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BENZOTHIOPHENE DERIVATIVES AND COMPOSITIONS THEREOF AS
SELECTIVE ESTROGEN RECEPTOR DEGRADERS

BACKGROUND
FIELD OF THE INVENTION

{6061} The present invention relates to compounds and compositions that are potent
antagonists of estrogen receptor signaling and selective esirogen receptor degraders (SERDs).
The mventicn further provides a process for the preparation of compounds of the mvention,
pharmaceutical preparations comprising such compounds and methods of using such compounds
and compositions in the management of diseases or disorders associated with aberrant estrogen

receptor activity.

BACKGROUND OF THE INVENTION

{63062} Estrogens play a critical role in the developroent of female and male
reproductive tissues and contribute to the development and progression of estrogen receptor
discascs or disorders such as breast, ovarian, colon, prostate, endometrial and uterme cancers,
Estrogen receptor {(ERa)-positive diseases such as breast cancer are usually treated with a
selective estrogen receptor modulator (SERM) or an aromatase inhibitor (Al). Whle these
therapies have proven effective at reducing the mcidence of progression of breast cancer, some
patients exhibit treatment resistance and progress to advanced metastatic breast cancer.

{B003] Treatment resistance results, in part, from the evelution of tmors to 4 state of
hypersensitivity to low estrogen levels (Al treatment) or development of dependence upon the
antiestrogen for activation of transeription (SERM treatment). SERDs degrade the receptor,
effectively eliminating ERa expression and in 50 doing circumvent the underlying mechanisms of
resistance that develop to antiendocrine monotherapy. Further, clinical and prechnical data show
that a significant number of the resistance pathways can be circumvented by the use of an

antiestrogen that extubits SERD activity.
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{6004} The compounds of the present invention, as SERDs, can be used as therapies
for the treatment of estrogen receptor discases or disorders, for example, ovulatory dysfimction,
utering cancer, endometrium cancer, ovarian cancer, endometriosis, osteoporosis, prostate cancer,
benign prostatic hypertrophy, estrogen receptor {ERa)-positive breast cancer, m particular ERa-
positive breast cancer exhibiting de novo resistance to existing anti-estrogens and aromatase

mhibitors.

SUMMARY OF THE INVENTION

{3005} In one aspect , the present mvention provides compounds of Formula I

/Qm

n
R i P
1‘\0 2 g
i

{3006} i which:
{0067} n is selected from {0, 1 and 2;
{3008 m is selected from {0, 1 and 2;
{0069 X is selected from O and NR,; wherem Ry is Craalkyl;
{3018} Y5 is selected from N and CR,; wherein R, 15 selected from hydrogen and Oy
sabkyl
HEIIR Ry is hydrogen;
HEI R, is selected from hydrogen and halo;
{0613} R; is selected from ~CHYCH R and —CRe=CRg,Ran; wherein cach Rg, s

mdependently selected from hydrogen, fluoro and C, 4alkyl; and Ry, 18 selected from —C{O)Y0ORg,,

~C{OWNRgRop, “C{OINHOR,,, -C{OX Re, and a8 5-6 member heteroaryl selected fromu
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{6014} wherein the dotted line mdicates the pomt of attachment with ~CH>CH, or —

CRga=CRs, of Ra; wherein X5 18 Crualkylene; Ra, and Ry, are independently selected from
hyvdrogen, C;qalkyl, hydroxy-substituted-Cy_salkyl, balo-substituted-C 4alkyl and ~-X4Rq;
wherein Xy is selected from a bond and € salkylene; and Ryq 1s 8 4-6 member saturated ring
containing 1 to 3 atoms independently selected from O, N and S; wherein said heteroaryl of Ry, 18

unsubstituted or substituted with 1 to 3 groups independently selected from € alkyl and Cs.

scycloalkyl;
{6615} Ry is selected from hydrogen, € 4alkyl, halo and Caalkoxy;
{001 6] Rs 15 selected from Coyoaryl and a 5-6 member hetercaryl selected from:
N\\ \ PN /
L LN L LY L) ~~<\N 43
N7 N O N
H H H

03017} wherein the dotted line indicates the pomt of attachment with the
benzothiophene core; wherein said Ceoaryl o1 heteroaryt of R is substituted with 1 to 3 groups

selected from —X3-Rs, and Rsy; wherein X; 18 methylene; Rs, is selected from hydroxy, amino, Cy.
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salkyl, halo, nitro, cyane, halo-substituted-C, 4alkyl, cyano-substituted-C; qalkyl, hydroxy-
substituted-Cq.alkyl, halo-substituted-C salkoxy, Cigalkoxy, =8Fs, =NR; Ry, ~C(O)R 1, Ca.
seycloalkyl and a 4-7 member saturated, unsaturated or partially saturated ring containing one to 4
heteroatoms or groups selected from O, NH, C(0O) and S{O)o 2; wherein Byp, and Ry are
mdependently selected from hydrogen and Ciaalkyl or Ry, and Ry together with the nitrogen to
which they are both attached form a 4 to 7 member saturated ring containing one other heteroatom
ot group selected from O, NH, and S5{Q)y; wherein said 4-7 momber ring of Rs, can be
unsubstituted or substituted with Oy 4alkyl;

{30138] o a second aspect, the present invention provides a pharmaceutical
composition which contams a compound of Formula 1 or a N-oxide derivative, tantomer,
mdividual isomers and mixture of 1somers thereof; or a pharmaceutically acceptable salt thereof,
m admixture with one or more suitable excipients.

{3819} In a third aspect, the present invention provides a method of treating a disease
m an animal 1 which a combined selective estrogen receptor antagonist and estrogen receptor
degrader can preveni, inhibit or ameliorate the pathology and/or symptomology of the diseases,
which method comprises admunistering to the animal a therapeutically eftective amount of a
compound of Formula I or a N-oxide derivative, individual isomers and mixtare of isomers
thereof, or a pharmaceutically acceptable salt thereof.

{3026} In a fourth aspect, the present mvention provides the use of a compound of
Formula I in the mamifacture of a medicament for treating a disease in an anmimal in which
estrogen recepior activity contributes to the pathology and/or symptomology of the diseasc.
{6021} In a fifth aspect, the present invention provides a process for preparing
compounds of Formula [ and the N-oxide derivatives, prodrug derivatives, protected derivatives,

mdividual isomers and mixture of isomers thereof, and the pharmacceutically acceptable salts

thereof.
DRefinitions
{3023] The general terms used hereinbefore and heremnafier preferably have within the

context of this disclosure the following meanings, unless otherwise indicated, where more general
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terms whergever used may, independently of cach other, be replaced by more specific definitions
or remain, thus defining more detailed embodiments of the invention:

{3023] “Alkyl” refers to a fully satarated branched or unbranched hydrocarbon moiety
having up to 20 carbon atoms. Unless otherwise provided, alkyl refers to hydrocarbon moieties
having 1 to 7 carbon atoms (Calkyly, or 1 to 4 carbon atoms (Cr4alky]). Representative
examples of alkyl mclude, but are not limited to, methyl, ethyvl, n-propyl, iso-propyl, n-butyl, sec-
butyl, iso-butyl, feri-butyl, n-pentyl, 1sopentyl, neopentyl, r-hexyl, 3-methvihexyl, 2,2-
dimethylpentyl, 2,3-dimethylpentyl, n-heptyl, n-octyl, s-nonyl, #-decyl and the hike. A substiuted
alkyl s an alkyl group contaming one or more, such as one, two or three substituents selected
from halogen, hydroxy or alkoxy groups. Halo-substituted-alkyl and halo-substituted-alkoxy, can
be either straight-chained or branched and mchudes, methoxy, ethoxy, diflooromethyl,
influoromethyl, pentaflaoroethyl, diflacromethoxy, trifluoromethoxy, and the like.

{3024} “Aryl” means a monocyclic or fused bicyclic aromatic ring assembly
containing six to ten ring carbon atoms. For example, aryl may be phenyl or naphthyl, preferably
phenyl “Arviene” means a divalent radical derived from an aryl group.

{6625} “Heteroaryl” 1s as defined for aryl above where one or more of the ring
members 16 a heteroatom. For example Cs_phetercaryt is a munimmum of 5 members as indicated
by the carbon atoms but that these carbon atoms can be replaced by a heteroatom, Consequently,
Cs.igheteroaryl inchudes pyridyl, indolyl, indazolyl, guinoxalinyl, quinolinyl, benzofuranyl,
benzopyranyl, benrothiopyranyl, benzof1,3]dioxole, imidarolyi, benzo-imidazolyl, pyrimidinyl,
furanyl, oxazolyl, isoxazolyl, triazolyl, tetrazolyl, pyrazolyl, thicnvl, ctc.

{6026} “Cycloalkyl” means a saturated or partially unsaturated, monocyclic, fused
bicyclic or bridged polycyclic ring assembly containing the mumber of ring atoms indicated. For
example, Cs.poycloalkyl mnchides cyclopropyl, cyclobutyl, cyclopentyl, cyelohexyl, ete.

{30271 “Heterocycloalkyl” means cycloalkyl, as defined n this application, provided
that one or more of the ring carbons indicated, are replaced by a motety sclected

from -O-, -N=, -NR-, -C(0}-, -§-, -8{(0} - 05 -5(0),-, wherein R is hydrogen, Ciualkylora
nitrogen protecting group. For example, Cssheterocycloalkyl as used 1o this application to

describe compounds of the invention inchides morpholino, pyrrolidinyl, pyrrolidinyl-2-one,
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piperazinyl, piperidinyl, piperidinylone, 1,4-dioxa-8-aza-spiro{4.5]dec-8-yl, thiomorpholing,
sulfanomorpholine, sulfonomorpholing, ete.

{3028] “Halogen” (or halo) preferably represents chloro or fluoro, but may also be
bromo or wde.

{3029] Compounds of formula | moay have different isomeric forms. For example, any
asymmetric carbon atom may be present in the (R)-, (S}~ or (R, 8)-configuration, preferably in the
{R)- or {S)-configuration. Substitucnts at a double bond or especially a ring may be present n cis-
{= Z-) or trans (= E-} form. The compounds may thus be present as mixtures of isomers ov
preferably as pure isomers, preferably as pure diastereomers or pure enantiomers.

HHIRH Compounds of fornusla I have X defined as bemg selected from O and NRg;
whereimn Re 15 Crsalkyl. 1t is known that other groups such as a bond or carbonyi at the X position
is detrimental {o the antagonist activity (1Csy MCF7 pM) and degradation potential (ER

percentage remaining) of the compounds. Compare the following:

DH
e}
P
, AW
Structure b
Ho~N 4 Y e
i M
1Cso ; ,
. 748 >1 >10
MCF7 uh 0.748 0 0
ER lor ¥ -
Percentage 4 A 60
remaming
{031} Compoonds of formula T have Ry defined as being selected from ~CHCH R,

and ~-CRg=CReg,Ry. It is known that, for example where cach Ry, and Ry, 1s hydrogen, a shorter
or longer bond order between the phenyl and -C(O)OH is detrimental to the antagonist activity
(1Cso MCF7 uM) and degradation potential (ER percentage remaining) of the compounds.

Compare the following:
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{8032} Where the plaral form (e.g. compounds, salts) 13 used, this meludes the singular

{e.g. a single compound, a single salt}). “A compound” does not exclude that (e.g. in a pharmaceu-
tical formulation} more than one compound of the formula I {or a salt thereof) is present, the “a”
merely representing the indefinite article. “A” can thus preferably be read as “one or more”, less
preferably alternatively as “one™.

{30331 Wherever a compound or compounds of the fornmula | are mentionad, this is
further also intended to include MN-oxides of such compounds and/or tavtomers thereofl

{30341 The term “and/or an N-oxide thereof, a tautomer therecof and/or a {preferably
pharmaceutically acceptable} salt thereof” especially means that a compound of the formula L may
be present as such or 10 mixture with its N-oxide, as tantomer {(e.g. due to keto-enol, lactam-lactim,
amide-imidic acid or enamine-imine tautomerism) or in {e.g. equivalency reaction caused)} mixture
with its tautomer, or as a salt of the coopound of the formula T and/or any of these forms or
mixtures of two or more of such forms.

{3035} The present invention also includes all suttable isotopic variations of the
compounds of the nvention, or pharmaceutically acceptable salts thereof. An isotopic variation
of a compound of the invention or a pharmaceutically acceptable salt thereof is defined as one in
which at least one atom 1 replaced by an atom having the same atonue number but an atomic
mass difforent from the atomuic mass usually found in nature. Exaraples of isotopes that may be

meorporated into the compounds of the invention and pharmaceutically acceptable salts thereof
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inciude, but are not limited to, isotopes of hydrogen, carbon, nitrogen and oxygen such as as 'H,
U B, PN T, B0, S, R, %0 and 'L Certain isotopic variations of the
compounds of the invention and pharmaceutically acceptable salts thereof, for examiple, those
which a radioactive isotope such as “H or (i3 mcorporated, are useful in drug and/or substrate
tissue distribution studies. In particular examples, “H and *C isotopes may be used for their ease
of preparation and detectability. Tn other examples, substitution with isotopes such as “H may
afford certain therapeutic advantages resulting from greater metabolic stability, such as mcreased
w vivo half-life or reduced dosage requirements. Isotopic variations of the compounds of the
mvention or pharmaceutically acceptable salts thereot can generally be prepared by conventional

wocedures using appropriate isotopic vanations of suitable reagents. For example, compounds of
fe1 (e 9

the invention can exist in a deuterated form as shown below:

s O
H3~< HO~.<

Description of Preferred Embodiments

{3036} The present jnvention refates to selective estrogen receptor degraders. Inone

embodiment, with respect to compounds of Forola 1, are compounds of Forowla la:
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{B0371 i which: o is selected from 8, 1 and 2; m is selected from &, 1 and 2; Y18
sclected from N and CR;; wherein R; s selected from hydrogen and C, salkyl Ry 18 hydrogen; Ro
1s sclocted from hydrogen and halo; R s selected from —CHoCUCHLR ¢ and —CRg=CRg,Rep;
wherein cach Ry, 1s independently selected from hydrogen and C;aalkyl; and Ry, s selected from
—C{OYORe,, —C{OMNRG R, ~C{OINHOR,,, -C{O)XoRg,, tetrazolyl, 1,3,4-oxadiazolyl, 4H-1,2,4-
triazolvl, 5-oxo-4,5-dihydro-1,3 4-oxadiazol-2-v1, 2-oxo-pyrimidinyl and imidazolyl; wherein X,
18 Cjaalkylene; Re, and Ry, are ndependently selected from hydrogen, Craalkyl, bydroxy-
substituted-Cy salkyl, halo-substituted-C) 4alkyl and =X, Rp; wherein X, 18 selected from a bond
and Cyaalkylene; and Ry is a 4-6 member saturated ring containing 1 to 3 atoms ndependently
sclected from O, N and 8; wherem said tetrazolyl, 1,3, 4-oxadiazolyl, 4H-1,2 4-triazolyl, 2-oxo-
pyrinudinyl or tmidazolyl of Ry, is unsubstituted or substituted with 1 to 3 groups ndependently
sclected from Chaalkyl and Cogeyeloalkyl By 18 selected from hydrogen and Cysalkyl; and each
Rsq 1s independently selected from hydroxy, G 4alkyl, halo, nitro, cyano, halo-substituted-C,.
salkyl, halo-substituted-Cy salkoxy, hyvdroxy-substituted-Ciaalkyl, Csalkoxy, Ciscyeloalkyl, —
NE 1Ry, ~C{OR 1, and a 4-7 member saburated, unsaturated or partially saturated ring
containing one to 4 heteroatoms or groups selected from O, NH, C(0O) and S(Clog; wherein X, 18
selected from a bond and methylene; wherem Ry, and Ry, are mdependently selected from
hydrogen and Csalkyl; wherein said 4-7 member ring of Rs, can be unsubstitated or substituted
with Cjualkyl; Xs is selected from a bond and methylene; or a pharmaceutically acceptable salt
thereof,

{0038} In a further embodiment, Rs is selected from ~CH,CH- R, and ~CRe. =R R

wherein each Ry, 1s independently selected from hydrogen and C_salkyl; and Rg, 18 selected from
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—C{OYORg,, “C{ONRo R, —CIOWNHOR, and -C{OYX,Ro,; wherein Xs 18 Cralkylene; Re, and
Ry are independently selected from hydrogen, Craalkyl, hydroxy-substituted-C, 4alkyl, halo-
substituted-Cysalkyl and morpholino-ethyl.

{0339} In a further embodiment, B is selected from ~CHCH: Ry, and ~CRg=CR xR
whereimn each Rg, 18 independently selected from hydrogen and C;aalkyl; and R 15 independently
selected from —~C(OYOH, -C(O)CH;, ~C{OHYOCH; and morpholmo-cthyl,

{3046 In a further emobodiment, R4, is selected from hydroxy, fluore, trithioro-methvl
and 1,1-difluoro-cthyl.

{0041 ] 1o a further embodiment are compounds, or a pharmaceutically acceptable salt

thereof, selected from:
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{6042} In a further embodiment 15 a compound, or the pharmaceutically acceptable saht

thereof, selected from:
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{B043] In another embodiment, R; s selected from ~CHCH Ry and —CR=CReRen;

wherein each Ke, 18 independently selected from hydrogen and Ciualkyl; and Ry, is selected from
tetrazolyl, 1,3,4-oxadiazolyl, 4H-1,2 d-triazolyl, S-ox0-4,5-dibydro-1,3 4-oxadiazol-2-y1, 2-ox0-
pyrimidinyl and imidazolyl; wheremn said tetrarolyl, 1.3,4-oxadiazolyl, 4H-1,2 4-triavolyl, 2-oxo-
pyrimidinyl or imidazolyl of Rg, is unsubstituted or substituted with 1 to 3 groups independently
selected from Cqalkyl and Csscycloalkyl; wherein said phenyl, pyrrolidinyl or indobiziny] of R4
is unsubstituted or substitated with a group selected from —~C{OY0OR 5 wherein Ry; 15 selected
from hydrogen and C;4alkyl;

{3044} In a further embodiment, 18 a compound, or the pharmaceutically acceptable

salt thereof, selected from:
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{B045] In ancther embodiment are compounds of formula Th:

)
/

{8046} in which: n is selected from 0, § and 2; m is selected rom §, | and 2; Y 18
selected from N and CR5; wherein R 1s selected from hydrogen and Cyqalkyl; Ry 1s hydrogen; R,
is selected from hydrogen and halo; R; is selected from ~CHCH R, and ~CRg,=CRg,Rap;

wheretn each Ry, is independently selected from hydrogen and €, salkyl; and Ry, is selected from
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—~C{OYORg,, —C{OINR Ry, “CIOINHOR g, -C{ONX R, tetrazolvl, 1,3,4-oxadiazolyl, 4H-1.24-
triazolyl, S-ox0-4,5-dihydro-1,3,4-oxadiazol-2-y1, 2-oxo-pyrimidiny! and imidazolyl; wherem X,
is Cyaalkylene; Rg, and Re, are independently selected from hydrogen, Cpaalkyl, hydroxy-
substituted-Cq.alkyl and halo-substituted-Calkyl; whevein said tetrazolvl, 1,3,4-oxadiazolyl,
4H-1,2 4-triavolyl, 2-oxo-pyrmudiny] or imidazolyl of Ry, is unsubstituted or substituted with a
group selected from Cyyalkyvl and Cygeyeloalkyl; By 1s selected from hydrogen and Calkyl; each
R, 15 independently selected from hydroxy, Ciaalkyl, halo, nitro, cyano, halo-substituted-C;.
satkyl, halo-substituted-Cy qalkoxy, hydroxy-substitated-C, yalkyl, €y aalkoxy and —<C{OR ;.
wherein Ry, 18 selected from hydrogen and O galkyl; and Rg 18 Crgalkyl; or a pharmaceutically
acceptable salt thereof,

{B047] In a further embodiment, R; 18 selected from —~CHCHL Ry and —CRe,=CR g, Ren;
wherein cach R, 1s independently selected from hydrogen and C;ualkyl; and Ry, is selected from
~C{OYOR,, ~C{OMNRRap, ~C{OINHOR,, and -C{OYXRy,; wherein X, 18 Cyualloylene; Ry, and
Ry, are independently selected from hydrogen, Calkyi, hydroxy-substituted-C; salkyl and halo-
substituted-Csalkyl

{6048} In a further embodiment 1s a compound, or a pharmaceutically acceptable salt

thereof, selected from:
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16049} In another embodiment is a compound,

thereof, selected from:

or a pharmaccutically acceptable salt
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Pharmacology and Utility

HEIRtH The present fnvention refates to comppounds of Formoula | that duninush the

etfects of estrogen receptors and lower the concenirations of estrogen recepiors, and therefore, are

useful as agents for the treatment or prevention of diseases or conditions in which the actions of

estrogens OF cstrogen receptors are invelved in the eficlogy or pathology of the disease o

condition or contribute to at least one syraptom of the disease or condition and wherein such
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actions of esfrogens or estrogen receptors are undesirable. Compounds of the jovention are both
potent estrogen receptor antagonists and selective estrogen receptor degraders (SERDS).

{3051 The estrogen receptor (ER) 18 a ligand-activated transcription factor that
belongs to the nuclear hormone receptor superfamily. o both females and males, estrogens play
an tnportant role in the regulation of a number of physiological processes. o humans, two
different ER subtypes are known: ERo and ERP. Each subtype has a distinet tissue distribution
and with different biological roles.  For example, ER« has high presence in endometrium, breast
cancer cells, ovarian stroma cells and in the hypothalamus. The expression of the ERP protein has
been documented n kidney, bram, boune, heart, longs, intestinal mucosa, prostate, bladder, ovary,
testis, and endothehal cells.

{B052] Pharmaceuticals such as tamoxifen, raloxifene and lasofoxifene are well known
estrogen recepior modulators. Tamoxifen, for example, behaves hike an estrogen in bone and
endometrium, whereas it behaves like an anti-estrogen in breast tissae. Breast cancer s the
predominant neoplastic disease in women. ERq is a major driver of breast cancer progression.
Multiple existing treatment approaches aim to reduce estrogen levels or block its binding to ERa
therehy minimizing tumor progression or even inducing tumor regression in ERo-positive breast
cancer. Tamoxifen is a first-generation treatment for ER-positive breast cancer. However,
efficacy in breast cancer treatment is sericusly compromised by intrinsic or newly developed
resistance to anti-hormonal therapy such as treatment with tamoxiten or aromatase inlibitors.
Such resistance can exist or develop as a result of ERa phoshorylation or regulation of key
components in hormone receptor and/or growth factor signal transduction pathways. Tamoxifen
resistance is driven by the residoal agonist activity of tamoxifen. Second generation treatmenis
such as toremifene, droloxifene, idoxifene, arroxifene, and raloxifene have fatled to improve upon
the efficacy of tamoxifen in the treatment of ERw-positive breast cancer and/or demonstrated
cross-resistance with each other.

{6053} Fulvestrant is a pure ER o antagonist without the partial agonist activity which
is typical for the estrogen receptor modulators. It is the only marketed selective estrogen receptor
degrader (SERD) and 1t is cfficacious in second-line treatment of breast cancer.  Fulvestrant both
antagonizes estrogen receptors and effectively degrades or down-regulates ERa protein fevels in

cells. This SERD activity inhibits ERa-driven proliferation and fumor growth. Fulvestrant, when
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administered once a month at 250 mg is equally effective to tamoxifen in treatment of ERa-
positive advanced breast cancer. In second-line treatment of ERa-positive tamoxifen-resistant
breast cancer, fulvestrant, when admimstered once a month at 250 mg, 15 equally effective to
aromatase mhabitors, despite relatively poor bicavailability and/or target exposure which limits #ts
clinical efficacy. A number of other SERDs exist, for example: “1CI 164,384”, a stroctural analog
of fulvestrant; “GWS638”, a structural analog of tamoxifen; and “GW7604”, a structural analogue
of 4-hydroxy-tamoxifen.

HHIREY Henee, there s a need for now, potent ER ¢ antagonsts, which would
preferably have ER degrading or dowu-regulating activity in, for example, breast cancer cells
without stimulating proliferation in ERa-positive, hormone treatment-resistant breast cancer cells.
Such compounds would be orally administrable and be usefol i the treatmment of, amongst other
things, ER¢-positive, hormone treatment-resistant breast cancer.

