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NON-SYSTEMIC TGRS AGONISTS

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims the benefit uoder 35 U.S.C. §119¢e) of U.S.
Provisional Patent Application No. 61/578,814 filed December 21, ZOli and U.S.
Provisional Patent Application No. 61/636,245 filed April 20, 2012. The foregoing

applications are incorporated herein by reference in their entireties.
BACKGROUND

Technical Field

The present invention is generally related to compounds having activity
as TGRS agonists, in particular TGRS agonists which are not systemically available.
The compounds are useful for treatment of any number of TGRS mediated diseases or

conditions, including diabetes.

Descripti‘on of the Related Art

Diabetes mellitus is an ever-increasing threat to human health. Forx
exaraple, in the United States current estimates maintain that about 16 million people
suffer from diabetes mellitus. Type Il diabetes accounts for approximately 90-95% of
diabetes cases, killing about 193,000 U.S. residents each year. Type [ diabetes is the
seventh leading cause of all deaths. In Western societies, Type II diabetes currently
affects 6% of the adult population with world-wide frequency expected to grow by 6%
per annum. Although there are certain inheritable traits that may predispose particular
individuals to developing Type 11 diabetes, the driving force behind the current increase
in incidence of the disease is the increased sedentary life-style, diet, and obesity now
prevalent in developed countries. About 80% of diabetics with Type II diabetes are
significantly overweight. Also, an increasing number of young people are developing
the disease. Type LI diabetes is now internationally recognized as one of the major

threats to human health in the 21st century.
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Type II diabetes manifests as inability to adequately regulate blood-
glucose levels and may be characterized by a defect in insulin secretion or by insulin
resistance. Namely, those who suffer from Type 11 diabetes have too little insulin or
cannot use insulin effectively. Insulin resistance refers to the inability. of the body
tissues to respond properly to endogenous insulin. Insulin resistance develops because
of multiple factors, including genetics, obesity, increasing age, and having high blood
sugar over long periods of time. Type II diabetes can develop at any age, but most
commeonly becomes appatent during adulthood. However, the incidence of Type 1l
diabetes in children is rising. In diabetics, glucose levels build up in the blood and urine
causing excessive urination, thirst, hunger, and problems with fat and protein
metabolism. 1If leflt untreated, diabetes mellitus may cause life-threatening
complications, including blindness, kidney failure, and heait disease.

Type 11 diabetes is currently treated at several levels. A first level of
therapy is through diet and/or exercise, either alone or in combination Wifh therapeutic
agents. Such agents may include insulin or pharmaceuticals that lower blood glucose
levels. ‘About 40% of individuals with Type II diabetes require oral medications, about
40% require insulin injections or 2 combination of insulin injections and oral
medications, and 10% use diet and exercisc alone.

Traditional therapies include: insulin  secretagogues, such as
sulphonylureas, which increase insulin production from pancreatic B-cells; glucose-
lowering effectors, such as metformin which reduce glucose production from the liver;
activators of the peroxisome proliferator-activated recepior y (PPARY), such as the
thiazolidinediones, which enhance insulin action; and o-glucosidase inhibitors, which
interfere with gut glucose production. There are, however, deficiencies associated with
currently available treatmenté. For example sulphonylureas and insulin injections can
be associated with hypoglycemic episodes and weight gain. Furthermore, patients often
lose responsiveness to sulphonylureas over time. Metformin and a—gl.ucoéidase
inhibitors often lead to gastrointestinal problems and PPARy agonists tend to cause
increased weight gain and edema.

More recently, new agents have been introduced to the market which
prolong or mimic the effects of the naturally-secreted incretin hormones (Neumiller, J

Am Pharm Assoc. 49(suppl 1):516-529, 2009). Incretins are a group of gastrointestinal

2
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hormones that are released from the beta cells of the pancreas when nutrients, especially
glucose, are sensed in the gut. The two most important incretin hormones are glucose-
dependent insulinotropic polypeptide (GIP) and GLP-1, which stimulate insulin
secretion in a glucose-dependent manner and suppress glucagon secretion. However,

GLP-1 itself is impractical as a clinical treatment for diabetes as it has a very short half-

~ life in vivo. To address this, incretin-based agents currently available or in regulatory

review for the treatment of T2DM are designéd to achieve a prolonged incretin-action.
For example, the dipeptidyl peptidase-4 inhibitors, such as sitagliptin, inhibit the
normally rapid proteolytic breakdown of endogenous incretin hormones. There are also
human-derived and synthetic incretin mimetics that are designed to be more stable
and/or have a prolonged serum half-life compared to naturally secreted GLP-1, and
include agents such as liraglutide and exepatide. In either approach, the goal is to
provide a susiained incretin response and thus enhance glucose-dependent insulin
secretion. It is the glucose-dependence of the insulin response that provides incretin
therapies with low risk of hypoglycemia. In addition, GLP-1 can also delay gastric
emptying and otherwise beneficially affect saticty and hence, weigh loss (Neumiller
2009).

Although significant progress has been made, there remains a need in the
art for compounds which prolong or mimic the effects of the naturally-secreted incretin
hommones such as GLP-1. The present invention fulfills this need and provides further

related advantages.
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BRIEF SUMMARY

The present disclosure is direcied to compounds having activity as TGRS
agonists and are useful for treatment of any number of TGRS related diseases or
conditions, for example metabolic diseases such as diabetes. The compounds are
substantially active in the gastrointestinal (GI) tract to induce TGRS-mediated

signaling, with such interaction causing an increase in the secretion of incretins,

~ including GLP-1. In some embodiments, the compounds are designed to be

substantially non-permeable or substantially non-bioavailable in the blood stream; that
is, such compounds are designed to stimulate the TGR5-mediated release of GLP-1 into
the bloodstream but be substantially non-systemic (e.g., systemic exposure levels below
their TGRS EC50) so as to limit their exposure to other internal organs (e.g., gall
bladder, liver, heart, brain, etc.).

In accordance with one embodiment, there is provided a compound

having the following structure (I):

II

9

\7
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@ |
or a stereoisomer, tautomer, pharmaceutically acceptable salt or prodrug thercof,
wherein RY, R, RY, R% R%, RS, R7, R, R?, RY, RY, R, A, A%, X, Y and Z are as
defined herein.

Pharmaceutical compositions comprising a compound of structure (I), a
pharmaceutically acceptable carrier or adjuvant and optionally one or more additional
therapeutically active agents are also provided.

The presént disclosure is further directed to a method of treatment for
increasing systemic levels of GLP-1, the method comprising administering a compound
as disclosed herein, and/or a pharmaceutical composition as disclosed herein, to 2

mammal in need thereof. Such methods may be used, in particular, to treat various
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metabolic disorders, including for example diabetes (e.g., Type II diabetes mellitus). In
other embodiments, the methods include treatment of gestational diabetes, impaired
fasting glucose, impaired glucose tolerance, insulin resistance, hypcrgl'yceﬁwia, obesity,
metabolic syndrome and/or other diseases and/or conditions.

These and other aspects of the invention will be apparent upon reference
to the following detailed description. To this end, various references are set forth herein
W’hich describe in more detail certain background information, procedures, compounds

and/or compositions, and are each hereby incorporated by reference in their entirety.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 illustrates gallbladde-r emptying after oral administration of
Examples 176 and 178. '

Eigure. 2 illustrates total ()GLP-1 and ({)PYY levels in mouse plasma

following oral dosing of Examples 176 and 178.
DETAILED DESCRIPTION

L Definitions ‘

In the following description, certain specific details are set forth in order
to provide a thorough understanding of various embodirments. However, one skilled in
the art will understand that the invention may be practiced without these details. Tn '
other instances, well-known structures have not been shown or described in detail to
avoid unnecessarily obscuring descriptions of the embodiments, Unless the context
requires otherwise, throughout the specification and claims which follow, the word
“comprise” and variations thereof, such as, “comprises” and “comprising” are to be
construed in an open, inclusive sense, that is, as “including, but not limited to.” Furthcr,A
headings provided herein are for convenience only and do not interpret the scope or
meaning of the claimed invention.

Reference throughout this specification to “one embodiment” or “an
embodiment” means that a particular feature, structure or characteristic described in.
conmection with the embodiment is included in at least one embodiment. Thus, the

appearances of the phrases “in one embodiment” or “in an embodiment” in various
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places throughout this specification are not necessarily all referring to the same
embodiment. Furlhermore, the particular features, structures, or characteristics may be
combined in any suitable manner in one or more embodiments. Also, as used in this
speciﬂcaﬁdn and the appended claims, the singular forms “a,” “an,” and “the” include
plural referents unless the content clearly dictates otherwise. It should also be noted that
the term “or” is generally employed in its sense including “and/or” unless the content
clearly dictates otherwise.

The terms below, as used herein, have the following meanings, unless

indicated otherwise:

“Amino” refers to the ~-NH; radical.

“Aminocarbonyl” refers to the —C(=0)NH; radical.

“Carboxy” refers to the ~CO,H radical’

“Cyano” refers to the -CN radical.

“Hydroxy” or “hydroxyl” refers to the -OH radical.

“Imino™ refers to the =NH radical. |

“Nitro” refers to the -NO, radical.

“Oxo” or “carbonyl” refers to the =0 radical. = |

“Thioxo” refers to the =S radical.” ‘

“Guanidinyl” refers to the —NHC(=NH)NH2 radical. -
“Amidinyl” refers to the ~C(=NH)NH, radical.
“Phosphate™ refers to the ~OP(=0)(OH); radical.

| “Phosphonate” refers te the —P(=0)(OH), radical.

“Phosphinate” refers to the —PH(=0)OH radical.

“Sulfate™ refers to the ~OS(=0),OH radical. :

“Sulfonate” or “hydroxysulfonyl” refers to the -8 (=0),0H radical.

“Sulfinate” refers to the ~S(=0)OH radical.

“Sulfonyl” refers to a moiety comprising a —SOz- group. For example,
“alkysulfonyl” or “alkylsulfone” refers to the ~S0O5-R* group; wherein R® is an alkyl
group as defined herein.
| “Alkyl” refers to a straight or branched hydrocarbon chain radical

consisting solely of carbon and hydrogen atoms, which is saturated or unsaturated (i.e.,

6
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contains one or more double and/or triple bonds); having from one to seventy carbon
atoms (Ci-Cro-alkyl), from one to twelve carbon atoms (Cy-Ciz-alkyl) or one to seven
carbon atoms (C,-Cr-alkyl), and which is attached to the rest of the molecule by a single
bond, e.g., methyl, 'e’chyl, n-propyl, 1-methylethyl (iso-propyl), n-butyl, m-pentyl,
1,1-dimethylethyl (r-butyl), 3-methylhexyl, 2-methylhexyl, ethenyl, prép-l-enyl,
but-1-enyl, pent-1-enyl, pen£a.~1,4-dienyl, ethynyl, propynyl, butynyl, pentynyl,
hexynyl, and the like. Unless stated otherwise specifically in the specification, an alkyl

. group may be optionally substituted, and an alkyl may optionally COMPIise one or nore

ether (-O-), thioether (~S-) or amine (-N<) bonds.

“Alkylene” or “allcylene chain” refers to a straight or branched divalent
hydrocarbon chain linking the rest of the molecule to a radical group, consisting solely
of carbon and hydrogen, which is saturated or unsaturated (Z.e., contains one or more
double and/or triple bonds), and having from one to seventy carbon atoms
(Ciyp-alkyleve), e.g., methylene, ethylene, propylene, n-butylene, ethenylene,
propenylene, n—buteﬁylene, propynylene, n-butynylene, and the like. The alkylene chain
is attached 1o the rest of the molecule through a single or double bond and to the radical
group through a single or double bond. The points of attachment of the alkylene chain
to the rest of the molecule and to the radical group can be through ‘o.ne carben or any
fwao carbons within the chain. Unless stated otherwise specifically in the specification,
an alkyl group may be optionally substituted, and an alkylene may optionally comprise
one or more ether (-0-), thicether (-S-) or amine (-N <) bonds. |

“Alkoxy” refers to a radical of the formula -OR, where R, is an alkyl
radical ‘as defined above containing one to twelve carbon atoms. Unless stated
otherwise specifically in the specification, an alkoxy group may be optionally |
suBstiiuted.

“Alkylamino” refers to a radical of the formula -NHR, or -NRgR, where
each R, is, independently, an alkyl radical as defined above containing one to twelve
carbon atoms. Unless stated otherwise specifically in the specification, an alkylamino

group may be optionally substituted.

~Jd
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“Alkylaminocarbonyl” refers to the ~C(=O)NHR, or —~C(=O)NR,R,
radical; where each R, is, independently, an alkyl radical as defined above contéining
one to twelve carbon atorns. Unless stated otherwise specifically in the specification, an
alkylaminocarbonyl group may be optionally substituted.

“Alkoxyalkyl” refers to a radical of the formula -R4OR, where R, is an
alkyl radical as defined and where Ry, is an alkylene radical as defined. Unless stated
otherwise specifically in the specification, an alkoxyalkyl group may be optionally
substituted as described below. ' |

_ “Alkylcarbonyl” refers to a radical of the fommla ~C(=0)R, where R, is
an alkyl radical as defined above. Unless stated otherwise specifically in the
specification, an alkylcarbonyl group may be optionally substituted as described below.

“Alkoxycarbonyl” refers to a radical of the formula —C.(=O)OR& where
R, is an alkyl radical as deﬁnéd. Unless stated otherwise specifically in the
specification, an atkyloxycarbonyl group may be optionally substituted as described
below.

. “Alkylca‘rbonyioxy” refers to a radical of the formula —~OC(=0)R, where
R, is an alkyl radical as defined above. Unless stated otherwise speciﬁcally in the
specification, an alkyloxycarbonyl group may be optionally substituted as described
below. _
' “Carboxylalkyl” refers to a radical of the formula -RoCO:H where R, is
an. alkyl radical as defined above. Unless stated otherwise specifically in- the
specification, a carboxyalky!l group may be optionally substituted as descri’be&'below.

“Thioalkyl” refers to a radical of the formula -SR, where R, is an alkyl
radical as defined above contsining one to twelve carbon atoms. Unless stated
otherwise specifically in the specification, a thioatkyl group may be optionally
substituted.

“Aryl” refersto a hydrocfirbon ring system radical comprising hydfogen,
6 to 18 carbon atoms and at least one aromatic ring. For purposes of this invention, the -
aryl radical may be a monocyclic, bicyclic, tricyclic or tetracyclic ring system, which

may include fused or bridged ring systems. Aryl radicals include, but are not limited to,
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aryl radicals derived from aceanthrylene, acenaphthylene, acephenanthrylene,
anthracene, azulene, benzene, chrysene, fluoranthene, fluorene, as-indacene,

s-indacene, indane, indene, naphthalene, phenalene, phenanthrene, pleiadene, pyrene,

and triphenylene. Unless stated otherwise specifically in the specification, the term

“aryl” or the prefix “ar- (such as in “aralkyl”) is meant to include aryl radicals that are
optionally substituted.

“Aralkyl” refcrs to a radical of the formula -Ry-R; where Ry is an
alkylene chain as defined above and R, is one or more aryl radicals as .deﬁned above,
for example, benzyl, diphenylmethyl and the like. Unless stated otherwise specifically
in the specification, an arélkyl group may be optionally substituted. _

“Cycloalkyl” or “carbocyclic ring” refers to a stable non-aromatic
monocyclic or polycyclic hydrocarbon radical consisting solely of carbon and hydrogen
atoms, which may include fused or bridged ring systems, having from three to fifteen

carbon atoms, preferably having from three to ten carbon atoms, and which is saturated

or unsaturated and attached to the rest of the molecule by a single bond. A “Ca-

cycloalkyl referes to a cycloalkyl having from 3 to 7 carbon atoms in the cycloalkyl

ring. Mohocyclic radicals include, for example, cyélmpmpyl, cyclobutyl, cyclopentyl,
cyclohexyl, cycloheptyl, and cyclooctyl. Polycyclic radicals include, for example,
adamantyl, norbornyl, decalinyl, 7,7-dimethyl-bicyelo[2.2.1]heptanyl, and the like,
Unless othem'isé stated specifically in the specification, a cycloalkyl group may be
optionally substituted. '

“Cy‘cl.oallkylallqu” refers to a radical of the formula -RpRq where Ry is an

alkylene chain as defined above and Ry is a cycloalkyl radical as defined above. Unless

stated otherwise specifically in the specification, 2 cycloalkylalkyl group may be

optionally substituted.

“Fused” refers to any ring structure described herein which is fused toan

existing ring structure in the compounds of the invention. When the fused ring is 4

heterocyelyl ring or a heteroaryl ting, any carbon atom on the existing ring structure

which becomes part of the fused heterocycly! ring or the fused heteroaryl ring may be.

replaced with a nitrogen atom.
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“Halo™ or “haloocn refers to bromo, chloro, fluoro or iodo.

- “Haloalkyl” refers to an allkyl radxal as decfined above, that is
substituted by onc or more halo radicals, as defined above, e.g, trifluoromethyl,
diﬂuoromethyl, irichloromethyl, 2,2, 2-trifluoroethyl, 1,2-difluoroethyl,
3-bro'mo—z~ﬂuor0propjfl_. 1,2-dibromoethyl, and the like. A “Ci.;-haloalkyl refers to a
haloalkyl having from 3 to 7 carbon atoms. Unless stated otherwise specifically in the
specification, a haloalkyl group may be optionally substituted.

“Heterocyclyl” or “heterocyclic ring” or “heterocycle” refers to a stable
3- to 18-membered non-aromatic ring radical which consists of two to twelve carbon.
atoms and from one to six heteroatoms selected frofn the group consisting of nitrogen,
oxygen and sulfur. Unless stated otherwise specifically in the s_peéi.ﬁc-ation, the
heterocyclyl radical may be a monocyclic, bicyclic, tricyclic or tetracyclic ring system,
which may include fused or bridged ring systems; and the ni‘rxogen_; carbon or sulfur
atoms in the heterocyclyl radical may be optionally oxidized; the nitrogen atom may be
optionally quaternized; and the heterocyclyl radical may be partially or fully satorated.
Examples of such heterocyclyl radicals include, but are not limited to, d:ioxolanyl,
thienyl[1,3]dithianyl, | decahydroisoquinolyl, imidazolinyl, imidazblidinyl,
isothiazolidinyl, isoxazolidinyl, morpholinyl, octahydroindolyl, oéta.}.l}rdx'disoindolyl,
2-oxopiperazinyl, 2-oxopiperidinyl, 2-oxopyrrolidinyl, éxazolidinyl, piperidinyl,
piperazinyl, 4-piperidonyl, pyrrolidinyl, pyrazolidinyl, quinuclidinyl, thiazolidinyl,
tetralydrofuryl, trithianyl, tetrahydropyranyl, —thiomorpholinyl, thiamorpholinyl,
'1-oxo-thiomorpholinyl, and I,1-dioxo-thiomorpholinyl. Unless stated - otherwise
specifically in the specification, a heterocyclyl group may be optionally substituted.

“N-heterocyclyl” refe;s to a heterocvclyl radical as defined above

_ containing at least one nitrogen and where the point of attadnncnt of the heterocyelyl

‘ 'mdxcal to the rest of the molecule is through a nitrogen atom in the heterocyclyl radical.

Unless stated otherwise specifically in the speciﬁcaﬁon, a N-heterocyclyl group may be
optionally substituted.
“Ifeterocyclylalkyl” refers to a radical of the formula -RyR, where Ry i

n alkylene chain as defined above and R is a heterocyclyl radical as defined above,

10
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and if the heterocyclyl is a ﬁi‘trogen-containing heterocyelyl, the heterocycly! may be
attached to the alkyl radical at the nitrogen atom. Unless stated otherwise specifically in
the specification, a heterocyclylalkyl group may be opti‘onally substituted.

“}-Ietefoaryl” refers to a 5- to l4-membered ring system radical
comaprising hydrogen atoms, one to thirteen carbon atoms, one 1o six heteroatoms
selected from the group consisting of nitrogen, oxygen and sulfur, and at least one
aromatic ring. For purposes of this invention, the heteroaryl radical -ma;-,' be a
monocfclic, bicyclic, trieyclic or tetracyclic ring system; which may include fused or
bridged ring Systems; and the nitrogen, carbon or sulfur atoms in the heteroaryl radical
may be optionally oxidized; the nitrogen atom may be optionally quaternized. Examples
include, but are not limited to, azepinyl, acridinyl, benzimidazolyl, benzothiazolyl,
benzindolyl, .. benzodioxolyl, benzofuranyl,  benzooxazolyl,  benzothiazolyl,
benzothiadiazolyl, benzo{b][1,4]dioxepiny1., 1,4-benzodioxanyl, benzonaphthofuranyl,
benzoxazolyl, benzodioxolyl, benzodioxinyl, benzopyranyl, benzopyranonyl,
benzofuranyl, benzofuranonyl, benzothienyl (benzothiophenyl), benzotriazolyl,
benzo[4,6}imidazo[ 1 ,2-a]p37ridin§'i, - carbazolyl, =~ cinnolinyl, dibenzofuranyl,
dibenzothiophenyl, furanyl, furanonyl, isothiazolyl, imidazolyl, indazclyl, indolyl, .
indazolyl, isoindolyl, indolinyl, isoindolinyl, isoquinolyl, indolizinyl, isox.azolyl,v
naphthyridinyl, oxadiazolyl, 2-Qxcxazepi13§fl, oxazolyl, oxiranyl, 1-oxidopyridinyl,
1-oxidopyrimidinyl, 1-oxidopyrazinyl, 1-oxidopyridazinyl, 1-phenyl-1H-pyrrolyl,
phenazinyl, phenothiazinyl, phenoxazinyl, phthalazinyl, pteridinyl, purinyl, p}rrrolyl,l
pyrazolyl, pyridinyl, pyrazinyl, pyrimidinyl, pyridazinyl, quinazolinyl, qﬁinoxaliny'l, :
quinolinyl, quinuclidinyl, isoquinolinyl, tetrahydroquinolir_lyl, thiazolyl, thiadiazolyl,
triazolyl, tetrazolyl, triazinyl, and thiophenyl (i.e. thienyf). Unless stated otherwise
specifically in the specification, a heteroaryl group may be optionally suBstituteci.
| “N-heteroaryl” refers to a heteroaryl radical as defined above containing

at Teast one nitrogen and where the point of attachment of the heteroaryl radical to the

rest of the molecule is through a nitrogen atom in the heteroaryl radical. Unless stated =

otherwise specifically in the specification, an N-heteroaryl group may be optionally

substituted.

11
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“Heteroarylalkyl” refers to a radical of the formula -RyR¢ where Ry 18 .m
alkylene chain as defined above and R is a heteroaryl] radical as defined above. Unless
stated otherwise specifically in the specification, a heteroarylalkyl group fnay be
optionally substituted. ‘

The term “substituted” used herein means any of the above groups (e.g..
alkyl, alkylene, alkoxy, alkylamino, alkylaminocarbonyl, alkoxyalkyl, .a'llq'lcarbonyl,
alkoxycarbonyl, alkylcarbonyloxy, carboxylalkyl, thioalkyl, aryl, aralkyl, cycloalkyl,
cyqloaﬂ&yiaﬂwl, haloalkyl, heterocyclyl, N-heterocyclyl, heterocyclylalkyl, heteroaryl,
N-hetéroaryl and/or heteroarylalkyl) wherein at least one hyﬂrogen atom is replaced by -
a bond to a non-hydrogen atoms such as, but not limited to: a halogen atom such as F,
Cl, Br, and I; an oxygen atom in groups such as hydroxy! groups, carboxyl groups,
guanidine groups, imidine groups, phosphate groups, phosphinate groups, phosphonate
groups, sulfate groups, sulﬁﬁﬁte groups,alkoxy groups, ester groups; a sulfur atom in
groups such as thiol groups, thicalkyl groups, sulfone groups, sulfonyl groups, and
sulfoxide groups; a njtr'og_en atom in groups such as amines, amides, alkylamines,
dialkylamines, arylamines, alkylaryiamines_; diarylamines, N-oxides, imides, and
enamines; a silicon atom in groups such as triatkylsilyl groups, dialkylarylsilyl groups,
alkyldiarylsilyl groups, and triarylsilyl groups; and other heteroatoms in-various other
groups. “Substituted” also means any of the above groups in which one or more '
hydrogen atoms are replaced by a higher-order bond (e.. g, a double- or triple-bond) to a
heteroatom such as oxygen in oxo, carbonyl, carbokyl, and ester groups; and nitrogen in
groups such as imines, oximes, hydrazones, and nitriles. For example, “substituted”
includes any of the above groups in: wlﬁch one or more hydrogen atoms are replaced
with NR.th, -NR;C(=0)Ry, | NR,C(=0)NRgR;, -NRC(=0)ORy, -NR,SORy,
-O.C(<=O)NR,;R;,5 -OR,, -SR,, -SOR; -SOaR,, -OSO;Rg -SO:0R,, =NSO:Rg, and -
-SO,NRRy,. “Substituted also means any of the abave groups in which one or more
hydrogen atoms are replaced with —C(#O)Rg, -C(=0)ORg, -C(=0)NR Ry, ~-CHaSOR,
CH,SONRRy. In fhe foregoing, R, and Ry are the same or different and
independently hydrogen, alkjl, alkoxy, alkylamino, thicalkyl, aryl, aralkyl, cycloalkyl,

cycloalkylalkyl, haloalkyi, heterocyclyl, N-heterocyclyl, heterocyclylalkyl, heteroaryl, -
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N~hcteroaryl and/or heteroarylalkyl. “Substituted” further means any of the above
groups in which one or more hydrogen atoms are replaced by a bond to an amino,
cyano, hydroxyl, imino, nitro, oxo, thioxo, halo, alkyl, alkoxy, alkylamino, thicalkyl,
aryl, aralkyl, cy‘cloalkﬁfl, cycloalkylalkyl, haloalkyl, heterocyclyl, N-heterocyclyl,
hei'cmcyclyla!ky'i, heteroaryl, N;hctcroaxyl and/or heteroarylalkyl "group. In addition,
each of the foregoing substituents may also be optionally substituted with one or more
of the above substituents.

Prodrugs of compounds of structure (I) are included in the scope of the
invention: “Prodrug” is meant to indi'cate a c-o‘mi:ound that may be converted under
physiological conditions or by solvolysis to a biologically active compound of the
invention. Thus, the term “prodrug” refers to a metabolic precursor of a compound of
the invention that is pharmaceutically acceptable. A prodrug may be inactive when
administered to a subject in need thereof, but is converted in vive to an active
compound of the invention. Prodrugs are typically rapidly transformed in vivo to yield

the parent compound of the invention, for example, by hydrolysis in blood. The prodrug

compound often offers advantages of solubility, tissue compatibility ot delayed release

in a mammalian organism (see, Bundga.ard, 1., Design of Prodrugs (1985), pp. 7-9,
21-24 (Blsevier, Amsterdam)). A discussion of prodrugs is provided in Higuchi, T, et
al., Pro-drugs .as “Novel Drug Delivary Systems, A.C.S. Symposium Series, Vol. 14,
1975, and in Bioreversible Carriers in Drug Design, Ed. Edward B. Roche, American
Pharmaceutical Association and Pergamon Press, 1987. ‘

The term “prodrug” is also meant to include any covalently bonded .
carriers, which release the active compound of the invention fn vivo when such prédrug :

is administered to a mammalian subject. Prodrugs of a compound of the invention may

be prepared by modifying functional groups present in the compound of the invention

in such a way that the modifications are cleaved, either in routine manipulation or in
vivo, to the parent compound of the invention. Prodrugs include compounds of the
invention wherein a hydroxy, amino or mercapto group is bonded to any group that,
when the prodrug of the compound of the invention is :idministe-_red to a mammalian

subject, cleaves to form a free hydroxy, free amino or free mercapto group,

13
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respcctivély.'Examp].es of prodrugs include, but are not limited td, acetate, formate and
benzoate derivatives of alcohol or amide derivatives of amine functional groups in the
compounds of the invention and the like.

The invention disclosed herein is aso meant to- encompass  all
pharmaceutically acceptable compounds of structure (I) being isotopically-labeled by
having one or more atoms replaced by an atom haviﬁg a different atomic mass or mass
number. Examples of isotopes that can be incorpdrated into the disclosed compounds
include isotopes of hydrogen, carbon, nitrogen, oxygen, phosphorous, sulfur, fluorine,
chlorine, and iodine, such as 3, 39, 'C, Be, ¥¢, BN, BN, Po, Y0, %0, 3p, 2p ¥g,
8 3¢y, 21, and 15, respectively. These radiolabelled compounds could be useful to
help determine or measure the effectiveness of the compounds, by characterizing, for
example, the site or mode of action, or binding affinity to pharmacologically important
site of acﬁouT Certain isotopically-labelled compounds of structure (I), for example,
those incorporating a radioactive isotope, are useful in drug and/or substrate tissue
distribution studies. The radioactive isotopes tritium, i.e. ?H, and carbon-14, i.e. MC, are

particularly useful for this purpose in view of their ease of incorporation and ready

- means of detection.

Substitution with heavier isotopes such as deuterium, Ze. 2H, may afford

certain therapeutic advantages resulting from greater metabolic stability, for example, .

increased i vivo half-life or reduced dosage requirements, and hence may be preferred
in some circumstances. _

Substitution Vvith positron emitting isot’dpes, such. as _“C,I Bp B0 and
BN, can be useful in Positron Emission Topography (PET) stﬁdies for examining
.subétrate receptor oceupancy. Isotopically-labeled compounds of structure (I) can
generally be prepared by conventional tcchniquc‘s known to those skilled in the art or by
processes analogous to those described in the Preparations and Exarmples as set out
below using an appropriate isotopically-labeled reagent in place of the non—IaEe!ed
reagent previously employed.

The invention disclosed herein is also meant to encompass the in vivo

metabolic products of the disclosed compounds. Such preducts may result from, for
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example, the oxidation, reduction, hydrolysis, amidation, esterification, and the like of
the administered compound, primarily due to enzymafic processes. Accordingly, the
invention includes compounds produced by a process comprising administering a
compound of this invention to a mammal for a period of time sufficient to yie].d a
metabolic product thereof. Such products are typically identified by administering a
radiolabelled compound of the invention in a deteétab].e dose to an animal, such as rat,

mouse, guinea pig, monkey, or to human, allowing sufficient time for metabolism to

occur, and isolating its conversion products from the urine, blood or other biological

samples.

“Stable compound” and “stable structure” are meant to indicate a

compound that is sufficiently robust to survive isolation to a useful degree of purity.

from a reaction mixture, and formulation into an efficacious therapeutic agent.

““Mammal” includes humans and both domestic apimals such as

laboratory animals and household pets (e.g., cats, dogs, swine, cattle, sheep, goats,

horses, rabbits), and non-domestic animals such as wildlife and the like.

~ “Optional” or “optionally” means that the subsequently described event
P ¥

of circumstances may or may not occur, and that the description includes instances

where said event or circumstance occurs and instances in which it does not. For

example, “optionally substituted aryl” means that the aryl radical may or may not be

substituted and that the description includes both substituted aiyl radicals and aryl

radicals having no substitution.

“Pharmaceutically acceptable carrier, diluent or excipient” includes’

'without limitation any adjuvant, carrier, excipient, glidant, sweetening agent, diluent,
preservative, dye/colorant, flavor enhancer, suxféctant,»wetting agent, dispersing agent,
suspending agent, stabilizer, isotonic agent, solvent, or emulsifier which has been
approved by the United States Food and Drug Administration as being acceptable for
use in bumans or domestic animals.

The present invention includes pharmaceutically acceptable salts of

coxhpounds of structure (T). “Pharmaceutically acceptable salt” includes both acid and

base addition salts.
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“Pharmaceutically acceplable acid addition salt” refers to 't.hose salts
which retain the biological efféctiveness and properties of the free bases, which are not
biologically or otherwise undesirable, and which are formed with inorganic acids such
as, but are not limited to, hydr_ochloric acid, hydrobromic acid, sulfuric acid, nitric acid,
phosphoric acid and the like, and organic acids such as, but not limited to, acetic acid,
2,2-dichloroacetic acid, adipic acid, alginic acid, ascorbic acid, agpartic acid,
benzenesulfonic acid, benzoic »acid, 4-acetamidobenzoic acid, camphoric acid,
camphor-1‘0~su1fonic acid, capric acid, caproic acid, caprylic acid, carbonic acid,
cinnamic acid, citric acid, cyclamic acid, dodecylsulfuric acid, ethane-1,2-disulfonic
acid, ethanesulfonic acid, 2-hydroxyethanesulfonic acid, formic acid, fumaric acid,
galactaric acid, gentisic acid, glucoheptqnic acid, gluconic acid, ghicuronic acid,
glutamic acid, glutaric acid, 2-oxo-glutaric acid, glycerophosphoric acid, glycolic acid,
hippuric acid, isobutyric acid, lactic acid, lactobionic acid, lauric acid, maleic acid,
malic acid, malonic acid, mandelic acid, methanesulfonic acid, mmucie acid,
paphthalene-1,5-disulfonic acid, naphthalene-2-sulfonic. acid, 1-hydroxy-2-naphthoic
acid, nicetinic acid, oleic acid, orotic acid, oxalic acid, palmitic acid, pamoic acid,
propionic acid, pyroglutamic acid, pyruvic acid, salicylic acid, 4-aminosalicylic acid;
sebacic acid, stearic acid, succinic acid, tartaric acid,‘thiocyanic acid, p-toluenesutfonic
acid, trifluoroacetic acid, undecylenic acid, and the like. _

“Pharmaceutically accéptable base addition salt” refers to thosé salts
which retain the biological effectiveness and properties of the free acids, which are not
biologically or otherwise undesirable. These salts are prepared from addition of an
inorganic base or an organic base to the free acid. Salts derived from inorgaxﬁc bases -
include, but are'hot limited to, the sodium, potassium, lithium, ammoniur, calcium, |
ma.gnesium,-iron, zine, copper, manganese, aluminum salts and the like. Preferred
inorganic salts are the ammonium, sodium, potassium, calcium, and magnesium salts.
Salts derived ﬁrém organic bases include, but are not limited to, salts of primary,
secondary, and tertiary amines, substituted amines including naturally occurring
substituted amines, cyclic amines and basic ion exchange resins, such as ammonia,

isopropylamine, trimethylamine, diethylamine, triethylamine, tripropylamine,
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diethanolaminc,_ ethanolamine, | deénol, 2-dimethylaminoethanol,
2~diethy3.aminbethanol, dicyclohexyiaminé, lysiné, arginine, histidine, caffeine,
procaine, hydrabamine, choline, betaine, benetha_mine, benzathine, ethylenediamine,
glucosamine, methylglucamine, theobromine, triethanolamine, tromethamine, purines,
piperazine, piperidine, N-ethylpiperidine, polyamine resins and the like. Particularly
preferred  organic bases are isopropylamine, diethylamine, ethanolamine,
trimethylamine, dicyclohexylamine, choline and caffeine. |

| Often crystallizations produce a solvate of the compound of the
invention. As used herein, the term “solvate” refers to an aggregate that comprises one
or more molecules of a compound of the invention with one or more molecules of
solvent. The solvent may be water, in which case the solvate may be a hydrate.
Alternatively, the solvent may be an organic solvent. Thus, the compounds of the
present invention may exist as a hydrate, including a monohydrate, dihydrate,
hemihydrate, sesquihydrate, 'trihydrate, tetrahydrate and the like, as well as the
corresponding solvated forms. The cormpound of the invention may be true solvates,
while in other cases, the compdxmd of the invention may merely retain adventitious
water or be a mixture of water plus some adventitious solvent. .

A “co-crystal” of a compound of the invention can also be formed. Co-

crystallization can alter the molecular interactions and composition of pharmaceutical

materials, and provide unique drug properties. Co-crystals consist of a compound of the
invention and a typically stoichiometric amount of a pharmaceutically acceptable co-

crystal former. Pharmaceutical co-crystals are nonionic supramolecular complexes and

can be used to address physical property issues such as solubility, stability and

biocavailability in pharmaceutical development without clharigi.ng' ‘the chemical

composition of the compound of the invention.

A “pharmaceutical composition” refers to a formulation of a compound
of the invention and a medium generally accepted in the art for the delivery of the
biologically active compound to mammals, 2.g., humans. Such a medium includes all

pharmaceutically acceptable carriers, dituents or excipients therefor.
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“Effective amount” or “therapeutically effective amount™ refers to that
amount of a compound of the invention which, when administered to a’ mammal, '
prefergblj a human, is sufficient to effect treatment, as defined below, of agonizing
TGRS in the mammal, preferably a human. The amount of a compound of the invention
which constitutes a “therapeutically effective amount” will Val.‘sf depending on the
compound, the condition and its severity, the manner of administration, and the age of .
the mammal to be treated, but can be determined routinely by one of ordinary skill in
the art having regard to his own knowledge and to this disclosure.

“Treating” or “treatment” as used herein covers the treatment of the
cli.séase or cbndition of interest in'a mammal, preferably a human, having the discase or
condition of interest, and includes:

@) preventing the discase or condition from occurring in 2 mammal,
in particular, when such mammal is predisposed to the condition but has not yet been
diagnosed as having it;

(i)  inhibiting the disease or condiﬁon, ie., arresting its development;

(iif) reliéving the disease or condition, i.e., causing regression of the
disease or condition; or

C(iv)  relieving t'he symptoms resulting from the disease or condition,
ie., relieving pain without addressing the underlying disease or condition. As used
berein, the terms “disease” and “condition” may be used interchangeably or may be’
different in that the particular malady or condition may not have a known causative
agent (so that etiology has not yet been worked out) and it is therefore not yet
recognized as a disease but only as an undesirable cgnditio_h or syndmine, wherein a
more or less specific set of symptoms have been identified by clinicians.

The compounds of the invention, or their phanmaceutically accepté.ble -
salts may -contain one or more asymmetric centers and may thus give rise to
enantiomers, diastereomers, and other stereoisomeric forms that may be defined, in
terms of absolute stereochemistry, as (R)- or (S)- or, as (D)- or (L)- for amino acids.
The present invention is meant to include all such possible isomers, as well as their

racernic and optically pure forms. Optically active (+) and (=), (R)- and (-, or (D)~ and

18
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(L)- isomers may be prepared using chiral synthons or chiral reagents, or resolved using

conventional techniques, for example, chromatography and fractional crystallizatioh.
Conventional techniques for the preparation/isolation of individual enantiomers include
chiral synthesis from a suitable optically pure precursor or resolution of the racemate
(or the racemate of a salt or derivative) using, for example, chiral high pressure liquid
chromatography (HPLC). When the compounds described herein contain olefinic
double bonds or other centres of geometric asymmetry, and unless specified otherwise,
it is intended that the compounds include both E and 7 geometric isomers. Likewise, all.
tautomeric forms are also intended to be included.

A “stereoisomer” refers to a compound made up of 'the same atoms-
bonded by the same bonds but having different three-dimensional structures, which are
not interchangeable. The present invention coniemplates various stereoisomers and

mixtures thereof and includes “enantiomers”, which refers to two stereoisomers whose

* molecules are nonsuperimposeable mirror images of one another.

A “tautomer” refers to a proton shift from one atom of a molecule to
another atom of the same molecule. The present invention includes tautomers of any" '
said corapounds. _ | ' |

The chemical naming protocol and structure diagrams used herein are a
modified form of the LUP.A.C. nomenclature system, using the “TUPAC Naming
Plugin” software program (ChemAxon) and/or ChemDraw software Struct=Name Pro
11.0 program (CambridgeSoft). For complex chemical names employed herein, -a
substituent group is named béforc the group to which it attaches. For example,

cyclopropylethyl comprises an cthyl backbone with cyclopropyl substituent.

. . Compounds .
As noted above, in one embodiment of the present invention, compounds
having activity as TGRS agonists are provided, the compounds having the following

stracture (I):
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or a stereoisomer, tautomeér, pharmaceutically acceptable salt or prodrug thereof,

. wherein:

X is CRR® wherein:
R* and R mc the same or different and independently selected from H and
Cir-alkyl, or
R and R’ taken togethcr with the C atom to which they are attached forin a
“cycloalkyl or heterocy rclyl, wherein the cycloalkyl or hcterocvclyl are
optionally substituted by one or two groups selected from halogen, hydroxy,
oxo, Cig-alkyl, Cj.s-haloalkyl, Cyg-alkylcarbonyl, Cys-alkyloxyearbonyl,
Cy.-alkoxy, Ci-alkoxyalkyl, (R™(RMN- and Ci7-alkyl-S(O)oz-, wherein
each R’ is independently, at each occurrence, hydrogen or Ci.7-alkyl and Rb‘
is an electron pair, hydrogen or Cy.7-alkyl; |
| Y is CROOR™, O NR® or a direct bond, provided thal when Y is 0, Z is not O or
S(0)g.2, wherein: | ' " ' | ) o
R® and R® are the same or different and indcpendently selected from H aﬁd ‘
Cy.-alkyl; and
R® js selected from H, Cis-alkyl, C,.falkylcarbonyl, aminocarbonyl,
C1.7-alkylaminocarbon§?l, Cyz-alkylsulfone, cycloalkylalkyl, cyo},oaik‘yl;
aralkyl and aryl, wherein the Cy.-alkyl, Cl.-;-alkylcarbbnyi, aminocarbonyl,
C;.ralkylaminoéarbonyl, Cy.r-alkylsulfone, cycloatkylalkyl, cycloalkyl,
aralkyl and aryl are optionally substituted with one or more substitutents
selected from halogen, hydroxy, oxo, Cry-alkyl, Cyg-haloalkyl, Cig-
_ alkylcarbonyl,  Cy.g-alkyloxycarbonyl, —Ci.g-alkoxy, Cl.‘f;—alkoxyallqu,
(RARY)N- and Cy-alkyl-S(O)oo-, Wherein each R* is independently, at
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each occurrence, hydrogen or C,o-alkyl and R Iis an electron pair, hydrogen
or Cy. 7—alky1 |
or X and Y taken together form a cvcloalkvl heterocyclyl, aryl or heteroar;l
wherein the cycloalkyl, heterocyclyl, aryl or heteroaryl are optionally
substituted by one or two groups selected from halogen, hydroxy, oxo, Cys-
alkyl, C1.7-alk§rlcafb0nyl, Cyg-alkyloxycarbonyl, C;-alkoxy, C;.y-alkoxyalkyi,
RH(R*N- and Cyo-alkyl-8(O)2-, wherein R* is independently, at each
occurrence, hydrogen or Cy.7-alkyl and R’ is an electron pair, hydrogen or Cyp-
alkyl, and provided that when X and Y form phmﬁyl, pyridyl, pyridy)-N-oxide or
pyrimidin:yl then Z is not O, |
7 is CR7R", O, 8(O).2 or a direct bond, wherein:
R™ and R are the same or different and independently selected from H or Cy.7-
alkyl; | |
or R7%and R™ taken together to form oxo (=0);
or Z and R® or R™ taken together form a cycloalky! or heterocyclyl, whcrem the
cycloall{vl or heterocyclyl are optionally substituted by one-or two groups
selected from halogen, hydroxy, oxo, Crr-alkyl, Cig-haloalkyl, Cio-
alkylearbonyl,  Ciz-alkyloxycarbonyl, (_,1-7-a1koxy, C;.7-alkoxy alkvl
(RM2(R)N- and Cy7-alkyl-S(0)2-, wherein each R* is independently, at
- each occurrence, hydrogen or Cy.7-alkyl and R is an electron paji-, hydrogen

or Cyr-alkyl;

Alis CRB or N; -

A2is CRY or N, wherein: o
R”® and RY are the same or different and mdeppndently selected 1rom _
hydrogen, Cy.7-alkyl, halogen, C,-»~haloalkyl, cyano, Cy7-alkoxy, amino and
-S(0Yo.2-Crr-alkyl;
R! and R? are the same or different and indébendeuﬂ.y selected from: hydrogen,
C;-y—alk.yl, halogen, h:aic.vgen-C1.7--éIky'1, cyano and Cy.p-alkoxy; '
R® is selected from: hydrogen, Cis-alkyl, halogen, Cis-haloalkyl, Cy.7-alkoxy,
cyano, C3_7—cycloalkyl., -0-Cs.-cycloalkyl, -0-Cy.7-alkyl-Cyg-cycloalkyl,
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- ~5(0)p2-Cy7-alkyl, N-heterocyclyl, five-membered heteroaryl, phenyl and -~
| NR™R!, wherein R" and R are the same or different and independently -
selected from hydrogen, Cy.5-alkyl and C;54-cycloalkyl;
" R*is selected from: hydrogen, Ci.7-alkyl, halogen-C;.7-alkyl, and C3,7-cycloélkyl; :
or R and R* or R® and R¥ together are ----Ll-(CR"Rm)u; and form part of a ring,
wherein: | : . |

L' is selected from: ~-CR¥R¥-, 0, $(0)g, C=0 and NR*;

R1_7 and R'? are the same or different and independently selected from hydrogen
and Cp.-alkyl; '

or R'7 and R'® together with thé C atom to which they are attached form an oxo
moiety; ‘

or R'7 or R!® together with an adjacent R RS, RY or R* and the C atoms to
which they are attached form C=C,

RY and R¥ are the same or different and independently selected from:
hycﬁogen, hydroxyl, N(R"“)g, Cj-alkyl, Cj.-alkoxycarbonyl, unsubstituted
heterocyclyl, and heterocyclyl substituted by one or two gfoups selected
from halogen, hydroxy and Cy.7-alkyl,

~or R¥ and Rzo'togethér with the C atom to whi»ch they are attached form a
cyclopropyl or oxetany! ting or together form a =CH; or =CF: group; and

R ié independently, at each aceurrence, selected from the group consisting of -
hydrogen, Ch.g-alkyl, halogen-Cyr-alkyl, Ca. s~cycloalkyl - and Ca. 7;
cycloalkyl-Cy. 7-a|k}’1 wherein Ci.7-cycloalkyl is unsubs‘nmted or substituted
by carboxyl- C1.7-a]1'yl or Cy7 —alkoxvcarbonyl heterocyelyl, hcmocyclyl- :
Cy-alkyl, heteroafyl, heteroaryl -Ciq-alkyl, carboxyl-Cyo-alkyl, Cjg-
alkoxycarbonyl-Cy.7-alkyl, Cy.7-alkylearbonyloxy-Cy.-alkyl, Cio-
alkylsulfonyl, phenyl, wherein phenyl is unsubstituted or subsumtcd by
carboxyl-C,.y-alkyl or C1 -alkoxycarbonyl, phenylcarbonyl, Wherem phenyl
is unsubstituted or substituted by carbox.y'l~L1.7-aLk3r]. or Cy.s~alkoxycarbonyl,
and phenylsulfonyl, wherein pheriyl is unsubstituted or substituted by |

carboxyl-Cy.7-alky! or Cy.s-alkoxycarbonyl;
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or R* and a RY together éxe -(CHy)s~ and form part of a ring; '
- or-R* together with a pair of R'” and R*® are -CH=CH-CH= and form part of a
ring; and

n.isl,20r3;

wn
~
]
.

R®, RY, R and R"™ are the same or different and ixvlde'pendenﬂy selected from:
Q, hydrogen, Cy.7-alkyl, Cp7-alkenyl, Cay-alkynyl, halogen, halogen-Cj.r-alkyl, "
Cy-alkoxy, halogen-Cy7-alkoxy, hydroxy, hydroxy-Ci-alkoxy, hydroxy-Ci.o-
alkyl, hydroxy-Cg.-7-a1kcnf,'1,'A hydroxy-Cs--alkynyl, éyano, carboxyl, Cio-
alkoxycarbonyl, amino carbonyl, carboxyl-C;s-alkyl, carboxyl- Cag-alkenyl,
10 carboxyl- Ca.7-alkynyl, C1-7—a1k.0x.ycarbonyl-c1_7-aH{yI, Ci.7-alkoxycarbonyl-Cs.
s-alkenyl, © Cyg-alkoxycarbonyl-Ca.s-alkynyl, carbo*}'l-Cl-7—alkoxy, - Cur-

alkoxycarbonyl-C,.7-alkoxy, carboxyl—Cl--,r-alk)ﬂ-aminocarbo‘ny]., ca:fboxyl-cm- o

alkyl-(Cy.7-alkylamino)-carbonyl, B Cy.s~alkoxycarbonyl-Cy.y-alkyl-
aminocarboﬁyl,. C1.7-aH<Laxy;carlaon3r1~C1,7-aikyl—(C1-7-alkylamino)-ca_rbonyl,
15 carboxyI—Cl_.7~alkyl-a11ﬁnocarbcxnyl-(31_7-aiky1, carbo.xyl—Cl_y-chyI-(G1-_7—
alkylamino)—.carbonyl-c1_§—alkyl, . . C1_7—alkoxycarbon_yl;(_‘.l_y-alkyl-

aminocarbonyl-Cs-alkyl,  Cis-alkoxycarbonyl-Cyo-alkyl-(Cis-alkylamino)- |

‘carbonyl-Cy.s-alkyl,  hydroxy-C 1.7—a1]gyl-;mﬁno carbonyl,  di-(hydroxy-Cio-

alkyl)amihocarbony’l, . aminocarbonyl-Cy.o-alkyl-amino carbonyl,
20 hydroxysulfonyl-Cy s-alkyl-aminocarbonyl,  hydroxysulfonyl-Cr.r-alkyl-(C1.r- |
alkvl-amino)-carbonyl, - di~(C.y-alkoxycarbonyl-Ciz-alkyl)~

methylaminocarbonyl, phenyl, wherein phenyl is unsubstituted or substituted by

one to three groups selected from halogen, C,-alkoxy, carboxyl or Cior-
alkoxycarbonyl, phenyl-carbonyl, wherein phenyl is unsubstituted or substituted

25 by one to three groups selected from halogen, Cj.5-alkoxy, carboxyl or Cy-

- alkoxycarbonyl, phenyl-aminocarbonyl, wherein phenyl is unsubstituted or

* substituted by one to three groups selected from halogen, Cy.y-alkoxy, carboxyl

or Cy.-alkoxycarbonyl, phenyl-Cl,ralky;l, wherein phenyl is unsu’t;stituted'or
_ substituted by one to three groups selected from halogen Cy.7-alkoxy, carboxyl -
30 or'Cl-y—alkoxycarbonyl,. phenyl.—Czq-_alkjfnyl, wherein phenyl is unsubstituted or

23
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substituted by one to three groups sélected from halbgen, C.s-alkoxy, carboxyl = '
or Cr-alkoxycarbonyl, heteroaryl, wherein heteroaryl is unsubstituted or
substituted by one to three groups selected from halogen Cj7-alkoxy, carboxyl
or Cy.7-alkoxycarbonyl, hetcrdaryi~carbqt1§'1, wherein hétcroaryl is unsubstituted
or substituted by one to three groupé selected from halbgen, Cyy-alkoxy,
carboxyl or Ciz-alkoxycarbonyl, heteroaryl-aminocarbonyl, wherein heteroaryl
is unsubstituted or substituted by one to three groups selected from halogen, |
Cy-alkoxy, carboxyl or Cl.;v-alkoxycm'bonyl, heteroaryl-Cy.7-alkyl, wherein
heteroaryl is unsubstituted or substituted by one to three groups selected from
haloglen, Ciq-alkyl, Cy-alkoxy, cérbowl .or C1_7-a1,k,0.xycarb011y1, hetcroanfl-‘
C,.7-alkyl-aminocarbonyl, wherein heteroaryl is unsubstituted or substituted by
one to three grbﬁps selected from halogen, Cjg-alkoxy, carboxyl or Cjg-.
“a;l‘koxycar'bonyl, heteroaryl-éarbonyl-C1.7eaIky1, wherein  heteroaryl s
unsubstitated ot substituted by one to three groups selected from halogen, Cia-
alkoxy, carboxyl or Cy.y-alkoxycarbonyl, and cycloalkyl, wherein cycloalkyl is
unsubstituted or substituted by one.to three groups selected from halogen, Cip-
. alkoxy, carboxy! or Cfl.;'-a]kbxycarbon}'l;

Qis: - _ E
| ,—§—L2—B{L3-—I) .
) : n

wherein: I _

, 1.2 and each L? are either the same or different and independént}y absent,
-0-, -NR3°~,' S-, -NR*C(0)-, -C(=OINRY-, -NRPC(FONRY-; -SONR™-, - |
NR¥S0,-; -Cjjalkylenc-, -Cigalkylene-O-, -O-Cyalkylene-, -C1_7a1L3'lené—NRa"a, B
-NRSO-Cx..yalkyle11e-, ~Cy.qalkylene-S-, -S-(ll.ydkylene-, -C1.7alkylenc~NR8°C(=O)v, |
-C(=0)NR¥Cy salkylene-,  -Cyalkylene-C(=OINRY-, - -NR*C(=0)Ci.salkylene-,
-Cralkylene-NR¥C(=0)NR¥-, , © NR¥C(E=ONRYCyqalkylene-,
-Cy salkylene-SONRY-, -SONRYCy salkylene-, -SONR¥VC(=0)-, -C(=0)NR*$Oz-, - -
NR¥S0,NR¥C(=0)NRY-, NR®C(=O)NR¥SO.NRY, - -OC(=ONR™-,
NR¥C(=0)0-; -Cy.7alkylene-OC(=O)NR Y-, NR¥C(=0)0-C;.7alkylene-;
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-Cy.7alkylene-NR¥C(= 0)0- -cx,(—O)NRso Cualkylene-; -SONR™C,. salkylene- or

-Cy. 7a1kvlene-NR“ SO~

B is optionally substituted‘ Cygealkyl or Cyqealkylene, wherein the
Cinalkyl or Cippalkylene is optionally substituted with one or more functional groups
sclected from hydroxyl, oxo, carboxy, guanidino, amidino, NER*),, ~N(RSO)3,-
phosphate, phosphonate, phospinate, sulfate, sulfonate and sulfinate, and wherein the
Clx.malkyl or Crpalkylene optionally comprises one or more moieties selected from
NR¥-, -8+ -0-, -C;scycloalkyl-, -Cssheterocyclyl-, -Csheteroaryl-, ~Cs.saryl- and
-80-;

I is a compound of structure (I); » A

R¥ is independently, at each occurrence, hydrogen, Ci nalbl or -B- (L
Dm; and

m is an integer ranging from 0 to 10,

In some other embodiments of the foregoing compound, R® is selected
from: hydrogen, Ci.7-alkyl, halogen, Cy.7-haloalkyl, Cy.-alkoxy, cyano, Cag-cycloalkyl,
-0-Cs.g-cycloalkyl, -S(O)o-o-Crr-alkyl, N-heterocyelyl, five-membered heteroaryl,
phenyi and -NRPR®, wherein RY and R'® are the same or different and independently
selected from hydrogen, 'Cl 4-alkyl and Cs 7-cycloall4y'£' |

In qome other cmbodunentq of the for egomg compound, R8 ’ RY, R
and R are the same or different and mdependently selected from: Q, hydiooen, Cygm
alkyl, Cz.-a alkenyl, Car-alkynyl, halogen, halogen-Cj.z-alkyl, Cy. -alkoxy, halogen-C1.7-
alkoxy, hydroxy, hydroxy-Cir-alkoxy, hydroxy- -Cy7-alkyl, hy dlcmy—Cgs-alkcml
bydroxy-Cs.;-alkynyl, cyano, carboxyl, Ci.7-alkoxycarbonyl, amino carbonyl, carboxyl-
Cy.7-alkyl, carboxyl- Cyr-alkenyl, carboxyl- Cqq-alkynyl, C1_7-dlk¢)xycarb0nyl-cl;7-
alkyl, Cl..-;—a'lkoxvc.arbonyl Cyoalkenyl, Ci. ;-alkoxycarbonyl-Ca.7-alkynyl, carboxyl-

 Cppalkoxy, Cypy-alkoxycarbonyl-Cy -:—alkoxy éax’boml Ci- 7-alky1¥mninocarbonyl, :
carboxyl-Cy- alkyl (C1.-alkylamine)- carbonyl,Cy.7- alkoxy carbonyl-Cy;-alkyl- o
aminocarbonyl, C.7-alkoxycarbonyl-C1.y-alkyl-(Cy.7-alkylamino)-carbonyl, carboxyl-
Cy.-alkyl-aminocarbonyl-Cy.7-alkyl, carboxyl-Cy.7-alkyl-(Cy7-alkylamino)-carbonyl- -
Cy.7-alkyl, C1.7-alkoxycarbonyl—C1_7-a]ky!.~aminoc-arbonyl--Q:,-alkyl, Cia-
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alkoxycarbonyI«CI;7—a1k;5'1-('C1.7—alkylamino)-carbonyl-c1.7-alky1, hydroxf—C;:,—alkyi.—
aminocarbonyl,  di-(hydroxy-C.7-alkyl)aminocarbonyl, aminocarbonyl-C;.7-alkyl-
amivo carbonyl, hydroxysulfonyl-C;.;-alkyl-aminocarbonyl, hydroxysulfonyl-Cy.5- 4
alkyl-(C,.7-alkyl-amino)-carbonyl, di-( C1.7~alkox'ycarbonyl-C 1-7-alkyl)-
methyiatni_n()carﬁox1.yl; phenyl, wherein phenyl is unsubstituted or substituted by one to
three groups selected from - halogen, C,.s-alkoxy, carboxyl or C.1-7—alkoxyca‘rbo‘nyl,'
phbenyl-carbonyl, wherein phenyl is unsubstituted or substituted by one to three groups
selected from halogen, Cjj-alkoxy, carboiyi or Cjs-alkoxycarbonyl, pheﬁyi-
aminocarbonyl, wherein phenyl is unsubstituted or substituted by one to three groups
selected from halogen, C9-alkoxy, carbdxyl or Cy.y-alkoxyearbonyl, phenyl-Cy.r-alkyl,
wherein phenyl is unsubstituted or substituied by one to three groups selected from
halogen Cy.7-alkoxy, carboxyl or Cyr-alkoxycarbonyl, phenyl-Cpy-alkynyl, whercin
phenyl is unsubstituted or substituted hy one to three groups selected from- halogen,
Cy.r-alkoxy, carboxyl or C1.7—alkoxycar_boﬁyl, heteroaryl, wherein heteroaryl is
unsubstituted or substitutéd by one to three groups selected from halogen Cis-alkoxy,
carboxyl or Cj.r-alkoxycarbonyl, hete-roazyl-cﬁrbon_yl, wherein  heteroaryl  is
unsubstituted or substituted by one to three groups selected from halogen, Cy.5-alkoxy,
carboxyl or »Cl_y-alkoxycarbonyL heteroaiyl—aminocarbon_vl, wherein heteroaryl is .
mmsubstitute& or substituted by one to three groups selected from halogen, Cj.7-alkoxy,
carboxyl or Cl.y—alkoxycarbényl, hetﬂoaxyl@ﬁ-,—alkyl, wherein heteroaryl is
unsubstituted or substituted by one to three groups selected from halogen, Ci.r-alkyl,
Cys-alkoxy, carboxyl or Cig-alkoxycarbonyl, heteroaryl-Cio-alkyl-aminocarbonyl,
wherein heteroaryl is L-msubsti.tuted or substituted by one to three groups selected from -
halogen, Ci.;-alkoxy, carboxyl or C1_7-a11<(>xy'CELfboﬁy1, and heteroaryl-carﬁanyi—cl-7'-
alkyl, wherein heteroaryl is unsubstituted or substituted by one to three groups selected
from halogen, C,.7-alkoxy, carboxyl or Cy7-alkoxycarbonyl. o

As one of skill in the art will appreciate, each of the substituents of

compounds as described herein may also be optionally substituted with one or more of

the substituents defined above and below.

26
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In some other embod;ments of the 1or<,gomg compound X is CR’ORS :

and the compound has the following structure (II)

RE. A% R

I ﬂ/ R* | | | | .. R ;

R1 A SN

Rm .Rll | (H)

In other embodiments, Y is O-and Z is CR™R” and the compound has
5  the following structure (III):
\ // I 3
\Al |
RSO RSIH Nl
\ //

Rl” 'Rll (m) . o

Rl
R9

I

In yet other embodiments, Y is NR® and Z is CR™R™ and the
compound has the following structure (IV): '

R:__A% _R?

A i SR _
RTRUONT
: 3 “ Rg\ R’ ;
07 TN ==\ |
R p51 N— S—RW '
76\ N\ 7
R™ g7t »— o _ o !
RZ2 RY aqv
10 | | In some other émbodime1115, Y is CROR® and 7 is O and the compound

has the following structure (V):

[
.
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R2 A?. R3 .

T
Yy 1/\N’R4

RIS ™M P
AR R

RS0 Y51 ¢ o 10

R1O \x / R

R.Iz . I{II (\7)

In even other embodimems, R*™ and R’ taken togethef with the C aﬁwm'
to which they are attached form a cycloalkyl or heterccyclyl, wherein the cycloalkyl or
heterocyelyl are optionally substituted by one or two groups selected from halogen,

5  hydroxy, oxo, Cyg-alkyl, Ci.s-alkylcarbonyl, Cl--,:-alkyloxycarbony]., Cyr-alkoxy; Cio-
 alkoxyalkyl and C1-7—aiky1,-S(O)o.;~, wherein the compound has the ‘folldwirig structure

(VI) and wherein W represents the cycloalkyl or heterocycly group:

RZ_ r/A{ R3
L
R‘A\tA.‘IN’R | | B
, RS /R9 .
PP o
O NN TN\
W Z \ //'-"R :
P G
. RI'Z Rl'l . m)

In even other embodiments, ¥ is O and Z is CR”°R”* andv'the. compound

10 has the following structure (VII):

RZ. _AZ RY
> I n4
RI’LAI N

R] 2 : Rl 1 (VH)

Tn still other embodiments, Y is NR® and Z is CR™R" and the
compound has the following structure (VIII):

28
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(VI

" In other embodiments, Y is CR®R® and Z is O and the compound has

ﬂz,e following structure (IX):

T 1 _R#

))\ R{)\O]{"z R& ,R9 ,

07 - \Ti 5—%* -
W R0

X

RIZ Rl (IXj

S5 " In still other embodiments, the compound has one of the following

structures (Via), (VIb), (VIc), (VId), (Vie), (VIQ (Vlg) or (VIh):

1 ;L R"‘_‘_ | Ij R’f.A'i_

R

RS R? RS RS
0 Y o{’J\ N
N ST (r\—'\ / .
RE 7 —< R10 ,Rc/\‘/\__, 7, Rl\)
R M | R® > Z
R12 \R“ . RZ ORI
(VIa) - (VIb)
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. R’-\/[Al' R} S AT R
. 1 T
RIS N R L 51 o
RS R? ~ R® R? |
Z \ . \
O Y\ » O Y\ — -
RGN Z— —R10 RO \‘3 Z—\ RY :
R? R\ R® H |
R2 R . : rd RrI12 R”' : ,
(VIc) (Vid)
,AZ R3 RL A% R
IE LI
e \ - \ ~. ,R4
R! o Rl Al N |
./ . R8 . ,R‘ ? - R8 R"Q
()/F)YY\ ﬁ oG - Y\ ):/
R z —R10 [ Z—\ RV
> < \\\\ ) I/ \ \/
~ R {7 (\ Rc ,\’./\{: ' )—v
va.; _Rl 1 . Ri'l R] 1 :
(Vie) (V)
RZ ,LALZ R’i R2 Z AZ\ /1{3
Caling :
1 | X, 1I R f
R TRAINTN AL N s . RO
' j N : ;o
2 O Y — |
e \ '
o> R
‘lx > R‘}E\J‘\'\J --—»-// . |
RO Re \R ﬁic R12 \R“ .

(VTh)

wherein: : , o o .
. R® is independently, at each occurrence, f}}'fdt()gﬂl, .halc'y'gé.n,
hydroxy, oxo, Cy-alkyl, Cys-alkylcarbonyl, Cl.7-8.1}(};10){}’0511'})011}/'1, Ci-alkoxy, Cio- |
10 alkoxyalkyl o Cy.y-alkyl-S(OJoz-s and | |
RY is mdepend.en:tl.y, at each oceurrence, an electron pair,
hydrogen, Cl.7~alkyl‘,‘ C.y-alkylcarbonyl, Cs-alkyloxycarbonyl, Ci.-alkoxyalkyl or

' Cyp-alkyl-S(O)oo-. For example, in some embodiments Y is O and Z is CR'R™. In
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other embodiments Y is NR and Z is CR™R”., and in other smbodiments Y is CR*R™
and Zis 0. - .
| " In even other embodiments, X and Y taken together form a éycl oalkyl,
heterocyclyl, aryl or heteroaryl, wherein the cycloalkyl, heterocyclyl, aryl or heteroaryl
5  are optionally substituted by one or two groups selected ﬁom halogen, hydroxy, 0xo,
.C;:/-alkyl_, Cra-alkylcarbonyl, Cjj-alkyloxycarbonyl, Ci.7-alkoxy, Cig~alkoxyalkyl,
(R*)2(R®)N- and C1-7-allcy1-S(:O)§_g-, wherein R® is independently, at each occurrence, o x
hydrogen or Cy.;-alkyl and R® is an electron pair, hydrogen or Cys-alkyl, and provided |
that when X and Y form phenyl, pyridyl, pyridyl-N-oxide or pyr.imidinylithen Z is not
10 O, wherein the compound has the following structure (X), and wherein \, represents the

cycloalkyl, heterocyelyl, aryl or heteroaryl:

CRE AL R
1]; 1‘““\ R* |
R’ A N L
_ g :
o7 Q ’H
L/- \Z \> {/ ..Rl()

, In some \ve;mbodimcnts of the compound of structure (X), Z is CR™R”’
and the compound has the following structure (XT): '

2

RY ;,/A*\I R
Rl;L\AiLN’R4 R |
A~ &K R o '_
0" v Y= » B o
C/\g——/\ Y/ R ' o '

TN | |
| ‘R.'OA\Rﬂ ’\>_ ; | ) . ) . , i
15 o | . : l{]Z RH (};‘[) o i

In other embodiments of the compound of structure (X), Z is CRR"
and R7 and R”! taken together form oxo (=0) and the compound bas the following

structure (XII):
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RY R
| .4
. ‘AJ)\ R
- R® R?
O v -

RrI2 R ()(H) - '

" In still other embodiments of the compound of structure (X), Zis O and

the compound has the following structure (XIII):
R2 ‘\.2 .
. //_;‘A I
A R*
1 \AI N
g

‘G m:

12 I{l 1 (YHT)

R

s ‘In even mote embodiments of the compound of structure s Z is

S(O). and the céinpound has the following stn’:.cﬁnc (XIV):

For example, in some embodiments of the compounds of structure

(XIV), Z is =SOx-.

10 In even more embaodiments of the compound of structure X), the
compound has one of the following structures (Xa), (Xb), (Xc}, (Xd), (Xe), (Xﬂ,‘(Xg),
(Xb), (Xi), (Xj), (XK, (XD), (Xna), (Xn), (Xo), Xp), (Xq), (Xr) or (Xs):
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RZ__AY R R
U ‘%:& S B 'ﬂ\ |

R3 .
, R
e
N~ . 7
RE 77N

\j\/, T . ] AN
S P4 /‘\ l[ '
1Ry 1 -5 3 R} S, . h
R A /Ii - g R R R ZL/_\ R1!
P N, R o ’ 12
PN R
O t j o ///’] '
/A S |
Re T RE ko
‘ ; v R®
(Xe) (Xd)
o )R _ R AR
R /A\Y"R R\'/ RY l\ r4 /"\\ I
j: IJ\ R X k R AN f | RY
RN 27 YT RY N N
O s LAY
R TR adie
3 O o d
Xe) - (XD
R9

RE \ /(
O/ N ) _ l“.,-Rf Rl2
[ Rz RU o’/\]/ 1\\
L Re Re— —R°®
R . S L\ )
\ 'S ' -
Xg (Xb)
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10 Rl Al N 72— R10
/ \(N . O/ . '/’N 5 1
\ RIZ RH | R12 . rRY
. 7 pe
RF" Re/ R '
(X1) XD

- \/N R12 A > %
Ré =0 O N‘/\ R12 Rl
N Lf Mot
he _ ge K .
(Xk) | (X1
R

A ' s | 10 R2_ A2 _R3 sz.- Cpd
S 7 -~ ‘,//f\ R el d R ’ R
1 T 7

4 . -
RN N gt RV UGN

o 10
RE\ ! ; Rf Z <\ ///)_" R
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2 | Ré
2 B
R A RA_AL R RE L quo
Xy 1 . R4 N :
R A Rl \Al ]\,] - /Z/ ﬁ/kR“
A 12
o7y R
=~ /N—Rb'
I{e N ; 01‘
X
RS R9
£
[i /T : 10
JN”Z N ("“R
R]?. Rll . ;
5 whercin: - ‘ ' ' SIS E o
R® is. inde-pendenﬂy, at each occurrence, hydrogen, halogén,
b'ydroxy, oxo, Cyig-alkyl, Cis-haloalkyl, Cis-alkylcarbonyl, Cis-alkyloxycarbonyl,
L o¥ 7-dlkm<y C,s-alkoxyalkyl, (R®)2(R")N~ a.nd( 17-allkyl-S{O)p2-; and
Rfis an electron pair, hydrogen or Cyg- a]kvl
10 For example, in certain embodnnents of the foregomg 7 is LR7°R L n

other embodiments, Z is CR™R” and R™and R"" taken together form oxo (=0). In still - |
other embodiments Z is O. Tn yet more embodiments Z is -S(0)y2-, for example in
some embodiments 7 1s ~S0Oz-.

In some other cinbodiments, Y ié ‘absent and Z 1s O and the campound

15.  has the following stmct_uré (XV )
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RZ- ’A?‘ R3
J QO
R] \\~A] ‘N’ R R8> (Rg
9) 0 <~\ R1°
w4

In some embodiments of the compound of structure ‘(XV), R* and R®!
taken together with the C atom to which they are atfachcd fonn a cycloalkyl or
heterocyclyl, wherein the cycloalkyl or heterocyclyl are optionally substituted by one or

S two groups selected from halogen, hydroxy, oxo, Cy.y-alkyl, Cj.q-alkylcarbonyl, Cyg-
. alkyloxycarbonyl, Cj.5-alkoxy, C1.7-élk.oxyalkyl and C]_.7-a],1<yi-8(0)0_2~, wherein the -
compound has the following structure (XVT) and wherein W represents the cycloalkyl

or heterocyclyl group:

RL__AZ R
Rig 1
|
RIJ%AY \N’R Rg Rg

4 R12 R] 1 (XVD |

10 : In still other embodiments, Al and A2 are both CR™ .'Fdrf 'examplc, in
some embodiments of the foregoing R" is hydrogen. -

In other embodiments, R> and R* together are ~I,;(CR”R"8),X- and form

part of a ring. For example, in _some'cmbodimeuts the compound has the following

structure (XVII):
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(XVID

In some enﬁbodiméﬁts of the compound of structure (XVII), L' is —
C(=O)-, -S-, -S(O)- or -NR™)-.. For ‘example, in some embodiments R* is Cs-
cycloalkyl.

In other e-mbocﬁme.n’cs‘- of the compound of structure (XVID, the
compound has one of the following structures (XVIIa), (XVIIb), (XVIIc) or (XVIId): |

%‘\INW /TS\
\/ l \N/’ \\\/l sN,J
. RS ® Py RY R’
07Xy )= o GO A 4
%z )R 7— )R
"N/ N\ /
4
Rl?. Rll o R]Z' rU
(XVTla) (XVIib)

N - ' NT
! R® R - P R®  R?
K \ -~ . ~\ i -
xex, )= Pxy =
- 10 . R 7- RIO ’
JR ‘ N\ /
R12 Rll . dT ' ‘ : . RIZ \f{”
(XVIIc) S . (XVILd)

In other embodiments of the compound of structure XVIa, X is

CR™RY. R* and R™! taken together with the C atom to which they are-attached form a
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cycloalkyl or heterocyclyl, wherein the cyc-lqalkyl or heterocyclyl are .optionally

substituted by one or two groups selected from halogen, hydroxy, oxo, Cy.z-alkyl, Cy.7-

alkylearbonyl, Cj.s-allyloxycarbonyl, Ci.p-alkoxy, C1.7-a1koiyalk)’1, and Cyp-

alkyl-S(Q)q.2-. In still other embodiments, R and R® 1: taken together with the C atom to
which they are attached form a cycloalkyl according to structure (VIa), and the
compound of structure (XXVIIa) has the following structure (XVIIa-1)

PSS

\

| \1/

Ry AN
Pw
N

0=\ RO R

Y 7 ,
R~ . _<// N ¢

RE )T
Rl?. Rll

(XVIla-1)

Rfis independenﬂy, at each occurrence, hydrogen, halogen, hydroxy,
oxo, Cy.7-alkyl, Cy.y-alkylcarbonyl, Cs-alkyloxycarbonyl, C.7-alkoxy, Cy4-
alkoxyalkyl or‘01,7-a11cy1-8(0)0-2-'.1 In some other embodiments, R® is hydrogen.

For example, in certain embodiments of a compound of formula (XVIIa-

1), Y is O and Z is CR™R"". In other embodiments, ¥ is O and Z is CR’R"". In other -

embodiments, Y is NR 2 and 7 is CR™R”\. In other embodiments, Y is NR* and Z is

0. In other embodiments, Y is NRGZ' and Z is $S(O).o. In other embodiments, Y is -

CR™R® and Z is CR™R™.. In other embodiments, Y is CRR" and Z is O. In other
embodiments, Y is CR¥R® and Z is S(0)o2. '
In other embodiments of the compound of structure 'XVIIa, Xand Y

taken together form a cycloalkyl, heterocyelyl; aryl or heteroaryl, wherein the

cycloalkyl, heterocyclyl, aryl or heteroaryl are optionally substituted by one or two
groups selected from halogen, hydroxy, oxo, Cir-alkyl, Cig-alkylearbonyl, Ciz-

allcyloxycarbonyl, Cjr-alkoxy, Cyy-alkoxyalkyl, (R™R)N- and Cj.o-alkyl-S(0) pa-, -

S

L2
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wherein R is indépendently, at each occurrence, hydi’ogen ot Cy.5-alkyl and R® is an

electron pair, hydrogen or Cy.y-alkyl, and provided that when X and Y form phenyl,
pyridyl, pyridyl-N-oxide or pyrimidinyl then Z is not O. In still other embodiments, X

and Y taken together form a heterocyclyl according structure (Xb) or structure Xg),

and the compound of structure (‘-(XV Tla) has the following structure (XVIla-2) or
structure (XVIa-3), rcspecuvely

\/ - \V

E*T o) %
P - ' AN '
R‘\ ) ﬁ R”’ o \]1 RE\ /Z 4 \\)____RIIO
. ’ : PN
§ RIZ Rl o’ \( ’ YR2 Rrn
__/\ ) ’\S\ _
Cor | Rc/ R®
(Xvna.-z) C (XVIa3)

wherein:.

R° is independently, at each occurrence, hydrogen, halogen, hydroxy, oxo, Cra-

alkyl, Cis-haloalkyl, Cjs-alkylcarbonyl, Cis-alkyloxycarbonyl, Cjs-alkoxy, Cior- -

alkoxyalkyl, (R%):R®)N- and Cy.p-alkyl-S(Q)o2-; and R' is an electron pair, hydrogen or
Cy.y-alkyl. o '

~ For example, in certé.i.n‘embodimcnts of the foregoing Z is CRR™. In’

‘other embodiments, Z is CR”R™ and R” and R taken together form oxo (=0). In still
other embodiments Z is O. In yet more embodiments Z is -S(O)g.z-, for example in

some embodiments Z is - SOw-

(XVIHI):

39

In still other embodiments, the compound has the folluwmg structure
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(XVII)

In other _embodi_rﬁents of the campdund of structure (XVIID), R¥ is

N(R*"),. For example,.m some embodiments the compound has one of the following

5 structures (XVIIa), (XVIIIB),‘ (XVIiIc), (XVIIOd), XVIie), XVII), XVIlg),
(XVIIh), (XVIIH), (XVII), (XVIL) or (XVIID:

10 (XVIIIc) B (XVIId)

- 40
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HN -~ oH
| ¢ R J R R
07 x-y == 07X~y =X
\Z“ /TN R10 L, R -
Rl'.’. Rll 12 RH .
(XVIle) (XVIIIH

Rlé RU B Ru R“ :
(XVIg) (XVIih)
— | , ‘\N/’
/;\\/ . '. . /‘“\\ //]\
N C N
g rR&  R° | R R
iz r N\ -y \ /
07 VXY, /_—«" oTTXY =
-, , 10 7—\ —R
Z N\ R —<\\ a
4 I/_—
r2 rn" o R RUY
(XVIL) - (XVIIL)
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R12 R” or ' . R‘lZ I{il
(XVIIIK) XV
In still other embodiments, A! and A? are each independently CH or N
and R® is Cyq-alkoxy, —O0-Csg-cycloalkyl, or —0-Cis-alkyl-Cs.s-cycloalkyl. For

5  example, in some embodiments the compound has one of the following structures

- (XTXa), (XIXD), (XIXc), (XIXd), (XIXe), (XIXf) or (XTXg):

S

AL % 0.
[ 5] R E J 4
Xy \N,R , e R
_ R® R R Rr°
O/)\X—Y\ e 07 XY, _\;
—— ) 10 4 10
Z \ R Z \ // R.
R12 \R“ R12 Rl .
(XIXa) - {(XIXb)
Ll) N (I)
~ N._
@ T .
N 4 “ 4 : .
SN N’R . 4 \\/)\.N,R -
)\ RS R ’ J_ R R
07 X-Y Y= ' 0” X-Y, S

R12Z R . . RzZ Rl
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7 \\ '/ R . R12 R’l .
R12 R;“' . or
(XIXe) ' (XIXE)
f\l,fo
K//" ~ /R4
/II\J 8 R9
07 XY, N
N N 10
Z \\\ //——R
Rl‘g R
XIXg)

In other embodiments, the comp.ounci has the structure (XIXg).

In certain embodiments of the foregoing, X is CRR®!, In other embodiments _ _i
of the compound of structure (XIXg), R*® and R* taken together with the C atom to
which they are attached form a cycloalkyl or hetero yelyl, wherein the m/cloalky] nr-

heterocycly! are optionally substituted by one or two groups svlecled from halogen, -

L

hydroxy, oxo, Cp.7-alkyl, Cy.-alkylearbonyl, Cy.s-alkyloxycarbonyl, (_,1,7‘alkoxy, Crr-
alkoxyaltkyl and C1.7-a.1ky1—8(0)(‘>.2-, For example, m certain cmbodi‘ments_,_R5 9 and R*!
iaken,together with the C atom to which they are attached form a cyclopropyl. ,
In still other cmbodiments, Y is O and Z is CR"R™; Y is NR® and Z is

10 CR™R'™S Y is NR® and Z is O; Y is NR® and Z is S(O)pa; Y is CR”OROI and 7 is
CRRS; Y is CR®R® and Z is O; and ¥ is CRPR® and Z is S(O)oa. |
In certain embodiments of the toregomg, X and Y taken together form a

cycloalkyl, heterocyelyl, aryl or heteroaryl, wherein the cycloalkyl, heterocyclyl, abﬂ or
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h.éteroary] are obtiqnally substituted ‘by one or two gdups selected fr:bm halogeﬂ,'
hydroxy, oxo, 61.7-a1ky}, C;_7-éiky'1carbony'l, Cr-alkyloxycarbonyl, Ci.7-alkoxy, Ciar-
alkoxyalkyl, (Ra";(ij)N- and Cy.-alkyl-S(O)yz-, wherein R? is iridependently, at each
occurrence, hydrogen or Cj-alkyl and R® is an electron pair, hydrogen. 6: Cyy-alkyl,
and provided that when X and Y form phenyl, pyn'dy‘l, pyridyl-N-oxide or ﬁ)ﬂfimidinyl

then Z is not O. For example, in certain embodiments, X and Y taken together form a -

_ heterocyclyl. In siill other embodiments, the heterocyclyl 1s pyrrolidinyl or

thiazelidinyl. .
For example, in certain embodiments of the foregoing Z is CRPR™. In
- other embodiments, Z is CR7R”" and R and R taken together form oxo (=0). In still-
other embodiments Z is O. In yet more embodiments Z is -S(O)o.z-, for example in
some embodiments Z is -S5O~ ,

In even more embodiments, Alis CR¥ and A? is CR" and wherein R" ‘
and R are independenﬂy from each other selected from hydrogen, halogen, halogen-
Cir- alkvl 1nd Ciy-alkoxy.

In other cmbodxment%, Al is CRP and A? is N, vuth R13 being |
independently from each other selected from hydrogen, halogen, halogen-Cy.7-alkyl and
01_7-alko>§y.

In yet more cmbodlmpnts R! and R? are indcpendently from cach other
selectcd from the group consisting of hydrogen, halogen and halogen-Cyg-alkyl. .

In other embodiments, R and R* together are L -(CR“Rw)n and form -
part of a ring; wherein | |

L' is selected from -CR'R*- and -NR*-;

_ RY and. Rl‘ are independently from each other selected from hydroccn

and Cy.7-alkyl; _

" R and R? are independently from each other selected from hydro geﬁ,

Ciqalkyl, C1.7-alk6\’sfcarbonyl unsubstituted hetcmcchVI and heterocyclyl subsﬁtdtéd
by one or two gr OUI\b selected from Ci7-alkyl and halogen; |

or R and R¥ together with the C atom to which thw are attached form

a cyclopropyl or oxetanyl ring or to ge-ther form a =CH; or =CF, group;

44



10

WO 2013/096771 . , PCT/US2012/071251

R is selected from hydrogen, Cy.s-alkyl, halogen-Ci.s-alkyl, Carr

cycloalkyl and C3.7-cycloalkyl-C1_7~a1ky'i, wherein Cj.g-cycloalky! is unsubstituted or

. substituted by carboxyl-Cyq-alkyl or (3'1-7-al.koxyc‘a.rbcmyl, heterocyclyl, heterocyclyl-

Cir-alkyl, hc;téroaryl, heteroaryl-Ci.7-alkyl, carboxyl-Ci-alkyl, C;.s-alkoxycarbonyl-
Cir-alkyl, C j7-alkylcarbonyloxy-C js-alkyl, C1.7-a1kylsui fonyiﬂ phenyl, wherein
phenyl is unsubstituted or substituted by carboxyl-Cjg-alkyl or C |.7-alkoxycarbonyl,
phenylcarbonyl, wherein phenyl is unsubstituted or substituted by carboxyl-C;.7-alkyl |
or C;r-alkoxycarbonyl, - and plﬁcnylsulfonyl, wherein phenyl is | unsubstituted or |
substituted by carboxyl-Cy.7-alkyl or Cjs-alkoxycarbonyl;
or R*! and a R together are -(CH,)s- and form part of a fing, or R*!
together with a pair of R’ and R'® are -CH=CH-CH= and form part of a ring; and
nis‘1,20r43. |
- In still other embodiments, the compound has structure (T), wherein:
- L'is -NRM, A
| R is selocted from hydrogen, Crp-alkyl, Ca-cycloallyl and Cs-
cycloalkyl-C;,y-alkyl,' wherein  Cs.-cycloalkyl is unsubstituted or substituted by
carboxﬂ-cl:,--alkyl or Cyq-alkoxycarbonyl, and Cy.5-alkylsulfonyl; - ' A
R and R are independently from cach other selected from hydrogen
and methyl; and |
nis 2.
In still otﬁer embo’dinients, L!is -CH,-, R” and R* ére 'i'ndepefndentl.jl‘
from each other selected from hydrogen and methyl and n is 2. V ‘
In other embodiments, RY and R* together are - Ll-{ CR'R'"™n- and
form part of a ring; wherein 1.! is -NR*— or ~O-, R*' is selected from hydrogen, Cl-—,z-‘ 4
atkyl and.(33.7~cycloalkyl, R and R are independently from each' other selected from .
hydrogen and methyl, andnis 2. . |
For example, in some embodiments, L.} is ~O- and the compound has the

following structure (XV):
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18 R17'.
R17R Rls.
R? \0
RI7 AL NH
07 " X-Y,
7
(XV)

In certain embodiments of the foregoing structure (XV) RY and R18 are
hy&ro gen. In other cobodiments, X is CRR™. In other embodiments of the compound
of structure (XV), R* and R®! taken together with the C atom to which they are
attached form a cycloaklkvl or hetei‘ocvclyl wherein the cycioalkyl or heterocyclyl are

pthDdHy substituted by one or two groups selected from halogen, hydroxy, oxo, Ci.r-
all\yl C .7-alkylcarbonyl, Cjo-alkyloxycarbonyl, Cy.-alkoxy, Ci s-alkoxyalkyl and Cyy-
alkyl-S(0)p.2-, For example, in certain embodtments R* and R* taken together with
the C atom to which they are attached form a cyclopropyl.

