1,6-diaza-anthracene-7-carbonyl}-amino)-3-(4'-cyano-biphenyl-4-yl)-propionic acid
methy! ester (LC-MS m/z 941) following the general procedure P. This ester on
hydrolysis using general procedure B furnished title compound (more polar diastereomer,

10 70 mg). LC-MS (nv/z):923.

Example 103:

2-Amine-4-methyl-thiazole-5-sulfonyD-3-[4-(3.4-dichloro-benzviox

phenyl}-2-0x0-2.3.5.6.7.8-hexahvdro-1H-4-oxa-1 .O-diaza-anthracene-7-carbonyl} -

15 amino}-3-(4'-cvano-biphenvi-4-vli-propionic acid (less polar diastereomer

(5)-2-({(5)-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-4-0xa-1,6-diaza-anthracene-7-
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R4 L1 is selected from the group consisting of: a direct bond, -CH2-, -0-, -N(R16)-, -C(0)-,
-CON(R16)-, 44(R16)C(0)-, -N(R16)S02-, -SO2N(R16)-, -C(0)-0-, -0-C(0)-, -S-, -8(0)-, -S(0)2-,
andwherein 15R16 is selected from the group consisting of: -hydrogen, -alkyl, -aryl, -allcylene-aryl; 01
is selected froi t/growp consisting of alkynylene, arylene, heteroarylene¢fussni@ryieysdoallicylene,
fused cycloalkylarylene, fused 20cycloalkylheteroarylene, fused heterocyclylarylene, and fused
heterocyclylheteroarylene, wherein Gl is optionally substituted 1-4 times with substituents
independently selected from R10, wherein Rl is Rb, 25G2 is selected from the group consisting of:
-aryl, -heteroaryl, -fused arylcycloallcyl, -fused cycloalkylaryl, -fused cycloalkylheteroaryl, -fused

cubattoonts boRBhe Soaiea R R s A e o the grovp.
consisting ofiatxrPRct O REP Wi @INHEL DEINHRID- teiarviee-dretbititiomitad: wherein
sulfonyl)-3-[4-(3,4-dichloro-benzyloxy)-phenyl}-2-ox0-2,3,5,6,7.8-hexahydro-1H-4-oxa-
1,6-diaza-anthracene-7-carbonyl}-amino)-3-(4'-cyano-biphenyl-4-y1)-propionic acid
5 methyl ester (LC-MS m/z 940) following the general procedure P. This ester on
hydrolysis using general procedure B furnished title compound (less polar diastereomer,

72 mg). LC-MS (m/z): 923.

Example 104: Receptor Binding Assay

10 The affinity of compounds for GLP-1 receptor were studied in an [**T)GLP-1(az 7-36)
equilibrium radioligand binding assay. Membranes from HEK-293 or CHO cells
expressing the human GLP-1 receptor were used in the GLP-1 receptor binding assay.
Reactions were carried out in 96-well plates. Compound was diluted in 20% DMSO/
water. The final assay concentration ranging from 0.1 nM to 100 uM in 2% final DMSO

15 concentration was used. The final binding assay conditions were 25 mM Tris-HCL, pH
7.4 buffer containing 10 mM MgCl,, 1 mM DTT, 0.1 mM EDTA, 0.1 mM EGTA, 0.1%
BSA, 1 - 10 ug membrane, 20 - 200 pM [""IJGLP-1 aa (7-36) (SA=2200 Ci/mmoL,
{Perkin Elmer part no. NEX308), and compound in final DMSO concentration of 2%
(final assay volume of 100 uL}). Positive control wells (C+) lacked compound, and

20 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 ['**TJGLP-1(aa 7-36) ligand was isolated following
filtration onto Unifilter-96 GF/C filter plates (PerkinElmer part no. 6005177) using a cell

25  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, 50uL. of Microscint
PS (Packard part no. 6013631) was added, plates were sealed with TopSeal-A adhesive
seals (Packard part no. 6005185). "1 isotope bound to the Unifilter-96 GF/C plates was

counted using a TopCount instrument (Packard).
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R12 is selected from the group consisting of: -C1.10 alkyl, -cycloalkyl, and -aryl, whereinr 2 is
optionally substituted 1-4 times with a group independently selected from Re; 10 R2 is selected from
the group consisting of: -hydrogen, -alkyl, -phenyl, -cycloalkyl, - alkylene-cycloalkyl, and
-alkylene-ph&yRAAHEYEIN alkyl, phenyl, and cycloalkyl groups are optiona#gusaiiniaE3s-4 times with
a group independently selected from ; 15 R3 is selected from Re; R4 is selected from r ; and 20 R5 is
-G3-L2-Q2-L3-G4,wherein 1.,2 and 1,3 am independently selected from the 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)0-, -0C(0)N(R26)-, -N(R26)S02-, -SO2N(R26)-, -C(0)-0-, -0-C(0)-, -S-, -S(0)-, -S(0)2-, and

N(R26)SO2N(R2 oo M ERRARAI R B dadeRPRdRRIIACIPSiSTOm MG BALA consisting of

hydrogen, -alkyl, -aryl, and -a e-aryl, wherein R26 and R27 are optionally substituted 1-4 times

with Re, or R26GRER2T% @15l thyeermowmithodiexatents o svhiiethes) akindinge fed to form a

heterocyclicciRgaing §7 Exnembereabirin g Ord additinnad Aphatewatoms,iadependently selected

from oxygen, pitrogen, and sulfur; Q2 is selected from the group consisting.of: a direct bond, C1.10
alkylene, Cfx{’]@{’é{ﬁgeé;ﬁl lﬁgfiﬁﬁdﬂ&fﬂﬁla%’?ﬁﬁ ﬁ’é%'@éeégs?fggigﬁflﬁé% Gropttissisting of:
-arylené, -cyoloabuyiéné Ekxdete fdoydiané saetandarylene, -fused arylcycloalkylene, -fused
cycloallcylarylene, -fused cycloalkylheteroarylene, -fused heterocyclylarylene, and -fused

heterocyclylheteroarylene, wherein 3
Data Analysis

Percent inhibition of ['*°I] GLP-1 (aa 7-36) binding was calculated according to the
equation 100 x 1-{(Samplecym - NSBep )/ Ctepm - C-cpm) }. Percent inhibition of ['*1]GLP-
10 1 binding (Y) vs compound concentration (X) data were generated. The ICsq values were
calculated by fitting the data using parameters for 2 sigmoidal dose response, variable
slope nonlinear regression (GraphPAD Prizm, San Diego, CA) according to the equation:
Y=Bottom + (Top-Bottom)/(1+10°(LogEC50-X)*HiliSlope))
wherein, X is the logarithm of concentration and Y is the response, and Y starts at
15 Bottom and goes to Top with a sigmoid shape. This is identical to the four parameter

logistic equation.

Example 105: Functional celi-based assay
The efficacy of GLP-1 receptor agonists was studied in a CAMP functional assay using
20 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-
streptornycin. Following overnight incubation of cells, media was removed, and
compounds (at concentrations ranging from 0.0001 to 100 uM) were added to monolayer
25 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. ¢AMP 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

30 ‘values ranging from 0.01 uM - 100 uM, typically ranging from about 0.02 uM to about
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G is optionally substituted 1-4 times with substituents independently selected from R8, wherein R8 is
selected from Rb, 10 (34 is selected from the group consisting of: -aryl, -cycloalkyl, -heterocyclyl,
-heteroaryl, -fused arylcycloalkyl, -fused cycloalkylaryl, -fused cycloallcylheteroaryl, -fused
heterocyclylawy®, anelifused heterocyclylheteroaryl, wherein 15G4 is optiorattytsulsiitied 1-4 times
with substituents independently selected from R9, wherein BY is selected from Rb, Rings B and C are
optionally substituted 1-4 times with substituents independently selected from the group consisting of
Rb; 20 Ra is selected from the group consisting of: a) -hydrogen, b) - S(0). Rd, C)
-S(0)20Rd, 25d) -S(0)'NRd e) -C(O)Rd, f) -CO2Rd, g) -C(O)NRd h) -haloalkyl, 30i)

-Cycloalkyl, J?O‘fﬂ[@lt.ef?e@é‘ﬁ%l‘ a@tfvg&ei}gxﬂl lSﬂjressed 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 2 670 738
3 na na 4 3800 20

5 30000 18 6 3600 7.0
7 474 35 8 134 64
9 500 54 10 418 5]
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 9.9 20 17 83.5
21 399 70.3 22 891 735
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
351200 16.0 36 660 13.0
37 490 32.0 38 710 32.0
39 130 56.0 40 1200 340

175



1) -C2-10 alkenyl, m) -C2.10 alkynyl, n) -aryl, 0) -heteroaryl, 51)) -C140 alkylene-aryl, ci) -C2-10
alkynylene-aryl, r) -C1_10 alkylene-heteroaryl, s) -C2.40 alkynylene-heteroaryl, and t) -C(Rf 10wherein
alkyl, alkenyl, allcynyl, aryl, heterocyclyl, heteroaryl, and cycloallcyl groups are optionally substituted
1-4 times withf @ H¥dplittdependently selected from R™ ; Rb is selected frotR THE HIUBGaNSIisting of:
15a) -cycloalkyl, b) -cyano, c) -ORd, d) -NO2, e) -halogen, 200 s(0). Rd, g) -SRd,

41 430 42.0 42 1000 56.0
43 560 34.0 44 1000 250
43 1000 18.0 46 1000 220
a7 1200 29.0 48 §05 640
49 557 570 50 1220 49.0
51 820 30.0 52 810 33.0
33 1040 52.5 54 1078 11.8
53 216 49.4 56 370 40.1
57 570 20.0 58 565 45.0
59 750 520 60 1630 62.0
61 850 290 62 1000 15.0
63 476 23.0 64 190 36.0
65 220 32.0 66 950 21.0
67 1150 550 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
97 382 38 98 626 42
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h) -S(0)20Rd, i) -S(0),"NRd Re, j) -NRd Re, 25k) -0(CRf Rg)NRd 1) -C(0)Rd, m) -CO2Rd, n) -002(CRf
Rg)"CONRd Re, 0) -0C(0)Rd, 30p) -C(0)NRd Re, g) -NRd C(0)Re, r) -OC(0)NR' s) -NRd C(0)ORe, t)
-NRd C(0O)NR" Re, u) -CF3, v) -0CF3, 5w) -haloalkyl, x) -haloalkoxy, -C1-10 alkyl,

WO 2009/111760 PCT/US2609/036333

99 1000 28

na : Not active in the functional cell-based assay of Example 1035,

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
5 performing the agsay 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 Hnes.
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z) -C2-10 alkenyl, aa) -C140 alkynyl, 10ab) -C1.10 alkylene-aryl, ac) -C1.10 alkylene-heteroaryl, and
ad) -heteroaryl, wherein alkyl; alkenyl, aLkynyl, aryl, heteroaryl, and cycloalkyl groups are 150ptionally
substituted 1-4 times with a group independently selected from R; Re is selected from the group
consisting of: a) -halogen, 20b) -amino, c) -carboxy, d) --cyano, e) -C14 alkyl, f) -0-C14 alkyl, 259)
-0-CF3, h.) -cycloalkyl, i) -O-cycloalkyl,

10

15

20

25

We Claim:
1. A compound of Formula (I): _
Formula (I)
O
RS
wherein |

R is ~(CH,),-G'-L'-G*, wherein

L! is selected from the group consisting of: a direct bond, -CHj-, -O-, -N(R'®)-,
-C(O)-, -CONR®)-, NRC(0)-, -NR)SO,-, -SON(R).,
-C(0)-0-, -0-C(0)-, -5-, -5(0)-, -S(O);-, 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 aryleycloalkylene, fused cycloalkylarylene, fused
cyciqalkylheteroarylene, fused heterocyclylarylene, and fused
heterocyclylheteroarylene, wherein Gf is optionally substituted 1-4 times with
substituents independently selected from R'® wherein

R'is R,

G is selected from the group consisting of: -aryl, -heteroaryl, -fused
arylcycloalkyl, -fused cycloalkylaryl, -fused cycloalkylheteroaryl, -fused

heterocyclylaryl, and -fused heterocyclylheteroaryl, whe:reir:x_(}2 is optionally
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J) -aryl, k) -C14 alkylene-aryl, 301) -hydroxy, m) -CF3, n) -haloalkyl, o) -haloalkoxy, p) -0-aryl, q)
-heteroaryl, r) -heteroarylene-C: 40 alkyl, 5s) -heterocyclyl, t) -002-C140 alkyl, u) -002-C1_10
alkyl-aryl, v) -fused arylcycloalkyl, w) -alkynylene-heteroaryl, 10x) -alkylene-aryl, y) -alkynylene-aryl, z)
- nitro,

substituted 1-4 times with substituents independently selected from R,
wherein
R"isR",

5 Ris selected from the group consisting of: -CO,H, -CO,R", -C(O)NHz, -C(O)NHR ™, -
tetrazole, and acid isostere, wherein
R is selected from the group consisting of: -Ci.yp alkyl, -cycloalkyl, and -aryl,
wherein R is optionally substituted 1-4 times with a group independently
selected from R";

10

R?is selected from the group consisting of: ~hydrogen, -alkyl, -phenyl, -cycloalkyl, -
alkylene-cycloalkyl, and -alkylene-phenyl, wherein alkﬁ, phenyl, and cycloalkyl
gréups are optionally substituted 1-4 times witil a group indépendently selected from
R _ . : ‘

15

R3 is selected from R*;
R*is selected from R* ; and

20 R®is-G-L-QL’-G*, wherein
I and L* are independently selected from the group consisting of: a direct bond,
~CHa-, -0-, -N(R*)-, -C(0)-, -CONR™)-, -NR*)C(O)-, NER¥®CONR™)-,
NER¥)C(0)0-, -OC(OINRS)-, N(R)SO,-, -SON(R).-, -C(0)-0-,
-0-C(O)-, -S-, ~S(O)-, -S(O)z-, and -N(R*)SO,N(R*"}-, wherein
25 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 SIto 7 members containing (-2 additional

30 . heteroatoms independently selected from oxygen, nitrogen, and sulfur;
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aa) -N(H)-C(0)-C1_6-alkyl, and bb) -S-C1_6-alkyl; 15 Rd and Re are independently selected from the
group consisting of: hydrogen, C1.10 alkyl, C2-10 alkenyl, C2_10 alkynyl, cycloalkyl, -C1_10
alkylene-cycloalkyl, aryl, heteroaryl, and heterocyclyl, wherein alkyl, alkenyl, alkynyl, cycloalkyl, aryl,
heteroaryl, heterocyclyl groups are optionally substituted with one to four 20substituents independently
selected from Re ; or Rd and Re 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 ang-pijragenantharianaliysubstitues with d-3.0mes Wih RessaRiand Rg are
independently selected from the group consisting of: hydrogen, C140 ali<yl, cycloalkyl,
-C140alkylene-cycloé@ﬂ%&?bé@@%ﬂ@%ﬁ?ﬁérein alkyl, cycloalkyl, and aryl groups are optionally
substituted with one to four substituents independently selected from Re; or Rf and Rg together with

the carbon to which,they are attached form a ring of 5 to 7 members containing 0-2 heteroatoms
30independently <$&létfelesishiramy e et tirly et Ypronarsekelfted with 1-3 times with