{3055] Estrogen receptor-related diseases or conditicns inclade, buot are not hmited to,
aberrant estrogen receptor activity associated with: cancer, for example, bone cancer, breast
cancer, colorectal cancer, endometrial cancer, prostate cancer, ovarian anduterine cancer;
leiomyoma, tor example, oterine leiomyoma; central nervous system defects, for example,
alcoholism and migraine; cardigvascular system defects, for example, acrtic aneurysm,
susceptibility to myocardial infarction, aortic valve sclerosis, cardiovascalar disease, coronary
artery disease and hypertension; hematological system detfects, for example, deep vein
thrombosts; immune and inflanumation diseases, for example, Graves’ Disease, arthritis, mulitple
sclerosis and cirrhosis; susceptibility to infection, for example, hepatitis B and chronic bver
disease; metabolic defects, for example, bone density, cholestasis, hypospadias, cbesity,
osteoarthritis, osteopenia and osteoporosis; neurological defects, for example, Alzheimer's
disease, Parkinson's discase, migraine and vertigo; psychateic defects, for example, anorexia
nervasa, attention deficit hyperactivity disorder, dementia, major depressive disorder and
psychosis; and reproductive defects, for exampie, age of menarche, endometriosis and infertility.
In the context of treating cancers, the compound of Forowla 1 offer improved therapeutic activity
characterized by complete or longer-lasting tumor regression, a lower wcidence or rate of

development of resistance to treatment, and/or a reduction in (WLOT INVasiveness.
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{6056] The present invention relates to compounds that are both potent estrogen
receptor antagonists and selective estrogen receptor degraders. The mvention further provides a
process for the preparation of compounds of the ivention and pharmaceutical preparations
comprising such compounds. Another aspect of the present wvention relates to a roethod of
treating disorders mediated by estrogen receptors comprising the step of administering to a patient
i need thereof a therapeutically effective amount of a compound of formula | as defined 1o the

Sumimary of the Invention

{0837} In an embodiment, compounds of the mvention are used to treat cancer in a
mammal.
{3338} In a further embodiment, the cancer 15 selected from breast, ovarnan,

endometrial, prostate, uterine, cervical and hing cancers.

HHIESH In a further embodiment, the cancer is breast cancer.

{3066} In another ermbodiment, the cancer 18 a hormone dependent cancer.

{6061} In another embodiment, the cancer is an estrogen receptor dependent cancer.
{3062} In a further embodiment, the cancer 1s an gstrogen-sensifive cancer.

{0063} In another embodiment, the cancer is resistant to anti-hormonal treatment.
{3064} In a further embodiment, the cancer 1S an gstrogen-sensitive cancer or an

estrogen receptor dependent cancer that is resistant to anti-hormonal treatment.

{3065} In a further embodiment, the anti-hormonal treatment includes treatment with
at icast one agent sclected from tamoxifen, fulvestrant, a steroidal aromatase inhibitor, and a non-
steroidal aromatase inhibitor,

{6066 In another embodiment, compounds of the imvention are used to treat hormone
receptor positive metastatic breast cancer in a postmenopausal woman with disease progression
following anti-estrogen therapy.

{30671 1n another crbodiment, compounds of theinvention are used to treat a
hormonal dependent benign or malignant disease of the breast or reproductive tract in a mammal.
{30681 1n a further embodiment, the benign or malignant discase is breast cancer.
{6069} In another embodiment, compounds of the invention are used to treat cancer n

a mamumal, whercin the manumal is chemotherapy-naive.
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HHUALH In another embodiment, compounds of the invention arc used to treat cancer in
a mammal, wheremn the mammal is being treated for cancer with at least one anti-cancer agent.
{071} In a further embodiment, the cancer 1s a hormone refractory cancer.

{0672} In another embodiment, compounds of the invention are used in the freatment
of endometriosis in a manunal,

{0673} In another embodiment, compounds of the invention are used in the freatment
of leiomiyoma in 8 mammal.

{06474} In a further embodiment, the leiomyoma is selected from uterne leiomyoma,
esophageal leiomyoma, cutansous leiomyoma and small bowel leiomyoma.

{06475} In another embodiment, compounds of the invention are used in the freatment
of fibroids, for example, uterine fibroids, in a mammal.

{6676} Compounds of the present invention may be usefully combined with another
pharmacologically active compound, or with two or more other pharmacologically active
compounds, particularly in the treatment of cancer. For example, a compound of the formula (),
or a pharmaceutically acceptable salt thereot, as defined above, may be administerad
stmultaneously, sequentially or separately in combination with one or more agents selected from
chemotherapy agents, for example, mtotic mhibitors such as a taxane, a vinca alkaloid, paclitaxel,
docetaxel, vincristine, vinblastine, vinorelbine or vinfhunine, and other anticancer agents, e.g.
cisplatin, S-thioroaracil or 5-fluore-2-4(1 H,3H}-pyrimidinedione (SFU), flotanide or
gemcitabine.

{0077} Such combinations may offer significant advantages, including synergistic
activity, in therapy.

{078 In certain embodiments, the present invention relates to the aforementioned
method, wherein said compound is administered parenterally.

{3079 In certain embodiments, the present invention relates to the aforementioned
method, wherein said compound is administered intramuscularly, intravenously, subcutancously,
orally, pulmonary, mtrathecally, topically or intranasally.

I6084G] In certain crobodiments, the present mvention relates to the aforcmentioned

method, wherein said compound 1s administered systemically,
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{6081} In certain crobodiments, the present mvention relates to the aforcmentioned
method, wheremn said patient 18 a mammal.

{B082] In certam embodiments, the present mvention relates to the aforementioned
method, wheremn said patient 1s a primate.

{B083] In certam embodiments, the present mvention relates to the aforementioned
method, wherein said patient is a human.

{3084] o another aspect, the present invention relates to a method of treating a
disorder mediated by estrogen receptors, comprising the step oft admimnistering to a patient n
need thereof a therapeutically effective amount of a chemotherapeutic agent in combination with a
therapeutically effective amount of a compound of fornula 1 as defined in the Swuomary of the

Invention.

Pharmaceutical Compositions

{B085] o another aspect, the present invention provides pharmaceutically acceptable
compositions which comprise a therapeutically-effective amount of one or more of the
compounds described above, formulated together with one or more pharmacentically acceptable
carriers {(additives) and/or diluents. As described in detail below, the pharmaceutical
compositions of the present invention may be specially formulated for administranon 1 sohid or
liguid form, including those adapted for the following: (1) oral administration, for example,
drenches (agueous or non-agqueous sohutions or suspensions), tablets, ¢.g., those targeted for
buccal, sublingual, and systemic absorption, boluses, powders, granules, pastes for application to
the tongue; (2} parenteral administration, for example, by subcutaneous, intramuscular,
mtravencus or epidural injection as, for example, a sterile solution or suspension, or sustained-
release formulation; (3) topical application, for example, as a cream, omtment, or a controlled-
release patch or spray applied to the skin; (4) mtravaginally or intrarectally, for example, as a
pessary, cream or foam; (5) sublingusally; (6) ocularly; (7) transdermally; (8) nasally; (9}
pulmonary; or (10} intrathecaily.

{3086} The phrasc "therapeutically-effective smount” as used herein means that

amount of 3 compound, material, or composition comprising a compound of the present nvention
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which is effective for producing some desired therapeutic effect 1o at least a sub-population of
cells in an animal at a reascnable benefit/risk ratio applicable to any medical treatment.

{3087} The phrase "pharmaceutically acceptablie” is emploved herein to refer to those
compounds, materials, compositions, and/or dosage forms which are, within the scope of sound
medical judgment, suitable for use in contact with the tissues of human bemgs and animals
without excessive toxicity, irritation, allergic response, or other problem or complication,
commensurate with a reasonable benefit/risk ratio.

{6088} The phrase "pharmaceutically-acceptable carrier” as used herein means a
pharmaceutically-acceptable material, composition or vehicle, such as a liquid or solid filler,
diluent, excipient, manufacturing aid (e.g., lubnicant, tale magnesium, calciom or zing stearate, or
steric acid), or solvent encapsulating material, involved in carrying or transporting the subject
compound from one organ, or portion of the body, to another organ, or portion of the body. Each
carrier mast be "acceptable™ in the sense of being compatible with the other ingredients of the
formulation and not injurious to the patient. Some examples of materials which can serve as
pharmaceutically-acceptable carriers inclade: (1) sugars, such as lactose, ghicose and sucrose; (2}
starches, such as com starch and potato starch; (3} cellulose, and its derivatives, such as sodium
carboxymethyl cellulose, ethyl cclhilose and ccllulose acetate; (4) powdered tragacanth; (5) malt;
{6} gelatin; (7) tale; (8) excipients, such as cocoa butter and supposttory waxes; (9) oils, such as
peanut oil, cottonseed oil, safflower o1, sesame oil, obive o1, com oif and soybean ol; (10}
elycols, such as propylenc glycol; (11} polyols, such as glycerin, sorbitol, mannitol and
polyethyiene glveol; {12} esters, such as ethyl oleate and ethyl laurate; (13) agar; {14) buffering
agents, such as magnesiom hydroxide and aluminum hydroxide; (15) alginic acid; (16) pyrogen-
free water; {17} isotonic saline; {18) Ringer's solution; (19} cthyl alcohol; (20} pH buffered
solutions; {21} polyesters, polycarbonates and/or polyanhydrides; and (22) other non-toxic
compatible substances employed in pharmaceutical formulations.

{6089} As set out above, certain embodiments of the present compounds may contain a
basic functional group, such as amino or alkylamino, and are, thus, capable of forming
pharmaceuticaliy-acceptable salts with pharmaceutically -acceptable acids. The term
"pharmaceutically-acceptable salts” in this respect, refers to the relatively non-texic, morganic and

organic acid addition salis of compounds of the present invention. These salts can be prepared in
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situ 1 the administration vebicle or the dosage form maoufacturing process, or by separately
reacting a purified compound of the invention in its free base form with a suitable organic or
morganic acid, and isolating the salt thus formed during subsequent purification. Representative
salts mehude the hydrobromide, hydrochlonide, sulfate, bisulfate, phosphate, mitrate, acctate,
valerate, oleate, palmitate, stearate, laurate, benzoate, lactate, phosphate, tosviate, citrate, maleate,
fumarate, succinate, tartrate, napthylate, mesylate, glucoheptonate, lactobionate, and
{faurvisulphonate salts and the like. (See, for exarople, Berge et al. (1977) "Pharmaceutical Salts”,
J. Pharm. Sci. 66:1-15).

HUBEH The pharmaceutically acceptable salts of the subject compounds mclude the
conventional nontoxic salts or quaternary anymoniam salts of the compounds, e.g., from non-toxic
orgamic or ingrganic acids. For example, such conventional nonioxic salts mclade those derived
from norganic acids such as hydrochloride, hydrobronuc, sulfuric, sulfamic, phosphoric, nitric,
and the like; and the salts prepared from orgamic acids such as acetic, propionic, succinic,
elveolic, stearic, lactie, malic, tartaric, citric, ascorbic, palmitic, maleie, hydroxymaleic,
phenylacetic, glatamic, benzoic, salicyclic, sulfanilic, Z-acetoxybenzoic, fumarie, tohtenesulfonic,
methanesulfonic, ethane disulfonic, oxahe, isothionic, and the like.

{3091} In other cases, the compounds of the present invention may contain one or
more acidic functional groups and, thus, are capable of forming pharmaceutically-acceptable salts
with pharmaceutically-acceptable bases. The term "pharmaceutically-acceptable salts” in these
mstances refers (o the relatively non-toxic, inorganic and organic base addition salts of
compounds of the present invention. These salts can likewise be prepared in siti in the
administration vehicle or the dosage form manufacturing process, or by scparately reacting the
purified compound in #s free acid forma with a suitable base, such as the hydroxide, carbonate or
bicarbonaie of a pharmaceutically-acceptable metal cation, with aramonia, or with a
pharmaceutically-acceptable organic primary, secondary or tertiary amine. Representative alkali
or alkaline earth salts include the hithium, sodium, potassivm, calciuim, magnesim, and alunimim
salts and the like. Representative organic amines useful for the formation of base addition salts
meclude ethylaming, dicthylamine, cthylenediamine, cthanolamine, dicthanolaming, piperazine and

the like. (See, for example, Berge et al., supra)
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{6097} Wetting agents, eroulsifiers and lubricands, such as sodiom laury! sulfate and
magnesium stearate, as well as coloring agents, release agents, coating agents, sweetening,
flavoring and perfuming agents, preservatives and antioxidants can also be present in the
compositions.

{3093} Examples of pharmaceutically-acceptable antioxidants mclude: (1) water
soluble antioxidants, such as ascorbic acid, cysteme hydrochloride, sodam bisulfate, sodium
metabisulfite, sodium sulfite and the like; (2) oil-soluble antioxidants, such as ascorbyl palmitate,
butylated hydroxyanisole (BHA), butylated hydroxytoluene (BHT), lecithin, propyl gallate, alpha-
tocopherol, and the like; and (3} metal chelating agents, such as citric acid, ethylenediamine
tetraacetic acid (EDTA), sorbitol, tartaric acid, phosphoric acid, and the like.

{3094} Formulations of the present invention inclode those suitable for oral, nasal,
topical (including buccal and sublingual), rectal, vaginal and/or parenteral admimistration. The
formulations may conveniently be presented i unit dosage form and may be prepared by any
methods well known i the art of pharmacy. The amount of active ingredient which can be
combined with a carrier material to produce a single dosage form will vary depending upon the
host being treated, the particular mode of adminmistration. The amount of active ingredient which
can be combined with a carrier matenal to produce a single dosage form will generally be that
amount of the compound which produces a therapeutic effect. Generally, oot of one hundred per
cent, this amouont will range from about 0.1 per cent to about ninety-nine percent of active
mgredient, preferably from about S per cent o about 70 per cent, most preferably from about 10
percent to about 30 pereent,

{60935] In certain crobodiments, a formulation of the present invention COMPrises an
excipient selected from the group consisting of cyclodextrins, celinloses, liposomes, micelle
forming agents, ¢.g., bile acids, and polymeric carriers, ¢.g., polyesters and polyanhydrides; and a
compound of the present invention. In ¢ortain embodiments, an aforementioned formulation
renders orally bioavailable a compound of the present mvention.

{3096} Methods of preparing these formulations or compositions inchide the step of
bringing into association a compound of the present invention with the carrier and, opticnally, one

or more accessory ingredients. In general, the fornwlations are prepared by uniformly and
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mtinwately bringing mio association & compound of the present invention with liquid carriers, or
finely divided solid carriers, or both, and then, if necessary, shaping the product.

{3097} Foroulations of the invention suitable for oral administration may be in the
form of capsules, cachets, pills, tablets, lozenges (using a flavored basis, usually sucrose and
acacia or tragacanth), powders, granules, or as a solution or a suspension in an aqueocus Or non-
agueous hquid, or as an oil-in-water or water-in-cil hiquid emulsion, or as an elixir or syrup, or as
pastilles {using an inert base, such as gelatin and glycenn, or sucrose and acacia) and/or as mouth
washes and the like, each containing a predetermined amount of a compound of the present
mvention as an active ingredient. A compound of the present invention may also be administered
as a bolus, electuary or paste.

{3098} In solid dosage forms of the invention for oral administration {capsulies, tablets,
pills, dragees, powders, gramules, trouches and the hke), the active ingredient 1s mixed with one or
more pharmaceutically-acceptable carriers, such as sodium citrate or dicalcium phosphate, and/or
any of the following: (1) fillers or extenders, such as starches, lactose, sucrose, glucose, mannitol,
and/or silicic acid; (2) bmders, sach as, for example, carboxymethyleellolose, algimates, gelatin,
polyvinyl pyrrolidone, sucrose and/or acacia; {3} humectants, sach as glycerol; (4) disintegrating
agenis, sach as agar-agar, calcium carbonate, potato or tapioca starch, alginic acid, certain
sihicates, and sodiom carbonate; (5) solution retarding agents, such as paraffin; (6) absorption
accelerators, such as quaternary ammonium compounds and surfactants, such as poloxamer and
sodium lauryl sulfate; (7) weiting agents, such as, for exanmple, cetyl alcohol, glycerol
monostearate, and non-ionic surfactants; (8) absorbeants, such as kaolin and bentonite clay; (9}
hubricants, such as tale, calcmim stearate, magnestum stearate, solid polycthylene glycols, sodiom
lauryl sulfste, zinc stearate, sodinm stearate, stearic acid, and mixtures thereof; (1) coloring
agents; and {11) controlled release agents such as crospovidone or ethyl cellulose. In the case of
capsules, tablets and pills, the pharmaceutical compositions may also comprise buffering agents.
Seolid compositions of a similar type may also be employed as fillers 1o soft and hard-shelled
gelatin capsules using such excipients as lactose or milk sugars, as well as high molecular weight
polyethylene glycols and the like.

{30991 A tablet may be made by compression ot molding, optionally with one ot more

accessory mgredicnts. Compressed tablets may be prepared using binder (for example, gelatin or
= &
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hyvdroxypropyimethyl cellulose), hubricant, inert diluent, preservative, disintegrant (for example,
sodium starch glyeolate or cross-linked sodium carboxymethyl cellulose), surface-active or
dispersing agent. Molded tablets may be made by molding in a suitable machine a mixture of the
powdered compound moistencd with an mert bquid diluent.

{30160} The tablets, and other solid dosage forms of the pharmaceutical compositions
of the present tnvention, such as dragees, capsules, pills and granules, may optionally be scoved or
prepared with coatings and shells, such as enteric coatings and other coatings well known in the
pharmaceutical-formulating art. They may also be formulated so as to provide slow or controlled
release of the active ingredient therein using, for example, hydroxvpropylmethy! cellulose in
varying proportions o provide the desired release profile, other polymer matrices, liposomes
and/or microspheres. They may be formulated for rapid release, e.g., freere-dried. They may be
sterilized by, for example, filtration through a bacteria-retaining filter, or by mcorporating
sterilizing agents n the form of sterile solid compositions which can be dissolved in sterile water,
or some other sterile injectable medium immediately before use. These compositions may also
optionally contain opacifying agents and may be of a composition that they release the active
mgredient(s) only, or preferentially, m a certain portion of the gastrointestinal tract, optionally, in
a delayed manner. Exampies of embedding compositions which can be used mchude polymeric
substances and waxes. The active ingredient can also be in mucro-encapsulated form, if
appropriate, with one or more of the above-described excipients.

180161 Liquid dosage forms for oral administration of the compounds of the mvention
include pharmaceutically acceptable emulsions, microeruisions, solutions, suspensions, syrups
and elixirs. In addition to the active ingredient, the hquid dosage forms may contain inert diluents
commonly used in the art, such as, for example, water or other solvents, solubilizing agents and
enwlsifiers, sach as ethyl aleohol, isopropyl alechol, ethyl carbonate, ethyl acetate, benzyl
alcohol, benzyl benzoate, propylene glycol, 1,3-butylene glycol, oils {in particular, cottonsced,
groundout, corn, ger, olive, castor and sesamge oils), glycerol, tetrahydrofuryl alcchol,
polyethylene glycols and fatty acid esters of sorbitan, and mixtures thereof.

{60162} Besides inert diluents, the oral compositions can also inchude adjuvants such as
wetting agents, enwlsifying and suspending agents, sweetening, flavoring, coloring, perfuming

and preservative agenis.
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{60163} Suspensions, i addition to the active compounds, may contaio suspending
agents as, for example, ethoxylated 1sostearyl alcohols, polyoxyethvlene sorbitol and sorbitan
esters, microcrystalling cellulose, alummum metahydroxide, bentonite, agar-agar and tragacanth,
and mixtares thereof.

{38164} Fornuslations of the pharmaceatical compositions of the invention for rectal or
vaginal administration may be presented as a suppository, which may be prepared by nuxing one
ot more compounds of the invention with one or more suitable nonirritating excipients or carriers
comprising, for example, cocoa butter, polyethylene glycol, a suppository wax or a salicylate, and
which is solid at room temperature, but higuid at body temperature and, therefore, will melt inthe
rectum or vaginal cavity and release the active compound.

{38165] Formulations of the present invention which are suitable for vaginal
administration also nclode pessaries, tampons, creams, gels, pastes, foams or spray formulations
containing such carriers as are known in the art to be appropniate.

{66186} Dosage forms for the topical or transdermal administration of a compound of
this mvention include powders, sprays, ointments, pastes, creams, lotions, gels, solations, patches
and inhalants. The active compound may be mixed under sterile conditions with a
pharmaceutically-acceptable carrier, and with any preservatives, buffers, or propellants which
may be required.

{81671 The cintments, pastes, creams and gels may contain, in addition to an active
compound of this invention, excipients, such as animal and vegetable fais, oils, waxes, parafiins,
starch, tragacanth, cellulose derivatives, polycthylene glycols, silicones, bentonites, silicic acid,
talc and zinc oxide, or mixtures thereof.

{30168] Powders and sprays can contain, in addition to a compound of this invention,
excipicnts such as lactose, tale, silicic acid, aluminum hydroxide, calcium silicates and polyamide
powder, or mixtures of these substances. Sprays can additionally contain customary propellants,
such as chlorofluorobydrocarbons and volatile vosubstituied hydrocarbons, such as butane and
propane.

{60169] Transdermal paiches have the added advantage of providing controlled delivery
of a compound of the present invention o the body. Such dosage forms can be made by

dissolving or dispersing the compound in the proper medium. Absompiion enhaocers can also be
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used to increase the flux of the compound across the skin. The rate of such flux can be controlied
by either providing a rate controlling membrane or dispersing the compound in a polymer matrix
ot gel.

{00118 Ophthalmue formulations, eye omtments, powders, solutions and the like, are
also contemplated as being within the scope of this invention.

{60111] Pharmaceutical compositions of this invention suitable for parenteral
administration corprise one or more compounds of the invention in combination with one or
more pharmaceutically-acceptable sierile isotonic aqueous or nonagueous solutions, dispersions,
suspensions or emulsions, or sterile powders which may be reconstituted into sterile injectable
solutions or dispersions just prior to use, which may contain sugars, alcohols, antioxidants,
buffers, bacteriostats, solutes which render the formmilation isotonic with the blood of the mtended
recipient or suspending or thickening agents.

{38112} Examples of suitable agueous and nonagueous carriers which may be employved
m the pharmaceatical compositions of the invention mclode water, cthanol, polyols (such as
glycerol, propylene glyeol, polycthylene glycol, and the ike), and suitable mixtures thereof,
vegetabie oils, such as olive o, and injectable organic esters, such as ethyl oleate. Proper flaidity
can be mamiained, for example, by the use of coating matenals, such as lecithin, by the
mainienance of the required particle size in the case of dispersions, and by the use of surfactants.
{38113] These compositions may alse contain adjuvants such as preservatives, wetting
agents, emulsifying agents and dispersing agents. Prevention of the action of microorganisms
upon the subject compounds may be ensured by the inclusion of various antibacterial and
antifungal agents. for example, paraben, chiorobutanol, phenol sorbic acid, and the like. It may
also be desirable to include isotonic agents, such as sugars, sodium chloride, and the hike nto the
compositions. In addition, prolonged absorption of the injectable pharmaceutical form may be
brought about by the inclusion of agents which delay absorption such as alhiminum monostearate
and gelatin,

{30114] In some cases, in order to prolong the effect of a drug, it is desirable to slow the
absorption of the drug from subcutaneous or intramuscular injection. This may be accomphished
by the use of a liquid suspension of crystalline or amorpbous material baving poor water

solubility. The rate of absorption of the drug then depends upon s rate of dissolution which, m
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turn, may depend upon crystal size and crystalline form. Alternatively, delayed absorption of a
parenterally-admunistered drag form 1s accomplished by dissolving or suspending the drug man
otl vehicle,

{60115] Injectable depot forms are made by forming microencapsule matrices of the
subject compounds in biodegradable polymers such as polylactide-polygiveolide. Bepending on
the ratio of drug to polymer, and the nature of the particular polymer employed, the rate of drug
release can be controlled. Examples of other biodegradable polvmers inchude poly{orthoesters)
and poly{anhydndes). Depot mjectable formulations are also prepared by entrapping the drug in
liposomes or microemulsions which are compatible with body tissue.

{60116} When the compounds of the present invention are administered as
pharmaceuticals, to lnnnans and animals, they can be given per se or as a pharmaceutical
composition containing, for example, 0.1 to 99% (more preferably, 10 to 30%;) of active
ingredient in combination with a pharmaceutically acceptable carrier.

{66117] The preparations of the present invention may be given orally, parenterally,
topically, or rectally. They are of course given in forms suitable for each adnunistration route.
For exampie, they are adnunistered in tablets or capsule form, by injection, inhalation, eye lotion,
omtment, suppository, etc. administration by injection, nfusion or inhalation; topical by lotion or
ointment; and rectal by suppositories. Oral administrations are preferred.