In still other embodiments, Y is O and 7 is CRmR71 Y is NR* and Z is

CRPR™ ¥ is NR® and Z is O; Y is NR® and 7 is S(O)o; Y is CR¥R® and Z is

CR™R™: Y is CR®R® and Z is 0; or Y is CR¥R® and Z is S(0)o-2.

Tn certain embodiments of the foregoing, X and Y taken together form al.

cycloalkyl, heterocyclyl, aryl or heteroaryl, whetein the cycloalkyl, heterocyclyl, aryl or :

heteroaryl are optionally substituted by one or two groups selected from halogen,
hydroxy, oxo, Ci.-alkyl, Cy-alkylcarbonyl, Cyg-alkyloxycarbony!, Crr-alkoxy, ()1.7;
an\oxvalky] R" l(Rb)N- and C .7-a1kyl -8(0)o.2-, wherein R® is independently, at each

occurrence, hydrogen or Cir-alkyl and R® is an electron pair, hydroben or Cy.r-alkyl, |

and provided that when X and Y foun phenyl, pyridyl, pyridyl-N-oxide or pyrimidinyl

then Z is not O. For example, in certain embodiments, X and Y taken together form a .

heterocyclyl. In still other embodiments, the heterocyelyl is pyrrolidinyl or
thiazolidinyl.
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_For example, in certain embodiments of the forégoing‘ 7 is CRR". In |
other enubédjxnents; Zis CR™R" and R" and Rﬂ. taken togethér form oxo (=O:).I In still
otber embodiments Z is O. In yet more émbodimen‘ts Z is -S(O)p.-, for example m
some embodiments Z is -805-. B

5 In other embodiments, R’ is selected from hydfogen, C 1y-alkyl, C 1.9-
alkoxy, N-heterocyclyl and NRYRY, wherein R*® and R'® are independ ently from each
other selected from hydrogen, C 1-alkyl and C 34-cycloalkyl, and R is hydrogen or
methyl.

In other embodiménts, at least one of R%, R%, R1, R" or Rl'2 is halogen,

10 Cyq-alkyl, halogen-Cio-alkyl, Ci.7-alkoxy, halogen-Cj.s-alkoxy or cyano. For example,

in some embodiments the halogen is chloro. In other embodiments, the other ones of -

RR, R’ s Rw, RM or R are hydrogen. _ _

, In even more embodiments, the compound has one of the following
structures (XXa), (XXb), (XXc), (XXd), (XXe), (XXf), (XXg), (XXh), (XXi), (XXj),-

15 (XXE) or (XXI): o

RX__A2__R? | R% A% _R?

Tr T

R TA TN

of . cl :
(XXa) (XXb)
: 32 2 3
RZ\EAZ\I/R3 R \EA \ R
4 : ) 4
Rl/ \Ar TJ\T'R RV \/\-I \T\,R
- Cl
W
O/;/\X—Y\ —/_:\ o/ v X"’Y\ S
Z '\\ //“"O Z N/
ca . Cl :
(XXe) | (XXd)
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In still other embodiments, at least one of R, R® R RM or R™?is Q.
For example, in some embodiments R’ or R is Q. In other embodiments, the other
ones of R®, R®, RY, RY or R* are selected from the group consisting of hydrogen,

halogen, Cy.7-alkyl, halogen-C;.7-alkyl, C,.7-alkoxy, halogen-Cj.7-alkoxy and cyano.

5 In other embodiments, the compound has one of the following structures
(XXIa), (XXTb), (XXIc), (XXId), (XXle), (XXI), (XXIg), (XXTh), (XXID), (XXI)),
(XXIk) or (XXII): ' . _

RZ‘\ . A2\ - R3 R?. . AZ P R3
B T .
. \~ - /Rtl ' \ i /R
R]' \['\Al /If\ . RI/\ \A.‘ /I]\J\ :
’ Cl
07 XY, J;“g 07X, =
N 7~
N K A
/ Q R
¢l ; cl ;
(XXIa) (XXIb)
RZ_ AL R RA_AL_R
T/ | T
. 4 . 4
rRY %Al'/}\N,R Rl/ \\}Al N,..R |
P a.
07 XY A/ o7 XY, ):\ |
, g . /
\ L R
o | : ) 77Q S Q
o d o cr ;
(XXlc) ' (XXId)
RAAL R SR AL R
XL P
7 4 AN /R'Q
R} \Ai ‘N’R o ) 1 1 N |
[ - 0—CF, /k B Yo
N Y |
o7 XN /‘~=< 07X e
N\ . |
Z/'_—< i/ ' Z_—Q <
N\ 7o §§ P~
\ Q. : o —Q Q
Cl : ; a1

(XXTe) ' (XX1f)
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Rliw'.‘ j/;l

R TA
5 paE] LN
07 XY, f( x Y, J‘
Z \ ) L /
N\ A \
l/)———/ Q ’
Cl . cf
(XXIg) | | (XXTh)
R2_ AL R
RL__AL__R? ha \[
4
I I P U .
CRY AV N . : A Cl
, . ' CN 0~ \X—Y ,_<
07 X-Y = | z—-m/ \,,\r—o
\Z- ‘\ \/'\ . . \\———/7\\ 2
/7 .
N7 Q; V Clj ‘
(XXIH) (XXIp)
R’l ,!33 R3 : ) ‘ .
S AL L RY
RY AU N - i\ I R4
. : / . Ri/ - o
o7 x-Y = Py A
7 \ ) O/ X";Y\. /—_—_Q
" ) 7
' Ve | _\\_ W
5 Cl ,or Q, .
XXK) S (XX
. " In even more embodiments,‘ L2 is  -O-, 701.7a‘lkylene~;
-Cpalkylene-NR™-,  -Cysalkylene-NR*C(=0)-, Cyalkylene-C(=O)NRY- - or
-C ralkylene-NRPC(=O)NR-. |
10 In still other embodiments, Q is L%R“R”(CR“RS")MC wherem

R“, R®, R® and R™ are independently, at-each occurrence, hydrogen or
hydroxyl; ,
| G is -GHs, -CH,0H, -CO:H or -L*-1; and

ml is an integer rangmg from 1 to 21.

50



WO 2013/096771 , S o - o PCT/US2012/071251

" In still other embodiments, G is -CHs, -CH,OH, or -COzH.

For example, in some embodlments of the foregoing, for each

oceurrence of R*> and R*, one oi R® or R84 is hydrogcn and the othér of R® or RY is

hydroxyl.

(94}

In other embodiments, (Q has ‘one of the following structures (XXIla),

© (XXIIb), (XXIIo), (XXIId), (XXIe), (XX, (XXg), (KXIIh),! (XIL), (KX,

(XXTIk), (xxm) ocxnm) (XXTIn), (XXo) or (3XIp): _
on R"" Rw OH OH

> H ¢
rrfq, ,‘fﬁ\r /J-w _Ol = )f ﬂ, \H/ \f/L\[ /\UH
R® OH OH OH OH |
(XXlla)  (XXTIb)
R OH OH = R® R N@RERE -
s N AN <o NN OH
f%ﬂ*ﬁfwwrv
10 OH -OH ; . O O

Lo j})l/()ll

(XXIIc) oome XTI
| | RE OH - OH 0

| \Ci:yN\n/Mlz yﬁv %}/K(l\{ ’U*oHi g

NH . OH OH

>

(XXTI)

1%80' Rso ~OH OH )OE |
o N _OH
%QW’* b ™

15 o _ R¥® 0OH OI—I 0
FX1g)

wh
oy
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R® OH OH Q . OH OH
\xl S\.Z \ :
> OH oH Rg“ OH OH
(XXHh) |

o oH OH;’ﬁ:'q) OH OH

R iaant

OH OH OH OH

OH OH R OH

,U\ ,H\/J\(\\,OH ;59/15\ J
5 , . 1o~ OH;
| | (XXTE) oW
RSO f)}j{ j)\H ‘ . | ' 'RBO RBO ;,///\j -
!
N~ )
71 \6/ T \( OH H\Hu //\\ R
OH OH . o S,
(XX1it) mm)
| : /\\I,H NHZ_ .
\(VJLN&SOJ-I VT){N(NJ Wo(
R¥ _ ; or
10 E o (XXIIn) (XXIIo)

R80 RS() ‘ R80

. wherein:

R¥ is hydrogen or Cy7alkyl;
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Rfis idenpéndently; at each occ-urrencé, hydrogen or Cy.7alkyl;
- R"is an electron pair, hydro'gen or Cy.qalkyl; and
x1, x2 and x3 are each independently an inieger‘ ranging from 1
to 6. -
5 : In other embodiments of the foregoing, R¥ s }1ydfogen or methyl, and in
other embodiments x1 is 2 or 3. |
In even more embodurcnts Q is “L[{(CH)mOImi(C Hz)mzR , Wherein
m?2 is 2 or 3, w3 is an integer ranging from 1 to 21 and R* is hydrogen, hydroxyl or 13-
L | ' |
10 In even more embodiments, Q i3 ~L2{(CHg)mv_O]Qg(CH;)ng%, wherein S .
m?2 is 2 or 3, m3 is an integer ranging from 1 to 21 and R is hydrogen or hydroxyl. o
In some other embodiments, Q has oneé of the following structures
(XXTITa), (XXIIb) or (XXIc): o
| H | 9
P A\H N\/\O/\/O /\N/[\/\I-
0 o ' |
15 . (XXlIa) . | ;
H | o - : - L
AN NP s
5 B H H o
- (XXIIIb) o | -
A’Qj/ \H N/\/N\/ ~ H\ : a ‘i
o A Rso_
oH - .
) | | |

20  wherein I is a compound of structurc (L).

e
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In some embodiments, B has tb.é"follcvxving structure Xavy:

/’\ N /\/’}’i

XIv).

In certain embodiments, at least two of Rs,' rR%, RY R'! and R™ are -

selected from:

C 1g-alkyl, C p5-alkenyl, C2_7~aikinyl, halogen, halogen-Cm-alk'yl,‘ Cyg-

alkoxy, ‘halx‘;gen-cl.7~alkoxy, hydroxy, hydroxy—CM-alkoxy,‘ hydmxy—Cl.-y-alkyl, :
hydroxy-Ca.-alkenyl, hydroxy-Cs.g-alkynyl, cyano, carboxyl, Ci.—;—a&oxycarbonyl,'

amino carbonyl, c..a.rboxyl-Cm-a]lqd, carboxyl»Cz_é-alkenyl, carboxy’i—&.;—alkynyl, Crre

alkoxycarbonyl-Cj.7-alkyl, C1.75allcoxycarb011y1-cz.7~alkeny1, Cg-alkoxycarbonyl-Car-

alkynyl, carboxyl-Cq.;-alkoxy, Cy.-alkoxycarbanyl-Cig-alkoxy, cax'lmxyl-C].7-a1.kyl‘- ‘

‘aminocarbonyl, carboxyl-Ci.7-alkyl-(Cy.s-alkylamino)-carbonyl, C1“7~aikoxycirbonylf
Cy.7-alkyl-aminocarbonyl, Cy.7-alkoxycarbonyl-C.7-alkyl- (C1-7-alky'1amino)-ca;rbonyl,
carbak.yl»C1-7-3H{}'1-ammocarbonyl-c1.7-alky1, carboxf/l»C;_7-siky1-(Cl.«j—alkylamino)—
carbonyl-Cy.r-alkyl, C1.7-a[koxycarbonyl-C1-7—a1kyl—amihocarbenyl—(}1,7—31kyl, Cio

a]koxy(:arbonyl-c1-7-alky].—(C1-7-alky1amino)~carbonyl'-01-7—alky1, hydroxy-C.s-alkyl-

aminocarbonyl,  di-(hydroxy-C7-alkyl)aminocarbonyl, aminocarbonyl-C7-alkyl- ~

amino carbonyl, hydro xysulfonyl-C).7-alkyl-aminocarbonyl, hydro xysulfo ﬁy1~(31;7— |

a.lky'l-(C1.7—a1k.y1-émmo)-c-arbonyl_, di—(C1,7—alkoxycarbonyl—c1-7-aikyl)~

methylaminocarbonyl,

phenyl, wherein phenyl is unsubstituted or substituted by one to three

groups selected from halogen, (3117-a1koxy, carboxyl and C | -alkoxyoarbonyl,
phcnyﬁbcarbonyl_;_wherein phenyl is unsubstituted or substituted by one

to three groups selected ﬁ'bm halogen, Cj.7-alkoxy, carboxyl and C;.ralkoxycarﬁonyl, .
p‘heﬁ&’l—mnino‘carbonyl, wherein phenyl is unsubstituted or substituted by

one to three groups selected from halogen, Cir-alkoxy, carbo:#yl ‘and C 1.'7%

alkoxycarbonyl,
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phenyl-Ci.f«alkyl, wherein phenyl is unsubstituted or substituted by one '

to three groups selected from halogen, C 1_..7~a}_koxy, carboxyl and Cy.,-alkoxycarbonyl,
phenyl-Cy7-alkynyl, wherein phenyl is unsubstituted or substituted by
one to three groups selected from halégcn, Cs-alkoxy, carboxyl and Cyo-
alkoxycarbonyl, | o | |
heteroaryl, whereih heteroaryl is unsubstituted or substituted by one to
three groups selected from hatogen, Cy.o-alkoxy, carboxyl and C 1.7¥alkdxyca1'bon3'1,
heteroaryl-carbonyl, wherein heteroaryl is unsubstituted or substituted By
one to three groups selected from halogen, Cig-alkoxy, carboxyl and Cig-
alkoxycarboﬁyl, |
heteroaryl-aminocarbonyl, wherein heteroaryl is unsubstituted or
substituted by one to three groups selected from halogen, Cl.rraikoxy, carboxyl and
Cx.7-alkoxvcarbonv] |

heteroaryl -Cy:-alkyl, whercin hetcroar),l is unsubsututed or substituted

by one to three groups selected from halogen, C-l._7-u1kyl_. Ci.-alkoxy, carboxyl and '

Ci. 7-a1k0\3 carbonyl,
heterocaryl-C, 7-a1kyl—dmmoca:rbony1 wherein heteroaryl is mlsubstmlted
or substituted by one to three groups selected from halogen, C-alkoxy, carboxyl and

Cys-alkoxycarbonyl, and

heteroaryl—c&rbohyLC1-7-alkyl, wherein heteroaryl is unsubstituted ot

substituted by one to three groups selected from halogen, Cir-alkoxy, carboxyl and
C.7-alkoxycarbonyl,

and the other ones of RS, R‘g,_RW, R'! and R* are hydrogen.

: ; ; 9 i 2,
In even more embodiments, at least two of R’, R? R' RY and R™ are

selected from:

halogen, hydrom hydroxy-Cj.7-alkoxy, hvdro\v—C 7-alkyl, cyano

carboxyl, Ci _~,—all,<oxycarbony1, amino carbonyl, carbo\v1~(,1 s-alkoxy, Cig-

alkoxycarbonyl- (‘1_7—élkoxy, carboxyl-Cy.-alkyl-aminocarbonyl, carboxyl-Ci.7-alkyl-

(€t 7~aikylammo)-carbon},l Cy.p-alkoxycarbonyl-Cyy-alkyl- aminocarbonyl, hydroxy-

Cr.-alkyl- aminocarbonyl, di-(hydroxy- -Cy-a kvl)ammocarbonyl ammocarbonvl-cx 7

55

PCT/US2012/071251



10

.‘20.

30

WO 2013/096771

- PCT/US2012/071251

alkyl-amino carbonyl, hydtoﬁysulfonybc1.'7.-al'kyl-aminocarbdn.yl? “hydroxysulfonyl-
Cy.7-alkyl-(Cy.5-alkyl-amino)-carbonyl, di-(C1.7-alkoxycarbdnyl-cl_7-a'lkyl)-_ |
cth)lammocarbonyl | |
phenyl-aminocarbonyl, wherein phenvl is unsubstituted or substituted by
one to three groups selected from halogen_, Cy.7-alkoxy, carboxyl and Cior-
alkoxycarbonyl, |
| heteroaryl-aminocarbonyl, wherein heteroaryl is unsubstituted or
substituted by one to three groups selected from halogen, -Cl.—;-alkoxy, carboxyl and
Cy n-alkoxyc:(ubm wl, ‘
heteroalvl Cy-alkyl, wherein heteroaryl is unsubstﬂuted or substituted
by one to three groups selected from halpgm, Cio-alkyl, Ci.s-alkoxy, carboxyl and
C,-atkoxycarbonyl,

he:teroarvl Ci 7-a1kyl-ammocarbonvl wherein heteroarvl is 1msub9t1tutcd

or subsmured bv one to three groups selected from halogen, C;-y—alkoxy carboxyl and -

C-alkoxycarbonyl, and
hetemaryl»éarbonyl—c1-7-alkyl, wherein heteroaryl is unsubstituted or.'
substituted by one to three groups selected from halogen, Cl.-y—alkoxy, carboxyl and
C§.7-all\oxvcarb0nyl
and the other ones of RS, R, Rw R'! and R™ are hydrogen. v
, | ~ In still other embodiments, at k,abt one of R8 R’ R 10 , RM and RI” Q
and at least one of R® R7 R, R and R" are. selected from: _
Cy.g-alkyl, C zq-alkenyl, Cy.g- Alkmvl halogen, halogcn-Q 7-alkyl, C1 7-
alkbxy, halogen-Cy.7-alkoxy, hydroxy, hydroxy-Cy.7-alkoxy, hydroxy-Cjz-alkyl, .
hydroxy-Cs 7~a1kcnvl hydroxy-Cs.7-alkynyl, cyano, carboxyl, Ci. s-alkoxycarbonyl, "
amino carbonyl, c,arborﬂ -Cy.7-alkyl, carboxyl-Cs.7-alkenyl, carboxyl-C: s-alkynyl, Cr-
alkoxycarbonyl-Cy.7-alkyl, C.1__7-a]kox3fcarbonyl—L2.7—a1keny1, C;.q—alkoxycdrbcmyl -Cog- .
alkynyl, carboxyl-Cjp-atkoxy, Ci ;;-a;il{oxycarborlyl-cl.7—alkoxy, carboxyl-C;7-alkyl-.
aminocarbonyl, carboxyl-Ci-alkyl-(Cio- -alkylamino)-catbonyl, Ci- ;-alkoxycarbonyl-
C”-alkyl armnocarbonvl G ralkcnycmbonvl -Cyq-atkyl- (Cq 7-aj1'v1ammo)-carbony1 .
carboxyl-C1.7-alkyl-aminocarbonyl-Cy.7-alkyl, calboxyl-cy,»—alkyl (Cy.7-alkylamino)- -

56



10

—
L]

WO 2013/096771 . o - . PCT/US2012/071251

carbon.y;l-cl,¢;-alky1‘, Cy 7—a1ko‘<ycqrbonv1 Cl.v-aﬂwl-mmmocarbony -(,1 ~-a11\y1 Ci n
alkoxycarbonyl-C,.7-alkyl-(C).r-alkylamino)-carbonyl-Cy.-alkyl,  hydroxy-Ci. w—alkyl
aminocarbonyl, d_i—(hydmxy-(_‘.1.7-aIkyl)amimcarbfmyl, aminocarbonyl-Cy.;-alkyl-
amino carbonyl, hydro xysulfonyl-Cj-alkyl-aminocarbonyl, hydro xysulfo n}'].fc 17
alkyl-(Cy.7-alkyl-amino)-carbonyl, di—(C1-7-al.koxycarboriyl~C1.7—a1ky1)-
methylaminocarbonyl, | | , '

phenyl, wherein phenyl is unsubstituted or substituted by one to tfﬁ'ee_-
groups selected from halogen, Cy.7- cdkoxy, carboxvl and Ci. —:-alkoxvcarbonyl

phenyl-carbonyl, wherein phenyl is unsubstituted or substituted by one
to three groups selected from ha’logen, Cg-alkoxy, carboxyl and Cy.-alkoxycarbonyl,

phenyl—aminocarboﬁyl, wherein phenyl is unsubstituted or substituted by
one to three groups selected from halogen, Ci.r-alkoxy, catboxyl aund C1-7;'
alkoxycarbonyl, ‘ o

phenyl -Cy.7-alkyl, wherein phenv} is unsubsurutf.d or substltuted by one
to three groups selected from halogen, C _1_7~a1k0'xy, ‘carboxyl and Cj7-alkoxycarbonyl,

'pheny].—ng-alkynyl., wherein phenyl is unsubstituted or substituted by
one to three groups selected from halogen, Cig-alkoxy, C.’IB.I']JQXY]. and Cyog- -
allgoxv\,axbonvl ' _

hctermrvl wherein heteroaryl is unwhstl’cu‘(ed or substituted by one to .
three groups selected from halogen, L; 7-alkoxy, carboxyl and Cy.7-alkoxycarbonyl,’ V

heteroaryl carbunyl wherein heteroaryl is umubsntuied or substituted by
one to three groups selected from halogen, Cy.s~alkoxy, carboxyl and C1 7n
alkoxycarbonyl,

heteroaryl-aminocarbonyl, wherein heteroaryl -is unsubstituted or -
substituted by one to three groups selected from halogen, C;.s-alkoxy, carboxyl and
0 7~91koxvadrbonyl _ | )

‘heteroaryl- Cl-,-alkyl, ‘wherein heteroaryl is Lmsubstituted'or substituted
by one to three groups selec-ted. from halogen, C1-7-a1kyl, C‘1.7~a1k:o.xy,‘carboxy1 and-
Cy.7-alkoxycarbonyl, |

N
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'heteroary].-()].7—alk’yl-a1rﬁ110carbonyl, wherein heteroaf‘yi is unsubstituted
or Slllvétitutcd by one to three groups selected from halogen, C—édkoxy, carboxyl and
(,1 alkoxycarbonyl, and '

hcteroaryl-carbonyl -Cy. 7—d1kV1 wherem hetemaryl is unsubsututed or
substituted by one to three groups selected from halogen, Cj.7-alkoxy, carboxyl and
C1_7-a1koxycarbony_l, '

and the other ones of R®, R%, R, R' ! and R are hydrogen.

In st’iil more embodiments, at least one of R® RY, Rm, R" and R s Q
and at least one of R, R®, R'%, RM and R are: selected from:

halogen. hydroxy, hydloxy-Cl_y-aIkoxy, hydroxy-Cr.r-alkyl, cyano,
carbdxyl, C; s-alkoxycarbonyl, amino carbonyl, carboxyl-Cis-alkoxy, Cir
a‘llcoxycarbonyl—C1_~—a1koxy, carboxyl—Cl.7-alkyl-amimcarbonyl, carboxyl-Cy.7-alkyl-
(C).7-alkylamino)-carbonyl, Ci.-alkoxycarbonyl-Cy s-alkyl-aminocarbonyl, hydroxy-

Cy.-alkyl-aminocarbonyl, di-(hydroxy-Cy7-alkyl)aminocarbonyl, aminocarbonyl-Cy.r-

alkyl-amino carbonyl, hydroxysulfonyl-Cy.7-alkyl-aminocarbonyl, - hydroxysulfbnyl-'.

Cr n-alkyl- C.y-alkyl-amino)-carbonyl, di-(Cy.7-alkoxycarbonyl-Cy.7-alkyl)-~ ‘
1mthv1ammoc arbonyl,

phenyl- ammouarbonyl wherein phenyl is unsubqtltutbd oF subsututed by .

one to three groups selected from halogen, Cyg-alkoxy, carboxyl and Cyg-

alkoxycarbonyl, N
heteroaryl-aminocarbonyl, wherein heteroaryl is unsubstituted  or
substituted by one to three groupq selected from halogen, Cjy-alkoxy, carboxyl and

C 1,7-a1koxvcarbonyi

beteroaryl-C;.;-alkyl, wherein hcteroaryl 18 unsubsmuted or substituted

by one 1o three groups selected from halogen, Cyg-alkyl, Cy5-alkoxy, carboxyl and
Cy.7-alkoxycarbonyl, N |

heteroaryl- C‘1.~-alky1 -aminocarbonyl, wherein heteroaryl is unsubqtltu‘te,d
or substituted by one to three groups selected from halogen, Cys-alkoxy, carboxyl and

C-alkoxycarbonyl, and

whn
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'-heteroanfl-cm‘bon.yl'-c1.7'-aik'yl, wherein hetcroa;fyl is unsubstituted or

substituted by one to three groups selected from halogen, Ci.7-alkoxy, carboxyl and .

C,.7-alkoxycarbonyl,
and the other ones of R, R, R R1 Land R™ are hvdmgen
In other embodiments, R® and R'! are halogen cmd R’ RY and R'2 ar

 hydrogen.

In certain embodiments, the compound is any one of E.xamplés 1-291.
Tn other embodiments, the disclosure provides a compound which is a

TGRS agonist, wherein the TGRS agonist stimulates GLP-1 secretion in a mammal and

is active in the gastrointestinal tract of the marnmal and wherein administration of the -

TGRS agonist to the mamm'ﬂ does not induce filling of the gall bladder of the mammal -

as deLemnned by ultrasound dlldl)’bls

1In still other embodiments, the disclosure providesa. compound whlch is

TGRS agonist, wherein the TGRS agonist stimulates GLP-1 secretion in a mammal and

is active in the gastrointestinal tract of the mammal and wherein administration of the

TGRS élgonist to the mammal does not induce emptying of the gall bladder of the

mammal as determined by ultrasound analysis.
In yet embodiments, the disclosure provxdcs a compound which is TGRS

avomst wherein the T(;R: agonist stimulates GLP 1 secretion in a mammal and is

active in the gastrointestinal tract of the mammal and wherein administration of the
TGRS agonist to the mammal does not cause a change in weight of the mammal’s gail
bladder by more than 400% when compared to administration of a placebo. The change

in weight of the mammal’s gall bladder can be determined by any nurnber of techniques |

known in the art. For example, in some embodiments change in weight of the
mearmmal’s gaﬂ bladder is determined in a mouse model.

In other embodiments of the forgoing, the TGRS agonist adJmmstlaﬁon

does not cﬁusa a change in weight of the mammal’s gall bladder by more than 300%

when compared to administration of a placebo. In other embodiments of the forgoing,

the TGRS agonist administration does not cause a change in weight of the mammal’s

gall bladder by more than 200% when éompared to administration of & placebo. In other

(¥
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embodiments of the forgoing, the TGRS agonist administration does not cause a change

in weight of the mammal’s gall bladder by more than 100% when compared to . B
administration of a placebo. In other embodiments of the forgoing, the TGRS agonist
administration does not cause a change in weight of the mammal’s gall bladder by more -
than 50% when compared to administration of a placebo. In other emhodunents of the
forgoing, the TGRS agonist administration does not cause a change in vymght of the

mammal’s gall bladder by more than 10% when compared to administration of a

placebo. _ .

In some other embodiments, the d{sc-losure provides a compound which
is a TGRS agonist, wherein the TGRS agonist stimulates GLP-1 secretion in a mammal
and is active in the gastrointestixj.al tract of the mammél and wherein the TGRS agonist.

is administered to the mammal, the concentration of the TGRS agonist in the gall

bladder is less than about 100 uM. The amount of the TGRS5 agonist in the mammal’s '
gall bladder can be determined by any number of teclmiques known in the art. For -

~example, in some embodiments the amount of the TGRS agonist in the mammal’s gall .

bladder is determined in a mouse model.
_ In still other embodiments, the TGRS agonist concentration in the gall
bladder is less than about 50 pM. In some other embodiments, the TGRS agomnist

concentration in the gall bladder is less than about 25 uM. In other embodiments, the

TGRS agonist concentration in the gall bladder is lesé than about 10 uM. In still other -

embodiments, the TGRS agonist concentration in the gall bladder is less than about 5

pM. In still other embodiments, the TGRS agonist concentration in the gail bladder is

less than about 1 uM. In still other embodiments, the TGRS agonist concentration in the

gall bladder is less than about 0.1 M.

In some embodiments, lhc compounds have systemic exposure ]eveh ._

below their TGRS EC‘SO yet they are still able to elicit a significant increase in plasma

GLP-1 Ievels For example, in some embodiments the disclosure provides a TGRS -
agonist, wherein the TGRS agouist stimulates GLP-1 ‘secretion in a mammal and is

active in the gastrointestinal tract of ‘the mamma! and wherein the TGRS agonist is

administered to the mammal, the concentration of the TGRS agonist in the mammal’s

60
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plasma is levs's than the TGRS ECso of the TGRS agoﬁist. For 'éxampié in some
embodiments, the TGRS agonist concentration in the mammal’s blasxha is less than
about 50 ng/mL In some other émbodiments the TGRS agonist concentration in the.
mammal’s plasma is less than about 25 ng/ml. In some other embodiments the TGRS
agonist concentration in the mammal’s plasma is less than about 10 ng/mL. In some
other embodiments the TGRS agonist concentration in the mammal’s plasma is less
than about 5 ng/mL. In yet other embodiments the TGRS agonist concentration in the
mammal’s plasma is less than about 1 ng/mL. v

In some other embodiments of any of the foregoing TGRS agonists, the

TGRS agonist is not systemically available, In other ermabodiments of any of the

foregoing TGRS agonists, the TGRS agonist concentration in the mammal’s plasma is-

Jess than the TGRS ECsp of the TGRS agonist. For example, in some embodiments the

TGRS agonist concentration in the mammal’s plésma is less than about 50 ng/mL. In
some other embodiments the TGRS agonist concentration in the mammal’s p].asma'is
less than aBout.ZS. ng«’lﬁL. In some other embodiments the TGRS agouist conccntraﬁon
iri the mammal’s plasma is less than about 10 ng/mL. In some other embodiments the
TGR5 agonist concentration in the maromal’s plasma is less than about 5 ng/ml. In yet
other embochmcnts the TGRS agonist concentration in the manuna ’s plasma is lcss

than about 1 nc/ml

Tn other embodlmems of any ot the forgomg TGRS agomsts the TGRW' :

agonist does not modulate T(JRﬁ—medLated suppression of cytokines. In some other

embodiments, the TGRS agonist does not modulate the 11f‘al bile acid uanspm*ter_

(IBAT). In yet other embodiments, the TGRS agomst does not modulate the Farnesoid
X Receptor (FXR). | |

In othex embodlmcms of any of the foregoing TGRS agonists, the TGRS

agonist stimulates PY'Y secretion.
In some embodnnents of the 1orcz,ou1g, thc T( RS agonist is a compound

of structure (I).

The compounds described herein are meant to include all racemic

mixtures and all individual cnantiomers or Lombmauom thereof, whether or not thev
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are specifically dépicted herein. Further, the compotﬁlds are also intended to include avll
tautomeric forms, even if not specifically depicted. Tautomers are compounds which
result (rom the formal migration of a hydrogen atom or proton, accompanied by a |
switch of a single bond and adjacent double bond.

Compounds as described herein may be in the free form or in the form of
a salt thereof. In some embodiments, compounds as déscribed herein may be in the
form of a pharmaceutically acceptable salt, which are known in the art (Berge et al., J
l_’harm. Sci, 19717, 66, 1). Pharmaceutically acceptable salt as used herein includes, for
example, salts that have the desired pharmacological activity of the parent‘éompound '
(salts which retain the biological effectiveness and/or properties of the ﬁarent '
compound and which are not biologically and/or otherwise undesirable). Compounds as
described herein having one or more functicnal groups capable of forming a salt may -
be, for example, formed as a pharmaceutically acceptable salt. Compounds containing
one or more basic functional groups méy be capable of forming a pharmaceutically
acceptable salt with, for exa;mple, a phatmaceﬁtica]ly acceptable organic or inorganic
acid. Pharmaceutically acceptable salts may be derived from, for example, and without
limitation, acetic acid, adipic acid, alginic acid, aspartic acid, ascorbic acid, benzoic
acid, benzenesulfonic abid, butyric acid, cinnamic acid, citric acid, camphoric acid,
camphorsulfonic acid, cyclopentanepropionic acid, di.cthylaceﬁc acid, digluconic acid,
dodecylsulfonic acid, ethanesulfonic acid, formic acid, fumaric acid, glucohépramic :
acid, gluconic acid, glycerophosphoric acid, glycolic acid, hemisulfonic abid, heptanoic
acid, hexanoic acid, hydrochloric acid, hydr_obmmic acid, hydriodic acid, 2- .
hydroxyethanesulfonic acid, isonicotinic acid, lactic acid, mal:c acid, maleic acid,
malonic acid, mandelic acid, methanesulfonic acid, 2-napthalenesulfonic acid,
naphthalenedisulphonic acid, p-toluenesulfonic _acid, nicotinic acid, nitric acid, c.mfal'-ic.
acid, pamoic acid, pectinic acid, 3-phenylpropionic éc.id, phosphoric acid, picric acid, -
pimelic acid, pivalic acid, _propionié acid, pynwié acid, salicylic acfd, succinic acid, -
sulfuric‘ acid, sulfamic acid, tartaric acid, thiocyanic acid or undecanoic acid."
Compdunds containing one or more acidic functional groups may be capable of forming

pharmaceutically acceptable salts with a pharm.acéutically acceptable base, for example,
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and without limitation, inorganic bases based on alkaline metals or alkaline earth metals

or organic bases such as primary amine compounds, secondary amine compounds,

tertiary amine compounds, quaternary amine compounds, substituted amines, naturally

occurring  substituted amines, - cyclic amines or basic ion-exchange resins.
Pharmaceutically acceptable salts may be derived from, for example, and without

limitation, a hydroxide, carbonate, or bicarbonate of a pharmaceutically acceptable

metal cation such as ammonium, sodium, potassium, lithium, calcium, magnesium,”

iron, zinc, copper, manganese Or aluminum, ammonia, benzathine, meglumine,
methylamine, dimethylamine, tﬁJhethylaminé, cthylamine, diethylamine, triethylamine,
isopropylamine, mpropylannne tributylamine, ethanolamine, d,‘ethanolamme 2-
dimethylaminoethanol, 2-diethylaminoethanol, dicyclohexylamine, lysine, arginine,

histidine, caffeine, hydrabamine, choline, betaine, ethylenediamine, g].uuosaxmnc,

glucamine, methylglucamine, theobromine, purines, piperazine, piperidine, procaine, N--

ethylpiperidine, theobromine, tetramethylammonium ‘compounds, tetracthylammoniom

compounds, pyridine, N N-dimethylaniline, N-methylpiperidine, morpholine, N- -

methy lmmphohne . N-ethylmorpholine, dicyc,lohexylmnine‘ dibenivlamine NN--

dibenzy lphenethylammf:, 1-ephenamine, N,N' -dibenzylethylenediamineg or polyamme
resins, In some embodiments, compounds as described herein may cm.tam both acidic
and basic groups and may be in the form of inner salts or zwitterions, for example, and

without limitation, betaines. Salts as described herein may be prepared by conventional

processes known to a person skilled in the art, for exarnple, and without limitation, by

reacting the free form with an organic acid or inorganic acid or base, or by amon_

exchange or cation exchange from other salts. Those skilled in the art wxll appreciate

that preparation of salts mas oceur in situ during isolation and purification of the’

compoundz, ot preparation of salts may occur by separately reacting an isolated and

purified com.pound..
Furthermore, all compounds of the invention which exist in free basc or

acid form can be converted o their pharmaceutically acceptable salts by treatment with

the appropriate inorganic or organic base or acid by methods known to one skilled in-

the art. Salts of the compounds of the invention can be converted to their free base or

acid form by standard technigues.
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In some embodtmentq uompounds and all-different forms thercof (e.g.
free forms, salts, polvmorpm lsomenc forms) as described herein may be in the SOlVbDI '
addition form, for example, so!,vates. Solvates contain either stoichiometric or non-
stqichiomctric amounts of a solvent in physical association the compound or salt-
thereof. The solvent may be, for example, and without limitation, a pharmaceutically -
acceptable solvent. For examlﬁle, hydrates are formed when the solvent is water or
alcoholates are formed when the solvent is an alcohol. |

In some embodi;n.én'ts? compounds and all different fdfms thereof (e.g.
free forms, salts, solvates, isomeric forms) as described herein may include crystalline
and amorphous forms, for example, polymorphs, ‘pseudopolymorphs, conformational
polymorphs, amorphéus forms, or a combination thereof. Polymorphs include different
crystal packing arrmge’ménts of the same elemental composition of a compound,
Polymorphs usually have different X-ray diffraction patterns, infrared spectra, melting
points, density, hardness, crystal shape, optical and electrical properties, stability and/or
solubility. Those skilled in the art will appreciate that various factors including
recrystallization solvent, rate of cfystallization and storage tempefal_ure may cause a
single crystal form to dominate.

In some embodiments, compounds and all d1ffcrcnt forms thereof (c.g.
free forms, salts, solvates, polymorphs) as described herein include isomers such as
geometrical isomers, optical isomers based on asymmetric carbon, st;:reoi.someré;
tautomers, individual enantiomers, individual diastereomers, racemate.s, diastereomeric -
mixtures and combinations thereof, and are not limited by the description of the forraula
illustrated for the sake of convenience.

In some embodiments, pharmaceutical compositions in accordance with ..
his invention may comprise a salt of such a compound, preferably a pharmaceutically

- or physiologically acceptable salt. Pharmaceutical preparations. will typically comprise
one or more carriers, excipieﬁts or diluents acceptable for the mode of administration b,f ,
the preparation, be it by m}ccuon, inhalation, topical admlms*na’non, lavage, or othcr
modes suitable for the selected treatment. Suitable carriers, cxmpmn‘rs or dlluents are |
those known in the art for use in such modes of administration. Pharmaceutical

compositions are described in more detail below.
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Tt is understood that any embodiment of the compounds of structure O,

as set forth above, and any specific substituent set forth herein fora R}, R?, RY, R4 R,

R? RY, RM R A', A%, X, Y and Z group in the compounds of structure (I), as set.
forth above, may be independently combined with other embodiments and/or
substituents of compounds of structure (I) to form embodiments of the inventions 'h'o'c~

specifically set forth above. In addmon in the event that a list of subsututents is listed .

for any particular R group in a paruculdr embodxment and/or claim, it is understood that
each individual substituent may be deleted from the particular embodment and/or claim
and that the remaining list of substituents will be considered to be within the scope of

the invention. It is understood that in the present description, combinations of

substituents and/or variables of the depicted formulae are permissible only if such

contributions result in stable compounds.
The present disclosure also provides a pharmaceutical composition
comprising any one or more of the compounds disclogsed herein and a pharmaceutically

acceptable carrier as described below.

I Preﬁaxahon of Compounds

Compounds for use in the prc,&.e;nt mventlon may .. be obtamed irom :
' commercial sources, prepared synthetically, obtained ﬁom ndt.urally occurring sources

or combinations thereof. Methods of preparing or synthesizing compounds of the -

present invention will be understood by a person of skill in the art having reference to

known chemical synthesis principles.

The following Reaction Schemes II‘/ illustrate methods for miaking

compounds of t}ﬂs_invcmlon i.e., compounds of structure (I):
AZ R?

I

Rl . ,
rR® R

or & stereoisomer, tautomer, pharmaceutically acceptable salt or prodrug thereof,
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wherein R, R%, R, RY, R, R%, R, R, R", A, A%, X, Y and Z are as defined above. It
is understood that one skilled in the art may be able to make these compounds by
similar methods or by combining other methods known to one skilled in the art. It is

also understood that one skilled in the art would be able to make, in a similar manner as

described below, other compounds of structure (1) not specifically illistrated below ‘by.

using the appropriate .starting components and. modifying the parameters of the

synthesis as needed. In general, starting components may be obtained from sources such.

as Sigma Aldrich, Lancaster Synthesis, Tnc., Maybridge, Matrix Scientific, TCL, and

Fluorochem USA, etc. or synthesized according to sources known to those skilled in the

art (see, for example, Advanced Organic Chemistry: Reactions, Mechanisms, and

»Simcturei, 5th edition (Wiley, December 2000)) or prepared as described in this - =

invention.
Geﬁeral Reaction Scheme 1
S 2 A2 ol
Ri__A% R ?\H-, ' . R\éA.I R v
. [ ' R N A J\ 4
l-‘i Hor PG _ _ P
Ta T ‘ _ e 97 XN
. S . H
R%_ ;Azl R?
R8 R9 I A
e N U U tie ,
Ie + Z N/ RO s p RS R
' 07 "X-Y -
12 11 ) 10
id R R @ 7 \ //)—-R
o
Rl.!‘. RU
o 2 2 3
A RE AL R
0 >" Rl/LAIL\_N,R"‘
. Y — 3 k
Ic + Z.....\ /,/L__R]O . 2\ g ) 5
e 07 XY Ve
1 R? rH \Z . S 10
) ® \ 4
RlZ RII
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Referring to Gc{ncral Reaction Scheme I, an appropriate aromatic amine
of structure Ia can be purchased or prepared according to methods known in the art and
combined with an optional carboxyl activation reagent and/or dcylation catalyst and 2
compound of structure Ib containing either a protected or free nucleophile (e.g., Y), to
form compounds of structure Ic. Ic may then be reacted with either compounds of
structure Id (LG is an apﬁropriate_leaving group) or Ie to form various compounds of
structure (). One skilled in the art will recognize that the methods may optionally
include déprotection of PG and use of a hydride reducing agent where le comprises an

arylaldehyde or arylketone.
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General Reaction Scheme 11
R2_A2_ R OH -
=
I l R -y I r R
Rl’ %Al N7 : N N ——b RY N
_ N LG |
' : 0’" ‘X'—Y
a Ha _ | Ob Y

Altematwely, compounds of structure (I) may be prcp&red accordmg to General '

U

Reaction Scheme 1I, wherein Ia is an appropriate aromatic aminc and Ia is a
carboxylate containing an electrophylic center Y, LG is a leaving oroup- and 7 is a
nudeophﬂe Reaction of Ia with IIa may be performed in the preqenuc of a carboxylate
activation reagent, a base and an optional acylation catalyst. ITb can then be combined .
- with a compound of structure IIc in the presence of an appropriate base to form various |

10 compounds of structure (I).

Geeneral Reaction Scheme 111
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< 07 x- Y
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. " In another embodiment, compounds of structure (I) are. prepared
according to General Reaction Scheme IIT, wherein Ia is an appropriate aromatic amine, |
LG is a leaving group and X is a nucleophile. Reaction of la with a phoSgeﬁe equivalent.
(LG-CO-LG, wherein LG is a leaving group) and an appropriate base results in’
compouunds -of struc,tufe Hla, IIIa is then treated with an appropriate base,' and -an 

optional acylation catalyst to produce various compounds of structure (T).

General Reaction Scheme IV

2 2 3
2 2 3 . JOH g 9 R\ -//A l R
R2__A% R} R | e
I \ﬂ: et 'O//\X-Y\ ' R‘__/ 4 RSN A
1 o ) W0 e R R
A E ‘ . | \\ // R . B OI)\X_Y\ —/ '
o RI2Z RU . : 4 —R10
Iz o Va (D - . >——(

. Oﬂle.rlvarious #ompdunds '6f structure (1) may be preared according to
General ]ieaction Scheme IV, wherein Iz is an appropriate aromatic amine and Hlais a -
carboxylate containing aryl group with appropria‘te linl%ing elements XY, 7. Reaction
of Ia and Ila in the presence of an appropriate ca:bo.xy‘late activation reagént, a base and
an optional acylation catalyst I‘LbUltS in various corupounds of structure (I). v

Wlth regard to General Reaction Schemes IIV typical a.albO\vIate: '
activation reagents include DCC, EDCI, HATU, oxalyl chloride and the like. Typical -
bases include TEA, DIEA, pyridine, X2COs;, NaH and the Tike. Typical acylation
catalysts include HOBt, HOAt, 4-&1'methy1aminopyridine and the like. Typical hydride .
reducing agents include NaBHs, NaBH(OAc), NaBHiCN and the like. Typical
phosgene cquivalents include phosgene, triphosgene, carboﬁ;ildiimidazole, 4-
nitrophcﬁylchl oroformate and the like. |

One skilled in the art will recognize that variations to the order of the
stcjps and reagents discussed in reference to General Reaction Scheme 1 are possible.
Methodologies for preparation of compounds of structure (I) are described in more

detail in the following non-limiting exenaplary schemes.
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' it will also be appreciated ‘by those.skilled in the art ﬁhat in the process-
described herein the functional groups of _interrﬁ.ediate_ c_ompéunds mway need to be
protected by suilable protecting groups.” Such fxr;lctibnal groups include- hyd@xy,
amino, mercapto and carboxylic acid. Suitable protecting groups for hydroxy include -
trialkylsilyl or diarylalkylsilyl (for example, f-butyldimethylsilyl, #-butyldi phenylsilyl or
‘trimethylsilyl), tetrahydropyranyl, benzyl, and the like. Suitable protecting groups for
amino, amidino and guanidino include r—but.bxycaxbonyl, benzyloxycarbonyl, and the
like. Suitable protecting groups for mercapto include -C(O)-R” (where R” is alkyl, aryl .
or arylalkyl), p-methoxybenzyl, trityl and the like. Suitable protecting groups for
carboxylic acid include alkyl, aryl or mrlalkyl'esters. Protecting groups may be added |
or removed in accordance with standard tcchniciues, which are known to one skilled in

the art and as described herein. The use of protecting groups is described in detail in

Green, T.W. and P.G.M. Wutz, Protective Groups in Organic Synthesis (1999), 3rd Ed,, ..

Wiley. As one of skill in the art would appreciate, the protecting group may also be a
polymer resin such as a Wang resin, Rink resin or a 2-chlorotrityl-chloride resin.

It will also be appreciated by those skilled in the aﬂ,'although' such
prf)tected derivatives of compounds of this invention may not possess pharmacological -
activity as such, they may be administered to a mammal and thereafter metabolized in
the body to form compounds of the invention which are pharmacologically active. Such
derivatives may ﬂ]ere_i‘ofe be dcscribed as “prodrugs”. All prodrugs of compounds of
this inven’doﬁ are included within the scope of the invention. _

By the methods dcscxibed above, the representative coinpounds set forth
in Examples 1-291 may be made, as well as by the more detailed procecures disclosed

in the Examples.

IV. TGRS Methods

As mentioned above, new agents have recently been introduced to the
market which prolong or mimic the effects of the naturally-secreted incretin hormones
(Neuniller, J 4m Pharm Assoc. 49(suppl 1):816 829, 2009). Anocther approach to

initiating an incretin response involves the activation of TGRS, a bile acid sensitive G-
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-+ protein coupled receptor (GPCR). TGRS activation induces the secretion of incretins

such as GLP-1 from the enteroendocrine L cells of the distal gut, thus providing the

benefits of incretin therapy through an alternative mechanism. Activation of TGRS

might therefore be beneficial for the  treatment of diabetes, obesity, metabolic

TGRS dgonism could generate a’prolonged GLP-1 response, which would be necessary

" to achieve ther apeutic benefit. ,

Bile acids (BA) are amphipathic molec ules which are synthexmcd in the
_ liver from cholesterol and stored in the gall bladder uniil secretion into the duodenum to
10 play an important role in the solubilization and ah%orption of dietary fat and lipid—‘
qo]ubie vitamins. Approx 99% of BA are absorbed again by passive dn‘fusxon and
actwe transport in the termmal ileum and transported back to the liver via the portal

vein (enterohepatic circulation). In the liver, BA decrease their own biosynthesis from

cholesterol through the activation of the farnesoid X receptor alpha (FXRa) and small o

15 heterodimer partner (SHP), leading to the u‘aﬁscripti_oml repression of cholesterol 7a-
hydroxylase, the rate-limiting step of BA biosynihesis.fmm cholesterol. A G protein-
cbupled; receptor responsive to bile aéi,ds, called TGRS , was independently identified by
two investigators (Maruyama et al., “identiﬁcation of membrane-type receptor for bile
acids (M-BAR)” Biochem. Biophys. Res. Comm. 298, ”14—719 2002, Kawamata et al,,

20 “A G Protein-coupled Receptor Responsive to Bile Acms J Bzologuai Chem. 278,

 No. 11, 9435-9440, 2003), marking the first identification of cell surfacc'receptorb for

this class of molecules. TGRS, in the literature also termed GPBARI, M-BAR or

B(37, is expressed in inflammation-mediating cells (e.g. macrophages), as well as-a

nmnbe-f of enteroendocrine derived cclls lines such as GLUTtag, STC-1 and NCI-H716.

.25  Katsuma and colleagues. demonstrated that bile acids could mediate. the secretion.of .
GLP-1 via TGRS in STC-1 cells (Katsuma et al., Biochemical and Biophysical

* Rescarch Communications 329:386--390, 2003).
TGRS mRNA and protein have been reported to be expres%d in a wide

variety of tissues, although agreement on the sites of ‘predominant expression appears to

30 v‘ary depending on the investigating group. It is clear that TGRS mediates sensing of . |

bile acids in, for example, brown fat, macrophages, gall bladder, and intestinal neurons;

however, the function of this signaling is still being elucidated. While TGRS has been

K

5 syndrome, and related disorders. However, a key challenge remains in discovering how
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found to bé expressed iﬁ .live,r, it is not eXpressed- in‘he‘patocytés, but rather in liver
sinusoidal endothelial cells and cholangiocytes ( epit}ielia] cells of the bile duct). 'I‘hi.s'
has 1mphcat10ns for the role of TGRS in bile acid regulation. |

The compounds of the present invention are 1mpermeable but <t111

mpable of mducmg a TGRS-stxmulated GLP-1 rcsponse, indicating that the TGRS

receptor may be present on the apical surface of the enteroendocrine L-cell in the GI

tract. The development of methods to isolate priniary L cells from mouse intestine

(Reimann et al., Cell Metabolism 8:532-539, 2008) allowed 4(:0nt'1‘m1ation that TGRS

was expressed in these GLP-1 secreting ‘cells. In another study, a modestly active -

agonist of TGRS was used to demonstrate a role for TGRS in glucose homeostasis

~ (Thomas et al., Cell Metabolism 10:167-177, 2009). Tn particular, they demonstrated

that oral administration of INT-777 ("FCSO of ~1 uM vs. human TGRS; mouse potency

not n,pom,d) to wild type mice resulied i in an increase of plasma levels of GLP-1. When - -

the experiment was petrformed in TGRD-/— mice, the response to INT-777 was not

observed. Using INT-777 in a chronic diet-induced obesity model in mice, the

investigators showed that the TGRS agonist would improve glucose tolerance, an effect -

t'ha"c was lost in the TGRS/~ mice-. However, since this systemic TGRS agonist also has

mgmﬁwnt effects on energy metabolism in mice due to its effects on brown fat and

other fissues, it was unclear what contribution the enhanced GLP- 1 expremon had on -

the improvement of diet induced obesity.

TGRS is also expressed in the gall bladder, and appears to modulate the

filling - and emptymg of this organ. Vassileva and coworkers performed in .S'zruv'

. hybridization experiments in TGRS knockout mice and determined that there is

significant TGRS expression in the epithelial cells of the mouse gall bladder (Vassileva

et al., Biochem. J. 398:423-430, 2006). They also demonstrated that TGRS null mice.
are resistant to cholesterol gallstone disease when fed a lithogenic diet. In investigating

the mechanism of resistance, they noted that the level of phospholipids was reduced in -

the total bile pool, indicating that the bile had a reduced cholesterol saturation index.
fl‘hey attributed this change to significantly higher hepatic expression levels of genes
involved in bile acid synthesis (Cyp7al and Cyp27al), and in hepatocellul.ar uptake
(Ntcpl and Qatpl) in mice on the lithogenic diet, which suggests that the loss of TGRS

function impairs the negative teedback regulation of bile acxd synthesis.

~J
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TGRS protem is alsc S0 expreqeed in human gﬂlbladder epnhchum (Keitel - |
etal, Hepatoloby 50(3), 861- 870, 2009) Keitel and coworkers examined 19 human
gall bladder samples and detected TGRS mRNA and protein in all samples tested. And

-although TGRS mRNA was ¢levated in the presence of gallstones, no such relation was

found for TGRS protein levels. In addition, they fouad that TGRS also localized in

apical recycling endosomes, indicating that the receptor is regulated through

translocation. The authors noted the significance of this finding, as in both

cholangiocytes and gallbladder epithelium (which are exposed to millimolar bile acid

concentrations) TGRS is mainly localized in a subapical compartment and only te a
smaller extent in the plasma membrane. In contrast, in sinusoidal endothelial cells and
Kﬁpffer cells (cells normally exposed to low bile acid concentrations) the receptor was
pr cdommantly detected within the plasma membrane, _ '
It has also been reported that TGRS mediated cAMP elevation can result
in fluid and electrolyte secretion via activation and translocation of the cystic fibrosis
transmembrane conductance regul atdr (CFTR). In addition 1o the presence of TGRS in |
gallbladder epithelium, (Lévoie et al, J Physiol 588(17):3295-3305, 2010)
demonstrated -via PCR and- immtlnbbis‘[cschemistry that .TGRS is also expressed in

gallbladder smooth muscle cells in the mouse. Fuh.cti.onallv they showed that bile acid

.I(JRb .agonists could disrupt gallbladdcr smooth muscle function ex vivo, and that this -

disruption did not occur for tissues Lemovcd from IGR%-I mice.

Additional functlonal confirmation of the role of TGRS activation in
gallbiaddér function came ﬁom the Mangelsdorf group, who used TGRS knockout mice -
to demonstrate that TGRS activation stimulates gallbladder filling (Li th al.,, Mol
Endocrinol, 25(6), 1066-71, 2011). They demonstrated that ip. injections of TGRS
agonists lithocholic acid (LCA) or INT-777 resulted in an app'rbximate]v two“t‘old
doubhng of gallbladder volume in 30 minutes. The effect was compietciy blunted in thc

knockout mice. In further experiments examining direct effects on gallbladder smooth

muscle in ex vivo tensiometry cxpcumcnts the investigators showed that both LCA and

INT-777 markedly relaxed oclll‘b}addezs from wild-type but not kmockout rmce"
supporting the model that TGRS acts directly on gallbladder to cause smooth muscle

relaxation via induction of sccondary messengers.
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In aggregate, these studies indicate that TGRS stimulation elicits
gallbladder relaxation most likely via epithelial and/or smooth muscle TGRS activation.

The findings described above suggest that a TGRS agonist being developed for diabetes

should most preferably cause little or no activation of TGRS in the biliary tree, as

evidenced by lack of gallbladder filling during short or long term dosing,.
In the small intestine, stimulation of TGRS on enteroendocrine cells-(L
cells) by bile acids results in activation of adenylate cyclase (AC), thereby stimulating

¢AMP production and calcium influx. Increases in intracellular calcium and cAMP both

lead to increased secretion of GLP-1 from L cells. Secreted GLP-1 has a number of '
effects. It augments ghicose-dependent insulin release from § cells, it promotes f cell -

development, and it stimulates afferent nerves. GLP-1 also induces transcription of the ‘

insulin gene, thereby replenishing insulin stores. GLP-1 directly stimulates anorectic
pathways in the hypothalamus and brain stem, resulting in a reduction in food intake.
While specific activation of TGRS on the enteroendocrine cells of the GI

tract offers distinet benefits to a diabetic population, activation of TGRS receptors on

tissues outside the GI tract, such as macrophages, liver sinusoidal endothelial cells

(SECs), cholangiocytes (epithelial cells of the bile duct), and the like, can have
unknown effects. For example, Kawamata and coworkers showed that bile acid
treatment suppresvse-d cytokine production in rabbif alveolar macrophages and TGRS-

expressing monocytic cell line THP-1 (Kawamata, Journal of Biological Chemistry,

278(11):9435-9440, 2003) In macrophages, monocytes and Kupffer cells (liver resident .

macrophages) TGRS activation inhibits cytokine release (interleukins (ILs) and tumor
necrosis factor (TNF)-o). In liver SECs, TGRS activation increases endothelial nitric

oxide synthase (eNOS) activity, leading to nitric oxide production and vasedilation.

Thereforc—:; a preferred TGRS agonist should ideally be capable of the bile-acid like

stimulation of Gl-resident L. cells from the G1 luminal side, but possess minimal to no

systemic exposure and thereby avoid or minimize interactions with TGRS receptors -

present on macrophages, cholangiocytes, tissues of the gall bladder, and the like.

Although the compounds of the present invention ate, in certain embodiments,

impermeable, they are still capable of inducing a TGRS-stimulated GLP-1 response,
'indicating that the TGRS receptor may be present on the apical surface of the

enteroendocrine L-cell in the GI tract.

/
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Accordmglv and in some emboduncntsﬁ the present compounds find
utﬂltv as TGRS agonists and may be employed in methods for treating various

condltmns or diseases, muludmg diabetes. Advantageously, some embodiments include

compounds which are Subbtantlaliy non-systemically avaﬂdble In certain embodlmcnts o

such compounds do not modulate filling or emptying of the gall bladder and in some
embodiments may be present in the_ gall bladder in concentrations less than about 10
puM. While not wishing to be bound by theory, Applicants believe that certain
functional groups on the compounds fnay contribute to the non-systemic availability of '
the compdunds. Fér cx.ample; compounds of structure (I) which comprise polar
functionality (e.g, a “Q” substituent having hydroxyl, guanidinyl, carboxyl, ete.

substitutions) may be particularily useful as non-systemic TGRS agonists.

~ In one embodiment the present discloswre provides the use of the
disclosed compounds (compoun&s_of stracture (I)) as a therapeutically active substance,
for example as a therapeutic active substance for the treatment of diseases which are
assact ated with the modulation of TGRS activity.

In other unbod;mems the disclosure is directed 1o’ a method for the
treatment of diseases which are associated with the m.b_dulsiticm of TGRS activity,
‘wherein the diseases are sélected from diabetés,_T37pc' 11 dhabetes, g‘_estational diabetes, .
‘impaired fasting gill(:f)se, impairéd glucose tolcrance, insulin resistance, hyperglycemia,
obesity, metabolic syhdromé, ischemmia, myocardiai. infarction, retinopathy, vascular
restenosis, hypercholesterolemia, hypcrtriglyceridémia, d}fslipic}e.n1ia. or hyperdipideria,
lipid disorders such as low HDT cholesterol or high LDL cholesterol, high blood
pressure, angina pectoris, coronary artery disease, atherosclerosis, cardiac hypertrophy, = |
rheumatoid artbritis, asthma, chronic obstructive pulmonary disease (COPD), psoriasis,v
ulcerative colitis, Crohn's disease, disorders associated with ‘parem'era]. mltrition
espevxallv during small bowel syndrome, irritable bowe! syndrome (IBS), all ergy
diseases, fatty liver, non-alcobolic fatty liver disease (NAFLD), liver tlbrosm, non-
_alcoholic qtcatohepamts (NASH), pnmary sclerosing cholangitis (PSC), liver cirthosis,
pmnarv biliary cirrhosis (PBC), kidney fibrosis, anorexia nervosa, bulimia nervosa dlld

nemologwal disorders such as Alzheimer's chsease multiple sclerosis, schizophrenia
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and impaired cognition, the méthod comprisiné adlnmistéring'a thcrapeuﬁcalfy active
amount of a compound of a.nv one of ¢laims 1-68 to a patient in need thereof;

In cerain embodiments the disease is diabetes, and in other
embodiments the chsc,dse is is Type II diabetes or gesta‘uonal diabetes.

The disclosure also provides use of the disclosed compounds (i.e., dny
compound of structure (1)) for the pre-paration of medicaments for the treatment of
diseases which are associated with the modulanon of TGRS activity. For example in
certain embodiments the use is for the prepma‘ﬂon of medicaments for the treatment a
disease or condition selected from diabe‘tes, Type I diabetes, gestational diabetes,

impaired fasting glucose, impaired glucose tolerance, insulin resistance, hyperglycemia,

obesity, metabolic syndrome, ischemia, myocardial infarction, retinopathy, vascular

restenosis, hypercho]_éstcmlemié, hypertriglyceridemia, dyslipidemia or hyperlipidemia,

lipid disorders such as low HDIL cholesterol or high LDL cholesterol, high blood

pressure, angina pectoris, coronary artery disease, atherosclerosis, cardiac hypertrophy,
theumatoid arthritis, asthma, chronic obstructive pulmonary disease (COPD), psoriasis,

ulcerative colitis, Crohm's disease, disorders associated with parenteral nutrition

especml]v durmc small bowl syndrome irritable bowl disease (IBS), allergy diseases,

{'atty liver, hvc-:r fibrosis, liver cmhosm hvcr CO!@Stablb, pnmcu*v bilary cirrhosis,

pumarv scler m‘mg cholangms kidney fibrosis, -anorexia nervosa, bulimia nervosa and
neurological disorders such as Alzheimer's disease, mumple sclerosis, schuophrc:ma '

and impaired cognition. In even other embodiments the disease is diabetes, and in other

embodiments disease is Type Il diabetes or gestational diabetes.

In still other embodumnts the dusc]owm provldes a method tor ucaun _
Type II diabetes mellitus in a patient in need thereof, the method compnsmo

adrmmstenng to the patient an effective amount of a compound of structure () or a.

pharmaceutical composition comprising the same.

In still other embodyments, the disclosure provides a method for treating

inflammation of the GI tract in a patient in need thereof, the method compusmg

administering to the patient an effective amount of a compound of structure (I) or a

pharmaceutical composition compnsmg the same. In certain embodiments, the use is
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for lhe preparation of medlcamwnts for the tre'-ltmcni ofa d1be&se or wnditaon aelec,ted
from ulcerative colitis and Lrohn's disease, conditions generally referred to in thc
aggregate as inflammatory bowel disease  (IBD). In IBD, suppression of pro-'
inflammatory cytokine production within th.e._GI- tissues surrounding the lumen of the-
GI is a desirable atiribute. Therefore, a preferred TGRS agonist for the treatment of
IBD should ideally be capable of the bile-acid like stinulation of Gl-resident L cells
fr.om'thc GI luminal side as well as mac_rophagés, nvlonocytes‘ and other cells resident in
tissues surrounding the GI lhumen but possess minimal to vm) systemic plasma exposure
and thereby avoid or minimize interactions with TGRS receptors present on
cholangiocytes, tissues of the gall bl.a.dder, and the like.
| In still other embodiments, the disclosure provides a method for
étimulating GLP-1 secretion in a mammal, the method cqmprising va.dministering a
" TGRS agonist that is active in the gastrointestinal tract of the mammal and wherein the f
TGRS agonist administration does pot induce the. filling of the gall bladder of the
- mamimal as determined by ultrasound apal yéis., |
In yet other embodiments, the disclosure provides a method for
stimulating GLP-1 secretion in a mammal, the method comprising administering a
TGRS agonist that is active in the gastrointestinal tract of the patient and wherein the
TGRS agonist administration does not induce the emptying of the: gall bladder of the ‘
mammal as d eu,rmmed by ultrasound analysis. ' '
In some other embodiments, the disclosure provui\,s a method. for
stimulating GLP-1 sccretion in a mammal, the method‘ comprising administering a
TGRS agonist that is active in the gastrointestinal tract of the patient and wherein the -
TGRS agonist admiinistration does not cause a change in weight of the mamnnd’s gall
bladder by more than 400% when compared to administration of a. placebo. For
example, In some embodiments the chanoe in weight of the mammal s gall bladder is
deteunmed in a mouse model.
In certain embodiments of the forgoing, the T(rR.) agonist administration
does not cause a changé in weight of the mammal’s gall bladder by more than 300% %

when bomparcd to administration of a placebo. In other embodiments, the TGRS
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~ agonist administration does not cause a change'i.n weight of the mammal’s gaﬂ bladder
by more than 200% when compared to adwministration of a placebo. In some other

embodiments, the TGRS5 agonist administration does not cause a change in weight of

the mammal’s gall bladder by more than 100% when compared to administration of a
placebo. In other embodiments, the TGRS dgomst administration does not cause a
change in weight of the mammal’s gall bladder by more than 50% when compared to
administration of a placebo. In certain other embodiments, the TGRS agonist
administration docs not cause a change in weight of the mammal’s gall bladder by more
than 10% when compared to administration of a placebo. |
Another embodiment is directed to a method for st}mulatmcv GLP-1

_secretion in a maz_nmal, the method comprising administering a TGRS agonist that is

active in the gastrointestinal tract of the mammal and wherein the TGRS agonist

concentration in the gall bladder is less than about 100 uM. The concentration of the

TGRS agonist in the gall bladder Amay be determined by any number of methods known

in the art. For example, in some cubodiments the TGRS dgomst concentration in the

gall bladdu iz determined in a mouse model.

In other embodiments of the foregoing, the TGRS agombt concentratmn'

in the pall bladder is less than about 50 pM, les than about 25 uM less than about- 10
uM, less th'm about 5 pM, less than about 1 uM or even less than about 0.1 uM.

In another cmbodtment the present disclosure pmwde% a method for-

stimulating GLP-1 secretion in a mammal, the method compmmg admlmsterm,g, a

TGRS agomqt that is active in the gastrointestinal txact of the mammal and wherein the

TGRS agonist concentration in the mammal’s plasma is less than the TGRS ECso of the
TGRS agonist. For example, in some embodiments the TGRS agonist concentration in
the mammal’s piasma is less than 50 ng/mL. In some othe:r ermnbodiments the TGRS
agonist comentratlon in the mammal’s plasma is less than about 25 ng/ml. In some
other embodmenls the TGRS agonist concentration in the mammal’s plasma is less
than about 10 ng/mL. In some other embodiments the IGRS agonist concentrahon in
the mammal’s plf—mma is less than about 5 ng/mL. In yet other embodiments the l(;fI\S

agonist concentration in the mammal’s plasma is less than about 1 ng/mL.
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In still other embodiménts the disclbéure provides a .me‘thod for treating

Type T diabetes mellitus in a patient in need thereof, the method -comprising -

administering to the patient an effective amount of any of the disclosed TGRS agonists

or a pharmaceutical composition comprising the same. In some embodiments, the

pharmaceutical composition comprises an additional therapeutic agent selected from the

additional therapeutic agents described above. -

In some othg:r embodiments of any of the foregoing methods, the TGRS -

agonist is not systemically available. In other embodiments of any of the foregoing
TGRS agonists, the TGRS agonist concentration in the mammal’s plasma is less than

the TGRS ECsg of the TGR35 agonist. For example, in some embodiments the TGRS

agonist concentration in the mammal’s plasma is less than about 50 ng/mL. In some-

other embodiments the TGRS agonist concentration in the mammal’s plasma is less

than about 25 ng/mL. In some other embodiments the TGRS agonist concentration in
the mammal’s plasma is less than sbout 10 ng/mL. Tn some other embodiments the

TGRS agonist concentration in the mammal’s plasma is less than about 5 ng/mL. In yet

other embediments the TGRS agonist concentration in the mammal’s plasma is less

than about 1 ng/mlL. S
In other einbodir’nénts of any of the fdrgoing mctthod's, the TGRS élgoniSt
does not modulate TGRS-mediated suppression of cytokines. In some other

embodimehts, the TGRS agonist does not modulate the ileal bile acid transporter

(IBAT). In yet other -cmbodimf:nté, the TGRS agonist does not modulate the Farnesoid

X Rece-pfor (FXR).
In other embodiments of any of the foregoing methods, the TGRS

agonist stimulates PYY secretion. Entercendocrine L-cells can be stimulated by

nutrients and/or bile acids to co-secrete PYY and GLP-1. PYY plays an integral role in

appetite control and energy horpeostasis, and thus its co-release with GLP-1 in response

to a TGRS agonist could provide an added beneficial effect.

In other embodiments of any of the foregoing methods, the TGRS -

- agonist stimulates GLP—Z secretion. Enteroendocrine L-cells can be stimulated by -

nutrients and/or bile acids to co-secrete GLP-1 and GLP-2. GLP-2 plays an integral
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role in maintainance of the gastrointestinal mucosal epithelium and thus its co-release
with GLP-1 in response to a TGRS agonist could provide an added beneficial effect in

- conditions associated with disruption of the gastrointestinal mucosal epithelium.

Pharmacological intervention with a GLP-2 agonist reduces the severity of damage in a-

rodent models of ulcerative colitis (Daniel J. Drucker et al, Am. J. Physiol..

Gastrointest. Liver Physiol. 276, G‘79-G91,‘ 1999 “Human [Gly2]GLP-2 Reduces the
Severity of Colonic Injury m a Mm'iﬁe Model of Expeﬁmcﬁtai Colitis” and Marie-
Clande L Heureux et al., / Pharma‘col. Exp. Ther. 306, 347-354, 2003 “Glucagon-Like
Peptide-2 and Common Therapeutics in 2 Mutine Model of Ulcerative Colitis™). For
example, in certain embodiments the use is for the ﬁreparation of medicaments for the
treatment a disease or condition selected froni ulcerative colitis, Ciohn’s disease and
disorders associated wﬂh parenteral nufrition eSpm,xallv during small bowel syndr ome.
‘ In certain other embodiments o[ any of the torcgomg methods, the T GR“»
agomst is a compound of structure (I).
In mammals such. as mice, gallbladder phenot} pe (e.g. filled or empty)

can be assessed surgica.l].y, by excising and weighing the gallbladder at a defined

interval in an experiment. In humans and other higher mamamals, there are also.

convenient and non-invasive ways to assess gallbladder phenotype. For example, Liddle

and coworkers used abdominal ultrasonography to assess gallbladder volumes, wall -

thickening and the presence of gallstones or other pathology in human subjects taking a
cholecystokinin (CCK) receptor antagonist (which blocks - galibladder emptying)
(Liddle, J. Clin. Tnvest. 84:1220-1225, 1989). Such techniques can b-;; used in the

present invention to determine if a TGRS agonist is affecting the filling or emptying of -

the gallbladder.

V. Conmosmons and Adnnms’rrat]on

‘For the purposes of administration, thc wn1pou11cls of Thc: presvnt

invention may be administered as a raw chemical or may be formulated - as

- pharmaceutical compositions. Pharmaceutical compositions of the present invention

comprise a compound of structure (I) and a pharmaceutically acceptable carrier, diluent

or excipient. The compound of structure (I) is present in the composition in an amount
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which is effective to treat a particular disease or condition of interest - that is, in an

amount sufficient to agonize TGRS, and preferably with acceptable toxicity to the = '

patient. TGRS activity of compounds of structure (I) can be determined by one skilled

in the art, for example, as described in the Examples below. Appropriate concentrations

and dosages can be readily aetc:rmingd by one skilled in the art. | ' |
Admirﬁstfation of the ‘comf)ounds of - the .ir‘wcm.:i.on', Cor their

pharmaceutically acceptable salts, in pure form or in an appropriate p_hanna.ceuti@l

composition, can be carried out via any of the accepted modes of administration of

agents for serving similar utilities. The pharmaceutical compositions of the invention

can be prepared by" combining a compdund' of the invention with an appropriate
pharmaceutically acceptable carrier, diluent or cxcipient, and may be formulated into
preparations in sglid, semi-solid, liquid or gaseous forms, such as tablets, capsules,
powders, grahules, ointments, solutions, suppositories, injections, inhalants, gels,
microspheres, 'and_ aerosols. Tsf“pical ‘routes of adnmliétering such pharmaceutical
compositions ihclude, without limitation, oral, topical, transdermal, inhalation,
parenteral, sublingual, buccal, rectal, vaginal, and intranasal.. The term parenteral as
used herein includes subcutaneoué Ainjccrions, intravenous, intramuscular, intrasternal

injection or infusion techniques. Pharmaceutical compositions of the invention are

formulated so as to allow the active ingredients containcd therein to be bioavailable

upon administration of the composition to a péltient. Compositions that will be

administered to a subject or patient take the form of one or more dosage units, where

for example, a tablet may be a single dosage unit, and a container of a compound of the .

invention in aerosol form may hold a plurality of dosage units. Actual methods of

preparing such dosage forms arc known, or will be apparent,' to those skilled in this at;

for example, see Remington: The Science and Practice of Pharmacy, 20th Edition

(Philadelphia College of Pharmacy and Science, 2000). The composition to be

administered will, in any event, contain a therapeutically effective amount of a-

compound of the invention, or a pharmaceutically acceptable salt thereof, for treatment

of a disease or condition of interest in accordance with the teachings of this invention.
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* In some embodiments, the disclosure provides a pharmaceutical

composition comprising any of the foregoing compounds (i.e., a compound of structure

(D) and a pharmaceutically acceptable carrier or adjuvant.

In some embodiments, the disclosure provides a pharmaceutical

composition comprising any of the foregoing compounds (i.e., a compound of structure

(I)), a pharmaceutically acceptable carrier or adjuvant and one or more additional
biologically active agents. For example, in some embodiments the one or more
additional biclogically active agents are selected from dipeptidyl peptidase 4 (DPP-4)

inhibitors, biguanidines, sulfonylureas, a-glucosidates inhibitors, thiazolidinediones,

incretin mimetics, CB1 antagonists, VPAC2 agonists, glucokinase activators, glucagon

receptor antagonists, PEPCK inhibitors, SGLT1 inhibitors, SGLT2 inhi‘bitbrs, -1
receptor antagonists, SIRT1 activators, SPPARMs and 11BHSD1 inhibitors.

In some other embodiments, the one or more additional bmlomually

active agents prolong thc TGRS-mediated GLP-1 signal. In other embodmxen’(s, ’thx. one

or more adamonal bmloglcauy active agents are DPP-4 inhibitors. In still other
embodmlents the one or more add1t10nal b1010glccﬂly active agents are smwhptm »
vildagliptin, saxaghptm., linagliptin, aloghptm, gemlghptm or dutogliptin. In even other

embodiments; the one or more additional biologically active agents are selected from

: the group consisting of metformin or other bi guanidine, glyburide or other sulfonyl

wrea, acarbose or other oi-glucosidase inhibitor, 1os1ghta7one or other thlazohdmedione
and exenatide or other incretin mimetic.

In some other embodiments, the present disclosure is directed fo 2
phanné.ceﬁtical composition comprising any of TGRS agonisié described herein and a

pharmaceutically acceptable carrier or adjuvant, For example, in some further

embodiments of the foregoing, the pharmaceutical compositiosn further comprises one

or more additional biolo gically active agents. In some embodiments, the one or more |
additional biologically active agents are DPP-4 inhibitors. In other embodiments, the
one or more additional biologically active agenta are sitagliptin, vildagliptin,

'saxaglipti,n, linagliptin, alogliptin, gemigliptin or dutogliptin.
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A pharmacumudl composition of the invention may be in the fonn of a

sohd or liquid. Tn one aspect, the carrier(s) are particulate, so that the composmons are, - |

for example, in tablet or powder form. The carrier(s) may be hqmd, with the
conapositions being, for example, an oral syrup, injectable liquid or an aerosol, which is
useful in, for example, inhalatory administration.

. When intended for voral administration, the pharmaceutical composition
is preferably in either solid or liquid form, where semi-solid, semi-liquid, suspension
and gel forms are included within the forms considered herein as either solid or iiquid.

| As a solid composition for oral administration, the pharmaceutical
composition may be formulated into a powder, granule, compressed tablet, pill, capsule,
chewing gum, wafer or the like form. Such a solid composition will typically contain
one or more inert diluents or edible cartiers. In addition, one or more of the following
cﬁa‘y be present: binders suc.h as cm'boanethylceﬂulose. ~.ethyl  cellulose,
roicr ocrystallmc, cellulose, gum tragacanth or gelatin; excipients. such as starch, hctosc

or dextrins, disintegrating agcntq such as alginic acid, sodium algmfue anoacl com'

starch and the like; lubricants such as magnesium stearate or Sterotex; glidants such as . -

colloidal silicon dioxide; sweetening agents such as sucrose or saccharin; a flavoring
agent such as peppermint, met'hyl salicylate or orange flavoring; and a coloring agent

- When the pharmaceutical composition is in the form of a capsule tor
example, a gelatin capsule, it may contain, in addition to materials of the above type, a

* liguid carrier such as polyethylene glycol or oil.

The pharmaceutical composition may be in the form of & liquid, for
examplc, an elixir, syrup, goluﬁon emulsion or suspemlon The liquid may be for oral
administration or for delivery by mjcctmn as two example% When intended for oral |
administration, pleferrpd compmlt:ton contain, in addition to the present compounds,
one or more of a sweetening agent, preservatives, dve/colorant and flav or enha.ncer Ina-

" composition intended to be administered by injection, one or more of a surfactant,_
preservative, wetting agent, dispersing agent, suspéudimg agent, buffer, stabilizer and

isotonic agent may be included. -
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" The liquid pharmaceutical compositions of the invention, whether they
be solutions, suspensions or other like form, may include one or more of the following

adjuvants: sterile diluents such as water for injection, saline solution, preferably

physiological saline, Ringer’s solution, isotonic sodium chloride, fixed oils such as .

synthetic mono or d.ivlycerides which may serve as the solvent or suspending medium,

polyz,thvlcne glycols, gly cerm pmpvlene glycol or other solvents; antibacterial agents

such as benzyl alcohol or methvl paraben; antioxidants such as ascorbic acid or sodium _'

bisulfite; chelating agents such as ethylenediaminetetraacetic acid; buffers such as
acetates, citrates or phosphates and agents for the adjustment of tonicity such as sodium
chloride or dextrose. The parenteral preparation can be enclosed in ampoules
disposable syringes or multiple dose vials made of glass or plastic. Physiological saline

is a preferred adjuvant. An injectable pharmaceutical composition is preferably sterile.

A liquid pharmaceutical composition of the invention intended for either -

parenteral or oral administration should contain an amoun’r of a Lompound of ﬂ'lu
invention such that a <1111ablc do:.age will be obtained.

The ph'xrmaccutical composition oi the invention may be intended for
topical admnustrahcm in which case the carrier may %ultaoly comprise a solution,

entulsion, ointment or gel base. The base, for example, may Qompnse one or more of

the following: petrolatum, lanolin, polyethylene glycols, bee wax, mineral oil, diluents

such as water and alcohol, and emulsifiers and stabilizers. Thickening agents may be -

present in a pharmaceutical composition for topical administration. If intended for

transdetmal administration, the composition may include a transdermal patch or -

iontophoresis device.

"~ The ph,mndueuhcal composmon of the invention may be m*ended for

rectal administration, in the form, for example, of a suppository, whlch will melt in the

. rectum and release the drug, The composition for rvctal administration may contain an

‘ oleacrmoub base as a suitable nonirmitating excipient. Such bases mclude w:ihout'

limitation, 'ﬂa;nolm, cocoa butter and polvcthvlene glycol. .
' The pharmaceutical composition of the mventlon may include various

materials, which modify the physical form of a SOll.d or liquid dosage unit. Fox example,
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the compoqtmn may include matendls that torm a coatmg shell around the actxve‘ :
mgredients fhe materials that form the coating shell are typically inert, and may be
selected from, for example, sugar, shellac, and other enteric coating agents.
Alternatively, the active ingrgtdients_may be encé.scd ina gelatinb capsule. | ,
The pharrhaceuﬁcal composi.tioﬁ of the invention in solid or liquid for'm‘
may include an agent that binds to the compound of the invention and thereby assists in -
the delivery of the compound. Suitable agénts that may act in this 6apacity include a
monoclonal or polyc}_oné] antibody, a protein or a Hposvome; V
The pharmaceutical composition of the invention may consist of doSage
units that can be administered as an agrosol. The term acrosol is used to denote a van’cty'
of systems ranging from those of colloidal nature to systems consisting of pressurized
packageé. Delivery may be by a liquefied or compressed gas or by a suitable pump
system that dispenses the active ingredients. Aerosols of compounds of the invention
may be delivered in single phaée_; bi-phasic, or tri-phasic systems in order to deliver the

active ingredient(s). Delivery of the aerosol includes the necessary container, activators,

valves, subcontainers, and the like, which together may form a kit. One skilled in the - »

art, without undue experimentation may determine preferred aerosols.

The pharmaceutical compositions of the invention may be prepared by

- methodology well knd_wn in the pharmaceutical art. For example, a pharmaceuﬁcalj _

30

comaposition intended to be administered by injection can be preparéd by combining a
compound -of the invention with sterile, distilled water so as to form a solution. A |
sﬁrfao’tant may be added to facilitate the formation of a homogeneous solution or’
suspension. Surfactants are compounds that non-covalently interact with the com'po'tmd'
of the invention so as to facilitate dissolution or homogeneous quspenslon of the
compound in the agqueous dchvex) system.
The compounds of the invention, or their phannaceutically acceplable
“salts, are administered in a therapcuncal]v effective amount, which will vary depemlmg
| upon a variety of factors including the activity of the specific comoound cmployed the
metabolic stability and length of action of the compound; the age, body wei ight, gg,nercﬂ

health, sex, and dict of the patient; the mode and time of administration; the rate of '

0
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excretion; the dru g' combination; the severii}' of the particular disorder or condition , and

the subject undergoing therapy. | A |
Compounds of the i‘nvehtimi, or phannaceﬁtieaﬂy acceptable derivatives

thereof, may also be administered simultaneously with, prior to, or after administration

of one or more other therapeutic. agents. For example, the compounds of the present.

invention may be administered with other therapeutically active .compounds. Such -

methods. are describe in more detail below. Such combination therapy includes
administration of a single pharmaceutical dosage formulation which contains a
compound of the invention and one or more additional active agents, as well as

administration. of the compound of the invention and cach -active agent in its own

- separate pharmaceutical dosage formulation. For example, a compound of the invention

and the other active agent can be administered to the patient together in a single oral
dosage composition such as a tablet or capsule, or each agent administered in separate
oral dosage formulations. Where separate dosage formulations are used; the compounds

of the invention and one or more additional active agents can be administered at

essentiallv the same time, i.e., ‘concurrently, or al separately staggered times, ie.,

sequentially; combmatmn therapv is understood to include all these regimens,

‘Sulmble pharmaceum,al compositions may be formulated by means

known in the art and their mode of administration and dose detemnned by the skilled -

practitioner. For parenteral administration, a compound may be dissolved in sterile

water or saline or a pharmaceutically acceptable vehicle used for administration of '

non-water soluble compounds such as those used for vitamin K. For enteral

administration, the compound may be administered in a tablet, capsule or dissolved in.

liquid form. The tablet or capsule may be enteric coated, or in a formulation for

sustained release. Many suitable formulations are known, including, polymeric or

protein microparticles encapsulating a compound to be released, ointments, pastes, gels,

hydrogels, or solutions which can be used topically or locally- to administer a

compound. A sustained release pétch or implant may be employed to provide release

over a prolonged period of time. Many techniques known to one of skill in the art are

described in Remington: the Science & Practice of Pharmacy by Alfonso Gennaro, 200
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ed., Lippencott Williams & Wilkins, (2000). Formulations for parentefal adnﬁnistr_ﬁtion
may, f_or example, contain excipients, poljmlkyléne glycols such as polyethylene glycol,- -
oils of vegetable origin, or hvdrogcnated naphthalenes. Biocompaﬁb]e biodegradébleA
ldctxde polymer, lapudc/glvcohde copolymer, or polvoxyethy]ene-pol) owplopy! ene
copolymers may be used to control the release of the comnounds Other powntlaﬂv
useful parenteral delivery systems for modulatory compounds include. ethylene-vinyl

 acetate copolymer particlés,‘ osmotic pumps, implantable infusion systems, and
liposomes. Formulations for inhalation may contain excipients, for example, iactose, or
may be aqueous solutions cdntainjng, for example, polyoxycthylene-9-lauryl ether,
glycocholate and deoxycholate, or may be oily solutions fof administration in the form
of nasal drops, or as a gel. | _

Compounds or _phérmaceutical compositions in accordance with this
invention or for use in this invention may be admini stéred by means of a medical device v
or appliance such as an impiant, graft,. prosthesis, stent, etc. Aiso, implants may be: -
devised which are intended to contain and release such compounds or compositions. An
example would be an. implant made of a polymeric material adapted to release the
compound over a peuod of time. _ '

I’s is to be noted that dosage values may vary with the severity of the
condition to be alleviated. For any parucu]..-lr subject, specific dosage regimens may be
adjusted over time according 1o the individual need and the professional judgement of
the person administering or supervising the administration of the coznpoéitions. Dosage"

ranges set forth herein are exemplary only and do not limit the dosage ranges that may

be selected by medical practitioners. The amount of active éompound(s’) in the . .

composition may vary according to factors such as the disease state, age, sex, and
weight of the subject. Dosage regimens may be adjusted to provide - the optimum

therapeutic response. For example a single bolus may be administered, several divided

_ doses may be administered over time or the dose may be proportionally reduced ot

increased as mdxcated by the exigencies of the therapeuuc situation. It may be
advantageous to fommlate pdr.ente‘raL compom.ﬁons in dosage unit form for ease. of

administration and uniformity of dosage.
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In general, cdxﬁ}vo'unds of the invention should be used without causing _
substanﬁal toxicity. Toxicity of the corhpounds of the invention can be determihcd B
using standard techniques, for example by testing in cell cultures or e\peﬂmental '
animals and determining the Lhexapeunc index, ie., the ratio between the LD50 (the
dose lethal to 50% of the population) and the L D100 (the dose lethal to 100% of the
population). In some circumstances however, such as in severe disease conditions, it
may be necessary to administer substantial excesses of the compositions. Sofns
compounds of this invention may be toxic at some concentrations. Titration studies may
be used to determine toﬁc and noﬁ-toxic concentrations. ' _
' Compounds as described ﬁerein may be administered to a Subjec-t or
patient. As used herein, a “subject” or “patient” may be a human, ilbn—htlnlazx primate, .

mammal, rat, mouse, cow, horse, pig, sheep, goat, dog, cat and the like.
Various alternative embodiments and examples of the invention are

described herein. These embodinients and examples are illustrative and should not be

-construed as limiting the scope of the invention.
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f(lO_O mL) was added 1-fluoro-2-nitrobenzene (30.0 g, 0.213 mol, I.OO'equiv) dxfop-wise- V
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EXAMPLES

: : _ Example 1 . S
1-(4-cyclopropyl-1 .2.3A-tetrah?droquinoxalin—l-vl)-z_ [(2.5-dichlorophenylms ethoxyl: -.

