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SUBSTITUTED BENZOTHIOPHENYL DERIVATIVES AS GFR4G AGONISTS FOR
THE TREATMENT OF TYPE H DIABETES

CROSS-REFERENCE TO RELATED APPLICATIONS
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This Application claims priority to United States Provisional Patent Application
Wo. 62/061,330, filed October 8, 2014 which is hereby incorporated by reference in its

entirety.

FIELD OF THE INVENTION

i0 The present invention relates to novel compounds which are GPR40 agonists and
are useful for the weatment of disorders that arc affected by the modulation of the GPR40
receptor. The invention also relates to pharmaccutical compositions comprising one or
more of such compounds, to processes to prepare such compounds and compositions, and

to the use of such compounds or pharmaceutical compositions for the treatment of various

—
(3]

diseases, syndromes and disorders, including Type 1 diabetes mellitus, obesity, obesity-
related disorders, iropaired glucose tolerance, insulin resistance, metabolic syndrome, other
cardiovascular risk factors such as hypertension and cardiovascular risk factors related to
unmanaged cholesterol and/ or lipid levels, osteoporosis, inflammation, and eczema, that
are related to GPR40 modulation.

28

BACKGROUND OF THE INVENTION

According to WHO 2013 estimates, diabetes continues to present an increasing
health risk to the global population, affecting 347 mullion individuals worldwide., There
are two main types of diabetes. Type 1 diabetes, which affects ~ 10% of diabetic paticuts,

25 is characterized by a depletion of pancreatic insulin supply, resulting from an astoimmune
destruction of the insulin-producing beta-cells. Treatment requires the administration of
cxogenous insulin in order to mect cnergy demands. Type 2 diabetes, which affects the
vast majority {~ 90%) of the diabetic population, occurs when the body cannot effectively

utilize the insulin that is being produced. A number of factors may contribute to an

-



WO 2016/057731 PCT/US2015/054581

impaired insulin response, inchuding decreases in insulin production, insulin secretion or
insulin sensitivity. In the initial stages of Type 2 diabetes, most patients’ beta cells
undergo a compensatory expansion of functional mass and insulin output. As the disease
progresses, this compensatory response eventually fails and pharmaceutical intervention i
required in order to adequately regulate glucose levels. However, with further disease
progression, the effectiveness of initially prescribed therapeutics generally declines, thus
requiring additional agents to be incorporated into the treatment regimen, cach of which
carrics its own side-ctfect liability or risk.

Agents that reducce hepatic glucose production, the so-called biguanides, such as
metformin or phenformin, arc gencrally preferred as the first-line of treatment for newly-
diagnosed paticnts. Glitazones, such as rosiglitazone and pioglitazone function as insulin
sensitizers {i.c., enhance insulin action} through the activation of peroxisome proliferator-
activated receptor-y (PPAR-y). These agents can provide the benefit of enhanced msulin
action in tissues such as muscle, liver and adipose, but their use is frequently accompanied
by increased weight and edema. In addition, rosiglitazone has recently been linked to heart
attacks and its usc has subscquently been more restricted. The insulin secretagogue
suifonylurcas (such as tolbutamide, chlorpropamide, glipizide or glyburide) enhance
insulin seeretion from functional beta cells and are often combined with biguanide or
glitazone therapy. However, because their effects on stimulating insulin releasc are
independent of ghucose levels, the sulfonylurcas bear the risk of inducing incidences of
hypoglycemia. Weight gain is also a common side-cffect from this compound class.

More recontly, agents capable of inducing insulin sceretion from betacells ina
glucose-dependent fashion have been developed, based upon the mechanisms of incretin
peptide hormones {ex., GLP-1, GIP). Importantly, because of thetr glucose-dependent
wechamsins of action, these agents are able to provide glucose control while avoiding the
risk of hypoglycemia. The direct GLP-1 receptor agonists, Exendin-4 (Byetta™) and
Liraglutide (Victoza®™), which were engineered to provide enhanced metabolic stabilities in
vive, have been developed as marketed biological therapeutics. Dipeptidyl-peptidase-4

{DPP-4} inhibitors {the so-called, “gliptins” such as sitagliptin, saxagliptin, linagliptin,

s
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vildagliptin, anagliptin or alogliptin) inhibit the metabolic degradation of endogenous
increting and thereby provide indirect increascs in insulin secretion in response to
clevations in circulating ghucose ievels.

Most recently, the recognition of GPR4D as a receptor whose activation enhances
glucose-depondent insulin secretion has led to the search for selective agonists for this
putative therapeutic target. GPR40, also known as free fatty acid receptor 1 (FFR1), is one
of a family of G-protein coupled receptors that, through receptor deorphanization studies,
was shown to be cndogenously activated by medium- to long-chain saturated and
unsaturated fatty acids (~ Cyya0) (Brisco, et al., 2083, J Biol Chem, 278: 11303-11311;
ftoh, ctal,, 2803, Nature, 422 173-176; Kotarsky et al., 2063, Biochem Biophys Res
Commrun, 301: 406-410). In humans and rodents, although present in brain and
enteroendocring cells, its expression is particularly high in pancreatic beta celis. Operating
primarily through Gogi signaling, GPR40 activation of the beta cell leads to an increase
in intraceliular calcium levels, which in the presence of glucose, ultimately results in
augmented insulin scorction. In enteroendocrine cells, GPR40 activation by fatty acids
leads to stimulation of incretin secretion (Edfalk, et al., 2008, Diabetes, 57: 2280-22K7).
Thus, in addition to dircctly promoting QSIS from islet beta cclls, GPR40 activation in
enteroendocrine cclls provides an indirect means of stimulating GSIS through the actions
of relcased incretins.

Because of the hyperglycemic dependency of GPR4G-mediated effects on insulin
secretion, selective activation of this receptor provides a unique potential therapeutic
mechanism by which to treat the diabetic state with minimal risk of hypoglycemic
incidents. Given the relatively restricted tissue expression pattern of GPRA44, sclective
GPR40 agonists may offer the additional advantage of providing an improved safety
profile relative to the aforementioned therapeutic agents. Thus, GPR40 agonists of the
present invention may provide therapeutic benefit for the treatment of diabetes
{particularly Type 2 diabetes) and s associated conditions, inchuding Type 1T diabetes
mellitus, obesity, obesity-related disorders, impaired glucose tolerance, insulin resistance,

metabolic syndrome, other cardiovaseular risk factors such as hypertension and
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cardiovascular risk factors related to unmanaged cholesterol and/ or lipid fevels,

osteoporosis, inflammation, and cczema, that are related to GPR40 modulation.

SUMMARY OF THE INVENTION

The present invention is directed to compounds of Formulda (1)

Formuda (1)

wherein

ring W is phenyl or pyridyl;

Ais ~CHO-or ~OCH—;

ZisCHorN;

Re is hydrogen;

Ry is selected from hydrogen or methylacetylenyl; or Ry and R are taken together

to form a spirofused 3-hydroxyeyclobutyl or a spirofused 3-oxocyclobutyl;

R, s selected from hydrogen or methyl;

Rs s hydrogen, chloro, or a substituent selected from the group consisting of Cy.
salkyl, hvdroxy, 1 1-dioxothian~-4~-vl, 1,1-dioxido-3,6-dihydro-2 H-thiopyran-4-vl, 1,1-
dioxo-1 4-thiazinane-4-ylcarbonyl, Cisalkvisulfonyl, Cysalkylsulfonyiamine, 1,1-

dioxido-1-thia-6-azaspiro]3 . 3lheptan-6~-yi, pipenidin-4-vl, piperidin-4-ylmethyl, and -ORy;
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wherein Ry is

i) Cisalkyt optionally independently substituted with one or two Cysalkoxy or
hydroxy substituents;

1} Cseychoalkyl;

i} 4-hydroxy-1,1-dioxo-thian-4-yimethyl;

V) 1,1-dioxothian-4-yl;

v} i, 1-dioxidotetrabydro-2 H-thiopyran-4-yimethyl;

Vi) tetrahydro-2H-pyran-4-yi;

vil}  Cyaalkylsulfonylpropyl;

viit)  2-(1-hydroxycyclopropyhethyl;

ix} 3-methyloxetan-3-yl-methyl;

X} (3-methyl-1, -dioxidothictan-3-vhmethyl;

Xt} {(1-Cs.seyvcloalkyl-1-ohmethyl;

xii}  4-hydroxy-tetrahydropyran~-4-yimethyl;

xiity  2-{CsyeycloaltkyD-2-hydroxyethyl

Riv) tetrahvdro-2H-pyran-d-yimethyl;
oF

v} tetrahvdrofuoran-3-vi;

Rs ts methyl, methoxy, bromo, chloro, C; galkoxy-Cisalkoxyi, Cigalkyisulfonyl, or

trifluoromethyl;

or an cnantiomer, diastercomer, or pharmaceutically acceptable salt forms thereof,

The present invention also provides a pharmaceutical composttion comprising,
consisting of and/or consisting essentially of a pharmaceutically aceeptable carvier, a
pharmaccutically acceptable excipient, and/or a pharmaccutically acceptable diluent and a

compound of Formula (1), or a pharmaceutically acceptable salt form thereof.
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Also provided are processes for making a pharmaceutical composition comprising,
consisting of, and/or consisting essentially of admixing a compound of Formula (4}, and a
pharmaceutically acceptable carrier, a pharmaccutically acceptable excipient, and/or a
pharmaccutically acceptable diluent.

The present invention further provides methods for treating or ameliorating a
discase, syndrome, or condition in a subject, including a mammal and/or human in which
the discase, syndrome, or condition is affected by the agonism of GPR40, such as Type H
diabetes mellitus, using a compound of Formula (1),

The present invention also is also directed to the use of any of the compounds
described herein in the preparation of a medicament wherein the medicament is prepared
for treating a discase or condition that is affected by the agonism of GPR40, selected from
the group consisting of Type H diabetes mellitus, obesity, obesity-related disorders,
impaired glocose tolerance, insulin resistance, metabolic syndrome, other cardiovascular
risk factors such as hypertension and cardiovascular risk factors related to unimanaged
cholesterol and/ or lipid levels, osteoporosis, inflammation, and eczema, n a subject in
need thereof,

The present invention is also direcied to the preparation of substituted
benzothiophenyl derivatives that act as selective agonists of the GPR4G recepior.

Exemplifving the invention are methods of treating a disorder modulated by
GPR4D selected from the group consisting of Type [ diabetes mellitus, obesity, obesity-
related disorders, impaired ghicose tolerance, insulin resistance, metabolic syndrome, other
cardiovascular risk factors such as hypertension and cardiovascular risk factors related to
unmanaged cholesterol and/ or lipid levels, osteoporosis, inflammation, and cczema,
comprising administering to a subject in need thereof a therapeutically effective amount of
any of the compounds or pharmaceutical compositions described above.

In another embodiment, the present invention is directed to a compound of Formula
{I) for usc in the treatment of a disorder affected by the agonism of GPR40 sclected from
the group consisting of Type I diabetes mellitus, obesity, obesity-related disorders,

impaired glucose tolerance, insulin resistance, metabolic syndrome, other cardiovascular
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risk factors such as hypertension and cardiovascular risk factors related to unmanaged
cholesterol and/ or lipid levels, osteoporosis, inflammation, and eczema.
In another embodiment, the present invention 1s directed to a composition

comprising a compound of Formula (1) for the treatment of a disorder affected by the

5 agonism of GPR4( selected from the group consisting of Type U diabetes meliitus,
ohesity, obesity-related disorders, impaired glucose tolerance, insulin resistance, metabolic
syndrome, other cardiovascular risk factors such as hypertension and cardiovascular risk
factors related to unmanaged cholesterol and/ or lipid levels, osteoporosis, inflammation,

and eczema.

10
DETAILED DESCRIPTION OF THE INVENTION
With reference to substituents, the term “independently” refers to the situation
where when more than one substituent is possible, the substituents may be the same or
different from cach other.
i5 The term “alkyl” whether used alone or as part of a substituent group, refers to

straight and branched carbon chains having 1 to 8 carbon atoms. Therefore, designated
numbers of carbon ators (e.g., Cy.g) refer independently to the number of carbon atoms in
an alkyl moiety or to the alkyl portion of a larger alkyl-containing substituent. In
substituent groups with multiple alkyl groups such as, {C) salkyl)amino-, the C salkyl
20 groups of the dialkylamino may be the same or different.
The term “alkoxy” refers to an -O-alkyl group, wherein the term “alkyl” 15 as
defined above.
The terms “alkenyl” and “alkyny!” refer to straight and branched carbon chains
having 2 to 8 carbon atoms, wherein an alkenyl chain contains at least one donble bond
25 and an alkynyl chain contains at least one triple bond.
The term “cycloalkyl” refers to saturated or partially saturated, monocyclic or
polycyclic hydrocarbon rings of 3 to 14 carbon atoms. Examples of such rings include

cvelopropyl, cvelobutyl, cyclopentyl, cyclohexyl, cycloheptyl, and adamantyl.
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4

The term “heterocyclyl” refers to a nonaromatic monocyclic or bicyclic ring system
having 3 to 10 ring members that include at least 1 carbon atom and from 1 to 4
hetcroatoms independently selected from N, O, and 8. Included within the term
heterocyclyl is a nonaromatic cyclic ring of 5 to 7 members in which 1 to 2 members are
N, or a nonaromatic cyclic ring of 5 to 7 members in which 8, 1 or 2 members are N and
up to 2 members are O or S and at least one mernber moust be either N, O, or S; wherein,
optionally, the ring contains 0 to 1 unsaturated bonds, and, optionally, when the ring is of 6
or 7 members, it contains up to 2 unsaturated bonds. The carbon atom ring members that
form a heterocycle ring may be fully saturated or partially saturated. The term
“heterocyelyl” also inclades two 5 membered monocyelic heterocycloalkyl groups bridged
to form a bicyclic ring. Such groups arc not considered to be fully aromatic and are not
referred to as heteroaryl groups. When a heterocycle s bicychic, both rings of the
heterocyele are non-aromatic and at least one of the rings contains a heteroatom ring
member. Exawples of heterocyele groups include, and are not limited to, pyrrolinyl
{including 2H-pyrrole, 2-pyrrolinyl or 3-pyrrolinyl), pyrrolidinyl, imidazolinyl,
imidazolidinyl, pyrazolinyl, pyrazolidinyl, piperidinyl, morpholinyl, thiomorpholinyl, and
piperazinyl. Unless otherwise noted, the heterocycle is attached to its pendant group at any
heteroatom or carbon atom that resulis 1o a stable stracture,

The terro “aryl” refers o an unsaturated, aromatic monocyelic or bicyelic ring of 6
to 10 carbon members. Examples of aryl rings include phenyl and naphthalenyl. The
term “heterarvl” refers to an aromatic monocyelic or bicyclic aromatic ring system having
5 to 10 ring members and which contains carbon atoms and from 1 1o 4 heteroatoms
independently selected from the group consisting of N, O, and S. Included within the term
heteroaryl are aromatic rings of S or 6 members wherein the ring consists of carbon atoms
and has at least one heteroatom member. Suitable heteroatoms include nitrogen, oxygen,
and sulfur. Inthe case of 5 membered rings, the heteroaryi ring preferably contains one
member of nitrogen, oxygen or sulfur and, in addition, up to 3 additional nitrogens. In the
case of 6 membered rings, the heteroaryl ring preferably contains from 1 to 3 nitrogen

atoms. For the case wherein the 6 membered ring has 3 nitrogens, at most 2 nitrogen
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atoms are adjacent. Examples of heteroaryt groups include furyl, thienyl, pyrrolyl,
oxazolyl, thiazolyl, imidazolyl, pyrazolyl, isoxazolyl, isothiazolyl, oxadiazolyl, triazolyl,
thiadiazolyl, pyridinyl, pyridazinyl, pyrimidinyl, pyrazinvl, indolyl, isoindelyl, benzofuryl,
benzothienyl, indazolyl, benzimidazolyl, benzothiazolyl, benzoxazolyl, benzisoxazolyl,
benzothiadiazolyl, benzotriazolyl, quinolinyl, isoquinolinyl and quinazolinyl. Unless
otherwise noted, the heteroaryl is attached to its pendant group at any hetcroatom or carbon
atorn that results in a stable structure.

The term “halogen™ or “halo” refers to fluorine, chlorine, bromine and 1odine
atoms.

The term “carboxy” refers to the group —-C(=0)OH.

The term “formayl” refers to the group —~C{(=0O)H.

The term “ox0” or “oxido” refers to the group (=O).

Whenever the term “alky!” or “aryl” or either of thewr prefix roots appear in a name
of a substituent {(¢.g., arvlalkyl, alkylamino) the name is to be interpreted as mcluding
those timitations given above for “alkyl” and “aryl.” Designated numbers of carbon atoros
{¢.g., C-Cs) refor independently to the number of carbon atoms in an alkyl moiety, an arvl
moiety, or in the alkyl portion of a larger substitoent in which alkyl appears as its prefix
root. For alkyl and alkoxy substituents, the designated number of carbon atoms includes
all of the independent members included within a given range specified.  For example Cis
atkyvi would include methyl, ethyl, propyl, butyl, pentyl and hexyl individually as well as
sub-combinations thereof (eg (::1_2, Cl.g, (::1_4, Ci-ﬁ, (::2..5, Cs.é, (::4...5, Cg.é, (::2..5, ‘SEC').

In general, under standard nomenclature rules used throughout this disclosure, the
terminal portion of the designated side chain is described first followed by the adjacent
functionality toward the point of attachment. Thus, for example, a “C;-Cg alkylcarbonyl”
substituent refers to a group of the formula:

O
i
“éMCwCrCé alkyl
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The substituent “~CH,0-" is oriented such that the oxygen atom is covalently
bound to the Z-containing ring. Likewise, the substituent “~OCH,-" is oriented such that

the methylene group is covalently bound to the Z-containing ring.

The term “R” at a stercocenter designates that the stercocenter is purely of the R-
configuration as defined in the art; likewise, the torm “S”™ means that the stereocenter s
purcly of the S-configuration. As uscd herein, the torms “*R” or “*5” at a stercocenter are
used to designate that the stereocenter is of pure but unknown configuration. As used
herein, the term “RS” refers to a stercocenter that exists as a mixture of the - and §-
configurations. Similarly, the terms “*RS” or “*SR” refer to g stereocenter that exists as a
mixture of the R- and S-configurations and 1s of unknown configuration relative to another
stereocenter within the molecule,

Compounds containing one stereocenter drawn without a stereo bond designation
are a muxture of two enantiomers. Compounds containing two stercocenters both drawn
without stereo bond designations are a mixture of four diastercomers. Compounds with
two stercocenters both labeled “RS” and drawn with stereo bond designations are a two-
component muxture with relative stereochemistry as drawn, Compounds with two
stereocenters both labeled “*RS8” and drawn with stereo bond designations are a two-
component mixture with relative stereochemistry unknown. Unlabeled stereocenters
drawn without steres bond designations are a mixtare of the 8- and S-configurations. For
unlabeled stereocenters drawn with stereo bond designations, the absolute stereochemistry
is as depicted.

Unless otherwise noted, it 1s intended that the defimition of any substitoent or
variable at a particular location in a molecule be independent of its definttions elsewhere in
that molecule. 1t 1s understood that substitnents and substitution patterns on the
compounds of the present invention can be selected by one of ordinary skill in the art to
provide compounds that are chemically stable and that can be readily synthesized by

techniques known in the art as well as those methods set forth herein.
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The term “subject” refers to an animal, preferably a mammal, most preferably a
human, who has been the object of treatment, observation or experiment.

The term “therapeutically effective amount” refers to an amount of an active
compound or pharmaccutical agent, including a compound of the present invention, which
elictts the biological or medicinal response in a tissuc system, animal or human that is
being sought by a rescarcher, veterinarian, medical doctor or other clinician, which
includes alleviation or partial alleviation of the symptoms of the discase, syndrome,
condition, or disorder being treated.

The term “composition” refers to a product that includes the specified ingredients
in therapeutically effective amounts, as well as any product that results, divectly, or
indirectly, from combinations of the specified ingredients in the specified amounts.

The term “GPRA40 agonist” is intended to encompass a cornpound that interacts
with GPR4{ to substantially increase its catalytic activity, thereby increasing the
concentrations of its substrate(s).

The terro “GPR40-modulated” is used to refer to the condition of being affected by
the modulation of the GPR40 receptor, including but not limiuted to, the state of being
mediated by the GPR40 receptor, for the treatment of a disease or condition such as Type
T diabetes or tmpaired glocose tolerance.

As used herein, unless otherwise noted, the term “disorder modulated by the
GPRA4D receptor” shall mean any disease, disorder or condition characterized in that at least
one of its characteristic symptoms is alleviated or eliminated upon treatment with a GPR49
receptor agonist. Suitably examples tnclude, but are not himited to Type I diabetes
mellitus, obesity, obesity-related disorders, impaired glucose tolerance, insulin resistance,
metabolic syndrome, other cardiovascular risk factors such as hypertension and
cardiovascular risk factors related to unmanaged cholestero! and/ or lipid levels,
osteoporosis, inflammation, and eczema; more preferably, Type H diabetes mellitus and
impaired glucose tolerance.

As used herein unless otherwise noted, the term “cardiovascular risk factors” shall

mean any cardiovascular discase, disorder or condition in which obesity or diabetes
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{preferably, Type 1 diabetes) has a role in the initiation or exacerbation of said disorder or
condition. Suitable cxamples include, but are not limited to, hypertension, atherosclerosis
and cardiac fibrosis.

As used herein, unless otherwise noted, the term “affect” or “affected” (when
referring to a discase, syndrome, condition or disorder that is affected by agonism of
(GPR40) includes a reduction in the frequency and / or severity of one or more symptorms
or manifestations of said disease, syndrome, condition or disorder; and / or include the
prevention of the development of one or more symptoms or manifestations of said disease,
syndrome, condition or disorder or the development of the discase, condition, syndrome or
disorder.

The compounds of the instant invention are useful in methods for treating or
ameliorating a discase, a syndrome, a condition or a disorder that is affected by the
agonism of GPR40 receptor. Such methods comprise, consist of and/or consist essentially
of administering to a subject, incloding an animal, 2 mammal, and a human in need of such
treatment, amelioration and / or prevention, a therapeutically effective armnount of a
compound of Formula (1), or an enantiomer, diastercomer, solvate or pharmaceutically
acceptable salt thereof.

In particular, the compounds of Formula (I}, or an enantiomer, diasiercomer,
solvate or pharmaceuntically acceptable salt form thercof are useful for treating or
ameliorating discases, syndromes, conditions, or disorders such as Type I diabetes
mellitus, obesity, obesity-related disorders, impaired glucose tolerance, insulin resistance,
metabolic syndrome, other cardiovasceular risk factors such as hypertension and
cardiovascular risk factors related to unmanaged cholestero! and/ or lipid levels,
osteoporosis, inflammation, and eczema.

More particularty, the compounds of Formula (1), or an enantiomer, diastercomer,
solvate or pharmaceutically acceptable salt form thereof, are useful for treating or
ameliorating Type H diabetes mellitus or impaired glucose tolerance, comprising

administering to a subject in need thereof a therapeutically effective amount of a
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compound of Formuia (1}, or an enantiomer, diastercomer, soivate or pharmaceutically

acceptable salt form thereof as herein defined.

Embodiments of the present invention include a compound of Formula (F)

Formula (1)

wherein

a} ring W is phenyl;

b} ring W is pyridyl;

c} Ads ~CHO-

d} Alds ~OCH~ ;

c} Z 18 CH, Ry is hydrogen and R, is {(S)-methylacctylenyl; or Ry and R arc taken
together to form a spirofused 3-hydroxyeyclobutyl or a spirofused 3-oxocyclobutyl;

H Z s N, Rs 18 hydrogen and Ry is (R}-methylacetylenvi; or Ry and Ry are taken
together to form a spirofused 3-hydroxyeyclobutyl or a spirofused 3-oxocyclobutyl;

a} Ry is hydrogen;

hy Rs is hydrogen, chloro, or a substituent selected from the group consisting of Oy

salkyl, hydroxy, 1,1-dioxothian-4-vl, 1,1-dioxido-3,6-dihydro-2H-thiopyran-4-yi,

I, 1-dioxo-1,4-thiazinane-4-ylcarbonyl, Cy:alkyisulfonyl, C:alkylsulfonylamino,

I, -dioxido-~1-thia~-6-azaspiro{3.3theptan-6-yi, piperidin-4-vi, piperidin-4-
vimethyl, and ~ORy;

wherein Ry is

1) C, salkyl optionally independently substituted with one or two Cy zalkoxy or

hydroxy substituents;
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i) Caacyeloabioyl;

1ii} 4-hydroxy-1,1-dioxo-thian-4-ylmethyl;

v} 1,1-dipxothian-4-yl;

v} 1,1-dioxidotetrahydro-2 H-thiopyran-4-ylmethyl;
5 Vi) tetrahydro-2 H-pyran-4-yi;

vii}  Cisalkvisulfonyipropyl;

viii)  2-{1-hydroxyeyclopropyliethyl;

ix) 3-methyloxetan-3-vl-methyl;
X} {3-methyl-1,1-dioxidothictan-3-ylimethyl;
ig Xi) tetrahydro-2 H-pyran-4-yimethyl;
or

xii}  tetrahydrofuran-3-vi;

i) Rs s hydrogen or a substituent that is ~-ORy;

15 wherein Ry 18
i) Cy.4alkyl optionally independently substituted with one or two hydroxy or
Cysalkoxy substituents;
i) {4~-hydroxy-1,1-dioxo-~thian-4-yUmethyl;
1) L, I~-dioxidotetrahydro-2 H-thiopyran-4-yimethyl;

20 v} tetrahydro-2H-pyran-4-yl;
v} Cyaalkylisuifonvipropyl;
Vi) tetrahydro-2H-pyran-4-yimethyl;

or

vii}  tetrahydrofuran-3-vl;

25 B Rais selected from the group consisting of hydrogen; methyl; hydroxy; chlore;

{4-hvdroxy-1,1-dioxo-thian-4-viymethoxy; 4-(3-methyisulfonylpropoxy; 1,1-
dioxo-1,4-thiazinanc-4-carbonyl; 1,1-dioxido-3,6-dihydro-2H-thiopyran-4-yl;

I, 1-dioxothian-4-yi; (1,1-dioxothian-4-yljoxy; {1-hyvdroxycyclopropylicthoxy;
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3-hydroxy-3-methvibutoxy;, 2,3-dihydroxypropoxy; {3-methyloxetan-3-
vhmethoxy; (tetrahydro-2H-pyran-4-yhoxy; 2-methoxyethoxy;
(1,1-dioxidotetrahydro-2H-thiopyran-4-ylymethoxy; {3-methyl-1,1-
dioxidothictan-3-yhymcethoxy; (3-(methyisulfonylpropoxy;
I, 1-dioxidotetrahydro-2 H-thiopyran-4-vi;
2-ethoxyethoxy; 1, 1-dioxidotetrahydro-2H-thiopyran-4-ylioxy;
(tetrahydro-2H-pyran-4-yhoxy; 1,1-dioxido-1-thia-6-azaspiro| 3.3}heptan-6-vi;
methylsulfonyl; methylsuifonamido; piperidin-4-vl; piperidin-4-ylmethyl; and
tetrahydro-2H-pyran-4-yloxy;

k) Rs is methyl, methoxy, 2-methoxycethoxy, methanesuifonyl, chloro, or

trifluoromethyl;

and any combination of embodirnents a) through k) above, provided that it 18
understood that combinations in which different erobodiments of the same substituent
would be combined are excluded; or an enantiomer, diastercomer, or pharmaceutically

acceptable salt form thereof,

Embodiments of the present invention include a compound of Formula (I)

)

Re g

Formula (I}

wherein

ring W is phenyl or pyridyl;
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Ais ~CHO- or ~OCH»- |

p

ZisCHorN;

5 Re s hydrogen;
Ry is selected from hydrogen or methylacetylenyl; or Ry and Ry arc taken together
to form a spirofused 3-hydroxycyclobutyl or a spirofused 3-oxocyclobutyl;
16 Ry is hydrogen;
Rz is hydrogen, chloro, or a substituent sclected from the group consisting of Cy.
zatkyl, hvdroxy, 1, 1-dioxothian~-4-vl, 1, 1-dioxido-3.6-dihydro-2 A-thiopyran-4-vl, 1,1-
dioxo-1 4-thiazinane-4-vlcarbonyl, Cisalkvisulfonvl, Cysalkylsulfonyiamine, 1,1-
15 dioxido-I-thia~-6~azaspiro[3 3theptan-6-yl, piperidin-4-yi, piperidin-4-ylmethyl, and -ORy;
wherein Ry is
1) C, salkyl optionally independently substituted with one or two Cy zalkoxy or
hydroxy substituents;
1} Cseycloalkyl;
20 i} 4-hydroxy-1,1-dioxo-thian-4-yimethyl;
V) 1,1-dioxothian-4-vi;
v} 1, 1-dioxidotetrahydro-2H-thiopyran-4-vimethyl;
Vi) tetrahydro-2H-pyran-4-vi;
vii})  Craalkvisulfonyipropyl
25 viiiy  2-(I-hydroxyeyclopropyliethyl;

X} 3-methyloxetan-3-vi-methyl;
X} (3-methyl-1,1-dioxidothictan-3-vimethyl;
Xi) tetrahydro-2 H-pyran-4-yimethyl;

or
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xil}y  tetrahydrofuran-3-vi;
Rs ts methyl, methoxy, 2-methoxyethoxy, methanesulfonyl, chioro, or

tritluoromethytl;

or an cnantiomer, diastercomer, or pharmaccutically acceptable salt form thereofl

Embodiments of the present invention include a compound of Formula ()

Formula (1)

wherein

ring W is phenyl or pyridyl;

Als —CHQO— aor "OCH]" 5

when 7 18 CH, Ry 1s hydrogen and R, is {(S)-methylacetylenyl; or Ry and Ry are
taken together to form a spivofused 3-hydroxycyclobutyl or a spirofused 3-oxocyclobutyl;

or, when 7 18 N, Rg 18 hydrogen and R, s (Ry-methylacctyvlienyl; or Ry and Re arc
taken together to form a spirofused 3-hydroxyeyciobutyl or a spirofused 3-oxocyclobutyl;

Ry 1s hydrogen;

Rs s hydrogen, chloro, or a substituent sclected from the group consisting of Cy.

zatkyl, hvdroxy, 1, 1-dioxothian~-4-vl, 1, 1-dioxido-3.6-dihydro-2 A-thiopyran-4-vl, 1,1-
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digxo-1,4-thiazinane-4-ylcarbonyl, Cisalkylsulfonyl, Cisalkylsulfonylaminoe, 1,1-

dioxido-1-thia-6-azaspiro{3.3theptan-6-yl, piperidin-4-vi, piperidin-4-yimethyl, and -ORy;

wherein Ry is

y

if)
1ii)
v}
v}
Vi)
Vii}
viit}
i)
K}

X1}

Xii}

Cisalkyt optionally independently substituted with onc or two Cysalkoxy or
hydroxy substituents;

Carcycloalkyl;
4-hydroxy-1,1-dioxo-thian-4-yimethyl;
1,1-dioxothian-4-vl;

i, 1-dioxidotetrahydro-2 H-thiopyran-4-yimethyl;
tetrahydro-2H-pyran-4-yi;
Cysalkylisuifonylpropyl;
2-(1-hydroxycyclopropyliethyl;
3-roethyloxetan-3-yl-methyl;

(3~-methyl-1, I-dioxidothictan-3-yhmethyl;
tetrahydro-2H-pyran-4-yhoethyl;

or

tetrahydrofuran-3-yi;

R is methyl, methoxy, 2-methoxvethoxy, methanesulfonyl, chloro, or

trifluoromethyl;

or an enantiomer, diastereomer, or pharmaceutically aceeptable salt form thereof.

Embodiments of the present invention include a compound of Formula (1)
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Formula (1)

wherein

ring W is pyridyl;
Ais ~CHO—or ~OCH—

Zis CH, Ry is hydrogen and R, is (S}-methylacetylenyl; or Ry and Re are taken
together o form a spirofused 3-hydroxyeyciobutyl or a spirofused 3-oxocyclobutyl; or
Zis N, Ry is hydrogen and R is (R)-methylacetylenyl; or Ry and Ry are taken

together to form a spirofused 3-hydroxycyclobutyl or a spirofused 3-oxocyclobutyl;
R, s hydrogen;

Rs is hydrogen or a substituent that 15 -ORy;
wherein Ryis
i} Cy salkyl optionally independently substituted with one or two hydroxy or
Cisalkoxy substituents;
i) {4-hydroxy-1,1-dioxo-thian-4-ylimcthyl;
1} 1, I-dioxidotetrahydro-2H-thiopyran-4-ylmethyl;
v} tetrahydro-2H-pyran-4-vi;
V) Craalkylsuifonylpropyl;
Vi) tetrahydro-2H-pyran-4-yhuethyl;
or

vii}  tetrabydrofuran-3-yl;
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Rs is methyl, methoxy, 2-methoxyethoxy, methanesuifonyl, chloro, or

trifluoromethyl;

or an cnantiomer, diastereomer, or pharmaceutically aceeptable salt form thereof.

Embodiments of the present invention include a compound of Formula (1)

wherein

ring W is phenyl;

A 138 —-CH,O—or —-OCH,— ;

Formuda (1)

when 7 18 CH, Ry 1s hydrogen and R, is (S)-methylacetylenyl; or Ry and Ry are

taken together to form a spirofused 3-hydroxyeyciobutyl or a spirofused 3-oxocyclobutyl;

or

when Z 18 N, Rg is hvdrogen and R is (R)-methylacetylenyl; or Ry and Rg are taken

together to form a spirofused 3-hydroxyceyclobutyl or a spirofused 3-oxocyclobutyl;

-ORy;

R, s hydrogen;

R is hydrogen or a substituent that is piperidin-4-y1, piperidin-4-yhmethyl, or

wherein R4 1s

20
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i) y.4alkyl optionally independently substituted with one or two hydroxy or
Cisalkoxy substituents;

i) (4-hydroxy-1,1-dioxo-thian-4-ylymethyl;

1ii} 1,1-dioxidotetrahydro-2 H-thiopyran-4-ylmethyl;

5 V) tetrahydro-2 H-pyran-4-yi;

v} Craalkylsuifonyipropyl;

vi} tetrahydro-2H-pyran-4-yimethyl;
or

vii}  tetrahydrofuran-3-vl;

10
Rs is methyl, methoxy, 2-methoxyethoxy, methancsuifonyl, chloro, or
triftuoromethyl;
or an cnantiomer, diastercomer, or pharmaceutically acceptable salt form thereof.
15
Embodiments of the present invention include a compound of Formula (I)
20 Formula (I}
wherein
ring W is phenyl or pyridyl;
25 A s —CHO—;
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when Z is CH, Rg is hydrogen and R, is (8)-methylacetylenyl; or Ry and R are
taken together o form a spirofused 3-hydroxyceyciobutyl or a spirofused 3-oxocyclobutyl;
or

when 7 is N, Rg is hydrogen and R is (R)-methylacetylenvl; or Ry and Ry are taken

5 together to form a spirofused 3-hydroxyeyciobutyl or a spirofused 3-oxocyclobutyl;

R, s hydrogen;

R is hydrogen or a substituent that 15 -ORy;
10 wherein Ryis
i} Cy4alkyl optionally independently substituted with one or two hydroxyl or
Cisalkoxy substituents;

i) {4-hydroxy-1,1-dioxo-thian-4-yhmethyl;

1} 1, I-dioxidotetrahydro-2H-thiopyran-4-ylmethyl;
i5 v} tetrahydro-2H-pyran-4-vi;
V) Crsalkylsuifonylpropyl;
Vi) tetrahydro-2H-pyran-4-yhoethyl;
or
viiy  tetrabydrofuran-3-yi;
28
Rs is methyl, methoxy, 2-methoxyvethoxy, methanesuifonyl, chloro, or
trifluoromethyl;
or an cnantiomer, diastergcomer, or pharmaceutically acceptable salt form thergof.
25
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Embodiments of the present invention include a compound of Formula (1}

Formula (1)

wherein

ring W is phenyl or pyridyl;

A s ~CHO- or ~OCH—;

ZisCHorN

Ry is hydrogen;

R; is selected from hydrogen or methylacetylenyl; or Ry and Re are taken together

to form a spirofused 3-hyvdroxveyelobutyl or a spirofused 3-oxocyclobutyl;

R, is selected from hydrogen or methyl;

Rs is selected from the group consisting of hvdrogen; methyl; methoxy; hydroxy;
chloro; (4-hydroxy-1,1-dioxo-thian-4-yiimethoxy; 4-(3-methylsulfonylpropoxy; 1,1-
dioxo-1,4-thazinane-4-carbonyl; 1,1-dioxido-3 6-dihydro-2F-thiopyran-4-yl;

1, 1~dioxothian-4-vl; (1,1-dioxothian-4-vhoxy; {1-hydroxyeyelopropyliethoxy;
3-hydroxy-3-methylbutoxy; 2,3~dihvdroxypropoxy; (3-methyloxetan-3-vlmethoxy;

{tetrabydro-2 H-pyran-4-vhoxy; 2-methoxyethoxy;

23
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(1,1-dioxidotetrahydro-2 H-thiopyran-4-ylymethoxy; (3-methyi-1,1-dioxidothictan-3-
yhmethoxy; (3-(methyisulfonyhpropoxy; 1,1-dioxidotetrahydro-2H-thiopyran-4-vl;
2-¢thoxyethoxy; 1,1-dioxidotetrahydro-2H-thiopyran-4-vijoxy;
{tetrahydro-2 H-pyran-4-yhoxy; 1,1-dioxido--thia-6-azaspiro{3.3 theptan-6-vi;

5 methylsulfonyl; methylsulfonamido; 3-hydroxy-3-methylbutoxy; tetrahydro-2 H-pyran-
4-yhmethoxy; tetrahydrofuran-3-yloxy; piperidin-4-vi; piperidin-4-vimethyl; and

tetrahydro-2H-pyran-4-yloxy;
Rs is methyl, methoxy, 2-methoxyethoxy, methancsuifonyl, chloro, or
0 triftuoromethyl;

or an cnantiomer, diastercomer, or pharmaccutically acceptable salt form thereof.

Embodiments of the present invention include a compound of Formula (1)

i5
Formula (1)
wherein
ring W 1s phenyl or pyridyl;
20
Ads —CHO-or —OCH,—;
when Z 1s CH, Rg is hydrogen and R; is (§)-methylacetylenyl; or Ry and Rg are
taken fogether to form a spirofused 3-hydroxyeyclobutyl or a spirofused 3-oxocyelobutyl;
25 or

24



1o

—
(3]

20

WO 2016/057731 PCT/US2015/054581

when Z is N, Re is hydrogen and Ry is (R)-methylacetvienyl; or R and Ry are taken

together to form a spirofused 3-hydroxyeyelobutyl or a spirofused 3-oxocyclobutyl;

R, is selected from hydrogen or methyl;

R is selected from the group consisting of hydrogen; methyl; methoxy; hydroxy;
chloro; (4-hydroxy-1,1-dioxo-thian-4-vhmethoxy; 4-(3-methylsulfonylpropoxy; 1,1-
dioxo-1,4-thiazinane-4-carbonyl; 1,1-dioxido-3,6-dihydro-2H-thiopyran-4-yl;
1,1-dioxothian-4-vl; (1,1-dioxothian-4-yloxy; {{-hydroxycyclopropyljethoxy;
3-hydroxy-3-methylbutoxy; 2,3-dihydroxypropoxy; (3-methyloxetan-3-ylimethoxy;
(tetrahydro-2 H-pyran-4-yhoxy; 2-methoxyethoxy;
{1,1-disxidotetrahydro-2H-thiopyran-4-ylymethoxy; (3-methyl-1,1-dioxidothictan-3-
ylmethoxy; (3-(methylsulfonyhpropoxy; 1, i-dioxidotetrahydro-2 H-thiopyran-4-vi;
2-cthoxyethoxy; 1, 1-dioxidotetrahydro-2H-thiopyran-4-vljoxy;
{tetrahvdro-2H-pyran-4-yhoxy; 1,1-dioxido-1-thia-6-azaspiro]3.3theptan-6-vi;
methylsulfonyl; methylsulfonamido; 3-hydroxy-3-methylbutoxy; tetrahydro-2 H-pyran-
4-yhmethoxry; tetrahydrofuran-3-yloxy; piperidin-4-yl; piperidin-4-ylmethyl; and

tetrabydro-2H-pyran-4-vljoxy;
Rs is methyl, methoxy, 2-methoxyethoxy, methanesulfonyl, chioro, or

triffuoromethyl;

or an enantiomer, diastercomer, or pharmaceutically acceptable salt form thereof.
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Additional embodiments of the present invention include a compound of Formula
(B

Formula (1)

wherein

ring W is phenyl;

Ais -CHO—

Z s CH:

R is hydrogen;

R, is methylacetylenyl;

R; is hydrogen;

R; is hydrogen;

Rs is methyi;

or an cnantiomer, diastercomer, or pharmaceutically acceptable salt form thereof.

26
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Additional embodiments of the present invention include a compound of Formula
(B

Formula (1)

wherein

ring W is phenyl;

Ais -CHO-;

Z s CH:

R is hydrogen;

Ry is (Symethylacetylenyl;

R; is hydrogen;

R; is hydrogen;

Rs is methyl;

or pharmaceutically acceptable salt forms thereof,

A further embodiment of the present invention is directed to the compound of
Formula (I} that 15 3-(4-((3-(2-methylphenyhbenzo[blthiophen-5-yUmethoxy)phenyl)
hex~-4-ynoic acid, Cpd 97
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S ?
N e

prasey

} g |

or a pharmaccutically acceptable salt form thercof

A further embodiment of the present invention is directed to the compound of
Formula (1} that 15 (38)-3-[4-[[3-(2-methylphenyhbenzo[bjthiophen-5-
viimethoxyphenylthex-4-ynoic acid, Cpd 2

i0 ot an enantiomer, diastereomer, or pharmaceutically acceptable salt form thereof.

A further embodiment of the present invention is directed to the compound of
Formula (I} that is 3-(4-((3-(2-methyviphenylbenzol b ithiophen-5-yimethoxy)phenyi}

hex-4-ynoic acid, Cpd 97

o
(¥4

28
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A further embodiment of the present invention is directed to the compound of
Formula () that is (35)-3-[4-{3-{2-mcthyiphenyiibenzo{bthiophen-5-
vilmethoxy|phenylihex-4-ynoic acid, Cpd 2

5 O
- \E;j\/\\wak
:s
lll °
5
Additional embodiments of the present invention include compounds of Formula
(I} as herein defined, or an enantiomer, diastercomer, solvate, or a pharmaceutically
acceptable salt form thereot, as exemplified in the listing in Table 1, below.
10 Table 1.
Structure Cpd No. Cpd Name
3-{4-[{3-(2-
Methyiphenylybenzo[blthiophen
! -S-viimethoxy|phenyl]
propanoic acid
(35)-3-[4-[[3-(2-
Methyiphenylibenzo[blthiophen
2

-S-vimethoxyphenyl]

hex-4-ynoic acid

29
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Structure Cpd Ne. Cpd Name
/S\I/ \ {38)-3-{4-{{3-[4-[{(4-Hydroxy-
\ ‘{;\\/ . °
i, 1-dioxo-thian-4-ylymethoxy}-
- I N
\ NN \T(OH 3 2-methyl-phenviibenzolb]
9 0 thiophen-5-ylimethoxy|phenyl}
o ,/\/i m
;:,S\, /oK ! hex-4-ynoic acid
(35)-3-14-][3-[2-Methyl-4~(3-
maethylsulfonyipropoxyphenyl]
4 benzo[blthiophen-5-

yviimethoxyiphenyl]

hex-4-ynoie acid

(383-3-f4-[[3-[4-(1,1-Dioxo-1,4-
thiazinane-4-carbonyi}-2-
methyl-
phenyljbenzofblthiophen-5-
yljmethoxylphenyl]

hex-4-ynoic acid

B

383-3-14-[[3-[4-(1,1-Dioxo-3,6-
dihydro-2H-thiopyran-4-yi}-2-
methyl-
phenylibenzofblthiophen-5-
ylimethoxy{phenyl]

hex-4-ynoic acid

(38)-3-[4-[[3~-(4-Hydroxy-2-
methyl-
phenyhbenzofblthiophen-5-
vilmethoxyiphenyl]

hex-4-ynoic acid

30
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Structure Cpd Ne. Cpd Name
S "
O

(35)-3-[4-[[3-[4-(1,1-
Dioxothian-4-y1)-2-methyl-

phenylibenzo[blthiophen-53-
x SO Thmethay vinheny
,/\ s ) vijmethoxyiphenyl]
SS,_./ ,ﬁ © hex-4-ynoic acid
O 5
O
38)-3-[4-[[3-[4-(1.1-
S/ (38)-3-[4-{[3-[4-(1,
»—/\j\§ /*\\ Dioxothian-4-yhoxy-2-methyl-
{ R - henyl]-2-methyl-
g L o phenyl]-2-methy
Aﬁ'/ L%)‘\jg\?\/ G ) .
N \, o) benzo[blthiophen-5-
{
ot © \\\ vijmethoxyiphenyl]
T o
; hex-4-ynoie acid
AT
) N (33)34-([3-2.6
o, AT b“\O 7 \\J‘( Dimethylphenylibenzolblthioph
s 32 O 16 en-5-yljmethoxy phenyl]
& \\\
1\\) hex-4-ynoic acid
S
CT (38)-3-(A-(3-(4-2-1-
/J”(), ] Hydroxyeyclopropyhethoxy)-2-
TN G
v \’O 11 methylphenylbenzo[bjthiophen
O\ e Yo ) OH -5-vhimethoxyphenyl)
’EI/OH f?j 0 hex-4-yuoic acid
i
f & (353-3-(4-{(3-(4-(3-Hydroxy-3-
= methylbutoxy)-2-
= . G
4 - \K//E 1 methylphenylybenzo[blthiophen
; S '\\H/OH
O i
“—

-S-yvhmethoxy jphenyl)

hex-4-ynoic acid
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Structure Cpd Ne. Cpd Name
S
\’@ (38)3-(4-{(3-(4-(2 3
- Ou Dihydroxypropoxy)-2-
el
13 methylphenylybenzo[blthiophen

s R -S-yvhmethoxy jphenyl)
Ho“‘) II hex-4-ynoic acid
HO) :
f@ (38)-3-(4-{{3-(2-Methyl-4-{(3-
§<‘ ] methyloxetan-3-
":\ i © i ,\E} o 14 yhmethoxyphenyljbenzo[bjthi
Q\) :é S I ophen-5S-yhmethoxyphenyl)
Q’f\l EEH hex-4-ynoic acid
N ) {35)-3-{4-({3-(2-Methyl-4-
%\1)\ {{tetrabydro-2 H-pyran-4-
é\::}”’ v ’: 3 oH 15 vhoxyiphenyhibenzo[bithiophen
& gis & -S-yvhimethoxyphenyt}
Q u; hex-4-ynoic acid
@iﬁ\ (3)3-(4-4(3-4-2-
~~§’_ﬂ (I!} Mecthoxyethoxy}-2-
N Y, il 16 methylphenylybenzo[blthiophen
a3 L\/ LOH

-S-yvhmethoxy jphenyl)

hex-4-ynoic acid
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Structure Cpd Ne. Cpd Name
(35)-3-(4-{(3-(4-((1, -
Dioxidotetrahydro-2H-
thiopyran-4-yhmethoxy)-2-
17

methylphenylbenzo[bjthiophen
-5-ylimethoxy)phenyl)

hex-4-ynoic acid

18

{35)-3-(4~((3-(2-Methyl-4~(({3-
methyl-1,1-dioxidothictan-3-
yhmethoxyphenyhbenzo[bjthi
ophen-S-vhmethoxviphenyl}

hex-4-ynoic acid

(35)-3-(4-((3-(2-
Chlorophenyl}benzo[blthiophen
-5-vhmethoxyphenyl)

hex-4-ynoic acid

26

{38)-3~{4-({3-(2~
Bromophenylibenzo[blthiophen
-S-yvhimethoxyphenyt}

hex-4-ynoic acid
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Structure

Cpd Ne.

Cpd Name

(35)-3-(4-((3-(2-
(Trifluoromethyliphenylbenzof
bithiophen-5-
yhmethoxy)phenyl}

hex-4-ynoic acid

22

(353-3-{4-{(3-{2-Methylpyridin-
3-vibenzolblthiophen-5-
vmethoxy)phenyl}

hex-4-ynoic acid

{(35)-3-(4-(((3-(2-
Methyiphenyhbenzo[blthiophen
-S5-vhioxyimethylphenyl)

hex-4-ynoic acid

24

(383-3-(4-({{3-(2-Methvi-4-(3-
{methvisuifonylipropoxyipheny
Bibenzo{bithiophen-5-
vhoxyymethyDphenyi}

hex-4-ynoic acid
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Structure

Cpd Ne.

Cpd Name

{38)-3-{4-(((3-(4~(1,1-Dioxido-
3,6-dihydro-2 H-thiopyran-4-vi)-
2-methylphenyl)
benzo{bithiophen-5-
vhoxyimethylphenyi)

hex-4-ynoie acid

(383-3-(4-({({(3-(4-(1,1-
Dioxidotetrahydro-24H-
thiopyran-4-yi}-2-
methyiphenylybenzolbjthiophen
-S-yhoxymethyliphenyl)

hex-4-ynoic acid

(38)-3-(4-{{{3-(2,6-
Dimethylphenylbenzol[blthioph
en-5-yhoxy ymethybphenyl)

hex-4-ynoic acid

28

2-(1-{4-((3-(4-(1 ,1-Dioxido-3,6-
dihydro-2H-thiopyran-4-yi}-2-
methylphenylbenzo[bjthiophen
~S-vhmethoxyiphenyl)-3-

oxocyclobutyhacetic acid
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Structure

Cpd Ne.

Cpd Name

9

2-0-{4-((3-(4-(1,1-
Dioxidotetrahydro-2H-
thiopyran-4-yi}-2-
methylphenylbenzo[bjthiophen
-S-yvhmethoxyphenyl)-3-

oxocyclobutyhacctic acid

36

2-(3-0x0-1-(4-((3-(2-
methylphenyl}
benzo{bithiophen-5-
viymethoxyiphenyljcvelobutyl}

acetic acid

2-((1r,3r}-3-Hydroxy-1-{4-((3-
(2-methylphenyl)
benzo[blthiophen-5-
yhmethoxyphenvijeyclobutvl}

acetic acid

2-{1-44-{(3-(4-(2-
Ethoxyethoxy)-2-
methylphenylbenzo[bjthiophen
-S-vhimethoxyiphenyl)-3-

oxocyclobutyljacetic acid
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Structure {Cpd Ne. Cpd Name
2-{1-{(4-{(3-(4-((1.1-
o _\/\? A-{A-({3-4-({,
\/L;%J\ Dioxidotetrahydro-2H-
A/_ O~ \*L o thiopyran-4-yljoxy}-2-
‘\:\
N ~ Zj} o 33 methylphenylbenzo[bjthiophen
O\_f/ ;i O \5 -S-yhmethoxyphenyi)-3-
o
O oxocyclobutyhacctic acid
S .\ 2-(1-(4~{{3-(2-Methyi-4-
= {{tetrahydro-2 H-pyran-4-
O\(’MA 1 OH \ S
L 34 yvhoxyphenylibenzo[bithiophen

-5-yhmethoxyphenyl)-3-

oxocyclobutyhacetic acid

35

2-{{1r,37}-3-Hydroxy-1-{4-{(3-
{4-(2-cthoxyecthoxy}-2-
methylphenyl)
benzolblthiophen-5-
yiymethoxyphenyljcyelobutyl)

acetic acid

2-{(1r, 3 1-(4-((3-(4-({1,1~
Dioxidotetrahydro-2H-
thiopyran-4-yhoxy)-2-
methyiphenylybenzolbjthiophen
-5-vhmethoxy)phenyl)-3-

hvdroxycyelobutylacetic acid
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Structure Cpd Ne. Cpd Name
2-{{1r,37}-3-Hydroxy-1-{4-{(3-
3\/\\\ (2-methyl-4-((tetrahydro-2H-
%‘)\\f}\‘\ - pyran-4-yhoxyiphenyl}
(OGP
:‘;’ J - \\{;} \\\\\(‘)QH 37 benzofbjthiophen-5-
/ vhmethoxyphenyheyclobutyl)
ry0 OH stic acid
O\/ P acClic ac
/f” 73 2-{1-{4-((3-2-Methylpyridin-3-
/ O yhbenzo[bjthiophen-3-
- \f\ﬁ OH 38 - N "
i (SN ¥ yhmethoxyphenyl)-3-
NN o ‘ L
¥ oxocyclobutyhacetic acid
O
S\f\‘\\ 2-({(1r,3r}-3-Hydroxy-1-{4-((3-
%/L\Q/\\\ {(2-methylpyridin-3-
,——i , O\\Lf\i_\ . OH 36 yhibenzo[bjthiophen-35-
; o
N O yhmethoxyphenvijeyclobutvl}
OH acetic acid
2-{1-{4-((3-(4-(1,1-Dioxido-1-
S
< Q thin-6-azaspiro[3.3]
= - T%\W heptan-6-yh)-2-
WA N 48

methylphenylibenzofblthiophen
-S-yhmethoxyphenyl)-3-

oxocyclobutyliacetic acid
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Structure

Cpd Ne.

Cpd Name

o
WO Py

41

(35)-3-(4-((3-(2-Mgthyl-5-
{methylsuifonyDphenylibenzofb
{thiophen-3-ylimethoxyphenyl)

hex-4-ynoic acid

42

(35)-3-
{methylsulfonyliphenylbenzofb

(4-((3-(2-Methyi-4-

{thiophen-5-yhimethoxy jphenyh)

hex-4-ynoic acid

43

{35)-3-(4-((3-(2-Methyl-5-
{methylsulfonamido)phenviiben
zo{blthiophen-5-
yhmethoxyiphenyl)

hex-4-ynoic acid

44

{38)-3-(4-((3-(2-Mcthyl-6-
{methylsulfonamido)phenyliben
zo[blthiophen-5-
yhmethoxyiphenyl)

hex-4-ynoie acid

45

3-{6-{{3-(2-

Methyiphenylibenzo[blthiophen

-5-yDmethoxy)pyridin-3-yi}

hex-4-ynoic acid
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Structure Cpd Ne. Cpd Name
Se? 3-{6-({3-(2-Methyl-4-
\L\ﬂ (6-((3( 3
/\[ {{tetrabydro-2 H-pyran-4-
I O N
g} \L | 46 yvioxyphenyiYbenzolbithiophen
\\\//

~3-yhmethoxypyridin-3-yi)

hex-4-ynoic acid

—‘—'\‘g"\\;/

’5\674'\%

3-(6-((3-{4-(2-Methoxyethoxy)-

2-methylphenyl}

47 benzo{bithiophen-5-
N%/J\/\, O g

Q i ~ vhmethoxyjpyridin-3-yi}
N &
< j;i hex-4-ynoic acid
o f'

/
s\,;,.,\? (353-3-(d-((3-(5-(2-
} &/’ Methoxyethoxy}-3-
- !

i‘,}/ O - ) mcthylpyridin-2-

d N | O 8 vhbenzof{blthiophen-3-
Z fffs & yhimethoxyiphenyl}
/O If hex-4-ynoic acid

. {3S)-3-(4-((3-(5-(2-
%/ ,.;\/?\ Methoxyethoxy -2~
e . ge
N\ ﬂﬂgw o methylpyridin-3-
o 49

vhbenzofblthiophen-5-
yhimethoxyphenyl)

hex-4-ynoic acid

46
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ST/A (35)-3-{4-{(3-{6-(2-

) "\/';J\ Methoxyethoxy)-2-
(\Tfé)»w f!l\r @ “ ’mcthyipyri'dinn} _
4 Xy )K:/‘\f’OH ylibenzo[bjthiophen-5-

Z !j?; 5 5 vhmethoxy)phenyl)
/p i hex-4-ynoic acid
%\r/,;,\ (35)-344-((3-(6-(2~
3 /j\\/g. Methoxvethoxy}-4-
N{\::j, O\T q o | methy-i?yri:din—fin ‘
g N OH yhibenzo[bithiophen-5-
Z ;”:f 5 (;i} vhmethoxy)phenyl}
/G | hex-4-ynoic acid
f’ \*;”\p (35)-3-{4-{{3-(2-Chloro-5-
o ) methvipyridin-4-
Cl*”"\\g\i Y ) Gm 53 ylibenzofblthiophen-5-
\”)\g’g\ﬂ/ﬁi i vhmethoxy)phenyl}
}j v hex-4-ynoic acid
i
3G
Methyiphenylibenzo{blthiophen
83

-S-yhoxyymethyphenyl)

propanoic acid
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(35)-3-[4-[(3-[4-(3-Hydroxy-3-
methylbutoxy)-2-
mcthylphenyll-i-
benzothiophen-5-

vioxyimethyliphenyl]

hex-4-ynoic acid

am
[

(38)-3-[4-[{[3-[4-(2,3-
Dibydroxypropoxy}-2-
methylphenyll-1-
benzothiophen-5-
vijoxymethyliphenyt]

hex-4-ynoic acid

(38)-3-(4-[[(3-[2-Methyl-4-{(3-
methyloxetan-3-
yhmethoxyphenyl]-i-
benzothiophen-S-
vihoxyimethyliphenyi)

hex-4-ynoic acid

2]
3

(383-3-[4-[{{3-[2-Methyi-4-
{oxan-4-vioxyiphenvi]-1-
benzothiophen-S-
vioxymethyliphenyi]

hex-4-ynoic acid
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(35)-3-[4-[{[3-[4-(2-
Mecthoxyethoxy}-2-
mcthylphenyll-i-
benzothiophen-5-
vioxyimethyliphenyl]

hex-4-ynoic acid

41}
W5

{35)-3~ {4-[{(3-{4-{(1.,1-Dioxo-
tetrahydro-2H-thiopyran-4-
yhmethoxy|-2-methylphenyl) -
t-benzothiophen-3-
yvhoxymethyljphenyl}

hex-4-ynoic acid

64

{35)-3-(4-({(3-(2-Methyl-4-((3-
methyl-1,1-dioxidothictan-3-
yhmethoxyphenyhbenzo[bjthi
ophen-5-vhoxymethyljphenyi)

hex-4-ynoie acid

3-{6-(13-]4-(3-Hydroxy-3-
methylbutoxy)-2-
methylphenyll-1-
benzothiophen-5-

vimethoxypyridin-3-yij

hex-4-ynoic acid
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36-((3-(4-(2,3-
Bihydroxypropoxy)-2-
methyiphenylbenzolbjthiophen
-S-yhmethoxypyridin-3-vi}

hex-4-ynoic acid

63

3-(6-((3-{4-({1,1-
Dioxidotetrahydro-24H-
thiopyran-4-yhmethoxy)-2-
methyiphenylybenzolbjthiophen
-S-yhmethoxypyridin-3-yi}

hex-4-ynoic acid

64

3-(6-((3-(2-Methyl-4-{(3-
methyl-1,1-dioxidothictan-3-
vimethoxyphenylbenzo[blthi
ophen-S-yhmethoxy ypyridin-3-

yhhex-4-yuoic acid

65

(38)-3-[4-({3-{5-(2~
Methoxyethoxy}-2-
methylphenyli-1-
benzothiophen-5-
viimethoxyjphenyl]

hex-4-ynoic acid
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{35)-3-[4-{[3-[2-(2-
Methoxyethoxy}-6-
mcthylphenyll-i-
benzothiophen-5-
viimethoxyjphenyl]

hex-4-ynoic acid

(35)-3-[4-({3-[3-(2-
Methoxvethoxy}-2-
methylphenyli-1-
benzothiophen-5-
viimethoxy)phenyl]

hex-4-ynoic acid

=

68

(3S)-3-[4-({3-[2-(2-
Methoxyethoxyphenyii-1-
benzothiophen-S-
vilmethoxy)phenyl]

hex-4-ynoic acid

69

(38)3-(4-{[3-2-
Methanesulfonylphenyl)-1-
benzothiophen-6-
vijmethoxviphenyl}

hex-4-ynoic acid
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(38)-3-(6-((3-(4~(3-Hydroxy-3-
methylbutoxy)-2-
methylphenylibenzo[bjthiophen
-5-ylymethoxy)pyridin-3-yhhex-

4-ynoic acid

71

{(3R}-3-(6-{(3-(4-(3-Hydroxy-3-
methylbutoxy)-2-
methylphenylybenzo[blthiophen
-S-yhymethoxypyridin-3-ylhex-

4-ynoic acid

(383-3-(6-((3-(2-Methyl-4-
{{tetrahydro-2 H-pyran-4-
yhmethoxyphenyljbenzo[bjthi
ophen-5-yhmethoxy jpyridin-3-

yvhhex-4-ynoic acid

(3R-3-(6-((3-(2-Methyl-4-
{({tetrahydro-2 H-pyran-4-
vhmethoxyphenylbenzo[bthi
ophen-5-ylimethoxy ypyridin-3-

yhhex-4-ynoic acid

74

(383-3-{6-((3-(4-{{1,1-
Dioxidotetrahydro-24H-
thiopyran-4-yhmethoxy)-2-
methyiphenylybenzolbjthiophen
-S-yhmethoxypyridin-3-yi)

hex-4-ynoic acid

46
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(3R)-3-{6-{(3-{4~((1,1-
Dioxidotetrahydro-2H-
thiopyran-4-yhmethoxy)-2-
s methylphenylbenzo[bjthiophen
-S-yhmethoxypyridin-3-yi)

hex-4-ynoic acid

(38)-340-((3-(4-(2~
Methoxyethoxy}-2-
methyiphenyl)
benzo{bjthiophen-3-
vhmethoxypyridin-3-y1)

hex-4-ynoic acid

(3R)-3-(6-((3-(4-(2-
Methoxvethoxy -2~

methyiphenyl}

-~
-~

benzo|blthiophen-5-
vhmethoxypyridin-3-y1)

hex-4-ynoic acid

{35)-3-(4-((3-(2-
Mcthoxypyridin-3-
78 vibenzofblthiophen-5-

yhmethoxyphenylihex-4-ynoic

acid
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5
Sy
\ ﬂ\ (353432
T}»o\ (’3\6;\_. o Methoxyphenyhbenzo[blthioph
K“ /ik/\(.ﬁ:»i o en-3-yhmethoxviphenylihex-4-
[-:? ynoie acid
i A {35)-3-(4-((3-{6-Mecthoxy-2-
\ :
B g"\\\“/\ mcthylpyridin-3-
§~r3 - b\?’@ 86 vi)benzofbjthiophen-5-
; S
_— \:-.”«A\Tf’OH yhmethoxy jphenylihex-4-ynoic
! acid
Ty (G530
o} . \/I\; Methoxypyridin-3-
& d Q\}”\ﬂ\ 81 yhibenzo{bjthiophen-5-
Ry . . .
o WOH ylimethoxy jphenylhex-4-ynoic
. acid
m {35)-3-{4-({3-{6-Methoxy-4-
\» S methylpyridin-3-
S\/;} O\riif‘ ; 82 vihbenzo|blthiophen-3-
Xy
0 yimethoxyiphenylihex-d-ynoic
acid
Sz (383-3~(4-((3-(3-
N f
O,\F__}:’g/i\i Methoxvpyridin-4-
= O : .
<\N_’j/ T«*/’\r 93 yiibenzo{bjthiophen-3-

yhmethoxy jphenylihex-4-ynoic

acid
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(\?Yé\n {35)-3-(4-({3-{5-Mcthoxy-3-
\. J\\/\ methyipyridin-2-
Y o v g
Wi \Qf\‘n 84 vijbenzo[blthiophen-5-
—0 /\_5-.5\;(@*4 yhmethoxy )phenyithex-4-ynoic
T

acid

(3R)-3-[6-{{3-(2-
Methyiphenylibenzo[blthiophen

85 -S-ylimethoxylpyridin-3-yi]
hex-4-ynoie acid
(35)-3-[4-[(| 3-[ 2-Methyl-4-
3 {(tetrahydrofuran-3-
g}" :: o %6 vioxyjphenyl]-1-benzothiophen-
4 §=S & S-vlioxyymethyijphenyl]
\;L:::\O 153 hex-4-ynoic acid
. ,{'_k\\h o {(38)-3-(6-((3-(5-(2-
L\\\(/’:TJ "\O ‘@ R 1 f—\<O Methoxyvethoxy}-2-
\2\1 N \\ o meiih yip‘heriyi)
. | - benzo|blthiophen-5-
H yhmethoxypyridin-3-yi)
O hex-4-ynoic acid
(3R)-3-(6-((3-(3-(2-
3 /_._ > ol N R < Methoxyethoxy}-2-
S N i\\\ ? methylphenyl)
\ 88

benzo[blthiophen-5-

yhmethoxypyridin-3-y1)

hex-4-ynoie acid
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87_4,;:\? (3R }-3-{6-((3-(5-(2~
\ /\\/J\ Mecthoxyethoxy}-3-
Nz { o
e N methylpyridin-2-
N4 \T’é\p §9 , : .
d N{\«/'/Kag\ff,@}.i ylibenzo[bjthiophen-5-
Z !!? 0 yvhmethoxy)pyridin-3-vl}
Hi
/p i hex-4-ynoic acid
5-79’ ! {3R3-3-{6-{{(3~(2-Chloro-3-
NI/ k\\\/\, methylpyridin-4-
= S e
&\\E ,/:\ \7"”\? 9§ vhbenzofblthiophen-5-
A n !
o RN o yvhmethoxypyridin-3-yl}hex-4-
TR
J ynoic acid
f
Sy (383-3~(4-((3-(3~
PoX Q o
O},\ ! Methoxvpyndin-2-
= O
S ﬂN hidl ] 91 yhbenzo[bjthiophen-3-
I\ J N -
o I :\ﬁ’ o yimethoxy yphenythex-4-ynoic
fi G )
| acid
{(3R}-3-{6-({(3-(5-(2-
. v’/f\\\ Methoxyethoxy -2~
NP OH mcthylpyridin-3-
W -
j\!/ N ,/f?\\b 92 vhbenzof{blthiophen-3-
o ) . \ . :
O \\ vhmethoxyipyridine-3-yi}
hex-4-ynoie acid
{35)-3-{4-{{3-(6-Chloro-3-
7 o
‘\j“./ «\ _/“T{DH methylpyridin-2-
{} 25 0 93 yhibenzo{bithiophen-5-

vhmethoxy)phenyl}

hex-4-ynoic acid
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Sy {35)-3-{4-{{3~{6-Methoxy-3-
g N
" ,/< ~, mcthylpyridin-2-
7 G
'Y ¥ N 94 yiibenzo[blthiophen-5-

yhmethoxy )phenyithex-4-ynoic

’j‘! ° acid
{; : ) | (38)-3-(4-((3~(2-Methyl-4-
./ | {piperidin-4-
gj’,\? O\Y‘f"\h 95 vimethyl)phenylibenzo{bithioph
E-EN{M}J/ Kﬁ/ﬂ?ﬂ/\?fw en-5-yhimethoxyiphenyljhex-4-
Nt oo
fi ynoic acid
SeozmN | {35)-3-(4-((3-(2-Methyl-4-
\:;-\Jviz {piperidin-4-