Re; m4s an integer fragd0cRimnts ARUHRBAERQ ML A0L-a0d i a integey from O to 2; Sor a

pharmaceutically acceptable salt therepof 2, The, ccgrcr%?%und of claim |, wherein RI js selected from the

group consisting of -CHAKAF 1B < grelen BOERABE I D AHRRE VISR O2H. 4.The

compound of claim 1 anhefieinl R2dsepiedietfoamithe, grbeisonsisting of: hydrogen and -C1.10 allcyl.
G'is optionally substituted 1-4 times with substifuents independently selected

from RS, wherein R® is seiectéd from Rb,

10
G* is selected from the group consisting of: -aryl, -cycloalkyl, ~heterocyclyl,
;heteroaryl, -fused aryleycloalkyl, ,-fuscd cycloaltkylaryl, -fused
cycloalkylheteroaryl, -fused heterocyclvlaryl, and -fused
hcterocycl ylheteroaryl, wherein |
15 G* is optionally substituted 1-4 times with substituents independently selected
from R®, wherein R’ is selected from RP,
Rings B and C are optionally substituted 1-4 times with substituents independently
selected from the group consisting of R”;
20
R® is selected from the group consisting of:
a) -hydrogen, |
b) -S(0) R,
¢) -S(0)0R’,
25 d) -S(O)NRIR®,
e) -C(ORY,
f) -CORS,
g) -C(ONRURS,
h) -haloalkyl,
30 1} -cycloalicyl,

i) -heterocyclyl,
k) —C1-10 alkyi,
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155.The compound of claim I, wherein R2 is hydrogen. 6. The compound of claim 1, wherein pis 1. 7.
The compound of claim 1, wherein 1,1 is a direct bond. 20 8. The compound of claim 1, wherein: p is
1; Gi is a substituted or unsubstituted phenyl; L1 is selected from the group consisting of a
direct bond, -0-, and - 25N(H)C(0)-; and - 02 is a phenyl group substituted 1-4 times with
substituents independently selected from R", and G2 is substituted with at least one substituent
selected from the group consisting of: a) -C1;10 alkyl, 30b) -haloallcyl, c) -haloalkoxy, d) -CF3, e)

-0CF3, 1) -haloger_lcg_)mha?lggxyﬁno, 5i) -C(0)Rd,

10

15

20

25

30

m)
n)
0}

~Ca.yo alkynyl,

-aryl,

-heteroaryl,

-Cy.10 alkylene-aryl,

~Ca.10 alkynylene-aryl,

-Cy.0 alkylene-heteroaryl,

Co1e a&ynyl_ene-héteroaryl, and

-CR 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)
b)
.c)
d)
e)
f)
g)
h)
i)
by
k)
)

~cycloalkyl,

-cyanao,

-ORS,

-NO;,

~halogen,

-S(0)m R,

-SRY,

-8(0)0R",

-S{O)NR® R®,

NRYR¢,

-O(CR'R&),NR RS,
-C(OIRY,

-COR’, |
-CO,(CRFR®) ,CONR R,
“OC(O)R",

-C(ONRE RS,

NR¢ COR®,
-OC(O)NR® R®,
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J) -NRd k) -cycloalkyl, and 1) -CO2Rd, wherein alkyl and cycloalkyl groups are optionally substituted 4
10times with a group independently selected from Re.. 9.The compound of claim 1, wherein: p is 1; Gi
is -C-=C-; 15Ll is a direct bond; and G2 is a substituted or unsubstituted phenyl group substituted 1-4
times with substituents independently selected fromand 02 is substituted with at least one substituent

selected from the group consisting of: -C1-10 20b) -haloallcyl, c) -haloalkoxy, d) -CF3, e) -0CF3,
f) -halogen,

s) -NR®C(O)OR",
£} -NR® C(O)NR® R®,
u) -CFs,
v) -OCFs3,

5 w) ~haloaliyl,
%} -haloalkoxy, |
y) -Cro alkyl,
z) —C}m alkenyl,
aa) -Cy.10 alkynyl,

10 ab) -Cy.jp alkylene-arvl,

.ac) -Cy.10 alkyiene-heteroaryl, and
ad) -heteroaryl,

wherein alkyl, alkenyl, alkynyl, aryl, heteroaryl, and cycloalkyl groups are
15 optionalty substituted 1-4 times with a group independently selected from
R®:

R’ is selected from the group consisting of:
a) -halogen,
20 b) -amino,
¢} -carboxy,
d) —cyano,
e) -Cialkyl,
f) -O-Ciy alkyl,
25 g) -O-CFs,
h) -cycloalkyl,
i) -O-cycloalkyl,
i) -aryl,
k) -C,4 alkylene-aryl,
30 I} -hydroxy,
m) -CF;,
n} -haloalkyl,
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259) -0-Rd, h) -cyano, i) -C(0)Rd, j) _NRd Re, k) -cycloalkyl, 301) -CO2Rd, wherein the alkyl and
cycloalkyl groups are optionally substituted 1-4 times with a group independently selected from R. 10.
The compound of claim 1, wherein: p is 1; Gl is a substituted or unsubstituted phenyl; 5LI is a direct
bond; and G2 is selected from the group consisting of: indole, pyridine, pyrimidine, quinoline,
isoxazole, wherein G2 is optionally substituted or unsubstituted. 11. The compound of claim 1,
wherein: 10p is 1; Gl is an unsubstituted phenyl; LI is a direct bond; and G2 is a phenyl, substituted

with a cyano groug. 4 .1 alicoxy

p) -O-aryl,

q) -heteroaryl,

r} -heteroarylene-C;. alkyl,

5 s) -heterocyclyl, |

) -COx-Cyypalkyl,

u) -CO2-Ciao alkyi;aryl,

v} —fused arylcjrcioal_kyl,
- w) —alkynylene-heteroaryl,

10 x) —alkylene-aryl,
y) —alkynylene-aryl,
z) -nitro,
aa) ~-N(H)-C(0}-Cy4-alkyl, and
bb) -§-C; ¢-alkyl;
15 |

R? and R® are mdependently selected from the group consisting of: hydrogen, Cy.y¢ alkyl,

Ca-10 aikenyl, Ch.0 alkynyl, cycloalkyl, -Cy.¢ alkylene-cycloalkyl, aryl,
heteroaryl, and heterocyelyl, Whefein_alkyl; alkenyl, alkynyl, cycloalkyl, aryl,
heteroaryl, heterocyclyl groups are optionally substituted with one to four “

20 “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®, .

25 Rfand R%are independently selected from the group consisting of: hydrogen, C; . alkyl,
cycloalkyl, -Ci.yp alkylene-cycloalkyl, ~carboxy, and aryl, wherein alkyl,
cycloalkyl, and arvl groups are optionally substituted with one to four substituents
independently selected from R®; or Rf and R® together with the carbon to which
they are attached form a ring of 5 to 7 members containing 0-2 heteroatoms

30 immdependently selected from oxygen, sulfur and nitrogen optionally substituted
with 1-3 times with R®;
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1512.The compound of claim 1, wherein R3 is selected from the group consisting of: a) -C1.10 alkyl, b)
-phenyl, c) -thiophenyl, 20d) -furanyl, e) -pyridyl, f) -Ci-io alkylene-pyridyl, g) alkylene-aminothiazolyl,
h) -C1.10 alkylene-imidazolyl, 25-C1-10 alkylene-oxazolyl, -C1-10 alkylene-thiophenyl, k) -C2.10
alkynylene-phenyl, 1) -C2.10 allcynlene-thiophenyl, m) -C2.10 alkynylene-pyridyl, 30n) -C2_10
alkynylene-pyrimidinyl, 0) -S02-phenyl, 171) -002-C1.10 alkyl,

m is an integer from 1 1o 2,
n is an integer from 1 to 10; and
p is an integer from 0 to 2;

5  or a pharmaceutically acceptable salt thereof.

‘2. The compound of claim 1, wherein R is selected from the group

B c0n§isting of -COH .and_-COgRu-.
10 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;..m alkyl.

15 5. The compound of claim 1, wherein R? is hydrogen.
6. The compound of claim 1, wherein p is 1.
7. The compound of claim 1, wherein L' is a direct bond.
20
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 -~
25 N{H)C(0)-; 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) -Ci.c alkyl,
30 b) -haloalkyl,
¢} -haloalkoxy,
d) —CFs,

184



q) -002-cycloalkyl, r) -002-tetrahydrofuranyl, s) -002-tetrahydropyranyl, t) -002-C1_10
alkylene-cycloalkyl, 5u) -002-C2.10-alkynyl, v) -002-CH2-C-a-C-phenyl, w) -C(0)-C1.10 alkyl, x)
-C(0)-phenyl, y) -C(0)-naphthyl, 10z) -C(0)-cycloalkyl, aa) --C(0)-furanyl, bb)-C(0)-thiophenyl, cc)
-C(0)-isoxazolyl, dd)-C(0)-C1.10 alkylene-cycloalkyl, 15ee) -C(0)-NH-Chio alkyl, if) -C(0)-NH-phenyl,
and gg)-C(0)-N(cycloalkyl)-Ci_io phenyl,  wherein the alkyl, alkynyl, cycloalkyl, tetrahydrofuranyl,
tetrahydropyranyl, phenyl, naphthyl, thiophenyl, furanyl, pyridyl, pyrimidinyl, thiazolyl, imidazolyl, 20
oxazolyl, and isoxazolyl groups)ar_d{p[gonally substituted 1-4 times with a group independently

selected from Re. 13.The compound of'tlaim 1 herein R3 is -C1.10 alkyl substituted with a
f) —halogen,

g) ~O-R’,
h) -cyano,
5 ” i) -C(ORY
| i NRURS,
k) -cycloalkyl, and
1) -CORY
_wherein alkyl and cyéloalkyl groups are optionally substituted 1-4

10 times with a group independently selected from RS
9, The compound of claim 1, wherein:
pisi;
G' is -C=C-;
15 L' is a direct bond; and

G? is a substituted or unsubstituted pheny! 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) 'Ci-.lﬁ alkyl,
20 © b) -haloalkyl,

¢} -haloalkoxy,

d) ~CFs,

&) —OCFs, ~

f) —halogen,
25 g) -O-RS,

h) -cvano,

i) -C(ORS,

) NR'RS,

k) -cycloalkyl,
30 ) -CO.RS,

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

times with a group independently selected from R°.

185



phenyl group. 25 14. The compound of claim 1, wherein R3 is selected from the group consisting
of -(R)-1-(phenyl)-propyl, and -(8)-1-(phenyl)-propyl. 15. The compound of claim 1, wherein R4 is
selected from the group 30consisting of: hydrogen, C1_10 alkyl, C2-10 alkenyl, C2-10 alkynyl,
cycloalkyl, -01-10 alkylene-cycloalkyl, aryl, heteroaryl, and heterocyclyl, wherein the alkyl, alkenyl,
alkynyl, cycloallcyl, aryl, heteroaryl, heterocyclyl groups are optionally substituted with one to four
substituents independently selected from R*. 16.The compound of claim 1, wherein R4 is selected
from the group 5consisting of-hydrogen, -Ci_6 alkyl, and -C(0)-C1_6 alkyl. 17.The compound of claim
1, wherein R.5 is -G3-L2-02-L3-04, wherein L2 is selected from the group consisting of: -CH2-, -0-,
-N(R26)-, and -C(D)-, whgretoR26us séldeted! fraherttie: group consisting of: hydrogen, -alkyl, - 10aryl,
and -allcylene-aryl; L3 is asqi_rect bond; Q2 is a C140 alkylene group; G3 is a phenylene group,
wherein G3 is optionallypslubétituted 1-4 times with substituents 15independently selected from RS,
wherein R8 is selected fdris Riytatitizd i sembssithfrdmitryigroup consisting of: cycloalkyl, phenyl,

pyridingl, benzothiopher]:yllipgﬁﬁggpw;/gnwherein 34 is optionally substituted 1-4 times with
substituents independently- selected from R9, wherein R9 is selected from Rb.
G* is selected from the group consisting of: mndole, pyridine, pyrimidine,

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

11. The compound of claim 1, wheréin‘.
10 pis1;
| G' is an unsubstituted phenyl;
L} is a direct bond; and

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

15 12.  The compound of claim 1, wherein R? is selected from the group
consisting of:
a) -Ci.ao alkyl,
b) —phenyl,
c) --thidphenyl,
20 d) —furanyl,
e) —pyndyl,
f) —Ciqo alkylene-pyridyl,
g) —Crio alkylene-aminothiazolyl,
h) —Ci. alkylene-imidazolyl,
23 i) ~Ci.ig alkylene-oxazolyl,
i) —Cio alkylene-thiophenyl,
k} —Ca.0 alkynyiene-phenyl,
1) ~Cao alkynlene-thiophenyl,
m) —Ca.1p alkynylene-pyridyl,
30 n) —Cs.o alkynyiene-pyrimidinyl,
0} —SO-phenyl,
p) ~CO2-Cj alkyl,
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20 18.The compound of claim 1, wherein R5 is -G3-L 2-L3-G4, wherein L2is -0-, L3 is a direct bond,
Q2 is a C1_10 alkylene group; 25G3 is a phenylene group, and G4 is a phenyl group, wherein 34 is
substituted 1-4 times with substituents independently selected from R9, wherein R9 is selected from
Rb, and wherein 34 is substituted with at least one substituent selected from the group consisting of:
30a)-C1_6 alkyl, b) -haloalkyl, c) -halogen, d) -alkoxy, e) -haloalkoxy, f) -CF3, and g) -0-CF3. 19. The
compound of claim 1, having the ormula (I-E) \ or a pharmaceutically acceptable salt thereof.

q). —COs-cycloalkyl,
1) —CO,-tetrahydrofuranyl,
§) —CO,-tetrahydropyranyl,.
) —C0z-Crio alkylene-cycloalkyl,
5 u) —C0;-Cs.o-alkynyl,
v) —CO0,-CH,-C=C-phenyl,
w) ~C(0)-Ciy0 alkyl,
x) —C(O)-phenyl,
¥) —C(O)-naphthyl,
10 z) —C(O)-cycloalkyl,
aa) ~C{O)-furanyl,
bb} ~C(O)-thiophenyl,
cc) —C(O)-soxazolyl,
dd) —C(0)-C1.1p alkylene-cycloalkyl,
15 ee) —C(O)-NH-Cy. alkyl,
ff) —C(O)-NH-phenyl, and
2g) ~C(O)-N{cycloalkyl}-Ci.1 phenyl, |
wherein the alkyl, alkvnyl, cycloalkyl, tetrahydrofuranyl, tetrahydropyranyl,
phenyl, naphthyl, thicphenyl, furanyl, pyridyl, pyrimidinyl, thiazolyl, imidazolyl,
20  oxazolyl, and isoxazolyl gfoups are optionally substimted 1-4 times with a group

independently selected from R®.