2-methvipropan-1-one

NO, ND, " NOz R4 ' R4 ,
O 5 b M"[T I - CL 1 """"" ® N\/'O
N&O '
1a T 1e /\\ 1d .
. ' N’ '
Oy N

j:l\:

o "5,‘ /\\\/N\ 6. - Oy \O \ =
—_— ] j( P | A
/"\ -
. \/ H ) . HO //

. te cr _1

Scheme 1: 1. Pnrhary amine  RyNH» 'cyclt)pfopyl) 2. methyl 2 2-chloro-2-
oxoacetate, TEA, DCM; 3. H,, Pd/C, MeOH; 4 PPhs, DMF 5. BHzTHF, THEF; 6. 2-

" hydroxy-2-methylpropancic acid, HATU, DIEA, DMF; 7. 2-(bromomethyl)-1,4-

dichlorobenzene, Naii, DMF.

Intermediate 1a: N—cyclopropyl-z-nitrdaniiine. To cyclopropylamine

with stirring. The reaction mixture was stirred overnight at 30 °C then diluted with. '
water (100 mL), extracted with ethyl acetate (2x100 mL) and the.organic ]a)ers '

combined. The combined organic extract was washed with brine (3x100 mL) dried 0‘vé1'" . i
dnhydrous sodium sulfate and concentrated under reduced pressure to prowdc 45 g
{(crude) N-cyclopropyl-2-nitroaniline as a yellow solid which was used without further

purification.

Intermediate 1h: methyl [cyclopropyl( 2-nitrophenyl)carbamoyl]form’ate.
To a stirred 0 °C solution of'.h'-cyclopropyi-z~nitroa-niline- (60 g, 0.337-mol, 1.00 equiv)
and triethylamine (97.0 g, 0.959 mmol, 2.85 equiv) in dichloromethane (600 mL) was
added 'methyl 2-chloro-2-oxoacetate (97.0 g, 0.792 mol, 2.35 equiv) drop;\vise-. “The.
résulting reaction mixture was stirred for 3 h at 0-10-°C then diluted with of water (300
mL) and extracted with dichloromethane (600 mL). The organic phase was washed with |
of agqueous sodium carbonate (3x200 mL) and brine (2x200 mL), drie_d over anhydrous

sodium sulfate and concentrated under reduced pressure to provide (88 ¢, 99%) of 1b as
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red oil. MS (ES, m/z): 265 [M+H]"

Intermediate . . 1-cyclopropyl-4-hydroxy-1,2,3,4~

tetrahydroquinoxaline-2,3-dione. Hydrogen gas was introduced into a stirred solution of

[cyclopropyl(Z—xﬁtrophcnyl)carbamoyl]fonhate (45.0 g, 0.170 mol, 1.00 equiv) and

palladium on carbon (13 g) in methanol (400 mL). The resul.tin'g suspension was stirred
for 3 h at 40 °C then solids were removed by filtration. The filter cake was washed with

N, N-dimethylformamide, the combined - filtrate was concentrated under reduced

‘pressure to provide (31 g, 83%) of 1c as a white solid. MS (ES, m/z): 219 IM+H]T

Intermediate 1d: 1—cyclopfopyl-l,2,3,4-tc£rahydrc}qu'moxaline-Zﬁ—dionc—:._ 4

A stirred solution of 1-cyclopropyl-4-hydroxy-1,2,3 4-tetrahydroquinoxaline-2,3-dione

(31.0g,0.142 moi, 1.00 eq'uiv)'and triphenylphosphine (56.0 g, 0.214 mol, 1.50 equiv)

in MN-dimethylfonnamide {250 mL) was purged and maintained under an atmosphere .
of nitrogen,.- The resulting solution was stirred for 2 h at 135 °C in an oil bath. The o
reaction mixture was cooled to 0 °C with an ice/water bath. Then diluted with of

dichlommethane'(?oo mL.) the solids were collected by filtration to provide (20 g, 70%)

of 1d as a brown solid. MS (ES, m/z): 203 [M+H]"

_ Tatermediate e 1—cyclbpropyH,2,3,4-teﬁahydroquinoxaline._ To a |
_solution of 1-cyclopropyl-1,2,3 4-tetrahydroquinoxaline-2,3-dione (20.0 g, 0.989 moli,
1.00 equiv) in tetrahydrofuran (100 mL) was added BH;;*THF (250 mL) the resulting

solution was stirred for 4 h at 50 °C. The reaction mixture was then quenched by

addition of aqueous sodium carbonate (100 mL) then concentrated under reduced

pressure, diluted with of water (200 mL) and extracted with ethyl acetate (2x200 ml)..

The combine organic extract was washed with brine (2x200 mL), dried over sodium

sulfate and concentrated under reduced pressure to provide crude product residue. The

residue was purified by silica gel column chromatography with and eluent gradient of

~ petroleurn ether:ethyl acetate (45:1 to 30:1) to furnish (11 g, 64%) of le as a white -

solid. MS (BS, m/z): 175 [M+H]".

Intermediate 1f: 1-(4-cyclopropyl-1,2,34-tetrabydroquinoxalin-1-yl)-2-

hydroxy-2-methylpropan-1-one. A solution of 1-cyclopropyl-1,2,3,4- .

tetrabydroquinoxaline (100 mg, 0.57 mmol, 1.0 equiv), 2-hydroxy-2-methylpropanoic
acid (66 mg, 0.63 mmol, 1.10 equiv), HATU (262 mg, 0.69 mmol, 1.2 equiv) and DIEA
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(89 mg, 0.69 minol, 1.2 equiv) in' N, "—dim.ethylfomiamidc (2 mL) was stirred overnight
at room temperature, The resulting solution was diluted with of H,0 (5 mL) and

extracted with of ethyl acetate (2xS mL). The combined organic extract was washed

~with brine (1x10 ml.), dried over anhydrous sodium sulfate and concentrated under

reduced pressure. The residue was purified by preparative TLC (ethyl acetate:petrolenm
ether 1:5) to provide ( 0 mg, 20%) of 1 as vcllow oil. MS (ES, m/z): 261 [M+H]".

Example 1: 1-(4—cycloprop_y1—1,,_.,3,4-tetrahydroqum.oxalm— —yl)-2-[(2,55
di.chloropheﬁyl)methoxy]-E-methylpropan-1-one. To a solution of 1-(4-cyclopropyls -
1_.2,3,4-tetrahydro‘quinoxalin-1—yl)i2-hydr0xy-.?.-m;ethylpr'op.van-1—0ne' (30 mg, 0.12.
mmol, 1.0 equiv) in N, N’-dimethylformamide (2 mlL) waé added sodiun;i hydride (15
mg, 0.62 mmol, 5.4 equiv) at O O'C,.emd the reaction mixture was stirred at this
temperature for 15 min then 2-(bromomethyl)-1,4-dichlorobenzene (30 mg, 0.13 mmol, -
1.1 equiv) was added. The reaction mixture was stirred overnight at room temperature
then quenched by the addition of 5 mL of water. The resulting solution was extracted
with ethyl acetate (2x5 mL) and the combined ofganic extract was washed with brine
(1x10 mL), dried over anhydrous sodium qulfate and copcentrated under reduced
p1es<urc The residue was panﬁed by pxepa.ratxve TLL with cthyl acetate : pbtrolouml

ether (1 : 1). The crude product (2 20 m g) was purified by preparative HPLC : Column,

SunFire Prep-C18, 19%150mm Sum; mobile phase’ grad.lent, water 0.05% TFA :

CHaCN (35% to 50% - CH;CN over 10 min; detector Waters 2545 UV detector
254/220nm) to furnish (2.7 mg, 3%) of the title compound TFA salt as brown o0il. MS
(BS, m/z): 419 [M+H]*. IH-NMR (400 MHz, CD;0D) § 7.27-7.37 (m, 4H), 7.10-7.12

(m, 1H), 7.03 (t, 7 = 7.6 Hz, 1H), 6.68 (t, J = 7.6 Hz, 1H), 4.53 (s, 21, 4.09 (s, 21D,

3.35-3.38 (m, 2H), 2.34-2.39 (m, 1H), 1.65 (5, 6H), 0.75-0.80 (m, 2H), 0.49 (m, 2H).
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Examplez : .
droquinoxalin-1(2H)-v1)((2S.4R)-1 52 s-dmhzombeggrn;4- :

hvdmwpvrrohdm— -vl)mcthanore

. (4-cyclopropyl-3.4-dihy

HO et
AL
/ 3
//\N/\\ o

.Example 2: (4-cyc-10prdpy1-3,4-dihydroquin0xalin—i(ZH)-yl)(( 254R)-1-
(2,S-dichlombenzyl)-4-hydroxypyn‘olidin—Z-ﬂ)methanone bis TFA sait Example 2 was
prepared using the procedures described in Example 6. MS (ES, m/z): 446 [M+H]". 'H-
NMR (400 MHz, CD;0D) 8 7.71 (s, 1H), 7.55 (s, 2H), 7.26 (s, 2H), 6.97 (d,_ J=8 Hz,
1H), 6.79 (m, 1H), 5.05 (t, J "8 Hz, 1H), 4.85-4.75 (m, 1H), 4.60 (m, 1H), 4.52 (m,
10 1H), 3.99 (m, 1H), 3 81 (m, 1H), 3.55 (m, 1H), 3. Ao 3.32 (m, 2H), 3.19-3. 15 (m, 1H),
2.49 (s, 1H), 2.04-1.94 (m, 211), 0.92-0.84 (m, 2H), 0.71-0.53 (m "’H) 0.52 d,J= 8 v ]
Hz, 1H). | | |

wh

: _ Example‘;’, v : : ‘
15 (4-wclov1opvl 3.4- d}hvdroqumoxalm—l(/m \/D((ZS 4‘-;) 1-(2.5 -dtclﬂorobenzvl) 4-,

fluoropyrrolidin-2- 11)_methanone

o Oy

N | _— ‘\/\N./\
o~ J W
a p OH B G s F |

Scheme 3: 1. dxethylfnmnosulrur ’cnﬂuorxde cthyl acetate

' " Example 3: (4-cyclopropyl-3, 4 d1hyuroqumoxahn-1(7H)-vl)((”8 4S) 1-
20 (2,5-dichlorobenzyl)-4-ﬂuoropyrro11d1n.~2-y1)methanone. To Example 2 (40 mg, 0.090

mmol, 1.0 equiv) in ethyl acetate (6 mL) at 0 °C was added dropwise an ethyl acetate .
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solution of diefhy]aminosﬁlﬁn‘ f;riﬂuon'de (DAST; 36 mg, 0.22 mmoi, 2.5 equiv) and the
resulting solution waé stirred overnight at room temperature. The mixture was diluted :
with 30 ml of ethyl acetate, washed with 1x20 mL of saturated aqueous sodium |
bicarbonate and 3x20 mL of brine, dried over sodium sulfate, concentrated and then.
purified by preparative reverse~phése HPLC to afford 40 mg (1 0()%) of Example 3 bis
TFA salt as- a grey semi-solid. MS (ES, m/z): 448 [M+H]" 'H-NMR (400 MHz,
CD:0D) 6 7.81 (s, 1H), 7.49 (s, 2H), 7.27 (s, 2!::1);7.(55 (s, 1H), 6.81 (s, 1H), 5.44-5.31
(m, 1H), 5.05 (t, J = 8 Hz, 1H), 4.57 (m, 1H), 3.99-3.83 (m, 2H), 3.83-3.62 (m, 2H),
3.46-3.40 (m, 1H), 3.27-3.23 (m, 1H), 2.48 (s, 2H), 2.30-2.13 (m, 2H), 0.89 (t, /=4 Hz,
2H), 0.66-0.54 (m, 2H). '

Example 4

1-14‘—cvcimammi—3,4—dihvdfoqu'moxalm- (ZH)-y1)-2- (2,‘?-duhloronhenow )eihanone

e | >L_o . oH ct . LA\] 7 C

Ho\l/k] 1. - O—;i\/O\[‘/L\' 2, Offk/o\[r’kgl. R 4 G
. i S _ NP

' 7 Yo ey

e - . 4a CI . 4 a 4 N

Scheme 4: 1. t-bu’fy*f -br(l')moacetate,' potaésimn_t-butoxide, THF; 2. HCIO(g), DCM: 3.
1-cyclopropyl-1,2,3 4-tetrahydrogquinoxaline, HATU, DIEA, DMF.

Intermediate - 4a: tert-butyl 2-(2,5-dichloropbenoxy)acetate, To 2,3-
dichlorophenol (300 mg, 1.84 mmol, 1.00 equiv) in THF (10 mL) was added potassium’

t-butoxide (400 mg, 3.56 mmol, 1.94 equiv) and the mixture was stir'red for 20 min, To .

this was added t-butyl 2-bromoacetate (700 mg, 3.59 mmol, l9§ eqmv) and the

reaction was stirred for 1 h at room temperature. The mixture was dﬂutcd with 10 mL

of water, extracted with 2x20 mL of ethyl acetate, the organic layers combined and then .

© washed with 2x15 mL of brine. The organic layer was dried, concentrated and then

purified via silica gel chromatography, eluting with petroleum ether/ethyl acetate (30: 1) N

to afford 300 mg (59% %) of intermediate 4a as a colorless bOlld

Intermediate 4b: 2-(2,5-dichlorophenoxy)acetlc acid. To intermediate 4a
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(300 mg, 1.08 mmiol, 1.00 équiv) in dichloromethane (10 mL) was bubbled hydrogen

chloride gas and the solution then stirred for 5 h at 5 °C. The reaction was concentrated

to afford 350 mg (95%, purity ~65%) of crude mtenmdxatz 4b as a white solid.

Example 4: 1—(_4-cy_clopropy1-3,4—dihydroqu‘moxalin-1(2}I)—y1_)-2-(2,5; ‘

_dichlorophenoxy)etharione. To I-cyclopropyl-1,2,3 4-tetrahydroquinoxaline (200 mg,

1.15 mmol, 1.00 equiv) in DMF (10 mL) was added intermediate 4b (350 mg, 1.58
nmol, 1.40 equiv), HATU (655 mg, 1.72 mumol, 1.50 equiv) and DIEA (222 mg, 1.,72
mmol, 1.50 equiv) and the resulting solution stirred for 2 b at 25 °C. The reaction was
diluted with 50 mL of water, extracted with 3x25 mL of ethyl acetate, the organic layers
then combined, washed with 2x25 ml. of brine and then dried over ashydrous sodium.:
sulfate. The solution was concentrated and the residue purified via preparé‘ti_ve reverse-
phase HPLC to afford 76.9 mg of Exzirhple 4 TFA salt as a white solid. MS (ES, nv/z):
377 (M+HT. TH-NMR (400 MHz, DMSO-d5) § 7.45 (m, 2}{), 7.01 (m, 4H), 6.66 (t, /= |
6.8 Hz,'lH), 5.13 (s, 2H), 3.74 (s, 2H), 3.36 (s, 2H), 2.45 (m, 1H), 0.84 (d, J = 6 Hz,

2H), 0.58 (s, 2H).

| Example 5 ‘ .
(S)-(4-cyclopropyl-3.4-dihydroquinoxalin-1{2H)- VD( 1-(2, %dachlorobenﬂl) X 4~ _

difluorepyrrolidin-2-vDmethanone

o\,,o’ ' 0O, . 04O O O«
}\\ /\ 1. \ (,)\\ /:T\ 2. Vo N/i : 3. HN’E\
N e N\___& o \_?\ \ Z_
OH 0 FE F.r
54 sb - 5c
‘ LA
ST
OO ,
v Oy,-OH ke
4. L B. : |
cl L N - N N
e Qe oG, e,
F e B! . \\ 7o 1 B
5e ' : 5

Scheme 5 1. a. oxalyl chloride, DMSO, DCM; b. TEA; 2. DAST, DCM; 3. TFA,
DCM; 4. 2~(bromomethyl)-1,4-dichlorobenzene,  KyCOs, CH;CN; 5. LiOH, 14-
dioxane, methanol, water; 6. l-cyclopropyl-1,2,3,4-tetrahydroquinoxaline, HATU, -
DIEA, DMFE. ' :

o4. -



10

30

W0 2013/096771 L - .. . PCT/US2012/071251

P ’

o ~ Intenmediate ', 5a; (S)-1-tert-butyl 2-methyl . 4-oxo_;$yrrolidine—1,' -
dicarboxylate. To a solution of DMSO (1.90 g, 243 mmol, 3.00 equiv) in.'
dichloromethane (20 mL) at -78 “C was added oﬁalyl chloride (1.54 g, 12.1 fnmol, 1.50
equiv) aﬁd the mixture was stirred for 15 min. To this was added dropwise a solution of
1-tert-butyl 2-methyl (2S,4R)-4-hydroxypyrrolidine-1,2-dicarboxylate (2.00 g, 8.1%
mmol, 1.00 equiv) in dichloromethane (8 ml.) and the mixture was stirred for 60 min af
-78~-60 °C. The solution was allowed to warm to RT and triethylamine (4.90 g, 48.4
pumol, 6.00 equiv) was added. The mixture was then diluted with 50 ml of

~ dichloromethane, washed with 2x30 mL of brine, dried over anhydrous sodium sulfate,
concentrated under reduced pressure and then purified via silica gel chromatography

(dichloromethane/methanol, 10:1) to afford 1 g (50%) of intermediate 5a as a yellow =

oil.

Inténnediate 5h: (S)-1-tert-butyl 2-methyl 4.4-difluoropyrrolidine-1 ,2—

.d‘icarboxy}ate. To intermediate Sa ( 300 mg, 1.23 mmol, 1.00 equiv) in dichloromethane
(30 mL) 5t 0 °C was added dropwise a solution of DAST (1.80 g, 11.2 mmol, 9.00
eqﬁiv) in dichloromethane (10 mL) and the resulting solution was stifred overnight at
room temperature. The mixture was then washed with 1x30 ml, of éaturated.a@;.eoué o
sodium bicarbonate and 3x30 mL of brine, the organic Jayer was dried over anhydrous v

~ sodium sulfate and then concentrated under reduced pressure to afford 300 mg (92%) of |

intermediate Sh as yellow oil.

Intermediate Se: (S)-methyl 4 4-difluoropyrrolidine-2-carboxylate. Ta =

intermediate va (300 mg, 1.13 mmol, 1.00 equiv) in dichloromethane (1 mL) was added

triffuoroacetic acid (1 mL) and the resulting solution was stirred for 1 h at room ;

temperature. The mixture was then concentrated under reduced pfessure to afford 200
mg (crude) of intermediate Se¢ as a brown oil. ' |
Intermediate 5d: - ‘(S)—methyl 1—(_2,'5-dichlorobenzy.l)-4,4'~ 7
diﬂuompyrrolidmcQ-ca:rboxyla:te. To intermediate 5¢'(200 mg, 1.21 mmol, 1.00 équiv) »
in CH:CN (5 mL) was added 2-(1)1'omomethyl)-1,4-dic-hlorobehzcne ( 2_88 mg, 1.20-
mmol, 1.00 equiv) and potassium carbonate (502 mg, 3.63 mmol, 3.00 equiv) and the
resulting solution was stirred overnight at room temperature. The mixture was diluted

with 50 mL of ethyl acetatc,' washed with 2x30 mL of brine, the organic layer dried

9 .
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over anhydrous sodium sulfate, concentrated, and- then purified via silica- gélA
chromatography (petroleum ether/ethyl acetate,” 50:1) to afford 200 mg (51%) of

intermediate 5d as a yellow oil.

Intermediate Se: (‘S\; 1 (2 S-dichlorobenzyl)-4, 4-d1ﬂuompvrrohdme—2~'
carboxvhc acid. To 111termed1atc 5¢ (170 wmyg, 0.52 mmol, 1.0 equiv) in 1,4~
dioxane/CH;OH/H;0 (3:2:1 mL) was added LiOHeH,;0 (44.0 mg, 1.05 mamol, 2.00
equiv) and the resulting solution was stirred for 60 min at 80 °C. The pH value of the

LV

solution was adjusted to 6 with aqueous 2M HCI and the resulting mixture concentrated

under reduced pressure to afford 120 mg (74%) of intermediate Se as yellow oil.

VIO ~ Example 5: (S)-(4—cyclopropyl—3,4—dihydroquinoxalin«1(_2H)-y'1)(1-(2,5-
dichlorobenzyl)-4,4-difluoropyrrolidin-2-yl)methanone. To intermediate Se (120 mg
0. ?9 mmol, - 1.0 ‘equiv) in DMF (5  mlL) was added 1-cyclopropyl-1,2,3,4- ._
tctrahydroqumoxalme (67.2 mg, 0.39 mmol, 1.00 equiv), HATU (294 mg, 0.77 mmol,
2.0 equiv) and DIEA (96.6 mg, 0.75 mumol, 2.0 equiv) and the rebultmg solution stitred

15  ovemnight at room temperature. The mixture was diluted with 30 mL of ethyl acetate,

washed with 3x20 mL of brine, and the organic layer dried over sodium sulfate. The
crude product was purified by preparative reverse-phase HPLC to afford 20 mg (11 %)
‘of Example 8 bis TFA salt as a white solid. ‘ '

20 : Example 6 o .
{4-cyclopropyl-3 4-dihydroguinoxalin-1{ 2ED-v1)((28.48)-1-(2,5-dichl orobenzyl)-4-

hvdroxypyrrolidin-2-vhmethanone

' . . . /\,
. \NI/' ) /\N/L" . r/\b"_/L.A
Oy -OH ’ O N O M A O M- T;:\i ‘
3 ALY ‘ U !
Fmoc\N,/v . Fmoc—™\ NS Fmocmpy Sy S LI Fmoc~n"" S
' “{ J { Z Y .
- 0‘*"‘ ’ 0*{”‘ : OH : OBz
. 6a . ‘ ’ sb ¢
' N T, =4 o N-A '
. O'\/N\')\] - iﬂ N ] o N e
. : o . s o . N ™ - N
- A~ k/ e j N b f N QS
'S I ~ J 0 ‘ |\fJ O
od Bz e Cl 0Bz .. & C A
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Scheme 6: . 1. l-c-yc}opropy]-i,2,3,4-tetr31€ydroquino$caline,'HATU,'DIEA, DMEF; 2.

Hydrochloric acid, 1,2-dichloroethane; 3. DIAD, PPhy, PhCO;H, THF; 4. Piperidine,

DMF; 5. 2-(bromomeﬁ1yl)—1,4~dich1010benzéne, K-;CO:,, CH3CN; 6. K,CO3, MeOH.

_ Intermediate 6a: '(23,4R)-(9H-ﬂuoren—‘9-yl)methyi 4-tert-butoxy-2-(4-
cyclopropyl—].,2,3,4-letrahydroquinoxa1ine-1—oarbonyl)pyrrolidine~1-carbo’xylate. To 1-
cyclopropyl—'l,2,3,4—tﬁtyahydroqumf)xaline‘(400 mg, 2.30'mm91, 1.00 equiv) in N,N-
dimethylformamide - (8 ml) was added (28,4R)-4-(tert-butoxy)-1-[( 9H;ﬁuofeﬁ-§-'
ylmcthoxy)carbonyl]pyrrolidihe-?,-carboxylic acid (940 mg, 2.30 mumol, 1.00 equiv),
HATU (1.30 g, 3.42 mmol, 1.50 equiv) and DIEA (444 mg, 3.44 mmol, 1.50 eéui.v) and
the mixture was stirred overnight at room temperature. The resulting. solution was
diluted with 40 mL of f;tHy]. acetate, washed with 4x30 mL of brine, dried over sbdium-
sulfate, filtered and then conceﬁtrated under reduced pressure to afford 1.5 g (crude) of

intermediate 6a as a blue solid.
Imermedia'te 6b: (_ZS,4R)-‘(9H—ﬂ'u<)ren.-9-yl}methyl | 2'—(4--cyclopropy1;'
1,2,3,4-tetrahydroquinoxaline-1-carbonyl)-4-hydroxypyrrolidine-1-carboxylate. -~ To

intermediate 6a (300 mg, 0.53 mmol, 1.00 cquiv) in 1,2-dichlorocthane (10 mL) was

- added concentrated hydrochloric acid (1 mL) and the resdl’ting solution was stirred

overnight at room tempéranne. The pH value of the solution was adjusted to 9 with -
saturated aqueous sodium carbonate then extracted with 3x20 mL of dichloromethane:
The organic layers were cornbined, washed with 3x20 mL.of brine, dricd over sodinm

sulfate, filtered and concentrated under reduced pressure to afford 180 mg (67%) of

 intermediate 6b as a blue oil.

30

Intermediate Ge: (28,48)-(9H-fluoren-9 -yl)'me’thyﬁl' 4-(be.nzoylbxy)-2‘—'(4'-‘
cyclopropyl-1,2,3,4-tetrahydroquinoxaline-1-carbonyl)pyrrolidine-1 -carboxylate.  To
intermediate 1b (120 mg; 0.24 mmol, 1.0 equiv) in tetrahydrofuran (8 mL) at 0 °C was

added PPh; (144 mg, 0.55 mmol, 2.4 equiv) and benzoic acid (72 mg, 0.59 mmol, 2.4 -
- cquiv) followed by the dropwise addition of a solution of DIAD (120 mg, 0.59 mrmol,

24 eqtii.v) in tetrahydrofuran (1 m1.). The resulting solution was stirred for 2 h at room
temperature then dituted with 40 mL of ethyl acetate, washed with 2x30 mL of brine .

and then dried over anhydrous sodium sulfate. The mixture was concentrated then

_ épplied onto a silica gel column, ehing with petroleum ether/ethyl acetate (5:1) to
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aEford 200 mg (crude) of intermediate 6¢ as yellow 011

| Intermediate o 6d; : ()s 55) 5-(4- cyclopropyl 1,2,3 4-
teufahydroquhloxaline-l-carbbn.yi)pyrrolidin—S-yl benzoate. To intermediate 1¢ (200
mg; 0.33 mmol, 1.00 equiv) in. DMF (5 mL) was added piperidine (1 mL) and the
resulting solution was stirred overnight at room temperature. The mixture was diluted )
with 30 mL of ethyl acetate, washéd with 4x20 mL of brine, dried over sodium sulfafe,
filtered and then concentrated under reduced pressure to afford 150 mg (crude)

intermediate 64.

Intermediate 6e: (38,58)-5-(4-cyclopropyl-1,2,3,4-
tetrahydrbquinoxaline-1-carbony]_)~1~(2,5~dichlorobenzylf}pyrrolidi_n-?)-yl benzoate. To
intermediate lc (300 mg, 0.77 mmol, 1.0 equiv) in CH;CN (10 mL) was added 2-
(bromomethyl)-1,4-dichlorobenzene (180 mg, 0.75 mmol, 1.0 equiv) and potassium
carbonate (300 mg, 2.15 mmol, 3.00 equiv) and the resulting suspension was stirred for
2 h at room femperature The solids were filtered out and the filtrate was concentrated

under reduced pressure to afford 300 mg (71%) of mtermedntc 6e as a yellow oil.

Example 6 (4-cyc,lopropy1-3 4- d1hvdroqumoxalm-l(?H)-VI)( (28, 4S) 1-
(2,5-di uhloxobcnzyl) -4-hydroxypyrrolidin-2 -vl)mcthmone To intermediate le (300 mg,
0.54 mmol, 1.0 equiv) in methanol (8 ml.) was added potassium cal.honax (226 mg,'_
1.64 mmol 3.00 equiv.) and the resulting solution was st med for 60 min at room

temperature. The mixture was concentrated, the residue was dissolved in 30 mL of ethyl

" acetate, washed with 3x20 mlL of brine, dried over anhydrous sodium sulfate, thcn

filtered and °oncenlmted under reduced pressure. The crude product (200 mg) was.

| purified by preparative reverse~phase HPLC to afford 30.7 mg of the title compound bis,

TFA salt as a light yellow solid. MS (ES, m/z): 446 [M+H]". 'H-NMR (400 MHz,
CD;0D) 8§ 7.81 (s, 1H), 7.55 (d, J = 8 Hz, 2H), 7.27 (m, 2H), 7.07 (d, /=8 Uz, 1H), |
679 (m, 1H), 4.97 (t, J = 8 Hz, 1H), 4.67-4.58 (m, 2H), 442 (m, 1H), 4. 14 (m, 1H),
3.80-3.72 (m, 1H), 3.63 (m, 1H), 3.49-3.43 (m, 3H), 3.18 (m, 1H), 2.51 (t, J = 4 Hz,
15), 2.38 (m, 1H), 1.72 (d, J = 8 Hz, 1H), 0.93-0.87 (m, 2H), 0.75-0.65 (m, 1H), 0.53
(t, J=4 ¥z, 1H). ' ' '
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' Example 7

2

2.5-dichlorobenzyvlamino)propan-

Br 7a : 7

Scheme 7: 1. 2—bromopropmny1 chloride, TEA, DCM; 2. 2.5-
dichlorophenyl)methanamine, K,CO3, DMF.

Intermediate  7a: '2-br0mo-1-(4-cyolopr0py1-3,4«dihydroquinoxalin—

| 1(2H)-yD)propan-1-one. To a solution of 1-cyclopropyl-1,2,3,4- tetmhydroqujnoxaline.

(600 mg, 3.44 mmol, 1.00 equiv) in DCM (20 mL) at 0 °C was added triethylamine
(697 mg, 6.89 mmol, 200 cquiv) followed by the dropwise addition of 2-
'bromoplopanoyl chloride (1.17 g, 6.84 mmol, 2.00 equiv) and the resulting solutmn

was allowed to warm to room tempf*ramre and then stirred for 3 h. The mixture was

diluted with dzchloromethane (50 mL), washed with ZXSO_mL of brine, dried over |

.anhydrous sodium sulfate and then concentrated to afford 690 mg (65%) of

intermediate 7a as a yellow oil.

Example 7: 1-(4-cyclopmpy1—3 '4-dﬂ1ydr0i1uinox.a1in~1(21—1}y1)-2~(2,5,—. '

chchiorobenzyldnnnu)propawl one. To intermediate 7a (600 mg, 1.94 mmeol, 1.00
equiv) in DMI‘ (10 mL) was added (2,5- dichlorophenylymethanamine (341 mg, 1.94

mmol, 1.00 eqmv} and potassium carbonate (542 mg, 3.92 mmol, 2.00 equiv) and the

reaction was stirred for 3 h at 60 °C. The rcaétion, was diluted with 50 mL of ethyl’

acetate, washed with water (2x50 mL), brine (2x50 mL), dried over anlydrous sodium

sulfate and then concentrated. The residue was purified byA preparative TLC (pe’trolcum

ether/ethyl acetate (4:1)) tollowed by prepara’aw reverse-phase HPI C to afford 30.2
mg (4%) of Examplt: 7 bis TFA salt as a pink oil. MS (ES, m/z): 404 [\'I+H]+ 'H-NMR
(300 MHz, CDgOD) §7.70 (s, 1H), 7.56-7.47 (m, 2H), 7. 29-7.22 (m 2H), 7.14-7.12 (m,

1H), 7.56-7.47 (0, 2ED, 6.81-6.70 (m, 1H), 4.73-4.59 (m, 1H), 4.46-4.30 (m, 3H), 3.83
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(s, 1H), 3.54-3.31 (m, 3H), 2.51 (brs 1H),16%(s 1H), 1.24 (d J= 69 Hz, 2H) 0.96-

0.82 (m, 2H), 0.73- 0.62 (m, 1H), 0.52-0.48 (m, 3H)

. Example 8
(4-cvclopropyl-3.4-dihydroquinoxalin-1(2ED-y0(1-

('2.5dichlOrobenzvloxv)cvolopen_wl‘)methanone

. // \>
1 NC.__.OTMS 2 HO COOH 3. . )
S— TG o z— O

’ 8a

N

¢l  ’. B
15(/’& N—]
T \ :

Ci 8 \ /)

Scheme 8: 1. TMSCN, Znl;, DCM; 2. HCL, AcOH 3. 1e, EDCI HOAT, D]\'fF 4,

2-(bromomethyl)- 1 /A-dichlorobenzene, NaH; DMF.

Intermediate 8a 1-(uime‘thylsﬂyloxf)cyclopentanecarbonitrile:, :
'Cyclopentanone (2 g, 23.78 mmol), TMSCN (3.53 g, 35.66 mmol), and Znl; (890 rog,

2.79 mmol) were dhqolved in dichloromethane (20 mL). The resulting %mutlon was- o

stirred for 6 h at room temperature, then diluted with 20 mL of H,O and °'<tracted with
twice with dlchloromethane The combmed organic layers were washed w1th brine. The

mixture was dried over anhydrous sodium sulfate and conoentrated under reduced

pressure to give 8a (4 g, 92%) as bmwn oil, which was used without further .

purification.

Intermediate 8b ]:—hydroxycyclopentanccarbbxylic acid: 8a 3 g 16.36 o
~ mmol, 1.00 equiv) was dissolved in acetic acid (4 mL) and Qon'centrated hydrogen

chloride (4 mL). The resulting solution was stirred for 4 h at 80 °C. The mixture was

then concentrated under reduced pressure to give 8b (2 g, 94%) asa white solid, which

was used without further purification.

_ Intcrmecha.te 8 - wclopropyl -3,4- d1hvdroqumoxalm~l('?H) -yD(1- .
" hydroxycyclopentyl)methanone: 8b (170 mg, 0.98 mmol), 1-hydroxycyclopentane-1- -
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carboxylic acid (260 mig, 2.00 mmol), EDCI (288 mg, 1.50 mmol), and HOAT (204
mg, 1.50 mmol) were dissolved in ]\’,N—dimeﬂwlformmﬂdc (3 mL) and stirred
overnight at room temperature. The resulting solution was diluted With 10 mL of Ha0
and extracted twice with ethyl acetate and the combined organic layers washed with
brine. The organic phase was dried over anhydrous sodium sulfate and concentrated
under reduged pressure. The resulting residue was puﬁﬁed by flash-column -
chromatography using ethyl aceiate/petroleur.ﬁ ether (1:5) as cluent to give 8¢ (40 mg,
14%) as a yellow solid. MS (ES, m/z): 287 [M+H]". '

Example - 8 (4-cyclopropyl-3,4-dihydroquinoxalin-1(ZH)-yI)(1- -
(2,5dichlordbenzyloxy)cyclopentyl)metharione: 8¢ (30 mg, 0.10 mmol was dissolved in
J\ﬁNudimeﬂiylfonnamidc (1 mL) and the resulting solution cooled to 0 °C. To the
stirring solution was added sodium hydride (10 mg, 0.25 mmol) and the resulting -
mixture was stitred for 10 min at 0 °C. A solution of 2-(bromomethyl)-1.4-
dichlorobenzene (40 mg, 0.17 mmol) in N,N-dimethylformamide (1 mlL) was then
added and the ré.s;_tlting solution was stirred for 4 h at rodm ternperature. The crude
mixture was purified by preparative HPLC with a C18 silica gel stationary phase uéing
a 6 min gradient CH;CN : HhO 0.05% TFA (72 : 28 10 84 : 16) and detection by UV at .
254 nm to provide the title comp'o'und_TFA_saIt {25.7 mg, 55%) as a yellow seri-solid. o
MS (ES, m/z). 445 [M+1]". "H-NMR (300 MHz, CD;OD) § 7.25-7.38 (m, 4H),
7.01-7.07 (m, 2H), 6.71 (t, J= 7.8 Hz, 1H), 4.44 (s, 2H), 4.01 (s, 2H), 3.33 (m, 2H),
2.33-2.41 (m, '3}1), 2.04-2.19 '(m; 2H), 1.72-1.82 (m, 41), 0.76 {m, 2H)‘, 0.52 (m, 21).

dichlorobenzyloxy)eyelopropylDmethanone

Y o~ S O
ﬂ/\\j\Nj I o= N@ Y C[, B “@ -
SORRTNY AN P aS

ie ‘ Sa
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Scheme 9: 1 1-hydroxycyclopropaneéa_r"boxyl.ic-.acid, HATU, DIEA, DMF; 2.2

(bromomethyl)-1,4-dichlorobenzene, K;CO1, DMF.

Intermediate  9a ‘ (4-cycloprépy1-3,4-"c1i‘h‘ydroquinoxa§in~i(ZH)-yI)(_ 1-

hydroxycyclopropyl)methanone: 1—I—Iyd.roxycyclopropane~1-carbo;\“ylic acid (100 mg,
0.98 nmm].); 1—cycloprOpYI-l,2,3,4-tetrz.3hydroquinoxa1ine (100 mg, 0.57 mmol, 1.0
equiv), HATU (262 mg, 0.69 .mniol; 1.2 equiv), DIEA (90 mg, 0.70 mmol) was

dissolved in N,N-dimethylformamide (2 mL). The resulting solution was stirred

overnight at room temperature, then diluted with 10 mL of H,O and extracted twice

with ethyl acetate. The organic layers were combined and washed with brine, then dried

" over anhydrous sodium sulfate and concentrated under reduced pressure. The residue

was purified by preparative TLC with ethyl acetate/petroleum ether (1::1) to give 9a
(100 mg, 67%) as a light yellow solid. MS (E’S m/z): 259 [M+1]

_Example 9  (4-cyclopropyl-3,4- d1hydroqumoxalm 1@H)-y1)(1- ( 2,5+

dicl.\}orobelmyloxy)cyciopfopyl)in.et}xanone: 9a (85 mg, 0.33 mmol), 2-(bromomethyl)-

1 ,4-dichlorobenzene (85 mg, 0.3 mmol), and potassium carbonate (85 mg, 0. 62 mmol) -

were dissolved in N,N-dimethylformamide (2 mL). The resulting solution was stirred

overnight at room temperature, then diluted with 20 mL of H;0O and extracted twice
with ethyl acetate. The organic layers were combined and washed with brine, then dried

over sodium sulfate and concentrated urider reduced pressure. The crude mixture was

purified by preparative HPLC with a C18 silica gel stationary phase using a 7 min
gradient (CH;CN : HO 0.05% TFA 60 : 40 to 80 : 20%) and detection by UV at 254

nm to provide the title compound (25.1 mg, 18%) as the TFA salt. MS (ES, nvz): 417.
M-+HT 'HNMR (400 MHz, CD;0D) & 73 3(d,J=8.0Hz 1H), 727(d,J=84 Hz,‘

1H), 7.19 (4, J= 8.4 Hz, 1H),7.08 (t, J = 8.0 Hz, 1H), 6.99 (d,/=17.6 Hz, 1), 6.74 (t,

J=8.0Hz, 1H), 6.57 (m, 1H), 4.37 (s, 2H), 3.92 (s, 2H), 3.38-3.41 (m, 2H), 2.25-2.27 S

(m, 1H), 1.46 (t, 2H), 1.18-122 (m, 2H), 0.66-0.67 (m, 2H), 0.19 (m, 2H).
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Example 10
, 1S) ( 1 { Z,D—dmh]ombenzy l)pwrohdm- -yD(3.4- dlhvdroqumohn-l(2m vDmethanone

Boc ' H . Boc 0
o oy A Eal
N__.COOH + [\[ ] 1 ]\N 2, L
4 . .
. TN \v’

( .
/ (\/f >
' 10a ' . 10b

ol
. 7
3 /).}_/\(‘\ 0O /E
S ¢ N .‘\._!J\N N
T

Scheme Ii() 1. HATU, DIEA, DMF; 2 '[I*A DCM; 3. 2—(broh10m€thy1)-1,4-
5 dichlorobenzene, K2C03, MeCN. :

Intormediate 108 - (S)tertbutyl  2-(1,2,3,4-tetrahydroquinoline-1-
uaibonvl)pwrohdme 1 carboxyiate  (28)-1-[{Tert-butoxy)carbonyl]pyrrolidine-2-
carboxylic acid (500 mg, 2.32 mmol), 12,3, 4-tctrahydroquinoline (620 mg, 4. 65
. '10- mmol), HATU (1.77 g, 4.66 munol), and DIEA. (60() mg, 4.64 mmol) were dissolved in
| N,N- dlmcthylformaxmde (5 mL). The resulting solution was stirred for 2 h at room
Lempuamre ‘then quenched by the addition of water. The resulting solution was |
extracted with thrice with ethyl acetate and the. orgamc layers combined and dried over .
anhvdrous sodmm sulfate and concentrated under reduced pressure to gwe 10a 0. “7

15 74%) as yellow oil, which was used directly without further mmﬁcauon

Intermediate  10b (S)-(3,4-c1ihydroqu.inolm- (2H)-y)(pyrrolidin-2-

yl)methanonc 10a (500 mg, 1.51 mmol) was dissolved in dichloromethane (10 mL)

and trifluoroacetic acid (0.5 mL). The resulting solution was shrred overnight at room - |

temperature, then concentrated under reduced pressure to give 10b (304 mg, 87%) as

20 yellowoil, which was used duccﬂy without further purification.
- Example 10 (8)-(1-(2, 3-chchlorobr‘nzvlmyrrohdm- 2-yh(3,4-
dihydroquinolin-1(2H)- yl)lllefhanone' 10b (200 mg, 0.87 mmol), 2- (bromomclhyl) 1,4-
dichlorobenzene (208 mg,. 0.87 mmol), and potassium carbonate (360 mg; 2 2.60 mmol)- .

were dmohcd in acetonitrile (5 m1.) and the resulting solution . was stirred owrnmht at
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" room ffempérature. “The mixture was then diluted with H,O and extracted trice with ethyl

acetate. The organic layers were combined and dried over anhydrous sodium sulfate,

_then concentrated under reduced pressure. The crude mixture was purified by - -

preparative HPLC with a C18 'si'_l_ica' gel stationary phase using a 8 min gradient
(CH3CN : H,0 0.05% TFA 23 : 77 to 41 : 59) and detection by UV at 254 nm to
provide the title compound as TFA salt (140 mg, 41%) as a yellow semi-solid: MS (ES,

m/z): 389 [M-+H] "H-NMR (400 MHz, CD;0D) § 7.75 (4, J = 26.1 Hz, 1H), 7.54 (d,; /-

= 4.5 Hz, 25D), 7.33 (s, 2H), 7.14-7.23 (m, 2H), 4.55-4.72 (m, 2H), 3.79-3.90 (m, 1H),
370 (d, J = 4.5 Hz, 2H), 3.50 (s, 1H), 3.37-3.42 (m, 1H), 2.84 (4, J = 18 Hz, 1H), 2.68
(d,J = 3.6 Hz, 1H), 2.21-2.33 (m, 1H), 2.01-2.15 (m, 4H), 1.74 (s, 1H). |

‘ anmple 11
(8)-(1-(2,5- dic chlorobcnzvl)pmcrtdm-z-vl)( 3.4-dil wdwqmnolm-](A{)-vhmcthanone

KX

Cl

o™ o f/\ -
A ,L\ J
11 ] /'
I:{émple 11: - (S)- (1 -(2,5- dxcblorobenzvhmpemdm—2 vl)(3 4- _

dlhydroqumalm—l(ﬂ—l) vl)mahanone 11 was svnthesmud in an analogous iashmn to

Example 16, ,mng (8)-1-(tert-butoxy cmbonyl)plpeudme-2 Larbo*cyhc acid in place of

(8- -tert-butyl 2-(1,2, 3 4-{etrahydroquinoline- 1-carbony1)pvrrohdme l-rarboxyhte .
1solated as the TFA salt. MS (ES, m/z); 403 [M+H]". 'H-NMR (300 MHz, CD;0D) 5
7.80-7.86 (m, 1H), 7.54-7.61 (m, 2H), 7.37-7.41 (m, 3H), 7.19-7.22 (m, 1H), 4.76-4.81

(m, 1FD), 4.66 (d, J=13.2 Hz, 1H), 4.51 (d, /=129 Hz, 1H), 4.36-4.40 (m, 1H), 3.46-
355 (m, 1H), 2.82-2.94 (m, 1H), 2.12-2.19 (m, 1H), 1.88-1.99 (m, 2H), 1.68-1.77 (m,
4H), 1.33 (d, J = 6.6 Hz, 1H). ' a '
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Example 12 :
y1(1-(2.5- dlchlorobcpz_y_)p ohdm-f

2 yl ymethanone

ihvdroguinoxalin-1(2

0. . 0] ' . o 0 \ )
\—OH Nl . \ \
Cbz, * . Cbz, _f : - Cbz, .}‘L"N\ _/N"(j
N -1 , I?l} 2. -\ -
o o O
12a - ‘ 12h
(=
| ]
_ N4
,/' . Cl O%:-/N\‘/_J’
. - —~ H
———3———> }}"N N—q ___Ii__> ! = h\l_/\\
HN \—f—/ : 2 -/
L- ’ : ‘ : Cl
i2¢ : : 12

5 Scheme 12: 1. (COCI);, DMF (cat.), DCM. 2. le; TEA, DCM. 3. 33% IIBr in HO.Ac.
4. 2-(bromomethyl)-1,4-dichlorobenzene, K,CO3, CH3CN. '

Intermediate - (S)- ’oeniyl 2 (chlorouafbonvl)pyﬁ'olidine¥i-
' Larboxylate Toa soluuon of (8)-1- [(bemyloxy)carbonyl]pyrrohdme- —carboxym acid- -
10 (214 mg, 0.86 mmol, 1.00 equiv) and DMF (cat.) in DCM (10 mL) was added oxalyl :
chiloride (32 24 mg, 2.55 mmol, 2.97 equiv) dropwise. The reaction mixture was stirred at
room temperature for 2 h, and concentrated under reduced pressure to give 250 mg

(crude) of (S)-benzyl 2- (chlorocarbonyl)pyrrohd1nc~l~ca.rb0xviate as }ellow oil.
Intermediate 12b: (b)-benzyl 2-(4-cy clopropyl—l 2,3 4-
15  tetrahydroquinoxaline-1-carbonyl) pyrrolidine-1-carboxylate. To a solution of le (210
mg, 121 mmol, 1.00 equiv) in DCM (20 ml), were added (S)-benzyl 2-

© (chlorocarbonyl)pyrrolidine-1-carboxylate (320 mg, 1.20 mmol, 1.00 equiv) and

tricthylamine (126 mg, 1.25 mmol, 1.00 equiv). The resulting solution was stirred for 4 -

h at room temperature. The resulting mixture was concentrated under reduced pressure
20 to provide 400 mg (82%) of (8)-benzyl 2-(4-cyclopropy 1-1,2,3,4-tetrahydroquinoxaling-.
1-carbonyl) pyrrolidine-1-carboxylate as a yellow solid. MS (ES, m/z): 406 [M+H]",

Intermediate 12¢:  (S)-(4-cyclopropyl-3,4-dihydroquinoxalin-1(2F)-
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yl)(pyrroiidin—z-yl)methénone. To {S)-benzyl 2-(4-cy'clopropy"l-l',2,3,44
tetrahydroquinoxaline-1-carbonyl) pyrrolidine-1-carboxylate (300 mg, 0.74 mmol, 1.00
equiv) was added hydrogen bromide (33 Wt% solution in glacial acetic acid, 5 mL). The

mixture was stirred for 0.5 h at room temperature. The resulting muxture was

concentrated under reduced pressure to give 300 mg (crude) of (Si)-(4-cyblopropy1-3,4- )

dihydroquinoialin—l(ZH)—yl)(pyrrolidin-2~yl)methanon_e as a light yellow solid. MS
(ES, m/z): 272 IM+H]" ' '

Eiample ©12:7 (S)~(d-cyclopropyl-3,4-dihydroquinoxalin-1( ZH)"—yif)'(.I--'

(2,5-dichlorobenzyl) pyrrolidin-2-yl)methanone. To a: solution of (S)—(4-cyci.opropy41-

3 4~dihydroquinoxalin-1(2H)-yl)(pyrrolidin-2-yl)metbanone (50 mg, 0.18 mmol, 1.0.

equiv) in, CH3CN (2 mL) were added 2-(bromomethyl)-1,4-dichlorobenzene (50 mg,

0.21 ramol, 1.2 equiv) and potassium carbonate (34 mg, 0.39 mmol, 2.0 equiv). The

resulting solution was stirred for 2 h at room temperature. The resulting mixture was
diluted with cthyl acetate, washed with brine (2x20 mL), dried over anhydrous sodium
sulfate and concentrated under reduced pressure. The crude produbt (80 mg) was.

. purified by Prep-HPLC : Column, SunFire Prep-C18, 19*150mm Sum; mobile phase

gré.dient, water 0.05%TFA : CH;CN (35% to 55% CH3;CN over 10 min; detector,
Waters 2545 UV detector 254/220nm) to provide 50 mg (63%) of the title compound as

a white solid. MS (ES, mvz): 430 [M+H]".. '"H-NMR (400 MHz, CD;0D) & 7.76 s

0.3H), 7.71 (s, 0.7H), 7.57 — 7.46 (m, 2H), 7.41 (¢, J = 8.9 Hz, 0.3H), 7.30 - 7.20 (m,

1.7); 7.08 (4, J = 7.8 Hz, 1H), 6.79 (6, J="7.1 Hz, 0.7H), 6.70 - 6.61 (m, 0.3H), 4.67 —
4.44 (m, 2H), 4.03 ~ 3.92 (m, 1H), 3.84 = 3.71 (m, 1H), 3.71 — 3.53 (m, 2H), 3.52 ~
3.35 (m, 2H), 3.22 ~ 3.10 (m, 1H), 2.53 - 1.74 (m, SH), 0.99 ~ 0.81 (m, 2H), 0.74 ~

0.46 (m, 2H).
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. Example 13 , .
{ S) {2- (4 ¢V clnnroml 123 4—tetrahydroqu.noxalmc- -carbonvl)mner*dm 1-y1)(2.5-

(h (,hloronhenvl\methanone

| | I\)\rCOOH M J\r i

~Cl 13a ‘_ b

‘/A

O\/OH

\\\/\

13.

5 Scheme13: 1. (S)-methyl plpendmc -2- Laxhoxyla‘fc HATU, DIEA DMF, 2L 1()H
THF, 1,0; 3. 1e, HATU, DIEA, DMF.

Intermediate 13a (S)-methyl  1-(2,5- dichlor oben/oyl)plpundmc-
carboxvlate To a solution of 2,5-dichiorobenzoic acid (1.00 g, 5.24 mmol, 1.00 cqmv)'
-10 in DMF (10 mL)were added (b)-me‘thjyl pipetidine-2-cartboxylate (750 mg, 5.24 mmol,

1.00 equiv), HATU (4.00 g, 10.5 mmol, 2.00 equiv), DIEA (2.74 g, 21.20 mmol, 4.00 |

equiv). The resulting ‘:ohmon was stirred overnight at room temperature. The 1c>ultuw”
mixture was uoncentratcd under reduced pressure. The rc31duc was purified by ﬂasb—v
column chromatography with petroleum ether/ethyl acetate (1: 1) Lo glve 145 g (88%\ :
15 of (S)-methyl 1-(2,5-dichlorobenzoyl)piperidine-2- carboxylate as yellow oil. MS (ES,
m/z): 316 [M+H]". . ' '

ﬁlnteimedi'ate- ' '143_b: (S_)«1-(2,5-dichléroﬁénzoyl)pipeﬁdhie-Z—choxylic, '.
acid. To a solution of (S)-methyl 1—(2,5-dichlorbbenz.oyl)piperidiﬁe-z;carbo)tylate (450'_
mg, 1.42 mmol, 1.00 equiv) in THF/water (10/10 ml) was added LiOHH,0 (30,0 me,
- 20 7.15 mmol, 5.00 equiv}, The resulting solution was .stirrcd ovemiéht' at room

temperature. The resulting mixture was concentrated under reduced pressure. The pH of -
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‘ the solutmn was adjusted to 2~3 with hvdrogen chloride (1 M) The resulting solu’uon"‘

was extracted with ethyl acetate (3x30 mL). The organic laycrb were combmed dried

over anhydrous sodium sulfate and con¢ entrated under reduced pressure to gne 04 ¢

(93%) of (S)-1-(2,5- mchlorobcnzoyl)pxpendmv 2-carboxylic ac1d as light-yellow oil, '
MS (ES m/z): 302 [M+H] ‘

. Examp]e 13: ‘-'(S)-(2—(4-c.yclopropyl—1_;2,3,4--tetrahy‘droquinoxaline-1- .
‘c'arbonyl).pipendmﬁ -¥1)(2,5-dichlorophenyl)methanone. To a solution of (8)-1-(2,5- -

dichlorobenzoylpiperidine-2-carboxylic acid (130 mg, 0.43 mmol, 1.5 equiv) in DME
(5 mL) were added 1e (50 mg, 0.29 mmol, 1.0 equiv), HATU (218 mg, 0.57 mmol, 2.0

equiv) and DIEA (149 mg, 1.15 munol, 4.00 equiv). The resulting solution was stirred

Overmght at room temperature. The resulting m1x*u1c, was concentrafed under reduced

pressure. The crude product (100 mg) was purified by Prep-HPLC : Column, SunFire

Prep-C18, 19*150mm 5um; mobile phase gradient, water 0.05%TFA : CHaCN (75% to
'78% “H~(‘N over 10 min; detector, Waters 2545 UV detector 254/22 0nm) to provide

20 mg  (15%) of . (S)-(2~(4-cyclopropyl-1, 2,3 4-tetrahydroqmuo*{alme-l- |

Larbonyi)pipmidin—’i -y1)(2,5-dichlorophenyl)methanone TFA salt as a light yellow

solid. MS (ES, m/z): 458 [M+H]'. 'H-NMR (300 MElz, CD;OD) § 7.20-7.42 (m, 2H),

6.96-7.17 (m, 3H), 6.65 (t, /= 7.5 Hz, 1H), 5.70-5.80 (m, 1H), 4.19-4.75 (1, 2H), 3.21-

376 (m, 3H), 2.39 (d, J = 3.6 iz, 1H), 1.20-1.75 (m, 7D, 0.70-0.79 (. 2D, ©. $3.0.58

(m, 2.

Example 14

( S)'(‘"“'CVCIOUIODV 1-3 ‘4-dih\rdroquin0Ya.iine~ 12H)-y Bl "(2 .S-dichlor ObC’Il'Z.‘Y] )Diﬁefidiﬂ* o

2-v]) methanone

g N/l |

O\/ \/J .
AN /\
g) u

Cl

Examplc 14 (8)-(4- cyclomopyl -3, 4 dﬂdeoqummahne-l(”H) yl)(l-, |
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* (2,5-dichlorobenzyl) piperidin-2-ylymethanone. Ex.émpie 14 was prepared using the -
procedure described for the preparation of Example 12, except that (S)-1-(t -

btﬁdxycarbonyl)piperidi.ﬁe-2-carboxyﬁc acid was - used in p.\acc- of (8)-1-

[(benzyloxy)carbonyl]pyrrolidine-2-carboxylic acid. Isolated as the bis TFA salt. MS

(BS, m/z): 444 [M+H]". 'H-NMR (300 MHz, CD;OD) § 7.81 (s, 1H), 7.60-7.33 (m, |

2H), 7.30-7.27 (m, 3H), 6.87-6.71 (m, 1H), 4.85-4.41 (m, 4H), 3.51-3.25 (m, 5H), 2.56-

2,42 (m, 1H), 1.98-1.60 (m, SH), 1.40-1.20 (m, 1H), 0.97-0.82 (m, 2H), 0.66-0.45 (m,

2H).

Fxample 15 v
(R)-(4-cvclopropyl-3.4- dlhvdroqmnoxahn—l(”IT)-VI‘)( 1-(2.5-dic hlombem Doyrrolidin-

<ﬁ\(»\
wvw‘ﬂ,

~I

' 'Examﬁle 15: (R) (4~cyc10prbpyl-3,4—dihydfoquinoxa1in—l(Q.H)-YD(l-

(2,5 dxchlorobenzyl) pyrrolidin-2-yhmethanone. hxample 15 was prepared using the

prowdurc described for the preparation of - Example 12 except ‘that - (R)- ], (t-.'

butoxy carbonyl)pyirohdmb- -carboxylic acid was used in. place of  (S)-1-

[(benzvlow)carbonyﬂpyrrohdme-z -carboxylic uCld Isolated as the bis TFA salt. MS‘_ '

(ES, m/2): 430 [M+H]". 'H-NMR (300 MHz, CD;0D) § 7.70-7.73 (m, 1H), 7.50-7.54

(m, 2H), 7.24-7.27 (m, 2H), 7.07-7.10 (m, 1H), 6.79-6.81 (m, 1H), 4.58 (4d, /=25,

13Hz, 2H), 3.96-4.01 (m, [H), 3.37-3.84 (mw, SH), 3.13-3.18 (m, 1K), 1.75-2.58 (m,
5H), 0.53-0.92 (m, 4H). B
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Eumple 16
(R) (4- cyclomoovl 3 4- dlhydroqumoxalmc-l( 2H)-vh)( ] (2 5- d;chlombemv!)muendm-

2-vl) methanone

//\ -~
5 | ) E Example 16: (R)~(4-cyc10proiayl—3,4-djhydx0quin0xaline—1(2H)-yl)(l-

(2,’5-dichlorobenzyl) piperidin-2-yl} methanone. Example 16 was prepared using the

pmcedure described for the preparation of Example 12, cxcept that (R)-1-(t-
butoxyca;rbonyl)piperic‘line-z-carbdxylic cacid was used in plaée of (S)-1-
[(benzyloxy)cafbonyl]py'rroiidine-2-carboxylic acid. Isolated as the bis TFA salt. MS
10 (ES, m/): 444 [M+H]". "H-NMR (400 MHz, CD;0D) § 7.77-7.79 (m, H—D. 7.53-7.58
(m, 2H), 7.23-7.31 (m, 3H), 6.75-6.90 (m, 1H), 4.49-4.54 (m, 1H), 4.34-4. 39 (m, 3H),
3.47-3.56 (m, 4H), 3.12-3.31 (m, 1H), 2.51 (m, 1H), 1.68-1.78(m, SH), 1.25- 1.40 (o, |
1H), 0.88-0.91 (m, 2H), 0.62-0.65.

5 - ~ Examplel7 _ o |
(83-(4-cyclopr <mv1 3.4- dlhvdroqumoxalmc 1(2H)-yD(1-(2,5-dichlorobenzyl)azetidin-2-
v mg,thanon

O Vo
‘f‘\ YN N
SN H ‘

@J Y |

S 17

v F\ample 17: (S)-(4-cyclopropyl—3,/iidih.y'd.roqui_noxzﬂ_ine-1(ZH)—yI)(}.- :

20 (2,5-dichlorobenzyl) azetidin-2-y)methanone. Example 17 was preparéd' using the .

' procedure described for the preparation of Example 12 except that (8)-1-(t-

butoxycarbonyl)azetidine-2-carboxylic acid was wused in place of (S)-1- .

110



. UI.

10

WO 2013/096771 - . o o PCT/US2012/071251

' [(benzyloxy)cm'bonyl]p}qrcwlidin.e-z;carbozéy]jc éoid. Isolated: as the bis TFA salt. MS .
(ES, m/iz): 416 [M+H]". 'H-NMR (400 MHz, CD;0D) & 7.61 (s, 1H), 7.54 (jm,ZHj,-'
7.28-7.24 (m, 2H), 6.94 (d, J=8Hz, 1H), 6.80 (tm, 1H), 5.60 (&, J=9Hz, 1H), 4.53 (dd,
J=51, 14Hz, 2H), 4.18 (m, 1H), 3.95 (m, 1H), 3.83-3.74 (m, 2H), 3.44-3.38 (rm, 1H),
3.20-3.14 (m, 1H), 2.51 (s, 1H), 2.43-2.36 (m, 2H), 0. 9? (d, J‘“6HA, AH) 0. 68 0.60 (m
2H).

Exiample. 18

(S)-(4-cyclopropy!

dichlorophenyDsulfonylipyrrolidin-2-yl)methanone

Os N
Ci O\ i/o 7::
\\ /S\N/
)
18
Ql

Example 18: (S)~(4-cyclopropyl-3 ,4-dihydr9quinoxaline- 1QRH)-yD(1-

- (2,5-dichlorophenyl)  sulfonyl)pyrrolidin-2-yl)methanone. To a solution of 2,5-

dichlorobenzene-1-sulfonyl chloride (200 mg, 0.81 mmol, 1.00 equiv) in DCM (10 mL)
were added 12¢ (220 mg, 0. 81 mmol, 1.00 equiv) and mcﬂxynmme (180 mg, - 178 :
mmol, 2.18 equiv). The resulting solution was stirred overnight at room temperaturc .
The resulting mixture was concentrated under reduced pressure. The crude product (320

mg) was purified by Prep-HPLC : Column, SunFire Prep-Cl18, 19%150mm Sum; mobile

o phasg gradient, water 0.05%TFA : CH;CN (46% to 61% CHsCN over 7 min; detector, '

Waters 2545 UV detector 254/220nm) to provide 191.8 mg (49%) of the title compound
TFA salt as a brown solid. MS (ES, m/z): 480 MHH] 1H -NMR (300 MHz, CD;0D) &

772 (s, 1H), 7.54-7.53 (m, 2H), 7.25-7.16 (m, 2H), 6.98 (4, J=7.5Hz, 1H), 6.68-6.62 .

(m, IH) 5.09-4.96 (m, 1H), 4.30-4.19 (m, 1H), 3.70-3.64 (m, 1H), 3.50-3.35 (m, 4H)
2,53 (s, 1H), 2.18-2.01 (m, 3H), 1.88-1.74 (m, 1H), 0.88-0.84 (m, 2}!3 0. "2 0. 6Z(m,

2H).
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: : Example 19
(8)- (4-cvcloprom 1—3 4 dlhvdroqumoxahne 1( ”H)-vl)( 1-(2, 5. dlk.]LO] oben7vﬁ-4 4-

dumthvlpvrrohdm-j.—y])methanone

/\/CI

01/1\/% o

5 - Ex'lmple' 19:  (S)-(4-cyclopropyl-3 >4 dihyquuino*calinc-l(?.f{).5?1')(1- |

(2 5 dlchlorobcnzyl) -4 4—d1metbylpy*rohdm—"-3 1)methanone. Iwamp‘lc 19 was prepared
using the procedure described for the preparation of Example 12 except that (8)-1- (-
butoxycarbonyl)-4,4-dimethylpyrrolidine-2- wxboxyhc acid was used in place of (S)-1-
. [(benzyloxy) galbonyljpyn‘ohdme- 2-carboxylic acid. Iqolated as the bis TFA salt. MS
10 (ES, m/iz): 458 [M+HT". 'H-NMR (300 MHz, CD;0D)§ 7.77 (\m, 1H), 7.53 (m, 2H),
| 7.27 (m, 2H), 7.05 (m, 1H), 6.80 (m, 111), 4.97 (m, 1H), 4.59 (m, 2H), 3.70 (m, 2H),
3 56 (m, 1H), 3.42 (m, 2H), 3.05 (m, 1H), 2.51 (m, 1H), 2 b (m ), 1.75 (m 1H),
1 17 (m, 6H),O9“ (m, 2H), 068 (m, 1H), 0.55 (m, IH)

15 o ' : Examp!e 20

( S)-(4-cvc'iopropvl—3,4—di’hvdroqui'nox.aline-'l('ZH)-VD( 1-(2.5-dichlorobenzyl)-2- '

- methylpvrrolidin-2-ylymethanone

- Bxample 20: .'(S) -(4- c.yc]opropyl-" 4- dihy'droduinoxaliné~l(2H) yi)(i-
20 (2 S-dxolﬂombemyl) -2~ methylpyrrohdm-Z-vl)methmwne Example 20 was prepared

using the procuiure de;cnbed for the preparation of Example 12 except that (S) -1~
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((benzyloxy carbényl)-_fz-methylpyrrolidine-2-carboxylic acid was used in pla'ce'df (S)-
1-{(benzyloxy) carbonyl]pyrfolidiﬁe-'l-carboxylic acid. Isolated as the bis TFA salt. I\/[q
(IS, m=): 444 [MH]". 'H-NMR (300 Mz, CD;OD) § 7.96 (5 1ED), 7.59-7.51 (m,
2H), 738 (s, 1H), 7.28-7.23 (m, 2H), 6.82-6.76 (m, 1H), 4.72-4.62 (m, 1H), 4.41-4.02
(na, 21D, 3.80-332 (m, SH), 2.53-2.14 (m, 4H), 2.10-195 (m, LHD, 1.80-1.38 (m, 3H),
0.95-0.84 (m, 2H), 0.72-0.50 (m, 2H). |

, Example21 | |
R)-A( 4—cvclo*;>r0_nv1~3 A-dihydroguinoxaline-1 2H)-vD(3-(2.5- -

dichlorobenzy!thiazolidin-4-vh)methanone

Cl

- R

(N o

Example 21: (R)-(4-cyclopropyl-3,4-dihydroguinoxaline-12H)-yD(3-

L (:2,5-dichlorolﬁex1zy'1) th‘iazolidin—4—'y}.'.}methanone. Example 21 was prepared using the

15
' [(benzyloxy)cﬂrbonyl]pyrrolidine-Z-'carboxyﬁc acid. Isolated as the bis TFA salt. MS
(BS, m/z): 448 [M+H]". 'H-NMR. (300 MHz, CD;0D) § 7.40-7.03 (m, 6H), 6.70-6.63 L

20

procedure: described for the preparation of Example 12 except that (R)-3-(t-

butoxycarbonﬁ)thiazolidine-ﬂr-carboxylic acid was used in place of (S)-1-

(m, LH), 4.74 (bs, 1H), 4.11 (d, J=9.9Hz, 2H), 3.98-3.76 (m, 3H), 3.60-3.36 (m, 4H),
3.22-3.09 (m, 1H), 2.49-2.40 (m, 1H), 0.85-0.81 (ra, 2H), 0.61-0.49 (m, 2H).
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Example 22
(R) (4- c»clonropvi-o 4- dxhvdroqmnoxa ine-1(2H)-yD)(4-(2.5- 5- :

d:.chlorqbcnzvhtlnomorphohn-3—yl)meth_anone

e -
| K,N\g >

22 -
o

Example 22: (R)-(4-cyclopropyl-3, 4-dihydr0qui®xahné-l(‘-EH)-V ¥4-
2,5-dichlorobenzyl) thiomorpholin-3-yDmethanone. Example 22 was prepared using -
the procedure described for the " preparation of Example 12 except that (R)-4-(t-
butoxycarbonyl)thiomorpholine-3-carboxylic  acid was used in place of (S)-1-
[(benzyloxy) carbonyl]pyrrolidine-2-carboxylic acid. MS (ES, m/iz): 462 M+H] 'H- |
NMR (400 MHz, CDClg) 3 7.51 (s, 1H), 7.28-7.25 (m, 2H), 7.1%-7.15 (m, 3H), 6.76-
'6.72 (m, 1H), 4.21-4.10 (m, 21), 3.88-3.77 (m, 1H), 3.70-3. 62 (m, 1H), 3.61-3.48 (m,
1H), 3 47-3.32 {m, 3H), 2.94-2.60 (m 2H), 2.53-2.36 (m, 31]) 1.60- 1.54 (m, 1H), 0.91-
0.80 (m 211) 0 68-0.50 (m 2H).

Emmple 23 . | _
(S) {(4-cv clcmroml 3.4- dlhvdroqmnoxahne—l(2H)-vD(4 -(2.5- dichloroben;wl)momhohn—~ -

3-yDmethanone

»\/—\

U

- 23

"’"\

o

=

Example 23: (S)- (4 -cyclopropyl-3 4 d lhvquumoxahne 1("TI)-V1)(1-
(‘2,5édichiorobenzyl)-2-methylp)nohdm-Z-yl)me.thanone Example 23 was preparea o
using the procedure described for the preparation of Example 12 except that (S)-4-(t- : '
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' butoxyoarbonyl}gidrpholine$~¢'arboxy1ic acid ‘was used in place of (S)'-1~[(.benzjdéx§r) ‘

. carbonyl]pyrrolidine-2-carboxylic acid. Jsolated as-the bis TFA salt. MS (ES, m/z): 446
[M+H]". "H-NMR (400 MHz, CDCls) 8 7.71 (s, 1H), 7.43-7.35 (m, 2H), 7.21 (s, 2H),
6.72 (s, 2H), 4.66-4.62 (m, 2H), 4.47 (s, 1H), 4.39-4.34 (m, 1H), 4.10-3.30 (m; SH),

1H).

Exampie 24 4
(4- w"loprop\ 1-3.4- dthvdroqumoxalme—I(LH)-VI)((ZS‘) 3 (2.5 -dldﬂorobenzvl) -3-

azabicyclo[3.1.0lhexan-2-vI)methancne

._'24 . \/©/

Example. 24: (4-cyclopmp_vl—3,4-dihydroquinoxaﬁne-1(ZH)-yl)((ZS)-S—

_ (2‘;54dichlorobenz5'1)—3-azabicyclo[3.1.O}hexan-?.-yl}methanone. Example 24 Wés‘
- prepared using the procedure described for the preparation of Example 12 except that
(28)-3-((benzyloxy)carbonyl)-3- azabicyblo[fi.l.O]hexane-?c-arboxylic acid (prepared.-

from commercial (28)-3-azabicyclo[3.1.0Jhexane-2-carboxylic acid by. the acton of

benzyl chloroformate under typical Schotten-Baumann conditions) was used in place of
' (8)-1- {(benq foxy) carbnnvl Ipyrrolidine-2 -carboxvhc acid. MS (ES, rn/~) 442 [‘VI+H]

ILLNMR (300 MHz, CD;OD) 5 7.78-7.69 (m, 1H), 7.57-7.43 (m, 2ED, 7.31-7.20 (m,

2,7H), 7.11-7.04 (m, 0.3H), 6.88-6.78 (m, 0.7H), 6.65-6.56 (m, 0.3H), 5.25 4, J=t SHz,

1H), 4.72-4.54 (m, 2H), 4.37-4.29 (m, 0.7H), 4.08-3.97 (m, 0.3H), 3.95-3.24 (m, SH),
257-2.28 (m, 1.3H), 2.08-1.70 (m, 0.3E), 1.81-1.70 (m, 0.7H), 1.43-132 (m, 0.7H),

1.01-0.42 (m, 6H).

1s -

3.02 (s, 1H), 2.48-2.45 (m, 1H), 0.95-0.82 (m, 2H), 0.74-0.67 (m, 1H), 0.55-046 (m,



10

et
wn

25

WO02013/096771 . - . - PCT/US2012/071251

Example 25

S)-5-(4-cyclopropyl-1.2.3 4-tetrahydroquinoxaline-1-carbonyl (5.

 dichlorobenzvDpyirolidin-2-one

N ¢ N
HN — l TNy Y
d 25 ' T) 'ﬁ d‘} 25
Cl

w
% .
(4]
[¢]
N
L3}
-
B
b
s
-3
5
5]
=5 .
g‘v
A
A
[

o
e
o
=
B
~4
o
a8
P4
K
g
o
d
i
),..]

-
g

 Intermediate 25a: (S)-S-(4-cyclopfop)rl~1,2,3_,4-tétrahydrdquﬁioxaline-_1-
carbonyl)-pyrrolidin-2-one. Intermediate 25a. was prepared using the procedure |
described for the preparation of 'Intermcdiéte 120.‘ except that (S)-1-(t-butoxycarbonyl)-
5—oxopyrrolidine-Z—carboxylic acid ‘was uséd in place of ‘(S)-l-'[(benzyioxy)

carbonyl]pyrrolidine-2-carboxylic acid.

Examplé 25: (S)—S-{4-¢3f'clo.prpp‘3‘rl~1,2,3,4;‘tetrah§,'dr0qujnoxalinerl'~
‘carbonyl)-1-(2,5-dichlorobenzyl)pymolidin-2-one. To a mixture of (S)-5-(4-
cyclopropyl—].,2,3,4-tetrahyquuinoxé[ine-]-carbonyl}pyrroﬁdin-.’l_—bné 252 (80 mg, .
0.28 manol, 1.0 equiv) in THF (5 mL) was added sodium hydride (33 mg, 0.82 mmiol,
3.00 equiv, 60%), followed by addition of 2-(bromémethyl)—l',4-&chlorobénzené (67 |
mg, 0.28 mumol, 1.00 equiv). The resulting solution was, stirred for 2 h at room
temperature. The resulting solution was diluted‘wi'thlf:thyl acetate (10 mL), washed with

brine (2x10 mL) and concentrated under reduced pressure. The crude product (50 mg)

" was purified by Prep-HPLC : Column, SunFire Prep-C18, 19%150mm Sum; mobile

phase gradient, water 0.05%TFA : CHi;CN (56% to 70% CH;CN over 10 min; detector, :
Waters 2545 UV detector 254 and 220nm) to provide 20 mg (16 %) of the title
compound TFA salt as a white solid. MS (ES, m/z): 444 [M+H]". iH-'NM.R (300 MHz,
CD;0D) 8 7.18(111, 5H), 6.67 (m, 1H), 6.52 (m, 1H), 4.65 (m, 2H), 4.09 (m, 115), 3.89
(m, 1H), 3.32 (m, 3H), 2.52 (m, 1H), 2.38 (m, 2H), 2.13 (m, 1H), 1.98 (m, 1H), 0.76
(w0, 2H), 0.51 {m, 2I).
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Example 26 .
(4-cvulomonvl 3.4- dlhydroqumoxahn-l ( ”H)-VD( 1 ( (2, 5-

dichlorobenzyDamino)cvelopropylimethanone

' S N o : Nl Boc 4
Boc\N\ OH - 1, ;| N S [ j T B
Hf%]/ — L A cl o

Scheme 26: 1 le, HATU, DIEA, DMF 1t to 50 °(, 2. 2,5-dichlorobenzyl chloride, -
NaH, KI, DMTF, 3. 4 M HCl in 1,4-dioxane. o :

_ .Intermédiate - 26a 't—‘Buty].- : (1—(4—c_§clop1;opyi—'1,2,3,4- ' ) . _ ’
10 fetrahydroquinoxaline-1-carbonyl) ‘cyclopropyl)carbamate. To a ixture ot Boc-1-
aminocyclopropane-1-carboxylic acid (40 mg, 0.20 m.mol; 1 equAiAv) and 1e (34.6 mg,
0.20 mmol, 1 equiv) in DMF (0.5 mL) were added DIEA (173 ﬁL_,- Al.O-mmol, 5 e.qiﬁv'):'
and HATU (90.8 mg, 0.24 mmol, 1.2 equiv). The mixtﬁte was stirred at room
temperature for 1 hr and at 50 °C overnight. The mixture was diluted with ethyl acetate,
15 washed with Ho0 (2x) and bnn«. (1x), dried over anhydrous sodium suifate, and
concentrated under reduced pres<ure The residue was punﬁed by flash-column
chromatography to give 40 mg (56 %) t-Butyl ( 1—(4—cydop1opy1 1,2,34- .' : j
ietrahydroquinoxalinéd-ca]:bon_vl) cyclopropyhcarbamate as a c-].éar syrup. MS (ES,” o
m/z): 357.9 [MAHT' | S
20 ' Intermediate - 26h: ' t-Butyl  (1-(4-cyclopropyl- '1'..:75 4~
tetrahydroquinoxaline-1-carbonyl) cyclopropy(2,5- dichlorobenzyl)carbamate. To a - .
solution of t-Butyl (1-(4-cyclopropyl-1, 2,3.4«tctrahydroqumoxalme 1-
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ca_rbonyl)ovclopropyl)carbamafe (83.7 mg, 0.234 mmoi 1.00 'e'quiV)' in DMF (1 mL) at

0°C was added 60 % sodlum hydride (103 mg, 0.258 mmol, 1.1 equw) The mixture

was stirred at room temperature for 30 minutes and cooled to 0 °C, To the mixture was
added a solution of 2,5-dichlorobenzyl chloride (49 uL, 0.35 mmol, 1.3 equiv) in DMF
(0.4 mL) and XI (cat.). The mixture was stirred at room temperature for 2 h and 45 °C

for 1 h. The reation was quenched with water, extracted with ethyl acetate. The orgémic

'1dye1 was washed with brine (1x), dried over anhydrous sodium sulfate, concentrated

undcr reduced pressure, and purified by flash-column c]nomatographv to give 82 mg "

(68%) t-Butyl (1—(_4-cyclopropy1-1,2,3,4-1Aetrahydroqumoxahne—1-carbonyl)

vc-yclopmpyl)(2,S-dichlorobenzy].)carbémate as a yellow syrup. MS (ES, m/Zz). 515.9

M+H]".

Example 26: (4-cyclopropyl-3,4- dxhydroqmnoxalm-l (“H) yD(1-((2,5-
dlchlorobcnzv Damino) cyclopropyl)methanene. To t-Butyl (1- (~r-cvc]opropyl -1,2,3,4-
tetrahydroquinoxaline-1-carbonyl) cyclopropyl)(2,5-dichlorobenzyljcarbamate (82 mg,
0.16 mmol) was added hydrochloric acid (4 M in 1,4-dioxane). The mixture was stirred -
at room temperature for 1 hour and cmncentr'ated.- The residue was diluted with. ethyl
acetate, washed with saturated aqueous NaHCOs (1x) and brine (1x), dried over
anhydrous sodinm suxfate concentrated under reduced pressure, and purified by flash-.

columi chr omatography to give 32 mg (48 %) (4-cyclopropyi-3,4- dihy droqumoxahr'-

V 1(ZH)- yh(1: ((u,_ -Lhchlolobem’\l)ammo)cvclopmpwI)methanone as a clear syrup. MS

(ES, m/z); 416 [M+H]". "H-NMR (400 MHz, CD;0D) 8 7.33 (dd, /= 7.9, 1.5 Hz, 1H),
726 (d, J= 8.5 Hz, 1H), 7.20 (dd, J = 8.3, 1.4 Hz, 11, 7.17 (dd, /= 8.5, 2.6 Hz, 1H),
7.12 (ddd, J= 8.4, 7.3, 1.5 Hz, 1H), 6.87 (s, 1H), 6.78-6.71 (m, 1H), 3. 89 (t, J= 5.8 Hz,

2H), 3.61 (s, 2H), 3.44 (¢, J = 5.9 Hz, 2H), 2.46-2.35 (m, 1), 1.46-1.38 (m, 2D, 0.95
(q,J=4.3 Hr, 2H), 0.82-0.74 (m; 2H), 0.49-0.41 (m, 2.
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E\tamp}e 27

§4 -CY cloprop)d 3.4-dihydro mno*calm—l 2H VI)( ((2 5=
dlchlorobenzyhgmethy] Jari no)gyclopro pyl )mbthanone

OU

v
27 Cl
5 - Example 270 (4- cvclopmpvl -3,4- dthdroqumoxalmnl(Qm yl)(l ((2,5-

dnhlombcnzy D{methyl) ammo)cydoplopv])melhanone Toe a mixture of (4-
.yclopropyl A-dihydroquinoxalin-1(ZH)-yl)(1~((2,5- dlchlmobcmyl)ammo)
cyclopropyl)methar_xone (145 mg, 0.035 mmol) in DMF (0.2 ml). were added
~ iodomethane (14.4 ul, 0.23 mmol) and K;COs3 (12.3 mgv,.O'.()QS mamol). The mixture
10 was stirred at '5() °C for 64 hours and purified by Frepfi-ll?I;C to give 8§ mg (4-
: cycl.oprc)pyl—B,4»¥djhydrrjquinoxalﬁ1-1(2H)~y1)(1-((2,5-dichlo:rlcwbenz";yl)(1nétl1yl)an1inc») |
cyclopropjd)meﬂwnone bis TFA salt as a yellow syrup. MS (ES, m/z): 430 [M+H]", ]H;-
NMR (400 MHz, CD30D) 6 7.3 5-7.29 (m, 2H), 7.27-7.22 (m, 2H), 7.18 (4, J=2.5 Hz,
1H), 7.05 (ddd, J= 8.6, 7.3, 1.5 Hz, 1H), 6.70-6.63 (m, 1H), 3.99 (t, J = 5.4 Hz, 2H),.

15 3.80 (s, 2H), 3.41 (t, J = 5:6 Hz, 2H), 2.49-2.33 (m, 1H),2.19 (s, 3H), 1.29 (44, J=76, .

5.3 Hz, 7H), 1.15 (dd, J= 7.7, 5.2 Hz, 2H), 0.88-0.77 (m, 2H), 0.64-0.53 (m, 2H).

Ltample 28

2 7—chlarobenzv1)uvl1ol1dm~1 vl)(4ncvclopropvl~3 4- dihydroqumoxalm 1(2H)~
20 . vl )mcthanone '

Exainpic 28: 2—(2-chlorobe.1rxzyljpyrrolidin-_'l-y'[)(44cy¢16propy1—3',4¥_
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dihvdroQuinoxa!in-1(2H)¥yl)methanonc Toa soluﬁon of 'triphoévéné' (2.7 mg, 0.077
mmol, 1 equiv) in DCM (1.3 mL) at 0 °C was. addcd a solution of 1e (40 mg, 0. 73- .
mmol, 3 equn) and tncthylarmnc (40 uL, 0.29 mmol, 3.7 eqmv) in DCM (1 mL). Thc .
mixture was stirred at room temperature for 2 -h. To the mixture were added 2- (2-

5 chloro-benzyl)—pyrrol1dme (54 mg, 0.276 mmol, 3.6 equiv) and triethylamine_(iﬁl'z ul,
0.299 mmol, 3.9 | equiv). The mixture was stired at room temperatare for 1 h,
concentrated under reduced pressure, and purified by flash-column c¢hromatography to
give 62.8 mg (69 %) as yellow éyrup MS (ES, m/z): 396 {M+H]+ TH-NMR (400 MHz,
CDCly) 8 7. 33 (dd, J = 7.4, 1.8 Hz, 1H), 7.28-7.20 (m, 1H), 7.17-7.12 (m, 3H), 6.94

10 (dd, /=121, 4.6 Hz, 2H), 6.68 (td, /=7.5, 1.4 Hz, 1H), 4.35- 4.26 (m, 1H), 420-4.06
(m, TH), 3.49-3.31 (m, 3H), 3.32-3.05 (m, 3H), 2.80 (dd, /= 12.9, 9.5 Hz, 1H), 2.47-
2.31 {m, 1H), 1.82-1.74 (m, 2H), 1.70-1.56 (m, 2H), 0.86-0.76 (m, 2H), 0.76-0.66 (m, |
1), 0.57-0.43 (m, 1H). |

p— -
LW TR

Eumple 29
(4-<.Vclonrom/l 3.4- dlh\ droquinoxalin-12H)-y1)(2-(2.5 d1chIoronhenoxv)cvclohex—1—

enyl )methanon

o>~ o~ N
' ' 20a. 01/(/“ 200 .
Y
.EN\ R .
|
‘ HO” j’j NN
3. o N O,//,L\T»\]
id l ' o o/[ ~
CI//-\\‘«/ . . . ) //J\\ /CI o
29¢ o J: I 2
o L

~ Scheme 29: 1, TF,0, DIEA, DCM; 2. KoCOs, DMEF; 3. uoﬂono 14- dlo‘iane,
20 Hy0; 4. le, HATU, DIEA, MeCN.