XA = \}\ 96 yhiphenylbenzo[bjthiophen-5-
,-»Q %VL::’S/\YOH yhmethoxyphenylihex-4-ynoic
?\i'// ;;I ’ acid

~2F
,@\‘ 3-(4-((3-(2-
o P Methylphenylbenzol{bthiophen
l%o%& 7 -S-ylymethoxyphenyt)
E hex-4-ynoic acid
(3R)-3-[4-[[3-(2-
Methyiphenylibenzo{blthiophen
98

-5-yHmethoxyphenyl]

hex-4-ynoic acid

In a further embodiment, the invention is directed to a compound of Formula {I)
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Formula (1)

selected from the group consisting of

Cpd 1, 3-[4-[[3-(2-Methylphenyhbenzo[bthiophen-3-ylimethoxy]phenyl]
propanoic acid;

Cpd 2, (35)-3-14-{[3-{2-Methylphenylibenzo[bithiophen-5-yiimcethoxyiphenyl]
hex-4-ynoic acid;

Cpd 3, 35)-3-[4-{{3-{4-{(4-Hydroxy-1,1-dioxo-thian-4-ylimethoxy]-2-methyi-
phenylibenzol blthiophen-5-ylimethoxyphenyiihex-4d-ynoic acid;

Cpd 4, (35)-3-14-{[3-{2-Methyl-4-{3-methylsulfonylpropoxy)phenyi}benzol bithiophen-
S-ylimethoxy {phenyllhex-4-ynoic acid;

Cpd 8, (35)-3-14-{[3-[4-(1 ,1-Dioxo-1,4-thiazinane-4-carbonyl)-2-methyi-
phenylibenzo{blthiophen-S-ylmethoxyiphenyiihex-4-ynoic acid;

Cpd 6, (35)-3-[4-[13-[4-(1,1-Diox0-3,6-dithydro-2 H-thiopyran-4-y1}-2-methyi-
phenylibenzo{blthiophen-S-ylmethoxyiphenyiihex-4-ynoic acid;

Cpd 7, (35)-3-[4-{[3-{4-Hydroxy-2-methyl-phenyljbenzo[bthiophen-5-
yljmethoxyiphenylihex-4-ynoic acid;

Cpd 8, (35)-3-14-{[3-14-(1,1-Dioxothian-4-vh)-2-methyl-phenylibenzo{bjthiophen-5-
ylimethoxyiphenylihex-4-ynoic acid;

Cpd 9, (35)-3-14-{[3-[4-(1, I-Dioxothian-4-vhoxy-2~-methyi-phenyl]-2-methyl-
benzo[blthiophen-5-ylimethoxylphenyithex-4-ynoic acid;

Cpd 18, (35)-3-[4-[{3-(2,6-Dimethyiphenylibenzo[blthiophen-S-yihnethoxylphenyl]

hex-4-ynoie acid;

52
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Cpd 11, (35)-3-(4((3-(4-2-(1 -Hydroxycyciopropylicthoxy}-2-
methyiphenylbenzolbjthiophen-S-ylimethoxyiphenyihex-4-ynoic acid;
Cpd 12, (35)-3-(4-((3-(4-(3-Hydroxy-3-methylbutoxy)-2-
methyiphenylbenzolbjthiophen-S-ylimethoxyiphenyihex-4-ynoic acid;
5 Cpd 13, (38)-3-(4-((3-(4-(2,3-Dihydroxypropoxy)-2-methyviphenylibenzo{bithiophen-5-
yhmethoxy)phenylthex-4-ynoic acid;
Cpd 14, (35)-3-(4-(3-2-Methyl-4-{(3-methyloxetan-3-
yhmethoxy)phenylibenzo[bjthiophen-5-ylimethoxyiphenylihex-4-ynoic acid;
Cpd 15, (35)-3-(4-(3-2-Methyl-4-{{(tctrahydro-2H-pyran-4-
ig vhoxyphenylibenzo[blthiophen-5-ylimethoxyiphenyihex-4-ynoic acid;
Cpd 16, (35)-3-(4-((3-(4-(2-Methoxycthoxy}-2-methylphenyvlbenzof blthiophen-5-
yhmethoxy)phenylthex-4-ynoic acid;
Cpd 17, 35)-3-(4-3-(4-(( 1, 1-Dioxidotetrahydro-2 H-thiopyran-4-yhmethoxy 3-2-
roethylphenylbenzo[blthiophen-5-ylimethoxyphenyihex-4-ynoic acid;

Cpd 18, (35)-3-(4-((3-(2-Methyl-4~{(3-methyl-1, I-dioxidothictan-3-

—
(3]

yhmethoxy jphenylbenzo[blthiophen-5-yUmethoxyiphenylihex-4-ynoic acid;
Cpd 19, (35)-3-(4-((3-(2-Chlorophenyihenzo[blthiophen-5-yhmethoxy Jphenyl)
hex-4-ynoic acid;
Cpd 28, (35)-3-(4-((3-(2-Bromophenyi}henzo[blthiophen-5S-yhmethoxy Jphenyl)
20 hex-4-ynoic acid;
Cpd 21, 35334 3-(2«( Trifluoromethyliphenyhbenzo{bithiophen-3-
yhmethoxyiphenythex-4-ynoic acid;
Cpd 22, (35)-3-4-((3-(2-Methylpyridin-3-yi}benzolblthiophen-5-vhimethoxyphenyl)
hex-4-ynoic acid;
25 Cpd 23, (35)-3-(4-({((3-(2-Methyiphenylibenzo[blthiophen-5-vhoxvimethyHphenyl)
hex-4-ynoic acid;
Cpd 24, (35)-3-{4-{{{3-(2-Mcthyl-4-(3-
(methylsulfonylipropoxyiphenylibenzofbithiophen-5-yhoxyymethyphenyl}

hex-4-ynoic acid,
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Cpd 25, (35)-3-(4-(((3-(4-(1,1-Dioxido-3,6-dihydro-2 H-thiopyran-4-yl1}-2-
methyiphenvlybenzolbthiophen-S-yljoxyimethyliphenylhex-4-ynoic acid;
Cpd 26, (35)-3-(4-(((3-(4-(1, 1 -Dioxidotetrahydro-2H-thiopyran-4-vi)-2-
methyiphenvlybenzolbthiophen-S-yljoxyimethyliphenylhex-4-ynoic acid;
5 Cpd 27, (38)-3-(4-(((3-(2,6-Dimethylphenylbenzo[ bithiophen-5-yvhoxy yme thyiphenyi}
hex-4-ynoic acid,
Cpd 28, 2-(1-{(4-((3-(4-(1 ,1-Dioxide-3,6-dihydro-2 H-thiopyran-4-y1}-2-
methyiphenylibenzo[blthiophen-5-ylymethoxyiphenyl)-3-oxocyclobutylacetic acid;
Cpd 29, 2-(1-{(4-((3-(4-(1 1 -Dioxidotetrahydro-2 H-thiopyran-4-yi)-2-
10 methyiphenylibenzo[blthiophen-5-ylymethoxyiphenyl)-3-oxocyclobutylacetic acid;
Cpd 30, 2-(3-Oxo-1-(4-{(3-(2-mcthylphenylibenzo{blthiophen-5-
yhmethoxy)phenvlcyclobutyliacetic acid;
Cpd 31, 2-((1r,37)-3-Hydroxy~-1-(4~-((3-( Z-methylphenylibenzo] blthiophen-5-

yhmethoxy jphenylevelobutyhacetic acid;

—
(3]

Cpd 32, 2-(1-{4-{(3~(4-(2-Ethogyvethoxy)-2-methylphenvlibenzof blthiophen-5-
yhmethoxy jphenyi}-3-oxocyclobutyhacetic acid;
Cpd 33, 2-(1-{4-{(3~(4-((1 , 1-Dioxidotetrahydro-2 H-thiopyran-4-yDoxy -2~
roethylphenyhbenzo[blthiophen-3-ylimethoxy)phenyl)-3-oxocyclobutyhacetic acid;
Cpd 34, 2-(1-{(4-{3~2-Methyl-4-((tetrahydro-2 H-pyran-4-
20 yhoxyiphenyhbenzo[blthiophen-3-ylimethoxyiphenyvli-3-oxocyclobutyl jacetic acid;
Cpd 35, 2-({17,3r}3-Hydroxy-1-{4-{{3-(4-(2-cthoxyethoxy }-2-
methyiphenyhbenzoblthiophen-3-ylmethoxy)phenyviicyclobutylacetic acid;
Cpd 36, 2-{({1r37)-1-(4-((3-(4-((1, 1 -Drioxidotetrahydro-2 H-thiopyran-4-yl}oxy}-2-
methyiphenyhbenzo[blthiophen-3-ylmethoxyiphenvly-3-hydroxveyclobutyllacetic
25 acid;
Cpd 37, 2-((17,3r)-3-Hydroxy-1-(4-((3-(2-methyl-4-{{tctrahydro-2 H-pyran-4-
vhoxyphenvlibenzolblthiophen-S-ylimethoxyiphenyljeyelobutyllacetic acid;
Cpd 38, 2-(1-(4-((3-(2-Methylpyridin-3-yiibenzo{bithiophen-5-ylimethoxyiphenyi)-3-

oxocyclobutylacetic acid;
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Cpd 39, 2-((1r,3r)3-3-Hydroxy-1-(4-((3-(2-methylpyridin-3-yibenzo[ bjthiophen-3-
vhmethoxy)phenyljcyclobutyliacetic acid;
Cpd 48, 2-(1-(4-((3-(4-(1,1-Dioxido-1-thia-6-azaspiro| 3.3 theptan-6-y1}-2-
methyiphenylbenzo{blthiophen-S-ylimethoxyphenyi}-3-oxocyclobutyliacetic acid;
5 Cpd 41, (38)-3-(4-(3-(2-Methyl-5-(methylsulfonyliphenyl}benzo[blthiophen-5-
yhmethoxy)phenylthex-4-ynoic acid;
Cpd 42, (35)-3-(4-3-2-Methyl-4-{(methylsulfonyliphenylibenzo[blthiophen-5-
yhmethoxy)phenylthex-4-ynoic acid;
Cpd 43, (35)-3-(4-((3-(2-Methyl-5-{(methylsulfonamidophenyljbenzo{ bjthiophen-5-
ig yhmethoxy)phenylthex-4-ynoic acid;
Cpd 44, (35)-3-(4-((3-(2-Methyl-6~-{(methylsulfonamidoiphenyljbenzo{ bthiophen-5-
yhmethoxy)phenylthex-4-ynoic acid;
Cpd 45, 3-(6~{(3-(2-Mecthyiphenyhbenzo[blthiophen-5-vhimethoxypyvridin-3-v1)

hex-4-ynoic acid;

15 Cpd 46, 3-(6-({3-(2-Methyl-4-((tctrahydro-2H-pyran-4-yhoxyphenylibenzol blthiophen-
S-yhmethoxy jpyridin-3-yhhex-4-ynoic acid;
Cpd 47, 3-(6~{(3-(4~(2-Methoxyethoxy }-2-methyiphenyhbenzol blthiophen-5-
yhmethoxy pyridin-3-yhhex~4-ynoic acid;
Cpd 48, (35)-3-(4-((3-(5-(2-Methoxyethoxy)-3-methylpyvridin-2-vhbenzobithiophen-5-
20 yhmethoxyiphenythex-4-ynoic acid;

Cpd 48, (35)-3-4-((3-(5-( 2-Methoxyethoxy)-2-methylpyridin-3-yYbenzolblthiophen-5-
yhmethoxyiphenythex-4-ynoic acid;
Cpd 58, (35)-3-4-((3-(6-( 2-Methoxyethoxy)-2-methylpyridin-3-yYbenzolblthiophen-5-
yhmethoxyiphenythex-4-ynoic acid;
25 Cpd 81, (35)-3-{4-((3-(6-{2-Mcthoxyethoxy}-4-methyipyridin-3-ylbenzol bithiophen-5-
yhmethoxyiphenythex-4-ynoic acid;
Cpd 52, (35)-3-{4-¢(3-(2-Chloro-5-methylpyridin-4-yhibenzo{bthiophen-5-

yvhmethoxyiphenylthex-4-ynoic acid;
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Cpd 53, 3-(4-(((3-(2-Methylphenylibenzo[blthiophen-5-
vhoxyymethyl}phenylipropansic acid;
Cpd 54, (35)-3-[4-{({ 3-]4-(3-Hydroxy-3-methylbutoxy)-2-methylphenyl}-1-
benzothiophen-3-vljoxyimethyliphenyljhex-4-vnoic acid;
5 Cpd 55, (35)-3-[4-{([3-[4-(2,3-Dihydroxypropoxy }-2-methyiphenyi]-1-benzothiophen-5-
yvHoxyymethyljphenylihex-4-ynoic acid;
Cpd 56, (35)-3-(4-[{(3-[2-Methyl-4-[(3-methyloxetan-3-ylimethoxy phenyl]-1-
benzothiophen-5-ylhoxy]methylphenylthex-4-ynoic acid;
Cpd 587, (35)-3-[4-[([3-[2-Mecthyl-4-(oxan-4-vioxy)phenyl]- I -benzothiophen-5-
ig vHoxyymethyljphenylihex-4-ynoic acid;
Cpd 58, (35)-3-[4-[([3-[4-(2-Methoxycthoxy}-2-methylphenyl}- i -benzothiophen-5-
yvHoxyymethyljphenylihex-4-ynoic acid;
Cpd 59, (35)-3~{4-[{{3- {4-[{1,1-Dioxo-tetrahydro-2 H-thiopyran-4-yhoethoxy}-2-

roethylphenyll~-1-benzothiophen-5-yhogymethyllphenyl} hex-4-ynoic acid;

15 Cpd 68, 35)-3-(4-(((3-(2-Methyl-4-{{3-methyl-1, I -dioxidothictan-3-
yhmethoxy jphenylbenzo[blthiophen-5-yloxyimethyliphenyhhex-4-vnoic acid;
Cpd 61, 3-[6~(]3-[4~(3-Hydroxy-3-methylhutoxy-2-methyiphenyl]- I -benzothiophen-~5-
yHmethoxy ipyridin-3-yithex~4-ynoic acid;
Cpd 62, 3-(6~{(3-(4~(2.3-Dihvdroxypropoxy}-2-methylphenylibenzo[blthiophen-5-
20 yhmethoxyipyridin-3-yhhex-4-ynoic acid;

Cpd 63, 3-{6~-(3-{4-({1,1-Dioxidotetrahydro-2 H-thiopyran-d-ylmethoxy-2-
methylphenyhbenzolblthiophen-5-ylimethoxypyridin-3-yhhex-4-vooic acid;

Cpd 64, 3-{6~{(3-(2-Methyl-4-({3-methyl-1, -dioxidothictan-3-
yhmethoxyiphenylbenzolblthiophen-5-vhmethoxy)pyridin-3-vlihex-4-ynoic acid;

25 Cpd 65, (35)-3-[4-([3-[5-(2-Methoxyethoxy}-2~-methyiphenyl}- 1 -benzothiophen-5-

yimethoxyiphenyilhex-4-ynoic acid;

Cpd 66, (35)-3-[4-([3-[2-(2-Methoxyethoxy)-6-methyiphenyl}-1-benzothiophen-5-

]

yvimethoxyiphenylihex-4-ynoic acid;
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Cpd 67, (35)-3-14-({3-]3-(2-Methoxyethoxy)-2-methylphenvii-1-benzothiophen-5-
viimethoxy)phenylihex-4-ynoic acid;

Cpd 68, (35)-3-14-({3-[2-(2-Methoxycethoxyphenyi|-1-benzothiophen-5-
viimethoxy)phenylihex-4-ynoic acid;

Cpd 69, (35)-3-(4-{[3-(2-Methanesuifonyiphenyl})- 1 -benzothiophen-6-
ylmethoxylphenyithex-4-ynoic acid;

Cpd 78, (35)-3-(6-((3-(4-(3-Hydroxy-3-methylbutoxy}-2-
methyiphenylybenzo[blthiophen-5-ylymethoxyipyridin-3-vhhex-4-ynoic acid

Cpd 71, (3R)-3-(6-((3~-(4-(3-Hydroxy-3-mecthylbutoxy)-2-
methyiphenylybenzoblthiophen-5-ylymethoxyipyridin-3-yhhex-4-ynoic acid

Cpd 72, (35)-3-(6-((3-(2-Methyl-4-{{(tctrahydro-2H-pyran-4-
yhmethoxy)phenylibenzo[blthiophen-5-ylimethoxyipyridin-3-vihex-4-ynoic acid

Cpd 73, (3R)-3-(6-{(3-(2-Methyl-4-({tetrabydro-2 H-pyran-4-
yhmethoxy jphenylbenzo[blthiophen-5-yhimethoxypyridin-3-vhex-4-ynoic acid

Cpd 74, (35)-3-6~-(3-(4-(( 1, 1-Dioxidotetrahydro-2 H-thiopyran-4-yhmethoxy 3-2-
roethylphenyhbenzo[blthiophen-3-ylmethoxypyridin-3-yhhex-4-vooic acid;

Cpd 78, (3R)-3-(6-((3-(4-({1,1-Dioxidotetrabydro-2 H-thiopyran-4-ylimethoxy)-2-
roethylphenyhbenzo[blthiophen-3-ylmethoxypyridin-3-yhhex-4-vooic acid;

Cpd 76, (35)-3-(6~-((3-(4-(2-Methoxyethoxy)-2-methylphenyl)

benzo|blthiophen-S-ylimethoxypyridin-3-ylhex-4-vaoie acid;
Cpd 77, (3R3-3-(6~({3-(4-(2-Methoxvethoxy - 2-methviphenyi)
benzo|blthiophen-S-ylimethoxypyridin-3-ylhex-4-vaoie acid;

Cpd 78, (35)-3-4-((3-(2-Methoxypyridin-3-vijbenzo blthiophen-5-
yhmethoxyiphenythex-4-ynoic acid;

Cpd 78, (35)-3-4-((3-(2-Methoxyphenylibenzo[blthiophen-S-yhimethoxyphenylhex-4-
ynoic acid;

Cpd 80, (35)-3-{4-{(3-(6-Mcthoxy-Z-mecthylpyridin-3-ylibenzo{blthiophen-5-

yvhmethoxyiphenylthex-4-ynoic acid;
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Cpd 81, (35)-3-(4-((3-(4-Methoxypyridin-3-vibenzo| bithiophen-5-
yvhmethoxy)phenyithex-4-ynoic acid;

Cpd 82, (35)-3-(4-((3-(6-Methoxy-4-methylpyridin-3-yhbenzo{bithiophen-5-
yvhmethoxy)phenyithex-4-ynoic acid;

5 Cpd 83, (35)-3-(4-((3-(3-Methoxypyridin-4-vHbenzo| bithiophen-5-

yhmethoxy)phenylthex-4-ynoic acid;

Cpd 84, (35)-3-(4-((3-(5-Methoxy-3-methylpyridin-2-yhbenzo[bithiophen-5-
yhmethoxy)phenylthex-4-ynoic acid;

Cpd 85, (3R)-3-[6-[[3-(2-Mcthylphenylibenzo[blthiophen-5-yljmethoxylpyridin-3-

ig yithex-4-ynoic acid;

Cpd 86, (35)-3-[4-[([3-[2-Methyl-4-(ictrahydrofuran-3-vioxy jphenyl]- i -benzothiophen-
S-vlloxyymethyHphenylihex-4-ynoic acid;

Cpd B7, (3R)-3-(6-{(3~(5-(2-Methoxyethoxy)-2-roethyiphenyl)

benzolblthiophen-S-yimethoxypyridin-3-yhhex-4-ynoic acid;

—
(3]

Cpd B8, (3R)-3-(6-{(3-(3-(2-Methoxyethoxy)-2-roethyiphenyl)
benzolblthiophen-S-yimethoxypyridin-3-yhhex-4-ynoic acid;
Cpd 89, (3R)-3-(6-{(3~(5-(2-Methoxvyethoxy }-3-methvipyridin-2-yhbenzo{blthiophen-5-
yhmethoxy pyridin-3-yhhex~4-ynoic acid;
Cpd 98, (3R)-3-(6-{(3~(2-Chloro-5-methylpyridin-4-yhbenzo{bjthiophen-5-
20 yhmethoxyipyridin-3-yhhex-4-ynoic acid;
Cpd 91, (35)-3-4-((3-(3-Methoxypyridin-2-vijbenzo blthiophen-5-
yhmethoxyiphenythex-4-ynoic acid;
Cpd 92, (3R)-3-(6-((3~(5-(2-Methoxvethoxy }-2-methvipyridin-3-yhbenzo{blthiophen-5-
yhmethoxyipyridine-3-vithex-4-ynoic acid;
25 Cpd 83, (35)-3-(4-((3-(6-Chloro-3-methylpyridin-2-yl}benzobjthiophen-5-
yhmethoxyiphenythex-4-ynoic acid;
Cpd %4, (35)-3-{4-{(3-(6-Mcthoxy-3-mecthylpyridin-2-ylibenzo{blthiophen-5-

yvhmethoxyiphenylthex-4-ynoic acid;
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Cpd 95, (35)-3-(4-((3-(2-Methyl-4-{piperidin-4-yimethylphenylibenzo{b]-thiophen-5-
yvhmethoxy)phenyithex-4-ynoic acid;

Cpd 96, (35)-3-(4-((3-(2-Methyl-4-{piperidin-4-yhphenyl}benzo{blthiophen-5-
yvhmethoxy)phenyithex-4-ynoic acid;

Cpd 97, 3-(4-((3-(2-Mcthylphenylibenzo{ b jthiophen-S-ylmethoxyiphenyhihex-4-vnoic
acid;

Cpd 98, (3R)-3-[4-[[3-(2-Mcthyiphenyhibenzo[blthiophen-53-yljmethoxy |phenyi]
hex-4-ynoic acid,

or a pharmaceutically acceptable salt form thereof.

For use in medicine, salts of compounds of Formula (1) refer to non-toxic
“pharmaccutically acceptable salts.” Other salts may, however, be useful in the
preparation of compounds of Formula (1) or of their pharmaceutically acceptable salt forms
thereof. Suitable pharmaceutically acceptable salts of compounds of Formula (1) include
acid addition salts that can, for example, be formed by mixing a solution of the compound
with a solution of a pharmaceutically acceptable acid such as, hydrochloric acid, sulfurie
acid, fumaric acid, maleic acid, succinie acid, acetic acid, benzoic actd, citric acid, tartarie
acid, carbonic acid or phosphoric acid. Furthermore, where the compounds of Formula (1)
carry an acidic moiety, suitable pharmaceutically acceptable salts thereof may nclude
alkali metal salts such as, soditim or potassium salts; alkaline carth metal salts such as,
calctum or magnesium salts; and salts formed with suitable organic ligands such as,
quaternary ammonium salts. Thus, representative pharmaceutically acceptable salts
inchude acetate, benzenesulfonate, benzoate, bicarbonate, bisulfate, bitartrate, borate,
bromide, calcium edetate, camsylate, carbonate, chloride, clavulanate, citrate,
dihydrochloride, edetate, edisylate, estolate, esviate, fumarate, ghuceptate, gluconate,
glutamate, glycollyvlarsanilate, hexylresorcinate, hydrabamine, hydrobromide,
hydrochioride, hydroxynaphthoate, iodide, isothionate, lactate, lactobionate, laurate,
malate, maleate, mandelate, mesylate, methylbromide, methyinitrate, methylsulfate,

mucate, napsylate, nitrate, N-methyviglucamine ammonium salt, oleate, pamoate
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{embonate), palmitate, pantothenate, phosphate/diphosphate, polygalacturonate, salicylate,
stearate, sulfate, subacctate, succinate, tannate, tartrate, teoclate, tosylate, tricthiodide, and
valcrate.

Representative acids and bases that may be used in the preparation of
pharmacgutically acceptable salts include acids including acetic acid, 2,2-dichloroacetic
acid, acylated amino acids, adipic acid, alginic acid, ascorbic acid, L-aspartic acid,
benzenesulfonic acid, benzoic acid, 4-acetamidobenzoic acid, (+)-camphoric acid,
camphorsulfonic acid, (+)-(18)-camphor-10-sulfonic acid, capric acid, caproic acid,
caprylic acid, cinnamic acid, citric acid, cyclamic acid, dodecylsulfuric acid, cthane-1,2-
disulfonic acid, cthanesulfonic acid, 2-hydroxy-ethanesulfonic acid, formic acid, fumaric
acid, galactaric acid, gentisic acid, glucoheptonic acid, D-gluconic acid, D-glucoronic acid,
L-ghutamic acid, a-oxo-ghutaric acid, glveolic acid, hippuric acid, hvdrobromic acid,
hydrochloric acid, (+)-L-lactic acid, {(}-DL-lactic acid, lactobionic acid, malcic acid, (-}~
L-malic acid, malonic acid, (=)-DL-mandclic acid, methancsulfonic acid, naphthalene-2-
suifonic acid, naphthalene-1,5-disuifonic acid, I-hydroxy-2-naphthoic acid, nicotinic acid,
nitric acid, oleic acid, orotic acid, oxalic acid, palmitic acid, pamoic acid, phosphoric acid,
L-pyroglutamic acid, salicylic acid, 4-amino-salicylic acid, sebaic acid, stearic acid,
succinic acid, sulfuric acid, tannic acid, (+)-L-tartaric acid, thiocyanic acid, p-
toluenesulfonic acid and undecylenic acid; and bases including ammontia, L-arginine,
benethamine, benzathine, calcium hydroxide, choline, deanol, dicthanolamine,
dicthylamine, 2-{dicthylamino)-cthanol, cthanolamine, cthylenediamine, N-mcthyi-
glucamine, hydrabamine, 1H-imidazole, L-lysine, magnesium hydroxide, 4-(2-
hydroxyethyli-morpholine, piperazine, potassium hydroxide, 1-(2-hydroxyethyl)-
pyrrolidine, sodium hydroxide, tricthanclamine, tromethamine, and zine hydroxide.

Embodiments of the present invention include prodrags of compounds of Formula
(1), In general, such prodrugs will be functional derivatives of the compounds that are
readily convertible in vivo into the required compound. Thus, in the methods of treating or
preventing embodiments of the present imvention, the term “adminisicring” encompasses

the treatment or prevention of the various diseases, conditions, syndromes and disorders
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described with the compound specifically disclosed or with a compound that may not be
specitically disclosed, but which converts to the specified compound in vive after
administration to a patient. Conventional procedures for the selection and preparation of
suitable prodrug derivatives are described, for example, in “Design of Prodrugs”, od. H.
Bundgaard, Elsevier, 1985,

Where the compounds according to embodiments of this invention have at least one
chiral center, they may accordingly cxist as enantiomers. Where the compounds posscss
two or more chiral centers, they may additionally exist as diastercomers. Itisto be
understood that all such isomers and mixtures thereot are encompassed within the scope of
the present invention. Furthermore, some of the erystaliine forms for the compounds may
exist as polymorphs and as such are intended to be included in the present invention. In
addition, some of the compounds may form solvates with water (i.¢., hydrates) or common
organic solvents, and such solvates are also intended to be encornpassed within the scope
of this invention. The skilled artisan will understand that the term compound as used
herein, 1s meant to inchude solvated compounds of Formuala (1}

Where the processes for the preparation of the compounds according to certain
embodiments of the invention give rise to mixtare of stercoisomers, these isomers may be
separated by conventional techniques such as, preparative chromatography. The
compounds may be prepared 1o racemic form, or individual enantiomers may be prepared
either by enantiospecific synthesis or by resolution. The compounds may, for example, be
resolved into their component enantiomers by standard techniques such as, the formation
of diastercomeric pairs by salt formation with an optically active acid such as,
{-)-di-p-toluoyi-d-tartaric acid and/or (+)-di-p-tohuoyl-l-tartaric acid followed by fractional
crystallization and regeneration of the free base. The compounds may also be resolved by
formation of diastercomeric esters or amides, followed by chromatographic separation and
removal of the chiral auxiliary. Alternatively, the compounds may be resolved using a
chiral HPLC column.

One embodiment of the present invention is directed to a composition, including a

pharmaccutical composition, comprising, consisting of, and/or consisting essentially of the
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(-+)-cnantiomer of a compound of Formula (I} wherein said composition is substantially
free from the (-}-isomer of said compound. In the present context, substantially free means
less than about 25 %, preferably less than about 10 %, more preferably less than about 5
%, even more preforably less than about 2 % and even more preferably less than about 1 9%

5 ofthe {-)-isomer calculated as

) . (mass {+) - enantiomer) ,
%o {+) - enantiomer = - , ¢ - ) : — - x 100
{mass (+) - cnantiomer} + (mass{-} - enantiomer)

Another embodiment of the present invention s a composition, including a
10 pharmaceutical composition, comprising, consisting of, and consisting essentially of the {-
y-enantiomer of a compound of Formula (1) wherein said composition is substantially free
from the (+}-1somer of said compound. In the present context, substantially free from
means less than about 25 %, preferably less than about 10 %, more preferably less than
about 5 %, even more preferably less than about 2 % and even more preferably less than

i5  about I % of the (+)-isomer calculated as

{mass {—} ~ enantiomer)

Y6 {~) - enantiomer = x 100

{mass (+) - enantiomer) + (mass{(—) - cnantiomer )

Praring any of the processes for preparation of the compounds of the various
20 embodiments of the present invention, it may be necessary and/or desirable to protect
sensitive or reactive groups on any of the molecules concerned. This may be achicved by
means of conventional protecting groups such as those described in Protective Groups in
Organic Chemistry, Second Edition, J FW. McOmie, Plenum Press, 1973; T.W. Greene &

P.G.M. Wuts, Protective Groups in Organic Synithesis, John Wiley & Sons, 1991; and

]
|3}

T.W. Greene & P.G.M. Wuts, Profeciive Groups in Organic Synthesis, Third Edition, John
Wiley & Sons, 1999, The protecting groups may be removed at a convenicnt subscquent

stage using methods known from the art.

)
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Even though the compounds of embodiments of the present invention {including
their pharmaceutically acceptable salts and pharmaceutically acceptable solvates) can be
administered alone, they will generally be administered in admixture with a
pharmaccutically acceptable carrier, a pharmaceutically acceptable excipient and/or a

5 pharmaceutically acceptable diluent selected with regard to the intended route of
administration and standard pharmaccutical or veterinary practice. Thus, particular
embodiments of the present invention are directed to pharmaceutical and veterinary
compositions comprising compounds of Formula (1) and at least one pharmacceutically
acceptable carrier, pharmaceutically acceptable excipient, and/or pharmaceutically

i acceptable diluent.

By way of ¢xample, in the pharmaceutical compositions of embodiments of the
present invention, the compounds of Formula (I} may be admixed with any suitable
binder(s), lubricani(s), suspending agent(s), coating agent(s), schubilizing agent{s), and

combinations thereof,

—
(3]

Sohd oral dosage forms such as, tablets or capsules, containing the compounds of
the present invention may be admunistered in at teast one dosage form at a time, as
appropriate. It is also possible to administer the compounds in sustained release
formulations.

Additional oral forms in which the present inventive compounds may be
20 administered include clixirs, solutions, syrups, and suspensions; each optionally containing

flavoring agents and coloring agents.

Alternatively, compounds of Formula (B) can be administered by inhalation
{intratracheal or intranasal) or in the form of a suppository or pessary, or they may be
applied topically in the form of a lotion, solution, cream, ointment or dusting powder. For

25 example, they can be incorporated into a cream comprising, consisting of, and/or
consisting cssentially of an aqueous emulsion of polvethylene glycols or liquid paraffin,
They can also be incorporated, at a concentration of between about 1 % and about 10 % by
weight of the cream, into an ointment comprising, consisting of, and/or consisting

essentially of a wax or soft paraffin base together with any stabilizers and preservatives as
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may be required. An alternative means of administration includes transdermal
administration by using a skin or transdermal patch.

The pharmaceutical compositions of the present invention {as weil as the
compounds of the present invention alone) can also be injected parenterally, for example,
intracavernosally, intravenously, intramuscularly, subcutancously, intradermally, or
intrathecally. In this case, the compositions will also include at least one of a suitable
carrier, a suitable excipient, and a suitable diluent.

For parcnteral administration, the pharmaccutical compositions of the present
invention arc best used in the form of a sterile agueous solution that may contain other
substances, for cxample, enough salts and monosaccharides to make the solution isotonic
with blood.

For buccal or sublingual administration, the pharmaccutical compositions of the
present invention may be administered in the form of tablets or lozenges, which can be
forrmoulated in a conventional manner.

By way of further exarople, pharmaceutical compositions containing at least one of
the compounds of Formula (I} as the active ingredient can be prepared by muixing the
compound(s) with a pharmaceutically acceptable carrier, a pharmaceutically acceptable
diluent, and/or a pharmaceutically acceptable excipient according to conventional
pharmaceutical compounding techniques. The carrier, excipient, and dituent may take a
wide variety of forms depending upon the desired route of administration (e.g., oral,
parenteral, ete.). Thus, for liquid oral preparations such as, suspensions, syraps, elixirs and
solutions, suitable carriers, excipients and diluents include water, glyeols, oils, alcohols,
flavoring agents, preservatives, stabilizers, coloring agents and the like; for solid oral
preparations such as, powders, capsules, and tablets, suitable carriers, excipients and
dituents inclade starches, sugars, difuents, granuiating agents, lubricants, binders,
disintegrating agents and the like. Solid oral preparations also may be optionally coated
with substances such as, sugars, or be enterically coated so as to modulate the major site of
absorption and disintegration. For parenteral administration, the carricr, excipient and

diluent will usually include sterile water, and other ingredienis may be added to increase
o B o o
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solubility and preservation of the composition. Injectable suspensions or solutions may
also be prepared utilizing aquoous casriers along with appropriate additives such as,
solubilizers and preservatives.

A therapeutically effective amount of a compound of Formula (fyora
pharmaceutical composition thereof includes a dose range from about 8.1 mg to about 3004
mg, or any particular amount or range therein, in particular from about 1 mg to about 1000
mg, or any particular amount or range therein, or, more particularly, from about 10 mg to
about 500 mg, or any particular amount or range thercin, of active ingredient in a regimen
ot about 1 to about 4 times per day for an average {70 kg) human; although, it is apparent
to one skilled in the art that the therapeutically effective amount for a compound of
Formula (1) will vary as will the discascs, syndromes, conditions, and disorders being
treated.

For oral administration, a pharmaceutical composition is preferably provided in the
forr of tablets containing about 1.0, about 10, about 50, about 100, about 150, about 200,
about 250, and about 500 milligrams of a compound of Formula (1),

Advantageously, a compound of Forraula (T) may be admunistered in a single daily
dose, or the total daily dosage may be admimistered in divided doses of two, three and four
tumes daily.

Optimal dosages of a compound of Formula (1) to be adnunistered may be readily
determined and will vary with the particular compound used, the mode of administration,
the strength of the preparation and the advancement of the disease, syndrome, condition or
disorder. In addition, factors associated with the particular subject being treated, including
subject gender, age, weight, diet and time of administration, will resuit in the need to adjust
the dose to achieve an appropriate therapeuntic level and desired thervapeutic effect. The
above dosages are thus exemplary of the average case. There can be, of course, individual
instances wherein higher or lower dosage ranges are merited, and such are within the scope
of this invention.

Compounds of Formuia (I} may be administered in any of the foregoing

compositions and dosage regimens or by means of those compositions and dosage
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regimens established in the art whenever use of a compound of Formulda (1) is required for

a subject in need thereof

One embodiment of the present invention is directed to a pharmaccutical
composttion comprising 3-{4-{{3-(2-Mecthylphenyl)benzo[bjthiophen-5-
yhmethoxy)phenyithex-4-ynoic acid {compound 97} and at lcast onc of a pharmaccutically
acceptable carricr, a pharmaccutically acceptable excipient, and a pharmaccutically
acceptable diluent.

Anocther embodiment of the present invention is directed to a pharmaccutical
composition comprising {353-3-[4-{]3-(2-Methylphenvhbenzo[bjthiophen-5-
vljmethoxyiphenylihex-4-ynoic acid {compound 2) and at least one of a pharmaceutically
acceptable carrier, a pharmaceutically acceptable excipient, and a pharmaceutically

acceptable diluent.

As GPR4{ agonists, the corapounds of Formula (1) are useful in methods for
treating or preventing a disease, a syndrome, a condition or a disorder in a subject,
including an animal, a mammal and a human in which the disease, the syndrome, the
condition or the disorder 15 affected by the modalation, including agonism, of the GPR40
receptor. Such methods comprise, consist of and/or consist essentially of adminisiering to
a subject, including an animal, a mammal, and a human, in need of such treatment or
prevention, a therapeutically effective amount of a compounnd, salt or solvate of Formula
(I3

In another embodiment, the present invention is directed to a compound of Formula
(I} for nse in the treatment of a disorder affected by the agonism of GPR49 receptor
selected from the group consisting of Type 2 diabetes mellitus, obesity, obesity related
disorders, impaired glncose tolerance, insulin resistance, metabolic syndrome, other
cardiovascular risk factors such as hypertension and cholesterol/lipids, osteoporosts,

inflammation and eczema; preferably, Type H diabetes mellitus, metabolic syndrome, and
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impaired glucose tolerance; more preferably, Type H diabetes mellitus or impaired glucose
tolerance.

In another embodiment, the present invention is directed to a compound of Formula
{I) for usc in the treatment of Type 2 diabetes mellitus.

In another embodiment, the present invention is directed to a compound of Formula
{I) for usc in the treatment of obesity.

In another ecmbodiment, the present invention is directed to a compound of Formula
(I} for usc in the treatment of metabolic syndrome.

In another ecmbodiment, the present invention is directed to a compound of Formula
(I} for usc in the treatment of insulin resistance.

In another ecmbodiment, the present invention is directed to a compound of Formula

(I} for usc in the treatment of impaired glucosce tolerance.

GENERAL SYNTHETIC METHODS

Representative compounds of the present invention can be synthesized in
accordance with the general synthetic methods described below and illustrated in the
schemes and examples that follow. Since the schemes are an illustration, the invention
should not be construed as being limited by the chemical reactions and conditions
described in the schemes and examples. The vartous starting maierials used in the schemes
and examples are commercially available or may be prepared by methods well within the

skill of persons versed in the art. The variables are as defined herein,

Abbreviations used in the instant specification, particularly the schemes and

examples, are as follows:

ADDP azodicarboxylic acid dipiperidide

aq aqueous

9-BBN 9-borabicyclof3.3,1nonane

BINAP 2,27-bisf1,1-diphenylphosphino]-1,1 -binaphthalene
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Boc

i
CylohnPhos
DPBAD
DCHE
DCM
DEA
DEAD
DIAD
DIBAL-H
DIEA
DME
DMF
DMSO
EDC
EDC

Ft
FiOAg
h

HATU

HBTU

HCl
HPLC
LAH
LCAP

PCT/US2015/054581

tert-butoxycarbonyl

1, -carbonyldiimidazole
(2-biphenyhdicyclohexylphosphine
di-tert-butyl azodicarboxylate
1,2-dichloroethane

dichloromethane

dicthylamine

dicthyl azodicarboxyvlate

diisopropyl azodicarboxylate
diisobutylaluminum hydride
diisopropylethylamine

cthylene glycol dimethyl cther
dimethylformamide

methyl sulfoxide
N-(3-dimethylaminopropyD-N’-ethylearboditmide
t-(3-diroethylaminopropyl)-3-ethylcarbodumde
hvdrochloride

ethyl

ethyl acetate

hour{s}
(3-(7-azabenzotriazol-1-v1}-N,N,N ) N’-
tetramethyhronium hexafluorophosphate
2-{1H-Benzotriazole-1-y13-1,1,3,3~
tetramethyluronium bexafluorophosphate)
hyvdrochloric acid

high performance liquid chromatography
lithium aluminum hydride

liquid chromatography arca percent

&8
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LCMS

mCPBA
Me

MeCN
MeOH

mg

MOM
MTBE
NBS

NCS

NIS

NMP
NN-DMA
PCC

PDC
PACL{dppfyCHLCL

Pdy(dba);
PPTS
Plo-tol)s
s
RuPhos
satd.
SPhos
TBTU

THO
TFA

PCT/US2015/054581

high pressure liquid chroatography with mass
spectrometer

3-chloroperbenzoic acid

methyl

acetonitrile

methyl alcohol

milligram

mcthoxymethyl

methyl -butyl cther

N-bromosuccinimide

N-chlorosuccinimide

N-iodosuccinimide

N-roethyl-2-pyrrohidone

N, N-dimethylacetarnide

pyvridinium chlorochromate

pyridiniom dichromate

I, -bis{diphenylphosphino fferrocene-
palladivm{I}dichionde dichloromethane complex)
tris{dibenzylidencacetonejdipalladiom{0)

pyridine p-toluenesulfonate

tri{o-tolylyphosphine

room iemperature
2-dicyclohexylphosphine-2",6~diisopropoxybiphenyl
saturated
2-dicyciohexyiphosphino-2',6'-dimethoxybiphenyl
O-benzotriazol-1-vI-N NN N “tetramethyhuronium
hexatluorophosphate

triflic anhydride

trifluoroacetic acid

&9
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THF tetrahydrofuran

THP tetrabydropyranyl
Scheme A iilustrates a method for the preparation of certain compounds of Formula

5 (b of the present invention wherein A is ~CHO-.

Scheme A
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10 Certain compounds of Formula (I~A) may be synthesized as outlined by the general
synthetic route illustrated in Scheme A, Treatroent of S-hydroxymethylbenzothiophene T¥
with a halogenating reagent such as NBS, NIS or in a suitable solvent such as DCM, DCE,
CCly, THF, dioxane, DMF and the bike or with Bry in HOAc, at a temperature preferably
between 0 and 50 °C can provide the 3-halogenated benzothiophene TH wherein X is

[
LA

bromine or iodine. Halogenated benzothiophene Y may be reacted with a compound of
formula (R:HRs)W-M wherein Rs, Rs and W are as defined herein, under suitable coupling
conditions, to vield the corresponding coupling product of formula IV, A compound of
formula (R:{R5)W-M is chosen wherein M may be {a} a boronic acid to form a compound

of formula (R ¥R)W-B{OH},; (b} a suitably selected boronic ester such as

f
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pinacolatoboryl, neopentylglycolatoboryl, and the like; (¢} a suitably sclected
trialkylstannyi such as tri{n-butyl}tin, and the like; {d) a suitably sclected trialkylsilyl such
as triallylsilyl, and the like; (¢} a suitably sclected aryldialkyisilyl such as 2-
{hyvdroxymethyphenyldimethylsilyl, and the like or (f) suitably selected organo zine
5 reagents such as (Rs}Rs)W- ZnX wherein X is a halogen such as CL Broor L
For example, a compound of formula (Ry}Rs)W-M where M is preferably
—B{OH]}; or a suitably selected W-substituted boronic ester may be reacted with a
compound of formula I¥ under Suzuki coupling conditions, more particularly in the
presence of a suitably sclected palladium catalyst such as palladium (1) acctate, palladium
10 () chloride, bis{acctonitrile)-dichloro-palladium(ll), allyipalladium (11} chloride dimer,
tris{dibenzylidincacctone) dipaliadium (0) (Pdy{dba)s}, 2-(di-fert-butylphosphinobiphenyl,
dichloro-bis(di-fert-butviphenylphosphinc}-palladium (11}, [1.1’-bis-(diphenylphosphino)-
ferrocenel-palladiurn (1) dichloride dichloromethane adduct (PACL{dppH DCM},
tetrakis(triphenyliphosphine) palladiom(0) (PA(PPha), (1,17 -bis(di-tert-

—
(3]

butylphosphino}ferrocene palladium (1) chloride, and the like; optionally in the presence

of a suitably selected ligand such as triphenylphosphine, tri-o-tolyiphosphine,

iributyiphosphine, trizers-buty-phosphine, tricyclohexylphosphine, 1,1

bis{diphenylphosphino)-ferrocene, 2-(dicyclohexylphosphino)-2’ 47,6 -tri-i-propyl-1,17-

biphenyl, 5-Phos, Ru-Phos, Ais[2-(diphenyl-phosphinojphenyl] ether, 2-

20 dicvclohexylphosphine-2',6'-dimethoxybiphenyl, tris(2-furyhphosphine, 1-butyl-3-
methylimidazoliom hexafluorophosphate, and the like; in the presence of a suitably
selected inorganic base such as cesium carbonate, potassium carbonate, sodium carbonate,
cesium fluoride, potassium fluoride, tetrabutylammoniom fluoride, potassium zers-
butoxide, sodium fert-butoxide, sodium hydroxide, sodium bicarbonate; potassium

25 phosphate or preferably sodiim carbonate; in a suttably selected solvent such as ethanol,

THE, DMF, toluene, benzene, DME, H2 O, 1,4-dioxane, and the like, or a combination

thereof, at a temperature ranging from about 1t to about 180 °C.

Compounds of formula IV may be reacted under Mitsunobu conditions (fora

review, sce: Mitsunobu, O. Synthesis (1981}, 1-2&) with compounds of formula Vi,
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wherein R, and Ry are as defined herein, in the presence of triphenyiphosphine, tri-n-
butylphosphine, tri-rere-butylphosphine, or a resin-bound triphenyliphosphine equivalent,
such as PS-PPhs and an azido coupling reagent such as DIAD, ADDP, DBAD or DEAD
and the like, in an organi¢ solvent such as THF, MeCN, toluene, N.N-DMA, and the like,
at a temperature preferably between 25-100 °C, to yield compounds of formmla VEL
Alternatively, the alcoholic function of compounds of formula FV may be
converted to suitable leaving groups (L) such as Cl, Br, {, tosylate, mesylate, nosylate
and the like, (as described in: March, 1. Advanced Organic Chemisiry. Reactions,
Mechanisms and Structure, 2°° ed.; McGraw-Hill Co.: New York, 1977; pp 326) as
ithustrated by compounds of formula ¥V, which may then react with a compound of formula
V1 in the presence of a suitable base to provide a compound of formula VIL. For example,
treatment of a compound of formula BV with a halogenating reactant such as oxalyl
chloride, oxalyl bromide, thionyi chloride, thionyl bromide, PhiP Bry, PBr; and the like, or
with sulfonyl halides such as tosyl chloride, mesyl chloride, nosyl chloride and the bike; in
the presence of a base such as KpCGO;, Cs,COs KOH, NaH, and the bike, in a solvent sach
as NMP, DMF, THF, and the like, at a temperature preferably between 25-150 °C may
provide a compound of formula V. Reaction of a compound of formula V may be reacted
with a compound of formula VI in the presence of a suitable base such as K;COs, Cs,CO5,
KOH, NaH, and the like, 11 a solvent such as NMP, DMF, THF, and the Uike, at a
temperature preferably between 25-150 °C to provide a compound of formula VIR
Hydrolysis of the ester functionality of a compound of formula VI may be effected
under a variety of conditions to provide a compound of formula (I-A) (such as described in
T.W. Greene & POM. Whuts, Protective Groups in Organic Svnithesis, 3 ed.; John W ey
& Sons, Inc.: New York, 1999). For example, treatment of a compound of formula Vii
with a base such as NaOH, LiOH, KOH, CsOH and the like, in a solvent such as THF,
EtOH, MeOH, dioxane and water and the like, or mixtures thereof, at a temperature
between 25 °C and 100 “C may provide a compound of formula (1-A). The preferred

method for this transformation includes the treatment of a compound of formula VH with

r3
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an aqueous base such as NaOH or LiOH, in a mixed solvent such as THF/McOH, at about
room temperature.
It should be understood that in certain compounds of formulas (Ra{Rs)W-M, 1V,
VY, or VII, R: may contain functionalitics that may optionally bear a suitable functional
5 protecting group (P} (such as those deseribed in Protective Groups in Organic Chemisiry,
LF.W. McOmie, Ed.; Plenum Press: 1973; and T.W. Greene & P.G.M. Wuts, Protective
Groups in Organic Synthesis, 3 ¢d.; John Wiley & Sons, Inc.: New York, 1999). In such
cascs where the Ry is substituted with one or more amino groups, suitable protecting
groups such as Boc, Cbz, and the like may be incorporated, which may be deprotected
10 under appropriate conditions known to those skilled in the art to afford a compound of
Formula (I-A} of the present invention. For example, Boce-protected amines may be
deprotected under acidic conditions using reagents such as HCI, TFA, and the like.
Likewise, Cbz-protected amines may be deprotected under acidic conditions or

hydrogenolysis. In the case where R; is substituted with carboxyl groups, suitable

—
(3]

protecting groups such as methyl, ethyl and ~butyl esters and the hike may be incorporated,
which may be deprotected ander acidic conditions such as HCI, TFA and the bke. In the
case where Ra is substituted with hydroxyl groups, suttable protecting groups such as
MOM, THP, r-butyl ethers, acetonides (for 1,2-dihydroxyvlated substituents) and the like
may be incorporated, which may be deprotected under acidic conditions such as HCL TFA
28 and the like. The unmasked functionalities generated by deprotection may be subjected to
further chemical transformations according to methods known in the art, to provide
additional derivatives of Formula (1-A).

In certain cases, a compound of formula IV of the present invention may be

advantageously prepared by an alternative cross~coupling strategy, as illustrated in Scheme
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Scheme B

<R3><R5m>>?\

Under Suzuki coupling conditions as previously described for Scheme A, a compound of

(941

formula H¥ may be reacted with bis(pinacolato)diboron to provide the corresponding
borolane of formula VI, A compound of formula VI may, in turn, be reacted with an
aromatic halide of formula (R3)}{Rs)W-X, wherein (R3}Rs)W and X arc as defined in
Scheme A, to provide a compound of formula TV directly. To certain cases, this coupling
reaction affords the corresponding aldehydic compound of formula IX, which apon
10 treatment with a saitable reducing agent (as deseribed e Larock, R. C. Comprefiensive
Organic Transformations. A Guide to Functional Group Preparations, 2Med; W itey-
VCH: New York, 1999; pp 61}, such as NaBH,, LAH, ByHy, DIBAL-H, NaCNBH;, AlH;,
LiAIH{O-t-Bu);, KBH(O-1-Pr);, and the like, preferably NaBH; or ByHg, 1n a solvent such
as THF, cther, dioxane, MeOH, EtOH and the like, at a teroperature preferably between 0-
15 75°C, may provide an alcohol of formula IV,
Certain compounds of formula IV of the present invention in which Rz s ~ORy, can
be prepared as iHustrated in Scheme C. As defined herein, Ry is By wherein the hydroxy-
substituted Ry substituents are suitably protected with a conventional hydroxy protecting

group.
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Scheme €

£ Ry MR} WM
Ry~ \/K\/El\‘ {RacOHRs}
X OH
W
s
~
{HONRsIW-M Rl G

Treatment of a compound of formula TIE with a compound of formula
(R4 ONRHW-M, where W, Rs, and M are as defined in Scheme A, under coupling
5 conditions previously described may provide a compound of formula TVa directly.

Alternatively, a compound of formula HY may be reacted with a compound of formula
(HOMNRHIW ~-M wherein W, is phenyl, and M is preferably a boronic acid or boronic ester,
under suitable coupling conditions as previously described, to provide the corresponding
coupling product of formula X, Alkvlation of a compound of formula X with a compound

10 of formula Re-LG, where LG 15 a suitable leaving group as previously described, in the
presence of a base such as KxCOs, CsC 05 KOH, NaH, and the like, in a solvent such as
NMP, BMF, THF, and the like, at a temperatare preferably between 25-150 °C may
provide a compound of formula F¥Va. Alternatively, a compound of formula X may be

alkylated by reaction with an epoxide of formmla X, wherein R, is hydrogen and Ry is

o
(¥4

defined as ' salkyl, Csscycloalkyl, or Cyaalkoxy({C slalkyl, to provide a compound of
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formufa Ve, Similarly, a compound of formula X may be alkvlated by reaction with an
epoxide of formula X, wherein R, and Ry may be taken together to form a spirofused
ring sclected from the group consisting of Cysspirocycloalkyl, spirofused 1,1-dioxido-
tetrahydro-2 H-thiopyran-4-vl, and spirofused tetrahydro-2 H-pyran-4-y1, to provide

5 additional compounds of formula f¥e. The reaction with an epoxide of formula Xi is
preferably carried out in the presence of a base such as KyCOs, Cs;COs KOH, and the like,
in a solvent such as NMP, DMF, THF, and the like, at a teraperature preferably between

about 25 and about 125 °C.

ig Alternatively, certain cornpounds of formula IV of the present invention in
which R; is -ORyq and R is Me or CF3; may be prepared as illustrated in Scheme D, As
defined herein, Ryg is Ry wherein the hydroxy-substituted Ry substituents are suitably

rotected with a conventional hydroxy protecting group.
A ¥yp g grouy

Scheme D
QK;
X A B0
d Rygt.G </~§» ==
W N — a W Rg = A
A // 2 ey // > % VY Rs
HO RgO” S Ry V4
X Xt Y S
o~ i
1L
1)
X O
h Y
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Alkylation of a phenolic compound of formula X3 with a compound of formula Rye-LG,
where LG 1s a suitable leaving group as previously described, in the presence of a base
such as KoCO0;, CsCO; KOH, NaH, and the like, in a solvent such as NMP, DMF, THF,

20 and the like, at a temperature preferably between about 25 °C to about 150 °C may provide
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a compound of formula XHE Treatment of a compound of formula XIH with
bis{pinacolatojdiboron under Suzuki coupling conditions, as defined in Scheme A, may
provide the corresponding borolane of formula XIV. A borolane of formula X1V may be
reacted with a benzothiophene aldchyde of formmla XV under Suzuki coupling conditions,
5 as defined in Scheme A, to provide an arylated benzothiophene aldehyde of formula XVI,
which in turn may be reduced upon treatment with a suitably sclected reducing agent {as
described in Larock, R. C. Comprehensive Organic Transformations. A Guide to
Functional Group Preparations, 2 ¢d.; Wiley-VCH: New York, 1999; pp 61). such as
NaBH;, LAH, BoHe, DIBAL-H, NaCNBH;, AlHs, LIAIH(O-t-Bu)s, KBH(O-i-Pr)s, and the
10 like; preferably NaBHj or BoHg, in a solvent such as THF, cther, dioxane, MeQH, EtOH
and the like, at a temperature preferably between about 0 to about 75 °C, to provide the

corresponding benzylic aleohol of formula 1Vd.

In addition, certain compounds of formula Ve of the present invention in which

—
(3]

Rz is 1, 1-dioxo-1,4-thiazinanc-4-ylcarbonyl can be prepared as tllustrated in Scheme E.

Scheme B

Compounds of formula HI may be reacted with a compound of formula (RsHRHW-M

20 wherein (Rs}{R3)W- is a methoxycarbonyl-substituted phenyl or pyridyl ring, and M 18

3
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preferably a boronic acid or boronic cster, under suitable coupling conditions as previously
described, to provide the corresponding coupling product of formula XV, Hydrolysis of
the gster functionality of compounds of formula XV can be cffected under a variety of
conditions, as previously described. The preferred method for this transformation includes
the treatment of compounds of formuia XV with an aqucous base such as NaOH or LiOH
in a mixed solvent such as THF/MeOH at about room temperature to provide compounds
of formula XVI. Reaction of benzoic acid XVI1 and thiomorpholine 1, 1-dioxide with
conventional coupling agents (M. Bodansky and A, Bodansky, The Praciice of Pepiide
Synthesis, Springer-Verlag: New York, 1984) such as EDCH, CDI, DCC, HATU, HBTU,
TBTU, and the like in organic solvents such as DCM, THF, DMF, NMP, N N-DMA,
DMSO, and the like, at ambient temperature may provide the corresponding carboxamide

of Formuls fVe.

Certain compounds of formula VT of the present invention in which Rs 18 -ORy4
may be prepared as itlustrated in Scheme F.

Scheme F
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A compound of formula HI may be reacted with a compound of formula VI directly under
Mitsunobu conditions, as defined in Scheme A to provide a compound of formula XX,
Alternatively, a compound of formmuia I may be converted to a compound of formula
5 XIX, wherein £ is a suitable leaving group as previously described, and reacted with a

phenot of formula VI in the presence of a suitable base as previously described to provide
a compound of formula XX, Reaction of a compound of formula XX with a compound of
formula (R RW-M, using the methods described in Scheme A, provides a compound

10 provides a compound of formula XX, A compound of formula XXY may be reacted under
Mitsunobu conditions as previously described with a compound of formula RyOH, or may
be reacted with a compound of formula Ry-LG in the presence of a suitable basc as

previously described, to provide a compound of formula ViHa. Alternatively, a compound
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of formula XX may be reacted with a compound of formula (RO RyW-M 10 provide a

compound of formula Vika directly.
Certain compounds of Formuia (I} of the present invention wherein A is

~OCH;~ may be prepared as illustrated in Scheme G.

5 Scheme {5
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“CO,R
A hydroxybenzothiophene of formula XXH may be transformed to a compound of formula
XXHI, wherein the phenolic group bears a suitable functional protecting group (P).

i Suitable protecting groups including ethers such as THP, MOM, SEM, TBDMS and the
like, sitvl ethers such as TBDMS and the like, or esters such as acetate, benzoate, pivaloate

and the like may be incorporated, which are stable to halogenation conditions.

I
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Halogenation of a compound of formula XXEH provides a compound of formula XXV,
which may be deprotected under appropriate conditions known to those skilled in the art to
afford a compound of Formula XXV, A phenol of formula VI may be homologated to the
corresponding benzyl alcohol of formula XXVH through the intermediacy of a trifiate of
formufa XXVE Thus, a triflate of formula XX VI may undergo palladium-catalyzed direct
hydroxymethylation with potassium acctoxymethyhrifluoroborate following the conditions
described by Murai (Murai, N. ¢t al., Org. Lert,, 2012, 14, 1278-1281) to provide a
benzylic alcohol of formula XXVIE A compound of formula XXV may be reacted with
a compound of formula XXV directly under Mitsunobu conditions, as defined in Scheme
A to provide a compound of formula XXEX. Alternatively, a compound of formula
XXVIE may be converted to a compound of formula XXVE, wherein LG 15 a suitable
icaving group as previously described, and reacted with a phenol of formula XXV in the
presence of a suitable base as previously described, to provide a compound of formula
XXIX. A compound of formula XXIX may be reacted with a compound of formula
{RHRIW-M as defined 1n Scheme A, wherein M 1s preferably a boronic acid or boronic
ester, under suitable coupling conditions as previcusly described, to provide the
corresponding coupling product of formula XXX, Subsequent ester hydrolysis, as

described i Scheme A affords a compound of Formula (1-G).

Compounds of formula VI, wherein R; taken with Ry is 3-oxocyclobutanyl, may be
prepared as ilhustrated in Scheme H.

Scheme H

[€a)
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Olefination of a 3-(hydroxy-protected)-cvelobutanone of formula XXXI, whercin Pisa
suitable protecting group as previously deseribed, with a phosphoranyvlidene acetate of
formula XXX provides a carboxyvlidenyl cyelobutane of formmla XXX, which in turn
5 may undergo a metal-catalyzed conjugate addition reaction with a boronic acid of formula
H1 to provide a 3,3-disubstituted cyelobutane of formula XXXEY. Suitable metal catalyst
systems include chioro(1,5-cyelooctadienerhodiom(l) dimer, (Pdy(dba); yCHU1:/PPha,
RhClL/BINAP, acctylacetonatobis{ethylene)rhodium{IyBINAP, P CAc)/2,2 -bipyridine
and the like, in solvents such as THF, dioxane, toluene, water and the like at a temperature
10 between about 25 °C and about 100 “C. Subsequent deprotection snder appropriate
conditions known to those skilled in the art, atfords a hydroxycyclobutane of formula
XXXV, which may be oxidized to provide a evclobutanone of formula Vik. Suitable
oxidizing agents for carrying out this transformation include, but are not limited to SO5-

pyriding complex, PDC, PCC, MnG,, DMSO/NCS, DMSO/AcG, DMSO/BCT and the

[
LA

like, in a solvent such as DCM, DCE, DMSQ0, and the like, at a temperatore between about

=28 °C and about 80 °C.

I
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Certain compounds of Formula (£}-J1}, whercin Ry and Ry arc taken together to

form 3-hydroxycyclobutan-1-yl, may be prepared as illustrated in Scheme J.

Scheme J

-1 ~~CO.H

(¥ 4]

Treatment of a compound of Formula (I-3} with a suitable reducing agent may sclectively
reduce the ketone while in the presence of the carboxylic acid functionality to providc a
compound of formula (]-§1). In particular, a bulky reducing agent is known to effect a
stereoselective reduction of a ketone functionality to provide the corresponding aleohol

i0  whose relative stercochemical configuration is depicted in a compound of formula (1-J1).
Suitable reducing agents preferably inclode borohydride derivatives such as lithiom tri-sec-
butytbhorohydride, potassiom tri-sec-butviborohydride, and the like; disiamylborane, 9-
BBN, diisopinocarnpheylborane, and the like; in a solvent such as THF, ether, dioxane,
toluene, and the like; at a temperature between about -70 °C and 50 °C.

i5 In certain cases, a compound of formula VIR of the present invention may be
advantageously prepared by an alternative cross-coupling strategy, as illustrated in Scheme

K.
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Scheme K

S
/ {RsHRW-X

)
=
?L
P
~FENATNCOR
B Ry

Under Suzuki coupling conditions as previcusly described for Scheme D, a compound of

¥

5 formula XX may be converted 1o its corresponding boronate ester of formula XXXVE,
which, in turn, may be coupled to an aromatic halide of formula (Ra)}{R)W-X wherein
{Rs) is Me and CFs, and {R;)W-X are defined as in Scheme A, to provide a compound of

formula VI directly.

i0 Certain compounds of formula IV of the present invention in which R 18 -ORy,

may be prepared as illustrated in Scheme L.
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Scheme L
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A compound of formula XL may be coupled with a compound of formula (Ra){RW-M
as previously defined herein to atford a compound of formula XLI. Reduction of group T
{ester or aldehyde) of a compouond of formula XL using conventional methods known to
one of skill in the art affords the corresponding methylaleohol of formula IV-L1.
Alternatively, a corapound of formula XL may be coupled with a cormapound of formula
HOR W -M wheretn W, is phenyl to afford a compound of formula XLE. Subsequent
reaction with a reagent of formula Re-LG as previously described herein may afford a
compound of formula XLIH. Reduction of group T (ester or aldehyde) of a compound of
formuiia XLIT using conventional methods known o one of skill in the art affords the

corresponding methylalcohol of formula IV-L2.

Specific Examples

General Procedare A: A mixture of an arvibromide or arvliodide (1 mmol), an
arviboronic acid, aryldioxaborolane or bis{pinacolato)diboron (1.5 mmol}, a palladium
catalyst (0.1 mmol} and K,CO3 (2-3 mumol) was placed in a reaction vessel which was then

thoroughly purged with argon. Dioxane {3 mb) and water (1.5 mL) were added, and the
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mixture was stirred at 80 - 95 °C for 1 t0 3 h. After cooling to rt, the mixture was poured
into EtOA¢/H,O (111, 10 mL} and the agqueous laver was extracted with EtOAc (5 mL x 2}
The combined organic extracts were dried {Nap,S(4), filtered and concentrated under
reduced pressure. Purification of the resuitant residue by silica gel chromatography

5 (EtOAc/heptanes) afforded the desired biaryl product.

General Procedure B: To a mixture of the aleohol (0.2 mmol) and the phenol (0.3 mmol)
in dry THF {1 mL) was added a mixture of the phosphine (PhsP, BusP or -BmP; 0.3
nunol} and the azidodicarboxylate (DEAD, DIAD, DBAD or ADDP; 0.3 mumol), and the
10 resultant solution was stirred under argon for 1- 16 h. The mixture was then either worked
up by an extractive process {(ex., quenching with satd. ag. NHiCl and extraction with
EtOAc) or concentrated directly under reduced pressure and the resultant residue was
purified by silica gel chromatography (EtOAc/heptanes) or EtOAc/petroleum ether to

atford the desired phenolic ether.

—
(3]

General Procedure C: To a solution of the ester (0,16 mimol) in THF (1 mL) and MeOH
(0.5 oL} was added the hydroxide base (1N LiOH (ag) or IN NaOH {aq)) (1 mL) and the
resultant mixture was stirred at vt for 1 - 3 b, or ontil hydrolysis was complete. The
reaction was then acidified to pH 3-4 with either 1-2N HCL or 2M citric acid and poured
into a 11 mixture of EtOAC/HO (10 mL). The aqueous layer was exiracted with EtOA¢
20 (S mb X 2) and the combined organic extract was dried {Na;SOy), filtered and
concentrated under reduced pressure. The residue was dissolved in DCM (1 mL) and the

product was precipitated with heptanes to afford the pure carboxylic acid.