{38118] The phrases "parenteral admimstration” and "admimstered parenterally” as
used herein means modes of administration other than enteral and topical adnunistration, usually
by wjection, and includes, without Hmitation, wntravenous, intramuscular, ntraarterial, intrathecal,
mitracapsular, intraorbital, infracardiac, intradermal, mtraperifoneal, transtracheal, subcutancous,
subcuticular, intraarticulare, subcapsular, subarachuoid, intraspinal and intrasternal injection and
miusion.

{30119] The phrases "systemic adounistration,” "administered systemically,”
"peripheral administration” and "administered peripherally” as used herein mean the
adounistration of a compound, drug or other material other than directly into the central nervous
system, such that it enters the patient's system and, thus, i1s subject to metabolism and other like

processes, for example, subcutancous admivistration.
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1601261 These comapounds may be administered to hurnaos and other anymals for
therapy by any suitable route of adounistration, including orally, nasally, as by, for exanple, a
spray, rectally, intravaginally, parenterally, intracisternally and topically, as by powders,
ointments or drops, including buccally and sublingually.

B012Y Regardless of the route of administration selected, the compounds of the
present invention, which miay be used 1 a suitable hydrated form, and/or the pharmaceutical
compositions of the present invention, are formulated into pharmaceutically-acceptable dosage
forms by conventional methods known to those of skill in the art.

{38122 Actual dosage levels of the active ingredients in the pharmaceutical
compositions of this invention may be varied so as to obtain an amount of the active mgredient
which is effective to achieve the desired therapeutic response for a particular patient, composition,
and mode of adnunistration, without being toxic {o the patient.

{38123] The selected dosage level will depend upon a variety of factors including the
activity of the particular compound of the present invention employed, or the ester, salt or amide
thereof, the route of adnmnistration, the time of administration, the rate of excretion or metabolism
of the particular compound being employed, the rate and extent of absorption, the duration of the
treatment, other drags, compounds and/or materials used in combination with the particular
compound employed, the age, sex, weight, condition, gencral health and prior medical history of
the patient being treated, and like factors well known in the medical arts.

{60124] A physician or veterinarian having ordinary skill in the art can readily
determine and prescribe the effective amount of the pharmaceutical composition required. For
cxample, the physician or veterinarian could start doses of the compounds of the invention
employed in the pharmaceutical composition at levels lower than that required in order to achieve
the desired therapeutic effect and gradually increase the dosage votil the desired effect is
achieved.

{60125] In general, 3 suntable daily dose of a compound of the 1nvention will be that
amount of the compound which is the lowest dose cffective to produce a therapeutic effect. Such
an effective dose will generally depend upon the factors described above. Generally, oral,

intravenous, intracercbroventricular and subcutancous doscs of the compounds of this vention
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for a patient, when used for the indicated analgesic effects, will range from about $.0001 1o about
100 mg per kilogram of body weight per day.

{001 26] If desired, the effective daily dose of the active compound may be adnimistered
as two, three, four, five, six or more sub-doses adounistered separately at appropriate intervals
throughout the day, optionally, in unit dosage forms. Preferred dosing is one administration per
day.

{38127 While it 18 possible for a compound of the present invention to be administered
alone, it is preferable to adounister the compound as a pharmaceutical formulation {composition).
{30128} The compounds according to the invention may be formulated for
administration in any converndent way for use in human or veterinary medicine, by analogy with
other pharmaceuticals.

{66129] In another aspect, the present invention provides pharmaceutically acceptable
compositions which comprise a therapeutically-effective amount of one or more of the subject
compounds, as described above, formulated together with one or more pharmaceutically
acceptable carriers (additives) and/or diluents. As described in detail below, the pharmaceutical
compositions of the present invention may be specially formulated for admnistration in solid or
fligpud form, including those adapted for the following: (1) oral administration, for example,
drenches (aqueous or non-aqueons solations or suspensions), tablets, boluses, powders, granuics,
pastes for apphication to the fongue; (2) parenteral administration, for example, by subcutaneous,
mtramuscular or intravenous injection as, for cxample, a sterife solution or suspension; (3) topical
application, for example, as a cream, ointment or spray applied to the skin, lungs, or mucous
membranes; or (4} intravaginally or intrarectally, for example, as a pessary, cream or foam; (5)

sublingeally or buccally; {6} ocularly; (7) transdermally; or (8) nasally.

{60136] The term "treatment” is intended to encompass alse prophylaxis, therapy and
cure.
{60131} The paticnt receiving this treatment is any animal in need, inchiding primates,

in particelar humans, and other mammals such as equines, cattle, swine and sheep; and poultry
and pets in general.
0B0132] The compound of the invention can be administered as such or 1o admixtures

with pharmaceutically acceptable carviers and cap also be adpunistered m conjunction with
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antimicrobial agents such as peniciiling, cophalosporins, aminoglveosides and glycopeptides.
Conjunctive therapy, thus mcludes sequential, ssmultaneous and separate adounistration of the
active compound m a way that the therapeutical effects of the first administered one is not entively
disappeared when the subsequent 1s adnunistered.

{38133 Microemulsification technology can improve bicavailability of some lipoplulic
{water insoluble) pharmaceutical agents. Examples mclude Trimetrine (Dordunco, 5. K., etal.,
Drug Development and Industrial Pharmacy, 17(12), 1635-1713, 1991 and REV 5801 {Sheen, P.
(., etal, J Pharm Sci 8O{(7), 712-714, 1991}, Among other things, microconlsification provides
enhanced bicavailability by preferenuially divecting absorption to the lynmphatic system instead of
the circulatory system, which thereby bypasses the hiver, and prevents destruction of the
compounds in the hepatobiliary circulation.

{66134] While all suitable amphiphilic carriers are contemplated, the presently preferred
carriers are generally those that have Generally-Recognized-as-Safe (GRAS) status, and that can
both sclubilize the compound of the present mvention and microemulsify it at a later stage when
the solution comes mto a contact with a complex water phase {(such as one found in human gastro-
mtestinal tract). Usually, amphiphilic ingredients that satisfy these requirements have HLB
{hydrophilic to lipophilic balance) values of 2-2{}, and their stroctures contain straight chain
aliphatic radicals i the range of C-6 to C-20. Examples are polyethylene-glycolized fatty
glycerides and polyethylene glycols.

{60135] Commercially available amphiphiiic carriers are particularly contemplated,
including Gelucire-serics, Labrafil, Labrasol, or Lauroglycol {(all manufactured and distributed by
(aticfosse Corporation, Saint Priest, France), PEG-mono-oleate, PEG-di-oleate, PEG-mono-
laurate and di-laurate, Lecithin, Polysorbate 80, ete {produced and distributed by a number of
companies in USA and worldwide).

{30136] Hydrophilic polymers suitable for use in the present nvention are those which
are readily water-soluble, can be covalently attached to a vesicle-forming lipid, and which are
tolerated in vivo without toxic cffects (1.¢., are biccompatible). Suitable polymers include
polyethyvlene glycol (PEG), polylactic {(also termed polylactide), polyglyeolic acid (also termed
polyglycolide}, a polylactic-polyglycolic acid copolymer, and polyvinyl alcohol. Preferred

polymers are those having a molecular weight of from about 100 or 120 daltons up to about 5,000
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or 10,000 daltons, and more preferably from about 300 daltons to about 5,000 daltons. In a
particularly preferred embodiment, the polymer is polyethyleneglycol having a molecular weight
of from about 100 to about 5,060 daltons, and more preferably having a molecular weight of from
about 300 to about 5,000 daltons. In a particularly preferred embodiment, the polymer is
polyethyleneglycol of 750 daltons (PEG{750)). Polymers may also be defined by the number of
monomers therein; a preferred embodiment of the present mvention utilizes polymers of at east
about three monomers, such PEG polymers consisting of three monomers (approximately 150
daltons).

{38137} Other hydrophilic polymers which may be suitable for use in the present
mvention include polyvinvipyrrolidone, polymethoxazoline, polyethyloxazoline,
polyhvdroxypropy! methacrylamide, polymethacrylamide, polydimethylacrylamide, and
derivatized celhuloses such as hydroxymethyleeliulose or hydroxyethyicellalose.

{BG138Y In certain embodiments, a formulation of the present invention comprises a
biocompatible polymer selected from the group consisting of polyamides, polycarbonates,
polyalkylenes, polymers of acryhic and methacrylic esters, polyvinyl polymers, polyglveolides,
polysiloxanes, polyurethancs and co-polymers thercof, celluloses, polypropylene, polyethylencs,
polystyrene, polymers of lactic acid and glycolic acid, polyanhydrides, poly(ortho)esters,
poly(butic acid), poly{valeric acid), poly(lactide-co-caprolactone), polysaccharides, proteins,
polyhyvaluronic acids, polycyanoacrylates, and blends, mixtures, or copolymers thereot.

{60139] Cyclodextrins are cyclic oligosaccharides, consisting of 6, 7 or § glucose units,
designated by the Greek letter .alpha., beta. or .gamuma., respectively. Cyclodextrins with fewer
than six ghicose units are not known to exist. The glocose units are linked by alpha-1,4-
glacosidic bonds. As a consequence of the chair conformation of the sugar vaiis, all secondary
hydroxyl groups (at C-2Z, C-3) arc located on one side of the ring, while all the primary hydroxyl
groups at C-6 are situated on the other side. As a result, the external faces are hydrophilic, making
the cyclodextrins water-soluble. In contrast, the cavitics of the cyclodextrins are hydrophobic,
since they are lined by the hydrogen of atoms C-3 and C-§, and by cther-like oxvgens. These
matrices allow complexation with a variety of relatively hydrophobic compounds, including, for
instance, steroid compounds such as 17.beta.-cstradiol (sce, ¢.g., van Uden ¢t al. Plant Cell Tiss,

Org. Cult. 38:1-3-113 (1994)). The complexation takes place by Van der Waals mteractions and
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by hydrogen bond formation. For a geoeral review of the chenustry of cyclodextrins, see, Wenz,
Agnew. Chem. Int. Bd. Engl., 33:803-822 (1994},

{30140] The physico-chemical properties of the cyclodextrin derivatives depend
strongly on the kind and the degree of substitution. For example, their solubility in water ranges
from inscluble {e.g., nacetyl-beta-cyclodextring to 147% soluble (w/v) (G-2-beta-cyclodextring.
In addition, they are soluble m many organic solvents. The properties of the cyclodextrins enable
the control over solubility of various formulation components by increasing or decreasing theiwr
solubility,

{30141 Numerous cyclodexirins and methods for their preparation have been
described. For example, Parmeter (1), et al. (1.8, Pat. No. 3,453,259) and Gramera, et al. (LS.
Pat. No. 3,459,731 deseribed electroneutral cyclodextrins, Other derivatives mchude
cyclodextring with cationic properties [Parmeter (II), ULS, Pat. No. 3,453,2571, insohible
crosshinked cyclodextrins (Sohms, UL, Pat. No. 3,420,788}, and cyclodextring with anionic
propertics [Parmeter (111, U.S. Pat. No. 3,426,011}, Among the cyclodextrin derivatives with
anionic properties, carboxylic acids, phosphorous acids, phosphinous acids, phosphonic acids,
phosphoric acids, thiophosphonic acids, thiosulphinic acids, and sulfomic acids have been
appended to the parent cyclodextrin [see, Parmeter (1H), supra]. Furthermore, sulfoalky! ether
cyelodextrin derivatives have been described by Stella, et al. (U.S. Pat. No. 5,134,127).

{38142} Liposomes consist of at least one lipid bilayer membrane enclosing an aqueous
mterpal compartment. Liposomes may be characterized by membrane type and by size. Small
unilameliar vesicles (SUVs) have a single membrane and typically range between (.02 and 0.03
um in diameter; large unilamellar vesicles (LUVS) are typically larger than 0.05 ym
Oligolameliar large vesicles and multilamellar vesicles have multiple, usually concentric,
membrane layers and are typically larger than 0.1 um. Liposomes with several nonconcentric
membrancs, 1.¢., several smaller vesicies contained within a larger vesicle, are termed
multivesicular vesicles.

{(30143] COne aspect of the present invention relates to formulations comprising
liposomes containing a compound of the present invention, where the liposome membrane is
formulated to provide a liposome with increased carrying capacity. Altematively or in addition,

the compound of the present wvention may be contained within, or adsorbed onto, the liposome
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bilayer of the liposome. The compound of the present invention may be aggregated with a lipid
surfactant and carried within the liposome's internal space; in these cases, the liposome membrane
is formulated to resist the disruptive effects of the active agent-surfactant aggregate.

{60144] According to one embodiment of the present invention, the lipid bilayer of a
liposome contains lipids derivatized with polyethylene glycol (PEG), such that the PEG chains
extend from the mner surface of the lipid bilayver into the mterior space encapsulated by the
liposome, and extend from the exterior of the lipid bilayer into the surrounding environment.
{60145] Active agents contained within liposomes of the present invention are in
solubilized form. Aggregates of surfactant and active agent (such as emulsions or micelles
containing the active agent of interest) may be entrapped within the nterior space of liposomes
according fo the present invention. A surfactant acts to disperse and solabilize the active agent,
and may be selected from any suitable aliphatic, cycloahiphatic or aromatic surfactant, incloding
but not limited to biocompatible lysophosphatidylcholines (LPCs) of varying chain lengths (for
example, from about C.sub. 14 to about C.sub.20). Polymer-dertvatized lipids such as PEG-hpids
may also be utihzed for micelle formation as they will act to inhibit micelle/membrane fusion, and
as the addition of a polymer to surfactant molecules decreases the CMU of the sorfactant and aids
in micelle formation. Preferred are surfactants with CMCs 1n the micromolar range; higher CMC
surfactants may be utilized to prepare micelles entrapped within hiposomes of the present
invention, however, mucelle surfactant monomers conld affect hposome bilayer stability and
would be a factor i designing a liposome of a desired stabilify.

{(30146] Liposomes according to the present invention may be prepared by any of a
variety of techniques that are known i the art. See, e.g., U.S. Pat. No. 4,235,571; Published PCT
applications WO 86/14057; New RRC, Liposomes: A practical approach, IRL Press, Oxford
{1990, pages 33-104; Lasic DD, Liposomes from physics to applications, Elsevier Science
Publishers BV, Amsterdam, 1993,

160147] For example, liposomes of the present invention may be prepared by diffusing
a lipid dertvatized with a hydrophilic polymer into preformed liposomes, such as by exposing
preformed liposomes to mucelics composed of lipid-grafted polymers, at lipid concentrations

corresponding to the final mole percent of derivatized lipid which is desired in the liposome.
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Liposomes containing a hydrophilic pelymer cao also be formed by homogenization, lipid-ficld
hydration, or extrusion techniques, as are known in the art.

{30148} o one aspect of the present invention, the liposomes are prepared to have
substantially homogeneous sizes in a selected size range. One effective sizing method mvolves
extruding an agueous suspension of the liposomes through a series of polycarbonate membranes
having a selected aniform pore size; the pore size of the membrane will correspond roughly with
the largest sizes of liposomes produced by exirusion through that membrane. See e.g., U.S. Pat.
No. 4,737,323 (Apr. 12, 1988).

{30149 The release charactenistics of a formulation of the present mvention depend on
the encapsulating material, the concentration of encapsulated drug, and the presence of release
modifiers. For example, release can be manipulated to be pH dependent, for example, vsing a pH
sensitive coating that releases only at a low pH, as in the stomach, or a lugher pH, as in the
intestine. An enteric coating can be used to prevent release from occurring until after passage
through the stomach. Multiple coatings or mixtures of cyanamide encapsulated 1n different
materials can be used to obtain an mitial release i the stomach, followed by later release 1 the
mtesting. Release can also be manipulated by inclasion of salts or pore forming agents, which can
increase water uptake or release of drug by diffusion from the capsule. Excipients which modify
the solability of the drug can also be used to control the release rate. Agents which enhance
degradation of the matrix or release from the matrix can also be wcorporated. They can be added
to the drug, added as a separate phase {(1.¢., as particulates). or can be co-dissolved in the polymer
phase depending on the compound. In all cases the amount should be between 0.1 and thirty
percent {w/w polymer). Types of degradation enhancers include inorganic salts such as
ammonivm sulfate and ammoniom chioride, organic acids such as citric acid, benzoie acid, and
ascorbic acid, inorganic bascs such as sodium carbonate, potassium carbonate, calciom carbonate,
zing carbonate, and zine hydroxide, and organic bases such as protamine sulfate, sperming,
choline, ethanolamine, dicthanolamine, and tricthanolamine and surfactants such as Tween® and
Plurcnic®. Pore forming agents which add microstructure to the matrices (1.e., water soluble
compounds such as inorganic salis and sugars) are added as particulates. The range should be

between one and thirty percent (w/w polymer).
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601561 Uptake can also be maoipulated by altering residence time of the patticles in
the gut. This can be achieved, for example, by coating the particle with, or selecting as the
encapsulating material, a mucosal adhesive polymer. Examples include most polymers with free
carboxyl groups, such as chitosan, celluloses, and especially polyacrylates {(as used herein,
polyacrylates refers to polymers including acrvlate groups and modified acrylate groups such as

cyanoacrylates and methacrylates).

Pharmacecutical Combmations

{60151] The invention especially relates to the use of a compound of the formula I (or a pharma-
ceutical composition comprising a compound of the formula 1) mn the treatment of one or more of
the discases mentioned herein; wherein the response to treatment 18 beneficial as demonstrated,
for example, by the partial or complete removal of one or more of the symptoms of the disease up
to complete cure or remission.

{08152] Given the central role of ER-a in breast cancer development and progression,
compounds disclosed heren are useful i the treatment of breast caneer, either alone or
combination with other agents used to freat breast cancer, including but not limited to aromatase
mhibitors, anthracylines, platins, nitrogen mustard alkylating agents and taxanes. Agents used to
treat breast cancer, mclude, but are not limited to, paclitaxel, anastrozole, exemestane,
cyclophosphamude, epirabicin, Ailvestrant, letrozole, gemcitabine, trastumpmab, pegfilgrastim,
filgrastim, tamoxifen, docetaxel, toremifene, vinorelbine, capecitabine and ixabepilone.

{80133] Further, compounds of the invention are ascful m the treatment of breast cancer, either
alone or in combination with other agents that modulate other enitical pathways in breast cancer,
mechiding but not limited to those that target IGFIR, EGFR, erB-B2 and the PISK/AKT/mTOR
axis, Rb axis including CDE4/6 and D-cyclins, H3P90, PARP and/or histone deacetylases.
{80134] A compound of the invention can, therefure, also be used i combination with the
followmg:

{08185 Vascular Endothelial Growih Factor (VEGE) receptor inhibiiors: Bevacizumab (sold
under the trademark Avastin® by Genentoch/Roche), axitinib, (N-methyl-2-[[ 3-{(F}-2-pyridin-2-

viethenyi}-1 H-indazol-6-ylisultanyl benramide, also known as AGG13736, and described in PCT
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Publication No. WO 01/00236%), Brivantb Alaninate {({S+((R)-1-{4-(4-Flucro-2-methyl-14-mndol-
S-yloxy)-S-methylpyrrolo[2,1-fi11,2 4 triazin-6-yloxypropan-2-vh 2-ammnopropanoate, also
known as BMS-382664), motesanib (N-(2,3-dihydro-3,3-dimethyl-1H-indol-6-v1)}-2-[(4-
pyridinyhuoethyDamine]-3-pyridinecarboxamide, and described in PCT Publication No. W0
02/066470), pasirectide (also known as SOM230, and described 1 PCT Publication No, WO
02/010192), sorafenib {sold under the tradename Nexavar®);

{0186] HER? receptor inhibifors: Trastuzumab (sold under the trademark Herceptn® by
Genentech/Roche), neratitub (also known as HEI-272, (2F)-N-[4-[[3-chloro-4-[(pyridin-2-
yhmethoxyiphenylianuno]-3-cyano-7-ethoxyquinohin-6-vil-4-{dimethylammo but-2-enanude,
and described PCT Publication No. W0 05/028443), lapatinib or lapatinib ditosylate (sold under
the trademark Tykerb® by GlaxoSmmthKline);

$80137] CD20 antibodies: Rituximab (sold under the trademarks Rivxan® and MabThera® by
Genentech/Roche), tositomomab (sold under the trademarks Bexxar® by GlaxoSmithKline),
ofatumoemab (sold under the trademark Arzerra® by GlaxoSmithKline);

{0188 Tyrosine kinase inhibitors: Erlotinib hydrochlionde (sold under the trademark Tarceva®
by Genentech/Roche), Linifanib (N-{4-(3-aminc- | H-indazol-4-ylphenyl}-N'-(2-fhoro-§-
methylphenyinmea, also known as ABT 869, available from Genentech), sunitinib malate (sold
undler the tradename Sutent® by Pfizer), bosutinb (4-[(2,4-dichlore-5-methoxyphenylamino}-6-
methoxy-7-[3-(4-methylpiperazin- | -yDipropoxyiquinohne-3-carbonitrile, also known as SKI-606,
and described i US Patent No. 6,780,996}, dasatinib (sold under the tradename Sprycel® by
Bristol-Myers Squibb), armalia (also known as pazopanib, sold voder the tradename Votrient® by
GlaxoSmithKline), tmatinib and imatinib mesylate (sold under the tradenames Gilvec® and
Gleevee® by Novartis);

{00159 Ber/dbi kinase inkhibiiors: nilotinib hydrochloride (sold under the tradename Tasigna®
by Novartis);

100168] DNA Synthesis inhibitors: Capecitabing (sold under the trademark Xcioda® by Roche),
gemcitabine hydrochioride (sold under the trademark Gemzar® by Eli Lilly and Company),
nclarabine ({28,385 4R 5R)-2-(Z-ammo-6-methoxy-purin-9-yl}-3-Chydroxymethyhoxolane-3,4-

diol, sold under the tradenames Arason® and Atriance® by GlaxoSmuthKline);
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{00161 Antineoplastic agenis. oxaliplatin {sold under the tradenane Eloxatin® ay Sanofi-
Aventis and described m US Patent No. 4,169,846);

{0162] Epidermal growth factor veceptor (EGFR) inhibitors: Gefitnib (sold under the
tradename Iressa®), N-[4-[{3-Chloro-4-flucrophenyhamino - 7-[[(3"S"-tetrahvdro-3-
furanyloxyl-6-quinazolinyl]-4(dimethylamino)-2-butenamide, sold under the tradename Tovok®
by Boehringer Ingelheim), cetuximab (sold under the tradename Erbitux® by Bristol-Myers
Sguibb), panttumumab (sold under the tradename Vectibix® by Amgen);

{60163] HER dimerization inhibitors: Pertuzumab (sold under the trademark Omnitarg®, by
Genentech);

{00164] Human Granulocyie colony-stimudating facior {G-CSF) modulators: Filgrastim (sold
under the tradename Neupogen® by Amgen);

{801658] Immunomodulaiors: Afuturymab {available from Roche®}), pegfilgrastim (sold under
the tradename Neulasta® by Amgen), lenahdomide (also known as CC-5013, sold under the
tradename Reviimid®), thalidomide (sold vnder the tradename Thalomid®y;

{01661 (D40 inhibitors: Dacetozumab (also known as SGN-40 or huS2(6, available from
Seattle Genetics, Inc);

{68167] FPro-apopiotic receptor agonists (PARAs): Dulanermin (also known as AMG-951,
available from Amgen/Genentech);

{08168] Hedgehog antagonists: 2-chloro-N-[4-chloro-3-(2-pyridinyDphenyl}-4-
{methyisulfonyl)- benzamide {also known as GD{C-(449, and described i PCT Publication No.
WO 06/028958);

{00169] PI3K inhibitors: 4-[2-(1H-Indazoi-4-yv)-6-[{4-(methylsulfonylpiperazin-1-
vimethyl]thieno[3,2-dlpyrimidin-4-ylimorpholine {also known as GDC §941 and described in
PCT Publication NMes. WO 09/036082 and WO (19/055730), 2-Methyl-2-{4-[3-methy}-Z-0x0-8-
{quinolin-3-y1}-2,3-dihydroimidarzof 4,5-¢c jquinolin-1-yi}phenyllpropionitrile (also known as BEZ
235 or NVP-BEZ 235, and described in PCT Publication No. WO 06/122806);

{0170] Fhospholipase A2 inhibitors: Anagrelide (sold under the tradename Agryhn®);
{00171 BCL-Z inhibitors: 4-[4-{[2-(4-chiorophenyl)-§,5-dimethyl-1-cyclohexen-1-yHmethyl]-1-
piperaziny]-N-{[4-[[{1R)-3-{4-morpholioy])- 1 -[{phenylthio ymethyHpropyllamine]-3-
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Htrifluoromethyhsulfonyliphenylsulfooylbenzamide (also known as ABT-263 and described
PCT Publication No, WO (9/155386);

{08172] Mitogen-activated protein kinase kinase (MEK) inhibitors. XL-318 (Cas No. 1029872-
28-4, available from ACC Corp.};