Intermediate  29a:  ethyl '2~(triﬂuo.romeﬂ1ylsﬁlfony].ox:y)cyclohe-x-1-
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enecarbo‘(ylate Ethyl 2- oxocvclohexanecarbo*(ylatv (170 mg, 1 OO mmol) and DIEA

(417 pL, 2.40 mmol) were dissolved in DCM (2 mL) and cooled to 78 °C. To the

. stirring solution was added dmpwxse trifluoromethanesulfonic anhydride (202 pL, 1.20

mmol), then the resulting solution was allowed to warm to room tereperature and stirred

for 16 h. The solution was then diluted with DCM and washed with 1M aqueous HCI
and the solvent removed under reduced pressure. The crude residue Was;‘.puriﬁed by
flash column uhromatography using a gradlent of hexanes : EtOAc (9 : 1 to 1 : I} to
give 29a (231 mg, 76%) as a clear oil. "H-NMR (400 ME 1z, CDCl;) 6 4.23 (q, J=71
Hz, 2H), 2.51-2.40 (m, 2H), 2.40-2._1 (m, 2H), 1.81- 1.70 (m, 2H), 1.70-1.57 (m, 2H),
128 (t,J="7.1 Hz, 3H). | |

Intermediate 29 ethyl 2—(2.,5~dichlorophenoxy)cyclohcx~1—
enecarboxylate. 29z (174 mg, 0.576 mmol), K2CO3 (279 mg, 2.02 mmol), and DMF (2
mL) were combined and the resulting suspension stirred at 120 5(3 for 2 h. The
suspension was dﬂutecl with MeOH and filtered, then the solvent removed under
reduced pressure. The crudo residue was purified by flash column chromatooraphy
using a gradient of hexancs : EtOAc (95 : 510 75 : 25) to give 29b (108 mg, 59%). H-
NMR (400 MHz, CDCl;, mixture of rotamers) § 7.29 (d, J = 8.5 Hz, 1H), 7.19 (4, ] =
2.4 Hz, 0. m-{) 7.00 (dd, J = 8.5, 2.4 Hz, 0.33H), 6.94 (dd, J= 8.5, 2.3 Hz, 0.67H),

| 6.85(d,J=2.3 Hz, 0.67H), 4.18 (m, 0.67HD), 4.07 (q, J= 7.1 Hz, 0.33H), 2.46 (m, 2E0),
222 (m, 2H), 2.19-1.92 (m, 2H), 1.80-1.55 (m, 4H), 1.26 (t,J = 7.1 Hz, 1H), 1.08 (t. /.

=7.1 Hz, 2H).

Intermediate  29¢:  2-(2,5 dwh]orophenoxy)cyclohex-l-cnecarboxvhc'

acid. 29b (108 mg, 0.343 mmol) and LiOHeH,;0 (115 mg, 2.74 mmol) were dissolved

in EtOH (2 mL) and H.;O (1 mL) and stirred at 80 °C for 1 h. The solvent was removed

under reduced pressure and the resulting residue dissolved in DCM and washed with.

5% aqueous HCI, then the solvent removed to give 29¢ (23 mg, 23%) as a clear oil. 'H
NMR (400 MHz, CDCLL, mixture of rotamers) & 7.34 (d J=18.6 Hz, 0 67HD, 7. '*‘*0 {d,J=8.6

Hz, 0.33H), 7.19 (d, J = 2.4 Hz, 0.33H), 7.09 (d¢, J = 8.6, 2.4 Hz, 0.67H), 7.04 (d, /=24 Hz,
0.33H), 7.03 ~ 6.99 (m, 0.67H), 2.47 (1, J= 6.1 Hz, 1.34H), 2.14 (m, 2.68H), 1.7 ~ 1.59 (m, -~
4.02H). ' '

Example 29: (4~cyclopropyl-3,4-dihﬁdroquinoxalin—l(2H}-yl)( 2-(2,5-
-di'chlorophenoxy)cycloher1-ényl)methanon.e. 29¢ (23 mg, 0.080 mmol), 1e (17 mg,
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0.096), HATU ( 34 mg, 0.088 mmbl), and DIEA (56 .pL, 0.32 thol) were dissolved in ..

MeCN (1 mL). The solution was stirred ‘at room temperature for 1 h, then a single
crystal of DMAP added and the solution stirred and additional 2 b at'room temperature.
‘The solution was then heated for 2 h at 60 °C, then purified by preparative HPLC with a
C18 silica gel stationary phase using a gradient of H20 0. OS% TFA : CH;CN 0.05%
TFA (50 : 50 to 5 : 95) and detection by UV at 254 nm to give the title compound (3. 2

mg, 99%) f FA salt as a yellow powder. MS (T,S miz): 443 M+1T" 1-NMR (400 Mz, .

CD;0D) 57.29 (d, J = 8.4 Hz, 1H), 7.11 (t, J= 7.1 Hz, 1H), 7.03-6.84 (m, 4K, 6.69 (i
J=17.1Hz, 1H), 463 (s, 1H), 3.02 (s, 1H), 2.66 (s, 1H), 2.43 (s, 1H), 2.11 (5, 1H), 1.84-
1.57 (m, 4H), 1.36-1.27 (m, 2H), 0.94-0.83 (w0, 2H), 0.73-0.38 (m, 4H).

Example 30 :
(E>) (’7H—benyo{blll Althiazin-4(3H)-yh(1-(2,5~ dn,hlornben,ﬁy1)pv110hdm—2- .

ylmethanone

r‘/’:\:
s/i\/f]
"> k U
\\ N e ——— \/N\. \\‘:L\ ) .
/A N U
0 Ny
20 \\ /)

Scheme 30: 1.a 3.4- dlhydro -2H- nenzo[b][l 4]th1azme DIEA, DCM; b. HBr/AcOH;
c. 1,4-dichloro-2- (chlommcthyl)henmne, DIEA, \’IeCN

Example 30: ~(S)- (ZH benm{b}[l 41thiazin-4 GBH)-y)(1- 2, ‘5—

dich! orobenzyl}pyrrqlidih-Z- ylmethanone. 3,4-dibydro-2H-benzolb]{! Althiazine (67,
mg, 0. 44 mmol) and DIEA (209 }LL 1.21 mmol) were dissolved in DCM (1 mL) and

cooled to 0°°C. To the sumn;, solution was added dropwise, a solution of (8)-benzyl 2-
(chlorocarbony,)pylrnhdme—l c'lrbowaate (108 mg, 0.402 mmol) in DC’\/[ \1 mlL). The
resulting sohution was then. allowed to warm to room iunperature and stirred for 1 h,
The bolvent was romoved under reduced pressure and then further dried in vacuo. Thc
crude residue was dissolved 11_1-33 wt % hydrobromic acid in acetic acid solution and
left at room temperatare for 1 h, then triturated with Et,0 and the solvent decanted to

give an oil. The crude oil was dissolved in MeCN, to which 1,4-dichloro-2-
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(chloromethy 1)bunzene(94 mg, 048 mmol) and DIEA (349 uL, 2.01 mmol) The
solution, was stirred at room temperature for 16 h, then purified by flash column:
chromatography using a gradient of hexanes : EtOAc (9 : 1 to 3 : 2) to give the title
compound (72 mg, 44%). MS (ES, m/z): 407 M+1]". 'H NMR (400 Mz, CDClz) &
7.34 (d, J = 8.6 Hz, 0.67H), 7.30 (4, J = 8.6 Hz, 0.33H), 7.19 (d, J = 2.4 Hz, 0.33H),.
7.09 (dd, J = 8.6, 2.4 Hz, 0.67H),A7‘.04 (d, J = 2.4 Hz, 0.33H), 7.03-6.99 (m, 0.67H),
247 (t, J = 6.1 Iz, 1.34H), 2.14 (m, 2.681), 1.79-1.59 (m, 4.02H).

. _ Example 31
-(4-cs clonror)VI 1.2.34- tcuahvdroqummahn— -v])}-3-(2,5- dluhlorouhcnow) 2 2—

dnnethvlnronctm 1-one

/ | / \

| jﬁ_} s L) 2 _,,",f\oO\’Tj
Ot \m o

Scheme 31:. 1. a. 3-bromo-2,. -duncthvlpropanmc amd (C O(‘l)z, DQM b. TEA,
DCM; 2.2,5 dlchlorophenol R2C03, DCM.

Intermediate .. - 3la: 3-bromo-1-(4- wo]oprop}i ,,‘,3,4" ‘
tetrahydroquinoxalin-l-yl)-2,2&imcthylpropan‘—1'—0n.e-_. To a stirred 0.°C solution of 3-
‘bromo-2,2-dimethylpropanoic  acid (120 mg, 0.660 mmol, 1.16 equiv) in
dichloromethane (10 mL) was added oxalvl chloride (2.0 mL) drop-wise. The resulting

solution was stirred for 2 h at room tcmpc.m’fure then concentrated under reduced .

- pressure to provide a reudue of the acid chloride used in the next step without

additional purification. The acid chloride residue in dichloromethane (10 mL) was
added to a stirred 0 °C solution of 1-cyclopropyl- 1,2,5,4»tgtrahydroqumoxclme (100
mg, 0.57 mumol, 1.0 equiv) and triethylamiﬁe (87‘ mg, 0.86 mmol, 1.5 equiv)A in:_"
dichloromethane (10 mL). The resulting solution was stired for 4 h at ro'om.
temperﬁture then diluted with H,O (20 mL) and exiracted with dichloromethane (3x20

mL). The combined organic extract was washed with brine (2x20 mL) and dried over -
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anhydrous sodium sulfate then concentrated undér reduced: pressure. The resulting '
residue was purified by silica gel chromatography using an eluent of ethyl

acetate/petroleum ether (1:5) to provide the product (150 mg, 77%) as pink oil. MS (ES,

om/z): 337 [MHH]

Example 31 1-(4-0ycloprcpy1'-1;2,3',4-tetrahydroquinoxalin-1--yl')-3~(2,,5— ,
dichlorophenoxy)-2,2-dimethylpropan-1-one. A solution of 2,5-dichlorophenol (60 mg,
0.37 mmol, 1.0 equiv), 3-bromo-l-(4-c-yclopropyl;1,2,3,4-tetrahydroquinoxalin—1-yl)-._
2,2—dime'thylpropan-i-oné (80 mg, 0.24 mmol, 0.64 equiv) and potassium carbonate (64
mg, 0.46 mmol, 1.26 cquiv) in M.N’—dimethylformamide (4 mL) was stitred for 5 h at 50
°C. The resulting solution was diluted with H.O (10 mL) and c_xtrac-ted with ethyl
acetate (3x2(} mL). The combined organié extract was washed with brine (1220 mL)

and dried over anhydrous sodium sulfate then concentrated under reduced pressure. The

crude product (100 mg) was purified by preparative HPLC with a Cys silica gel -

stationary phase using a 40 min gradient (F0 0.05% TFA: CH3CN 0.05% TFA 95 : 5
10 0 : 100%) and detection by UV at 254 nm to provide TFA salt of the title compound
(53 mg, 34%) as a yellow solid. MS (ES, m/): 419 [M+H]". "H-NMR (300 MHz,

CD10D) § 7.35 (d, J = 8.4 Hz, 1H), 7.20-7.23 (m, 1H), 7.08-7.14 (m, 2H), 6.91-6.95

(m, 1H), 6.67-6.76 (m, 2ED), 3.90 (s, 3H), 3.83 (t, J = 5.7 Hz, 2H), 3.43 (t, J = 6.0 Hz,
2H), 2.31-2.35 (m, 1H), 1.40 (s, 3H), 0.70-0.76 (m, 2H), 0.33-0.38 (m, 2H).



WO 2013/096771 PCT/US2012/071251

. - Example 32
1~ wclopr(mvl-tl [[1-(2 5- dlchlorophenowmethvhwclopropvﬂcarbonvﬂ -1.2.3 4-

etrahvdmgumoxa@ng

OYO»/ - Oy-oH Oyt
. | 2 s
Br l ] _ > Ho\g ' o Ct \/({-? .

- ;;A ' )j
— \,, // _____,,, .‘ O /’\‘ \L
T o Cf

S Scheme32: 1. KOI:i; H,0; 2 SOC]Q_ 1e TEA, DC‘M 4,25~ dmhlorophenol
KTZCO;, K1, DMF.

. Inlermediate 32a: 1-(hydroxymethyl)c-yclopropaﬁ.e-—l-carbdxylic ac-i.d; A
solution of potassiumv hydroxide (':1.90 g, 339 mmol, 2.00 equiv:) and ethyl 1-
10 bromocyclobutane-1-carboxylate (:3.50' g, 16.9 mmol, 1.00 equiv) in water (60 mL} was

" stirred overnight at 30 °C. The reaction mixture was cooled on ice and the pH value of'
the qolutlon was adjusted to 1 with concentrated HCI, then concentrated unde] reduccd :

~ pressure. The resulting residue was dissolved in methanol (50 ml), solids were-
mnovcd by filtration, and the filtrate was concentrated under reduced pressure. The -
15 resulting residue was apphed onto a silica oel column and eluted with 2
dluhlolomethane/mcthanol mobile phase gradient (100:1 to 20:1) to provide 18 g
(92%) of the product as a white solid. ' |

, Intermediate 32h: 1-(chlorome’thyl)cvclopropane-l carbonyl chlorlde 1-
(hydm}\vmel}*yl)cyulomopane—1 ~carboxylic acid (650 mg, 5.60 mmol, 1.00 equiv) was
20 dissolved in th1ony1 chloride (8 mL) and stirred for 5 b at 80 °C in an oil bath. The -
" resulting reaction mixture was concentrated under reduced pressﬁre to provide 680 mg |

(79%} of the prod,uét as a light yellow oil.

Intermediate 32¢ 1-[[1-(chlor ométhyl)cy clopropy. 1]'cdrhonv1] 4-

cyclopr opyl 1,23 4-1etrahvdr0qumoxalme To a snrred solution of 1-cy Llopropyl-
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1,2,3,4-tetrahyqu‘uﬁ10xaline (850 mg, 4.88 mmol, 1.10 equiv) and triethyiamind (900

mg, 8.89 mmol, 2.00 equiv) in dichloromethane (10 mL) was added dropwise a solution .

of 1-(chloromcthyl)cyclopropane-1 -carbonyl chloride (680 mg, 4.44 mmol, 1.00 equiv)
in dichloromethane (2 -mL). The resulting reaction mixture was stirred overnight at
room temperature and then concentrated under reduced pressure. The resulting residue

was applied to a silica gel column and eluted with a mobile phase gradient of ethyl

acetate/petroleum ether (1:15-1:1) to provide 500 mg (39%) of the product as a Light

yellow oil.

* Example j 32: - {-cyclopropyl-4-[[1-(2,5-

dichlorophenoxymethylcyclopropyljcarbonyl]-1,2,3,4-tetrahydroquinoxaline. A

solution of 2,5-dichlorophenol (60 mg, = 037 mmol, 1.2 equiv), I-f[1-
(chloromethyl)cyclopropyljcarbonyl]-4-cyclopropyl-1,2,3 4-tetrahydroguinoxaline

(89.2 mg, 0.31 mmel, 1.0 equiv), potassivm carbonate (85.6 mg, 0.62 mmol, 2.0 equiv)

and K1 (5.0 mg, 0.03 mmol, 0.10 equiv) in N,N-dimethylformamide (3.0 ml.) was.

stirred overnight at 65 °C in an oil bath. Solids were removed from the reaction mixture
by filtratior and the filtrate concentrated under reduced pressure. The crude product (50

mg) was purified by preparative HPLC with the followi ng condmons Column, Sunki ire

prepa:rative C18, 19*150mm 5pum; Mobile phase gradient, water containing 0. 03"’ TFA
€ H~CN (30:70 to 15:85 over 10 min then to 100% over 1 min); Detectm W aters ’?545 ; -

Uv detectou at 254 and 220mm to provide 12.4 mg (10%) of thc title compound' ‘

trifluoroacetate salt as a white solid. MS (ES, m/z): 417 [M+HT 'H-NMR (300 1\'1]'{';(.>

CD;0D) 8 7.31-7.41 (m, 2H), 7.06-7.14 (m, 2H), 6.90-6.94 (m, 1H), 6.68-6.73 (m; 1H),

6.60-6.61 (m, 1H), 3.86-3.90 (m, 2H), 3.68 (s, 2H), 3.32-3.39 (m, 2H), 2.20-2.29 (m,

15D, 1.36-1.40 (m, 2H), 0.96-0.99 (m, 2H), 0.63-0.69 (m, 2H), 0.16-0.21 (m, 2H).
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Examp]e 33 ,
3. f” 5-dichloro-4- ( H f(4—c» plomonvl 123 4—tetrahy droqumoxalm—l-

. vl‘)carbonvl]ovclonrom 1 methoxv)hhenvl]pronanom acid

(' cl . o o
\1 HO\[J\j N HO\H/‘:ﬁ '
Y Br PN O e - PO
g LoTT TR
33a . ‘ 43b _
r/\ N '/A\ N
Os N -
8 - o) %
32¢ —————— ) ) : /J\/O \jv\[\\ n __i_..,. ] /U/J;§T,O\/L/, \/l
Ny O HOw o~ Az
/./r \r N \‘/ | - . Tr o ]/ 5
o cl 0 o

Scheme 33 1. tert-butyl acrylate, Pd(PPhy )i, TEA; DMF; 2. Rb/C, H,, EtOAc; 3. -
fert-butyl 3-(2,5-dichloro-4- hvdroxyphcnyi)plopanoa’re KaCOs, K, DMF 4. TMSBr, DCM.

Intermediate 33a: tfert-butyl (2E)-3- (2 <—d1s,hloxo-4—hvdmxyphenyl)prop~
2-enoate. VA stirred selution of 4-bromo-2,5~d.1chlomphenol (10.0 g, 41.3 mmol, 1.00
equiv), fert-butyl prop-2-enoate (5.00 g, 39.0 mmol, 1.00 equiv), triethylamine (8.30 g,
82.0 mumol, 2.00 equiv) and Pd(PPhy)s (2.00 g, 1.73 mmol, O.CS equiv) was purged and’

maintained under an inert atmosphete of nitrogen then heated overnight at 110 °C in an

oil bath. The resulting reaction mixture was diluted with 7{)0 mL, of dichloromethane '

vvdshed with brine (2x100 mL) and the combined or ganic phase concentrated under
. roduced pressure. The resulting residue was applied to a silica gel column and eluted
with ethyl acetate/petroleum ether (1:10) to provide 8 g (67%) of the product as a

yellow solid.

Intermediate o 33’5:- : tert-butyl. | _3-(_2,5~dichldrd—4’—
hydm‘(ypheny])propanoﬁte To a stirred’ solution of rert-butyl (2E)—3-(2_,S-dichloro«'4§
h} droxyphenyl)prop-2-enoate (8.0 g, 27. 7 ramol, 1.00 equiv) and Rbhodium on Carbon',
(8.0 g) in ethyl acetate (50 mL) was introduced hvdmgen gas. The resultmg reaction -
mixture was stirred overnight at 25 °C solids were _rcmoved by fitration and the fitrate |
concentrated under re_duced pressure. The residue was applied onto a silica gel column
with and eluted with a mobile phase of ethyl abetaté/petfolr_aum ether (1:10) to provide 7
g (87%) of the product as a white solid. MS (ES, m/z): 289 [M-HI; INMR (300
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MHz, CDCL) 5 7.20 (s, 1H), 5.69 (d, /= 18 Hz, 1H), 2.92 (m, 2H), 2,52 (o0, 25, 143
(s, 9H). - | B -
Iiltefmediate 33¢:  fert-butyl 3—[2,5-~dichloro-4‘~({1»[(4-cyclcpropjf1-'.
1,2,3,4-tetrahydroqu_inoxalin—1—yl)carbonyl]cycloprobyl]r_nethoxy)phenyl} propanoate.
A solution of teri-butyl 3-(2,5-dichloro-4—hydroxyphenyl)propanoatc (539 mg, 1.85
mmol, 1.20 equiv), 1-[[I-(chloromethyl)cyclopropyljcarbonyl]-4-cyclopropyl-1,2,3,4-
tetrahydroq_uinoxaiiné'(450 mg, 1.55 mmol, 1.00 equiv), potassium carbonate (426 mg,
3.08 nmmel, 2.00 eciuiv), KI (249 mg, 0.15 mmol, 0.10 equiv) in NN-
dlmethylformeunide (8 mL) was stirred overnight at 70 °C in an oil bath. The reaction

mixture was diluted with water (20 mL) and extracted with ethyl acetate (4x20 mL) and

~ the organic layers combined. The combined organic phase was washed with brine (2x20

mL), dried over anhydrous sodium sulfate and concentrated under reduced pressure.

* The residue was applied to a silica gel column and eluted with a mobile phase of ethyl

aceta:te/pctrdleum ether (1 :20—].:]') to provide 710 mg (84%) of the product as avyellow .

- solid.

Example 33: | 3-[2,5~dichlbro-4—([1-[(4-cyclopropy1;152,3,4—tetrahYdrd~
qui.noxaﬁn—1-‘yl)car'bonyllc-yclopropyl] methoxy)phenyl]propanoic acid. To a stirred 0
°C  solution  of - fert-butyl 3—[2,5-dichloro~4-([1-[(4e_cyciopmpyl-1,2,3,4—‘
tetm'hydrdqumoxalin—l-yl)cafbanyl]cyclopropyl]me’rhoxy)phenyl}propanoa:'te (120 mg,
(.22 mmol, 1.00 equiv) in dithoromethéne (5.0 mL) was added TMSBr (4.0 :m'L)"
'drdpwise. The resulting reaction mixture .was allowed to Wzirm to room temperature, '
stirred for 1.5 h, ‘rhcn was quenched by the addition of dic-},ﬂoromcthane/methanol .

(10:1). The resulting mixture was concentrated under reduced pressure, the crade

 residue (100 mpg) was purified by Preparative HPLC under the following conditions: -

Column, SunFire pfe?arative C18, 19*150mm 5um; Mobile phase gradient, water
containing 0.05% TFA : CHiCN (26:74 1o 9:91‘_0ve-r 6 min t’heﬁ to 100% over 1 min); -
Detector, Waters 2545 UV detector at 254 and 220nm. This resulted in 13.5 mg (13%)
of the title compound triffuoroacetate salt as a white solid. MS (ES, m/z): 489 [M+H[";
'H-NMR (300 MHz, CD;0D) 8 7.35-7.39 (i, 2H), 7.04-7.14 (m, 2H), 6.67-6.73 (m,
1H), 6.58 (s, 1H), 3.85-3.89 (m, 2H), 3.67 (s, 2H), 3.36-3.40 (m, 2H), 2.90-2.95 (m,
2ED, 2.54-2.59 (m, 2H), 2.1942..23 (m, TH), 1.37-1.40 (m, 2H), 0.94-0.98 (m, 2H), 0.63-
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0.69 (m, 2H), 0.11-0.16 (m, 2H).

: ‘ Example 34 o
3-{2.5-dichloro-4-{ fl [( 4-cvelopropyl-1, 2 3. 4—tetrahvdroqumoxﬂ1n-1~
ylcarbonyll cyclonromfl]methoxv)nhenvll -N-methyl-N-[(28,3R 4R 5R)-2.3 4,5 G-

pentah'ydrox*\ hexylipropan amide

C! //\NA -Gl 2 \ rd .\

= /—g— \\/N
' ,\\ /[ \ ()\_ A l,\ 1. 3 \__..
[ \/' v B Ho\__(:_/_OH Cl/ ’ J
C; i | HO OH 34

Scheme 34: 1. (2R,3R,4R,58)-6-(methylamino)hexane-1,2,3,4,5-pentaol, HATU,
DIEA, DMF. '

Example 34: 1—Cyclopropyl—-’l—(['l--[(isoquinolin-S-yioxy)methyl]cycld-
prbpvl]carbnn'vl)—l 2.3, 4-tetrahydroquinoxaline. A solution of 3-[2,5-dichloro-4-([1- '

| [(4-cyclopropyl-1,2,3,4-tetrahydroguir noxalin-1-

yl)carbonylicy clopropyﬂmc‘(hoxy)phenvl}-propanon, ac1d (200 mg, 0.41 mumol, 1.0 -
equiv), HATU (232 mg, 0.61 mmol, 1.5 equiv), DIEA (78.8 mg, 0.61 mmol, 1.50
equiv) and (AR,BR 4R,58)-6- (mcthy]anuno)hexane 1,..,3 4,5~ pentol (119 I mg, 0.61

»mmol 1.50 equiv) in N, F\-dnnethvitormmmde (10 mL) was stirred overmght at room -

temperature. The 1ebu1tmg reaction mixture was diluted with brine (30 ml) and
extracted with ethyl acetate (4x30 mL) and the organic layers combined. The

mmbined organic phase was washed with brine (20 mL), dried over sodium sulfate

,‘md n,oncontratcd under reduced pressure. The erude product (200 mg) was purified by

preparative HPL(‘ under the following conditions: Column, SunFire preparative C18,
19%150mm Spmg Mobﬂe phase gradient, water containing 0.05% TFA : CI"Tg(,N‘
(56:44 to 38:62 over 6 min then to 100% over 1 min); Detector, Waters 2545 UV o

- detector at 254 and 220nm to provide 55.3 mg (20%) of the title compound :

triflucroacetate salt as a white solid. MS (S, m/z): 666 DM+H]'; "H-NMR (300 MHz,
CD;0D) & 7.36-7.40 (m, 2H), 7.06-7.11 (m, 2H), 6.68-6.70 (m, 1H), 6.60-6.61 (m, -
1H), 3.60-4.00 (m, 11H), 3.31-3.38 (m, 3H), 3.01-3.31 (m, 2H), 2.87-2.97 (m, 4H),
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2.63-2.81 (m, 2H), 2.24 (5, 1H), 137 (m, 2H), 0.95-0.99 (m, 2H), 0.64-0.69 (ra, 2H),

0.16 (m, 2H).

I‘xample 35

( (°;) 1 ( 2 b-clwhlomben/y])DVm)l:dm-b-vl)f 4-methyl-3 4 dthdI'OQU.EIthll“l(LH)"

: yl)methanone
W /'\
,/
M

Example - 35: {(S)- 1 ~(2,5- dlchlmobenzyl)pyrrohdm— -vl)(4—meﬂw1—> 4-

dlhydroqumohn 1(2}D—\1)meth‘mone 35 was synthesized in an analogous fashion to

Example 10, using 4-methyl-1,2,3,4-tetrahydroquinoline in place. of 1,2,3,4-

tetrahydroquinoline. Isolated as the TFA salt. MS (ES, m/z): 403 M-+H]"

Example 36

c 1= (2 S—dlchlorobenzvxuxv)—’\l (2-methoxypheny D-N»methwlcvclopropamcarboxamlde

_ ' ' o | cn
| . o ) o /,\~\
O . 7\ - (
HO” z”OH_ L ,?k o/ (l A 04%
‘ (DMe :

36a ' : . 36

Scheme36: 1. a T MSLHzNw DCM, MeOH; b.. 1,4 chhloro- -
(chloromethyhbmzene Nakl, DMF; ¢. LiOHeH,0, H Q, 14~d10mne, 2. 2~\llet110\y-N-
methylaniline, HATU, DIEA, MeCN.

Intermediate  36a: I.-(2,5—di.clﬂdrobenzyloxy)cyclo;;ropanécarboxy]ic .
‘acid. 1-hydroxycyclopropanecarboxylic acid (204 mg, 2.00 mmol) was dissolved in
DCM (2.5 mL) and MeOH (0.5 ml). To the stirring solution was added 2.0 M
TMSCH;N; in B0 (1.1 ml, '2'.'?. mmol) d;opwise, the résulf.ing golution stirred fo: 101

min at room temperature, The solvent was removed under reduced pressure and the .
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resulting résid.ue dissolved in DMF (l m'L_), followed "by addition of 60% NaH in
mineral oil dispérsion (120 mg) and the resulting suspension stirred for 5 min at room
temperature. ],4—Dich'l@ré'—2—(chloromethyl)benz,ene (583 mg,-3-.00 mmol) was added
and the suspension stirred at room temperature. for 16 h. The suspension was then
quenched with 5% aq. HCI and extracted with EtOAc. The orgﬁnic layer was washed A
with HoO and brine, then dried over Na,SO; and the solvent removed un.der reduced

pressure. The crude residue was purified by flash column chromatography using a .

gradiént of hexanes : EtOAc (100 : 0 to 80 : 20). The resulting oil was dissolved in H0

(2 mL) and 1,4-dioxane (4 mL), then LiOHOH.ZO (133 mg, 3.18 mmol) added and the
solution stirred for 1 h at room temperature, Athen'l h at 50 °C. The solution .was
concentrated under reduced pressure, then dilutéd'with 5% aq. HCI and extracted with
EtOAc. The organic layer was then washed with brine and dried over Na;SOq, then the
solvent removed under reduced pressure to give 36a (99 mg, 19%) as a white solid. "
NMR (400 MHz, CDCl3) 7.52 (d, J=2.5 Hz, 1H), 7.29 — 7.27 (m, 1H), 7.22 - 7.19 (m,
'1H), 4.77 (s, 3H), 1.53 — 1.48 (m, 2H), 1.41 — 1.36 (m, 2H). | ,
Example  36: 1-(2,5-dichlorobeniyloxy)-N-(2—methbxyphenyl)#1\?é_
methyleyclopropanecarboxamide. Intermediate 36a (24 mg, 0.092 mumnol), 2-methoxy-
N-methylaniline (16 mg, 0.11 mmol), HATU (38 mg, 0.10 mmol), and DIEA (64 L,
0.37 mmol) were all combined in MeCN- (1 m‘L) and stirred for 24 h at room

temperatare. The solution was then purified by preparative HPLC with a C18 silica gel

stationary phase using a gradient of H;0 0.05% TFA : CH3CN 0,05% TFA (70 :30 to 5 : 95)

“gid detéction by UV 4t 254 tin to give the titlé compotind (18 1wig; 52%) as a white solid MS ~ =

(ES, mz): 380 [M+1]". 'H-NMR (400 Mz, CDCla) § 7.30-7.22 (m, 1H), 7.22-7.13 (m,

2H), 7.09 (d, J= 8.3 Hz, 1H), 6.88 (t, J= 7.5 Hz, 1H), 6.68 (d, /= 8.5 Hz, 1H), 640 (s,

1H), 4.49 (d, J = 13.6 Hz, 1H), 431 (4, J= 14.0 Hz, 1H), 3.43 (s, 3H), 3.21 (5, 3H),

1.58-1.46 (m, 1H), 1.36-1.24 (m, 2H), 1.09-0.96 (m, 1H), 0.92-0.81 (m, 1H)..
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Example 37
1 (2,5~ (hc,hlorobenwloxv) N-( 3-mclhoxypyr1dm—;~vl) N-

methyleyclopropanecarboxamide

36a o _ : N 37

5 Scheme37: 1. 3631, 2-méthoxy-N—methylpmid.in—3~ami.ne, HATU, DIEA, MeCN. '

Example 37: 1—(2,5-dichlorobenzylcsxy)-'N-5(_3—methox.yp'yridin-l—yl)-N-
methylcyclopropanecarboxamide. The title compound was prepared in the same manner
“as Bxample 36, using 2-methoxy-N-methylpyridin-3-amine in place of 2-methoxy-N-
10 . mcthylaniline to give 37 (8%) as the TFA salt. MS (ES, m/z): 381 M+1T% "H-NMR (400
MHz, CDClL) 6 7.94 (dd,J = 4.9, 1.4 Hz, 1H), 7.24 (dd, 7= 8.2, 4.9 Hz, 1H), 7.18 (d, J .
= 8.5 Hz, 1H), 7.10 (td, J = 8.8, 2.0 Hz, 2H), 6.39 (s, 1H), 4.40 (5, 2H), 3.64 (s, 3H),

3.30 (s, 3H), 1.52 (s, 2H), 1.02 (s, 2H). |

15 o : : Emmplt 38

- 1-(2.5- dmhlorobenzy?ammo) N- !2-mcth0xvnhenvl)—N—

ma.thy chloplogap_g_g_}r_bo*{anndc _'
OMe

gf L)“

Example 38 1-(2,5- chchlorobenzylalmno)-N -(2-methoxyphenyl)-N-

20  methylcyclopropanecarboxamide. The title compound was prepared in the same manner
" as 27, using 2-methoxy-N-methylaniline in place of le. Isolated as the TFA salt. MS
(ES, m/z): 378 [M+17". 'H-NMR (400 MHz, CDCl3) 3 7‘4447.40 (m, 1H), 7.39 (4, J=2.2
Hz, 1H), 7.37-7.33 (m, 1H), 7.31-7.27 (m, 1H), 7.14-7.11 (m, 1H), '7 06~6.99 (m, 2H),

4.23 (s, 2H), 3.83 (s, 3H), 3.21 (s, 3H), L.41 (s, T’;,ﬁ), 1.03 (s, 1H), 0.97-0.85 (m, 1H).
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' . - Example 39 4
(S)-N-{2-( cvclonronvlmethoxv)bhenvl)—1-(2,5-dichiorobenzvl)-N-nicthylmnolidine-z- o
. carboxamide V
A T RN T S e N
E /J - [J l ' | Z W | | l
& & N\ #
. : 39%a ~ 3%b 3sc '

N
F ~/
38d 3%e L 30f
, ) . . -
-, /.
, 0\\\}/,\’! > O\}/N\A 9”&
{ ,’_: - C] . /::‘ "
w0 e s O
g T '
3%g 39,

Scheme 39: 1. Cyclopropylmethanol, NaH, THF; 2. Pd/C, Hy, EtQAc; 3. (Boc)O0,
EtOH: 4. Mel, NaH, DMF; 5. TFA, DCM; 6. (S)-benzyl 2~(chlorocarbonyl)pyrrolidine-
1-carboxylate, EtN, DCM; 7. Pd/C, H MeOH; 8. 2-(bromomethyl)-1,4-
dichlotrobenzene, KoCOs, DMF. -

Intermediate 39%a: 1-('_cyck)pmpyhnetho%;y)~2~nitro'bcnzene. Cyclopropyl-

methanol (2.55 g, 35.4 mmol) was dissclved in tetrahydrofuran (50 ml). NaH 60% -.

~dispersion in-minerat-oil (1:70 ) was-added t to-.thé..sﬁrring. solution in.several batches . . ..

at 0 °C and the mixture was stirred for 1 h. 1-Fluoro-2-nitrobenzene (5.00 ¢, 354
mmol) was then added and the resulting mixture stirred for 2 hat 80 °C. The reaction
was then quenched by the addition of 30 mL of water and then extracted thrice with
e’(hyl acetate. The organic layers were combined and dried over anhydrdus Nay S04 and_'
concentrated under reduced pressure to give 39a (6.5 g, 95%) as a brown oil. MS (ES,’
m/z): 193 (M

Intermediate 39b: 2—(cyclopropylmethoxy)ani1ine. 39a (6.50 g, .33.6
muol) and palladium on carbon (6.5 g:‘) was dissolved in ethyl acetate (50 mL). The
suspension was stirred overnight at room temperature under an a.tr.ﬁosphem of Hy. The

suspension was filtered and the filtrate concentrated under reduced pressure to give 39b
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(5.68 g), as a red oil, w}iich was used without Turther purificafion. MS (ES; m/z): 164
[M+H]". | | | |

Intermediate e tert-butyl . N-[2-

(cyclopropylmethoxy)phenyl]é‘arbamate. 39b (5.68 g, 34.8 mmol) ‘Was dissolved in in

ethanol (50 mL), followed by addition of di-tert-butyl dicarbonate (9.12 g, 41.8 mmol)
in several batches. The resulting solution was stirred for 3 h at room temperature, then

the solvent removed under reduced pressure to give 39¢ (9 g, 98%) as a red oil.

Intermediate  39d: tert-butyl N-[2-(Cyclopropylmeﬂloxy)phenyl]-N-.

methylcarbamate. 39d (9.00 g, 34.2 mmol) was dissolved in N,N-dimethylformamide
(150 mL), followed by the addition of NaH 60% dispersion in mineral oil (2.1 g) in

several batches at 0 °C. The mixture was stirred for 1 h at room temperature, then

-iodomethane (9.70 g, 68.3 mmol) added and the resulting solution stirred overnight at
room temperature. The solvent was then removed under reduced pressure and the '
resulting residue dissolved in ethyl acetate and washed with H,O and brine. The organic.

layer was then .dried over a_nhydroué sodium sulfate and concentrated under reduced

pressure and the residue purified by normal-phase flash column chromato graphy, using

ethyl acetate : petroleum ether (1 : 50) as eluent to give 39d 8.0 g (84%) as a red oil.

Intermediate 39e: 2-(cyc10propylmethoXy)-N-methylaniline. 39d (2.00 g;

7.21 mmol) was dissolved in dichloromethane (3 mL) and tiﬂuoroacetic acid @3 mL). :

The was stirred for 1 h at room temperature, then the'_solvent removed under reduced

- pressure. The ‘resulting residue was dissolved in DCM and washed with saturated
aqueous NaHCOs. The aqueous layer was then extracted thrice With DCM and the -
organic layers combined and dried over anhydroué sodium sulfate -solvent removed -

under reduced pressure to give 39e (870 mg, 68%) as a red oil. MS (ES, m/z): 178

[M+H]".

Intermediate 39f: Benzyl (2S}-Z-(carbonochlorid.oyl)pyrroli'dine-‘l-

carboxylate (260 mg, 0.970 mmol) and triethylamine (202 mg, 2.00 mmol) were
dissolved in DCM (4 mL) To this s‘c;lution was added 39e (177 mg, 1.00 ﬁxmol) and the
-resulting soluﬁon stirred for 3 h at room temperature. The reaction Was then quenched |
by the addition of 10 mL of water and the mixture extracted thrice with DCM and the

organic layers combined, dried over anhydfous sodium sulfate, and concentrated under
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reduced pressure to give 39f (400-mg, 99%) as a yellow oil. MS (ES, m/z): 409 [M+H]+

‘Intermeditate 39g: (ZS)-N—[2-(éyclopropylmethoxy)phcﬁyl]-N~methyl-__

pyrrolidine-2-carboxamide. 39f (380 mg, 0.93 mmol) and palladium on carbone (400,
mg) was added to methanol (5 mL). The resulting suspension was stirred for 2 h at

room temperature under an atmosphere of Hp. The suspension ‘was filtered and the

. filtrate concentrated under reduced pressure to give 39g (200 mg, 78%) as a colorless

oil. MS (BS, m/z): 275 [M+H]",

Example 39: (S)-N-(2-(cycl6propyhnethoxy)phenylj—1-(2,5.-
dichlorobenzyl)-N-methylpyrrolidine-2-carboxamide. 39g (200 mg, 0.73 mmol), 2-
(bromomethyl)-l,4-dich1'oroberizene (176 mg, 0.73 mmol), and potassium carbonate

(203 mg, 1.47 mmol) were dissolved in N,N-dimethylformamide (4 mL). The resulting

solution was stirred overnight at room temperature, then diluted with 20 mL of water v
- and extracted thrice with ethyl acetate. The organic layers were combined, dried over
anhydrous sodium sulfate, and the solvent removed under reduced pressure. The crude '

residue was purified by normal-phase flash column chromato graphy, using ethyl acetate

: petroleum ether (1 : 8) to give Example 39 (100 mg, 32%) as a yellow oil. MS (ES,

m/z): 433 [M+H]". "H-NMR (300MHz, CD;OD, ppm): 7.46 (d, J = 2.4Hz, 0.6H), 7.34
(d, 7 = 2.7Hz, 0.4H), 7.15-6.97 (m, 3.6H), 6.88-6.78 (m, 1.6H), 6.67-6.61 (m, 0.8H),

371—359(m 3H), 3.41 (4, J= 14.6Hz, 0.4H), 3.22 (4, J = 14.6Hz, 0.6H), 3.02-2.96 (1,
2.2H), 2.93-2.80 (m, 2H), 2.72 (m, 0.6H), 2.13 (m, 0.4H), 1.87 (m, 0.6H), 1.73-1.52 (m,

2.6H), 1.52-1.35 (m, 1.4H), 1.10-0.84 (1.2H), 0.42-0.32 (m, 0.8H), 0.32-0.18 (m, 1.2H),.

0.14-°0.06.

Example 40
N-2-( cycloDropvlmethoxv)nhenvl) 1-(2.5- d1cMorobemyloxv)-N- 4

metlwlcvclopropanecarboxamlde

ﬁﬁL@X
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15

~ Example 0. N-(2-(cyclopropylmethoxy)phenyl)-1-(2,5- -

dichlorobenzyloxy)-N-methylcycloptopanecarboxamide. 40 was synthesized in an

aﬁalogqus fashion to Example 36, using 39e in place of 2-Methoxy—N-methylaniline.

MS (ES, m/z): 420 [M+H]". 'H-NMR (300 MHz, CD;0D) & 7:30-7.18 (m, 4H), 6.92 (%,

J=7.5 Hz, 1H), 6.75 (4, /= 7.8 Hz, 1H), 643 (s, 1H), 4.4 (dd, J= 13.8, 26.7 Hz, 2H),
3.56-3.50 (m, 1H), 3.32-3.22 (m, 4H), 1.51-1.50 (m, 1H), 1.49-1.46 (m, 1H), 1.32-1.04
(m, 2H), 0.95-0.89 (mn, 1H), 0.55-0.52 (m, 2H), 0.24-0.16 (m, 2H).

Example 41
1-cyclopropyl-4-([1-[( 2.5-dichlorophenyl)methoxy]eyclobutyl]carbonyl)-1.2.3.4- -

tetrahydroquinoxaline
o
’ 0
g OgN N—<]
c S

Example  41: 1 cyclopropyl-4 ([1 [(2 5- dlchlorophenyl)methoxy]

' cyclobutyl]carbonyl) -1,2,3 4-tetrahydroquinoxaline. 41 was synthesized in an

analogous fashion to Example 8, using cyclobutanone in placc of cyclopentanone. . :

Isolated as the TFA salt. MS (ES, m/z): 431 [M+H]". "H-NMR (400 MHz, CD;0D) &

6.56-7.55 (m, TH), 4.02-4.46 (m, 2H), 3.86 (t, = 5.6 Hz, 2H), 336 (t, /= 5.6 Hz, 2H),

2. 75-2 81 (m 2H), 2.38 (m 3H), 1.82-2.19 (m, 2H), 0.04-0.92 (m, 4H).
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_ Example 42-
: L(S-chloro 2- (tnﬂuoromethvl)benzvloxv)cvclopropvl)(4 cyclopronvl 3 4- '
dmvdxoqumoxahn- 1{ 2H)-v1)methanone

IS

N

%

5 Example 42: (1- (5 -chloro-2- (tmﬂuoromethyl)benayloxy)cyclopropyl)(4—

cyclopropyl 3,4- dlhydroqumoxahn-1(2H)-yl)methanone Example 42 was synthesized

in an analogous fashion to Example 9, us1ng 2-(bromomethyl)-4-chloro-1-

(triﬂuoromethyl)benzene in place of 2- (brdmomethyl) 1,4-dichlorobenzene. Isolated as

the TFA salt. MS (ES, m/z): 451 [M+H]". "H-NMR (300 MHz, CD;0D) 8 7.53 (d, /=9
10 Hz, 1H), 7.32 (m, 2H), 7.07 (m, 1H), 695 (d, J = 9 Hz, 1H), 6.75 (m, 1H), 6.59 (5, 1H), -
4.42 (s, 2H), 3.85 (t, J = 6 Hz, 2H), 3.33 (t, J = 6 Hz, 2H), 224217(m 1H), 1.45 (m,

2H), 1.16-1. 12(m 2H), 0.61-0.56 (m, 2H), 0.01 (m, 2H)

Example 43.

15 » 1-[( 1-[[2—chloro-57(triﬂuoromethyl)phenvllmethokﬂcvclopropvl)caibonvl]—4- :

cyclopropyl-1,2.3.4-tetrahydro uinoxaline

Exaxhple 43: (1,-(5-chloro-2-(triﬂuoromethyl)benZyloxy)cyclopropyl)(4-
6yclopropy1-3,4-dihydroq1iinoxa1in—1(Z}I)-yl)methanone. 43 was synthesized in an
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a’nalogous' fashion to. Example 9, using' 2- (bromomethyl) 1-chloro 4-

(trdluorome’rhyl)benzene in place of 2- (bromomethyl) -1 4-dlchlorobenzene Isolated as _
' the TFA salt. MS (ES, m/z): 451 [M+H]*. 'H- NMR (400 MHz, CD;0D) & 7.64 (s, 2H), L
7.33 (d, J= 4 Hz, 1H), 7.01-6.92 (m, 3H), 6.72 (t, J = 8 Hz, 1H), 445 (s, 2H),3.93 (t, J

=4 Hz, 2H), 3.41 (t, J = 4 Hz, 2H), 2.27-2.25 (m, 1H), 1.54-1.48 (m, 2H), 1.31-1.21 (m,
2H), 0.65 (m, 2H). '

Example 44
(4-cyclopropyl-3,4- dlhvdroqmnoxalm-l(ZH)-vl)( 1—(2 6- -
dichlorobenzyloxy)cyclopropylmethanone

A
i as

Cl- 44

Example 44: (4-cyclopropyl-3,4-dihydroquinoxalin-1(2H)-yD)(1-(2,6-
dichlorobenzyloxy)cyc’lopropyl)methanone Example 44 was. synthesized in an

analogous fashion to Example 9, usmg 2-(bromomethyl)-1, 3-d1chlorobenzene in'

place of 2-(bromomethyl)-1,4~ dichlorobenzene. Isolated as the TFA salt MS ‘(ES,
m/z): 417 [M+H]". "H-NMR (300 MHz, CD;0D) 8 7.41-7.32 (m, 3H), 7 29 (m, 1H),

7.28-7.22 (m, 1H), 7.05-6.99 (n, 1H), 6.68-6.62 (m, 1H), 4.90 (s, 2H), 4.10 (t, J=6
Hz, 2H), 3.41 (t, J = 6 Hz, 2H), 2.43-2.38 (m, 1H),120(s 41, 0.86-0.81 (m, 2H),

0.65-0.60 (m, 2H).
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‘ Example 45
3-(( 1-(4-chlonr6nvl-1.2.3.4—tetrah§droquinoxalin¢§1-_ o

carbonyl)eyelopropoxy)methyl)benzonitrile

Qg
o

CN 45

5 ) _ Example_: 45: 3-((1-(4—t:yclopi‘opy1-l,2,3;4-tetréhydr.oquinoxaliné-1-
'éarbonyl)cyclopropoxy)methyl)benzonitn’le. Example 45 was synthesized in an
analogous fashion to Exampie‘ 9, using’ 3-(bfomomethy])benzonitrile in place of 2-
(bromomethyl) 1,4-dichlorobenzene. Isolated as the TFA salt. MS (ES, m/z): 374'.
[M+H]".-"H-NMR (400 MHz, CD;0D) & 7.55 (d, J=8 Hz, IH), 737 (t,J =8 Hz,"

10 2H), 7.23 (s, 1H), 7.18-7.10 (m, 2H), 6.92 (m, 1H), 6.77- 673 (m, 1H), 441 (s, 2H),
394 J= 4 Hz, 2H), 3.40 (4, J =8 Hz, 2H), 2.34-2.29 (m, 1H), 144(m,2H), 1. 19--_
1.17 (m, 2H), 0.73- 065(m 2H)

Example 46 : o
15 (S) (1- ( 5 chloro-2 (mﬂuoromethyl)benzvl)nvrrohdm—2—vl)(4 cvclonronv1-3 4- .

dihydroguinoxaline-1( ZH)-Vl)me’rhanonc

Example 46 (S) (1-(5-chloro-2- (mﬂuoromethyl)ben7y1)pyrrohd1n-2-.

yl)(4~cyclopropy1 -3,4- dlhydroqumoxahne-l(ZH) -yl)methanone. Example 46 was

20  prepared using the procedure described for the preparation of Example 12 except that 2- '

(bromornethyl)—4-chloro—1-(triﬂuoromethy1)benzene was used in place of 2-
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(bromomethyl)-1,4-dichlorobenzene. Isolated as the bis TFA salt. MS (ES, m/2): 464

[M+H]". 'H-NMR (300 Mz, CD;0D) 5 8.01 (s, 1H), 7.69-7.81 (m, 2H), 7.24 (s, 2H),
7.04-7.07 (m, 1H), 6.78-6.81 (m, 1H), 4.56-4.87 (m, 2H), 3.9 (m, 1H), 3.17-3.77 (m,
6H), 2.47 (t, J = 4.8 Hz, 1H), 1.83-2:18 (m, 4H), 0.87-0.91 (m, 2H), 0.50-0.66 (m, 2H).

Example 47 . :
(S)(4- cvclopropyl-3 4- chhvdroqumoxalme—lQH) vi)(1-(2.6- dlchlorobenzvl)nvrrohdm-

2-y1) methanone

cﬁg@

Example 47: '(S)(4—cycldpropy1—3,4-dihydroquinoxa1ine-1'(2H)-Ay1)‘(1;

(2,6-dichlorobenzyl) pyrrolidin-2-yl) methanone. Example 47 was prepared using the
procedure described for the preparation of Example 12 except that 2-(bromomethyl)-

1,3-dichlorc_)benzcne was used in place of 2-(bromomethyl)-1,4-dichlorobenzene. MS '

(ES, m/z): 430 [M+H]". "H-NMR (300 MHz, CD;0D) & 7.50-7.56 (m, 3H), 7.12 (m,
2H), 7.10-7.12 (m, 1H), 6.60-6.81 (m, 1H), 4.98 (m, 1H), 4.78 (m, 1H), 3.33-3.85 (m,
6H), 3.12-3.14 (m, 1H), 1.90-2.51 (m, 5H), 0.88-0.92 (m, 2H), 0.56-0.69 (m, 2H).
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. Example 48
-( 2, 5-dichloro-4- ( ((S)-2- (4 cvclonropvl 1.2, 3 4-tetrahvdroqumoxalme—
1carbonylpyrrolidin- 1~V1)methyl)phenvl)-N-methyl-N-( (2S.3R4R.5R)-2.3.4.5, 6-
pentahydroxyhexyl )p_ropanalmd

. N

48¢c
OH CI C B O
: oK — \©\/\(° '
a ) R = cl 0 >< - :
48d 480 o :
o /”\N’4 o //\N’A
cl NN : o cl N
. ) O >. '

Scheme 48: 1. CrOs, HOAc, Ac;0O, HySOs 2.  (2-(t-butoxy)-2-
oxoethyl)triphenylphosphonium bromide, NaOH, H,O, DCM; 3. NaBH4, MeOH; 4.
Rh/C, H,, EtOAc; 5. PPh;, NBS, DCM, THF; 6. 12¢, K,COs, CH3CN 7. TMSBr,
DCM; 8. N-methylglucamine, HATU, DIEA, DMF.

10

Intermediate 48a: 2,5- Dichloroteref)hthalaldehyde- To a mixture - of

acetic acid (300 g, 5.00 mol, 25.0 equiv), acetic anhydride (600 g, 5. 88 mol 29.4°equiv)
and sulfuric acid (90.0 g, 899 mmol, 4, 50 equiv, 98%) at 0-10 oCc was added 1,4-.

d1ch10ro-2,5-d;methylbenzene (35.0 g, 200 mmol, 1.00 equiv), and followed by addition
15  of chromium trioxide (60.0 g, 600 mmol, 3.00 equiv) in several batches over 2 h. The

resulting solution was stirred for 4 h at room temperature. and then quenched by the
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addition of 2000 mL of crushed ice. The resulting solution was extracted with 3x10.0'0‘

mL of ethyl acetate and the organic layers were combined and concentrated under
reduced pressure to give a solid. The solid was added to a mixture of ethanol (300 mL),
water (300 mL), and sulfuric acid (30 mL), and the mixture was heated to reflux for 3 h

and then cooled. The solids were collected by filtration. The solid was purified by .
column . with ethyl acetate/petroleum ether (1:30) to give 12 g (30%) of 2,5-

dlchloroterephthalaldehyde as a white solid.

Intermediate 48b: tert-Butyl 3-(2,5-dichloro-4-formylphenyl)acrylate. To
a solution of 2,5-dichloroterephthalaldehyde (10.0 g, 49.3 mmol, 1.00 equiv) in
dichloromethane (200 mL) at 0 °C was added (2-(tert-butoxy)-2-

oxoethyl)triphenylphosphanium bromide (15.9 g, 34.8 mmol, 0.70 equiv), and followed .

by addition of a solution of sodium hydroxide (9.9 g, 0.25 mol, 5.00 equiv) in water

(14 5mL) dropwwe with stirring. The resulting solution was stirred for 1 h at 0°C. The - v

resultmg mJ(tuIe was concentratedconcentrated under reduced pressure. The res1due
was pur1ﬁed by colum;n with ethyl acetate/petroleum ether (1: 200~1; 30) to give 9.8 g
(66%) of tert-butyl 3- (2 5-dichloro-4- formylphenyl)acrylate as a white solid.

Intermediate  48¢: . tert-butyl.  3-[2,5-dichloro-4-(hydroxymethyl)-

phenyljacrylate. To a solution of tert-butyl 3-(2,_5-dlchloro—4-formy1pheny1)prop-2-
enoate (6.9 g, 22.9 mmol, 1.00 equiv) in methanol (100 mL) was added NaBH,4 (1.60 g,
42.3 mmol, 2.00 equiv). The resulting solution was stirred for 1 h at room temperature.

The -reaction was then quenched by the addition of 10 mL of water and

concentratedconcentrated under reduced pressure The resulting mixture was dlluted-
with 100 mL of brine, extracted with ethyl acetate (2x200 mL). The organic layers were |

combined, dried over sodmm sulfate and concentra_tedconcenuated under ‘reduced :

pressure. The residue was purified by column with ethyl acetate/petroleum ether (1:200-

1:30to  provide 63 g  (91%) of tert-butyl '3-[2,5-dichloro-4-.'

'(‘nydroxymethyl)phenyl]acrylate as colorless oil.

Intermediate 48d: tert-butyl 3-[2,5-dichloro-4- (hydroxymethyl)phenyl]
propanoate. = To a  solution of . tert-butyl 3-[2,5-dichloro-4-
(hydroxymethyl)pheﬁyl]acrylate (600 mg, 1.00 equiv) in ethyl acetate (20 mL) was
added RK/C (600 mg). The resulting solution was stirred ovcrnight under H; at room
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temperature The solids were filtered out. The resulting mixture was

concentratedconcentrated under reduced pressure. The residue was apphed onto a 3111ca‘

gel column with ethyl acetate/petroleum ether (1:30) to give 500 mg (82%) of tert-butyl -

3-[2,5-dichloro-4-(hydroxymethyl)phenyl]propanoate as light brown oil. "H NMR (300

MHz, DMSO) & 7.52 (s; 1H), 7.40 (s, 1H), 5.51 (t, /= 5.7 Hz, 1H),4.51 d,J=57Hz,

2H), 290(tJ 7.4 Hz, 2H), 2.59 — 2.51 (m, 2H), 1.37 (s, 9H).
Intermedlate 48e tert-butyl 3-[4-(bromomethyl)-2, 5- dichlorophenyl]-
propanoate. To a solution of tert-butyl - 3-[2,5-dichloro-4-

(hyd;‘oxymethyl)phe'nyl]propanoate (800 mg, 262 mmol, 1.00 equiv) in

dichloromethane/ tetrahydrofuran (5/5 mL) at 0 °C were added NBS (1034 mg, 5.81

mmol, 2.00 equiv) and PPh; (888 mg, 3.39 mmol, 1.20 equiv). The resulting solution
was stirred for 2 h at room temperature. The resulting: solution was diluted with ethyl '
acetate (30 mL), washed w1th brine (2x20 mL), dried over sodium sulfate, and - -
»concentratedconcentrated under reduced pressure. The residue was applied onto a s1hca

gel columin with ethyl acetate/petroleum ether (1:200~1:20) to give 600 mg (67%) of

tert-butyl 3-[4-(bromomethyl)-2,5- d1chlorophenyl]propanoate as a white solid. .

Intermediate 48f:- (S)-tert—butyl -3-(2,5-dichloro-4-((2- (4-cyclopropy1—

1,2,3,4—tetrahydroqumoxalme-1-carbonyl)pyrrohdm— 1-yl)methyl)phenyl)propanoate.
To a solution of tert-bu’cjrl 3-[4-(bromomethyl)-2,5-dichlorophenyl]propanoate (100 mg,

0.27 mmol, 1.00 equiv) in CH5CN (2 mL) were added 12¢ (110 mg, 0.41 mmol, 1.50- -

equiv) and potassium carbonate (75 ‘mg, 0.54 mmol, 2.00 equiif). The resulting solution

was stirred overnight at room temperature. The resulting mixture was coneenira_ted "
under reduced pressure. The residue was purified by preparative TLC with ethyl -
acetate/petroleum ether (1:3) to give 50 mg (33%) of (S)-tert-butyl 3-(2, 5-dichloro-4-

((2-(4-cyclopropyl-1,2,3,4- tetrahydroqmnoxalme-l-carbonyl)pyrrohdm—l-
yl)methyl)phenyI)propanoate as 11ght brown oil. MS (ES, m/z): 558 [M+H[".

Intermediate - (8)-3-(2,5-dichloro-4-((2- (4-cyclopropy1 1,2,3,4-
tetrahydroquinoxaline-l-carbonyl)pyrrolldm— -yl)methyl)phenyl)propano1c acid: To aA_
solution  of (S)-tert-butyl 3-(2,5-dichloro-4-((2-(4-cyclopropyl-1,2,3 4 :
tetrahydroqumoxalme- -carbonyl)pyrrolidin-1-yl)methyl)phenyl)propanoate (50 mg,

0.090 mmol, 1.00 equiv) in dichloromethane (2 mL) was added TMSBr (1 mL) The

resulting ‘solution was stirred for 2 h at room temperature. The resulting mixture was
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concentrated ‘L'mder reduced pressure. The residue was dissolved in 20 mL of éthyll
acetate, washed with brine (2x10 mL), and concentrated under reduced pressure to o
provide 50 mg (crude) of (S)-3-(2,5-dichloro-4-((2-(4-cyclopropyl-1,2,3,4-
tetrahydroquinoxaline-1-carbonyl)pyrrolidin-1-yl)methyl)phenyl)propanoic ~ acid as
light brown oil | .
. Example 48: 3-(2,5-dichloro-4-(((S)-2-(4-cyclopropyl-1,2,3,4-
tetrahydro-quinoxaline- 1‘carbony1)pyrrolidi11- 1-yDmethyl)phenyl)-N-methyl-N-
((25,3R4R,5R)-2,3,4,5 ,6-pentahydroxyhexyl)propanamide. To a solution of (8)-3-(2,5-
dichloro—4—((2-(4-cyclopropy1-1 2,3 4—tetrahydroqﬁjnoxaline-l-carbonyl)pyrrolidin-l-

.yl)methyl)phenyl)-propa.ncuc acid (50 mg, 0.10 mmol, 1.0 equiv) in DMF (2 mL) were

added (2R,3R,4R,58)-6- (methylamino)hexane-1,2,3,4,5-pentol (26 mg, 0.13 mmol, 15
equiv), HATU (50 mg, 0.13 mmol, 1.50 equiv), and DIEA (23 mg, 0.18 mmol, 2.0
equiv). The resulting solution was stirred overnight at room tempefature. The solids
were filtered out. The crude product (50 mg) was purified by Prep-HPLC : Column,
SunFire Prep-C18, 19* 150mm 5Sum; mobile phase gradient, water 0.05%TFA : CH3CN
(38% to 50% CH3CN over 8 min; detector, Waters 2545 UV detector 2_54/220nni) to
provide 87 mg.  (13%) é_f 3-(2,5-dichloro—4—(((S)-2-(4—byclopropyl-1-,2,_3,4-
te_trahydroquinoxaline-lcarbonyl)pyxrolidin—_l-yl)methyl)phenyl)—N—methyl-N—

((2S,3R,4R,5R)-2,3 ,4,5,6_-pentahydroxyhexyl)propana.mide bis TFA salt as a white

 solid. MS (BS, m/z): 679 [M+H]", 'H-NMR (300 MHz, €D;0D) 8 7.72 (dd, J = 11.8,. o
5.2 Hz, 1H), 7.56 (s, 1H), 7.41 — 7.19 (m, 2H), 7.15 - 7.01 (m, 1H), 6.86 — 6.75 (m,

0.6H), 6.72 — 6.59 (m, 0.4H), 4.53 (dd, J =34.6, 14.2 Hz, 2H), 4.24 — 4.06 (m, 0.8HD),
4,04 —3.89 (m, 1.2H), 3.87 - 3.56 (m, 7H), 3.54 - 3.36 (m, 3H), 3.25 - 3.16 (m, 1H),
3.16 - 2.89 (m, SH), 2.86 — 2.64 (m, 2H), 2.63 — 222 (m, 2H), 2.19 - 1.83 (m, 3H),
1.81 - 1.56 (m, 1.2H), 1.44 - 1.23 (m, 0.85), 1.02 ~ 0.80 (m, 2E), 0.75 = 042(m2H)
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Example 49

' ( 28)-N-( 2-cvclobutoxvphenvl)-1 -1(2.5-dichlorophenyl)methyl] -N-metlileVrfolidihé—Z—

carboxamide -

cl \:/N'
&L 49

5 . Example 49: (28)-N-(2-cyclobutoxyphenyl)-1-[(2,5-

o 'dicb]brophenyl)methyl]-N-n:{ethylpyfrolidihe—2¥carboxa1nide 49 was synthesized in an .
ana]ogous fashion to Example 39, using cyclobutanol in place of cyclopropylmethanol.
MS (ES, m/z): 433 [M+H]". 'H-NMR (400 MHz, DMSO-de) 8 7.63 (s, 1H), 7.26-7.46
(m, 4H), 6.84-7.00 (m, 2H), 4.70-4.72 (m,.lH), 3.53-3.80 (m, 2H), 3.16-3.32 (m, 1H), - B

10 3.01-3.16 (m, 4H), 2.37-2.51 (m, 3H), 1.60-1.82 (m, 8H). | i

Example 50 : o
(4-cvclopropvl 3.4- dlhvdroqumoxalm-l(ZH)-le 3- (2 5- dxchlorobenzvloxv)azet1d1n—3-

ylDmethanone

- 15 - sud

Scheme 50: 1. TMSCN ZnIz, THF 2. AcOH, HCl 3. (Boc)20, K2C03, THF, H,0;
4. 1e, HOAT, EDCI, DFM; 5. 2- (bromomethyl) 1,4-dichlorobenzene, NaH, DMF; 6.
HCI, 1,4-dioxane. :

20 ,
Intermediate 50a: tert-butyl '3-cyano-3-(trimethy_lsilyloxy)azetidine-1-"'
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carboxylate. tert-Butyl 3 oxoazetidine-1- carboxylate (10.0 g, 58.4 mmOl),

trimethylsilanecarbonitrile (8.68 g, 87.5 mmol, and diiodozinc (1.86 g, 5.83 mmol) -

were dissolved in tetrahydrofuran (100 mL). The resulting solution was stirred
overnight at room temperature, then concentrated under reduced pressure. The residue
was dissolved in 300 mL of ethyl acetate and ‘washed twice with 5% sodium
“bicarbonate and once with H,O. The organic layer was dried over anhydrous sodium
sulfate and solvent removed under reduced pressure to give the title ‘corﬁpound (11.8 g,

75%) as yellow oil, which was used without further purification.

Intermediate S0b: 3-hydroxyazetidine-3-carboxylic acid hydrochloride.

50a (11.8 g, 43.6 mmol) was added to acetic acid (20 mL), then concentrated hydrogen

chloride (20 mL) was added dropwise with sﬁning at 0 °C. The resulting solution was

stlned for 4 h at 110 °C, then the solvent removed under reduced pressure to give the

title compound 6.6 g, 98%) as a yellow sohd MS (ES, m/z): 118 M+H]".

Intermediate =~ S50¢:  1- (tert-butoxycarbonyl) 3-hydroxyazet1d1ne-3-

- carboxylic acid. 50b (6.06 g, 43.0 mmol) was dissolved in tetrahydrofuran / H20 (60 /

60 mL), followed by the addition of potassium carbonate (18.0 g, 129 mmol) at 0.°C
and di-tert-butyl dicarbonate (10.3' g, 47.2 mmol. The resulting mixture was stirred

overnight at room temperétu;e, then concentrated under reduced pressure. The pH value

of the solution was adjusted to between 3 and 4 with aqueous HCI (3 M). The resulting
solution was extracted four times with ethyl acetate and the organic layers combinéd-_ o
and dried over anhydrous sodium sulfate and concentrated under reduced pressure. The

crude residue was re-crystallized from petroleum ether / ethyl acetate (10 / 1) to give '

the title compound (4 g, 43%) as a white solid.

Intermedjate - 50d:  tert-butyl 3 -(4-cyclopropyl-1,2,3,4-

tetrahydroqumoxahne 1-carbonyl)- 3-hydroxyazet1d1ne- -carboxylate. 50c (900 mg,

4.14 mmol), 1e (150 mg, 0.86 mmol, 1.00 equiv), EDCI (248 mg, 1.29 mmol) and
HOAT (176 mg, 1.29 mmol) were dissolved in N,N-dimethylformamide (3 mL) and the . '

resulting solution was stirred for 4 h at room temperature. The soluution was then

diluted with of ethyl acetate (20 mL) and washed thrice with brine, dried over sodium

sulfate, and the solvent removed under reduced pressure. The crude residue was .

purified by hormal—phase flash column chromatography, using' a gradient of ethyl
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‘acetate : petroleum ether (1:50 to 5:1)to give the title compound (150 mg, 47%) asa
‘brown solid. MS (ES, m/z): 374 [M+H]

Intermediate 50e: tert-butyl . 3-(4-cyclopropyl-1,2,3,4-
tetrahydroquinoxaline-1-carbonyl)-3-(2, S-dichlorobenZyloxy)azetidine- 1-carboxylate.
'50d (160 mg, 0.43 mmol) was dissolved in N,N—djme‘thylforma;mide (5 mL). To the

- stirring solution was added 60% dispersion of sodium hydride in mineral oil (34.2 mg).

in several batches at 0 °C. The mixture was stitred for 20 min at 0 °C, then 2- -
(bromomethyl)-1,4-dichlorobenzene (124 mg, 0.52 mmol) was added and the resulting
mixture was stirred for 1 h at room temperature. The mixture was diluted with ethyi
acetate (10 mL) and washed thrice with brine, then dried over anhydrous sodium sulfate . -
and the solVent removed under reduced pressure. The crude residue was purified by
preparative HPLC with a C18 silica gel statioriary phase using e 10 min gradient
(CH5CN : H,0 0.05% TFA 50 : 50 to 70 : 30) and detection by UV at 254 nm- to
provide the title compound TFA salt (18.1 mg, '8%) as a white solid. 'H NMR_
(400MHz, CD3OD ppm): 7.61-7. 59(m 1H), 7.35-7.15(m, 2H), 7.09-6.90(m, 2H), 6.85-
6.73(m, 2H), 4.58-4.17(m, 4H); 4.10-4.06(m, 1H), 3.88-3.81(m, 2H), 3.77-3.73(m, 1H),
3.50-3.42 (m, 2H), 2.50-2.35(m, 1H), 1. 46(3 9H), 0.81-0.72(m, 2H), O.5_7~0.50(m, lH),
0.25-0.11(m, 1H). MS (ES, m/z): 532 [M+H] ' ' -

Example 50: (4 cyclopropyl-3 4~d1hydroqu1noxahn~1(2H)~y1)(3 (2 5. -
dlchlorobenzyloxy)azendm- -yl)methanone. 50e (100 mg, 0. 19 mmol) was dissolved in
1,4-1,4-dioxane (1.5 mL), then concentrated HCI (0.5 mL) was added at 0 °C. The
resulting solution was stirred for -1 h at room f_emperature, then the pH value of the
solutioe was adjﬁsted to 9 with sodium carbonate. The resulting solution was extracted
thrice with ethyl acetate and the organic layers combined and washed with brine. The
orgamic layer was dried over anhydrous sodium sulfate and solvent removed under
reduced pressure. The crude re51due was purified by preparative HPLC with a C18-
silica gel stationary phase using a 10 min gradient (CH3CN : H;O 0.05% TFA 52 : 48 to )
100 : 0) and detection by UV at 254 nm to provide the title compound bis TFA salt (9.6

" mg, 12%) as a white solid. MS (ES, m/z): 432 [M+H]". 'II-NMR (400 MHz, CD;0D) 3.

7.62-7.56 (m, 1H), 7.40-6.93 (m, SH), 6.73-6.69 (m, 1H), 4.58-4.36 (m, 2H), 4.22-4.11

147 -



5

10

15

20

25

‘WO 2013[096771 : I : A PCT/US2012/071251 .

(m, 2H) 387365 (z, 48D, 3.50-3.41 (m 2H), 240-230(m 1H), 0.81- 072(m 2H),
0.60-0.40 (m, IH) 0.30-0.20 (m, 1H).

Example 51
(4—cyclopronv1 34- dihydroguinoxalin-1(2H)-yD)(3-(2,5- dlchlorobenzvloxv) 1-

. methylazetidin-3-yl)methanone

. H : : | -
o N ' NS
D\N*\\Njég DO
SO T T
o) 0
50 o - 51

Scheme 51: 1. Formaldehydc, NaBH;CN, AcOH, MeOH.

cl

Example S1: (4-cydlopropyl—3,4-Idihyd10quino'xalin-1(2H_)-y1)(3 -(2,5-

Adichlorobenzyloxy)-l-methylazetidm-_3-yl)methan’one. 50 (50 mg, 0.12 mmol) and
acetic acid (70 mg, 1.17 mmol) were dissolved in _fne’thanbl @ mL), followed by '
addition of 37% aqueous formaldehyde (30 mg; 0.37 mmol). The mixture was stirred

for 1 h at room temperature, then NaBH3;CN (21 mg, 0.33 mmol was added and the o
solution: Was stirred for 1 h at room temﬁeréﬁue. The solvent was removed undér R “
reduced pressure, then the residue dissolved in d:ichlbl-*omethane‘ (10 ﬁnL) and washf:d':

with washed saturated aqueous NaHCOjs. The organic vphase was dried over anhydrous

sodium sulfate and the solvent removed under reduced pressure. The crude residue was

purified by preparative HPLC with a C18 silica gel statlonary phase using a 10 min
gradient (CH;CN : HO 0. 05% TFA 44 : 56 t0 100 : 0) and detection by UV at 254 nm -

to provide the title compound bis TFA salt (19.6 mg, 38%) as a brown solid. MS (ES;
m/z). 446 [M+H]‘-L. '"H-NMR (300 MHz, CD;0D) & 7.73-7.58 (m, 0.6H), 7.48-7.26 (m,
2H), 7.25-7.14 (m, 1H), 7.12-6.96 (m, 1.7H), 6.92 (s, 0.7H), 6.75 (t, /= 7.4 Hz; 1H),

4,65 (s, 1H), 4.4 (s, 2H), 3.89 (t, J = 5.9 Hz, 1.4H), 3.69 (s, 0.6H), 3.45 (t, /= 6.1 Hz, -
1.4H), 3.11-2.86 (m, 3.6H), 2.48-2.23 (m, 1H), 0.90-0.78 (m, 0.6H), 0.79-0.65 (m,

1.4H), 0.63-0.49 (m, 0.6H), 0.24 (s, 1.4H).
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Example 52 e
( y)-1-ethylazetidin-3-

" yDmethanone

b\'N/\\ \ég 7 .
N~ o
52 Cl
Example 52: (4-cyclopr0py1-3,4-dihydro_quinoxalin-1(2H)-yl)(3-(2,5-

dichlorobeﬁzyloxy)-l-ethylazetidin-3-yl)methanone. 52 can be synthesized in a similar
manner as 51, substituting acetaldehyde for formaldehyde. Isolated as a bis-TFA salt.

MS (ES, m/2): 460 [M+H]"; "TH-NMR (300 Mz, CD;OD) 8 7.71-7.59 (m, 0.6H), 7.48~ |

7.14 (m, 3H), 7.14-6.93 (m, 1.7H), 6.92-6.65 (m, 1.7H), 4.74-4.09 (m, 5H), 3.89 (t, J =
5.7 Hz, 1.3H), 3.71 (s, 0.7H), 3.51-3.24 (m, 2H), 2.46-2.23 (m, 1H), 1.37-1.13 (m, 3H),
0.91-0.77 (m, 0.7H), 0.70 (d, J= 5.3 Hz, 1.3H), 0.55 (s, 0.7H), 0.19 (s, 1.3H).

Example 53
1-3,4-dihydroguinoxalin-1(2H)-y

isopr0pvlazetidin-3 -yl)methanone

Example 53: (4- cyclopropyl 3.4 dxhydroqumoxalm 12H)-yD)(3-(2,5- -

' dJchlorobenzyloxy) 1-isopropylazetidin-3 -yl)methanone 53 can be' synthesized m a

similar manner as 51, substituting acetone for formaldehyde. Isolated as a bis TFA salt

MS (ES, m/z): 474 [M+H]". "H-NMR (300 MHz, CD;0D) § 7.73-7.60 (m, 0.61I), 7.48-
714 (m, 3H), 7.13-6.90 (m, 1.7H), 6.88-6.60 (m, 1.7H), 4.79-4.51 (m, 3H), 4.51-4.20 -
(m, 3H), 3.89 (s, 1.3H), 3.72 (s, 0.7H), 3.56-3.39 (m, 2H), 2.48-2.20 (m, 1H), 1.43-1.15

(m, 6H), 0.92-0.77 (m, 0.7H), 0.67 (d, = 5.5 Hz, 1.3H), 0.56 (s, 0.7H), 0.14 (s, 1.3H).
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A : :'Eiample54_: S _ ‘
‘ 1‘-(3-(4-cvcloprob$rl-1.2.3.4-tetrahvdroq'uinoxaline-1-carbonvD-3-(2,5- .

dichlorobenzyloxy)azetidin-1-yl)éthanone
'@

'
ASNQN{) . | e oy

|
50 Cl : . 54~ Cl

(o)
Y
N
@]

Scheme 54: 1. Acetic anhydride, triethylamine, DCM.

Example 54: .1-(3-(4-cyclopr015y1-1,2',3,4-tetrahyderuh10xaline—1-"

carbonyl)-3-(2,5-dichlorobenzyloxy)azetidin-1-yl)ethanone. 50 (70 mg, 0.16 mmol),
acetic anhydride (18 mg, 0.18 mmol), and triethylamine (49 mg, 0.48 mmol) were

_dissolvedAin DCM (2 mL) and stirred for 1 h at room temperature. The solution was

then diluted with DCM and washed w1th brine, then dried over Aanhy(.irous sodium

sulfate and the solvent removed under reduced pressure. The crude residue was purified

by preparative HPLC with-a C18 silica gel stationary phase ﬁsing a 7 min .gradj'ent

(CH3CN : H;0 0.03% NH;OH 51 : 49 to 68 : 32) and detection by UV at 254 nm to -
provide the title compound (14.5 mg, 19%) as an off white solid. MS (ES, m/z): 474

[M-+H]". "H-NMR (300 MHz, CD;OD) & 7.45-7.32 (m, 1H), 7.31-7.12 (tm, 2H), 7.06-
6.82 (m, 2H), 6.60-6.52 (m, 2H), 4.57-439 (m, 2H), 4.39-4.16 (m, 2H), 4.16-4.03 (m,
1H), 3.73-3.53 (m, 3H), 3.34-3.21 (m, 2H), 2.18-2.11 (m, 1H), 1.73-1.68 (m, 3H), 0.73-
0.60 (m, 1H), 0.48-0.33 (m, 1H), 0.20-0.10 (m, 1H). '
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‘ Example 55.
4-cyclopropyl-3.4-dihydroquinoxalin-1(2H).
(meth Isulfon Dazetidin-3-y])methanone

N 3
oY T otg
o | o O
. 50 O o 55 . O -

Scheme 55: 1. MsCl, triethylamine, THF.

‘Exampl.e" 55: (4-cycloi3repy1—3,4—dihydrqqui110xalin-1(2H)-y1)(3-(2,5 -

dichlorobenzyloxy)—l-(methylsmt‘onyl)azetidin- -yl)methanone' 50 (50 mg, 0.12 . ‘

mmol) and tnethylarmne (35 mg, 0. 35 mmol) were dissolved in tetrahydrofuran (3
mL), followed by the addition of methanesulfonyl chloride (16 mg, 0.14 mmol) -

dropvsnse with stirring at 0 °C.. The resullmg solution was stirred for 10 min at 0 °C

and for an additional 1 h at room temperature. The solution was then diluted with

saturated aqueous sodium bicarbonate and extracted thrice with ethyl acetate and the
organic layers combined and dried over anhydrous sodium sulfate and then the solvent

rer_nov_ed under reduced pressure. The 'crude residue was purified by preparative HPLC. .~

with a C18 silica gel stationary phase using a 7 min gradient (CH3;CN : H,O 0.03%

NH4OH 51 : 49 to 68 : 32) and detection by UV at 254 nm to provide the 'title :

compound TFA salt (8.9 mg, 15%) as a white solid. MS (ES, m/z) 510 [M-+H]". -

~ NMR (400 MHz, CD;0D) 8 7.75-7.62 (1, 1H), 7.37-7.04 (m, 4HD, 6.90-6.74 (m, 2H),

4.62-4.26 (m, SH), 3.97-3.74 (m, 3H), 3.50-3.34 (m, 2H), 3.20-2.96 (m, 3H), 2.40-2.34
(m, 1H), 0.83-0.72 (m, 1H), 0.72-0.57 (m, 1H), 0.57-0.50 (m, 1H), 0.20-0.10 (m, 1H). |
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Example 56

. dichlorbbe vDamino)c ciobu Dmethanone

. i?

_ Example 56: (4-cyclopropy1-3,4-dihydroquinoxa1in—1(2H)-y1)(1-((2,5-
dic':hlorobehzyl)amino)cyclobutyl)metha.none. Example 56 was prepared using the

Y
cl H[NJQ ~,   .

procedure described. for the preparation of Example 26 except that 1-((t-

butoxycarbonyl)amino)cyclobutanecarboxylic acid was used in place of Boc-1-
aminocyclopr_opane-l-carboxylié acid. Isolated as the bis TFA salt. MS (ES, m/z): 430
[M+H]", 'H-NMR (400 MHz, CD;0D) & 7.60 (d, J = 2.5 Hz, 1H), 7.48 (d, J = 8.6 Hz,
1H), 7.44-7.36 (m, 2H), 7.24 (dd, J=8.3, 1.4 Hz, 1H), 7.19-7.11 (m;, 1H), 6.73 (td, J =

7.9, 1.4 Hz, 1H), 4.11 (5, 2H), 3.90 (t, J = 5.5 Hz, 2H), 3.47 (t, J = 5.8 Hz, 2H), 2.83-
268 (m, 2H), 2.49-2.33 (m, 3H), 2.17-2.00 (m, 1H), 1.88-1.68 (m, 1H), 0.91-0.78 (m,"

2H), 0.62-0.49 (m, 2H).
» R 'ExainblgéT_ » R
(4-cyclopropyl-3.4-dihydroquinoxalin-1(2H)-y1)( 1—(2,5-diChlorob¢11z§r1)bvrrolidin-3'-11)' ' K
‘ methanone
Cl

o OTCN o
o
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Example 57: (4-cyclopropyl-3,4-dihydroquinoxé11in—l(2I-I)—y1)(1-(25'—

dichlorobenzyl)pyrrolidin-3-yl) . methanone. Exaniple 57 was prepared using the
procedure described for the preparation of Example 12 except that 1-(t—butoxycarbqny1) S

pylrolidine-B-cafboxylic acid was used in place ' of (S)-1-
: [(benzyloxy)carbonyl]pyrrolidihe42'-carboxy1ic acid. Isolated as the bis TFA salt. MS
(S, m/z): 430 [M+H]". 'H-NMR (400 MHz, CD;0D) § 7.72 (s, 1H), 7.61-7.47 (m,

2H), 7.22 (dd, J = 8.3, 1.5 Hz, 1H), 7.18 (t, /= 7.6 Hz, 1H), 7.08 (d, J= 7.6 Hz, 1H),

6.75 (t, J = 7.2 Hz, 1H), 4.59 (s, 2H), 4.11-3.35 (m, SH), 2.59-2.36 (m, 1H), 2.30-1.91
(t, 2H), 0.95-0.78 (m, 2H), 0.57 (s, 2ED).

‘Example 58
1-3 4-dihydroquinoxalin-1(2H)-yl)2-(3-methylt rrolidin-1-
yl)methanone

Example  58: (4'—cyclopfopyl-3;4-'dihydroquinoxalin~1(ZH)éyl)Z-(3-,‘

3 mcﬂlyilienzyl)pyrrolidin—1-y1)methandne. Examplé_ 58 was prepared using the

procedure de_scribed for the preparation of Example28, except that 2-(3-

methylbenzyl)pyrrolidine was used in place of 2-(2-chlorobenzyl)pyrfoﬁdine. MS (ES,

m/z): 376 [M+H]"; "H-NMR (400 MHz, CDCl;) & 7.21-7.10 (m, 2H), 7.05-6.88 (m,”
SH), 6.71-6.60 (m, 1H), 4.25-4.07 (m, 2H), 3.53-3.34 (m, 2H), 3.33-3.20 (m, 2H), 3.15-
3.06 (m, 2H), 2.52 (dd, J= 1 2.4,9.9 Hz, 1H), 2.45-2.36 (m, 1H), 2.30 (s, 3H), 1.93-1.45
(m, 4H), 0.87-0.76 (m, 2iT), 0.73 (dd, J = 9.5, 3.9 Hz, 1H), 0.51 (dd, J = 10.0, 3.4 Hz,

1H).
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Example 59

- 3-(4-chloro-3-(((1- 4—c clopropyl-1.2,3.4-tetrah dro umoxahne 1-

carbonchYclom'opvl)anﬁno)methyl)phenvl)nropanoic acid

' 0 0.
Br ) . -
\@OH 1. t8U0" F oH tBuO OH
' 59 : , 59 _
, ' o .
| . o : O.QZN : . otBu -
3. : : 4. N ‘
. tBuO ' Br ©: j c :
: cl l

59 59d

g@“

—’CEJ

5  Scheme59: 1. t-butyl acryIate, Pd(OAc)z, PPhs, TEA; 2. 5% RWALO;, Ha, BtOAc;
3, PPh;Br,, DCM; 4. DIEA, CH:CN, KJ; 5. 4 M HCl in 1,4-dioxane.