General Procedure B: To an ice-cooled sohution of the benzylic alcohol (8.22 mmol) in
25 DCM (5 mbL) was added thionyl chloride (0.45 mmol) in drop-wise fashion. After stirring

at §§ — S °C for 2 b, the reaction was quenched by the addition of water (~ 10 mL} followed

by DOM {50 mL). After partitioning the two phases, the organic layer was successively

washed with water, satd. NaHCO; and brine, then dried (NapSQOs), filtered and
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concentrated to afford the corresponding benzylic chloride which was used without further

purification.

General Procedure E: A mixture of the benzylic chloride (0.11 mmol)}, the phenol {(.14
5 mmol} and Cs,C 0 (.17 mmoel) in MeCN (2 mL) was stirred at vt for 16 h. EtOAc (50

mkb} was then added and the organic laver was successively washed with water and brine,

dried {(Na; SOy}, filtered and concentrated to afford the crude corresponding benzylic

phenyl cther, which was purified by silica gel chromatography (EtOAc/heptanes).

10 General Procedure ¥: To an ice-cooled solution of the benzothiophenyl aldehyde (1.02
mmol} in THF (4 mL} and McOH (0.5 mL}) was added NaBH, (2.09 mmol} in a portion-
wise fashion. Afier stirring for 30 min, the reaction was quenched by the addition of satd.
NH4CH (10 mL). The mixtore was extracied with EtOAc¢ (3 x 20 mL) and the combined

organic extracts were dried {Na;SOs) and concentrated under reduced pressure.

—
(3]

Purification of the resultant residue by silica gel chromatography (8-20%
EtOAc/petrolenm ether) afforded the corresponding benzylic alcohol.

General Procedure G: To a solution of the 2-(3-oxo-t-aryicyelobutylacetic acid (0.57
mmol} in THF {5 mL) was added lithium tri-sec-butylborohydride (1M in THF; 1.14 mi,,
1.14 mmol} and the resultant solution was stirred at 50 °C for 20 - 30 min. N HCI was
20 added to adjust the reaction solution pH to 53-6, and the mixture was then extracted with
EtOAc (3 x 10 mL}. The combined organic extracts were concentrated under rednced
pressure and the residue thus obtained was purified by silica gel chromatography (60%
EtOAc in petroleurn ether) to provide the anti 2-{({1r,37)-3-bydroxy-1-

(arvieyclobutyljacetic acid.

30

I
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Example 1
3-[4-[{3-(2-Methylphenyl)benzo[bjthiophen-3-yiimethoxy|phenyljpropanocic acid, Cpd §

S
) \L,/\/u A
FEN fOH
S !

{A)y  To an ice-cooled solution of S-hydroxymethylbenzothiophene (1.45 g; .83 mmol)
in THE (15 mb} was added NBS (1.73 g; 9.71 mumol) under an argon atmosphere. The
resulting solation was allowed to warm to vt and stirring was continued for 3 h. The
reaction was then concentrated under reduced pressure and the residue was purified by
stlica gel chromatography chuting with §-20% EtOCAc in heptanes to afford 3-bromo-5-
hydroxymethyibenzothiophene (968 mg. 45%) as a white solid. "H NMR (CDCL) 8: 7.78
- 7TR8{(m,2H), 746 (5, 1H), 743 (d, /=9.6 He, 1H), 466 (d,J=58Hz, 2H), 1 .84, J=
5.8 He, TH}.

(B)  5-Hydroxymethyl-3-(2-methylphenyDbenzo[bithiophene was prepared from 3-
bromo-3-hydroxymethylbenzothiophene and 2-methylphenylboronic acid following
General Procedure A, using PACh{dppty CH:CL, as the palladium catalyst, LC/MS: mass
caled. for O16H408: 254.35, found 277.1 [M+Na] .

{Cy  Methyl 3-(4-((3-(Z-methylphenyibenzol blthiophen-5-ylimethoxy)phenyii-
propancate was prepared from S-hydroxymethyl-3-(2-methylphenylibenzo[bl-thiophene
and methyt 3-(4-hydroxyphenyliipropancate following General Procedure B using PPha

and DBAD. LC/MS: mass caled. for CreHpa018: 416.54, found 439.0 [M+Na] .

(&) 3-[4-[[3-(2-Mcthyliphenylibenzo{blthiophen-S-ylmethoxy {phenylipropancic acid
{Cpd 1) was prepared from methyl 3-(4-((3-(2-methylphenvhbenzof bithiophen-5-
yhmethoxy)phenyl-propancate following General Procedure C using LiOH as basc and
2N HCI for reaction acidification. 'H NMR (400 MHz, CDCL) § 7.93 (d, 1H), 7.42 - 7.50
{m, 2H}, 7.27 - 7.38 (m, SH}, 7.10 (d, J=8.59 Hz, 2H), 6.87 {d, /= 8.59 Hz, 2H)}, S.0& (s,
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2H)Y, 2.88(t, J = 7.58 Hz, 2H)}, 2.57 - 2.69 (1, /= R8.08 Hz, 2H), 2.15 (5, 3H}. LC/MS: mass
calcd. for CpsH»n(0sS: 402.51, found 425.1 {M+Nal .

Example 2
{38)-3-{4-{{3-(2-Mcthyviphenyhibenzo[ bithiophen-S-ylimethoxyiphenyithex-4-ynoic acid,
Cpd 2

o SR
is
i

(Ay  (35)-Methyl 3-(4-((3~(2-methylphenylibenzo[blthiophen-5-vlimethoxyphenyl)-
hex-4-ynoate was prepared from S-hydroxymethyl-3-(2-methylphenvlibenzofbl-thiophene
{from Example 1) and (38¥-methyl 3-{4-hydroxyphenyithex-4-ynoate {prepared as
described in WO 2005086661 following General Procedure B nsing PPhs and DBAD.
LC/MS: mass caled. for CooHas(:8: 454.59, found 455.1 [M], 477.0 [M+Nal .

(B  (35)-3-]4-[[3-(2-Methylphenylibenzol blthiophen-5-vlimethoxyphenyl fhex -4~
ynoic acid (Cpd 2} was prepared from (3S)-methyvl 3-(4-((3-(2~
methylphenylibenzofbjthiophen-5-yDmethoxyphenyihex-4-ynoate following General
Procedure C using LiOH as base 2N HCI for reaction acidification. 'H NMR (400 MHz,
CDCl} 6 7.93(d, J=90.09 Hz, 1H)}, 741 - 7.50 {m, 2H}), 7.27 - 738 {(m, 7TH}, 6.89 (d, / =
&.59 Hz, 2H}, 5.08 (s, 2H), 3.97 - 4.10 (m, 1H), 2.78(dd, ./ = &.59, 15.66 Hz, 1H), 2.69(dd,
J=65715.66 Hz, TH), 2.15 (s, 3H), 1.82 (d, /= 2.02 Hz, 3H). LC/MS: mass caled. for
Caetps0:S: 440.56, found 463.1 [M+Na]'

Example 2a
{35)-3-{4-{{3-(2-Methyiphenylibenzo[bithiophen-S-ylimethoxyiphenyithex-4-vnoic acid,
Cpd 2
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{A) Toacooled (-10 °C to 5 °C) solution of ditsopropylamine (422 g, 4.17 rool) in
anhydrous THF (4.0 L} was added n-butyllithium (1517 mb of 2.5 M in hexanc, 3.79 mol)
in drop-wise fashion over a period of 1.5 h under an inert atmosphere of nitrogen. Upon
compiection of the addition, the reaction solution was stirred at -10 °C to 0 °C for an
additional 30 min, and then cooled to -78 °C. A solution of 5-bromobenzo[blthiophence
{670 g, 3.16 mol) and TMSCI (512 g, 4.74 mol} in THF (3.4 L) was added in drop-wise
fashion and the resulting veaction mixture was stirred at -78 “C. Afier completion of the
reaction, as judged by HPLC analysis, ag. NH4Cl solution {3% w/w, 2 L) was added in
drop-wise fashion into the reaction mixture while still under a nitrogen atmosphere and
mainiaining a temperature between 78 °C and -65 °C. The mixture was then allowed to
warm to rt and the aqueous phase was removed. Water (2 L) was added to the organic
phase and after stirring at room temperature for 15 min, the aqueous phase was removed.
The combined agqucous lavers were back-cxtracted with EtOAc (2 L), and the combined
organic extracts were washed with sat.d aq. NaCl (2 L}, dried (Na;SO4) and concentrated
under reduced pressure to provide (S-bromobenzo[blthiophen-2-yljtrimethyisilane (867 g,
purity: 90.0 LCAP) as a light vellow lguid. "H NMR (CDCh) 6 7.93 (4, /= 1.5 Hz, 1H),
7.72(d, /=84 Hz, 1H), 7.39(d, S=84 Hz, 1H), 7.36 (s, 1H}, 0.37 (s, 9H}; LC/MS
(APCI) m/z 283.9 [M].

{(B)y  Toacooled (-78 °C) solution of {5-bromobenza{bjthiophen-2-ylirimethyisilane
(8§84 ¢, 3.10 mol) in anhydrous THF (4.4 L} under an inert atmosphere of nitrogen was
added n-butyHithium (1489 mL of 2.5 M in hexanes, 3.72 mol} in drop-wise fashion over a
period of 50 min. After stivring at -78 °C for 20 min, a solution of DMF (271 g, 3.72 mol}
in THF (1326 mlL) was introduced in drop-wise fashion over a period of 1 h, and the

resulting reaction muxture was stirred at ~78 °C and monitored by HPLC. After completion
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of the reaction (20 min}), McOH (150 mL} was added in drop-wise fashion and the mixture
was stirred for 15 min at -78 °C. Ag. NHCl sohation (5% w/w, 2 L} was then added in
drop-wise fashion into the reaction mixture, after which the mixture was allowed to warm
to 1t and the agueous phase was removed. Water (2 L) was added to the organic phase and
after stirring at room temperature for 15 min, the agueous phase was removed. The
combined agqueous lavers were back-extracted with EtOAc (2 L}, and the combined
organic extracts were washed with sat.d aq. NaCl (2 L}, dried (Na;SO4) and concentrated
under reduced pressure to provide crude 2-(trimethylsilyhbenzofblthiophene-5-
carbaldehyde (762 ¢) as a buff solid. "H NMR (CDCL) 6 10.10 (s, 1H), 8.28 (s, 1H), 7.99
(d, /=84 Hz, 1H),7.83(d. /=284 Hz, 1H), 7.58 (s, 1H), 0.40-0.38 (m, 9H); LC/MS
(ESTym/z 2351 [M+H]

(Cy A mixture of 2-(trimethyistlylibenzofbithiophene-5-carbaldehyde (956 g, 2.9 mol)
and TFA (4.5 L) was stirred at 50 °C for 3.5 h. Acetic acid (4.5 L} was then added, and
once the temperature again reached 50 °C, a sohation of Bra(718.5 g, 4.50 mol) in acetic
acid (4.5 L) was added in drop-wise fashion over a period of 2 h. The reaction was stirred
at 50 °C for an additional 2 h, and then was allowed to stir overnight at rt. The reaction
mixture was then filtered and the filtrate was poured into ice water (65 L, 5 - 10 °(),
stirred for 2 h, and then filtered. The precipitate was washed successively with water, aq.
NaHCO; solution (5% w/w) and water, and then air-dried (4 d) to afford 3-
bromobenzo[blthiophene-5-carbaldehyde (793 g, 83% wiw purity, by 'H NMR) as a
velow solid. "H NMR (CDCLY S 1016 (s, 1H), 832 (s, 1H), 7.99-7.93 {(m, 2H), 7.57 (s,
1H); LO/MS (ES7) m/z 240.9 [MH] T, 242.9 [M+H+2]

(D) A mixture of 3-bromo- I -benzothiophene-5-carbaldehvde (1153 g, 83% w/w purity
by 'H NMR, 3.988 mol), (2-methylphenyl) borouic acid (purchased from Hebei Meixing
Chemical Co., Ltd., 1627 g, 40% w/w purity by "H NMR, 4.786 mol), DME (8.2 L), H,0
{2.3 L}, Na,{CO5 {1070 g, 10.09 mol} and PA(PPh);CL; (140 g, 0.20 mmol), maintained
under an incrt nitrogen atmosphere, was stirred for 3 h at 80 °C, then allowed to cool to 1t

After phase separation and removal of the agueous phase, the organic phase was diluted
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with MTBE (5.5 L), washed successively with water (2 x 5.5 L) and satd. ag. NaCl (5.5 L},
then concentrated under reduced pressure. The resultant crude solid was dissolved in
MeCN (5L} and quantified by 'H NMR (15.0% w/w purity).

The above solution of crude 3-{2-mcthylphenylhibenzo{bithiophene-5-carbaldehyde
(5334 g, 15.0% w/w by 'H NMR assay, 1.0 eq.) was further diluted with acetonitrile (12 L)
and the resultant solution was heated to 50 °C with stirring. Satd. aq. NaHS0O4 solution
{825 g of NaHSO0; in 2007 g of H20) was added in drop-wise fashion over a period of 1.5
b, maintaining a rcaction temperature of 50 °C, and the solution was stirred for an
additional 2 h then cooled to 50 15 °C. After 1 h, the cooled mixture was {iltered and the
precipitate was slurried with MeCN (8 L) and filtered. The precipitate was stirred in water
(10.6 L) for 10 nun at ri; NapxCO; (933 ¢) was added and the mixture was stirred at 1t for
1.5 h. DCM (10.6 L) was added and the mixture was stirred for 3.5 h. After phase
separation, the agqueous layer was extracted with DCM {1 x 4 L) and the combined organic
extracts were washed with water {2 x 4 L) and concentrated under reduced pressure to
afford 3-(2-methyiphenylibenzofbithiophene-3-carbaldehyde as a dark 0l (850 g, 91%
wiw purity by 'TH NMR). "H NMR (DMSO-de) & 10.06 (s, 1H), 829 (d, J= 8.4 Hz, 1H),
7.93-7.88 {m, 3H), 7.44-7 31 (m, 4H), 2.15 {s, 3H); LC/MS (ES"y m/z 253.1 [M-+HT.

(B}  Toacooled (0 -5 °C) solution of 3-2-methylphenyhbenzo[blthiophene-3-
carbaldchyde (800 g, 91% w/w purity, 2.89 rool), tolucne (4 L) and rocthanol (400 mL),
matntained under an inert nitrogen atmosphere, was added NaBH, (54.6 g, 1.445mol, .50
eq.) n portions. After stirring for | h, the reaction was quenched by the drop-wise addition
of acetone {110 mL} over 20 min, maintaining a reaction temperature below 20 °C. 1IN aq.
HCI (1.5 L) was then added and after phase separation, the agqueous phase was extracted
with toluene (1 x 41). The combined organic phase was washed with agq. NaHCO; (5%
wiw, 4 L} and concentrated under reduced pressure. The residue thus obtained was
dissolved in EtOH (8 L}; Ecosorb C-941 (20% w/w} was added and the resulting
suspension was refiuxed for 30 min, and then filtered. The filtrate was concentrated under

reduced pressure to a volume of ~ (.5 L; heptane (4 L) was then added and the resultant
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solution was stirred at 55 — 60 °C for 1.5 h. The solution was allowed to gradually cool to
rt, then was slowly further cooled to 8 - 5 °C. The resultant suspension was stirred at this
temperature for an additional 1 h, and then filtered. The filter cake was collected and dried
at 25-30 °C to give 580 g of (3-(2-methyiphenyi)benzo|blthiophen-3-ylimethanol as a
white solid (purity: 99.3 LCAP, vield 79%). "H NMR (CDCL) § 7.91 (dd, J = 8.0, 1 4 Hz,
1H), 7.41-7.28 (m, 7H), 4.74 {s, 2H), 2.17 (s, 3H); LO/MS (ES" Yy m/z 237.1 [M-OHY".

{F} To acooled (0 — 5 °C) solution of SOCL (1758 g, 1.46 mol, 2.50 eq.) and
dichioromethane (1.2 L) under an inert nitrogen atmosphere was added a solution of (3-(2-
methylphenylibenzofbjthiophen-5-yvhmethanol (150 g, 99.3 % purity, 0.586 mol) and TEA
{23.66 g, 0.234 mol, 0.40 eq.) in dichloromethane (300 mL} in drop-wise fashion over a
period of 45 min, and the resultant cooled solution was stivved for an additional 1 h. The
reaction was then quenched by the addition of ice water (1.5 L}, After phase separation, the
organic layer was washed with satd. ag. NaCl (1.5 L) and concentrated under veduced
pressure to afford crude S-(chloromethyl}-3-(2-methyiphenyl)benzo[bjthiophene as a ved
oil (160 g, 97.9% wiw purity by 'H NMR). 'H NMR (CDCL) 6 7.89 (dd, /= 6.0, 2.7 Hz,
1H), 7.41-7.37 (m, 2H), 7.35-7.27 (m, SH), 4.63 (s, 2H), 2.16 (s, 3H); LC/MS (ES) m/z
237.1 M-C1}.

(G} A mixture of 5-{chioromethy1}-3-(2-methyiphenyiybenzo[blthiophene (435 g,
97.9% purity, 1.56 mol), (35)-cthyl 3-(4-hydroxyphenylihex-4-ynoate (available from
Synnovator, Inc., Research Triangle Park, N.C; Cat. # PBO5708) (3804 g, 1.61 mol, 1.05
eq.) and CsCO; (1185 g, 3.56 mol, 2.28 ¢q.) in MeCN (22 L) was stirred at vt overnight.
The mixture was filtered and the filter cake was washed with MeCN (2 L). The combined
filtrates were concenirated under reduced pressure and the resultant residue was purified by
silica gel chromatography (2 — 50 % EtOAc/n-heptane) to afford (35)-ethyl 3-(4-((3-(2-
methylphenyhbenzofblthiophen-3-vlimethoxy)phenyvlihex-4-ynoate (700 g, 94 % wiw
purity by 'H NMR). 'H NMR (CDCL) 8 7.92 (d, 7= 8.7 Hz, 1H), 7.46-7.34 (m, 2H), 7.37-
7.24 {m, TH), 6.88¢dd, J= 11.6,2.9 Hz, 2H), 5.08 (s, 2H), 4.16-4.01 {m, 3H}, 2.76-2.58

93
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(m, 2H), 2.15 (s, 3H), 1.81 {(d, J=2.4 Hz, 3H), 1.20 (1, /= 7.2 Hz, 3H); LC/MS (BS )y m/z
469.1 [M+HT

(H)y A mixture of (35)-cthyl 3-(4-((3-(2-methylphenyhbenzo{blthiophen-5-
yvhmethoxy)phenvyithex-4-ynoate (630 g, 94% purity, 1.25 mol}, THF (9.0 L}, purified
water (1.2 L), McOH (0.6 L) and anhydrous LiOH {150 g, 6.25 mol) was stirred at 1t for 18
b and then concentrated under reduced pressure. The residue thus obtained was taken up in
purificd water (9.5 L) and acidified to pH 2 — 3 with 6N HCI (1.1 L). The resulting
soiution was extracted with EtOAc (2 x 5 L) and the combined organic extracts were
filtered and concentrated under reduced pressure. The residue thus obtained was taken up
in HOAc (1 L), and the mixture was concentrated under reduced pressure at 40 — 45 °C.
This step was repeated with 400 mL of HOAc. The residuc was then taken up in HOAcC
(2.6 L) and the mixture was heated at 60 — 65 °C for 3 h, after which time purified water
(0.8 L} was added in drop-wise fashion over a period of 3 h. The resulting suspension was
stirred at 60 - 65 °C for 2 h, and then at 1t for 14 h. The suspension was filtered and the
filter cake was washed successively with a 50 % (v/v) solution of AcOH/H,0 (2 x 1.0 L),
and purified water {2 x 0.6 L). The filter cake was dried under vacuum at 50 - 35 °C for 12
h to provide 550 g of white solid. The solid was dissolved m EtOAc (3.0 L) and afier
stirring at vt for | h, the solution was filtered and concentrated under reduced pressure.
The residue was then treated with n-heptane (8.0 L) and the resultant suspension was
stirred at rt for 5 b and filtered. The filter cake was dried under vacuum at 50-55 °C to
afford (354-3-[4-[{3-(2-methylphenyljbenzo[bthiophen-5-viimethoxyiphenylthex-4-ynoic
acid (515 g, purity 99.3% by HPLC, 97.3% cc) as a white solid. '"H NMR (DMSO-dg) 6
12.22 (s, 1H), 807 (d, J= 63 Hz, 1H), 7.71 (s, IH), 748 (dd, /= 6.2, 1.1 Hz, 1H), 7.40-
7.22(m, TH), 6.90 (d, J=6.6 Hz, ZH), 5.16(s, 2H)}, 3.92 (td, /= 5.7, 1.8 Hz, 1H}, 2.59 (dd,
J=11.7,6 Hz, 2H), 2.08 (5, 3H), 1.76 {d, J= 1.8 Hz, 3H). "C NMR (DMSO-ds) 6 172.3,
157.5, 1393, 139.0, 137.0, 136.8, 135.2, 134.1, 133.9, 130.8, 130.6, 128.7, 128.5, 126.4,
126.0, 124.8,123.6, 122.2, 115.3, 81.1, 78.6, 69.7, 43.3, 33.1, 20.3, 3.7; LC/MS (ES Y m/z
4411 [M+H] .
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Example 3
(353-3-{4-[]3-[4-[{4-Hydroxy-1,} -dioxothian-4-yDmethoxy}-2-methylphenyvi]-

benzolblthiophen-3-yljmethoxyphenyithex-4-ynoic acid, Cpd 3

PO
(o
/&)/ N
{ i)
G i G
o~ “i

(5’3 N OH

{A)y  5-Hydroxymethyl-3-{4-hydroxy-2Z-methylphenylibenzo{blthiophene was prepared
from 3-bromo-S-hydroxymethyibenzothiophene {from Example 1, Step A) and 4-hydroxy-
2-methyiphenylboronic acid following General Procedure A, using PACH{dppty CH,CL; as

the palladium catalyst. LC/MS: mass caled. for Cr6H.0:8: 270.35, found 293.0 [M+Na] .

(By A mixture of S-hydroxymethyl-3-{4-hydroxy-2-methylphenylibenzo[blthiophenc
{162 mg; 0.6 mmol), 1-oxa-6-thiaspiro{2.5]octanc 6,6-dioxide (107 mg; (.66 mmol} and
KOO (138 myg; | mmol} in DMF (1.5 mb) was stirred at 90 °C for 6 h. After cooling to
rt, the reaction was partitioned between EtOAc and aq NH4Cl and the agueous layer was
extracted with EtOAc (2x). The combined organic layvers were washed with brine, dried
{Na,804), filicred and concentrated under reduced pressure. The residue was purified by
stlica gel chromatography chuting with 5-80% EtOAc in heptanes to afford 4-hydroxy-4-
{{4-{5-(hydroxymethylibenzofblthiophen-3-yi)-3-methylphenoxy)methylitetrahydro-2 H-
thiopyran 1,1-dioxide (245 mg, 94%). LC/MS: mass caled. for CppHy40S,: 432,56, found

455.0 [M+Na].

(Cy  (35-Methyl 3-(4~((3-(4-((4-hydroxy-1, I -dioxidotetrahydro-2 A-thiopyran-4-

ylmethoxy)-2-methylphenyhbenzo[bjthiophen-S-yhimethoxy phenyhhex-4-ynoate was

95



1o

i5

20

]
(941

WO 2016/057731 PCT/US2015/054581

prepared from 4-hydroxy-4-{({4-(5-(hydroxymethylibenzo[blthiophen-3-vi}-3-
methylphenoxyymethylftetrahydro-2 H-thiopyran 1,1-dioxide and (35}-methyl 3-(4-
hydroxyphenylhex-4-vnoate {prepared as described in WO 2005086661 following
General Procedure B using PPhs and DBAD. MS: mass caled. for CysHagU58,: 632 .8,
found 633.2 [M]", 655.2 [M+Na] .

(DY (35-3-[4-[13-[4-[(4-Hydroxy-1,1 -dioxothian-4-ylimethoxy]-2-methyiphenyl]-
benzo[bithiophen-5-ylimethoxyjphenylihex-4-ynoic acid (Cpd 3) was prepared from (35)-
methyl 3-(4-({3-{4-({4-hydroxy-1,1-dioxidotetrahydro-2H-thiopyran-4-ylimethoxy}-2-
methylphenylibenzofbjthiophen-5-ylymethoxyphenyhhex-4-ynoate following General
Procedure C using LiOH as base and 2N HCI for reaction acidification. "H NMR (CDCly)
DTO2(d, J=8.1He, IH),7.37-749 (u, 2H), 7.27 - 732 (m, 31}, 7.22(d, /= 8.1 Hz,
1H), 6.89 (d, /=86 Hz, 3H}, 6.82 (dd, /=81, 2.5 Hz, 1H), 5.09 (5, 2H}, 3.98 - 410 (m,
1H), 3.93 (s, 2H), 3.42 - 3.5%9 {m, 2H), 2.92 - 3.02 {m, 2H), 2.80 (dd, /= 15.7, 8.1 Hz, IH),
2.78(dd, J=15.7,7.1 Hz, 1H)}, 2.13 (s, 3H}, 1.83(d, /= 2.53 Hz, 3H). LC/MS: mass
caled. for C34H34058;: 618.8, found 619.0 [M]".

Example 4
(38)-3-{4-[[3-[2-Mcthyl-4-(3-methylsulfonylpropoxy)phenylibenzobithiophen-5-

yljmethoxyiphenylihex-4-ynoic acid, Cpd 4

Ot
o 15 0

A\

{A}  To asolution of 3-methylthiopropanol {1.6 g; 15.07 mumol} and tosyl chloride (3.16
2: 16.57 mmol) in DCM (10 mL} was added pyridine (1.46 mbL; 18.08 mmol) in drop-wise
faghion, and the resultant mixture was stirred at vt for 1 h. The mixture was then

concentrated under reduced pressure and the residue thus obtained was purified by silica
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gel chromatography chuting with § - 50% EtOAc in hexanes to afford 3-
; 92%) as a colorless oil. LO/MS:

mass caled. for CiiHi0582: 260.38, found 283.1 [M+Na]'.

{methylthiojpropyl 4-methylbenzencsuifonate (3.6 g

5 (B} Toanice-cooled solution of 3-{mecthylthio)propyl 4-methylbenzencsulfonate (3.6 g;
13.8 mmol} in MeOH (70 mL) was added a suspension of monopersulfate compound (17
2: 27.4 mmol) in water {70 mL) in a portion-wisc fashion. Upon completion of the
addition, the mixture was allowed to warm to rt, and stirring was continued for 20 h, The
reaction was partially concentrated to remove the MeOH and the mixture was further

10 diluted with water and extracted with EtOAc (2x). The combined organic extracts were

dried (Na;SO,), filtered and concentrated under reduced pressure. The residue was

purificd by silica gel chromatography cluting with § — 67% EtOAc in hexanes to afford 3-

{methylsutfonylpropyl 4-methylbenzene-sulfonate (3.72 g, 929} as a white solid.

LC/MS: mass caled. for C1iFH1605S,: 292.38, found 315.1 [M+Na] .

—
(3]

(C) A muxture of S-hydroxymethyi-3-{(4-hydroxy-2-methylphenyhibenzolbithiophene
{from Example 3) (108 mg; 0.4 munol), 3-(methylsulfonylipropyl 4-
methylbenzenesulfonate (292 mg; 1.0 muvol) and KoCOs (82 mg; 0.6 mumol) in DMF (1.0
mb) was stirred at 90 °C for 6 h. After cooling to rt, the reaction was partitioned between
20 EtOAc and ag NH4Cl and the agueous layer was extracted with EtOAc¢ (2x). The
combined organic layers were washed with bring, dried (Na;SOy), filtered and
concentrated under reduced pressure. The residue was purified by silica gel
chromatography eluting with 5-60% EtOAc in heptanes to afford S-hyvdroxymethyi-3-(2-
methyl-4-(3-(methylsulfonyhpropoxy iphenybenzolblthiophene (87 mg, 56%). LC/MS:
25 mass caled. for Caotpe04Sy: 390.52, found 413.1 [M+Na] .

{0 (3S8)-Methyl 3-(4-{{3-(Z-methvi-4-{3-{methyisuifonvi)propoxyphenylibenzo-
[ blthiophen-5-ylimethoxy)phenylhex-4-ynoate was prepared from S-hydroxymethyl-3-(2-

methyl-4-(3-(methylsulfonylpropoxy)phenylbenzo{blthiophene and (38)}-methyl 3-(4-
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hydroxyphenyljhex-4-vnoate {prepared as described in WO 2005086661 following
General Procedure B using PPhs and DBAD. LC/MS: mass caled. for CaaH34068,: 590.76,
found 591.0 [M]', 613.0 [M+Na]".

5 (EB) {38)-3-{4-[[3-[2-Mcthyi-4-(3-methyisulfonyvipropoxy)phenyiibenzo| bithiophen-5-
vlmethoxyiphenylihex-4-ynoic acid {Cpd 4) was prepared from (35 -methyl 3-(4-({3-(2-
methyl-4-3-(methylsulfonylpropoxyiphenylybenzolblthiophen-5-vhmethoxy jphenylhex-
4-ynoate following General Procedure C using LiOH as base and 2N HCI for reaction
acidification. 'H NMR {CDCL) § 7.92(d, /=9.1 Hz, 1H), 7.40 - 7.48 (m, 2H), 7.27 -

10 7.32{(m,3H), 7.20(d, /=8.1 Hz, 1H), 6.83 - 6.95 (i, 3H), 6.80 (dd, /= 8.6,2.5 Hz, 1H),

508 (s, 2H), 4.17 (1, /=56 Hz, 2H}, 3.98 - 4.09 (m, 1H}, 3.25 - 3.35 {m, 2H)}, 2.98 (s,

3H)},2.79 (dd, J=15.7, 8.1 Hz, 1H), 2.6%9(dd, /=157, 7.1 Hz, 1H}, 2.12 (s, 3H), 1 .82 {d,

J=2.5 Hz, 3H). LC/MS: mass caled. for CyHn (68,1 576.73, found 577.0 [M].

Example 5
(35)-3-[4-[[3-[4-(1,1-Dioxo-1,4-thiazinanc-4-carbonyl}-2-methyl-

phenyljbenzofblthiophen-5-yiimethoxylphenylihex-4-ynoic acid, Cpd 8

i
N
/’/\ ]
od N \
TP \
7
3

20 {A) Methyl 4-(S-(hydroxymethylibenzo[bjthiophen-3-vi)-3-methylbenzoate was
prepared from 3-bromo-S-hydroxymethylbenzothiophene (from Example 1A} and methyl
3-methyl-4-(4.4,5 5-tctramcthyl-1,3.2-dioxaborolan-2-vibenzoate following General
Procedure A, using PACL{dpptyCH,(Cl; as the palladiom catalyst. LC/MS: mass caled. for
CisHi60sS: 312.39, found 335.0 [M+Naj"

]
|3}

98



10

WO 2016/057731 PCT/US2015/054581

(B} 4-{5-{Hydroxymethylibenzo{bjthiophen-3-y1}-3-methylbenzoic acid was prepared
from methy! 4-(5-(hydroxymethybenzofbithiophen-3-yi}-3-methyibenzoate following
General Procedure C. LC/MS: mass caled. for €;7H140:8: 298.36, found 321.0 [M+Na] .

(Cy To asolution of 4-(5-(hydroxymethyhibenzo{blthiophen-3-v1}-3-methylbenzoic
acid (179 mg; 0.6 mmol}, thiomorpholine 1, 1-dioxide (162 mg; 1.2 mmol) and HATU {456
mg; 1.2 mmol) in DMF (2 mL) was added DIEA (0.41 mbl; 2.4 mmol) and the resuliant
solution was stirred at rt for 4 h. The mixture was diluted with EtOAc and washed
sequentially with ag. NH4Cl and water. The organic layer was dried (Na;SO4), filtered and
concentrated under reduced pressure. The resultant residue was partially purificd by silica
gel chromatography chuting with 30-70% EtOAc in heptanes to afford (1,1-
dioxidothiomorpholine ¥4~ 5-thydroxymethylbenzo{blthiophen-3-vi)-3-
methylphenyhmethanone (245 mg, 69%; ~ 75% purity), which was used directly in the

next step. LC/MS: mass caled. for Co Hy NG4S, 415.53, found 416.1 [M+Na]

(D) {35)-Methyl 3-(4-((3-(4-(1, I -dioxadothiomorpholine-4-carbonyi)-2-
methylphenyhbenzofblthiophen-3-vlimethoxy)phenvlihex-4-ynoate was prepared from
{1, 1-dioxidothiomorpholino y{(4-(5-(thydroxymethylbenzol bl-thiophen-3-v13-3-
methylphenyhimethanone and (38)-methyl 3-(4-hydroxyphenylihex-4-yunoate {prepared as
described in WO 2005086661 following General Procedure B using PPhs and DBAD.
LC/MS: mass caled. for C34HNO6S: 615,77, found 616.2 [M]', 638.2 [M+Na] .

{E} (3853-3-{4-[[3-[4-(1,1-Dioxo-1 4-thiazinanc-4-carbonyl}-2-
methylphenylibenzolblthiophen-3-viimethoxyviphenylihex-4-yunoic acid (Cpd 8} was
prepared from (38)-methyl 3-(4-((3-{4~(1,1-dioxidothiomorpholine-4-carbonyi)-2-~
methylphenyhbenzofbjthiophen-3-ylimethoxy)phenylihex-4-ynoate following General
Procedure C using LiOH as basc and 2N HCI for reaction acidification. "H NMR (CDCI)
8794(d,J=86Hz 1H), 737 -748 (m, 3H), 7.31 - 7.37 {m, 2H), 7.27 - 7.31 {m, 3H},
6.87(d, /=91 Hz ZH}, 515 {5, 2H}, 3.92 - 4.40 (m, SH}, 3.13 ¢(br. s, 4H), 2.83 (dd, J =
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15.7, 7.8 Hz, 1H), 2.70 (dd, /=157, 8.1 Hz, 1H}, 1.82 {d, 3H). LC/MS: mass calcd. for
CasHu NS, 601.74, found 602.1 M1, 625.0 [M+Na] .

Examplc 6
(353-3-{4-[[3-[4-(1,1-Dioxo-3,6-dihvdro-2H-thiopyran-4-vi)-2Z-methyl-

(¥4

phenylibenzo{blthiophen-S-ylimethoxylphenylihex-4-ynoic acid, Cpd é

{A) 4-{4-Bromo-3~-methviphenyl)-3,6-dihydro-2H-thiopyran was prepared from 2-
bromo-5S-iodotoluene and 2-(3,6~-dihydro-2H-thiopyran-4-yi}-4,4,5, 5-tetramethyl-1,3,2-
i0  dioxaborolane following General Procedure A, using PACH{dppty CHLCL, as the palladium

catalyst. LC/MS: mass caled. for Cp2HaBrS: 269.21, found 269.0 (M},

{B) To an ce~cooled solution of 4-(4-bromo-3-methylphenyl)-3,6-dihydro-2 H-
thiopyran (1.12 g; 4.16 nuuol) in DCM (15 mL) was added a solution of mCPBA (1.865 g;

15 &32 mmoly in BDCM (15 mbL} in drop-wise fashion. After stirring at 0 °C for (.5 b, the
reaction mixture was poured into a mixture of DUM (30 ml) and satd. ag. NayCO; (60
mb}. The agqueous laver was extracted with DCM and the combined organic extracts were
washed with satd. agq. NayCOs, dried (NazSOy), filtered and concentrated under reduced
pressure. The resultant residue was purified by silica gel chromatography eluting with 5 -

20 40% EtOAc in DCM to afford 4-(4-bromo-3-methyipheny)-3,6-dihydro-2F-thiopyran 1,1~
dioxide (815 mg, 65%). MS: mass caled. for CHpisBrO:S: 301.20, found 323.0 [M+Na]',
325.0 [M+2+Na]".
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(Cy 4-(3-Methyl-4-{4,4,5 S-tetramethyl-1,3,2-dioxaborolan-2-yliphenvi}-3,6-dihydro-
2H-thiopyran 1,1-dioxide was prepared from 4-(4-bromo-3-methyipheny)-3,6-dihydro-
2H-thiopyran 1,1-dioxide and bis(pinacolato}diboron following General Procedure A,
using PACL{dppfy CH,CL as the palladium catalyst and KOAc in place of K,COs.
5 LO/MS: mass caled. for CraHpsBOLS: 348.27, found 349.2 [M+HT.
) 4-{4-{5-(Hydroxymethyl}benzo[bjthiophen-3-yli-3-methylphenyl)-3,6-dihydro-
2H-thiopyran 1,1-dioxide was prepared from 4-(3-methyi-4-(4 4,5, 5-tetramethyi-1,3,2-
dioxaborolan-2-yliphenyh)-3,6-dihydro-2H-thiopyran 1,1-dioxide and 3-bromo-5-
10 hydroxymethylbenzothiophene (from Example 1A) following General Procedure A, using
PACL{dppfy CH,Ch as the palladium catalyst, LC/MS: mass caled. for C;He04S0:

384.52, found 407.0 [M+Na] .

(E) {35)-Methyl 3-(4-((3-(4-(1, 1 -dioxido-3,6-dihydro-2 H-thiopyran-4-vi}-2-

—
(3]

methylphenyhbenzofbjthiophen-3-yvlimethoxy)phenyvlihex-4-ynoate was prepared from 4-
{4-(5-(hydroxymethylbenzo[blthiophen-3-v1)-3-methyiphenyvh)-3,6-dihydro-2 H-thiopyran
1, 1-dioxide and (38-methyl 3-(4-hydroxyphenyiihex-4-ynoate (prepared as described in
WO 2005086661 following General Procedure B using PPhs: and DBAD. The produoct
was taken directly onto the following step.
28
{F} (3853-3-{4-[[3-[4-{1,1-Dioxo-3,6-dihydro-2H-thiopyran-4-yi)-2-methyi-
phenylibenzolblthiophen-5-yljmethoxyiphenvithex-d-ynoic acid (Cpd 6} was prepared
from (3Sy-methyl 3-4-((3-(4-(1,1-dioxido-3,6~dihydro-2 H-thiopyran-4-yi}-2-
methylphenyhbenzoblthiophen-3-viimethoxviphenylihex-4-ynoate following General
25 Proceduore C using LiOH as base and 2N HC for reaction acidification. Purification of the
product thus obtained was carried out by silica gel chromatography eluting first with 40 -
100% EtOAc in heptanes, then with 2 — 4% MeOH in EtOAc, 'H NMR (CDCL:) 8 7.93
(d,/=28.1 Hz, 1H}, 741 - 7.50 {m, 6H), 7.21 - 7.36 {m, 6H {overlapping with CHCL
signal]), 6.89 (d, /=86 Hz, 2H), 5.96 (1, /=43 Hz, 1H), 5.0%9 (s, 2H), 397 - 4.12 {m,
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1H), 3.84 (d, J=2.0Hz 2H),3.15-3.37 {m, 4H), 2.80 (dd, /= 15.7, 8.1 Hz, 1H), 2.69
{dd, J=15.7,7.1 Hz, 1H}, 2.16 (s, 3H}, 1.82 {d, /= 2.5 Hz, 3H). LC/MS: mass calcd. for
Cy3Hao(s8,: 570,73, found 571.0 [MT, 593.1 IM+Nal ", 610.0 [M+K]".

Example 7
(35)-3-4-[[3-{4-Hydroxy-2-methyiphenylibenzo[bthiophen-5-vijmethoxylphenylthex-4-

ynoic actd, Cpd 7

S\
2N
N

Oyt OH
A O
¥ |
HO \
{A) To an ice~cooled solution of 4-bromo-3-methylphenol (43 g; 229.9 mmol} in THF
(300 mL} was added Nal (13.8 g; 575 mmol) portion-wise, After stirring for 0.5 b,
methoxymethyi chloride (22.8 mL; 2989 mmol} was added in drop-wise fashion to the
cooled reaction mixture and after warming to rt, the resoltant solution was stirred for an
additional 2 h. Ether (300 mL} was then added and the mixture was washed with 3M
NaOH (2 x 100 mL), dried (Na;80y), filtered and concentrated under reduced pressure to
afford 1-bromo-4-(methoxymethoxy-2-methylbenzene. 'H NMR (DMSO-dg) 8 7.47-7.45
{m, TH), 7.03 (d, /= 2.8 Hz, 1H), 6.83-6.80 (mn, 1H}, 5.18 (s, 2H}, 3.34 (s, 3H), 2.38 (5,
3H).

(B} 2-{4-(Methoxymethoxy}-2-methylphenyi}-4,4,5, S-tetramethyl-1,3,2-dioxaborolane
was prepared from 1-bromo-~4-{methoxymethoxy}-2-methylbenzene and
bis(pinacolato)diboron following General Procedure A, using PACL{dppfy CH,CH; as the
paliadium catalyst, KOAc in place of K;COs, and BMSQO as solvent in place of
dioxance/water. The isolated product was used divectly in the subsequent step without

further characterization,



&
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(Cy {3-{4-{Methoxymethoxy)-2-methylphenylibenzo|blthiophen-5-yhimethano! was
prepared from 2-(4-(methoxymethoxy}-2-methyiphenyl)-4.4,5, 5-tetramethyl-1,3,2-
dioxaborolane and 3-bromo-3-hydroxymethytbenzothiophence (from Example 1A}
following General Procedure A, using PACL{dppfyCH,CL, as the palladium catalyst. 'H
WNMR (DMSO-ds) 8 7.97-7.95 {m, 1H), 7.57 (s, 1H}), 7.34-7.32 {m, 2H), 7.18(d, /=84
Hz, 1H), 7.04-7.03 {m, 1H), 6.98-6.95 {m, 1H), 5.241 (s, 2H), 4.57-4.55 {(m, 2H}, 3.43 (5,
3H}, 2.09 (s, 3H).

{1 383-Methyt 3-(4-{{(3-{4-hydroxy-2-methyiphenyvlibenzofblthiophen-5-
yhmethoxyiphenyihex-4-ynoate was prepared from (3-{4-{methoxymethoxy -2~
methylphenylibenzolblthiophen-5-yhimethanol and (38}-methyl 3-(4-hvdroxyphenylhex-
4-ynoate {prepared as described in WO 2005086661} following General Procedure B using
PPh: and DBAD. "H NMR (DMSO-ds) 8 £.06 (d, J= 8.4 Hz, 1H), 7.66 (s, 1H), 7.49-7.43
{m, 2H), 7.25-7.17 {(m, 3H)}, 7.04-7.03 {m, 1H), 6.98-6 81 {m, 3H), 5.25 (s, 4H), 3.98-3.94
(m, 1H}, 3.57 {s, 3H)}, 3.42 {s, 3H)}, 2.69-2.67 (m, 2H)}, 2.06 (s, 3H), 1.77-1.76 (s, 3H}.

(E) To a solution of (38)-methyl 3-(4-{(3-{4-hydroxy-2-
methylphenylibenzofbjthiophen-5-yvDimethoxyphenyiihex-4-ynoate (1.9 g; 3.69 mmol} in
MecOH {50 mb) was added conc. HC1{0.05 mb) and the resultant solution was stirred at 62
°C for 1 h. The reaction was then concentrated under reduced pressure and the residue was
purificd by silica gel chromatography cluting with EtOAc/ petroleum cther (1:5) to provide
methyl (383-3-(4-{[3-(4-hydroxy-Z-methyiphenyi}- 1 -benzothiophen-5-
vlimethoxy|phenylhex-4-ynoate as a light vellow solid {1.4 g 80%). 'H NMR (CDCl) 8
9.48 (s, 1H), 8.03-8.02 (w, 1H), 7.60 (s, 1H}, 7.48-7.47 (m, 2H), 7.44-7 .42 (m, 2H}, 6.93-
6.90 {m, 2H), 6.76-6.68 (m, 2H), 5.17 (s, ZH), 3.56 (s, 3H}, 2.70-2.67 (w, 2H}, 2.00-1.99
{m, 3H}, 1.77-1.76 (m, 3H}. LC/MS: mass caled. for CuoHae(S: 470,58, found 469.1 {M-
HY.
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(F) {35)-3-[4-{{3-(4-Hydroxy-2Z-methylphenyl)benzolbjthiophen-5-
vlimethoxyiphenyljhex-4-ynoic acid (Cpd 7) was prepared from (35-methyl 3-(4-({3-(4-
hydroxy-2-methylphenyYbenzo[blthiophen-5-viimethoxyiphenyilhex-4-ynoate following
General Procedure C using NaOH as base, THEF/water as solvent 2N HCI for reaction
acidification. Following extraction of the crude product, the residue was purified by silica
gel chromatography cluting with 3% MeOH in DCM. 'H NMR (CDCL) 8 7.90(d, J=9.1
Hz, 1H}, 7.39 - 7.49 (m, 2H}, 7.27 {m, 3H), 7.13 (d, /= 8.1 Hz, 1H), 6.88 (4, .7=K.] Hz,
2H), 6.79 (s, TH), 6.73(d, /= 8.1 Hz, TH), 5.08 (s, 2H), 4.04 (i, 1H}, 2.61 - 2.7 (m, 2H},
2.07 (s, 3H), 1.81 (s, 3H). LO/MS: mass caled. for CosHpa04S: 456.56, found 457.2 [M]',
4792 [M+Nal'.

Example 8
(35)-3-{4-{13-]4-(1,1-Dioxothian-4-y1}-2-methyl-phenyilbenzo[bithiophen-5-

viimethoxyiphenylihex-4-ynoic acid, Cpd 8

0
4

&,

_.CH
- is i
{ 54
C).:;S\‘”J ff;
\O f

{A} A mixture of 4-(4-(S-(hydroxymethylibenzo[blthiophen-3-vi1-3-methylphenyi)-
3,6-dithydro-2H-thiopyran 1,1-dioxide (from Example 6} (192 mg; 0.5 mmol} and 10%
PA/C (B0 mg) in EtOH (6 mL} was prepared under an inert Ny atmosphere and warmed to
45 - 50 °C. A solution of ammonium formate (472 mg, 7.5 mmol} in water {1 mbL) was
added and the mixture was stirred for 5 h. After cooling to rt, the mixture was diluted with
EtOAc {10 mL), filtered and concentrated under reduced pressure. The residuc was treated
with a mixture of EtOAc/water {2/20 mb), followed by heptanes (3¢ mL}, and the resulting

solid product was filtered and washed successively with water and heptanes to afford pure
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4-(4-(5-(hydroxymethyhbenzo{bithiophen-3-vi}-3-methyiphenyl fetrahydro-2 H-thiopyran
1, 1-dioxide (136 mg, 70%). LC/MS: mass caled. for O H»O:8,: 386.54, found 409.0

.
t

[M+Nal .

5 (B} {38)-Methy! 3-(4-((3-(4-(1 1 -dioxidotetrahydro-2 H-thiopyran-4-y1}-2-
methylphenylibenzofbjthiophen-5-yvlimethoxyphenyhex-4-ynoate was prepared from 4-
{4-(5-(hydroxymethyl}benzo[blthiophen-3-yli-3-methylphenyijtetrabydro-2 H-thiopyran
{,1-dioxide and (35)-methyl 3-{4-hydroxyphenyiyhex-4-ynoate (prepared as described in
WO 2005086661 following General Procedure B using PPhs and DBAD. LC/MS: mass

10 caled. for CaHs0sSy: 486.77, found 5387.3 [M1'; 609.2 [M+Na] .

{C) (35)-3-{4-[[3-[4-(1,1-Dioxothian-4-y1}-2-methylphenylibenzo{bjthiophen-5-
yvljmethoxyiphenylihex-4-ynoic acid {Cpd 8) was prepared from (38)-methyl 3-(4-({3-(4-
{1, 1-dioxidotetrahydro-2 F-thiopyran-4-y1}-2-methylphenylibenzo[blthiophen-5-

—
(3]

ylmethoxy)phenyljhex-4-ynoate following General Procedure C, using NaOH as basce and
2M citric acid for reaction acidification. "H NMR (CDChL) 8 7.92 (d, /= 8.6 Hz, 1H), 742
- 748 (m, 2H), 7.22 - 7.32 (m, 4H), 7.19 (s, I1H), 713 (d, =76 Hz, 1H}, 6.89(d, /=91
Hz, 2H), 5.08 (s, 2H), 4.00 - 4.08 {m, 1H), 3.14 - 3.23 (m, 4H), 2.74 - 2.87 (m, 2H), 2.64 -
293 (m, 1H), 240 - 2.57 (m, 28}, 2.29(d. J=14.7 Hz, 2H), 2.14 (s, 3H}, 1.82 (d, /=25
20 Hz 3H). LC/MS: mass caled. for CaxH,0s8,: 572.75, found 595.3 [M+Na]'

Example 9
(35)-3-{4-[{3-14-(1 1 -Dioxothian-4-yloxy-2-methyl-phenyl}-2-methyl-benzo{ bjthiophen-

S-ylhmethoxylphenylihex-4-ynoic acid, Cpd 9

S R
BN
NS /)4\\1‘ ‘\
i O\f?f"‘\\ N
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(A) Methyl 3-(4-hydroxy-2-methylphenyi)-Z-methyibenzofbithiophene-S-carboxylate
was prepared from methyl 3-bromo-2-methylbenzolblthiophene-5-carboxylate and (4-
hydroxy-2-methylphenyYboronic acid following General Procedure A, using
PACI{dppfyCH,Cl, as the palladium catalyst. MS: mass caled. for CigHic058: 312.39,

5 found 313.2 [M+HY, 335.1 [M+Nal.

(B} Methyl 3-(4-({1,1-dioxidotetrahydro-2 H-thiopyran-4-yHoxy)-2-methylphenyl)-2-

methylbenzo[bithiophene-5-carboxylate was prepared from methyl 3-(4-hydroxy-2-

methylphenyl)-2-methylbenzo[bithiophene-5-carboxylate and 4-hydroxytetrahydro-2H-
10 thiopyran 1,1-dioxide following General Procedure B using PPhs and DBAD. MS: mass

caled. for Cp3H2.055: 444.57, found 445.0 [MY, 467.1 [M+Nal .

(C) To an ice-cooled solution of methyl 3-(4-((1,1-dioxidotetrahydro-2H-thiopyran-~4-

)

yhoxy)-2-methylphenyl}-2-methylbenzo[blthiophene-S-carboxylate (290 mg; 0.65 mmol
indry DCM (3 mL) under argon was added DIBAL-H (1M in DCM, 2 mi; 2 muvol).

—
(3]

Afier stirming for 0.5 h, the maxture was poured into a vigorously sturing mixture of
sodivm potassium tartrate (1M in water, § mL) and DCM (5 mL) and stirring was
continued for T h. The two phases were separated, and the agueous phase was extracted
with DCM (10 mL x 2}, The combined organic extracts were dried (NapSQOy), filtered and

20 concentrated under reduced pressure to afford 4-(4-(5-(thydroxymethyi)-2-
methylbenzo{bithiophen-3-vi3-3-methviphenoxy jtetrabydro-2 H-thiopyran 1, 1-dioxide (265
mg, 98%;). LO/MS: mass ealed. for CooHoy(48:: 416.56, found 399.1 [M-OH] ', 439.0
IM-+Nal '

25 (I 4-{4-(5-(Chloromethyi-2-methyibenzofbithiophen-3-y)-3-methyiphenoxy)-
tetrabydro-2H-thiopyran 1,1-dioxide was prepared from 4-(4-(5-(hydroxymethyl}-2-
methylbenzo{bithiophen-3-vi}-3-methyiphenoxy jtetrahydro-24-thiopyran 1,1-dioxide
following General Procedure D. "H NMR (CDC § 7.78¢d, /=86 Hz, 1H), 7.29-7.34
(m, 1H}, 7.14 (s, iH), 711 {d, /=81 Hz, 1H), 683 (4, J=2.5 Hz, [H), 6.85(dd, J=1&.1,
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2.5 Hz, TH), 472 (br. 5., 1H), 4.61 (s, 2H), 3.42 - 3.55 {m, 2H), 2.99 (d, /= 13.1 Hz, 2H),
2.50 - 2.60 {m, 2H), 2.36 - 2.48 (m, 2H), 2.34 (s, 3H), 2.04 (s, 3H).

{E} (38)-Methyl 3-(4-{{3-{4-{{1,1-dioxidotetrahvdro-2H-thiopyran-4-yhoxy)-2-
methylphenyl)-2-methylbenzo{bithiophen-5-viymethoxy)phenylihex-4-ynoate was
prepared from 4-(4-(5-(chloromethyl}-2-methylbenzo{blthiophen-3-yli-3-methylphenoxy}-
tetrahydro-2H-thiopyran |,1-dioxide and (35)-methyl 3-{(4-hydroxyphenyhhex-4-ynoate
{prepared as described in WO 2005086661) following General Procedure E. 'H NMR
{(CDCL) 3 7.80(d, /=86 Hz, 1H), 7.36 (d, /=86 Hz, 1H), 7.22 - 7.28 {m, 2H), 7.17 (s,
1H), 7.11 (d, /= 8.6 Hz, TH), 6.80 - 6.93 (m, 4H), 5.02 (5, 2H}, 4.71 {br. 5., 1H)}, 3.99 -
4.08 (m, 1H), 3.65 (5, 3H), 3.43 - 3.54 (m, 2H}, 2.93 - 3.03 (m, 2H}, 2.70 - 2.79 (m, 1H),
2.59-2.68 (m, 1H}, 2.49 - 2.59 (m, ZH}, 2.36 - 2.47 (m, ZH), 2.34 {s, 3H), 2.02 (s, 3H),
1.82¢d, /= 2.5 Hz, 3H).

{F) (35}3-3-{4-[[3-[4-(1,1-Dioxothian-4-yl}oxy-2-methyl-phenyi}-2-methyl-
benzolbithiophen-S-ylimethoxylphenyiihex-4-ynoic acid (Cpd 9) was prepared from (35}~
methyl 3-(4-((3-(4-((1,1-dioxidotetrahydro-2H-thiopyran-4-yljoxy}-2-methylphenyi)-2-
methylbenzo[bthiophen-5-yhmcethoxyjphenyhhex-4-ynoate following General Procedure
C, using NaOH as basc and 2M citric acid for reaction acidification. 'H NMR (CDCls)
87.79(d, J=81Hz, 1H), 735(d, J=81Hz 1H), 728 (s, 1H), 717 (5, 1H), 711 {(d, /=
8.1 Hz, TH), 6.80 - 6.93 (m, 5H), 5.02 (5, 2H), 4.71 (br. s, 1H}, 399 - 4.08 {m, 1 H), 3.42 -
3.55{(m, 2H}, 2.93 - 3.04 (m, 2H), 2.73 - 283 {m, 1H}, 2.63 - 2.73 {m, 1H}, 2.48 - 2.59 (m,
2H),2.35 - 2,46 (m, 2H)}, 2.34 (s, 3H), 2.02 (5, 3H), 1 .82 (4, /= 2.53 Hz, 3H). LOC/MS:
mass caled. for CaH34068,: 602.77, found 603.1 [MT, 625.2 [M+Na] .

Example 10
(35)-3-[4-[[3-(2,6-Dimethylphenyhbenzo{bithiophen-5-yljmethoxyjphenylihex-4-ynoic
acid, Cpd 10
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{A) S-Hydroxymethyl-3-(2 6-dimethylphenyhbenzoblthiophene was prepared from 3-
bromo-5-hydroxymethylbenzothiophene (from Example 1A} and 2,6~
dimethyiphenylboronic acid following General Procedure A, using PAChH{dppty CH:Cl as
the palladium catalyst and Cs;C05 in place of KoCO;. LO/MS: mass caled. for C7H608:
268.37, found 251.0 [M-17]".

{B) S5-Chloromethyl-3-(2,6-dimethyliphenyl}benzofblthiophene was prepared from 5-

hydroxymethyl-3-(2,6-dimethyiphenylibenzo{bithiophene following General Procedure D.

(Cy {38)-Methyl 3-(4-((3-(2,6-dimethylphenyl}benzof bithiophen-5-
vhmethoxy)phenvlthex-4-ynoate was prepared from S-chloromethyl-3-(2,6-
dimethyiphenylibenzo{bi-thiophene and (38)-methyt 3-(4-hydroxyphenylihex-4-ynoate
{prepared as described in WO 2005086661 following General Procedure E using DMF as
solvent and stirring over night at 40 °C. LC/MS: mass caled. for CigHpe(aS: 468.61, found
469.0 [MT".

(D) (35)-3-(4-((3-(2,6-Dimethylphenyhbenzo{bithiophen-5-yhmethoxy)phenylihex-4-
ynoic acid (Cpd 18) was preparcd from (35)-methyl 3-(4-{(3-(2,6-
dimethyiphenylhbenzo[bjthiophen-S-yhmethoxy jphenyhhex-4-ynoate following General
Proceduore C, using LiOH as base and 1N HCl for reaction acidification. "H NMR
{(DMSO-ds) 0 BO8 {d, =83 Hz, IH), 7.63 (s, IH), 748(d, J=8.1 Hz, 1H),7.12-7.36
{m, 6H), 6.87 (d, /=85 Hz, 2H}, 5.14 (5, ZH), 3.85 - 4.03 (m, 1H}, 2.31 - 2.44 (m, ZH},
1.93 (s, 6H), 1.76 (d, /= 2.3 Hz, 3H) LC/MS: mass caled. for CypoHye(a8: 454,58, found
453.1 [M-HJ.
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Example 11
{38)-3-(4-((3-{4-2-(1 -Hydroxyeyelopropylicthoxy)-2-methyiphenylibenzof bithiophen-5-
yviymethoxy jphenythex-4-ynoic acid, Cpd 11

ﬁ??s

{A) To a solution of benzyl 3-hydroxypropancate (3.35 g, 18.59 mmwol}), and
dihvdropyran (3.12 g, 37.09 mnol} in DCM (100 mL) was added PPTS (5.6 g, 22.28

r’O“~ 4

s

O

mmol} portion-wise and the resulting solution was stirred overnight at rt. Water (50 L)
was added and after mixing, the phascs were separated and the aqueous layer was further
cxtracted with DCM (2 x 50 mL}. The combined organic layers were concentrated under
reduced pressure and the residue obtained was purified by silica gel chromatography (0-5%
EtOAc/petroleum cther) to provide benzyl 3-(tetrahydro-2H-pyran-2-yloxypropanoatc as
colorless oil (4.1 g, 83.0 % vield), LC/MS: mass caled. for CisHzeO4: 264.32, found: 2651
IMVHHT

(B To asolution of benzyl 3-(oxan-2-vioxypropanocate (4.1 g, 15.51 mmol) and THF
{60 L) was added Ty{O-1Pr); (2.4 mL, 8.0 myvol) and the resoltant mixture was stivred for
30 min. EiMgBr (13.3 mL, 3M, 4 mmol) was then added in drop-wise fashion and the
resulting solation was stirred at vt for 3 h. The reaction was then quenched by the addition
of satd. aq. NHCH {100 mL} and the mixtore was extracted with ethyl acetate (3 x S0 mL).
The combined organic layers were concentrated under reduced pressure and the residue
thus obtained was purified by silica gel chromatography (0-10% EtOAc/petroleum ether)
to obtain 1-[2-{tetrahydro-2H-pyran-2-yloxylethvil-cyelopropanol as a colorless ol (2.1 g,

65.0 % vield). LO/MS: mass caled. for CipHye(s: 186.25, found: 1871 [1\@»!’»}-'5}"'.

19
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(Cy A sohation of 1-[2-{oxan-2-yloxyjethylicyclopropan-1-ol {800 mg, 4.30 mmol)
and PPTS (110 mg, .44 mmol) in methanol (40 mL} was stirred overnight at 40 °C. The
resulting mixture was then concentrated under reduced pressure and the resultant residue
was purificd by sitica gel chromatography {10-505 EtOAc/petroleum cther} to afford 1-(2-
5 hydroxyethvljcyclopropanol as colorless o1l (374 mg, 85.3 % yield). LC/MS: mass caled.
for CsH ;0O 102,13, found: 102.2 [M] .
(D) 3-Bromo-5-{chloromethybenzofbl-thiophene was prepared from 3-bromo-5-
hydroxymethylbenzothiophene (from Example 1A} following General Procedure D
10
(E} A mixture of 3-bromo-3-{chloromethyl}-1-benzothiophene (200 mg, 0.76 mmol},
{38)-cthyl 3-{4-hydroxyphenylhex-4-ynoate (180 mg, 0.77 mmol) (available from
Svnnovator, Inc., Research Triangle Park, N.C.; Cat. # PBOS708) and KoCO; (420 og,

1.29 mmol} in MeCN (20 mL) was stirred overnight at 50 °C. The reaction was then

—
(3]

quenched by the addition of satd. aq. NH4Cl (40 L) and the resulting solution was
extracted with ethyl acetate (3 x 40 ml} and the combined organic extracts were
concentrated under reduced pressure. The resultant residae was purified by silica gel
chromatography {0-20% EtOAC/ petroleam ether) to provide (385)-ethyl 3-(4-{(3-
bromobenzo[blthiophen-5-vlmethoxyphenyhhex-4-ynoate as a colorless oil {300 mg, 86

20 % yield). LC/MS: mass caled. for CuHaBr(3:8: 457 .38, found: 459.0 [M-+H] .

(F) {35)-Ethyl 3-{4~{{3-(4-hydroxy-2-methylphenvhbenzofbithiophen-5-
viymethoxy)phenviihex-d-ynoate was prepared from (38)-cthyl 3-{4-((3-
bromobenzolbjthiophen-5-yDmethoxyphenytihex-4-ynoate and 4-hydroxy-2-

25 methylphenytboronic acid following General Procedure A using PACL{dppty CHLCl; as the
palladiom catalyst and Cs;C05 in place of KoCO3. LC/MS: mass caled. for CagHug(O4S:

484.61, found: 485.2 [M+H]".

110



1o

i5

20

]
(941

WO 2016/057731 PCT/US2015/054581

(G) {38)-Ethyl 3-{4-{{3-{4-(2-(1-hydroxycyclopropyljcthoxy)-2-
methylphenylbenzolbjthiophen-5-vlmethoxy)phenyvithex-4-ynoate was prepared from
(3S})-cthyl 3-(4-((3-(4-hydroxy-2-methyiphenylibenzofbithiophen-5-yhmethoxy -
phenylihex-4-ynoate and 1-(2-hydroxyethylicyclopropan-1-of following General
Procedure B using PPhy and ADDP. LC/MS: mass caled. for CasHiy60s8: 568.72 found:
5692 ML

{H) (35)-3-(4-((3-(4-(2-(1 -Hydroxycyclopropyl)ethoxy}-2-
methylphenyhbenzofbjthiophen-3-ylimethoxy)phenylbhex-4-ynoic acid (Cpd 11) was
prepared from (38})-ethyl 3-(4-((3-(4-(2-(1-hydroxycyclopropylicthoxy)-2-
methylphenyhbenzofbjthiophen-5-ylimethoxy )phenyli-hex-4-ynoate following General
Procedure C using LiOH as base, EtOH in place of McOH and 1IN HCI for reaction
acidification. Product purification was accomplished by preparative HPLC ona
preparative C18, 5 p colamn (19 x 100 mm) using an acetonitrile / water (0.5% TFA)
gradient (50 - 75%). 'H NMR (DMSO-ds) 3 8.06 (d, /= 8.4 Hz, 1H), 7.63 (s, 1H), 7.47
(d, /=84 Hz 1H), 741 (5, 1H), 724 (d, /=84 Hz, ZH}, 7.16 {(d, /= 8.1 Hz, i1H), 6.86 -
6.93 (m, 4H}, 517 (s, 2HL, 421 {t, /=69 Hz, 2H}, 321 - 393 (m, 1H), 2.57 - 2.58 (m,
2H), 2.06 (s, 3H), 1.95 (t, /=69 Hz, 2H), 1.76 {s, 3H), 0.58 - 0.6Z (m, 2H), 0.46 - 0.50
{m, 2H). LC/MS: mass caled. for CizH10sS: 540.67, found: 539.2 [M-HJ.

Example 12
(35)-3-(4-((3-(4-(3-Hydroxy-3-methylbutoxyi-2-methylphenyhbenzof bithiophen-5-
yhmethoxy)phenylthex-4-ynoic acid, Cpd 12

g\:/ - @E‘\/\P/OH

: 8

N I °

HO
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(Ay  (35)-Ethyt 3-(4-((3-(4-(3-hydroxy-3-mecthylbutoxy}-2-
methylphenylibenzolblthiophen-5-ylmethoxyphenyiihex-4-ynoate was prepared from 3-
(4-((3-(4-hydroxy-2-methyiphenylibenzo{bithiophen-S-yhimethoxyiphenyiyhex-4-ynoate
{from Example 11F) and 3-methylbutane-1,3-diol following General Procedure B using

5 PPh:and ADDP. LC/MS: mass caled. for CysHasO:s8: 570.74, found: 571.2 }:M+H}+.

(B} {38)-3-(4-((3-(4-(3-Hydroxy-3-mecthylbutoxy)-2-methyiphenylibenzo{blthiophen-
S-yDmethoxyphenylihex-4-ynoic acid (Cpd 12) was preparcd from (3S5)-cthyl 3-{4-((3-(4-
(3-hydroxy-3-methylbutoxy}-2-methylphenylibenzo{bjthiophen-5-vhmethoxyjphenylhex-

10 4d-ynoate following General Procedure C using LiOH as base, EtOH in place of MeOH and
IN HCI for reaction acidification. 'H NMR (CD:0D) § 7.96 {m, 1H), 7.48 {m, 1H), 7.38
{s, 2H), 7.22 - 7.28 (m, 2H), 7.13 - 7.16 {m, 1H}, 6.81 - 6.95 {m, 4H), 5.16 (5, 2H}, 4.19 -
422 (m, 2H), 3.39 - 4.01 (m, 1H), 2.62 - 2.67 {m, 2H), 2.01 - 2.08 {m, 5H}, 1.82 {5, 3H),
1.38 (5, 6. LO/MS: mass caled. for CyaH3e0sS: 542.69, found: 543.2 [M+H] .