13. The compound of claim 1, wherein RYis ~C_1_m alkeyl s_ubstituted with a
phenyl group. | |
25 o
14.  The compound of claim 1, wherein R? is selected frém the group

consisting of «(R)-1-(phenyl)-propyl, and —{(S)-1-(phenyl)-propyl.
15.  The compound of claim 1, wherein R is selected from the group

30  consisting of: hydrogen, Cy.i0 aikyl, Ca-10 alkenyl, Ca.yp alkynyl, cycloalkyl, -Ci0
alkylene-cycloalkyl, aryl, heteroaryl, and heterocyclyl, wherein the alicyl, alkenyl,
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20. A compound selected from the group consisting of a compound of Formula (Il) and a compound of
Formula (lll) whererepresents the presence of a stereocenter; R3 is selected from 128; R4 is
selected from Ra ; and 5 R5 is -G3-L2-Q2-L3-G4, wherein L2 and L3 are independently selected from
the group consisting of: a direct bond, -CH2-, -0-, -N(R26)-,-CON(R26)-, -N(R26)C(0)-,
-N(R26)CON(R27)-, -N(R26)C(0)0-, -0C(0)N(R26)-, -N(R26)S02-, -SO2N(R26)-, -C(0)-0-, 10-0-C(0)-,
-S-, -S(0)-, -S(0)2-, and -N(R26)S02N(R27)-, wherein R26 and R27 are independently selected from

the group cgsisfing, of slragen,salir1andeARgaatlsRs: ary b BeEan RGNt R2F are optionally
substituted 1-g{§rﬁe%s, V\%M‘?%}?_’R% and R27 are%a%?to%%ther \%h the atoms to which they are
attached todtie UEHbBIveyHEdmEErnin s aTEhBEYE ontaining 0-2 additional heteroatoms
independently selected from oxygen, nitrogen, and sulfur; 2 Q is selected from the group consisting

f. a direct bond, C1.10 alkyl 2-10 alkeny!l 2 10 al I 2
of: a direct bon ’ci:é. 0 alkylene, C Oa_en%/ene, and € Oaléyggelale, 0

The compound of claim I, wherein R™ isselecte m the group

5  consisting of -hydrogen, ~C;¢ alkyl, and ~C(0)-C;¢ alkyl.

17.  The compound of claim 1, wherein R is —G*-L2-Q% L -G*, wherein
L2is selected from the group consisting of: ~CHy-, -O-, -N(R*)-, and -C(O)-,
wherein R* is selected from the group consisting oft hydrogen, -alkyl, -
10 , aryl, and -alkylene-aryl;
L3 is a direct bond;
Q? is a Cy.y9 alkylene group;
Gisa phenylene group,
wherein G° is optionally substituted 1-4 times with substituents
15 independently selected from R®, wherein R® is selected from R’ and
G* is selected from the group consisting of: cycloalkyl, phenyl, pyridinyl,
benzothiophenyl, benzothiazolyl, wherein G* is optionally substituted 1-4
times with substituents independently selected from R®, wherein R® is sglected
from R®.
20
18.  The compound of claim 1, wherein R® is -~G3-L2—Q2-L3~G4, ‘wherein
L*is -O-,
L? is a direct bond;
Q*isaCpry alkylene group;
25 " G’ is a phenylene group, and
G* is a phenyl group, wherein G* is substituted 1-4 times with substituents
independently selected from Rg, wherein R’ is selected from Rb, and wherein
G* is substituted with at least one substituent selected from the group
consisting of:
30 a) —Cigalkyl
b) ~haloalkyl,
¢} —halegen,
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G3 is selected from the group consisting of: -arylene, -cycloalkylene, -heterocyclylene, -heteroarylene,
-fused arylcycloalkylene, -fused cycloallcylarylene, -fused cycloalkylheteroarylene, -fused
heterocyclylarylene, and -fused heterocyclylheteroarylene, wherein 25G3 is optionally substituted 1-4
times with substituents independently selected from R8, wherein R8 is selected from Rb, G4 is
selected from the group consisting of: -aryl, -cycloalkyl, -heterocyclyl, -heteroaryl, -fused arylcycloalkyl,
-fused cycloallcylaryl, -fused 30cycloalkylheteroaryl, -fused heterocyclylaryl, and -fused
heterocyclylheteroaryl, wherein G4 is optionally substituted 1-4 times with substituents independently
selected from R9, where Rg?éicé’épécted from Rb, wherein Ra is selected from the group consisting
of: 5a) -hydrogen, b) -S(@)", Rdhat)aiB¢RY20R" , d) -S(0)",NRd Re, e) -C(0)Rd, 10-CO2Rd, 9)
-C(O)NRd Re, h) -haloall%/I, i)_—&)lgg,l%gl[(yl,

g) ~O-CFs.
5
16, The compound of claim I, having the formula (I-E)
— =] 1
Z N P’
I\ /
¢}
RS
or a pharmaceutically acceptable salt thereof.
10
20. A compound selected from the group consisting of a compound of

Formula (TT) and a compound of Formula (IIf)

(D
0
Rs
(11D
O
RS

wherein* represents the presence of a stereocenter;
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j) -heterocyclyl, 15k) -C1.10 alkyl, 1) -C2-10 alkenyl, m) -C2.10 alkyr, n) -aryl, '0) -heteroaryl,
20p) -01.10 alkylene-aryl, q) -C2.10 alkynylene-aryl, r) -C1_30 alkylene-heteroaryl, s) -C240
alkynylene-heteroaryl, and t) -C(Rf 25 wherein alkyl, alkenyl, allcynyl, aryl, heterocyclyl, heteroaryl,
and cycloallcyl groups are optionally substituted 1-4 times with a group independently selected from

Re ; 30Rb is selected from the group consisting of: a) -cycloalkyl, b) -cyano, c) -OR",

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

R? is ~G*-L2-Q%*-L*-G*, wherein
L?and L* are independently selected from the group consisting of: a direct bond,
—CHye, -O-, -N(R*)-, -C(O)-, -CON(R?®)-, NR®)C(O)-, ~N(R26)CON(R27)-,
NRZ)C(0)O-, -OC(OINR™)-, -NR**)SOz-, -SO,NR™)-, -C(0)-0-,
-0-C(0)-, -S-, -S(O)-, -S(0),-, and -N(R*)SON(R?")-, wherein

R?® and R* are independently selected from the group consisting of:

i0

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
heterocyelic ring of 5 to 7 members containing 0-2 additional

15
heteroatoms independently selected from.oxygen, nitrogen, and sulfur;

Q? is selected from the group consisting of: a direct bond, Cy.1¢ alkylene, Cy-1q
alkenylene, and Ca.1p alkynylen:;,

20
G® is selected from the group consisting of: -arylene, -cycloalkylene,

-heterocyclylene, -heteroarylene, ~fused arylcycloalkylene, -fused
cycloalkylarylene, -fused cycloalkylheteroarylene, -fused heterocyclylarylene,

and -fused heterocyclylheteroarylene, wherein

25 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 aryleycloalkyl, -fused cycloalkylaryl, -fused
30 cycloalkylheteroaryl, -fused heterocyclylaryl, and -fused

heterocyclylheteroaryl, wherein
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d) -NO2, e) -halogen, f) 5g) -SR", h) -S(0)20R", i) -S(0),,,h1Rd Re, j) -NR' k) -O(CRf Rg)"NRd Re,
101) -C(O)Rd, m) -CO2Rd, n) -002(CR1Rg) ECONRJd Re, 0) -0C(0)Rd, p) -C(O)NR" Re, 15q)
-NR" C(0)Re, r) -OC(0)NR' s) -NR" C(0)or, t) -NR" C(O)NR" Re, u) -CF3,

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:
5 a) -hydrogen,
b) -S(O)m R,
¢) -S(O)OR,
d) -S(O}.NRURS,
e) -C(ORS,
10 f) -CORY,
g} -C{ONRUR®,
h) -haloalkyl,
i) -cycloalkyl,
j ) -heteroeyclyl,
15 k) -Cjy.e alkyl,
' 1) ~Ca-10 alkenyl,
m) -Ca.ip alikynyl,
n) -aryl,
o) -heteroaryl,
20 p) -Cpio alkylene-aryl,
q) -Ca.yc alkynylene-aryl,
r} -Cij alkylene-heteroaryl,
s} -Ca.yp alkynylene-heteroaryl, and
9 -CRR®)-aryl,
25 ‘ _
wherein alkyl, alkenyl, alkynyl, aryl, heterocyclyl, heteroaryl, and cycloalkyl
groups are optionally substituted 1-4 times with a group independently selected
from R®;

30 R"is selected from the group consisting of:
a) -cycloalkyl,
b) -cyano,
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20v) -0CF3, w) -haloalkyl, x) -haloalkoxy, 3.1) -C1-10 alkyl, z) -C2-10 alkenyl, 25aa) -C2.10 alkynyl,
ab) -C1.10 alkylene-aryl, ac) -C1.10 allcylene-heteroaryl, and ad) -heteroaryl, 30wherein alkyl, alkenyl,
alkynyl, aryl, heteroaryl, and cycloalkyl groups are optionally substituted 1-4 times with a group
independently selected from ; Re is selected from the group consisting of: a) -halogen, b) -amino, c)
-carboxy, d) --cyano, e) -C14 alkyl, 0 -0-C14 alkyl, g) -0-CF3,

¢) -ORY,
d) -NO,,
e} -halogen,
) -S(O) R,
5 g -SRY,
h) -S(0):0R’,
i) -S(O)NR'R®,
i) NRER,
k) -O(CRTR&),NR’R®,
10 ) -C(ORS,
m) -CO.RY,
n) -CO(CR'RE),CONRIR®,
o) -OC(O)RS,
p) -CONR’R®,
15 q) -NRC(O)R,
r) -OC(O)NR®RS,
s) -NRYC(O)ORS,
t) -NRYC(O)NR?RS,
u) -CFs,
20 v) -OCF;,
w) -haloalkyl,
%) -haloalkoxy,
y) ~Ci.yp alkyl,
z} -Co-1y alkenyl,
25 aa) -Ca.y0 alkynyl,
ab) -Cy.1 alkylene-aryl,
ac) -Ci.o alkylene-heteroaryl, and
ad) ~heteroaryl, |

30 wherein alkyl, alkenyl, alkynyl, aryl, heteroaryl, and cycloalkyl groups are
optionally substituted 1-4 times with a group independently selected from
R%;
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h) -cycloalkyl, i) -O-cycloalkyl, j) -aryl, k) -C14 alkylene-aryl, 1) -hydroxy, m) -CF3, n)' -haloalkyl, o)
-haloalkoxy, p) -0-aryl, q) -heteroaryl, r) -heteroarylene-C140 alkyl, s) -heterocyclyl, t) -002-C140 alkyl,

u) -002-C140 alkyl-aryl, v) -fused aryIcycIoaIkyI w) -alkynylene-heteroaryl, x) -alkylene-aryl, y)
-alk3mylene-aryl,

R® s selected from the group consisting of:
a) -halogen,
b) -amino,
¢} -carboxy,
d) -cyano,
e) -Ci4alkyl,
f) -0-Cy4alkyl,
.g) —O"CFS,
h) -cycloalicyl,
1} -O-cycloalkyl,
). -aryl,
k) -Ci.; alkylene-aryl,
) -hydroxy,
m) -CFs,
n) -haloalkyl, .
o) -haloalkoxy,
p) -O-aryl,
qj -heteroaryl,
r} -heteroarylene~Cj.i0 alkyl,
s) -heterocyclyl, -
) -COx-Cipalkyl, -
u) -CO;-Cyyp alkyl-aryl,
v} —fused aryleycloalkyl,
w)} —alkynylene-heteroaryl,
x) —alkylene-aryl,
y) -—alkynylene-aryl,
Z)} - nitro,
aa) -N(H)-C(0)-C,.¢-alkyl, and
bb) -S-Cy4-alkyl;
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z) - nitro, aa) -N(H)-C(0)-C1_6-alkyl, and bb) -S-C1"6-alkyl; BY and Re are independently selected
from the group consisting of: hydrogen, Ci_io alkyl, C2-10 alkenyl, C2.10 alkynyl, cycloalkyl, -Ci_io
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 le ; or BY and Re 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 gigrogen.and.optionally substitued with, 1-3 times with.Re, Rf and Rq are independently
selected frgnafﬁcg%r%rﬁﬁné%%% § |Ir¥tg§o :? ‘g}gﬁ?@%’ﬁ; 1%?)%&%8}6%%’%3%}%% %gﬁzgwc% tyl, -carboxy,
and aryl, wherein @kylakycidalieyl dkehatytgroaliylar€ optidindiyesubdtiiited avith one to four
substituents independently selected from.le:.or R t ith 8 which they are
attached form a r%%gé?agyt% a}lﬁgttrﬁ%o&g %’n‘%ﬁ%ﬁ% %ﬁg’lhéﬂtggo fégr%{g\tl}’ %gggr?%%%?yqégfected from
oxygen, sulfur antiatitcegénheptioraly! smbepituedonithrally grhettwith watheis nfimieger from 1to 2; n'is

an integer from 1 {0,108 Ads.AndalAgeL oM Gla-A 0l & RianReaHlicall.ARcariablasalt thereof

21. The compoun claim 20, wherein"wherein R4 is selected from the group consisting of-hydrogen,

-C1,6 alkyl, and -G(®)hch e nkpl attached fpme cbekpecid om0, VIREFERTREAINNG 2-Q2- -G4,
wherein L2 is -0-,4.3 I3 a«lirgch bondide? R fehadhiploflens: sronRx=GR s auphemdene group, and G4

is a phenyl group, wherein G4 is substituted 1-4 times with substitugnts - independently selected from
R9, wherein RO iS&1&ereddroni mepll % SePwHerei B4l 1S Suistited with at least one substituent
selected from the group consisting of:

R and R® are independently selected from the group consisting of: hydrogen, Ci.10 alkyl,
o cycloalkyl, -Cio alkylene—cycloalkyl, -carboxy, and aryl, wherein alkyl,
cycloalkyl, and aryi groups are optionally substituted with one to four substituents
independently selected from R®; or R and R® together with the carbon to which
they are attached form a ring of 5 to 7 members containing 0-2 heteroatorms
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;
or a pharmaceutically acceptable salt thereof.

21.  The compound of claim 20, wherein wherein R* is selected from the group

consisting of ~hydrogen, —Ci.¢ alkyl, and ~C(O)-C; ¢ alkyl.