{0173] dromatase inhibitors: Exemestane (sold under the trademark Aromasin® by Pfizer),
letrozole (sold under the tradename Femara® by Novartis), anastrozole (sold under the tradename
Armudex®);

{00174] Topoisomerase ! inkibiiors: Irnotecan (sold under the trademark Camptosar® by
Pfizer), topotecan hydrochioride (sold under the tradename Hycamtin® by GlaxoSmithKline);
{001758] Topoisomerase  inhibitors: ctoposide {also known as VP-16 and Htoposide phosphate,
sold under the tradenames Toposar®, VePesid® and Etopophos®)}, teniposide (also known as
VM-26, sold under the tradename Vumon®y);

{B0176] mTOR inhibitors: Temsirohims (sold under the tradename Torisel® by Pfizer),
ridaforohnmis (formally known as deferolimus, (1R,28,45)-4-[(2R)-2

FIRSSA2SISRVGE ISR IOR 2R, 238,245 268 287 3058,328,35R)-1,18-dihydroxy-19.30-
dimethoxy-15,17,21,23, 29,35-hexamethyl-2,3,10,14, 20-pentaoxo-11,36-dioxa-4-
azatricyelo{30.3.1.0™] hexatriaconta-16,24,26,28-tetraen- | 2-y1]propyl]-2-methoxycyelohexyl
dimethylphosphinate, also known as APZ3573 and MKR66Y, and described in PCT Publication
No. WO 03/064383), everclimus (sold under the tradename Afinitor® by Novartis);

$80177) Osteociastic bone resorption inhibitors: 1-Hydroxy-Z-imidazol-1-yl-phosphonoethyl}
phosphonic acid monchydrate (sold under the tradename Zometa® by Novartis);

{608178] (D33 Antibody Drug Conjugates: Gemturmmab ozogamicin {sold under the tradename
Mylotarg® by Pfizer/Wyeth);

{68179] (D22 Antibody Drug Conjugates: Inotuzumab ozogamicin (also referred o as CMC-
544 and WAY-207294, available from Hangzhou Sage Chemical Co., Lid.);

[BOI8G] CD20 Antibody Dvug Conjugates: Toritumomab tinxetan (sold under the tradename
Zevalin®);

168188} Somatosiain analogs. octreotide (alsc known as octreotide acetate, sold under the

tradenames Sandostatin® and Sandostatin LAR®);
Ead
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QIR Symthetic Inierleukin-11 (71-11}: oprelvekin (sold under the tradename Neumcga® by
Pfizer/Wyeth);

{00183 Symithetic erythropoietin: Darbepoetin alfa (sold under the tradename Aranesp® by
Amgen);

{00184] Receptor Activator for Nuclear Factor k B (RANK) inkibitors: Denosumab (sold under
the tradename Prolia® by Amgen);

{0B185] Thrombopoietin mimetic peptibodies: Romiplostim (s0ld under the tradename Nplate®
by Amgen;

{00186]  Cell growth stinudators. Palifermun (sold under the tradename Kepivance® by
Amgen);

$B0IB7T]  Anti-Insulin-like Growth Facior-I recepior (IGF-1R) antibodies: Figitumumab {also
known as CP-751,871, available from ACC Corp), robaturmumab (CAS MNo. 934235-44-6);
{O0188] Ani-CS7 antibodies: Elotorumab (Hulucs3, CAS No. 915296-00-3);

{001838] (D352 antibodies: Alemturumab (sold under the tradename Campath®);

{B0190] CTLA-4 inhibitors: Tremelinmumab (Ig(G2 monoclonal antibody available from Pfizer,
formerly known as ticilimumab, CP-675,206), ipthoumab (CTLA-4 antibody, also known as
MDX-(310, CAS No. 477202-00-9);

{00191] Histone deacetylase inhibitors (HD): Voninostat (sold under the tradename Zohnza®
by Merck);

{68192] Alkylaiing agents. Temorolonmide (sold under the tradepames Temodar® and
Temodal® by Schering-Plough/Merck), dactinomycin {also known as actinomycin-I and sold
under the tradename Cosmegen®), meiphalan (also known as L-PAM, L-sarcolysin, and
phenylaianine nwstard. sold under the tradename Alkeran®), altretamine {also known as
hexamethyhuelamine (HMM), sold under the tradename Hexalen®), carmustine (sold under the
tradename BiCNU®), bendamustine (sold vader the tradename Treanda®), busulfan (sold under
the tradenames Busulfex® and Myleran®), carbopiatin (sold under the tradename Paraplatin®),
lomustine {also known as CUNU, sold under the tradename CeeNU®), cisplatin (also known as
{CDDP, sold under the tradenames Platingl® and Platinol®-A(Q), chlorambucil (sold under the
tradename Leoukeran®), cyclophosphamide (sold under the tradenames Cytoxan® and Neoosar®),

dacarbazine {also known as OTIC, BIC and mudarole carboxamide, sold under the tradename
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DTIC-Dome®), altretamine (also known as hexamethylmelamine (HMM) sold under the
tradename Hexalen®), ifostfamide (sold under the tradename Hex®), procarbazme (sold under the
tradename Matulane®), mechlorethamine (also known as nitrogen mustard, mustinge and
mechloroethamine hydrochloride, sold under the tradename Mustargen®), streptozocin (sold
under the tradename Zanosar®), thiotepa (also known as thiophosphoanude, TESPA and TSPA,
sold under the tradename Thioplex®;
{08193} Biologic response modifiers: bacillus calmette-guerin (sold under the tradenames
theraCys® and TICE® BCG), dentleukan diftitox (sold under the tradename Ontak®);
{0184) Anti-tumor anribiotics: doxorubicin {sold under the tradenames Adriamycn® and
Rubex®), bleomycin {sold under the tradename lenoxane®), daumorubicin {also known as
dauorubicin hydrochloride, daunomycin, and rubidomycin hydrochlonde, sold under the
tradename Cerobiding®), dannonbicin Hposomal {(daunorobicin citrate liposome, sold under the
tradename DaonoXome®), mitoxantrone (also known as DHAD, sold under the tradename
Novantrone®}, ¢pirubicin {sold under the tradename Ellence™), idarubicin (sold onder the
tradenames Idamycin®, Idamycin PFS®), mitomycin C (sold under the tradename Mutamycin®);
{001958] Anri-mucrotbule agents: Estramastine {sold under the tradename Emcyl®);
{B0196] Cathepsin Kinhibitors: Odanacatib {also know as ME-0822, N-(1-cyanocyclopropyl}-
4-fluoro-N"-{(18)-2,2.2-trifluoro-1-[4'-(methyisulfonyDbiphenyi-4-yijethyl) -L-leucinamide,
avatlable from Lanzhou Chon Chemicals, ACC Corp., and ChemieTek, and described in PCT
Publication no. WO {(3/075836);
{30197] Epothilone B analogs: Ixabepilone (sold under the tradename Lxempra® by Bristol
Myers Squibb});
{BG198] Heat Shock Protein (HSP) inhibitors: Tanespimycin (17-allylamino-17-
emethoxygeldananycin, also known as KOS-953 and 17-AAG, available from SIGMA, and
described in US Patent No. 4,261,989y
{80189 TpoR agonists. Eltrombopag (sold under the tradenames Promacta® and Revolade® by
GlaxoSmithKline);
168288] Ana-mitotic agents: Docetaxel (sold under the tradename Taxotere® by Sanofi-
Aventisy;

[8028%] Adrenal steroid inhibitors. aminoghitethimide (sold under the tradename Cytadren®);
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00202) Anti-androgens. MNilutamide (sold under the tradenames Nilandron® and Anandron®),
bicalutamide (sold under tradename Casodex®), flutanude (sold under the radename Fulexin™);
{0203]  Androgens: Fhioxymesterone (sold under the tradename Halotestin®}y;

;-;

B0284) Proteasome inhibitors: Borteronub {(sold under the tradename Velcade®);
{0205] CDXKI imhibirors: Alvocidib {also known as flovopirdol or HMR-1275, 2-(2-
chlorophenyl)-5,7-dihydroxy-8-[(35,4R }-3-hydroxy-1-methyl-4-piperidioyi}-4-chromenone, and
described m US Patent No, 5,621,002);
{60286] Gonadotropin-releasing hormone (GnRH) receptor agonisis: Leuprolide or leuprohide
acetate (sold under the tradenames Viadure® by Bayer AG, Eligard® by Sanofi-Aventis and
Lupron® by Abbott Lab);
{0287 Tuxane anti-neoplastic agents: Cabazitaxel (1-hydroxy-78, 10f-dimethoxy-9-ox0-5B,20-
epoxnytax-1i-eng-2a.4, 1 3u-triyi-d-acetate-2-benzoate-13-[(2R 35})-3- {{{tert-
butoxy)carbonyljamine}-2-hydroxy-3-phenylpropanoate), larotaxel ((20,38,40,58,70,103,130)-
4,10-bis(acetyloxy)-13-{{{2R,35)-3- [{teri-butoxycarbonyl} amino}-2-hydroxy-3-
phenyipropanoyl} oxy)-1- hydroxy-9-ox0-5,20-epoxy-7,18-cyclotax-1 L-en-2-vl benzoate);
{00288] SHTa recepior agonists: Xaliproden (also known as SR§7746, 1-[2-(Z-naphthyDethyl]-
4-13-(triflocromethyDphenyl]-1,2,3,6-tetrabydropyridine, and deseribed in US Patent No.
5,266,573
{0209] HPC vaccines: Cervarix® sold by GlaxoSmithKhne, Gardasil® sold by Merck;
{00218] fron Chelating agents. Deferasinox {sold under the tradename Exjade® by Novartis);
{90211 Anu-metabolites: Claribine (Z-chlorodeoxyadenosing, sold under the tradename
lcustatin®}, 3-fluorouracil (sold under the tradename Adrucil®), 6-thioguanine (sold under the
tradename Purinethol®), pemetrexed (sold voder the tradename Alimta®), cytarabine (also
known as arabinosyleytosine (Ara-C), sold vader the tradename Cytosar-U®), cytarabine
lipesomal (also known as Liposomal Ara-C, sold under the tradename DepoCyt™), decitabine
{sold under the tradename Dacogen®), hydroxyurca (sold under the tradenames Hydrea®),
Diroxia™ and Mylocel™), fludarabine (sold under the tradename Fludara®), floxuridine (sold
under the tradename FUDR®), cladribing (also known gs 2-chlorodeoxyadenosing (2-CdA) sold

under the radename Leustatin™), methotrexate {also known as amethopterin, methotrexate sodim
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{MTX}, sold under the tradenames Rhcumatrex® and Trexall™), pentostatin {sold under the
tradename Nipeni®);

{0212) Bisphosphonates: Pamidronate (sold under the tradename Aredia®), zoledronic acid
{sold under the tradename Zometa®);
{0213] Demerhviating agents: S-azacitidine (sold vnder the tradename Vidaza®), decitabine
{sold under the tradename Dacogen®);

{00214] Plant Alkaloids: Paclitaxel protein-bound (sold under the tradename Abraxane®),
vinblastine {also known as vinblastine sulfate, vincaleukoblastine and VLB, sold under the
tradenames Alkaban-AQ®R and Velban®), vincristine (also known as vincristine sulfate, LCR, and
VR, sold onder the tradenames Oncovin® and Vmeasar PH®), vinorelbine (sold under the
tradename Navelbine®), paclitaxel {sold under the tradenames Taxol and Onxal™);

{002158] Retinoids: Abtretinoin {s0ld under the tradename Panretin®), tretinoim (all-zrans
retinoic acid, also known as ATRA, sold under the tradename Vesanoid®), Isotretinom (13-cis-
retingic acid, sold under the tradenames Accutane®, Amnesteem®, Claravis®, Clarus®,
Deautan®, {sotane®, fzotech®, Oratane®, {sotret®, and Sotret®), bexarotene {sokd wmder the
tradename Targretin®);

{B0216] Glucocorticostervids: Hydrocortisone (alse known as cortisone, hydrocortisone sodium
succinate, hydrocortisone sodium phosphate, and sold under the tradenames Ala-Cornt®,
Hydrocortisone Phosphate, Solu-Cortef®, Hydrocort Acetate® and Lanacont®), dexamethazone
({8898 108, 115,135,145,16R,17R)-9-fluoro-11,17-dihydroxy-17-(2-hydroxyacetyi)-10,13,16-
trimcthyl-6,7,8,9,10,11,12,13,14,15,16,17-dodecabydro-3H-cyclopentaa iphenanthren-3-ong),
prednisolone (sold under the tradenames Delta-Cortel®, Orapred®, Pediapred® and Prelone®),
prednisonc (sold under the tradenames Deltasone®, Liquid Red®, Meticorten® and Orasone®),
methyviprednisolone (also known as 6-Methyiprednisolone, Methylpredanisolone Acetate,
Methylprednisolone Sodium Succinate, sold under the tradenames Duralone®, Medralone®),
Modrol®, M-Predniscl® and Sohi-Medrol®);

{0217) Cwiokines: wterleukin-2 (also known as aldeslcukin and 1L-2, soid under the tradename
Proleukin®), nterleukin-11 {also known as oprevelkin, sold vader the tradename Neomega®),
alpha interferon alfa (also known as IFN-alpha, sold under the tradenames Intron® A, and

Roferon-A®);
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{00218 Leutinizing hormone releasing hovmone (LHRH} agonists: Goserclin (sold under the
tradename Zoladex®);

{00219 Progesterones: megestrol (also known as megestrol acetate, sold under the tradename
Megace®);

{0228 Miscellaneous cytoioxic agents: Arsemie trioxide (sold under the tradename
Trisenox®), asparaginase (also known as L-asparaginase, BErwinia L-asparaginase, sold under the
tradenames Elspar® and Kidrolase®);

{60221] A compound of formula (§) can also be used i combmation with the following adjunct
therapies:

{60222} Anti-nausea drugs. NK-1 vecepior antagonists: Casopitant (sold under the tradenames
Reronic® and Zunrisa® by GlaxoSmuthKline); and

$80223] Cvtoproteciive agents. Amfostine (sold under the tradename Ethyol®), leucovorin (also
known as calciom leucovonn, citrovorum factor and fohinic acid).

§80224] None of the quotations of references made withim the present disclosure is to be
understood as an admission that the references cited are prior art that would negatively affect the

patentability of the present invention.

Processes for Making Compounds of the lnvention

1602251 The present mrvention also includes processes for the preparation of compounds
of the mvention. In the reactions described, it can be necessary to protect reactive functional
groups, for example hvdroxy, amuno, muno, thio or carboxy groups, where these are desired in the
final product, to avoid their unwanted participation n the reactions. Conventional protecting
groups can be used in accordance with standard practice, for example, see T.W. Greene and P. G.
M. Wuts in “Protective Groups in Organic Chenustry”, John Wiley and Sons, 1991,

{30226} Compounds of Formula [, shown here where Ry, 1s hydrogen, can be prepared

by proceeding as in the following General Reaction Scheme It

General Reaction Scheme 1
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{02271 in which Ry, R; and Ry, are as defined for Formula 1 in the Sumumary of the

Invention. A compound of Formula I can be prepared by reacting a compound of formuda [
{where R has a double bond as shown above) with a g suitable reducing agent (such as Ho, and
the like} and a suitable catalyst (such as Palladium on carbon {Pd/C), or the like), under a suitable
pressure {such as about | atm to about 5 atm}. The reaction takes place at about (°C-50°C and
can take from about 1 to about 24 hours to complete.

{30228] Compounds of Formula [, shown here where Ry, 18 hydrogen and R; has a

double bond, can be prepared by proceeding as in the following General Reaction Scheme IE

General Reaction Scheme 1

Q—~,
(3)
nnnnnnnnnnnnnn
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(Z)
{0229 m which By, Rs and Rg, are as defined for Formula 1 in the Suromary of the

Invention and Q is a leaving group such as a halogen or triflate. A compound of Formla [ can

be prepared by reacting a compound of formula 2 with a compound of formula 3 in the presence
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of a suitable catalyst {(such as Palladiom, or the like), a suitable base (such as potasstum carbonate,
and the ike), and a suitable acid {such as pivalic acid, or the like). The reaction takes place at
about 120 °C-200°C and can take from about | 1o about 18 hours to complete.

{60230] Detailed examples of the synthesis of compounds of Formula I can be found

the Examples, infra.

Addstional Processes for Making Compounds of the Invention

{60231 A compound of the invention can be prepared as a pharmaceutically acceptable
acid addition salt by reacting the free base form of the compound with a pharmaceutically
acceptable inorganic or ovgamie acid. Alernatively, a pharmaceutically acceptable base addition
salt of a compound of the juvention can be prepared by reacting the free acid form of the
compound with a pharmaceutically acceptable morganic or organic base.

{60232] Compounds of the formula I can also be modified by appending appropuiate
functionalities to enhance selective biological properties. Modifications of this kind are known
the art and mclude those that merease penctration into a given biclogical system (e.g. blood,
iymphatic syster, central nervous system, testis), increase bicavailability, increase solubility to
allow parenteral administration (e.g. injection, infusion), alter metabolism and/or alter the rate of
secretion. Examples of this type of modifications include but are not limited to esterification, e.g.
with polyethyvlene glycols, dertvatisation with pivaloyloxy or fatty acid substituents, conversion to
carbamates, hydroxylation of aromatic rings and hetercatom substitution in aromatic rings.
Whereever compounds of the formula 1, and/or N-oxades, tautomers and/or (preferably
pharmaceutically acceptable) salts thereof are mentioned, this comprises such modified formulae,
while preferably the molecules of the formula I, their N-oxides, their tautomers and/or their salts
are meant.

{66233] Alternatively, the salt forms of the compounds of the invention can be prepared
using salts of the starting materials or intermediates, In view of the close relationship between the
novel compounds of the formula I in free form and those 1o the form of their salts, inclading those
salts that can be used as intermediates, for example in the purification or identification of the

novel compounds, any reference to the compounds or a compound of the formula | hereinbefore
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and hereinafter is to be understood as referring to the compound in free form and/or also to one ot
mwore salts thereof, as appropriate and expedient, as well as to one or more solvates, e.g. hydrates.
{30234 Salts are formed, for example, as acid addition salts, preferably with organic or
morganic acids, from compounds of formula 1 with a basic nitrogen atom, especially the pharma-
ceutically acceptable salts. Suitable inorganic acids are, for example, halogen acids, such as hy-
drochloric acid, sulfuric acid, or phosphoric acid. Suitable organic acids are, for exaniple,
carboxylic, phosphonic, sulfonic or sulfamic acids, for example acetic acid, propionic acid,
octanoic acid, decanoic acid, dodecancic acid, glveolic acid, lactic acid, famaric acid, succinic
acid, malonic acid, adipic acid, pimelic acid, suberic acid, arelaic acid, malbic acid, tartaric acid,
citric acid, aminge acids, such as glutamic acid or aspartic acid, maleic acid, hydroxymaleie acid,
methylmaleic acid, cyclohexanecarboxylic acid, adamantanecarboxylic acid, benrzoic acid,
salicylic acid, 4-aminosalicylic acid, phthalic acid, phenylacetic acid, mandelic acid, cinnamic
acid, methane- or ethane-salfonic acid, 2-hydroxyethanesulfonic acid, ethane-1,2-disulfonic acid,
benzenesulfonic acid, 4-tolucnesulfonic acid, Z-naphthalencsulfonic acid, 1,5-naphthalenc-
disulfonic acid, 2- or 3-methylbenzenesulfonic acid, methylsulfuric acid, ethylsulfimc acid,
dodecylsulfuric acid, N-cyciohexylsulfamic acid, N-methyl-, N-ethyl- or N-propyl-sslfamic acid,
or other organic protonic acids, such as ascorbic acid.

{66235] For isolation or purification purposes it is also possible to use pharmaceutically
unacceptable salts, for example picrates or perchlorates. For therapeutic use, only
pharmaceutically acoeptable salts or free compounds are employed (where applicable in the form
of pharmaccutical preparations}, and these are therefore preferred.

180236] The free acid or free base forms of the compounds of the invention can be
prepared from the corresponding base addition salt or acid addition salt from, respectively. For
example 3 compound of the invention in an acid addition salt form can be converted to the
corresponding free base by treating with a suitable base (e.g., ammonnin hydroxide solution,
sodium hydroxide, and the like}. A compound of the invention in a base addition salt forn can be
converted o the corresponding free acid by treating with a seitable acid (e.g., hydrochleric acid,
ete. ).

{02371 Compounds of the iovention in vnoxidized form can be prepared from N-

oxides of compounds of the mvention by treating with a reducing agent {e.g., sulfur, sulfur
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dioxide, triphenyl phospbine, lithium borohydride, sodiun borohydride, phosphorus trichlonde,
tribromide, or the hke) v a swtable mert organic solvent {e.g. acetonitrile, cthanol, agueous
dioxane, or the like) at 0 to 80°C.

{00238] Prodrug derivatives of the compounds of the invention can be prepared by
methods known to those of ordinary skill mn the art (e.g., for further details see Saulnier et al.,
{1994), Bioorganic and Medicinal Chenustry Letters, Vol. 4, p. 1985; Férriz, LM, et al,, Current
Pharmaceutical Design, 2010, 16, 2033-2052). Examples of prodrog devivatives of compounds of

the mvention can be:
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{66239] Protected derivatives of the compounds of the invention can be made by means

known to those of ordimary skill i the art. A detatled description of technigues applicable to the
creation of protecting groups and their removal can be found in T. W. Greene, “Protecting Groups
in Organic Chemistry”, 3" edition, John Wiley and Sons, Inc., 1999,

{60240] Compounds of the present invention can be conveniently prepared, or formed
during the process of the wvention, as solvates (¢.g., hydrates). Hydrates of compounds of the
present inveniion can be conveniently prepared by recrystallization from an agueous/organic

solvent mixture, using organic solvents such as dioxin, tetrahydrofiran or methanol,
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160241} Compounds of the mvention can be prepared as their individual sterecisomers
by reacting a racemic mixture of the compound with an optically active resolving agent to form a
pair of diastereoisomeric compounds, separating the diastereomers and recovering the optically
pure enantiomers. While resolution of enantiomers can be carmied out using covalent
diastercomeric dertvatives of the compounds of the mvention, dissociable complexes are preferred
{e.g., crystalline diastercomeric salts). Dnastereomers have distinct physical properties {(e.g.,
melting points, boiling points, solubilities, reactivity, etc.) and can be readily separated by taking
advantage of these dissimilarities.  The diastereomers can be separated by chromatography, or
preferably, by separation/resolution techniques based upon differences in solubility. The optically
pure enantiomer 18 then recovered, along with the resolving agent, by any practical means that
would not result 1n racemization. A more detatled description of the techniques apphcable to the
resolation of sterecisomers of compouands from their racemic mixiure can be foond in Jean
Jacques, Andre Collet, Samuoel H. Wilen, “Enantiomers, Racemates and Resolutions”, John Wiley
And Sons, Inc., 1981,
{30242} In summary, the compounds of Formula [ can be made by a process, which
mvolves:

{a} those of general reaction schemes 1 and H; and

{b) optionally converting a compound of the invention into a pharmaceutically
acceptable salt;

{c) optionally converting a salt form of a compound of the invention to a nop-
salt form:

{d) optionally converting an vnoxidized form of a compound of the invention
inte a pharmaceutically acceptable N-oxide;

{e} optionally converting an N-oxide form of a compound of the avention to
its unoxidized form:

{1 optionally resolving an individusl isomer of a compound of the invention
from a mixture of isomers;

{g) opticnally converting a non-derivatized compound of the ivention into a

pharmaceutically acceptable prodrug derivative; and
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{h) optionally converting a prodrug derivative of a compound of the mvention
to its non-derivatized form.
{02431 Tnsofar as the production of the starting materials 18 not particularly described,
the corapounds are known or can be prepared analogously to methods known in the art or as
disclosed in the Exaroples herematfier.
{60244] One of skill in the art will appreciate that the above transformations are only
representative of methods for preparation of the compounds of the present invention, and that

other well known methods can similarly be used.

{60245] The following examples and intermediates serve to illustrate the invention
without limiting the scope thereof.