15
Example 13
(383-3~(4-({3~(4-(2,3-Dihydroxypropoxy}-2-methylphenyhbenzo[blthiophen-5-
yhmethoxy phenyhex-4-ynoic acid, Cpd 13
200 (A 4-{{(4-Bromo-3-methylphenoxy ymethyl)-2,2-dimethyi-1,3-dioxolane was prepared

from 4-bromo-3-methyiphenol and (2,2-dimethyl-1,3-dioxolan-4-yhmethanol following

(General Procedure B using PPh; and ADDP in toluene (in place of THF) at 60 °C.
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"H NMR (CDCL) 8 7.38 (d, J= 8.8 Hz, 1H), 6.80 (4, J= 2.8 Hz, 1H), 6.62 (dd, /= 3.2,
8.8 Hz, 1H), 4.42 - 448 (m, 1H), 4.13 - 4.17 (m, 1H), 3.99 - 4.02 (m, 1H), 3.86 - 3.91 (m,
2H), 2.35 (s, 3H), 1.48 (s, 3H), 1.40 (s, 3H).

5 (B} 2-{4-{(2 2-Dimethyl-1,3-dioxolan-4-yvlmethoxy}-2-methylphenyly-4,4,5,5-
tetramethyl-1,3,2-dioxaborolanc was prepared from 4-({4-bromo-3-
methylphenoxyymethyl)-2,2-dimethyl-1,3-dioxolane and bis{pinacolato jdiboron following
General Procedure A, using PACh{dppfy CH,Cl, as the palladium catalyst and Cs;CO5 in
place of K,COs and a reaction temperature of 85 °C overnight. "H NMR (CDC13) 86 7.70

10 (d,/=80Hz 1H),6.69-672{(m, 2H),4.45-4.48 (m, 1H), 4.14 - 4.18 {m, 1H}, 4.05 -

4.08 (m, 1H), 3.87 - 3.96 (m, 2H), 2.51 (s, 3H), 1.46 (s, 3H), 1.40 (s, 3H), 1.32 (s, 12H).

(C) To a solution of 5-bromo-1-benzothiophene (12 g, 56.31 ramol} in dry THF (300

mi) under an inert atmosphere was added isopropy] magnesium chloride — Hithium

—
(3]

chloride complex (1.3 M in THF; 130 k., 195 romol} in drop-wise fashion, and the
resultant solution was stirred at rt, overnight. DMF (30 mL) was then added in drop-wise
fashion and the resultant solution was stirred at ot for 30 o, Water {300 mlL) was added
and the resulting solution was extracted with ethyl acetate (3 x 500 mL). The combined
organic extracts were concentrated under reduced pressure and the resuliant residue was
20 purified by silica gel chromatography (8-2% EtOAC/ petroleum cther) to provide
benzo[blthiophene-5-carbaldehyde (6.9 g, 68 %) as a yellow solid. "H NMR (DMSO-ds) 8
1012 (s, 1H), 8.32 (s, 1H), 8.01 (d, /=84 Hz, 1H), 7.86 - 7.89 (m, 1H), 7.57 - 7.61 (m,
1H), 747 - 7.50 (m, 1H}.

25 (D) To acooled (15 °C) solution of benzo[bithiophene-5-carbaldehvde (6.9 g, 52.54
mmol} in HOAe (80 mL) was added a solution of bromine (10.5 g, 65.7 munol) in HOAc
{20 mL) in drop-wise fashion, After stirring at 15 °C for 2 h, water (500 mL} was added,
whereupon the solid product precipitated from the mixture. The precipitate was collected

by filtration and dried under vacuum to provide 3-bromobenzofbithiophene-5-
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carbaldchyde (7.8 g, 38 % vicld) as a yellow solid. "H NMR (CDC1) 8 10.17 (s, 1H), 8.32
{5, 1H), 7.93 - 7.98 (m, 2H}, 7.78 {5, 1 H}.

(E) 3-{4-({2,2-Dimethyl-1,3-dioxolan-4-vlymethoxy}-2-
methylphenylibenzofblthiophene-5-carbaldehyde was prepared from 2-(4-((2,2-dimethyl-
1,3-dioxolan-4-ylimethoxy)-2-methylphenyi)-4,4,5 S-tetramethyl-1,3,2-dioxaborolane and
3-bromobenzofblthiophene-S-carbaldebyde following General Procedure A, using
PACH{dppfy CHLCL as the palladiom catalyst and Cs;COs in place of KoCOs. 'H NMR:
{(CDC)Y 3 10.02 (s, TH), 8.02 - &.04 (m, 1H), 7.89 - 7.90 (m, 2H), 7.37 (s, 1H), 7.20 - 7.26
(m, 1H}, 6.82 - 7.00 (m, 2H), 4.50 - 4.53 (m, 1H), 4.14 - 424 (m, 2H), 3.93 - 4.08 {m, 2H),
215 (s, 3H), 1.48 - 1L.50 {(m, 3H), 1.42 - 1.43 {m, 3H).

{F) (3-(4-((2,2-Dimethyl-1,3-dioxolan-4-yhmethoxy}-2-
methylphenvlbenzo|bithiophen-5-ylimethanol was prepared from 3-{4-{{2,2-dimethyl-1,3-
dioxolan-4-yhmethoxy)-2-methylphenyibenzo{bithiophene-S-carbaldehyde following

General Procedure F. LO/MS: mass caled. for ConHpaO4S: 384 .49, found: 3671 {M—OHY.

(G) 4-{{4-(5-{Chloromethylyhenzolblthiophen-3-y1}-3-methyiphenoxyymethyl}-2.2-
dimethyi-1,3-dioxolane was prepared from (3-(4-((2,2-dimethyl-1,3-dioxolan-4-
yvhmethoxy-2-methylphenyhbenzofblthiophen-5-yhimethanol following General

Procedure D,

{(H) (35)-Ethyl 3-(4-((3-(4-((2,2-dimethyl-1,3-dioxolan-4-y Dmethoxy)-2-
methylphenyhbenzo[blthiophen-5-ylimethoxy)phenyhhex-4-vnoate was prepared from 4-
{{4-(5~{chloromethyl)benzo[blthiophen-3-y}-3-methylphenoxyymethyly-2,2-dimethyl-1,3-
dioxolane and (35)-ethyl 3-(4-hvdroxyphenylthex-4-ynoate (available from Synnovator,
Inc., Research Triangle Park, N.C.; Cat. # PBO57(8) following General Procedure E.
LC/MS: mass caled. for C3eHa065: 598.75, found: 599.2 [M+H]"

P14
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(B A solution of (38)-cthyl 3-(4-((3-(4-((2,2-dimethyl-1,3-dioxolan-4-yimethoxy)-
2-methyiphenylibenzofbithiophen-5-ylimethoxy jphenyilhex-4-ynoate (200 mg, .33
mmol} in THF (4 mL} was treated with 2N HCI (4 mL) and the resuiting solution was
stirred at 60 °C for 30 min, Water {10 mL) was then added and the mixture was extracted
5 with Et#0Ac (3 x 10 mL). The combined organic extracts were dried {Na;SO4) and
concentrated under reduced pressure. Purification of the resultant residue by silica gel
chromatography (0-50% EtOAc/petroleum cther) afforded (38)-cthyl 3-(4-({3-(4-(2,3-
dihydroxypropoxy}-2-methyiphenyhbenzo[bjthiophen-5-yhimethoxy)phenylhex-4-ynoate
(140 mg, 75% yicld) as a colorless oil. LC/MS: mass caled. for CusHaO6S: 558,68, found:
16 5592 [M+H].
(I (35)-3-(4-((3-(4-(2,3-Dihydroxypropoxy }-2-mcthylphenybenzo[bjthiophen-5-
ylmethoxy)phenyljhex-4-ynoic acid {Cpd 13) was prepared from (35)-cthyl 3-(4-((3-(4-

(2,3-dthyvdroxypropoxy}-2-methylphenviibenzofbithiophen-5-vimethoxyphenylhex-4-

—
(3]

ynoate following General Procedure C using LIOH as base, EtOH in place of MeOH and
IN HCI for reaction acidification. 'H NMR (DMSO-d6) 8 8.06 (d, J = 8.4 Hz, 1H), 7.65
(s, 1H}, 747 (d, J=84 Hz, 1H), 742 (s, IH), 7.23- 725 (m, 2H), 7.16 (4, /=84 Hz,
1H), 6.86 - 6.95 (m, 4H), 5.17 (s, ZH), 4.98 - 5.02 (m, 1H), 4.06 - 4.07 (m, 1H),4.03 - 4.07
{m, 1H), 3.82 - 3.93 (m, 3H), 3.46 - 3.47 {m, 2H), 2.63 - 2.67 (m, 2H), 2.06 (s, 3H), 1.76
20 (s, 3H). LC/MS: mass caled. for U3H30065: 538,63, found: 529.2[M-H]J.

Example 14
(38)-3-(4-((3-(2-Methyl-4-{{3-methyloxctan-3-ymethoxy)phenyl ibenzo] blthiophen-S-
ymethoxy yphenyhex-4-ynoic acid, Cpd 14
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(A) 3-{{4-Bromo-3-mecthyiphenoxy)methyh)-3-methyloxctane was prepared from 4-
bromo-3-methylphenol and (3-methyloxetan-3-yhmethanol following General Procedure

B using PPhs and DBAD at a reaction temperature of 50 °C overnight. LC/MS: mass

caled. for Cy,HsBrO,: 271,15, found: 271.0 [M] .

{(B) 4.4,5 5-Tetramethyl-2-(2-methyi-4-{(3-mecthyloxctan-3-yhmcethoxyphenyh)-1,3,2-
dioxaborolane was prepared from 3-(4-bromo-3-methylphenoxymethyl}-3-methyloxetanc
and bis{pinacolato)diboron following General Procedure A, using PACL{dppty CHLCl as
the palladium catalyst, KOAc in place of K,CO3 and DMSO as solvent in place of
dioxane/water. LC/MS: mass caled. for CigHyyBO,: 318.22, found: 319.2 [M+H].

(C) {35)-Eihyl 3-(4-{(3-(2-methy-4-((3-methyloxetan-3-ymethoxy)phenyhbenzo[b]-
thiophen-3-ylimethoxy)phenylhex-4-ynoate was prepared from 4,4.5,5-tetramethyl-2-(2-
methyl-4-((3-rethyloxetan-3-yvhmethoxyiphenyl)- 1,3, 2-dioxaborolane and (35)-cthyl 3-
{4~-{{3-bromobenzolblthiophen-5~-yUmethoxy)phenyvljhex-4-ynoate {(from Example 1E)
following General Procedure A using PACH{(dppfy CH:CL as the palladium catalyst and
CspCOs in place of KoCOs, LO/MS: mass caled. for CssHizeOs8: 568.72, found: 569.2

Ml

(D) {35)-3-(4-((3-(2-Methyi-4-({3-mcthyloxetan-3-
viymethoxy)phenviibenzolblthiophen-S-ylymethoxy yphenyhhex-4-ynoic acid (Cpd 14)
was prepared from (38)-cthyl 3-(4-((3-2-methyl-4-((3-methyloxetan-3-

viymethoxy)phenvibenzolbl-thiophen-S-yhmethoxy yphenyhhex-4-ynoate following

16
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General Procedure C using LiOH as base, EtOH in place of MeOH and 1N HCl for
reaction acidification. Product purification was accomplished by preparative HPLC on a
preparative C1&, 5 u column (19 x 100 mm} using an acetonitrile / water {(.5% TFA)

gradient (65 ~ 95%). "H NMR (CD:OD) § 7.96 (d, J= 8.0 Hz, 1H), 747 (4. J= 6.8 Hz,

5 1H) 740-742(m, 2H ), 728(d, J=84Hz 2H ), 7.19(d, J=84Hz 1H), 699 (s, 1H),
6.90 - 6.94 (m, 3H), 5.16 (3, 2H), 473 (d, /=56 Hz, 2H }, 450 (d. /= 6.0 Hz, 2H ), 4.12
{5, 2H), 3.95 - 4.05 (m, 1H), 2.57 - 2.61 {m, 2H ), 2.01 (s, 3H), 1.81 (s, 3H), 1.49 (s, 3H).
LC/MS: mass caled. for CssHap0s8: 5340.67, found: 539.2 [M-HT.
10 Example 13
(38)-3-(4-((3-(2-Methyl-4-(teirahyvdro-2H-pyran-4-yloxy jphenyhbenzolblthiophen-5-
yiymethoxv)phenyvithex-d-ynoic acid, Cpd 18
A
& 54
') I
St i
i35

{Ay  4-(4-Bromo-3-methylphenoxy)-tetrahydro-2H-pyran was prepared from 4-bromo-
3-methylphenol and oxan-4-0} following General Procedore B using PPh; and DBAD at a
reaction temperature of 50 °C overnight. 'H NMR (CDCL) 5 7.41 (4, /= 8.6 Hz, 1H),
6.81 (d, /=3.0Hz, 1H), 6.62(dd, 7=287,3.0 Hz, 1H),4.39-4.47 (m, 1H), 3.93 - 4.00 (m,

200 2H), 3.53 - 3.60 (my, 2H), 2.35 (s, 3H), 1.95 - 2.03 (m, 2H), L.70 — 1.82 {(m, 2H); LC/MS:
Caled. for Ci2HsBrOa: 271 .2, foond: 271.0 MY, 273.0 [M+2] .

(By 4,455 Teramethyl-2-(2-methyl-4-(tetrahvdro-2H-pyran-4-yloxy jphenyh-1,3,2-
dioxaborolane was prepared from 4-(4-bromo-3-methylphenoxy)-tetrahydro-2H-pyran and

bis{pinacolato)diboron following General Procedure A, using PACH{(dppfy CH,CL, as the
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paliadium catalyst, KOAc in place of KU 0z and a reaction temperature of 70 °C

overnight. LC/MS: mass caled. for CigHyyBOy: 318.2, found: 319.2 M}

{Cy  3-(Z2-Mcthyl-4-{tctrahydro-2 H-pyran-4-yioxyphenylibenzo[ bithiophene-5-

5 carbaldchyde was prepared from 3-bromobenzo[bithiophene-3-carbaldehyde {from
Example 13D} and 4.,4,5,5-tctramcthyl-2-[2-methyl-4-{oxan-4-yloxyiphenyl}-1,3,2-
dioxaborolane following General Procedure A using PACL{dppfy CH,Cl, as the palladium
catalyst and Cs,COs in place of K;COs. LO/MS: mass caled. for Ty Hpo055: 352 .45,
found: 353.1 [M+H]".

10
D)y (3-2-Methyl-4-(tetrahydro-2H-pyran-4-yloxy)phenyljbenzo[bjthiophen-5-
yvhmethanol was prepared from 3-(2-mcethyl-4-{tcirahydro-2H-pyran-4-
vioxyphenylhbenzo[bithiophene-3-carbaldehyde following General Procedure F. LC/MS:
mass caled. for CoiHa(058: 354.46, found: 355.1 [M+H].

15

(B} 4-(4-(5-(Chloromethylbenzo[blthiophen-3-yi)-3-raethylphenoxy)-tetrahydro-2 H-
pyran was prepared from (3-(2-methyi-4-(tetrahydro-2 H-pyran-4-
yioxyphenvlibenzofblthiophen-5-yhmethanol following General Procedure D,

20 (F) (38)-Ethyl 3-(4-{((3-(2-methyl-4-{tctrahydro- 2 H-pyran-4-
vioxyphenylibenzo[bithiophen-S-ylimethoxyphenyvilhex-4-ynoate was prepared from 4-
{4-(S-{chloromethyhbenzo[bithiophen-3-yi}-3-methylphenoxy-tetrahydro-2 H-pyran and
{38)-ethyl 3-{4-hvdroxyphenylihex-4-ynoate {(available from Synnovator, Ine., Rescarch
Triangle Park, N.C.; Cat. # PBO5708) following General Procedure E using DMF as

25 solvent at a reaction temperature of 60 °C for 1 b, LC/MS: mass caled. for CssHag(sS:

568.72, found: 569.2 [M].

(Gy  (385-3-{4-{(3-(2-Mecthyl-4-(tctrahydro-2 H-pyran-4-vioxy)phenylibenzo{ b thiophen-

S-yDimethoxy)phenylthex-4-ynoic acid {(Cpd 18) was prepared from (38)ethyl 3-(4-((3-(2-
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methyl-4-(tetrahydro-2H-pyran-4-yloxyiphenylibenzo[bjthiophen-5-
yhmethoxy)phenvithex-4-ynoate following General Procedure C using LiOH as base and
IN HC1 for reaction acidification. "H NMR (DMSO-ds) § 12.35 (br. s, 1H), 8.00 - 8.04
{m, TH), 7.65 (5, 1H), 742 - 749 (m, 2H), 7.23 - 7.26 (m, 2H}, 7.14 - 717 (m, 1H}, 6.98 -

5 699 (m, 1H), 6.90 - 6.93 (1n, 3H), 5.17 {s, 2H), 4.60 - 4.66 {1, 1H}, 3.84 - 3.95 {m, 3H},
3.47 - 3.55 (m, 2H), 2.56 - 2.59 (mn, 2H), 1.99 - 2.05 {(m, 5H}, 1.76 (s, 3H}, 1.56 - 1.68 (m,
2H). LC/MS: mass caled. for Cy3HippOsS: 540,67, found: 541.2 [M+HT.

i0 Example 16
{38)-3-{4-({3-(4-(2-Mcthoxyethoxy)-2-methylphcnyiibenzof bithiophen-5-

ylymethoxyiphenylhex-4-ynoic acid, Cpd 16

0

%
=\ _. 0
\ 4 ™
{ D OH
© S
! I
O |
/

5 {(Ay A mixture of 4-bromo-3-methylphenol (5 g, 26.7 mmol), 1-bromo-2-
methoxyethane (4.4 g, 31.7 mmol) and K,CO: (15 g, 108.5 mmol) in MeCN (100 mL) was
stirred overnight at 80 °C. After cooling to tt, the reaction was filtered and the filtrate was
concentrated under reduced pressure to afford 1-bromo-4-(2-methoxyethoxy)-2-
methylbenzene as a yellow oil, "H NMR (CDCL)Y 8 7.38(d, J=8.8 Hz, 1H), 6.81 (d,J =

200 28Hz 1H), 6.63(dd, J=84,28 Hz, IH), 406, J=48Hz 2H),3.72(, J=4.8 Hz,

2H), 3.43 (s, 3H), 2.34 (s, 3F).

(By  2-{4-(2-Methoxvethoxy)-2-methylphenyi)-4,4,5 S-tetramethyl-1,3,2-dioxaborolane

was prepared from 1-bromo-~-4-(2-methoxyethoxy)-2-methyibenzene and

119
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bis{pinacolato)diboron following General Procedure A, using PACH{dppfy CH,CL, as the
paliadium catalyst and Cs,CO; in place of KoCOy, LO/MS: mass caled. for CisHsBOy
202.18, found: 293.2 [M+HT.

5 (Cy  3-(4-(2-Methoxyethoxy)-2-methylphenyibenzofblthiophenc-S-carbaldchyde was
prepared from 2-(4-(2-methoxyethoxy}-2-methyiphenyi)-4.4,5 5-tetramethyl-1,3,2-
dioxaborolane and 3-bromobenzo[blthiophenc-5-carhaldchyde (from Example 13D)
following General Procedure A, using PACL{dpptyCH,(Cl, as the palladium catalyst and
CsoC0; in place of KoCOs. 'H NMR (CDCE) § 10.02 (s, 1H), .02 - 8.04 (m, 1H), 7.88 -

10 790 (m, 2H), 737 (s, 1H), 7.20 - 7.26 (m, 1H), 6.83 - 6.94 (m, 2H)}, 4.19 - 421 (m, 2H),

3.37 - 382 (m, 2H), 3.49 (s, 3H), 2.14 (s, 3H).

() (3-(4-(2-Methoxyethory)-2~-methviphenylibenzo[bithiophen-S-yhmethanol was
prepared 3-(4-(2-methoxyethoxy)-2-methylphenylibenzo[blthiophene-S-carbaldchyde
following General Procedure F. LC/MS: mass caled. for CioHpe0558: 328,43, found: 311.0
(M-OH]'

—
(3]

(B}  5~{Chloromethyl}-3-{4-(2-methoxyethoxy}-2-methyiphenylibenzo[blthiophenc was
prepared from (3-{(4-(2-methoxyethoxy)}-2-methyiphenvlibenzo[blthiophen-5-ylymethanol
20 following General Procedure D, LO/MS: mass caled. for CioHsCH,S8: 346,87, found:

347.1 (M.

{Fy (35)-Ethyl 3-(4-((3-(4-(Z-methoxycthoxy-Z-methylphenylibenzofblthiophen-5-
yhmethoxyiphenyhbhex-4-vnoate was prepared from S-{chloromethyl)-3-(4-(2-

25 methoxyvethoxy}-2-methyiphenyhbenzo[bithiophene and (35)-cthyl 3-(4-
hydroxyphenyhhex-4-vnoate {avatlable from Synnovator, Inc., Research Triangle Park,
N.C.; Cat. # PBOS708) following General Procedure E. LC/MS: mass caled. for
Cy3Ha4058: 542,69, found: 543.2 [M+HT.

120
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(Gy  (35-3-{4-{(3-(4-(2-Mcthoxyethoxy}-2-methylphenyiibenzo[bithiophen-3-
yhmethoxy)phenyithex-4-ynoic acid {Cpd 16) was prepared from (38})-cthyl 3-(4-((3-(4-
(2-methoxyethoxy)-2-methylphenvi}benzof bjthiophen-5-yimethoxy)phenyhihex-4-ynoate
following General Procedure C using LiOH as base, EtOH in place of McOH and 1N HCI
for reaction acidification. 'H NMR (DMSO-ds) 6 .06 {d, /=84 Hz, 1H), 7.65 (s, I1H),
T47(d, J=84 Hz, IH), 741 (s, 1H}, 723 - 725 {(m, 2H), 7.16 (4. /=8§.0 Hz, 1H}, 6.86 -
6.96 {m, 4H), 5.17 (5, 2H), 4.13 - 4.16 {m, 2H), 3.90 - 3.95 (m, 1H), 3.68 - 3.70 (m, 2H),
3.33 (s, 3H), 2.54 - 2.58 {m, 2H), 2.05 (s, 3H}, 1.76 (s, 3H). LC/MS: mass caled. for
CiHso0sS: 514.63, found: 5152 [M+H] .

Example 17
{38)-3- {4-[(3- {4-[(1,1-Dioxo-tetrahydro-2 H-thiopyran-4-yhmethoxy|-2-methylphenyl - 1-

benzothiophen-3-ylmethoxyiphenylt hex-4-ynoic acid, Cpd 17

{A) To a solution of 4-(hydroxymcthyljtetrahydro-2H-thiane-1,1-dione (2.84 g, 17.29
mmol}, 4-dimethylaminopyridine (633 mg, 5.18 mmol) and pyridine {4.10 g, 51.83 mmol}
in CHCl; (20 mL) was added 4-methylbenzene-1-sulfonyl chloride (6.61 g, 34.67 mmol) in
portions and the resulting mixture was stirred at 11 for 2 & Water (30 mL) was then added
and the mixtare was then extracted with CHCl; (3 x 30 mL). The combined organic
extracts were washed with water (2 x 50 mL) and then concentrated under reduced
pressure. Purification of the resultant residue by silica gel chromatography (0-10%
EtOAc/petroleum cther) afforded (1,1 ~dioxotetrahydro-2H-thian-4-yhmethyl 4-
methylbenzene-1-sulfonate (5.3 g, 96 %) as a white sohid. LC/MS: mass caled. for

C3H 508, 318.41, found: 319.1 [M+H]™
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(B} A mixture of cthyt (353-3-(4-{[3-{4-hydroxy-2-methylphenyl)-1-benzothiophen-5-
vlimethoxyiphenyithex-4-ynoate (70 mg, 8.14 mmol) (from Example 11F), {1,1-dioxo-
tetrahydro-2H-thiopyran-4-yhmethyl 4-methylbenzene-1-sulfonate (55 mg, 0.17 mmol)
and Cs;COs (94 mg, .29 mmol) in MeCN (5 mL) was stirred overnight at 50 °C. Water
5 {20 mL) was then added, the mixture was extracted with EtQAc (3 x 15 mL} and the
combined organic extracts were dried (Nax504) and concentrated under reduced pressure.
Purification of the resultant residue by silica gel chromatography (0-25%
EtOAc/petroleum cther) afforded cthyl (38)-3-{4-[(3-{4-[{1 I -dioxotctrahydro-2H-
thiopyran-4-yhimethoxy}-2-methylphenyl} -1 -benzothiophen-5-vhymethoxyiphenyl hex-4-
10 ynoate (63 mg, 69.1% vicld} as a colorless oil. LC/MS: mass caled. for CysHi0sS,:

630.81, found: 631.2 [M]".

(C) {38)-3-{4-[(3-{4-[(1,-Dioxo-tetrahydro-2 H-thiopyran-4-yhmethoxy}-2-

methylphenyli-1-benzothiophen-5-ylmethoxyphenyl} hex~-4-ynoic acid (Cpd 17) was

—
(3]

prepared from ethyl (35)-3-{4-[(3~{4-[(1 .1 -dioxo-tetrahydro-2 H-thiopyran-4-yhmethoxy}-
2-roethylphenyl}-1-benzothiophen-5-yhmethoxyiphenyl hex-4-vooate following General
Procedure C using LiOH as base, EtOH in place of MeGOH and 2N HCI for reaction
acidification. "H NMR (DMSO-ds) 8 8.06 (d, = 8.4 Hz, 1H), 7.63 (s, 1H), 748 (d, /=
8.8 Hz, 1H), 7.41 (s, I1H), 7.24(d, J=84 Hz, 2H), 717 (d, /=84 Hz, [H), 6.88 - 7.00 {(m,
20 4H), 5.16 (s, 2H), 383 - 3.95 {m, 3H), 3.18 - 3.24 (m, 2H), 3.08 - 3.11 {(m, 2H), 2.57 - 2.59
{m, 2H}, 2.12 - 2.19 {m, 3H), 2.05 (s, 3H), 1.76 - 1.84 (m, 5H). LO/MS: mass caled. for
C34Ha40682: 602.76, found: 603.2 M.

Example 18
25 (353-3-{4-[{3-{2-Methyl-4-[ B3-methyl- 1,1 -dioxo-thictane-3-vDimethoxy]phenyli-1-

benzothiophen-5-ylmethoxy Iphenyithex-4-ynoic acid, Cpd 18
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{A}  To an ice-cooled solution of 4-bromo-3-methyiphenol (300 mg, 1.60 mmol), (3-
methylthictan-3-ylimethanol (300 mg, 2.54 mumol} and (n-Bul:P (810 mg, 4.02 mmol} in
toluene (10 mL) was added ADDP {1020 myg, 4.07 mmol). Upon completion of addition,
the reaction mixture was warmed to 60 °C and stirred for 2 h. The reaction was treated
with satd. ag. NH4Cl (50 mL), extracted with EtOA¢ (2 £ 50 mL) and the combined
organic extracts were concenirated under reduced pressure. Purification of the resultant
residue by silica gel chromatography (0-2% EtOAc/petrolenm cther) afforded 3~((4-
bromo-3~-methylphenoxyimethyl)-3-methylthictane (0.67 ¢, crude) as a white solid. 'H
WNMR {CDCl:) 6 7.36 - 7.42 {m, 1H), 6.84 - 6.85 (m, 1H), 6.63 - 6.67 {m, 1H), 3.90 (s,
2H), 308 (d, =063 He, 2H), 295 (d, J= 6.3 Hz, 2H), 237 (s, 3H}, 1.46 (s, 3H).

{BY  To asolution of 3-({(4-bromo-3-methylphenoxymethyi}-3-methylthictane (370 mg,
1.37 mamol} and Na, WO 2H0 (110 mg, 0.35 mmol) in MeOH (50 mL) was added 30%
H0: (1.92 g, 16.94 mmol) in drop-wise fashion, and the resulting mixture was stirred at 1t
for 2 h. The mixture was then concentrated under reduced pressure and purified directly
by silica gel chromatography (3-10% EtOAc/petroleum cther} to afford 3-(4-bromo-3-~
methylphenoxymethyl)-3-methyithictane-1,1-dioxide (412 mg, 94% vicld) as a coloriess
oifl. 'HNMR (CDCL) 8 7.41 - 7.44 (m, 1H), 6.82 - 6.83 (m, 1H}, 6.61 - 6.65 (m, 1H),
420425 (m, 2H), 3.97 (s, ZH), 3.83 - 3.88 (m, 2H), 2.37 (s, 3H), 1.60 (s, 3H).

{Cy  3-Mcthyl-3-[3-methyi-4-{tctramethyl-1,3 2-dioxaborolan-2-y)phenoxymethyi]-
thictane-1,1-dioxide was prepared from 3-(4-bromo-3-methylphenoxymethyl-3-methyl-

thictane-1,1-dioxide and bis{pinacolatodiboron folowing General Procedure A, using
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PACT{dppfy CH,CH as the palladium catalyst, dioxane as solvent and Cs,CO; in place of
K,CO; at a reaction temperature of 80 °C overnight. 'H NMR (CDCE) & 7.44 - 7.46 (m,
1H), 6.85 - 6.86 {m, 1H), 6.64 - 6.67 {m, 1H), 4.23 - 429 {(m, 2H}, 3.99 (s, 2H}, 3.5 -390
{m, 2H}, 2.37 (s, 3H), 1.63 (s, 3H), 1.35 (5, 12H}.

(D) -Methyl-4-[(3-methyl-1,1-dioxo-thictan-3-ylymethoxy]phenyl-1-
bcnzothmphcne—SnGarbaldchyde was prepared from 3-methyl-3-[3-methyl-4-{tctramcthyl-
1,3,2-dioxaborolan-2-yvhphenoxymethyl}-thictanc-1,1-dioxide and 3-
bromobenzo|bljthiophene-5-carbaldchyde (from Exampile 13D) following General

10 Procedurc A, using PACL{dppty CH,Cl, as the palladium catalyst and Cs,COs in place of
K,COx at a reaction temperature of 80 °C overnight. 'H NMR (CDCL) § 7.44 - 7.46 (m,
1H), 6.85-0.86 (m, 1H)}, 6.64 - 6.67 (m, 1H), 4.23 - 4.29 (m, 2H), 3.99 (s, 2H), 3.85-3.90
{m, 2H)}, 2.37 (3, 3H), 1.63 (s, 3H), 1.35 (s, 12H).

—
(3]

(£}  3-{4-[5-(Hvdroxymethyl-1-benz othmphc.n- ~yH-3-methylphenoxymethyl}-3-
methyl-thictane-1,I-dione was prepared from 3-42-methy-4-[(3-methyl- 1, 1-dioxo-thictan-
3-yUmethoxyiphenyl} -1-benzothiophene-5-carbaldehyde following General Procedure F.

LC/MS: mass caled. for C 1 H»n04S,: 402.53, found: 403.1 [M-+H]

20 (F) 3-{4-[5-{Chloromethyl}-1-benzothiophen-3-y1]-3-methylphenoxymethyi}-3-
methyl-thictane- 1, 1-dione was prepared from 3-{4-[5-(hydroxymethyi}-1-benzothiophen-
3-y1]-3-methylphenoxymethyl}-3-methyl-thictane-1,1-dione following General Procedure

D. LO/MS: mass caled. for CoHaCl0:8,: 420.97; found: 421.1 [M]'.

25 {4y Ethyl (35)-3-{4-[(3-{2-methyl-4-[ (3-methyl-1,1-dioxo-thictan-3-
yhmethoxylphenyl}-1-benzothiophen-5-yhimethoxyiphenyl} hex-4-ynoate was prepared
from 3- {4-[5-{chloromethyl}-1-benzothiophen-3-vi}-3-methylphenoxymethyl} -3-methyl-
thictane-1,1-dione and (35)-cthyi 3-(4-hydroxyphenylhex-4-ynoate {available from

Synnovator, Inc., Rescarch Triangle Park, N.C.; Cat. # PB05708) following General



1

i5

WO 2016/057731 PCT/US2015/054581

Procedure E at a reaction tomperature of 60 °C for 4 h. LE/MS: mass caled. for

CasH360682: 616,79, found: 617.2 [MT.

{(Hy  (35)-3-{4-[(3-{2-Methyl-4-{(3-methyl-1,1-dioxo-thictane-3-yhmcthoxy]phenyvl}-1-
benzothiophen-5-yiymethoxy]phenviihex-4-ynoic acid (Cpd 18) was prepared from cthyl
{3533~ {4-{(3~ {Z-methy-4-[(3-methyl-1 1 -dioxo-thietan-3-yIimethoxyphenyl} -1 -
benzothiophen-5-vhmethoxy]phenyl} hex-4-ynoate following General Procedure C using
Li0OH as base, EtOH in place of MeOH and IN HCI for reaction acidification. Product
purification was accomplished by preparative HPLC on a preparative C1&, 5 y colurmn (19
x 100 mm) using an acetonitrile / water (0.5% TFA) gradient (65 — 73%). 'H NMR
{DMSO-ds+D,0) 6 806 {d, /= 8.4 Hz, 1H), 7.63 (s, 1H), 747 (d, /= 8.4 Hz, IH), 740 (s,
1H), 718 - 7.26 {m, 3H), 7.00 - 7.01 {m, 1H), 6.91 - 6.95 (m, 3H), 5.17 (s, 2H), 421 - 426
{m, 2H), 4.11 (s, 2H), 3.90 - 4.02 (m, 3H), 2.57 - 2.60 (m, ZH), 2.06 (5, 3H}, 1.76 (s, 3H)},
1.52 (s, 3H). LO/MS: mass caled. for CisHanOsSy: 588.73, found: 5892 IMT

Examplc 19
(35)-3-(4-((3-{2-Chlorophenylibenzo[blthiophen-3-ylimethoxyiphenyithex-4-ynoic acid,

Cpd 19
SRy,
\E o
» N BN
& <l @/YOH
S

s
|

{A) 383-Ethyt 3-(4-((3-(2~chlorophenyl}benzofblthiophen-S-yhmethoxyphenylihex-
4-ynoate was prepared from (3S)-ethyl 3-(4-((3-bromobenzolblthiophen-5-
viymethoxy)phenyvlihex-4-ynoate (from Example 11E) and 2-chlorophenylboronic acid
following General Procedure A, using PACL{dppty CHCl; as the palladiom catalyst and
s COs in place of KOs at a reaction temperature of 90 °C overnight. LC/MS: mass

caled. for CaokhsCHO5S: 489.02, found: 489.1 M1
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{(By  (35)-3-(4-((3-(2-Chlorophenyiibenzo[blthiophen-5-yhmethoxyphenylthex-4-ynoic
acid (Cpd 19) was prepared from (35}-cthyl 3-(4-((3-(2-chiorophenylbenzo{blthiophen-5-
yhmethoxy)phenylthex-4-ynoate following General Procedure C using LiOH as base,
EtOH in place of MoOH and 1IN HCI for reaction acidification. Product purification was
accomplished by preparative HPLC on a preparative C18, 5y column (19 x 100 mm)
using an acetonitrile / water (0.5% TFA) gradient (40 ~ 95%). 'H NMR (DMSO-dq) 8 8.09
(d,/=80Hz, 1H), 7.86 (s, 1H), 7.64 - 7.66 {m, 1H), 747 - 7.53 (m, SH), 7.24 (4, /=84
Hz, 2H), 692 (d, /=88 Hz, 2ZH), 5.17 (5, 2H), 3.80 - 3.93 {(m, 1H), 2.57 (d, /=T7.6 Hz,
2H), 1.76 (s, 3H). LU/MS: mass caled. for CorHp CIOLS: 460.97, found: 459.1 [M-H],
461.1 [M-H+2T.

Example 20
(38)-3-(4-((3-(2-Bromophenvi}benzo{blthiophen-S-ylimethoxyphenyithex-4~-ynoic acid,

Cpd 28
s N
N | ’f"””\,«‘c} ™
== Br l L OH
\

|
(A}  3-(2-Bromophenylibenzo[blthiophene-5-carbaldehyde was prepared from 3-
bromobenzo[blthiophene-S-carbaldehyde (from Example 13D) and 2-bromophenylboronic
acid following General Procedure A, using PACL{dppfyCH,Cl as the palladiuro catalyst
and Cs,COs in place of KpCOs. LO/MS: mass caled. for CisHoBrOS: 317.20, found: 317.0
MY, 319.0 [M+2]

(By  (3-(2-Bromophenyhbenzo[blthiophen-5-yhmethanol was prepared from 3-(2-
bromophenyhbenzofbithiophene-3-carbaldehyde following General Proceduare F.

LO/MS: mass caled. for CpsH BrOS: 319.22, found: 319.0 [M17, 321.0 IM+21.
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{Cy  3-(Z-Bromophenyl)-5-{chloromethyl}benzofblthiophene was prepared from (3-(2-

bromophenyi}benzofblthiophen-5-yhmethanol following Genceral Procedure D.

(D)  (385)-Ethyl 3-(4-((3-(2-bromophenylybenzolbithiophen-5-vhmethoxyphenyhhex-4-
ynoate was prepared from 3-(2-bromophenyl)-5-(chloromethyl}benzo|blthiophene and
(35)-cthyl 3-(4-hydroxyphenylthex-4-ynoate (available from Synnovator, Inc., Research

Triangle Park, N.C.; Cat. # PBO5708) following General Procedure E at a reaction
M, 5351 [M+HT

(EY  (35-3-(4-((3-(2-Bromophenyhbenzo[blthiophen-5-ymethoxy)phenyithex-4-ynoic
acid (Cpd 28) was prepared from {35)-cthyl 3-{4-((3-(2-bromophenyljbenzolblthiophen-S-
yhmethoxyphenyhhex-4-ynoate following General Procedure C using LiOH as base,
EtOH in place of MeOH and 2N HCI for reaction acidification. 'H NMR (DMSO-ds) 8
.08 (d, /=81 Hz, 1H}, 7.80 - 7.85 (m, 2H}, 7.40 - 7.56 (m, 5H), 7.24 (d, /= 8.7 Hz, 2H)},
0.92{d, /=84 Hz, 2H), 516 (s, 2H), 3.89 - 3.94 {mo, 1H), 258 (d, /=7.5Hz, 2H)}, 1.77
(s, 3H). LC/MS: mass caled. for CprHy BrOsS: 505.42, found: 505.0 [M], 507.0, [M+21.

Example 21
{38)-3-{4-((3-(2-(Trifluoromethyliphenylihenzofbithiophen-5-yDmethoxy)phenyhhex-4-
yunoic acid, Cpd 21
Sy,
_CF, = iquH

oy

.,
.,
e

2 S
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(Ay  (385)-Ethyi 3-(4-((3-(2-{triftuoromcthy!)phenylibenzo{bithiophen-5-
yvhmethoxy)phenvithex-4-ynoate was prepared from 2-(trifluoromethylphenyiboronic acid
and {38)-cthyl 3-{(4-({3-bromobenzo{bithiophen-5-ylimethoxyiphenyljhex-4-vnoate (from
Example 11E) following General Procedure A, using PACL{dppfy CH,CL as the palladium
catalyst and CspCOy in place of KpCOs LC/MS: mass caled. for CsgHpsFiO55: 522,58,
found: 523.1 [M+H]".

(B  (35-3-(4-(3-(2-(Tirifluoromethyliphenylybenzolbithiophen-5-
viimethoxyiphenyhihex-4-ynoic acid (Cpd 21} was prepared from (38)-cthyl 3-(4-((3-(2-
{triftuoromethyhphenylibenzo{blthiophen-5-ylimethoxyphenylthex-4-ynoate following
General Procedure C using LAOH as base, EtOH in place of MeOH, 2N HC for reaction
acidification and a reaction temperature of 30 °C overnight. "H NMR (DMSO-ds) 8 8.08
{d, /=84 Hz IH),793(d, /=76 Hz, 1H), 7.69 - 7.82 {(m, 3H}, 74& - 7.51 {m, 2H}, 743
(s, 1H), 7.24 (d, /= 8.8 Hz, 2H}, 6.89 (d, /= 8.4 Hz, ZH}, 5.13 (s, 2H}, 3.91 - 3.93 (m,
1H)Y, 2.58-2.67 (m, ZH}Y, 1.77 (s, 3H). LC/MS: mass caled. for CoeHyiF35058: 494.52,
found: 493.1 {M-HT.

Example 22
(38)-3-(4-((3-(2-Mcthylpyridin-3-yhibenzofblthiophen-5-yhmethoxy yphenyhhex-4-ynoic
acid, Cpd 22

{Ay  (35)-Ethyl 3-(4-{(3-(Z-methyipyridin-3-vitbenzo{bithiophen-5-
yhmethoxyiphenyhbhex-4-vnoate was prepared from {35)-cthyl 3-(4-((3-
bromobenzo|blthiophen-S-vlmethoxyiphenylhex-4-yunoate (from Example 1E) and (2~

methylpyridin-3-viiboronic acid following General Procedure A, using
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PACH(dppfy CH,Ch as the palladium catalyst and Cs,C 01 in place of KoCOs. LO/MS:
mass caled. for CoHNO;S: 469.59, found: 470.2 [M+H].

{(By  (35)-3-(4-((3-(2-Methylpyridin-3-ylibenzo{bithiophen-S-yimethoxyiphenyithex-4-
ynoic acid {Cpd 22) was prepared from (38)-cthyl 3-(4-((3-(2-methylpyridin-3-
yvhbenzo[blthiophen-5-yhimethoxyiphenylhex-4-ynoate following General Procedure C
using LiOH as base, EtOH in place of MeOH and 2N HCI for reaction acidification.

"H NMR (DMSO-ds) 8 12.24 (s, 1H), 8.56 {dd, J=1.6, 4.8 Hz, 1H), &.11 (d, J=8.4 Hz,
TH), 7.85 (5, 1H), 7.68 (dd, /= 1.6, 7.6 Hz, 1H), 7.51 (d, /= &4 He, 1H), 7.44 (5, 1H),
7.34 738 {m, 1H), 724 (4, /=84 Hz, 2H), 6.91 (4, /= 8.8 Hz, 2H}, 518 (s, 2H}, 3.90 -
3.92 (m, 1H), 256 (d, /= 7.6 Hz, 2H}, 2.29 (s, 3H}, 1.77 (s, 3H)}. LC/MS: mass caled. for
CrrHpNO:S: 441 .54, found: 442.1 [M+H].

Example 23
(353-3-(4-({{(3-(2-Methyiphenyibenzo[ bithiophen-3-yloxy)methylyphenyl)
hex-4-ynoic acid, Cpd 23

OH

{A) Toanice-cold solution of 1-benzothiophen-3-01 (4.2 g, 27.96 mmol) in pyridine
{50 mL) was added acctyl chloride (2.4 g, 30.57 mumol} in drop-wisc fashion. The
resulting solution was allowed to stir at rt for 2 h. The reaction was then quenched by the
addition of water (50 mL) and the resulting solution was cxiracted with cthyl acetate (3 x
50 mL) and the organic lavers combined and concentrated under reduced pressure. The

residuc thus obtained was purified by silica gel chromatography (0-10% EtOAc/petroleum
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ether} to obtain benzo{blthiophen-5-yi acctate as a white solid (4.8 g, 89% vield). LC/MS:
Caled. for CroHsO,8: 192.23 |, found: 193.0 {M+H]".

{By  To asolution of benzofblthiophen-5-vi acctate (5.8 g, 30.17 mmol} in AcOH (30
mb) was added a solution of Br, (5.3 g, 33.16 mumol} in AcOH {70 mL) in dropwise
fashion and the resulting solution was stirred at rt for 1 h. Water (100 mL) was then added
and the resulting solution was extracted with ethyl acctate (3 x 100 mL). The combined
organic ¢xtracts were concentrated under reduced pressure and the residuc thus obtained
was purificd by silica gel chromatography (0-10% EtOAc/petroleum cther) to provide 3-
bromobenzo|bjthiophen-5-yl acetate as a white solid (3 g, 37% yield). LC/MS: Caled. for
CioHyBrO,S: 27113, found: 270.9 [M'], 272.9 [M+2].

(Cy A mixture of 3-bromo-{-benzo[blthiophen-5-yl acetate (203 mg, §.75 mmol) and
K2CO: (516 mg, 3.73 ramol) in methanol (20 mL) and water (2 ml) was stirred at 1t for 2
h. The reaction was then quenched by the addition of satd. aq. NHCl (30 mL) and the
resulting solution was extracted with ethyl acetate (3 x 10 mL). The combined organic
extracts were dried (Na;SO4) and concentrated under veduced pressure to afford 3-bromo-
{-benzolblthiophen-5-0l as a white solid (172 rog, crude) that was used divectly without
further purification. 'H NMR (CDCL) 8 7.69 - 7.71 {m, 1H), 7.45 (s, TH), 7.24 (s, 1H),
7.98 - 7.00 (m, 1H).

(D)  Toan ice-cooled solution of (35)-cthyl 3-(4-hydroxyphenylihex-4-ynoate (5.2 g,
22.39 mmol) {available from Synnovator, Inc., Research Triangle Park, N.C.; Cat. #
PBOSTOR) and tricthvlamine (6.8 g, 67.20 mmol) in DCM (200 ml) was added
trifluoromethanesulfonic anhvdride (7.55 g, 26.76 mmol} in drop-wise fashion. After
stirring for 2 b at rt, the reaction was then quenched by the addition of 400 mL of satd. ag.
WaHCOs. The resulting solution was extracted with DCM (2 x 200 mL) and the combined

organic extracts were dried (NapSO4) and concentrated onder reduced pressure to afford

130
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(3S})-cthyl 3-(4-(triffucromethylsulfonvioxyiphenylthex-4-ynoate as dark red ol (8.1 g,

crude), which was used directly without further purification.

{E}  Toamixturc of (38)-cthyl 3-(4-(trifluoromethylsulfonyloxyphenyviihex-4-ynoate
5 (8.1 g, 22.23 mmol), Pdy{dba) (2 g, 2.18 mmol), RuPhos (2.6 g, 5.5 mmol} and (Na,COs)
{4.7 g, 44 34 mumol} in dioxane (200 mL} and water {20 mL) was added potassium
acctoxymethyltrifluoroborate (8 g, 41.24 mmol). The resulting solution was stirred for 30
min at 30 °C and then for 3 h at 100 °C. After cooling to rt, water (1 L) was added and the
resulting solution was extracted with EtOAc (2 x 1 L) of ethyl acetate and the combined
10 organic cxiracts were concentrated under reduced pressure. The residuc thus obtained was
purificd by silica gel chromatography (0-10% cthyl acetate/petroleum ether) to afford (35)-
cthyl 3-(d-(hydroxymethyDphenylihex-4-ynoate (2.6 g, 46%) as a pale yellow oil. 'H
NMR (DMSO-~ds) 6 7.24 ~ 7.33 (m, 4H), 5.14 (, J=5.7 Hz, 1H}, 446 (d, /=57 Hz, 2H),
3.99-4.08 (m, 3H), 2.70(d, J=7.5 Hz, 2H), 1.77 (s, 3H), 115 {t, /= 3.0 Hz, 3H).

—
(3]

{F) (35)-Ethyl 3-(4-{{(3-bromobenzo[blthiophen-5-yhoxy ymethyhphenyhihex-4-ynoate
was prepared from 3-bromo-1-benzo[blthiophen-5-0l and (38)-cthyl 3-(4-
{(hydroxymethyljphenylhex~-4-ynoate following General Procedure B using (Bu)P and
ADDP at a reaction temperature of 30 °C for 3 b, LC/MS: Caled. for Cytyp BrO:S:

20 457.38, found: 457.1 [M]', 459.0 [M+21".

(G)  (35)-Ethyl 3-(4-({(3-(2-methylphenylbenzo[blthiophen-5-
yhoxyymethylphenylihex-4-ynoate was prepared from (35)-ethyl 3-(4-({(3-
bromobenzo[blthiophen-5-vhoxy ymnethyl)-phenyhhex-4-ynoate and (2-
methylphenyliboronic acid following General Procedure A, using PACL{dppHYy CHLCL as
25 the palladium catalyst, Cs;C0O5 in place of KoCGOs and a reaction temperature of 80 °C for 2

h LO/MS: Caled. for CipHze(h8: 468.61, found: 469.2 [M+H] .

(Hy  (38)3-3-(4-(({3-(2-Methylphenyhbenzo{bithiophen-S-yhoxyimethyhphenyl thex-4-
ynoic acid (Cpd 23) was preparcd from (38)-ethyl 3-{4-{{{3-(2-
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methylphenyhbenzofbithiophen-5-vijoxy hnethyhphonythex-4-ynoate following General
Procedure C, using LiOH as base, EtOH in place of MeOH, a reaction temperature of 30
°C overnight and 2N HCI for reaction acidification. 'H NMR (DMSO-de} 8 7.94(d, J =
8.8 Hz, TH), 7.66 (s, TH), 7.28 - 741 (m, 7TH), 7.20 (d, /= 7.6 Hz, 1H), 713 (d, /= 2.4 Hz,

5 1H), 6.80 (s, 1H), 5.02 (s, 2H}, 3.98 - 4.03 (m, 1H}, 2.60 - 2.67 (m, 2H}, 2.02 {s, 3H), 1.79
{5, 3H); LC/MS: Caled. for CagHpa0sS: 440,55, found: 439.0 {M-HJ'.

Exanple 24
i0 (38)-3-(4-(((3-(2-Methyl-4-(3-(methylsulfonylypropoxyiphenylibenzolbithiophen-5-

vhoxyymethyl}phenylihex-4-ynoic acid, Cpd 24

Vi -
\fo” 1
O
X

CH
ERe
N A

—
(3]

{A)  Toamxture of 4-bromo-3~-methyviphenol (1 g, 5.35 wmmol) and K;CO: (1.1 g, 7.96
mmol} in DMF (10 ml) was added 3-(methyvisulfonylipropyl 4-methyibenzenesulfonate
{1.72 g, 5.88 mmol} and the resultant mixture was stirred at 80 °C for 2 h. After cooling to
rt, satd. aq. NH4Cl {10 mL) was added and the resultant solution was extracted with EtOA¢
{3 x 20 mL). The combined organic extracts were concentrated under reduced pressure

20 and the residue thus obtained was purified by silica gel chromatography (8-30% ethyl
acetate/petroleum ether} to afford 1-bromo-4-(3~-methanesulfonyipropoxy}-2-
methylbenzene (1.5 g, 91 %) as a white solid. "H NMR (CDCL) § 7.40 (d, J = 8.7 Hz,
TH), 6.768 (d, /=27 He, 1H), 6.59 (dd, J=3.0, 8.7 Hz, 1H)}, 4.06 - 4.16 {m, 2H), 3.24(t,.J
=7.8 Hz, 2H}, 2.95 (s, 3H}, 2.29 - 2.38(m, 5H).
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(B} 2-{4-(3-Methanesulfonylpropoxy)-2-methviphenyl}-4.4,5, 5-tctramethyl-1,3,2-
dioxaborolane was prepared from 1-bromo-4-{3-methanesuifonyipropoxy)-2-
methylbenzene and bis(pinacolato)diboron following General Procedure A, using
PACI{dppfy CH,CL, as the palladium catalyst and KOAc in place of K,(C(O1 at a reaction

5 temperature of 90 °C overnight. LOC/MS: mass caled. for CiH,BOsS: 3543, found: 355.3
PMAH]

{(Cy  (35)-Ethyl 3-(4-({((3-(2-methyl-4-(3-

{(methylsulfonyljpropoxyiphenyijbenzofblthiophen-5-vhoxy ymethyDphenyhhex-4-ynoate
0 was prepared from (38)-ethyl 3-(4-({({3-bromobenzo[blthiophen-3-
vhoxyimethylyphenyhhex-4-ynoate (from Example 23F) and 2-[4-(3-
methancsulfonylpropoxy)-2-methylphenyl}-4.,4,5,5-tetramethyl-1,3,2-dioxaborolanc
following General Procedure A, using PACL{(dppfy CHCly as the palladium catalyst,
Cs,C05 in place of K2COs and a reaction temperatare of 80 °C for 2 h. LE/MS: Caled. for
CaaH13606S2: 604.78 , found: 605.2 [M]".

—
(3]

(D (35 3-(4-(((3-(2-Methyl-4- 3-(methylsulfonylpropoxyiphenylibenzo[blthiophen-
S-yhoxyymethyhpheonylihex-4-ynoic acid (Cpd 24) was prepared from (38)-ethyl 3-(4-{({(3-
{Z~-methyl-4-3-(methvisulfonylpropoxyiphenylibenzolblthiophen-5-

20 yhoxymethyDphenylihex-4-ynoate following General Procedure C, using LiOH as base,
EtOH in place of Me(OH, a reaction temperatiire of 30 °C overnight and 2N HCH for
reaction acidification. '"H NMR (DMSO-de) § 7.92(d, 7= 7.6 Hz, 1H)}, 7.59 (s, 1H), 7.33
- 7.38 (m, 4H), 7.10 - 7.14 (m, 1H), 6.81 - 6.95 {(m, 3H), 5.03 (s, 2H}, 415 (1, /= 6.0 Hz,
2H), 398 - 4.03 (m, 1H), 331 (1, J=7.6 Hz, 2H), 3.04 (5, 3H), 2.66 (d, 7= 8.0 Hz, 2H),

25 2.45-2.22 (m, 2H), 2.00 (s, 3H), 188 (s, 3H). LC/MS: Caled. for CoH3065:: 576.72,
found: 575.0 {M-HJ.

133
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Example 25
(35)-3-(4-({((3-(4-(1,1-Dioxido-3,6-dihydro-2 H-thiopyran-4-vi}-2-methylphenyi)-

benzolbithiophen-5-vi}oxyymethylphenylhex-4-vnoic acid, Cpd 25

S
A i
RS
"/

N A

==
\

)
“
O b

e
|

{A) (35)-3-{4-[{ {3~[4-(1, I -dioxo-3,6-dithydro-2 H-thiopyran-4-yi}-2-methylphenyl}- 1 -
benzothiophen-3-y1 oxyymethyljphenylhex-4-ynoate was prepared {from (35)-cthyl 3-(4-
{{{3-bromobenzofblthiophen-5-vhoxyimethylphenyhhex-4-yooate (from Example 23F)
and 4-(3~-methyl-4-{4,4,5 S-tetramethyl-1,3,2-dioxaborolan-2-ylphenyi}-3,6-dihydro-2 H-
thiopyran 1,1-dioxide (from Example 6C} following General Procedure A, using
PACH{dppfy CHLCL as the palladium catalyst and Cs;COs in place of KoCOs. LE/MS:
mass caled. for CasH5058,: 598.77, found 599.1 [MY.

(B  (35-3-(4-(((3-(4-(1,1-dioxado-3,6-dihydro-2 H-thiopyran-4-y1}-2-methylphenvi}-
benzolbithiophen-S-yhioxyimethyphenyithex-4-ynoic acid {Cpd 28) was prepared from
{38)-3- {4-{{ {3-]4-(1,1-dioxo-3,6-dihvdro-2 H-thiopyran-4-vi)-2-methyiphenyl}-1-
benzothiophen-5-vi}oxyymethyliphenyl} hex-4-ynoate following General Procedure O,
using LiOH as base, EtOH in place of McOH, a reaction temperature of 30 °C overnight
and 2N HCI for reaction acidification. 'H NMR {(DMSO-dgy 8 12.27 (br. s, 1H}, 7.94 (d, J
= 8.8 Hz, TH), 7.69 (s, TH), 7.46 (s, 1H), 7.32 - 739 (m, 5H), 7.21 (d, 7 = 8.0 Hz, 1H),
7.034dd, J=2.4, 88 Hz, TH), 6.83(d, /=24 Hz, 1H), 6.09 (d, 7= 4.4 Hz, 1H)}, 5.03 {s,
2H), 394 -4.03 (m, 3H),3.37-3.40(m, 2H), 311 - 312 (m, 2H), 2.64 (d, /= 7.6 Hz,
2HY, 2.05 (5, 3H), 178 (3, 3H). LO/MS: Caled. for CaaH055,: 5§760.72 , found: 569.0 {M-
HY.
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Example 26
{(35)-3-{4-({({3-(4-(1,1-Dioxidotetrahydro-2 H-thiopyran-4-yl -2~

methylphenylibenzo| bithiophen-5-yvhoxymethyhiphenylthex-4-ynoic acid, Cpd 2¢
S
g
*‘”\\\,/\O
7o L\//’
OH

/ iff

_—

=5 :

{A) A mixture of 4-(4-bromo-3-methyiphenyl}-3,6-dihydro-2H-thiopyran-1,1-dioxide
(361 mg, 1.00 mmol) {from Example 68} and PtO; (23 mg, 0.1 mmol) in cthyl acctate (10
mb} was hydrogenated at rt at a pressure of about 50 psi overnight, The mixture was then
filtered and the filtrate was concentrated under reduced pressure to afford 4-(4-bromo-3-

10 methylphenyDitctrahydro-2H-thiopyran |,1-dioxide as a white solid (290 mg, 96%). 'H
WNMR{CDCH) 6748 (d, J=8.1 Hz, 1H), 7.08 - 7.10 (m, 1H), 6.91 {d, 7=K8.1 Hz, 1H),
312 -315(m, 4H), 2.68 - 2.76 (m, 1H}, 2.31-2.45 {m, 5H), 2.16 - 2.21 (m, 2H}.

(B} 4-(3-Methyl-4-(4.4,5 5-tetramethyi-1,3,2-dioxaborolan-2-yhphenyl tetrahydro-2 H-

15  thiopyran i,1-dioxide was prepared from 4-(4-bromo-3-methyiphenyljtetrahydro-24-
thiopyran 1,1-dioxide and bis{pinacolato)diboron following General Procedure A, using
PACH{dpptyCH,CL, as the palladium catalyst, KOAc in place of K0 and dioxanc as
solvent. LC/MS: mass caled. for CiHpBO4S: 350.28, found 351.2 [M+HT.

20 (O (BS-Ethyl 3-(4-(((3-(4-(1,1-dioxidotetrahydro-2 H-thiopyran-4-yi}-2-
mcthylphenylibenzo{blthiophen-5-vhoxyimethyhphenylihex-4-ynoate was prepared from
4-(3-methyl-4-(4,4,5 5-tetramethyl-1,3,2-dioxaborolan-2-yphenyi ftetrahydro-2 H-
thiopyran 1,1-dioxide and (35}-cthyl 3-(4-(({3-bromobenzofbjthiophen-5-

yvhoxymethylphenyhhex-4-ynoate (from Example 23F) following General Procedure A,
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using PACHL{dppfyCH,CL, as the palladium catalyst and Cs,COs in place of Ky C0s,
LC/MS: mass caled. for CysHae(sS0: 600.79, found 601.2 [M].

{0 (353-3-(4-({{3-(4-(1,1-Dioxidotetrahydro-2 H-thiopyran-4-yi)-2-

5 methylphenyvi}benzo-{bithiophen-5-yljoxymethylphenythex-4-ynoic acid (Cpd 26} was
prepared from (38})-ethyl 3-(4-({(3-(4-(1,1-dioxidotetrahydro-2 H-thiopyran-4-y)-2-
methylphenyhbenzo[blthiophen-3-yloxyymethyliphenylhex-4-ynoate following General
Procedure C, using LiOH as base, EtOH in place of MeOH, a reaction temperature of 30
°C overnight and 2N HC! for reaction acidification. 'H NMR (DMSO-de) § 7.93 (d, J =

10 8.8Hz, 1H), 763 (s, 1H), 7.32-737 (m, 4H), 7.25 (s, 1H), 7.11 - 718 (m, 3H}, 6.81 (d, J

=24 Hz 1H}, 5.03 (s, 2H)}, 4.00 - 4.01 (m, 1H)}, 3.35 - 3.40 (m, 2H), 3.13-3.16 {m, 2H),
2.95-3.05(m, 1H), 2.64 (d, /=76 Hz, 2H}, 2.16 - 2.20 (m, 4H), 2.03 (s, 3H), 1.78 (s,
3H). LO/MS: Caled. for CasH30s8,: 572.73, found: 571.0 [M-HJ.

i5 Example 27
(35)-3-(4-({(3-(2,6-Dimethylphenvlbenzo| bjthiophen-5-yhoxyymethyliphenylthex-4-

ynoic acid, Upd 27

200 {A) A mixture of (35)-cthyl 3-(4-({{3-bromobenzo{bithiophen-5-
yhoxyymethylphenylhex-4-ynoate (150 mg, 8.33 mmol} (from Exarople 23F), (2,6-
dimethylphenyhboronic acid (150 mg, 1.00 mmol}, Pdy(dba): (12 mg, 0.01 mmol}, SPhos
(22 mg, 0.05 mmol} and K5P0, (212 mg, 1.00 mmol} in toluene (2 ml} was stirred at 100
°C in a sealed tube for 2 b, After cooling to rt, water (15 mL) was added and the mixture

25 was extracted with EtOAc {3 x 13 mL). The combined organic extracts were dried
{NaxSO4), filtered, and concentrated under reduced pressure. The residue thus obtained

was purified by stlica gel chromatography (8-5% EtCAc/petrolenm cther) to provide {35)-
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ethyi 3-(4-({(3-(2,6-dimethylphenylybenzofbthiophen-5-yhoxyymethy Bphenyithex-4-
ynoate as yvellow o1l (80 mg, 51% vyield). LO/MS: Caled. for CaH30038: 482.63 |, found:
483.2 IM-+H] .

(B  (35-3-(4-({(3-(2,6-Dimethylphenylbenzo| blthiophen-5-
yvhoxyimethyl}phenyiihex-4-ynoic acid {Cpd 27) was prepared from (35)-cthyt 3-(4-(((3-
{2,6-dimethylphenyl}benzofbl-thiophen-5-yhoxyimethyliphenyhhex-4-ynoate following
General Procedure C, using LiOH as base, EtOH in place of MeOH, and 2N HCl for
reaction acidification. 'H NMR (DMSO-ds) § 7.94 (d, /= 9.0 Hz, 1H), 7.56 (s, 1H), 7.23 -
7.35 {m, 5H), 7.09 - 7.18 (m, 3H}, 6.57 (d, /=24 Hz, 1H}, 4.98 {s, 2H}, 3.96 - 4.02 (i,
1H), 2,63 (d, /=75 Hz, TH), 1.89 (s, 3H), 1.88 (s, 3H), 1.78 (s, 3H). LC/MS: Caled. for
Cootps(05S: 454.58 |, found: 453.1 [M-H].

2-{-{4-((3-(4-(1, 1 -Doxido-3,6-dihydro-2 H-thiopyran-4-yi}-2-

methylphenyibenzolblthiophen-3-ylimethoxyiphenylii-3-oxocyclobutyljacetic acid,

Cpd 28
S,
g
N
4\,5’ g _OH
<,:::<\ O
) o
o7

{Ay  Toan ice-cold solution of 3-acctoxyeyelobutanone (2.563g, 20 mmol) in anhydrous
DCM (100 mL) was added cthyl triphenylphosphoranylidene acetate (3.06 g, 26 mmol)
and the resulting mixture was stirred at rt for 18 b, The reaction was then concentrated
under reduced and the resultant residue was purified by silica gel chromatography (0-20%
EtOAc/heptancs) to provide ethyl 2-(3-acctoxyeyciobutylidenciacetate (2.15 g, 54%) as a

slightly vellowish oil. LO/MS: Caled. for CioH 4Oy 198.22, found: 199.1 [M+H]"
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(By  Toasolution of chloro(1,5-cyclooctadiencirhodinm(l) dimer (197 mg, 0.4 mmol}
in dioxane {20 mL ) under a nitrogen atmosphere at was added IN NaOH (14 mL, 14
mmol} was added 4-hydroxyphenyiboronic acid {2.206 g, 16 mmol}, followed by a
soiution of ethyl 2-(3-acctoxycyelobutylidenclacctate (1.586 g, & mmol} in dioxanc (6
mb), and the mixture was heated at 50 °C for 1 h. After cooling to 1t the reaction was
poured into a mixture of Et0Ac (60 mL) and water (60 mL) and 2N HCI was then added to
acidify the aqueous phase to a pH of 4. After phasc separation, the aqueous phase was
cxtracted with EtOAc (2 x 10 mL) and the combined extracts were dried (Nay S0y},
filtered, and concentrated under reduced pressure. Purification of the resultant residuc by
silica gel chromatography (20-60% EtOAc/heptancs) to provide ethyl 2-[3-acetoxy-1-{4-
hydroxyphenyljcyclobutyliacetate as mixture of syw- and anii- isomers, that was used as

such. LC/MS: Caled. for CisHyO0s: 292.33, found: 315.0 [M+Na]'.