22.  The compound of claim 20, wherein R’ is ~G*-L2-Q%1°-G*, wherein
L?is -O-,
L’ is a direct bond;

G is 2 Cy.10 alkylene group;
G is a phenylene group, and
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a) -C1.6 alkyl, b) -haloalkyl, c) -halogen, d) -alkoxy, €e) -héloalkoxy, -CF3, and g) -0-CF3. 23.The
compound of claim 20, wherein R3 is selected from the group consisting of: a) -C140 alkyl, b) -phenyl,
c) -thiophenyl, d) -furanyl, e) -pyridyl, 0 -C140 alkylene-pyridyl, g) -C140 alkylene-arninothiazolyl, h)

-C140 alkylene-imidazolyl,

i) -C140 alkylene-oxazolyl, .1) -C140 alkylene-thiophenyl, k) -C240

alkYnylene-phenyl, 1) -C240 alkynlene-thiophenyl, |n) -C2.10 alkynylene pyridyl, n) -C2.10

alkynylene-pyrimidinyl,

G'isa phenyi 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) —Cigalkyl
b)  —haloalkyl,
¢) -halogen,
d) —-aikoxy,
e} —haloalkoxy,
f) —CF,and
gy  —O-CF.
23.  The compound of claim 20, wherein R? is selected from the group consisting of:

2) Croalkyl,

b) —phenyl,
¢) —thiophenyl,
d) —furanyl,
e) —pyridyl,

) —Ci.p alkylene-pynidyl,

g) —Cig alkylene-aminothiazolyl,
h) —Ci.0 alkylene-imidazolyl,

i) ~Ci.o alkylene-oxazolyl, -

1) —=Cjy.ip alkylene-thiophenyl,

k) —‘Cg_.i[} alkynyiene-phenyl,

D —Cg-m_ alkynlene-thiophenyl,
m). —Cy.1g alkynylene-pyridyl,

n) —Ca.o alkynylene-pyrimidinyl,
0) —SO;-phenyl,

p) —CO,-Cig alkyl,

q) —COs-cycloalkyl,

r) ~COs-tetrahydrofuranyl,
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0) -S02-phenyl, p) -002-C14 0 alkyl, q) -002-cycloalkyl, r) -002-tetrahydrofuranyl, s)
-002-tetrahydropyranyl, t) -002-C1_10 alkylene-cycloalkyl, u) -002-C2.10-alkynyl, v) .
-002-CH2-CC-phenyl, w) -C(0)-C140 alkyl, x) -C(0)-phenyl, y) -C(0)-naphthyl, z) -C(0)-cycloalkyl, aa)
-C(0)-furanyl, bb)-C(0)-thiophenyl, cc) -C(0)-isoxazolyl, dd)-C(0)-C1_10 alkylene-cycloalkyl, ee)
-C(0)-NH-C1.10 alkyl, if) -C(0)-NH-phenyl, and hh)-C(0)-N(cycloalkyl)-Ci_10 phenyl, ~ wher,,in the
alkyl, alkynyl, cycloaLkyl, tetrahydrofuranyl, tetrahydropyranyl, phenyl, naphthyl, thiophenyl, furanyl,

pyridyl, pyrimidiny% thi%@zlxémj%]g;@ ;ngfazolyl, and isoxazolyl groups are optionally substituted 1-4
times with a goup |21dependenty sefected from It'. 24,A pharmaceutical composition comprising: a

compound of FornulaQ§:farmelieyigne-cycloalkyl,

W) —COy-Cr.p-alkynyl,

) ~CO,-CH;-C=C-phenyl,

w) ~C(0)-Ci.0 alkyl,

x) —C(O)-phenyl,

¥} —C(O)-naphthyl,

z) —C(O)-cycloalkyl,

‘aa) ~CfO)-furanyl,

bb)—C(O)-thiophenyl,

ce) ~-C(O)-1s0xazolyl,

dd)—C(O}-Cy.qp alkylene-cycloalkyl,

ee) —C(O}-NH-Cy.p alkyl,

ff) -C(O)}-NH-phenyl, and

hh) WC(O}~N(cycloa1ky1)-Cl;1o phenyl, ‘

wherein the alkyl, alkkynyl, cycloalkyl, tetrahydrofuranyl, tetrahydropyranyl,
phenyl, naphthyl, thiophenyl, furanyl, pyridyl, pynmidinyl, thiazolyl, imidazolyl,
oxazolyl, and isoxazolyl groups are optionally substituied 1-4 times with a group
independently selected from R° .

24, A pharmaceutical composition comprising:

a compound of Formula (I):

R4 o} R
Ox N /L
N R
A C [
N R2
RS O \R?’
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or a pharmaceutically acceptable salt thereof, wherein R is --(CH2)p-G1-L1-G2 herein LI is selected
from the group consisting of: a direct bond, -CH2-, -0-, -N(RI6)-, -C(0)-, -CON(R16)-, -N(R16)C(0)-,
-N(R16)S02-, -SO2N(11/6)-, -C(0)-0-, -0-C(0)-, -S-, -S(0)-, -S(0)2-, and -CH2-, wherein R16 is selected
from the group consisting of: -hydrogen, -alkyl, -aryl, -alkylene-aryl; 03 is selected from the group
consisting of: alkynylene, arylene, heteroarylene, fused arylcycloalkylene, fused cycloalkylarylene,
fused cycloalkylheteroarylene, fused heterocyclylarylene, and fused heterocyclylheteroarylene,
wherein G1 is 'ogﬁionall §ug tituted ]_t-i4 ti F&Witl}s\% stituents independently selected from RI,

wherein RI € R , Aeeeiée ea(\lci;reoor}iﬁ1 eesagroucﬁ"a’(c:)o’ns|s_?|rﬁignof: -aryl, -heteroaryl, -fused arylcycloallcyl, -

-fused cycloallcylaryl, -fused cycloalk-ylheteroaryl, -fused heterocyclylaryl, and -fused

heterocycly eterﬁél[y- I erein.G2is optionally substituted 1-4 times with substituents independently -
selected fro&:{]nllg-zl , \@%ﬂiﬁ“R 1 15‘”&%{3 | is selected from the group consisting of: -CO2H, -CO2R12,

-C(0)NH2, -C(0)NHR12, - tetrazole, and acid isostere, wherein R12 is selected from the group

consisting of: -C3.10.alksyl.. -eycloalkyl ankwherain 312 | 'op@%s_ )Sti 1-4 times with a
group independent ylgg%éc%teegxgo%n? %Zgﬁéﬁg |c§ sefectzéd frr&r?&f%%%?gg’p consislg?fg %ﬁ?ﬁbdrogen, -alkyl,
“phenyl, -cycloalkyl, - Ak§lanEePEBalky MR G tendBAORR WIRGEHRIRYI, phenyl, and cycloalk-yl
groups are optional_ly_%;@te@_%@'mg@ ,vyfgtgﬁ_’g szdggieﬂgﬁgjjmg}g&ted from ; R3 is selected
from Re; R4 is selected from Re ; and Fe is -G3-12-02-13-04, wherein

R 1s selected from the group consisting of: -hvdrogen, -alkyl, -aryl,

-alkylene-aryl;

G' is selected from the group consisting of: alkynylene, arylene, heteroarylene,
fused aryleycloalkylene, 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 R®,

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

R"MisR®,

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: -Ci.10 alkyl, -cycloalkyl, and -aryl,
wherein R™ is optionally substituted 1-4 times with a group independently

selected from R
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L2 and L3 are independently selected from the group consisting of: a direct bond, -CH2-, -0-, -N(R26)-,
-0(0)-, -CON(R")-, -N(R26)C(0)-, -N(R26)00N(R27)-, -N(R26)C(0)0-, -0OC(0)N(R26)-, -N(R26)S02-,
-SO2N(R26)-, -C(0)-0-, -0-0(0)-, -S-, -S(0)-, -S(0)2-, and -N(R26)S02N(R27)-, wherein R26 and R27
are independently selected from the group consisting of: hydrogen, -alkyl, -aryl, and -alkylene-aryl,
wherein R26 and R27 are optionally substituted 1-4 times with Re, or R26 and R27 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 hgteroatoms independently selected from axygen, Ritrog d ujfur; 2 is selected from
the group Egnésissglr%t%a: a g%%&%%%?d?%%%%l%%e%%ﬁl%%lkaé%r% ’efg,e%%{?fj §§C a]é. ynylene, G3 is

selected from thigygeoeroycbradistingrof-aligleneyhaydiostikyenel kyletdroslciptbagsichbtdroarylene,
-fused arylcyci%%% leneusehoyriaalivarveng. s f&?ﬁ%%ﬁ@%@%@ﬁﬁéﬁﬂ%@@&eﬁ‘ﬁ%ﬂ

heterocyclylaryfene, and -tused heterocyclylheteroarylene, rein G3 Is optionally substituted 1-4
times with substiments independently selected from R8, wherein R8 is selected from R1', G4 is
selected from the group consisting of: -aryl, -cycloalkyl, -heterocyclyl, -heteroaryl, -fused arylcycloalkyl,
-fused cycloaslkylaryl, -fused cycloalkylheteroaryl, -fused heterocyclylaryl, and -fused ' "
heterocyclylheterelgpygdineretn:4 G is optionally substituted 1-4 times with substituents independently
selected from R9, wherein R9 is selected from Rb, Rings B and C are optionally substituted 1-4 times
with substitugnts independently selected from the group consisting of Rb; Re is selected from the '
group consiBtifigrgiected from R™; and

R’ is —G3 12-Q% LG, wherein
1.2 and L? are independently selected from the group consisting of: a direct bond,
-CH,-, -O-, -N(R*)-, -C(0)-, -CON(R?®)-, -N(R?G)C(O}, NER*™)CONRY)-,
NR¥*C(OYO-, ~OC(OINRS)-, NR*)S0,-, -SOMNR™)-, -C(0)-0-,
-0-C(0)-, -S~, ~-S(O}-, -$(O),-, and -N(R26)SOZN(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 contaming 0-2 additional

heteroatoms independently selected from oxygen, nitrogen, and sulfur;

Q7 is selected from the group consisting of: a direct bond, Cy.1¢ alkylene, Ca-1¢
alkenylene, and Cs.0 alkynylene,

G’ is selected from the group consisting of: -arylene, -cycloalkylene,
-heterocyclylene, -heteroarylene, -fused aryicycloalkylene, -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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a) -hydrogen, b) -S(0). Rd, c¢) -S(0)20R'1, d) -S(0).NRd Re, €) -C(0)Rd, f) -CO2Rd, g) -C(0)NR' Re, h)
-haloalkyl, i) -cycloalkyl, j) -heterocyclyl, k) -C1_10 alkyl, 1) -C2-10 alkenyl, m) -C2.10 alkynyl, n) -aryl,
0) -heteroaryl, p) -C1.10 alkylene-aryl, -C2-10 alkynylene-aryl, r) -C1.10 alkylene-heteroaryl, s) -C2.10
allcynylene-heteroaryl, and

G is selected from the group consisting of: -aryl, -cycloaikyi, -heterocyclyl,
-heteroaryl, -fused arylcycloalkyl, -fused cycioalkyiaryi, ~fused
cycloalkylheteroaryl, -fused heterocyciylaryl, and -fused
heterocyclylheteroaryl, wherein '

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

from R®, wherein R’ is selected from RB,

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,
¢) -S(0)0R’,
d) -S(O)NR? RS,
e) -C(O)R,
fy -CORY,
g) -CONR'R,
h} -haloalkyl,
1) ~cycloalkyl,
j) -heterocyclyl,
k) -Ci.p alkyl,
1} -Ca=1p alkenyl,
m) -Cs.50 alkynyl,
n) -aryl,
o) -heteroaryl,
p) -Ci.ao alkylene-aryl,
g) ~Cao alkynylene-aryl,
r}  ~Ci.yo alkyiene-heteroaryl,
s) -Ca.y alkynylene-heteroaryl, and
1) -CR R%)-aryl,
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t) -C(Rf R5)-aryl, wherein alkyl, alkenyl, allcynyl, aryl, heterocyclyl, heteroaryl, and cycloallcyl groups
are optionally substituted 1-4 times with a group independently selected from Re; Rb is selected from
the group consisting of: a) -cycloalkyl, b) -cyano, c) -ORd, d) -NO2, e) -halogen, f) -S(0)m Rd, g) -SRd,
h) -S(0)20Rd, i) -S(0),"NRd Re, j) -NRd Re, k) -0(CRf Rg)oNRd Re, 1) -C(0)Rd, m) -CO2Rd, n)
-002(CRf Rg)CON-Rd Re,

wherein alkyl, alkenyl, alkynyl, aryl, heterocyelyl, heteroaryl, and cycloalkyl
groups are optionally substituted 1-4 fimes with a group independently selected
from R®; '

RP is selected from the group consisting of:
&) -cycloalkyl, '
b) -cyamo,
¢) -ORY,
d) -NO.,
¢) -halogen,
f) -SOm R,
g) -SRY,
h) -S(0)O0R’,
) -S(O)=NRIR®,
D NRURS,
k) -O(CRIR®),NRER®,
1) -C(O)R%,
m) -CORY,
n) -CO,(CRRE) ,CONRE RS,
0) -OC(O)RS,
p) -C(O)NR'RS,
q) -NR®C(O)RS,
r) -OC(O)NR?R®,
s) -NRYC(OYOR®,
) -NRCONRURS,
u) -CFs,
v} -0OCF,,
w) -haloalkyl,
x} -haloalkoxy,
y) -Ci.yo alkyl,
z} ~Cp-io alkenyl,
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0) -0C(0)Rd, p) -C(O)NRd Re, q) -NRd C(0)Re, r) -0OC(0)NRd Re, s) -NW' C(0)012e, t) -NRd C(0)NR"
Re, u) -CF3, v) -0CF3, w) -haloalkyl, x) -haloalkoxy, y) -C1_10 alkyl, z) -C2-10 alkenyl, aa) -C240
alkynyl, ab) -C1.10 alkylene-aryl, ac) -01.10 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 RC ;

aa) -Ca.yp alkynyl,

ab) -Cy.y0 alkylene-aryl,

ac)' -Cy.10 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,

¢} -carboxy,
d} —cyano,
e} -Ciqalkyl,
f) -0-Crsalkyl,
g) —O'CF&

h) -cycloalkyl,
i) -O-cycloalkyl,

P oearyl,

k) -C;4 alkylene-aryl,
) -hydroxy,

m) -CF;,

n) -haloalkyl,
o) -haloatkoxy,

p) -O-aryl,
q) -heteroaryl,
r) -heteroarylene-Ci.jqalkyl,
s) -heterocyclyl,

-ty -COz-Cigpalkyl,
u) -CO,-Cy.qp alkyl-aryl, |
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le is selected from the group consisting of: a) -halogen, b) -amino, c) -carboxy, d) -cyan, e) -C14 alkyl,
0 -0-C14 alkyl, g) -0-CF3, h) -cycloalkyl, i) -0O-cycloalkyl, j) -aryl, k) -C34 allcylene-aryl, 1) -hydroxy, m)
-CF3, n) -haloalkyl, o) -haloalkoxy, p) -0-aryl, q) -heteroaryl,

v) ~fused arylcycloalkyl,

w) —alkynylene-heteroaryl,

x) -alkylene-aryl,

vy} -alkynylene-aryl,

z) - nitro,

az) -N(H)-C(O)-C, ¢-alkyl, and
bb)-S-Cr.s-alkyl;