{36246] Some abbreviations used in the examples are as follows: aq. (aqueous); br
{broad); °C (degrees Celsius); § NMR chemical shift in ppm downfield from tetramethyi-siane; d
{doublet}; DCE (1,2-dichloroethane; DUM (dichloromethane); DIEA (M N-
diisopropyisthylamive); DIBAL-H (diischutylaluoioium bydride); DMA (dimethyl-acetanude);
DME {dimcthoxycthanc); DMF (N N-dimcthyiformamide); DMSQO (dimethyisulfoxide); Bt
{ethyl); BEtOAc (ethyl acetate); g {(gram); b thouor); HATU (O-(7-azabenzotmazol-1-y}-N NN N -
tetramethyluroniom hexafluorophosphate); HRMS (high-resclution mass spectrometry); i-Pr
{isopropyl); L (htery; LAH (lithnmm shumuniim hydride); LO/MS (liguid chromatography-mass
spectrometry); M {molarity); m (multipiet); Mo (methyvl); mg (miligram}; MHz (megaheriz); min
{minute); mL (miliditer); ub {(microliter); mmol (millimole); N {(normal}); NBS (V-
bromosuccinimide); #-Bu (normal butyl); n-Buli (n-butyHithivm); NMM (N-methylnorpholing);
NMR (nuclear magnetic resonance); Ph (phenyvl); pH (-logioH' concentration); ppmi {parts per
miflion); g {guartet); s {singlet); sat. {saturated}; t (triplety; -Bu (fert-butyl); TF
{infhoromethanesolfonyl); TFA (tnifhioroacetic acid); Ts (p-toluenesalfonyl); TsOH (p-
tolunesulfonic acid); TBS (tert-butyldimethylsiiyl); TEA (tricthylamine); THF (tetrahydrofurany;
and TMS (inmethyisityi).

{60247} All mtermediates required for the preparation of compounds of Forowila F can
be prepared as described in Scheme 1. Employing intermediates H, KL L, O, P, R T, U, Xand Z

provided the synthesis of corapounds of Formula § asing the transformations deseribed in Scheme
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2. In some occasions examples can be converted into additional examples as described i the

experimental section.
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Reaction Scheme §
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Reaction Scheme 2
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Intermediates A

2-{4-fluorophenvyD-6-methoxvbenzo[hlthiophene {compound 1}

OQ»\/“\*

{30248} To a 5 ol microwave vial was added a solution of 6-
methoxybenro{blthiophene (400 mg, 2.44 mmol) in aphydrous DMA (3 mL) followed by -
bromo-4-fluorobenzene (448 myg, 2.56 mmol), chloro]2-(dicyclohexyiphosphine)-3,6-dimethoxy-
2°4°.,6" tri-t-propyi-1,1 -bipheayli[2-(Z-anunoethyhiphenyi]palladiuo il (BrettPhos paliadacycle
1% generation, 97 mg, .12 mmol), trimethylacetic acid (746 mg, 7.31 wmmol) and potassium
carbonate (1.01 g, 7.31 mmol). The microwave vial was sealed, purged with nitrogen and
subjected to niicrowave irradiation at 150 °C for 2 h. Upon completion the reaction mixture was
diluted with water and extracted with BtOAc. The combined organic layers were then washed
with brine, dried over anhydrous MgSO,, filtered and concentrated i vacuo. The resalting crude

material was was purified vig trituration 2% with heptane and the rematnung triturate {containing
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some product) was concentrated and purified by cohion chromatography ($10,, 3-30%
EtOAc/Heptane) to afford 2-(4-fluorophenyl)-6-methoxyvbenzo[hlthiophene (340 mg, 1.32 mumol,
54% yield), "H NMR (400 MHz, (CD:1S0) 8 ppm = 3.79-3.93 (m, 3 H), 7.01 {dd, J = £.59, 2.53
Hz, 1 H), 7.24-7.42 (;m, 2 H), 7.56 (d, J = 2.53 Hz, 1 H), 7.67-7.86 (m, 4 H)Y. LC/MS (m/z, MH'Y):
258.8.

2-{4-flyoro-Z-methviphenyD-6-methoxvbenzo[blthiophene {compound 2)

0 /‘5\% F
180249 To a 20 mb microwave vial, 6-methoxybenzo[bithiophene (1 g, 6.09 nunol}, 2-

bromo-S-fluorotohiene (0.808 mL, 6.39 mmol), BrettPhos palladacycle(i st generation} (0.243 g,
0.304 mumol), trimethylacetic acid (1.866 g, 18.27 mmol), and K,C0; (2.52 g, 18.27 mmol) were
suspended in DMA (10 mL}. The reaction was heated for 90 min at 150 °C under microwave
radiation. The reaction mixture was diluted with DUM and water. The organic layer was collected
{phase separator) and concentrated to afford the crade product. The crude material was
concentrated onto to silica gel and purified by coluran chromatography (510, 100% Heptanes) to
afford 2-(4-fluorg-2-methylphenyl-6-methoxybenzo[ Hlthiophene (730 mg, 2.68 mmol, 44%
vield} as a white solid. UH NMR (400 MHz, CDCL)Y S ppm = 7.69 (d,/=9.09 Hz, 1H), 7.43 {dd,
J=6.06, 859 He, 1H), 7.35(d, /=253 Hz, [H), 7.14 (s, 1H}, 7.00 - 7.10 (m, ZH), 6.90 - 7.00
{m, 1H}, 3.92 (s, 3H}, 2.47 {s, 3H).

{60250] The following corapounds were prepared in an analogous fashion utilizing the

appropriate bronmude:

Structure Name Physical Data
e 6-methoxy-2-(4- LO/MS (m/z, MH ) 324.8
\0“{\\” “‘4\;\ \\\ {triftuoromethoxy)phenyl)-
T Lo benzo[hthiophene
{compound 3)
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» 6-racthoxy-2- LO/MS (m/z, MH'): 241.3
“oA\ 4 M phenylibenzo[hlthiophene
S )
\\\/ {compound 4)
6-methoxy-2-(4-methoxy- | LO/MS (nvz, MH ) 285.3

N i .
o4 N 3-methyiphenylh-
-~ ~N p CHyipacnyy
L7/~o benzolbthiophene
{compound 5)

2-{3-fluoro-4- LO/MS (m/z, MH ) 2893

o~ A -:::(’F methoxyphenyl}-6-
¥ \ Supeg .
Lo methoxybenzo[blthiophene

{corpound 6)

Intermediates B

3-bromo-6-methoxv-2-{4-methoxvphenvhbenzo{blthiophene {compound 7}

Br

s
==

Noy : -
{60251] To a 500 mL round bottom flask containmng 6-methoxy-2-(4-
methoxyphenylbenzolbithiophene (22 g, 81 mamol) in THF (250 mL) at § °C was added NBS {15
g, 84 mmol). The reaction mixture was stirred at O °C for 60 min and then allowed to warm to
room temperature and stirred for an additional 2 k. Upon completion the reaction mixture was
concentrated to 50% volome and quenched with sat. ag. sodinm thiosulfate sclution. The resulting
solution was extracted with diethvether 3» and the combined organic solvent was dried over
anhydrous MgSQ,, filtered and concentrated in vacuo to atford 3-bromo-6-methoxy-2-(4-
methoxyphenyl)-benzo]blthiophene (27.5 g, 79 mmol, 97% vield). 'H NMR (400 MHz, CDCH) &
ppm =763 {d, /=91 Hy, 1 H), 7.55-7.61 (m, 2 H), 719 (d, /= 2.5 Hz, 1 H), 6.96-7.02 {(m, 1 H},
6.87-6.95(m, 2 H), 381 (5,3 H),3.79(, 3 H).

{30252 The followmng compounds were prepared by bromination from the

corresponding starting materials as described above:
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Strocture Name Physical Data
. 3-bromo-6-methoxy-2-(4- LC/MS (ovz, M-H): 403.5
ooz ¥
Nyt /AR (tnfluoromethoxy)phenylib

[ORa\N ,\ AT
s UOCFs enzo{h]thiophene

{compound 8)

3-bromo-6-methoxy-2-

o _,4</ /A . phenylibenzo[hlthiophene
S \\\) {compound ¥}
. 3-bromo-2-(4- LO/MS (ovz, MH D 3381
Br
= / . -
o /\\(\::\ fhuoropheny)-6-
& LA ~F methoxybenzo{b)thiophene
{compound 1{})
5 3-bromo-6-methoxy-2-(4-
oL methoxy-3-

S/\X\ A~ methylphenyDbenzo[bithio

phene {compound 11}

3-bromo-2-(3-fluore-4-
\O_,<\ T ~ methoxyphenyl}-6-
5 P methoxybenzo{blthiophene
o ¥ !

{compound 12)

3-bromo-7-flucro-6-methoxy-2-(4-methoxvphenvhbenzol bithiophene

and 3-bromo-3.7-diflucro-6-methoxy-2-{4d-methoxvphenvhbenzol Althiophene {(compounds 13

and 14)

== Br \__/, Br
o \7 : S’\ ~ P \O‘%{ =

F L A0

[00253] To a round bottom flask, an snseparated mixture of 7-fhioro-6-methoxy-2-(4-
methoxyphenylbenzolbithiophene and 3,7-diflvoro-6-methoxy-2-(4-

methoxyphenylibenzo[ fithiophene (380 mg, 1.318 mmol) was dissolved m THF (10 mbL) and the
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solution was cooled to 8°C. To the solotion was added NBS (237 mg, 1.331 mmol}). The reaction
mixture was stirred at 0°C for 1 h then warmed to room temperature and stirred for an additional
Z2h. The reaction mixture was concentrated to afford the crude product. The crude product was
diluted with DCM and sat. Na:8,01 (sodium thiosulfate). The organmice layer was coliected (phase
separator) and concentrated. The reaction muxture was diluted with water and DCM. The organic
phase was collected (phase separator) and concentrated to aftord the crude product. The crude
material was purified by column chromatography (§10,, 0-5% Heptanes/EtQAc) to aftord 3-
brome-7-fluoro-6-methoxy-2-(4-methoxyphenylbenzo| Hlthiophene (211 mg, .575 mmol, 43.6
% vicld) and 3-bromo-3,7-difluoro-6-methoxy-2-{4-methoxyphenylibenzo[ hithiophene (125 mg,
0.324 mmol, 24.62 % yield). 3-bromo-7-fluoro-6-methoxy-2-(4-
methoxyphenylibenzo[pithiophene: 'H NMR (400 MHz, CDCL) 8 ppm = 7.56 - 7.66 (m, 2H),
7.46(dd, J=1.01, 8.59 Hz, 1H), 7.11 {dd, J=7.58, 8.59 Hz, 1H), 6.90 - 6.97 (m, 2H), 3.92 {5,
3H), 3.79 (s, 3H). 3-bromo-5,7-diflucro-6-methoxy-2-(4-methoxyphenylibenzo bithiophene: 'H
NMR (400 MHz, CDCL)Y 8 ppm = 7.53 - 7.68 {(m, 2H), 748 (4, /=859 Hz, I1H), 7.15 - 7.27 (i,
1H), 7.07 (dt, /= 2.53, 8.59 Hz, 1H), 3.98 (s, 3H), 4.02 (s, 3H).

Intermediates

3-bromo-6-methoxy-2-(4-methoxyphenvhbenzol blthiophene 1 -oxide (compound 13)

{803254] To a solution of 3-bromo-6-methoxy-2-(4-methoxyphenyD-benzo{blthiophene
{4 g, 11.45 myel) i DCM (20.02 ml) at room temaperatore was added trifluorcacetic acid (20,02
ml} dropwise, the reaction went from orange to dark brown 1o color. Upon addition the resulting
mixture was stirred at room terop for 10 min and then hvdrogen peroxide (30% wt. ag) (1.583 mi.,
16.47 mmol) was added dropwise. After 90 min at room termperature the reaction mixtare was
guenched with sodium bisulfite (1.714 g, 16.47 mamol) {vigorous bubbling was observed)
followed by 3.0 mib of water. The resulting suspeosion was stirved vigorousfy for 15 min and thep
concentrated 1z vacuo to remove DCM and most of the TFA. The residue was partitioned between
DCM (40 ml) and sat. ag. NaHCOs solution {40 mL) and separated. The organic layer was

collected (phase separator) and concentrated in vacue to afford the crude product, which was
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purified by column chromatography (510,, 1-40% EtOAc/Heptane) to afford 3-bromo-6-
methoxy-2-{4-methoxyphenytibenzo[plthiophene 1-oxide (4.6 g, 10.08 nunol, 88% yield) as an

orange solid. "H NMR (400 MHz, CD;0D) § ppm = 7.51-7.65 (m, 2 H), 7.37-7.51 (m, 2 H), 7.08

(dd, /=2.27,834 Hz, 1 H), 6.79-6.96 (m, 2 H), 3.74 (s, 3 H), 3.68 {5, 3 H}.

{00255]

fashion as described above:

The followmg benzo[Hithiophene 1-oxides were prepared 1o an analogous

Structure Name Physical Data
3-brome-6-methoxy-2-(4- LO/MS (m/z, MH): 4221
“ ,Cj’ ) Br {(triffuoromethoxy)phenylb
SN fﬁ‘\ S envo{blthiophene -oxide
7 T\\{ i~ {cony dis)
& ATOCE, leompouit J
3-bromo-6-methoxy-2- LC/MS (ovz, MH ) 337.0
- Br R v :
N TN phenyibenzo[hlthiophene
NG S}ﬁ\\/ﬁﬁ 1-oxide {compound 17}
i W
3-bromo-2-(4- LO/MS (m/z, MH Y 355.0
- Br i N
N / fluorophenyl-6-
O"Q\/’/ \\ e methoxybenzo{&lthiophene
ij’) W 1-oxide (compound 18)
3-bromo-6-methoxy-2-(4- LO/MS (nvz, MH): 38101
B methoyy-3-
o4 3 /x( methylphenyiibenzo|Hithio
i “‘-\,,/)“o/ phere 1-oxide (compound
19
) 3-bromo-2-(3-fluoro-4- LO/MS (mvz, MH™: 385.0
N /{’—" ; A . methoxyphenyi)-6-
oA Ny methoxybenzo[blthiophene
0 \f\\f\ o i-oxide (compound 20}
3-bromo-7-fluoro-6- "H NMR (400 MHz,
methoxy-2-(4- CDChydppm =771 -7.82
methoxyphenyhbenzo[bithi | (m, J= §.59 Hz, 2H), 7.35
ophene 1-oxide (compound | (d,J= 8.08 Hz, 1H), 7.17
b (t, J=8.08 Hz, 1H}, 6.97 -

73




WO 2014/130310 PCT/US2014/015938

7.69 (m, J=19.09 Hz, 2H),
3.98 (s, 3H), 3.87 (5, 3H)
3-bromo-S,7-difksoro-6- “H NMR (400 MHz,
N B methoxy-2-(4- CDClL) 6 ppm = 7.55 - 7.72
N 7S methoxyphenyhbenzo[blthi | (m, 2H), 7.36 - 7.43 (m,
o@% - ophene -oxide (compound | 1H), 7;1 {t,J= 7.83(5{2,
Pl Ao 22) 1H), 7.11 (1, = 8.59 Hz,
1H}, 4.01 (5, 3H), 3.98 (s,
3H)
) 3-bromo-2-(4-fluoro-2- “H NMR (400 MHz,
= methylphenyD)-6- CDChL)Y & ppm = 7.49 - 7.70
0‘”( LY methoxybenzo[b]thiophene | (m, 2H), 7.33 - 7.45 (m,
b /\‘l\ P i-oxide (compound 23) 1H), 7.17 (dd, J = 2.53,
o 8.50 Hz, 1H), 6.92 - 7.12
{m, 2H}, 3.95 (5, 3H), 2.41
{s, 3H)

Tntermediates D

7-thiore-6-methoxv-2-(4d-methoxyphenvibenzo Slthiophene and 5.7-difluoro-6-methoxv-2-(4-

methoxyphenvhbenzo{blthiophene (compounds 24 and 25)

— . \ — \
W~ &bw
A / L N
F LA O F L Ao
{B0256] To a 200 mb round bottom flask, 6-methoxy-2-(4-

methoxyphenylibenzo[Aithiophene (4.5 g, 16.7 mamol) was suspended in THF {60 mL) and the
sofution was cooled to -78 °C, To the cooled solution was added »#-BuLi (2.5 M in hexanes, 11.68
mk., 29.1 mmol) dropwise. After 30 min, the reaction muxture was warmed to § °C and stirred for
an additional 1 h causing the reaction mixture to go into solution and turn black. The reaction
muxture was cooled to -78 °C and N-fluorobenzencsulfonimide (8.19 g, 29.1 mmol) was added
causing the reaction mixture fo fum a clear orange. After 20 min at -78 °C, the reaction puxture
was allowed to gradually warm to room temperature over | h. The reaction was quenched with
Me(OH and diluted with DCM and 1 N NaOH. The organic phase was collected (phase separator)
and concentrated to afford the crude product. The crude material was parified by colamn
chromatography (510,, 100% Heptane). The fractions were concentrated to a white solid and

triturated with cold MeOH. The precipitate was discarded and the filtrate was concentrated to
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afford 7-fluoro-6-methoxy-2-(4-methoxyphenylibenzo{blthiophene and §,7-difhioro-6-methoxy-

2-{4-methoxvphenvhbenzo{dlthiophene as an unseparable nuxture (1.8g, ~359% vield).
x o o . = o s

fntermediates B

Z2-bromo-3-(4-bromophenoxy)-6-methoxvbenzol Hlthiophene 1. 1-dioxide {(compound 26)

Rr,

O

Y

e O
Ao
O**\\\\/._/ZM\ o

N

00

{0287 To a sohution of 2, 3-dibromo-6-methoxybenzo[hithiophene 1,1-dioxade (2.50 g,
7.06 nunol) in THF (100 ml) at room temperature was added 4-bromophenol (1.344 g, 7.77
mnol) and CsCO5 (6,90 g, 21.19 romol). The reaction muxture turned green after ~1 mun of
stirring. The mixture was stirred at room temperature for 18 h after which time the reaction was
guenched with water and diluted with DCM. The organic layer was collected {(phase separator)
and concentrated to provide 2-bromo-3-(4-bromophenoxy)-6-methoxvbenzolhithiophene 1,1-
digxide {3.10 g, 6.95 mmol, 58% yield} as a white solid which was used without firther
purification. 'H NMR {400 MHz, CDCL) Sppm =3.83 (5, 3 H), 6.92-7.03 {m, 3 H), 7.25-7.35

(m, 2 H), 7.39-7.50 (m, 2 H).

Intermediates F

3-{4-bromophenoxy)-6-methoxvbenzolblthiophene . 1-dioxade {(compound 27)

IB0258] Step 1: To a solution of Z2-bromo-3-(4-bromophenoxy}-6-methoxy-
benzo[blthiophene 1,1 -dioxide (3,10 g, 6.95 mumol) in MeOH (10 mL) and DMSO (30 mL) was

added NaBH, (0.789 g, 20.85 nunol). The vuxture was stirred at roon temperature for 3 b after
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which time the reaction was quenched with water and dilnted with DCM. The organic layer was
collected (phase separator) and concentrated to provide 3-(4-bromophenoxy)-6-
methoyybenzo{blthiophene 1,1-dioxide (2.47 g, 6.73 mmol, 97% yield) as an off white solid
which was used without further purification. "H NMR (400 MHz, CDChL) 8 ppm =385 {s, 3 H),
538 (s, LH), 7.02-7.08 (m, 3 H), 7.22 (4, /=253 He, T H), 7.47-7.60 (m, 3 H).

3-(4-bromophenoxvi-6-methoxvbenzol[blthiophene {compound 28)

B8 r\
a):.~
)
o

o4 B

1602591 Step 2: To a solution of 3-{4-bromophenoxy-G-methoxybenzobithiophene
Li-dioxide (2.47 g, 6.73 mmol) in THF (90 mL) was added DIBAL-H (1.0 M 10 DCM, 33.6 mL,
33.6 mmol) in one portion. The mixture was heated to 75 °C for 2 h after which time the reaction
was cooled to room temperature and quenched with EtOAc (32.% ml, 336 mumol). The resulting
solution was stirred for 10 nun before carefully adding 75 mL of water and potasstum sodium
tartrate {33.100 g, 117 mmol}. The mixture was vigorously stirred for 1} min and diluted with 75
mb. EtOAc. The organic layer was collected, dried with anhydrous MgS0, and concentrated in
vacue to afford 3-(4-bromophenoxy )-6-methoxybenzo[hlthiophene (1.9 g, 5.67 ronwol, 84% vield)
as a white solid which was used without farther purification. "H NMR (400 MHz, CDCL) § ppm
=381 {8, 3H), 646, 1 H),6.90(d J=909Hz, 3 H}), 7.16-7.22 (m. 1 H}, 7.31-7.40 (m. Z H).
746 {(d, S =9.09 Hz, 1 H). LO/MS (m/z, MH"): 336.8.

Intermediates G

{Eyv-methyl 3-(4-({(6-methoxvbenzol Aithiophen-3-vDoxviphenvhacrviate {compound 29)
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{B0260] To a microwave vial, 3-{4-bromophenoxy)-6-methoxybenzo{ b jthiophene {500
mg, 1.49 mumol), methyl acryvlate (770 mg, 8.95 mmol), and PA(PPh:LCh (157 mg, 0.22 mmol)
were suspended m DMF (12 mi) and tricthylamioe (1.039 md,, 7.46 numol). The reaction was
heated for 60 min at 120 °C under mucrowave irradiation. The reaction mixbire was diluted with
DCM and water, The organic layer was collected {phase separator) and concentrated to obtain the
crude product. The cnide material was puorified by column chromatography (510, 1-20%
EtOAc/Heptane) to afford (F)-methyl 3-(4-((6-methoxybenzo[blthiophen-3-
yhoxy)phenyhiacrylate (311 mg, (.51 mmol, 61% yicld) as a white solid. 'H NMR (400 MHz,
CRCL)Ydppm=146(s,3H), 3.73 (s, 3H), 6.28(d,/=1617Hz, 1 H), 6.59(s, 1 H),6.90 (dd, J
=R8.59, 202 Hx, L H), 7.00(d, J =859 Hz, 2 H), 721 {4, /= 2.02 Hx, 1 H}, 7.37-7.48 (m, 3 H},
7.59{d,J = 16,17 Hz, | H). LO/MS (my/z, MH ) 341.1.

{EY-fert-butvl 3-(4-({6-methoxvbenzo[blthiophen-3-vhoxyviphenvhacrvlate {compound 3()

(02614 To a mucrowave vial, 3-{4-bromophenoxy)-6-methoxybenzol dlthiophene (4 ¢,
11.93 mmol), fers-butyl acryviate (10.49 mL, 71.6 mamotl), and PA(PPh; pCh (1.256 g, 1.79 mimol)
were suspended in DMF (12 mL) and triethylamine (8.32 mL, 59.7 mmol). The reaction was
heated for 60 min at 120 °C under microwave wrradiation. The reaction mixture was diluted with
DCM and water. The organic layer was collected (phase separator) and concentrated to obtain the

crude product. The crude material was purified by columm chromatography (Si0,, 1-20%
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EtQAc/Heptane) to afford (£)-tert-butyl 3-(4-({6-methoxybenzo[ bithiophen-3-
yhoxy)phenyDacrylate (3 g, 7.84 mmol, 66% vield) as a white sohid. "H NMR (CDCL) S ppm =
7.48-7.63 (m, 4 H), 7.27-7.33 (m, 1 H), 7.03-7.13 (m, 2 H), 699 (dd, /= 8.5, 2.3 Hz, 1 H), 6.66
(s, 1 H),630(d, /=162 Hz, 1 H),3.90 (s, 3 H), 1.55 (5,9 H}.