(Cy A mixture of ethyl 2-[3-acctoxy-1-{(4-hydroxyphenylicyclobutytacetate (1.0 g,
3.42 mmol) and K,CO5 (1.89 g, 13.68 mmol) in EtOH (20 mL) was stirred at 40 °C
overnight, then concentrated under reduced pressure. The residue thus obtained was
partitioned between EtOAc (30 mL) and water (30 mL), and treated with 2N HCI to acidify
the aqueous phase to pH 5-6. Afier phase separation, the aqueous phase was extracted
with BEtOAC (30 mL) and the combined extracts were dried (Nap304y), filtered, and
concentrated under reduced pressure. Purification of the resultant residue by silica gel
chromatography {20-60% EtOAc/heptanes) to provide ethyl 2-[3-hydroxy-1-(4-
hydroxyphenylieyclobutyljacetate as mixture of syw- and anti- isomers, that was used as

sach. LO/MS: Caled. for Ci4H1504: 250.29, found: 251.1 [M+H] C273.0 [MA+Nal™

(D) Toasolution of ethyl 2-[3-hydroxy-1-{4-hydroxyphenyljcyelobutyliacetate (745
mg, 2.98 mmol} in DCM (15 mL) and DMS0O (5 mL) was added DIEA (3.08 L, 17.86
mmol} followed by solfur trioxide — pyridine complex (1.895 ¢, 11.91 muool) and the
resultant mixture was stirred at vt for 2 h. The mixhure was then partitioned between
FtOAc (66 mL) and water (60 mL), and treated with 2N HCI to acidify the aqueous phase

to pH 3-4. After phase separation, the aqueous phase was extracted with EtOAc¢ (50 mL)
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and the combined extracts were washed with water (80 mL), dried (Na;SQy), filtered, and
concentrated under reduced pressure. Purification of the resultant residue by silica gel
chromatography {5-20% EtOAc/DCM) to provide cthyl 2-(1-(4-hydroxyphenyi}-3-
oxocyclobutyllacetate (537 mg, 73%) as a colorless oil. LC/MS: Caled. for CiaH 60y

5 24828, found: 249.1 [M+H]

{E}  Ethyl 2-{1-{4-((3-(4-(1.1-dioxido-3,6-dihydro-2 H-thiopyran-4-yi}-2-
methylphenyhbenzofbithiophen-5-ylimethoxy)phenyl)-3-oxocyclobutyljacetate was
prepared from ethyl 2-(1-{4-hydroxyphenyl}-3-oxocyclobutyliacetate and 4-(4-(5-
(hydroxymethyi}benzo{blthiophen-3-y1)-3-methylphenyl)-3,6-dihydro-2 H-thiopyran 1,1-

10 dioxide (from Example 6D) following General Procedure B, using PhsP and DBAD.
LO/MS: Caled. for CisHuOsSa: 614.78, found: 615.1 [MT, 637.2 IM+Nal".

{(Fy  2-(1-(4-{(3-(4-(1,1-Dioxido-3,6-dihydro-2H-thiopyran-4-yi}-2-
methylphenylbenzofbithiophen-5-ylymethoxy)phenyl-3-oxocyelobutyliacetic acid (Cpd

28) was prepared from cthyl 2-(1-(4-((3-(4-(1,1 -dioxido-3,6-dihydro-2 H-thiopyran-4-yi)-2-

[
(941

methylphenyhbenzofbithiophen-3-ylimethoxy)phenyl)-3-oxocyclobutyljacetate following
General Procedure C, using LiOH as base and 2N HCI for reaction acidification. 'H NMR
(CDCly) 8 7.94 (4, 1H), 7.40 - 7.50 (m, 2H), 7.28 - 7.36 tm, 3H), 7.23 (d, 7= 8.6 Hz, 3H),
6.92(d, /=86 Hz 2H}, 595(t, /=43 Hz, 1H}, 5.10 (s, ZH}, 3.81-3.88 (m, 2H}, 3.37 -
3.57 ¢m, 4H}, 3.16 - 3.33 (m, 4H), 2.91 (5, 2H}, 2.16 (5, 3H). LC/MS: Caled. for

20 CsHio0s8,: 586,73, found: 587.3 [M+HT.

Example 29
2-{ 1-{4-{{3-(4-(1,1-Dioxidotetrahydro-2 H-thiopyran-4-yl}-2-
methylphenyhbenzo{bithiophen-3-ylmethoxy)phenyl}i-3-oxocyclobutyliacetic acid,
25 Cpd 29
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(A)y  Toamixture of 4-(4-(5-thydroxymethyiibenzo{bjthiophen-3-yli-3-methylphenyl)-
3,6-dihydro-2H-thiopyran 1,1-dioxide {from Example 6D) and PA/C (10% wt, 80 mg,
0,075 mmol) in EtOH (6 mL) under nitrogen was added a solution of ammonium formate
{472 mg, 7.5 mumol) in water {1 mL), and the resultant mixture was stirred at 50 °C for 5 h,
After cooling to rt, the muxture was diloted with EtOAc (10 mbL) and filtered. The filiered
solids were washed with EtOAc (30 mL) and the combined filtrate and washings were
concentrated. EtOAc (2 b)) and water (20 mb} were added, followed by heptanes (30
mk.). The resultant solid thus obtained was filtered, washed successively with water 3 x 5
mb) and heptanes (5 ml) and dried to provide 4-(4-(5-(hydroxymethyhibenzo[b]-thiophen-
3-y1)-3-methyiphenylitetrahydro-2 H-thiopyran 1, 1-dioxide (136 mg, 70 %) which was

used directly without further purification.

(By  Ethyl 2-(1-(4-{((3-(4-(1, I-dioxidotetrahydro-2 H-thiopyran-4-yi}-2-
methylphenyhbenzo[blthiophen-3-yhimethoxy jphenviy-3~-oxocyclobutyljacetate was
prepared from 4-(4-(5-thydroxymethyibenzof bl-thiophen-3-v13-3-
methylphenylytetrabydro-2H-thiopyran 1,1-dioxide and ethyl 2-(1-(4-hydroxyphenyi}-3-
oxocyclobutyacetate (from Example 280 following General Procedure B, using PhsP
and DBAD. "HNMR (CDCL:) 8 7.94 (4, /= 9.1 Hz, 1H), 7.41 - 7.50 (m, 2H), 7.27 - 7.35
{m, 2H), 7.20 (d, 7= 8.6 Hz, 3H), 7.14 (d, 7= 8.1 He, 1H), 6.92 (d, /= 8.6 He, 2H}, 5.10
{(s,2H), 3.99 {q, J= 7.4 Hz, 2H), 3.46 (5, 4H), 3.10 - 3.25 (i, 4H), 2.83 (s, 3H}, 2.38 - 2.60
{m, 2H), 2.23 - 238 (m, 2H), 2.15 (s, 3H), L.11 {t, /= 7.1 Hz, 3H).

{(Cy  2-(3-(4G-(4-(1 1 -Dioxidotetrahydro-2 H-thiopyran-4-yi}-2-

methylphenyhbenzo[blthiophen-3-yDimethoxyphenyl}-3-oxocvelobutylacetic acid (Cpd

140
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29} was prepared from ethyl 2-{1-(4-{{3-(4-(1,1-dioxidotetrahydro-2 H-thiopyran-4-yi)-2-
methylphenylibenzolblthiophen-5-ylmethoxyphenyi}-3-oxocyclobutyllacetate following
General Procedure C, using LiOH as base, MeCN in place of THF, a reaction temperature
of 50 °C for 3 h, and 2N HCI for reaction acidification. "HNMR (CDCH)Y 8 7.93(d, 1H},
738747 {m, 2H), 7.30 (s, 1H), 7.23(dd, J= 8.1, 2.5 Hz, 3H), 718 (s, 1H}, 7.12(dd, } =
7.6, 1.5 Hz, 1H), 6.91(d, = 9.1 Hz, 2H}, 5.12 (s, 2H}, 3.39 - 3.55 (m, 4H), 3.11 - 3.24 (im,
4H), 2.92 (3, 2ZH}, 2.76 - 2.88 (m, 1H}, 2.38 - 2.56 (m, 2H}, 2.23 - 2.35 (m, 2H), 2.12 (s,
3H). LOMS: Caled. for CasH2068,: 388.75, found: 589.0 [M].

Example 30
2-(3-0%0-1-(4-{(3-(2-methyiphenyhbenzo[bjthiophen-5-

vhmethoxyphenylicyclobutvijacetic acid, Cpd 38

2
| o

S

(A}  Ethyl 2-(3-acetoxy-1-{(4-{(3-(2-methyiphenyl}benzo[blthiophen-5-
viimethoxyiphenyheyclobutyllacetate was prepared from 5-hydroxymethyl-3-(2-
methylphenylibenzofb]-thiophene (from Example 1B) ethyl 2-(1-(4-hydroxyphenyl}-3-
oxocyclobutyljacetate (from Example 28D} following General Procedure B using PBig
and ADDP in toluene as solvent {in place of THF) at 60 °C for 2h. 'H NMR (CDCh) §
7.92-794 {(m, tH), 7.45 - 7.47 {m, 2H), 7.17-7.37 {m, TH), 6.89-6.94 {m, 2H), 5.09 (s,
2HYL 3.9%9(dd, J=7.2, 144 Hz, 2H), 3.46 (s, 4H), 2.82 (s, 2H), 2.16 (s, 3H), 110, /=72
Hz, 3H).

(BY  2-(3-Oxo-1-{4~({3-(2-methylphenylibenzo[blthiophen-S-yhymethoxy ypheny )-

cvclobutylacetic acid (Cpd 38) was prepared from ethyl 2-(3-acetoxy-1-(4-{{3-(2-

methylphenylibenzofblthiophen-S-yDmethoxy phenviicyciobutyliacetate following
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General Procedure C, using LiOH as base, EtOH in place of MeOH and 1N HCI for
reaction acidification. 'H NMR {CD:0D) 6 7.97 (4, /= 8.1 Hz, 1H), 7.26 - 7.50 {m, 9H},
6.93 - 6.97 {m, 2H), 5.17 (s, 2H), 3.41 - 3.56 (m, 4H), 2.82 (s, 2H), 2.10 (s, 3H). .
LC/MS: mass caled. for C25H24048: 456.56, found 455.2 [M-HYT.

Example 31
2-{(17,3r-3-Hydroxy-1-(4-{(3-(2-methylphenyl}benzo|blthiophen-5-

vhmethoxyiphenylicyclobutvlacetic acid, Cpd 31

2-{{1r 3ry-3-Hydroxy-1-{4-((3-(2-methylphenyl)benzof bjthiophen-5-
yvhmethoxyiphenvheyclobutyhacetic acid {Cpd 31) was prepared from 2-(3-0x0-1-{4-{(3-
{Z-methylphenylibenzofblthiophen-5-yUmethoxyiphenyl-cyclobutyllacetic acid (from
Example 30) following General Procedure G. 'H NMR (CD;0D) 8 7.93 (d, J=8.1 Hz,
1H), 7.22 = 7.46 {(m, 9H), 6.85 - 6.88 {m, 2H), 512 (s, 2H), 3.8 = 3.93 (m, 1H), 2.76 -
2.83 (m, 2H), 2.57 {5, 2H), 2.24 - 2.31 {(m, 2H), 2.07 (5, 3H). LC/MS: mass caled. for
CosHue(0s5: 456.56, foand 457.1 [M].

2-{1-(4-((3-(4-(2-Ethoxycthoxy)-2-methylphenylbenzof bjthiophen-5-yhmethoxyyphenyi)-

3-oxocyclobutyliacetic acid, Cpd 32
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{Ay A mixture of 4-bromo-3-methyiphenol (10 g, 53.47 mmol), I-bromo-2-
cthoxyethane (10.62 g, 69.40 mmol) and KoCOs (11,13 g, 79.95 mmol) in DMF (100 mL)

\

OH

On
(‘“\‘f
Q,.Z

was stirred overnight at 75 °C. After cooling to 11, brine (250 mL} was added and the

S mixture was extracted with EtOAc (4 x 100 mL}. The combined organic extracts were
washed with brine (4 x 100 mL), dried (Nay504), filtered, and concentrated under reduced
pressure. Purification of the resultant residue by silica gel chromatography (5%
EtOAc/petrolenm cther afforded 1-bromo-4-(2-cthoxyethoxy}-2-methylbenzene {12.25 g

88 %} as light yellow oil which was used directly.

i0
By  2-[4-(2-Ethoxycthoxy}-Z-methyiphenyl}-4,4,5, 5-tetramethyi-1,3,2-dioxaborolane
was prepared from 1-bromo-4-{2-cthoxyethoxy)-2-methylbenzene and
bis{pinacolato)diboron following General Procedure A, using PACH{dppfy CH,CL, as the
paliadium catalyst and KOAc in place of K,CO5 at a reaction temperature of 100 °C

15 overnight. LC/MS: mass caled. for CiaHpBQOy: 306.20, found: 307.1 [M+HT .

(Cy  Ethyl 2-(1-(4-{(3-bromobenzo[bithiophen-5-ylimethoxyphenyl}-3-
oxocyclobutyllacetate was prepared from 3-bromo-5-hvdroxymethylbenzothiophene (from
Example 1A) and cthyl 2-(1-(4-hydroxyphenyl}-3-oxocyclobutyliacctate (from Example

20 28D) following General Procedure B using PBuz and ADDP in tolucne as solvent (in
place of THF). LC/MS: mass caled. for CpsH, BrO48: 473.38, found 473.1 [M], 475.0
vi+2]"

143
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(D)  Ethyl 2-(1-(4-{((3-(4-(2-cthoxycthoxy}-2-mcthyiphenylibenzolbjthiophen-5-
yvhmethoxy)phenyli-3-oxocyclobutyljacetate was prepared from cthyl 2-(1-{4-{(3-
bromobenzolblthiophen-5-yvhmethoxyphenyl)-3-oxocyclobutylacetate and 2-(4-(2-
cthoxyethoxy)-Z-methyiphenyiy-4,4,5 5-tetramethyi-1,3,2-dioxaborolane following

5 General Procedure A, using PACL{dppfy CH,Cl, as the palladium catalyst, DMF as solvent
at a reaction temperature of 60 °C overnight. LC/MS: mass caled. for CaaHaOeS: 572,71,

found 573.4 [M+HT, 595.4 [M+Na] .

(By  2-{1-{4-((3-{4-(2-Ethoxycthoxy}-2-methylphenyhbenzo{blthiophen-3-

10 yhmethoxy)phenyl}-3-oxocyclobutyliacetic acid {Cpd 32} was prepared from cthyl 2-(1-
{(4-((3-(4-(2-cthoxyethoxy)-2-methylphenyhibenzofbithiophen-S-ylimethoxyjphenyi)-3-
oxocyclobutyhacetate following General Procedure C, using NaOH (10 ¢q.} as base,

MeCUN/HLO (4:1 w/v) as solvent and 1N HCI for reaction acidification. Product

purification was accoraplished by silica gel chromatography (0-80% EtOAc 1n petroleum
15 ether). 'H NMR (DMSO-dg) 8 8.06 (4, /=84 Hz, 1H), 7.64 (s, iH), 7.44 - 7.52 {m, 1H),
7.42 (s, 1H), 7.15 - 7.26 (vo, 3H), 6.86 - 6.96 (yu, 4H), 5.17 (s, 2H}, 4.13 - 4.15 (m, 2H),
370-374 (m, 2H), 3.53 (dd, 7=7.2, 14.0 Hz, 2H), 3.27 - 3.41 (m, 4H), 2.80 (s, 2H), 2.05
(s, 3H), L1531, /=72 Hz, 3H). LC/MS: mass caled. for CipH32068: 543.66, found 5431
(MY
28
Example 33
2-( 1-(4-((3-(4~((1,1-Dioxidotetrahydro-2H-thiopyran-4-yoxy)-2-
methylphenyhbenzoblthiophen-3-ylmethoxyiphenylii-3-oxocyclobutyljacetic acid,
Cpd 33
/S\E//j\\\‘
N Ay~ \\
L0 e
ol " 0
23 &
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(A)  4-{4-Bromo-3-methylphenoxy fetrahydro-2 H-thiopyran 1,1-dioxide was prepared
from 4-bromo-3-methyiphenol and 4-hydroxytetrahydro-2H-thiopyran 1,1 -dioxide
following General Procedure B, using DBAD and PhsP at a reaction temperature of 50 °C

overnight. 'H NMR (CDCL) 8 7.43 (d, /= 8.7 Hz, 1H), 6.84 (d, / = 3.0 Hz, 1H), 6.64 (dd,

J=27,8.7 Hz, 1H), 4.59 - 4.61 {m, 1 H), 3.33 - 3.43 (m, 2H), 2.90 - 2.96 {m, 2H), 2.30 -

2.48 (m, 7H).

By  4-(3-Methyl-4-(4,4,5,5-tctramethyi-1,3,2-dioxaborolan-2-yhphenoxy)tetrahydro-
2H-thiopyran 1,1-dioxide was prepared from 4-(4-bromo-3-methylphenoxyjtetrahydro-2H-
thiopyran 1,1-dioxide and bis{pinacolato)diboron following General Procedure A, using
PACL{dpptfyCH,CL, as the palladium catalyst, and KOAc in place of K,CO5 using dioxane
as solvent at a reaction temperature of 100 °C overnight. "H NMR (CDCL) 8§ 7.73 (d, J =
7.6 Hz, 1H)Y, 6.70 -6.73 (m, 2H), 4.65 —4.75 (m, 1H), 3.36 - 3.44 (m, 2H), 2.89 - 2.93 {m,
2H), 2.52 (s, 3H), 2.44 — 2.49 (m, 2H), 2.32 - 2.38 {m, 2H}, 1.27 {5, 12 H).

(Cy  Ethyl 2-(1-(4-{(3-(4-((1,-dioxidotetrahydro-2H-thiopyran-4-yjoxy}-2-
methylphenyhbenzo[blthiophen-5-ylimethoxy)phenyi-3-oxocyclobutyliacetate was
prepared from cthyl 2-(1-{(4-{{3-bromobenzo{bithiophen-5-ylimethoxy)phenyl})-3-
oxocyclobutyliacetate (from Example 32C) and 4-(3-methyl-4-(4,4,5,3-tctramethyl-1,3,2-
dioxaborolan-2-vljphenoxyitetrahydro-2 H-thiopyran 1,1-dioxide following General
Proceduare A, using PACh{dppfy CH,Cl; as the palladium catalyst, DMF as solvent at a
reaction temperatare of 80 °C overnight. LO/MS: mass caled, for CssHas(345,: 632.79,

found 655.4 [M+Na]'.

() 2-(1-(4-((3-(4~((1, I-Dioxidotetrahydro-2 H-thiopvran-4-yljoxy}-2-
methylphenyhbenzofblthiophen-3-vlimethoxyiphenyi)-3-oxocyclobatylacetic acid was
prepared from ethyl 2-(1-(4-(3-(4-({ 1,1 -dioxidotetrahydro-2H-thiopyran-4-yHoxy)-2-
methylphenyhbenzolblthiophen-3-viimethoxyiphenyli-3-oxocyelobutylacetate foliowing
General Procedure C, using NaOH as base, MeCN in place of THF and 1IN HCH for

reaction acidification. Product purification was accomplished by silica gel
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chromatography {30% EtOAc in petroleum ether). 'H NMR (CD:0D3 § 7.94 (d, /=8.1 Hz,
1H), 7.46-7 38 (m, 3H), 7.28-7.25 (m, ZH}, 7.20-7.17 (m, 1H}, 6.96-6.95 (m, 1H]}, 6.93-
6.87 {m, 3H)}, 5.147(s, ZH}, 4.79-4.78 (m, 1H}, 3.54-3.32 (m, 6H}, 3.10-3.05 (m, 2H}, 2.81
{s, 2H}, 2.49-2.32 (m, 4H)}, 2.06 {s, 3H). LC/MS: mass caled. for UxH;3,0-8,: 6064.73,
found 622.1 [M+NH:T.

Exaruple 34

2-(1-(4-{(3-2-Methyl-4-({tetrahydro-2 H-pyran-4-yhHoxy)phenylybenzo blthiophen-5-

yvhmethoxy)phenyl}-3-oxocyclobutyliacetic acid, Cpd 34

7
\\/&)\\
f ¢

TN e \(/ \‘\\ SOH
L
g o
!
4
/»/ O O
~

(A)y  Ethyl 2-[1-[4-(3-[2-methyi-4-{oxan-4-yloxyphenyi]- 1-benzothiophen-5-

’

0O

viimethoxy)phenyli-3-oxocyclobutyljacetate was prepared from 4,4.5,5-tetramethyl-2-(2-
methyl-4-(tetrahydro-2H-pyran-4-yloxyiphenyl}-1,3,2-dioxaborolane (from Exampie 15B)
and ethyl 2-{1-{4-((3-bromobenzo[bithiophen-5-vhmethoxy)phenyl}-3-
oxocyclobutyljacetate (from Example 32C) following General Procedure A, using
PACI{dppfy CH,Cl, as the palladium catalyst, DMF as solvent at a reaction temperature of
80 °C overnight. LC/MS: mass caled. for CysHi606S: 584.72, found 607 .4 [M+Na]".

By  2-(1-(4-((3-(2-Mcthyl-4-({tetrahydro-2H-pyran-4-vhoxyphenylibenzo{ bjthiophen-
S-yhmethoxy)phenyl-3-oxocyclobutybacetic acid {Cpd 34) was prepared from ethyl 2-{1-
[4-(13-[2-methyi-4-{oxan-4-yloxyphenyl]-1-benzothiophen-5-ylmethoxy)phenyi}-3-
oxocyclobutyljacetate following General Procedure C, using NaOH as base, MeCN in
place of THF and 1N HCI for reaction acidification. Product purification was

accomplished by silica gel chromatography (50% EtOAc in petrolenm ether). 'H NMR
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(CDL0D) § 7.93(d, J=8.1 Hz, 1H), 7.46-7.37 (m, 3H), 7.28-7.25 (m, 2H), 7.17-7.14 {m,
1H), 6.93-6.86 (m, 4H), 5.14 (s, 2H), 4.70-4.60 (m, 1H), 4.02-3.95 (m, 2H), 3.67-3.59 (m,
2H),3.52-3.35 (my, 4H), 2.81 (5, 2H}, 2.10-2.05 (m, SH), 1.82-1.80 (m, 2H}. LC/MS: mass
caled. for CysHa(3S: 556.67, found 557.1 [M+HT", 574.2 [M+NH;] .

Example 35
2-{(1r,3r)-3-Hydroxy-1-{(4-((3-(4-(2-cthoxyethoxy)-2-methylphenyljbenzo| blthiophen-5-
yvimethoxy)phenylicyelobutyliacetic acid, Cpd 38

S ZEN
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2-{(1r,3ry-3-Hydroxy-1-{4-{{3-{4-(2-cthoxycthoxy}-Z-methylphenylibenzo{bthiophen-5-
vhmethoxy)phenvljcyclobutyliacetic acid (Cpd 38} was prepared from 2-(1-(4-((3-(4-(2-
cthoxyethoxy}-2-methylphenyhbenzo[bithiophen-3-yhmethoxy)phenyi}-3-
oxoeyelobutyacetic acid (from Example 32) following General Procedure G, 'H NMR
(CDH0D) 6 7.95(d, J=8.1 Hz, 1H), 7.48-7.39 (m, 3H), 7.30-7.27 (m, 2H), 7.19-7.16 (m,
1H}, 6.95-6.86 (m, 4H), 5.14 (s, ZH}), 4.20-4.17 (m, 2H)}, 3.96-3.93 (m, 1H)}, 3.86-3.82 {(m,
2H), 3.65 (dd, /= 7.2, 14.1 Hz, 2H), 2.85-2.79 (m, 2H}, 2.61 (s, ZH}, 2.35-2.28 (m, 2H},
2.08 (s, 3H), 1.26 (1, /= 7.2 Hz, 3H). LC/MS: mass calcd. for CnHza065: 546,67, found
547.4 [M+H]

Example 36
2-{{1r.3r-1-(4-{(3-{4~({1, 1 -Dioxidotetrahydro-2 H-thiopyran-4-yhoxv}-2-
methylphenyhbenzo[blthiophen-5-yhimethoxy phenyh-3-hydroxyevelobutyDacetic acid,

Cpd 36
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2-{(1r,3ry-1-{4-{{3-(4-({1,1-Dioxidotetrahydro-2 H-thiopyran-4-yljoxy}-2-
methylphenylibenzofblthiophen-3-vlhimethoxyiphenyl)-3-hydroxveyclobutyhacetic acid
{Cpd 36) was propared from 2-(1-(4-{(3-(4-((1, I-dioxidotetrahvdro-2H-thiopyran-4-
vhoxy)-2-methylphenylibenzofbthiophen-5-yhmcethoxy yphenyl)-3-oxocyclobutyhacetic
acid {from Example 33D) following General Procedure G. 'H NMR (CD:0D) § 7.94 (4. J
= &4 Hz, 1H}, 7.47-7.39 (m, 3H), 7.28-7.18 (m, 3H}, 7.01-6.87 (m, 4H), 5.14 {5, 2H),
4.81-4.79 (m, 1H}, 3.97-3.92 {(m, 1H}, 3.39-32 (m, 2H), 3.32-3.06 {m, 2H), 2.83-2.79 {m,
2HY, 2.62 (s, 2H), 2.45-2.29 (m, 6H), 2.07 (s, 3H). LC/MS: mass caled. for CysHa 058,
606.75, found 605.0 [M-HJ.

2-{(17,37}-3-Hydroxy-1-{(4-((3-(2-methyl-4~-({tetrahydro-2 H-pyran-4-
yhoxyphenylibenzolb }thiophcn-ﬁ-ybmet hoxyyphenylioyclobutyDacetic acid, Cpd 37
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2-{(1r,3ry-3-Hydroxy- 1 -{(4-{(3-(2-methyl-4-{{tetrahydro-2 H-pyran-4-
vhoxyphenylibenzo[blthiophen-3-vhimethoxyiphenvheyclobutylacetic acid (Cpd 37)
was prepared from 2-(1-(4-{{3-(2-methyl-4-({tcirahydro-2 H-pyran-4-
vhoxyphenylibenzofblthiophen-3-vlimethoxyiphenyvi)-3-oxocyclobutyhacetic acid (fmm
Example 34B) following General Procedure G, 'H NMR (CDOD) 4 7.94 (d, J = 8.4 Hz,
{H), 7.48-7.42 (m, 3H), 7.38-7.28 (m, ZH), 7.19-7.16 (m, 1 H), 6.95-6.87 (m, 4H), 5.14 (s,
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2H), 4.68-4.63 (m, 1H), 4.04-3.98 {m, 2H), 3.97-3.90 {m, 1H), 3.68-3.60 (m, 2H), 2.80-
2.76 (m, 2H), 2.51 (5, 2H), 2.40-2.33 (m, 2H), 2.12-2.07 (m, 5H}, 1.81-1.75 (m, 2H}.
LC/MS: mass caled. for CiaHise06S: 558,68, found 557.0 [M-HT.

Example 38
2-{1-{4-({3-(2-Methylpyridin-3-ylibenzo[blthiophen-3-ylimethoxyphenyi)-3-
oxocyclobutyhacetic acid, Cpd 38

S i

‘4
/

{A) Ethyl 2-(1-(4-((3-(2-methylpyridin-3-ylibenzo[bjthiophen-5-ylimethoxyphenyl)-
3-oxocyclobutyljacetate was propared from cthyl 2-(1-(4-({(3-bromobenzo{blthiophen-5-
yhmethoxy)phenyl}-3-oxocyclobutyliacctate {(from Examplc 32C) and (2-methylpyridin-3-
yvhboronic acid following General Procedure A, using PACL{dpptyCH,(Cl; as the
paliadium catalyst and DMF as solvent at a reaction temperature of 60 °C overnight.

LC/MS: mass caled. for CooHy/NOuS: 485.59, found: 486.3 [M+HT .

{(B) 2-(1-(4-((3-(2-Methylpyridin-3-yl}benzo[blthiophen-5-yhmethoxyphenyl}-3-
oxocyclobutyllacetic acid {Cpd 38} was prepared from cthyl 2-(1-(4-((3-(Z-mecthylpyridin-
3-ylbenzo]blthiophen-5-yEimethoxy)phenyli-3-oxocyelobutyljacctate following General
Procedure C, using NaOH as base, MeCN in place of THF and IN HCI for reaction
acidification. Product purification was accomplished by silica gel chromatography (0-10%
MeOH in DCM). 'H NMR (CD:0D) § 8.53-8.51 (m, 1H), 8.03-8.00 (m, 1H), 7.77-7.74
(ro, 1H), 7.62 (s, 1}, 7.54-7.51 (m, 1H), 7.43-7.39 (m, 2H), 7.30-7.26 {m, 2H), 6.97-6.93
{m, 2H}, 5.20 (s, 2H), 3.506-3.41 {(m, 4H), 2.86 (5, 2H), 2.33 (5, 3H). LC/MS: mass caled.
for CorHaaNO,S: 457.54, foand: 458.2 [M+H]".
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Example 39
2-{{1r.3r}-3-Hydroxy-1-{(4-({3-(Z-methylpyridin-3-vi}benzo{ bjthiophen-5-
vhmethoxy)phenyheyclobutyhiacetic acid, Cpd 39

S R
s
i (@] 7 .
o \‘f\\“\ e
N

5 2-((1r,3r)-3-Hydroxy-1-{4-({3-(2-methvlpyridin-3-yl}benzo|bjthiophen-5-
yvhmethoxy)phenvljcyelobutylacetic acid (Cpd 39) was prepared from 2-{1-{4-((3-(2-
methylpyridin-3-yi}benzo{blthiophen-S-yhimethoxyphenyli-3-oxocyclobutylacetic acid
{from Example 38) following General Procedure G. 'H NMR (DMSO-dg) 6 8.56-8.54 (m,
1H), 8.11-8.09 (in, 1H), 7.84 (s, 1H), 7.68-7.66 {m, 1H}, 7.52-7.50 (m, 1H), 7.43 (s, 1H),

16 7.37-7.33 (m, 1H), 7.22-7.20 {m, 2H), 6.85-6.85 (1n, 2H), 5.15 (s, 2H), 3.79-3.77 {m, 1H},

2.64-2.62 (m, ZH)Y, 2.51-2.50 {m, 2ZH}, 2.28 (s, 3H), 2.17-2.15 (m, 2H). LC/MS: mass

caled. for CyyHsNO4S: 459,56, found: 458.0 [M-HT.

Example 40
2-{1-{4-((3-{4-(1,1-Dioxido-1-thia-6-azaspiro{ 3. 3Theptan-6-y1}-2-

[
(941

methylphenyhbenzo{bithiophen-5-ylimethoxy)phenyli-3-oxocyclobutyliacetic acid,

Cpd 40

oy

20 (A} Toasohation of fere-butyl 3-oxcazetidine-1-carboxylate (40.0 g, 233.65 mmol) in

DCM (1 L) was added (triphenyiphosphoranylidenciacetaldehyde (80 g, 262.88 mmol,
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1.13 cquiv) in several batches. After stirring at 40 °C overnight, the mixture was
concentrated under reduced pressure. The residue thus obtained was purified by silica gel
chromatography {5-10% EtOAc/petroleum ether) to provide fers-butyl 3-(2-
oxoethylidenciazetidine-1-carboxylate (45.8 g, 99%) as a colorless oil. 'H NMR (CDCl3)
5 8961{(d,J=63Hz 1H),492(d, J=24Hz 2H),471(d,/=24Hz 2H), 1.47 (s, 9H).

(B} A solution of tert-butyl 3-(2-oxocthylidenejazetidine-1-carboxylate (45.8 g, 232.2
mmol}, piperidine {1.38 g, 16.2 mmol), and thicacetic acid {26.5 g, 348.7 mumol} in THF (1
L) was stirred overnight at rt. The mixture was then concentrated under reduced pressure

10 and the residuc thus obtained was purified by silica gel chromatography (10-25%
EtOAc/petroleur ether) to provide fert-butyl 3-(acetylsulfanyl)-3-(2-oxocthyljazetidine-1-
carboxrylate (43 g, 68%) as a yellow oil. "H NMR {CDCL) § 9.69 (s, 1H), 4.04 - 4.09 (m,
4H), 3.30 (s, 2H), 2.30 (5, 3H, 1.47 (s, 9H).

—
(3]

{C) To an ice-cooled solation of teri-butyl 3-{acetylsulfanyl}-3-(2-oxoethyljazetidine-1-
carboxylate (43 g, 157.3 mmol) in ether {1 L) was added LAH (12 g, 316.2 mmol} ) in
sgveral portions, and the resultant mixture was stirred at rt overnight. The reaction was
quenched by the addition of satd. ag. NaHCO, (1.25 L) and the moixtare was extracted with
EtOAc (3 x 500 ml). The combined extracts were dried (NapySQy), filtered, and

20 concentrated under reduced pressure fo afford seri-butyl 3-(2-hydroxyethyl-3-
suffanylazetidine- L-carboxylate (23 g, 63%) as a red oil. "H NMR (CDCL:) § 4.07 - 4.10
{my, 2H}, 3.86 - 3.95 (m, 4H), 2.21 (s, 1H), 211 {4, /= 6.3 Hz, 2H}, 1 .44 {s, 9H}.

(D) To acooled (-30 °C) solution of triphenylphosphine {80 g, 305.0 munol) in THF (1 L)
25 under nitrogen was added DIAD (61.7 g, 305.1 mmol) in dropwise fashion. After stirring

atvt for 1 h, EtOH (28g, 607.8 mmol) was added and stirring was continued atrt for § h.

The mixture was then concentrated under reduced pressure and the mixture was diluted

with hexane (1 L), The resulting precipitate was filtered, and the filtrate was concentrated
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under reduced pressure to provide dicthyl triphenyiphosphonite (76 g, 71%) as a coloriess

oil. TP NMR (CeDeg) 5 -41.6.

(E}  Toacooled (-30 °C) solution of diethy! triphenyiphosphonite {52 g, 147.56 mmot)
in toluene (250 mil} under a nitrogen atmosphere was added a sohution of fert-butyl 3-(2-
hydroxyethyt}-3-sulfanylazetidine-1-carboxylate (23 g, 98.57 mmol} in toluene (250 mi.)
in drop-wise fashion, and the resultant solution was stirred overnight at rt. EtOAc (500
mi.) was then added and the solotion was washed with brine (3 x 300 mL). The organic
phase was then dried (NapS504), filtered, and concentrated under reduced pressure to afford
tert-butyl 1-thia-6-azaspiro]3.3Theptane-6-carboxylate (8 g, 38 %) as a colorless oil. 'H

NMR (CDCl) § 4.07 - 4.16 (m, 4H), 3.05 - 3.15 (m, 4H), 1.42-1.51 (m, 9H).

{F) To an ice-cooled solution of fert-butyl 1 -thia-6-azaspiro{3.3 theptane-6-carboxylate
(8 g, 37.16 mmol} in DCM (250 mL} was added mCPBA (12.8g, 74.17 mumol} and the
resultant solution was stirred overnight at rt. DCM (200 mL) was then added and the
solution was successively extracted with IN NaOH (3 x 150 mL) then with satd. aq.
WNaHCO; (3 x 150 mL}. The organic phase was dried (Na,SO,), filtered, concentrated
under reduced pressure and the resultant residuc was purified by silica gel chromatography
{9 — 33 % EtOAc/ petroleum cther) to afford rers-butyl 1-thia-6-azaspiro[3.3theptanc-6-
carboxylate 1,1-dioxide (4 g. 41 %) as a white solid. "HNMR (CDCL)84.57 (4, J=11.2
Hz, 2H), 4.00 —4.06 (m, 4H), 2.37 (¢, /=84 Hz, 2H), 1.14 (s, 9H}.

(G} A solution of rers-butyl 1-thia-6-azaspiro[3.3theptanc-6-carboxylate 1, I-dioxide
(3.4 g, 13.75 mamol), DCM (8 L) and TFA (4 mL} was stirred for 2 h at rt, then
concentrated under reduced pressure. The residue was taken up in water (20 mL) and dried
by Iyophilization to afford the TFA salt of 1-thia-6-azaspiro{3.3theptane 1,1-dioxide (3.2
g, 86 %) as a white solid. "H NMR (DMSO-de) 6 4.30 - 4.40 (mo, 4H), 4.06 - 4,12 (m, 2H),
2.41-2.47 (m, 2H).
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(H)  Under an inert atmosphere of nitrogen, a mixture of 1-thia-6-azaspiro[3.3 theptane
1, 1-dioxide TFA {244 mg, 1 mmol), I-bromo-4-iodo-Z-methylbenzene (385 mg, 1.30
mmol}, Pdy{dba); (46 mg, (.05 mmol), CyJohnPhos (35 mg, 0.10 mmol) and ~BuONa
{240 mg, 2.50 mmol} in toluene {3 mL) was stirred at 50 °C overnight. Water (10 mL} was
5 then added and the mixture was extracted with EtOA¢ (3 x 15 mbL). The combined organic
cxtracts were washed with brine (1 x 15 mL), dried {Na,SO4), filtered, and concentrated
under reduced pressure. Purification of the resultant residue by silica gel chromatography
{40 % EtOAc/petroleum cther) afforded 6-(4-bromo-3-methylphenyl)-1-thia-6-
azaspiro{3.3}heptanc 1,1-dioxide (278 mg, 88 %) as a yellow solid. LC/MS: mass caled.

10 for CuHBING,S: 316.21, found: 316.1, 318.1 [M].

{H Ethyl 2-(3-ox0-1-{4-({(3-(4,4.5,5-tetramethyl-1,3,2-dioxaborolan-2-
ylbenzo[blthiophen-5-vhmethoxyphenyleyclobutybacetate was prepared from and ethyl

2-(1-(4-{(3-bromobenzo[blthiophen-5-yhmethoxy)phenyl)-3-oxocvclobuty Dacetate (from

—
(3]

Example 32C) and bis{pinacolato)diboron following General Procedure A, using
PACL{dppfyCHLCL, as the palladiom catalyst, KOAc in place of KoCO;z and DMSO as
solvent at a reaction teraperature of 100 °C overnight. LC/MS: mass caled. for

CooH1:BOsS: 520.44, found 543.4 [M+Na]'.

20 (B Ethyl 2-(1-(4-{(3-(4-(1,1-dioxido-1-thia-6-azaspiro] 3.3 theptan-6-y1}-2-
methylphenylibenzofbithiophen-5-yDmethoxy jphenvi}-3-oxocvelobutyljacetate was
prepared from ethyl 2-(3-0x0-1-(4-((3-{4.4,5,5-tetramethyi-1,3,2-dioxaborolan-2-
vi}benzoblthiophen-5S-vlymethoxyphenylicyelobutyllacetate and 6-{4-bromo-3-
methylphenyl)-1-thia-6-azaspiro[3.3theptane 1,1-dioxide following General Procedure A,

25 using PACE{dppty CHLCl; as the palladium catalyst and DMF as solvent at a reaction
temperature of 80 °C overnight. LO/MS: mass caled. for CssHasINOsS,: 629.79, found:

630.4 [M+H]"
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()  2-(1-{4-{{3-{4-(1,1-Dioxido- I -thia-6-azaspiro{3 3 {heptan-6-y1}-2-
methylphenylibenzolblthiophen-5-yDmethoxyphenyi}-3-oxocyclobutyliacetic acid (Cpd
48} was prepared from ethyl 2-{1-{4-¢{3-(4-(1,1-dioxido- 1 -thia-6-azaspiro| 3.3 }heptan-6-
yvi}-2-methyiphenylbenzo[blthiophen-5-vhmethoxyphenyl}-3-oxocyciobutyllacetate

5 following General Procedure C, using NaOH as base, MeUN in place of THF and 1N H{1
for reaction acidification. Product purification was accomplished by silica gel
chromatography (70% BtOAc/petroleum ether). 'H NMR (CD:OD) § 7.93-7.93 {m, 1H),
7.46-7.42 (m, 2H), 7.35 (s, 1H), 7.29-7.27 (o, 2H), 7.18-7.11 {1, 1H}), 6.98-6.93 {(m, 2H),
6.54-6.49 (m, 2H), 5.16 (s, 2H), 4.53 (d, /= 9.6 Hz, 2H), 4.13-4.08 (m, 2H),4.03 (d, /=

10 9.6 Hz, 2H), 3.52-3.39 (m, 4H), 2.84 (s, 2H), 2.50-2.42 (m, 2H), 2.06 (s, 3H). LO/MS:

mass caled. for CyHiy NOsSy: 601.73, fonnd: 602.0 [M]'.

Example 41
(38)-3-(4-((3~-(2-Methyl-S-(methylsulfonyDphenylibenzo[ bithiophen-5-

—
(3]

yimethoxyiphenylihex-4-ynoic acid, Cpd 41

s

{Ay  (3-(4,4.5,5-Tetramethyl-1,3,2-dioxaborolan-2-y}benzof bjthiophen-5-
yhmethanol was prepared from 3-bromo-5-hydroxymethylbenzothiophene (from
Example 1A) and bis{pinacolato}diboron following General Procedure A, using

20 PACL{dppfyCH,Ch as the palladium catalyst and KOAc in place of K,C0O4. LO/MS:
mass caled. for C;sHsBO3S: 290.19, found: 273.1[M-0OH]"

By  3-(2-Methyl-5-(methylsulfonyljphenvibenzo|bjthiophenc-5S-carbaldehvde was
prepared from (3-(4,4,5, 5-tetramethyl-1,3,2-dioxaborolan-2-yibenzo{bjthiophen-5-

yhmethano!l and 2-bromo-4-methanesulfonyi-1-methylbenzene following General
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Procedure A, using PACL{dppfy CH,ClL, as the palladium catalyst, Us;CO4 in place of
¥,C0:. LO/MS: mass caled. for C9H 14058, 330.42, found: 331.0 [M+H]"

(Cy  Toanice-cooled solution of 3-(2-methyl-5-

{methylsutfonyl}phenylibenzo{bithiophene-5-carbaldchyde {120 mg, §.36 mmol} in
5 MeOH (2 mb) was added NaBH; (21 mg, (.56 mmol). After stirving for 30 min at §

°C, the reaction was quenched by the addition of satd. ag. NH4CH (5 mL} and the

mixture was cxtracted with EtOAc (3 x 10 mL}. The combined organic extracts were

dried {Na;8C;) and concentrated under reduced pressure. The residue thus obtained

was purificd by silica gel chromatography (0-40% EtOAc/petroleum cther) to afford
10 (3-{Z-methyl-S-{methyisulfonyDphenylibenzolb]-thiophen-5-yhimethanol as a light
vellow ol (40 mg, 33 %), LC/MS: mass caled. for C7H 604550 332,44, found: 315.0
IM-OHT

(D)  (35)-Ethyl 3-(4-((3-(2-methyl-5-{(methylsulfonyliphenylibenzo{ bithiophen-5-

yvhmethoxy)phenylthex-4-ynoate was prepared from (3-(2-methyl-5-

(941

{(methylsulfonyljphenyhbenzo{bl-thiophen-5-ylimethanol and (38)-cthyl 3-(4-
hydroxyphenyhhex-4-vnoate (available from Synnovator, Inc., Research Triangle Park,
N.C.; Cat. # PB05708) following General Procedure B, using BusP and ADDP ata
reaction temperatare of 60 °C for 1 h. LC/MS: mass caled. for CaiHyg0s8;: 546.70, found:
5471 MY

20 (Ey  3S3-(4-{(3-(2-Methyl-5-(methylsulfonyliphenybenzo{ bjthiophen-5-
viimethoxyiphenyhhex-4-ynoic acid (Cpd 41) was prepared from (38)-ethyl 3-(4-((3-
(Z-methyl-5-{methylsulfonylphenylibenzofbithiophen-5-yhmethoxyiphenyhhex-4-
ynoate following General Procedure C, using LiOH as base, EtOH in place of MeOH
and 1N HCI for reaction acidification. 'H NMR {(DMSO-ds) 6 .12 (d, J=8.0 Hz, 1H},
7.92¢dd, J=1.0,80Hz, 1H), 7.88 (s, 1H), 7.79 - 7.80 (m, 1H), 7.67 (d, /= 8.0 He,
H), 7.52(dd, /=12, 84 Hz, 1H), 743 (5, 1H), 7.24 (4, 7=R8 Hz, 2H), 6 91 {d, 7 =
8.8 He, 2H), 5.18 (s, 2H), 3.90 - 3.94 (m, 1H)}, 3.26 (s, 3H}, 2.54 - 2.58 {m, 2H}, 2.17
(s, 3H), 1.76 (3, 3H). LC/MS: mass caled. for CooHus0s8;: 518.64, found: 518.9 M.

(3]
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Example 42
(353-3-(4-((3-(2-Methyl-4-(methylsulfonylphenvlibenzo| bithiophen-5-

vimethoxy)phenylihex-4-ynoic acid, Cpd 42

3

e | oH
2, /’M g ﬁi’

TR
- [
o ()

(A} 3-(2-Mcthyl-4-{mcthylsulfonyphenylibenzofbjthiophene-5S-carbaldchyde was
prepared from (3-(4.4,5,5-tetramcthyl-1,3,2-dioxaborolan-2-ybenzo[blthiophen-5-
yhmethanol (from Example 41 A) and [-bromo-~4-methanesulfonyl-2-mcthylbenzene
following General Procedure A, using PACL{dppfy CH,Cl, as the palladium catalyst,
Cs,CO5 in place of KoCOs LC/MS: mass caled. for C7H 4048, 330,42, found: 331.1
IMHHT

{8y  (3-(2-Mcthyl-4-Gucthylsulfonylphenylibenzofblthiophen-5-yiymcthanol was
prepared from 3-(2-methyl-4-(methylsulfonyliphenyhbenzo{blthiophene-5-carbaldchyde
and NaBH,, following the procedure described in Example 41C. LC/MS: mass caled. for

Ci7H160:S: 332,44, found: 3149 [M-CH]'.

(Cy  (35)-Ethyl 3~(4-((3-(Z-methyl-4-(methylsulfonyhiphenylibenzo[blthiophen-5-
yhmethoxyphenyhihex-4-ynoate was prepared from (3-(2~-methyl-5-
{methylsutfonylphenyhbenzo[bl-thiophen-5-yhimethanol and (38)-ethyl 3-(4-
hydroxyphenyhhex-4-vooate {avatlable from Synnovator, Inc., Research Triangle Park,
N.C.; Cat. # PB(5708) following General Procedure B, using Bu:P and ADDP ata
reaction temperature of 60 °C overnight. LO/MS: mass caled. for CsiHaeOsS,: 546.70,

found: 547.2 (M},
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Dy  (G833-(4-((3-2-Mcthyl-4-(methyisulfonytphenylibenzo{ bithiophen-5-
yhmethoxy)phenyithex-4-ynoic acid {Cpd 42) was prepared from (38})-cthyl 3-(4-((3-(2-
methyl-4-{methylsulfonyliphenylbenzo| bjthiophen-3-ylimethoxyphenylihex-4-ynoate
following General Procedure C, using LiOH as base, EtOH in place of MeOH and IN HCI

5 for reaction acidification. 'H NMR (DMSO-d) 6 12.23 (br. s, 1H), 8.11 (d. /= 8.4 Hz,
1H}, 7.96 (s, 1H), 7.85- 787 (m, 2ZH), 7.51 - 7.57 (m, ZH), 745 (s, 1H), 7.24(d, /=84
Hz, 2H), 692 (4. /=84 Hz 2H), 517 (5, 2H}, 390 - 3.95 {m, 1H}, 3.29 (s, 3H), 2.54 -
2.59 (m, 2H), 2.21 (s, 3H), 1.76 (s, 3H). LC/MS: mass caled. for CpoHy0sS,: 518.64,
found: 519.0 [M].

16 Example 43
(35)-3-(4-((3-(2-Methyl-5-(methyisulfonamidophenyijbenzo[blthiophen-5-
yhmethoxy)phenylthex-4-ynoic acid, Cpd 43

] f’\‘;\\\

O
H;\;/& J i s

-/ I ©
/,S\,\ I :
o O

[
(941

{Ay  (3-(5-Amino-2Z-methylphenylibenzo[blthiophen-5-ylimethanol was prepared from
3-bromo-4-methylaniline and (3-(4,4,5,5-tetramethyi-1,3,2-dioxaborolan-2-
yvhbenzo[blthiophen-5-yhmethanol (from Example 41 A} following General Procedure A,
using PACL{dpptyCH,Cl, as the palladium catalyst and Cs;COs in place of KoCOs,

20 LC/MS: mass caled. for CisHsNOS: 269.36, foand: 270.1 [M+H]".

(BY  (35)-Ethyl 3-(4-((3-(5-amino-2-methylphenyitbenzo[bjthiophen-5-
yhmethoxyphenyhhex-4-ynoate was prepared from (3-(5~-amino-2-

methylphenyhbenzofblthiophen-5-yhimethanol and (38})-cthyl 3-(4-hydroxyphenyhex-4-
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ynoate (available from Synnovator, Inc., Resecarch Triangie Park, N.C; Cat. # PBO570K)
following General Procedure B, using BusP and ADDP at a reaction temperature of 63 °C

for 1 h. LC/MS: mass caled. for CsgHpoNO3S: 483.62, found: 484.0 [M].

5 {Cy  Toanice-cooled solution of (35)-cthyt 3-(4-{((3-(5-amino-2-

methylphenylibenzofbjthiophen-5-yvhmethoxyiphenyhhex-4-ynoate (200 mg, 0.41 mmol}
and pyriding (0.07 mL, 0.53 mmol} in DCM (2 mL)} was added MsC1 (0.05 mL, .62
mmol}) and the resultant solution was stirred overnight at rt. Water (5 mb) was added and
the mixture was extracted with DCM (5 mL). The organic extracts were washed with 1N

10 HCI(3 x 5 ml), driecd (Na;50y) and concentrated under reduced pressure. The residue thus
obtained was purified by silica gel chromatography (0-20% EtOAc¢/petroleum cther} to
afford (38}-cthyl 3-{(4-((3-(2-methyl-5-(methylsulfonamido}phenylibenzo[bithiophen-5-

~ O
/
;

ylmethoxyiphenyljhex-4-ynoate as a light yellow o1l (200 mg, 78% vield). LC/MS: mass

caled. for CoHy NOsSy: 561.71, found: 562.1 [M]".

—
(3]

(D} (35-3-(4-((3-(2-Methyl-5-(methylsulfonamidoyphenvlibenzo[blthiophen-5-
ylmethoxy)phenylihex-4-ynoic acid was prepared from (35)-ethyl 3-(4-{(3-(2-methyl-3-
{rocthylsulfonamidophenyhbenzo[bithiophen-5-yhimethoxy)phenyvlihex-4-ynoate
following General Procedure C, using LiOH as base, EtOH in place of MeOH and IN HCI

20 for reaction acidification. 'H NMR (DMSO-ds) 6 .06 (d, J= 8.4 Hz, 1H), 7.79 (s, 1H),
7.56 (s, 1H), 744 - 749 {(m, 1H), 741(d, /=84 Hz, 1H),723-730(m, 3H, 717, /=
1.6 Hz, TH)Y 692 (d, /=88 Hz, 2H), 5.16 (5, 2H}, 3.90 - 3.94 (m, 1 H), 2.67 {s, 3H), 2.56
~2.61 (m, 2H)}, 2.34 (s, 3H), 1.79 (s, 3H). LC/MS: mass caled. for CoolnNOsS:: 533,66,
found: 550.9 [M+NH;].

25 Example 44
(35)-3-(4-((3-(2-Methyl-6-(methylsulfonamido yphenylybenzolbithiophen-5-
yiimethoxv)phenyvlihex-4d-ynoic acid, Cpd 44
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(Ay  (3-(2-Amino-6-methylphenylibenzo[blthiophen-5-vhmethanol was prepared from
2-bromo-3-methylaniline and (3-(4,4,5,5-tctramethyi-1,3,2-dioxaborolan-2-
yvhbenzo[blthiophen-5-yhmcthanol {from Example 41 A) following General Procedure A,
using PACHL{dppfyCH,Cl; as the palladium catalyst and Cs,COs in place of K,COs.
LC/MS: mass caled. for Cj¢HsNOS: 269.36, found: 270.1 [M+H]".

(BY  (35)-Ethyl 3-(4-((3-(Z-amino-6-methylphenyhbenzo[blthiophen-5-
yhmethoxyphenyhhex-4-ynoate was prepared from (3-(2~-amino-6-
methylphenyhbenzofblthiophen-5-yhimethanol and (38})-cthyl 3-(4-hydroxyphenyhex-4-
ynoate {available from Synnovator, Inc., Rescarch Triangle Park, N.C.; Cat. # PBOST08)
following General Procedure B, using Bu:P and ADDP at a reaction temperature of 60 °C

for 1 h. LO/MS: mass caled. for CapHoNO:S: 483.62, found: 484.0 (M.

(Cy  (3S5)-Ethyl 3-(4-((3-(2-methyl-6-{methylsulfonamido}phenylibenzo{blthiophen-5-
viymethoxy)phenyvlihex-4-ynoate was prepared from (38)-cthyl 3-(4-({(3-(2-amino-6-

methylphenylibenzolblthiophen-3-vimethoxviphenylthex-4-ynoate and MsCl, following
the procedure described 1u Example 43C. LC/MS: mass caled. for CaHy NOsS2: 561.71,

found: 562.1 [M]".

(D) (38)-3-(4-((3-(2-Mcthyl-6-{methylsulfonamido)phenviibenzo{bthiophen-5-
yhmethoxy)phenyithex-4-ynoic acid {Cpd 44) was prepared from (38})-cthyl 3-(4-((3-(2-
methyl-6-{methylsulfonamidojphenylbenzolbthiophen-5-yhmethoxyphenyhhex-4-
ynoate following General Procedure C, using LiOH as base, EtOH in place of McOH and

IN HCI for reaction acidification. 'H NMR (DMSO-ds) § 12.24 (br. s, 1H), £.46 (br. s,
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1H), .07 (d,.J= 8.0 Hz, [H), 7.70 (s, 1H), 747 (d. J = 8.0 Hz, 1H).7.37 - 7.39 (m, 2H),
7.21 -7.23 (i, 4H), 6.89 (d,.J = 8.0 Hz, 2H), 5.14 (s, 2H), 3.91 - 3.92 (m, 1H), 2.68 (s,
3H), 2.54 - 2.58 (m, 2H), 1.88 (s, 3H), 1.79 (s, 3H). LC/MS: mass caled. for CooHzrNOs8y:
533.66, found: 551.0 [M+NH:1".

5 Example 45
3-{6-{{3-(2-Methylphenylibenzo{bithiophen-S-yhimethoxyjpyridin-3-yhhex-4-ynoic acid,
Cpd 458

0 (A) A solution of 6-methoxypyridine-~-3~carbaldehyde (10 g, 73.00 muool) and 2,2-
dimethyl-1,3-dioxane-4,6-dione (11 g, 76.70 mmol} in water (150 ml) was stirved for 2 h
at 75 °C, and then cooled in a water/ice bath. The resulting solids were collected by
filtration and dried in an oven under reduced pressure to provide 3-{{6-methoxypyridin-3-

4]

yhmethyiene)-2,2-dimethyi-1,3-dioxane-4,6-dione as a yellow powder {1& g, 99 %),

15 LC/MS: mass caled. for Ci3HaNGs: 263.25, found: 264.0 [M-+H]"

{B)  To asolution of bromo{prop-1-yn-T-yhimagnesiom {114 mib, 57.03 mmol, 8.5 Nin
THF) in THF (300 mb) was added a solution of 3-((6-methoxypyridin-3-yimethyiene)-
2,2-dimethyl-1,3-dioxane-4,6-dione (10 g, 38.02 mmol} in THF (100 mL} in drop-wise

20 tashion and the resulting solution was stirred at 1t overnight. The reaction was then
quenched by the addition of of satd. ag. NH4Cl (100 mL}. The resulting mixture was
extracted with 300 mL of hexane (which was discarded) and the aqueous layer was
collected. The pH of the aqueous layer was adjusted to 2 with 1N HCI and the resulting
solution was extracted with EtOAc (3 x 200 mL). The combined EtQAc exiracts were

25 dried (Na,SQs) and concentrated under reduced pressure to provide 5-(1-(6-

160
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methoxypyridin-3-yhbut-2-ynyl)-2, 2-dimethyi-1,3-dioxane-4,6-dione (10 g, 87%j as a
vellow solid. LC/MS: mass caled. for CieHpyNOs: 303,31, found: 304.0 [M+H]"

{Cy A solution of 5-{1-{6-methoxypyridin-3-yi}but-2-ynyl}-2,2-dimethyl- 1, 3-dioxane-
5 4.,6-dionc (5 g, 16.48 mmol}, DMF (100 mL) and water (10 mL) was stirred overnight at
100 °C. The reaction was then quenched by the addition of satd. ag. NHiC1 {200 mL} and
the resulting mixture was extracted with EiOAc (3 x 200 L), The combined organic
extracts were dried (Na,S04) and concentrated under reduced pressure to provide 3-(6-
methoxypyridin-3-vithex-4-ynoic acid (3.5 g, 97 %) as a red oil, which was used directly
10 without further purification. LC/MS: mass caled. for CpHj3NGs: 219.24, found: 220.1
IM+HT

() A solution of 3-(6-methoxypyridin-3-yvhihex~-4-ynoic acid (8.8 g, 40.18 mmol),

dioxane (20 mL), water {20 mL) and cone. HCH{(S mL) was stirred overnight at 100 °C.

—
(3]

After cooling to rt, the solution was neutralized to pH 5 by the addition of satd. ag.
WaHCO: and the resulting mixture was extracted with EtOAc (3 x 100 wL). The
combined organic extracts were dried (NapSO4) and concentrated under reduced pressore
to provide 3~(6-hydroxypyridin-3-ylhex-4-ynoic acid (7.6g, 92 %) as a brown oil, which
was used divectly without further purification. LC/MS: mass caled. for Cy Hy (NOGs:

20 205.21, found: 206.0 [M+H]

(E} A solution of 3-(6-hydroxypyridin-3-yhex-4-ynoic acid (8 g, 39.00 mmol} in
EtOH (45 mL} was reated with cone. HpSCy (2 mb} and the resultant solution was stirred
for 2 hat 80°C. After cooling to rt, the sohution was neutralized to pH 5 by the addition of
25 satd. ag. NaHCOs and the resulting mixture was extracted with EtOAc¢ (3 x 160 mL). The
combined organic extracts were dried (NapxS(hy) and concentrated under reduced pressure.
The residuc thus obtained was purified by silica gel chromatography ((-20% McOH/DCM)

to afford ethyl 3-(6-hydroxypyridin-3-yDhex-4-ynoate (2.2 g, 24.2%). 'H NMR (CDC1) 8
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746 - 7.53 (m, 2H), 6.57 (d, J= 9.3 Hz, 1H), 4.17 {q, J = 7.2 Hz, 2H), 3.88 - 3.94 (m, 1H),
2.55-2.71 {m, 2H), 1.82 (4, J= 2.4 Hz, 3H), 1.24 (1, J= 7.2 Hz, 3H).

{F) To an ice-cooled solution of 3-hydroxymethyl-3-(2-methylphenyibenzo[b}-

5 thiophene {from Example 13 (200 mg, 8.79 mmol} in DCM (10 mL) was added PBr; (640
mg, 2.36 mmol} in drop-wise fashion, followed by DMF {0.05 mL, cat.}. Aftcr stirring at
rt for 1 h, water {10 mbL) was added and the mixture was extracted with DCM (3 x 10 mbL).
The combined organic extracts were dried {Na,SO4) and concentrated under reduced
pressure to afford 5-(bromomethyl}-3-{2-methyiphenylibenzo[bithiophene (150 mg, 60 %)

10 asaycllow oil, which was used directly in the following reaction.

(G} A mixture of 5-(bromomethyl)-3-{2-methylphenylibenzolblthiophene (150 mg,
0.47 mmol), ethyl 3-(6-hydroxypyridin-3-yl}hex-4-ynoate (220 mg, 0.95 mmol) and

AgCOx (130 mg,0.47 mumol} in toluene (S mL) was stirred for 2 h at S0°C. Water (20

—
(3]

mkb) was then added and the mixture was extracted with EtOAc (3 x 10 mL). The
combined organic extracts were dried (NapS0y), concentrated under reduced pressure and
the residue thus obtained was purified by silica gel chromatography (0-5%
EtOAc/petrolenm ether) to provide ethyl 3-(6-((3-(2-methylphenyiibenzo[blthiophen-5-
ylmethoxy)pyridin-3-yhhex-4-yunoate (90 mg, 41%j) as a colorless oil. LC/MS: mass

20 caled. for CaoHpyNO:S: 469.59, found: 470.0 [M]".

(Hy  3-{6-{(3-{2-Methviphenyhbenzolblthiophen-3-yhmethoxy)pyridin-3-vithex-4-
ynoic acid {Cpd 458} was prepared from ethyl 3-(6-{{3-(2-methyiphenylibenzofbithiophen-
S-yhmethoxy pyridin-3-yvhhex-4-vnoate following General Procedure C, using LiOH as
25 base, BtOH in place of MeOH and 2N HCI for reaction acidification. 'H NMR {(DMSO-
dsy & 8.04 - 8.09 (m, ZH), 6.69 - 7.71 (m, 2H)}, 7.48 {dd, /= 1.2, 8.4 Hz,1H}), 7.22 - 742 (m,
S3H), 6.78 (d, /= &8 Hz, 1H}, 540 (s, ZH}, 3.97 - 4.01 (m, 1H}), 2.58 - 2.66 (m, 2H), 2.07
(s, 3H), 1.77 (s, 3H). LC/MS: mass caled. for Cp7HNO:S: 441.54 | found: 439.9 [M-HT.
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Examplc 46
3-{6-{{3-{2-Methyl-4-({tetrahydro-2 H-pyran-4-vioxyjphenylibenzo{bjthiophen-5-

yhmethoxy)pyridin-3-yhhex-4-ynoic acid, Cpd 46

{Ay  To asolution of 3-(2-methyl-4-(tetrahydro-2H-pyran-4-
vioxyiphenyiibenzofbithiophen-5-yiimethanol (240 mg, 0.68 mumol; from Example 15D}
in DCM (20 mL} was added PBry (0.16 mi, 1.69 mmol} in drop-wisc fashion. After
stirring at rt for 1 h, satd. ag. NH4Cl (30 mL} was added and the mixture was cxtracted
with DCM (2 x 30 mL). The combined organic extracts were dried (Na; SOy} and
concentrated under reduced pressure. The residuc thus obtained was purified by flash
chromatography {0-15% EtOAc/petrolcum cther) to afford 4-(4-(5-
{bromomcthylibenzo[blthiophen-3-vh)-3-methylphenoxy)tetrahydro-2H-pyran (240 mg, 85

%} as a colorless oil, which was used directly in the following reaction.

(By  Ethyl 3-(6-((3-(2-methyl-4-(tctrahydro-2 H-pyran-4-
vioxyphenyhbeonzo[blthiophen-3-yhimethoxy)pyridin-3-ylhex-4-ynoate was prepared
froma 4-(4-(5~-(bromomethylybenzo[blthiophen-3-vi)-3-methylphenoxyjtetrahydro-2 H-
pyran and ethyl 3-(6-hydroxypyridin-3-ylhex-4-ynoate (from Example 45E) following the
procedure described in Example 45G at a reaction temperature of 60 °C overnight,

LO/MS: mass caled. for C3aHzsNOsS: 569.71, found: 570.4 [M+HT .
{Cy  3-(6-((3-(2-Methyl-4-({tetrahvdro-2H-pyran-d-yhoxy yphenyhbenzol bithiophen-5-

yhmethoxyipyridin-3-vihex-4-ynoic acid (Cpd 46} was prepared from ethyl 3-(6-((3-(2-

methyl-4-{tetrahvdro-2H-pyran-4-yloxyiphenylibenzo[blthiophen-S-vlmethoxypyridin-3-

163
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yhhex-4-ynoate following General Procedure C, using LiOH as base, BtOH in place of
Me(H and IN HCI for reaction acidification. 'H NMR (DMSO-dg) 8 £.09 (s, 1H), &.04
(d, /=84 Hz 1H),7.70(dd, /=24, 84 Hz 1H), 7.64 (s, 1H), 7.43 - 748 {m, 2H), 7.15
{d, /=84 Hz 1H),698(d, /=24 Hz 1H),691(dd, /=24, 84 Hz, 1H),679(d, /=84

5 Hz, 1H), 540 (s, 2H), 455 - 4.69 {m, 1H), 3.96 - 4.04 (m, 1H), 3.85 - 3.89 (m, 2H), 3.54
(t, /=08 Hz, 2H}, 2.54 - 2.63 (m, 2H), 2.00 - 2.05 (m, 5H), 1.78 {d, /=24 Hz, 3H), 1.60
- 1.65 (m, 2H). LC/MS: mass caled. for CypHyNOsS: 341.66, found: 542.2 [M]"

Example 47
ig 3-(6-({(3-(4-(2-Mcthoxycthoxy)-Z-mecthyiphenylibenzo[blthiophen-5-ylmethoxyipyridin-
3-yhhex-4-ynoic acid, Cpd 47

/
TN o]
N\ A N
d N O
et
Hi
9 |

(A}  5-(Bromomcthyl)-3-{4-(2-mecthoxycthoxy}-2-methylphenylibenzolblthiophene was

o
(¥ 4]

prepared from [3-[4-{2-methoxyethoxy}-2-methylphenyl]-1-benzothiophen-5-vljmethanol
{from Example 16D) and PR3, following the procedure described in Example 46A, and

used directly in the next step.

(B)  Ethyl 3-(6~3-(4-(2-methoxyethoxy)-2-methylphenyihenzo[blthiophen-5-

20 yhmethoxy)pyridin-3-yhhex-4-ynoate was prepared from S-(bromomethyl)-3-(4-(2-
methoxyethoxy}-2-methyiphenylbenzo[blthiophene and ethyl 3-(6-hydroxypyridin-3-
yhhex-4-yooate {from Example 45E) following the procedure described in Example 456
at a reaction temperature of 60 °C overnight, LC/MS: mass caled. for C3pHaNOsS:

543.67, found: 544.4 [M+H]

164
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{Cy  3-(6-((3{4-(2-Mecthoxycthoxy)-Z-methyiphenyi}benzo{blthiophen-5-
yhmethoxyipyridin-3-vhhex-4-ynoic acid (Cpd 47} was prepared from cthyl 3-(6-((3-(4-
{Z-methoxyethoxy)-2-methyiphenylibenzof bithiophen-5-yhmethoxypyridin-3-yi}hex-4-
ynoate following Gengeral Procedure C, using LiOH as base, EtOH in place of McOH and
{N HCI for reaction acidification. 'H NMR (DMSO-de) § 12.31 (br. s, 1H), 8.10 (d, J =
2.4 Hz, 1H), 804 (4, J=84Hz 1H), 7.71(dd, /=24, 84 Hz, 1H), 7.64 (s, 1H), 7.42 -
748 (m, 2H), 7.16(d. /=84 Hz, 1H), 696 (d, /=24 Hz, 1H}, 6 88 (dd, /=27, 8.4 Hz,

1H), 6.80 (d, 7 =8.4 Hz, TH), 5.40 (s, 2H), 4.14 - 4.17(m, 2H), 3.96 - 4.02 (m, 1H), 3.68 -
371 (m, 2H), 3.33 (s, 3H), 2.63 - 2.66 (m, 2H), 2.01(s, 3H), 1.78 (s, 3F). LC/MS: mass

i0 :
caled. for CaHuoNOsS: 515.62, found: 516.3 [M+H].
Example 48
{35)-3-(4-((3-(5-(2-Methoxycthoxy)-3-methylpyridin-2-yhbenzofbthiophen-5-

yimethoxyiphenylihex-4-ynoic acid, Cpd 48

—
(3]

N ]

Y0

4 S KA(C-H
Y £g ]
.

|
!