Intermediate 59a:. t-Butyl 34 chloro-3-
(hydroxymethyl)phenyl)acrylate To a mlxture of (5-br0mo -2- chlorophenyl)methanol

10 - (1 0 g, 4.51 mmol, 1 equiv.) and t-butyl acrylate (1.86 mL) in TEA (7.6 mL) were

added pallachum acetate (51 mg, 0.23 mmol, 0.05 equiv.) and PPhs (118 mg, O 451

mmol, 0.1 equiv.). The mixture was stirred under N; at 90 °C overnight. The reaction .‘

mixture Was concentrated under reduced pressure and punﬁed by flash-column

chromatography to give 103 g (85 %) of t-butyl 3-(4-chloro-3-
5 (hydmxyméthyl)phenyl)acrylateas a clear syrup,A - : -

Intermediate 50h; t-butyl -' 3-(4-chloro-3- . -

(hydroxymethyl)phenyl)propanoate. To a solution of t-butyl '3’-(4-chloro-3'-
(hydroxymethyl)phenyl)acrylate (1.03 g, 3.84 mmol) in ethyl acetate (20 mL) was

added RW/ALOs (5 %, 300 mg). The mixture was stirred at room temperatﬁxe under Hp o |
20 for 3 h. More RWALO3 (5 %, 150 mg) was added and the mixture was stirred at room
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temperature under H, overnight. The mixture was filtered and the 'ﬁltrate was
concentrated under reduced pressure to give lg (96 %) of t-butyl 3-(4-chloro-3-
(hydroxymecthyl)phenyl)propanoate as a clear syrup. '

Intermediate ~ 59¢: ‘t-butyl 3-(3-(bromomethy)-4-
chlorophenyl)propanoate'. To a solution of t-butyl  3-(4-chloro-3- -
(hydroxymethyl)phenyl)propanoate (460 mg, 1.7 mmol, 1 equiv.) in DCM (12 mL) was

added dibromo triphenylphosphorane (863 mg, 2.0 mmol, 1.2 equiv). The mixture was

stirred at room temperature for 30 minutes, quenched with water, extracted with ether.”

The organic layer was washed with brine, dried over anhydrous sodium sulfate,

concentrated under reduced pressure, and purified by flash-column chromatography to

give 263 mg (46 %) of t-butyl 3-(3-(bromomethyl)—4;chlorophen}’l)propanoate as clear

oil.

- Intermediate 59'df: t-butyl 3-(4-chloro-3-(((1-(4-cyclopropyl-1,2,3,4-

tetrahydroquinoxaline-1-carbonyl)cyclopropyl)amino)methyl)phenyl)propanoate. To a.

mixture of (1-aminocyclopropyl)(4-cyclopropyl-3,4-dihydroquinoxalin-1-(2H)-

yl)methanone HCI salt (26.4 mg, 0.08 mmol, 1 equiv), prepared form 26a by treating it
with 4 M hydrochloric acid in 14-dioxane) and t-butyl 3-(3-(bromomethyl)-4- -
chlorophenyl)propanoate (32 mg, 0.096 mmol, 1.2 equiv) in acetonitrile (0 3 mL) were E
added DIEA (55.7 uL, 0.32 mmol, 4 equxv . and KT (cat) The mixture was stirred at 50 -

°C overnight, concentrated under reduced pressure, and purified by flash-colurn

chromatography to g1ve 31 mg (76%) of t-butyl 3- (4 chloro-o-(((l (4- cyclopropyl-,.

1 2 3,4-tetrahydroquinoxaline-1- carbonyl)cyclo—
propyl)ammo)methyl)phenyl)propanoate as yellow syrup. MS (ES, m/z): 5 10 [M+H]"

Example 4 59: 3-(4-chloro-3-(((1-(4-cyclopropyl-1,2,3,4-

tetrahydroquinpxaline—l-carbonyl)cyclopropyl)ammo)methyl)phenyl)propano1o acid. .

To thutyl 3-(4-chloro-3-(((1-(4-cyclopropyl-1,2,3 4-tetrahydroqumoxalme -1-

caxbonyl)cyclopropyl)ammo)methyl)phcnyl) propanoate (31 mg, 0.06 mmol) was
* added 4 M hydrochloric acid in 1,4-dioxane (1 mL). The mixture was stirred at room
temperafure for 3 h and concentrated to give 32 mg (crude) of 3-(4-chloro-3-(((1-(4-" '

cyclopropyl-1,2,3,4- tctrahydroqumoxahne-l-carbonyl)cyclopropyl) ' ‘
armno)memyl)phenyl)propano1c acid as a red solid. Some of the red solid (8 mg) was
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1,2,3 4-tetrahydroquinoxaline- 1‘-éarbonyl)cyélopfoPyl)anﬁno) methyl)phenyl)proparnioic
acid bis_ TFA salt as a ycllow solid. MS (ES, m/z): 454 M+H]". 'H-NMR (400 MHz,

CDCls) § 7.34-7.26 (m, 2H), 7.26-7.14 (m, 3H), 7.02 (4, J= 2.0 Hz, 1H), 6.76 (td, J =
7.6, 1.4 Hz, 1H), 4.07 (s, 2H), 3.89 (t, /= 5.8 Hz, 2H), 3.43 (t, /= 5.8 Hz, 2H), 2.86 (1,
J=17.6 Hz, 2H), 2.57 (t, J = 7.6 Hz, 2H), 2.48-2.36 (m, 1H), 1.39 (dd, /= 7.8, 5.3 Hz,

2H), 1.22 (dd, J=7.8, 5.3 Hz, 2H), 0.89-0.77 (1, 2H), 0.57-0.44 (m, 2H).

Example 60
3-(4-chloro-3-(((1-(4-cyclopropyl-1.2, 3; 4-tetrahvdroqum0xahne 1- )
carbonyl)cyclopropyl)amino)methylyphenyl)-N-methyl-N-(( 28 3R4R.5R)-2.3.4,5.6-

entahydroxyhexvl)propanamide

OH OH
HO

OH OH

Example 60: - 3- (4 ~chloro-3-(((1- (4 cyclopropyl -1 2 3.4-

| tetrahydroqumoxalme 1-carbonyl)cyclopropyl)ammo)methyl)phenyl)-N-methyl -N- - -
((2S,3R,4R,5R)-2,3,4,5,6-penta-hydroxyhexyl)propanamide. To a mixture of Example v
59 HCI salt (8.2 mg, 0.016 mmol, 1 equiv.) and N-methyl glucémine (3.9 mg, 0.02

mmol) ih DMF (0.1 mL) were added HATU (7.6 mg, 0.02 mmol) and DIEA (17 uL,; 0.1

mmol). The mixture was stlrrcd at room temperature for 1 h and. punﬁed by preparatlve '
HPLC to give 7.4 mg (54 %) of 3-(4-chloro-3-(((1 (4~cyclopropy1 -1,2,3 4—‘ ‘

tetrahydroqumoxahne- 1-carbonyl)cyclopropyl) ammo)methyl)—phcnyl)-N—methyl-N- ‘

((25,3R,4R,5R)-2 34,5 6-pentahydroxyhexyl)propanarmde bis TFA salt as an off-white -

solid. MS (ES, m/z): 631 [M+H]" 'H-NMR (400 MHz, CD;0D) 8 7.34-7.26 (m, 2H),
7.26-7.20 (m, 2H), 7.20-7.14 (m, 1H), 7.09 (dd, J = 122, 1.9 Hz, 1H), 6.76 (ddd, J =

92, 3.4, 1.7 Hz, 1H), 4.11 (d, J = 8.8 Hz, 2H), 3.99-3.84 (m, 3H), 3.81-3.54 (m, 6H),

3.48-3.34 (m, 3H), 3.09 (s, 1.4H),2.96 (s, 1.6H), 2.87 (t, J = 7.5 Hz, 2H), 2.84-2.70 (m,
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1H), 2.67 (t, J=7.5 Hz, 1H), 2.49-2.36 (m; 1H), 1.44-133 (m, 2H), 1.28-1.20 (m, 2H),
0.83 (dt, J= 6.6, 1.6 Hz, 2H), 0.57-0.45 (m, 2H).

Example 61 -

a - 6

Scheme 61: 1. 2-(bromométhy1)-1,4—dichlorobénzené, NaH, THF", 2. NaOH, EtOH,
H,0; 3. 1e, EDCI, DMAP, DCM. ' .

Intermed1ate 6.1a:' ethyl  1-(2,5- dichlorobenzyl)- 1H—pyrrole 2-
carboxylate 2- (Bromomethyl) -1,4-dichlorobenzene (517 mg, 2.15 mmol) and ethyl 1H- .
pyrrole—2 carboxylate (300 mg, 2. 16 mmol) were dissolved in tetrahydrofuran (20 mL).’

To the stirring solution was added sodium hydnde dispersion in mineral 011 (174 mg,

4.35 mmol) in several batches at 0-5 °C. The resultmg suspension was stm‘ed overnight -~
at room temperature then quenched by the addition of 5 mL of methanol. The solvent
_ Was removed under reduced pressure and the resulting residue puriﬁed by preparative

TLC (ethyl acetate/petroleum ether 1:10) to give 61a (270 mg, 42%) as a white solid. .

MS (ES, m/z): 298 [M+H]".

Intermediate 61b: 1-(2,5- dlchlorobcnzyl) 1H-pyrrole-2 carboxyhc a01d
61a (200 mg, 0.67 mmol) and sodium hydroxide (539 mg, 13.47 mmol) were dissolved

in ethanol/H,O (8/4 mL) and stirred for 3 h at 85 °C. The mixture was concentrated
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' ,fmderl reduced pressure and then diluted \K&th- 50 mi, 61’ diéhibromcthéne; The pH value
of the solution was adjusted to 3-4 with aqueous HCI (1 M). The organic layer was then .
washed _twice with brine and dried over sodium sulfate, then solvent removed under
reduced préssure to give 61b (150 mg, 83%) as a yellow solid, which was used directly

5 without further purification. |

Example 61: (4-cycIopropy1—3,4-dihydroqu'iﬁoxalin—1(2H)—yl)(1-(2,5- ,
dichlorobenzyl)-1H-pyrrol-2-yl)methanone. 61b (80 mg, 0.30 mmol, 1e (47 mg, 0.27
mmol), EDCI (77 mg, 0.40 .mmol)-, and 4-dimethylaminopyridine (49 mg, 0.40 mmol)
where dissolved in dichloromethane (3 mL). The resulting solution was stirred for 4 h at

10  room femperature, then diluted with 20 mL of dichloromefhane. The resulting mixture
was washed twice with brine and dried over sodium sulfate, then concentrated under
reduced pressuré. The crude residue ‘was purified by preparative HPLC with a C18
silica gel stationary phase usmg 2 6 min gradient (CH3;CN : H,O 0.05% TFA 32 : 68 to ;‘
50 : 50) and detection by UV at 254 nm to provide the title compound (23.7 mg, 19%)

:1.5‘ ‘bis TFA salt as an off-white solid. MS (ES, m/z): 426 [M+H]". TH.NMR (300 MHz,

' CD40D) & 7.41 (d, J= 8.7 Hz, 1H), 7.29 (dd, /= 8.7,2.4 Hz, 1H), 7.23 (d, /= 8.4 Hz, .
1H), 6.77-6.51 (m, 2H), 6.23 (d, J=3.9 Hz, 1H), 6,14 (t, J=33 Hz, 1H), 5.45 (s, 2H),
©3.90 (t, J=5.7 Hz, 1H), 2.45-2.41 (m, 1H), 0.90-0.84 (m, 2H), 0.66-0.61 (m, 2H).

20 ‘ ’ Exémple 62

,4_0 clopropyl-3.4-dihydro uinokalin—

Scheme 62: 1. K,COs, DMF; 2. a. LiOHeH,0, THF, H,0; b. le, HATU, DIEA,
25 DMF. . ' ' ‘ '

Intemiediété 62a: 2;5-djchidrobenzy1 1-(2,5-dichlorobenzy1)-1H—
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imidazole-2-carboxylate. 1H-Imidazolé-2-carboxylic acid (100 mg, 0.892 mmol), 14
dichloro-2-(chloromethyl)benzene (382 mg, 1.96 mmol), and K,CO; (370 mg, 2.68°

mmo]) were combined in DMF The suspension was stirred at 100 °C for 1 h, then

added to 5% aqueous HCl and extracted with EtOAc. The organic phase was washed

~ with saturated aqueous Na'I-IC'Og, H,0, and bﬁne, thén dried over Na,SO4 and the

- solvent removed under reduced pressure. The crude residue was purified by flash-
column chromatography using a gradient of DCM : MeOH (100 : 0 f0 98 : 2) to give
62a (290 mg, 76%) as a yellow oil. N
' Example 62 (4-cyclopropyl-3,4-dihydroquinoxalin-1(2H)-yl)(1-(2,5-
dichlorobenzyl)—1H-ih;\idazol-2-yl)methanone. 62a (290 mg, 0.674 mmol) and
LiOHeH,0 (113 mg, 2.70 mmol) were dissolved in THF (3 mL) and H,0 (2 mL) and
stirred at room témperaturc for-3 h. The solvent was removed under reduced pressure
and the residue dissolved in EtOAc and MeOH and filtered, then solvent removed under
reduced pressure. The crude residue was then dissolved in DMF, to which 1e (19 mg,
0.1 mmol), HATU (42 mg, 0.11 mmol), and DIEA (80 pL, 0.461 mmpl) were added.
The solution was stirred at room temperature for 1 h,'thén purified by preparative HPLC
witﬁ a C18 silica gel stationary phase using a gradient'of H20 0.05% TFA : CH;CN 0.05%

TFA (30 : 70 to 5 : 95) and detection by UV at 254 nm to gi\}e the title cbmppund (23 mg, 5%).
as the bis TFA salt. MS (ES, m/z): 427 M+17". 11 NMR (400 MHz, CDCl3) § 740 (d,J

= 8.6 Hz, 1H), 7.37-7.29 (m, 2H), 7.24-7.17 (m, 2H), 7.11-7.02 (m, 2H), 6.78-6.33 (m,

|2H), 5.41 (s, 2H), 4.02 (t, J = 5.2 Hz, 2H), 3.50 (s, 2H), 2.48 (s, 1H), 0.87-0.81 (m, 2H),

0.68-0.62 (m, 2H).
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Example 63 . :
" 1- cvclopropvl 4-( f6-[(2 5-d1ch1oronhenvl)methoxy]'pvrldln-2-vl]ca.rbonvD 123, 4-
tetrahydroquinoxaline

¢r§§ m%

0._0 i
AN 1 2
J T
HO Ho” NP
" 63a

_ 0O . OLOH
D )NIE o, b %
L
. 63c 63d
c cl
| 63d —— ©/\ 5

5 Schcme 63: 1. HzSO4, CH3OH 2. 2- (bromomethyl) 14 dlchlorobenzene DMF,
DME, LiBr, NaH; 3. LiOH, THF HzO 4, le, HATU DIEA, DMF.

Intérmediate 63a: methyl 6-hydroxypyridin'e-2-carboxylate’. A solution
of 6-hydroxypyridine-2-carboxylic aéid (5.00g, 35.94 ‘mmol, 1.00 equiv) in methanol
10 (100 mL) and sulfuric acid (20 mL). was stired overnight at 65 °C. The resulting
| reaction mlxturc was concentrated under reduced pressure, diluted with water (200 mL)
and the solid precipitate was.collected by filtration and washed with water and aqueous | - i
NaHCOs. The filter cake was dissolved in ethyl acetate (20 mL) dfi_ed over anhydrous - -
sodium sulfate and concentrated under reduced pressure to provide 2 g (36%) of the o R

15 product as a white sohd

Intermediate 63b and 63e: methyl 1-(2,5- d.lchlorobenzyl) 6-0x0-1 6- '
dihydropyridine-2-carboxylate and  methyl 6—(2,5-dlchlorobcnzyloxy)plcolmate.
respectively. To a solution of rﬁethyl 6-hydroxypyridine-2-carboxylate (300 mg, 1.96
mmol, 1.00 equiv) in DMF (1 mL) and DME (3 mL) was added of sodium hydride (30 |
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mg, 2.25 mmol, 1.15 equiv, 60%) at 0 °C followed by LiBr (339 mg, 3.90 mmol, ‘1‘99..

equiv) after a few minutes. The mixture was stirred for 15 min at room temperature then

2-(bromomethyl)-1,4-dichlorobenzene (900 mg, 3.75 mmol, 1.91 cquiv)‘ was added.

The resulting solution was stirred overnight at 65 °C then quenched by the addition of 2 -
mL of H;0. The resulting solution was extracted with ethyl acetate (2x10 mL) the

- organic layers combined and concentrated under reduced pressure. The resulting = V

residue was applied onto a silica gel column and eluted with ethyl acetate/petroleum
ether (1:2) to furnish 80 mg (13%) of the product 63b as a light yellow solid and 150
mg (25%) of the product 63c as a light yellow solid. |

Intermediatc ~ 63d: 6—[(2,5—dichlorophenyl)methoXy]pyridirie;2-"
carboxylic acid. A solution of methyl 6-[(2,5-dichlorophenyl)methoxy]pyridine-2-

carboxylate 63¢ (150 mg, 0.48 mmol, 1.00 equiv), LiOH (10 mg, 0.42 mmol, 1.00

Aequlv) in tetrahydrofuran/H,0 (2:1 mL). The resulting solution was stirred for 2 h at.

~ room temperature then diluted with water (10 mlL) and extracted with ethyl acetate

(2x10 mL). The combined organic layers were dried over anhydrous sodium sulfate and

~ concentrated under reduced pressure to provide 110 mg (77%) of the product as a light

yellow solid.

-yl]carbonyl) -1,2,3,4-tetrahydroquinoxaline. A solution - of 6-[(2,5-
d1chlorophenyl)methoxy]-pyndme 2—carboxyhc acid (110 mg, 0.37 mmol, 1.50 equ1v)

1-cyclopropyl-1,2,3 4-tetrahydroqu1noxahne (43 mg, 0.25 mmol, 1. 00 equiv), HATU ‘
(187 mg, 0.49 mmol, 2.00 equiv), DIEA (64 mg, 0. 50 mmol, 2.00 equiv) in N,N-

- dlmethylformanude (2 mL) was stirred for 2 h at 40 °C. The resulting solution was

25

30

,dlluted with of ethyl acetate (20 mL), washed with brine (2x10 mL), dried over -
anhydrous sodium sulfate and concentrated under reduccd pressure. The crude product :

(100 mg) was punﬁed by preparative HPLC with the following conditions: Co_lumn,‘

SunFire. Preparative C18, 19*150mm 5um; Mobile phase gradient, water containing
0.05% TFA : CH;CN (48 : 52 to 25 : 75 over 6 min then‘up to 100% over 1 min);

| Deteétdr; ‘Wat_ers 2545 UV detector at 254 and 220nm. This resulted in 18 mg (16%) of ‘_

the title compound ditrifluoroacetate salt as a yellow semi-solid. MS (ES, m/z): 454
[M+H]", 'H-NMR (300 MHz, CD;0D) & 7.80 (m, 1H), 7.37 (m, 2H), 730 (m, 2H),

161

Example 63: 1—cydopropyl-4-([6—[(2,5-dichlordphenyl)methdxy]pyridin4 '



- WO2013/096771 - .. o .+ PCT/US2012/071251

5

-10.

15

20

25

720 (d, J = 8.1 Hz, 1H), 6.95 (1a, 2H), 6.40 (d, J = 1.8 Hz, 2H), 3.94 (s, 1H), 3.49 (s,
2H), 2.45 (m, 1H), 1.19 (m, 3H), 0.87 (m, 2H), 0.69 (m, 2H). | -

Example 64 _
-cyclopropvl 4-([6- [(2 5- d1chlorophenvl)methoxvlvvndm-2 vl]carbonvl) 1, 2 3.4-

tetrahydroquinoxaline

Scheme 64: 1.a (COCI)’;, cat. DMF, DCM b. TEA, DCM -

Intermediate 6da: 1-[(2,SJdichlorophenyl)methYI]-6-'oxo-1,6—.
dihydropyridine-2-carboxylic acid. A - solution  of methyl 1-[(2,5-.
dichlorophenyl)methyl]-6-oxo- 1 ,0- dihydrepyridine 2- carboxylete 63b (80 mg, O. 26 |
‘mmol 1.00 equlv) LiOH (5 mg, O 21 mmol, 0.81 eqmv) in tetrahydrofuran Water 2: 1 '

mL) was stirred for 2 h at room temperature then diluted with of ‘water (5 mL) The
resulting solution was extracted with ethyl acetate (2x10 mL) and the organic layers . ° o

combmed dried over anhydrous sodium’ sulfate and concenLrated under 1educed_

pressure to give 50 mg (65%) of the product as a light yellow sohd

Example 64: . 6-[(4-cyclopropyl-1 2 3 4-tetrahydroqu1noxahn—1- | .
yl)carbonyl] -1-[(2,5- dlchlorophenyl)methyl] 1,2- d1hydr0pyr1dm—2 one. To a solution of -
1-[(2,5-dichlorophenyl)methyl]-6-ox0-1,6-dihydropyridine-2- carboxylic acid (50 mg,

0.17 mmol, 1.00 equiv)' N N-dimethylformamide (a catalytic amount), in

dichloromethane (10 mL) was added oxalyl dichloride (1 mL). The resulting solution

was stirred for 1 h at room temperature. The resulting mixture was concentrated under
reduced pressure to provide 60 mg of the crude 1-[(2,5-dichlorophenyl)methyl]-6-oxo-
1,6-dihydrepyridine-2-carbonyl chloride as a yellow oil used without further
p}triﬁeation.". To a stired at 0 °C solution of l-cyelopropy1-1,2,3,4-
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*tetrahydroquinoxaline (30 mg, 0.17 mmol, 1.00 equiv), triethyiamine (0.5 mL) in

dichloromethane (5 mL) was: added _‘1-[(2,5-dichlo_rophenyl)methyl]-6-_oxo-1,6-, :
dihydropyridine-Z—carb‘onyl chloride (60 mg, 1.00 equiv) in DCM. The resulting '

solution was stirred for 2 h at room temperature, concentrated under reduced pressuxé

and the crude product (50 mg) was purified by preparative HPLC with the following

conditions: Column, SunFire Preparative C18, 19*150mm Spm; Mobile phase gradient,

water containing 0.05% TFA: CH3CN (65:35 to 48:52% over 10 min then to 100% in 1

min); Detector, Waters 2545 UV detector at 254 and 220nm. This resulted. in- 13 mg _

(17%) of title compound trifluoroacetate salt as a yellow solid. MS (ES, m/z): 454
[M+H]"; '"H-NMR (400 MHZ, CD;0D) d 7.53 (s, 1H), 7.41 (8, J = 6.6 Hz, 1H), 7.19

(0, 2H), 7.08 (m, 1H), 6.65 (m, 2H), 6.50 (m, 2H), 6.36 (s, 1H), 5.41 (m, 2H), 3.95.(s,

2H), 3.50 (s, 2H), 2.42 (s, 1H), 0.88 (d, J = 3.6 Hz, 2H), 0.63 (s, 2H).

Example 65
l-cvclopropvl—4 [[5- (2 S-dichlorophenoxy)-1.3 dlmethvl-lH-pvrazol 4-v1]carbonvl]-.
1.2.3, 4 tetrahydroquinoxaline.

A 0
A\
o N «l
. N /
‘N N‘N N =N
ssb'_
N :

N\N

Séheme 65: 1. 2 5-dichlorophenol, Cul, KZCO3, DMF 2. NaClOz, NaHzPO4, HZO t—
BuOH, 2-methy1but—2 ene; 3. a. (COCI)Z,b ‘1e, TEA, DCM.

Intermediate 65a: 5-(2,5- dlchlorophcnoxy) -1,3- d1methyl IH-pyrazole 4—
carbaldehyde. A solution of 2,5-dichlorophenol (200 mg, 1.23 mmol, 1.95 equiv), 5-
chloro-1,3-dimethyl-1H-pyrazole-4-carbaldehyde (100 mg, 0.63 mmol, 1.00 equiv),
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popssim carbonate (350 mg, 2.53 Ihmol,l. 4.02 equiv), Cu (25 mg, '0.39me01, 0.62
equiv), Cul (25 mg, 0.13 mmol, 0.21 equi\})A in N,N-dimethylformamide (4 mL) Wés
stirred overnight, at 100 °C in an oil bath. The resulting reaction mixture was diluted
with H,O (20 mL) and extracted with ethyl acetate (3x20 mL) the combined organic“
layers wérq washed with water (20 mL) and brine (20 mL), dried over anhydrous
sodimd sulfate and concentrated imdér reduced pressure to furnish 120 mg (67%) of the

product as brown oil.

~ Intermediate 65b: 5-(2,5-dichlorophenoxy)-1,3-dinieﬂ1y1—1PI—pyrazole—47
carboxylic acid. A solution of 5-(2,5-dichlorophenoxy)-1,3-dimethyl-1H-pyrazole-4-

carbaldehyde (120 mg, 0.42 mmol, 1.00 equlv) NaH,PO, (420 mg, 3.50 mmol, 8.32 ‘

‘equiv), NaClO; (360 mg, 4.00 mmol, 9.50 equiv) in fert-Butanol (6 mL), H,O 6 mL)
and 2-me’§hy1but- -ene (1 mL) was stirred overnight at room temperature. The resulting

 reaction mixture was diluted with H,O (10 mL), extracted with ethyl acetate (3x20 mL) |

and the organic layeré combined washed with brine (1x20 mL), dried over sodium
sulfate and concenirated under reduced prcssure to provide 110. mg (87%) of the

product asa colorless oil.

Example 65 1 cyclopropy1-4 [[5 (2,5- dlCthl’OphCIlOXy) -1 3 d1mcthy1—
1H-pyrazol-4-yl]ca.rbonyl]_1,2,3,4 -tetrahydroquinoxaline. To a stirred solution of 5-
(2,5-dichlorophenoxy)-1 3-dimethy1—1H-pyrazole-4—carboxylic acid (100 mg, 0.33
mmol, 1.00 equiv) in dlchloromethane (10 mL) was.added oxalyl d1chlonde (10 mL)

dropwise.- The reaction mixture was stirred for 2 h ‘at room temperature then

concentrated under reduced pressure. The crude residue was dissolved in

dichloromethane (5 mL) and added to a stirred 0 °C solution of 1-cyc10propy1-1,2,3,4;
tetrahydroquinoxaline (80 mg, 0.46 mmol, 1.40 equiv), triethylamine (70 mg, 0.69

mmol, 2.00 equiv) in dichloromethane (10 mL).' The resulting reaction mixture was

- allowed to warm to ro'o_m temperature and stirred for 4 h then was diluted with H,0 (10 -
mL) and extracted with dichloromethane (3x10 mL) and the combined organic llaye'rs'
washed. with brine (10 mL), dried over anhydrous sodium.sulfate and concentrated o

under reduced pressure. The crude product (60 mg) was puﬁﬁed by Flash-Preparative-

- HPLC with the following conditions: Column, C18 silica gel; Mobile phase gradient .
CH;CN in H,0 (containing 0.05% TFA) 5%-100% over 40 min; Detector, UV at 254"
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nm. This resulted in 16.1 mg (11%) of title compo'ﬁnd trifluoroacetate salt as a light

yellow solid. MS (S, m/z): 457 [M+H]". "H-NMR (300 MHz, CD;OD) § 7.44 (d, J =

8.1 Hz, 1H), 7.10-7.18 (m, 2H), 6.96-7.04 (m, 1H), 6.79 (d, J = 2.4 Hz, 1H), 6.66 (4, ] -
| =72Hz, 1H), 651 (t, /=72 Hz, 1H), 3.78 (5, 2H), 3.56 (s, 3H), 3.19 (t /= 5.1 Hz,

5 2H),231-2.38 (m, 1H), 2.15 (s, 3H), 0.73-0.83 (m, 2H), 0.53 (m, 2H).

Example 66
-cvclonropvl-4 (I5-[(2,5- d1chlor0nhenvl)methv1] 1, 3-oxazol—4-v11carbonvl) 1.2.3.4-

tetrahydroguinoxaline

66a
OH
3 4

100 - -
Scheme 66: - 1. HySO;4 HZO 2. 2—1socyanoacetate CDI, tBuOK; 3. L10HTHF HZO
4. le, EDCL HOAT, DMF. .

Intermediate 66a: 2-(2,5 -dichlorophenyl)acétic-acid. To a stirred éolution
15  of 2-(2,5-dichlorophenyl)acetonitrile (700 mg, 3. 76'mn'101 1.00 equiv) in water (6 mL)

was added sulfuric acid (8 mL) dropwise. The resultmg solution was stirred for 3 h at
110 °C in an 011 bath, diluted with HO (100 mL), extracted with dlchloromethane _' _ N
(3x50 mL) and the combmed organic layers washed with brine (3x100 mL) dried over.

anhydrous sodium sulfate and concentrated under rcduced pressure to prov1de 700 mg

20  (91%) of the product as a white solid.

Intermediate 66b: ethyl 5-'[(2,5-dichllorophgnyl)methyl]-1,3-oxazole'-4- '

carboxylate. A stirred solution of 2-(2,5-diclﬂorophenyl)acetié acid: (1 g, 4.88 mmol,
1.00 equiv) and (2-ethoxy-Z-oxocthyl)(methylidy'né)azanium (560 mg, 4.91 mmol, 1.01
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“equiv), in N, N-dimethylformamide (10 mL) was treated with CDI (800 mg, 4.93 mmol,

1.01 equiv) followed by t-BuOK (55 mg, 0.49 mmol, 0. 10- equiv).. The resulting

reaction mixture was stirred overnight at room temperature then dilited with H;0 (30

mL) and extracted with ethyl acetate (3x30 mL) and the organic layers combined. The
combined organic layer was washed with brine (2x30 mL), dried over anhydrous

sodium sulfate and concentrated under reduced pressure. The residue was applied onto

a silica gel column and eluted with ethyl acetate/petroleum ether (1:5) to furnish 540 -
- mg (37%) of the product as a yellow oil. '

Intermediate 66c: 5-[(2,5-dichlorophenyl)methyl}¥l,3-oxazole-4-

carboxylic écid. A stirred solution of ethyl 5-[(2,5-diclﬂorophenyl)fnethyl]—1,3-oxazole-
4-carboxylate (200 mg, 0.67 mmol, 1.00 equiv) and LiOH (50 mg, 2.09 mmol, 3.13
equiv) in tetrahydroturan/HZO (50/20 mL) was stirred overnight at 80 °C in an oil bath.
The pH value of the resulting reaction. mixture was - adjusted to 3 with 1 M HCl

extracted with ethyl acetate (3x20 mL) and the organic layers combined. The combined ' _

organié phase was ‘washed with brine (20 mL), dried over anhydrous sodium sulfate and

concentrated under reduced préssure to provide 130 mg (72%) of the product as a white
solid. V ‘

, Example 66: 1-cyc10propyl-4 ([5 [2,5- dlchlorophenyl)memyl] -1,3-
0xazol-4-y1]carbonyl) 1,2,3,4 tetrahydroqumoxalme A solution of [(2 5-

dxchlorophenyl)methyl] 1,3-oxazole-4-carboxylic acid (100 mg, 0. 37 -mmol, 1.00
equiv), 1-cyclopropyl-1,2,3,4-tetrahydroquinoxaline (60 mg, 0.34 mmol, 0.94 equiv),

EDCI (75 mg, 0.39 mmol, 1.06 equiv) and HOAT (55 mg, 0.40 mmol, 1.10 equiv) in
‘N,N-dimethylformamide (4 mL) was stirred overnight at room temperature. The

reaction mixture was diluted with HoO (20 mL), extracted with ethyl acetate (3x20

mL) and the organic layers combined. The combined organic phase was washed with

brine (1x20 mL), dried over anhydrous sodium sulfate and concentrated under reduced )

pressure to provide crude product (150 mg) which was purified by preparatlve HPLC

with the following conditions: Column, SunFire Preparative C18, 19*150mm. Sum;

Mobile phase gradient, water containing 0.05% TFA : CH;CN (48:52 to 32:68 over 10

min then to 100.0% in 1 min); Detector, Waters 2545 UV detector at 254 and 220nm
to provide 77.8 mg (49%) of title compound trifluoroacetate salt as a brown solid. MS
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(ES m/z) 428 [MH", 1HNMR(300MHZ CDClL) 8 7.30 (s, 1H) 7.02 (m, 2H),
6.59 (t, /= 6.9 Hz, 1), 5.49 (s, 1H), 416 (s, 1H), 4.07 (t, J=5.7 Hz, 2H), 3.47 (t, J—'
5.7 Hz, 2H), 2.41-2.48 (m, 1H), 0.81-0.87 (m, 2H), 0.62-0.67 (m, 2H). |

Example 67
(4-evcloprepvl-3,4-dihvdroquinoxalin-1(2H)—yl)( ( 2S)-14( 1;( 2.5-

dichloronhenvl)ethvl)nVrrolidin-Z-vl)methanone

N
A

NW‘“D

N

- 0© _
67
cl |

anmple 67 (4—cyclopropy1 -3.4- d1hydr0qu1noxahn—1(ZH)-yl)((ZS) -1 (1-'
(2,5- d1chloropheny1)ethyl)pyrrohdm—2—yl)methanone Example 67 was prepared usmg

the procedure described for the prepa.ratlon of Example 12, except that 1-(2,5-

dlehlorophenyl) -ethyl meﬂxanesulfonate (prepared from 1-(2,5- dlchlorophenyl)ethanol '

by. standard - mesylatlon methods) was used in place of 2- (brornomethvl) -1,4-

dichlorobenzene. Two isomers were separated by preparative HPLC. Isomer 1: MS (ES,

m/z): 444 [M+H]". '"H-NMR (400 MHz, CD;0D) § 7.67 - 7. 59 (m, 1H), 7.49 (d, J=8.6 -

Hz, 0.2H), 7.42 (d4d, J = 8.6, 2.5 Hz, 0.8H), 7.39 — 7.34 (m, 0.3H), 7.32 (d, /= 8.6 Hz,
0.7H), 7.28 — 7.15 (m, 1.7H), 7.08 — 6.98 (m, 0.3H), 6.77 - 6.67 (m, 1.5H), 6.63 — 6.53

(m, 0.5HD), 5.21 - 5.07 (m, 0.3H), 5.05 ~ 492 (m, 0.7H), 4.58 (dd, /= 10.6,3.2 Hz, 1H),
4.08 — 3.90 (m, 2H), 3.74 ~ 338(m21—1),326—318(m,1H),290 2.78 (m, 1H),

263—198(m 5H),180(d.] 7.0 Hz, 0.6H), 1.64 (d, J = 6.8 Hz, 2.4H), 0.97 - 0.80

(m, 2H), 0.69 — 0.49 (m, 2H).Isomer I 8 7.89 — 7.71 (m, 1H), 7.68 — 7.46 (m, 2.4H),
727 (d, J = 4.2 Hz, 1.6H), 7.19 - 7.04 (m, 1H), 6.8 — 6.77 (m, 0.7H), 6.75 ~ 6.64 (m,

0.3H), 5.34 — 5.19 (m, 0.3H), 5.16 — 5.03 (m, 0.7H), 4.80 — 4.74 (m, 1H), 4.01 - 3.38
(m, SIT), 3.2 = 3.08 (m, 1H), 2.59 — 2.40 (m, 1), 2.34 — 1.87 (m, 4H), 1.74 (4, /= 6.8

Hz, 0.9H), 1.56 (d, J = 6.9 Hz, 2.1H), 0.89 (dd, J = 6.5, 2.0 Hz, 2H), 0.72 ~ 046 (m,

2H).
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Exaniple 68 _

1h droquinoxalin-1(2H)-yDmethanone

"~ Br .
| \CCOH ;\@ Boc\ /\/\@\
Cl .

_ 3._ -BOC\N_ B:_ o 32

‘5 f/j@/\/\
5 4' | AG&

Scherﬁe 68: 1. t-butyl prop-2- yn-l-ylcarbamate Pd(PPh3)2Clz, Cul, TEA DMF; 2.
5% Rh/AL,03, Hy, EtOAc; 3. PPh3Br;, DCM. 4. DIPEA, CH;CN, KI; 5. 4 M HCl in -
1 4 dioxane. : :

Intermed1ate 68a: t—Butyl (3- (4-chloro 3 (hydroxymethyl)phenyl)prop -2-

yn— -yl)cabamate To a mixture of (5-bromo-2-chlorophenyl)methanol (1. 00 g, 4.51

mmol), t- butyl prop-2-yn-1-ylcabamate (0.84 g, 5.4 mmol) and TEA (5.2 mL) in DMF. :

(3.2 mL) were added Pd(PPhs),Cl; (158 mg, 0.226 mmo]) and Cul (86 mg, 0.45 mmol).
15 ¢« The mixture was stirred under N at 50 °C overniéht. The ieac’tion mixtlirevwas diluted B

with EtOAc, washed with water (ZX) and brine (1x), dried over anhydrous sodiu'xﬁ .

sulfate, concentrated | under reduced pressure- and purified by ﬂash—column'l

chromatography to give 477 mg (36 %) of 68a as a pale yellow syrup. -

. Intermediate : 68b: : t-butyl'. S (3-(4-chloro-3- |

20 (hydroxyqnéthyl)phenyl)propy1)-c'arbamate. To a solution of t-butyl (3-(4-chloro-3-
(hydroxyrhethyl)phenyl)prop-2-yn-1-yl)cabamate (477 mg, 1.61 mmol) in ethyl acetate

" (15 mL) was added RWALO; (5 %, 160 mg). The mixture was stirred at room
'temperéture under H; for 6 h. More RWAL (5 %, 160 mg) was added and the mixture
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- was stirred at room temperature under an atmosphere of H, overnight. The mixture was

filtered and the filtrate was concerxtrated under reduced pressure to give 463 mg (96 %).

-0f 68b as a brown syrup.

Intermed1ate 68c: t- butyl (3-(3- (bromomethyl) 4 chlorophenyl)propyl)
carbamate. To a ' solution of t-butyl = (3-(4-chloro-3-
(hydroxymethyl)phenyl)propyl)carbamate (190 mg, 0.63 mmol) in DCM (4.5 mL) was

added dibromo triphenylphosphorane (295 mg, 0.7 mmol). The mixture was stirred at

room temperature for 30 minutes, quenched with water, and extracted with ether. The - .

organic layer was washed with brine (1x), dried with anhydrous sodium sulfate,
concentrated under reduced pressure, and purified by flash-column chromatography to

give 45 mg (20 %) of 68c as a yellow syrup

Intermediate 68d: t-butyl (3- (4 chloro-3-(((1-(4-cyclopropyl-1, 2 3 A-
tetra- hydroqumoxahne-l-

carbonyl)cyclopropyl)ammo)methyl)phenyl)propyl)carbamate To a mixture of (1- )
ammocyclopropyl)(4 -cyclopropyl-3,4-dihydroquinoxalin-1-(2H)- yl)methanone HCl salt
(20 mg, 0.060 mmol, prepared from 26a by treating it with 4 M hydrochloric acid in

1,4-dioxane) and t-butyl (3-(3-(bromomethyl)-4-chlorophenyl)propyl)carbamate (22

mg, 0.06 mmol) in acetonitrile (0.25 mL) were added DIPEA (43 uL, 0.25 mmol) and '

" KI (cat) The mixture Was stirred at 50 °C overnight, concentrated under reduced

pressure, and purlﬁed by ﬂash-column chromatography to glve 21 mg (64 %) of 68d as
ayellow syrup. MS (ES, m/z): 539 [M+H]"

Example - 68 o (1-((5-(3-aminopropyl)-2- :

chlorobenzyl)ammo)cyolopropyl)(4—cyclopropy1 -3,4- dlhydroqumoxalm- (2H)-
yl)methanone. To t-butyl (3-(4-chloro-3-(((1-(4-cyclopropyl-1,2,3,4-

tetrahydroquinoxaline—l-carborryl)cyclopropyl)amino)methyl)phenyl)-propyl)carbarnate .

(21 mg, 0.039 mmol) was added a 4 M hydrochloric acid solution in 1,4-dioxane (1

mL). The mixture was stirred at room temperature for 30 min'and concentrated under

reduced pressure to give 21 mg (crude) of (lQ((S-(3-aminopropyl)—Z-chlorobenzy1)¥
amino)cyclopropyl)(4- cyclopropyl-3 4-dihydroquinoxalin-1(2H)-yl)methanon as a red
solid. Some of the red solid (4 mg) was purified by preparative HPLC to give 3 mg of

the title compound TFA salt as a yellow solid. MS (ES, m/z): 439 [M+H]+ 1H NMR'
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(400 MHz, CDCls) 8 7.30 (dd, J= 7.9, 1.4 Hz, 1H), 7.26 (d, J = 8.1 Hz, 1H), 7.20 (dd, J

= 8.3, 1.4 Hz, 1H), 7.16-7.07 (m, 2H), 6.87 (d, J = 1.8 Hz, 1H), 6.73 (td, J=17,14

Hz, 1K), 3.88 (t, J = 5.6 Hz, 2H), 3.76 (s, 2H), 3.40 (t, 7= 5.8 Hz, 2H), 2.90 (¢, J = 8.0

- Hz, 2H), 2.62 (t, J = 8.0 Hz, 2H), 2.47-2.35 (m, 1H), 1.99-1.81 (m, 2H), 140 (q, J=4.6

Hz, 2H), 1.01 {q, J = 4.6 Hz, 2H), 0.84-0.72 (m, 2H), 0.53-0.37 (m, 2H).

- Example 69 . _
3-(3-(4-chloro-3-(({1-( 4—cvclcmmuv1— 1.2 3 4-tetrabydroguinexaline-1-

carbony1')cycl0pr0Dvl)amino')méthyl’}uhenyl)proD v)-1-methyl-1-((28.3R.4R ,5R)-

2,3,4.S.G-Dentahydroxvhe}(vhurca _

o OH OH
Oﬁ PN \/\N M ‘/H/’\/OH
k/\(N /1 I o4 oH
LT 69
A

Example 69: 3 (’5 (4-chloro-3- (((1 -(4- cyciopropyl 1 ,2,3, 4 tcnahycLo—

) qumoxahne- -carbomI)cyc]opt'opyﬂammo)rn')thvl)phenyl)propyl) l-methyl-1-

((28.3R,4R,5R)-2,3,4,5,6-pentahydroxyhexyljurea. To a mixture of Example 68 (162
mg, 0.037 mmol) in THF (0.2 mL).was added N ,N’-disuccinirnidyl carbonate (10.4 mg,
0.041 mmol). The mixture was stirred at room temperature for 1h. To the fni_xture was .
added N-niethyl-D-glucamine (10.8 mg, 0.055 mmol). The reaction mixture was stirred
at 60 °C for 4 h and more N,N'-disuccinimidyl carbonate (10.4 g, 0.041 mmol) was’
added. The mixture was stirred at 60 °C overni ght, concentrated under reduced pressﬁr@'
and purified by prepﬁraﬁvc HPLC to give 8.8 mg (27 %) of the title compound TFA salt
as a yellow syrup. MS (ES, m/z): 660 [M+H]". "H-NMR (400 MHz, CD;0D) 8 7.39 (4,
J=8.1 Hz, 1H), 7.30-7.23 {m, 4H), 7.22-7.15 (m, 1H), 6.76 (td, J= 7.5, 1.4 Hz, iH),'i
4.37 (s, 2H), 3.99-3.87 (m 3H), 3.81-3.59 (m, 5H), 3.50-3.41 (m, 3H), 3.40-3.33 (m..'
1H), 3.14 (t, /= 6.9 Hz, 2H), 2.95 (s, 3H), 2.65 (t, J = 7.6 Hz, 2H), 2.49-2.38 (m, 1H),
1.86-1.73 (m, ZH)_. 1.44-1.32 (m_, 4H), 0.92-0.77 (m, 2H), 0.63-0.50 (m, 2H).
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Example 70
3-(4-chloro-3-({(1- (4 cyclopropyl-1.2.3.4- 1etmhvdrouulr10‘(dhne-1-.
carbonvl)L,vclopropvl)ammo)meﬂavl)pgenvl) -N-((2S8.3R 4R 5R)-2.3.4.5 6- o

- pentabydroxyhexyi )nropanam;de

[ND
'OH OH | A
: : L H

OH OH '

wn

.
Example 70: 3-(4-chloro-3-(((1-(4-cyclopropyl-12,3,4-
teI:r'ahydroquinoxaline-1-carbonyl}cycl_oprdpyl)amino)methyl)pbényl’_}-N-
((_'ES,3R,4R_,5R)—2,3,4,5,6—pénta.hydmxy—hexyl.)propanamide. Example 70 was prepared
using the procedure described for the preparation of Example 60; ‘except that D-
10  glucamine was used in place of N-methyl-D-glucamine. MS (ES, m/2): 617 [M+H]" s

Example 71
3-(4-chloro-3- ( ((1- (4-wclomopvl 1,2.3, 1 letrahydwqumoxahne—l-

carboﬁvl)cvclon‘ronvl).ammo)methvl)phcnvl -N-methyl-N-({ 28,3R,4b,5R) 234,56~ .

15 pentahydroxyhexyl)propanamide o
O OH (:)H
. ?y U\N/\[/ki/\ _-OH
(j j o I o on

1

/
A

Example 715 3-(4-chloro-3<(((1-(4-cyclopropyl-1.23 4-

: tetrabvquumomhne-i unh(mvl)cyLlopmpy])ammc)meth}I)phenyl)—N-mct]Jvl-\I—
((25,3R,48,5R)-2,34,5, 6—penta—hydm*<yhexyl)propanmmdy Example 71 was plopa*ed
20 using the procedure described for the preparation of Example 60, emept that 1-Deoxy-

1 (methylanuno)-D -galactitol was used in place of I\—methyi-D glucamine. MS (ES,
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m/z): 631 [M+H]"

Example 2 .
N-(2- cvdobutoxwhenvl) 1-(2.5- dlchlombcnzwloxv)-N

5 ' ' meth'vlcvclopmnanecarboxamtde

g—d—o

\Cl
72

Example 72: N—(’2-cydobuitoxyphﬁenyl)—1;(3,5-~diclﬂorobenzyloxy)-N-
" methyleyclopropanecarboxamide. Example ’72 was synthesized in an analogous fashion
to Example 36 using 2-cyclobutoxy-N-methylaniline (which was made in an anélogous :
10 fashion to 39e, substituting cyclobutanol for cyclapropylmcthaﬁol) in plaé,‘e of 2- ..
methoxy-N-methylaniline. MS (ES, m/z): 420 [M+H]". |

anmple 73 ,
-1 (.vckmroml 4 HS-(IZ,D dmhlorophenoxy} 1.3 dlr_m:thvl 1H~pv1azoi 4-yﬂ<,atb0nylL '

15 1 2 3. 4—tcuahvdroqum0\alme,
NO, ?r' NO, : s}mz o
( ]/ L J\\ O~ _______2~ . [l/ﬁ/o\{/" -3 ‘I//\ PLeNT—
N . NF ) i\_,//
a I "N 73c -
" NHBoc - “NBoc “"NBoc
-——i'—--» P \@/O\/’ ———é'—««»' N O __..i.» N 'O\ 7. -~ / \]/ .(.__,
i J | { AV
N : " N
73d T3e . 73f _ 739
/é_\‘ - : . : ] O'/

Ol . ' ' U\\/N\ >

= X0 Y

Scheme 73: 12~dibromoethane K,CO;, CHACN; 2. N’\H-Dl\ﬂ: 3. Fe/NH,CL,
MeCH, H,0; 4 (Boc),0, EtOH; 5 . Mel, Nall, DMF; 6. Chloroiodomethane, Et;Zn,
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D(.,E 7TFA DCM; 8. HOA, EDCI DMF; 9. 2-(broraomethyl)-1,4- dmhloroben/ene
NaH, DMF S :

Intermediate 73a 1 (7—bromoethoxy)-?.-hitrobenZene: A solution 6f "
mtrophenol (1.00 g, 7.19 mmol, 1.00 equiv) 1,2-dibromoethane (4.00 g, 21.3 mmol,
3.00 equiv), potasswm carbonate (1.90 g, 13.8 mmol, 2.00 equiv) in CH;CN (30 ml) -
was stirred- for 3 h at 90 °C. The resulting reaction mixture was concentrated under
reduced pressure, dissolved in of elhyl acetate (200 mL) and washed W1ﬂ1 brine (3x50
mL). The combined organic phase was dried over anhydrous sodium sulfate and

~ councentrated under reduced pressure. This resulted in 1 g & 7%) of 73a as a green oil.

Intermediate 73b 1-(ethenyloxy)-2-nitrobenzene: To a stirred 0-5 °C
solution of 1-(Zmbroxﬁcmeth.OXY)-2~nitfobenzene (550 mg, 2.24 mmol, 1.00 equiv) .in_
DMF (6 mL) was added sodium bydride (180 mg, 4.50 mmol, 2.00 equiv) in pottions.
The resulting reaction. mixture was stirred overnight at room tempéramre, diluted with
lo‘f ethyl acetate (50 mL) and washed wi.th brine (3x20 mL), dried over anhydrous
sodium. sulfate, and concentrated under reduced pressure to provide 200 mg (54%) of

73b as a vellow oil.:

Tntermediate 73¢ 2-(ethenyloxy)aniline: To a 60 °C solution of I-
sthenyloxy)-2-nitrobenzene (300 mg, 1.82 mmol, 1,00 equiv) in methanol (10 mL) was
added a solution of ani_monium chloride (97¢ mg, 18.1 mmol, 10.0 equiv) in water (3
mL) followed by the addition of iron powder (1 g, 17.91 “mmcﬁ._. 10.00 equiv) in
portions. The résﬁlting reaction mixturc was stirred for 2 h, solids were removed by
filtration and the filtrate concentrated under: reduced pressure. The fcéid_ue was
dissolved in 20 mL of cthyl acetate, washed with brine (2x20 mL), the organic phase '
dried over anhydrous sodium sulfate, and concentrated under reduced pfessure‘ to

prov1dc 200 mg (81%) of 73¢ as a brown oil.

_ Intermediate 734 tert-butyl N-[2- (pthenyloxy)phenyl]ca.rbamatc A |
solution of 2- ( ethenyloxy)aniline (230 mg, 1.70 mmol, 1.00 equiv) in ethanol (2 mL)
and di-tert-butyl dicarbonate (446 mg, 2.04 mmol, 1.20 equiv) was stirred overnight at
room temperature. The resulting reaction mixture was concentrated under reduced. _
pressure and the residue was punf ed by silica gel chmma.mgraphy eluting with ethyl

acetate; petroleum ether U 200) to prowde 200 mg (50%) of 73d as a yellow oil.
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Intermediate - T3e - 'teft—butyl o N-[2-(ethcnyloxy)phcnﬁ}-N—
methylcarbamate: To a stimed 0 °C  ‘solution of - tert-butyl  N-[2-
(ethenyloxy)phenyl]lcarbamate (190 mg, 0.81 mmol',} 1.00 _equiv) in DMF (2 mL) was
added sodium hydride (49 mg, 1.2 mmol, 1.5 equiv) in several batches. The reaction
muixture was stirred for 0.5 h at 0 °C and ‘iodomethané (230 mg, 1.62 mmol; 2.00 eqﬁiv)
was added dropwise with stirring. The resulting reaction mixture was ailowed to warm
{0 room temperature and stirred fbr 0.5 b then diluted with 50 mL of ethyl acctate. The
resulting organic sélution was washed with brine (3x20 mL) dried over anhydrous
sodium sulfate, and concentrated under reduced pressure to provide 150 mg (75%) of

73e as a brown oil.

Intermediate ~ 73f tert-butyl N—(Z-cydop.fbpoxypbényl}N# |
methylcarbamate: To a stirred 0 °C solution. of tert-butyl N-[2—(ctheh‘;y'1 oxy)phenyl]-N-
methylcarbamate (150 mg, 0.60 mmol, i.OO gquiv) in 1,2-dichloroethane (10 mL) was
added chlbro(iodo)methané (382 mg, 2.17 mmol, 3.60 equiv) followed by dropwise
addition of diethylzinc (1.5 mL, 2.40 equiv, 1.0 M). The resulting reaction mixture was
allowed to warm to 25 °C, stirred overnight, then qﬁénched by the addition of 20 mL of

ﬁqueous NH,CL The resulting reaction mixture was extracted with dichloromethane
{2x20 mL) and the combined organic layérs were dried over ..anhydrous sodium sulfate -
and concentrated under reduced pressure to providé 150 mg of 73f as a brown oil used

without further purification.

Inteljngdiéte T3g 2405701opr()p«)xy—'N;meﬂxyianiliricf A stirred solution of
teﬁ-bu.tyl iN-( 2-cyclopropoxyphenyl)-N-methylcarbamate (30 mg, 0.11 mmol, 1.0
equiv) in 1,4-dioxane (1.5 mL) and concentrated hydrogen chloride (0.5 mL) was
stirred for 1 h at 25 °C‘ The pH value of the reaction mixture was adjusted to 9 with
sodium carbonate then extracted with ethyl acetate (2x50): The combined organic layers |
w'ere. dried over anhydrous sodium sulfate and concentrated under reduced pressure to-
provide 10 mg of 73g as a brown oil, which was used without further purification.

Intermediate 73h N-(2~cyclopropoxyphenyl)— 1 -h.j'draxy';N- '
methylcyclopropane-1-carboxamide: A stired solution of 1-hydroxycyclopropane-1--
carboxylic acid (100 mg, 0.93 mmol, 1.00 equiv), 2-cyclc»propoxy»N;mefhylaniline- .
(176 mg, 1.08 mmol, 1.10 equiv), EDCI (283 mg, 1.48 mmol, 1.50 équiv) and HOAt
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(200 mg, 1.47 nunol, 1.50 equiv) in IjMF f_2 mL) was stirred overnight at room

temperatﬁre. The .resulting reaction mixture was dilu.té-d with ethyl acetate (50 mL)

washed with brine (4x20 mL), dried over anhydrous sodium sulfate, and concentrated

under reduced pressure to provide 80 mg (33%) of 73h as a white solid. MS (ES, m/z):
5 248 (MHH]'. ' |

. , Example 73 1-cyclopropy1~4~{[5-(_2,5-dichlorophen0xy)-1,3—dimeﬁyl_— :
1H~pyrazol»4-yl]carbonyl]-1,2,3,4atetrahydroquinoxalme: Example 73 was pr.eparé.d
as described for example 8, substituting 73h for 8. MS (ES, m/2): 406 [M+H]"; 'H-
NMR (300 MHz, CD30D) § 7.26-7.10 (m, 5H), 6.89-6.84 (m, 1H), 6.40 (wm, 2H),
10 4.43-4.39 (m, 1H), 4.32-4.27 (m, 1H), 3.10 (s, 3H), 1.40-1.36 (m, 1H), 1.30-1.10 (m,
© 1H), 1.10-0.90 (m, 1D, 0.89-0.88 (un, 1H), 0.67-0.50 (m, 3H), 0.35-0.32 (s, 1FD.

Example 74

l.—[f(ZS)-1-[[3—01110@—5-( &iﬁuoromethoxv)phcnvl'lrhethyﬂpmolidin—?-_-vlflc’a_rbonsrl]-4- o

15 cyclopropvl-1.2.3 4-tetrahydroquinoxaline
’ S ‘ cl

™ C‘Jil

OCF;.
N 74 |
v

‘ Example 74 1-[[(28)—'1—[[l3-chloro-S-(ﬁ'iﬂuordmet}m‘xy)phenyl}meﬁhyl]-
p}Troﬁciin-2-y1}catbonyl}-4-cyclopr0pyl-1,2_,3,4—tetrahydroquinoxaline:- Example 74

was prepared as described for example 12, substituting 1-(bromomethyl)—3—ch1<>ro¥$-

20 (triﬂu,orbme.thoxy)benzene for 2-(bromomethyl)-1,4-dichlorobenzene. This resulted in.
33.4 mg (31%) of the title compound as colorless oil. MS (ES, m/z),:.480 [M+HT: 'H- :
NMR (;100 MHz, CD3s0D) & 7.20 (s, 11D, 7.15-7.18 (m, 4H), 6.90 (s, 1H), 6.70-6.72-

(m, 1H), 4.88 (s, 1H), 4.60 (m, 1H), 3.88 (m, 1H), 3.66-3.69 (m, 1H), 3.32-3.50 (m,
3H), 3.03-3.16 (m, 1H), 2.37-2.45 (m, 2H), 1.81-1.95 (m, 4HD), 0.82-0.84 (m, 2H), 0.51

25 (s, 2H).
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Example 75
3-[2.5-dichloro-4-([1-}{4-cvclopropyl-1.2,3.4-tetrahydroquinoxalin-1- -
vDcarbonvl]leyelopropyl]methoxyiphenyl]-N-[(28 3R 4R.5R)-2.3 4.5,6-

pcntahydroxvhexvl]nror.-anarnide

~ OH OH :
Ho._J. Ay J\/\Ilm
|

oH 6H . o ”\

. . . " \g
: | - C .
' ' ]"xainple 75 3-[2,5-dichloro-4-([1-{(4-cyclopropyl-1,2,3,4- ‘tetra.bvd'ro-

qumoxalm—l—vl)mrbonyl] cyclopropyljmethoxy)phenyl]-N-[(28,3R,4R,5R)-2,3.4,5, 6-

TZ

pentahydroxyhexyllpropanamide: Example 75 was prepared as described for exampk_
34 substituting (2R,3R,4R,58)-6-aminohexane-1,2,3,4 S-pentol for (2R,3R,4R,55)-6-

10 (methylamino)hexane-1,2,3.4,5-pentaol. This rcsulted in 83.3 mg ( 31%) of the title

compound trifluoroacetate salt as an off-white solid. MS (hb, miz): 652 [M+H)]"; g
NMR (300 MHz, CD:0D) § 7.38-7.42 (d, J = 7.8 Hz, tH), 7.33 (s, 1H), 7.08-7.11 (ni,
2H), 6.70-6.73 (m, 1H), 6.61 (s, 1H), 3.61-3.90 (m, 11H), 3.37-3.44 (m, 3H), 2.92;2.96
(m, 2H), 2.46-2.48 (ni, 2H), 2.23-2.25 (m, 1H), 1.35—?..37 (m, 2H), 0.95-0.99 (m, 'ZH),'
15 0.64-0.68 (m, 2H), 0.17-0.18 (m, 2H). " |

Example 76 - |
1-cyclopropyl-4-[1(28.4R)-1-{(2. 5-dichlorophem*l)rhéthvﬂ-4imcthovaﬂ'rr01idin-2-

vllecarbonvil-1.2.3 4—tctmhvdroqumo>\almc ,

. | :
o.\,c|> cl O\\mo cl °~§__—0H_ Cl O\\/ N\L’J\]
1. N N/\ 2. AN "3, "J\-"\N/\ S
HNTY ‘”[i\) /- _ E/ \ — ,;] L(
~ i S G S GRS
20 0~ G 2ea ' 7ep -G 76
Scheme 76: 1. 2- (blomomcth*vn -1,4- dluhlombcnzme KzC‘O3, LHgCN 2. LiOH, 1,4~
. dioxane, MeOH, H20; 3. 1-cyclopropyl-1,2,3,4- tetrahydroquinoxaline, HATU, DIEA,
DMEF.
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Intermediate 762 methyl (ZS',4R)-_1—[(2,,5~'dichlorophcnﬂ)meﬂzyl]-4-
mefhoxypyrrolidine-2—0arboxylate: A solution of  methyl  (25,4R)-4-
methoxypyrrolidine-2-carboxylate (150 mg, 0.94 mmol, 1.00 equiv), 2-(bromome.thy"i)-

* 1,4-dichlorobenzene (243 mg, 1.01 mmol, 1.07 eqL-Liv), and potassium carbonate (390
mg, 2.82 mmol, 2.99 equiv) in CH;CN (5 mL) was stirred overnight at room
temperature. The resulting solution was diluted with 30 ml of ethyl acetate then washed
with 2x20 mL of brine, dried over sodium sulfate, and concentrated under reduced
pressure. The residue was applied onto a silica gel column and eluted ﬁth a mobile
phase of petroleum ether/ethyl acetate (20:1) to provide 260 mg (87%) of 76a as a
colorless oil. MS (ES, n/z): 318 [M+H]" TH-NMR (300 MHz, CDCL«,) 8 7.52-7.49 (m,-
1H), 7.27-7.19 (m, 1H), 7.15-7.11 (m, 117), 4.02-3.91 (m, 2H), 3.82-3.77 (m, 1H), 3.67
(s, 3H), 3.60 (t, J = 7.8 Hz, AIH},A3.38-3.32' {(m, IH), 3.26 (s, 3H), 2.54-2.49 (m, 1H),
2.19-2.15 (m, 2H). |

 Intermediate 76D (28,4R)-14[(:2;'S—diﬁlﬂorophenyl’)methyl];4—nneth0Xy—-
pyrrolidine-2-carboxylic  acid: A solution  of methyl ~ (2S,4R)-1-{(2,5-
dichlompheixyl)ﬁethyl}%—methoxxpvnolidiné—7*car‘-wowla‘tc (260 mg, 0.82 mmol, 1.00
equiv) in 14 dioxan c/MeOHiH;O (6 mL) was added lithium hydroxide (69 mg, 1.6
mmol, 2 O equiv). The resulting solution was qim‘ed f01 1 h at 80 °C in an oil ba;h The :
pH valm of the solution was adjustcd to 6 with hydrogen chloride { 2 M). The resulting
mixture was concentrated under reduced pressure to furnish 300 mg. (crude) of 76b as-a

colorless o1l, which was used without further punﬁcatxon. MS (ES, m/z). 304 [M+H]".

F\drnple 76 1 -cyclopropyl-4-[[(2 b,4R‘ 1-[(2,5-dichlorophenyl)methyl}- -
_4—methoﬂnpy1rohdm-Z-vl]c'irbonyl] 1,2,3,4vtutmhydroqumoxahne A solmtion of

(28,4R)-1-{(2,5- dluhioxophenyl)methyl]-/1»—n1ethoxypyxrohdme -2-carboxylic acid (104 ‘

mg, 0.34 mmol, 1.00 equiv), 1-cyclopropyl-1,2,3 4-tetrahydroquinoxaline (60 mg, 0.34
“mmol, 1.0 equiv), HATU (262 mg, 0.69 mmol 2.00 equiv), and DIEA (89 mg, 0.69
mmol, 2.0 equiv) in DMF (3 mL) was %’ru—rvd overnight at room temperature. Thc_
resulting reaction mixture was diluted with ethyl acetate (30 mL,). T _he resulting mixture
was washed with brine (3x20 ml), dried over anhydrous sodium sulfate, and .
concentrated under reduced pressure. The crude product (100 mg) was purified by

preparative HPLC with the following conditions: Column, SunFire preparative C18,
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19*150mm 5um; Column, SunFire preparative C18, 19*15{}mm. Sum; mobile phase
gradient, water containing 0.05% TFA : CHsCN (40% CHaCN up to 56% in 6 min);
detector, Waters 2545 UV detector at 254 and 220nm to provide 44.‘2 mg (28%) of the
title compound Bis-triﬂuomacetatc salt as'a white solid. MS (ES, m/z): 460 [M+H]"; "H-
NMR (300 MHz, CD:0D) & 7.69 (s, 1H). 7.47 (s, 2E), 7.23 (d, J= 3 Hz, 2H), 6.98 (d, J -
=9 Hz, 1H), 6.76 (m, 1H), 4.83 (m, 1H), 4.68 (, J = 12 Hz, 1H), 4.55 (d, J = 15 Hz,
1H), 4.09 (s, 1H), 3.96 (t, J = 6 Hz, 1H), 3.79 (d; J = 6 Hz, 1H), 3.58-3.49 (m, 2H),
3.43-3.33 (m, 2H), 3.27 (5, 3H), 3.14 (t; /= 6 Hz, 1H), 2.44 (t, J= 3 Hz, 2H), 2.12-2.07

" (m, 1H), 1.86 (m, 1H), 0.88-0.84 (x, 2H), 0.66-0.63 (m, 1H), 0.50-0.46 (tn, 1H).

| Example 77 |
1-cyclopropyl-4-[[(28.48)-1-[(2.5-dichiorophenyl)methyl]-4-methoxypyrrolidin-2- -

yllcarbonyi}-1.2.3 4-tetrahvdroguinoxaline

AN

N/

O N
- Y \@
//'\(/\N-/-\/ \‘/
L;/‘ -

i Oo—
cl- 77

" Example 77 1-cyclopropyl-4-[[(25,48)-1(2,5-dichlorophenylmethyll-

4-me_thokypyrrolidin—2-yl]c.-arbonyl}-l,2,3,4-tetrahydroquinoxaﬁne:. Example 77 was

prepared  as  described for example 76, substituting (2S5,45)-1-[(2,5-

, dichlorophenyl)methyl]~4-meﬂit.1xypmrolid_ine—2-carboxylate for methyl (25,4R)-1-.

i« 2’,5~dich].orophenyl)m.ethyl]~4;metlxoxy'py'rrolidme-2~c-arboxylate. This resulted in
55.7 mg (35%) of the title compound bis-trifluoroacetate salt as a white solid. MS (ES,

m/z): 460 [M+H]"; "H-NMR (400 MHz, CD;0D) 8 7.79 (s, 1H), 7.54 (s, 2H), 7.28 (d, /

= § Hz, 2H), 7.06 (d, J = 8 Hz, 1H), 6.80 Cm, 1H), 4.95 (m, 1H), 4.67-4.56 (m, 2H),
4,07 (d, J= 12 Hz, 2H), 3.87 (d, J = 12 Hz, 1H), 3.47-3.41 (10, 3H), 3.28 (s, 3H), 3.24-

3.15 (m, 1H), 2.52 (m, 2H), 1.92 ,(rﬁ,lH), 0.94-0.89 (m, 2H), 0.70 (m, 1H), 0.51 (m,

1H).
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: Example 78
1-cvclopropyl-4-11(28.4R)-1-[(2.5-dichlorophenylymethyil-4-fluoropyrrolidin-2- -

vllcarbonyl] ~1.2.3 4-tetrahvdroquinoxaline
A,
~ A
N
)\

Q\,/_.

F\ample 78 l-cyclopropyl-4- [[(% 4R)-1-[(2,5- dlclﬂorophenvl)methvil

N

4- ﬂuoropyrrohdmﬂ-yl}uarboqvl] -1,2,3,4-tetrahydroquinoxaline: Example 78 was.

prepared as described for example 76, substituting raethyl (28,4R)-4-fluoropyrrolidine-
2-carboxylate for methyl (28,4R)-1-[(2,5 -chchlorophenyl)mcthyl] ~4-
methoxypyrrolidihe-2-carboxylate. This resulted in 19.3 mg (13%) of the title
10 compound bis-triflucroacetats salt as a blue solid. MS (ES, m/z): 448 [M+H]+' IH—I\TI\/H{

(400 MHz, CDAOD) 8 7.71 (s, 1H), 749 (5, 2H), 7.27 (4, / = 4 Hz, 2H), 7.06 (d, /= §

Hz, 1H), 6.80 (m, 1H), 5.44-5.30 (m, 1H), 5.07-5.03 (m 1), 4.68-4.52 (m, 1H), 3 9‘5-

1.63 (m, 4H), 3.46-3.40 (m, 211), 3.27-3.23 (m, 1H), 248 (5, 1H), 2.28-2.23 (m, 7H), -

0.92-0.86 (m, 2H), 0.66-0.54 (m, 2H).

Exam pie 79: ,
1- cvclopromi 4-([4-1(2.5- dlchlorophenvl\meﬂm\v]o\{an—4~v1]cdrbom D- 1.2.3 4- -

tetrahvdroguinoxaling

. O '
\'A/('

rl)j/ ° rN /N—Q"

el

T A Y

20 oo Example 79 1-cyclopropyl-4-({4-[(2,5- d1chlorophenvl)methoxv}oxan-4- .

yllcarbonyl)-1,2,3,4- tetrahvdroquinoxaline: Example 79 was prepared as described for
example 8, substituting okan-4-one for cyclopentanone. "This resulted in 4.8 mg (4%) of

the title compound trifluorcacetate salt as a white solid. MS (ES, m/2): 461 {M%—H_l R
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"H-NMR (400 MHz, CD;0D) § 7.30-7.40 (m, 4H), 7.02-7.13 (m, 2H), 6.66-6.70 (m,
- 1H), 4.55 (s, 2H), 4.07 (5, 2H), 3.78-3.87 (i, 4H), 2.12-2.38 (m, 5H), 0.76-0.80 (m,

2H), 0.50 (s, 2H).

5 - o ' Example 80

Vl)carbom1]cvclopronoxﬂmg,thvl\nhc,nvl]-I\*-meihvl N-[(28.3R 4R, SR) 2,3 4.5, 6-

pentahydroxvbexylipropanamide

g
_ ~N
Q, ‘ i < Y
\ o N
4\_0\7—‘\ ﬂ>_\ 1 % 0’:/\ oo
S T A
o N PN
48¢ ,T \g & 80a
A
i\ o e
s
_ o N \J/ o\%lj
: o ) N N o
. S (J;\; O:(- o/ . - 5
BN 1 A N S )
HO o~ AP : ' o N
' é( /Lc( o, J oH
80b ' . ' hﬁ\[ j s

10 . .

' Schcmt 80: 1.1- [(4~cyclopmpwl 1,23, 4—tet1ahydroqumoxalm 1-. '
vl)carbonyl]eyclopropan-1-ol, K,CO;, KI, DMF; 2. TMSBr, DCM, 3 (”R 3R, 4R :;S) 6-
(inethylamino}hexane-1,2,3,4,5-pentaol, HATU, DIEA, DMF.

IS Imermediéte 80a 3 -[2,5~dichloro-4-([1‘- [(4-cyclopropyl-1,2,3 ,4-

tetrahydro-quinoxalin— I-yDecarbonyljeyclopropoxyjmethyl)phenylipropanoate: A stired
solution of fers-butyl 3-[4-(bromomethyl)-2.5-dichiorophenyl]pfopanoate. (200 mg, 0.54 .

mmol, 1.00 cequiv),  1-[(4-cyclopropyl-1,2,3,4- tchahydroqmnoxalm-l-. .

y.l)carbonyl]cyclopropan—l-ol, 9a (140 mg, 0.54 mmol, 1.00 equiv), potassium
20 carbonate (150 mg, 1.09 mmol, 2.00 equiv), and KI (18 mg, 0.11 mmol, 0.20 equiv)

dissolved in DMF (2 mL) in a sealed tube was stirred overnight at 30 °C in an oil bath.

180



10

15

‘WO 2013/096770 . .- . PCT/US2012/071251

The resultih.g';'eaction mixtire was concentrated under reduced pressure and purificd by
prepatative TLC, with a mobile phase of petroleum ether/ethyl acetate (5:1) to provide
130 mg (44%) of 80a as a light-yellow oil.

~ Intermediate 80b 3-[2,5-dichloro-4-([1-[(4-cyclopropyl-1,2,3,4-
tetrahydro-quinoxalin- 1 -yl)carbonyl]cyclopropoxylmethyl)phenyl |propanoic acid: To a
stired  solution of  tert-butyl 3-[2,5-dichloro~4-({1-[(4—cyc.lopropy1-1,2,3;4-
tetrahydroquinoxalin-1-yl)carbonyljcyclopropoxy]methyl) phenyl]propanoate (130 mg;
0.24 mmoi, 1.00 equiv) in dich]oiometbane (2 mL) was added TMSBr (2 mL). The
resulting reaction mixturc was stirred for 2 h at room temperature, then concentrated
under reduced pressure, then diluted with H>O (50 mlL). The resulting m.ixture‘wa,'s .
extracted with ethyl acetate (3x30 mL) and the ofganic layers combined, dried over
sodium sulfate, and concentrated under reduced pressure to provide 100 mg (86%) of .

80b as a light yellow solid.

Example 80 3-[2,57dichloro-4-(_[l—[(4'—cy'clopfopy1—1,2,3,4—tetrahyﬂro—

: | qﬁinoxalin— 1-ylcarbonyl] cyclopropoxy}methyl)phenyl]-N-methyl-N- [(25,3R 4R ,5R)-

2.3,4,5,6-pentahydroxyhexyl]propanamide: A solution ~of 3-[2,5-dichloro-4-([1-[(4- .

“eyclopropyl-1,2,3,4-tetrahydroquinoxatin-1 -yhcarbonylleyclopropoxy]lmethyl)phenyl]-

propanoic  acid (100 mg, 020 mmol, 1.00 equiv), (2R,3R4R,55)-6-
( methylainino)hekane-1,2,3,4,5--pe11to] (60 mg, 0.31 m_x_nol, 1.50_equiv), HATU (117 .
mg, 0.31 mmol, 1.50 equiv), and DIEA ( 53 mg, 0.41 mmol, 2.00 equiv) in DMF (2 mL)

was stirred overnight at room temperature. The resulting reaction wmixture was

concentrated under reduced pressure and the crude product residue (150 mg) was - .

purified by preparaﬁve HPLC with the following conditions: Column, SunFire .
preparative C18, 19%150mm 5um; mobile phase gradient, water containiﬁ.g 0.05% TFA.
: CH:CN (38.0% CH3CN to 56.0% over 6 min); -Detector, Waters 2545 UV detector at
254 and 220nm to pr'ovide 95 nig (70%) ‘of the ﬁﬂe compound trifluoroacetate salt as aﬁ '

off-white solid, MS (ES, m/z): 666 [M+H]"; "H-NMR (300 MHz, CD,0D) § 7.27 (dd,J

= 4.8 Hz, 2H), 6.99-7.04 (m, 2H), 6.50-6.68 (m, 2H), 4.32 (s, 2HD), 3.87-3.94 (m, 3H),

3.55-3.75 (m, 3H), 3.27-3.36 (m, 3H), 2.89-3.06 (m, SH), 2.60-2.63 (m, 2H), 2.24 (s,
1H), 1.39 (s, 2H), 1.14-1.17 (m, 2H), 0.64-0.66 (m, 2H), 0.17 (s, 2H)..
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Example 81 ‘ :
—cyclonropyl 4-[{(4R)-3-[(2.5-dichlorophenylmethyl]-2.2-dimethyl-1.3-thiazolidin-4-
[earbonyl]-1.2.3.4-tetrahydroquinoxaline '
4 /g )
. [—S
K/N7\ N )<

o)

~ Example 81 (S)-(“wcyclopmpyl-.’i,4-dihydroqu'moxaiine~l(.?,H)-yl)‘(l-‘
2,5- dichlorobcnzyl)»Zmethylpvnblidin— 2-yDmethanone: Example 81 was prepared ‘
using the promdur‘, described for the preparation of example 12, except that (4R)-2,2-
dlmethyi-l,3—t1nazohd1ne--4~carboxyhc acid was used in place of (S)-1-[(benzyloxy)
carbonyljpyrrolidine-2-carboxylic acid isolated as the bis TFA salt, a white solid. MS
(ES, m/z): 476 [M+H]". *H-NMR (300 Mz, CDs 30D) & 7.39-7.20 (m, ZH), 7 7.17-7.11
(m, 4H), 6.66 (br s, 1H), 4.21 (s, 1H), 3.51 (br s, 1H), 3.28 (br s, 1H), 3.04 (‘or s, 2H),
2.25 (s, TH), 2.00-1.26 (m, 6H), 0.71 (br s, 2H), 0.34-0.07 (br s, 2H).

anmple 87

{28)-N-(2- cvclopropowp henyl)-1-[(2.5- dxch]orophcml)methvﬂ—N—methylpyrrohdmc— .

2-carboxamide

/\ /Cf

L

o \’N‘

-~ 0
0 L
—— \’7
W \/
82 P
Example 82 (28)-N-(2-cy clopropoxypher'y‘) i- [(2 5~

dichlorophenylmethy 1}-N-m<,thv1py~mhdme-4 carboxamldc Example 82 was prepared ,

as described for example 12 substituting 2-cyclopropoxy-N-methylaniline 73g for 1-

' cyclopfopyl—.l 2,3 4-tetraliydro-quinoxaline. This resulted in 24 mg (33%) of the title -

compound trifluoroacetate salt as an off-white solid. LC-MS- (ES, m/z): 467 [.1\4+Hj+;
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H-NMR (300 MHz, CD;0D) 8 731 (4,7 = 7.8 Hz, 1H), 7.09 (s, 1H), 7.05 (d, J= 3.6
Hz, 1H), 6.71-6.66 (m, 3H), 4.33 (s, 2H), 4.39-4.86 (m, 2H), 3.36-3.34 (m, 2HD), 2.31- .
2.24 (m, 1H), 1.41-1.38 (m, 2H), 1.21-1.11 (m, 2H).

5. A ‘ : Example 83 ,
3-(2.5-dichloro-4~(((1-(4-cyclopropyl-1.2.3. 4-tetrahvdroqum0xalme-1-

carbonvIWL\'c]Aopmr)vl)ammo)me-thyDnhenyl)mopanolc aud

9 . . | Y A R .Cl

o
tBuO/J\ \//\)l/\\ﬁ L. tBqu V\q/\/m e ?\ 1 2 oreu
. Ana- N 1 &F ~
Ao A0 (\T 3 e g
o : T LA 0
832 83b
) e

d

-
Os §‘)/ o e -
Ry N\ C‘I’;[/\/\;T‘C'H B
T |
FANNENN:* N _
Scheme 83: 1. RW/C, EtOAc; 2. NaBHy, MeOH; 3. 4 M HCl in dioxane.
10

. Intermediate 83a: tert-butyl 3—‘(2,5-dichlom*4~fortn§f1phenﬁrl)pr0panoate:
Hydrogen gas was introduced to a stirred solution of tert-butyl (2E)-3-(2, S—dichloro'-é-. '
' formylphenyl)prop-2-enoate (3 g, 9.96 mmol 1.00 equiv) and 30% RW/C (1.0g
ethylacetate (30 mL). The resulting solution was stirred for S h at room Lemp\:xa’mre :
15  under a hydrogen atmosphere. then the solids were temoved by filtration and the filtrate
was concentrated under reduced pressure. The resulting residue was purified by, sili'cé.'v
gel column chromatography using petroleum ether/ethyl acetate (30:1) as the eluent to
provide 2.5 g (83%) of 835 as a colorless solid. MS (ES, m/z): (AOONH-Iz; DMSOd):
10.21 (s, 1H), 7.81 (s, 1H), 7.63 (s, 1FD), 2.92-2.99 (m, 2H), 2.55-2.62 (m, .-’-IH}, 136 (s,
20 9H). ' - -

Intermediate 83b: tButyl 3-(2,5-dichloro-4-(((1-(4-cyclopropyl-1,2,3.4-
tetrahydroqumo:\aime-1-carbon.yl)cyclopropyl)ammo)methyl)phenyl)propanoa:tc. A
mixture of (1-aminocyclopropyl)(4-cyclopropyl-3 JA-dihydroquinoxalin-1-(2H)-
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yl)methanone free base (10.8 mg, 0.04 'mmorl)., prepared form 26a by treating it'\_vith- 4
M hydrochloric acid in 1,4-dioxane and then washed with saturated aqueons NaHCOs,
and t-butyl 3-(2,5-dichloro-4—formy1phenyl)propanoate (12.5 mg, 0.04 mmol) in_,"
methanol (0.16 IﬁL:) was stirred at rt for 1h. The mixture was cooled to 0 °C and to the
mixture was added NaBH, (3.2 mg, 0.08 mmél). The resulting mixtuf.e was stirred at 0 |
°C for 15 minutes and at room temperature for 5 minutes. The addition of NaBH, was
repeated three more times. The reaction mixture was quenched with 1M aqueous
NaOH, eﬁtracted with EtOAc (3x). ’I"hé combined organic layers were washed with
brine (1x), dried over sodium sulfate, concentrated al}ﬁi purified by column to give 18

mg of 83b as yellow syrup.

Example ' 83 3~(’2,_S-Dichloro-4f(((1~(4-cycloprépyl—1,2,3,4-
tetrahydroquinoxaline-1-carbonyl)cyclopropyljamino)methyl)phenyl)propancic aéi.d_:

~ To tbutyl  3-2, 5-dichloro-4-(((1-(4-cyclopropyl-1,2,3,4- venahyqu'uino\alin‘. 1-

carbonyl)cy clopropyl)ammo\mcthv])p‘lenyl) propancate (21 mg, 0.039 mmol) was
added 4 M hydrochloric acid in dioxane (2 mL). The rm};turc was stirred at room

~ temperature for 2 h and concénlratéd to give 14 mg (crude) of 3~(2,5-dichloro-4-(((1-(4-

cyclopropyl-1,2,3 4-tet1ahydroqumoxahnc-1-

'cdrbonthcloprop\'l)anuno)methyl)phenyl)propc.now acid as a -solid. Some of th&,

solid (4.7 mg) was purified by pre-HPLC to give 2.5 mg of 3-(2,5-dichloro-4-(((1- -(4- .
cyclopropyl-1,2,3,4-tetrahydroquinoxaline-1-carbony )wc]opmpyl)—- .
amino)methyl)phenyl)propanoic acid TFA salt as a yellow solid. "H-NMR (400‘\/1}&
CD;O0D) § 7.37 (s, 1H), 7.29 (dd, J = 7.9, 1.5 He, 1H), 7.23 (dd, /= 8.3, 1.4 Hz, 1H),

715 (ddd, J= 8.4, 7.3, 1.5 Hz, 1H), 7.10 (5, LKD), 6.78 — 6.72 (m, 1H), 3.94 - 3.83 (m,

4H), 3.44 (1, J= 5.8 Hz, 2H), 2.97 (t, J = 7.6 Hz, 2H), 2.58 (t, J = 7.6 Hz, 2H), 2.45 -
237 (m, 1H), 138 (q, /= 5.0 Hz, 2H), 1.11 (dd, J = 7.6, 5.0 Hz, 2H), 0.86 - 0.77 (m,
2H), 0.54 — 0.45 (m, 2H). MS (ES, m/7): 488 [M+H]". |
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_ . 4 Example 84 , ,
1-[[(28)-1-[[2-chloro-5- (triﬂuommemmphenvuméthvﬂpvm-oudin-z-'vncarbonvn-4- )

cyclnpropvl 1.2.3 4-tet1 ahvdroqumomlme

AN
\{\*"’N/—\N—Q 1 ' i C \\f N
HN"’\ / \ T 3
) ( D ‘

Scheme 84: 1. 2-ch1oro-5~(tfiﬂuommethyl)benzaldehyde, NaBH,;CN, MeOH.

. Txample 84 1;[[(25}—1—[{Z-Ch'[0r0»5-(triﬂuorometby].)phén.yl]meﬂwl]-
pyfroﬁdin—Z-yl}caxbonyl]-4—cvciapropyl 1,2,3 4-tetrahydroquinoxaline:  To a sﬁrred
s_olutibn of | -"yclopropﬂ ~4- [[(%)-pvnohdm -2- )l]carbony!} 1,2,3.4-
'teh‘ah}.fquumoxaline (50 | mg, 0.18 n:n_:nol, 1.00  equiv), 2-chloro-3-
(triﬂuorometh'vl)benzaldehvde (50 mg. 0.24 mmol, 1.30 equiv) in dichloromethane (4 |
mL) was added NaBH;CN (50 mg, 0.80 mmol, 4.32 equiv). The resulting reaction
mixture was stirred overnight at room temperature. thﬂn qu"nched by the addmon of 10
ml. of water. The resulting solution was uxtmcied W’Lth ethyl acetate ('*xl() mL and the
combined organic layers washed with brine ( 10 mL) dried over anhydrous sodium
sulfate and concentrated under re,ciucc.d pressure. Ih\. crud\, resr,due (60 mg) was
purlﬁed by preparative HPLC jith the xollowmg conditions: Column, SunFire
prepa arative C18, 19%150mm 5um; mobile phase gradient, water Lontcunmg 0.05% TFA "
: CHaCN (30.0% CH;CN up to 47.0% in 0 min); Detector, Waters 2545 UV detector at
254 and 220nm to pS.'OVidf: 11.1 mg -(13%) of the title compound bis—t;riﬂuoroacétate salt |
as a yellow solid. MS (ES, m/z): 463 [M+H]": "H-NMR (300 MHz, CD;0D) § 8.03 (s,
1H), 7.68-7.80 (m, 2H), 7.05-7.23 (1n, 3H), 6.56-6.81 (m, 1}), 4.57-4.92 (m, 3H), 3.96-
4.08 (m, 1H), 3.13-3.63 (in, 6H), 2.06-2.45 (m, SH), 0.51-0.87 (m, 4L).
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: Example 85 '

1-([1-[(2.5-dichlorophenylimethoxv]cyclopropyljcarbonyl)-1.2.3 4-tetrah vdro-1.8-
naphthyridine

- Cl ct . Ci

] J\\ e . /J’\\/’\ s -

0 (T 90 2 (T %o 3. ([ 5

"o VAR 7 <7 77~
ol O-- c OH ct c

85a - 85h 85¢

o .