Intermediates H

P

{Ey-tert-butyl 3-(4-{{6-methoxv-2-(4-{trifluoromethvDphenyDbenzo[ 5 lthiophen-3

vhoxyiphenvhacrviate {compound 31

{62621 To a 5 mlL microwave vial, added a solution of (F)-fert-butyl 3-(4-((6-
methoxybenzoblthiophen-3-vhoxyphenylacrylate (50 mg, 0.13 mmol) in anhydrous DMA (1.3
mb}, followed by 1-bromo-4-{trifluoromethylibenzence (35.3 mg, 0.16 mumol), chloro{2-
{dicyclohexyiphosphino}-3,6-dmmethoxy-27,47,67 -tri-i-propyl-1,1 -bipheny]{2-(2-
aminoethyDpheoyiipaliadium(l}) (BrettPhos palladacycle 1% goneration, 10.4 mg, 0.013 romol),
trimethylacetic acid (40.1 mg, 0.392 mmol) and potassium carbonate {54.2 myg, 0.392 mmol). The
microwave vial was sealed, purged and back-filied with nitrogen. The reaction mixture subjected
to microwave irradiation for 2 h at 150°C. Upon completion the reaction was diluted with EtDAc,
and washed with water and brine. The cornbined organic layer was dried over anhydrous MgSOs,
filtered and concentrated in vacuo to give a red brown residue which was purified by column
chromatography (510, 0-30% EtOAc/heptane) to afford (F)-tert-butyl 3-(4-{({6-methoxy-2-(4-
{triffuoromethyliphenylbenzo[bithiophen-3 yhoxyphenyhacrylate (§9.4 mg, .11 mmol, 86%
yield). H NMR (400 MHz, CDOD) 8 ppm = 1.42-1.61 (m, 9 ), 3.77-3.98 (m, 3 H), 6.31(d, J
= 1566 Hz, 1 H), 6.87-7.04(m, 3 H), 728 (4, /=909 Hz, 1 H), 746 (d, /=253 Hz, | H}, 7.47-
757 (m, 3 H), 7.65(d, J = 8.08 Hz, 2 H), 7.89 (d, J = 8.08 Hz, 2 H). LO/MS (nvz, MH'): 471.40.
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{Ey-methvi 3-(4-((2-{2-1sopropviphenv-6-methoxvbenzolblthiophen-3-vhoxyviphenvhacrviate

{compound 323

{30263] To a flask coptaining (7)y-methyl 3-(4-({6-methoxybenzoiblthiophen-3-
vhonyiphenyDacrylate (800 mg, 2.35 mimol} in anhydrous DMA (3.0 mL) was added [-iodo-2-
isopropylibenzens (0.751 mi, 4.70 mmol) followed by chloro[Z-(dicyclohexyviphosphino3-3,6-
dimethoxy-27,4°,6" ~tri-i-propyl-1,1 -biphenyl}[2-(Z-aminoethyliphenylipaliadiom(I]) {BrettPhos
patladacycle 1% generation, 188 mg, 0.24 mmol), trimethylacetic acid (0.818 ml., 7.05 mmol) and
potassium carbonate (974 mg, 7.05 nunol). The flask was sealed, purged and back-filled with
nitrogen and the resulting mixture was heated to 150°C for 2 h after which time the reaction was
diluted with EtOAc, and washed with water and brine. The combined organic layer was dried over
anhydrous MgSOs, filtered and concentrated in vacuo 10 give a red brown residue which was
purified by coluren clhiromatography (510, 0-30% EtQAc/heptane) to afford (F)y-methyl 3-(4-{(2-
{Z-isopropylphenyh-6-methoxybenzo[blthiophen-3-yhoxyphenyDacrylate (675 mg, 1.48 mmol,
63% vield). ). "H NMR (400 MHz, CDCL) 3 pprm=7.61 (d. J =159 Hz, 1H), 7.42 - 7.29 {m,
TH), 7315 {ddd, J = 8.1, 5.7, 2.8 Hz, 1H), 6.97 (dd, I =¥.8, 2.3 Hz, 1H}, 6.91 - 6.85 {m, 2H), 6.29
(d, I=16.0Hz, 1H}), 3.91 (5, 3H), 3.80 (5, 3H), 3.26 (p, I = 6.8 Hz, 1H), 119 (d, I =65 Hz, 6H).
LO/MS (nvz, MH'): 459.0.

L

{60264] The following ntermediates H were prepared in a similar fashion to compound

31 using the appropriate intermediates { and the corresponding aryl bronmde as starting materials:

Structure Name Physical Data
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{(F)-tert-butyl 3-(4-((6-
methoxy-2-(o-
tolvhbenzolb]thiophen-3-
vhoxyiphenyhacrvlate
{compound 33)

LC/MS (ovz, MH' - CuHo):
417.3

(FY-tert-butyl 3-(4-((2-(4-
chlorophenyl)-6-
methoxybenzo{hlthiophen-
3-yhoxyphenylacrylate
{compound 34)

LC/MS (ov/z, MH ) 494.4

- o)
Fo V4
\0'&/! i\ o
&y ol
» (F)-tert-butyl 3-(4-((2-(3- LO/MS (ovz, MH ) 477.6
~l< o fluorophenyl)-6-
0'~< methoxybenzo{blthiophen-
~=\ 3-yhoxyiphenyhacrylate
¢ =\ {compound 35)
N
;—-\ °
AN A =
e N
e )
A
- (E}-tert-butyl 3-(4-((6- LC/MS (nvz, MH' - CaHo):
X 5 methoxy-2-(2- 4714
o~ {triftuoromethyliphenylben
Y zo] b ithiophen-3-
,\{: B vhoxy)phenylacrylate
\L“(\? {compound 36)
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(F)-tert-butyl 3-(4-((2-(2-

LC/MS (ovz, MH' - CuHo):

:\/ ’ o chioropheny)-6- 437.3
G- methoxybenzo{blthiophen-
== 3-yhoxyphenylacrylate
7= {compound 37)
2
‘.<;
= /o
Soty AN e,
-
o7
, {E}-teri-butyl 3-(4-((6-
(o methoxy-2-(2-methyi-4-
0~< {triftuoromethyliphenylben
Fny zo[ b ithiophen-3-
= vhoxy)phenyhacrylate
\%<) {compound 38}
= O
N/
A=
P
, {(E)-tert-butyl 3-(4-((2(2.4-
o bis(triffuoromethylphenyl)
o~/< e
&=> methoxybenzolblthiophen-
O\ 3-vhoxypheoylacrylate
N\ 7 {compound 39)
)
. o}
o 'ﬁ\
\/‘\5 1 h\\
N n/\‘\\ff TCF;
3l
(F)-tert-butyl 3-(4-((2-(2- LO/MS (ovz, MH' - CuHo):
-w‘\\/ o isopmpyipheny])-—6--. 4454
O"{/ methoxybenzo{blthiophen-
:“> 3-yhoxyphenyhacrylate
$ == {compound 40)
3
e O
o\ _f e
\
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(E)-teri-butyl 3-(4-((2-(4- | LC/MS (ovz, MH . - CaHo):

-~\(/ o fluore-2-methyiphenyl)-6- | 4355
O~ methoxybenzo{blthiophen-
- 3-vhoxyiphenylacrylate
3-yioxyjphenyljacrylate
>~':\ {compound 41)
<\ /“
.

(E)-tert-butyl 3(4-((242,3- | LC/MS (mv/z, MH - CaHo)-

.\\\/ o dimethylphenyi)-6- 4313
O'~</ methoxybenzo[blthiophen-
= 3-yhoxyphenylacrylate
e\ e 4”))
¢ > {compound 42)
Vg
;.(;
o N ~
0”‘\\\//2\ PP
) \\‘ ‘/\
T
. (E)-tert-butyl 3-(4-((2-(2,5- | LC/MS (m/z, MH - CiHox:
~ dimethylphenyl)-6- 4314
C‘“é'L methoxybenzolblthiophen-
== 3-vhoxypheoylacrylate
= {compound 43)
\
{
/,_;, o]
\o-m’
Sy

(E)-tert-butyl 3-{4-((2-(3.5- | LU/MS (nvz, MH' - CiHo):

Y dimethylisoxazol-d-yll-6- | 422.3
U*-{’; methoxybenzo{dlthiophen-
= 3-yhoxyphenyhacrylate
e {compound 44)
\
A

82



WO 2014/130310

PCT/US2014/015938

ety \.<\O
O’QS&;@
kY

{(F)-tert-butyl 3-(4-((6-
methoxy-2-(3-methoxy-2-
methylpbenyiibenzollthio
phen-3-
vhoxyiphenyliacrylate
{comapound 43)

LOMS (m/z, MH" - CHo::
448.3

{(£)-fert-butyl 3-(4-({2-(4-
flooro-2-
(tnfluoromethylphenyl)-6-
methoxybenzo{dlthiophen-
3-yloxyphenyvhacrylate
{compound 46)

LO/MS (m/z, MH' - CiHo):
489.3

{(F)-tert-butyl 3-(4-((2-(4-
{difluoromethyliphenyl)-6-
methoxybenzo{h]thiophen-
3-yhoxyphenylacrylate
{compound 47)

LC/MS (ovz, M+ NH )
526.4

{E)y-tert-butyl 3-(4-((2-(2-
ethylphenyly-6-
methoxybenzo{blthiophen-
3-yhoxyphenyhacrylate
{compound 48)

LC/MS (nvz, MH' - CaHo):
4314
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(F)-tert-butyl 3-(4-((2-(2-
acetylphenyl}-6-
methoxybenzo{h]thiophen-
3-yhoxyphenylacrylate
{compound 49)

LC/MS (ovz, MH' - CuHo):
445.3

ol # Y
#f\S” \ /\
o §\N‘)
. {(E)-fert-butyl 3-(4-({2-(2-
X 5 (tert-butyDphenyl)-6-
O~4 methoxybenzo[blthiophen-
= 3-yvhioxyphenyDacrylate
= {compound 50}
\ />
‘.(;
_:x _____ O
\3’(\/{ P
S (T
[N\
\}Y :
{(E)-tert-butyl 3-(4-((6- LO/MS (m/z, MH - CiHok:
A( o methoxy-2-(2- 448.3
0‘< nitrophenyhbenzo[bithioph
::\L en-3-yhoxyphenyhacrylate
e {compound 51}
N ¢
o o
. {
N o‘/\‘\\\(\/::\\
(vl y A‘?
OZN’}\”
\ (FY-tert-butyl 3-(4-((2-(4- LO/MS (w/z, M-Hy: 513.6
~ (tert-butylphenyt)-6-
o4

methoxybenzo[blthiophen-
3-yhoxyphenylacrylate
{compound 52}
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(E)-teri-bratyl 3-{4-((2-(3,5-
dimethylphenyh-6-
methoxybenzo{h]thiophen-
3-yhoxyphenylacrylate
{compound 33)

LC/MS (ovz, MH ) 487.5

O‘* Iz
{L
hﬁ -
" O
\O'/ \ l' \‘ -
8
L

NC

{F)-tert-butyl 3-(4-¢(2-(2-
isocyanophenyh)-6-
methoxybenzo]bjthiophen-
3-vhoxyphenylacrylate
{compound 34}

LC/MS (nv/z, MH"): 484.4

OH

(5 EN-tere-butyl 3-(4-{(2-(2-
{1-hydroxyethyDphenyi)-6-
methoxybenzo{hlthiophen-
3-yvhioxyphenyDacrylate
{compound 35)

teri-butvl 3-(4-{{6-methoxy-2-{4-methoxvphenvhibenzol blthiophen-3-vhoxviphenvhipropancate

Intermediates K

{compound 36)
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‘g

{00265] To a solution of (F)-tert-butyl 3-(4-((6-methoxy-2-(4-
methoxyphenylbenzo[dithiophen-3-yhoxy)phenyliacrylate (27 mg, 8.06 mmol) i 4:1
MeOH:DCM (2.5 mL) was added palladivm on carbon (10% wt., 0.59 mg, 5.53 umol). The
reaction was stirred at room temperatare under a hydrogen balloon for 12 h after which the
reaction was purged with nitrogen and filtered through Celite™. The remaining palladium was
washed with BCM (30 mL) and the resulting solution was concentrated in vacuo to afford fert-
butyl 3-{(4-({6-methoxy-2-{4-methoxyphenyDbenrzo[bithiophen-3-yhoxy)phenyhpropanoate (27
mg, 0.06 mmol, 100% vield) which was used without further purification. LO/MS (m/z, MH )
491.3.

Intermediates L

{E-2-(4-((2-(4-fluore-2-methylphenvh-6-methoxvbenzo[ Sithiophen-3-vDoxy)stvry-5-mmethvl-

1.3.4-oxadiazole {conpound 57

Q
AU~
/\\ AF

{80266] To a 30 mL vial, (£)-3-(4-({2-(4-fluoro-2-methylphenyl)-6-
methoxybenzo{bithiophen-3-yljoxyiphenyhacrylic acid (100 mg, 8.230 romet} and
acetohydrazide (85 myg, 1.151 munol} were dissolved in POCL (2 mL, 21.46 nunol) and the

mixture was heated to 100 °C for 18 h. The reaction mixture was cooled to room temperature
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poored into ice. The solution was guenched with sat. sodium bicarb and dilated with DCM. The
organic laver was collected {phase separator) and concentrated to provide the crude material. The
crude product was purified by reverse phase HPLC (acidic condition, 0.1% TFA in 30-100%
CHaONHYO) to atford (F)-2-(4-((2-{4-thioro-2-methyipheny)-6-methoxybenzolblthiophen-3-
yhoxy)styryh)-S-methyi-1.3 4-oxadiazole (83 mg, 0.176 mumol, 76% yield) as a white solid. 'H
NMR (400 MHz, CD;0D) 8 ppm = 2.38 (s, 3 HY, 2.57 (5, 3 H, 3.90 (5, 3 H), 6.81-6.98 (m, 4 H),
6.98-7.0% (m, 2 H), 7.28-7.42 (m, 2 H), 7.44-7.58 (m, 4 H). LC/MS (m/z, MH ) 473 4.

{80267]

above using the appropriate starting matenals:

The following intermediates were prepared i a similar fashion to intermediates

Structure Name Physical Data
N {(E)-2-(4-((2-(4-fluoro-2- LO/MS (m/z, MH ) 501.0
anay) methylphenyl}-6-
o ) methoxybenzo{blthiophen-
B 3-yhoxy)styryl}-5-propyl-
i ‘\2 1,3 4-oxadiazole
= o {compound 58)
DEYeT
g W4

{(E-3-(4-{(2-(4-fluorg-Z2-methviphenvD-6-methoxvbenzol blthiophen- 3-vhoxv)styvrvh-S-methvl-

4H-1.2 4-tnazole {compound 58

=N,

i N
HNwZ
R

{80268]

methoxybenzo[blthiophen-3-vhoxy)styryl)-S-methyl-1,3 4-oxadiazole (23 mg, 0.049 mmol) and

To a microwave vial, (£)-2-{4-((2-{4-fluore-2-methylphenyl)-6-
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ammoniam trifluorcacetate (128 mg, 0.973 mmol) were suspended m tohiene (2 mb). The
reaction was heated for 18 h at 180 °C under mucrowave irradiation. The reaction mixtare was
concentrated and the crude product was purified by reverse phase HPLC {neutral condition, 0.1%
TFA in 20-100% CH;ONHLY0) to atford (£)3-3-(4-((2-(4-fluore-2-methyiphenyi)-6-
methoxybenzo| plthiophen-3-yvhoxy)styryh)-S-methyl-4H-1,2 4-triazole {15 mg, 0.032 mmol, 65%

vield) as a white solid. LO/MS (m/z, MH ) 472.1.

{EN-5-(4-((2-{4-fhuoro-2-methvinhenvii-6-methoxvbenzolhlthiophen-3-vhoxvistvryD- 1.3 4-

oxadiazol-23H)-one {(compound 60}

W g
{30269] Step 1: To a 30 mL screw cap vial, (£)-3-(4-((2-(4-fluoro-2-methyiphenyl)-6-

methoxybenzo| blthiophen-3-yhoxy)phenyhacrylic acid (40 mg, 0.092 mumol) was dissolved
DMF (1 mL). The vial was charged with hydrazine (5.90 mg, (1.184 mmol), HATU (52.5 mg,
0.138 mamol), and DIEA (0.043 ml, 0.276 mmol). The reaction mixture was stired for 10 min at
room temperature. The reaction was quenched with sat. ag. NH.(Cl and diluted with DCM. The
organic phase was collected (phase separator) and concentrated by vacoum to afford to crude
product. The crode material was purified by colomn chromatography (510, 1-20% MeOQH/DCM)
to afford (B)-5-(4-((2-(4-fluoro-2-methylphenyD-6-methoxybenzo[ blthiophen-3-yhoxy)styry -
1,3,4-oxadiazol-2(34)-one {38 mg, 0.085 mmol, 92% yield). LO/MS (nvz, MH): 4491

{80278] Step 20 To a 30 mL screw cap vial, (B)-3-t4-((2-(4-flooro-Z-methylpheny D-6-
methoxybenzo[blthiophen-3-yhoxyphenylacrylohvdrazide (38 mg, 0.085 mumol) was dissolved
in THF (Z mL). The vial was charged with 1,1 -carbonyldiimidazole (16.49 mg, 0.102 mmol) and
the reaction was stirred at room teraperature for 1 h. The reaction mixture was acidified with 6 N
HCH which caused a precipitate to form. The mixture was diluted with DCM to dissolve the

precipitate. The organic phase was collected (phase separator) and concentrated to afford (#)-5-
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{4-((2-(4-fhuoro-2-methylphenyi-6-methoxybenzof blthiophen-3-yloxy styryl)-1,3,4-oxadiazol-
203H-one {31 mg, 0.065 mumol, 77% yield} as an off white solid which was used without further

purification. LT/MS {(ov/z, M-H): 473.0

{(E3-3-{4-({2-{4-fluoro-Z-methviphenvD-6-mcthoxvbenzol Hlthiophen-3-vhoxviphenvh-N-

{(tetrabvdro-2H-pyran-2-vhoxviacrvianude {compound 61

o
~0

3 O
HNwg ™
A
1

{0271 To a 30 mL screw cap vial, (£)-3-(4-{(2-(4-fluoro-2-methyiphenyi}-6-
methoxybenzo| blthiophen-3-yvihoxy)phenyliacrylic acid {50 mg, 0.115 nunol} was dissolved in
DMFE (2 ml). The vial was charged with O-(tetrabydro-2H-pyran-2-yhhydroxylamine (27.0 mg,
0.230 ramol), HATU (65.6 mg, 0.173 mamol), and DIEA (0.060 mL, 0.345 mmol). The rcaction
mixture was stirred for 30 min at room temperature. The reaction was gquenched with sat. NH4Cl
and diluted with DCM. The organic phase was coliected {(phase separator) and concentrated by
vacuum to afford to crude product. The crude matenal was purified by column chromatography
{510,, 1-80% Heptanes/EtOAC) to afford (F)-3-(4-((2-(4-fhuoro-2-methy Iphenyi)-6-
methoxybenzo{ blthiophen-3-yhoxy)phenyl)-N-({tetrahydro-2H-pyran-2-yDoxyiacryiamide (53
mg, 0.099 mmol, 86% yield). "H NMR (400 MHz, CD:0D) 8 ppm = 1.48-1.73 (m, 3 H), 1.73-
1.96 (i, 3 H), 2.36 (s, 3H), 3.56-3.70 (m, 1 HD), 3.89 (s, 3 HY, 3.98-4. 14 (m, | H), 496 (br.s., |
H), 6.35(d, J=15.66 Hz, 1 H}, 6.79-6.95 (m, 3 H), 6.95-7.07 (m, 2 H), 7.26-7.39 (m, 2 H), 7.39-
7.48 (m, 3 H), 7.52 (d, /= 16,17 Hz, 1 H). LO/MS (wvz, MH): 5341
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Intermediates M

3-(4-bromophenoxy)-6-methoxv-2-{4-methoxvphenyDbenzo[ Altluophene -oxide {compound 62)

edvy

0f< i ) Q\O

100272] To a solution of 4-bromophenocl (469 mg, 2.71 mmol) in DMF (3 mL) was
added sodium hydride (60% suspension in oil, 108 mg, 2.71 mmol), the resulting mixture was
allowed to stir for 10 min at room temperature. To the solution was added 3-bromo-6-methoxy-2-
{4-methoxyphenyhbenzo[blthiophene 1-oxade (900 mg, 2.46 momwol} as a solid. The reaction was
heated to 80 °C for 18 h. Lipon completiong the reaction was cooled to room temperatuore,
quenched with water and dilated with DCM. The organic phase was collected (phase separator}
and concentrated in vacuo to afford the crude product. The crude material was purificd by coluwmn
chromatography (510;, 0-60% EtOAc/Heptane) to afford 3-(4-bromophenoxy)-6-methoxy-2-(4-
methoxypheaylbenzolbithiophene 1-oxide (980 mg, 2.14 monwol, 87% yield) as a vellow schid.
'H NMR. (400 MHz, CDCh) & ppm = 7.70-7.78 {m, 2 H), 7.53 (d, J=2.02 Hz, 1 H), 7.41 (d, /=
8.59 Hz, 2 H), 6.90-7.06 (m, 6 H), 3.91 (s, 3 H), 3.83 (s, 3 H).

{0273 The following mtermediates were prepared in a sinular fashion to intermediates

above using the appropriate starting materiala:

Structure

MName

Physical Data

{(Fy-4-(4-({6-methoxy-2-(4-
methoxyphenyl)-i-
oxidobenzo[bithiophen-3-
yHoxyIstyryh-6-
{miflvoromethyDpyrimidin-
2(1H)-one {compound 63)

"H NMR (400 MHz,
LDCh} Sppm=786{d,.J
=16.17 Hz, {H),7.72 -
7.80 {m, 2H), 7.58 - 7.66
(m, J = 8.59 Hz, 2H), 7.56
(d,J=2.53Hz, 1), 7.13 -
7.21 {m, J=9.09 Hz, 2H),
7.05 - 7.11 {m, 1D, 6.90 -
7.01 (m, 3H), 6.75 - 6.90
{m, 2H), 3.92 (s, 3H), 3.83
5, 3H)
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NG (£)-344-((2-(4-fluoro-2- "H NMR (400 MHz,
/A methylphenyh)-6-methoxy- | CDCL) Sppm =746 (d, ./
. {-oxidobenzolblthiophen- =253 Hz, 1H), 7.13-7.27
D (r, 5H), 6.86 - 6.99 (m,

o vhoxyphenybacrylonitrile | 3H), 6.67 - 6.85 (m, 2H),
;/\[( »»»»» . (compound 64) 5.64 (4, J=16.67 Hz, 1H),

\O/[\;; g NS/ 3.83 (8, 311}, 2.24 (s, 31

O

Tutermediates W

3-{4-bromophenoxy)-6-methoxy-2-(d-methoxyphenvhbenzo! blihiophene {compound 63)

{38274 A solution of 3-(4-bromophenoxy)-6-methoxy-2-(4-
methoxyphenylibenzo[Aithiophene 1-oxide (970 mg, 2.12 nunol) in THF (5 mi) was cooled to €@
°C. To the cooled solution was added LAH (129 mg, 3.39 mumol} in one portion. The reaction
mixture was stirred at 0 °C for 30 min after which the mixture was poured into § M ag. NaHS0,
solution and extracted with DUM. The organic layer was collected (phase separator) and
concentrated in vacuo to atford the crude product which was purnified by column chromatography
{Si0y, (-30% EtOAc/Heptane) to afford 3-(4-bromophenoxy )-6-methoxy-2-(4-
methoxyphenylibenzo[hlthiophene (850 mg, 1.93 mmol, 91% yield) as a white solid. 'H NMR
{400 MHz, CDCh) d ppro = 3.83 (5, 3 H), 3.90 (s, 3 H), 6.80-6.99 (m, S H), 7.22-7.32 (m, 2 H},
732-744 (m, 2 H), 7.65 (d, /=908 Hz, 2 H}.

{66275] The following mntermediates were prepared in a similar fashion to intermediates

above using the appropriate starting roaterials:

Structure Name Physical Data
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Fs (F}-4-(4-({6-methoxy-2-(4- | LO/MS (ovz, MH ): 551.4
Y methoxypheaylbenzolblthi
O’-:'(er, ophen-3-yhoxyistyryl)-6-
p {triffuoromethy pyrimidin-
QH/\\ 2{1H)-one {compound 66)
\f:f\o
R { e
e {(E3-3-(4-({(2-(4-fluoro-2- H NMR (400 MHz,
) methylphenyi)-6- CDCl3) O ppm=7.21-7.39
5 methoxybenzolb]thiophen- | (m, 6H), 6.78 - 7.01 (m,
D 3- SH), 5.6% (d, J = 16,67 Hz,
5 vhoxy)phenyhacrylonitrile | 1H), 3.89 (s, 3H), 2.35 (s,
A = {compound 67} 3H)
\Q/E;:I\;\ \/\\..__}/\'—b\

{ntermediates O

3-(4-bromophenoxyi-2-{4-hvdroxvphenyDbenzol A lthiophen-6-0l {(compound 6%}

Br
{ &
= O
Ho—y £ 3 A
S/
"OH
{60276} To a 30 mL vial containing 3-(4-bromophenoxy)-6-methoxy-2-{(4-

methoxyphenylbenzo[dithiophene (100 mg, 8.23 mumol) in BCM (I mL) was added BBr; (I M
hexanes, 0,680 md., 0.68 mmol) and the reaction mixture was stitred for 1 h at room temperature.
Upon completion the reaction was quenched with 4 mL MeOH and stirred for 18 muin, The
mixture was the concentrated in vacuo onto silica gef and the crude material was purified by
cohumn chromatography (Si0,, 1-100% EtQAc/Heptane) to afford 3-(4-bromophenoxy}-2-(4-
hydroxyphenylbenzo[hithiophen-6-01 (72 mg, 0.17 vumol, 77% vield) as a white solid. 'H NMR
{406 MHz, CD2:00) 8 ppmy = 7.47-7.57 {m, 2 H}, 7.35-7.45 (m, 2 H), 7.20 (d, J=2.02 Hz, 1 H},
7.16(d, 7=8.59 Hz, 1 H), 6.73-6.90 (m, 5 H).
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Intermediates P
{F)-teri-butyl 3-(4-{{(6-methoxy-2-(4-methoxvphenyDbenzol Mthuophen-3-vhoxvinhenvDacrviate

{compeound 69)

4
%(
oo P
o \z W e
- S/\\\\/\\\) o
70
{82771 To a solution of 3-(4-bromophenoxy)-6-methoxy-2-(4-

methoxyphenyDbenzol Aithiophene (79 myg, (.13 mmol) in DMF (1.7 mb.} was added
tricthylamine (8,125 mL, 0.90 mmol} followed by tert-butyl acrylate (0.184 ml, 1.25 mmol) and
Pd{PPha),Cl (18.9 mg, 0.03 mmo). The mixture was then subjected to microwave trradiation for
1 hat 120 °C after which the reaction was diluted with water (15 b)) and extracted with EtOAc
{4 x 10 mL). The combined organic layers were washed with brine (30 mL), passed through a
phase separator 10 remove water and concentrated in vacuo to give the crude product as an orange
oil which was purified by column chromatography (Si0,, 0-50% EtOAc/Heptaneg) to give (£)-
fert-butyl 3-(4-({6-methoxy-2-{(4-methoxyphenyhbenzo[blthiophen-3-yhoxyphenyvhacrylate as a
pale vellow oil (55 mg, .11 mumol, 63% yield). "H NMR (400 MHz, CDCL) 8 ppm=1.44 (s, 9
Hy, 370 (5,3 H), 378 (s, 3H), 613 (4, /=15.66Hz, 1 H), 6.76-6.83 (3u, 3 H}, 6.86 {m, S =859
Hz, 2Hy, 7.14-719 (m, 2 H), 7.3 (m, J= 859 Hz, 2 H), 742 (4, J=161THz, 1 H),7.54 {d, /=
859 Hz, 2 H).