{A) A mixture of 6-bromo-5-methyipyridin-3-ol (1 g, 5.32 mmol), 1-bromo-2-
methoxyethane (730 mg, 5.25 mmol) and KoCOs (1.5 g, 18.87 mamol) in MeCN (20 mL)
was stirred at rt overnight, after which the reaction was quenched by the addition of water
(100 mL}. The resulting solution was e¢xtracted with EtOAc {2 x 100 mL) and the
combined organic phase was dried (NaySUy) and concentrated under reduced pressure. The

resultant residue was purified by silica gel chromatography {((-13% EtOQAc/petroleum

165



WO 2016/057731 PCT/US2015/054581

[

gther} to afford 2-bromo-5-(2-methoxyethoxy}-3-methylpyridine (500 mg, 38 %} as
coloriess oil. LC/MS: mass caled. for CoHBrNO,: 246.10, found: 246.0 [M], 248.0
iv+21"

5 By (3-(5-{2-Methoxycthoxy)-3-methylpyridin-2-yl}benzo| blthiophen-5-yhimethanol
was prepared from 2-bromo-3-(2-methoxyethoxy)-3-methylpyridine and (3-(4.4,5.5-
tetramethyl-1,3,2-dioxaborolan-2-yljbenzol bjthiophen-5-yhmethanol {from Example 41A)
following General Procedure A, using PACL{dpptyCH,Cl, as the palladium catalys,
Cs,COs in place of K,COs. LO/MS: mass caled. for CigHoNO3S: 32941, found:

10 3300[M-+H]

{(Cy  (38-Ethyl 3-(4-{((3-(5-(2-methoxyethoxy}-3-methylpyridin-2-yiibenzo{bjthiophen-
S-ymethoxyiphenylihex-4-ynoate was prepared from (3-(5-(2-roethoxvethoxy)-3-

methylpyridin-2-yvlbenzo[blthiophen-5-vlymethano! and (3.5)-ethyl 3-(4-

—
(3]

hydroxyphenylhes-4-ynoate (available from Synnovator, Tnc., Research Triangle Park,
W.C.; Cat. # PBO5S708) following General Procedure B, using BusP and ADDP ata
reaction temperature of 30 °C in tohueoe for 2 h. LO/MS: mass caled. for CiHanNO5S:

543.67, found: 544.3 [M+HT .

20 (D) G3S8)3-4-(3-(5-(2-Methoxyethoxy}-3-methylpyridin-2-yYbenzo[ bthiophen-3-
viymethoxy)phenviihex-d-ynoic acid {Cpd 48} was prepared from (3S-ethyl 3-(4-((3-(5~
(Z-methoxyethoxy)-3-methylpyridin-2-viibenzo[blthiophen-S-ylymethoxyphenyl jhex-4-
ynoate following General Procedure C, using LiOH as base, EtOH in place of MeOH and
IN HCI for reaction acidification. 'H NMR (DMSO-ds) § 12.23 (br. s, 1H), 827 (s, 1H),

25 KO6(d, J=84 Hz TH), 786 (s, TH), 7.69 (5, 1H), 743 -7.52 (m, 2H), 7.25(d, 7= &7
Hz, 2H), 6.93 (4, /= 8.7 Hz, 2H), 5.15 (s, 2H), 4.23 - 428 (m, 2H}, 3.91 - 3.96 (m, 1H)},
3.724¢d, J=45Hz, 2H), 333 (s, 3H), 258 (4, J=T7.5Hz, 2H), 2.24 (5, 3H), 1.77 (d, /=
2.4 Hz, 3H). LC/MS: mass caled. for CagHpNOsS: 515,62, found: 516.2 [M+H]"
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Examplc 49
(383-3-(4-((3-{5-(2-Methoxyethoxy}-2-methylpyridin-3-vhbenzofbithiophen-5-
viymethoxyjphenythex-4-ynoic acid, Cpd 49

T
Ny
3 A
\-M\Q_— /“;>"‘ © N
- L
OH
NI °
0]

{A)y  3-Bromo-5-{Z-methoxyethoxy)}-2-methyipvridine was prepared from S-bromo-6-
methylpyridin-3-ol and 1-bromo-2-methoxyethane following the procedure deseribed in
Example 48A. LO/MS: mass caled. for CoHpBrNO;: 246.10, found: 246.0{M]", 248.0
ivi+2]

By  5-(2-Methoxyethoxy)-2-methyl-3-(4,4,5, 5-tetramethyl-1,3,2-dioxaborolan-2-
vhpyridine was prepared from 3-bromo-5-(2-methoxyethoxy}-2-methylpyridine and
bis{pinacolato)diboron following General Procedure A, using PACH{dppfy CH,CL, as the
paliadium catalyst, KOAc in place of K;CO5 and DMSO as reaction solvent at a reaction
temperature of 85 °C overnight. LC/MS: mass caled. for CisHpuBNO4: 293,17, found:
294.1 {M+H].

{C) (38)-Ethyl 3-(4-((3-(5-(2-mecthoxyethoxy)-2-methylpyridin-3-ylbenzo{blthiophen-
S-ylimethoxyiphenylihex-4-ynoate was prepared from 5-(2-mcethoxyethoxy)-2-mcethyl-3-
{4.,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yhpyridine and (35)-cthyl-3-(4-{(3-
bromobenzo|bthiophen-5-vhmethoxyiphenyhhex-4-ynoate (from Example 11E)
following General Procedure A, using PACL{dpptyCH,(Cl, as the palladiom catalyst and
Cs,(C 05 in place of K,CO5. LO/MS: mass caled. for CaHysNOsS: 543.67, found: 544.2
IMVHHT



1o

o
(¥ 4]

WO 2016/057731 PCT/US2015/054581

(& (35)-3-(4-((3-(5-(2-Methoxycthoxy}-2-methylpyridin-3-yi}benzo{bjthiophen-5-
yhmethoxyiphenyiyhex-4-ynoic acid {Cpd 49} was prepared from (38)-cthyl 3-(4-{{3-(5-
{Z-methoxyethoxy)-2-methyvlpyridin-3-ylybenzo[blthiophen-S-viymethoxy)phenyl}hex-4-
ynoate following Gengeral Procedure C, using LiOH as base, EtOH in place of McOH and
{N HCI for reaction acidification. 'H NMR (DMSO-ds) 8 8.28 (4, J=3.0 Hz, 1H), 8.10
(d, /=84 Hz, 1H), 784 (5, 1H}, 748 - 752 (m, ZH), 7.30(d, /=27 Hz, 1H), 724 (d, /=
8.7 Hz, 2H), 6.92 (d, /= 8.7 Hz, 2H), 5.18 {5, 2H)},4.17 - 4.20 {m, 2H), 3.90 - 3.94 (i,
1H), 3.65 - 3.68 (m, 2H), 3.32 (5, 3H), 2.54 - 2.57 (m, 2H), 2.20 (s, 3H), 1L.76(d, /=24
Hz, 3H). LC/MS: mass caled. for CyoHaoNOsS: 515.62, found: 516.2 [M+H]

Example 30
{38)-3-(4-((3-{6~(2-Methoxyethoxy -2-methylpyridin-3-viibenzo{bithiophen-5-
yhmethoxy )phenyhex-4-ynoic acid, Cpd 58

{A)  Toasolution of Z-methoxyethan-1-01(5.53 g, 72.8 mmol} in avhydrous THF (80
mk} was added NaH (60 % wt n mineral oil; 2.91g, 72.8 mmol) in portions. Afier stirring
at rt for 30 min, a solution of 3-bromo-6-chloro-2-methylpvridine {5 g, 24.3 munol) in THF
{20 mL) was added in drop-wise fashion. Following the addition, the muxture was stirred
at &5 °C overmight. The reaction was then quenched by the addition of satd. ag. NH,Cl
(100 mL} and the mixture was extracted with EtOAe (2 x 100 mL). The combined organic
extracts were dried (Na;SO4) and concentrated under reduced pressure. The residue

obtained was purificd by silica gel chromatography (0-10% EtOAc/petroleum cther} to
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afford 3-bromo-6-{2-methoxyethoxv)-2-methyipyriding (5.6 g, 94% vield) as a coloriess
{ 3 Y Yips 2 Y

oil. LC/MS: mass caled. for CoHpBrNOy: 246.10, found: 246.0 [M], 247.9 [M+2].

{By  6-(2-Mcthoxyethoxy}-2-methyl-3-{4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

5 ylpyridine was prepared from 3-bromo-6-{Z-methoxyethoxy)}-2-methyipyridine and
bis{pinacolatojdiboron following General Procedure A, using PACh{dppfyCH,Cl, as the
paliadiumn catalyst, KOAc in place of K,C Oz and DMSQO as reaction solvent at a reaction
temperature of 85 °C overnight. LC/MS: mass caled. for CisHuBNOy: 293,17, found:
294.3 [M+H].

10
(Cy  (35)-Ethyl 3-(4-((3-(6-(2-macthoxyethoxy)-2-methylpyridin-3-vlybenzo[bthiophen-
S-yDmethoxy)phenyiihex-4-ynoate was prepared from 6-(2-methoxycthoxy}-2-methyl-3-
{4,4,5,5-tetramethyl-1,3,2-dioxaborotan-2-vipyridine and (38}-cthyl 3-(4-((3-
bromobenzo[bjthiophen-5-yhimethoxy)phenvihex-4-ynoate (from Example 11E)

15 tollowing General Procedore A, using PACh{dppfy CH.CL as the palladium catalyst and

CsC05 in place of KpoCOs LO/MS: mass caled. for CoHssNOsS: 543,67, found: 5442
IM+HT

() (35-3-(4-{(3-(6-(2-Methoxyethoxy)-2-methylpyridin-3-yi}henzo[bjthiophen-5-

20 yhmethoxyiphenyhhex-4-ynoic acid (Cpd 58) was prepared from (35)-cthyl 3-{4-{{3-(6~
{Z~-methoxyethoxy}-2-methylpyridin-3-yibenzo[bithiophen-S-vhimethoxyphenylthex-4-
ynoate following General Procedure C, using LiOH as base, EtOH in place of MeOH and
1N HCH for reaction acidification. 'H NMR (DMSO-ds) 8 8.07 (4, .J=18.1 Hz, 1H), 7.68
(d, /=27 Hz, 1H), 757 (d, /= &4 Hz, 1H}, 751 {d, /= 8.7 Hz, 1H}, 7.41 {s, 1H), 7.25 {d,

25 J=87Hz 2H), 692 (d, J=8.7 Hz, 2H), 6.80(d, /= 8.1 Hz, TH), 5.19 (s, 2H), 442 - 444
(m, 2H}, 3.86 - 3.94 (m, 1H}, 3.71 - 3.74 (m, 2H}, 3.34 (s, 3H), 2.18 (s, 3H), 1.76 (4, J =
2.1 Hz, 3H). LC/MS: mass caled. for CioHpoNOs8: 515.62, found: 516.2 {M+H]™
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Example 51
(383-3-(4-((3-{6-(2-Methoxyethoxy }-4d-methylpyridin-3-vhbenzofbithiophen-5-
yviymethoxy jphenythex-4-ynoic acid, Cpd 51

3
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{A)  To asolution of 2-methoxyethan-1-0l (1.82 g, 24 mmol) in anhydrous THF (20

e

-
{

ir
7]
pne

!

O

mb) was added NaH (60 % wt in mineral oil; 960 mg, 24 mmol) in portions. After stirring
at rt for 30 min, the mixture was cooled to {0 °C and a solution of 2,5-dibromo-4-
methylpyridine (2 g, 8 munol} in THF (10 ml) was added in drop-wisc fashion. The
resultant mixture was then heated at 80 °C overnight. The reaction was then quenched by
the addition of satd. ag. WH4C1 {100 mL) and the mixture was extracted with EtOAc (2 x
100 mL). The combined organic extracts were dried (Na; 504} and concentrated under

reduced pressure. The residue obtained was purified by silica gel chromatography (0-10%

61% vield)y as a light yellow oil. LC/MS: mass caled. for CoH;BrNO,: 246,10, found:
246.0 [M], 248.0 [M+2] .

(B 2-(2-Methoxyethoxy )-4~-methyl-5-(4,4,5,5-tetraroethyl- 1,3,2-dioxaborolan-2-
yhpyridine was prepared from S-bromo-2-(2-methoxyethoxy 3-4-methylpyridine and
bis{pinacolato)diboron following General Procedure A, using PACh{(dppfy CH,CL, as the
paliadium catalyst, KOAc in place of K,CO; and DMSO as reaction solvent at a reaction
temperature of 8S °C overnight. LO/MS: mass caled. for CisHuBNOy: 293,17, found:

294.1 {M+H]
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(Cy  (35)-Ethyt 3-(4-((3-(6-{2-methoxyvethoxy)-4-methylpyridin-3-yl}benzo|bithiophen-
S-yimethoxy)phenyithex-4-ynoate was prepared from 2-(2-methoxyethoxy j-4-methyl-5-
(4,4,5,5-tetramethyi-1,3,2-dioxaborolan-2-yhpyridine and (38})-cthyl 3-{4-{(3-
bromobenzo|blthiophen-5-yhimethoxy)phenylihex-4-ynoate {(from Example 11E)
following General Procedure A, using PACL{dppfy CH,Cl; as the palladium catalyst and
Cs,CO5 in place of KnoCOs, LO/MS: mass caled. for CopH3sNOsS: 543.67, found: 5442
IM+HT.

D)y (35-3-(4-{(3-(6-{2-Mcthoxyethoxy}-4-methylpyridin-3-vijbenzo{bjthiophen-5-
yhmethoxy)phenylthex-4-ynoic acid was prepared from (38}-cthyl 3-(4-{(3-(6-(2-
methoxyethoxy -4-methylpyridin-3-yijbenzo[bithiophen-3-ylmethoxyiphenyi thex-4-
ynoate following General Procedure C, using LiOH as base, EtOH in place of McOH and
IN HCI for reaction acidification. 'H NMR (DMSO-de)  12.23 (br. s, 1H), 8.08 (d, /=
8.1 Hz, 1H), 8.02 (s, 1H), 7.77 (s, 1H), 7.530(d, J=12 Hz, 1), 748 (5, 1H), 7.24 (d, J =
8.7Hz, 2H), 6.92{(d, /=84 Hz, 2H), 6.87 (s, 1H), 5.18 (s, 2H), 4.41 - 4.44 (m, 2H), 3.89 -
3.94 (o, 1H), 3.66 (1, J=48 Hz, 2H), 3.33 (s, 3H), 2.58 (4, J=7.5 Hz, 2H), 2.04 (s, 3H),
1.76 {d, J = 2.4Hz, 3H). LC/MS: mass caled. for C3oHeNO:S: 515,62, found: 516.2
IMVHHT

Example 52
(35)-3-(4-((3-(2-Chloro-S-methylpyridin-4-vi}benzof blthiophen-5-yhmethoxyphenyl thex-

4-yunoie acid, Cpd 82

S
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(Ay  (3-(2-Chloro-5-methylpyridin-4-viYbenzo| bithiophen-3-yl)methanol was prepared
from 4-bromo-2-chloro-5-methylpyridine and {3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-
2-yiibenzo[blthiophen-3-yiymethanol (from Example 41 A} following Genceral Procedure
A, using PACL{dpptyCH,(1, as the palladium catalyst and Cs,COs in place of KpCOs.
LO/MS: mass caled. for OpsHCINOS: 289,78, found: 290.0 [M]7, 202.0 [M+2]"

(BY  (35)-Ethyl 3-(4-((3-(2-chloro-5-methylpyridin-4-ylibenzo[bjthiophen-5-
yvhmethoxy)phenylthex-4-ynoate was prepared from {3-(2-chloro-5-methylpyridin-4-
yvhbenzo[blthiophen-5-yhmcthanol and (35}-cthyl 3-{(4-hydroxyphenylhex-4-ynoate
{available from Synnovator, Inc., Research Triangle Park, N.C.; Cat. # PBO3708)
following General Procedure B, using BuaP and ADDP at a reaction temperature of 60 °C
in tolucne overnight. LC/MS: mass caled. for CroHusCINGS: 504.04, found: 504.1 (M},
506.1 [M+2].

(Cy  (35)-3-(4-((3-(2-Chloro-5~-methvipyridin-4-ylbenzof blthiophen-5-
yhmethoxyphenyhhex-4-ynoic acid (Cpd 52) was prepared (38)-ethyt 3-(4-({(3~(2-chloro-
S-methylpyridin-4-yhbenzo[blthiophen-3-yhmethoxyiphenylihex-4-ynoate following
General Procedure C, using NaOH as base, MeOH as solvent and a reaction temperature of
60 °C for 2 h. For workup, the reaction mixture was filtered and concentrated, then
purified directly by preparative HPLC on a Waters SunFire™ Prep C18, S p column (19 x
100 mm) using sn acctonitrile / water (0.5% NH4HCO:) gradient (65 — 75%). 'H NMR
(CDO0D) 6831 (s, 1H), 7.97(d, /=84 Hz, 1H), 7.66 (s, 1H), 749 {d, /=8.7 Hz, 1H),
741 (s, 1H), 7.36 (s, 1H), 724 (d, /=84 Hz, 2H), 6.86 (d, /=84 Hz, 2H}, 5.16 (5, 2H},
3.90 - 398 (m, TH), 2.48 - 2.63 {m, 2H), 2.05 (s, 3H), 1.76 (5, 3H). LC/MS: mass caled.
for CpFnCINO,S: 475.99, found: 476.1 DM, 478.1 IM+2]

3-(4-({{3-(2-Methylphenyibenzof blthiophen-3-yhoxymethylphenylpropanoic acid,
Cpd 83
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{A)y A mixture of 4-bromobenzaldehyde {2 g, 10.81 mmol), ethyl prop-2-enocate (1.62 g,
16.18 mmol}, Plo-tol}s (327 mg, 1.08 mmol}, PA{CAc), (120 mg, .53 mmol} and
trigthvlamine {3.26 g, 32.22 mymol} in BMF {10 mL) was stivred overnmight at 100 °C under
an inert atmosphere of nitrogen in a sealed tube. After cooling to 11, satd. aq. NHLCI1 {100
mlb} was added and the mixture was extracted with EtOAc (3 x 100 mL). The combined
organic extracts were washed with water (2 x 50 mL)}, concentrated under reduced
pressure, and the resultant residuc was purified by silica gel chromatography (0-10%
EtOAc/petroleum ether) to afford (£)-cthyl 3-(4-formyiphenylacrylate (2 g, 51 %) asa
vellow liquid. LC/MS: mass caled. for CpHyOn 204.22, found: 205.1 [M+HT .

{B) A mixture of {£}-cthyl 3-(d-formylphenylacrviate (2 g, 9.79 mmol}, P/C (1 g,
10% wt} and cthano! (50 mL} was hydrogenated at 3.5 atm for 2 b, then filtered. The
filtrate was concentrated under reduced pressure and the resultant residue was purified by
stlica gel chromatography (0-15% EtQAc/petroleum cther) to provide cthyl 3-(4-
(hydroxymethylphenylipropanocate (1.54 g, 76 %) as a colorless iquid. LC/MS: mass

caled. for CpH0s: 208.25, found: 191.0 [M-OH]T".

(Cy  Ethyl 3-«(4-((3-bromobenzo{bithiophen-S-vloxyimethyliphenylpropanoate was
prepared from cthyl 3-(4-(hydroxymethylphenyhpropanocate and 3-bromo-1-
benzothiophen-5-0l (from Example 23C) following General Procedure B using PBu; and
ADDP in toluene as solvent {in place of THF) at a teroperature of 60 °C overnight. 'H

NMR (DMSO-de) 6 7.95 - 8.00 (m, 2H), 7.41 (4, J = 8.1 Hz, 2H), 7.16 - 7.28 (m, 4H), 5.18
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(s, 7H), 4.03 (dd, /= 6.9, 14.1 Hz, 2H), 2.86 {t, /= 7.5 Hz, 2H), 2.61 (&, /= 7.5 Hz, 2H).
1.14 {t, J = 7.5 Hz, 3H).

(&) Ethyl 3-{4-{(3-(Z-mcthylphenyl}benzo{bjthiophen-5-

5 ylexyimethylyphenyl}propanoate was prepared from ethyl 3-(4-((3-
bromobenzo|blthiophen-5-yloxymethyhiphenyvl) and 2-methylphenylboronic acid
following General Procedure A, using PACL{dppfy CH,Cl, as the palladium catalyst and

(Cs,CO5 in place of KoCOs. LC/MS: mass caled. for CprH04S: 430.56, found: 431.3

IM+HT.
10
(By  3-{4-({(3-(2-Methylphenylibenzo[blthiophen-5-vhoxyymethyhphenylpropanocic
acid (Cpd 83} was prepared from cthyl 3-(4-{(3-(2-mcthylphenylibenzo{blthiophen-5-
vioxymethyliphenyhpropanoate following General Procedure C, using LiOH as base,
EtOH n place of MeOH, a rt reaction temperature overnight and N HCI for reaction
15 acidification. 'H NMR (DMSO-dg) 8 7.94 (d, J= 8.7 Hz, 1H), 7.65 (s, IH), 7.13 - 7.36 {m,
8H), 7.10(d, /=24 Hz, 1H), 681 (d, J=24 Hz, 1H), 5.00 (s, 2H), 2.79 (t, /= 7.8 Hz,
2H), 2.42 (¢, J= 7.8 Hz, 2H), 2.05 (s, 3H). LC/MS: mass caled. for CpsHpOs5: 402,51,
found: 401.1 PM-HY.
20 Example 34
{3.5)-3-[4-[{{3-]4-3-Hydroxy-3-methyibutoxy)-2-methylphenyi}-  -benzothiophen-5-
yvioxyymethyliphenylihex-4-ynoic acid, Cpd 34
o~
NS O‘k\ 7 on
@ TR
HO & b
e |
25
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(A)y  Ethyl (353-3-[4-(J[3-(4-hydroxy-Z-methylphenyl}- I -benzothiophen-5-
vloxymethyl}phenylihex-4-ynoate was prepared from ethyl (38)-3-(4-{{(3-bromo-1-
benzothiophen-5-yijoxymethyljphenyiihex-4-ynoate {(from Example 23F}) and {4~
hydroxy-Z-methylphenyliboronic acid following General Procedure A, using
5 PACL{dppfyCH,Cl as the palladium catalyst and Cs,COs in place of KoCO5. LO/MS:

mass caled. for CipHs048: 484.61 |, found: 485.3 [M+H]".
(B  Ethyl (35)-3-[4-[(] 3-[4-(3-hydroxy-3-methylbutoxy}-2-methylphenyi}-1-
benzothiophen-3-yljoxymethyliphenylhex-4-ynoate was prepared from ethyl {(38)-3-[4-
({{3-(4-hydroxy-2-mcthylphenyli-1-benzothiophen-S-vljoxymethyphenyljhex-4-ynoate

10 and 3-methylbutanc-1,3-diol following General Procedure B, using PBusz (10% in hexane)
and ADDP in toluene as solvent {in place of THF) at g temperaturc of 60 °C overnight.
LC/MS: mass caled. for CysHwOsS: 570.74 , found: 571.5 [M+H] .
(Cy  (35)-3-14-[(13-[4-(3-Hydroxy-3-mecthylbutoxy}-2-methylphenyi}-1-benzothiophen-
S-yljoxyymethylphenylihex-4-ynoic acid (Cpd 54) was prepared from ethyl (38)-3-[4-[([3-

—
(3]

[4-(3-hydroxy-3-macthy lbutoxy)-2-methylphenyl}-1-benzothiophen-5-
yHoxyymethyljphenylihex-4-ynoate following General Procedure C, using LiOH as base,
EtOH in place of MeOH, a rt reaction temperature overnight and 2N HCI for reaction
acidification. "H NMR (CD:0D) 6 7.76 - 7.78 {ra, 1H), 7.36 - 7.45 (m, 2H), 7.27 - 7.36
{m, 3H}), 7.04 - 7.15 (m, 2H), 6.79 - 6.94 (m, 3H), 5.03 {5, 2H}, 4.21 {1, 7= 6.5 Hz, 2H),

20 4.02-4.13 (m, 1H), 2.59-2.76 {m, 2H), 2.04 (¢, /= 6.8 Hz, 2H}, 1 97 (s, 3H), 1 R4 (d, J=
2.4 Hz, 3H), 1.28 {s, 6H). LC/MS: mass caled. for Ca3H05S: 542.69 , found: 541.2 [M-
HY.

Example 55
25 (38}3-3-4-[(|3-[4-(2,3-Dihydroxypropoxy)-2-methyiphenyli-1-benzothiophen-3-

yvioxyymethyliphenylihex-4-ynoic acid, Cpd 38
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{Ay  Ethyl (35)-3-{4-{{(3-[4-[(2,2-dimethyl-1 3-dioxolan-4-yljmethoxy]-2-
methylphenyl-1-benzothiophen-3-yloxyimethyl}phenyithex-4-ynoate was prepared from
2-{4-{(2,2-dimethyl-1,3-dioxolan-4-yhmcthoxyi-2-methylphenyi)-4,4,5,5-tetramethyl-
1,3,2-dioxaborolane (from Example 13B) and (35)-ethyl 3-{4-(((3-
bromobenzo]blthiophen-5-yhoxy methyliphenyithex-4-ynoate (from Example 23F)
following General Procedure A, using PACL{dppfy CH,Cl, as the palladium catalyst and
(Cs,COs in place of KnoCOs. LC/MS: mass caled for Caghi06S: 598.75, found 5993
IM+HT

(B) A solution of cthyl {35}-3-(4-[[(3-[4-[{2,2-dimethyl-1,3-dioxolan-4-vlmethoxy]-2-
methylphenyl]-1-benzothiophen-3-yvhoxylmethyl]phenyithex-4-ynoate (200 mg, 0.33
mmol}, THF (2 mL) and 2N HCL (2 mL, 2 muvol) was stirved at vt overnight. Water (20
mkb) was then added and the mixture was extracted with EtOAc (3 x 20 mL). The
combined organic extracts were dried (NapS0y), concentrated under reduced pressure and
purified by silica gel chromatography [ethy] acctate/petroleum ether (0-50%)] to afford
ethyl (35)-3-14-[({3-[4-(2,3-dihydroxypropoxy -2-methyiphenyi]-1-benzothiophen-3-
vijoxyimethyliphenyllhex-4-vnoate {60 mg, 19%;) as light yellow oil. LC/MS: mass caled
for CaaHs4068: 558.68, found 5592 [M+H]

{(Cy  (35)-3-14-[(3-14-(2,3-Dihydroxypropoxy}-2-methyiphenvi}- 1 -benzothiophen-5-
yHoxyymethyljphenyithex-4-ynoic acid (Cpd 88) was prepared from cthyt (35)-3-{4-[({3-
[4-02 3-dihydroxypropoxy)-2-methyiphenyl}-1-benzothiophen-5-
yHoxyymethyljphenylthex-4-ynoate following General Procedure C, using LiOH as base,

EtOH in place of Me(OH, a 1t reaction temperature overnight and 1N HCI for reaction
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acidification. 'H NMR (DMSO-dg) § 7.91 (d, /= 8.8 Hz, 1H), 7.58 (s, 1H), 7.32 - 7.37 (m,
4H), 7.09 - 7.11 (m, 2H), 6.92 - 6,93 (m, 1H), 6.81 - 6.87 (m, 2H), 5.03 (s, 2H), 4.97 ~
5.02 (m, 1H), 4.64 - 4.69 (m, 1H), 3.93 - 4.07 {m, 2H), 3.89 - 3.92 (m, 1H), 3.81 - 3.85
{m, TH}, 347 - 3.48(d, /=56 Hz, 2H), 2.63 (d, /= 5.6 Hz, 2H)}, 2.01 (5, 3H), 1.77 (5,
3H). LO/MS: mass caled for C3H30068: 530.63, found 529.1 [M-HT.

Example 56
(385)-3-(4-{[{3-[2-Mcthyl-4-[{3-methyloxctan-3-yvhmethoxyphenyl}- 1-benzothiophen- 5-

vhoxyjmethyl]phenylhihex-4-ynoic acid, Cpd 56

{Ay  Ethyl (35)-3-(4-{{(3-[2-methyl-4-[(3-methyloxetan-3-yhmethoxy Iphenyl]- 1~
benzothiophen-S-yhoxymethyljphenvithex-4-ynoate was prepared from 4,4,3,5-
tetramethyl-2-(2-methyi-4-((3~-methyloxetan-3-ylymethoxv)iphenyly-1,3,2-dioxaborolane
{(from Examplc 14B) and cthyl (jé)—3~(4~EE{3~1§1’0§10~1~b€nZO€thph€n—5~
vhoxymethyliphenylihex-4-ynoate (from Example 23F) following General Procedure A,
using PACHL{dppfyCH,CL, as the palladium catalyst and Cs,COs in place of Ko C0s.
LC/MS: mass caled for CysHae(sS: 568.72, found 569.2 [M].

(B} (38)-3-(4-{[(3-]2-Methyl-4-[(3-methyloxetan-3-ylmethoxyphenyl}-1-
benzothiophen-5-yljoxymethyliphenylthex-4-ynoic acid (Cpd 86} was prepared from
ethyl (38)-3-(4-[{ (3-[2-methyl-4-] (3-methyloxetan-3-yhimethoxyiphenyi}-1-
benzothiophen-3-ylioxymethyliphenylihex-4-ynoate following General Procedure C,
using LiOH as base, EtOH in place of MeQOH, a 1t reaction temperature overnight and 1N
HCI for reaction acidification. 'H NMR (DMSO-de) 8 7.92 (d, J= 8.7 Hz, 1H), 7.58 (s,
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1H), 7.32 - 7.38 {(m, 4H}, 7.06 - 7.18 {m, 2H), 6.99 (4, ./ = 2.1 Hz, 2H}, 6.88 - 6.92 (m,
1H), 6.83(d, /=24 Hz ZH), 5.03(s, 2H), 4.53(d, J=5.7Hz, 2H}, 434 (d, /= 5.7 Hz,
2H), 4.11 (s, 2H), 3.95-4.05 (m, 1H), 2.60(d, J=7.5Hz, 2H),2.02 (s, 3H), 1 .77 (d, /=
2.4 Hz, 3H}, 1.40 (s, 3H}. LO/MS: mass caled for CHanOsS: 540,67, found 541.2
IVAHHTT, 558.2 [MAANH:T

Example 57
{38)-3-[4-[([3-2-Mcthyl-4-{oxan-4-yloxy)phenyli-1-benzothiophen-5-

yHoxyymethyljphenylihex-4-ynoic acid, Cpd §7

N |

(A)  Ethyl (35)-3-[4-[([3-[2-mecthyl-4-(oxan-4-yloxyiphenyli-1 -benzothiophen-5-
vHoxyymethyljphenylihex-4-vnoate was prepared from 4.,4.5,5-tetramethyl-2-{2-methyl-4-
{oxan-4-yloxy)phenyl}-1,3,2-dioxaborolane (from Example 15B) and ethyl (35)-3-(4-[[(3-
bromo-i-benzothiophen-5-yhoxylmethyljphenyithex-4-ynoate (from Example 23F)
following General Procedure A, using PACL{dppfy CHCly as the palladium catalyst and
Cs,C05 in place of KpCO:. LC/MS: mass caled for Castie0s8: 568.72, found 5694
IM+HT

(By  (35-3-[4-I(I3-[2-methyl-4-{oxan-4-vloxy)phenyl -1 -benzothiophen-5-
yvljoxyymethyl]phenylihex-4-yooic acid {Cpd 873 was prepared from ethyt (3.5)-3-[4-[(]3-
[ 2-methyl-4-(oxan-d-yioxyiphenyil-1-benzothiophen-3-viloxymethyliphenyithex-4-
ynoate following General Procedure C, using LiOH as base, EtOH in place of MeOH, a1t
reaction temperature overnight and 1N HCH for reaction acidification. The residue thus

obtained was partially purified by silica gel chromatography [EtOA¢/ petroleum cther (50
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- 75 %}, Further purification was carried out by preparative HPLC on a Waters SunFire™
Prep C18, 5 p column (19 x 100 mm) using an isocratic acctonitrile / water (0.05% TFA)
eluent (71%). "H NMR (DMSO-de) 8 7.92 (d, J = &7 Hz, 1H), 7.59 (s, 1H), 7.35 (s, 4H),
737 - 7.04 (m, 2H), 7.00 - 6.86 (m, 2H}, 6.82 {d, /=24 Hz, 1H)}, 5.04 (s, 2H}, 4.70 -
5 4.55(m, 1H), 4.00-4.09 (m, 1H), 3.89-3.92 (m, 2H}, 3.52 ~3.59(m, 2H), 2.64 (d, J =
7.5 Hz, 2H), 1.96 - 2.04 (m, 5H), 1.78 (s, 3H), 1.63 - 1.70{m, 2H). LC/MS: mass caled for
C33H5058: 540,67, found 539.1 {M-HJ.

Example 58
16 (353-3-[4-[({ 3-[4-{2-Mgethoxyethoxy}-2-methylphenyii-1-benzothiophen-3-
yvioxyimethyljphenvithex-4-ynoic acid, Cpd 58

ez
Y ”\\/’I\
\ j Y
S
) J\f\’f B
&O }s
!

15 (A}  Ethyl (38)-3-[4-{{[3-[4-(2-methoxycthoxy)-2-methylphenyl}- 1 -benzothiophen-5-
yloxyymethyljphenylthex-4-ynoate was prepared from 2-{(4-(Z-methoxyethoxy)-2-
methylphenyl-4.4,5, 5-tetramethyl-1,3,2-dioxaborolane (from Example 16B) and cthyl
(35)-3-(4-[[(3-bromo-1-benzothiophen-5-yhoxymethyliphenylhex-4-ynoate (from
Example 23F) following General Procedure A, using PACL{dpptyCH,Cl, as the palladium

20 catalyst and CsyCO4 in place of KpCOs. LO/MS: mass caled for CyHi3505S: 542.69,
found 543.2 [M+HT .

By  (35-3-[4-[(13-[4-(2-Mcthoxyethoxy)-2-methyiphenyl]-1 -benzothiophen-5-
vHoxyymethyljphenylihex-4-ynoic acid {Cpd 88} was prepared from cthyl (38)-3-[4-[({3-
[4-(2-methoxycthoxy})-2-methylphenyli]- 1 -benzothiophen-5-yljoxy)methylphenylfhex-4-
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ynoate following General Procedure C, using LiOH as base, EtOH in place of MeOH, art
reaction temperature overnight and IN HC! for reaction acidification. 'H NMR (DMSO-
dey 81227 (s, 1H}, 7.92(d, /= 8.7 Hz, 1H}, 7.59 (s, 1H}, 7.32 - 742 (m, 4H)}, 7.09 - 7.13
{m, 2H}, 6.81 ~ .94 (m, 3H), 5.03 (5, 2H), 4.14 - 4.17 (m, ZH}, 3.92 - 4.01 (m, 1H}, 3.68
-3.71(m, 2H), 3.34 (s, 3H), 2.64 (d, /= 7.5 Hz, ZH }, 2.00 (s, 3H), 1.77 (5, 3H}. LC/MS:
mass caled for CyHiy00sS: 514.63, found 513.0 [M-HY.

Example 59
{38)-3- {4-[{(3- {4-[(1,1-Dioxo-tetrahydro-2H-thiopyran-4-yimethoxy}-2-mcthylphenyl} -

I-benzothiophen-5-vhoxy)ymethyljphenyl} hex-4-ynoic acid, Cpd 59

(Ay  (38)-Ethyl 3-(4-({((3-(4-({ 1,1 -dioxidotctrahydro-2 H-thiopyran-4-yymethoxy)-2-
methylphenylibenzofbjthiophen-S-yhoxyimethyliphenylihex-4-ynoate was prepared from
ethyl (38)-3-{4-([{3-(4-hydroxy-2-methylphenyl}-1-benzothiophen-5-
vloxyjmethylphenylihex-4-ynoate (from Example 54A) and (1, 1-dioxotetrahydro-2H-
thian-4-yhimethyl 4-methylbenzene- I -sulfonate (from Example 17A} following the
procedure described in Example 178 at a reaction temperature of 60 °C. LC/MS: mass
caled for C16t3306S,: 630.81, found 631.5 [M+H] .

(By  (35-3-{4-[{(3-{4-[(1 ,1-Dioxo-tetrahydro-2 H-thiopyran~4-yhmethoxy]-2-
methylphenyl}-1-benzothiophen-5-yhoxyymethyliphenyl} hex-4-ynoic acid (Cpd 59} was
prepared from (383 -ethyl 3-(4-({(3-(4-{{(1,i-dioxidotetrahydro-2H-thiopyran-4-
ylmethoxy)-2-methylphenyhbenzo[bjthiophen-S-yhoxyymethyDphenyhhex-4-ynoate
following General Procedure C, using LiOH as base, EtOH in place of MeOH, a rt reaction

ternperature overnight and 2N HCI for reaction acidification. 'H NMR (CD:;0D) § 7.74 (4,
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J=88Hz, 1H), 7.21 -7.37 (m, 5H), 7.00 - 7.10 {m, 2H), 6.72 - 6.89 {m, 3H), 4.95 (5, 2H},
3.99-4.04 (m, 1H),3.92(d, J=6.0Hz, 2H), 2.99 - 3.23 (m, 4H), 2.62 - 2.65 (m, 2H), 2.25
=229 (m, 2H), 2.08 - 2,12 (m, 1H)}, 1.84 - 2.04 (m, 5H}, 1.78 {d, /= 2.4 Hz, 3H). LC/MS:
mass caled. for CaHs4068,: 602.76 , found: 601.1 {MT.

Example 60
(353-3-(4-({((3-(2-Methyl-4-((3-methyi-1, I -dioxidothietan-3-
yhmethoxy)phenylibenzo[blthiophen-5-yljoxyimethyliphenyhhex-4-ynoic acid,

Cpd 60

(A (38)-Ethyl 3-(4-({(3-(2-methyl-4-((3~-methyl-1, I -dioxidothictan-3-
viymethoxy)phenvhibenzolblthiophen-S-yloxy ymethyliphenyithex-4-ynoate was prepared
from 3-methyi-3-[3-methyl-4-{tetramethyvi-1,3,2-dioxaborolan-2-vi}phenoxymethyi]-
thigtane~1,1-dioxide (from Example 18C) and ethyl (35}-3-{4-{{(3-bromo-1-
benzothiophen-S-yhoxymethyljphenviihex-4d-ynoate (from Example 23F) following
General Procedure A, using PACHL{dppty CH2CL as the palladivm catalyst and Cs;COs 1o
place of K;COs. LC/MS: mass caled for CisHis0sS2: 616.79, found 617.4 {]\/HE%E?

By  (35-3-(4-(((3-(2-Methyl-4-((3-methyl-1,1-dioxidothictan-3-
yhmethoxyiphenyibenzolblthiophen-3-yloxyymethyphenylhex-4-vnoie acid {Cpd 60}
was prepared from (38)-ethyl 3-{4-({(3-(Z-mcthyl-4-((3-methyl-1,1-dioxidothictan-3-
yhmethoxyiphenyybenzolblthiophen-5-yloxyymethyl}phenylhex-4-vnoate following
General Procedure €, using LiOH as base, EtOH in place of MeOH, a rt reaction

temperature overnight and 1IN HCI for reaction acidification. Product purification was
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carried out by preparative HPLC on a Waters SunFire™ Preop C18, 5 p column (19 x 100
mm) using an acetonttrile / water (8.05% NHHCO,) gmdi ent {30 — 95%. 'H NMR
{DMSO-dg} 0 7.94 (d, /= &8 Hz, 1H}, 7.60 (s, I1H}, 7.30 - 7.36 {m, 4H}, 7.10 - 7.21 {m,
2H), 6.99¢d, J=2.1Hz, 1H), 692 (4, J=24 Hz, 1H), 6.82 (4, /=24 Hz, 1H}, 5.04 (5,

5 2H), 421 426 (m, 2H}, 4.14 (s, 2H}, 3.97 - 4.09 (m, 3H}, 2.61 {d, /=72 Hz, 2H), 2.03
(s, 3H), 1.78 (s, 3H), 1.53 (5, 3H). LC/MS: mass caled for CssHaOS,: 588.73, found
587.1 [M-H}.

Example 61
16 3-16-(] 3-[4-(3-Hydroxy-3-methylbutoxy i-2-methylphenyi}-1-benzothiophen-5-

yvimethoxypyridin-3-yithex-4-ynoic acid, Cpd 61

S~ “//\\i

N A

\
A

O~
i

Ny OH
. Y

HO i

—
(3]

{A)  To asolution of (3-bromo- -benzothiophen-3-yDimethanol (1.0 g, 4.11 romol)
{from Example 1A} 10 DCM (20 mL) and DMF (1 mL} was added phosphorous
tribromide (1 mL, 10.6 mmol) in drop-wise fashion, and the resultant solution was stirred
at vt for I h. Water (40 mL} was then added and the roixtare was extracted with DCM (3 x
4¢ ml). The combined organic extracts were dried (NapS(y) and concentrated under

20 reduced pressure to afford 3-bromo-S-(bromomethyl)-1-benzothiophene (1.1 g, 87 %) as
colorless oil, which was used divectly without farther purification.

(By A mxture of 3-bromo-S-(bromomethyl}-1-benzothiophene (1.1 g, 3.59 mmol),
ethyi 3-(6-hvdroxypyridin-3-yhex-4-ynoate (880 mg, 3.77 mmol) {from Example 45E)
and AgCO5 (.79, 2.86 mmol) in toluene (30 mL) was stirred at 60 °C overnight. The

25 mixture was then concentrated under reduced pressure and the resultant residue was



WO 2016/057731 PCT/US2015/054581

purificd directly by silica gel chromatography {EtOAC/ petroleum cther (0 - 11%:) to
provide cthyl 3-[6-[{3-bromo-1-benzothiophen-5-yhmethoxylpyridin-3-yljhex-4-ynoate
(950 mg, 58 %) as light vellow oil. LO/MS: mass caled for CoHyoBrNOsS: 458.37, found
4582 MY, 460.2 IM+21
5 (Cy  Ethyl 3+(6-[{3-(4-hydroxy-2-mcthyiphenyli-1-benzothiophen-5-
vlmethoxylpyridin-3-vlihex-4-ynoatc was prepared from cthyl 3-[6-[(3-bromo-1-
benzothiophen-S-vhimethoxypyridin-3-ylihex-4-ynoate and {(4-hydroxy-2-
methylphenyliboronic acid following General Procedure A, using PACL{dppty CHLCl as
the palladium catalyst and Cs,COs in place of K,COs. LC/MS: mass caled for
10 CooHpNOLS: 485.59, found 486.2 [M+H]'.
(D)  Ethyl 3-[6-(]3-[4-(3-hydroxy-3-mcthylbutoxy)-2-methylphenyl}-1-benzothiophen-
S-ylmethoxy)pyridin-3-vlthex-4-ynoate was prepared from cthyl 3-(6-{[3-{4-hydroxy-2-
methylphenyly-1-benzothiophen-3-ylimethoxylpyridin-3-ylhex-4-ynoate and 3-

methylbutane-1,3-diol following General Procedure B using PBuz and ADDP with toluene

—
(3]

as solvent and a reaction teraperature of 60 °C overnight, LC/MS: mass caled. for
C34H2NOsS: 571.73, found: 572.2 [M+H].
(B}  3-[6-([3-[4-(3-Hydroxy-3-methylbutoxy)-2-methylphenyil-1-benzothiophen-5-
ylmethoxy)pyridin-3-vithex-4-ynoic acid {Cpd 61) was prepared from ethyl 3-[6-([3-[4-
{3-hydroxy-3-methylbutoxy)-2-methylphenyl]-1-benzothiophen-S-vlhmethoxy ypyridin-3-
20 ylthex-4-ynoate following General Procedure C, using LiOH as base, EtOH in place of
Me(H, a rt reaction temperatare overnight and 1N HCH for reaction acidification. Product
purification was carried out by preparative HPLC on a Waters SunFire™ Prep C1&, 5
column (12 x 100 mum) using an acctonitrile / water (0.05% NHsHCOs) gradicnt (35 —
75%). H NMR (DMSO-dg) 8 8.10 (d, J=2.4 Hz, 1H), 8.03 (4, J=8.1 Hz, 1H), 7.70(dd,
25 J=84Hz 24 He, [H), 7.63 (s, 1H)}, 743 - 748 (m, 2H), 7.15(d, J=8.4 Hz, 1H), 6.93
(d, J=27Hz, 1H), 684 -688 {(m 1H),679(d, /=87 Hz, 1H), 540 (s, 2H), 414 (v, J=
6.9 Hz, 2H), 3.95 - 4.00 (m, 1H), 2.61 - 2.63 (m, 2H), 2.05 (s, 3H), 1.88 (1, /=72 Hz, 2H),
1.77¢d, J=2.4 Hz, 3H), 1.19 (s, 6H). LC/MS: mass caled for CypHaaNOsS: 543.67, found
5443 [MHHT
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Example 62
3-(6-({3~(4-(2,3-Dihydroxypropoxy}-2-methylphenylbenzo|bithiophen-5-
yhmethoxypyridin-3-yhhex-4-ynoic acid, Cpd 62

(A} A mixture of ethyl 3-(6-[{3-(4-hydroxy-2-methylphenyl)- I -benzothiophen-3-
vlmcthoxyipyridin-3-yvhhex-4-ynoate (200 mg, 0.41 romol} (from Example 61C}, (2,2-
dimethyi-1,3-dioxolan-4-ylmethyl 4-methylbenzenc-1-sulfonate (235 mg, 0.82 mmol} and
CspCOs (269 mg, 0.83 nunol) in DMF (5 mb) was stirred at 80 °C overnight. Water (20
mL} was then added and the mixture was extracted with EtOAc (3 x 20 mL). The
combined organic extracts were dried (NazSO4), concentrated under reduced pressure and
purified by silica gel chromatography {ethyl acetate/petroleurn ether (0-20%)] to afford
ethyl 3-[6-[{3-[4-[(2.2-dimecthyl-1,3-dioxolan-4-yDmethoxy]-2-methylphenyi}-1-
benzothiophen-3-yhimethoxylpyridin-3-ylihex-4-ynoate (100 mg, 41%) as light yellow oil.
LC/MS: mass caled for CssH/NGeS: 599.74, found 600.4 [M+H] "

(By A muxture of ethyl 3-[6-[(3-]4-[(2,2-dimethyl-1,3-dioxolan-4-viymethoxy]-2-
methylphenyll-1-benzothiophen-S-yhmethoxy Jpyridin-3-ylfhex-4-ynoate (100 mg, 0.17
mmol}, THE (2 mL} and 2N ag. HCIH (2 mb, 2 mmol} was stirred at tf overmght, Water (10
mlb} was then added and the mixture was extracted with EtOAc (3 x 10 mL). The
combined organic extracts were dried (NapS(y), concentrated under reduced pressure and
purified by silica gel chromatography {ethyl acetate/petroleum ether ((-20%)] to afford

ethyi 3-[6-([3-[4-(2,3-dihvdroxypropoxy-Z-methylphenyii-1-benzothiophen-5-

184



1o

—
(3]

WO 2016/057731 PCT/US2015/054581

ylmethoxyipyridin-3-ylihex-4-ynoate (70 mg, 75 %;j as light vellow oil. LC/MS: mass
caled for CanHNGO6S: 559.67, found 5603 {M+H]".

(Cy  3-(6-{{(3-{4-{2,3-Dihydroxypropoxy}-2-methylphenylibenzo| bithiophen-5-
yvhmethoxy)pyridin-3-yhhex-4-ynoic acid {Cpd 62} was prepared from ethyl 3-{6-({3-{4-
(2,3-dihydroxypropoxyi-2-methylphenvii-1-benzothiophen-5-yiimethoxy)pyridin-3-
vithex-4-ynoate following General Procedure C, using LiOH as base, EtOH in place of
McOH, a rt reaction temperature overnight and 1N HCI for reaction acidification. 'H
NMR (DMSO-ds) ¢ 8.08 (s, 1H), 8.02(d, /=284 Hz, 1H), 7.69 (dd, /=2.5, 8.8 Hz, 1H),
7.62 (s, 1H), 746 (d, /=88 Hz, 1H), 741 (s, 1H), 7.13(d, /=88 Hz, 1H), 694 (d, /=
24 Hz, 1H), 6.86(dd, /=88,2.8Hz, 1H), 6.77 (d. /=88 Hz, 1H}, 540 (5, ZH), 4.05 -
4.08 (m, 1H),3.94 -4.04 (m, 1H),3.85-393 (m, 1H),3.83-374(m, 1H},347(d, J=
5.6 Hz, 2H), 2.53 - 2.58 (m, 2H), 2.03 {s, 3H), 1.76 (s, 3H). LC/MS: mass caled for
CaeHaoNO6S: 531,62, found 532.1 [M+H]

3-{6-{{3~(4-((1 .1 -Dioxidotetrahydro-2 H-thiopyran-4-ymethoxy )-2-
methylphenylbenzo[bjthiophen-5-vhimethoxy)pyridin-3-yl}hex-4-ynoic acid, Cpd 63
OH

(A} Ethyl 3-(6-((3-(4-((1,1-dioxidotetrahydro-2 H-thiopyran-4-ylimethoxy)-2-
methylphenyhbenzofblthiophen-3-vlimethoxy)pyridin-3-ylhex-4-ynoate was prepared
from ethyl 3-(6-[[3-(4-hydroxy-2~-methyiphenyl-1 -benzothiophen-S-ylmethoxyipyridin-
3-ylhex-4-ynoate (frora Example 61C) and (1,1 -dioxotetrahvdro-2H-thian-4-ymethyl 4-

methylbenzene- 1-sulfonate (from Example 17A) following the procedure described for

)
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Example 17B, at a reaction temperature of 60 °C. LC/MS: mass caled for CasHsyNOgSy:
631.80, found 632.3 [M+H]".
By  3-(6-{(3-{4-{(1,1-Dioxidotetrahydro-2 H-thiopyran-4-y imethoxy -2~
methylphenylibenzo{blthiophen-5-ylimethoxypyridin-3-yihex-4d-ynoic acid {Cpd 63) was
prepared from cthyl 3-(6-{(3-(4-((1,1-dioxidotetrahydro-2 H-thiopyran-4-yhimethoxy}-2
mcthylphenylibenzo{blthiophen-5-vhmethoxypyridin-3-ylhhex-4-ynoate following

eneral Procedure C, using LiOH as base, EtOH in place of MeOH, a 1t reaction
temperature overnight and 1N HCI for reaction acidification. "H NMR ( DMSQO-ds) 6
1225 - 1240 (m, 1H), 8.10 (s, 1H), 8.04 {(d, /=84 Hz, 1H), 7.71 (dd, /=24, 8.4 Hz,1H),
7.64(s, 1H), 7.43 - 751 (m, 3H), 7.17 {(d, /=84 Hz, 1H), 6.96 (d, /=24 Hz, 1H), 6.89
(dd, J=2.4,84 Hz, 1H), 6.80(d, /=88 Hz, iH), 540 (s, 2H}, 3.95 - 4.00 (m, 31}, 3.19 -
3.33 (m, 2H), 3.08 - 3,12 (m, 2H), 2.59 - 2.69 (m, ZH}, 2,16 - 2.20 (m, 3H), 2.06 (s, 3H),
1.78 - 1.85 {m, SH). LC/MS: muass caled for CoHNGsS;: 603.75, found 604.4 [M+HT'.

3-{6~-{{3-(2-Methyl-4-((3~methyl-1, i -dioxidothictan-3-
yhmethoxyphenyhbenzo[blthiophen-5-ylmethoxypyridin-3-yhhex-4-vnoic acid,
Cpd 64

«/g

\T,OH
?L éfjé
O
(A)y  Ethyl 3-(6-((3-(2-methyl-4-{(3-methyl-1,1-dioxidothictan-3-
yhmethoxy)phenylibenzolbjthiophen-S-ylimethoxy jpyridin-3-vihex-4-ynoate was
prepared from cthyl 3-[6-[(3-bromo-1-benzothiophen-5-yhmcethoxylpyridin-3-yithex-4-
ynoate (from Example 61B) and 3-methyi-3-{3-methyi-4-(tetramethyi-1,3,2-dioxaborolan-

2-yliphenoxymethyt]-thictane-1,1-dioxide (from Example 18C} following General
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Procedure A, using PACL{dppf). CH.CL as the palladium catalyst and Cs,COs in place of
K,C0;. LO/MS: mass caled for CagHssNOgS,: 617.77, found 618.2 [M+H].

By  3-(6-{(3-{2-Methyl-4-((3-methyi-1,1-dioxidothictan-3-
yvhmethoxy)phenylibenzo{bjthiophen-S-ylimethoxy jpyridin-3-yhhex-4-ynoic acid, {Cpd
64} was prepared from ethyl 3-{6-{{3-(Z-mcthyl-4-((3-methyi-1, 1 -dioxidothictan-3-
yhmethoxy)phenylibenzolbjthiophen-5-ylmethoxypyridin-3-vhhex-4-ynoate following
General Procedure C, using LiOH as base, EtOH in place of MeOH, a 1t reaction
temperature overnight and 1N HCI for reaction acidification. Product purification was
carricd out by preparative HPLC on a Waters SunFire™ Prep C18, 5 y column (19 x 100
mum) using an acctonitrile / water (0.05% NHHCO:) gradient (35 - 65%). 'H NMR
{(DMSO-dg} 6 8.10(d, /=24 Hz, 1H), 8.04 (d, /=81 Hz, 1H), 7.71 (dd, /=8.7, 2.4 Hz,
1H), 7.64 (s, 1H), 747 (dd, /=84, 1.5 Hz, 1H), 742 (s, 1H}, 7.19(d, /= 8.4 Hz, 1H),
700(d, /=24 Hz 1H), 691 (dd, /=8.4,24 Hz, 1H),6.79(d, /=84 Hz, 1H), 539 (s,
2H), 417 -4.26 {m, 2H), 4.12 (s, 2H), 3.93 - 4.06 {m, 3H}, 2.51 - 2.73 (m, 2H), 2.06 5,
3HY, 1.77 (s, 3H), 1.52 (s, 3H). LO/MS: mass caled for CyoHanINGeS,: 589,72, found
588.1 {M-H}.

Example 65
(38)-3-[4-([3-[5-(2-Mcthoxyethoxy)-2-methylphenyi]- 1 -benzothiophen-5-
ylimethoxyiphenyithex-4-ynoic acid, Cpd 68

NP
B {} L\,/k/’\\r/OH

I
|
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(A)  2-Bromo-4-(2-methoxyethoxy}-1-methylbenzene was prepared from 3-bromo-4-
methylphenol and -bromo-Z-methoxyethane following the procedure described in
Example 16A. GU/MS: mass caled. for CoHsBrOs: 244.01, found: 244.1 [M]7, 246.1
Pv2]

5 By 2-5-(2-Mgethoxyethoxy)-2-methylphenvil-4,4,5, 5-tetramethyl-1,3,2-dioxaborolane
was prepared from 2-bromo-4-(2-methoxyethoxy)-1-methyibenzene and
bis{pinacolato)diboron following General Procedure A, using PACH{dppfy CH,Cl as the
palladium catalyst, KOAc in place of K;CO5 and DMSO as solvent. ' H NMR {CDCL) §
731 -7.32 (m, TH), 7.05- 710 (m, 1H), 6.88 -6.93 (m, 1H), 4.11 - 4,14 (m, 2H), 3.72 -

10 3.75(m, 2H}, 344 (5, 3H), 246 (s, 3H), 1.33 (s, 12H).

(Cy  Ethyl (353-3-[4-(] 3-[ 5-(2-methoxyethoxy)-2-methylphenyl]-1-benzothiophen-5-
vlmethoxy)phenylihex-4-ynoate was prepared from ethyl (38)-3-[4-{(3-bromo-1-
benzothiophen-5-vlimethoxylphenylfhex-4-vnoate (from Example 1IE) and 2-[5-(2-

methoxyethoxy)-2-methylphenyl}-4,4,5,5-tetramethyl-1,3,2-dioxaborolane following

—
(3]

General Procedure A, using PACHL{dppty CH,Ch as the palladium catalyst and Cs;C0O3 1n

place of K2C0;. ' HNMR (CDCL) 8 7.80 - 7.90 (m, 1H), 7.45 - 7.58 (m, 2H), 7.30 - 7.35

{m, 2H}), 7.13 - 7.20 (m, 2H), 6.86 - 6.90 (m, 4H), 5.08 {5, 2H), 4.05 - 4.13 (i, 4H), 3.73 -

3.76 {m, 2H), 344 (s, 3H), 2.63 - 271 {m, 2H), 2.06 (s, 3H), 1.81 (8, 3H), 1.15-1.25¢(m,

3H).

20 (D) (38)3-[4-(13-[5-(2-Methoxyethoxy}-2-methyiphenyl}- I -benzothiophen-5-
viimethoxy)phenviihex-d-ynoic acid {Cpd 68ywas prepared from cthyl (353-3-[4-{[3-{5-(2-
methoxyethoxy}-2-methylphenyl]-1-benzothiophen-S-vilmethoxy)phenylthex-4-yuoate
following General Procedure C, using LiOH as base, EtOH in place of MeOH, a reaction
temperature of 30 °C overnight and 1N HCl for reaction acidification. Additional product

25 purification was carried out by sitica gel chromatography [EtOAc/ petroleom ether (1: 11

TH NMR (DMSO-ds) 8 8.07 (d, J = &4 Hz, 1H), 7.71 (5, 1H), 7.45 - 7.49 (s, 2H), 7.23 -

7.28 {m, 3H}, 6.90 - 6.96 (m, 3H), 6.82 (d, /=28 Hz, 1H}, 5.18 (s, 2H}, 4.07 - 4.09 (m,

2H), 390 -3.94 (m, 1H),3.64 (t, /=4.4 Hz, 2H), 3.29 (s, 3H), 2.56 {d, /= 8.4 Hz, 2H),
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1.99 (s, 3H), 1.76 (3,3H). LC/MS: mass caled for CyHae0s8: 514.63, found 515.2
IM+H], 537.2 [M+Na]'.

Examplec 66
{38)-3-[4-({3-[2-(2-Mcthoxyethoxy)-6-methyiphenyl}- 1 -benzothiophen-5-
viimethoxyiphenylihex-4-ynoic acid, Cpd 66

e L

O La

is
|

{(A) 2-Bromo-3-{2~-methoxyethoxy - T-methyibenzene was prepared from 2-bromo-3-
methylphenol and -bromo-Z-methoxyethane following the procedure described in
Example 16A. GO/MS: mass caled. for CjoHsBrO;: 244.01, found: 244.1 [M}*, 2461
P21

By  [3-[2-(2-Mcthoxycthoxy-6-methylphenyii-1-benzothiophen-5-ylimethanol was
prepared from Z-bromo-3-(Z-methoxyethoxy)-1-methyibenzene and {3-{tetramethyl-1,3,2-
digxaborolan-2-y1)-1-benzothiophen-5-yijmethanol (from Example 41 A} foliowing
(General Procedure A, using PA(OAc); as the palladium catalyst, P{o-Tol)z as an additional
ligand (0.1 cq) and DME as solvent at 100 °C overnight. 'H NMR (DMSO-dy) § 7.93 (d, J
= 8.0 Hz, TH), 7.53 (s, iH), 7.28-7.32 (m, 2H}, 7.17 (s, 1H}, 6.98 {t, /= 7.6 Hz, 2H}, 5.15
- 517 (m, 1H), 4.54(d, /=44 Hz, 2H), 3.95-4.05 (m, 2H), 3.28 - 3.39 (m, 2H), 2.96 {s,
3H), 1.99 (s, 3H).

{Cy  Ethyl (35)-3-[4-([3-[2-(2-methoxycthoxy-6-methylphenyl]-1-benzothiophen-5-
yljmethoxyiphenyijhex-4-ynoate was prepared from [3-]2-(2-methoxyethoxy)-6-
methylphenyl}-1-benzothiophen-5-yljmethanol and (35}-cthyl 3-{(4-hydroxyphenylthex-4-

ynoate {available from Synnovator, Inc., Rescarch Triangie Park, N.C; Cat. # PB0OS70)
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following General Procedure B, using BusP and ADDP at a reaction temperature of 60 °C
overnight. LC/MS: mass caled. for CysH3s(0s8: 542,69, found: 543.2 {M+H]

D)y  (35-3-14-(3-{2-(2-Mcthoxyethoxy}-6-methylphenyi}-1-benzothiophen-3-
vlimethoxy)phenylihex-4-ynoic acid {Cpd 66) was prepared from ethyl (38)-3-[4-([3-]2-
(2-methoxyethoxy)-6-methylphenvi}-1-benzothiophen-5-ylimethoxy)phenylihex-4-ynoate
following General Procedure C, using LiOH as base, EtOH in place of MeOH, a reaction
temperature of 30 °C overnight and satd. aq. NH4Cl for reaction acidification. Following
an extractive workup (EtOAc), product purification was carried out by silica gel
chromatography [DOM/ MeOH (11:1)]. ' H NMR (DMSO-des) 4 8.01 (d, /= 8.0 Hz, 1H),
7.59 (s, 1H), 745 (dd, /=12, 84 Hz, 1H), 7.22 - 7.32 (m, 4H), 6.89 - 6.99 (m, 4H), 5.13
(s, 2H}, 3.89 ~ 4.01 {m, 3H), 3.22 - 3.28 (m, 2H), 3.22 (5, 3H), 2.57 (4, /= 8.0 Hz, 2H},
1.98 (s, 3H), 1.76 (s, 3H). LC/MS: mass caled. for C3Hs¢0s8: 514.63, found: 515.2
IM+HT, 537.2 [M+Na]

(35)-3-[4-(] 3-[3-(2-Methoxyethoxy)}-2-methylphenvl]- 1 -benzothiophen-5-

ylimethoxyiphenylihex-4-ynoic acid, Cpd 67

K\/H\E/S\j(,(}i-{

AN
G
/ = !
i! 6]
e!i
“ !
AN

(A}  1-Bromo-3-(2-mcthoxycthoxy)-2-methylbenzene was prepared from 3-bromo-2-
methylphenol and I-bromo-2-methoxycthane following the procedure described in
Example 16A. GC/MS: mass caled. for CioHy3BrOs: 244.01, found: 244.0 [M], 246.0
v+21"
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By  2-[3-(2-Mgethoxyethoxy)-2-methylphenvi}-4,4,5, 5-tetramethyl-1,3,2-dioxaborolane
was prepared from 1-bromo-3-{2Z-methoxyethoxy)-2Z-methyibenzene and
bis{pinacolato)diboron following General Procedure A, using PACH{dppfy CH,CL, as the
paliadium catalyst, KOAc in place of K,CO5 and DMSO as solvent at a reaction

5 temperature of 90 °C overnight. ' H NMR (CDCH) 8 7.35 (dd. J= 7.5, 1.2 Hz, 1H). 7.13

{t. /=75Hz, 1H), 691 -6.93 (v, [H), 409 -4.12 (m, 2H), 3.75 - 3.78 (m, 2H)}, 3.46 (s,
3H), 2.44 (s, 3H), 1.34 (s, 12H).

{(Cy  Ethyl (35)-3-[4-{[3-[3-(mcthoxymethoxy)-2-methylphenyl}- 1 -benzothiophen-5-
yvljmcthoxyiphenylihex-4-ynoate was prepared from 2-[3-(2-methoxyethoxy)-2-

0 methylphenyl}-4.4,5,5-tctramethyl-1,3,2-dioxaborolane and cthyl (35)-3-[4-{(3-bromo-1-
benzothiophen-5-yvhimethoxy]phenyvifhex-4-ynoate (from Example 11E) following General
Procedure A, using PACL{dpptyCH,Cl, as the palladinm catalyst and Cs,CO; in place of
KoCOs. LO/MS: mass caled. for Ci3H540S: 542.69, found: 543.2 [M+H] .

(D) (35-3-[4-([3-[3-(2-Methoxyethoxy}-2~-methylphenyl}- I -benzothiophen-3-

—
(3]

yljmethoxy)phenylihex-4-ynoic acid {Cpd 67) was prepared from ethyl (35)-3-[4-(]3-[3-
{rcthoxymethoxy)-2-methyiphenyi]-1-benzothiophen-S-ylimethoxy jphenylihex-4-ynoate
following General Procedure C, using LiOH as base, EtOH in place of MeOH and IN HCI
for reaction acidification. "H NMR. (300 MHz, DMSO-de) § 8.06 {d, /= 8.1 Hz, 1H), 7.67
(s, I}, 747 (d, J=84Hz, 1), 7.39- 740 {(m, 1H), 7.21 - 728 {tm, 3H), 7.04 - 7.07 (m,
20 1H), 6.85-6.90(m, 3H), 5.15(s, 2H), 4.15 - 4.18 (m, 2H), 3.89 - 3.95 {(m, 1H}, 3.71 —

3.74 (m, 2H), 3.35 (s, 3H}, 2.36 - 2.44 (m, 2H), 1.92 (5, 3H}, 1.75 {5, 3H}. LO/MS: mass
caled. for U Fho0sS: $14.63, found: $15.2 [M+HT', 537.2 {M+Nal .