RY and R® are independently selected from the group consisting of: hydrogen, C,.; alkyl,
Cy-q0 alkenyl, Cayo alkynyl, cycloalkyl, -Cy.o alkylene-cycloalkyl, aryl,
heteroaryl, and heterocyclyl, wherein alkyl, alkenyl, alkynyl, cycloalkyl, aryl,
heteroaryl, heterocyclyl groups are optionally substitufed wit.h 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 indeper_;deriﬂy selected from oxygen, sulfur and
nitrogen and opﬁon.ally substitued with 1-3 times with RS,

Rf and R¥ are independently selected from the group consisting of: hydrogen, Cy.1¢ alkyl,
cycloalkyl, -Ci_j 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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r) -heteroarylene-Ci_10 alkyl, s) -heterocyclyl, t) -002-C1.10 alkyl, u) -002-C1_10 alkyl-aryl, v) -fused
arylcycloalkyl, w) -alkynylene-heteroaryl, x) -alkylene-aryl, y) --alkynylene-aryl, z) - nitro, aa) bb)
-S-Cl.6-alkyl; Rd and Re are independently selected from the group consisting of: hydrogen, C1.10
alkyl, C2-10 alkenyl, C2_10 alkynyl, cycloalkyl, -C1.10 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 Re ; or Rd and Re

together witfx the, atorms, to which they arerattaohediiermya heterocyclic ring of 5 to 7 members
containing 0-2 additional heteroatoms independently selected from oxygen, sulfur and nitrogen and
optionally s%gﬁﬁ@%%“qx?%éé»\Xfﬁ?ﬁf’é&m?ﬁﬁ%%lﬁaependently selected from the group
consisting of: by drpgersfel 10wkl syelontikyl -6l silitlene-cycloallcyl, -carboxy, and aryl,

wherein alkyl, cycloallcyl, and aryl groups are gptjpnally substituted with one to four substituents
independeritki- §aBREP P8I 3 %Whéﬁa%?gﬁl&h%‘fgﬁﬁ %%e carbon to which they are attached form

a ring of 5 tg¥ igwalers containing 0-2 heteroatoms independently selected from oxygen, sulfur and
nitrogen optionally substitued with 1-3 times with 12."; m is an integer from 1 to 2;

26. The compound of claim 25, wherein the compound 1s
(S)-2-({(S)-6-benzoyl-3-[4-(3 4-dichloro-benzyloxy)-phe-
nyl]-Z-oon-Z,B,5,6,7,8-hexahydr0-lH-4—oxa~1,6-diaza—an—
thracene-7-carbonyl} -amino}-3-(4' -cyano -biphenyl-4 -yl)-

propionic acid.

27. (8)-3-(4'-Cyano-biphenyl-4-y1)-2-({(S)-3-[4-(3.4-
di'chioro»benzyloﬁcy}-phenyl}—Z—oxoﬁ6~pyridin~2-yhnethyl-
2.3,5.6,7,8-hexahydro-TH4-oxa-1 6-diaza-anthracene-7-
carbonyl}-amino)-propionic acid or a pharmaceuntically

acceptable salt thereof.

28. The compound of claﬁ:ﬁ 27, wherein the compound is
(S)~3-(4'-cyano—biphenyl—ﬁf—yl)—fz-( {(8)-3-{4-(3 ,4~dichloro-
benzyloxy )-phenyl]-2-ox0-6-pyridin-2-ylmethyl -2,3,5,6,7,
8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-carbonyl}-

amine)-propionic acid.

29. (S)-3-(4'-Cyano-biphenyl-4-yl)-2- {I[(3R,78)-3-[4-(3,
4.dichloro-benzyloxy)-phenyl]-l-methyl-2-0x0-6-((S)-i-
phenyl-propyl)-2,3.5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-
anthracene-7-carbonyl]-amino } -propionic acid or a

pharmaceutically acceptable salt thereof.

30. The compound of claim 29, wherein the compound is
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n is an integer from Ito 10; p is an integer from O to 2; and a pharmaceutically acceptable carrier or
diluent. 25 . (S)-2-( {(S)-6-8 enzoyl1-3 4443 ,4-dichloro-b enzyloxy)-pheny1l]-2-oxo0-2,3 ,5 .6 ,7,8 -hex
ahydro -1H-4-oxa-1, 6- diaza-anthracene-7-carbonyll -amino)-3 -(4' -cyano-bipheny1-4-y1)-propionic
acid or a pharmaceutically acceptable salt thereof. 26. The:.compound of claim 25, wherein the
compound is
(S)-2-({(S)-6-benzoy1-344-(3,4-dichloro-benzyloxy)-phe-ny1]-2-oxo-2,3,5,6,7,8-hexahydro-1H-4-oxa-1,
6-diaza-an-thracene: /-8 SARIND, : zbiphenyl-4 -y1)- propionic acid. 27.

PR SRR i S 1S e

dichloro-bedishintgbprretfyyl-shens. -2 aatrethyi? 9556, 7,8-hexahydro-1H-4-oxa-1,6-diaza-anth
racene-7- cagh 1l r % Rsdarapharmasgitically acceptable salt thereof. 28. The
compound %%%@%%ﬁé%ﬁ%he compound is (S)-3-(4'-cyano-bipheny14-y1)-2-( {(S)-3 4443
A-dichlorolSEFEARSRY FEMERIATEDER - BIRABIA B imethy -2,3,5,6,7, | o
8-hexahydro-111-4-oxa-1,6-diaza-anthracene-7-carbonyllamino)-propionic acid. 29.

S)-3-(4'-C -biph 1-4-y1)-2-{[(3R,7S)-3-14-
oo e S AR b e ) A4

phenyl-propy)Rig:&KlzAdhexany - Lihdioia-bh~diarsintlaracene-7-carbonylkamino}-proPionic
acid or a pharmaceuticall C le salt th f 30..The.compound of claim 29, wherein the
compound & ?@jl’\?rf’ﬂ@yé§§B?&Eiaé%ﬁ%yé{?iﬁe{g[féﬁ-%é -34-(3 ,4-
dichloro-benzyeacerphenstbinitmettiyb 2-oxop B8 pd dpdrenyl-propy1)-2,3,5,6,7,8-hexahydro- 1H-4-oxa-
1,6-diaza- anthracene-7-carbonyl]-aming,-propionic acid. 31. (S)-3-(41-Cyano-biphenyl-4-y1)-2-
{[(35,75)-3Jf’r11‘?(‘§?%?81%<:%aﬂf 8%8%% 8?%&%‘?1%% ]-1-methy1-2-0x0-6-((S)-1-
phenyl-propy1)-2,3,5,6,7,8-hexahydro-111-4-oxa-1,6-diazaanthracene-7-carbonyl] -amino }-propionic
acid or a ph ceutically acceptable s coaandig;gempound of claim 31, wherein the
compound i%@ﬁ-?ﬂ%%ﬁﬁﬁ%ﬁ&@iﬁ%%%%&,7"3)-3-?4-(3,4-

dichloro-ber{2ydx ) phenpijbtnyletiyid-2-dK6- 5483 R4 Pplietnyl-propyl)-2,3,5,6,7,8-hexallydro-111-4-oxa
-1,6-diaza-ag-thracene- 0 MINCJHRAORINNIS a6id:1.3Re.-

(S)-3-(4'-Cyé}r?t§]-[§%%%§12 f%g?/b )-2-5%3)-3-[{5’??3,4- a@q e
dichloro-bermzitosspyphbhy 8- Limstarydrooks-8218). 8-plsé&2ri-propy1)-2,3,5,6,7,8-hexahydro-111-4-ox
a—l,6-diaza—§}@égg£@gﬁ%zﬁgqug<}am Japsthyl-propionic acid or a pharmaceutically acceptable
salt thereof. 34. The compound of claim 33, wherein the compound is (S)-3-(4'-cyano-biphenyl-4-y1)-2-
{[(S)-3-[4-(3,4-dichlorobenzyloxy
)-phenyl]-1ﬁeﬁgyg;@a%pﬂ%@h&@m%hm{@l}mﬁﬁ,7,8-hexahydro-11-1-4-0xa—1,6-diaza—anthra
cene-7-carbon kamino}-2-methyl-prqti)ioni cid. 356Aﬁ1 O{TI ound selected from the group consisting
of: (S)-7-[(S i ReeTPRR IRy Y RO DIBHER 13y % % e

nyl-propyl}-2,3,5,6,7,8-hexahydro-1H-4-oxa-1 ,6-diaza-ap-

thraccne»?-carbonyl}-amino}~2—methy1-propiohjc acid or a

pharmaceutically acceptable salt thereof.

34. The compound of claim 33, wherein the compound 1s
(S)-3-(4"-cyano-biphenyl-4-yi}-2-{[(S)-3-[4-(3 ,4-dichloro-
benzyloxy }-phenyl]-I-methyl-2-0x0-6-((S)-1-phenyl-pro-
pyi)-2,3 ,5,6,7,8-hexahydro—1H—4-0xa- 1,6-diaza-anthracene-

7-carbonyl]-amino }-2-methyl-propionic acid.

35. A compound selected from the group consisting of:

(S)-7-{(8)-1-Carboxy-2-(4'-cyanc-biphenyl-4-yl}-ethyl-
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carbamoy1]-3-[4-(3,4-dichloro-benzyloxy)-pheny1]-2- :
oxo-1,2,3,5,7,8-hexahytho-4-oxa-1,6-diaza-anthracene-6-carboxylic acid 4-hydroxy-cyclohexyl ester,
(S)-7-[(S)-1-Carboxy-2-(41-cyano-biphenyl1-4-y1)-ethylcarbamoy11-344-(3,4-dichloro-benzyloxy)-phen
y1]-2- oxo-1,2,3,5,7,8-hexahydro-4-oxa-1,6-diaza-anthracene-6-carboxylic acid 3-hydroxy-cyclopentyl
ester, (S)-3-(4'-Cyano-bipheny1-4-y1)-2-{[(S)-344-(3,4-
dich_loro-benzyloxy)-phenyl11-2-oxo-6-(pyridine-3-car-bony1)-2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-dia -
za-an-thracene-7-c inQ)-propionic acid..(S)-3(4-Cyano-biphenyl-4-y1)-2-{[(S)-344-(3,4-
dichIoro-beﬁ?ﬁ%&ﬁg%ﬁ%%%ﬁ@é?%ﬁ%&% }&%%?gr%é-carbonyl)-z,3,5,6,7,8-hexahydro-|H-4-oxa-
1, 6-diaza-anttHizc2AS-3-oaritorydi4-aminat-dpapatonic acid, :
(S)-3-(4'-Cyano-biphenyl-4-y1)-2-A[(S9):3:14-
dichIoro-ber%rﬁ%a%%?b%aﬁoy}%?{%%%é%%l%%&%%%%&gsn%icarbor'1y1)-2,3,5,6,7,8-hexahydro-111-4-ox
a-1, 6-diazdntHfareharPosarBdAyiyanmbohepropiohicisid, .
(S)-3-(4'-Cy@é}95@§16ﬁ@>%:€@4131851&%15%% Ai;) g&gﬂl}gﬁgzbenzyloxy)-phenyl] -2-0X0-6-(3 -phenyl
-prop-2-yny1)-2,3,5,6,7"8-hexahydro-IH-4-0xa-1,6-diaza-an-thracene-7-carbonyl]-aminol -propionic
(S)-7-[(S)-1Garvbky-2-4hesphrihibRéayL438pERethylcarbamoy1]-344-(3,4-dichloro-benzyloxy)-phenyl]
-2- 0x0-1,2, -Rexahydro-4-0xa-1.ardiazes Bmﬁene-&carboxylic acid isopropy! ester,
(S)-?-[(S)-1%%%%3-2-(4'-%%?%%r%eﬁﬁﬁgz-y?lé)-ethy -
carbamoy1E894-(3,4-dichloro-benzyloxy)-pheny1]-2-

oxo-1,2,3,5 & Bshexakyskosphirxst ub/Diazganthiragene-6-carboxylic acid isobutyl ester, '
(S)-7-[(S)-1-Carboxy-2-(4t-cyano-bipheny1-4-y1)-etlaylcarbamoy1]-344-(3,4-dichloro-benzyloxy)-phen
y11-2- oxo-$i9M40® Wé?@émﬁ “%ﬁﬁ?é’c@é%@ﬁﬁfﬁ?%ﬁféne-6-carboxy|ic acid 2,2-dimethyl-propyl
ester, bonyl)-2,3,5,6,7,8-hexahydro-1H-4-0xa-1,6-diaza-an- '
(S)-7-[(S)-1-Carboxy-2-(4t-cyano-bipheny1-4-y1)-ethylcarbamoy1]-344-(3,4-dichloro-benzyloxy)-pheny
11-2- oxo-lf&f@?%,?ﬁé—%é%éﬁ?gﬁ- éPf,}ézﬂ?é%%g} thracene-6-carboxylic acid tetrahydro-pyran-4-y1
ester, (S)-3{&y-Cypnn-hiphadndtyd ) D-2 {{BIe3 dyeldButanecarbony1-344-(3,4-dichloro-benzyloxy

)-phenyl] -2-,0x0-2,3,5,6 7,8-$e ah jj_r -1H-4-0xa-1,6:diaza-antbracene-7-carbonyl} -amino)-propionic
acid, (S)-s-ﬁﬂ‘-‘ﬁ?"a"ﬁ%ée—%‘?ghc’ex f%“ﬁ _fmgég@?ﬁ%‘?@?ﬁm

dichloro-berfaydox¢papbany i 16561 kyytaBvdreld 3 bxa-1, _

6,7,8-hexakéé/_ igi%-gﬁéfroaxgﬁéi _-di%%aéﬁg_tjé@ﬁ@qgfg-igﬁponyl} -amino)-propionic acid

(S)-2-({(S)-6- enzenesucfibny i Y ? -dichlor -b%nzy-loxy)-phenylI-2-oxo-2,3,5,6,7,8-hexahydro-|H-4
-oxa-1,6-diazadanthracene-7-carbonyll-amino)-3-(4'-cyano-biphenyl-4-y1)-propionic acid,

(S)-2-<{(S)-6cs§,§rg&g a%%lbﬁfsh%ﬂiﬁm@_ﬁf?g RaYexx)s 4.

phenyl]-2-0x0-2, 7,8-hexahydro H -0Xa-1,6- diaza-anthracene-7-carbonyl) -amino)-3