O)LN\Q
N ,, =~
iR WY

Scheme 8§5: 1. NaH, DMF 2. LiOH, THF, H«D 3. oxalyl dichloride, catalyuc DM}“
DCM; 4. 1,2,3 4-tetrahydro-1,8-naphthyridine, Et;N, DCM.

Intermediate 85a Methyl 1-[(2,5-dichlorophenyl)methoxy]eyclopropane-
1-carboxylate: To a stirred 0 °C solution- of methyl 1»hydroxyéyclopropane—_1-

carboxylate (116 mg, 1.00 frimol 1.00 equiv) in DMF (4 mL) was added sodium

© hydride (60 mg, 1.50 mmol, l 50 equw 60% in mineral oil) in several b(uches The

resulting reaction mixture was stirred for 0.5 h at 0 °C, then 2—(bmmomethyl)_-1,4-
dichlorobenzene (238 mg, 0.99 mmol, 0.99 equiv) was added. The resulting reaction
vmmmre was stirred for.1 h at room temperature and quenched by the addition of water
(’30 mL) The resulting solution was extracted with ethyl acetate (3x20 mi) and the
combincd organic layers washed with brine (20 mL), dried over anhydrous sodium
sulfate, and concentrated under reduced pressure to provide 270 mg (98%) of 85a asa -
yellow oil, » '

Intermediate  85b 1-[(2,5-dichlorophenyl)methcxy}cyclopropane'-l- '
carboxylic acid: To a stirred solution of methyl  1-[(2,5-
dichlorophenyl)methoxy]cyclopropane-1-carboxylate (270 mg, 0.98 numnol, 1.00 equiv)
in tetrahydrofuran (5mL) and H,0 (2 mL) was added LiOH (240 mg, 10.02 mmol,
10.21 equiv), in portions. The resulting solution was stirred overnight at 30 °C in an oil

bath. The pH value of the reaction mixture was adjusted to 5-6 with hydrogen chloride -
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2.0 M) then extracted with etliyl acetate (3x20 mL) and the cor:nbilzledvorganic layers
dried over anhydrous sodium sulfate and concentrated under reduced pressure to
provide 250 mg (98%) of 85b as a white solid. _

Intermediate | 85¢ 1-[(2,5-dichlo'rophenyl)methoxyjcyclopropane-14 :

“carbonyl chloride: To a stirred solution of 1-[(2,5-

dichlorophenyl)methoxylcyclopropane-1-carboxylic acid (IOOA‘mg,. 0.38 mmol, 1.00 '
equiﬂ in dichlpromethane.- (4 mL) containing a catalytic -am.oﬁnt of DMF was added
oxalic dichloride {145 mg, 1.14 mmol, 3.00 equiv) dropwise. The resulting reaction
mixture was stirred for 1 h at room temperature was concentrated under 1‘e.ducned'
pressure to provide 100 mg (:93%) of 83¢ as a yellow solid. : .-
Example 85 1-([1~[(2,5—dich‘l()f()pllcilyl)metlloxy}cyclopropyi]car'bony'l:)- '
1,2,3,4-tctrahjfd1'c)-1.,8-1:1aphthyridine: To a stirred  solution 0f 1-[(2,5-
dichlorophenyl)methoxy]cyclopropane-1-carbonyl chloride (100 mg, 0.36 mmol, 1.00
equiv), 1,2’3,‘¥—te‘trafly'dro-1.,S-naphthyridiﬁ,e 1 vmg, 0.38 mmol,- 1.06 equiv), and

dichloromethane (4 ml) was added triethylamine (77 mg, 0.76 mmol, 2.13 equiv)

dfopwise with stirting. The resulting reaction mixture was siirred for 3 h at room
temperature, then quen_che& by the ad.d.it‘ioh of water (10 mL), extracted with
dichloromethane (3x20 ml). The combined organic layers were dﬁed over mxhydfous .
sodium sulfate and -concentrated under reduced pressure. The crude tesidue (100 mg) -
was purified by preparéti've. HPLC with the following conditions: Column, SunFire
preparative C18, 19*150mm 5um; mobile phase gradient, water éontaining 0.05% TFA -
. CHsCN (38.0% CHCN to 56.0% over 6 min); Detector, Waters 2545 UV detector at

254 and 220nm to provide 18.2 mg (13%)-of the title compound trifluoroacetate salt as

a yellow solid. MS (ES, m/z): 377 [M+H]"; "H-NMR (300 MHz, CD;0D) § 8.26-8.24

(m, 1H), 7.95-7.92 (m, 1H), 7.43-7.38 (m, 1H), 7.28-7.25 (m, 1H), 7.18-7.14 (m, 1H),
7.07 (s, 1ED), 4.59 (s, 2H), 4.15 (t, J = 6.0 Hz, 2H), 2.82 (t, J = 6.3 Hz, 2H), 2.04-1.96

(m, 2H), 1.50-1.39 (m, 2H), 1.32-1.29 (m, 2H).
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' anmple 86 _ o
1-([1-f(2,5- dlchlorowherw])methow]cvcloprom'ﬂcarbonVD 1.2,3 4-tetrahydro-1.5-

na-ghthvndm :

— N
AN
. NN /'§N
.. o \“\)
c&{‘j\ 0 %
»/Ci 86_ : |
5 , o Ex.ample 86 1-([1-[(2,5 ~dtchlorophenyl)mothoxy]cydopropyl]ua.tbonvl)
1,2,3,4-tetrahydro-1,5-naphthyridine: Example 86 was prepared as described for
example 83 substituting 1,2,3 .4—tetrahydro 1,5-naphthyridine for 1,2,3,4-tetrahydro- l ,8-
ndphthmdme to provide 47.2 mg (33%) of the title compound triflucroacetate salt as a
white solid. MS (‘.ES, m/z): 377 IMHHT; "H-NMR (300 MHz, CD;0D) § 8.51-8.54 (tm,
10 1H), 8.35-8.38 (m, 1H), 7.65-7.70 (m, 1H), 7.17-7.32 (m, 3H), 4.60 (s; 2H), 4.07-4.11
(m, 2H), 3.05 (t, J= 6.9 Hz, 2H), 2.04-2.12 (w, 2H), 1.30-1.45 (m, 4H). |

_ Example 87 _
» 3-(2. D-dxchloro-dr [[(28)-2-[{(4-cyclopropyl-1.2.3 4-tctra.hvqumnovalm -
15 ' yhearbonyllpyrrolidin-1-y Hmcﬂwﬂ}mcnvﬂ N-{(2S.3R.4R.5R)-2.3.4,5.6-

pentahvdroxvhexyl|propanamide

cl

o\ 2 N S
_ N— e
. — C 3N
0 NH O C | K/ W
. >”"'"{ OH 87 .
Ho—'  BH - -
Example 87 3-(2,5-dicl iiofo—4 [[(28)-2- [(4'-cyclbpropyl 1,2,3,4-

20 tetmhydroqmnoxalmd ~ylearbonyl]pyrrolidim- l-yl]methyl]phcnvl) N-[(2S,3R,4R,5R)-

2,3,4,5,6-pentahydroxyhexyl|propanamide: Example 87 was prepared as described for
example 48, substituting  (2R,3R,4R,58)-6-aminohexane-1,2,3,4 S-pcmol for
(2R,3R 4R, 58)-6- (methylamino)hexane- 1 2.3,4,5-pentaol to provide 30 mg (23%) of
the title compound bis-trifluoroacetate salt as a white solid. MS (ES, m/z): 665 [MHHTY
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TH-NMR (300 Miiz, CD;0D) 6 7.52 (s; 1H), 7.27 (s; 2H), 7.11 (d, J = 7.5 Hz, 1H),
5.50 (s, 1H), 4.58 (m, 2H), 4.23.(m, 11D, 3.65 (rﬁ, 4H), 3.42 (m, 2H), 3.15 (4, J=7.2
Hz, 2H), 2.60 (m, 3H), 2.07 (m, 3H), 0.88 (m, 2H), 0.67 (i, 2H). o

v,

Example 88 : :
3-[2,5-dichloro-4-([1-[(4-cyclopropyl-1.2.3 4-tetralwdmgumoxalm-l-
yDearbonylleyclopropoxymethyDphenyl] -N-E (28 3R 4R .SR)-2,3.4.5.6~

pentahydroxvhexyl]propanamide

/\I . .
AN rl e
PN o OH OH
" ‘i,ocr\T/\ o N/\[/l\ AL _OH
<%/o\,\;/\q H ou oH.

88

10 o ' Example -+ 88 3-[2,5-dichloro-4-([ 1-[(4-cyclopropyl-1,2,3,4-
‘ tetxahvdroqwnoxalm- -y l)carbonvl]cydopropoxv]mcth}l)p}“em'l] NA[(28,3R4R,5R)-

2.3,4.5,6-pentahydroxyhexyl]propanamide: Example 88 was prepared as described for o

example 80, s_ubsti‘mting (2R,3R.,4R.,_5S)-S-aminohexane-l,2,3,4,5-’pentol for
(2R,3R, 4R, 58)-6-(methylamino)hexane-1,2,3,4,5-pentacl to provide 84.6 mg (40%) of
IS thetitle compound trifluoroacetate salt as a pink solid. MS (ES, m/z): 652 [M*H]F ‘-
NMR (300 MHz, CD;0D) § 7.27-7.32 (m, 2H), 7. 01-7.07 (m, LH) 6.72 (t,J= 8.4 Hz,
2H), 4.36(s, 2H), 3.92 (t, J= 5.4 Hz, 2H), 3.32-3.81 (m, SOH), 2.96 (t, J = 7.5 Hz, 2H‘s'.
2.46-2.51 (m, 2H), 2.27 (¢, J= 3.3 Hz, 1H), 1.43 (s, 2H), 1.19 (dd, J = 75 Hz, 2H), 0.68
(t, J=8.1 Hz, 2H), 0.20 (s, 2H). |
20 | L
Exampie 89
(S"z-('Lcyclqpropyl—;?,4-dihydrogg_mgga].in~1 2H)-vD(1~ 2,_5_—@9&11@_0_—_&_
~ ﬁ\.ethog; benzyDpymolidin-2~-vDmethanone ," | '
/— \ </\ N .4
> N—\\ V’C\[
89

/

~ Example 89 {4~cyclopmpyl-3,4~dih)"dr0quin0)_<alin~1(2H)—yl)(l—(i-(Q:S-.
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: diclﬂoro;:henyl)ethoxy)cyclopropyl)methanoné.: Examplé 89 was prepared as described
for example 84 substituting 92a for 2-chloro-S-(trifluoromethyl)ybenzaldehyde to

provide 89 as the bis-trifluoroacetate salt. MS (ES, m/z): 460 M+H]"

5 : Eumplc 9

mino')oxerm-.’i-

90

Example 90 (4-cyc10propyl-_s 4- dlhydroqumoxalm-l(zH) yD(3-(2,5-

10 d1chlmobenzylaxmno)oxctan— -ylymethanone: Example 90 was prepared as dcscnb;d

for example 26 subst;ltuung 3- (tert-butoxvcarbonylammo)()\etane -3-carboxylic acid for

1-(tert-butoxy: c.ar‘oon) -ammq)cyclopropanecq woxyhc acid to provide 98. MS (ES, m/z):

432 [M+H]"; "H-NMR (400MI1z, CD,0D) 8 7.48 (s, 2H), 7.36 (d, J = 8.5 Hz, 1H),

725 (dd, J=8.5, 2.6 Hz, 1H), 7.18 (d, J = 8.0 Hz, 1), 7.08 (s, 1H), 6.67 (t, J = 8,2 Hz,

15 1H), 5.08 (é, 2H), 4.66 (s, 2H), 3.95 - 3.59 (m, 4H), 3.39 (s, 2H), 2.48 ~2.32 (m, IED,'
- 0.87-0.74 (m, 2H), 0.50 (5, 2H). | -

Emmple 91.

_ 3-(2.5- dlchioro-4-§g it 4-cy clopropyl-1.2. 3,4~tefrahvdrogmnoxahne-1- :
20 o (,arbonvi‘)cvc]oumnv1a1mno)mcthv1)phem1)—N-mutiwl -N-((28, 3K4R 3R) 2. 3 4.5, 6~

penfahydroxyhexylipros oanan.ude

haN
N ) OH OH
_OH
. \\/N\/ T\[ ,\(
J( PN OH OH

94

Exam‘p].e 91 (4-cyclopropy}—3,4~dihydroq_uinoxalin—I(2H)-yl)(3-(2,5- ‘
d,ichlor_obenzyla_mino)oxétané~yl)mcthan0ne: Example 91 was prepared as d_escn’bed-

25 for example 86 substituting 83 for 80b to provide 91 as the TFA salt. 'H-NMR
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(400MHz, CD;0D) & 7.40 (& J = 2.7 Hz, 1H), 7.29 (dd, J = 7.9, 1.4 Hz, 1H), 7.26 -
721 (m, 1H), 7.19 - 7.11 (m, 2H), 6.78 - 6.72 (m, 1H), 3.99 - 3.85 (m, SH), 3.77 (dd, J
= 110, 3.4 He, 1H), 3.73 ~ 3.57 (m, SH), 3.45 (t, /= 5.8 Hz, 2H), 3.42 2332 (m, H),
3.09 (s, 1.5H), 2.99 (1, J= 7.8 Hz, 2H), 2.96 (s, 1.5H), 2.91 — 2.72 (m, 1H), 2.71 — 2.64

S (m, 1H), 2.47 —2.37 (m, 1H), 1.37 (g, J = 5.1 Hz, 2H), 1.18 — 1.09 (m, 2H), 0.88 ~0.79
(m, 2H), 0.56 - 0.47 (m, 2H). MS (ES, m/z): 665 [M+H]".

ExampieSZ

{1-(4-( 3-a1ninopronvi)-2. 5-dichlorobenzyl amino)cycloinmm’l)( 4-cyclopronyl-3.4-

10 '.dihvdroq uinoxalin— 1 (ZH)-VDmcthanonc

- : - OTf

e ) 1 A \ o o
I — A —— I
cH ' :

o cnf

0" @z . 92b 2c

a o s o /\I “o
- //\c, A .
BocHiN. # '
S . N “BocHN._ /J
o2d . 820
: //'\\

6. o~ (.lo\ N '7‘ ' ,\/\ LCl O N ,J o
s BocHN” \ﬂ j\ , HzN T\\l % ~T
N N*r/ ' g > e

Scheme 92: 1. chhloro(methoxy)melhane TiCly, T)C‘M . LiCl, DMF; 3 3. THO,
- TEA, DCM; 4. N-(prop-2-yn-1-yl)carbamate, Pd(dppDCls, Cul, KZCO;, DMF; 5. RW/C,
15 Hy, ethyl acetate. 6. NaBH,, MeOH. 7. 4 M HCl in dioxane.

Tntérmediate 9%2a 2.5-dichloro-4-methoxybenzaldehyde: To a stirred 0
°C solution of 1:4-_dichioro‘-2~methoxybenze.ne (25.0 g, 141.2 mmol, 1.00 equiv) and
TiCl, (30.9 mL) in dichloromethane (300 mL) was added dichloro(methoxy)methane |

20 (162 g.,, 14'0.9 mmol, ]OO equiv) dropwise. The resulting reaction micture was stirred -
for 2 h at 60 °C then quenched by the addition of water/ice. The pH value of the
solution was adjusted to 1.0 with concentrated HCl extracted with ethyl acetate {(4x500

mL) and the combined organic layers washed with brine (2x500 mL), dried over -
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anhydrous sodium sulfate and concentrated under reduced pressure to provide 31.0 g

{crude) of 92a as a yellow solid.

Intermediate 92b 2,5;djcﬁloro-4--hydrox3*benzaldelhyde: A solution of
2,5-dichloro-4-meﬂ10xybenza1dehyde (14.0 g, 68.3 mmol, 1.00 e.quiv}_;'LiCI (11.6 .g, |
5 274 mmol, 4.00 equiv) in DMF (150 mL) under an inert atmosphere of nitrogen was |

stirred overnight at 140 °C in an oil bath. The reaction mixtu& was then quenched by

the addition of water/ice and the pH value of the solution was adjusted to 1-2 ‘with
‘concentrated HCIL. The resulting solution was extracted with ethylacetate (3x400 mL)l

and the combined: organic layers were dried over anhydrous sodium sulfate and

10 concentrated under reduced pressure. The resulting residue was puriﬁed using silica
gel column c}ﬁomatographv with a ethyl acetate/petroleum ether (1:10-1:5) gradient to

'~ provide 10.0 g (77%) of 92b as a hght yellow solid. (300Hz, DMSOdg): 6 11 99(5, : |
1H), 10. 08(5 1H), 7.81(s, H-D 7.09(s, 1H).

111tenned1atc A ' 92¢ | 2,5-dichloro-4-formylphenyl
15 triﬂ(mromethanesuifonate: To a stired 0 °C solution of 2,5—di¢h10ro-4—
hydroxybenzaldehyde (3.0 g, 15.71 mmol, 1.00 equiv) and triethylamine (3.2 g, 31.62 |
mmol, 2.00 equiv) in dichloromethane (50 mL) was added a solution of |
trifluoromethanesuifonic anhvdride (68 g 24.10 mmol‘ 150 equiv) in-

dichloromethane (10 mL) dropmse The resul’ung reaction mixture was stxrred for 30

20  min at room temperature then washed with brine (2x30 mL}. The orgamc Lwer was o

dried over anhydrous sodium sulfate and concentrated under reduced pressure.
Purification by silica gel column chromatography with an eluent gradient of ethyl .
acetate/petroleum ether (1:50-1:10) pro{lided 3.0 g (59%) of 92¢ as a white solid. 'H-
NMR (300Hz, DMS‘OJD) 10.22(s, 1H), 8.14-8.15(m, ZH).

25 ' Intmm\,dlale 924 tert-butyl N- [’3 (2,3-d1c1110r0-4 fcrmylphcnyl)pmp 2-

' yo-1-yljcarbamate: A _ solutlon: of 2,5-dichloro-4-formylpheny! .
trifluorornethanesulfonate (5.0 g, 1.5.48 mmol, 1.00 equiv), tert-butyl N-(prop-2-yn-1-
Vl)udrbamate (2.4 g, 15. 46 mmol; 1.00 equiv), potassium carbonate (4.1 g, 29.7 mmol,

2.00 equiv), Pd{dppﬁClg (1.2 g, 1.64 mmol, 0.10 equiv) and Cul (290 mg, 1.52 mmol,

30 0.10 equiv) in DMF (45.0 mL) was stirred ovexmﬂh’c at room temperature under an

inert N, atmosphere. The resulting reaction mixture was dxluted with water (150 mL)
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extracted with ethyl acetate (3x150 mL) and fhe combined organic layérs' were washed
with brine, dried over anhydrous Sodiuﬁl' sulfate and concentrated under réd:uc.ed
pressure. Purification of the residue by silica gel column chromatography with an |
eluent gradient of ethyl 'acetate/petr()leuin ether (1:15-1:10) provided 2.0 g (39%) of
924 as a light yellow solid.

Intermediate 92e tert-butyl N-[3-( 2,5-dichloro-4-formylphenyl)propyl]-
carbamate: A solution of RWC (1.5 g):, tert-butyl  N-[3-(2,5-dichloro-4- -
fonnylphcnyl)prop~2-yn-1-yi]cafbaméte (3.0 g 9.14 mmol,. 1.00 equiv) in ethyl
acetate (45 mlL) was stirred overnight under a hydrogen atmosphere at room
temperature. Solids were removed from the reaction mixture and the filtrate was
concentrated under reduced pressure. Purification of the resulting residue by silica gel

column chromatography with an eluent gradient of ethyl acetate/petroleum ether

-{1:20-1:10) resulted in 2.4 g '(79%) of 92e as a. white solid. "H-NMR (300Hz, -
- DMSOdy): 10.20(s, 1H), 7.81(s, 1H), 7.68(s, 1H), 6. 90694(111 1H) 2.93-2. 99(m

2[’?) 2.7 2’76(m 2H), 1.66- 1. 73(m, 2H), 1.37(s, 9H). .

bxamplc 92 3-(3 {2,5-dichloro-4-((1- (4—cvdopropy1 1; 2,?_4~fetrahydr67

-.-qmm,xalme-l—Larbonvl)cy clopropylammo)mcthvl)phenvl)pro*)y1) -1-methyl-1-

({(2S,3R.4R,5R)-2,3.,4,5,6- pentahydroxybexvl)mea E\ample 92 was preparn,d ‘as
doscribed  for examplu 83  substituting tert-butyl  N-[3-(2,5- -dichloro-4-
formylpheny! ‘)propyl}ualbé.mdte 92e for 83a tert-butyl  3-(2,5-dichloro-4-. -
formylphenyl)propancate to provide 92 as the TFA salt. "H-NMR (400MHz, CD;0D)
§ 7.34 — 7.2 (m, 2H), 7.22 (dd, J = 83, 1.4 Hz, 1H), 7.16 -~ 7.10- (m, 1H), 6.99 (s,

1H), 6.74 (td, J = 7.7, L4 Ilz, 1H), 3.90 (t, J= 5.8 Hz, 2H), 3.70 (5, 2H), 3.45 (1, /=

5.8 Hz, 2H), 2.95 (t, J = 8.0 Hz, 2H), 2.77 (&, J = 8.0 Hz, 2H), 2.47 ~2.36 (m, 1H),
1.97 ~ 1.85 (m, 2H), 140 (q, /= 4.5 Hz, 2H), 1.00 (g, 7= 4.5 Hz, 2H), 0.83 - 0.75 ('n
2H), 0.51 — 0.41 (m, 2H). MS (Eb miz): 473 [M+Hj
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Exaniple 93 .
3-(3-(2.5-dichloro-4-({1-(4-cvclopropyl-1,2.3.4-tetrahydroquinoxaline-1- _
5R)-

-carbonvleyelopro vlaminq methyvl | henyl’ 51'0 v1)-1-methyl-1-((2S.3R.4

2.3.4.5.6-pentahydroxyhexyDurea
OH OH Q '
Ho\/’\/\ /\N N L Clog N
OH OH - VLI £

Example. 93 3-(3-(2,5-dichloro-4-({1 —(4-cyclop'ropy1-1,2,3,4-tetrahydro~ .
guinoxaline-1-carbonyl)eyclopropylamino)methyl)pbenyl)propyl)-1-methyl-1-

((28,3R.4R,5R)-2,3.4,5 ,6-pentahydroxyhexyl)urea: Example 93 was prepared as
10 described for example 69 substituting 92 for 68 to provide 93 as the TFA salt. MS (ES,
miz): 694 [M+H]'; "H-NMR (400MHz, CD;0D) & 7.36 (s, 1H), 7.29 (dd, J= 7.9, 1.4 |
Hz, 1H), 7.23 (dd, J= 8.3, 1.4 Hz, 1H), 7.19 - 7.12 (m, 1H), 7.10 (5, 1H), 675 (td, J=
7.6, 1.4 Hz, 1H), 3.98 - 3.86 (m, SH), 3.77 (dd, J =109, 3.2 Hz, 1H), 3.73 = 3.57 (m, S
| 4H),3.49 - 3.41 (m, 3H), 335 (4, J = 8.0 Hz, 1H), 3.18 (1, J = 6.9 Hz, 2H), 2.94 (s,
1S 3HD),2.77 - 2.66 (m, 2H), 2.46 - 2.37 (m, 1H), 1.82 — 1.72 (m, 2H), 1.38 (q, J=50Hz,
2H), 1.13 (q, J = 5.1 Hz, 2H), 0.86 — 0.78 (m, 2H), 0.55 — 0.46 (m, 2H).

-Example 94
(4- cyclopropvl 3 4-di‘wdroqumo‘<alu1-1(/m v 1-(1-(2.5-

20 - dlchloronbcml)ethoxv)wclopropvhmethanune

.M)v

DN N Lo

94

Example 94 ( 4—cvclopropy1 -3,4- dlhvdroqumoxalm-] (2H) yl)(l (1- (7 5=
dtchlorophenyl)ethoxv)cyclopropylﬁncthanonp was prepared as described for example
sxfmtttutmg 1-(2,5- dmhlmoph;n;])ethyl methanesulfonate for 2-(bromomethyl)-1,4-

25  dichlorobenzene to provide 94 as the TFA salt. MS (ES, m/ /z): 431 [M+H]".
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Example 95

(32 (etha.ne—l 2-divibis(oxy)bis{ethane-2.1 dwmbxs(3 (2-5 chcbloro-4-(( 1-(4-

cyclopropyl-1,2.3.4-tetrahydroquinoxaline-1-

o

carbonyl)eyclopropylamino)methyDphenyl)propanamide)

o , | o b Oy jf/T\" N ;\nﬂ\(ﬁ
. .(\\ 0 HCL j;\\l, \_/L[\g_/\/o\/\o,/\‘_,N.\ﬁ/\\/\\ o] S
N SN XN\/ XN © S
W/N\,,J : B 95 _
y .

o

Exaruple 95 N N'-(2,2'-(ethane-1,2 d1vlbw(oxy))b1s(eﬂ1auc~ l dzvl))bls( 3-(2,5-
dichloro-4-((1-(4-cyclopropyl-1,2,3 4-tetrahydroquinoxaline- 1-carbonyljcyclopropyl-

10 amino)methyl)-phenyl)propanamide): Example 95 was prepared as described for

example 91 using example 83 as the starting material and one half of an equi valent of

2,2’-(ethanc~'1;}?.—di,y}bis(oxy))~diethana.mine» in place of N»mcthyLD—glucamine' to

provide 95 as the TFA salt. MS (ES, m/z): 1089 [M+H]".
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Example 96

AR.5R}-2.3.4.5.6-

gcntahvdrdxyhexyl ureido)propvilbenz 10,;{ -N-methylcvelopropancearboxamide

N-(2-cyclopropoxyphen 1~->1-. 2.5-dichloro-4-(3-(3

1

1' DO e
92e ' ~F g — 4 A

; = ~Cl
!Boc‘—li\LV/r o6a BocHN\I 95h

l’\ o O NHBoc F/\ o N l/\‘/\NHn
—2 . /\N)KKO\ g —A L Ny Z\O X
A SR
V4 96c ' AV 96d
' cJ>\ OH -OH
Ay o S N N N N N
LIV /]\NJK/O\/\[\J\CI Nl OH GH
: oL 1 O 96
- Scheme 96: 1. NaBHs;, MeOH; 2. NBS, PPhy, DCM, THF; 3. NaH, DMT; 4,
HCVDijoxane 5. N,N’-disuccinimidyl carbonate, THEF.
- 10 ' Int‘ermediate 96d I-(4-(3-aminoprcipyl)Q,S~di,chlorober12y10xy)-N«-(’l~'_

’ cyclopropokyp}.lenylﬁ)-N-methylcyclopropanecarboxamidc': Intermediate  96d  was
prepared as described for intermediate 80b substituting N-(Q,—c-y_é.‘ioprOpoxyphenyl)-l-‘- :
hydroxy-N-methylcyclopropane-1-carboxamide (73h) for 1—[(4-cyclopropyl—1,2,3,4«
tetrahydroquinoxalin-1-yl)carbonyljeyclopropan-1-ol in step 1 to prqvide"intennediate

15 %6d.
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Example 96  N-(2-cyclopropoxyphenyl)-1-2,5-dichloro-4-(3-3-
((2S,3R,4R,5R)-2,3,4,5,6-pe-ntahydroxyhexyl)ureido)propyl)b_e-nzyloxy)-N-
methyleyclopropanecarboxamide: Example 96 was prepared as described for example

69 substituting (2R._,3.Rﬂ4R,5S)-6-aminohe.xane-1,2,3,4,5—pentol for (2R,3R,4R,5'S)-6'-.

5 _ (methylaminp)hcxane-l,2,3,4,5—penta01 to provide the title compound. MS (ES, m/::):'
670 [M+H]".
Examplé 97
3-(2,5-dichloro-4-(((R)-4- (4-cyclopropyi-1,2 3.4_—_"ctrahvdroguinoxaline—l-
10 . carbonyDthiazolidin-3-yl)methyDphenvD)-N-((28.3R AR, 5R)-2.3.4.5 6-

pentabydroxyvhexyl)propanamide

o. Y
4y OH OH
-, N \\_/-\\/ ,/\OH
0] " OH OH
. Example 97 (2 5- dicblom--@ (((R)-4-(4- cwlopropyl 1234 ]

15 tctrahvdroqumoxa]me -1 carbonyl)ﬂnazohdm-’%-yl)methyl)phenyl)-N -{((2S,3R,4R, SR\-
2 2,3,4,5,6-pentahydroxyhexyl)propanamide: Example 97 was prepared as described for -
example 48 substituting (R)-(4-cyclopropyl-3,4-dihydroquinoxalin-1(2H)- | |
yl,)(thi.aio1idin—4-y1)me‘thanonc for (8)-(4-cyclopropyl-3,4-dihydroquinoxalin-1(2H)-
 yD{pyrrolidin-2-yl)methanone in step 6 and {2R,3R.,4R,SS)-G-aniin011cxan,e-].,2,3,4,5— .
20 pentol for (2R,3R,4R,5S)—6-(met_hylamino)hexane~1,2,3,4,5-pent01 in step 8 to prt:yide
| 97 as the bis TFA salt. MS (ES, m/z): 683 [M+H]', | |

anmple 98

' g2,5-d1chloro-4-(((R) 4-(4-cyclopropyl-1.2. 3, atutrahydrogumoxalm“;_]- I E
25 carbonylthiazolidin-3-ylmethyl)phenyl)-N-methyl-N-((28. ?R,4S,5Rz 2,3

pentashvdroxvhexylpropanamide
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OH OH o]
= | l P ' /—/ > . .
OH OH I~ Nl 5
98 (\ N0
NeZ R .
| i ﬁ) |
- Example 98 3+(2,5-dichloro-4-(((R)-4-(4- C);cl()propyl 1,234~

tonahydroqumoxalm&l -carbonyl)thiazolidin- »-y])mcthyl)phenyl)—N -methyl-N-
((2S,3R,48,5R)-2,3,4,5,6-pentahydroxyhexyl)propanamide: Example 98 was prcpdred

5 as described for example 48 substituting (R)-(4-cyclopropyl-3,4-dihydroquinoxalin- o

: 1(21D-)fl)(thiazolidin—4—yl)lnethanOne for (8)-(4-cyclopropyl-3,4-dihydroquinoxalin-
1(ZH);}'I)(pyrrolidin—B—yl)m.e‘thanone in step 6  and (2R,38,4R,58)-6-
(methylamino)hexane-1,2,3,4,5-pentaol  for (2R 3R,4R,58)-6-( m,é'thylamino')hexwe-
1,2,3,4,5-pentol in step 8 to provide 98 as the bis TFA salt. MS (ES, nm/z): 697 [M+H]+‘. , |

10 _
Examples 99-158
Compounds 99-158 are prepared from commercial or known starting
* materials according to the gen.e1:;xl. methods described in Examples 1-98 and methods
known to those skilled in the art.
15

No. ' Structure ‘ ~ Name

1-cyclopropyl-4-({4-.

' . )
., = . - [2,5-
99 _ [\ a - _ dlchlorophm‘yl)rlx‘lc'thox
SN/ 7&( — y]-1-methylpiperidin-4-
: o <) N\/\_>-< ' yl}carbonyl)-1,2,3,4-
° tetrahydroquinoxaline
(48)-4-[(4-cyclopropyl- |
s 1,2,3.4- '
L , S
: ' -a,)'“__\“‘ﬁ'h_" g ’/4 tetrahydroquinoxalin-1-
100 - Y ,/é"'/ Y\,. ' ylyearbonyl]-3-[(2,5-
' - e _ dichlorophenyl)methyi]
-1-methylimidazolidin-
2-0ne
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101

T (28)-1-(4-cycloprapyl-

1,2,3,4-
tetr ahych oguinoxalin- 1-
- D225
dichlorophenylymethyl}
amino}-3-methylbutan-
J-one

102

(28)-1-(4-cyclopropyl-
1,2,3,4-
tetrahydroquinoxalin-1-
yD-2-{[(2.5-
dichlorophenyl)methyl]
(methyl)amino}-3-
methylbutan-1-one

(2R)-1-(4-cyclopropyl-
1,2,3,4-

tetrahydroquinoxalin-1- | -

yh-2-[(2,5-
dichlorophenyl)methox
ylpropan-1-one

. 104

(28)-1-{2,5-
dichlorophenyl)methyl]
-N-(2,3-dihydro-1-
benzofuran-7-yl)-N-
methylpyrrolidine-2-
carboxamide

105

1-[(2,5-
dichlorophenyl)methox
y}-N-(2,3-dihydro-1- |
benzofuran-7-yl)-N-
methyicyclopropane-1-
carboxamide

106

1-{[(28)-1-{(2,5-
dichlorophenyl)methyl]
pyrrolidin-2-
yl]carbony!}-1,2.3,4-
tetrahydroguinolin-4-
one

107

1-4[(28)-1-[(2,5-
dichlorophenyl)methyl]

pyrrolidin-2-
yl]carbonyl}-1,2,3 4~
tetrahydroquinolin-4-ol |
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1-{[(28)-1-{(2,5-
dichlorophenyl)methyl}
pyrrolidin-2- - :
yllcarbonyl}-4-methyl-
1.2,3.4-
tetrahydroquinolin-4-ol

109

1-{[(28)-1-[(2,5-
dichlorophenylmethyl}
. pyrrolidin-2-
yl}carbonyl}-4- -
methylidene-1,2,3,4-
tetrahydroquinoline

110

I'-{[(25)-1-[2.5-
dichlorophenylymethyl]
pvrrolidin-2-
yHearbonyl}-2',3'-

dihydro-1"H-
spiro[cyclopropane-
1,4'-quinoline]

111

e [@s- |
dichlorophenylymethyl]
‘pyrrolidin-2-
yljcarbonyl}-2,2,4-
trimethyli-1,2--
dihydroquinoline

112

1-cyclopropyl-4--

{[25)-1-[2-(2,3-
dichlorophenyl)propan-

2-yllpyrrolidin-2- -
yl]carbonyl}-1,2,3,4-
tetrahydroquinoxaline

1-cyclopropyl-4-[(1-
{ Ez - (2 ) 5- ‘
dichloropheny!)propan-
: 2-

y]_}oxy}cyclopfopyl)cax
bonyl]-1,2,3,4-
tetrahydroquinoxaline

114

A P e

o 4, oH

o

JOH

(2R,3R,4R.55)-6-{[4-
(2,5-dichloro-4-{{(25)-
2-[(4-cyclopropyl-

' 1,2,3,4-
tetrahydroquinoxalin-1-
yDcarbonyl]pyrrolidin-
1-

200
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J(methyl)amino}hexane
-1 2.3,4,5pentol

%-3 |
\
\' \O/mj :/l/\v’\u 1\ /g:v-’m

(2R,3R 4R,58)-6-({4-
[2,5-dichloro-4-({1-{(4-
cyclopropyl-1,2,3,4-

tetrahydroquinoxalin-1-
yl)carbonyljcyclopropo |
xy ymethyDphenyl]buty
1}(methyDamino)hexan
e-1,2,3,4,5~pentol

116

g < a a -

o
v B Y
. \_/‘\ P /\N "/\/‘Tp
C oW '~ I .

1-[3-(2,5-dichloro-4-
{{@8)-2-[(4-
cyclopropyl-1,2,3,4-
tetrahydroguinoxalin-1-
yl)carbonyl]pyrroluhn-
1-
vljmethyl} phenylprop
yi]-3-[(25,3R 4R ,5R)-
' 2,3,4,5.6-
pentahydroxyhexyljure
a

. T :
"o /\/ /\N/U\ /\\/\\/H\

oH

Qe

\\/“\‘

-1-{3-[2,5-dichloro-4-
({1-{(4-cyclopropyl-
1,234
tetrahydroquinoxalin-1-
yl)carbonyljcyclopropo ! .
xy}methylyphenyljprop
¥1}-3-[(2S,.3R,4R,5R)-
2,3,4,5,6-
pentahydroxyhexyljure
a -

118

1-[3-(4-chloro-3-

{1(28)-2-[@- .
“cyclopropyl-1,2,3.4-
tetrahydroquinoxalin-1-|
yDcarbonyllpyrrolidin-
vlmethyl} phenyl)prop
V1]-3-[(28,3R AR 5R)- |

2,3,4,5,6-
pentahydroxyhexyljure
a
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119

1-{3-[4-chloro-3-({1-
[(4-cyclopropyl-

1234

tetrahydroquinoxalin-1-

ylcarbonyljcyclopropo

xy ymethylyphenyllprop

y1}-3-[(28,3R 4R,5R)-
. 2,3,4,5,6-

pentahydroxyhexyljure
a .

120 -

I-cyclopropyl-4-
{{(15)-2-[(2,5-
dichlorophenymethyl]

- :
azabicyclo{3.1.0Thexan |
-1-yljearbonyl}-
1,2,3,4-
tetrahydroquinoxaline

121

N-{1-[(4-cyclopropyl-

' 1,2,3,4-
tetrahydroquinoxalin-1-
yhearbonylcyclopropy

1}-N-[(2,5- :
dichlorophenylymethyl] |.
acetamide - -

122

1-{1-{{(4-cyclopropyl-
1,2,3,4-
tetrahydroquinoxalin-1- |-
ylDcarbonyljeyclopropy | -
. 1}-1-{(2,5- ol
dichlorophenyl)ymethyl]
 urea

123

.| dichlorophenyl)methyl]

N-{1-[(4-cyclopropyl-
1,2,3.4-
tetrabydroquinoxalin-1-
yl)carbonyl]cyclopropy
T-N-[(2,5-

methanesulfonamide

124

1-({2-[(2-chloro-35-
methylphenyhmethyllp
yrrolidin-1- |
yl}carbonyl)-4-
cyclopropyl-1,2,3,4-
tetraliydroquinoxaline
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“3-(3-12,5-dichloro-#-
({1-[(4-cyclopropyl-
1,2,3,4-

tetrahydroquinoxalin-1- | =

yl)carbonyllcyclopropo
xyymethyl)phenyl]prop
y1}-1-[3-(4-{3-[({3-
[2,5-dichloro-4-({1-[{4-
cyclopropyl-1,2,3,4-
tetrahydroquinoxalin-1-
yl)carbonyljeyclopropo
xyymethyljphenyl]prop
y1}carbamoy!)amino]pr
opyl}piperazin-1-
yi)propyljurea

126

3-[3-(2,5-dichloro-4-
{[(28)-2-[(4-
cyclopropyi-1,2,3,4-
tetrahydroquinoxalin-1-
yl)carbonyl]pyrrolidin-
1-

Vljmcthjyl phenyl)prop
y1}-1-(3-{4-[3-({[3-
(2,5-dichloro-4-{[(25)-
2-[(4-cyclopropyl-

- 1,2,3,4-
tetrahydroquinoxalin-1-
yl)carbonyl}pyrrolidin-
1-

yl]methyl} pbenyl)pmp
yllcarbamoyl yamino)pr

opyllpiperazin-1-

yl}propyljurea

127
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3-{3-[2,5-dichioro-4~
({1-[(4-cyclopropyl-

- 1,2,34-
tetrahydroquinoxalin-1-
yDearbonyljeyclopropo |
xy methyl)phenyllprop |

y1}-1-{2-(2-{2-[({3-
[2,5-dichloro-4-({{-[(4-
" ¢yclopropyl-1,2,3,4-
tetrahydroquinoxalin-1-
yl)carbonyl]cyclopropo
xy}methyl)phenyljprop
yi}carbamoyl)aminojet

2
<
- LI

hoxy}ethoxy)ethyl|urea
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3-[3-(2,5-dichloro-4-

| yllmethyl}phenyl)prop

A{I@8)-2-[(3-
cyclopropyl-1.2,3,4-
tetrahydroquinoxalin-1- |
yDcarbonyl]pyrrolidin-

yl]-1-(2-{2-[2-({[3-
(2,5-dichloro-4-{{(2S)-
2-[(4-cyclopropyl- -
1,2,34-
tetrahydroquinoxalin-1-
yl)carbonyl]pyrrolidin-
. i-

yllmethyl}phenyl)prop
yljcarbamoyl}amino)et
hoxy]lethoxy }ethylurea

129

4

Oy ek e
(D ’.}WE;‘\}\EJV\»A"#\/\‘/:L./'\.E/IT, . .
. SR -

L

| tetrahydroquinoxalin-1-

3-[2,5-dichloro-4-({1-
[(4-cyclopropyl- -
. 1>2’3:~4' .
tetrahydroquinoxalin-1- | -
yhcarbonyl|cyclopropo
xy}methyl)phenyl]-N-
{2-2-(2-{3-[2,5-
dichloro-4-({1-[(4-
cyclopropyi=1,2,3,4-

yDearbonyl]eyclopropo

xy}methyl)phenyl]prop
anamido }ethoxy)ethox
ylethyl} propanamide

130

B
T

"!\/\ -’\/‘ A./\_/‘ .J.L\/\_:ri\
T 1 s E ﬂ\ _,!3 ("“‘
1 PP

~’

A .
\\/«v

3-(2,5-dichloro-4-
{(@S)2{4
cyclopropyl-1,2,3,4-
tetrahydroquinoxalin-1- |
yhcarbonyl]pyrrolidin- |
1-yljmethyl} phenyl)-
N-[2-(2-{2-[3-(2,5~
dichloro-4-{[(2S)-2~
[(4-cyclopropyl-
1,2,3,4~ _
tetrahydroquinoxalin-1-
yDcarbonyl]pyrrolidin- -
: I- -
ylimethyl}phenyl)prop
anamido]ethoxy}ethox
y)ethyl lpropanamide
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37{2.5-dichloroA-[({1-

[(4-cyclopropyl-
1,2,3,4-

tetrahydroquinoxalin-1- |-

yhearbonyl]cyclopropy
1}amino)methyl}phenyl
}-N-[(28.3R 4R,5R)-
2,3.4,5,6-

. pentahydroxyhexyl]pto | -

panamide

132

1-(3-{2,5-dichloro-4-
[({1-[(4-cyclopropyl-
1,2,3,4-
tetrahydroquinoxalin-1-
yhcarbonyl]cyclopropy
[}amino)methyljphenyl
~ ypropyl)-3-
[(25,3R,4R,5R)-
2,3,4,5,6-
pentahydroxyhexyljure

a

133

F
sSSP O

" i . "n .

m\’/-\‘z/’\\,’,\?f/ \p,"/\,/‘\/ &7 '\'/N\r‘-ﬁ

on o o=

1-(4-{3-[({1-[(4-
- cyclopropyl-1,2,3,4-

tetrahydroquinoxalin-1- |

yhcarbonyl]eyclopropy
1}amino)methyl}-4-

(trifluoromethyl)phenyl

~ ybutyl)-3-
[2S3R,4R,5R)-
23,4.56-
pentahydroxyhexyljure

e

(2R}-2-amino-6-{[(3~
{4-chloro-3-[({1-[(4-
cyclopropyl-1,2,3,4-
tetrahydroquinoxalin-1-
yDcarbonyljeyclopropy
1}amino)methyl]phenyl
} propyl)carbamoyl]ami
no}hexanoic acid

135

[(1R)-1-carboxy-5-
{[(3-{4-chloro-3-[({1-
[(4-cyclopropyl-

1 :2:3 54‘
tetrahydroquinoxalin-1-
yDcarbonyljcyclopropy
1} amino)methyl]phenyl
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Y propyl)carbamoyl]ami
no }pentyl]trimethylaza -
nium

136

1-(3-(2,5-dichloro-4-
((1-(4-cyclopropyl-
12,34
tetraby droqumoxalme-
1-
carbonyl)cyclopropyla
minojmethyhphenoxy)
propyl)-3-
((2S,3R,4R,5R)-
2,3,4,5,6-

pentahydroxvhexyl)urc o

a

—t
(5]
3

({[(45{2,5~dich'!0ro—4-
[({1-[{4-cyclopropyl-
© 1,234
tetrabydroquinoxalin-1-
yhearbonyl]eyclopropy -
1Yamino)methyl]phenyl

YbutyDcarbamoyl]amin

) } methyl)phosphonic
acid

138

AN

i

A _/N -/o to ct ‘
(( \j\ ;n' : /J\L NH

\\/\v/\ ‘\N, ~.
- H

NH,

1-{4—{2,5 -dichloro-4-
({1-[(4~cyclopropyl-

- 1,2,3,4-
tetrahydroquinoxalin-1-
yDcarbonyl]eyclopropo
xy ymethyl)phenyljbuty

1} guanidine

HO. \“J

X [ !

TN \/’\\M/ /’\ AN

u.r’ \w
3

ot

o
c1 HN/Y] _’.§':(H —’4

[(1R)-1-carboxy-5-
{1(4-{2,5-dichloro-4-
[¢(1- [(4—cyclopropyl-

1.2,3,4-
tetrahyydroquinoxalin-1-
yDcarbonyl]cyclopropy
[}amino)methyl]phenyl
Ybutyl)carbamoyljamin
o}pentyljtrimethylazani

um

206



- WO 2013/096771

- PCT/US2012/071251

140

- o

P
D i e

1-[4-(3-{[(25,4R)-2-
[(4-cyclopropyl-
1234
tetrahydroquinoxalin-1-
yhcarbonyl}-4-
fluoropyrrolidin-1-
yl}methyl}-4-
(trifluoromethyl)phenyl
Ybutyl]-3-
[(2S,3R4R,5R)-
2,3.,4,5,6- ,
pentahydroxyhexyllure |
a

141

l
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1-[4-(3-{[(25,4R)-2-
[(4-cyclopropyl-

1,2,3,4- )
tetrahydroquinoxalin-1-
yhcarbonyl}-4-

methoxypyrrolidin-1-
* yljmethyl}-4-

(trifluoromethyl)phenyl |

dbutyl}-3- |
[@S3RARSR)-
T 23456-

pentahydroxyhexyljure

a

C).( ot @

142 | X A A Ao~k
Ho' 5 - I/ VTN W// )

i, A | .

on o O . N .
M

{ ylimethyl}phenyl)butyl

: ﬁentahydxoxyhexyl]me

- 1-]4-(2,5-dichloro-4-
{[(28,4R)-2-{(4-
cyclopropyl-1.2,3.4- |
tetrahydroquinoxalin-1- |
yhcarbonyl]-4-
methoxypyrrolidin-1-

2,3,4,5,6-

a
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(25,35,4R,55)-6-

{[(1R)-1-carboxy-5-
{[(4-{2,5-dichloro-4-

[({1-[(4-cyclopropyl-

12,3,4-

tetrahydroquinoxalin-1-
yl)carbonyl]cyclopropy
1}amino)methy!]pheny!
}Ybutylcarbamoyl]amin

o}pentyl]amino}-
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2,3.4,5-
tetrahydroxyhexanoic
' acid
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(28,38,4R,58)-6-[(4-
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(28,38,4R,58)-6-[(4-
{2,5~-dichloro-4-[({1-
[(4-cyclopropyl-
1.2,3.4-
tetrahydroquinoxalin-1- |
yl)carbony!]cyclopropy
1} amino)mcthyl]phenyl
Youtyl)(methyhamino]-
2,3,4,5-tetrahydroxy-N-
methyl-N-
[(28,3R,4R,5R)-
2,3,4,5,6-
penighydroxyhexylthex
" anamide ‘

- 146
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[(28,3R,4R,5R)-
2.3,4,5,6-
pentahydroxyhexyllpyr |
idine-2-carboxadmide
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carboxamide
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[(4-cyclopropyl-
1,2,3,4-
tetrahydroquinoxalin-1-
yhcarbonyljcyclopropo
xy}methyDphenyl}-N- § -
methyl-N- '
[(28,3R.48.5R)-
234,56
pentahydroxyhexyljpro
panaruide

151

3-{2,5~dichloro-4-[({1-
{(4-cyclopropyl-

1,2,3,4- .

tetrahydroquinoxalin-1-

-yDearbonyljeyclopropy

I}amino)methyliphenyl
}-N-methyl-N-
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Example 159

(R) (4-cvclomopvl 3.4 dlhvdroqumoxahn-l( 2M-yH(6-2, 3-d1dﬂoro-4—

(hvdroxvmethylhbenzyhthiazolidin~-4- yl)methanonc
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Scheme 159: 1. ‘(Boc)0, NaOH, dioxane H,0; 2. 1-cyclopropyl- 1,_,3 4

tetrahydroquinoxaline, HATU, DIEA, DMF; 3. Cone. HCL 4. NBS, bmzoyl peroxide,
CCly; 5. AgNOg, acetone, I,0; 6. 15%¢, Na(O/—\.c);BH DCE.

Intermediate 159a (4R)—3—[(teﬁ—bu;oxy')’carbonyl]-1,3 thiazolidine-4-
carboxylic acid. To a solution of (4R’)—1,3—ﬂ:iazolidiﬁ.c—4-car’boky1io acid (9 g, 67.58
r.hmol, 1.00 equiv) in dioxane (100 mL) was added sodium hydroxide '(8.1 g, 202.5
mmol, 3.00 equiv) in water (350 mL) and then (Boc)O (22 g, 100.8 mmol, 1.49
equiv). The resulting solution was stirred ovémight at room tﬁtlnperafure. The pH v.ﬂue
of the solution was adjusted to 4- with hydrogen chlondc (1 mol/Ly a_nd was then
extracted with ethyl acetate (3 x 250 mlL). The combined organic la\fers were washed

~ with brine (2 x 500 mL), dried over anhydrous sodium sulfate and concentrated under |
vacuum to afford 15g (95%) of 159a as a white soﬁ‘:id_wiﬂ1 was used without further

purification.

Intermediate - 159b  (tert-butyl (4R)-4~—[(4—cvcloprop\'l 1234 )
tetrahydroquinoxalin- I_~§Tl)carbdnyl]—l,3—thiazolid._in.c~3-carboxylak. A soluﬁon of
(4R)-3-[(text-butoxy)carbonyl]-1,3-thiazolidine-4-carboxylic acid (8.0 g, 34.29 mmol,
1.00 equiv), I-cyclopropyl-1.2,3.4-tetrahydroquinoxaline (6 g, 3443 mmol, 1.00 .
gquiv), HATU (17 g, 44.71 mmol, 1.30 equiv), and DIEA (6.7 g, 51.84 mumol, 1.51
equiv) was stlrred in DMF (80 ml) overnight. The resulting solution was diluted Wﬂh ,
H20 (500 mL), extracted with ethyl acetate (2 x 250 mL) and the combined orcramc |
layers were washed with brine (2 x 500 mL), dried over (mhy«.xous sodium sulfate, and
concentrated under vacuum. The residue was purified by silica gel column’ "
chromatography with an eluent gradient of petroleum ether/ethyl acetate (20:1 to '10_: 1
to furnish 159b (12 g, 90%) as a yellow oil. | ‘

Intermediate ~ 159¢ 1~cyclopropyl-4-[[(4R)—1,3-thiazoiidiri—~4-y1}carboﬁyl]n'
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1,2,3,4-tetrah$*droquinoxaline. To a sol,utio.n of tert-butyl ( 4R)-'4-[(4-cy<:lopropy1~
1,2.,3,4—tetrahydroquinoialin¥1—yl)carbonyl]-].,3-thiazolidjne—3-carboxylate (10 g
25.67 mmol, 1.00 equiv) in 1,4-dioxane (150 mL) was added concentrated HCL (50
mL). The resulting soluiion was stirred for 1 h at room temperature, then the pH value
of the solution was adjusted to 6~7 with aqueous sodium hydroxide and the resulting
solution was extracted with ethyl acetate (2 x 300 mL)-. The organic layers Weré
combined, washed with brine (3 x 500 mL), dried over anhydroas sodium sulféte'and |

concentrated under vacuum. The residue was purified by silica gel column

chromatography wmh an eluent gradient of ethyl acetdte/petrolemn ether (1: 10 to 1:4)

to furnish 159¢ (4.98 g, 67%) as light Vellow oil. MS- (ES, m/z): 290 [M + H". 'H-
NMR (400MHz, CDCly): 7.28-7.11 (m, 3H), 6.74-6.70 (m, 1H), 4.45-4.43 (d,
J=9. (Hz 1H), 4.14-4.00 (m, 3H), 3.80-3.77 (m, 1H), 3.44-3.41 (t, J=5,6, 6Hz, 2H),

2 97-2.93 (t; J=0.6, 6.8Hz, 1H), 2,74-2.69 (t, J=9.6,9.2Hz, 7H) 2.48-2.44 (m 1H),
0:88-0.84(m, 2F1), 0.69-0.60(m, ),

fintcrmcdiate 139d: 1_,4—d1chloro--2' S—biq(di’brbmomethﬂ%eﬁzene.'To a solution
of 1 4—dibhlolo 2, S'Cime‘thﬂbeﬁ?f:he (5 g, 28.56 mmol, 1.00 equiv) in CClL (DO mL) -
was added NBS (25.4 c; 142.71 mmol, 5.00 equiv) and benzo;l perondc (490 mg, 2. 2.02
mmo] 0.07 cquiv) and the resulting solution was stirred overnight at 80 °C in an oil -
bath. The solids were filtered out, ’(he filter cake was washed with 4 x 100 mL of ¢ gthyl'
acetate, ‘and the organic layers were combined, washed with 2 x 100 mL of ‘water, 1 X
150 ml. of aa’mmted Na,S;05 and 1 x l‘\O mL of brine. The mixture was dried over
anhydrous sodium sulfate and concentrated Lmder vacuum to gvelSg of m‘rermedmte

1594 as a light yellow solid, which was used without further purification.

[ntennedxak 159e: 2,5- dlcnlorobczucned 4~ dlcarbaldehyde To a solutmn of
intermediate 159d (15 g, 30. ‘w7 mmol, 1.00 equiv) in acetone (100 mL) was added a -
solution of AgNO; (218 g, 128 31 mmol 4.20 equiv) in water (30 mL) dropwise with
stirring at 65 °C. The resulting solution was stirred for 2 h at 65 °C in an oil bath. The |
resulting solution was di]uted. with 500 mL of ethyl‘ acetate. The resulting mixtare was’
washed with 1 x 100 mL of water, 1 x 120 mL of hydloaen chloride ( IN), 1 x 100 mL
of NaHCO5 (sat.) and 1 x 100 mI of brine. The mixture was dned over anhydrous

sodium sulfate and concentrated under vacuum. The residue was applied onto a silica
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“gel column ‘with ethyl acetate/petroleum ether (1:20~EA) to afford 2. 5 g (40%) of '

intermediate 159¢ as a light yellow solid.

 Example 159;. (R)-(4-cyclopr0pyl-3,4~dihydroquiﬁoxalit1—1(2H)-§‘l.)(3-(2,5—

dichloro-4-(hydroxymethyl)benzyl)thiazolidin-4-yl)methanone: To a solution of
intermediate 159¢ (2.4 ¢, 11.82 momol, 1.20 equiv) in 1,2-dichloroethane (60.0 mL) was
added 159¢ (3.0 g, 10.37 mmol, 1.00 equiv) and the mixture was stirred for | h. To this
was added NaBH(OAc) (8.8 g, 41.53 mmol, 4.00 equiv) in several batches and the

Tesulting solution was stirred overnight. The reaction was then quenched by the addition

of 100 ml of water and extracted with 3 x 100 mL of dichloromethane. The combined

organic layers were washed with 1 x 100 mL of brine, dried over anhyvdrous sodium

sulfate, and concentrated under vacuum. The residue was applied onto a silica gel

colurnn with ethyl acetate/petroleum ether (1:20-1:8) to afford 2.1 g (42%) of Example
159 as a white solid. | -

Examplu 160

- (R)A(3-( 4 ( <-f1mmopentyl‘; 2. 5-chchlor0ben1v])thmzohdm-él—yl)(»’& wdopmnvl 3 tr—

dihvdroguinoxalin-1{2H )-vl\methanonc ,

X v f. { 2. o 4
§$\\/’\\/OH Trmemmm——e §\&\\,x"\\/OMS - X o NH2 \\V«N,NHBQr;
' ' 160a 150 : 1600
oA : a : -

Yo s A “ I/‘\/["*o B : C'\'l’\ oM. T "
BN .2,;/‘\_-.4 “ai BocHN. A~ NNy BccHN\,/\ AN ‘
< ~ N ) .

150d . 160w ‘150t

.A | OQ,/\
i -

7N
NN J
: TN
.BucH\‘W NN BocHN ,> HZN\I CI\L/~ ~n ,\
B, °. : L
g0 > \j\/ cl 180n \/\j\lcn s T NN N g “¢ w0

Scheme 160: 1. MsCl, TEA, DCM; 2. NHj, 80 ‘C 3. (Boc)hO, TEA, DCM; 4.

Tntermediate 92¢, PA(PPhs).Cl, Cul, DIEA, DMF; 5. RWC, H;, EtOAc; 6. NaBHs,

MeQH; 7. NBS, PPhs, THE/DCM; 8. 15%¢ KxCOs, DM&* 9. HCl/dioxane.

 Intermediate. 160a: pent-4-ynyl meﬂmmsulfoﬁate. To pen_t—4-yn¥1-ol (10 g,
118.88 mmol, 1.00 equiv) in DCM (150 mL) at 0 °C was added TEA (18.04 g, 178.28

mmol, 1.50 equiv) followed by the drop-wise addition of a solution of methanesulfonyl
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~ chloride (16.36 g, 142.82 mmol, 1.2 equiv) in DCM (50 mL) and the resultihg solution

was stirred for 1.5 h. The reaction was quenched by the addition of water (100 mL) and
then extracted with 2 x 100 mL of dichloromethane. The organic layers were combined,
washed with 1 x 200 mL of sodimn bicarbonate(sat.), 1 x 250 mL of bﬁne, dried over
anhydrous sodium sulfate and then concentrated to afford 18.05 g (94%_) of
intermediate 166a as a brown oil. ‘ _ |

- Intermediate 160b: pent-4-yn-1-ammc To mtermedwte 160a (11.4 g 70.28
mmo} 1.00 equiv) in a 250 mL high-pressure sealable ‘tube was addcd liquid ammonia
(60 mL), the tube was sealed, and the mixture was stirred overnight at 80 °C. The
reaction mixture was then cooled to 0 °C and the tube opened, the contents diluted with
150 ml. of ether, the mixture was filtered and then the ﬁlt‘rate was concentrated under .
vacuyurn. to afford 4.91 g (84%) of intermediate 160b as bmwn oil, | |

Intermediate 160¢: tert-buty! pent-4-ynylearbamate. To intermediate 160b (4. 91
g, 59.06 mmol, 1.00 equiv) in DCM (40 mL) at 0 °C was added TEA (8.95 g, §8.45
mmol, 1.50 equv) followed by th.é. drop-wise addition of a solution of di-tert-butyl
dicarbonate (12.88 g, 59.02 mmol, 1.00 equiv) in DCM (20 mL). The resulting solution -
was allowed to warm to RT and then sﬁrred overnight at room temperature. The
mixture was concentrated woder vacuum and then purified : via silica gci |
chromatography (ethyl acetate/petroleum ether I 50:1:40) } to afford 4. 59 (43%) of
intermediate 160¢ as a light Vcﬂow oil. '

Intermediate 160d tert—butyl 5-(2,5- dichloro-4- 'formviphcx1yl‘)p<,nt—4—..' '
yny Icmbamatc To intermediate 92¢ (7.71 &:,.43 86 mmol, 1.00 equiv) in- DMF (100 '
ml) was added intermediate 168¢ (4.59 g, 25.05 mmol, 1.05 equiv), PA(PPhs),Clz (1.6 77 .' )
g, 2.38 mmoal, 0.10 equiv), Cul (450 mg, 2.36 mmol, 0.10 equiv) and DIEA (6.6] g,
51.15 mmol, 2.00 equiv) and the resulting solution was stired overnight. The mixture -
was diluted with 500 mil. of ethyl acetate, washed with 3 x 200 mL of_ brine and the
organic layer was dried over sodium sulfate and then concenirated under vacuum. The
residue was purified. via silica gel chromatography (petroleum ether/ethyl acetate.
50:1~10:1) to afford 3.7 g (44%) of intermediate 160d as a brown syrup.

Intermediate 160e: tertéﬁuty‘i 5-{2,5-dic.hloro-4-formylphenyl)pentylc:ar'bamate.
To intermediate 160d (3.21 g, 9.01 mmol, 1.00 equiv) in cthyl acetate (90 mL) was

added RI/C (3.60 g) and the suspension stirred under a hydrogen atmosphere overnight.
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The solids were filtered out and the filtrate was concentrated under vacuum fto afford o

3lg g (95%) of intermediate 160e as a brown oil.

Intermediate 160f; tert-butyl 5-(2,5-dichloro-4-(hydroxymethyl)phenyl )penty1~
carbamate. To intermediate 160e (3.1 g, 8.60 mmol, 1.00 equiv) in methanol (100 mL)
at 0 °C was added portion-wise NaBHy (810 mg, 21.41 mmol, 2.49 e.quiv) over 30 min.
The resulting mixture was mrred for 1 h at 0 °C, then quenched by the addition of 50
mL of water. The mixture was concentrated under vacuum to remove the org'imc
solvents, then extracted with 3 x 100 mL of dichloromethane. The-orgamc layers were
cormbined, washed with 3 x 100 mL of brine,. dried over aﬁhydrous sodium sulfate and
then concentrated to afford 2.70 g (87%) of intermediate 160f as light yellow oil. |

Intermediate 160g: tert-butyl S-(4- (bromometbyl) 2,5 -dmh]oruphcnvi)pcntvl—

- carbamate. To intermediate 160f (250 myg, 0.69 mmol, 1.00 equiv) in DCM/THF (2/2 .

ml) at 0 °C was added NBS (235 mg, 1.32 mmol, 1.90 equiv) followed by the batch-
wise addition of triphenylphosphine (373 mg, 1.42 mumol, 1.50 equiv). The reaction was
allowed to watm to RT and then stirred for 1 h. The resulting mixture was concentrated

under vacuum and the residue. purified Via silica gel chromatography (ethyl

acetate/petroleum cthcx 1:50) to afford 173 mg (59%) of mtermedlate 160;{ as h_,ht S

yellow oil. o -
Imennedtate 160h: (R)- ten—butvl 5-(2, D-dwhbm 4-((4-(4- cvclopropyi -1,2,3, 45
tetrahydroquz.noxahne—1-cmbanyi)thmf.‘ohdmd-xl)xmt}wl)phcny Ypentylcarbamate. To. .
mturmedﬁte 160g (3 g, 7.06 mmol, 1.00 equw) in DMF (10 mL) was addf,d

intermediate 159¢ (2 g, 6.91 mmol, 1.00 equlv) and potassium carbonate (" 2, 14 47

mmol, 2.00 equiv) and the reaction was stirred overmbht. The mixture was dﬂute.d with
20 mL of water, extracted with 3 x 30 mL of ethyl acctate, the organic layers combined,..
washed with 1 x 50 mL of brine and then dried. The solution was concentrated under-
Vac.mum and the re.sidue. was purified via silica gel chromatography (ethyl -
acctato/petroleum ether, 1: ”O) to affmd 1.7 g (38%) of intermediate 16(}}1 as a brown
solid.
Example 160: (R) (3-(4-(5-aminopentyl)-2,5- du1ﬂorohen7yl)th1azohdm 4“VD(4—_ '
cyclopropyi-3,4- dxhvquumoxahn—l(ZH)-yI)methanonn, To intermediate 166k (1.7 g
2.68 mumol, 1.00 equiv) was added 1 M HCl in dioxne (5'mL) and the resulting solution

was stm'ed for 1 h. The resulting mixture was concentrated under vacuum, diluted with
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30 mL of ethyl acetate, and washed with 3 x 10 mL.of aqueous sodium carbonate. The. '

otganic layer was dried over sodium sulfate and concentrated under vacuum to afford
1.4 g (98%) of example 160 as a yellow solid. LCMS (ES, m/z): 533 [M+ 1]+ ! N\/fR
(300 MHz, CDCl, ppm): 7.49 (s, 1H), 7.21 (s, 1H), 4.74 (s, 2H), 4.46~4.40 (m, 1H),
3.13 (s, 2H), 2.72 ~2.67 (m, 2H), 1.87 (s, 1H), 1.68 ~1.53 (m, 4H), 1.51 (s, 9H),
1.46~1.36 (m, 2H).

Example 161

(R).—Z—('(Z,.S—dichiciro-4-;’(4-(4-0%102{9 pyl-1,2,3 4-tetrahydrog uinoxaline-1--

cérbonvhthiazolidin% -vDmethvDbenzyDthio)- I-methyl-1H-imidazole-5 —carboxvlvic

acid
. N\ . A )
a \\/N Z\ < i . 'O\"‘N\r N
by o r/‘\ ™~ '
. NS QJ 1/ l\> (\i> :
: o 2 \,/ 7/ ~ Y X
159 . }\/P!I Cl \ <l : '
. N X .
MeO—4 1612 : . HO‘—{ 161
) , : : o) -

Scheme 161: 1. Methyl 7-mercap10 }-mvdlvl lH-nmdazolg-mcarboxylate DEA’D

: PPh3, toluene; 2. LiOH; THF, H»O.

Intermediate ].('i.la: (R)-methyl -2-((2,5—diéhloro-4-.(',(4-(4~cyc!oprdpyl—1,2_.,'3,4—
tetrahydroquinoxaline-l —carbanyl)tlﬁazolidin—S'—yl)methyl)beﬁzyl)thio)— 1-m ethyl- 1H-

imidazole-5-carboxylate. To a mixture of examplc 159 ¢ 60 mg, 0.125 mmol, 1 equiv),

memy] Z—mercapto 1~meth»1 1H-imidazole-5-carboxylate (30 2 mg, 0.176 mmol, 1.4 -
equiv) and PPhq (46 2 mg, 0.176 mmol 1.4 eqmv) in toluene (0.35 mL) at 0 °C was._
added dropwise dle'(hﬂ az,odmarbox)late (40 % wt in toluene, 80 uL, 0.176 mmol. 1. 4' o |
equiv). Thc mixture was stirred at it for '% h, concentrated, and then ouuﬁed by column

" to pive 79 mg (100%) of intermediate 1613 as a Whm sohd

Example 161: - (R)-2-((2,5- dlchloro-4~((4 (4-wclopropyl -1,2, 3,4—4'

tetrahydroquinoxaline-1- oarbonyl)thlazohdm "S-yl)mcthvl)benzvl)t}uo) -1-methyl-1H-

1m1dazolu— -carboxylic acid. To a mixture of intermediate 161a (79 mg, 0.125 mmgl, 1

equiv) in THE (0.4 mL) and water (0.2 ml.) was added LiOH-H,0O (26.2 mg, 0. 623‘

mmol, 5 equiv) and the reaction was stirred overnight. The mixture was concentrated,

diluted with H,0 (0.3 mL); acidified by 1M HCI to pH = 3, and then extracted with
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EtOAc. The-,orgahic layer was washed with brine (1 X), dried and concentrated to give
51 mg (66 %) of example 161 as a white solid. LCMS (ES, mlz):618.10 M+ H]". v

Example 162

5 3 (R)f('4-cvc-lopr01)xfl—3.4-dihvdroquino)éalin-1(ZH)-VDG-( 2,5-diclﬂoro~4—
hydroxybenzylithiazolidin-4-viymethanone '
. L&\N \’/'\‘,* | _
o or 3

L
162 o > ToH

Scheme 162: 1. 92b, NaBH(OAc)s, AcOH, DCE.

10  Example 162 (R)-(4- cvciol,ropyl-f% 4—dihvdroquinoxalin—'1(7E§)-y1)(3-(2',5-dichlor0-4- _
hydlomfben,ﬁyl}thmzohdm--’# yl)meihanone To a solution of 159¢ (200 g, 0.691
mmol) 92b (132 mg, 0.691 mmol) and AcOH (40 pL, 0.69 mmol) in DCE 3 mL) was
added NaBH(OAc); (234 mg, 1.11- mmnl) and the resulting mixture stirred for 16 h.
The excess I\aBH(O Ac); was quenchcd with 1M aqueous HCl, and the mixture then

15 extracted with DCM. The organic Iayor was dried over \IaﬁO‘; filtered, and then the
solvent removed under reduced pressme The resulting residue was punﬁed by flash:
column chromato graphy, using 10 to 50% EtOAc in hexanes as eluent to glvc Fx.dmple o
162 as a“hﬁe powde1 (140 mg, 449 %). MS (ES, m/z) 464.16 [M + H]

20 _ ‘ Example 163 = -

(R)-5-(2.5-dichloro-4-((4-(4-cyclopropyi-1.2,3 A—tetrahirdfoquinoxaline—'l _ -

carbonyDthiazolidin-3-yDmethvDphenylpentanoic acid
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Scheme 163: 1, SOCl, MeOH .92, Pd(PPhq)aC,lg, Cil, DIPEA, DMF 3. RWC, Hy,
F1OAG; 4. NaBH;, MeOH; 5. NBS, PPhs, DCM, THE; 6. 1596, KsCOs, DMF; 7. LiOH,
THF, H,0;

‘Intermediate 163a: methyl pent-4-ynoate. To a mixture of pent-4-ynoic acid (5 g, .

50.97 mmol, 1.00 equiv) in methanol (250 mL) at 0 °C was added thionyl chloride

{4.45 mL) dropwise and the resulting solution was stirred overhiglxt. The mixture was

dituted with 800 mL of dichloromethane, washed with 2 x 500 mL of water. dried over |

anhydrous sodium sulfate and then concentrated to gi\,e 59¢g (cmde) of intermediate

163a as'light yellow oil

_ Imermédiate' 163b: methyl ‘5‘ (;.,Sdichloro 4—formy1phenﬁ)pent 4- Vnéate Toa -

* mixture of 92¢ (6.0 g, 18.57 mmol, 1.00 c.qulv), intermediate 163a (2 50 g, 22.30 mmol

120 equiv) and DIEA (4.79 g, 37.06 mmol, 2 .00 equiv) in DMF (45 mI.) was added |
Pd(PPhs)»Cl (1.30 g, 1.85 mmol, 0.10 equiv) and Cul (354 mg, 1.86 mmol, 0.10 equw)‘

and the resulting solution was stirred overnight. The mixtute was diluted with 300 ml,

of ethyl acelate, washed with 2 x 200 mL of water and 2 x 200 mL of brine, the organic

layer dried over anhydrous sodium sulfate and then concentrated vnder vacuum, The

residue was applied onfo a silica gel column with petroleum e.-ther/ ethyl acetate (40:1) ‘tc}
affmd 3.05 ¢ g, (589 6‘) of mtelmedlate 1630 as alight vellow snhd

Intermediate 163c: methyl 5-(2,5- chhloro 4-f0rmy1phcnyhpentanoatc To a
mixture of intermediate 163b (3.05 g, 10.70 mm_ol, 100 equxv) in ethyl acetate (100
mL) was added Rb/C (3.23 g) and the suspension was stirred under a ¥, atmosphere
overnight. The solids were ﬁltere& out and the filtrate concentrated to provide 2.52 g

(81%) of intermediate 163¢ as brown oil.
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Intermediate 163d: methyl 5-[2,5—djchlcro—4-(hy’droX)@ethyl)phényl]vpentanoatev..
To a so}.ut.ion of intermediate 163¢ (2.52 g, 8.72 mumol, 1.00 equiv) in methanol (40 mL)
at 0 °C was added NaBH, (660 mg, 17. 45 nﬂmol 2.00 equiv) in several batches over 1
h. The reaction was-stirred for 1 h at 0~5 °C and then quenched by the addition of 50
mL of water/ice. The mixture was concentrated under vacuum to remove the organic
solvents and 'tﬁenextrac.ted with 3 x 50 mL of DCM. The organic layers were combined,
washed - with lx 1‘00 mL of brinc, dried over anhydrous sodium sulfate and then

concentrated to afford 2.42 g (95%) of intermediate 163d as an off-white solid. _

Intermediate 163e£ methy} 5—(4‘—(br'omomethy1)-2,5-dichlorophcnyl)pentaﬁoate.
“To a mixture of intermediate 163d (200 mg, 0.686 mmol, 1 equiv} in DCM (1.3 mL)
and THF (1.3 mL) at O °C was added NBS (265 mg, 1.51 mmol, 2.2 equiv) and PPhs
(’234 mg, 0.892 mmeol, 1.3 equiv) and the mixtufe- was stirred for 1 h. The reaction was
quenched with brine, extracted with EtOAc, the organic layer was dried, concentrated, »

and pﬁriﬁed by column to give 227 mg (93 %) of intermediate 163e as clear oil.

, Imermedmte 163f: (R)~nzetbyl 5-(2,5-dichloro-4-((4- (4~(yclopropvl 1,2,3,4- V _
telrdhvdroqumoxahm 1- carbony])thmmhdm—f&—yl)methyl)phuwl)pentanoatc _To a. '
mixture of 159¢ (20.3 mg, 0.07 mr_nol, 1 equiv) in DMF (0.3 mL) was added
intermediate 163e (27.3 mg, 0.077 mmol, 1.1 'equiv’) and K,CO4 ( 19.4 mg, 0.14 mmol,
2 equiv) and the mixture stitred for 3 h and then heated to 60 °C and stirred overnight.
The mixture was diluted with EtOAc, wasl"cd with H20 (2 x) and brine (1 x), the.;‘-‘

organic layer was dried, concentrated, and punhed by column to give 12.6 mg (32 %) C

of intermediate 163f as clear syrup.

Example - 163: (R.)-S—(_?.,5-dich10ro-4-((4-(4—cyclopropyl-I,2,3,4_—
tetrahydroquinoxaline-1-carbonyl)thiazolidin-3-yl)methyl)phenylpentanoic acid. To. a
mixture of intermediate 163f (>10.8 mg, 0.0193 mmol, 1 equiv) in THF (0.12 mL) and
water (0:06 mL) was added LiOH-H20 ( 1.6 mg, 0.0385 mmol, 2 equiv) and the
reaction was stirred for 6 h. The mixture was acidified with 1M HCI (4.2' pL),
concentratedand then lyophilized to give 11.4 mg. of Example 163 as a white solid.
LCMS (ES, m/z): 548.09 [M + HJ" ' '
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Example 164 4
 (4-cyclopropyl-3.4-dihydrogquinoxalin-1(. ’H)-vl)( i {5-10d0-2-

(trifluoromethyl}benzylaminoevelopropyl)methanone | - -

! . . L . L Brs .
HNL Ay 1. LNPLN 2 F;C\ / ra(\ 4 _RC o FoG l -
® . Tl TL “
NG, ~FSNO, NO« 7 Rt ? k /J
184a " s4b 1846 164dl 164
<7 vi .
o X, 8oc NS _
l a . \Nr 2 P CFs o EZAN
Xy XN 2. y R L\ |
P ] O masna KN
\_/ N L N
268 s8a A ' 164 N
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Scheme 164: 1. HySO4, NaNO,, KI; 2. Fg()w(,l*zCOOMe CuBr, NMP; 3. Fe, NH4C1

- MeOH,; 4. H,SOq, NaNOz KI; 5. NBS, benzoyl peronde, CCly; 6. H™: 7. 164¢ K2COs,

DMF, KL

Intermediate 164a: 1~1odo- - —meﬂwl 4-111trobenzcne To 2-methyl~ '¥~mtrodmhnz

(20.0 g, 131.45 mmol, 1.00 equiv} in Hz()/a.cetom, (80/50 mL) at 0-5 °C was added

ponc H,S04 \27 1g 2’76 53 mmol, 2. 10 equiv) tollowed by the dmp—wr% addition of a
b()]qu(l of NaNO, ( 100 g g, _144 93 mmol, 1.10 eqmv) in water (20 mlL) and the

resulting solution was stirred for 1 h. To this was added drop-wise a solution of KI-

(30.6'¢, 184.34 mmol, 1.40 equiv) in water (20 mL) and the reaction allowed to warm

to RT and then stirred for an additional 2 h. The mikture was diluted with 500 mL of -

' ethyl acetate washed with 2 x 200 mL of water, 3% 200 mT of aqueous NaySOa, dried ',

over anh}drous sodium sulfate and concemrated The rg,szdue was purified via silica gel .
chromatography (ethyl acetate/petroletmn ether, 1:1000) to afford 21.7 g (6”%) of
intermediate 164a as a white solid. o ‘
Intermediate - 164b: - 2-n1c:tby1~4~nitro-1»(txiﬂudromethyl)beﬁ'zene.: “To -
intermediate- 164a ‘('21.9 g, 83.26 mmol, 1.00 equiiﬁ) in NMP {150 mL) was ad‘deci.
methyl 2,2-difluoro-2-(fluorosulfonylacetate (23.73 g, 123.52 mnol, 1.50 equiv) and
CuBr (1.45 g, 10.11 mmol, 0.12 equiv) and the mixture was stirred at 120 °C overnight. -
The mixture was diluted with. 500 mL of eth.yi acetate, Washé‘& with 3 x 200 mL of )

brine, dried over anhydrous sodium sulfate and concentrated. The residue was purified

via silica. gel chromatography (ethyl acetate/petroleum ether, 1:100) to afford 150 g

8%) of intermediate 164b as a yellow oil.

rJ
)
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Intermediate 164c: 3-methyl-4-(triflucromethyl)aniline. To intermediate 164b

‘ (150 g, 73.12 mmol, 1.00 equiv) in methanol/H,0 (100/25 mL) was added g:lemental '_ -

Fe (15.0 g, 267.86 mmol, 3.66 equi\}) and NH4C1 (15.0 g, 280.43 mmol, 3.83 equiv) and
the reaction was. stirred at 60 °C for 3 h. The mixture was filtered and the filtrate
concentrated, diluted with 200 mL of ethyl acetate,v washed with 2 x 100 mL of brine,
dried over sodium sulfate and then concentrated fo afford 8.0 g (62%) of intermediate
164c¢ as a yellow oil. . , o
Intermediate 1644: 4-i0d0-2~me-thy]-1;(tiiﬂllorometh)fl)beﬁzene. To.
intermediate 164c¢ (6;0 g, 34.26 imnol, 1.00 equiv) in water (50 mL) at 0 °C was added
sulfuric acid (7.06 g, 71.98 mmal, 2.10 eqﬁiv) followed by the drop-wise addition of a-
solution of NaNO; (2.60 g, 37.68 mmol, 1.10 equiv) in waler (40-mL) and the mixture
was stirred for 1 h. Ta this was added drop-wise a solution of KI (7.97 g, 48.01 mmol, .

1.40 equiv) in water (40 mL) and the reaction was allowed to warm to RT and stirred

for 1 h. The mixture was diluted with 200 mL of éthyl acetate, washed with 2 x 200'va.4 - |

of Brine, | x 200 mL of aqueous Na;SOj3 , dried over anhydrous sodium sulfate and

* concentrated. The residuc was purified via silica gel chromatography- (petrolenm

ether/ethyl acetate, 100:1) to afford 8.2 g (85%)) of intermediate 164d as a yellow oil.
Intermediate 164e: * 2-(bromomethyl)-4-iodo-1-(trifluoromethyl)benzene. -To

intermediate 164d (3.5 g, 12.24 mmol, 1. 00 equiv) in CClg (40 mL) at 60 °C was added

benzoyl peromdc (1.7 g, 7.02 mmol, 0.57 pquw) followed by the batch-wise addition of o '

NBS (2.37 g, 13.32 mmwol, 1.09 cqun) and the reaction stirred at reflux overnight. The
solids were filtered out and the filtrate concentrated to afford 1.6 g (36%) of
intermediate 164e¢ as a red oil,

Intcrmediate 1641 (1-aminoovciopropyl)(ﬁl—cyc-loprovaB 4-dﬂ1ydroquindxalin—

1(2H)-yl)methanone. Intermediate 164f was prepared from intermediate 26a using the

. procedures desmbed in Example 59.

F\arrmle 164: (4-cyclopropyl-3,4- dihydroqmnoxalm-l(?l{) yh(1- (w~1odn—2~
(mﬂuoromethﬂ)br:nzvlammo)cvclopropyI)methcmonc ‘To intermediate 164¢ (364 mg,
1.00- mmol, 1.00 equiv) in DMF (5 mL) was added intermediate 164f (257 mg, 1.00
mimol, 1.00 equiv), potassium carbonate (208 mg, 1.50 mmol, 1.50 equiv) and KI (166
mg, 1.0 ninml, 1.00 equiv) and the reaction was stirred overnight. The mixture was h

diluted with 20 mL of ethyl acetate, washed with 2 x 20 mL of brine, dried over
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.z-mhydrou‘s sodium sulfate, concentrated and then purified via silica gel chromatography
(petroleum ether/ethyl acetate, 5:1) to afford Example 164 of a purity suitable foruse In -
the next step. A 300 mg aliquot was further purified via reverse phase (C18) Prep-
HPLC 1o afford 150 mg (28%) of the fitle compound as an off-white solid. LCMS (ES,
miz): $42 (V1] 'H NMR (400 MHz, CDsOD, ppm): 8.33-7.78 (m, 1H), 7.70-7.22
(m, SH), 7.07-6.78 (m, 1H), 4.11-3.82 (m, 4H), 3.45_-3§09 (m, 2H), 2.4 (s, 1H),1.41 (s,
2H), 1.04 (s, 2H), 0.83 (d, J = 6.911z, 2H), 048 (s, 2H).