{(E-4-{4-({6-methoxv-2-{d-methoxvphenvhbenzoib thiophen-3-vhoxvistyrvhi-1 H-mumdazole
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H
€7
N..
/)
Szl
o
N -
(o b
1602781 To a microwave vial, 3-{(4-bromophenoxy -6-rsthoyy-2-(4-

methoxyphenylibenzofbithiophene (50 mg, 0.113 munol) was dissolved 10 DMF {2 mbL) and
triethyi amine (0.474 ml., 3.40 momol). To the solution was added tert-butyl 4-vmnyl-1H-
midazole-1-carboxyiate (66.0 rag, 0.340 mamol) and PA{PPh:),Cl, (7.95 mg, (.01 mmol). The
system was flushed with nitrogen and heated at 150 °C for 1 h under microwave radiation. The
nrixture was cooled to room terpperatare and diluted with DCM and sat. NH4CL The organic
layer was collected (phase separator) and concentrated onto silica gel and the material was
purified by coluren chromatography (5102, 0-30% DCM/MeOH) to afford (E)-4-(4-{(6-methoxy-
2-(4-methoxyphenyhbenro{b]thiophen-3-yhoxy)styryD- 1 H-imidazole (41 mg, 0.090 mmol, 80 %
yicld} as a white solid. TH NMR (400 MHz, CI:0D) 8 8.78 (4, J=1.52 Hz, 1H), 7.51 - 7.62 (m,
JHD, 746 - 751 (m, 1H), 739 (d, /=9.09 Hz, 2H), 732 (4, /=253 Hz, 1H)}, 715 (d, /=9.09
Hz, iH), 7.08 (4, /= 16.67 Hz, 1H), 6.76 - 6.95 (m, 64}, 3.77 (5, 3H), 3.6% (s, 3H}.

Intermediates

{FY-methyl 3-(4-{{6-methoxy-2-{4d-methoxyphenyvli-1-oxidgbenzol hlthiophen-3-

vhoxyiphenvhacrviate {compound 71

94



WO 2014/130310 PCT/US2014/015938

{30279] To a solution of (Fy-methyl 3-(4-hydroxyphenyDacrylate (190 mg, 1.07 mmob
m DMF (5 mlL) was added sodium hydride (60% saspension i o1l, 42.7 myg, 1.07 munol). The
resulting mixture was allowed to stir for 10 min at room temperature after which 3-bromo-6-
methoxy-2-(4-methoxyphenvhbenzo[Slthiophene 1-oxide (300 mg, 0.82 mmol) was added, as a
solid. The reaction was heated to 80 °C for 18 h and upon completion was cooled to room
temperature, quenched with water and diluted with DCM. The organic phase was collected (phase
separator) and concentrated in vacuo to afford the crude product which was purified by column
chromatography (Si(;, (-80% EtOAc/Heptane) to afford (£)-methyl 3-(4-{{(6-methoxy-2-(4-
methoxyphenyli-1-oxidobenzobithiophen-3-vhoxyiphenyhacrylate (370 mg, 0.80 monol, 97%
yield) as a yellow solid. '"H NMR (400 MHz, CDChY 8 ppm = 7.75 (4, J = 9.09 Hz, 2 H), 7.65 (4,
J=15.60 Hz, | Hy, 7.54 (4, /=202 Hz, 1 H}, 7.43-7.52 (., /= 9.09 Hz, 2 H), 7.07-7.16 (m, J =
859 Hz, 2 H), 6.98-7.07 (m, t H),6.93(d, J=9.09Hz, 3H}, 635 (d,./=16.17 Hz, 1 H), 3.91 (s,
3H), 3.82(d. J=1.52 Hz, 6 H). LO/MS (nvz, MH"): 463.4.

{30280] The foflowing miermediates were prepared in a sinular fashion to infermediates

above using the appropriate starting materials:

Structure Name Physical Data
{EYy-methyl 3-(4-((5,7- "H NMR (400 MHz,
o o difluoro-6-methoxy-2-{4- CDCL) S ppm=T7.62(d,J
. methoxyphenyh-1- = 1617 Hz, 1H), 7.40 -
. oxidobenzo[blthiophen-3- 7.58 (m, 4H), 7.03 - 7.19
N vhoxyiphenyhacrylate (m, 2H), 6.92 - 7.03 {im,

E h , {compound 72) 2H}, 683 (d,./ = 8.08 Hz,
Ay iH), 6.34(d, /= 1617 Hz,
O"QX’Z \;\ = 1H}, 3.92 (s, 3H), 3.89 (s,

g g N 3H}, 3.80 (s, 3H)
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() Methyt-3-{4-((6- "H NMR (400 MHz,

/o\f(‘) mothoxy-2-{4- CIH0D) 8 ppm = 7.48 -
S, methoxyphenyii-1- 761 {m, 3H), 7.34 - 743

oxidobenzo[blthiophen-3- {m, 2H}, 6.94 - 7.16 (m,
vhoxyphenylibut-2-encic | 4H), 6.77 - 6.89 (m, 2H),
acid (compound 73) 6.00 (d, J=1.52 Hz, 1H),
o N 381 (5, 3H), 3.69 (s, 3H),
oA S s 3.62 (s, 3H), 2.42 (s, 3H)

;L

(Ey-methyl 3-{4-((7-fluoro- | LO/MS (nvz, MH): 481.3
O S-methoxy-2-(4-

g \<\ methoxyphenyl)-i-
oxidobenzo[blthiophen-3-
vhoxyiphenyliacrylate
{corapound 74)

NS 1
\ Ao '\/

{F-ethvl 3-(4-({(6-methoxv-2-{4d-methoxyphenvl-1-oxidobenzo! blthiophen-3-vhoxviphenvh-2-

methviacrviate {compound 75)

{60281] To a solution of (#)-ethyl 3-(4-hydroxyphenyl)-2-methylacrylate (92 mg, 0.445
mmol) o DMF (2.0 b)) was added sodium hydride (60% suspension wnr oil, 17.79 mg, (1.445
minol}, the resulting nuxture was allowed to stir for 30 min at room temperature. To the solution
was added 3-bromo-6-methoxy-2-{4-methoxyphenybenzol plthiophene 1-oxide (125 mg, 0.342
mnol) as a suspension in DMF (2.0 mL}. The reaction was heated to 80 °C for 13 h. Upon
completion the reaction was cooled to room temiperatire, quenched with water and extracted with
EtQAc. The combined organic layers were then washed with water, sat. aq. NaHCO3, brine and

then collected (phase separator) and concentrated in vacuo to afford the crode product. The crude
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material was purified by cohimn chromatography (810, 0-70% EtQAc/Heptane) to afford (£)-

ethyl 3-(4-({6-methoxy-2-{4-methoxyphenyi)- 1 -oxidobenzol bithiophen-3-vhoxy)phenyh)-2-

methylacrylate (144 mg, 0.294 mumol, 86% vield). LO/MS (m/z, MH™): 4913

{(Fy-ethyl 3-(d-hyvdroxy-2-methviphenvhacrviate (compound 76)

{00282

o
//\O)\wf\\/ﬁ
S o

To a microwave vial containing 4-bromoe-3-methylphenol (600 mg, 3.21 mmol)

in anhydrous DMF (3.0 mb) was added ethyl acrylate (996 mg, 9.94 mmol}, palladium (II) acetate

{72.0 mg, 0.321 mumol}, trifo-tolyDphosphine (146 mg, 0.481 mumnol) and triethylanmme (1.57 mL,
A [+ 3 }}t p [+ o

11.23 mmol). The resulting mixture was sealed and subjected to microwave irridation at 120°C

for 2 h after which time the reaction was diluted with EtOAc and filtered through Celite™. The

filtratc was theo washed with water, brine and dried over anhydrous Na,SQy, filtered and

concentrated 1n vacueo to give the crude product as a brown o1l which was parified by colamn

chromatography (510,, 0-30% EtOAc/Heptane) to atford (F)-cthyl 3-(4-hydroxy-2-
methylphenyllacrylate (289.8 mg, 1.408 mmol, 449 yield). LO/MS (ov/z, MH ) 207.2.

{80283]

above using the appropriate starting matenals:

The following intermediates were prepared i 3 similar fashion to intermediates

Structuree Name Physical Data
. (Ey-ethyl 3-(4-({6-methoxy- | LO/MS (m/z, MH ) 491.3
\\04} : 2-{4-methoxyphenyi)-1-
A oxidobenzo|blthiophen-3-

vhoxy)-2-
methylphenvlacrylate
{compound 77)
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2-{4-methoxyphenyh)-1-
oxidobenzo[blthiophen-3-
vhoxy)-3-
methylpheovhacrylate
{compound 79)

WO 2014/130310 PCT/US2014/015938
- (£}-cthyl 3-(2-methoxy-4- | LO/MS (ovz, MH ) 507.3
o ((6-methoxy-2-(4-
Y Y methoxyphenyi)-1-
>:< oxidobenzo|blthiophen-3-
N4 vhoxy)phenyhacrylate
B M\o {compound 78)
\ {
oy 4\
/!- =
RO
- (Ey-ethyl 3-(4-({6-methoxy- | LO/MS (m/z, MH ) 491.3

- O
= 4
~ A ’\ . i ,\‘\ .
§
. {(Fy-methyl 3-(4-((6- LO/MS (ov/z, MH ) 517.3
N methoxy-1-oxi1do-2-(4-
- {(triffuoromethoxy)phenylb
3~ enzo{hlthiophen-3-

J\h

” f\)\CCF

vhoxyiphenyhacrylate
{compound 3(})

O~-4
T\::
=
\‘Q\% %
— ,O
\ )
04\’_/,/\ 3 Y
oL 4
5 7

{£}-methyl 3-(4-({(6-
methoxy-1-oxido-2-
phenyibenzo[h]thiophen-3-
vhoxyiphenyhacrylate
{compound 31)

LO/MS (ma/z, MH ): 433.3
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(£)y-methyl 3-(4-({2-(4- LO/MS (nvz, MH ) 451.3
e .
‘O__‘Q fluorophenyl)-6-methoxy-
N {-oxidobenzolblthiophen-
>% 3-yhoxyphenylacrylate
<§L y {compound 8§2)
7 °
AN {, A
INA D
I W
{#£)-methyl 3-(4-((6- LO/MS (m/z, MH ) 4774
\‘ O n} 7 /_'E.._ o h V-3
o% nmethoxy-2-{4-methoxy-3
=y methylpheoyl)-§-
P oxidebenzo|hlthiophen-3-
Y /> vhoxyiphenyhacrvlate
- "\0 {compound 83)
oL
TR
1 W o7
(Fy-methyl 3-(4-((2-(3- LO/MS (ovz, MH'): 481.4
Yo fluoro-d-methoxyphenyl)-
- Huoro-4-methoxyphenyl)
X“ 6-moethoxy-1-
>~ oxidobenzo|blthiophen-3-
\\_} vhoxyiphenyliacrylate
- o {comapound 34)
\0*&.’" § e
S \ \
W

Intermediates R

(£y-methyl 3-(4-((6-methoxv-2-(4-methoxvphenvhbenzol Hlthiophen-3-vhioxviphenvDacrviate

{compound 83)
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{080284]

methoxyphenyl)-1-oxidobenzo{blthiophen-3-yloxy)phenyhacrylate (200 mg, (.43 mmol) was

To a 30 mL vial contatning (Fy-methyi 3-(4-((6-methoxy-2-(4-

added THF ( 53 mL), triphenyiphosphine (420 mg, 1.60 mymol) and TMS-C1{(.553 ml., 4.32
minel} The reaction was heated to 75 °C for 18 b after which time the mixture was cooled to
roomn temperature, quenched with sat. ag. NaHCO; and diluted with DCM. The organic phase was
coliected {phasc scparator) and concentrated in vacuo to atford the crade product which was
purified by columan chromatography (5102, 0-60% EtOAc/Heptane) to afford (F)-methy] 3-(4-({6-
methoxy-2-{4-methoxyphenytibenzolAlthiophen-3-vhoxyipbenyhacrylate (110 mg, (.25 vunol,
§7% vield) as a white solid. 'H NMR (400 MHz, CDCE) 8 ppm = 7.58-7.73 (m, 3 H), 7.38-7.50
(m, J=859Hz, 2 H), 7.28{t, /=227 Hz, 2 H}, 6.96-7.05 (m, J = &39 Hz, 2 H), 6.85-6.96 (m, 3
H), 6.32(d,./=15.66 Hz, 1 H), 3.90 (5, 3 H}, 3.81 (5, 3 H), 3.82 {5, 3 H).

{00285]

above using the appropriate starting materials:

The followmng intermediates were prepared in a similar fashion to intermediates

Structure

Name

Physical Data

{Fy-methyl 3-(4-((5,7-
difluoro-6-methoxy-2-{4-
methoxyphenylibenzof bithi
ophen-3-
vhoxy)phenylacrylate
{compound 86}

“H NMR (400 MHz,
CHC dppm=7.54¢d, J
=15.66 Hz, 1H), 7.28 -
7.46 (my, 4H), 6.95 - 7.02
{m, 1H), 6.80 - 6.95 (m,
4H), 6.23 (d, J = 15.66 Hz,
TH), 3.86 (s, 3H), 3.80 (5,
3H), 3.70 (s, 3H)
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5 {(Fy-methyl 3-{4-({6- "H NMR (400 MHz,
\OJ{'\;/ methoxy-2-(4- CDBCl) o ppm=7.52 - 7.65
N methoxyphenylibenzofbitht | (m, 2H), 7.27 - 7.38 {im,
Q,\ ophen-3-yhoxyphenylbut- | 2H), 7.13 - 7.23 (m, 2H),
- o 2-enoate {compound 87) 6.84 - 6.93 (m, 2H), 6.75 -
b SN 6.84 (m, 3H), 6.01 (4, J=
g @}‘\}\ 1.52 Hz, 1H), 3.80 (s, 3H),
3.72 (s, 3H), 3.66 (s, 3H),
246 (d, /= 1.0 Hz, 31)
5 {(£)-methyl 3-(4-((7-fluoro- | "H NMR (400 MHz,
NgA 6-methoxy-2-(4- CDCLY S ppm =740 - 7.58
) methoxypheoylbenzo[bitht | (m, 3H), 7.21 - 7.30 (m,
ophen-3- 2H), 6.87 - 6.95 (m, 1H),
{\ Vhoxy)phenyDacrylate 6.75 - 6.87 (m, 3H), 6.66 -
N {compound 88) 6.75 (m, 20), 6.13 (d, J =
s E§.17 Hz, 1}'{),73.78 (s, '
P YW at 3H), 3.61 (s, 3H), 3.63 (s,
o) \\E_!’ = 3H)

{F)-ethvl 3-{(4-({(6-methoxyv-2-(4d-methoxyphenyDibenzol bithiophen-3-viioxyiphenvD-2-

methviacrviate {compound §9)

™0
o}
,
e o
\0“{\ 73
’A\S \‘\{N%\ Vi
Lo
{30286] To a solution of (£)-cthyl 3-{4-((6-methoxy-2-(4-methoxyphenyl)-1-

oxidobenzo[plthiophen-3-vhoxyphenyl)-2-methylacrylate (144 mg, 0.294 mol) in THE (6.0
mL.} was added triphenylphospbine (285 mg, 1.086 vunol) and TMS-CH{0.375 ml, 2.94 munol).
The reaction was heated to 75 °C for 7 h after which time the mixture was cooled to room
temperature, guenched with sat. ag. NaHCO; and extracted with EtQAc, the combingd organic
layers were collected (phase separator} and concentrated in vacuo to afford the crade prodoct
which was purified by column chromatography (510, 0-40% EtOAc/Heptane) to afford (£)-ethy!
3-{(4-{({6-methoxy-2-(4-methoxyphenylibenzol b thiophen-3-yhoxy)phenyl)-2-methyiacryiate (107

mg, 0.225 mmol, 77% yield). LC/MS (mv/z, MH ) 475.3,
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The followmng intermediates were prepared in a similar fashion to intermediates

Structure

Name

Physical Data

{F)-cthyi 3-(4-((6-methoxy-
2-{(4-
methoxyphenylibenzof bithi
ophen-3-yloxy)-2-

{compound 92)

ﬂ\_ » methylphenyhacrylate
Wﬁo {compound 90}
N ’/‘::: /l {
oA M~
S S
D
{£)-ethyi 3-(2-methoxy-4- LC/MS (mvz, MH ) 491.3
N\o_ P {{6-methoxy-2-(4-
ay \O methoxyphenylbenzofbith
=4 ophen-3-
(\\;_ Y vhoxyiphenyhacrylate
Y {(compound 91)
e
N S}\\(%\ )
L0
— (Ey-ethyl 3-(4-({6-methoxy- | LO/MS (m/z, MH ) 475.3
\ G 2-(4-
—_ methoxypheaylbenzolbithi
iy ophen-3-yhoxy-3-
e methylpheovhacrylate

{F}-methyl 3-(4-((6-
methoxy-2-(4-
{triffuoromethoxyphenylb
enzo|blthiophen-3-
vhoxy)phenyhacrylate
{compound 93}

LC/MS (m/z, MH ): 501.2
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{(Fy-methyl 3-(4-((6- LC/MS (ovz, MH Y 4173
0 o
g methoxy-2-
- phenyibenzolblthiophen-3-
=y vhoxyiphenyhacrvlate
N /> {compound 94)

{Fy-methyl 3-(4-((2-(4-
fluorophenyl}-6-
methoxybenzolblthiophen-
3-yhoxy iphenyhacrylate
{compound 95)

{£}-methyl 3-(4-({(6-
methoxy-2-(4-methoxy-3-
methyiphenyhbenzo|blthio

= phen-3-
<§\_ p vhoxy)phenyhacrylate
Y (compound 96)
\O &’z g\(z\ ’
U~
{Ey-methyl 3-(4-((2-(3-
v\ 0 , hoxvpl )
O“J{ guom—4-methoxypheny ¥
“\}:\ methoxybenzo[blthiophen-
‘(§L\_ i 3-vhoxyphenylacrylate
% {compound 97)
PN -
Noty A o
g \ =
s

Intermediates §

{(E}-3-{4-({6-methoxy-2-{d-methoxyphenvDbenzol blithiophen-3-vhoxyiphenvhacrvhic acid

{compound 98)
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{0288] To a 30 mL vial contatning (Fy-methyi 3-(4-((6-methoxy-2-(4-
methoxyphenyDbenzofbithiophen-3-vhoxyiphenyDacrylate (110 mg, 0.25 mmol) was added THF
{2.00 mL), MeOH (1.00 mL), H20 (1.00 mb) and LiOH (29.5 mg, 1.23 mmol). The resulting
nrixture was stirred at room terpperatare for 60 min after which the reaction was concentrated in
vacuo, diluted with water, and acidified to pH 2 with 6 M HCI causing a precipitate to form. The
mixture was diloted with 20 ml DCM and 2 mL MeOH and the organic layer was collected
{phase separator) and concentrated in vacuo to atford (£)-3-(4-((6-methoxy-2-{4-
methoxyphenylibenzolithiophen-3-yhoxy iphenyliactvlic acid {98 mg, 0.23 mowl, 92% vield) as
a yellow solid. "H NMR (400 MHz, CD:0D) 8 ppm = 7.51-7.69 (m, S H), 7.43(d, J=2.02 Hz. |
Hy, 7.25(d, /=909 Hz, 1 H}, 6.88-7.02 {m, 5 H), 6.37 (d, /= 15.66 Hz, 1 H), 3.89 (s, 3 H}, 3.80
(s, 3 H). LO/MS (m/z, MH): 433.0.

{0289] The followmng intermediates were prepared in a similar fashion to intermediates

above using the appropriate starting materials:

Structure Name Physical Data
{(F3-3-(4-((2-(4- LO/MS {m/z, MH )y 421.2
HO— fluorophenyl)-6-
Sy methoxybenzo{dlthiophen-
. 3-yhoxyphenyhacrvlic
\ ) acid (compound 99)
= o}
e =
[C Rt/ A\ o
&/ks /‘*\(\\ i
‘\\r:—”}\h
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{EN-3-(4-((2-{4-Thuoro-2-methviphenvl-6-methoxvbenzo[ dithiophen-3-vhioxyphenvhacrvhic acid

{compound 180

{30290] To a 30 mL screw cap vial, (£)-tort-butyl 3-(4-((2-(4-fhaoro-2-methyiphenyl)-
6-methoxybenzolbithiophen-3-yhoxyphenyhacrylate (100 mg, 0.204 mmol) was dissolved in
4M HCl in dioxane (153 pl, 0.612 numol} and the reaction mixture was stivred for 10 min at room
temperature. The reaction muxture was concentrated to dryness to afford (£)-3-(4-{(2-(4-fheoro-2-
methylphenyi-6-methoxybenzo{blthiophen-3-yhoxyiphenvhiacrylic acid (88 myg, 0.202 mmol,
99% vield). 'H NMR (400 MHz, CD:OD) S ppm =2.25 (5, 3 H) 3.78 (5, 3 H) 6.21 (d, /=15.66
Hz, i H)6.68-684 (0, 3H} 6.84- 692 {n, 2 H) 7.16 - 7.29 (m, Z H} 7.31 - 7.41 (m, 3 H) 7.46
{(d, /=16.17 Hz, I H).