-(4-cyano-bifiseleya-berzr}propmbany delores 4R )-tetrahydro-
(41-Cyano-Qiglgg_rgygaﬁaﬁ]yb_zz_({§§)5-36;g;4§g9gg@§@n§par99@11-344-(3,4-dichIoro-benzyloxy)-p'henyl] -2-
ox0-2,3,5,6,7,8-hexahydro-1H-4-0xa-1,6-diaza-anthracene-7-carbonyll-amino)-propionic acid,
(S)-3-(4'-Cyér%%ﬁ%ﬁ%@%ﬁ%‘ﬂ%%%ﬁ@ ZPHERARFo-benzyloxy)-phenyl] -2-oxo-6-(piperidine-1 -

carbonyl)-2,3;8,6,7,8-hexahydro-1H-4-oxa-1,6-diazaanthracene-7-carbonyl)-aminol-propionic acid,
(S)-7-[(S)-1-Carboxy-2-(4}-cyano-bipheny14-y1)-ethylcarbamoyl]

oA R (4

0x0-1,2,3,5, & hexabyeond prbci; bt dinsasahiBiratens: 6xgapboxylic acid cyclopropylmethyl ester.
(S)-7-[(S)-1-Carbaxy-2-(4'-cyano-piphenyl-4-y1)-ethylcarbamoy1]-3-[4-(3,4-dichloro-benzyloxy)-phenyl
]-2- oxo-l,Z,%j%r,léf,)%r’e;(;h@g/F%%- k%{(i”, -ap[éozxaafgrf?f r%zc?‘é%né-&earboxylic acid
(R)-(tetrahydieefanar-3ayidadiemniB)13ptbployarmidjphenyl-4-y1)-2- [(S)-3-[4-(3 ’4'

0705556, BB

-6-(furan-2-carbanyl)-2-
%ﬂ(_’ ; %(éq%a,ﬁ%é%e}éav’if%%kgﬁhé%-carbonyIkamino } -propionic acid,
(S)-3-(4'-Cyand-uiphtins 1443, 2@ p-34nz 304y didietofd-benzyloxy)-pheny1]-6-(3-methyl-benzoy1)-2-
oxo-2,3,5,6,Z}%-_%%élgypggﬁ%gd%gzgigﬁ@a%[gg_racene-7-carbony1}-aminol-propionic acid,
(S)-3-(4'-Cyano-biphenyl-4-y1)-2- ([(S)-344-(3,4- dichloro-benzyloxy)-pheny11-6-(4-fluoro-benzoy1)-2-
0x0-2,3,5,6, igraxahyeioddit-acsksopBRihsdcanthracene-7-carbonylkamino} -propionic acid,
(S)'B'(4I'Cy%§$‘ﬁ.E%}ep@;f@sX%)zzg;{[.(@éﬁéﬂﬁ Anlichigrashenzyloxy)-pheny1]-6-(4-methoxy-benzoy1)-
2-0x0-2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-carbonylkamino}-propionic acid,
(S)-3-(4'-Cyano-biphenyl-4-y1)-2-{[(S)-344-(3,4- dichloro-benzyloxy)-pheny1]-2-ox0-6-(3-trifluorom-
ethyl-benzoy1)-2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6- diaza-antlaracene-7-carbonylkaminol-propionic
acid, (S)-3-(4'-Cyano-biphenyl-4-y1)-2-( 205
{(S)-6-cyclohexanecarbony1-3-[4-(3,4-dichloro-benzyloxy)-phenyl]-2-
oxo-2,3,5,6,7,8-hexahydro4H-4-oxa-1,6-diaza-anthracene-7-carbony1}-ainino)-propionic acid,
(S)-3-(4'-Cyano-biphenyl-4-y1)-2- {[(S)-3-[4-(3 ,4- dichloro-benzyloxy)-pheny1]-6-(naphthalene-1
-Garbo-ny1)-2-oxo-2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-carbonyll-amino}
_nronionic acid ([LA_2_(A'-Cyviano-bhinhanvl-A-\x/1\-2-11([NN-AAAN-(R A-



nyl} -amino)-3 -(4'-cyano-biphenyl-4-y1)-propionic acid,
(S)-3-(4'-Cyano-bipheny1-4-y1)-2-({(S)-6-(5-cyano-6- methylsulfanyl-pyridin-2-ylmethyl)-3-[4-(3,4-
dichloro-benzyloxy)-phenyl]-2-oxo-2,3,5,6,7,8- hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-.
carbonyll-amino)-propionic acid, (S)-3-(4'-Cyano-bipheny1-4-y1)-2-{[(S)-3-[4-(3,4-
dichloro-benzyloxy)-pheny1]-6-(1H-imidazol-2-ylmethyl)-2-oxo-2,3,5,6,7,8-hexahydro-IH-4-oxa-1,6-
diaza-anthracene-7-carbonylkamino}-propionic acid, (S)-3-(4'-Cyano-bipheny1-4-y1)-2-{[(S)-344-(3,4-
dichloro-be he - Ryl=101-] jgggrgi, Amethyl)-2-oxo-2,3,5,6,7,8 -hexahydro-1H-4-
oxa—l,6-diagﬂ%%gﬁc%eﬁéffaé%gﬁr?%%ﬁﬁgopionlic?kz?(/:id, (S)-3-(4'-Cyano-bipheny1-4-y1)-2-( {
(S)-3-[4-(3 @xo-1,2,3,5,7.8-hexahydro-4-oxa-1,6-diaza-an-
dichIoro-beQ@Q@g@g@&@@@@@m&ﬁ@@z&k@;ylm-ethyl-2,3,5,6,7,8-hexahydro-ll-{-4-oxa—1,6-diaza-a
n-thracene-7-carbonyl} -ammo%—pr'opionic acid, (%8{3-(4'@ ano-biphenyl-4-y1)-2- {[(S)-3-[4-(3 ,4-
dichloro-behSYiGKS pHerh Py 26 R ey BRTayS c¥HEthYH)-2,3,5,6,7,8-hexahydro-111-4-oxa-1,6-dia
za-an-thracenesfssarenylkaminalicRsaRione Acigh By 8(d-Cyano-bipheny 1-4-y1)-2-{[(S)-344-(3,4-
dichloro-benzylox é—phen 1]-6-(2-nitro-b négJesulfo-nyl)-Z-oxo-Z,3,5,6,7,8-hexahydro-M-4-oxa—1,6-di
aza-anthracBifel 7 atdenyRAMISrBh ?& T RETS)-3-(41-Cyano-bipheny1-4-y1)-2-{[(S)-344-(3,4-
dichloro-benrmgydexs-abadyiiit 6301t 0-dierzerasuifgt ryik); 2-0x0-2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-d

iaza-anthracene-/-carbonylFaminel-propianic acid, (3)-2-
{(S)-6-(2-CJ§A€-15®§§9%3%W ?Q‘&‘Eﬁ&%%éﬁ qylgdi '-%%ﬁ Tyll-2-0x0-2,3,5,6,7,8-hexahydro-1H-4-
oxa-1,6-diazarbnthratere-73 caditiyib-dniyix8)-pheroyade-bipheny1-4-y1)-propionic acid,

(S)-3-(4'-Cyano-bj -4-y1)-2- S
{(S)-6-cyc|oB?Sbgr%%%éﬁ%%é%ﬁf%%’g:&aﬁ%yal%xy)-phenyl]-2-oxo-2,

3,5,6,7,8-hethaimedres ihibdxgkia-di6-dtadardmthyagefei-csebonyll-amino)-propionic acid
(S)-3-(4'-Cyanozbiphenyl-4-y1)-2- - ,4- di -benzyloxy )-phenyl] -2 -oxo- 6-(3
-pyrimidin-Z?@F“b' gf) ‘%}9 Bgaggy%%(%%éﬁ(gggh%é%?%q{%noxa16
diaza-anthracervesexiBeiytkdintilnd-progibnik Aphenid)-3-(4'-Cyano-bipheny1-4-y1)-2-{[(S)-344-(3,4-
dichloro-benzyloxy }- -2- ~thi >3- '
yI-prop-2-yn§%%%%5?&@g%§§%§ﬁg%ﬁ%?c%:f%g-a%iaza-anthracene-?-carbonyl]amino}-propionic
acid, (S)-2-({iSr6:Bar20y g {APne ) dRIMBIHIRSHEY 0XY)-
phenyl]-2-0@:@@45@@@:{51&%@@@4%,@5:@{@535%@@%&a—anthracene-?-carbonyl
}-amino)-3-(4'-cyano-bipheny1-4-y1)-propionic acid,
(S)-2-({(S)-6iBEkzeyResaviasy bR Bro-ses ko x0-2:3:2,

pheny1]-2-0y0r 2.8e2 hvifsiiexalydnos ditA-axarkdne-7- _
diaza-anthracene-7-carbonyll-aming)-3-(4'-cyano-biphenyl-4-y1)-propionic acid, (S)-2-(
{(S)-6-BenzGﬁb-%‘l["A}(@IHHR;/FBEB@H?VI(?%%-phe-nyl]-2-oxo-2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza—a
nthracene-7¢garhongisamainehaufbngiana-tBphéaiidord-ydnzgropionic acid, (S)-2-( '
{(S)-6-Benzqy1-3-[4-(4-chloro-henzy. -phe-ny1]-2-0x0-2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-n
nthracene-7385%"89?%1?&25%85%3?(%é—%ﬁ?gfé?ﬁr%gﬁ%%%%aﬂpropionic acid, (S)-2-(
{(S)-6-Benzayd.-Bd#-(#dhioenc37ttifiborgihetnyidehzlayrphenyl]-2-oxo-2,3,5,6,7,8-hexahydro-1H-4-
oxa-1,6-diaza-anthracene-7-carbonyll,-amino)-3 -(4 - cyano-biphenyl-4-y1)-propionic acid,
(S)-24{(S)-é%%%e%g§1gf§rll{2i’iﬂl-’%ﬁ’é}%%é?zs-triﬂuoromethyl -benzyloxy )-phenyl] -2 -0x0-2,3,5,6,7,8
-hexahy-dro{SH24¢((83-0-B et mpd-2uHiH éahehiproarbungtizamino)-344'-cyano-biphenyl-4-y1)-propionic
acid, (S)-7- -1-Carboxy-2-44 - -biphenwla4- thylcarbamoyl] -3-[4-(5,6-dichloro-pyridin-3
-ylmethoxy)-[gr?%g }?ﬁ-%g%dgéégé%% lie;)gk(}agr?)};iidlrz‘ro(-:%f;llo)l;ig-1,6-diazaanthracene-6-carboxylic acid
tent-butyl estbpza-anthracene-7-carbonyl} -amino)-3 -(4'-cvano-bi-
(S)-24{(S)-6$%Q§pxgyﬁ_§,%go§ﬁgigg[gro-pyridin-3-y|methoxy)-phenyl]-2-0x0-2,3,5,6,7,8-hexahydro-1H
-4- oxa-1,6-tiaza-anthracene-7-carbonyl} -amino)-3 -(4' - cyano-bipheny1-4-y1)-propionic acid, (S)-2-(
RS)-6-BenzyiS344 (-6 saesroimbigpidiy. kf‘%@tﬁé}@)’-&?ﬁéﬁ%&-oxo-z,&&&7,8-hexahydro-1H-4-
oxa-1,6-diazgzanifiacene:&aashami SRk $)-demsypno-bipheny1-4-y1)-propionic acid,
(S)-3-(4'-Cyano-biphenyl1-4-y1)-2- {[%-3-[4-(5 66-_dich|oro-pyridin-3 -ylmethoxy)-pheny1]-2-0x0-6-
(thiophene-20%8rBery ) 5 2B el xRy arb O TiRFr*Bxa-1,6-diaza-anthracene-7-carbonyl] -amino }
- propionic agids S4B A-4Ri64)lprephanayiaty)-pheny1]-2-0xo-6-
thiazol-2-ylmethy1-2,3,5,6,7,8-hexahydro-1H-4-oxa-1,
6-diaza-anthracene-7-carbonyl1l-amino)-3-(4'-cyanobipheny1-4-y1)-propionic acid,
(S)-7-[(S)-1-Carboxy-2-(4'-cyano-biphenyl-4-y1)-etg¥I§arb amoy1]-3-[4-(3
,4-dichloro-benzyloxy)-phenyl]-1 - methyl-2-oxo-1,2,3 ,5,7,8-hexahydro-4-oxa-1,6-di
azaanthracene-6-carboxylic acid isopropyl ester, (S )-3-(4'-Cyano-bipheny1-4-y1)-2- { [(S)-3-[4-(3,4-
dichloro-benzyloxy)-pheny1]-1-methyl-2-ox0-6-(3-
phenyl-prop-2-ynyl)-2,3,5,6,7,8-hexahydro-IH-4-oxal,6-diaza-anthracene-7-carbonylkamino}
-propionic acid, (S)-3-(41-Cyano-biphenyl-4-y1)-2- {[(S)-314-(3,4-

dichloro-benzviovyv ) -nhenv/11-1-meaethvl-2-0vn-G-(1- nheanvl-nronvN-2 R E A 7 Q_-havahvdron-IH-A-nva-1 A-



(S)-3-(4' -Cyano-biphenyl-4-y1)-2- IRS)-3-14-(3,4- dichloro-benzyloxy)-pheny11-1-meth371-2-0x0-641-
phenyl-ethyl)-2,3,5,6,7,8-hexahydro-111-4-oxa-1,6- diaza-anthracene-7-carbonylkaminol-propionic
acid, (S)-2-({(S)-6-(2-Acetylamino-4-methyl-thiazole-5-sulfony1)-344-(3,4-dichloro- benzyloxy) phenyl]
-2-0x0-2,3, 5,6,7,8-hexahydro-11-1-4-oxa-1,6-diaza-anthracene-7-
carbonyly-amino)-3-(4'-cyano-biphenyl-4-y1)- propionic acid,

(S)-2-({(S)-6-Benzoy1-3-[4-(3,4-dichloro- benzyloxy)

phenyl]-2 8?63 %6 7 8 %%E%hyg (T{% g diaza-anthracene-7-carbonyl} -amino)-3

-(4-pyridin- hen plonic a -8 enzo y1-3 4443 ,4-dichloro-benzyloxy)-
pheny1]-2- @kda&,ﬁ%ﬁ@&ﬂé&;@hywﬂo%mﬁ)@amld@fdﬁaza anthracene-7-carbonyl} -amino )-3

-(4'-chloro- b| yi— -é/% %r%g Ci‘i‘i 18):2- (1%5313”%4 (3,4-Dichloro-benzyloxy)-pheny1]-2-
3,5,6,7

0X0-6- pyrldln- - ethyl- hexahydro- 1H4-oxa-1,6-diaza-anthracene-7-carbonyll
-amino)-3- (AchnmbM &pﬁémﬂh‘ﬁ}&m@}rﬁmﬁ@@é(ﬁ%}d@) 3-(4'-Cyano-biphenyl-4-y1)-2-

{[BR,75)-3, g%) ;f;@)df(&gpg Qebary 4}’@%%& ethyl,R-0x0-64(S)-

1-phenyl-pr 3,5,6,7,8-hexahydro-1 6- dlaza antbracene-7 carbonyl]amlno}

-propionic a@tb@)@l(&i%@ﬁélﬁbﬁéﬁyp@Wkpﬂ?& 17%5)-3-[4-(3,4-

dichloro-bengzylgxy} phenyillyaetyd210xai (-
1-phenyl-propyl)- 2.35,6,7,8- hexahydro 1H-4-oxa-1, 6-diaza-anthracene-7-carbonyllamino -propionic

acid, (S)-3-(BEHISTo-EARNEHYE AS Fslonrappim el soiors 4-

dichloro-be gyj@)WQ)gt@ﬁ%hlmﬁ‘ﬂayén&iﬁpﬁeﬁyl((zﬁﬁ)leﬂhenyl propy1)-2,3 ,5,6,
7,8-hexahydro-1H-4-oxa-1, 6-diaza-an hra ne 7 ﬁ] -amino} -propionic acid, (S)-2-