Examp}e 165 .
{4-Cv LIODI'ODV;{ 3. 4«0111Vdr0qulnoxalm-1(21—D—s1)( 1-( (2 3- -dichloro- 4-

hvdro*{vbcnzvl)dmmo)wclJ propyl )111cthannne

\V4
. OY\m \V,Cl
1648 ——— (%[,Nj o l\,;L\OH

Scheme 165: 1. 92b, ’\IaBIL '\/{eOH
Example 16‘5 {4-cyclopropyl-3 w-dlhvdroqmnoxalm 1(211)4'1)(1 -((2,5 ~d1dﬂoro-

4 hydrowbcnz»l)am1no)uyo;opropy])methanona bis-TFA salt. To a mixture of

intermediate 164f (50.6 mg, 0.197 mmol, 1.0 equiv) in methanol (0.8 mL) was added - o

92b (37.6 mg, 0.197 mmol, 1.0 eqmv) The mixture was stm'ed at room tcmpcrature for
1.5 h and cooled to 0 °C. To the mixture was added acetic acid (11.3 pL, 0.197 mmol;, -
1.0 equiv), followed by additioﬁ of sodium borohydride ( 11. 9 mg, 0.315 mmol, 1.6
r:qun) The mixture was btnm,d at 0 °C for 20 mmutds and pmzﬁpd by preparative.
TIPLC to give the u"le compmmd (74.7 mg, 57%) bis-TFA salt as a- nale Veﬂnw solid.
MS (ES, m/z) 432 03 [M +HJ", '"H NMR (400 \/[Hz CD:0OD) 8 7 727 (td J=84, 1 4
“Hez, 2H), 7.20 (s, 1H), 7. 19-7.13 (m, 1H), 6.96 (s 1H), 6.75 (td, J = 7.6, 1.3 Hz, 1H),
4.04 (s, 2H), 3.89 (¢, J= 5.8 Hz, 2H), 3.44 (t, /= 5.8 Hz, 2H), 2.50 2.36 (m, 1H), 1.35
(dd, J= 7.8, 5.6 Hz, 2H), 1.24 (dd, J= 7.6, 5.7 HZ,QH), 0.91 —0.79 (m, 2H), 0.61 — . '-
0.53 (m, 2H). ' '

Example 166
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v 1-(4-cvciopropv1-1 2.3 4-tetrahvdroquinoxaline-1 —cérbonﬂ}cﬁmlo‘mopvl 2.5-

"dichlorobenzoate

O

ovzl

. o . \/\Oj!/\/
%2 . "/

. Scheme 166: 1. 2,5-dichlorobenzoic acid, LDC°H01 DMAP, DCM

Example 166: 1-(4-cyclopropyl- 1,2_.3,4—tctra}:ydroquinoxalme-1_-
carbomfl')cyclbpropyl 2,5—dichlorobe.n70ate TFA salt. To a mixture of intennediate_ 9a
(28.3 mg, 0.11 mmol, 1.0 equiv) in DCM (0.4 mL) were added 2,5 dich}orobenzmc _ |
acid (42 mg, 0.22 rmnol, 2.0 equiv) and DMAP (27 mg, 0.22 mmol, 2.0 equiv). The
mixture was cooled to 0 °C and then EDC.HCI (42 mg, 0.22 mmol, 2.0 equiv)was | :

- added. The mixture was stirred at-room temperature over weekend, concentrated, and

purified by preparativé. HPLC to give the title compound (36.4 mg, 61%) TFA saltas a’
yellow solid. MS (ES, 1a/z): 431.05 [M + HI", "H NMR (400 MHz, CD;OD) 8 7.4 (dd,
J =86, 2.5 Hz, 1H), 739(d J=28.6 Hz, IH) 7.27(dd, J = 79 1.4 Hz, 1H), 713 -
707\m 1H), 6.90 (dd, /=83, 1.2 Hz, 1H), 6.77 (td, J= 7.6, 1.3 Hz, 1H), 6.54 (s, 1H),
3.77 (s, 2H), 334 (t, J= 5.7 Hz, 2H), 231 — 2.20 (m, 1H), 1.82 - 1.73 (m, 2H), 131 =
123 (m, 2H), 0.61 (dd, J = 6.5, 1.8 Hz, 2H), 0.05 (5, 2H). | -

Example 167
(4-cy clopropvl 3 4 dlhvdroqumoxahml(ZH)-VI)(I ((2 5- d;chloro 3-

hvdroxybenzyDamino)cyclo nronvi)mcthanonc
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Intermediate 167a; 2,5-dichloro-3-(hydroxymethyl)phenol. To a mixture of 2,5-
dichloro-3-hydroxybenzoic acid (1.02 g, 4.93 mmol, 1.00 equiif) in THF (6.7 mL)at 0
°C was added borane-tetrahydmfuran cbmplex solution (1M, 14.8 rnL, 14.8 mmol, 3.00
equinj dropwise. The mixture was stitred at 80 °C overnight. The mixture wa§ cooled to
room temperature, q_uenched with 2N HCI, and exiracted with ethyl acetate. The
organic layer was washed with 2N HC1 (Ix), H;0 (Ix), and brine (Ix), dried,
concentrated, and purified by column to give 0.435 g (46%) of 2,5-dichloro-3-
(hydroxymethvl)phcnol asa ycllovs. solid.” | | '

Intermediate 167b 2,5-di ch10r0-3-hvdroxybgnmldehvde To a mixture of |
intermediate 22 (350-mg, 1.81 mmol, 1.00 equiv) in DCM (4 ml.) at room temperature.
was added pyridinium chlorochromate (437 mg, 2.03 mmol, 1.12 equiv). The mixture
was stirred at room tempcrature for Sh, conccn’trafed, and purified by columm to give
179 mg (52%) of 2,5-dic.hloro~3~hydr()xyber1zaldeh}'d,e as a white solid. I NMR (400 -
MHz, CDChL) § 10.34 (s, 1H), 7.49 (s, 1H), 7.28 (s, 1H), 6.07 (s, 1H).

Example 167: (4-cyclopropyl-3,4 -dihydfoqumoxalin-l(7'H)~y1)(]'.—((2 5-dic]iloro-_
-hydro*:ybonzyl)am1no)cvclopropvl)methanone bis TFA ‘salt. Example 167 was
prepared using the procedures described in Example 165. MS (ES, mjz) 432.1 I
[M+H}+. 'H NMR (400 MHz, CD;0OD) 8 7.30 (dd, J = 7.9, 1.3 Hg, 1H), 7.24 (dd, J = | _
83, 1.2 Hz, 1H), »7.]_9~7.I.3 (m, 1H), 6.89 (d, J = 2.4 Hz, 1H), 6;79-6.73 (m, 1H), 6.69
(d,J=2.3 Hz, 1H), 4.04 (s, 2H), 3.89 (t, /= 5.7 Haz, H) 3.44 (t, J= ‘5'8 Hz, 2H), 2.46-
2.39 (m, 1H), 1.37 (dd, /= 7.8, W4Hi 2H), 1.21 (dd, J= 7.8, 5.4 Hz, 2H), 0.86- 0.79
(m, HH) 0.58-0.49 (m, 2H).

Example 168
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N 4-cvc10nrop§'l—3.4-dihvdroc‘min0xaiin- 12H)-yD(1-((3 ,6~dichloro;2-
hydroxybenzyl)amino)eyclopropylimethanone '

™ ~o o Lo
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Scheme 168: 1. BH; THF, THF, 2. pyndxmum chlorochmmate DC‘\/I 3. BBra, DCM;
4, NaBH,, MeOH.

Intermediate 168a: (3,6—dichloro-2-methoxyphenyl)mcthanol. To a mixture of.
3 6-dichloro-2-methoxybenzoic acid (1.0 g, 4.52 mmol, 1.00 equiv) in THF (6 mL) at
°C was added ‘oorane-teuahydmfﬁran.complex solution (1M, 9mL, 9.0 mmol, 2 .00
equiv) clropw1.c, The mlxture was stirred at 80 °C overnight. The mixture was cooled 1o
room temperature, quenched with 2N HCl, and extracted with ethyl acetate. The
organic layer was washed with 2N HCI (1x), H20 (1x), and brine (lx), dried, and-
concentrated to give 0.866 g (Q”%) of (3,6-dichloro-2 —metho*wph nyl)methanol as a
white solid. ‘ | . '

~Intermediate 168h: 3,6'—6iciﬂoro—Z—me"choxyﬁenzaldehydé4. To a mixture of
intermediate 168a (94.3 mg, ‘0.456 minol, 1.0 equiv) in DCM (1 mL) at room |
temperature was added pyridinium chlorochromate (118 mg, 0.547 mumol, 1.2 equiv).
The mixture was stirred at room temperatore overnight, cbncentiated and purified by
column to give 85 mg (91%) of 3,6- cuchloro-”-rnethowbenzaldehyde S a whm solid:
'H NMR (400 MHz, CDCls) 8 10. 42 (s, 1H), 7.51 (dd, J=8.7, 0.5 Hz, 1H) 719, J=
87Hz 1H), 3.96 (s, 3H). , _ '

Intermediate 16&. 3,6-dichloro-2 —hydroxybenzaldehyde To & mixture of |
intermediate 1b (52.6 mg, 0.255 mmol 1.0 equiv) in:DCM (3 mL) at O °C was added
boron tribromide solution (1M, 0.77ml, 0.77mmol, 3 equiv). The mixture was stirred at -
room temperature overnight and at 45 °C for 3 h. The resulting mixture was cooled to

room temperature, quenched with sat. aqu. NaHCOs;, and extracted with ethyl acetate.
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The organic layer was dried and concentrated to- give 47 mg (96%) of 3,6-dichloro-2-.

hvdrox)}ben7aldehyde as a yellow solid. 1H NMR (400 MHz, CDCl3) 8 12.44 (s, 1H),

10.40 (s, 1H), 7.61 — 7.43 (m, 1H), 7.01 - 6.85 (m, 1H).
Example 168: (4-cyclopropyl-3,4- dxhydroqumoxalm-l(QH)-} D(1 ((3 6- dxchloro-

Zéhydrozs.ybenzy1,_)a.1mno)cyclop1opyl)mc,thcmone bis TFA salt. Example 168 was

prepared using the procedures described in Examplev 165 substituting 167h in place of

92b. MS (ES, m/z): 432.15 [M+H]". 'H NMR (400 MHz, CDs0D) § 7.36 (d, J = 8.7
Hz, 1H), 7.30 ~ 7.24 (m, 2H), 7.19 — 7.12 (m, 1H), 6.98 (d, J = 8.7 Hz, 1H), 6.77 ~ 6.70,

(m, 1H), 4.46 (s, 2H), 3.94 (t, /= 5.7 Hz, 2H), 3.47 (1, J = 5.7 Hiz, 20), 2.51 - 2.40 @, f
1H), 1.45 — 1.26 (1, 4H), 0.91 —0.83 (m, 2H), 0.67 — 0.58 (m, 2H).

meple >169

4\ //’7

FZ\
{

%
C; P 7

OH

Exawple . 169:  (R)-(4-cyclopropyl-3,4-dihydroquinoxalin-12H)-yD(3-2,5- |
_d1c1ﬂ0r0 -3-hydr nxybenzyl)thzazohdm—l! mecthcmone bis TFA salt. Example 169 was

prepared using the procedures described in Example 162 subshtutmg 167b in place of

92b.. MS (ES, m/z): 464.10 [M+H]". "H NMR (400 MHz, CD;0D) § 7.20 (dd, J= 8.3, -
1.3 Hz, 1H), 7.18 — 6.98 (m, 2H), 6.87 (s, 1m, 6.76 (s, 1H), 6.67 (1, J= 7.1 Hz, 1H),
477 (s, TH), 4.27 (d, J = 9.6 Hz, 1H), 4.15 — 4.03 (m, 1H), 4.02 -3 .87 (m, 2H), 3.87 ~
3.73 (m, 1H), 3.73 - 3.57 (m, 1H), 3.47 - 3.33 (m, 2, 3.14 (5, 2H), 2.4 (5, 1H), 090
‘-—073(1112}{) 0.67 — 0.46 (m, 2H). '

¥xample 170
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®

4-cyclopropyl-3.4-dibydroguinoxalin-1(2ED-y1)(3-(3 G-dichloro-2-
hvdrovaenzﬂ)th'azolidin—zi- Dmethanone

\»

“\\\

cl o
‘Example . 170; (R)-(4-cyclopropyl-3,4-diydrogquinoxalin-1(2H)-y1)(3-(3,6-
' 5 dichloro-2-hydroxybenzyljthiazolidin-4-y[)methanone bis TFA salt. Example 170 was

prepared using the procedures described in Example 162 substituting 168¢ in place of
92b.. MS (ES, w/z); 464.06 [M+H]". 'H NMR (400 MHz, CD;0D) § 7.34 (d, /= 8.2 "

Hz. 1H), 7.25 - 7.12 (m, 2H), 7.08 - 6.97 (m, 1H), 6.96 — 6.86 (m, 1H), 6.77 - 6.62 (m,
1H), 4.84 — 475 (m, 1H), 4.49 (4, J = 10.0 Hz, 1H), 442 - 427 (m, 2, 4.26 ~ 4.1

10 (m, 1H), 3.94 — 3.80 (m, 1H), 3.77 - 3.68 (m, 1H), 3.48 —3.39 (m, 1H), 338 - 3.33 (G
1H), 3.23 - 3.09 (m, 1), 3.03 ~2.89 (m, 1H), 2.46 (5, 1H), 0.92 - 078 (m, 2H), 0.72 — -

0.47 (1, 2H).

_ . Exampie 171 _ .
((4- cvdomumrl 3.4- dlhydroqmnovahn-l(é}ﬂ -yIX 1-(( 2 5- dmhloro-éi (4-
(methyl((2S 3R 4R.5R)-2. 3.4.5.6- ‘
pentahy d:oghesq])ammo Jbutyliphenoxy)methyl)cye lopropyl )methanone

Lo
()

R, PN % 9 C U 3
o7 ?"/L'o/\* e O A’ o L NN . 3 i 4.
Y B ~o7 . .
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Ry Q ¢ "‘ P o ’>§‘-. a
DN e 1 . DN
[\I.;AN/L/ L\'OH - W; ‘\(L\D o~ B _____"___, ﬁ < oH . ﬁ?)\N'J\/ NoMs
LN Ny N
Vv 174d 7 174e . \/ 7 e V' g .
i Ci A~ _-OH ]
o VoS
[l/\l o l/j\ ~t (\\1 0 m P ;‘/\J\ o J/\ O
_____ - A )IKA o 2 oy )J\ZS,\O,. o 0 S N,J\/\ o
5 — i . >
NS & NS ¢ N al
v (Ve AV
171h 171 ' _ 174
K ' | | OH QH
n \\l -0, f \]/‘\/\/0""s i Xy 0 rl’ X /\,/\/N\/\\__g-—\r/ oK
11 v \N"b‘z(’\o' o 2 ,—«L.N,”\A» O/LT/ BH OR
NP N ¢ 171k N J S 171
v 7



0

15

20

25

WO 2013/096771 o i . . PCT/US2012/071251

Scheme 171: " 1. KOH, MeOH; 2. Oxalyl chloride, DCM, DMF (cat.); 3. Intermediate

1e, TEA, DCM; 4. NaOH, THF, H,0; 5. isobutylchloroformate, TEA, DCM; 6. NaBH,,
DEM/H,0; 7. MsCl, TEA, DLM 8. 2,5-dichloro-4-iodophencl, KoCO3, acetone; 9. but-
3-yn-1-ol, Pa(PPhs),Cl;, Cul, DIEA, DMF; 10. RW/C, Hy, EtOAc; 11. MsCl, TEA,
DCM,; 12. (2R,3R 4R, 58)-6-(methylamino)hexane-1,2,3,4,5-pentaol, TEA, KI, DMF
Intermediate 171a: 1- (metho*\ycarbonvl)cyclopropdnecarboxyhc acid. To 1, l-
diethyl cyclopropane-1,1-dicarboxylate (1*\ 0 g, 80.56 mmol, 1.00 equiv) in methanol ‘
(90 mL) at 0 °C was added batch-wise potassxum hydroxide (6.3 g, 112.28 mmol, 1.40
equiv) and the resulting solution allowed to warm to RT and stirred for 2 h. The mixture '
was concentrated under vacuum, dituted with 100 ml of water and then washed with 1
% 50 mL of ethyl acetate. The pH value of the aqueous solution was adjusted to 3-4 With
cone. HCY, extracted with 3 x 50 mL of ethyl acetate, the urg,amc layers combined and-

then washed with brinc. The organic Iaver was dried over an_h'ydrous sodium sulfate and

conuemrated to afford 9.2 g (79%) of intermediate 1712 as a colozless liquid.

‘ Intennudlate 171b: methyl 1- (chlorocarbon ﬂ)cyclopropdnecalboxvlate Tc' o
mtezmcdmte 171;1 (3 6 g, 24.98 mmol, 1. 00 equiv) in DCM (15.0 mL) at 0 °C was
added DMF (150 mg, 2.05 mmol, 0.10 equiv) followed by the drop-wise addition of '

, oxalyl dichloride (4.3 g, 33.88 mmol, 1.50 equiv) and the resulting solution was

allowed to warm to RT and then stirred for 1.5 h. The mixture was concentrated undet-
vacuum to afford 3.7 g (91%) of intermediate 171b as a yellow oil; which ﬁvas'used _
without further purification. - ' . ' ‘

Intermedlatc 171c: methyl 1- (4—c3 uloplopvl -1,2,3, 4-te:’crahyquumoxalme -1-
carbony]_)cyclopropanecarboxylate., To intermediate le (4.0 g, 22.96 mmol, 1.00 equiv)
in dichloromethane (40.0 ml) at 0 °C was added TEA (3.5 g, 34.59 mmoi, 1.50 eqﬁi'v)
followed by the drop-wise addition of a solution of intefmed_iate 171b (‘3.‘7 g, 22.76

mmol, 1.00 equiv) in DCM (5.0 mL), and the resulﬁn g solution was allowed to warmto -~

RT and then stirred for 0.5 h. The mixture was diluted with 45 mL of DCM, washed -

with 1 x 50 mL of brine, dried over anhydrous sodium sulfate and then concentrated
under vacuumn. The residue was purified via silica gel chromatography (eth;]
acetate/petroleum ether, 1:20-1:5) to afford 6.5 g (94%) of intermediate 171c as a
yellow oil.

JIntermediate 171d: 1-(4-cyclopropyl-1 ,2,3,4-tetrahydtoquinoxélin& 1-
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carbonyl)cyclopropanecarboxylic acid. To intermediate 171e (6.5 g, 21.64 mmol, 1-.00 o
equiv) in 1:1 THF/H,O (50 mL) at 0 °C was added sodium hydroxide (1.7 g, 42.50
mmol, 2.00 equiv) and the resulting solution was allowed to warm to RT and then
stirred overnight. The solution was adjusted to pH 2-3 with aqﬁeous 1M ‘HCI and then
extracted with 3 x 25 mL of ethyl acetate. The 101'ganic layers were combined, washed
with 1 x 30 mL of brine, dried m"er anhydrous sodium sulfate and then concentrated to |
afford 6.0 g (97%) of intermediate 171d as a light yellow solid. :
Intermediate 171e;. 1-(4-cyclopropyl-1,2,3,4- tetra.hydroqmnoxalme -
carbony})cyclopr‘opanecarboxylic (isobutyl carbonic) anhydride. To intermediate 171d

(7.0 g, 24.45 mmol, 1.00 equiv) in DCM (80.0 mL) at 0 °C was added TEA (3.6 g,

35.58 mmol, ‘1.50 equiv) followed by the drop-wise addition of 2-methylpropyl
chloroformate (3 9 g, 28.56 mmol, 1.05 equiv) and the resulting solution was allowed to
warm to RT and then stirred for 0.5 h, The mixture was diluted Wliﬂl 80 mL of DCM,
washed with 1 x 50 mL of brine, dried over anhydrous sodium. sulfate and then
concentrated under vacuum. The residue was purified via silica gel chromatography
(ethyl acetate/petrole’uni ether, 1:10-1:5) to afford 10.0 g (crude) of intermediate 171e
as a light yellow oil. | | N .
~Interediate . 1718 (4 cy«,loplopvl -3,4-dihydroquinoxalin-1 (ZI-D—yl" (1~
(hvdroxymcthvl)cy clopropyl)mcihanone To intermediate 171e (10 g, 25.88 mmol, 1.00.
equiv) in ethylene glycol dimethyl ether (250 mL)} at -30 °C was added drup-\mse a. _
solution of NaBH, (2.0 g, 52.87 mmol, 2.00-equiv) in water (12.0 mL) and the resulting

solution was allowed to warm to O °C and then stirred for 2 h The soluiion was

© adjusted to pH 2-4 with aqueous 1 M HCL diluted with 100 mL of water and then

extracted with 3 x 200 mL of ethyl acetate. The organic layers were combmed dried
(anhydrous sodium sulfate), concentrated and then purmea via silica gel
chromatography (ethyl acetate/petrolenmn ether, 1:10-1:1) to afford 2.5 g (35%) of -
intermediate 171f as a purple solid. o

Imerm:cdiate | 17ig. - 1-(4~cyoloj;rop§1—l,2,3,4-tétrahydroquinoxaline-1-'
carbonyl)cyclopropy)methyl methanesulfonate. 1o intermediate 171f (2.3 g, 8.45
mmol, 1.00 equiv) in DCM (45.0 mL) at 0 °C was a&dc:d TEA (1.3 g, 12.85 mmol, 1.50

‘equiv) followed by the drop-wise addition of MsCl (1.1 g, 9.60 mmol, 1.10 equiv) and

the resulting solution was allowed to warm to RT and stirred for 0.5 h. The mixture was
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washed with 1 x 30 mL of brine, dried over anhydxous sodium QU].tdLC concentrated and

then punﬁed via silica gel chromatography (ethyl acctate/petroleum ether 1:20-1: ]) to |

afford 2.7 g ( 91%) of intermediate 171g as a light yellow solid. _
Intermediate  171h: _ (4-cy'clopr0pyl-3,4-dibydroquinoxélin—1(21:-1)-}'1)(1-((2,5- 
dichl.oro—él-iodophencxyf)niethyl)_c-yclo_propyl)me’tha.none. To intermediate 171g (1.5 g,
4.28 mmol, 1.00 equiv) in acetone (70.0 ml) was added 2,5-dichloro-4-iodophenol
(1.86 g, 6.44 mmol, 1.50 equiv) and potassium carbonate (1.18 g, 8.54 mmol, 2.00
equiv) and the reaction was stirred at 55 °C overnight. The mixture was,ﬁltered, the
filtrate concentrated and the residue puriﬂed..via silica gel chrohiatography (cthvl.
acetate/petroleum ether, 1 10-1:2) to afford 1.7 g (73%) of intermediate 171k as a white
solid. _ ' .
Intermediate  171i  (4-cyclopropyl-3,4-dihydroquinoxalin-1(2H)-yI)( 1-((2,5--
dichloro-4-(4- hydroxyout-l-ynvl phenoxy)methyl)eyclopropylimethanone. | To
intermediate 171h 160 mg, .29 mmol 1.00 equiv) in D’Vﬁ' (5.0 mL) was added but-3-
yn-1-ol (20.1 mg, 0.29 mmol, 1.00 equiv), DIEA (77.5 mg, 0.60 mmol, 2.00 equiv),
Pd(PPh3),Cl, (21.1 mg | , 0.03 mmol, -0.10 equiv) and Cul (5.7 mg, 0.03. mmol, 0.10
equiv) and the mixture was stirred for 2 h at RT Thc reaction was diluted with 20 mL _l
of water, extracted with 3 x 30 mL of mthvl acetale amd the organic layers combined, -
washed w1th 1 x 50 mL of briné and then dried over anhydrous sodium sulfate. The .'

solution was conc;ntmted and the residue purified wa sﬂxca gel chromaiographv (ethyl-

- acetate/petroleum cther, 1: 10 1:2) to afford 0.18 g of intermediate 171 as a red oil.

Intermediate 1713. {4-cyclopropyl-3,4-dihydroqu moxalm-l(ZH)—vl)( 1 ((2,5-, ‘
dichloro-4-(4-hydroxybuty Dphcnoxv}methyl)L,yclopropyl)methanune To mrcrmedlate:
1718 (300 mg, 0.62 mmol) in ethyl acctate (15.0 m1L) was added Rh/C (350 mg) and the
resulting suspension was stirred under a hydrogen almosphexe overnight. The m1xture ‘
was diluted with 20.0 mL of methanol, filtered and the filtrate concentrated to afford
0.30 & (99%) of inttermediate 171 as a red oil. |

Intermediate 171k: 4-(2,5-dichloro-4-((1- (4—cyclopropyl 1,2,3,4-
tetrahydroquinoxaline-1-carbonyl)cyclopropylme thow) phem Dbutyl ,
methanesulfonate. To intermediate 1715 (250 mg, 0.51 nunol. 1.00 equiv) in DLM
(10.0 mL) at 0 °C was added TEA (77.4 mg, 0.76 mmol, 1.50 equiv) followed by the |
drop-wsie addition of MsCl (70.2 mg, 0.61 mmol, 1.20 equiv) and the resulting solution -

j ]
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allowed to warm to' RT and then stirred for 0.5 h. The niixuire ‘was' diluted with 20 O mL-
of DCM, washed with 1 x 20 rnL of bnne dried over anhydrous sodium suliate and
then concentrated to afford 260 mg (90%) of intermediate 171k as a purple od

Example 171: (4-cyclopropyl-3,4- dmydroqumo‘{ahn-l( 2H)-yD(1-((2,5- dichloro-

© 4-(4-(methyl((2S,3R,4R,5R)-2,3,4.5,6-

pentahydroxyhuxyl)am.mo)butyl)phenoxy)methyl)-cyclopropyl)methaﬁone. . Teo
intermediate 171k (320 mg, 0.56 mmol, 1.00 equiv) in DMF (7.0 mL) was added
(2R,3R,4R,5S)—G-(methylamino)hex_ane-'1,2,3,4,5-per-;£eiol _(160 mg, (.82 mmol, 1.50
equiv), TEA (85.0 mg, 0.84 mmol, 1.50 equiv) and KI (9’*0 mg, 0.56 mmol, 1.00

equiv) and the reaction was stirred overnight at 75 °C: The mixture was then filtered,

- concentrated and the residue purified by reverse-phase (C18) prep-HPLC to afford 24.6

mg (7%) of Example 171 trifluoroacetic acid salt as an off-white solid. LCMS (ES,
m/z): 666 [M -+ H)*. 'H NMR (300 MHz, CD;0D, ppm): 7.41-743 (d, /7.5 Hz, 1H),
7.35 (s, 1H), 7.10-7.12 (m, 2H), 6.54-6.72 (m, 2H), 4.1074.18' (m, 1H), 3.88-3.92 (m,

2H), 3.81-3.83 (m, 2H), 3.66-3.79 (m, SH), 3.41-3.433 (m, 2), 3.26-3.29 (m, 4H),

2.92-2.94 (m, 2H), 2.72-2.77 (m, 2H), 2.28 (m, 1H), 1.68-1.70 (m, 4H), 1.35-1.38 (m,
2H), 0.96-1.00 (m, 2H), 0.67-0.69 (m, 2H), 0.19-0.21 (m, 2H).

Example' 172 _
5-(3-((1-(4-cyclopropyl-1.2.3 4—tetrah‘,d*oqumoxalmul— N

calb__o wheyelopropylaminoymethyD-4-(triflucromethyl)phenyl )-\I methgl N-
{(2S 3R.4R.SR)-2.3.4.5, -nentah\'&'oxvhexvl)pcntanamxde

. ~ ) - - _ cF, O //\ L
L ,\,LN X r\Yn . [Ll LS

164 4 L >
, -~ - “— LN 0. VN\
O 172a V : \g/ : " 172b , Y%
o) . : - o
‘ S CFQ A :
3 il \,/ ‘ . ___4__,. /\/ ‘ .
2 N
\'] ~ \ /0 QH OH K/ X7
é) ) 72¢ N »\/\ /’\OH i72 .
OH OH

Scheme 172: 1. mcthvi pent—4 ynoatd Cul, Pd(PPh;)zClz, TEA; 2. Rh/C“H;, EtOAL
3. LiOH, H,0; 4. (2R,3R4R,55)-6-(methylaminojhexane-1,2,3,4,5-pentaol, HATU,
DIEA, DMF. .
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Intermediate - 172a: methyl - 5- (" ((1 (4-cyc£opmpv} -1,2, 3,»:«
t»trahvdroqumoxalme-l-L31bonyl)cvclopropylmmo)mcthyl)-4—
(trifluoromethylyphenyl)pent-4-ynoate. To Example 164 (500 mg, 0.92 mmol, 1.00
equiv) in DMF (6 mL) was added methyl pent-4-ynoate (155 mg, 1.38 mmol, 1.50 |
equiv), PA(PPh3);,Cl: (324 mg, 0. 46 mmol, 0.50 equiv), Cul (175 mg, 0.92 mmol, 0.99
equiv) and mvﬂlylamme (186 mg, 1.84 mmol, 1.99 r:quw) and the reaction was stmed .
for 2 h. The mixture was diluted with 50 mL of ethyl acetate, washed with 2 x 50 L of
bnnc dried over a.nlwdrous sodium sulfate and- concentrated under vacuum. The
residue was purified via silica gel chromatonraphy {cthyl acctate,peuoleum ether, 1:5)
to afford 489 mg (100%) of intermediate 172a as a yellow oil.

Intermediate 172b: methyl - 5-(3-((1-(4-cyclopropyl-1 2,3,4

 tetrahydroquinoxaline-1-carbony l)cvdcpropvlammo)meth yh-4-
(tnﬂvorome’fhyi)phenvl)pentanoate To intermediate 172a (489 mg, 0.93 mmol, 100 .

equiv) in ethyl acetate (40 ml) was added RWC (734 mg) and the suspension was

stirred under a hydrogen atmosphere at 30 °C for 2 days. The solids were filtered out
and the filtrate concentrated to afford 511 mg of intermediate 172b as a yellow oil. -

. Intermediate  172¢:  5-(3~((1-(4-cyclopropyl-1, 2,3,4-tetrahydroquinoxaline-1-
carbonyl)cyclopropylamino)methyl)-4- (tnﬂuoromcthy )ph:,nvl)pentanom acid. To

. intermediate 172b (311 mg, 0.96 mmol 1.00 eqmv) in THF/H,0 (20/10 mL) was added
LiOH-H20 (406 mg, 9. 68 mmol; 10.02 equiv) and the reaction was stirred.-for 3 h. The
solution was adjusted to pH 3-4 with aqueous 6 M HCI and then extracted with 2 x 50
ml of ethyl acetate. The organic layers were combined, washed with 2 x 50 ml of |
brine, dried over anhydrous sod{um sulfate and then concentrated to afford 420 mg
(84%) of intermediate 172cas a brown oil.

Example 172 5-(3-({(1-(4-cyclopropyl-1,2.3 4-tetrahydroquinoxaline-1--
carbonyl)eyclopropylamino)methyl)-4- (tnﬂuorome;hvl}p henyl)-N-methyl-N- '
((?8,3R4R,5R)-2,3.4, 3 o-l,entahydroxyhbxyl)pentanannde To intermediate- 172c (7”0
mg, 0.43 nwnol, L. 00 equiv) in DMF (6 mL) was added (ZR,3R,4R,58)-6-
(methylammo)hexanc -1,2,34 J5-pentol (84 mg, 0.43 mmol, 1.00 equiv), HATU (195
mg, 0.51 mmol, 1.20 equiv) and DIEA (66 mg, 0.51 mmol, 1.20 equiv) and the reaction
stirred for 1 h. The mixture was diluted with 30 mL-of ethy] acetate, washed with 2 x 50
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" mL of brine, dried over anhydrous sodium éu]_fate, concenh‘afed aﬁd then purified by
revcrse~phiee (C18) Prep-HPLC to afford 67.2 mg (23%) of Example 172 as-a gre.eﬁ
-solid. LCMS (ES, m/z): 693 [M + H]J.'. 'H NMR (300 MHz, CD;0D, pp}n‘): 7.58 (d,
J=8.1Hz, 1H), 7.34-7.21 (m, 4H), 7.96 (d, J= 6.3Hz, 1H), 6.80 (d, /=7.2, 1H), 4.03-3.92

5 (m, 3H), 3.90 (d, J/=5.7Hz, 2H), 3.77-3.65 (m, 7H), 3.43 (d, J = 6.0Hz, 3H), 3.]8-3.15.

*(m; 2H), 3.01-2.98 (m, 2H), 2.67-2.56 (m, 3H),,2.46-2.42_(m, 2H), 1.65 (s, 4H), 1.43-

1.39 (m, 2H), 1.18-1.14 (m, 2H), 0.82-0.80 (m, 2H), 0.46 (s, 2H).

_ Example 173 _
10 2-({4-This(2-hydroxyethylamino]-6-{[5-(2.5-dichloro-4-{{( 4R)-4-[(4-cyclopropyl: _.
1.2.3 4-tetrahydroguinoxalin- 1 -ylcarbonyl]-1.3 -thiazolidin-3- '

vlimethyl}phenyl)pentyllamino}-1,3.5-triazin-2-y1}{ 2-hydroxyethylamino)ethan-1-ol

S Y :
S K { :

L\“N,L\. Lr\? _c; HO | “
\ 7\, N\

ot B (S

N\\\

160 ——
173

15 Scheme 173: 1.a. 2, 4 6-tnch10r0-l 3,5-triazine, DIEA; b, dlethanolammc DIEA

bxamplc 173: 2-({4- [bls(2-hyd10X\eth3l)ammo] -6-{[5~ (7 5= diuhloro 4- [(4R) :
4-[(’4~cvclopropyl 1,2,3,4 tetxabydroqumoxabn—l -y)carbonyl]- -1,3-thiazolidin-3- - |
ylimethy!l} phenyDpentyljamino}-1,3 ,S-triazin-2-yl} (2-hydroxyethyl)mmno)ethem- 1-ol.

20- To ;.,4,6¢mchloro-1,3,5—tnazme (17 mg, 0.094 mmol) in THF (0.5 mL) at 0 °C was
added'a 0 °C solution of 160 (50 mg, 0.094 sammol) in THF (0.5 L) followed by DIEA

(48 ul, 0.28 mmol) and the solution stmed for 30 min at 0 °C. The rmxture was allovv cd

to warm to room temperature and then stirred and additional 30 min. The solvent was

then removed and the resulting residue dissolved in DMF (1 mL), then DIEA (_48 ul,

25  0.28 mmol) and dicfthaﬁolamim (39 mg, 0.28 mmol) were added, and the resulting
mixture was stirred at 60 °C for 6 h. The mixture was then diluted with HyO, acidified

with TFA, and then purified by preparative HPLC witha C18 a1hca gel stationary plmse
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using &' gradient of Hy0 0.05% TEA + CH5CN 0.05% TFA (70'-' 30t05:95) and .

* under vacuum. The residue was purified by silica gel column chromatooraphv with an

detection by UV at 254 nm to’ give the title compound (23 mg, 219 ’o) tn-TFA salt. MS
(ES, m/z)' §18.26 [M +HJ"; 'H NMR (400 MHz, CDxOD) §7.30 - 6.98 (m, SH), 6.64
(t,J = 7.6 Hz, 1H), 4.76 - 4.62 (i, 1H), 4.10 (d, J~Q2Hz 2H), 3.98 - 3.61 (m, 12H),‘

3.60 -3.33 (m, 6H), 3.27 - 3.05 (m, 8H), 2.72 (¢, J = 7.5 Hz, 2H), 2.46 - 2:31 (m, 1H),
1.72 - 1.59 (m, 4H), 1.49 - 1.39 (m, 2H), 0.81 (d, J = 6.5 Hz, 2H), 0.61 - 0.41 (m, 2H).

Fumple ]74
2- (w-(2 5- d1chlnro~¥ (((R)-4-(4-cyclopropvi-1.2 3, 4-tetr, ahwhoqumoxaime i-
carbonyDthiazolidin-3-vl)methvlphenvlipropvl)-N1,N3-bis((2R,35.4S, 38)-2.3.4, H 6=

pentahvdroxyhexylymalonamide

. 5 r’\ ,Li o /\ A
B N N\/> 2 o »NY/ j\
to8e T ——~  E00C._0
r ‘ Etooc.\l, o~ \{,
i S 8 e o
. OH
. . R . "\,A . '\\OH
. . O\ l‘{ N . . ]
' ‘ ¢ Y A OH - _ e
. HOOC 0 AN /,Kl 4 HO \( . N ,/ 3o
- T NL b '\J S HO or Oy _
. H-_;oc.Tr NP \f% d N | /L\;/ T -
0 cl 174¢ OH oH i \'E _ N/S o

HO /' e \,/’\\,
OH 0‘{ O 174 Cl
Scheme 174: 1. 92¢, NaBF I(OAC}3, DCM; 2. Diethyl 2-allylmalonate, 9-BBn, THF 0 Lo
°C then K3P04, H,0, Pd(dppf);Cly, 70 °C; 3. NaOH, THF, 50. °C; 4. D-Glucamine, . -

- HATU, DIEA, DMF.

intennediate B 1742 (R)-2, S—dichlor§~4-((4-(4—03"clc)propyl 1,2,34-
tetrahydroquinoxaline-1- carbonyl)thlazohdm—3-v})meth} Dphenyl | '
trifluoromethanesulfonate: To a solution of 15%¢ (335 mg, 1.03 mmol, 1 2 equiv) and
92¢, (250 mg, 0.87mmol, 1.0 equiv) in dichloromethane- (1.7 mL) was added
NaBH(OAc); ("’75 nmg, 1.29 mmol, 1. 5 equiv). The resulting solution was stmed at -
room temperature for 18 hours and then quenched with agueous NaHC 03, dilated vV\th o
dichloromethane (50 mL) and washed with water (4 x 50 mL) and brine (50 mL). The

combined organic layels were dried over anhydrous sodium sulfate and concentrated
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cluent gradient of hexane:ethyl acetate (100:1 to 5:1) to i:‘unﬁish 174a (324 mg, 64%).
MS (ES, m/z): 596.0 [M +H]". ‘ | |

- Intermediate 174b (R)-diethyl 3-(3-(2,5-dichloro-4-((4-(4-cyclopropyl-1,2,3,4-
tetrahydroquinoxaline- I -carbonyl)thiazolidin-3-yl)methyDphenyDpropyl)-2,4< '
dioxopentanedioate: 'fo dicthyl 2-allylmalonate (200 mg, 1mmol, 1.0 equiv) in dry -
tetrahydrofuran (0.6 mL) at 0 °C was added dropwise a solution of 3-BBn (0.5M m

THF, 2 mL, 1.0 equiv) over 3 minutes. The ic°~bat‘r1 was removed and the rcaction"‘ o

mixture stirred overnight. Aqueous K3POq4 (636 mg in 0.7 mL B0, 3.0 equiv) was
added dmpw1se ‘Half of the resulting solution (1.3 mL, 2.8 equiv) was added to (R)
2,5-dichloro-4-((4-(4-cyclopropyl-1,2,3 4-tetrahydroqum0‘{ahne-l— ’

carbonyl)thiazolidin-3-yl)methyl)phenyl  trifluoromethanesulfonate (108 . ‘mg,

().18mmol, 1.0 equiv), the mixture was purged with Nz .(3 x Ny/vacuum cycles), and
then Pd(dppf)Cly (13.2 mg, 0.09 equiv) was added. The mixture .was again purged
with N; (3 x N’éfx’a.cumri cycles) and then heated to 70 °C under an inert atmosphere. .‘
After 2 hours additioﬁal alkyl borate solution (().5 mL, 0.15 mmol, 1.0 equiv) and
Pd(dppHCl, (2.0 mg, 0.013 mmol) were added. After an additional hour the reactioti |

mixtare was cooled, diluted with ethyl acetate (50 mL) and washed with water 3 X 50

mL) and bfme (50 ml). The combined organic layers were dried over anhydrous

sodium sulfate and concentrated under vacuum. The residue was purified by silica gel |

‘column chromatography with an eluent gradient of hexane:ethyl acetate (100:1 to 5:1)

to furnish 174b (50 mg, 43%). MS (ES, m/z): 704.3 [M + HY'.

Intenne<11ate 174c R)-3 (% “(2,5- dlchloro-4 ((4-(4~cvoiopropyl 1 ,2, 3 4.
’tg,trahvdroqumo\alme-l-carbonyi)thlazohdm ?—y1)methyl)phenyl)pxopv]) 2,4~
dloxopem'medlmc acid: To a solution of (R)—dwthyl 3-(3~(2,5-dichloro-4-({ 4-(4-
cyclopropyl- ],2,3 4-tetrahydroquinoxaline-1 -carbonyl)ﬁuazohdm~3- |
yl\meth\l)pherwl)propyl)—./.,4~d1oxopt,n1anedmate (50 mg, 0. 077 mmol, 1.0 equxv} in

~ tetrahydrofaran (0.5 mL_) was added aqu.eous NaO¥ (3 M, 0.39 mmol, 0.128 mL, 5 0

equiv) and the resulting mixture was stirred vigorousiy overnight at 50 °C. The"
reaction was diluted with ethyl acetate (5 mL) and water (5 mL) and the pH was
adjusted to 3 with aqueous HC1 (IM). The aqueous layer was e:étraéted_with ethyl
acetate (3 x 5 mL) and the combined organic layers washed with brine (10 mL). The :
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‘ resulting mixture was dried over anhydrous sodium sulfate and concentrated over

-vacuum to afford 174¢ (30 mg, 60% %) which was used without fuxther punﬁoa’rmn MS

(ES, m/z): 6482 [M+HT

Example 174 (2-(3-(2,5-dichloro-4~(((R)-4-(d-cyclopropyl-1.2,34-
tetra.hydro quinoxaline-1 -carbonyl)thiazolidin-3-ylymethyl)phenyDpropyl)-N1,N3- _
bis((2R,38,4S SS)-Z 3,4,5,6- pentahydroxyhcxyl)ma]onamide TFA salt. To a solution of
1741: (30 mg, 0.05 mmol, 1.0 equiv), D- Glucamine (20 mg, 0.11 mmol, 2.2 equiv) and

: DIEA (12.9 mg, 0.1 mmol, 2.0 equiv) in DMF (0.5 mL) was added dropwise HA;TT

10

—
(¥

N
th

(38.2 mg, 0.1 mmol, 2.0 equiv) in DMF (0.5 mL) and th_e reaction mixture was stirred at
room temperature for 5 minutes. The crude solution was diluted with DMF:H,0 (1:1) to ‘
4 mL, acidified with TFA, ah_d purified by preparative HPLC with a C18 silica gel
stationary phase using a gradient of Hz0 0.05% TFA : CILCN 0. 05% TFA (90 : 10 to
10 : r>0) over 30 min and detection by UV at 254 nm to give 7.7 mg (13%) of the title
oompound asa wlutc, sohd MS (Eb, m/x.) 918 SM + H]

. Example 175 . : .
2 ( 2,5~d1<.]110r0-4 {( (R) 4-(4-cyclopropyl-1,2.3 4-tetrahy droqumoxahm i-
LﬁbeDVDthlﬂLOhdlﬂ" -yhme thyDbenzylithio)- 1-mthvi-N- ((28,3R 4R SR)-2,3.4.5.6-

nentahydroxvhexﬂ) 1H-imidazole-5 -La;rboxamxde
o , _ v ;N}S | cx".o.
: _ _ HO.HO , H\ \,_\/ \_.\N‘ A\ .N/j
g e /\«:’"‘.\2\/ o - .Cl ( ) \\j

HO Z OH {78

Scheme 175: 1. D-glucamine, HATU, DIPEA, DMF.

Example 175: 2-((2,5- dlchlor0~4 ((R)-4-(4- cvdopropyl -1.2,3 4—tvtmhydroqumo*<ahne~ ‘
1-car bouyl)ﬁuazohdm-«-yl)methyl)ben’fyl)thm) 1-methyl-N- ((28 3R,4R,5R)-2,3.4,5,6-

pentahydroxyhexyl)-1H-imidazole- 5-carboxamide. To a mtxture of example 161 (43 4

mg, 0.038mmol, 1 equiv) and D- glucamme (8.2 mg, 0. O4S“r mmol, 1.2 eqmv; in D\’H"

- (0.2 mL) were added HATU (17.3 mg, 0.045 mmol, 1.2 equiv) and DIPEA (33 L, 0.19 “

mmol, 5 equiv). The mixture was stirred at 1t for 30 rainutes and then purified by prep-
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- HPLC to give 13.3 mg (31 %) of example 175 bis TFA salt as a white solid. ' NMR' - :

(400 MHz, CD;0D) & 7.95 (s, 1H), 7.20-(dd, J = 8.3, 1.3 Hz, 2H), 7.17 - 7.13 (m, 1H),

7.13 ~ 6.99 (m, 2H), 6.64 (td, J = 7.7, 1.2 Hz, 1H), 4.81 — 4.69 (n, 1H), 435 (s, 2H),
4.20 —4.08 (m, 1H), 4.05 (d, J = 9.8 Hz, 1H), 3.98 ~ 3.89 (r, 1H), 3.88 ~3.81 (m, 1H), -
3.82 —3.75 (m, 6H), 3.74 — 3.69 (m, 1H), 3.68 (d, J = 1.9 Hz, 1H), 3.67 - 3.62 (m, LFD),

3.62 =359 (m, 1H), 3.59 — 3.55 (m, 1H), 3.52 - 3.33 (m, SH), 3.18 - 3.01 (m, 1H),
2.48 —2.38 (m, 1H), 0.90 ~ 0.76 (m, 2H), 0.65 — 0.38 (m, 2IT). LCMS (ES, m/z): 781.24
[M+HJ" ' |

‘ . Example 176
42,5 -dichlore-4-{ [(;4R)—4-['( 4-cyclopropyl-1 23 A-tetrahvdroguinoxalin-1- .
vl}carbonyl]-1.3-thiazolidin-3-yl]methvl } phenox: met]:tyD;M_—_[_@ﬁﬁR.AR,SR)-2,3,4,5,6-

pentahydroxvhexyllbenzamide

~
_-A\%sj*\’,( O

L NN e
162 — . R UL wo M ~on
. . _° \ o — 'H\/"Z—J'N%H i
. 176 ol \-‘/\\<N _OH . »
RS

Scheme 176: 1. a. 4-(Hydroxymethyl)benzoic acid, DIAD, PPhs, b. DCM;-
LiOHeH,0, 1 4-dioxane, H,O; ¢, D-glucamine, HATU, DIEA, DMF. '

Bxample 176 4-2,5-dichloro-4-([(4R)-A-[(4-cyclopropyl-12,3,4-
tetrahydroquiﬁowaiin- —j'l)carbonvl]-l 3-thia’zolidin-3-vl]methvl}phcnoxymethyl\)-N—

[(28,3R4R,5R)-2,3,4,5 6—pentahydroxyhexyl]benz'umdc To Example 162 (172 mg

0.370 mmol), me-th;l -(hydroxymethyl)benzoic acid (77 mg, 0.46 mmol), and
triphenyphosphine (121 mg, 0.46 mmol) in DCM (3 mL) at ¢ °C was added diisopropyl
azodicarboxylate (91 plL, 0.46 mmol) and the mixture was allowed to warm to room

’Lumperature and then stired for 16 h. The solvent was removed -and the residuc

dissolved in a mixtare of H,O (5 mL) and 1,4-dioxane (25 mL) To this was addcd-

LiOHsH;0 (62 mg, 1.5 mmol) and the mixture stirred at room temperature for 2 h. The
solvent was removed, the residue dissolved in DCM and then washed with 1M aqueous"

HCI, dzif:d over NapSOq, then filtered and concentrated. To a portion of the crude

38}
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residue (~0.123 mmol), D-glucamine (42 mg, 0.23 mmol), and DIEA (128 uL, 0.740
mmol) in DMF (2 mL) was added HATU (70 mg, 0.19 mmol) and the reaction stirred -
for 1 h. The mixture was diluted with H;O, acidified with TEA, and then purified by
preparative HPLC with a C18 silica gel stationary phase using a gl‘adient of F0 0.05%
TFA : CHsCN 0.05% TFA (70:30t0 5 95)' and detection by UV at 254 ﬁm to give the
title compound (21 mg, 17%) as a bis-TFA salt, MS (ES, ov/z): 761.34 [M + HI" 'H
‘NMR (400 MHz, CD;OD) §7.88 (d, J = 8.0 Hz, 2H), 7.58 (d, J = 7.1 Ilz, 2H), 725 (s,
1H), 7.20 (dd, J =83, 1.3 Hz, 1H), 7.17 - 7.08 (m, 2H), 7.08 - 6.99 (m, 1H), 6.67 (t, J
= 7.2 Hz, 1H), 5.25 (s, 2H), 4.80 - 4.72 (m, 1H), 4.29 (d, J = 9.9 Hz, 1H) 4.14 - 3.86

(m, 4H), 3.86 -3.76 (m, 3H), 3.76 - 3.6 (m, SH). 3.61 - 3.51 (o0, 1H), 347 (&, J =

13.7, 7.3 Hz, 1H), 3.43 - 3.35 (m, 1H), 3.21 - 13,09 (m, 2H), 2.44 (s, 1H), 0.80 (s, 2H),
0.56 (S, AIT)

, Example 177 ' .
1-(4-( 2,3 dichloro-4-({ (R) 4- (4 c.vclopronvl 1,2 3 4ntctmhvdroqwnoxalme 1- -
caxbovw)thlazohdm 3-yl)methy l)phenvl)butvl) 3-((2R.38.48.58)-2.3, 4 ‘5 b~

- pentahydroxyhexylurea

o
: o Y
o o : S 5 \l// .
\)/\\( ot E I \L 2 . Cl\/j\\' S L:\ /
BacHN/\ BocHN TN R Lfs‘ '
177a’ . 177h - 177c :
’ ’ ’ ’ A
[/‘-. __A N
N [N T
Q-»NY' z N :
=3 . o
<A B 4. . . .
B f\r\m - e oy N
. ,
‘ Hal N/\\/\ At T8 177d ) ) HO\/\ \/ N/J\N/"\/'\ RN g 177 .
OH O A ,

Scheme 177: 1. NaBHs, MeOH. 2. a. MsCl, TEA, 'DC?M_{ b. 159¢, K,CO;, Nal DMF;
3. TFA, TES,»I—I;O; 4. DSC, ACN, D-Glucamine. (0.5 mL).

]'nteﬂnédiate 177al: tert-butyl 4-(2,5—di.chl0i'0-4;f01mylphcnj'l)butylcirbanuﬁ.c;.' .
Tért—‘bu’cyl 4—(2,5ndich]oro~4-formylphenyl)b’-.xtyl'carbamatf;. was prepared using the.4 -
procedures described in the synﬂdesis of - intermediate 1604, substi‘tﬁing but-3-yn-1-
-amine for pent-4-yn-1-amine, to affer_d 177a (2.11g) as a brown oil. |

Intermediate 177h: tert-butyl N-[4-[2,5-dichloro-4-
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(hydroxyﬁlethyl)phényl]butyi}Carbamate. : T—o. 'tert.'-butyl .N-{4-(2;$-diclﬂoro-4— _
formylphenyl)butyl]carbama‘te (2.11 g, 6.0_§ mumol, 1.00 equiv) in methanol (30 mlL) at
0-5 °C was added NaBHj (460 mg, 12.16 mmol, 2.00 equiv) in several batches over a
period of 1 h. The reaction was stirred for 1 h at 0~5 °C and then quenched by the
addition of 50 mL of water. The resulting mixture was concentrated under vacuum and |
extracted with dichloromethane (3 x 100 mL). The combined organic layers were
washed with brine (3 x 100 mL), dred over. anhydrous sodium sulfate and
(,onu,nimted under vacuum to afford 1.70 g (30%) of 177b as brown oil, 'H- NMR.
(JOOMHZ CDCls): 7.45(s, 1H), 7. l7(s 1H), 46‘?(9 2H), 4.69(s, 064}{), 3.13~3.11(m,
7H),270~2 65(m, 2H), 1.93(s, 0.6H), 1.62 ~1.45(m, 4H), 1 41(% 8. 91—1)

Intermediate 177¢: (R)-tert-butyl 4~(2,5-dichloro-4-((4-(4- cyx.lopxopyl—l 2 3, 4~
tetrahydroQumoxahnc—1-carbonyl)tlnazohd1n~:.-yl)methyl)phenyl)butylcarbanmte. To
a solution of tert-butyl N-[4-[2,5-dichloro-4-(hydroxymethylphenyl}butyljcarbamate

(130 mg, 0.43 mmol, 1.0 equiv) and triethylamine (87 mg, 0.86 mmol, 2.0 L,qutv in o

chghloromethanc (0.8 mL) at 0 °C was added methanesulfonyl chloride (49 mg, 0. 43

mmol 1.0 eqmv) and the reaction stirred for 20 minutes. Thc solvent was removed,

the residue dissolved in DMF (0.5 mL), and the mixture was then added to a solution :

of 159¢ (124 mg, 0.43 mmol, 1.0 equiv) and K,CO; (65 mg, 0.47 mmol, 1.1 equiv).in =

DMF (0.5 mL). Nal (6.4 mg, 0.1 equiv) was then added and the solution heated to 70

°C overnight. The reaction was diluted with cthyl acetate (40 mL), washed with water.
(3 x30mlL)and brine (30 mL) and dried over anhydrous sodium sulfate. Tbc3 sotution |
was concentrated by vacuum and the residue purified by silica gel column
chromatography with an.eluent gradient of hexann.c’thyl a(.e.tate_ (100:1 to 4:1) to
furnish 177¢ (32.9 mg, 12%) as a yellow oil. MS (ES, m/z): 619.1 [M + H]+

Tntermediate 1’7’7 d: ®)- (3 -(4~(4-aminobutyl)-2,3 du,h]orobenzyl)tkuazohrhn -4-
)(4-\,vdopropyl -3,4- dﬂwquumoxa]m-l(ZT—D—yl)methanone To (R)—terf—huty] 4- _
(2,5-dichloro-4-((4-(4-cy clopropyl-1,2,3,4- tetrahvdroqumoxahne-l- _-
carbonyl)thxazohmn—’j-yl)melhyl)pheny].)butylcarbamate (33 mg, 0.05. mﬁnol, 1.0 |
equiv) was added a solution of trifluoroacetic acid:triethylsilane:water (95:5:5) and the
reaction stirred for 5 minutes. The mixture was quenched with aqueous NaHCO3 (~20, |

wlL), extracted with dichloromethane (2 x 20 ml) and the organic layer was
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concentratedto afford 177d (305 mg, 100%) which was used without further
puification. MS (BS, m2): $19.1 M+ HJ'. '

l,xampie 177: " 1-(4-2,5- dmhlnm 4 {(((R)- 4 (4- cyclopmpvl 1,2, 3 4
tetr ahyqumnoxalme-l-carbonyl)ﬁnazohdm ?-yl)methvl)phenyl)butyl) -3-
((2R,38,4S,55)-2,3,4,5,6-pentaliydroxyhexylurea. To a solution of 177d (30.5 1ﬁg, 0.6

‘ mmo‘., 1.0 equiv) in acetonitrile (0.5 mL) was added N-N’-disuccinimidyl carbonate

(16 5 mg, 0.65 mmol, 1.1 equiv). After 30 minutes, D-glucamme (16 mg, 0.09 mmol,

1.5 equiv) and DMF (0.3 mL) were added and the reaction mixture was stirred at 80 o |

°C for 90 minutes. The resuiting mixture was diluted to 4 mL with acetonitrile:waler
(1:1), acidified with TFA, and then purified by preparative HPLC with a C18 silica gel o
stationary phase using a gradient of H,0 0.05% TFA : CH;CN 0.05% TFA (90 : 10to
5 : 95) and detection by UV at 254 nm to give the title compound (16.7 mg, 29%) as
the TFA salt. MS (ES, miz): 7263 M+ HJ.

‘ E‘(ample ]78 A
3= ( 5- dzchloro—4-(((R}-4-(4 cwciomoml 123, 4~tetrahvdroqmnoxalmg -
carbony I)tlnacohdm—'&-vl)mc’{‘mDnhunvl) -N-{(28. ?R 4R.5R)-2.3.4.5.6-

pent_ahvdroxs ‘hexyDpentanamide

. o g \\— -N’Q_ :
: 1. - ‘ Ho
o e T T
. . OH OH (o} Ci 178 .
Scheme 178: 1. D-glucamine, IIATU, DIPEA, DMF. -
Example 178 5.(2,5-dichloro-4-(((R)-4-(4-cyclopropyl-1, 2,34~ -

tetrahvdroquinoxaline-1 1-carbonyl)thiazolidin-3-ylymethyDphenyl)-N-((25,3R, .4R,5R)-
2,3,4,5,6-pentahy -droxyhexyl)pentanamide. To a mixture of mtennedzatr. 163 (11.4 mg,
0.0193 mmol, 1 equiv) and D-glucamine (4.2 mg, 0.0232 mmoal, 1. 2 equw) i DML
(0.14 mL) was addn,d HATU (8.8 mg, 0.232 mmol, 1.2 equiv) and DIPEA (13.4 pL,
0.77 ramol, 4 equiv). The mixture was stirred at rt for 1 h and then punﬁcd by prep-
HPILC to give 9.3 mg (5? %) of E\ample 178 as a white solid. JH-NMR (400MHz, -
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© CDyOD , ppm): 3 7.63 (s, 0.4H), 7.41 (s, 0.6H), 7.32 (s, 0.7H), 7.20 (dd, J = 8.3, 1.4

Hz, 1.3H), 7.17 — 7.01 (m, 2H), 6.73 — 6.59 (m, 1H), 4.86 — 4.65 (m, 1H), 4.23 (4,7 =
103 1lz, 1H), 4.17 - 3.86 (m, 3H), 3.84 — 3.80 (m, 1K), 3.79 (d. J = 3.3 Hz, 1H),3.76 -
(d,J =3.5 Hz, 1H), 3.72 (dd, J = 4.5, 2.1 Hz, 1H), 3.71 — 3.66 (10, 1H), 3.66 - 3.63 (i,

1H), 3.63 — 3.58 (m, 1H), 3.47 (d, J = 4.7 Hz, 0.4H), 3.43 (d, J = 4.7 Hz, 0.6H), 3.39

(dd, J = 11.3, 5.8 Hz, 1D, 3.36 - 3.32 (m, 2H), 3.24 (4d, J = 138, 7.4 Hz, 1H), 3.19

3.04 (m, 2H), 2.73 (t, J = 7.2 Hz, 2H), 2.49 — 2.34 (m, 1H), 2.33 — 2.15 (m, 2I), 1.75 -

151 (m, 4H), 0.89 ~ 0.74 (m, 2H), 0.67 - 0.40 (m, 2ED. L CMS (ES, m/z): 711.24 M+
H"

A ' Example 179 _
(4-cvclopropyl-3.4-dihydroquinoxalin- 1(2H)-y1)( 3-("25-dichlorobenzvloxy)oxetan»?ﬁ

Gl : . el HO._ OH .
. - ' ](J
ﬁ\» o ’k e hd 2 Ax /'“\D/\(/O 3, \\ o< Ot -
(T L - T
. g C‘ 179 . ’ 4-g| 178b ) . 1796.
R ] - . - .
.o N . [of] / \ . . . ~
. : 7 N
4. ﬁzky/\o&\/OH 5. - J§§ “~ //\“ JOH . - /\O\/z (/L
L : l ;J 0 [ j 1( \U j
N
2;‘ 178d e 17%¢ : ) 179 _

Scheme 17.9 1. methyl 2-hydroxyacetate, NaI[ DMF 2 DIBAL-H 1'HF 3.
formaldehyde, KOH, EtOH/H,0; 4. diethylcarbonate, EtONa; 5. TEMPO, NaClO,,
NaCl0O, ACN/Phosphate buffer, H,O; 6. HOAt, EDCI, DMF. : '
Intermediate  17%9a: methyl 2. (2,5~ dmhlorobem_zyloXy)ac'etate ~ To 2-
(bromomethyl)-1,4- dichlorobenzene ¢ g, 20.84 mmol, 1.00 equiv) in DMF (3 30 m'i)
was added methyl 2—1.1yd10xya0ctate (1.89 g, 20. 08 mmol, 1.01 equiv) and the solution
cooled to 0 °C. To this was added in porﬁo_ns sodium hydride (1.0 g, 41.67 mmol, 2.00

equiv), and the resulting solution was allowed to warm to RT and then stirred overnight.

The reaction was quenched by the addition of 50 mL of “water, the requlting-solution .

 was extracted wnh 3 x50 mL of ethyl acetate and the or ganic la rers were combmed'

and then washed with 1 x 50 mL of brine. The organic layer was dried over anhydrous

sodium sulfate and concentrated under vacuum to afford 5.2 g (80%) of intermediate
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. 1794 as yellow oil:

 Tntermediate 179b 2- ~(2, 5 chchlorobenzy1oxy)acetaldchyde To iﬁtcnﬁediatc
179a (2 g, 8.03 mmol, 1.00 equiv) in THF (10 mL) at -60 °C was added drop-wise .
DIRAL-H (25% wiw in Hexaoe; 6.87 g, 12.10 mmol, 1.50 equfv) and the resulting
soluiion. was stirred for 3 h. The reaction was then quenched by the addifibn of water

(20 mL), the pH value of the solution was adjusted to 5 with 1 M aqueous HCI and the

resulting solution was extracted with 3 x 20 mL of ethyl acetate. The organic layers

were combined, dried over anhydrous sodium sulfate and then concentrated under
vacuum to afford 1.72 g (98%) of intermediate 179b as a ycllow oil.

Intermediate 179 2-(2,5- dlclﬂorobenzvlow}-Z (hydroxvmethyl)plopanc-l 3.
diol. To intermediafe 179b (1.72.g, 7.85 mmol, 1.00 equiv) in 1:1 ethanol/H,0 (10 mL)

was. added forrhaldchydc (40% in water; 5.91 g, 78.73 mmol 10.00 equiv) followed by

the drop-wise addition of a solution of potassium hydlomdc (442 mg, 7.88 mmol, 1.00
equiv) in 1:1 ethanol/H,O (5 mL) and the resulting solution was stirred for 3 h. The
mixture was concentrated under vacuum, d]IuLed with water (10 L) and then extracted

with 3 x 20 mL -of ethyl acetate. The organic layem were combined, dried over

“anhydrous sodium qu]fute concentraied and then punﬁed by silica gel chromatography

(dichloromethane/methanol 50/1) to afford 700 mg (32%) of intermediate 179c as a,
white solid.

, Intermediate 179(1 (a-( 5- dlchlorobenzylo‘cy)oxcmn- -y )methanol o
intermediate 17%9¢ (340 mg, 1. 21 mmol, 1.60 cqulv) was. added diethyl bBIbOll"liv (”] 5

: mg, 1.82 mmol, 1.50 equiv) and sodium ethoxide (160 mg, 2. 3’3 mmol, 0.20 equiv) and .

the resulting solution was btm*c-d for 1 h at 140 °C and then for an additional 1 h at 190 '
°C. The reaction mixture was cooled to RT, quénchéd by the addition of water (10 mL) |
and the resulting solution was extracted with 3 x 20 mL of ethyl acetate. The orgmm ‘

lavers were combined, dncd over anhydrous sodium sulfatc, LOI‘CCnDa.Kd and then

purified by preparative TLC (dichlor omethanc/methanol 25/1) to afford 100 mg (319 )

of intermediate 179d as vellow oil. _

Intermediate 179%: 3-(2, 5-d1cblombenzyloxy)oxetanv’% carboxy lic acid. To
intermediate 179d (1:»0 mg, 0.57 mmol, 1.00 equiv) in ACN/phosphate buffer (7/3. ‘§'
ml) was added TEMPO (8.9 mg, 0.06 mmol, 0.10 equiv), NaClOzl (129 mg,‘l.'43
mmol, 2.51 equiv), NaClO (11% in water; 19 mg, 0.03 niﬁwl, 0.05 equiv) and the
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resulting solution was' stirred for 20 h at 77 °C. The pH value: of the solution was

"~ adjusted to 5-6 with aqueous 1 M HCl'and the resulting solution was extracted with 3 x

20 mL of ethyl acetate. The organic layers were combined, dried over anhydrous
sodium sulfate and then concentrated under vacuum to afford 130 mg (82%) of :
mtermedxate 179¢ as a yellow oil. o
Examplc 179y (4-cyclopropyl-3,4- d!hydroqmnoxalm-lQH)-yl)(" -2, ‘i- ‘ |
dich].orobenzyloxy)oxetan—3-yl)methanone. To intermediate 1e (130 mg, 0.47 mmol,

1.00 equiv) in DMF (3 mL) was added 1-cyclopropyl-1,2,3,4-tetrahydroquinoxaline (82 :

 mg, 0. 47 mmol, 1.00 equiv), HOAt (128 mg, 0.94 mmol, 2.00 equiv) and EDC-HCI

(180 mg, 0.4 mmol, 2.00 equiv) and the resulting solution was stirred for 2 h. The
reaction was. qucnched by the addition of waler (10 mL) and then extracted with 3 x 20
mL of ethyl ac»tate The organic layers were combined, washed with 1 x 10 mlL. of
brine, dned over anhydrous sodium sulfate, concentrated and the crude product (100
mg) was purified by reverse-phase (C18) Prep- -HPLC to afford 30 mg (15%) ot
Example 179 trifluoroacetic acid salt as an off-white solid. LCMS (ES, m/z): 433 [M +
HI", 'H-NMR: (300MHz, CDCI3, ppn.ﬂ"7 52-7.27 (m, 1H}, 726-7.05 (m, SH), 6.87- |

6.50 (m, TH), 5.20-5.17 (m, 16, 4.83-4.77 (m, 2ED), 4.52 (s, 3H), 3.95-3:61 (m, 2H),

3.47-3.37 (m, 2H), 2.37 (s, 1HD, 0.88-0.79 (m, 2H), 0.68-0.60 (m, 1H), 0.42 G, 11{)

) _ Example 180
(4- _eyclopropyl-3.4-dihydroquinoxalin-1( 2HD-yD(1-((2.5-

dic ulﬂmoohcnvllhlo)mothvhcy cloprol pvl‘)mtthanone _

g Jl
Cl) Tg \E;j ) o
- @ w
xS
Scheme 180: 1.2.5- d1chlorobenzcmth101 KLC0s, KT, TJMT .

ExampleIISO: (4-cy‘clopropyl-3 ~d1hwqumnoxahn—l(ZH}yl)(l ~(( 2,5 dwhiom«
phenylthio)methyl)cyclopropylymethanone. To intermediate 32¢ (30 mg, 0.10 mmol,
1.00 equiv) in DMF (2.0 mL) was added 2,5-dichlorobenzenethiol  (27.7 mg, 0.15
mﬁml, 1.00 equiv), potassium carbonate (27.6 mg, 0.20 mmoi, 2.00 cqx{iv), and K1 (1.7
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mg, 0.01 mm.ol; 0.10 equiv) and the resﬁlﬁxig solution 'Wés stirred ovér‘xﬁght; The
reaction was quenched by the addition of water (5§ mL) and the resulting solﬁtion
extracted with 3 x 5.0 mL of eth, vl acetate, the organic layers were combined, dried over -
anhydrous sodmm sulfate and then concentrated under vacuum. The crude pmduct was |
purified by rwerse~pha5c (C18) Prep-HPLC to afford 7.8 mg (17%) of E‘(ample 180 as |
a light yellow solid. LCMS (ES, m/z): .433[M +H]"; "H-NMR (300Hz, CD30D, ppm):
7.30-7.34 (m, 2H), 7.05-7.16 (m, 3H); 6.74-6.80 (m, 1H), 6.69-6.74 (m, 1H), 3.83-3.87
(m, 2H), 3.43-3.46 (m, 2H), 2.70 (s, 2H), 2.20-2.27 (m, 1K), 143-1.45 (m, 2H), 0.70-
0.90 (i, 2H), 0.67-0.69 (m, 2H), 0.20-0.30 (m, 2H).

Example 181 ‘
(R)-(3-(4-( 5-manidinvlnenwl)-z,5~dichlorobenzvl)thi.azolidin-!&-vl)('4~csrclbpropvl-3 A

dihydroguinoxalin-1{2H)-vl)methanone

S.
(e
N e Y
L O
160 == = . © b §
. 7 .
\ 181 Cl NA
HzN""ﬁ\
NH

Scheme 181: 1. 1H-pyrazole-1- L(Lrbommldamtde HCL DIEA, DMF.

I*\amp!e 181: (R)-(3- (1» (5 cruﬁmdlmrlpemvl) -2,5- dmlﬂcloben,:yl)thm/ohdm-él-_ B

yD(4-cyclopropyl-3,4-dihydroguinoxalin-1 (2}1)~y1)rneﬂxanon¢. To intermediate 160 (70

mg, 0.13 mmol, 1.00 equiv) in DMF (3 mL) at 5 °C was added 1H-pyrazole-1-

carboximidamide hydrochloride (38.7 mg, 0.26 mmol, 2.00 equiv) and DIEA (101.8 . . |

mg, 0.79 mmol, 6.00 equiv) and the reaction was allowed to warm to RT and ihenv .
stirred overnight. The reaction was diluted with 10 mL of Hy0, extracted with Zx 15
mL of ethyl acetate and then the organic layers were combined; washed \iith 2x 30 mL
of sodium chloride and dried over anhydrous sodium sulfate. The solution was
concentrated and the residue was purified via reverse-phase (C18) '?rcp-HPLC to afford .
32.7 mg (43%) of Example 181 tri-trifluoroacetate as a white solid. LCM‘S (ES, m/z).
575 (M + HI'. 'TH-NMR (400MHZ, CD;0D, ppm): 7.36-7.20 (m, 2H), 7.17 (m, 1H},
‘7.12'-707 (m, 2H), 6.68-6.65 (m, 1H), 4.93-4.56 (s, 1k, 4.11-4.09 (m, 2H), 3.88-3.71

' (m, 3H), 3.50-3.42 (m, 1H), 3.40-3.46 (m, 3H), 3.33-332 (m, 1H), 3.24-3.21 (m, 2H),

245



10

i35

20

25

WO 2013/096771 _ o . ' PCT/US2012/071251

3.19-3.12 (m, 1H), 276-2.68 (m, 2H), 2.4 (m, 1H), 17162 (m, 4!-{) L.50- 142 (m‘

‘Scheme 182 1. a. Muthyl 4-hydroxybenzoate, DEAD, Pth, toluene; b. L10H THF,

: tetrahyqumroxahnc 1- caxbonyl)t}ua?ohdm- -vi)methvl)benxvloxy)‘oenzom ~acid.

‘example 161 except that methyl 4-hydroxybenzoate was used in place of methy! 2-

2H), 0.84-0.82 (m, 2H), 060050(m 2H). | | .

Fxample 182
4-(2,5-dichloro-4-({(R)-4=(4-cyclopropyl-1.2.3 A-tetrahvdroquinoxaline-1-
N-((28.3RAR5R)-2.3.4,5.6-

pentahydroxyhexylbenzamide

carbonyl)thiazolidin-3-vlmethyYbenzyloxy

o. [~ el N
o } N —’k OH
oix ]l\/\\\f\” /» 7:\ ) K(OH cs\/\ > \/S
ss o [ ~F g Ly a 2 HO L\ ~OH “~el L
O , \ N
Tl A on e HO" J:j 182

H,0;2.D- olucalmm,, HATU, DIPEA, DMF.

 Intermediate  182a:  (R)-4-(2,5-dichloro- 4-((4-(4-cyclopropyl-1,2,3,4-

Intermediate 182a was prepared using the procedures described for the prcparatmn of

mercapto-1-methyl-1H-imidazole-5-carboxylate.

Example 182 4~(2,S-dichloro-4-(((R)-4~(4-cyc1opropjrlé1,2,3,4—',
tetrahydroqumoxalme~1—carbon.yl)thi.azolidin—3—j'l)mc'l'hyl)benzyloxy)-~N~ )
((23,3R.,4R,5R)-2,3,4,5,6«13entahydroxyhexyi)befn'zamidc. Example 182 was prepared.
using the procedures described for the preparation of example 175 to provide the title
compound bis TFA salt as a white solid. (ES, m/z): 761 [M + H], (400MHZ, CD;0D,

ppm): 7.85-7.87 (m, 2H), 7.65-7.67 (m, 1H), 7.59 (s, 1H), 7.12-7.34 (1, 5H), 6.69 (s,

1H), 5.23(s, 2H), 3.63-4.31 (m, 18H), 3.19-3.33 (m, 2H), 2.45 (s, 1H), 0.83-0.84 (m,
2H), 0.56 (m, 2H). ‘ S

Example 183
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e -(Z-dhloro-5-cvcioproljﬁrlbenzsrlamixio)cvcloﬁropﬂ)(4-cvclopronv[—’j,4- :

dihydroguinoxalin-1(2H)-ylymethanone

o - . v’
L. ’ \ e} ' . V; 0 )
Breo -~y g » \7\]" ) 2 . .
\E/:L r . /NY/\ e e N ’\ .
L= n 7 00
Amaa A.m,.'

Scheme 183: 1. 164f, K2C03, DMF; 2. (‘wlopropylboromc. acid, Pd(dppﬂCl»
K5CO4, Toluene, HyO.

V.Intermed'iate 183a: (1-(S~bro.m0—2—chlot‘obemylm‘rﬁn_o)cycS.Opropyl:)(4-_
cyciopropyl-S,4—di_hy'quujnoxalin-.1(2H)~y1)methan.one _To a solution of intermediate |
164f (100 mg, 0.39 mmol, 1.00 equiv) in DMF (3 mL) was added 4-biomo-2—'
(bromormethyl)-1-chlorobenzene (128.4 mg, 0.45 mmol, 1.16 equiv) and potassitm’
carbonate (107.4 mg, 0.78 mmol, 2.00 equiv) and the reaction was stirred overnight. -
The mixture was diluted with 10 mL of HzO, extracted with-25 mL of ethyl acetate,
and the organic layer was washed with brine (2 x 25 mL), dried over anhydrous -

sodmm sulfate and concentrated to afford 200 mg crude 1832 as brown oil.

, Example 183 (1- (’7-«.h1010 5-cyclopropvlbenzylammo)cx clopropyl)(!}- .
cyclopropyl-3,4- dlhyquumoxalm-l(ZH)—yl)mcthanone To 183a (160 mg, 035
mmol, 1. 00 equiv) in toluene/H,0 (2/0.2 mLy was added vclopropvlboromc acid (90
mg, 1.05 mmol, 3.00 equiv), Pd(dppHClL (25 mg, 0. 03 mmol, 0.10 equiv) and _
potassium carbonate (145‘ mg, 1.05 mmel, 3.00 equiv) and the reaction was stirred at -
80 °C overnight. The mixture was then concentrated under vacuum and the crude
product (200 mg) purified by reverse-phase ( CI?‘) pfep'—fﬂ’LC-tolaﬁ‘drd 319 mg
(22%) of Example 183 as a brown solid. (BS, m/z): 422 [M + HI" (300MHz, CD;0D,
ppm): 728 t\d J - 6.6Hz, 1H), 776 7.12 (m 3H), 6.94 (d, 7 = 24]17 1H). 6.72-6.62

(m, 1H), 6.62 (s, 1H), 3.86-3.79 (m, 411, 3.40-3.36 (m, 2H), 2.37 (m, 1H), 1.79 (m, .
1H), 1.37-1.35 (m, 2H), 1.07-1.05 (m, 2H), 0.94-0.91 (m, 2H),0.76-0.74 (m, 2H), -
0.60-0.56 (m, 2H), 0.43-0.41 (m,2H). | ‘

247



10

N
L3

WO 2013/096771 B .. PCT/US2012/071251

" Examples 184291

" Table 1 illustrates the method of preparation for examples 184-291, which were

- prepared using commercial or kmown starting materials according to the 'general'

- methods described in e)xamples 1-98 and 159-183 and methods gencrally known to 4

those ckﬁled in the art,

General synthetic method A: addition of an amine nucleophile intermediate, for
example 160 or the like, with a reactive di or tribaloaromatic or heteroaromatic ring,

such as 2,4,6-trichloro-1,3,5-triazine, followed by sequential reaction with one or more

amine nucleophiles to provide the example compound. The synthesis of Example 17314s

a typical procedure.

. General synthetic method B: hydroboration of an alkene followed by Suzuki

coupling to a halide or triflate intermediate, for example intermediate 174d or the like.

This method allows incorporation of one or more reactive functional groups and permits

further functionality to be appended. The synthesis of Example 174 is a typical- :

 procedure. .

 General synthetic method = reductive amination of a dialdehyde to provide an -

hk,o}'ol intermediate such as 1"49 Mitsunobu alkylation allow. additional func tmmhty

to be appended 10 the free ale ohol The synthesis of Example 182 isa tvp1cal proccdurc o

* General synthetic method D: reductive amination with a hydmxyalclehyde to.‘
provide a phenol intermediate such as example 162. Mitstmobu alkylation allows

additional functionality to be appended. The synthesis of Example 176 is a typical’

procedme

General smthem method E: the qynthesm of alkyamme a]kylcarboxyldte and
alcohol intermediates such as 160, 178g and 171j by Sonogashira coupling to an .'
arylhalide or. triflate fo]lowed.by reduction of the alkyne is demonstrat'ed in se\'erall :
- examples, fvmcal functional group transformations allow ﬁmclmnahty to be appcnded

to these intermediates through ureas, amides ammes nuamdmes and sulfonamides. The -

'synthesis of examples 171, 172, 177, 178, and 181, are typical procedures.
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Example 292

Cell-Based TGRS Assays

Two primary cell based screens were performed. The first utilized
HEK203 cells stably ansfected to heterologously express human TGRS. The second
screen used the human caecum carcinoma cell line NCI-H716 which endogenously

expresses human TGRS. In both assays, ceils are treated with candidate TGRS

- activators and assessed for the increased intercellular levels of cAMP.

HEK?293 cells were transfected with a vector that expresses a gene
encoding human TGRS, and a stable cell line was isolated using drug selection
following standard techniques. Cells were grown overnight at 37 °C /5% CO, prior to
assay. NCI-H716 were grown in culture dishes coated with Matrigel (Becton
Dickinson) per the supplier’s instructions and grown at 37 °C /5% CO, for 48h prior 10
assay.

TGRS5-mediated cAMP generation was measured using a homogeneous
time resolved fluorescence (HTRF) detection method (Cisbio). Test compounds were
dissolved in DMSO to a final concentration of 10 mM. Serial 3-fold dilutions of the
'stoc;k__ solution were made in DMSO, and these solutions were diluted 100-fold into
Hanks Balanced Salt Solution supplemented with 10 mM HEPES pH 7.4 and 0.5 mM
isobutyl methyixanthine (IBMX). Prior to assay. culture medium was replaced with
fresh medium, and test compounds diluted in HBSS/HEPES/IBMX were added to the
cells and incubated at 37 °C for 30 minutes. Each compound was tested in duplicate at

2 concentrations ranging from 0.05 oM to 10 pM HEK293/hTGRS) or 22 nM to 50 -
uM (NCIH716).

| Following incubation with test compounds, cAMP was detected through
the successive addition of cAMP labeled with the modified allophyocyanin dye d2
(cAMP-d2) and cryptate-labeled anti-cAMP in lysis buffer, and reading HTRF per the
manufacturer’s instructions. A standard curve was used to convert the raw HTRF data
into [cAMP]. The concentration of cAMP was plotted against log [test compound] and
the resulting curves were fit to a 3-parameter logistical equation using GraphPad Prism
to determine pECsg (the negative log of the ECsq) and the magnitude of the response.

pECso values are reported in the table below. The magnitode of the maximum response
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was typically between S0 and 200% of the maximum response elicited by a benchmark
compound that had a maximum response similar to that elicited by lithocholic acid.

The results of this assay are set forth in Table 2.

v

Table 2

pECse Values of Representative Compounds*

Example # pECse Human TGRS pECso endogenously
expressed TGRS in
NCIH716

1 B B
2 B B

3 A B

4 C E

5 A B

6 B C

7 B C .
8 1A B

9 A B
10 C C
11 C C
12 B B
13 C C
14 C B
15 C C
16 C C
17 B C
18 C C
19 C C

2 B B
21 A B

2 B C-
23 B C
24 C C
25 C C
26 ‘A A
27 B C
28 C C
29 A B
30 C c
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175
176
177
7%
179
180
181
182
183
184
185
186
187
188
189
190
151
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
200
210
211
212
213
314
215
216

. » et
:1>>oww>wwwwmww>nww>>>>-'O>wwwww>bd>>>w>w>

1N QI K]

se] Mol RvelResi RO

@]

290



WO 2013/096771 PCT/US2012/071251

> >0

[ey]

AlOIOIO OO

|
L9, )
—

-]
(o
[\

N
w

NI
W
(@
T : i| o) i Wl o w| W@ e W
>>wmmmonowonww>>w>>>tz—1>m0w373’?> >

ot B2
ing e
Wil P

w
N

cle g

ol oo
W W
RIS ]
> | w

291



. WO 2013/096771 PCT/US2012/071251

259
260
261
262
263
264
265
266
267
268
269
270
271
272

73
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
| 291
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*pECso values are expressed as the following ranges: A is a pECsgof 7+, B is a pECsgof
6-6.9, C is a pECspof 4.3-5.9, D is a pECso of<5,Eisa pECso of <43

(9]

Exapple 293

In Vive GLP-1 Secretion and Galibladder Measurement
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CS7BL/6 male mice on regular chow had food removed in the morning
 and were dosed with vehicle (10% hydroxypropyl-B-cyclodextrin or 2% DMSO in
0.4% hydroxypropyl methylcellulose) or the test compound in vehicle to achieve a doge

of 30 mg/ke. Eight hours later, each mouse was heavily anesthetized with isoflurane,

N

the peritoneal cavity was opened and the gallbladder, with its entire contents, was
carefully excised and weighed. Blood was collected from the left ventricle of the heart
and processed to plasma in EDTA-coated tubes containing aprotinin and DPPIV
inhibitor for measurement of total GLP-1 (KI150FCC; Meso Scales Discovery,
Gaithersburg MD).

' l()v . As shown in Tables 2 and 3, of the compounds tested, 18 significantly

increased GLP-1 levels, and of these 18, 8 had no significant effects on gallbladder

weight/body weight.
Table 3
GLP-1 Levels
GLP-1 fold change over -
Example# vehicle Significance
Mean SEM
26 1.6 0.2 *E
96 1.9 0.3 *
97 1.7 0.2 D.S.
98 1.8 0.3 *
165 1.2 0.1 .S,
166 1.5 0.1 n.s.
167 13 0.1 .S.
169 1.5 ' 0.2 1.8.
175 2.2 0.1 *
176 2.3 0.1 *
177 2.5 0.5 *
178 32 0.5 *
191 1.5 0.1 *
193 0.9 0.1 n.s.
198 1.5 0.2 *
208 1.3 0.1 1L.S.
218 1.4 0.1 *
227 1.9 0.1 *
228 1.6 0.2 *
237 2.3 0.2 *
238 3.1 0.3 *

| ]
=]
W
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339 31 0.4

240 19 0.2

241 1.1 0.1 n.s.
258 1.1 0.2 n.S.
259 1.4 0.2 1.8
276 1.5 0.1 *
278 - 14 0.2 n.s.
279 3.0 0.4 *
282 0.8 0.1 n.s.
283 1.3 0.1 n.8.
285 1.5 0.2 n.s.

*p < 0.05 vs. vehicle; One-way ANOVA followed by
Dunnett's test
n.s. = non significant

Table 4
Gallbladder Weight

Gallbladder weight/body
weight fold change over
Example# vehicle Significance
Mean SEM

26 1.6 0.1 *
96 0.8 0.1 A I.S.
97 1.0 0.1 .S,
98 1.1 0.1 n.s.
165 1.5 0.1 ns.
166 1.2 0.2 n.s.
167 1.3 0.1 n.s.
169 1.9 0.2 bk
175 1.4 0.1 *
176 1.1 0.1 1n.s.
177 1.2 0.1 .S,
178 1.2 0.1 *
1591 1.0 0.0 1.8,
193 1.1 0.1 .S

198 1.9 0.2 *
208 12 0.1 n.S.
218 1.0 0.1 1.8.
227 1.4 0.1 *
228 1.5 0.1 *
237 1.3 0.1 n.s.
238 1.4 0.1 *
239 1.4 0.2 n.s.
240 1.2 0.1 #
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241 1.2 0.1 n.s
258 1.1 0.1 n.s
259 0.9 0.1 1.8.
276 1.6 0.1 *
278 1.3 0.1 *
279 2.4 02 *
282 0.8 0.1 n.S.
283 1.3 0.0 *
285 1.1 0.1 n.s.

*p < 0.05 vs. vehicle; One-way ANOVA followed by

Dunnett's test
n.s. = non significant

Example 294

Determination of Compound Concentration in Gall Bladder

Compound concentrations in the gall bladder were determined as

5 follows: each mouse was heavily anesthetized with isoflurane, the peritoneal cavity was

opened and the gallbladder, with its entire contents, was carefully excised. After

harvest, gall bladders were homogenized in 100 pl. water using a micro-homogenizer.

Samples of homogenate were diluted 1:5 in water and precipitated with three volumes

of neat acetonitrile. After centrifugation, supematants were analyzed by LC-MS/MS.

10 The level of test compound present in gall bladder samples was interpolated from a

standard curve for each individual compound prepared in a matrix of gallbladder

homogenate from vehicle treated animals. Table 5 summarizes data collected for

selectcd example compounds and shows compound concentration in gallbladders

collected from the mice in example 293.