Example 68
25 {35)-3-[4-([3-[2-(2-Methoxyethoxy)phenyi]- 1-benzothiophen-S-ymethoxyiphenyiThex-
4-yunoic acid, Cpd 68
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(Ay  Ethyl (353-3-[4-({[ 3-(2-hvdroxyphenyl}-1-benzothiophen-5-
vijoxymethyliphenyllhex-4-ynoate was prepared from ethyl (35)-3-[4-[(3-bromo-1-
benzothiophen-S-yhmethoxyphenyvifhex-4-vnoate (from Example 11E) and (2-
hydroxyphenyliboronic acid following General Procedure A, using PACEH{dpply CHLCl; as
the palladium catalyst, Cs;COs in place of K CO: and a reaction temperature of 84 °C
overnight. 'H NMR (CDCL) 0793 (4, =33 Hz, 1H), 7.65(, 1H), 748 - 7.52 (m, ZH},
9-7.37 (m, 4H), 7.01 - 7.07 (o, 2H), 6,90 {(dd, /= 1 K, 6.6 Hz, 2H}, 5.12 (s, 2H}, 4.04 -
4.13 {m, 3H), 2.64 - 2.72 (m, 2H}, 1.83 (5, 3H), 1.19 - 1 28 (m, 3H}.

_\3

[N

(By  Ethyl (353-3-[4-[(| 3-[2-{2-mcthoxyethoxy}phenyl]-1-benzothiophen-5-
vloxymethyliphenyllhex-4-ynoate was prepared from cthyl (35)-3-[4-{J{3-(2-
hydroxyphenyl)-i-benzothiophen-5-yHoxyimethyl)phenylihex-4-ynoate and 1-bromo-2-
methoxyethane following the procedure described in Example 16A. LC/MS: mass caled.
for C3;H3,058: 528.66, found: 546.2 [M+NH;] .

{) (385)-3-14-{[3-{2-(2-Mcthoxyethoxy)phenyl}-1-benzothiophen-5-
viimethoxyiphenyithex-4-ynoic acid {Cpd 68) was prepared from ethyl (38)-3-[4-[([3-]2-
{Z-methoxyethoxyphenyl}-1-benzothiophen-5-vljoxyimethyiiphenylihex-4-ynoate
following General Procedure C, using LiOH as base, EtOH in place of McOH, a reaction
temperature of 30 °C overnight and IN HC!I for reaction acidification. 'H NMR (DMSO-
dey 0802 (d. J=84Hz TH), 772 (s, 1HYL 7.62 (s, 1H}, 7.34 - 747 (m, 3H), 7.18 - 7.26
{m, 3H}, 7.05-7.09 (m, 1H}, 6.92(d, /=88 Hz, 2H)}, 5.16 (5, 2H1L 4.09 (t, /=4 8 Hz,
2H), 391 -3.93 (m, 1H),3.44 (1, /=84 Hz, 2H), 3.04 {s, 3H), 249 - 2.51 (m, 2H), 1.76
(5, 3H).  LO/MS: mass caled. for C3oHas0sS: 500,61, found: 501.2 [M+H]
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Example 69
(38)-3-(4-{[3-(2-Mecthanesulfonylphenyl)-1-benzothiophen-6-viimethoxyphenyithex-4-

vaoic acid, Cpd 69

(AYy  [3-(2-Methancsulfonyiphenvi-1-benzothiophen-S-ylmethanol was prepared from
{3-(4,4.5,5-tetramethyl-1,3,2-dioxaborolan-2-yhbenzo{bjthiophen-S-ylimethano! (from
Example 41A) and 1-bromo-2-methancsulfonylbenzene following General Procedure A,
using PA{OAc), as the palladium catalyst, P(o-Tol}; as an additional ligand (0.1 eq) and
DME as solvent at 100 °C for 2 h.  LU/MS: mass caled. for CigH14038,: 318.41, found:
301.0 [M-OH]".

(By  Ethyl (353-3-(4-[[ 3-(2-methancsulfonylphenyi)-1-benzothiophen-5-
vlimethoxyiphenylthex-4-ynoate was prepared from {3-(2-methancsulfonyiphenyl)-1-
benzothiophen-5-vljmethanol and (35)-cthyl 3-{(4-hydroxyphenylthex-4-ynoate {available
frora Synnovator, Inc., Rescarch Triangle Park, N.C.; Cat. # PB03708) following General
Procedure B, using BusP, ADDP and toluene as solvent (in place of THF) at a reaction
temperature of 50 °C for 2 h. LC/MS: mass caled. for CioHusOs82: 532.67, found: 533.2
IM+H], 555.2 [M+Na]'

(Cy  (35-3-(4-[[3-(2-Mcthanesulfonylphenyl-1-benzothiophen-6-
yvlmcthoxyiphenylihex-4-ynoic acid {Cpd 69} was prepared from cthyl (35)-3-(4-[[3-(2-

methanesulfonyiphenyl)-I-benzothiophen-S-ylimethoxylphenyhhex~4-ynoate following
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General Procedure C, using LiOH as base, EtOH in place of MeOH, a rt reaction
temperature overnight and 1N HCI for reaction acidification. 'H NMR (CD;0D) 8 .24 (d,
J= 12 He, 1H), 800 (d, J= 8.1 Hz, T1H), 7.70 - 7.84 {(m, 3H), 7.46 - 7.52 (m, 2H)}, 7.38 (s,
1H), 724 (d, /= 8.7 Hz, 2H), 6.86 (4, J=8.7 Hz, 2H), 5.15 (s, 2H), 3.96 - 3.98 (m, 1H),

5 2.57-2.68 {m, SH), 1.80 (4, 7= 2.4 Hz, 3H). LC/MS: mass caled. for CpsHua0s5,: 504.62,
found: 505.1 [M+H]".

Examples 70 and 71

{35)-3-(6-((3-(4-(3-Hydroxy-3-methylbutoxy}-2~-methyiphenylibenzo{ bithiophen-5-
10 yimethoxy)pyridin-3-yhhex-4-vnoic acid (Cpd 784}
and
{3R}-3-{6-{(3-(4-(3-Hydroxy-3-methylbutoxy}-2-methyiphenyl)benzof blthiophen-5-
vhmethoxyjpyridin-3-yithex-4-ynoic acid (Cpd 71)

Cpd 71

(A}  Enantiomeric resolution of (3R5)-3-(6-((3-(4-(3-hydroxy-3-methylbutoxy}-2-
methylphenylibenzofbjthiophen-S-yhmethoxy)pyridin-3-vi}hex-4-ynoic acid (Cpd 61) was
20 carried out by chiral chromatography on a ChiralPak AS-H 5 y column (2 x 25 cm} using
an isocratic mobile phase Thexane (0.1% HOAc) / EtOH (85:15); 20 mL/min] fo afford
{35)-3-(6-((3-(4-(3-hydroxy-3-methylbutoxy }-2-methyiphenylybenzo[blthiophen-~5-
yhmethoxypyridin-3-yhhex-4-ynoic acid (Cpd 78) (RT = 9.0 min) and (3R)-3-(6-((3-(4-
{3~-hydroxy-3-methylbutoxy)-2-methylphenylihenzolblthiophen-S-ymethoxy ypyridin-3-

25 yhhex~4-yooic acid {Cpd 7TH (RT = 12.5 min}.
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(Cpd 76): TH NMR (DMSO-ds) 8 8.10(d, /= 2.4 Hz, 1H), 8.03(d, /= 8.1 Hz, 1H), 7.70
{dd, J=84,24 Hz, 1H)}, 7.63 (s, 1H}, 7.43 - 748 (m, 2H), 7.15{d, /=84 Hz, 1H), 6.94
(d,f=2.7Hz, 1H), 6.85- 688 (m, 1H},6.79(d, /=87 Hz, 1H), 540 (s, 2H), 414 (¢, / =
6.9 Hz, ZH}, 3.95 - 4.05 (m, 1H), 2.61 - 2.73 (m, 2H), 2.05 {s, 3H), 1.88 (1, /=72 Hz, 2H),
5 1.77(d J=24Hz 3H), 1.19 (s, 6H}). LOC/MS: mass caled. for CyHaNGs8: 571.73,
found: $72.2 [M+H]". LC/MS: mass caled. for Co:HiNOsS: 543.67, found: 541.9 [M-HT.
(Cpd 71y 'H NMR (DMSO-ds) 8 8.10 (d, J=2.4 Hz, 1H), 803 {(d, J=8.1 Hz, 1H), 7.70
(dd, /=84,24 Hz, 1H}, 7.63 (s, 1H), 743 - 748 (m, 2H), 7.15(d, /= 8.4 Hz, 1H), 6.94
(d,/=2.7Hz, 1H), 6.85-6.88 (m, 1H}, 6.79(d, /=87 Hz, 1H), 540 (s, 2H), 4.14 (t. /=
160 69 Hz ZH) 3.95-4.05(m, 1H), 2.61-2.73 (m, 2H), 2.05 (s, 3H), 188 {1, /=72 Hz, 2H),
1.77(d, /= 2.4 Hz, 3H), 1.19 (s, 6H). LC/MS: mass caled. for CygHaNGsS: 571,73,
found: 572.2 [M+H] " LO/MS: mass caled. for CaHaNOsS: 543.67, found: 542.1 IM-HT.

i5 Examples 72 and 73
(38)-3-(6~{{3-2-Methyl-4-({tctrahydro-2 H-pyran-4-ymethoxy)phenylbenzol blthiophen-
S-yhimethoxypyridin-3-ylthex~4~-ynoic acid {Cpd 72)
and
(3R)-3-(6~{(3~-2~-Methyl-4-({tetrahydro-2 H-pyran-4-yUmethoxy)phenylibenzo[blthiophen-
20 S-yhmethoxypyridin-3-yithex-d-ynoi¢ acid (Cpd 73)
S
sel
\ Ozi : OH
0 ”\;o If/\or
Cpd 72 Cpd 73
(A} [3-[2-Mcthyi-4-{oxan-4-yloxy)phenyl]-1-benzothiophen-5-viimethanol was
25 prepared from (3-bromo- 1-benzothiophen-5-ylimethanol (from Example 1A} and
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4,45 S-tetramethyl-2-{2-methyl-4-{oxan-4-vioxy)phenyi}-1,3,2-dioxaborolanc
{from Example 15B) following General Procedure A, using PACL{dppfy CH,CL, as
the palladium catalyst and CspCOy in place of KyCOs, LC/MS: mass caled for
CoHp0s8: 354 .46, found 337.2 [M-OH]'

5 (BY  Toasolution of [3-[2-mcthyl-4-{oxan-4-yloxy}phenyl}-1-benzothiophen-5-
viHmcthanol {240 mg, 0.68 mmol) in DCM (20 mL) was added PBr3 (0.16 mbL, 1.7
mmaol) in dropwise fashion. Afier stirring at 1t for 1 h, the reaction was quenched
by the addition of NH4ClH(30 mL) and the mixturc was extracted with EtOAc (2x30
mbL}, dried (Na;SO4) and concentrated under reduced pressure. The resultant

10 restduc was purificd by silica gel chromatography (11 % EtOAc/hexane) to afford

4-[4-[ 5-(bromomcthy]}-1-benzothiophen-3-y1}-3-methylphenoxyloxane (140 mg,

e

(%} as colorless oil, which was used directly without characterization.

(Cy A mixture of 4-[4-[5-(brormomethyl}-I-benzothiophen-3-y1}-3-
methviphenoxyloxane (240 mg, 0.58 mmol), ethyl 3-(6-hydroxypyridin-3-ylhex-4-
vuoate (237 mg, 1.02 mmol) (from Example 45E) and AgoCOs (150 mg, 0.54

—
(3]

mmol) in toluene (8 ml) was stirred at 60 °C overnight. The the reaction was
quenched by the addition of NH4CI (10 mL) and the mixture was extracted with
EtOAc (3x10 ml), dried (Nay30y) and concentrated under reduced pressure.
Purification of the resulfant residue by silica gel chromatography [EtOAc/

20 petroleum cther (14%;) afforded ethyl 3-[6-([3-[2-methyl-4-(oxan-4-yioxy)phenvil-
I-benzothiophen-5-yijmethoxy)pyridin-3-vijhex-d-ynoate (80 mg, 24%]) as
colorless oil. LC/MS: mass caled for CsaHasNGsS: 369.71, found 570.4 [M+H] .

(DY 3-[6-([3-[2-Methyi-4-(oxan-4-vioxy)phenvl]- I -benzothiophen-5-

yHmethoxypyridin-3-yithex-4-ynoic acid was prepared from ethyt 3-{6-([3-]2-

25 methyi-4-{oxan-4-yloxyiphenyi}-1-benzothiophen-S-yijmethoxy jpyridin-3-yiihex-
4-ynoate following General Procedure C, using LiOH as base, EtOH in place of
MeOH, a rt reaction temperature overnight and 1N HCl for reaction acidification.
The product precipitated directly upon acidification and was isolated by filtration.

LO/MS: mass caled for CipHaNOsS: 541.66, found 542.2 [M+HT .
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(E}  Enantiomeric resolution of 3-{6-(13-]2-methyl-4-{oxan-4-yloxyphenyii-1-
benzothiophen-3-ylmethoxy)pyridin-3-vilhex-4-ynoic acid was carried out by
chiral chromatography on a ChiralPak AS-H 5 p column (2 x 25 ¢m) using an
isocratic mobile phase Thexane (§.1% HOAc) / EtOH (70:30}; 20 mb/mun] to afford
(35)-3-[6-([3-[2-methvi-4-(oxan-4-yloxy phenyli-1-benzothiophen-5-
yHmethoxyipyridin-3-yijhex-4-ynoic acid (Cpd 72} {RT = 6 min} and (3R}-3-[6-
{[3-[2-methyl-4-{oxan-d-yloxy)phenyl]-1-benzothiophen-S-vlimethoxypyridin-3-

yHhex-4-ynoic acid {Cpd 73} (RT = 3 min}.

(Cpd 72): TH NMR (DMSO-dg) § 12.20 - 12.60 (br. m, 1 H), 8.09 (s, 1H), 8.03 (d, /=84
Hz, 1H), 7.71 (dd, /= 8.4, 2.4 Hz, 1H), 7.64 (s, 1H), 7.43 - 7.48 (m, 2H), 7.16 (d, J = 8.4
Hz, 1H), 6.99(d, J=24Hz, 1H),692(dd, /=84,2.7Hz, 1H),6.79(d, /=84 Hz, 1H),
5.41 (s, 2H), 4.55 - 4.65 {m, 1H),3.95-4.04 (m, 1H), 3.85-3.8% (m, 2H}, 348 - 3.54 (m,
2H), 2,60 {t, /= 6.8 Hz, 2H),1.95 - 2.05 {m, 5H}, 1.77 (d, /= 2.4 Hz, 3H), 1.55 - 1..65 (m,
2H). LC/MS: mass ealed. for CyH3 NOsS: 541.66, found: 542.1 [M+HT .

(Cpd 73y 'H NMR (DMSO-dg) 3 12.20 - 1260 (br. m, 1 H), 8.09 (s, 1H), 803 (d, /=84
Hz, 1H}, 7.71 (dd, J=84,2 4 Hz, 1H), 7.64 (s, 1H), 743 - 748 (m, 2H), 716 (d, /=84
Hz 1H), 699 (d, /=24 Hz [H), 692(dd, /=84,2.7Hz, 1H),679(d, /=84 Hz, 1H),
5.41 (s, 2H), 4.55 - 4.65 (m, 1H), 3.95-4.04 (m, 1H), 3.85-3.89 (m, 2H}, 348 - 3.54 (m,
2H), 2.60{t, /=08 Hz, 2ZH),1.95 - 2.05 {m, 5H), 1.77 (d, /=24 Hz, 3H), 1.55 - 1..65 (m,
2H). LC/MS: mass caled. for CypHy INGsS: 541,66, found: 540.1 [M-H]J.

Examples 74 and 73

(35)-3-(6-((3-(4-({ 1,1 -Dioxidotetrahvdro-2 H-thiopyran-4-ylimethox v}-2-

methyiphenylibenzo[blthiophen-S-yhmethoxy jpyridin-3-vi)
hex-~4-ynoic acid (Cpd 74)
and
(3Ry-3~{6-{(3-{4-({1,I-Dioxidotetrabydro-2H-thiopyran-4-ylimethoxy)-2-
methylphenviibenzo[blthiophen-S-ylimethoxy pyridin-3-yi)
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hex-4-ynoic acid {Cpd 78)

5 Enantiomeric resolution of 3-(6-((3-(4-((1,1-dioxidotetrahydro-2 H-thiopyran-4-
yhmethoxy)-2-methyviphenylibenzo{bithiophen-S-yhmethoxy ypyridin-3-yvi)
hex-4-yanoic acid {Cpd 63} was carried out by chiral chromatography on a ChiralPak AS-H
S p column (2 x 25 ¢m) using an isocratic mobile phase fhexane (0.1% HOAc) / EtOH
{50:50); 18 mL/min} to afford (353-3-(6-((3-{4-{(1,1 -dioxidotetrahydro-2H-thiopyran-4-
0 yhmetboxyi-2-methylphenybhbenzolbithiophen-5-yhimethoxy)pyridin-3-y1}
hex-4-vnoic acid (Cpd 74} (RT = 16 mun) and (3R}-3-{6~{(3-{4~({ 1,1 -dioxidotetrahydro-
2H-thiopyran-4-yhimethoxy)-2-methyipbenylibenzo| blthiophen-S-vmethoxyipyridin-3-
vithex-d-ynoic acid (Cpd 78) (RT = 22 min}.
(Cpd 74y 'H NMR (DMSO-de) 8 8.10 (s, 1H), 8.04 (d, J =84 Hz, 1H), 7.71 (dd, J= 2.4,
i5 &4Hz 1H}, 7.64(s, 1H}, 743 -751(m, 2H}, 717 (d, /=84 Hz, 1H), 696 (d, /= 2.4 Hz,
1H), 6.89(dd, /=27 84 Hz, 1H), 6.80(d, /=88 Hz, 1H}), 540 (s, 2H}), 3.95 - 4.00 (m,
3H), 3.19 - 333 (m, ZH), 3.08 - 312 (m, 2H), 2.59 - 2.69 (m, 2H), 2.16 - 2.20 (m, 3H),
2.06 (s, 3H), 1.78 - 1.85 (m, 53H). LC/MS: mass caled. for CisHanNGS,: 603.75, found:
604.1 [M+H].
20 (Cpd 73y 'H NMR (DMSO-dg) 6 810 (s, 1H), 804 (d, J=84 Hz, 1H), 7.71 (dd, .J=2.4,
84 Hz, 1H), 7.64 (s, 1H), 743 - 7.51(m, 2H}, 7.17(d, /=84 Hz, 1H}, 6.96 (d. /= 2.4 Hz,
1H), 6.89(dd. /=27 84 Hz, 1H},680(d, /=88 Hz [H), 539 (s, 2H}, 3.95 - 4.00 (m,
3H), 3.05-333 (m, 4H), 2.59 - 269 (m, 2H), 2.16 - 2.20 (m, 3H), 2.06 (s, 3H), 1.78 - 1.85
{m, SH). LC/MS: mass caled. for CiHaNOS,: 603.75, found: 604.1 [M+H]".

]
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Examples 76 and 77

{385)-3-{6-{{3-{4-(2-Mcthoxyethoxy}-2-methylphenylibenzo[ bithiophen-5-
yhimethoxy}pyridin-3-yihex-4-ynoic acid (Cpd 76)
and
5 {3R}-3-(6-{(3-{4-{2-Mcthoxyethoxy}-2-methylphenylibenzo{ bjthiophen-5-

vhmethoxyjpyridin-3-yithex-4-ynoic acid (Cpd 77

O L
] Dae
Y s
G N%’&/\T,»OH
Y I
e - e
!
/
Cpd 76 Cpd 77

i Enantiomeric resohution of 3-(6-{(3-(4-(2-mcthoxyethoxy)-2-methylphenylibenzofb}-
thiophen-3-ylimethoxy)pyridin-3-ylihex-4-ynoic acid (Cpd 47} was carried out by chiral
chromatography on a ChiralPak AS-H 5 u column {2 x 25 cm) using an isocratic mobile
phase fhexane (.1% HOAc) / EtOH (85:15); 20 mL/min] to afford {38)-3-(6-((3-(4-(2-
methoxyethoxy j-2-methyiphenylibenzoblthiophen-5-ylymethoxypyridin-3-ylihex-4-

15 ynoic acid {Cpd 763 {RT = 8 min) and {3R}-3-{6-{{3-{4-(2-methoxyethoxy}-2-
methylphenyhbenzofbithiophen-5-yiimethoxypyridin-3-yhhex-4-ynoic acid (Cpd 77}
{RT = 13.5 min).

(Cpd 76y 'H NMR (DMSO-de) 8 8.10 (d, J=2.4 Hz, 1H), 8.04 (d, /=84 Hz, 1H), 7.7t
{(dd, J=24,84 Hz, 1H}, 7.64 (5, 1H), 742 - 748 (m, 2H), 7.16(d, /=84 Hz, 1H)}, 6.96

20 (d,J=24Hz 1H),685(dd, J=27 84 Hz, IH), 680(d, /=84 Hz, 1H), 540, 2H),
4.14 - 417 {m, 2H), 3.96-4.02 (m, ZH)}, 3.68 - 3.71 (m, 2H), 3.33 (d, /= 6.0 Hz, 3H),
264 (dd, J=2.1,7.8Hz, 2H), 2.01 {5, 3H), 1.77 (d, /= 2.4 Hz, 3H). LC/MS: mass caled.
for CyoHapoNOsS: 515,62, found: 514.1 [M-H].
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(Cpd 77y 'H NMR (DMSO-de) 8 8.10(d, J=2.4 Hz, 1H), 804 (d, /=84 Hz, 1H), 7.71
{dd, J=24,84 Hz, 1H)}, 7.64 (3, 1H), 742 - 748 (m, 2H), 7.16(d, /=84 Hz, 1H}, 6.96
(d, /=24 Hz 1H), 6.85(dd, /=27 8.4 Hz, 1H), 6.80(d, /=84 Hz, 1H), 540 (s, 2H),
4.14 - 4.17 {m, 2H), 3.96-4.02 (m, 2H}, 3.68 - 3.71 {m, 2H), 3.33(d, /= 6.0 Hz, 3H),
264(dd, J=2.1,7.8 Hz, 2H), 2.01 (5, 3H), 1.77 {(d, /= 2.4 Hz, 3H}. LC/MS: mass caled.
for CyoHapoNOsS: 515,62, found: 514.1 [M-H]J.

Example 78
{38)-3-{4-((3-{2-Mcthoxypyridin-3-yibenzo{ bjthiophen-5-vhimethoxyphenyl thex-4-ynoic

actd {Cpd 78)
P
L0
‘K{\(C g
i :

|

{Ay  (35)-Ethyl 3-{4-{(3-(2-methoxypyridin-3-vi}benzo[bjthiophen-53-
yhmethoxyphenylihex-4-vnoate was prepared from {38)-ethyl 3-{4-{(3-
bromobenzo{bithiophen-5-yDmethoxy)phenyhhex-4-ynoate (from Example 11E}
and 2-methoxypyridin-3-ylboronic acid following General Procedure A using
PACL{(dpptyCHLCl, as the palladiom catalyst and Cs,COs in place of KoCOs,
LC/MS: mass caled. for CooHpyNO4S: 485.59, found: 486.2 IM+H]

By  (35-3-(4-((3-(2-Mcthoxypyridin-3-vhbenzo{ blthiophen-5-ylymethoxy)phenyithex-
4-ynoic acid {Cpd 78} was prepared from (35)-cthyi 3-(4-((3-(2-mcthoxypyridin-3-
vhbenzo{bithiophen-3-ylimethoxy)phenylihex-4-ynoate following General
Procedure C, using LiOH as base, EtOH in place of MeOH, a rt reaction
temperatare overnight and 1N HCI for reaction acidification. "M NMR {DMSO-ds)
S 12.22 {(br. s, 1H), 8.27-8.29 (m, 1H}, 8.06 (4, J=84 Hz, 1H), 7.83 (s, I1H),7.77-
779 (m, TH), 7.58 (s, 1H), 7.48(d, J=R84 He, 1H), 726 {d, /=88 Hz, 2H), 7.13 -
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716 {m, 1H), 6.94 (d, J=R8.8 Hz, 2H)}, 5.21 (5, 2H), 3.90 - 3.95 (m, 1H}, 3.78 (5,
3H}, 2.59(d, /=72 Hz, 2H), 1.77 {d, /= 2.4 Hz, 3H). LC/MS: mass caled. for
CrH2NO,S: 457 .54, found: 458.1 [M+H]".

5 Example 79
{38)-3-{4-({3-(2-Mcthoxyphenyhbenzo{bithiophen-3-ylimethoxy )phenylhex-4-ynoic acid
{Cpd 79}

10 (A (35)-Ethyl 3-(4-((3-{2-methoxyphenylibenzo{ blthiophen-5-
vhmethoxy)phenyiihex-4d-ynoate was prepared from (35)-cthyl 3-{(4-((3~
bromobenzo{bjthiophen-S-ylimethoxyiphenyithex-4-ynoate {(from Example 11E)
and 2-methoxyphenylboronic acid following General Procedure A using
PACL{dppfy CH,Cl; as the palladium catalyst and Cs,C 05 in place of K,COs.

15 LC/MS: mass caled. for CioHpuOuS: 484,61, found: 502.1 [M+NH,]

(B  (35)-3-(4-{(3-(2-Mcthoxyphenylbenzo[blthiophen-5-yhimethoxyiphenylthex-4-
ynoic acid {Cpd 79} was prepared from (38} -cthyl 3-{4-((3-(2-mecthoxyphenyl}-
benzo]blthiophen-5-ylimethoxy)phenylihex-4-ynoate following General Procedure
C, using LiOH as base, EtOH in place of MeOH, a rt reaction temperature

20 overnight and 1N HC! for reaction acidification. 'H NMR {(DMSO-ds) § 8.00 (d, J
= 8.4 Hz, 1H), 7.69 (s, 1H), 7.51 (s, 1H), 744 (t, /=7.2 Hz, 2H), 7.31 - 7.33 (m,
PH), 7.24 (4, J=84 Hz, 2H), 7.17(d, /=78 Hz, 1H), 7.06 (t, /=69 Hz, 1H)},
690 (d, J=8.1 Hz, 2H), 5.18 (s, 2H), 3.90 - 3.95 (m, 1H), 3.68 (s, 3H), 2.51 (s,
2H), 1.75(d, J= 1.8 Hz, 3H). LC/MS: mass caled. for CusHps04S: 456.55, found:

25 4792 [M+Nal".



WO 2016/057731 PCT/US2015/054581

Example 80
(35)-3-(4-((3-(6-Methoxy-2-methylpyridin-3-yYbenzol bithiophen-5-
vhmethoxy)phenyiihex-4-ynoic acid {Cpd 86)

2
(Ay  (35-Ethyt 3-(4-((3-{6-methoxy-2-methyipyridin-3-yhibenzo{ bithiophen-5-
vhimethoxyiphenylthex-4-ynoate was prepared from (383-cthyl 3-(4-((3-
bromobenzo{blthiophen-S-ylmethoxyiphenyhhex-4-ynoate {from Example 11E)
and 6-methoxy-2-methylpyridin-3-yiboronic acid following General Procedare A
10 using PACH{dppfyCH,Ch as the palladium catalyst and Cs,COs in place of KoCOs,
LC/MS: mass caled. for CioHpoNO,S8: 499.62, found: 522.2 {M+Nal'.
By  (385)-3-{4-{(3-(6-Mcthoxy-Z-methylpyridin-3-vi)benzo[bjthiophen-5-
vhmethoxy)phenyiihex-4-ynoic acid {Cpd 8¢) was prepared from (35)-cthyt 3-(4-
((3-{6-methoxy-2Z-methyipyridin-3-ylibenzo{bithiophen-5S-yymethoxyiphenyihex-
i3 4-ynoate following General Procedure C, using LiOH as base, EtOH in place of

McOH, a rt reaction temperature overnight and 1N HC for reaction acidification.
'H NMR (DMSO-de) § 12.22 (br. s, 1H), 8.09 (d, /= 8.0 Hz, 1H), 7.76 (s, 1H),
7.58(d, /=84 Hz 1H), 7.50(d, /=84 Hz, 1H),7.46 (s, 1H}, 7.25(d, J= 84 Hz,
2H). 6.93(d, /=88 Hz, 2H), 6.77 (d, /= 8.0 Hz, 1H), 5.18 (s, 2H}, 3.90 - 3.94 (in,
20 4H}), 2.55 - 2.68 (m, 2H), 2.23 (s, 3H), 1.77 (4, J=2.0 Hz, ZH}. LC/MS: mass
caled. for CpsHasNO48: 471,57, found: 472.2 [M+H]

Example 81
(38)-3-(4-((3-{4-Methoxypyridin-3-yhbenzo blthiophen-5-yvhimethoxyphenyiihex-4-ynoic
25 acid (Cpd 81
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(35)-Ethyl 3-(4-{(3-(4-methoxypyridin-3-yhbenzo|blthiophen-5-
yhmethoxyphenylhex-4-ynoate was prepared from {35)-ethyl 3-{4-{(3-
bromobenzol bithiophen-5~-ylmethoxy)phenvithex-4-ynoate (from Example 11E}
and 4~-methoxypyridin-3-yiboronic acid following General Procedure A using
PACL{dppfyCH,(Cl; as the palladium catalyst and Cs,CO5 1n place of KOs,
LC/MS: mass caled. for CaoHyNOLS: 485,59, found: 486.4 [M-+H]
(35)-3-(4-((3-(4-Methoxypyridin-3-yhbenzoibithiophen-3-ylimethoxy)phenvi thex-
4-ynoic acid {Cpd 81) was prepared from (35)-cthylt 3-(4-((3-(4-methoxypyridin-3-
vhbenzo{bithiophen-5-yi}methoxy)phenylihex-4-ynoate following General
Procedure C, using LiOH as base, EtOH in place of MeOH, a rt reaction
temperature overnight and 1N HC! for reaction acidification. 'H NMR (DMSO-ds)
5 12.23 (br. s, 1H), 8.63 (d, /= 6.0 Hz, 1H}, 8.50 (s, 1H), 8.07 (d, /= &4 Hz, 1H},
7.87 (s, 1H), 7.56 (s, 1H}, 749 (dd, /= 1.2, 8.1 Hz, 1H}, 7.36 (d, /= 6.3 Hz, 1H),
7.25(d,J=8.7Hz 2H), 6.93(d, J=8.7 Hz, 2H), 5.75 (5, 2H), 3.89 - 3.95 (m, IH),
3.80(s,3H), 2.51-2.59 (m, 2H), 1.76 (d, /= 2.4 Hz, 2H). LC/MS: mass caled. for
CoHaNG4S: 457.54, found: 456.1 [M-HY.

Example 82
(35)-3-(4-((3-(6-Methoxy-4-methylpyridin-3-yviyhenzo{ bithiophen-5-

yhmethogyphenyhhbex-4-yooic acid {Cpd 82)
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{Ay  (35)-Ethyl 3-(4-({3-(6-methoxy-4-methyipyridin-3-vhbenzo{ bjthiophen-5-
yhmethoxyphenylhex-4-ynoate was prepared from {35)-ethyl 3-{4-{(3-

5 bromobenzol bithiophen-5~-ylmethoxy)phenvithex-4-ynoate (from Example 11E}
and 6~-methoxy-4-methylpyridin-3-viboronic acid following General Procedure A
using PACHL{dppty CHLCL as the palladium catalvst and Cs;C0;5 in place of KoCOs,
LC/MS: mass caled. for CaoHzoNOLS: 499.62, found: 500.1 [M j

(B  (35)-3-(4-((3-(6-Methoxy-4-methylpyridin-3-yibenzo[blthiophen-5-

id yhmethoxyphenylihex-4-vnoic acid {Cpd 823 was prepared from (38)-cthyl 3-(4-
{({3-{6-methoxy-4-methylpyridin-3-vibenzol bithiophen-5-ylimethoxy)phenylthex-
4-ynoate following General Procedure C, using LiOH as base, EtOH in place of
MeOH, at 40 °C overnight and 1N HC! for reaction acidification. 'H NMR
(DMSO-ds) 0 880 (d, J=8.1 Hz, TH}, 8.04 (5, 1H), 7.77 (5, 1H), 749 (d, /=96

5 Hz, 1H), 7.45 (s, 1H), 7.24 (d, /=87 Hz, 2H), 691 {d, /= 8.7 Hz, 2H}, 6.86 (s,
FH), 518 (s, 2H), 3.92 - 396 (m, 1H), 3.90 (s, 3H), 2.56 (d. J=8.1 Hz, ZH), 2.05
(s, 3H), 1.77 (s, 3H). LC/MS: mass caled. for CpgHpsNO4S: 471.57, found: 472.1

IM+H]
20 Example 83
(35)-3-(4-((3-(3-Methoxypyridin-4-vibenzo{ bjthiophen-5-yvhmethoxy)phenyithex-4-ynoic

acid {Cpd 83}
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{Ay  (3S)-Ethyl 3-(4-((3-(3-methoxypyridin-4-yibenzo[blthiophen-5-
yhmethoxyphenylhex-4-ynoate was prepared from {35)-ethyl 3-{4-{(3-

5 bromobenzol bithiophen-5~-ylmethoxy)phenvithex-4-ynoate (from Example 11E}
and 3~-methoxypyridin-4-yiboronic acid following General Procedure A using
PACL{dppfyCH,(Cl; as the palladium catalyst and Cs,CO5 1n place of KOs,
LC/MS: mass caled. for CaoHyNOLS: 485,59, found: 486.4 [M-+H]

(B  (35)-3-(4-((3-(3-Methoxypyridin-4-yhbenzol bithiophen-5-ylimethoxy)phenyi thex-
10 4-ynoic acid {Cpd 83) was prepared from (35)-cthylt 3-(4-((3-(3-methoxypyridin-4-
vhbenzo{bithiophen-5-yi}methoxy)phenylihex-4-ynoate following General
Procedure C, using LiOH as base, EtOH in place of MeOH, a rt reaction
temperature overnight and 1N HC! for reaction acidification. 'H NMR (DMSO-ds)
5871 (s, 1H}, 8.55(d, /=54 Hz, 1H), 8.106- 813 (m, 2H}), 7.81 - 7.83 (m, 1H},

15 7.70(s, 1H), 7.53(d, /=84 Hz, 1H), 726, J=87Hz, IH), 694 (d, /=87 Hz,
2H}, 5.20 (s, 2H), 393 - 356 (m, 1H), 3.89 (s, 3H), 2.58(d. J=75Hz, ZH), 1.77
{d,J=2.4Hz, 3H). LC/MS: mass caled. for CpHpNO4S: 457 .54, found: 458.3
IM+HT

20 Example 84
(35)-3-(4-((3-(5-Methoxy-3-methylpyridin-2-viyhenzo{ bithiophen-5-
yhmethogyphenyhhex-4-yooic acid {Cpd 84)
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{(A)

(B)

(D)

To an ice-cooled solution of 6-bromo-S-methylpyridin-3-01 (300 mg, 2.66 mmol} in
DMF (18 mL} was added NaH (60% wt; 160 mg, 4.0 mamol} in a portionwise
fashion and the resultant mixthure was allowed to stir at st for th, The mixture was
then cooled to 0 °C and CH3I (755 mg, 5.32 mmol} was added in dropwise fashion.
After stivring for 1 h at vt, the reaction was quenched with water (20 mL)} and the
mixtare was extracted with EtOAc (3 x 30 mL}. The combined extracts were dried
{Nax5Q04}, concentrated under reduced pressure and purified by silica gel
chromatography ((-10% EtOAc/petroleum cther} to afford 2-bromo-5-methoxy-3-
methylpyridine (400 mg, 74% yicld) as a white solid. LC/MS: mass caled. for
CsHBrNOG: 202.05, found: 202.0, 204.0 [M, M+27".
(3-(5-Methoxy-3-methylpyridin-2-yi}benzo{blthiophen-S-ylymethanol was
prepared from 2-bromo-5-methoxy-3-methyipyridine and {3-(4.4,5,5-tctramethyi-
1,3,2-dioxaborolan-2-yl}benzo[blthiophen-5-yhmethanol {from Example 41 A)
tollowing General Procedure A using PACH{dppty CH,Cl as the palladium catalyst
and Cs,C 0z in place of K,COs. LE/MS: mass caled. for CigHsNO,S: 285.36,
found: 286.1 [M+HT".
2-{5~(Chloromecthyhbenzo[blthiophen-3-v)-5-methoxy-3-methyipyridine was
prepared from (3-(5-methoxy-3-methyipyridin-2-ylibenzof bithiophen-5-
vhmethanol following General Procedure D, LC/MS: mass caled. for
C1H 12 CINOS: 303.81, found: 304.1 [M]".

(35)-Ethyl 3-(4-{(3-(5-methoxy-3-methylpyridin-2-yhbenzo[blthiophen-5-
yhmethoxy)phenvithes-4-ynoate was prepared from 2-(5-

{chioromethyhbenzolblthiophen-3-vii-5~-methoxy-3-methylpyvridine and (35)-cthyl
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3-{4-hydroxyphenylihex-4-ynoate (available from Synnovator, Inc., Rescarch
Triangle Park, N.C,; Cat. # PB0S70¥) following General Procedure E. LC/MS:
mass caled. for CaHaeNOLS: 499.62, found: 500.1 [M+H]".
{(E}  (35)-3-(4-((38-(5-Methoxy-3-methylpyridin-Z-vi)benzo[bjthiophen-3-
5 yhmethoxyphenylihex-4-vnoic acid {Cpd 84} was prepared from (38)-cthyl 3-(4-
({(3-(5-methoxy-3-methylpyridin-2-vhbenzo{bithiophen-5-yimethoxy)phenylthex-
4-ynoate following General Procedure C, using LiOH as base, EtOH in place of
MeOH, at 40 °C overnight and 1N HC! for reaction acidification. 'H NMR
(DMSO-de) 6 12.23 (br. s, 1H), 827 (d, /=27 Hz, 1H), 8.06 (d, /= 8.1 Hz, 1H)},
10 7.85 (s, 1H), 7.69 (s, 1H}, 748 (d, /=84 Hz, 1H), 742 (5, 1H), 725(d. J=8.7
Hz, 2H), 6.93(d, /=8.7 Hz, 2H}, 5.15 (5, ZH}, 3.90 - 3.97 (m, 1H), 3.89 (s, 3H).
2.584(d, J=7.5Hz, 2H), 2.24 (s, 3H), 1.77 (s, 3H). LC/MS: mass caled. for
CogHasN(O,S: 471.57, found: 472.0 [M+H].
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(3R)-3-[6-][3-(2-Methyiphenylhibenzo]bithiophen-S-ymethoxypyridin-3-vi]
hex-4-ynoic acid (Cpd 85)

S E .
N e O\Q
= N =z O
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20 {A)  Enantiomeric resohution of ethyl 3-(6-hydroxypyridin-3-yhhex-4-yunoate {from
Example 45E} was carried out by chiral super ¢ritical fluid chromatography on a
ChiralPak AS-H 5 p column (2 x 25 cm} using an isocratic mobile phase [EtOH
{0.2% DEA)Y/ CO, (50:50); 170 g/min] to afford (3R)-cthyl 3-(6-hydroxypyridin-3-
yhhex-4-ynoate (RT = 4.15 min) 'H NMR (CDCls) 8 7.47 - 7.55 (r, 2H), 6.59 (dJ
=983 Hz, 1H), 4.09 - 4.19 (m, 2H), 3.89-3.95 (m, 1H), 270 (dd, /=75, 153 Hz,

]
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(D)

FH), 2.59 (dd, J=7.5,15.6 Hz, 1H}, 1.82 (s, 3H}, 1.25 - 1.27 (m, 3H} and (35}~
cthyl 3-{6-hydroxypyridin-3-yi}hex-4-ynoate (RT = 5.97 min}.

To an ice-cooled solution of 5-hydroxymethyi-3-{2-methylphenvlbenzolb}-
thiophene (from Example 1B} (200 mg, .79 mmol} in DCM (20 mL} and DMF (2
ml} was added phosphorous tribromide (148 ul, 1.57 mmol} in dropwise fashion.
After stirring for 1 b, the mixture was neutralized to pH 6-7 with the addition of 1M
aq. NaHCO;, and the resulting mixture was extracted with DCM (3 x 18 mL). The
combined organic extracts were dried (NaxSO4) and concentrated under reduce
pressure to afford crude S-bromomethyl-3-(2-methylphenvibenzolbl-thiophene,
which was used directly without purification.

To a solution of S-bromomethyl-3-(2-methylphenylibenzo[bl-thiophene from the
above step in toluene (10 mL} was added (3R)-cthyl 3-(6-hydroxypyridin-3-yithex-
4-ynoate {170 mg, 8.73 mmol} and Ag,C0; (434 mg, 1.57 mmeol) and the resulting
mixture was stirred at 60 °C overnight. Water (20 mb) was then added and the
mixture was extracted with EtOAc (3 x 20 mL). The combined organic extracts
were concentrated under reduced pressure and the resultant residue was purified by
silica gel chromatography (0-20% EtOAc/petroleum cther) to afford (3R})-cthyl 3-
(6-((3-(2-methylphcunylibenzo[ bithiophen-5-ylymethoxyipyridin-3-yhex-4-ynoate
{80 mg, 19% vicld) as colorless otl. LE/MS: mass caled. for CroHp7NO5S: 469.60,
found: 470.3 [M+HT".
(3R)-3-{6-{(3-(2-Mcthyiphenylibenzo{bithiophen-5-yUmethoxyipyridin-3-yhhex-
4-ynoic acid {Cpd 85} was prepared from (3R }-ethyl 3-(6-((3-(2-
methyiphenylibenzo[blthiophen-5-ylmethoxyipyridin-3-vihex-4-ynoate following
General Procedore C, using LiOH as base, EtOH in place of MeOH, a vt reaction
temperatare overnight and 1N HCI for reaction acidification. "M NMR {DMSO-ds)
S 8.01 - 8.09 (i, 2H}, 7.62 - 7.69 (m, 2H), 746 (dd, J= 1.5, 8.4 Hz, 1H), 7.20 -
742 (m, SH), 6.75(d, /=84 Hz, 1H), 5.38 (5, 2H), 3.95 - 4.05 (m, 1H), 2.40 - 2.50
(m, 2H), 2.06 (s, 3H), 1.75(d, J=2.4 Hz, 3H). LC/MS: mass caled. for
Co7H2NO:S: 441 .34, found: 442.0 [M-+H].
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Example 86
(35)-3-{4-{({ 3-[2-Methyl-d-{tetrahydrofuran-3-yloxy)phenyl}-1 -benzothiophen-5-
vioxyymethyliphenyithex-4-ynoic acid (Cpd 86)

—
Cr H;m
5 ’\/0

{A)y  3-(4-Bromo-3-methylphenoxyitetrahyvdrofiran was prepared from 4-bromo-3-
methylphenoi and 3-hydroxytetrahydrofuran following General Procedure B using
PPh; and DEAD. LC/MS: mass caled. for C11Hi:BrOy: 25712, found 257.1, 259.1

10 M, M2

{(By  (3-(2-Methvi-4-{tctrahydrofuran-3-yvloxy}phenylibenzo{bithiophen-5-ylimethanol
was prepared from 3-{(4-bromo-3-methylphenoxyitetrahydrofuran and (3-(4,4,5.5-
tetrarnethyl-1,3,2-dioxaborolan-2-yhbenzofblthiophen-5-yiimethanol (from
Example 41A} following General Procedure A using PACL{dppfy CH,Cl as the

15 palladium catalyst and Cs,COs in place of K,COs. LO/MS: mass caled. for

CooHp03S: 340.44, found: 323.1 [M-OH]".

(Cy  3-(4-(5-(Chloromethylibenzo[blthiophen-3-vi)-3-methylphenoxyitetrahydrofuran
was prepared from (3-(2-methyl-4-(tctrahydrofuran-3-yloxyiphenylibenzol[bl-
thiophen-5-yljmethanol following General Procedure D. LC/MS: mass calced. for

0 CooH15CHO,S: 358.88, found: 359.1 [M].

(D} (38)-Ethyl 3-(4-((3-2-methyl-4-(ictrahydrofuran-3-vloxyjphenyhbenzo{bl-
thiophen-S-yhmethoxy jphenyiyhex-4-ynoate was prepared from 3-{4~(5-
{chloromethyhbenzo{blthiophen-3-yi}-3-methylphenoxytetrahydrofuran and (35)-

ethyl 3-{4~-hydroxyphenylihes-4-ynoate {available from Synnovator, Tnc., Rescarch

209
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(E)

Triangle Park, N.C.; Cat. # PB0O5S708) following General Procedure E. LO/MS:
mass caled. for CauHay0s8: 554,70, found: 572.1 [M+NHL].
{38)-3-(4-((3-(2-Mcthyi-4-(tetrahydrofuran-3-yloxy)phenylibenzol bjthiophen-5-
yhmethoxyiphenyihex-4-ynoic acid {Cpd 86) was prepared from {38})-cthyl 3-{(4-
{{3-{ Z-methyi-4-{tetrahydrofuran-3-yloxy)phenylibenzolbj-thiophen-5-
yvhmethoxyiphenyhhex-4-ynoate following Genceral Procedure C, using LiOH as
base, EtOH i place of McOH, a 35 °C reaction temperaturc overnight and IN
HC1 for reaction acidification. 'H NMR (DMSO-ds) 8 12.23 (br. m, 1H), 8.05 (d,
J=81Hz 1H),7.65(s, 1H), 747 (d, /=81Hz 1H), 742 (s, 1H),724 (4, /=
8.7Hz, 2H), 7.17(d, /=84 Hz, 1H), 6.84 - 6.93 {m, 4H), 5.17 (s, 2H), 5.06 - 5.10
{m, 1H}, 3.74 - 3.96 (m, 5H), 2.57 (d, J=7.5Hz, 2H}, 2.19 - 2.29 (m, 1H}, 2.09 (s,
3H), 1.97 - 2.05 (m, 1H) 1.77 (s, 3H). LC/MS: mass caled. for CipHio0sS:
526.64, found: 527.1 [M+H]'.

{(3R)-3~(6~{(3~(5-(2-Mcthoxyethoxy)-2-methylpheny Dbenzo] blthiophen- 5-
yvhmethoxy)pyridin-3-vijhex-4-ynoic acid (Cpd 87)

*f"’\

L\/z\

Y\
\/’J\\/ OH

[¥3]
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3-(5-(2-Methoxyethoxy)-2-mcthylphenylibenzo[bithiophene-S-carbaldehyde was
prepared from 2-bromo-4-{2-mcethoxyethoxy)-1-methylbenzenc (from Example
65A%and (3-{4.,4.5 5-tetramethyl-1,3,2-dioxaborolan-2-ylibenzo[bithiophen-5-

yhmethanol (from Example 41 A} following General Procedure A using
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(B
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()

PACL{dppfy CH,Cl; as the palladium catalyst and Cs,C 05 in place of K,COs.
LC/MS: mass caled. for CroHiw0:8: 32641, found: 327.0 IM+H]".
(3-(5-2-Mgthoxycthoxy-2-methylphenyhbenzoibithiophen-5-yimethanol was
prepared from 3-(5-(2-methoxyethoxy)-2-methylphenyi}benzof bjthiophene-5-
carbaldehyde following General Procedure F. LC/MS: mass caled. for CioHu0035:
42843, found: 311.1 [M-OHT".
5-{Bromomethyi}-3-(5-(2-methoxyethoxy-2-methylphenylybenzolblthiophene was
prepared from (3-(5-(2-methoxyethoxy -2-methylphenyhbenzofblthiophen-5-
yhmethanol following the procedure described in Example 8§58 and used directly
in the following reaction.

(3R)-Ethyl 3-(6-({3-(5-(2-methoxycthoxy)-2-methylphenyibenzof bjthiophen-5-
vhmethoxyjpyridin-3-yhhex-4-ynoate was prepared from S-(bromomethyi-3-(5-
(2-methoxyecthoxy)-2-methylphenyibenzolblthiophene and (3R }-ethyl 3-(6-
hydroxypyridin-3-yhhex-4-vnoate (from Example 85A) following the procedure
described in Example 85C. LE/MS: mass caled. for C3pHaaNGsS: 543.67, found:
544.1 [M-+HT.
(3R)-3-{6-((3-(5-(2-methoxyethoxy}-2-methyiphenylibenzo[blthiophen-5-
yhmethoxy)pyridin-3-yhhex-4-ynoic acid was prepared from (3R)-cthyl 3-(6-((3-
{5-(2-methoxyecthoxy)-2-methylphenylibenzo[blthiophen-S-yhmethoxy)pyridin-3-
yhhex-4-yuoate following General Procedure C, using LiOH as base, EtOH i
place of MeOH, a 1t reaction temperatare overnight and 2N HCI for reaction
acidification. "H NMR (DMSO-ds) 8 8.10 (d, J = 2.4 Hz, 1H), 8.05{d, J= 8.1 Hz,
FH}, 7.68 - 7.73 (m, 2H), 7.45 - 7.49 (m, 2H}, 7.26 (4, J= 8.4 Hz, 1H), 6.93 - 6,97
(m, 1H), 6.77 - 6.82 {m, 2H), 541 (s, 2H), 4.07 - 4.18 {m, 2H), 3.96 - 4.02 (m, 1H),
3.63 - 3.66 (m, 2H), 3.30 (5, 3H), 2.59 - 2.65 (m, 2H), 1.98 (5, 3H), 1.77 (4, /= 2.1
Hz, 3H). LC/MS: mass caled. for CsoHaeNGsS: 515.62, found: 5163 {]\/H-i%ﬂf

Example 88
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{3R}-3-(6-{(3-(3-{2-Mcthoxyethoxy}-2-methylphenylibenzo{ bjthiophen-5-

vhmethoxy)pyridin-3-yithex-4-ynoic acid {Cpd 88)

f 's)
i

;!'
|

(3-(3-(2-Mcthoxyethoxy)-2-methylphenyhibenzolbithiophen-3-yDimethanol was
prepared from 2-bromo-3-(2-methoxyethoxy)-1-methylbenzene (from Example
67AY and (3-(4.4,5,5-tetramethyvl-1,3 2-dioxaborolan-2-vibenzo{blthiophen-S-
vihimethanol (from Example 41A) following General Procedure A using
PACL{dppfy CHLCH, as the palladium catalyst and Cs:C 05 in place of KoCO;s.
LO/MS: mass caled. for CioHn0:S: 42843, found: 311.1 [M-OH].
5-{Bromomethyi-3-(3-(2-methoxyethoxyi-2-methyiphenyibenzolblthiophene was
prepared from (3-(3-(2-methoxyethoxy -2-methylphenyhbenzobithiophen-5-
yhmethanol following the procedure described in Example 85B and used directly
in the following reaction.

(3Ry-Ethyl 3-(6-({3-(3-(2-methoxyethoxy)-2-methylphenvi}benzof bjthiophen-3-
vhmethoxy)pyridin-3-yithex-4-ynoate was prepared from S-(bromomethyi-3-(3-
(2-methoxyethoxy-2-methylphenylbenzol blthiophene and (3R }-cthyl 3-(6-
hydroxypyridin-3-vijhex-4-ynoate (from Example 85A) following the procedure
described in Example 83C. LE/MS: mass caled. for CaHyNGsS: 543.67, found:
5441 [M+HT.
(3R}-3-(6-((3-(3-(2-mcthoxyethoxy)}-2-methyiphenylibenzo[bithiophen-5-
yvhmethoxyjpyridin-3-yithex~-4-ynoic acid was prepared from (3R)-cthyl 3-(6-{((3-
(3-(2-methoxycthoxy)-2-methylphenylibenzo{blthiophen-5-yDhmethoxyjpyridin-3-

yvbhex-4-ynoate following General Procedure C, using LiOH as base, EtOH in

N
it
N
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place of MeOH, a rt reaction temperature overnight and 2N HCL for reaction
acidification. 'H NMR (DMSO-d¢) 8 8.09 (d, .J=2.1 Hz, 1H), 8.04 (4, J= 8.4 Hz,
FH), 7.66-7.71 {m, 2H), 747 (dd, /= 1.5, 84 Hz, I1H), 741 (s, 1H), 720 (1, /=

8.1 Hz, 1H), 7.06 (d, J= 8.1 Hz, 1H), 6.86 (d, J= 7.5 Hz, 1H), 6.77 (4, .J = 8.7 Hz,
5 H), 5.39 (s, 2F), 4.15 - 4.19 (m, 2H), 3.96 - 4.01 (m, 1H), 3.71 - 3.74 (m, 2H),

335(s, 3H), 2.54 - 2.61 {m, 2H), 192 (s, 3H), 1.76(d, /= 2.1 Hz, 3H). LC/MS:
mass caled. for CygHpoNOsS: 515.62, found: 514.1 [M-HT.

Example 89
ig (3R}-3-{6-{(3-(5-{2-Mcthoxyethoxy)-3-methylpyridin-2-viybenzo{bjthiophen-5-
yl)methoxy‘)pvmdmn, ~-yhhex-4-ynoic acid (Cpd 89)

{Ay  2-(5-(Bromomcthylbenzo[blthiophen-3-v1}-5-(Z-methoxyethoxy)-3-

[
(941

methylpyridine was prepared from (3-(5-(2-methoxycthoxy)-3-methylpyridin-2-

yhbenzo[bithiophen-S-yimethanol (from Example 48B) following the procedure

described in Example 85B and used directly in the following reaction,

LC/MS: mass caled. for CisHisBrNOLS: 39231, found: 392.2, 394.2 [M, M+2]".
(BY  (3R)-Ethyl 3-(6-({3-(5-(Z-methoxyethoxy)-3-methylpyridin-2-yhbenzo[bjthiophen-
20 S-yhmethoxy jpyridin-3-yiYhex-4-ynoate was prepared from 2-(5-
{(bromomethyhbenzobithiophen-3-v1}-5-(2-methoxyethoxy}-3-methylpyridine and
(3Ry-cthyl 3-(6-hydroxypyridin-3-yhhex-4-ynoate (from Example 854} following
the procedure deseribed in Example 85C. LC/MS: mass caled. for CypHzNGsS:
544.66, found: 5453 [M+H]".
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(3R-3-(6~{(3-(5-{2-methoxyethoxy}-3-methylpyridin-2-yhbenzo|bithiophen-5-
yvhmethoxy)pyridin-3-yithex-4-ynoic acid was prepared from (38)-cthyl 3-(6-{(3-
(5-(2-methoxyethoxy}-3-methylpyridin-2-vhbenzol bithiophen-5-
vhmethoxy)pyridin-3-yithex-4-ynoate following General Procedure C, using LiOH
as basg, EtOH in place of MeOH, a rt reaction temperature overnight and TN HCI
for reaction acidification. 'H NMR (DMSO-d) 3 12.25 (br. m, [H), 828 (d, J =
24Hz, H), 812, 1H), 8.04 (d. /=84 Hz, 1H), 786 (s, 1H), 7.70- 7.74 (m,
2H). 7.44 - 749 (m, 2H), 6.81 {d, /=8E& Hz, 1H)}, 540 (s, 2H), 4.25 (1, /=4.0 Hz,
2H), 399 -4.00 (m, 1H), 3.72(t, J=4.4 Hz, 2H), 3.32 (5, 3H), 2.65 - 2.67 {mn, 2H)},
2.24 (s, 3H), 1.78 (s, 3H). LC/MS: mass caled. for CipHpoNOsS: 516.61, found:
517.1 [MHHT

Example 80

(3R}-3-(6-{(3-(2-Chloro-5-methvlpynidin-4-ybenzo[blthiophen-S-yhmethoxypyridin-

—
(3]

{(A)

20

3-ylhex~4-ynoic acid (Cpd 96)
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L
e
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8]
. V
Q\NK/ Ci i\i!:/ik\ O
R
L)

(3-(2-chloro-5-methylpyridin-4-ylbenzo[blthiophen-5-yhimethanol was prepared
from 4-bromo-2-chloro-5-methylpyridine and (3-(4,4,5,5-tctramethyi-1.3,2-
dioxaborolan-2-ylibenzo[blthiophen-5-vljmethano! {(from Example 41 A} following
General Procedure A using PACL{dppfy CH,Cl, as the palladium catalyst and
Cs,CO;5 in place of KpCO5. LO/MS: mass caled. for CisHy,CINGS: 289,78, found:
290.0, 292.0 [M, M+2],
2-Chloro-4-{5-(bromomethylibenzolblthiophen-3~-y1}-3-methylpyridine was

prepared from (3-(2~chloro-S-methylpyridin-4-yhibenzo[blthiophen-5-vlmethanol
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foliowing the procedure described in Example 85B and used directly in the
following reaction.

(Cy  (ORy-Ethyl 3-(6-((3-(2-chloro-5-methyipyridin-4-ylibenzo{bithiophen-5-
vhmethoxy)pyridin-3-yithex-4-ynoate was prepared from 2-chloro-4-(5-

5 (bromomethylibenzolblthiophen-3-yl}-5-methylpyridine and (38)-cthyl 3-(6-

hydroxypyridin-3-vhhex-4-ynoate (from Example 85A) following the procedure
{escribed in Example 85C. LC/MS: mass caled. for CgHysCINGOsS: 505.03,
found: 505.2, 507.2 M, M+21.

(D) BR¥3-(6-((3-(2-chloro-5-methylpyridin-4-yl}benzo[blthiophen- 5-

10 yvhmethoxyjpyridin-3-yithex~-4-ynoic acid was prepared from (3R)-cthyl 3-(6-{((3-
(2-chloro-5-methylpyridin-4-ylibenzo{blthiophen-5-ylimethoxypyridin-3-yhhex-
4-ynoate following General Procedure C, using LiOH as base, EtOH in place of
MeOH, a rt reaction temperatare overnight and 1N HCI for reaction acidification,

H NMR. (DMSO-de) § 12.28 (br. s, 1T), R.44 (s, 1H), £.07 - 8.14 (m, 2H), 7.97 (5,

15 PH), 7.73(dd, J=2.7,8 7 He, 1H), 7.53 (d, /=78 He, 2H), 744 (s, 1H), 6,81 {4, J
= 8.7 Hz, 1H), 5.43 (5, 2H), 4.00 (g, /= 6.3 He, 1H), 2.65 (dd, J=1.§, 7.8 Hz, 2H},
2.07 (s, 3H), 1.78 {d, J=2.4 Hz, 3H). LC/MS: mass caled. for CogHy CINLGSS:
47698, found: 477.1,479.1 [M, M+2]".
20 Example 91
(38)-3-(4-((3-(3-Methoxypyridin-2-yibenzol bithiophen-5-vhmethoxy)phenvithex-4-ynoic
actd (Cpd 91)
=
N4 “3
Ny é,g\n/OH
e
|
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(G

(D)

(3-(3-Methoxypyridin-2-ylYbenzo[blthiophen-5-vimethanol was prepared from 2-
bromo-3-methoxypyridine and (3-(4,4,5,5-tetramcthyl-1,3,2-dioxaborolan-2-
yhibenzo[bithiophen-S-yhimethanol (from Example 41A) following General
Procedure A using PACH{dppty CH,CL, as the palladium catalyst and Cs,C05 in
place of K,COs at a reaction temperature of 80 °C overnight. LC/MS: mass caled.
for CysHiaNG,S: 271.33, found: 272.1 [M+H]".
2-(5-(Chloromethyiibenzo[bjthiophen-3-yi)-3-methoxypyridine was prepared from
(3-(3-methoxypyridin-2-vhbenzo{blthiophen-5-yhmethanol following General
Procedure . LC/MS: mass caled. for CisH»CINOS: 289,78, found: 290.0 [M]".
(35)-Ethyl 3-(4-{(3-(3-methoxypyridin-2-vhbenzo[bjthiophen-5-
yhmethoxyiphenylihex-4-ynoate was prepared from 2-(5-
{(chioromethyiibenzo{bjthiophen-3-y1i-3-methoxypyridine and (35)-cthyl 3-(4-
hydroxyphenytihex-4-ynoate {available from Synnovator, Inc., Research Triangle
Park, N.C.; Cat. # PB05708) following General Procedure E. LO/MS: mass caled.
for Cag7NO,S: 485.59, found: 486.1 [M+H]",
(35)-3-(4-((3-(3-Methoxypyvridin-2-yhibenzo[bithiophen-S-yhmethoxy jphenylhhex-
4-yuoic acid {Cpd 81} was prepared from (3S8)-cthyl 3-(4-((3-(3-methoxypyridin-2-
yhbeonzo[bithiophen-3-ylimethoxy jphenylihex-4-ynoate following General
Procedure C, using LiOH as base, EtOH in place of MeOH, a 30 °C reaction
temperature overnight and 1N HCl for reaction acidification. Further purification
was carried out by preparative HPLC on a Waters SunFire™ Prep C1R, 5 p column
(19 x 100 mm) using an acctonitrile / water (0.5% NHHCOs) gradient {55 — 75%;).
'H NMR (DMSO-de) 8 8.30 (d, /= 8.7 Hz, 1H), 820 (s, 1H), .15 (s, 1H), 8.04 (d,
J=84Hz, 1H), 761 {d, J=99Hez, [H}, 7.39 - 748 (10, 2H), 7.12 (d, J = 8.7 Hz,
2H). 6.92(d, 7 = 8.7 Hz, 2H), 5.17 (s, 2H), 3.91 - 3.96 {m, 2H), 3.81 (5, 3H), 2.37 -
2.44 (m, 2H), 1.74 {s, 3H). LC/MS: mass caled. for Cp7HpNOLS: 457.54, found:
4582 IM+H]'.

Example 92
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(D)

(3R -3-(6-((3-(5-(2-Methoxycthoxy }-2-methylpyridin-3-yiibenzo{bjthiophen-5-

yvimethoxypyriding-3-yhhex-4-ynoic acid {Cpd 92)
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(3-(5-(2-Mcthoxyethoxy)-2-methyipyridin-3-yl)benzol bthiophen-5-yhmethanol
was prepared from 3-bromo-5-{2-methoxyethoxy}-2-methylpyridine (from
Example 49A) and (3-(4.,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yhibenzo[bithiophen-S-yhimethanol (from Example 41A) following General
Procedure A using PACH{dpptyCH,CL, as the palladium catalyst and Cs,C05 in
place of KoCOs, LO/MS: mass caled. for CigHioNGsS: 32941, found: 330.0
[M+H] .

3-{5-(Bromomethylibenzo[blthiophen-3-y1}-5-(2-methoxycthoxy}-2-
methylpyridine was prepared from (3-(5-{Z-mcthoxyethoxy)-2-methylpyridin-3-
yhibenzo[bithiophen-5-vlymethanol following the procedure described in Example
858 and used directly in the following reaction. LC/MS: mass caled. for
CysH:BrNG,S: 392.41, found: 391.9, 393.9 [M, M+27 .

(3R)-Ethyl 3-(6-({3-(5-{Z-mcthoxyethoxy)-2-methylpyridin-3-ylibenzo[bithiophen-
S-yhmethoxypyridin-3-yljhex-4-ynoate was prepared from 3-(5-
{(bromomethyhbenzo[blthiophen-3-y1)-5-(2-methoxyethoxy)-2-methylpyridine and
(3R)-ethyl 3~(6-hydroxypyridin-3-ylthex-4-ynoate {(from Example 85A) following
the procedure described in Example 85C. LO/MS: mass caled. for CaHappNOs8:
344.66, found; 545.1 [M+H]"
(3R-3-(6~{(3-{5~2-Methoxyethoxy-2-methylpyridin-3-yvi}benzo| bjthiophen-5-
vhmethoxypyridin-3-vijhex-d-ynoic acid {Cpd 82} was prepared from (3R )-ethyl
3-{6-{{3-{5-(2-methoxyethoxy)-2-methylpyridin-3-yibenzolbithiophen-5-

vhmethoxypyridin-3-vijhex-d-ynoate following General Procedure C, using LiOH
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as base, EtOH in place of MeOH, a 35 °C reaction temperature overnight and 2N
HCI for reaction acidification. "H NMR (DMSO-ds) § 8.28 (d, ./ = 3.0 Hz, 1H),
8.00- 811 (m, 2H), 7.83 (s, 1H), 7.71 {dd, /=24, 84 Hz, 1H)}, 748 - 7.53 {m,
2HY, 7.29(d, J=30Hz 1H),6.80(d, /=87 Hz, 1H), 542 (s, 2H), 417 - 4.20 {m,
2H}, 3.95-4.00 (m, 1H), 3.65 - 3.68 (m, 2H), 3.30 (5, 3H), 2.63 - 2.66 (m, 2H},
249 (s, 3H), 1.77 (4, J=2.4 Hz, 3H). LC/MS: mass calcd. for CuoHopgN,055:
516.61, found: 517.3 [M+H]".

Example 93
{353-3-(4-((3-(6-Chloro-3-methylpyridin-2-yl}benzo{bjthiophen-5-yDmethoxyphenyl)
hex-4-ynoic actd {Cpd 93)

AR
o N Y
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{A)y  (3-(6-Chloro-3-methylpynidin-2-vlibenzo[blthiophen-5S-ylymethanol was prepared
from 2-bromo-6-~-chloro-3-methylpyridine and (3-(4,4,5,5-tetramethyi-1,3,2-
dioxaborolan-2-yhibenzo[blthiophen-5~-vlimethanol {from Example 41A) following
General Procedure A using PACL{(dppfy CHLCL as the palladium catalyst and
CsCO;3 in place of KpCOs. LO/MS: mass caled. for CsHpCINGS: 289.78, found:
290.0, 202.0 [M, M+2]

{By  6-Chloro-2-(5-(chloromethylibenzolblthiophen-3-vi)-3-methylpyridine was
prepared from (3-{6-chloro-3-methylpyridin-2-yiibenzo[blthiophen-5-viimethanol
following General Procedure D and used directly in the following step.