{[(3R,73)- 348 PERSHAIGT ARG 6 %Y 1 -0x0-6-((S)-1-phenyl-propy1)-2,3,5,6,7,8-
hexahydro-lgkd-pxa;3 wimah@afnm@me@aimmmnyl] -amino

i3éit$itgo%¥&$%l?%? %Qr‘.‘gf/) @C}g&%}j@%&%ﬁ&%y S)-3-[4-(3,4-Dichloro-benzyloxy)-phenyl]-

hexahydro-tkte4-oxa-1,6- dlaza anthracene-7-carbo- nyli-amino}-3-(4'-fluoro-biphenyl-4-y1)-propionic

i e

1-phenyl-praipsi)s2o3bralc8shekahydio-(fita-dxarbodybiidza-anthracene-7-carbony1] -amino)
-propionic aC|d (’?(éﬁf{[(g’ge’?‘ a%ﬁ%ﬁogclhéo&%e%yloxy) pheny1l]-

1-methyl-2- -6X0-6" phenylpropyl)-2,3,5,6,7,8
hexahydro- thataoxe’ &8 rd-amtkrhoermorieddd- nyl] -amino) -3

-(4 methOXygz)El Ry s %&61?318599%"1' zgd%[é@@-i{{(@ﬁ;YS) -34443,4-Dichloro-benzyloxy)-pheny13-
6

1-methyl-2-0 (S)- 1 phezg- rop E/
hexahydro- 1diciarab ey Pgﬁﬂﬁ b éﬁé@-‘éﬁ%@ﬂﬂ’}) *&Mino) -3 -(4'-fluoro-biphenyl-4- -y1)-propionic

acid, (S)-3(4;5yanoshiphenyladoild-Rr- ()3 Fdlzd-glichloro-benzyloxy)-pheny1]-6-(3,5
-dimethy1-isox-azole-4- sulfongl) -1-methy1-2-0x0:-2,3,5,6,7,8-hexahy-dro-1H-4-oxa-1,6-diaza-anthrace

ne-7-carbon{ERCaRRActEROBTOMELR -propionic acid,
(8)-3-(4'-Cyano-biphenyl-4-yl)-2- {1(S)-3-14-(3,4-

dichloro-benzyloxy)-phenyl]-6-(4-flnoro-benzoyl)-2-
ox0-2,3,5,6,7,8-hexahydro-1H-4-oxa-1 ,6-diaza-.an-
thracene-7-carbonyl]-amino } -propionic acid,

' (S)-3-(4'-Cyano-biphenyl-4-y1)-2-{[(S)-3-[4-(3,4-
dichloro-benzyloxy)-phenyl}-6-(4-methoxy-benzoyl)-
2-0x0-2,3,5,6,7,8-hexahydro-1H-4-0xa-1,6-diaza-an-
thracene-7-carbonyl]-amino }-propionic acid,
(S)-3-(4'-Cyano-biphenyl-4-y1}-2- {[(8}-3-[4-(3,4-
dichloro-benzyloxy)-phenyi]-2-0x0-6-(3-triflucrom-



(S)-3(4-Cyano-bipheny1-4-y1)-2-{[(S)-344-(3,4- dichloro-benzyloxy)-phenyl]-1-mathyl-2-o0xo0-6-((S)-
1-phenyl-propy1)-2,3,5,6,7,8-hexahydro-1H-4-oxa-1, 6 -diaza-anthracene-7-carbonyl]-amino)
-2-methylpropionic acid, (R)-3-(4'-Cyano-biphenyl-4-y1)-2- {[(3R,7S)-3-[4-(3,4-
dichloro-benzyloxy)-pheny1]-1-methyl-2-0x0-64(S)-
1-phenyl-propyl)-2,3,5,6,7,8-hexahydro-1H-4-oxa-1, 6-diaza-anthracene-7-carbonyl] -amino)
-propionic . acid, and (S)-2-( {(S)-6-Benzoy1-3-[4-(3,4-dichloro-benzyloxy)-
pheny1]-2-0x0-2,3,56.7,8- dro-1H-4-0xa-1,6- digza-anthracene-7-carbonyll
-amino)-34f?ﬁ@faFﬁ?ﬂgy%ig)%-;}%%gﬁ%%dé?ﬁ:4a?:iél;dgﬁza pharmaceutically acceptable salt thereof 36.
A pharmacetiticaicbrmposiiientbomplisimgd compourdadclaim 25 and a pharmaceutically acceptable
carrier or digég_ L3 ] utigahcompesition. semprising a compound of claim 26 and a

O e e,

pharmaceutically'acceptable c: en A pharmaceutical composition comprising a
compound ofefainy¥-dnd 4-gichleratenndany agesytdble carrier or diluent. 39. A pharmaceutical

compositio%gg_rﬂg_’rgss@ggahggm %qﬁg{_gﬁim@‘g&ggﬁ_pharmaceutically acceptable carrier or diluent.

40. A pharmaceutical composition comprising a compound. of claim 29 and a pharmaceutically
acceptable thpdesreor-eHRERY. ZMMOHIPAPMIGBERRGI composition comprising a compound of claim 30

and a pharrfggg_tfgﬂgnggﬁﬁggﬂpﬁ%qy@eﬁ[@gpgqqr(g A2 A ph_armace_utical composition comp_r_ising a
compound of claim 31 and a pharmaceutlcallg acceﬁfable carrier or diluent. 43. A pharmaceutical

compositiorfiRpHamgAeEsbstHd-b1E giifarmaceutically acceptable carrier or diluent.
44. A pharmgeesitisal Lo posHing sopaRisNg-axedrapakpnd of claim 33 and a pharmaceutically
acceptable carrier or diluent. 45. A pharmagceutical composition comprising a compound of claim 34
and a pharrARERFREI REREPHABCL RS RN AR 46. A pharmaceutical composition comprising a

compound Qgpm-@g@@dog,m@ﬁm@q@uﬂqaﬂya@@gmable carrier or diluent.
dichloro-benzyloxy)-phenyl}-2-oxo-6-(thiophene-2-
carbonyl)-2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-

" anthracene-7-carbonyl}-amino} -propionic acid,
(S)-7-(S)-1-Carboxy-2- {4"-cyano-biphenyl-4-y1)-ethyl-
carbamoyl}-3-[4-(3,4-dichloro-benzyloxy)-phenyl]-2-
0x0-1,2,3,5,7.8-hexahydro-4-oxa-1,6-diaza-an-
thracene-6-carboxylic acid tent-butyl ester,
(8)-3-(4"-Cyano-biphenyl-4-y1)-2-{[(8)-3-[4-(3 4~
dichloro-benzyloxy)-phenyli-6-(5-methyl -1soxazole-3 —
carbonyl)-2-0x0-2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-
diaza-anthracene-7-carbonyl]-amino} -propionic acid,
(S)—3—(4'-Cyano~bi§henyl-4-yi)—2-{[(S}-B—{4~(3,4—
dichloro-benzyloxy)-phenyl] -2-oxe-6 -(thiophene-2-
sulfonyl)-2,3,5.6,7,8-hexahydro-1H-4-oxa-1,6~-diaza-
anthracene-7-carbonyl]}-amino }-propionic acid,
(8)-3-(4"-Cyano-biphenyl-4-y1)-2-({(S)-3-[4-(3 4-
dichloro-benzyloxy)-phenyl}-6-dimethylcarbamoyl-2-
0x0-2,3,5,6,7,8-hexahydro-1H-4-0xa-1,6-diaza-an-~
thracene-7-carbonyl} -amino)-propionic acid,
(S)-2-({(S)-6-Benzyl-3-[4-(3,4-dichloro-benzyloxy}-phe-



nyl]-2-0x0-2,3,5,6,7,8-hexahydro-1H-4-0xa-1,6 -diaza-
anthracene-7-carbonyl} -amino)-3 -(4'-cyano-biphenyl-
4-yl)-propionic acid
(S)-3-(4'-Cyano-biphenyl-4-y1}-2-({(S}-3-[4-(3,4-
dichloro-benzyloxy)-phenyl} -2-0x0-6-phenethy1-2,3,5,
6,7,8-hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-
carbonyl} -amino)-propionic acid,
(S)-3-(4'-Cyano-biphenyl-4-y1}-2-{[(S)-3-[4-(3 ,4-
dichloro-benzyloxy)-phenyii-2-ox0-6-(2,4,6-trifluoro-
benzoyl)-2,3,5,6,7,8-hexahydro-lH-4-0xa-1,6-diaza-
anthracene-7-carbonyl}-amine}-propionic acid,
(S)-3-(4-Cyano-biphenyl-4-yl)-2- {[(S)-3-[4-(34-
dichloro-benzyloxy)-phenyl]-2-oxo-6-(toluene-2-sul-
fonyl)-2,3,5,6,7,8-hexahydro-1H-4-oxa-],6-dlaza-an-
thracene-7-carbonyl}-amino}-propionic acid,

© (8)-3-(4"-Cyano-biphenyl-4-yl1}-2-{[(S)-3-[4-(3 ,4-
dichloro-benzyloxy)-phenylj-6-(2-methyl-benzyl)-2-
0x0-2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-an-
thracene-7-carbonyl}-amino } -propionic acid,
(8)-3-(4'-Cyano-biphenyl-4-y1}-2-({(8)-3-{4-(3 4~
dichloro-benzyloxy}-phenyl}-2-oxo-6-pyridin-2-ylm-
ethyl-2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-an-
thracene-7-carbonyl}-amino)-propionic acid,
(8)-3-(4'-Cyano-biphenyl-4-y1}-2-( {(S)-3-[4-(3,4-
dichloro-benzyloxy )-phenyl}-2-oxo-6-thiophen-2-yim-
ethyl-2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-an-
thracene-7-carbonyl } -amino)-propionic acid,
(S)-3-(4'-Cyano-biphenyi-4-y1)-2-{[(S)-3-[4-(3,4-
dichloro-benzyloxy)-phenyl}-6-(2-fluoro-benzyl}-2-
0x0-2.3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-an-

thracene-7-carbonyl]-amino } -propionic acid,
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(S)-2-({(8)-6-(2~-Chloro-benzyl}-3-{4-(3,4-dichloro-ben-
zyloxy)-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,
(S)-3-{4'-Cyano-biphenyl-4-yl}-2- {[(S)-3-[4-(3 ,4-
dichloro-benzyloxy)-phenyl}-6-(2-methoxy-benzyl)-2-
0%x0-2,3,5,6,7,8-hexahydro-1H-4-0xa-1,6-diaza-an-
thracene-7-carbonyl]-amino }-propionic acid,
(S)-3-(4'-Cyano-biphenyl-4-y1)-2-{{(S)-3-[4-(3 ,4-
dichloro-benzyloxy)-phenyl]-6-(6-methyl-pyridin-2-
vimethyl)-2-0x0-2,3,5,6,7,8-hexahydro-1H-4-0xe-1,6-
diaza-anthracene-7-carbonyi]-amino} -propionic acid,
(S)-2-{ {(S}-6-(6-Bromo-pyridin-2-ylmethyl}-3-[4-(3,4-
dichioro-benzyloxy)-phenyl]-2<0x0-2,3,5,6,7,8~
hexahydro-1H-4-0xa-1,6~diaza-anthracene-7-carbo-
nyl} -amino)-3 -(4'-cyano-biphenyl-4-yl)-propionic
acid,

(8)-3-(4"-Cyano-biphenyl-4-y1}-2-( {(S)-6-(5-cyano-6-
methylsulfanyl-pyridin-2-ylmethyl)-3-[4-(3,4-
dichloro-benzyloxy)-phenyl]-2-0x0-2,3,5,6,7,8~
hexahydro-lH-4-oxa-1,6-diaza-anthracene-7-
carbonyl}-amino)-propionic acid,
(8)-3-(4'-Cyano-biphenyl-4-y1}-2-{[(8}-3-{4-(3 4~
dichloro-benzyloxy)-phenyl}-6-(1H-imidazol-2-ylm-
ethyl})-2-0x0-2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-
diaza-anthracene-7-carbonyl]-amino }-propionic acid,
(S)-3-(4-Cyano-biphenyl-4-yl}-2- {[(S)-3-[4-(3,4~
dichlorb—b enzyloxy)-phenyl]-6-(l-methyl-lH-imida-
zol-2-ylmethyl)-2-0x%0-2,3,5,6,7,8 -hexahydro-1H-4-
oxa-l,6-diaza-anthracene-7-carbonyl}-amino} -

propionic acid,
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(8)-3-(4'-Cyano-biphenyl-4-y)-2-({{8)-3-]4-(3 ,4-
dichloro-benzyloxy)-phenyl]}-2-oxo-6-thiazol-2-ylm-
ethyi-2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-an-
thracene-7-carbonyl } -amino)-propionic acid,
(S)-3-(4'-Cyano-biphenyl-4-y1)-2- {[(8)-3-[4-(3,4-
dichloro-benzyloxy)-phenyl]-2-oxo-6-(pyridine-2-~car-
bonyl)-2,3,3,6,7,8-hexahydro-IH-4-0xa-1,6-diaza-an-
thracene-7-carbonyl}-amino} -propionic acid,
(S)-3-(4'-Cyano-biphenyl-4-y1}-2-{{(S)-3-{4-(3,4-
dichloro-benzyloxy)-phenyl}-6-(2-nitro-benzenesulfo-
nyl)-2-ox0-2,3,5,6,7,8-hexahydro-1H-4-0xa-1,6-diaza-
anthraéene—?»carbonyl]-amino}-propiom'c acid,
(8)-3-(4'-Cyano-biphenyl-4-v1}-2-{[(S)-3-[4-(3.,4-
dichloro-benzyioxy)-phenyli-6-(3-nitro-benzenesulfo-
nyl)fZ-oxo-Z,B;S ,6,7,8-hexahydro-1H-4-oxa-1,6-diaza-
anthracene-7-carbonyl]-amine} -propionic acid,
(8)-2-({(8)-6-(2-Cyano-benzyl}-3-[4-(3,4-dichloro-ben-
zyloxy)-phenyi]-2-ox0-2,3,5,6,7,8-hexahydro-1H-4-
oxa-l,5-diaza-anth£éccﬁe-7~carbdﬁyl} -amino }-3-(4'-
cyano-biphenyi-4-yl)-propionic acid,
(8)-3<(4*-Cyano-biphenyl-4-y1}-2-({(S)-6-tyclopropyim-
ethyl-3-[4-(3,4-dichloro-benzyloxy)-phenyl}-2-ox0-2,
3,5,6,7,8-hexahydro-1H-4-0xa-1,6-diaza-anthracene-