Table S

Example Compound Concentration in Gallbladder at 8 Hours Post Dose

Number of Mice

Mean Example with
Gallbladder Gallbladder
Concentration | Concentration <
Example LLOQ (M) (uM) LLOQ

26 0.012 0.03 (/8
96 0.075 1.34 0/8
97 0.073 0.52 0/8
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Number of Mice
Mean Example with
Gallbladder Gallbladder
' Concentration | Concentration <
Example LLOQ (uM) (nM) L1.OQ

98 0.036 25.76 0/8
165 0.012 0.6 /8
166 0.012 - 8/8
167 0.012 33 0/8
169 0,012 1.2 0/8
175 0.003 _ 0.06 0/8
176 0.013 0.1 0/8
177 0.014 0.1 0/7
178 0.007 0.3 0/8
191 0.603 0.1 0/8
193 0.015 0.9 0/8
198 0.037 1.3 0/8
208 0.003 0.2 0/7
218 0.004 0.1 0/8
227 0.007 1.73 07
- 228 0.003 0.60 0O/8
237 0.004 1.6 1/8
238 0.034 4.4 /8
239 0.003 - 8/8
240 0.003 3.92 - 0/8
241 0.060 - &/8
258 0.004 0.7 0/8
259 0.004 0.1 0/8
276 0.077 4.7 0/8
278 0.012 3.1 0/8
279 0.738 30.8 0/7
282 0.007 0.08 0/7
283 0.037 3.06 0/8
285 .003 0.04 0/8

LLOQ= Lower Limit of Quantification

Example 295

Determination of Compound Plasma Concentration
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Blood samples collected as described in Example 293 were processed to
plasma by centrifugation. Plasma saraples were treated with acetonitrile containing an
internal standard, precipitated ‘proteins removed by centrifugation. Supernatants were
analyzed by LC-MS/MS and compound concentrations were determined by iﬁ'terpola’ted

5 from a standard curve prepared in plasma. Table 6 summarizes data collected for

selected example compounds for compound concentration in plasma collected in

example 293.
10 Example Compound Concentration in Plasma at 8 Hours Post Dose
Number of
Mean Example Mice with
Plasma Plasma
- LLOQ Concentration Concentration
Example (ng/ml.) (ng/mL) <LLQQ
26 0.5 - 9.1 0/8
96 2 - 8/8
97 0.5 0.5 7/8
98 0.5 1 4/8
165 0.5 2.2 2/8
166 0.5 14 2/8
167 0.5 2.3 578
169 1 2.1 4/8
175 0.5 0.5 7/8
176 2 - 8/8
177 0.5 0.7 4/7
178 1 ‘ - 8/8
191 0.5 - 8/3
193 1 5.2 5/8
198 1 3.6 (/8
208 0.5 - 7/7
218 0.5 0.7 2/8
227 0.5 0.6 7/8
228 0.5 - 8/3
237 0.5 0.9 ' 7/8
238 1 1.2 3/8
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Number of
Mean Example Mice with
Plasma Plasma
, LLOQ Concentration Concentration
Example (ng/ml) (ng/mL) <LLOQ
239 2 2.0 6/8
240 0.5 28.1 0/8
241 10 - - 8/8
258 1 0.4 7/8
259 1 1.1 6/8
276 2 7.6 0/8
278 2 2.3 5/8
279 1 2.0 0/8
282 0.5 2.8 0/8
283 10 24.8 /8
285 0.5 0.7 2/8
LLOQ = Lower Limit of Quantification
Example 296

Countér screens vs. Heal bile acid transporter (IBAT) and Famesoid X Receptor (FXR)

IBAT: HEK293 cells were transfected with a vector that expresses a

gene encoding human IBAT and inhibition of the uptake of [Taurine‘3H}'taurocho},ic
acid was measured in a manner similar to that described by Craddock
(Craddock _1998). IBAT-transfected cells were overlayed with uptake buffer (10 mM
HEPES, 116 mM sodium chloride, 5.3 mM KCl, 1.8 mM CaCly, 11 mM glucose, 1.1
mM KH,PO,, pH 7.4) containing 10 uM *HJtaurocholic acid (American Radiolabeled
Chemicals, St. Louis, MO) and 0 to 26 uM test compound. Following a 40-min
incubation, the solufion was removed, and the cells were washed twice with vuptake
buffer. Cells were lysed by addition of 20 pL 0.1% Tween 80 followed by 100 pl
scintillation fluid and counted using a TopCount (Perkin Elmer).
Taurocholate, deoxycholate, and chenodeoxycholic acid each inhibited uptake of
PHltaurocholic acid with potency similar to that reported by Craddock
(Craddock_1998) ; none of the test compounds inhibited [PH]taurocholic acid uptake
(pIC50 < 4.6, Table 7).
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FXR: The ability of test compounds to activate FXR (NR1H4) was
measured using a cell-based assay kit obtained from Indigo Biosciences (State College,
PA). Cells expressing human FXR and a FXR-responsive luciferase reporter gene weie
grown in duplicate in the presence of 0.4 to 50 pM test compound in buffer according
to the manufacturer’s instructions. The assay was benchmarked using GW 4064 and

chenodeoxycholic acid, which showed pECsp values of 6.8 and ~ 4-4.5, respectively,

similar to literature reports (Maloney, 2000). None of the compounds tested showed any

inhibition of human FXR (pECS50 < 4.3; Table 7).

References:
Craddock, A.L., Love, M.W., Daniel, R.W., Kirby, L.C., Walters, H.C., Wong, M.H.
and Dawson, P.A., 1998, Expression and transport properties of the human ileal and
renal sodium-dependent bile acid transporter: Am. J. Gastrointest. Liver. Physiol. v.274,
p. G157-69.
Maloney, P.R. et al., 2000, Identification of a chemical tools for the orphan nuclear

recéptor FXR: J. Med. Chem. v. 43, no. 16, p. 2971-4.

Table 7

pECs, Values of Representative Compounds**

Example # human IBAT human FXR
1 G
2 G
3 G
4 G
6 G
8 G A
9 G - B
10 G
B 11 G
12 G
13 G
14 G
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176 G E
177 G E
178 G E -
193 G

198 G

218 G

228 G

238 G

240 G

241 G

**pFCso values are expressed as the following ranges: A is a pECsgof 7+, Bis a pECso
of 6-6.9, C is a pECspof 4.3-5.9, D is a pECso0f < 5, E is a pECso of <4.3,F is a pECsp
of < 5.5, Gis apECssof <4.6.

Example 287
In Vivo Gallbladder Measurement 16 Hours Post-Dose

C57BL/6 male mice on regular chow had food removed (to prevent
gallbladder emptying) and were dosed in the early evening with vehicle ( 2% DMSO in
0.4% hydroxypropyl methylcellulose) or 30 mg/kg of examples 176, 177, or 178
formulated in vehicle. The next morning (<16 h post-dose), mice were heavily
anesthetized with isoflurane, the peritoneal cavity was opened and gallbladders (with
contents) were carefully excised and weighed, Compouud levels in gallbladder were
analyzed as described in Example 293. |

Example compounds 176 and 178 had no significant effect on

gallbladder weight/body weight, whereas example 177 did (Table 8).
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Table 8
Gallbladder Weight 16 Howrs Post Dose

Gallbladder weight/body
. weight fold change over
Example# vehicle Significance
Mean SEM
176 (.98 0.10 n.S.
177 1.85 0.16 *
178 0.94 0.08 n.s.

*p < (.05 vs. vehicle; One-way ANOVA followed by
Dunnett's test
n.s. = non significant

Table 9

Example Compound Concentration in Gallbladder at 16 Hours Post Dose

Meap Example | Number of Mice
Gallbladder with Gallbladder
Concentration | Concentration <

Example LLOQ.(uM) (uM) LLOQ
83 0.013 0.03 0/6
85 0.004 0.20 0/6

LLOQ= Lower Limit of Quantification

Example 298

In Vivo Measurement of Gallbladder Emptying

CD-1 female mice on regular chow had food removed (to prevent

gallbladder emptying) in the late evening. The next morning (~ 16 h later), groups of

" mice were dosed orally with vehicle (10% hydroxypropyl-p-cyclodextrin; 2 groups),

devazepide in water (1 mg/kg; a CCK receptor antagonist), or examples 176 and 178
(30 mg/kg in vehicle). One hour later, 1 group of vehicle-treated mice was dosed orally
with saline, and all other groups were dosed orally with lyophilized egg yolk [0.75 mL;
30% (wt/vol) reconstituted in saline for induction of CCK-mediated gallbladder
emptying]. Fifteen minutes later, mice were heavily anesthetized with isoflurane, the
peritoneal cavity was opened and gallbladders (with contents) were carefully excised

and weighed.
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Examples 176 and 178 did not inhibit CCK-mediated gallbladder

emptying, whereas devazepide, as expected, did (Figure 1).

Example 299
Time Course of In Vivo Induction of GLP-1 and PYY

('57BL/6 male mice on regular chow received an oral dose of vehicle
(2% DMSO in 0.4% hydroxypropy! methyleellulose) or examples 176 or 178 (at 30
mg/kg). Food was removed prior to/or at the time of dosing: 4, 8, 12, and 16 h groups
fasted for 7, 8, 12 and 16 h, respectively. At the appropriate time after dosing, mice
were heavily anesthetized with isoflurane, and blood was collected from the left
ventricle of the heart and processed to plasma as described in Example 293 for
measurement of total (£) GLP-1 and, additionally, total OPYY (N45ZA-1; Meso Scales
Discovery, Gaithersburg MD).

Examples 176 and 178 caused a sustained induction of tGLP-1 and
PYY levels following a single oral dose. t(GLP-1 was significantly elevated at 4, 8, 12,
and 16 h and 4 and 8 h for examples 176 and 178, respectively (F igure 2, panel A), and
OI'PY'Y levels were significantly elevated at 8, 12, and 16 h and 8 h for Examples 176 and

178, respectively (Figure 2, panel B).

The various embodiments described above can be combined to provide
further embodiments. All of the U.S. patents, U.S. patent application publications, U.S.
patent applications, féreign patents, foreign patent applications and non-patent
publications referred to in this specification and/or listed in the Application Data Sheet,
are incorporated herein by reference, in their entirety. Aspects of the embodiments can
be modified, if necessary to employ concepts of the various patents, applications and
publications to provide yet further embodiments. These and other changes can be made
to the embodiments in light of the above-detailed description. Tn general, in the
following claims, the terms used should not be construed to limit the claims to the
specific embodiments disclosed in the spocification and the claims, but should be

- construed to include all possible embodiments along with the full scope of equivalents
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to which such claims are entitled. Accordingly, the claims are mot limited by the

disclosure.




WO 2013/096771

PCT/US2012/071251
CLAIMS
1. A compound having the following structure (T):
R __AZ R}
7 ~.
T
R TR N
{ RS R9

12 11
R R )

or a stereoisomer, tautomer, pharmaceutically acceptable salt or prodrug thereof,

wherein:
X is CR*¥RY wherein:

R and R ‘are the same or different and independently selected from H and
Cp-alkyl, or ,

R and R™ taken together with the C atom to which. they are attached form a
cycloalkyl or heterocyclyl, wherein the cycloalkyl or heterocyclyl are
optionally substituted by one or two groups selected from halogen, hydroxy,
oxo, Cig-alkyl, Cjo-haloalkyl, Cyg-alkylcarbonyl, C,.-alkyloxycarbonyl,
Cypo-alkoxy, Cpo-alkoxyalkyl, (R?(R*)N- and Cy-alkyl-S(0)or-, wherein
each R® is independently, at each occurrence, hydrogen or Cyy-alkyl and R
is an electron pair, hydrogen or Cy7-alkyl;

Y is CR¥RY, O, NR or a direct band, provided that when Y is O, Z is not O or
S( O)o-z, wherein:
R and R®! are the same or different and independently selected from H and
' Cq-alkyl; and

R& is selected from H, Ciy-alkyl, C1_7—a1kylcarbonyl, aminocaxbonyl,.
Cy.5-alkylaminocarbonyl, Cjs-alkylsulfone, cycloalkylalkyl, cycloalkyl,
aralkyl and aryl, whercinAthe C1-7?alky1., C,.s-alkylcarbonyl, aminocarbonyl,
C,.s-alkylaminocarbonyl, Ci.r-alkylsulfone, ¢ycloalkylalkyl, cycloaikyl,

aralkyl and aryl are optionally substituted with one or more substitutents
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selected from halogen, hydroxy, oxo, Cjg-alkyl, Cis-haloalkyl, Ci.-
alkylcarbonyl, Cj.-alkyloxycarbonyl, Cjs-alkoxy, Cl.q-alkoxyalkyl,
(R*)RNN- and C,;-alkyl-S(O).3~, wherein each R® is independently, at
gach occurrence, hydrogen or Cyy-alkyl and R’ is an electron pair, hydrogen

or Cyy-alkyl;
or X and Y taken together form a cycloalkyl, heterocyclyl, aryl or heteroaryl,
wherein the cycloalkyl, heterocyclyl, aryl or hetercaryl are optionally
substituted by one or two groups selected from halogen, hydroxy, oxo, Cir-
alkyl, C1-7--alky1carboﬁyl, C,.-alkyloxycarbonyl, Cj.7-alkoxy, Cg-alkoxyalkyl,

(RYAR®)N- and Cpr-alkyl-S(O)oo-, wherein R is ‘independently, at each

occurrence, hydrogen or Cyp-alkyl and R® is an electron pair, hydrogen or Cy-

alkyl, and provided that when X and Y form phenyl, pyridyl, pyridyl-N-oxide or
pyrimidinyl then Z is not O; ’
Zis CR7R™ | O, S(0)y or a direct bond, wherein:

R and R™ are the same or different and independently s¢lected from H or Cy4-

alkyi; .

or R and R” 'téken together to form oxo (=QO};

or Z and R® or R™ taken together form a cycloalkyl or heterocyclyl, wherein the
cycloalkyl or heterocyclyl are optionally substituted by one or two groups
selected from halogen, hydroxy,oxo, Cy-alkyl, Cig-haloalkyl, Cis-
alkylcarbonyl, C,.5-alkyloxycarbonyl,  Cir-alkoxy, C7-alkoxyalkyl,
(Ra)g(R.b)N- and Cp.7-alkyl-S(O)o-2-, Wherein each R? is independently, at
each occurrence, hydrogen or Cj.y-alkyl and R? is an clectron pair, hydrogen
or Cy.7-alkyl;

Alis CR" or N;
A%is CR™ or N, wherein:

R and R are the same or different and independently selected fromu
hydrogen, Ci-alkyl, balogen, C}--haloalkyl, cyane, Cy.7-alkoxy, amino and
-5(0)o2-Crr-alkyl;

R! and R? arc the same or different and independently selected from: hydrogen,

C;_7-alky1, halogen, halogen-Cy.7-alkyl, cyano and C;7-alkoxy;
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R?® is selected from: hydrogen, Cj.s-alkyl, halogen, Ci.y-haloalkyl, Cy.-alkoxy,
cyano, Cag-cycloalkyl, -O-Csi-cycloalkyl, ~0-C7-alkyl-Cs.7-cycloalkyl,
-8(0)p-2-C17-alkyl, N-heterocyclyl, five-membered heteroaryl, phenyl and -
NR¥R'S, wherein R” and R'® are the same or- different and independently
selected from hydrogen, Cys-alkyl and Cg_y-cgfcloa1.ky1.;

R* is selected from: hydrogen, Cy.7-alkyl, halogen-Cj.7-alkyl, and Cs.7-cycloalkyl;

or R® and R? or R® and RY together are —Ll-(CR”Rm)n- and form part of a ring,
wherein:

1! is selected from: -CRR2%-, 0, S(0)p2, C=0 and NR*;

RY and R'® are the same or different and independently selected from hydrogen
and C;r-alkyl;

or RY7 and R®® together with the C atom to which they are attached form an oxo
moiety;

or RY or R*® together with an adjacent RY, R, RY ¢ar R and the C atoms to
whn,h they are attached fonn C=C; |

RY and R* are the same or rhfterent and mdppendentlv sclected trom
hydrogen, hydroxyl, NERM),, Cyr-alkyl, C17-alkoxycarbonyl, unsubstituted
heterocyclyl, and heterocyclyl substituted by one or two groups selected
from halogen, hydroxy and Cip-alkyl, '

or RY and R together with the C atorn to which they are attached form a
cyclopropyl or oxetanyl ring or together form a =CH; or =CF, group; and

R?! is independently, at each ocourrence, selected from the group consisting of:
hydrogen, Cir-alkyl, halogen-Cp.-alkyl, ~Csy-cycloalkyl and Cig-
c.ycI.oalkyl.—Cm-alkyl,. wherein Cs.-cycloalkyl is unsubstituted or substituted
by garbox.yl- C,.-alkyl or Cj.q-alkoxycarbonyl, heterocyclyl, heterocyclyl-
Cy.y-alkyl, heteroaryl, heteroaryl-Cy.7-alkyl, carboxyl-Cy-alkyl, Ciy
alkoxycarbonyl-Cy.7-alkyl, Cy.p-alkylcarbonyloxy-Cyo-alkyl, C1.7-
alkylsulfonyl, pbenyl, wherein phenyl is unsubstituted or substituted by
carboxyl-Cy.7-alkyl or ;. s-alkoxycarbonyl, phenylcarbonyl, wherein phenyl

is unsubstituied or substituted by carboxyl-Cy.s-alkyl or C.7-alkoxycarbonyl,
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and phenylsulfonyl, wherein pbenyl is unsubstituted or substituted by
carboxyl-Cy.7-alkyl or Cyg-alkoxycarbonyl;
or R* and a R" together are -(CHz)3- and form part of a ring;
or R* together with a pair of R and R are -CH=CH-CH= and form part of a
ring; and
nisl,2or3;
R%, R', R' and R* are the same or different and independently selected from:
Q, hydrogen, Cy.7-alkyl, Cy.r-alkenyl, Cy.y-allcynyl, halogen, halogen-(?m;alkyl,
Ci7-alkoxy, halogen-Cy.-alkoxy, hydroxy, hydroxy-Cy-alkoxy, hydroxy-Ci-
alkyl, hydroxy-Ca.z-alkenyl, hydroxy-Ca.s-alkynyl, cyano, carboxyl, Cig-
alkoxycarbonyl, amino carbonyl, carboxyl-Cjr-alkyl, carboxyl- Cy.7-alkenyl,
carboxyl- Ca.p-alkynyl, C,.7-alkoxycarbonyl-Cy.7-alkyl, C.7-alkoxycarbonyl-Cs.
7-alkenyl, Cir- ﬂkoxwarbonyl Cy7-alkynyl, carboxyl-Cy s-alkoxy, Cja-
aikoxvcarbonyl -Cy.q-alkoxy, carboxyl -Cyy-alkyl- anunocalbonvl carboxyl-Cj.z-

alkyl—(C1-7-alkylammo_)-carbonyl,C1.7-.alkoxycalbcmyl~ i-7-alkyl-

aminocarbon yl, 'Cy.5-alkoxycarbonyl-Cy.-alkyl-(Cy -alkylamino)-carbonyl,
carboxyl-Cy7 alkyl—ammocmbonyl -Cry-alkyl, carboxyl-Cy.-alkyl-(Cy7-
alkylamino)-carbonyl-Cy7-alkyl, C.y-alkoxycarbonyl-Cy.7-alkyl-

aminocarbonyl-Cy.7-alkyl, C1.7-alk0xycarbonyl—(l‘.1.7-alky}.-(C1.7—alky1amino)—
carbonyl-Ci.y-alkyl, hydrox.y—C1-7~alkyl-aminocarbonyl, di-(hydroxy-Ci.g-
atkyl)aminocarbonyl, aminocarbonyl-Cy.7-atkyl-amino ' carbqnyl,
hydroxysulfonyl-Q_-7-a11q,'1—aminocarbonyl, hydroxysulfonyl-Cy.7-alkyl-(Cy.7-
alkﬂ-amino)-carbonyl, di.—(:C1_7-alk0xycarboﬁyl-(31.—,—a}l{yl)»
methvléminocarbonvl phenyl, wherein phenyl is unsubstituted or substitufed by
one to three groups selected from halogen, Ci.z-alkoxy, carboxyl or Cyg-
a&oxwarborv} phenyl-carbonyl, whetein phenyl is unsubstituted or substituted
by one to three groups selected from halogen, Cy.s-atkoxy, carboxyl or Cir-
a]koxygalb(myl phenyl-aminocarbonyl, wherein phenyl is unsubstituted or
substituted by one to three groups selected from halogen, C; 7-alkoxy, carboxyl
or Cps-alkoxycarbonyl, phenyl-C;.7-alkyl, wherein phenyl is unsubstituted or

substituted by one to three groups selected from halogen Cyg-alkoxy, carboxyl
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or Cy.s-alkoxycarbonyl, phenyl-Cs.7-alkynyl, wherein phenyl is nnsubstituted or
substituted by one to three groups selected from halogen, C;.7-alkoxy, carboxyl
or Cps-alkoxycarbonyl, heteroaryl, wherein heteroaryl is unsubstituted or
substituted by one to three groups selected from halogen Ci.r-alkoxy, éarboxy].
or Cy.7-alkoxycarbonyl, beteroaryl-carbonyl, wherein heteroaryl is unsubstituted
or substituted by one to three groups selected from balogen, C,.-alkoxy,
carboxyl or Cy.;-alkoxycarbonyl, heteroaryl-aminocarbonyl, wherein hetercaryl
is unsubstituted or substituted by one to three groups selected from halogen,
Cy7-alkoxy, carboxyl or C1.7-a1kcuxycarbdn.yl, heteroaryl-Cj.7-alkyl, wherein
heteroaryl is unsubstituted or substituted by one to three groups selected from
halogen, Cyg-alkyl, Ciq-alkoxy, carboxyl or Cs-alkoxycarbonyl, heteroaryl-
Cy.7-alkyl-aminocarbonyl, wherein heteroaryl is unsubstituted or substituted by
one to three groups selected from halogen, Ci.7-alkoxy, carboxyl or Cig-
alkoxycarbonyl, heteroaryl-carbonyl-Cyy-alkyl, ~ wherein heteroaryl  is
unsubstituted or substituted by one to three groups selected from halogen, Cig-
alkoxy, carboxyl or Cy7-alkoxycarbonyl, and cycloalkyl, wherein cycloalkyl is
unsubstituted or substituted by one to three groups selected from halogen, Ci7-
alkoxy, carboxyl or Ci-alkoxycarbonyl;

Qis:

—§~L2*B-<L3—I>m

wherein:

. 1.2 and each L? are either the same or different and independently absent,
0-, NR¥., §-, NR¥C(=0), -C=O)NR™-, -NRSOC(;—':O)NR"“-, -SO,NR¥-, -
NR¥SOq-; -Cralkylene-, -Cisalkylene-O-, -O-Cysalkylene-, -Cp.qalkylene-NR¥-,
NRM-C,.qalkylene-, -Cisalkylene-S-, -§-Cypalkylene-, -Cyaikylene-NR¥C(=0)-,
C(=0INR®C, salkylene-, -Cpalkylene-C(=O)NR™-,  -NR¥C(=0)Ci.salkylenc-,
-C, salkylene-NR*C(=O)NR®-, -NRB"C(é:O)NR“"c,-7ancy1ene_,
-y galkylene-SONRY-, -SO;NR™C, salkylene-, -§O,NR¥C(=0)-, -C(=0)NR¥*SO,-, -
NR¥SO,NR¥C(=0)NRY-, NR¥C(=0)NRYSONRY, -OCEOINRY-,
NR®C(=0)0; - -Cialkylene-OC(=O)NR™-, NR¥C(=0)0-Cy.salkylene-;
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-Cyralkylene-NROC(=0)0-, -OC(=0)NR¥-C,salkylene-; -SONR¥Cy. salkylene- or
—Cl_qalkylene-NRwSOz—;

B is optionally substituted Cioalkyl or Cipealkylene, wherein the
C 1;70a1ky1 or Crzoalkylene is optionally substituted with one or more functional groups
selected from hydroxyl, oxo, carboxy, guanidino, amidino, -N(Rm)p_, —N(Rso)-_;,.
phosphate, phosphonate, phospinate, sulfate, sulfonate and sulfinate, and wherein the
Ci.7oalkyl or Cppealkylene optionally compriseé one or more moieties selected from
NR¥., .8.: -O-, -Caeycloalkyl-, -Cssheicrocyclyl-, -Cs.7heteroaryl-, -Csqaryl- and
-S02-;

lisa compound of structure (I);

R is independently, at each occurrence, hydrogen, Calkyl or -B—(L3-
Dm; and

m is an integer ranging from 0 to 10,

2. The compound of claim 1, wherein X is CR¥R™ and having the
following structure (II): '

R3

2 2
RA AL

|
i . N il\ 4
NI U

3. The compound of claim 2 wherein Y is O and Z is CR'R" and

having the following structure (II):
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R’“I/-\l _R3
3 I ,R.4
RI” "AT N
R8 R9
R7° R7 \-—-<
R12 RH (I
4, The compound of claim 2, wherein Y is NR® and Z is CR™R”
and having the following structure (IV):
A“
4
pe ¢
)\ R62 RS R9
/
50 \
R- RIO
R70 71 \ //
Rl2 RM av)
5. The compound of claim 2, wherein ¥ is CR%®R®" and 7 is O and
having the following structure (V):
,/
O/\
6. ‘The compound of claim 2, wherein R and R! taken together

with the C atom to which they are attached form a cycloalkyl or heterocyclyl, wherein
the cycloalkyl or heterocyclyl are optionally substituted by one or two groups selected
from halogen, hydroxy, oxo, Cy.7-alkyl, Cl.-;-alhflcm'bonyl, Ci-alkyloxycarbonyl, Cir-
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alkoxy, Cj.s-alkoxyalkyl and Ci.-alkyl-S(O)o-, wherein the compound has the

following structure (VI) and wherein W represents the cycloalkyl or heterocycly group:

2 2 3
RT ATR
PN i . R4
RSN
/’L RLQ\’ /R9
0~ Y —
W 10
)z = />——R
R2 RY O vp
7. The compound of claim 6, wherein Y is O and Z is CR™R"" and
having the following structure (VII):
2 2 3
R jiA \l]/ R
s, 17 R
RN
R8 R9

, . . . 2 . 20797
8. The compound of claim 6, wherein Y is NR* and Z is CR"R

and having the following structure (VIID:

R:__AZ__R’
Bt

LM
4 ;S

K W { ; R]O
- 70 R71 /

Rz RU (VIID)
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5. The compound of claim 6, wherein Y is CRYR® and Z is O and

having the following structure (IX):

RL A% R}
~
X R
RY Al N

10.  The compound of claim 6, wherein the compound has one of the

following structures (V1a), (VIb), (VIc), (V1d), (VIe), (VIf), (Vig) or (VIh):

RZ__A2_R* RL__AL R
;, \I l x/
A . 4 R4
Rl R \\\A] ~ N - R ‘ ] /K N
/L R® R®

12»/&3[‘/—\)\: / R1? RL‘ “(_:‘()'Rm

R'I’.Z RH RIZ
(Via) (Vlb)
R AT R} R A R?
)q XX
- 34 . R4
RIS NN RSN .
R® R 7}\ R R
OC/V’ ¥ J"__J . o " \ Y, >'"—\ 0
Rc—‘."\_ 7 N\ Rr10 RETA Z \ / R
O \ / ,/N \ ¢ /
R® / R \ R -
RIZ R . Rrd R2 R .
Ve | (Vi)
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R%IAZ\ R RL AL _R®
N\ l ,R4 ,/k \lﬁr\ R4
Rl 1 o 1 Al N

RS
0' \>—Y —&
R]()
Rc AN

3

(V19
A? R?
' rR4
g
Jo»
O YY ==
// z R0
NER Y,
R.c le’c \

wherein: _

R® is independently, at each occurrence, hydrogen, halogen, hydroxy, 0xo, Cy.r-
alkyl, Cyg-alkylearbonyl, Cy.-alkyloxycarbonyl, Cy.7-alkoxy, C;.7-alkoxyalkyl or Cyg~
alkyl-S{Q)p.2-; and

R? is independently, at each occurrence, an clectron pair, hydrogen, Crr-alkyl,

C;.7-alkylcarbonyl, C, g-alkyloxycarbonyl, C ,7-alkoxyalkyl or Cy.7-alkyl-S(O)o2-.
11. The compound of claim 10, wherein Yis Q and Z is CRMR™.
12.  The compound of claim 10, wherein Y is NR® and 7 is CR™R"".
13.  The compound of claim 10, wherein Y is CR"’C’R'%1 and Z is O.
14.  The compound of claim 1 wherein X and Y taken to gether form a

cycloalkyl, heterocyclyl, aryl or heteroaryl, wherein the cycloalkyl, heterogyclyl, aryl or

heteroaryl are optionally substituted by one or two groups selected from halogen,
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h.ydroxy", oxo, Cy.-alkyl, Cj7-alkylcarbonyl, C,s-alkyloxycarbonyl, Ci.7-alkoxy, Cy7-
alkoxyalkyl, (R")zm")N- and Cy.-alkyl-S(O)g-, wherein R® is independently, at each
oceurrence, hydrogen or Cy.z-alkyl and RY is an electron pair, hydrogen or Cjr-alkyl,
and provided that when X and Y form phenyl, pyridyl, pyridyl-N-oxide or pyrimidinyl
then Z is not O, wherein the compound has the following structure (X), and wherein V

represents the cycloalkyl, beterocyclyl, aryl or heteroaryl:

RA__AL R’
N, l JRY

RIS N

Ay B

\/‘ Z_< /)_I{l 0
>4

ri2 RU )

15.  The compound of claim 14, wherein Z is CR7R™ and having the
following structure (XI):

- A%\[R’«‘
H l 4
1{1 /’K\Alz N ,R
A rR® R
07 K
{ 'V .
N

R R71

RIZ Rl 1 (XI)

RrRZ

16.  The compound of claim 14, wherein Z is CR'R™ and R” and
R”! taken together form oxo (=0) and having the following structure (XID):
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2 :

RziEA\‘,_R?
= _R4

RV AN

7.  The compound of claim 14, wherein Z is O and having the

following structure (XII):

RIZ R].l (XIID

18.  The compound of claim 14, wherein Z is S{(O)o2 and having the

following structure (XIV):

(\’3 s——Q / R0

(O)on
RlZ R” (le)

19. The compound of claim. 18, wherein Z is —S05-.
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20. The compound of any one of claims 14-19, wherein the
compound has one of the following struciures (Xa), (Xb), (Xc), (Xd), (Xe), X1, Xg),-
(Xhy, (Xi), (X5), (Xk), (1), (Xm), (Xn), (Xo), (Xp), (Xq), (Xx) or (Xs):

»R’“’\//, AT R R® /E RS

s ”; 4 =

/[\\ N /»_§_R10 R! 42 /
S/

i
R A ) R-f\ /Z \ //L\R X
o N r2 R O ore
RC-T\/\ ) LJ}RC
R® : R® .
(Xa) (Xb)
R R’

R" " R N
SAX Y
R® R® R v R .
(Xc) {Xd)
R?
8 10
RO R:_ A2 1 _R? R\T/f]\ .
2 2 3 Rg\ R]O N I
i Ré N l | RE 1‘{12 ‘
RSN 27 YT RY N TN
/' |.R RI12 J\ R
VN TS
R¢+ /TR" Re 1/ J
(Xe) XH)
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R9

1 ‘ » 8
b eehed

- | RE o1
e

Re
LK
S,) _
R?’ (Xh)
RS R‘}'

- \/ Re
b Re .
(i)
9 2
: o)

N /
oF N RlZ
ReL =0
N A\ )
~N d /< )
i{e I\ll\ S RZ  RU
| J~"RE
(Xk) )
RYL__AZ T ,
AR R 0 R N
‘ J R 0 AZ 3
AN } - . h
RY Tl \N-,R“ o \”/ T ) |
| - ' 8 R
nt 777X A Y, ! 4 \
/’L W rit RRTT & 3
N R? . N 77\ 7/
ReiL// N 0 O)\R\T\{ /)_—Rlo
__' r/ |
Re | ﬂ/\ ///i> RIIZ R”
, RE R®
(Xm)
(Xu)
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RI A R A2|r R? RS R
. 4 4 p——
Rl 1/\ R <\ R R! L\ -R Z_._/\ p R10
R\ / '3__/
/ \
\r /\ R“ O =N Rpl2 R
\ O
N 7 N:/:/' e
R . R® R
(Xo) . X
. R
\ R]O )
Y R9
2 2 3 R® \
R\T/A TR . }\RH R AN R RY /i\ R0
4 ~ I : |
1/’%} 1'/\\ /R 7 \ ,\/[\\\ Ve ,R4 !
N 0O )
S i A RE
A q\, \/ - /N"“Rb
RE . g N ;O
Xa) (X1)
RI_ EAE R?
' PN /l JR*
Rl .Al N 8 R9
RS £\ /
O \/\ { A
N—Z— S—RI0
//\/ \ /
R® '

(Xs)
wherein;
R’ is indepeﬁdently, at each occurrence, hydrogen, halogen, hydroxy, oxa, Cir-
| alkyl, Ci.r-haloalkyl, Ci.7-alkylcarbonyl, Cy.s-alkyloxycarbonyl, Cy.y-alkoxy, Cio-
alkoxyalkyl, (RY)2(R)N- and Cy.7-alkyl-S(O)o2-; and

R' is an electron pair, hydrogen or Cy.7-alkyl.
21, The compound of claim 20, wherein Z is CR™R™.

22.  The compound of claim 20, wherein Z is CR "R and R” and

R"! taken together form oxo (ZO).
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23. The compound of claim 20, wherein Z is O.
24. The compound of claim 20, wherein Z is -S(0)o.2-.
25.  The compound of claim 24, wherein Z is -SOx-. '

26.  The compound of claim 2, wherein Y is absent and Z is O and

having the following structure (XV):

AZ )

\J\ j\ 4 G
.)'
07 =0~ /)—_Q—R"’

RS0 ) R3! \\ 74
R2 R”‘ XV)

27 The compound of claim 26, wherein R*® and R™! taken together
with the C a:tmﬁ to which they are attached form a cycloalkyl or heterocyelyl, wherein
the cycloalkyl or heterocyelyl are optionally substituted by one or two groups selected
from halogen, hydroxy, oxo, Cir-alkyl, C 1.7-alkylcarbonyl, Cy.7-alkyloxycarbonyl, Cy.5-
alkoxy, Cjz-alkoxyalkyl and Cis-alkyl-S(O)s.-, wherein the compound has the
following structure (XVT) and wherein W represents the cycloalkyl or heterocycly

group:

28.  The compound of claim 1, wherein Al and A2 are both CRE.
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29.  The compound of claim 28, wherein R* is hydrogen.

30.  The compound of any one of claims 1-29, wherein R* and R*

together are L-(CRVR*®),- and form part of a ring.

31.  The compound of claim 30, wherein the compound has the
following structure (XVII):
R2_ Az Ll RV

N Ri /Rg
0”7 "X-Y, )=
\
2\ >—R‘0
/\_...m{\
RiZ Rl]
(XVID
32 The compound of claim 31, wherein L! is -C(=0)-, -8-, -S(O)-
or N(R™)-.

33, The compound of claim 32, wherein Rz.1 is Cas-cycloalkyl.
34,  The compound of claim 31, wherein the compound has one of the

following structures (XV1la), (XVIIb), (XV1c) or XVIId):

Zo N . /,'\\( - S \‘
L\)[ ) 1)
R

) = N7
L, B F Jo® R
07 XY, —{ XY ==

=\ ) R" Z XR‘”

Y N/

a 4\ H
R]Z RU ; Rl?. R“ :

(XVIIa) ‘ (XVIIb)
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35.  The compound of claim 34, wherein thc compound of structure

(XVIla) bas the following structure (XVIIa-1):

(XVTa-1)

wherein:
R® is independently, at each occurrence, hydrogen, halogen, hydroxy, .
oxo, Cirakyl, Cjr-alkylcarbonyl, C.7-alkyloxycarbonyl, 'Cl.—pamoxy, Ca-

alkoxyalkyl or Cy.7-alkyl-S(O)o-2-.

36.  The compound of claim 35, wherein R’ is hydrogen.

37.  The compound of any one of claims 31-36, wherein Y is O and Z

is CRTR™.

vi:u
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38.  The compound of any one of claims 31-36, wherein Y is NR%
and Z is CR™R™", |

39.  The compound of any one of claims 31-36, wherein Y is NR®
and Z 1s O,

40.  The compound of any one of claims 31-36, wherein Y is NR"
and Z is S(O)o.2.

41. The compound of any one of claims 31-36, wherein Y is
CRPR® and Z is CR™R"".

42, The compound of any one of claims 31-36, wherein Y is
CR¥R* and Z is O.
43.  The compound of any one of claims 31-36, wherein Y is

CROR and 7 is S(O)2.

44,  The compound of claim 34, wherein the compound of structure

(XVIla) has one of the following structures (XVIIa-2) or (XVﬂa—J)

-~ ,\ - h\\ s 9
T ) NS oYY R
N ////—_ \I\ L /i F—\
F N f Z 7 \ R‘O F \N ) __/// N 1¢
J\R\ / __,)— Ri\ = —R
A, AN
\ ) RI2 Rl Q : Y R12 R“
g YeSipe
R¢ or R®
(XV1la-2) (XV1Ia-3)

wherein:

L)
[
W
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R® is independenly, at each cccurrence, hydrogen, halogen, hydroxy, oxo, Ci7-
alkyl, Cj.s-haloalkyl, Cj.-alkylcarbonyl, Cy.-alkyloxycarbonyl, Ciy-alkoxy, Cir-
alkoxyalkyl, (R*)(RMN- and C;.7-alkyl-S(O)g2-; and

RYis an electron pair, hydrogen or Cyy-atkyl.

45.  The compound of any one of claims 31-34 and 44, wherein Z is

(:R7011 71 .

46.  The compound of any one of claims 31-34 and 44, wherein Z is

CR™R™ and R7 and R"" taken together form oxo (=0).

47.  The compound of any one of claims 31-34 and 44, wherein Z is
0.

, 48 . The compound of any one of claims 31--34 and 44, wherein Z is

49.  The compound of claim 48, wherein Z is ~S(O)—.

50. The compound of claim 30, wherein the compound has the

following structure (XVIIL):

R19 R,ZO
R2__a2 X R
o \[ R Rl&
s P _.__R"l'!'
] \_.1 ~ ?z
R A R18 R? RY

(XVIID)

51.  The compound of claim 50, wherein R¥ s N(Rﬂ)z.
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52.  The compound of claim 50, wherein the compound has one of the
following structures (XVIIla), (XVIIb), (XVIIc), (XVIId), (XVIle), (XVIIID),
(XVIIlg), (XVIITh), (XVIIL), (XVII), (XVIILk) or (XVIIH):

1) 94
A A

07 XY, >__ o~ TX-Y
- 10
Z—\ / R
Ri2 \R“ .
(XVIIa)
/f\\\ ~ /N\ A~
98 1)
N N RE RS l\j\ R¢ R?
.//A\ " N/ bz r N
O K—Y /—.:\ , O XY =
N . \ 10
7= )R z— )R
>4
/
Rl?. \Rli . Rz Rll ;
(XVIIc) (XVILid)
AN
B\ OH
PN A~
o M ;
J R3 R9 }\ R8 R9
07 XY, }:(\ 07 X-Y =
10 _— ) 10
Z""'\Q\\ / Z N/ R
Vs
R'EZ Rt . . R.I‘Z Rll

(XVIIe) (XVIIIH)
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07 XY, —y 0”7 X~ >-__
Z- \ / RI0 "“% J<>—‘Rm
R]?. Rll RIZ RH
(XV1ilh)
rR¢ R
ZQR‘O
N
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RIZ Ril .
(XVII)

R8 ) R9
Z— N/ R0
Rié Rll ‘

(XVILEK) , (XVIO

53. The compound of claim 1, wherein Al and A’ are each
independently CH or N and R? is Cy.y-alkoxy, —~O-Cs.y-cycloalkyl, or —0O-Cjq-alkyl-

Cs.7-cycloalkyl.

54, The compound of claim 53, wherein the compound has one of the

following structures (XIXa), (XIXb), (XIXc), (XIXd), (XIXe), (XIX1), or (XIXg):
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\ 10
Z \ // R
R]ﬁ Rll . :
(XIXa)
‘ N__b
/:\\f«o oz T/
N R4 L\ '\v.,R.‘
N7 N N
] R R? /l\ RS RrY
PRy — 07 XY =
10
=\ ~R1 Z—\ R
D
RV.’ Pli RIZ Rll :
(XIXc) (XTXd)
I
| F\. /4\\/0

=N\
10
e R R
Rz RI o1
(XIXe) (XIX1)
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(XIXg)

55.  The compound of claim 54, wherein the compound has the

structure (XIXg).

56.  The compound of any one of claims 53-55, wherein X is

CRY R,

57.  The compound of claim 56, wherein R*® and R®' taken together
with the C atom to which they are attached form a cycloalkyl or heterocyclyl, wherein
the cycloalkyl or heterocyclyl are optionally substituted by one or two groups selected

* from halogen, hydroxy, oxo, Cr7-alkyl, C,7-alkylcarbonyl, Cip-alkyloxycarbonyl, Cy.7-
alkoxy, Cy.7-alkoxyalkyl and C.7-alkyl-S(O)aa-.

58.  The compound of claim 57, wherein R and R™ taken together

with the C atom to which they are attached form a cyclopropyl.

wn

9. The compound of any one of claims 56—5 8, wherein Y is Qand Z

» 707
is CR7'R™.

60.  The compound of any one of claims 56-38, wherein ¥ is NR®

and Z is CR7'R".
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61.  The compound of any one of claims 56-38, wherein Y is NR®
and Z is O.
62. The compound of any one of claims 5658, wherein Y is NR®
and Z is S(O){;.z.

63. 'The compound of any one of claims 56-58, wherein Y is
CR¥R® and Z is CR™R”".

64. The compound of any one of claims 56-5Q, wherein Y is

CRR® and Z is O.

65. The compound of any one of claims 56-38, wherein Y is

CRPR® and Z is 8(Oo2-

66.  The compound of any one of clahns 53-35, wherein X and Y
taken together form a cycloalkyl, heterocyclyl, aryl or heteroaryl, wherein the
cycloalkyl, heterocyelyl, aryl or heteroaryl are optionally substituted by one or two
groups selected from halogen, hydroxy, oxo, Cyq-allyl, Cig-alkylearbonyl, Cig-
alkyloxycarbonyl, Ci.7-alkoxy, C1_7~aik.oxyalkyl,‘ (R“)Q,(R,”)N- and Cj.z-alkyl-S(O)o.2-,

wherein R® is independently, at each occurrence, hydrogen or Cyy-atkyl and R" is an
electron pair, hydrogen or Cyp-alkyl, and provided that when X and Y form phenyl,
pyridyl, pyridyl-N-oxide or pyrimidinyl then Z is not O.

67.  The compound of claim 66, wherein X and Y taken together form

a heterocyclyl.

68. The compound of claim 67, wherein the heterocyclyl is

pyrrolidinyl or thiazolidinyl,
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69. The compowund of any one of claims 66-68, wherein 7. is
CRTR™.

70.  The compound of any one of claims 66-68, wherein Z is CR™R™

and R and R"! taken together form oxo (=0).
71. The compound of any one of claims 66-68, wherein Z is O.

72.  The compound of any one of claims 66-68, wherein Z is S(O)p-2.

73, The compound of any one of claims 66-68, wherein Z is ~3{O)—
74.  The compound of claim 1, wherein Al is CR” and A’ is CR™

and wherein R2 and R" arc independently from each other selected from hydrogen,

halogen, halogen-C.;-alkyl and C;.7-alkoxy.

75.  The compound of claim 1, wherein A' is CR™ and Al s N, with
R'® being independently from each other selected from hydrogen, halogen, halogen-

Ci.7-alkyl and Cy.7-alkoxy.

76.  The compound of claim 1, wherein R! and R? are independently
from each other selected from the group consisting of hydrogen. halogen and halogen-

Cy-alkyl.

717. The compound of claim I, wherein R? and R* together are ~Lh
(CRVR! 8o~ and form part of a ring; wherein

L!is selected from —CR’R®- and -NR*-;

R'7 and R*® are independently from each otber selected from hydrogen

and Cjy-alkyl;
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RY and R¥ are independently from each other selected from hydrogen,
Cypalkyl, C-alkoxycarbonyl, unsubstituted heterocyclyl and beterocyclyl substituted
bjf one or two groups selected from Cy.7-alkyl and halogen;

or RY and R together with the C atom to which they are attached form
a cyclopropy! or oxetanyl ring or together form a =CH or =CF, group;

R?! is selected from hydrogen, Cis-alkyl, halogen-Cir-alkyl, Ci-
cycloalkyl and Cag-cycloalkyl-Cyo-alkyl, wherein Ca.g-cycloalkyl is unsubstituted or
substituted by carboxyl-Cy.7-alkyl or Cyp-alkoxycarbonyl, heterocyclyl, heterocyclyl-
Cy7-alkyl, heteroaryl, heteroaryl-Cy.y-alkyl, carboxyl-Cy.s-alkyl, C.7-alkoxycarbonyl-
Cio-alkyl, C 1g-alkylcarbonyloxy-C 1.4-alkyl, C.-alkylsulfonyl, phenyl, wherein
phenyl is unsubstituted or substituted by carboxyl-Cy-alkyl or C 15-alkoxycarbonyl,
phenylcarbonyl, wherein phenyl is unsubstituted or substituted by carboxyl-C;.7-alkyl
or Cj.-alkoxycarbonyl, and phen}ﬂsulfonyl, wherein phenyl is unsubstituted or

substituted by carboxyl-Cy.7-alkyl or C.7-alkoxycarbonyl;

or R¥ and a RV vtogether are ~(CHa)s- and fmm‘ part of a ving, or R
together with a pair of R)7 and R'® are -CH=CH-CH= and form part of aring; and

nisl,2or3.

78.  The compound of claim 1, wherein:

L'is -NRY-,

R¥ is selected from hydrogen, Cjs-alkyl, Csy-cycloalkyl and Cag-
cycloalkyl-Cyy-alkyl, wherein Cs.o-cycloalkyl is unsubstituted or substituted by
carboxyl-Cy.p-alkyl or (y7-alkoxycarbonyl, and C,.7-alkylsulfonyl;

R'7 and RY are independently from each other selected from hydrogen

and methyl; and

nis?2.

79.  The compound of claim 1, wherein L! is -CHp-, R' and R™ are

independently from each other selected from hydrogen and methyl and nis 2.

[
[t
—
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80.  The compound of claim 1, wherein R? and R™ together are - L'-
(CRYR'®);~ and form part of a ring; wherein L} is -NR¥- or -O—, R?! is selected from
hydrogen, C j.7-alkyl and C 35-cycloalkyl, R and R'? are independently from each

other selected from hydrogen and methyl, and n is 2.

81.  The compound of claim 80, wheren 1! is —O— and the compound
has the following structure (XV):
- RI® RY
R " \ .‘%le)
2 0O
R\\g 2 \\‘:/
i

O X~Y Y
N 10
Z—M}—R
R12 \R“
(XV)

82.  The compound of claim. §1, wherein RY7 and R'® are hydrogen.

83,  The compound of any one of claims 80-82, wherein X is
CRYR™,
84.  The compound of claim 83, wherein R and R’! taken together

with the C atom to which they are attached form a cycloalkyl or heterocyclyl, wherein
the cycloalkyl or heterocyclyl are optionally substituted by one or two groups selected
from halogen, hydroxy, oxo, Cr.y-alkyl, Cys-alkylcarbonyl, Cir-alkyloxycarbonyl, Crg-
alkoxy, C.7-alkoxyalkyl and Cy7-alicyl-5(O)oa-.

85.  The compound of claim 84, wherein R and R taken together

with the C atom to which they are attached form a cyclopropyl.
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86.  The compound of any one of claims 83—85, wherein Y is O and Z

is CR™R",

-87.  The compound of any one of claims 83-85, wherein Y is NR®
and Z is CR™R",

88.  The compound of any one of claims 83-85, wherein Y is NR®
and Z is O.

89.  The compound of any one of claims 8385, wherein Y is NR*
and Z is S(O)g-2.

90,  The compound of any one of claims 83-85, wherein Y 18
CRRY and Z is CR™R"".

91.  The compound of any -one of claims 83-85, wherein Y is
CR®R® and Z is O.
92.  The compound of any one of claims §3-85, wherein Y is

CR*R® and Z is S(O)..

93.  The compound of any one of claims 80-82, wherein X and Y

taken together form a cycloalkyl, heterocyclyl, aryl or beteroaryl, wherein the
cycloalkyl, heterocyclyl, aryl or heteroaryl are optionally substituted by one or two
groups sclected from halogen, hydroxy, oxo, Cig-alkyl, Cis-alkylcarbonyl, Ci.s-
alkyloxycarbonyl, Ciz-atkoxy, Cjs-alkoxyalkyl, (R")p,(_Rb")N- and Ci7-alkyl-S(0)o2-,

wherein R® is independently, at each occurrence, hydrogen or Cy-alkyl and R® is an

clectron pair, hydrogen or Cy.p-alkyl, and provided that when X and Y form phenyl,

pyridyl, pyridyl-N-oxide or pyrimidinyl then Z is not O.
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94.  The compound of claim 93, wherein X and Y taken together form

a heterocyclyl.

95.  The compound of claim 94, wherein the heterocyclyl is

pyrrolidinyl or thiazolidinyl.

96. The compound of any one of claims 93-95, wherein Z is
CR™RT

iy

97.  The compound of any one of claims 93-95, wherein Z is CR’ R

and R7° and R”! taken together form oxo (=0).

98.  The compound of any one of claims 93-95, wherein Z is O.

99, The compound of any one of claims 93-95, wherein Z is S{(O)g-.

100. The compound of any one of claims 93-95, wherein Z is —S(O)z—

101.  The compound of claim 1, wherein R is selected from hydrogen,
C (s-alkyl, C 17-alkoxy, N-heterocyclyl and NRPR!, wherein R" and R are

independently from each other selected from hydrogen, C 17-alkyl and C 5.7-cycloalkyl,

and R* is hydrogen or methyl.

102.  The compound of any one of claims 1-101, wherein at least one
of R R’ R RY or R™ is halogen, Cis-alkyl, balogen-Cis-alkyl, Ciz-alkoxy,

halogen-C;.7-alkoxy or cyano.

103.  The compound of any one of claims 1-102, wherein the halogen

is chloro.
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104. The compound of claim 102 or 103, wherein the other ones of RS,

R® R R and R™ are hydrogen.

105. The compound of any ome of claims 1-104, wherein the
compound has one of the following structures (XXa), (XXb), (XXc), (XXd), (XXe),
(XXD), (KXg), (XXh), (XXi), (XX]), (XXk) or O&‘{J)

R2 A“ R3 A2
N \lr R4 :( ‘ R4
RV AU N RSN
* Cl
o’-’}\x Y p— 0~ TX-Y ==\
N\ __( \ \ \
Z \>\ V. \
Cl . 1
, (XXa) _ (XXb)
R, e AZ R} RL__AL R
,/’ N l\(\ «114 I\ ‘ R4
RV RN R RN
/i Cl
07 XY, —— / o7 TX-Y
Z -0 7
>\ / \\ﬂ Y,
Cl . cr :
(XXC) XXd)
R%\]iAZ\!/ R RA__ A2‘ R?
1 [
RSy R g7 Sy R
0—CF, P F:C,
O’/\X—Y\ — 07 XY, e
=\ ) 24 }
N N/
Cl . Cl.
(XXe) (XX5)
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RY N

Cl ) Cl
(XXg) (XXh)
RX AL R’
R: A2 R} )
~ d R
1 \hr y R AN
R]—’ \?A.l/\\N/ /)\ . ) /C]
CN o7 XX /N /
o7 x-y =< —\ 7/ °
\7.——( )‘- )y
TN/ . c’
(XX3) {XXi)
RZ. A2 R

cl or :

(*Xk) (XXD

106. The compound of any one of claims 1-103, wherein at least one

of R®, R®, R, RM or R%is Q.

107. The compound of claim 106, wherein RorRMisQ.

108. The compound of claim 106 or 107, wherein the other ones of RS,
R®, R R'! and R!? are selected from the group consisting of hydrogen, halogen, Cy.7-

alkyl, halogen-Cy.7-alkyl, Ci.7-atkoxy, halogen-C,.7-alkoxy and cyano.
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109. The compound of any one of claims 106108, wherein the
compound has one of the following structures (XXIa), (XXIb), (XXlc), (XXId),
(XXle), (XXLf), (KX1g), (KXTh), (XXT), (XXT), (XXIk) or (XX11):

A2 R ' RL__AY R}
T I o J
RI” TAY N
cl
o‘/ XY, /:_—\ : 07 X-Y, /:m—.\
Zﬁ\‘>____'_/,," o Z"_\\__?,’\'\Q '
£ . /
al : Cl :
(XXla)
R A% R} _
NS TL R4 / ‘f 4
1 ) 1 N~ R]
A / cl
07 XY — y 07 TX-Y, ﬁx
7— —0 7z /
Z NS Q N \Q
Cl ; cl
(XXIc) 3 (XX1d)
2 2
R“\[ _ AzT[R3 RL_A j/R
i 4 , 4
RN RN
I 0O—CF, Py F;C_
07X-Y, e o7 XY, >:X
Z ~ 2\ ~d
\..__ "/</\Q \ K\Q
Cl ' Cl;
XXle) ) (XX
R4 AZ\/ R} RL__AY R
[ TIT .
RSN RSN
- LT , E
07 XY, /:—/\ 07 K-Y ==
4
2\ K N\ R
;— Q VA
1 . Cl :
(XXIg (XX1h)
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R CN
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~
I | 4 RA__AL_R®
RI7 S NN | 4
A X - - ,R
8] XY ==
76 07 TxX-Y, =X
\ I/ |-
/’r—“/ Q 13_—\\\\ >/2\
cl ot
(XXIk) (XX

110. The compound of any ome of claims 1-103 and 106-109,
wherein 12 is -O-, -Cyqalkylene-; -Cialkylene-NR¥-, -Cj.qalkylene-NR*'C(=0)-,
-Cpsalkylene-C(=0)NR®- ar -C; salkylene-NR*°C(=O)NR*-.

111. The compound of any one of claims 1-103 and 106-110,
wherein Q is -L*CRYR*Z(CR¥R),1G, wherein:

R, R®, R® and R™ are independently, at each occurrence, hydrogen or
hydroxyl;

G is -CHs, -CH,0H, -CO;H or -L-; and

m1l is an integer ranging from 1 to 21.

112. The compound of any on of claims 1-103 and 106111, wherein
Q is -L2CRMR¥Z(CRPR™),(1 G, wherein:
R¥, R R® and R¥ are indcpend.entif/, at each occurrence, hydrogen or

hydroxyl,
G is -CHs, -CH,0H, or -CO.H; and
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ml is an integer ranging from 1 to 21.

113. The compound of claim 111 or 112, wherein for each occurrence

of R® and R*, one of R® or R* is hydrogen and the other of R* or R¥ is hydroxyl.

114. The compound of any one of claims 1-103 and 106-113,
wherein Q has one of the following structures (XXIIay, (XXIIb), XIe), (XXId),
(XXHe), (XX, (XXIg), (XXIb), (XXIL), (XX, XXTTk), (XXM, XXIIm),
(XX{In), (XXIIo) or (XXIIp): ‘

OH OH 1;\80 R"O OH OH
\,JJ JJ\ HY ﬁ)\ _OH r‘JS)’N\/ \(\ H)\//\OH
l -:«
R® OH oOH OH OH .
(XX1Ia) (XXIIb)

1?.80 OH OH R80 Rg“ NRE),RE
FO-NY ;rr’ ,)/L .OH
AR o LY

OH OH : o
RSO RSO 0
o £ _OH
LY
(XXIic) CXXI1d) (XXlle)

RSO OH OH O

{ L
Py NN "Q) \k} Y “OH
\ 31 n/ l )
NH OH OH -,
(XXIIf)

1[{80 R8ODT (J)i—l OH. _
~5 N y OH
Ay My A

x1

O R*" OH OH O
OCXHg)
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RSO OH OH O OH OH

2 T‘TI\\@ \(‘\Hk WYL\/OH

OH OH R9° OH OH

(XXITh)
OH H‘Jfﬁ) OH OH O
HO /Uﬁ/ Lj Ry \HKMOH

OH OH OH OH

b m il

v R® OH OH
U N 1o~ OH,

(XX10j) (XX1Ik)
R® OH OH R RS N7

I'd

1

i
N

x1

x1 D or

(XXIIp)
wherein:
Rso_ is hydrogen or Cy.yalkyl;

REis iﬁdependenﬂy, at each occurrence, hydxbgen or Cryalkyl;

R"is an electron pair, hydrogen or C;.yalkyl; and

x1, x2 and x3 are each independently an integer ranging from 1 to 6.
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115.  The compound of claim 114, wherein R* is hydrogen or methyl.

116. The compound of claim 114, wherein x1 is 2 or 3.

117. The compound of any one of claims 1--103 and 106-110,
wherein Q is L [(CH)maOlms(CH2)m2R Y, wherein m2 is 2 or 3, m3 is an integer -

ranging from 1 to 21 and R*® is hydrogen, hydroxyl or L1

118. The compound of any one of claims 1-103, 106-110, and 117,
wherein @ is -LY(CH)mO0lus(CH2)wm2RY, wherein m2 is 2 or 3, m3 is an integer

ranging from 1 to 21 and R® is hydrogen or hydroxyl.

119. The compound of any one of claims 1-103, 106—110, and 117,
wherein Q has one of the following structures (XXla), (XXIb) or (XX1lc):

O
H I
J\J‘,SJ\/ //\\\H/'N\, //\\O‘ //‘\\' /O\\\/ /\N /J\/ \\T
H

0
(XXllla)
- N o I
?’r‘rv/\\/' \H/ \/’\o/‘\/ \//\E/ \ﬁ/\/ \I
O ' ' or
(XXI1b)
OH
R0 o \1 0 \Q
SO W
‘ ﬁxl \” N . Iﬂ L
O L\ ;O RSO
O
(XXIIc)

wherein 1 is a compound of structure (I).
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120. The compound of any onme of claims 1-103 and 106-110,
wherein B has the following structure (XIV):

(XIV)

121.  The compound of any one of claims 1-101, wherein at least two
of R\, RS, R R and R'? are selected from:

C s-alkyl, C 57-alkenyl, Co7-alkinyl, halogen, halogen-Cy.7-alkyl, Cr.9-
alkoxy, Halogen.—C1.7~aﬂ<oxy, hydroxy, hydroxy-Cy.r-alkoxy, hydroxy-Cy.o-alkyl,
hydroxy-Cs.s-alkenyl, hydroxy-Cs.7-alkynyl, cyano, carboxyl, Ci.-alkoxycarbonyl,
amino carbonyl, carboxyl-Cy.7-alkyl, carboxyl-Cp7-alkenyl, carboxyl-Caq-alkynyl, Cyg-
alkoxycarbonyl-C.7-alkyl, Cy.7-alkoxycarbonyl-Ca.r-alkenyl, Ci-alkoxycarbonyl-Ca.r-
alkynyl, carboxyl-Cy»-alkoxy, Cy.7-alkoxycarbonyl-C.7-alkoxy, carboxyl-Cyo-alkyl-
aminocarbonyl, carboxyl-Cl-q-alkyL(Q.7-a1lqdamino)-carbonyl, Cy.g-alkoxycarbonyl-
C,.7-alkyl-aminocarbonyl, Cyy-alkoxycarbonyl-Cyr-alkyl- (C1.7-alkylamino)-carbonyl,
carboxyl-Cy.r-alkyl-aminocarbonyl-Cyo-alkyl, cafboxyl—C1.7—a1kyl-(C1.7-a1kylami11o)—
carbony!l-Ci.7-alkyl, C1_7-a.1koxycarbony]f—c1.7—alkyl-aminocarbcsnyl—()1,7-a1ky1, Ciam
a].koxycarbonyl-C‘1_7-alky1—(C,_7-aﬂ{ylamino)-carbonyl—C-1_7—a1ky1, hydroxy—Cvl.ralkyl?
aminocarbonyl, di_-(hydroxy—(}]_7-alkyl)aminocarbonyl, aminocarbonyl-Cy.7-alkyl-

amino carbonyl, hydro xysulfonyl-C7-alkyl-aminocarbonyl, hydroxysulfo nyl-Cyo~

alkyl-(Cy.7-alkyl-amino)-carbonyl, di-(Cy.7-alkoxycarbonyl-Cy.-alkyl)-
methylaminocarbonyl, - |

phenyl, wherein phenyl is unsubstituted or substituted by one to three
groups selected from ﬁalogc_:.n, C.r-alkoxy, carboxyl and C.7-alkoxycarbonyl,

phenyl-carbonyl, wherein pheny! is unsubstituted or substituted by one

to three groups selected from halogen, C-alkoxy, carboxyl and Cy.y-alkoxycarbonyl,
phenyl-aminocarbonyl, wherein phenyl is unsubstituted or substituted by
one to three groups selected from halogen, Cqq-alkoxy, carboxyl and Cjs-

atkoxycarbonyl,
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phenyl-Cy s-alkyl, wherein phenyl is unsubstituted or substituted by one
to thrée groups selected from halogen, Cy.7-alkoxy, carboxyl and Ci.7-alkoxycarbonyl,

phenyl-Cy.o-alkynyl, wherein phenyl is unsubstituted or substituted by
one to three groups selected from halogen, C£1.~,—a1koxy, carboxyl and Cig-
alkoxycarbonyl,

heteroaryl, wherein heteroaryl is unsubstituted or substituted by one to
three groups selected from halogen, Cy.7-alkoxy, carboxyl and C.7-alkoxycarbonyl,

heteroaryl-carbonyl, wherein heteroaryl is unsubstituted orsubstituted by
one -to three proups selected from halogen, Ci.-alkoxy, carboxyl and Cio-
alkoxycarbonyl,

heteroaryl-aminocarbonyl, wherein heteroaryl is unsubstituted or
substituted by one to three groups selected from halogen, Cj.7-alkoxy, carboxyl and
C.7-alkoxycarbonyl,

hetemaryl-cl_7~'1lkyl, wherein heteroaryl is unsubstituted or substituted
by one to three groups selected from halogen, Ci.s-alkyl, Cyy-alkoxy, carboxyl and
Cy-alkoxycarbonyl, -

heteroaryl-Cy.7-alkyl-aminocarbonyl, wherein heteroaryl is unsubstituted
or substituted by one to three groups selected from halogen, C-alkoxy, carboxyl and
C.7-alkoxycarbonyl, and

heteroaryl-carbonyl-Cy-alkyl, wherein heteroaryl is unsubstituted or
substituted by one to three groups selected from halogen, C;q-alkoxy, carboxyl and
Cy.g-alkoxycarbonyl,

and the other ones of R®, R®, R, R' ' and R are hydrogen.

122.  The compound of any one of claims 1-101, wherein at least two
of RE, R%, RY, R'' and R™ are selected from:

balogen, hydroxy, hydroxy-Ci.s-alkoxy, hydroxy-Cj-alkyl, cyano,
carboxyl, C1 s-alkoxycarbonyl, amino carbonyl, carboxyl-Cy.7-alkoxy, Cio-
alkoxycarbonyl-Ci.7-alkoxy, carboxyl-Cy.-alkyl-aminocarbonyl, carboxyl-Ci.s-alkyl-
(Cy-alkylamino)-carbonyl, C,.7-alkoxycarbonyl-Cy 7-alkyl-aminocarbonyl, hydroxy-
Cs-alkyl-aminocarbonyl, di-(hydroxy-Cy.o-alkylaminocarbonyl, aminocarbonyl-Ci-
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alkyl-amino carbonyl, hydroxysulfonyl-C;.7-alkyl-aminocarbonyl, hydroxysulfonyl-
Cy.5-alkyl-(Cy.;-alkyl-amino)-carbonyl, di-(C;7-alkoxycarbonyl-Cy.7-alkyl)-
methylaminocarbonyl,

phenyl-aminocarbonyl, wherein phenyl is unsubstituted or substituted by
one to three groups selected from halogen, Cjy-alkoxy, carboxyl and Cio-
alkoxycarbonyl,

heteroaryl-aminocarbonyl, wherein heteroaryl is unsubstituted or
substituted by one to three groups selected from halogen, Cy.p-alkoxy, carboxyl an&
Cy.7-alkoxycarbonyl, |

heteroaryl-Cy.7-alkyl, wherein heteroaryl is unsubstituted or substituted

by one to three groups selected from halogen, Cy.-alkyl, Cys-alkoxy, carboxyl and
Cyr-alkoxycarbonyl,

heteroaryl-Cy.7-alkyl-aminocarbonyl, wherein heteroaryl is unsubstituted
or substituted by oﬁe to three groups selected from halogen, Ci.7-alkoxy, carboxy! and

alkoxycarbonvi and

heaemq;rvlwarbonyl _Cy.7-alkyl, wherein heteroaryl is unsubstituted or
substituted by one to three groups selected from halogen, Cj.7-alkoxy, carboxyl and
C.7-alkoxycarbonyl,

and the other ones of R, R’ R R} and R*? are hydrogen.

123. The compound of any one of claims 1-101, wherein. at least one
of R, R®, R™, R and R is Q and at least one of RS, R’ R, R' and R™ are selected
from: '

A C 1;7-a11%y1 C ,.7-alkenyl, Cs.y-alkinyl, halogen, halogen-Cj.7-alkyl, Cr-
alkoxy, halogen-C,. 7-&11\0XV hydroxy, hydroxy-Cis-alkoxy, hydroxy- -Cy-7-alleyl,
hydroxy-Cs.7-alkenyl, hydroxy-Cs. s-alkynyl, cyano, cmboxyl C7-alkoxycarbonyl,
amino carbonyl carboxyl-Cy.y-alkyl, carboxyl-Cy.5-alkenyl, carboxyl-Cp7-alkynyl, Cj.7-
alkoxycarbonyl-Cy.r-alkyl, Cio- -alkoxycarbonyl-Cs.7-alkenyl, Cy s-alkoxycarbonyl-Co.7-
alkynyl, carboxyl-Cig-alkexy, Cig s-alkoxycarbonyl-Cy.7-alkoxy, carboxyl-Cs. v-alkvl

aminocarbonyl, carboxyl-C |7-alkyl-(Cy.7-alkylamino)-carbonyl, C ;.7-alkoxycarbonyl-

C,.7-alkyl-aminocarbonyl, C-alkoxyearbonyl-Cy.s-alkyl- (Cy7-alkylamino)-carbenyl,
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carboxyl-Cy.7-alkyl-aminocarbonyl-Ci.7-alkyl, carboxyl-cl-y-alkyl-(cl-7—a1kylamin_o)-
carbonyl-C.7-alkyl, Cl._v-alkoxycaxbonyl-cl-7-a11cyl-amjnocarbonyl-C1_7-alkyl, Cia-
alkoxyc-arbonyl-cl.7-a1kyl-((21_7-a11{yiamitxo)-carbonyl-c;.7-alky1, hydroxy-C,.7-alkyl-
aminocarbonyl,  di-(hydroxy-Cy.;-alkyDaminocarbonyl, aminocarbonyl-Cy.-alkyl-
amino carbonyl, hydro xysulfonyl-Cy.r-alkyl-aminocarbonyl, hydro xysulfo nyl-Cia-
alkyl-(C,~alkyl-amino)-carbonyl, di-{C,.7-alkoxycarbonyl-Cy.7-alkyl)-"
methylaminocarbonyl, ' '

phenyl, wherein phenyl is unsubstituted or substituted by one to three
groups selected from halogen, Cyz-alkoxy, carboxyl and C.7-alkoxycarbonyl,

phenyl-carbonyl, wherein phenyl is unsubstituted or substituted by one
to three groups selected from halogen, C;5-alkoxy, carboxyl and Cy,-alkoxycarbonyl,

phenyl-aminocarbonyl, wherein phenyl is unsubstituted or substituted by

- one to three groups selected 'from halogen, Cjs-alkoxy, carboxyl and Cis-

alkoxycarbényl, |

phenyl-Cy.7-alkyl, wherein phenyl is unsubstituted or substitutcd by one
{o three grou;ﬂs selected from haldgen, C.7-alkoxy, carboxyl and Cy.7-alkoxycarbonyl,

phev11y1;C2.7-a1k§«'ny1, wherein phenyl is unsubstituted or substituted by
one to three groups selected from halogen, Ci-alkoxy, carboxyl and Cig-
alkoxycarbonyl,

heteroaryl, wherein heteroaryl is unsubstituted or substituted by one to
three groups selected from halogen, Cy.7-alkoxy, carboxyl and Cy.7-alkoxycarbonyl,

heteroaryl-carbonyl, wherein hatéroaryl is unsubstituted or substituted by
one to threc groups selected from halogen, Cy.p-alkoxy, carboxyl and Cyo-
a}.koxycarbony]_; | _

heteroaryl-aminocarbonyl, wherein heteroaryl is unsubstituted or
substituted by one to three groups selected from halogen, Cy-alkoxy, carboxyl and
Ci.7-alkoxycarbonyl,

heteroaryl-Cy7-alkyl, wherein heteroaryl is unsubstituted or substituted
by one to three groups selected from halogen, Cyr-alkyl, Ci.7-alkoxy, carboxyl and

C.7-alkoxycarbonyl,
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heteroaryl-C.;-alkyl-aminocarbonyl, wherein heteroaryl is unsubstituted
or substituted by one to three groups selected from halogen, C-alkoxy, carboxyl and
Cy.7-alkoxycarbonyl, and

het_eroaryl-carbonyl-c1.7-a1ky1, wherein heteroaryl is unsubstituted or

substituted by one to three groups selected from halogen, Cys-alkoxy, carboxy!l and
C,.7-alkoxycarbonyl,

and '[h§ other ones of Rs, R9, Rm, R'%and R'? are hydrogen.

~124. The compound any of claims 1-101, wherein at least one of R?,

R, R, R and R is Q and at least one of R R° R, R and R'? are selected from:
halogen, hydroxy, hydroxy-Cis-alkoxy, hydroxy-Ci7-alkyl, cyano,
carboxyl, C; .s-alkoxycarbonyl, amino carbonyl, carboxyl-Cs-alkoxy, Cio-

alkoxycarbonyl-Cj.-alkoxy, carboxyl-Cy -alkyl-aminocarbonyl, carboxyl-Cy.r-alkyl-

(Cy-alkylamino)-carbonyl, C,.s-alkoxycarbonyl-Cj.7-alkyl-aminocarbonyl, hydroxy-
C;.g-alkyl-aminocarbonyl, di-(hydroxy-Cy.7-alkylyaminocarbonyl, an.xinocarbony.l—cm-
alkyl-amino carbonyl, hydroxysulfonyl-Cy.;-alkyl-aminocarbonyl, hydroxysulfonyl-
> --alkyl-(Cry-alkyl-amino)-carbonyl, di-(Cy 7-alkoxycarbonyl-Cy.7-alkyl)-
methylaminocarbonyl, | |

phenyl-aminocarbonyl, wherein phenyl is unsubstituted or substituted by

one to three groups selected from halogen, Cyg-alkoxy, carboxyl and Ci-
alkoxycarbonyl,

heteroaryl-aminocarbouyl, wherein heteroaryl is unsubstituted or
substituted by one to three groups selected from halogen, C.7-alkoxy, carboxyl and
C1-alkoxycarbonyl,

heteroaryl-Cy.7-alkyl, wherein heteroaryl is unsubstituted or substituted
by one to three groups selected from halogen, Ci.7-alkyl, lCI_q-alk.oxy, carboxyl and
Cl.ralkoxyca;bony]:

heteroaryl-Cy-alkyl-aminocarbonyl, wherein hcteroaryi is unsubstituted

or substituted by one to three groups selected from halogen, C1.5-alkoxy, carboxy! and

C-atkoxycarbonyl, and
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beteroaryl-carbonyl-Cy-alkyl, wherein heteroaryl is unsubstituted or
substituted by one to three groups selected from halogen, Cj.g-alkoxy, carboxyl and

C4-alkoxycarbonyl,

and the other ones of RS, R®, R'®, R! ! and R'? are hydrogen.

125. The compound of any one of claims 1101, wherein R® and R"

are halogen and R®, R and R are hydrogen.

126. A compound of any one of Examples 1-291.

127. A pharmaceutical composition comprising a compound of any

one of claims 1-126 and a pharmaceutically acceptable carrier or adjuvant.

128. Use of the compound of any C)né of claims 1-126 as a

therapeutically active substance.

129. Use of a compound of any one of claims 1-126 as a therapeutic
active substance for the treatment of diseases which are associated with the modulation

of TGRS activity.

130. A method for the treatment of diseases which are associated with
the modulation of TGRS activity, wherein the diseases are selected from diabetes, Typé.
II diabetes, gestational diabetes, impaired fasting glucose, impaired glucose tolerance,
insulin resistance, hyperglycemia, obesity, metabolic syndrome, ischemia, myocardial
infarction, retinopathy, vascular restenosis, hypercholesterclemia, hypertriglyceridemia,
dyslipidemnia or hyperlipidemia, lipid disorders such as low HDL cholesterol or high
LDL cholesterol, high blood pressure, angina pectoris, coronary artery disease,
atherosclerosis, cardiac hypertrophy, rheumatoid arthritis, astbma, chronic obstructive

oulmonary disease (COPD), psoriasis, ulcerative colitis, Crohn's disease, disorders
: b , s

associated with parenteral nutrition especially during small bowel syndrome, irritable
howel syndrome (IBS), allergy diseases, fatty liver, non-alcoholic fatty liver disease
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(NAFLD), liver [ibrosis, non-alcoholic steatohepatitis (NASH), primary sclerosing
cholangitis (PSC), liver cirrhosis, primary biliary cirthosis (PBC), kidney fibrosis,
anorexia nervosa, bulimia ncrvosa and meurological disorders such as Alzheimer's
disease, multiple sclerosis, schizophrenia and jmpaired cognition, the method
comprising administering a therapeutically active amount of a compound of any one of

claims 1-126 to a patient in need thereof.
131.  The method of claim 127, wherein the disease is diabetes.

132.  The method of claim 127, wherein the disease is Type II diabetes.

or gestational diabetes.

. 133, Use of the compound of any one of claims 1-127 for the
preparation of medicaments for the treatment of diseascs which are associated with the

modulation of TGRS activity.

134. The use according to claim 133 for the preparation of

medicaments for the treatment a discase or condition selected from diabetes, Type 1l
diabetes, gestational diabetes, impaired fasting glucose, impaired glucose tolerance,
insulin resistance, hyperglycemia, obesity, metabolic syndrome, ischemia, myocardial
infarction, retinopathy, vascular restenosis, hypercholesterolemia, hypertriglyceridemia,
dyslipidemia or hyperlipidemia, lipid disorders such as low HDL cholesterol or high
" LDL cholesterol, high blood pressure, angina pectoris, coropary artery disease,
atherosclerosis, cardiac hypertrophy, theumatoid arthritis, asthma, chronic obstructive
pulmonary disease (COPD), psoriasis, ulcerative colitis, Crohn's discase, disorders
associated with parenteral nutrition especially during small bowl syndrome, irritable
bowl disease (IBS), allergy diseases, fatty liver, liver fibrosis, liver cirthosis, liver
colestasis, primary biliary cirrhosis, primary scleroting cholangitis, kidney fibrosis,
aporexia nervosa, bulimia nervosa and peurological disorders such as Alzheimer's

disease, multiple sclerosis, schizophrenia and impaired cognition.
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135. The use according to claim 134, wherein the disease is diabetes.

136. The use of claim 134, wherein the disease is Type II diabetes or

gestational diabetes.

137. A pharmaceutical composition comprising a compound of any

one of claims 1-126, a pharmaceutically acceptable carrier or adjuvant and one or more

additional biologically active agents.

138. The pharmaceutical composition of claim 137, wherein the one
or more additional biologically active agents are selected from dipeptidyl peptidase 4
(DPP-4)  inhibitors, - bignanidines, sulfonyluress, «-glucosidates inhibitors,
thiazolidinediones, incretin mimetics, CB1 antagonists, VPAC2 agonists, glucokinase
aclivators, glucagon receptor an’tagoniﬁts, PEPCK inhibitors, SGLT1 inhibitors, SGL.T2
inhibitors, IL-1 receptor antagonists, SIRT1 activators, SPPARMSs and_ 11BHSD1
inhibitors. ‘

139. The pharmaceutical composition of claim 137, wherein the one

or more additional biologically active agents prolong the TGRS-mediated GLP-1 signal.

140. The pharmaceutical composition of claim 137, wherein the one

or more additional biologically active agents are DPP-4 inhibitors.

141. The pharmaceutical composition of claim 137, wherein the one
or more additional biologically active agents are sitagliptin, vildagliptin, saxagliptin,

linagliptin, alogliptin, gemigﬁ!.ipti.n., omarigliptin or dutogliptin.

142, The pharmaceutical composition of claim 137, wherein the one
or more additional biologically active agents are selected from the group consisting of

metformin or other biguanidine, glyburide or other sulfonyl urea, acarbose or other o~
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glucosidase inhibitor, rosiglitazone or other thiazolidinedionc and exenatide or other

incretin mimetic.

143. A method for treating Type Il diabetes mellitus in a patient in
need thereof, the method comprising administering to the patient an effective amount of
a compound of any one of claims 1-126 or a pharmaceutical composition according to_

any one of claims 127 or 137-142.

144. A method for stimulating GLP-1 secretion in a mammal, the.
method comprising administering a TGRS agonist that is active in the gastrointestinal
tract of the mammal and wherein the TGRS agonist administration does not induce the

filling of the gall bladder of the mammal as determined by ultrasound analysis.

145. A method for stimulating GLP-1 secretion in a mammal, the
method comprising administering a TGRS agonist that is active in the gastrointestinal
tract of the patient and wherein the TGRS agonist administration does not induce the

emptying of the gall bladder of the mammal as determined by ultrasound analysis.

146. A method for stimulating GLP-1 secretion in a mammal, the
method corprising administering a TGRS agonist that is active in the gastrointestinal
tract of the patient and wherein the TGRS agonist administration does not cause a
change in weight of the mammal’s gall bladder by more than 400% when compared to

administration of a placebo.

147. The method of claim 146, wherein the change in weight of the

mammal’s gall bladder is determined in a mouse model.
148. The method of claim 146, wherein the TGRS agomist

administration does not cause a change in weight of the mammal’s gall bladder by more

than 200% when compared to administration of a placebo.
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149. A method for stimulating GLP-1 secretion in a mammal, the
method comprising administering a TGRS agonist that is active in the gastrointestinal
tract of the mammal and wherein the TGRS agonist concentration in the gall bladder is

less than about 100 WM.

150. The method of claim 149, wherein the TGRS agonist

concentration in the gall bladder is determined in a mouse roodel.

151. The method of claim 149, whercin the TGRS agonist

conceatration in the gall bladder is less than about 50 (M.

152. The method of claim 149, wherein the TGRS agonist

concentration in the gall bladder is less than about 10 puM.

153. The method of claim 149, wherein the TGRS agonist

concentration in the gall bladder is less than about 1 pM.

154. The method of claim 149, wherein the TGRS agonist

concentration in the gall bladder is less than about 0.1 uM.

155. A method for stimulating (GLP-1 secretion in a mammal, the
method comprising administering a TGRS agonist that is active in the gastrointestinal
tract of the mammal and wherein the TGRS agonist concentration in the mammal’s

plasma is less than the TGRS ECs, of the TGRS agonist.

156. The method of claim 155, wherein the TGR3 agonist

concentration in the mammal’s plasma is less than 50 ng/ml..

157. The method of any of claims 144-156, wherein the TGRS

agonist is not systemically available.
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158. The method of any of claims 144-154, wherein the TGRS
agonist concentration in the mammal’s plasma is less than the TGRS ECso of the TGRS

agonist,

159, The method of claim 158, wherein the TGRS agonist

concentration in the mammal’s plasma is less than 50 ng/mlL.

160. The metbod of any of claims 144-156, wherein the TGRS

agonist does not modulate TGRS-mediated suppression of cytokines.

161. The method of any of claims 144-156, wherein the TGRS

agonist does not modulate the ileal bile acid transporter (IBAT).

162. The method of any of lclaim.s 144156, wherein the. TGRS

agonist does not modulate the Farnesoid X Receptor (FXR).

163, The method of any of claims 144-156, wherein the TGRS

agonist stimulates PY'Y sectretion.

164. The method of any of claims 144-156, wherein the TGRS

agonist is a compound according to any one of claims 1-126.

165. A TGRS agonist, wherein the TGRS agonist stimulates GLP-1
sceretion in & mammal and is active in the gastrointestinal tract of the mammal and
wherein administration of the TGRS agonist to the mammal does not induce filling of

the gall bladder of the mammal as determined by ultrasound analysis.

166. A TGRS agonist, wherein the TGRS agonist stimulates GLP-1
secretion in a mammal and is active in the gastrointestinal tract of the mammal and -
wherein administration of the TGRS agonist to the mammal docs not induce emptying

of the gall bladder of the mammal as determined by ultrasound analysis.
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167. A TGRS agonist, wherein the TGRS agonist stimulates GLP-1
secretion in a mammal and is active in the gastrointestinal tract of the mammal and
wherein administration of the TGRS agonist to the mammal does not cause a change in
weight of the mammal’s gall bladder by more than 400% when compared to

administration of a placebo.

168. The TGRS agonist of claim 167, wherein the change in weight of

the mammal’s gall bladder is determined in a mouse model.

169. The TGRS agonist of claim 167, whetein the TGRS agonist
administration does not canse a change in weight of the mammal’s gall bladder by more

than 200% when compared to administration of a placebo.

170. A TGRS agonist, wherein the TGRS agonist stimulates GLP-1
secrefion in a mammal and is active in the gastrointestinal tract of the mammal and
wherein the TGRS agonist is administered to the mammal, the concentration of the

TGRS agonist in the gall bladder is less than about 100 uM.

171. The TGRS agonist of claim 170, wherein the TGRS agonist

concentration in the gall bladder is determined in a mouse model.

172, The TGRS agonist of claim 170, wherein the TGRS agomist

concentration in the gall bladder is less than about 50 pM.

173. The TGRS agonist of claim 170, wherein the TGRS agonist

concentration in the gall bladder is less than about 10 pM.

:174.. The method of claim 170, wherein the TGRS agonist

concentration in the gall bladder is less than about 1 M.
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175. The method of claim 170, wherein thc TGRS agonist

concentration in the gall bladder is less than about 0.1 pM. -

176. A TGRS agonist, wherein the TGRS agonist stimulates GLP-1
secretion in a ma'mmal. and is active in the gastrointestinal tract of the mammal and
wherein the TGRS agonist is administered to the mammal, the concentration of the
TGRS agonist in the mammal’s plasma is less thaui the TGRS ECsy of the TGRS

agonist.

177. The TGRS of claim 118, wherein the TGRS agonist

concentration in the mammal’s plasma is less than 50 ng/mL.

178. The TGRS agonist of any of claims 165-177, wherein the TGRS

agomist is not systemically available,
179. The TGRS agonist of any of claims 165-177, wherein the TGRS
agonist concentration in the mammal’s plasrna is less than the TGRS ECsy of the TGRS

agonist.

180. The TGRS agonist of claim 179, wherein the TGRS agonist '

concentration in the mammal’s plasma is less than 50 ng/mL.

181. The TGRS agonist of any of claims 165-180, wherein the TGRS

agonist does not modulate TGRS-mediated suppression of cytokines.

182. The TGRS agonist of any of claims 165-180, wherein the TGRS

agonist does not modulate the ileal bile acid transporter (TBAT).

183. The TGRS agonist of any of claims 165-180, wherein the TGRS

agonist does not modulate the Farnesoid X Receptor (FXR).
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184. The TGRS agonist of any of claims 165-180, whercin the TGRS

agonist stimulates PY'Y secretion.

185. The TGRS agonist of any of claims 165-180, wherein the TGRS

agonist is a compound according to any one of claims 1-1 26.

186. A pharmaceutical composition comprising the TGRS agonist of

any of clairos 165185 and a pharmaceutically acceptable carrier or adjuvant.

187. The pharmaceutical composition of claim 186, wherein the
pharmaceutical composition further comprises one or more additional biologically

active agents.

188. The pharamaceutical composition of claim 187, wherein the one

or more additional biologically active agents are DPP-4 inhibitors.

189. The pharmaceutical composition of claim 187, wherein the one

or more additional biologically active agenis are sitagliptin, vildagliptin, saxagliptin,

linagliptin, alogliptin, gemigliptin, omarigliptin or dutogliptin.

100. A method for treating Type 1l diabetes mellitus in a patient in
need thereof, the method comprising administering to the patient an effective amount of

the TGRS agonist according to any one of claims 165-185 or a pharmaceutical

composition according to any one of claims 186-189.
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Figure 1. Gallbladder emptying after oral administration of examples 176 and 178.
Data were analyzed by for statistical significance by one-way ANOVA followed by Dunnett's test {groups
compared to vehicle + egg yolk group; ***p <0.0001).
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Figure 2. Total (t)GLP-1 and (t)PYY levels in mouse plasma followmg oral dosmg of examples 176 :
and 178 i
Data were analyzed for statistical significance by two-way ANOVA followed by Bonferroni’s test for
multiple comparisons (*p<0.05, **p<0.01, ***p <0.0001). !
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