(Cy  (35)-Ethyt 3-(4-((3~(6-chloro-3-methylpyridin-2-yl}benzo[blthiophen-5-
vhmethoxviphenylihex-4-ynoate was prepared from 6-chloro-2-(5-
{chioromethyibenzo]blthiophen-3-yi}-3-methyipyridine and {35)-ethyl 3-(4-

hydroxyphenyhihex-4-ynoate (available from Synnovator, Inc., Rescarch Triangle
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Park, N.C.; Cat. # PB(5708) following General Procedure E, using K;CO; in place
of Cs,C 05, DMF as soivent in place of MeCN and a reaction temperature of 60 °C
overnight. LC/MS: mass caled. for CaoHpeCING:S: 504.04, found: 504.1 (M}
(&) 3-(4-((3{6-Chloro-3-methylpyridin-2-yl}benzo[blthiophen-5-
5 yhmethoxyphenylthex-4-ynoic acid {Cpd 93} was prepared from (35}-cthyl 3-(4-
{({3-(6~chloro-3-methylpyridin-2-yljbenzo[blthiophen-5-yhmcethoxyjphenylhex-4-
ynoate following General Procedure C, using LiOH as base, EtOH in place of
McOH, a 1t reaction temperature overnight and 1N HCl for reaction acidification.
Further purification was carried out by reversed phase flash chromatography on an
i0 Agela Technologies C18 cartridge, (120g, 20-35u, 100 A) using an acctontrile /
water gradient (35 - 90%).  'H NMR (DMSO-dg) § 12.22 (br. s, 1H), 8.10 (d, /=
8.3 Hz, 1H}, 8.05(s, 1H), 7.89 (dd, /= 0.8, 8.7 Hz, 1H}, 7.73 {(d, /= 1.6 Hz, 1H),
748 - 7.54{m, 2H}, 7.22 - 7.29 {(m, 2H}, 6.92-6.98 (m, ZH), 5.19 (s, 2H}, 3.89 -
3.96(m, TH), 2.58 (4, /=7.6 Hz, 2H}, 224 (s, 3H}, 1.77(d, /= 2.4 Hz, 3H).

15 LO/MS: mass caled. for CorHpCING:S: 475.99, found: 475.9 [M]

Example 94
{35)-3-{4-{(3-{6-Mcthoxy-3-methyipyridin-2-ylibenzof bjthiophen-5-
yhmethoxyiphenylthex-4-ynoic acid {Cpd 94}

/N G
M T
9) By OH
// H S H
TS
i
20 i
(A} A mixture of (3-{6-chloro-3-methylpyridin-2-yijbenzo[blthiophen-5-ylmcthanol
(300 mg, 1.04 muool, from Examplc 93A), DMSO (10 mL) and sodium methoxide
in methanol (4 ml} was heated for 30 min in a microwave reactor at 100 °C. After
25 cooling to tt, the reaction was guenched with water (50 mL) and the mixture was
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extracted with EtOAc (3 x 580 mL). The combined extracts were concentrated
under reduced pressure to afford crude 6-(5-{(hydroxymethyhbenzofbithiophen-3-
yh-S-methylpyridin-2-ol as black oil, which was used directly without further
purification. LO/MS: mass caled. for Ci5HaNG,»S: 271.33, found: 272.0 [M+H] .
5 By Toamixture of 6-(5-(hydroxymethyl)benzo{bithiophen-3-yi)-5-methylpyridin-2-o0l
(340 mg, 1.25 mmob) and AgeCOy (1.04 g, 3.76 mimol), in tolucne (10 mi}, was
added todomethane (0.53 g, 3.76 mmol). After stirring overnight at 45 °C, the
mixture was filtered and the filirate was concentrated under reduced pressure. The
residue thus obtained was purified by silica gel chromatography cluting with
10 EtOAc/petroleum cther (8-30%) to afford (3-{6-methoxy-3-methylpyridin-2-
yhbenzofbithiophen-3-vlymethanol (121 mg, 28 %), as a coloriess oil. LC/MS:
mass caled. for CiHsNO,S: 285.36, found: 286.0 [M-+H]".
(Cy  2-(5-(Chloromethylbenzo[blthiophen-3-yi)-6-methoxy-3-methylpyvridine was

prepared from (3-(6~methoxy-3-methylpyridin-2-vljbenzol bithiophen-5-

—
(3]

vimethanol following General Procedure D, and used directly.

(D} (35-Ethyl 3-(4-((3~(6-methoxy-3-methylpyridin-2-yhbenzo[bithiophen-5-
vimethoxviphenylihex-4-ynoate was prepared from 2-(5-
{chioromethylbenzolblthiophen-3-vii-6~-methoxy-3-methylpyvridine and (35)-cthyl
3-(4-hydroxyphenyhihex-4-ynoate {available from Synnovator, Inc., Research

20 Triangle Park, N.C.; Cat. # PBO5708) following General Procedure E. LU/MS:

mass caled. for CspFHoNG4S: 499.62, found: 500.3 [M+HT.

(Fy  (38)-3-{4-((3-(6-Mcthoxy-3-methylpyridin-2-vi)benzo[bjthiophen-5-
vhmethoxy)phenylihex-4-ynoic acid (Cpd 94) was prepared from (35)-cthyl 3-(4-
{((3-{6~-methoxy-3-methyipyridin-2-ylibenzoibithiophen-S-y Dmethoxy jphenyiibex-

25 4-yupate following General Procedure C, using LiOH as base, EtOH in place of

MeQH, a rt reaction temperature overnight and IN HC for reaction acidification.

'H NMR (DMSO-dg) § 8.07 (d, J= 8.4 Hz, 1H), 7.78 (s, 1H), 7.95 (d, /= 7.6 Hz,

PH), 7.71 (4, J=84 Hz, 1H), 749 (dd, J = 84,1.6 Hz, 1H}, 7.20 - 7.28 (m, 2H)},

6.88 - 6.96 {m, 2H}, 6.80 (d, /= 8.3 Hz, 1H), 5.20 (s, 2H), 3.90 - 3.95 (m, 1H}, 3.77

220
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{(A)

(8)

(s, 3H}, 2.57 (dd, J=7.6, 1. 2 Hz, 2H), 2.22 (s, 3H}, 1.76 (d, / = 2.4 Hz, 3H}.
LC/MS: mass caled. for CpHpsNGS8: 471.57, found: 472.2 {M+H]™

Example 95

(383-3-(4-{(3-{2-Methyl-4-(piperidin-4-yimethyljphenyhbenzo{bithiophen-5-

yi)methoxy)phenyl)hexnlinymic acid {(Cpd 95}

Methyl 3-(4-hydroxy-2~-methyiphenyiybenzolblthiophene-5-carboxylate was
prepared from methyl 3-bromobenzolblthiophene-5-carboxylate and 4-hydroxy-2-
methyiphenylboronic acid following General Procedure A using

PACL{dppfy CH,CL, as the palladium catalyst and TEA in place of K,CO5 and
EtOH as solvent at a temperature of 80 °C overnight, LO/MS: mass caled. for
Cy7H4058: 20836, found: 299.0, IM+H]

To a solution of methyl 3-(4-hydroxy-2-methylphenyiibenzo{bjthiophene-5-
carboxvlate ( 3.9 g, 13.1 mmol} and pyridine (3.10 g, 39.2 mmol) in DCM {50 mi),
was added THO (5.53 g, 19.6 mumol} in dropwisc fashion. After stirring overnight
at rt, the mixture was diluted with water (40 mL) and extracted with EtOAc (3 x
100 mb). The combined organic cxtracts were washed with brine, dried (Na;SO4)
and concentrated under reduced pressure. The residue thus obtained was purified
by silica gel chromatography eluting with EtOAc/petrolcum cther (0 - 15%) to
afford methyl 3-(2-methyl-4-
{(riflaoromethylsulfonyloxyphenybbenzofbithiophene-5-carboxylate (5.0 g, 80
%), as a colorless ol LO/MS: mass caled. for CisHisF30s8,: 430.42, found: 431.1
[M+HT
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9-Borabicyelof3.3. Tinonane (0.5 M solution in THF; 20.5 ml, 18.25 mmol) was
added to fers-buty! 4-methylenepiperidine-t-carboxylate (2.02 g, 10.24 mmol)
under an inert atmosphere of nitrogen and the resultant solution was stirred at 63 °C
for 1 h. Methyl 3-(Z-mcthyi-4-
(triflaoromethyisulfonyloxy)phenylibenzo{bithiophene-5-carboxylate (4 g, 9.29
mimol), Pd(dppHCL.CH,CL, (22.7 mg, 0.028 mumol), KbCO: (12.8 ¢, 92.75 numnol),
DMF (40 ml) and H>O (4 mi) were added, and the resulting solution was stirred at
60 °C for an additional 3 h. The mixture was then extracted with EtOAc {3 x 100
mbL} and the combined organic extracts were washed with brine, dried (Na;SOy)
and concentrated under reduced pressure. The residuc thus obtained was purified
by silica gel chromatography cluting with EtOAc¢/petroleum cther (0 - 15%) to
afford reri-butyl 4-(4-(5-(mecthoxycarbonyl}benzo[blthiophen-3-y1-3-
methylphenylipiperidine-1-carboxylate (3.51g, 70.8%) as colorless oil. LOC/MS:
mass caled. for CagHnNQO.S: 479.63, found: 480.3 IM+H]™

To a cooled (- 60 “C) solution of rer-butyl 4-(4-(5-
{methoxycarbonylibenzo[blthiophen-3-vl}-3-methylphenyhpiperidine- |-
carboxyvlate (3.51g, 7.32 mumol} in tohuene (35 mL) was added DIBAL-H (1M 1o
toluene; 14.6 mL, 14.6 ramol) and the resultant solution was stirred at vt for 2 h.
The mixture was quenched by the addition of MeOH (20 mL), diluted with HhO
{100 mL} then extracted with EtOAc¢ (3 x 100 mL) and the combined organic
extracts were washed with brine, dried (Na;S04) and concentrated under reduced
pressure. The residue thus obtained was purified by silica gel chromatography
chuting with EtOAc/petrolewm ether (0 - 15%) to afford tere-butyl 4-(4-(5-
{(hvdroxymethyhbenzofbithiophen-3-vi}-3-methvibenzyDpiperidine- I -carboxylate
{(1.91 g, 57.8 %} as colorless oil. LC/MS: mass caled. for CorHzNGsS: 451.62,
found: 452.2 [M+H]".

(38)-tert-Butyl 4-{4-{5-{{4-( 1-cthoxy-1-oxohex-4-yn-3-yhphenoxyimethyljbenzo-
[blthiophen-3-vi)-3-methvibenzypiperidine-1 -carboxylate was prepared from feri-

butyl 4-(4-(5-(hydroxymethylibenzo{bithiophen-3-yl}-3-methylbenzyljpiperidine-

N
P
N
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f-carboxylate and (38)-cthyl 3-{4-hydroxyphenylihex-d-ynoate (available from
Synnovator, Inc., Rescarch Triangle Park, N.C.; Cat. # PB0O570€) following
General Procedure B using {Bu):P and ADDP at a reaction temperature of 70 °C
overnight. LC/MS: mass caled. for CiHyNOsS: 665.88, found: 666.3 [M+H]".
To a solution of {38)-terr-butyl 4-(4-(5-({4-{1-cthoxy-1-0xohex-4-yn-3-
vhphenoxyymethylbenzo-[blthiophen-3-yh-3-methylbenzylipiperidine-1-
carboxylate (900 mg, 1.35 mmol} in dioxanc {15 mL) was added 4N HCVdioxane
(4 mL, 16 mmol) and the resulting solution was stirred overnight. The solution pH
was adjusted to 6 with ag. NaHCO; and the mixture was extracted with EtOAc¢ (3 x
100 mbL). The combined extracts were concentrated under reduced pressure and the
resultant residuc was purificd by preparative HPLC on a Waters SunFire™ Prep
C18, 5 p column (19 x 100 mam) using a gradient of acetounitrile / water (8.05%
TEA}Y (25 — 70 %) as eluent to afford (38)-cthyl 3-(4-({3-(2-methyl-4-{piperidin-4-
yimethyljphenyiybenzofblithiophen-5-yiimethoxy)phenylihex-4-ynoate {TFA salt}
(134 mg, 14.4 %) as an off white solid. LC/MS: mass caled. for CisHaoNO:S:
565.76, found: 566.3 [M+H]"
(35)-3-(4-((3-(2-Methyl-4-(piperidin-4-vlmcthyhphenyitbenzo[ bithiophen-5-
yhmethoxyphenylhex-4-ynoic acid (Cpd 98} was prepared from (38)-cthyl 3-(4-
{({(3-(2-methyl-4-{piperidin-4-yvimethyhphenylibenzo[ bithiophen-5-
yhmethoxyiphenylihex-4-ynoate {TFA salt) following General Procedure C, using
Li0OH as base, THF/water (1:1) as solvent, a rt reaction temperature overnight and
2N HCI for reaction acidification. The residuc obtained was purified by
preparative HPLC on a Waters SunFire™ Prep C18, 5w column (19 x 100 mm)
using a gradient of acetonitrile / water (0.05% TFA) (25 ~ 70 %) as cluent. 'H
NMR(CE0D) 0 7.88 (4, = 8.0 Hz, 1H), 7.35- 739 (m, 2H), 7.17 - 7.27 (m,
3H), 7.03- 712 (m, 3H), 6.78 - 6.80 (m, 2H), 5.07 (s, 2H}, 3.56 - 3.97 {m, I H),
3.27 (m, 2H), 2.81 - 2.89 {(m, 2H), 2.51 - 2.62 {m, 3H), 2.37 - 2.45 (m, 1H), 2.01 (5,
3H), .81 - 1.86 {m, 3H), 1.76 (s, 3H), 1.26 - 1.45 (m, 2H). LC/MS: mass caled.
for CaaHysNOsS: 537,71, found: 536 1{M-HJ.
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Example 96
{38)-3-(4-((3-(2-Mcthyl-4-{piperidin-4-yphenylbenzof bithiophen-5-
yi)n‘xethoxy)phenyl)hex—fé-—ynmc acid {Cpd 96}

\/S
‘T/\
N

Ly

\(/
\f///:/L\Y/ 7

OH

I:i}

{A)  fert-Butyl 4-{4-(5-(methoxycarbonylbenzolbjthiophen-3-yi}-3-methyiphenyi}-5,6-
dihydropyridine~-1{2H-carboxylate was prepared from methyl 3-{2-methyl-4-
(trifluoromethylsalfonyloxy jphenyvhbenzofbithiophene-S-carboxylate (from
Example 958) and reri-butyl 4-(4.,4,5,5-tctramethyl-1,3,2-dioxaborolan-2-y{}-5,6-
dibydropyridine-1{2H}-carboxylate following General Procedure A using
Pd{PPh:)s as the palladiom catalyst and NayCOs in place of K,CO;5 at a temperature
of 80 °C overnight, LO/MS: mass caled. for CoyHpNGSS: 463,59, found: 486.2
[M-+Nal"

(B) A mixture of tert-butyl 4-(4-(5-(mcthoxycarbonyl}benzo[blthiophen-3-yi)-3-
mcthyiphen‘/'i)nf»,6~dihydropyridine-1(_ 2H)y-carboxylate (4.5 g, 9.71 mmuol) and
Pd/C {16 %, 500 mg) in McOH {100 mL) was hydrogenated overnight at rt. The
mixture was then filiered and the filtrate was concentrated under reduced pressure
to afford reri-butyl 4-(4-(5-(methoxycarbonyhbenzo[blthiophen-3-yH-3-
methylphenyhpiperidine-1-carboxyvlate (4.3 g, 94 %) as light-yellow oil. LC/MS:
mass caled. for CorHa NO4S: 465.60, found: 488.2 [M+Nal .

(CY  tert-Butyl 4-{4-(5-(hydroxymethyhbenzo[bjthiophen-3-y1}-3-
methylphenyhpiperidine-1-carboxylate was prepared from fere-butyl 4-(4-(5-
{methoxycarbonyl}benzo[blthiophen-3-yv1-3-methylphenyhpiperidine-1-

carboxylate following the procedure described in Example 95B. EtOAc/petroleum
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cther (8 - 20%) was used as cluent for the silica gel chromatographic purification.
LC/MS: mass caled. for CiHaNO3S: 437.59, found: 460.15 [M+Nal'.

tert-Butyl 4-{(4-(5-((4-((3S}- I -cthoxy-1-oxohex-4-yn-3-
vhphenoxy)methylibenzo|blthiophen-3-v1i-3-methylphenypiperidine-1 -
carboxylate was prepared from reri-butyl 4-(4-(5-
(hydroxymethylibenzo{bithiophen-3-v1}-3-methyiphenylipiperidine-1-carboxylate
and (38)-cthyl 3-(4-hydroxyphenyhhex-4-ynoate (available from Synnovator, Inc.,
Research Triangle Park, N.C,; Cat. # PBO5708) following General Procedure B
using (BukP and ADDP at a reaction temperature of 60 °C overnight. LC/MS:
mass caled. for CaygHysNOsS: 651,85, found: 652.4 [M-+H] "

(38)-Ethyl 3-(4-((3-(2-methyl-4-{piperidin-4-yhphenylybenzolblthiophen-5-
vhmethoxyphenyhhex-4-ynoate was prepared from fert-Butyl 4-{4-(5-{(4-((35)-1-
ethoxy-1-oxohex-4-yn-3-ylphenoxyimethylibenzofblthiophen-3-y1)-3-
methyiphenylpiperidine-1-carboxylate following the procedure described 1o
Example 95F. LC/MS: mass caled. for CasHyNO1S: 551.74, found: 552.25
[M+HT

(38)-3-(4-((3-(2-Methyl-4-(piperidin-4-yl)phenylihenzo] blthiophen-5-
yhmethoxyphenyhhex-4-yonoic acid {Cpd 863 was prepared from (35)-cthyl 3-(4-
({(3-(2-methyl-4-(piperidin-4-yhiphenylibenzo[blthiophen-5-
yhmethoxyphenylihex-4-ynoate following General Proceduare €, using NaOH as
base, THF/water {1:1) as solvent, a 1t reaction temperature overnight and 1N HCH
for reaction acidification. Product purification was carried out by silica gel
chromatography using MeOQH/DCM (0 - 25%) as eluent. "H NMR (DMSO-de) &
8. 01 (s, 1H). 7.68 (s, 1H), 7.39 - 7.41 {m, 1), 7.15 - 7.29 (m, 4H), 7.04 - 7.06 (m,
ZH}, 6.81 - 6.87 (m, 2H}, 5.20 (s, 2H}, 3.98 - 4.01 {(m, 1H), 3.10 - 3.18 {m, 2H),
2.67-2.70 (m, 3H), 2.31 - 2.46 (m, 2H}, 2.00 (s, 3H), 1.72 - 1.75 (m, TH}. LO/MS:
mass caled. for CysHysNO5S: 523,68, found: 524.2 [M+H]"
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Example 97
3-{4-({3-(2-Mcthyiphenylibenzo{dlthiophen-S-ylimethoxy phenylthex-4-ynoic acid
{Cpd 973

Methyl 3-{4-{(3-(Z~-methyiphenvlibenzolhlthiophen-S-y Dmethoxy iphenyiihex-4-
vugate was prepared from 5-(chloromethyly-3-(2-methviphenyhbenzo[blthiophene
{Example 2a, Step F) and methyl 3-(d-hydroxyphenyijhex-4-ynoate {available from
Oxchem Corporation, frwindale, CA; Cat. # AXS8267763) following General
Procedure E, at a reaction tomperature of 40 °C. LC/MS: mass caled. for
CroH6018: 454.16, found: 477.1 {M+Na] .
3-{4-{(3-{2-Methylphenyiibenzo[bthiophen-5-yhmethoxyphenylthex-4-ynoic acid
{Cpd 97) was prepared from methyl 3-(4-{(3-(2-methylphenylibenzo|blthiophen-5-
yhmethoxyphenylihex-4-ynoate following General Procedure €, using NaOH as a
base, at a 35 °C reaction temperature for 2 h and 2M citric acid for reaction
acidification. 'H NMR (CDCL) 8 7.92 {d, J=9.1 Hz, 1H), 7.39-7.51 (m, 2H),
7.24-7.36 {m, TH), 6.89(d, /=8.6 Hz, 2H}, 5.08 (5, 2H}, 4.03 (m, 1H), 2.78{(dd, J
=15.7,86Hz, 1H),2.68(dd, /=159, 68 Hz, 1H), 2.15(s, 3H), 1.82(d, 7=2.0
Hz, 3H). LC/MS: mass caled. for CpH0:S: 440.14, found: 463.2 [M+Na]".

Biological Examples

In Vitro Assavs
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Compounds were tested in a calcinm flux assay using transfected HEK 293 cells
stably expressing cither human GPR40 or rat GPR40, Human GPR40 expressing cells
were cultured in DMEM-High Glucose media supplemented with 10% fetal bovine serum,
1 x L-Ghataming, 1 x Peniciflin/Streptomycin and 500 pg/mb. G418, Rat GPR4D
expressing cells were cultured in DMEM-High Glucose media supplemented with 10%
fetal bovine serum and 1 pg/mL puromycin, Cells were plated into poly-DB-lysine coated
384-well plates and cultured overnight in a 37 °C humidified tissue culture meubator under
5 % CO/%0 % O; atmosphere. On the day of the experiment, the culture media was
replaced with assay buffer (HBSS, 20 mM HEPES, 0.1 % BSA) and the cells incubated at
37°C for T h. Calciom-sensitive fluorescent dye {(Fluo 8 No-Wash Calctom Dye, ABD
Bioguest) was then added and the cells incubated for another 30 vain at 37 °C followed by
15 yoin at voorn temperature while protected from the hight. The cell plate and a plate of
diluted compounds of Formula (1) were loaded into a fluorescent plate reader that added
compounds onto the cells while measuring the fluorescence intensity of cach well, The
plate reader recorded fluorescence intensity at 1 second intervals for & min and provided
the data for analysis in an Excel format. ECsp values were calculated using Prism

{GraphPad) software. Resultant mean data are shown in Table 2.

Table 2.
{"a*" Mobilization Data
RGPR48 Ca™"
Cpd No Assay ECS0

{pV)
i 0.007
2 0.005
3 0.005
4 (3.003
5 (3.023

N
v
-
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hGPR40 Ca™'
Cpd Ne Assay EC50

(M)
6 0.015
7 {(3.007
g 0.02
b 0.017
16 0.041
it 0.016
12 (.009
13 {(3.007
14 (3.009
15 0.002
16 0.005
17 0.606
18 0.011
1% {(3.008
28 {3.065
21 0.008
22 0.008
23 (.01
24 0.009

PCT/US2015/054581
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hGPR40 Ca™'
Cpd No Assay EC50
(M)
25 (.024
26 (3.018
27 0.02
28 0.012
28 0.034
38 0.606
31 0.014, 0.048
32 (3.036
33 (31.015
34 0.025
38 0.026
36 0.043
37 0.017
38 (3.019
39 (3.046
46 0.015
41 0.021
42 0.012
43 0.031
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hGPRAO Ca”™
Cpd Ne Assay EC50

{ud)
44 0.022
45 $.013
46 (3.018
47 0.02
48 .01
49 0.009
5¢ 0.012
81 $.006
52 3.019
83 .89
54 0.044
58 $.033
56 0.034
57 $.017
58 (.014
59 0.014
&0 0.070
61 0.016
62 0.010

230
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hGPR40 Ca™'
Cpd Ne Assay EC50
(i)
63 $.010
64 (3.021
65 3.611
66 0.014
67 0.009
68 0.019
&9 0.015
78 3.5
71 3.612
72 1.33
73 0.013
74 (.18
78 0.007
76 (.83
7y 80.01 (;;025(}()6;
78 (0.009
79 0.028
A1) 3.2
g1 0.011

PCT/US2015/054581
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hGPR40 Ca™'
Cpd Ne Assay EC50
(i)
82 $.037
83 (3.010
84 (3.0652
85 0.007; 0.006
1) 0.008
87 0.011
§8 (.008
89 0.02
S8 (31.015
91 0.017
82 0.013
83 0.015
94 {0.015
93 (3.004
96 {(3.00%
97 (0.002
98 (.16

PCT/US2015/054581
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In-vivo Assay

Oral Glucose Tolerance Test

Male SD rats (200-250 g} were housed 2 per cage in a temperature-controlled room
5 with a 12-hour light/dark cycle. They were allowed ad [ibitum access to water and fed
with normal rodent chow. The night before the oral glucose tolerance test (oGTT), the rats
were transferred to clean cages and fasted overnight. On the morning of the oGTT, the rats
were weighed and randomized into groups based on fasted blood glucose and body weight.
Rats were dosed with vehicle (§.5% methocel) or compounds (10 mg/kg, po} thirty to forty
10 min prior to the oG T {glucose, 2g/kg, po). Blood was collected from the tail vein at 8,
18, 30, 60 and 120 minutes after glucose challenge to measure blood glucose; plasma was
used to determinge insulin levels, The area under the curve for blood glucose excursion was
calcnlated from t= O to t = 120 minutes. Percent lowering of glucose was calculated from

the AUC data with respect to the vehicle-treated group. Resuhant data are shown in Table

15 3.
Table 3.
Cod No Percent Lowering of Glucose
P ) (AUC compound vs. AUC Vehicle)
2 72 %
) 76 Y%
Note: AUC = Integrated area under the glucose excurston curve from

24 t= 8 to t== 120 minutes.

While the foregoing specification teaches the principles of the present invention,
with examples provided for the purpose of iltustration, it will be understood that the
practice of the invention encompasses all of the usual variations, adaptations and/or

25  modifications as come within the scope of the following claims and their equivalents.
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We claim:

1. A compound of Formula {I)

Formula (1)

wherein

ring W is phenyl or pyridyl;

A is ~CH,0- or ~OCH,~;

ZisCHorN;

R, 18 hydrogen;

Ry s selected from hydrogen or methylacetyienyl; or Ry and R are taken

together to form a spirofused 3-hydroxyeyelobutyl or a spirofused 3-oxocyelobutyl;

R; is sclected from hydrogen or methyl;

Rs is hvdrogen, chloro, or a substituent selected from the group consisting
of Ciaalkyl, hydroxy, 1,i-dioxothian-4-yl, 1,1-dioxido-3,6-dithydro-2 H-thiopyran-
4-v1, 1,1-dioxo-1,4-thiazinane-4-vicarbonyl, Cisalkylsulfonyl, Cyp
salkylsolfonylamino, 1, 1-dioxido-1-thia-6-azaspiro[3.3theptan-6-vi, piperidin-4-yi,
piperidin-4-vimethyl, and -ORy;

wherein Ry is
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i) Cysalkyl optionally independently substituted with one or two ) zalkoxy or
hydroxy substituents;

i1) Cseveloalkyl;

1ii} 4-hydroxy-1,1-dioxo-thian-4-ylmethyl;

v} 1,1-dipxothian-4-yl;

v} 1,1-dioxidotetrahydro-2 H-thiopyran-4-vlmethyl;

vi} tetrahydro-2H-pyran-4-vi;

vii}  Cisalkvisulfonyipropyl;

viii)  2-{1-hydroxyeyclopropyliethyl;

ix) 3-methyloxetan-3-vl-methyl;

X} {3-methyl-1,1-dioxidothictan-3-ylimethyl;

Xi) {1-Cs.scycloalkyl-1-ohmethyl;

xii}  4-hydroxy-tetrahydropyran-4-yimethyl;

Riity  2~(Careyeloatkyl}-2-hydroxyethyl;

xivy  tetrahydro-2H-pyran-4-vimethyl;
or

xv}  tetrahydrofuran-3-yi;
Rs is methyl, methoxy, bromo, chloro, i salkoxy-Cigalkoxyl, €.

salkylsalfonyl, or trifluoromethyl;

or an enantiomer, diastereomer, or pharmaceutically aceeptable salt forms thereof,

2. The compound of claim 1 wherein ring W is phenyl.
3. The compound of claim 1 wherein ring W is pyridyl.
4. The compound of claim 1 wherein A is ~-CH,0—.
5. The compound of claim 1 wherein A is ~OCH .
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The compound of claim 1 wherein Z is CH, Ry is hydrogen and R, is {8)-
methylacetylenyl; or Ry and R are taken together to form a spirofused 3-

hydroxyevelobutyl or a spirofused 3-oxocyciobutyl

The compound of claim | wherein Z 18 N, Re 18 hydrogen and Ry is (R)-
methylacetyienyl; or Ry and R are taken together to form a spirofused 3-

hvdroxyeyelobutyl or a spirofused 3-oxocyclobutyl

The compound of claim | wherein R, is hydrogen.

The compound of clatm 1 wherein Rs 18 hydrogen, chloro, or a substituent sclected

from the group consisting of Cyalkyl, hydroxy, §,1-dioxothian-4-y1, 1, l-dioxido-

3,6~dihydro-2H-thiopyran-4-y1, 1,1~-dioxo-~1,4-thiazinane-4-ylcarbonyl, C;.

salkylsulfonyl, Cjaalkyisulfonyvlamine, 1, 1-dioxido-i-thia-6-azaspiro[3.3Jheptan-

6-yl, piperidin-4-yl, piperidin-4-vlmethyl, and -ORy;

wherein Ry is

1) C, salkyl optionally independently substituted with one or two Cy zalkoxy or
hydroxy substituents;

i} Cs eycloaltkyl;

i} 4-hydroxy-1,1-dioxo-thian-4-yimethyl;

V) 1,1-dioxothian-4-vi;

v} 1, 1-dioxidotetrahydro-2H-thiopyran-4-vimethyl;

Vi) tetrahydro-2H-pyran-4-vi;

vii})  Craalkvisulfonyipropyl

viiiy  2-(I-hydroxycyclopropyliethyl;

iX) 3-methyloxetan-3-vi-methyl;

X} (3-methyl-1,1-dioxidothictan-3-vimethyl;

Xi) tetrahydro-2 H-pyran-4-yimethyl;

or
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10,

xii}  tetrahydrofuran-3-ylL

The compound of claim | wherein Ry 18 hydrogen or a substituent that is -ORy;

whergin Ry is

i) y.4alkyl optionally independently substituted with one or two hydroxy or
Cisalkoxy substituents;

i) {4-hydroxy-1,1-dioxo-thian-4-yymethyl;

11} 1,1-dioxidotetrahydro-2 H-thiopyran-4-vimethyl;

v} tetrahydro-2H-pyran-4-vi;

v} Craalkylsuifonyipropyl;

vi} tetrahydro-2H-pyran-4-yimethyl;
or

Vi) vity  fetrahydrofuran-3-yl

The compound of claim 1 wherein Riis selected from the group consisting of
hydrogen; methyl; hydroxy; chloro; (4-hydroxy-1,1-dioxo-thian-4-yDimethoxy;
4-(3-methylsulfonylpropoxy; 1,1-dioxo-1 4-thiazinane-4-carbonyl; 1,1-dioxido-
3,6-dihydro-2H-thiopyran-4-yl; 1,1~dioxothian-4-vl; (1 1-diosothian-4-vljoxy;
{(1-hydroxyeyclopropybethoxy; 3-hydroxy-3-methyibutoxy; 2,3-
dihydroxypropoxy; (3~-methvioxetan-3-viymethoxy; (tetrahydro-2H-pyran-4-
vhoxy; Z-methoxyethoxy; (1,1-dioxidotetrahydro-2H-thiopyran-4-yimethoxy;
(3-methyi-1, -dioxidothictan-3-ylymethoxy; (3-{methylsulfonvijpropoxy;

I 1-dioxidotetrahydro-2H-thiopyran-4-yl; 2-cthoxyethoxy; 1,1~
dioxidotetrahyvdro-2H-thiopyran-4-yijoxy;

(tetrahydro-2H-pyran-4-yhoxy; 1,1-dioxido-1-thia-6-azaspiro{3.3theptan-6-yi;
methvisulfonyl; methylsulfonamido; piperidin-4-vi; piperidin-4-yimethyl; and

tetrahydro-2H-pyran-4-yljoxy.
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12. The compound of claim 1 wherein Rs is methyl, methoxy, chioro, 2-
methoxyethoxy, methanesulfonyl, or wrifluoromethyl.
13, A compound of Formula (f)

Formuda (1)

wherein

ring W is phenyl or pyridyl;
A s ~CH-O- or ~OCH;—
Zis CHor N;

Ry is hydrogen;

Ry s selected from hydrogen or methylacetyienyl; or Ry and R are taken

together to form a spirofused 3-hydroxyeyelobutyl or a spirofused 3-oxocyelobutyl;
R; is hydrogen;
Rz is hvdrogen, chloro, or a substituent selected from the group consisting

of Ciaalkyl, hydroxy, 1, i-dioxothian-4-yl, 1,1-dioxido-3,6-dithydro-2 H-thiopyran-

4-vi, 1,1~dioxo~1 4-thiazinane-4-ylcarbonyl, Ciaalkylsulfonyl, Cy
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salkylsulfonylamino, 1,1-dioxido-1-thia-6-azaspiro]3.3}heptan-6-yl, piperidin-4-vi,

piperidin-4-yimethyl, and -ORy;

wherein Ry 18

i) Cisalkyt optionally independently substituted with onc or two Cysalkoxy or
hydroxy substituents;

i1} Ciyeycloalkyl;

1ii) 4-hydroxy-1,1-dioxo-thian-4-yimethyl;

V) 1,1-dioxothian-4-vi;

v} {,1-dioxidotetrahydro-2 H-thiopyran-4-yimethyl;

Vi) tetrahydro-2H-pyran-4-yi;

vil}  Cyaalkylsulfonylpropyl;

viit)  2-(1-hydroxycyclopropylhethyl;

%) 3-roethyloxetan-3-yl-methyl;

X} (3~-methyl-1, I-dioxidothictan-3-yhmethyl;

X1} tetrahydro-2H-pyran-4-yhoethyl;
or

xiy  tetrabydrofuran-3-yi;

Rs 15 methyl, methoxy, 2-methoxyethoxy, methanesulfonyl, chloro, or
triftuoromethyl;

or an enantiomer, diastereomer, or pharmaceutically aceeptable salt forms thereof,

The compound of claim 13 wherein when Z is CH, Rg ts hydrogen and R, 15 (§)-
methvlacetylenvh or Ry and Re are taken together to form a spivotused 3-
hydroxycyelobutyl or a spirofused 3-oxocyelobutyl;

or,

when 7 is N, Rg 18 hydrogen and R is (R)-methylacetylenyl; or Ry and Ry are
taken together to form a spirofused 3-hydroxyeyclobutyl or a spirofused cyclobut-

3-one-vi
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15. A compound of Formula (I}

Formula (1)

wherein

ring W is pyridyl;

Ais ~CHO0- or —OCH,— ;

7 is CH, R¢ is hydrogen and R, is {8)-methylacetylenyl; or Ry and Rq are
taken together to form a spirofused 3-hydroxyeyclobutyl or a spirofused 3-
oxocyclobutyl; or

Zis N, Rg is hydrogen and R is (R)-methylacetylenyl; or R, and R are
taken together to form a spirofused 3-hydroxyeyclobutyl or a spirofused 3-

oxocyclobutyl;

R, 18 hydrogen;

Rj 18 hydrogen or a substitoent that is -ORy;

wherein Ry is

1) Cyaalkyl optionally independently substituted with one ot two hydroxy or
Cy.aalkoxy sabstituents;

1} {4-hydroxy-1,1-dioxo-thian-4-yhHmethyl;

240
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i} 1,1-dioxidotetrahydro-2H-thiopyran-4-yimethyl;
V) tetrahydro-2H-pyran-4-vi;
v} Cyzalkylsuifonylpropyl;
Vi) tetrahydro-2H-pyran-4-yimethyl;
or

vii}  tetrahydrofuran-3-vi;
Rs is methyl, methoxy, chlore, 2-methoxyethoxy, methancsulfonyl, or
trifluoromethyl;

o1 an enantiomer, diastereomer, or pharmaceutically acceptable salt forms thereof,

16, A compound of Formula ()

Formula (I}
wherein
ring W is phenyl;

A s —CHO— or -OCH— ;

when 7 1s CH, Ry is hydrogen and R is (S)-methylacetvienyl; or Ryand Re
are taken together to form a spirofused 3-hydroxyeyclobuatyl or a spirofused 3-

oxocyclobutyl; or
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when Z s N, Rg 1s hydrogen and Ry is {(R}-methylacetylenyl; or Ryand Re
arc taken together to form a spirofused 3-hydroxyveyclobutyl or a spirofused 3-

oxocyclobutyl:

R, is hvdrogen;

R 18 hydrogen or a substituent that is piperidin-4-vl, piperidin-4-vimethyl,
or -ORy;
wherein Ry is
i) Cy4alkyl optionally independently substituted with one or two hydroxy or
Cy zalkoxy substituents;
i1} {4-hydroxy-1,1-dioxo-thian-4-ymethyl;
1) L, I~dioxidotetrahydro-2 H-thiopyran-4-yimethyl;
V) tetrahydro-2H-pyran-4-yi;
v} Cyzalkylsuifonyipropyl;
Vi) tetrahvdro-2H-pyran-4-ylimethyl;
or

vii}  tetrshydrofuran-3-vl;

Rs is methyi, methoxy, 2-methoxyethoxy, methanesulfonyl, chloro, or
trifhuoromethyl;

or an enantiomer, diastereomer, or pharmaceutically acceptable salt forms thereof.

NS
N
N
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7. A compound of Formula (I}

Formula (1)

wherein

ring W is phenyi or pyridyl;
Ais -CHG-

when Z is CH, Ry is hydrogen and R is (S}-methylacetylenyl; or Ryand R
are taken together to form a spirofused 3-hydroxyceyclobutyl or a spirofused 3-
oxocyclobutyl; or

when 7 i1s N, Rg is hydrogen and R,y is (R)-methylacetvienyl; or Ryand Rg
arc taken together to form a spirofused 3-hydroxyeyclobutyl or a spirofused 3-

oxocyclobutyl;
R, 18 hydrogen;

R; is hydrogen or a substituent that is -ORy;

wherein Ry is

1} C4alkyl optionally independently substituted with one or two hydroxyl or
Cy.aalkoxy sabstituents;

i) {4-hydroxy-1,1-dioxo-thian-4-yhHmethyl;

1} 1, I-dioxidotetrahydro-2H-thiopyran-4-ylmethyl;

v} tetrahydro-2H-pyran-4-vi;
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v} Cyzalkylsuifonylpropyl;
Vi) tetrahydro-2H-pyran-4-yimethyl;
or
vii}  tetrahydrofuran-3-vi;
Rs is methyl, methoxy, 2-methoxyethoxy, methanesulfonyl, chloro, or

trifluoromethyl;

or an cnantiomer, diastercomer, or pharmaccutically acceptable salt forms thereof

18, A compound of Formula (1)

Formula (1)

wherein

ring W is phenyi or pyridyl;
A8 CHO—or -OCH—;
ZisCHor N;

R is hydrogen;

Ry is selected from hydrogen or methylacetvienyl; or Ry and Ry are taken

together to form a spirofused 3-hydroxyeyclobutyl or a spirofused 3-oxocyclobutyl;
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R, is sclected from hydrogen or methyl;

R; is sclected from the group consisting of hydrogen; methyl methoxy;
hydroxy; chloro; {4-hydroxy-1,1-dioxo-thian-4-ylmethoxy; 4-(3-
methyvisulfonylpropoxy; 1,1-dioxo-1,4-thiazinanc-4-carbonyl; 1,1-dioxido-3,6-
dihydro-2 H-thiopyran-4-vyl;

1, 1-dioxothian-4-yl; (1,1-dioxothian-4-yhoxy: (I-hydroxyeyvelopropyhethoxy;
3-hydroxy-3-methylbutoxy; 2,3-dihydroxypropoxy; (3-methyloxetan-3-
vhmethoxy; (tetrahydro-2H-pyran-4-yhoxy; 2-methoxyethoxy;
(1,1-dioxidotetrahydro-2H-thiopyran-4-ylhimethoxy; (3-methyl-1,1-
dioxidothictan-3-yhmecthoxy; (3-(methylsulfonylhpropoxy; 1,1-
dioxidotetrahydro-2 H-thiopyran-4-y1;

2-cthoxyethoxy; 1, 1-dioxidotetrabydro-28H-thiopyran-4-yljoxy;
(tetrahydro-2H-pyran-4-yhoxy; 1,1 -dioxido-1-thia-6-azaspiro[3.3theptan-6-yi;
methylsalfonyl; methylsulfonamido; 3-hydroxy-3-methylbutoxy; tetrabydro-2H-
pyran-4-yhmethoxy; tetrahydrofuran-3-yiloxy; piperidin-4-yl; piperidin-4-

yvimethyl; and tetrahydro-2F-pyran~4-yljoxy;

Rs is methyi, methoxy, 2-methoxyethoxy, methanesulfonyl, chloro, or
trifhuoromethyl;

or an enantiomer, diastereomer, or pharmaceutically acceptable salt forms thereof.

19, The compound of claim 18 wherein
ring W is phenyl;
A s ~CHR O
Z s CH:
Ry is hydrogen;

Ry i3 {(S}-methylacetylenyl
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R, is hydrogen;
R is hydrogen;
R is mothyvi;

or pharmaccutically acceptabic salt forms thereof,

20, A compound of Formula (1)

Formula (I}

sclected from the group consisting of

Cpd 1, 3-{4-{{3-(2-Methylphenyvhbenzobithiophen-5-yijmethoxy|phenyl]

propanoic acid,

Cpd 2, 353-3-{4-[[3-(2-Methylphenyhbenzo[bithiophen-5-ylimethoxyphenyl}
hex-4-ynoic acid;

Cpd 3, (35)-3-[4-[[3-[4-[{4-Hydroxy-1 1 -dioxo-thian-4-yhmcthoxy}-2-methyl-
phenviibenzo{blthiophen-5-ylmethoxyiphenylihex-4-ynoic acid;

Cpd 4, (35)-3-[4-[[3-[2-Methyl-4-(3-
methylsulfonylpropoxyiphenylibenzo{bithiophen-5-
viimethoxyiphenylihex-4-ynoic acid;

Cpd 8, (38)-3-[4-[[3-[4-(1,1-Dioxo-1,4-thiazinane-4-carbonyl}-2-methyl-
phenviibenzolblthiophen-5-ylmethoxyiphenvijhex-d-ynoic acid;

Cpd 6, (38)-3-[4-[[3-[4-(1,1-Dioxo-3,6-dihydro-2H-thiopyran~-4-y1}-2-methyl-
phenviibenzolblthiophen-5-ylmethoxyiphenvijhex-d-ynoic acid;

Cpd 7, (38)-3-[4-[[3-(4-Hydroxy-2-methyl-phenylibenzol blthiophen-5-

yijmethoxylphenyijhex-4-ynoic acid;
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Cpd 8, (35)-3-{4-[[3-[4-(1,1-Dioxothian-4-yi}-2-methyl-
phenviibenzofblthiophen-5-ylimethoxyiphenyljhex-4-ynoic acid;

Cpd 9, (35)-3-{4-[[3-[4-(1,1-Dioxothian-4-yl}oxy-2-methyl-phenyl}-2-methyl-
benzolblthiophen-5-yljmethoxylphenyithex-4-ynoic acid;

Cpd 10, (353-3-[4-[] 3-(2,6-Dimethylphenyi)benzo|bjthiophen-3-
vijmethoxyiphenylihex-4-ynoic acid;

Cpd 11, (35)-3-(4-((3-(4-(2-{1-Hydroxycyclopropyliecthoxy-2-
methylphenylbenzo[bthiophen-53-yEimethoxy)phenylihex-4-ynoic acid;

Cpd 12, (35)-3-(4-((3-(4-(3-Hydroxy-3-methylbutoxy}-2-
methylphenylbenzo[bthiophen-53-yEimethoxy)phenylihex-4-ynoic acid;

Cpd 13, (35)-3-(4-((3-(4-(2,3-Dihydroxypropoxy}-2-
methylphenylbenzo[bthiophen-53-yEimethoxy)phenylihex-4-ynoic acid;

Cpd 14, (35)-3-(4-((3-(2-Methyl-4-((3-methyloxetan-3-
ylmethoxyiphenylibenzolbithiophen-S-yDimethoxyphenyhhex-4-ynoic
acid;

Cpd 15, (35)-3-(4-{(3-(2-Methyl-4-((tetrahydro-2 H~-pyran-4-
yhoxyiphenylibenzofblthiophen-5-ylimethoxyiphenyhhex-4-ynoic acid;

Cpd 16, (35)-3-(4-{(3-(4-2-Mcthoxyethoxy)-2-methyiphenvhibenzolblthiophen-
S-yDimethoxyyphenyhhex~4-ynoic acid;

Cpd 17, (353-3-(4{(3-(4~{{1,1-Dioxidotetrahydro-2 H-thiopyran-4-yhmethoxy -
Z-methylphenvibenzof bithiophen-5-yhmethoxyiphenyithex-4-ynoic
acid;

Cpd 18, (35)-3-(4-((3-2-Methyl-4-{(3-methyi-1, I -dioxidothictan-3-
viymethoxy)phenvlibenzolbithiophen-S-yDmethoxy iphenyhhex-4-ynoic
acid;

Cpd 19, (353-3-(4-((3-(2-Chlorophenylibenzof blthiophen-5-yDmethoxyphenyl)
hex-4-ynoic acid;

Cpd 20, (353-3-(4-{(3-(2-Bromophenylibenzofbithiophen-5-yhmethoxyiphenyi)

hex-4-ynoic acid;
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Cpd 21, 351-3-(4-{(3-2-(Trifluoromethyljphenylibenzo{ blthiophen-5-
yimethoxyiphenyihex-4-ynoic acid,;

Cpd 22, 353-3-(4-{(3-(2-Methylpyridin-3-vi)benzo| blthiophen-5-
yimethoxyiphenyihex-4-ynoic acid,;

Cpd 23, 353-3-(4-({(3-(2-Mcthylphenyibenzo{ bithiophen-5-
vhoxyimethylphenyhhex-4-ynoic acid;

Cpd 24, (35)-3-(4-(((3-(2-Methyl-4-(3-
{(methylsulfonylypropoxyiphenyibenzo{bjthiophen-5-
vhoxyymethylphenylihex-4-ynoic acid;

Cpd 25, (38)-3-{4-(((3-(4-(1,1-D1ioxido-3,6-dihydro-2 H-thiopyran-4-yi}-2-
methylphenylibenzofbjthiophen-S-vloxyimethyhphenylihex-4-ynoic
acid;

Cpd 26, (35)-3-(4-(((3-(4-(1,I-Dioxidotetrahydro-2 H-thiopyran-4-yi}-2-
methylphenyhbenzofblthiophen-5-yhioxyymethyhphenylhex-4-ynoic
acid;

Cpd 27, (35)-3-(4-{({(3-(2,6-Dimcthylphenyhibenzolblthiophen-5-
yhoxyymethyhphenyhhex-4-ynoic acid;

Cpd 28, 2-(1-{(4-((3-(4-(1,1-Dioxido-3,6~-dihydro-2H-thiopyran-4-v13-2-
methylphenylibenzoblthiophen-5-yvlymethoxyphenyl)-3-
oxocyclobutylacetic acid;

Cpd 29, 2-(1-(4-((3-(4-(1, 1 -Drioxidotetrahydro-2 H-thiopyran-4-v13-2-
methylphenylibenzofbjthiophen-5-yhmethoxy)phenyi)-3-
oxocyelobutylacetic acid;

Cpd 38, 2-(3-0Oxo-1-{4-{(3-(Z-methyiphenvitbenzo[blthiophen-5-
yhmethoxyiphenyheyclobutyljacetic acid;

Cpd 31, 2-((17,37)-3-Hydroxy-1-{4-{{3-(2-methyiphenyl}benzof bithiophen-5-
yimethoxyiphenyieyclobutyljacetic acid;

Cpd 32, 2-(1-(4-((3-(4-(2-Ethoxyethoxy)-Z-methyiphenyiibenzo{bjthiophen-5-

yimethoxyiphenyi)-3-oxocyclobutylacetic acid,
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Cpd 33, 2-(1-(4-((3-(4-{{1,1-Dioxidotetrahydro-2 H-thiopyran-4-yHoxy)-2-
methylphenylbenzo|bjthiophen-3-ylimethoxy)phenyly-3-
oxocyclobutyljacetic acid;

Cpd 34, 2-(1-(4-((3-(2-Mcthyi-4-{{tctrahydro-2 H-pyran-4-
vijoxyphenylibenzolblthiophen-5-yhimethoxy jphenyi)-3-
oxocyclobutyljacetic acid;

Cpd 35, 2-((1r.3r)-3-Hydroxy- 1 -{4-({(3-(4-(2-cthoxycthoxy}-2-
methylphenylbenzofbjthiophen-5-ylimethoxyphenylicvelobutyljacetic
acid;

Cpd 36, 2-((1r37-1-(4-((3-(4-((1,1-Dioxidotetrahydro-2H-thiopyran-4-vioxy)-
2-methylphenylibenzofblthiophen-5-ylymethoxyphenyi)-3-
hydroxycyelobutyljacctic acid;

Cpd 37, 21, 373-3-Hydroxy-1 -{4-((3-( Z-roethyl-4-({tetrahydro-2 H-pyran-4-
yljoxyphenylbenzofblthiophen-5-yhmethoxyphenybieyclobutyllacetic
acid;

Cpd 38, 2-(1-(4-{(3-(2-Methylpyridin-3-yl}benzo[blthiophen-5-
yhmethoxyphenyi)-3-oxocyclobutvliacetic acid,;

Cpd 39, 2-((17,37-3-Hydroxy-1-(4-{(3-2-methylpyridin-3-y}benzo[blthiophen-
S-yhimethoxyyphenyhieyvelobutyllacetic acid;

Cpd 40, 2-(1-(4((3-(4~(1,1-Dioxido- 1 -thia-6-azaspirof 3.3} heptan-6-yi}-2-
methyiphenylibenzo|blthiophen-3-vlimethoxyiphenyly-3-
oxocyclobutylacetic acid;

Cpd 41, (35)-3-(4-((3-(2-Methyl-5-(methylsulfonyliphenylibenzofbithiophen-S-
viymethoxy)phenvithex-4-ynoie acid;

Cpd 42, (35)-3-(4-((3-(2-Methyl-4-(methylsulfonyliphenylibenzof bithiophen-S-
viymethoxy)phenvithex-4-ynoie acid;

Cpd 43, (35)-3-(4-({3-(2-Methyi-5-
{methylsulfonamido)phenylibenzo|blthiophen-5-vlymethoxyphenylihex-

4-ynoic acid;
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Cpd 44, (353-3-(4-{(3-(2-Methyl-6-(methylsulfonamido}phenylibenzo{bithiophen-
S-yhymethoxy jphenyihex-4-ynoic acid;

Cpd 45, 3-(6-((3-(2-Methylphenvl)benzo[blthiophen-5-yiimethoxy)pyridin-3-yi)
hex-4-ynoic acid;

Cpd 46, 3-(6-((3-2-Methyl-4-((tetrahydro-2 H-pyran-4-yHoxy)
phenyhbenzo{blthiophen-5-yhmethoxy)pyridin-3-yhhex-4-ynoic acid;

Cpd 47, 3-(6-((3-(4-(2-Methoxycthoxy})-2-methylphenylbenzof bjthiophen-5-
yvhmethoxypyridin-3-yhhex-4-ynoic acid;

Cpd 48, (35)-3-(4-((3-(5-(2-Mcthoxyethoxy)-3-methylpyridin-2-
yvibenzo[blthiophen-5-yhmethoxy jphenylihex-4-ynoic acid;

Cpd 49, (35)-3-(4-((3-(5-(2-Methoxyethoxy}-2-methylpyridin-3-
yvibenzo[blthiophen-5-yhmethoxy jphenylihex-4-ynoic acid;

Cpd 80, (35)-3-(4-((3-(6-(2-Methoxyethoxy)-2~-methvipyridin-3-
yviyhenzo[blthiophen-S-yhmethoxy yphenyhex-~-4-ynoic acid;

Cpd 81, (35)-3-(4-((3-(6-(2-Methoxyethoxy-4~-methyipyridin-3-
yviyhenzo[blthiophen-S-yhmethoxy yphenyhex-~-4-ynoic acid;

Cpd 82, (35)-3-(4-((3-(2-Chloro-S-methylpyridin-4-ylbenzo[b]thiophen-5-
yiymethoxyiphenyljhex-4-ynoic acid;

Cpd 83, 3-(4-(((3-(2-Methylphenyhbenzofbithiophen-5-
vijoxymethyliphenylipropanoic acid;

Cpd 84, (35)-3-[4-[([3-[4-G-Hydroxy-3-methybutoxy)-2~-methylphenyii-1-
benzothiophen-5-vijoxymethyliphenyihex-4-ynoic acid;

Cpd 85, (35)-3-[4-[([3-[4
benzothiophen-5-vijoxymethyliphenyihex-4-ynoic acid;

Cpd 86, (35)-3-(4-[[(3-[2-Methyi-4-{{3-methyloxetan-3-ymethoxy iphenyij-1-

-(2,3-Dhhydroxypropoxy)-2-methyiphenyi]-1-

benzothiophen-5-vhoxyimethyliphenyiYhex-4-ynoic acid;
Cpd 57, (35)-3-[4-[([3-[2-Mcthyi-4-{oxan-4-yioxy)phenyl]-1-benzothiophen-5-

vijoxyimethyliphenylthex-4-ynoic acid;

250
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Cpd 58, (353-3-[4-[([3-[4-(2-Methoxyethoxy}-2-methylphenyil-1-benzothiophen-
S-yljoxyimethylphenyviihex-4-ynoic acid,

Cpd 59, (353-3-{4-[{((3-{4-[{1,1-Dioxo-tetrahydro-2 H-thiopyran-4-y imethoxyl-
2-methylphenyl$-1-benzothiophen-5-yhoxyimethyliphenyi} hex-4-ynoic
acid;

Cpd 68, (38)-3-(4-(((3-(2-Mecthyi-4-({3-methyi-1, I -dioxidothictan-3-
vhmethoxy)phenylibenzolblthiophen-5-yljoxy imethyliphenylhex-4-
ynoie actd;

Cpd 61, 3-[6-(]3-[4-(3-Hydroxy-3-methylbutoxy)-2-methylphenyl}-1-
benzothiophen-5-vijmethoxyipyridin-3-ylihex-4-ynoic acid;

Cpd 62, 3-(6-((3-(4-(2,3-Dihydroxypropoxy }-2-mcthylphenylibenzo{bithiophen-
S-yhymethoxypyridin-3-yhhex-4-ynoic acid;

Cpd 63, 3-6-((3-(4-((1,1-Droxidotetrahydro-2 H-thiopyran-4-vlyoethoxy)-2-
methylphenyhbenzo[blthiophen-3-yhimethoxy)pyridin-3-ylhex-4-ynoic
acid;

Cpd 64, 3-(6-((3-2-Methyl-4-((3-maethyl- 1,1 -dioxidothictan-3-
yhmethoxyphenyhbenzo[blthiophen-3-ylimethoxy)pyridin-3-ylhex-4-
ynoic actd;

Cpd 65, (35)-3-[4-(]3-5-(2-Methoxyethory)-2~-methyiphenyl}-1 -benzothiophen-
3-vlimethoxy)phenyviihex-4-ynoic acid;

Cpd 66, (35)-3-[4-([3-]2-(2-Methoxyethoxy)-6-methyiphenyli-1 -benzothiophen-
3-vlimethoxy)phenyviihex-4-ynoic acid;

Cpd 67, (35)-3-[4-([3-[3-(2-Methoxyethoxy)-2Z-methyiphenyli-1 -benzothiophen-
3-vlimethoxy)phenyviihex-4-ynoic acid;

Cpd 68, (35)-3-[4-([3-[2-(2-Methoxyethoxy)phenyl}-1-benzothiophen-5-
viimethoxy)phenvijhex-4-ynoie acid;

Cpd 69, (35)-3-(4-[{3-(2-Mcthanesulfonylphenyl)-1-benzothiophen-6-

viimethoxyiphenylthex-4-ynoic acid;
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Cpd 78, (353-3-(6-((3-(4-(3-Hydroxy-3-methyibutoxy}-2-
methylphenylbenzo|blthiophen-3-ylimethoxy)pyridin-3-yihex-4-vnoic
acid;

Cpd 71, (3R)-3-{6-{{3-{4-(3-Hydroxy-3-methylbutoxy}-2-
methylphenylbenzo[bjthiophen-5-ylymethoxy)pyridin-3-yi}hex-4-ynoic
acid;

Cpd 72, (35)-3-(6-((3-(2-Methyl-4-((tetrahy dro-2 H-pyran-4-
yvhmcthoxyiphenylybenzo[blthiophen-3-ylimethoxy)pyridin-3-ylihex-4-
ynoic acid;

Cpd 73, (3R)-3-(6-((3-(2-Mocthyl-4-{{tctrahydro-2H-pyran-4-
yhmethoxy)phenylhibenzo{bithiophen-3-yhmethoxyipyridin-3-yhhex-4-
ynoie actd;

Cpd 74, (35)-3-(6-((3-(4-(( 1,1 -Dioxidotetrahydro-2 H-thiopyran-4-vimethoxy -
2-methylphenyhbenzofbithiophen-3-yhmethoxy pyridin-3-ylhex-4-ynoic
acid;

Cpd 75, (3R)-3-(6-((3-(4-({1,1-Dioxidotetrahydro-2 H-thiopyran-4~ylmethox y)-
2-raethylphenyvhbenzofblthiophen-3-yhmethoxypyridin-3-yhhex-4-vooic
acid;

Cpd 76, (35)-3-(6-((3-(4-(2-Methoxyethory)-2~-methyiphenyl)
benzolblthiophen-5-ylimethoxvipyridin-3-ylhex-4-ynoic acid;

Cpd 77, (3R)-3-{6-{(3-(4-(2-Methoxyethoxy}-2-methyviphenyl}
benzolblthiophen-5-ylimethoxvipyridin-3-ylhex-4-ynoic acid;

Cpd 78, (35)-3-(4-((3-(2-Methoxypyridin-3-yi}benzo[bithiophen-5-
viymethoxy)phenvithex-4-ynoie acid;

Cpd 79, (35)-3-(4-((3-(2-Methoxyphenviibenzol bithiophen-5-
viymethoxy)phenvithex-4-ynoie acid;

Cpd 80, (38)-3-(4-{(3-(6-Mcthoxy-2-methylpyridin-3-y}benzo{blthiophen-5-

viymethoxy)phenylthex-4-ynoic acid;
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Cpd 81, (351-3-(4-{(3-{4-Methoxypyridin-3-ylibenzo[bithiophen-5-
yimethoxyiphenyihex-4-ynoic acid,;

Cpd 82, (353-3-(4-{(3-{6-Mgcthoxy-4-methylpyridin-3-yhibenzo[bithiophen-5-
yimethoxyiphenyihex-4-ynoic acid,;

Cpd 83, (353-3-(4-{(3-(3-Methoxypyridin-4-ylibenzo[bithiophen-5-
vhmethoxyphenyhhex-4-ynoic acid,;

Cpd 84, (35)-3-(4-((3-(5-Mcthoxy-3-methylpyridin-2-yl}benzo[bithiophen-5-
vhmethoxyphenyhhex-4-ynoic acid,;

Cpd 85, (3R)-3-{6-[{3-(2-Mecthylphenyhbenzo[blthiophen-5-ylimethoxyjpyridin-
3-ylhex-4-ynoic acid;

Cpd 86, (35)-3-[4-[([3-[2-Methyl-4-(tetrahydrofuran-3-yloxyiphenyi]-1-
benzothiophen-5-vijoxyymethylphenylihex-4-ynoic acid;

Cpd 87, (3R)-3-(6~-{(3-(5-(2-Methoxyethoxy}-2-methylphenyl)
benzofblthiophen-5-viymethoxyipyridin-3-yhhex-4-ynoic acid;

Cpd 88, (3R)-3-(6~{(3-(3-(2-Methoxyethoxy}-2-methylphenyl)
benzofblthiophen-5-viymethoxyipyridin-3-yhhex-4-ynoic acid;

Cpd 89, (3R)-3-(6~{(3-(5-(2-Methoxyethoxy}-3-methylpyridin-2-
yiyhenzo[blthiophen-S-yhmethoxy ypyridin-3-vhihex~-4-ynoic acid;

Cpd 80, (3R)-3-(6-{{3-(2-Chloro-5-methylpyridin-4-ylbenzofblthiophen-5-
viymethoxy)pyridin-3-yhhex-4-yvuoic acid;

Cpd 81, (35)-3-(4-((3-(3-Methoxypyridin-2-yl}benzo[bithiophen-5-
viymethoxy)phenvithex-4-ynoie acid;

Cpd 92, (3R)-3-{6~{3-(5-(2-Methoxyethoxy}-2-methylpyridin-3-
viybenzo{blthiophen-S-ylymethoxy ypyridine-3-vi}hex-4-ynoic acid;

Cpd 93, {(35)-3-(4-((3-(6-Chloro-3-methylpyridin-2-yl}benzo[b]thiophen-5-
viymethoxy)phenvithex-4-ynoie acid;

Cpd 94, (35)-3-(4-{(3-(6-Mcthoxy-3-methylpyridin-2-y}benzo[blthiophen-5-

viymethoxy)phenylthex-4-ynoic acid;
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Cpd 95, (353-3-(4-{(3-(2-Methyl-4-(piperidin-4-ylmethyphenyl}benzo[ b}-
thiophen-3-yhimethoxy)phenylihex-4-ynoic acid;

Cpd 96, (353-3-(4-{(3-(2-Methyl-4-(piperidin-4-yliphenvibenzo| bithiophen-5-
yimethoxyiphenyihex-4-ynoic acid,;

Cpd 97, 3-(4-((3-(2-Methylphenvl)benzofblthiophen-5-yiimethoxy)phenylihex-
4-ynoic acid;

Cpd 98, (3R)-3-[4-[[3-(2-Mecthylphenylbenzo[blthiophen-5-ylimethoxyiphenyl]

hex-4-ynoic acid;

or g pharmaccutically acceptable salt forms thereof.

21, A compound of Formula (I} that is 3-(4-((3-(2-methylphenyhbenzolbthiophen-5-

vhmethoxyjphenyhhex-4-ynoic acid, Cpd 97
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S
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22, A compound of Formula (1) that is (35)-3-[4-[[3-(2-

methviphenylbenzo[blthiophen-5-ylimethoxyiphenyithex-4-ynoic acid, Cpd 2
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23.

25.

26.

A pharmaccutical composition comprising a compound of claim 1 or 20 and at least
one of a pharmaceutically acceptable carrier, a pharmaccutically acceptable

cxcipient, and a pharmaccutically acceptable diluent.

The pharmaccutical compaosition of claim 23, wherein the composition is a solid

orai dosage form.

The pharmaceutical composition of claim 23, wherein the composition is a syrup,

an elixir or a suspension.

A pharmaccutical composition comprising the compound of claim 21 and at least
onc of a pharmaccutically acceptable carrier, s pharmaceutically acceptable

excipient, and a pharmaccutically acceptable diluent.

A pharmaccutical composition comprising the compound of claim 22 and at [cast
one of a pharmaccutically acceptable carricr, a pharmaccutically acceptable

cxeipient, and a pharmaceutically acceptable diluent.

A method of reating a disorder modulated by the GPR40 receptor, comprising
administering to a subject in need thereof a therapeutically effective amount of the

compound of claim 1.

A method of treating a disorder, wherein said disorder is affected by the agonism of
the GPRA40 receptor, comprising administering to a subject in need thereof a

therapeutically cffective amount of the compound of claim 1,

The method of claim 28 wherein said disorder 1s selected from the group consisting
of Type U diabetes mellitus, obesity, obesity-related disorders, impaired glucose
tolerance, insulin resistance, metabolic syndrome, other cardiovascular risk factors
such as hypertension and cardiovascular risk factors related to unmanage

cholesterol and/ or lipid levels, osteoporosis, inflamunation, and eczema.

[\
(4]
W
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31

33.

The method of claim 30 wherein said disorder is Type I diabetes mellitus.

A method of treating a disorder selected from the group consisting of Type i
diabetes mellitus, obesity, obesity-related disorders, impaired glucose tolerance,
insulin resistance, metabolic syndrome, other cardiovascular risk factors such as
hypertension and cardiovascular risk factors related to unmanaged cholesterol and/
or lipid levels, osteoporosis, inflanumation, and eczera, comprising administering
to a subject in need thereof a therapeutically effective amount of the compaosition of

¢laim 1.

A method of treating a condition selected from the group consisting of Type
diabetes mellitus, obesity, obesity-related disorders, frapaired glucose tolerance,
msulin resistance, metabolic syndrome, other cardiovascular risk factors such as
hypertension and cardiovascular risk factors related to urmnanaged cholesterol and/
or lipid levels, osteoporosis, inflamunation, and eczera, comprising adrminisiering
to a subject in need thereof, a therapeutically effective amount of a compound of

claiim 1.

The use of a compound as in claim 1 for the preparation of a medicament for
treating a disorder or condition selected from the group consisting of Type I
diabetes mellitus, obesity, obesity-related disorders, impaired glucose tolerance,
insulin resistance, metabolic syndrome, other cardiovascular risk factors such as
hypertension and cardiovascular risk factors related to unmanaged cholestero! and/
or Hpid levels, osteoporosis, inflammation, and eczema, in a subject in need

thereof,

The use of a compound as in claim 1, for use in a method for treating a disorder

selected from the group consisting of Type i diabetes mellitus, obesity, obesity-
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related disorders, impaired glucose tolerance, insulin resistance, metabolic
syndrome, other cardiovascular risk factors such as hypertension and
cardiovascular risk factors related to unmanaged cholesterol and/ or lipid levels,

osteoporosis, inflammation, and cczema, in a subject in need thercof,
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