- 7-carbonyl}-amino)-propionic acid,
(S)-3-(4-Cyano-biphenyl-4-yl)-2- {[(S)-314-(3,4-
dichloro-benzyloxy }-phenyl} -2 -oxo- 6-(3 -pyrimidin-2-
yl-prop-2-ynyl)-2.3,5,6,7,8-hexahydro-li-4-oxa-1,6-
diaza-anthracene-7-carbonyl]-amino } -propionic acid,
(S)-3-(4’<Cyano-biphenyl-4-y1)-2- {[(S)-3-[4-(3 4-
dichloro-benzyloxy }-phenyl] -2-0x0-6-(3 -thiophen-3-
yl-prop-2-ynyi)-2,3,5,6,7,8-hexahydro-1H-4-oxa-1,6~
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diaza-anthracepe-7-carbonyl]-amino } -propionic acid,
(8)-2-({(8S)-6-Benzoyl-3-[4-(2 6-dichloro-benzyioxy)-
phenyl]-2-0x0-2,3,5.6,7,8-hexahydro-1H-4-0xa-1,6-
c’iiaz&anﬂnacene-icarbonyl }-amino)-3-(4"-cyano-bi-
‘phenyl-4-yl)-propionic acid,
(8)-2-({(8)-6-Benzoyl-3-[4-(2,5-dichloro-benzyioxy)-
phenyll-2-0x0-2,3,5,6,7,8-hexahydro-iH-4-oxa-1,6-
diaza-anthracene-7-carbonyl } -amino)-3-(4'-cyano-bi-
phenyl-4-yl)-propionic acid,

(8)-2-({(5)-6-B enzoyl-S-[4—(3~chior0-bénzyloxy)—phen
ny1]-2-0%0-2,3.5,6,7,8-hexahydro-IH-4-oxa-1,6-diaza-
anthracene-7-car60ny1}-anﬁno)»i% ~(4'-cyano-biphenyl-
4-yl)-propionic acid,
(8)-2-({(S)-6-Benzoyl-3-[4-(4-chloro-benzyloxy)-phe-
nyl}-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, '

(8)-2-( {(S}nﬁ—Benzoyi-B-{4~(4—chloro-3-ti'iﬂuoromethyl-
benzyioxy)-phenvi]-2-oxe-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,
(S)-2-({(S)-6-Benzoyi-3-[4-(4-methoxy-3-trifluorom-
ethyl “benzyloxy )-phenyl] -2 -0x0-2,3,5,6,7.8 -hexahy-
dro-1H-4-oxa-l,6-diaza-anthracene-7-carbonyl } -
amino)-3-(4'-cyano-biphenyl-4-yl)-propionic acid,
(S)-7- [(8)-1-Carboxy-2-(4'-cyano-biphenyl-4-yl)-ethyl-
carbamoyl] -3-[4-(5,6-dichloro-pyridin-3 —ylmethoxy)-
phenyl] ~2-0x0-1,2,3,5,7,8—hcxahydro-4-oxa—1,_6-diaza—
anthracene-6-carboxylic acid tent-butyl ester,
(8)-2-({(S)-6-Benzoyl-3-[4-(5,6-dichloro-pyndin-3-yl-
methoxy)-phenyl]-2-ox0-2,3,5,6,7,8-hexahydro-1H-4-

[
—t
[88]



oxa-l,6-diaza-anthracene-7-carbonyl }-amino)-3-(4°-
cyano-biphenyl-4-yl)-propionic acid,

(S)-2-( {(S)-6-Benzyl-3-[4-(5,6-dichloro-pyridin-3-yi-
meﬂ)oxy)~pheny1}~2-oxo-2,3,5 ,6,7,8-hexahydro-1H-4-
oxa-1,6-diaza-anthracene-7-carbonyl} -amino)-3 ~(4'-
c_yano~biphenyl—4—y1}-propionic acid,
(.S)—3~(4‘-Cyano-biphenyl~4—yl)-2- {[(S)-3-[4-(5,6-
dichloro-pyridin-3-ylmethoxy)-phenyl}-2-oxo-6-
(thiophene-2-carbonyl}-2,3,5,6,7,8-hexahydro-1H-4-
oxa—1,6—diaza-anﬁ1racene~7~carb0nyl] -amino }-
propionic acid,
(S)-2-({(8)-3-[4-(3-Chiorc-benzyloxy)-phenyl]-2-0x0-6-
thiazol-2-yhmethyl-2,3,5,6,7,8-hexahydro-1H-4-0xa-1,
6-diaza-anthracene-7-carbonyl}-amino)-3-(4'-cyano-
biphenyi-4-yi}-propionic acid,
(S)-7-{(S)-1-Carboxy-2-(4'-cyano-biphenyl-4-yl)-ethyl-
carbamoyvl]-3-[4-(3,4-dichloro-benzyloxy)-phenyll-1-
methyl-2-ox0-1,2,3,5,7,8-hexahydro-4-oxa-l,6-diaza-

- anthracene-6-carboxylic acid isopropyl ester,
($)-3-(4'-Cyano-biphenyl-4-y1)-2-{[(S)-3-[4-(3,4-
dichloro-benzyloxy)-phenyl]-i-methyl-2-o0x0-6-(3-
phenyl-prop-2-ynyl)-2,3,5,6,7,8-hexahydro-1H-4-oxa-
[,6-diaza-anthracene-7-carbonyl}-amino } -propionic
acid,

(S)-3-(4'-Cyano-biphenyl4-y1}-2- {[(S)-3-[4-(3,4-
dichloro-benzyloxy)-phenyl]-l-methyl-2-ox0-6-(1-
phenyl-propyi)-2,3,5,6,7,8-hexahydro-1H-4-0xa-1,6-
diaza-anthracene-7-carbonyl}-amino }-propiomc acid,
(S)-3-(4'-Cyano-biphenyl-4-yi)-2-{[(S)-3-[4-(3,4-
dichloro-benzyloxy)-phenyi}-6-(2-ethyl-benzyl)-i-me-
thyl-2-0x0-2,3,5,6,7,8-hexahydro-1H-4-o0xa-1,6-diaza-
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anthracene-7-carbonyll-amino}-propionic acid,
(S)-3~(4'-Cyano-biphenyl-4-y1)-2-({(S)-6-cyclopentyl-3-
[4-(3,4-dichloro-benzyloxy)-phenyl]-l-methyl-2-oxo-
2.3,5,6,7,8-hexahydro-1H-4-0xa-1,6-diaza-anthracene-
7-carbonyl}-amino)-propionic acid,
(S)»3-(4'~Cyano—bipheﬁy§~4~y1)-2~( {{S)-6-cyciohexyl-3-
[4-(3,4-dichloro-benzyloxy)-phenyl]-l-methyl-2-0x0- |
2.3.5,6,7,8-hexahydro-1H-4-0xa-1,6-diaza-anthracene-
7-carbonyl} -amino)-propionic acid,
(S)-3-(4,-Cyano-biphenyl-4-yl)-2-({(S)-6-cyclobutyl-3-
[4-(3 ,4-dichloro-beniyioxy)—phenyl] -l-methyl-2-0x0-
2,3,5,6,7,8-hexabydro-1H-4-oxa-1,6-diaza-anthracene-
7-carbonyl}-amino}-propionic acid.
(S)-3-(4'-Cyano-biphenyl-4-y])-2-{[(S)-3-[4-(3,4-
dichloro-benzyloxy)-phenyl}-l-methyl-2-0x0-6~(]-
phenyl-cyclopentylmethyl)-2,3,5,6,7,8-hexahydro-1H-
4—oxa—1,G—diaza—anthracene-?’«carbdnyl}—amino}~
propionic acid, :

(S)-3-(4’ -Cyano-biphenyl-4-yl)-2- {[(S)-3-[4-(3 4-
dic}ﬂoro-benzylpxy}—phcnylj~1—methy1-2-oxo—6-(i~
phenyl-cthyl)-2,3,5,6,7,8-hexahydro-IH-4-0xa- 1,6-
diaza-anthracene-7-carbonyl]-amino } -propionic acid,
(S)-2-({(8)-6-(2-Acetylamino-4-methyl-thiazole- 5-sulfo-
nyl)-3-[4-(3,4-dichloro-benzyloxy)-phenyl] -2-o0x0-2,3,
3,6,7.8-hexahydro-1H-4-0xa-1,6-diaza-anthracene-7-
carbonyl}-amino)-3-(4'-cyano-biphenyl-4-yl)-
propionic acid,

(S)-2-( {(S)-6-Benzoyl-3-4-(3 4-dichloro-benzyloxy)-
phenyi}-2—oxo»2,3,5,6,7,8-hexahydr0—lH-4-0xa—l,6-
diaza-anthracene-7-carbonyl} -amino)-3 -(4-pyridin-4-
yl-phenyl)-propionic acid,
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(8)-2-({{(8)-6-Benzoy!-3-[4-(3,4-dichloro-benzyloxy)-
phcnyl}~2-0xo-2,3,5,6,7,S-hexahydr0~1H-4-oxa-156-
“diaza-anthracene-7-carbonyl} -amino }-3 ~(4’-chloro-bi —
phenyl-4-y!}-propionic acid,

(8)-2-( {(8)-3-[4~(3,4-Dichloro-benzyloxy)-phenylj-2-
ox0-6-pyridin-2-vimethyl-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,
(S)-3-(4'-Cyano-biphenyl-4-y1)-2-{[(3R,75)-3-[4-(3,4-
dichloro-benzyloxy)-phenyl]-l-methyl-2-o0xo-6-((S)-
l-phenyi-propyl}-2,3.5,6,7,8-hexahydro-1H-4-oxa-1,
6-diaza-anthracene-7 -carbonyl}-amino} ~propionic

acid,
(8)-3~(4"-Cyano-biphenyl-4-y1}-2-{[(38,758)-3-[4-(3,4-
dichloro-benzyloxy)-phenyl}-l-methyl-2-0x0-6-((S)-
l-phenyl-propyl)-2,3,5,6,7,8-hexahydro-lH-4-0xa-1,
6-diaza-anthracene-7-carbonyl}-amino } -propionic

acid, V
(S)-3-(4"-Chloro-biphenyl-4-y1}-2-{[(3R, 78)-3-{4-(3,4-
dichlorq-benzyloxy)-phcnyi]~1—mcthy1~2~oxo-6—((8)-
l-phenyl-propyl}-2,3,5,6,7,8-hexahydro-1H-4-0xa-1,
6-diaza~anthrécene—?‘ucarbony}] -2Imino }-propionic

acid,
(8)-2-{[(3R,78}-3-[4-(3.4-Dichloro-benzyloxy)-phenyl}-
l-methvi-2-0x0-6-((8)-1-phenyl-propyl}-2,3,5,6,7,8-
hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-carbo-

nyl] -amino }-3-(4"-methoxy-biphenyl-4-yl)-propionic
acid. |
(S)-2-{[(3R,7S)-3-[4-(3,4-Dichloro-benzyloxy)-phenyl}-
i-methyl-2-0x0-6-((S)-1-phenyl-propyi)-2,3,5,6,7,8-

hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-carbo-
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nyl}-amino} -3-—(4'-ﬂu0ro—bipheny1~4~yi)-propionic

acid,

(8)-3+(4'-Chioro-biphenyl-4-y1)-2-{{(35,7S)-3-[4-(3,4~

diphior0~benzyloxy)»phcnyl}—1—mcthy1-2~oxo-6 ~({S)-

l-phenyl-propyl}-2,3,5,6,7,8-hexahydro-1H-4-0xa-1,

6-diaza-anthracene-7-carbonyl] -amino} -propionic

actd, | .
(S)-2-{[(38,7S)-3-[4-(3,4-Dichloro-benzyloxy)-phenyl]-

' Jomethyl-2-0x0-6-((S)-1-phenyl-propyl)-2,3,5,6,7,8-

hexahydro-1H-4-0xa-1,6-diaza-anthracene-7-carbo-

nyl] -amino} -3 -(4‘-methoxy—biphenyl—4~y1)~pr§pionic '

acid,

(S)-2-1[(38,7S)-3-{4-(3 ,4-Dichloro-benzyloxy)-phenyl]-

l-methyl-2-0x0-6~((S)-1-phenyl-propyl)-2,3,3,6,7,8-

hexahydro-1H-4-oxa-1,6-diaza-anthracene-7-carbo-

nyl] -amino} -3 -(4'-flucro-biphenyl-4-yl)-propionic

acid,

(S)-3-(4'-Cyano-biphenyl-4-y1}-2-{[(8}-3-[4-(3 4-

dichloro-benzyloxy)-phenyl]-6-(3,5 -dimethyl-isox-

azole-4-sulfonyl)-l-methyl-2-0x0-2,3,5,6,7,5-hexahy-

dro-1H-4-0xa-1,6-diaza-anthracene-7-carbonyl }-

amino }-propionic acid,

(S)-3~(4'-Cyano-biphenyl-4-y1)-2- {[(S}-3-[4-(3 4~

dichloro-benzyloxy)-phenyl}-l-methyl-2-0%0-6-({S}-

1-phenyi-propyi)-2,3,5,6,7,8-hexahydro-{H-4-oxa-1,

6 -diaza-anthracene-7-carbonyl]-amino} -2-methyl-

propionic acid,

(R)-3-(4'-Cyano-biphenyl-4-y1)-2- {[(3R,78}-3-[4-(3 4~

dichloro-benzyloxy)-phenyi]-l-methyl-2-oxo-6-((5)-

1~pheny1-propy1)-2,3 ,5,6,7,8-hexahydro-il-4-oxa-l,

6-diaza-anthracene-7-carbonyl] ~amino} -propionic



acid, and
(8)-2-({(8)-6-Benzoyl-3-[4-(3,4-dichloro-benzyloxy)-
phenyl]-2-0x0-2,3,5,6,7,8-hexahydro-1H-4-0xa-1,6-
diaza-anthracene-7-carbonyl} -amino)-3~[4~(pyridin-—4—
vioxy)-phenyl}-propionic acid,

or a pharmaceutically acceptable salt thereof.

36. A pharmaceutical composition comprising a compound of ciaim 25 and a

pharmaceutically acceptable carrier or diluent.

37. A pharmaceutical composition comprising a compound of claim 26 and a

pharmaceutically acceptable carrier or diluent.

38.. A pharmaceutical composition comprising a compound of claim 27 and a

pharmaceutically acceptable carrier or diluent.

39. A pharmaceutical composition comprising a compound of claim 28 and a

pharmaceutically acceptable carrier or diluent.

40. A pharmaceutical composition comprising a compound of claim 29 and a

pharmaceutically acceptable carrier or diluent,

41. A pharmaceutical composition comprising a compound of claim 30 and a

pharmaceutically acceptable carrier or diluent.

42. A pharmaceutical composition comprising a compound of claim 31 and a

pharmaceutically acceptable carrier or diluent.

43. A pharmaceutical composition comprising a compound of claim 32 and a

pharmaceuticaﬂy acceptable carrier or diluent.
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44. A pharmaceutical composition comprising a compound of claim 33 and a

pharmaceutically acceptable carrier or diluent.

45. A pharmaceutical composiﬁon comprising a compound of claim 34 and a

pharmaceutically acceptable carrier or diluent.

46. A pharmaceutical composition comprising a compound of claim 35 and a

pharmaceuticalty acceptable carrier or diluent.
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