Intermediates T

{F)-3-(4-{{6-methoxv-2-{4-methoxvphenvhbenzo{blthiophen-3-vDoxviphenvhacrviamide

{00291 To a 30 mb vial, (£)-3-{4-({6-methoxy-2-(4-methoxyphenyDboozol flthiophen-
3-yvhoxyphenyDacrylic acid (98 mg, 0.23 mmol) was disselved in DMFE (2 mL). The vial was

charged with HATU (129 mg, (.34 mmol) and DIEA (G.119 mL, 9.68 mumol) and the mixture was
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stirred for 10 min. A color change from pale orange to a dark orange was observed. To the
solution was added NH4C(24.24 mg, 0.45 mmol) and the reaction mixture was stirred for 30 min
at room temperature. The reaction was guenched with sat. ag. NH4Cl and diluted with BCM. The
organic phase was collected (phase separator) and concentrated to atford the crude prodact. The
crude material was purified by colunn chromatography (510;, 1-10% McOH/DCM) to afford (£)-
3-{4-({6-moethoxy-2-(4-methoxyphenyDbenrzo[ithiophen-3-yhHoxy)phenyhacrylamide (77 mg,
.18 mumol, 79% yicld) as an off white solid. "H NMR (400 MHz, CD:0D) § ppn = 8.00 (s, 4 H,
7.59-7770 (m, 2 H), 7.45-7.55 (m, 2 H), 7.42 (4, /=202 Hz, 1 H), 7.24(d, /=859 Hz, 1 H),
6.84-7.02 (m, 4 H), 6.52(d, /= 15.66 Hz, | H), 3.88 (s, 3 H), 3.79 (s, 3 H). LC/MS (avz, MH™):

432

)

i

{E3-3-(4-({6-methoxv-2-(4-methoxvphenvhbenzol flthiophen-3-vhoxviphenvh-N-(3.3.3-

trifluoropropyDacrvlanude {compound 102)

{80292} To a 30 mL vial contaiming (£)-3-(4-({6-methoxy-2-(4-
methoxypheaylUbenzolbithiophen-3-yhoxypheoyhacrylic acid (41 mg, 0.10 vunol) was added
DMF (3 mL), followed by 3,3, 3-triffuoropropan-1-amine (13.94 mg, 0.12 nunoly, HATU (54.1
mg, 0.14 mumol), and DIEA (0.050 mi, 0.28 munol). The mixture was stirred at room temperature
for 30 min after which the reaction was guenched with sat. ag. NHiCl and diluted with BCM. The
organic phase was collected (phase separator) and concentrated in vacuo onto silica gel. The crude
material was purified by colunio chromatography (510, 0-30% EtOAc/heptane) to afford (#)-3-
(4-({6-methoxy-2-(4-methoxyphenyDbenzo[blthiophen-3-vhoxyipheny H-V-(3,3,3-
trifluoropropyDacrylamide (38 mg, 0.07 mmol, 72% vyield) as a white solid. 'H NMR (400 MHz,
CD;OD) Sppm=7.64 (d, /=909 Hze, 2 H), 7.45-756 {m, 3 H), 7.42 (d, /= 2.02 Hz, 1 H), 7.25
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{d, /=859 Hz, 1 H), 6.90-7.02 (m, 5 H}, 6.47 (d, /= 15.66 He, 1 H), 3.88 (s, 3 H), 3.74-3.85 (m,
3H), 3.54(t, J="7.07 Hz, 2 H}, 2.34-2.56 (n, 2 H). LO/MS (m/z, MH ) 528.3,

{00293]

above using the appropriate starting materials:

The followmng intermediates were prepared in a similar fashion to intermediates

Structure Name Physical Data
- 5 {(E}-3-(4-{(2-(4-fluoro-2- H NMR (400 MHz,
< )"O*E:J'\;‘ methylphenyi)-6- CDOD)y d ppm = 1.48 -
, H \(\\, methoxybenzo[d]thiophen- | 1.73 (m, 3H) 1.73-1.96
= 3-yhoxyiphenyl}-N- (m, 3H}Z2.36 (5, 3 H) 3.56
N /g--- = ((tetrahydm-2I-i.—pyran~2- -3.70 (m, 1 H)3.89 (5,3
AT | shoxyucrytamide H) 3.98 - 4.14 (m, 1 H)
4 (compound 103} 4,96 (br. 5., 1 H} 635 {4,
J=15.66 Hz, 1 H) 6.79 -
6.95 tm, 3H) 6,95 - 7.07
(m, 2H)7.26-7.39 (m, 2
HY7.39-7.48 (m, 3 H)
7.52{d, /=16,17Hz, 1 H)
. (£)-3-(4-({2-(4- H NMR (400 MHz,
FSQ\\\ fluorophenyl)-6- CD;0D) S ppm = 7.74 {dd,
i® methoxybenzo{b]thiophen- | J= 531, 8.84 Hz, 2H),
3-yhoxyipheoyD-N-(3,3.3- | 7.43-7.55 (m, 4H}, 7.28
% mifhoropropyhacrylamide | (d, J=9.09 Hz, 1H), 7.13
S (compound 104) (t,.J=8.84 Hz, 2H), 6.91 -
g 7.03 (o, 3H), 6.47 (4, T =
L P 15.66 Hz, 1H), 3.89 (s,
oy AN e 3H), 3.54 (£, 1 = 6.82 Hz,
g x},‘ - 2HY, 2.37 - 2.57 (m, 2H)

{E3-3-{4-((Z-{4-fluorophenvhi-6-methoxvbenzo[blthiophen-3-vhoxyiphenvDacrvlamide

{conmmpound 105
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{30294 {EN-3-{4-((2-(4-fluorophenyl)-6-methoxybenzo| bithiophen-3-
vhoxy)phenyhacrylic acid (48 mg , 0.115 mmol) was dissolved in DMF (3.00 mL). The vial was
charged with HATU (65,6 mg, 0.173 mmol}, DIEA (G.060 mL, (.345 mymeol}, and NH.C1(6.16
mg, (.115 mmol). The reaction mixture was stirred for 10 min at room temperature. The reaction
was quenched with sat. NFH,CT and diluted with DCM. The organic phase was collected {phase
separator) and concentrated by vacuum to afford to crude product. The erude material was
purified by reverse phase HPLC (neutral condition, 3% 1-propanol in 1-100% CH3CN/HO) to
afford (£3-3-(4-((2-(4-fluoropheny)-6-methoxybenzo[ blthiophen-3-vhoxyiphenyhacrvlanude (41
mg, 0.098 mmol, 45 % vield) as a pale orange solid. 'H NMR (400 MHz, CD;0OD) & ppm = 3.77
{5, 3 H) 6403, /=1566 Hz, 1 H)6.78 - 690 (m, 3 H)Y 695 - 7.06 {m, 2 H) 7.16 (d, /=R.59 Hz, 1
Hy7.28-749(m, 4 H) 7.55 - 7.6%(m, 2 H.

Intermediates U

{(F-5-(4-((6-methoxy-Z2-{(4-methoxyphenvhbenrol blthiophen-3-vhoxvistvrvi-1 H-tetrazole

{conwpound 106)

{30295] To a mucrowave vial, (F)-3-(4-({6-methoxy-2-{4-

methoxyphenylibenzofbithiophen-3-yhoxyphenvliacrvlamide (75 mg, 0.174 mmol) and BuSn(
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3

{4.33 mg, 0.02 nunoly were suspended in DME (3 mb). The vial was charged with TMSN, (6.023
mik., 0.17 mmol) and the reaction was heated for 60 min at 180 °C under microwave hrradiation.
The reaction nuxture was filtered to remove solids and concentrated onto silica gel. The crude
material was purified by colurmn chromatography (810, 1-20% MeOH/DCM) to afford (F3-5-(4-
{(6-methoxy-2-(4-methoxyphenyhbenzo{ b lthiophen-3-yhoxy)styryl)-1 H-tetrazole (66 mg, 0.15
mmol, 83% vield) as a white sohd. 'H NMR (400 MHz, CD:OD) § ppm = 7.45-7.61 {m, 5 H),
732{(d,/=202Hz L H), 715{(d, /=909 Hz, | H), 6.98 (d, /= 1667 Hz, 1 H), 6.86-6.93 (m, 2
H), 6.78-6.86 (m, 3 H), 3.78 (s, 3 H), 3.69 (s, 3 H). LOMS (m/z, MH): 457 .4,

{EN-5-{4-{2-{4-flyorophenvD-6-methoxvbenzol Hlthionhen-3-vhoxvistyrvii- 1 H-tetrazole

{30296] To a nucrowave vial, (F)-3-(4-((2-(4-fluoropheny!)-6-
methoxybenzo|b]thiophen-3-yhoxy)phenyljacrylamide (41 mg, 0.098 nunol) and Bu,Sn( (2.433
mg, 9.77 wmol)} were suspended in BDME (3 ml). The vial was charged with TMSN; (0.013 mE,
0.098 ramol) and the reaction was heated for 60 min at 180 °C under microwave radiation. The
reaction mixture was filicred to remove solids and concentrated onto silica gel. The cnude
material was purified by colunio chromatography (5i0», 1-20% DUOM/MeOH) to afford (B)-5-(4-
{{2-(4-fluorophenyl)-6-methoxybenzo|blthiophen-3-vhoxy)styryl)-1 H-tetrazole (31 mg, 0.070
mnol, 71.4 % vicld) as an orange solid. ' NMR (400 MH7, | CD:0B Sppm =378 {5, 3 H}
6.80-681 (m, 3H)6.96-7.07 (m, 3H) 7.19(d, /=859 Hx, 1 H) 734 (4, /=253 Hz, T H) 7.35 -
75230, 3H) 738 - 774 (m, 2 H).

{EY-5-{4-{{6-methoxy-2-(4-methoxvphenvDbenzof b thiophen-3-vDoxyistyryl)-1 -methvi-1 H-

tetrazole and (£)-5-(4-({5-methoxy-2-(4-mcthoxvphenvlbenzol Hlthiophen-3-vDoxvistyrv)-2-

methyvl-2 Atetrazole {compounds 108 and 109
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160297] To a 30 mL vial containing (£)-5-(4-{{6-moethoxy-2-(4-
methoxyphenyhbenzo[dithiophen-3-yhoxy)styry])-2 H-tetrazole (15 mg, 0.03 mmol) m DMF (2
mk.) was added with iodomethane (2.260 uL., 0.04 mmol) and KoCOs (13.62 mg, .10 mumol) and
the reaction was stivved at room temperature for 18 h. The reaction was quenched with sat. ag.
NH4CHS ol and extracted with DUM (25 ml). The organic phase was collected (phase
separator) and concentrated in vacue to atford the crude product. The erude product was purified
by reverse phase HPLC (neutral condition, 3% 1-propanol in 1-100% CH3CN/H;0) to afford (£)-
3-{4-{{6-methoxy-2-{4-methoxyphenylibenzof fithiophen-3-yloxy)styryl)-1-methyl-1 H-tetrazole
{8 mg, 0.08 mmol, 529 yield) and (£)-5-(4-({6-methoxy-2-{4-methoxyphenyhbenzo[blthiophen-
3-yhoxy)styryD)-2-methyl-2 H-tetrazole (6 mg, 0.01 mmol, 39% yicld) both as a white solids.
{66298] {£)-5-(4-({6~-methoxy-Z-(4-methoxyphenylbenzo{blthiophen-3-yDoxyJstyryl)-
{-methyl-1 H-tetrazole: TH NMR (400 MHz, CD0D) 8 ppoa =748 - 7.60 {m, 3H), 7.39 - 7.48
(m, 2H}, 730 (4, /=202 Hz, 1H), 714 (4, /=909 Hz, I1H),6.95(d,./=16.67 Hz, 1H), 6.77 -
6.90 (m, SH), 4.24 (s, 3H), 3.76 (s, 3H), 3.68 (5, 3H). LO/MS (mvz, MH): 471 4.

{30299] {(£3-5-(4-((6-methoxy-2-(4-methoxyphenyUbenzo[ Althiophen-3-yhioxystyryly-
Z-methyt-2 H-tetrazole: 1H NMR (400 MHz, CDOD) dppma = 7.75 (d, /= 16.17 Hz, 1H), 7.59 -
770 (m, 4H), 743 {(d, J=2.02 Hz, 1H), 7.27(d, /=859 Hz, 1H), 7.05{d, /= 16.17 Hz, 1H),
6.97 - 7.05 (m, ZH), 6.90 - 6,97 {m, 3H), 4.14 (5, 3H), 3.89 (s, 3H), 3.80 (s, 3H). LO/MS (/7.
MH"): 471 4.

{03601 The followmng intermediates were prepared in a similar fashion to intermediates

above using the appropriate starting materials:

Structure Name Physical Data
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(B)- 54024
fluorophenyd-6-
methoxybenzo{h]thiophen-
3-yhoxystyryl)-2-methyl-
2H-tetrarole (compound
HEOY

"H NMR (400 MHz,
CB00) 8 ppm = 3.78 (5,
3H)4.03 (s, 2 H) 6.81 -
6.87 (m, 1 H)Y6.87 - 6.93
(m, 2 H) 6.95 - 7.06 {m, 3
H) 7.18 (d, /=R.39 Hz, 1 H)
7.35 (d, /=2.53 Hz, | H)
7.55 (m, J=9.09 Hz, 2 H)
7.55-7.69 {m, 3 H)

{(£)-5-4-((24-
fluorophenyl)-6-
methoxybenzo{hlthiophen-
3-yhoxystyryl)-1-methyl-
1H-tetrazole (compound
EE

'H NMR (400 MHz,
CB0D) 8 ppm = 3.77 (5,
3H) 4.24 (s, 3 H) 6.81 -
691 tm, 3H)6.97 - 7.07
(m, 3H) 718 (d, /=9.09
Hz, | H) 7.33 (4, /~2.53
Hez, 1 H) 741 -7.48 (m, 2
H) 7.52 (d, /=16.67 Hz, |
H) 7.60 - 7.69 (m, 2 H)

{(£)-5-(4-{{2~(4-Fluoro-2-
methylpheoyl)-6-
methoxybenzo{h]thiophen-
3-yhoxystyryl)-1H-
tetrazole (compound 112)

"H NMR (400 MHz,
OOl S ppm = 7.71(d, J
=16.67 Hz, 1H),7.32 -
7.44 (m, 2H), 7.22 - 732
(m, 3H), 7.00 (4, 7= 16.67

Hz, TH), 6.72 - 6.95 (i,

methyipheayl)-6-
methoxybenzo{h]thiophen-
3-yhoxyistyryl)-2-methyl
Z2H-tetrazole {compound
113

b SH), 3.85 (s, 3H), 2.33 (s,
SN
(E}-5-{4-{{(2-{4-fluoro-2- "H NMR (400 MHz,

CH:00) S ppm = 2.26 (s, 3
HY3.79(s,3H14.02 (5,3
H)6.74 - 6.84 (m, 3 H)
6.86 - 6.92 (m, 2 H) 6.94
(d,./=16.17 Hz, 1 H)7.20 -

7.29 (m, 2 H) 7.35 (d,
J=2.02 Hz, § H) 7.47 (4,
J=8.59 Hz, 2 H) 7.60 (d,
J=16.17 Hz, 1 H)
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(F)-5-(4-((2-(4-fluoro-2- "H NMR (400 MHz,
“f"NjN methylpheoyl)-6- Ch:0D) dppm = 2.26 (5,
AN methoxybenzo[blthiophen- | 3HD 3.78 (s, 3 H) 424 (5, 3
(SN 3-yhoxystyryD-I-methyl- | H)6.72 - 6.84 (m, 3 H)
e 1H-tetrarole (compound 6.85-6.98(m, 3 H) 718 -
g\ # 114} 7.30 (m, 2H) 7.31 - 7.40
. o (m, 3H}7.47 (d, /=16.67
N L p Hz, | H)
O"'\\\‘/'«\S.\ (/,\\;\\
P
N (F)-5-(4-((2-(4-fluoro-2- LO/MS (ovz, MH): 501.4
/NN methylpheay)-6-
N= ) methoxybenzo{blthiophen-
. 3-yhoxyistyryl)-2-propyl-
‘; \,j,) 2H-tetrazole {compound
A 115)
A =
\O \k/EJ\S\/ /::_/>-—F
. {F}-5-(4-{(2-(4-fluoro-2- LC/MS (mvz, MH ) 501.4
N EARN methyipheayl)-6-
‘NJ methoxvbenzolblthiophen-
3 P
Y/ 3-yhoxyistyryl-1-propyl-
s i H-tetrazole {compound
/] 116}
B O
N
B F
\O/\ Ay \ I/

Intermediates V

methyl 5-({(6-methoxv-2-{4-methoxvphenvl-1-oxddobenzol Althiophen-3-vhoxvipicolinate
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g b o
{60361] To a solution of methyl 5-bydroxypyridine-2-carboxylate (0.273 g, 1.78 mmol)

m DMF {6.84 mL} at room temperature was added sodnum hydnide (60% suspension in oil, 0.043
g, 1.78 mmol) and the resulting ouixture was stirred at roon teniperature for 30 vuns. After 30 min
at room temperature 3-bromo-6-methoxy-2-(4-methoxyphenyhbenzothiophene 1-oxide (8.5 g,
1.37 mmol} was added and the reaction was heated to 80 °C for 18 h. Upon completion the
reaction was cooled to room temperature, quenched with water and extracted with BCM. The
organic layers were combined, passed through a phase separator and concentrated in vacuo to give
the crude product, which was purificd by colunmw chromatography (S5i0,, 3-75% EtUAc/heptane)
to afford methy! 5-{(6-methoxy-2-(4-methoxyphenyl)-1 -oxidobenzo[blthiophen-3-
yioxyipicolinate (314 mg, 0.72 mmol, 52% vield). 'H NMR (400 MHz, CDCL) § ppm = 3.73 (s,
3H),3.84 (s, 3 H}, 3.90-3.92 (m, 3 H), 6.79-6.86 (1, 2 H), 6.91 (dd, /=859, 253 He, 1 H), 7.03
(d, /=859 Hz | H), 7.30(dd, /= 8.59,3.03 Hz, | H), 7.48¢(d. J = 2.53 Hz, | H}, 7.55-7.60 (m.
2H), 7.95(4,J =859 Hz, 1 H), 8.55(d,./ = 2.02 Hz, 1 H). LO/MS (m/z, MH): 438.2.

Intermediates W

{5-{{6-methoxy-2-{4-methoxvphenvhbenzo[blthiophen-3-vhoxyipvridin-2-vhimethanol

{compound 11X

HO
.
“0”@}~~CL )
L0

,—::
=

{60362] Step 1: To a solution of methyl 5-({6-methoxy-2-(4-methoxyphenyi)-1-

oxidobenzolblthiophen-3-yloxyipicolinate (0.314 g, 0.718 munol} in THF (5.98 mL} at § °C was
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added LAH (1.0 M in THF, 2153 wmL, 2.15 mmol} dropwise and the reaction was stirred at § °C
for 1 h. Upon completion the reaction was quenched with water and sat. ag. potassiom sodium
tartrate and the resulting mixture was stirred for 30 min and then extracted with EtQAc¢ (3x). The
organic layers were combined, passed through a phase separator and concentrated in vacuo to
afford crade (5-{(6-methoxy-2-(4-methoxyphenyiibenzo| Althiophen-3-yDoxy ipyridin-2-

yhmethanol which was used without further purifcation. LC/MS (ov/z, MH ) 394.2.

S-{{5-methoxy-2-{(4d-methoxvphenvhbenzo{Althiophen-3-vhoxvipicolinaldehvde (compound 119

1603631 Step 2: To a solution of (5-{{6-methoxy-2-(4-mmethoxyphenyl)-
benzolblthiophen-3-yhoxy ipyridin-2-yhmethanol (0.266 g, 0.676 mumol} in BCM (3.38 ml) was
added manganese dioxide (1.176 g, 13.52 nunol) and the reaction was stivred at room temperature
for 48 h. Upon completion the reaction was was filtered over Celite ™ and concentrated in vacuo
to afford crude S-((6-methoxy-2-{4-methoxyphenyhbenzo] 5jthiophen-3-yhoxypicolnaldehyde

which was used without further purification. LO/MS (nvz, MH): 392.2.

Tntermediates X

{Fy-methvi 3-(5-((6-methoxv-2-(4-methoxyphenvhbenzol blthiophen-3-vhoxyvipyridin-2-

vhacrviate {compound 12(H)
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{38364] To a solution of S-({6-methoxy-2-(4-methoxyphenylibenzof blthiophen-3-
vhoxyipicolinaldehyde (0.265 g, 0.68 mmoly in DCM (3.38 mbL) at 0 °C was added methyi 2-
{triphenylphosphoranylidenciacetate (6.543 g, 1.63 mumol) and the reaction was stirred at room
terperature for 13 h. Upon completion the mixture was concentrated in vacuo to afford crude
mraterial which was purified by column chromatography (510, 0-25% EtOAc/heptanes) to afford
{(Ey-methyl 3-(5-((6-methoxy-2-{(4-methoxyphenylbenzo{blthiophen-3-vhoxy)pyridin-2-
yhacrylate (96 mg, 0.22 mmol, 32% vield). "H NMR (400 MHz, CDCL) 8 ppm = 3.70-3.75 (m, 6
H), 3.79-383 (m, 3 H), 6.70(d, J=15.66 Hz, | H), 6.77-6.88 (m, 3 H), 7.02 {dd,/ = 8.59, 3.03
Hz, § Hy, 717 (s, L H) 718722 (m, 2 H), 7.48-7.59 (m, 3 H), 842 {(d. /=253 Hz, 1 H)

LO/MS (m/z, MH ) 443.3.

Intermediates Y

{E-ethvl 3-(4-({6-methoxy-2-{4-methoxyphenvhibenzolblthiophen-3-vhammonhenvDacrviate

{compound 1Z21)

™ o
O~y
\:=i\
W
AY
NH
‘lll

\0‘”@—'« LR
160365} To a large microwave vial (10-20 mL) was added 3-bromo-6-methoxy-2-(4-
methoxyphenylibenzof fithiophene (350 mg, 1.00 mamol), cthyl 4-aminocinnamate {383 mg, 2.00
mmol) and KGPO, (425 mg, 2.00 mmol). 1,4-dioxane (6.0 mL) was then added followed by
chloro-(2-dicyclohexylphosphine-27,6 -diisopropoyy-1.1 -bipheny DI 2-(2-
anuinoethyhphenylipatladivm{1l) methyl-r-butyl ether adduct (RuPhos palladacycle, 73.0 mg, 0.10
rinol) and the reaction was subjected to microwave irirradiation at 120 °C for 3 h. Upon
completion the reaction mixtare was transferred to round bottom flask with BtOAc and
concentrated in vacuo. The resulting material was partitioned between water and EtOAc and
separated, the agueous layer was then further extracied with BtOAc (3%} and the combined

organic layers were passed through a phase separator to remove water and concentrated in vacuo.
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The crude material was purified by column chromatography (310,, 8-30% BiQCAc/heptane) to
afford (£)-cthyl 3-(4-{(6-methoxy-2-(4-methoxyphenybbenzo[ bithiophen-3-
yhaminephenybhacryvlate (69.0 mg, 0.15 mmol, 15% yield) as g white solid. LC/MS (avz, MH™):
460.3.

Intermediates &

{EY-ethvl 3-(4-({6-methoxv-2-(4-methoxvphenvhbenzol blthiophen-3-

vi(mcthvDamino)phenyhacrviate (compound 122)

\5{:‘
-
@

e N~
% ’&ﬁ -
78 )

ad

{80386] To a solution of (£)-ethyl 3-(4-({6-mecthoxy-2-{4-
methoxypheaylbenzolbithiophen-3-yhamivoiphenyhacrylate (69.0 mg, .15 mmol} in DMF (6.6
mb) at room temperature was added NaH (60% suspension in oil, 139 mg, 3.48 mmol). After {5
mun, methyl iodide (0.272 ml, 4.35 nmol) was added and the vesulting solution was allowed to
stir at room temperature for 45 min after which time the reaction was guenched with brine and
diluted with water. The resulting solution was then extracted with EtOAc (3%) and the combined
organic layers were washed with brine (2%}, passed through a phase separator and concentrated in
vacuo to atford the crude product which was purified by reverse phase HPLC (neutral condition,
3% L-propano! in 1-100% CHCN/HO) to aftord ((F)-cthy! 3-(4-((6-methoxy-2-(4-
methoxyphenylbenzo[bithiophen-3-yl{methyhammno)phenyliacryiate (25.5 mg, 0.05 mmol, 36%

yield) as a white solid. LO/MS (m/z, MH ) 474.3.

Additional {ntermediates:

2-bromo-S-fluore-N-methoxv-N-methvibenzanyde {compound 123}
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Y & F
o
{06387 To a suspension of 2-bromo-5-flucorobenzoic acid (2.0 g, 9.13 mmeol) in DCM

{80 mL} at room temperature was added N,O-dimethylhydroxylamine hydrochlonide (1.069 g,
10.96 mmol), N-(3-dimethylaminopropyl}-~N -cthylcarbodiimide hydrochloride (2.276 g, 11.87
minol), hydroxybenzotriazole {1.818 g, 11.87 munol) and triethylamine {2.55 k., 18.26 vunol).
The resulting mixture was stirred at room temperature for 5.5 h after which time the reaction was
quenched by addition of sat. ag. NaHCOy solution and the lavers separated. The organic layer was
then washed with brine, dricd over anhydrous MgSQO., filtered and concentrated in vacuo. The
resulting crude material was purified by column chromatography (Si0,, (-40% EtOAc/Hexanes)
to afford 2-brome-3-fluoro-N-methoxy-N-methylbenzamide as a white solid. " NMR {400 MHz,
CECLyoppm 7.54 (dd, I=8.8,49 Hz, 1H), 7.05(dd, I=82,3.0Hz, 1H), 7.00(td, J =8.4,3.0
Hz, 1H), 3.50 (s, 2H}, 3.38 (5, 3H).

§-(2-bromwo-S-fluoronbenviethanone {compound 124)

{303038] To a solution of 2-bromo-5-fluore-N-methoxy-N-methylbenzamide (1.54 g,
5.88 numol) in THF (60 mb) at (°C was added MceMgl (3.0 M in digthyl cther, 1.998 mlL, 5.99
mmol) dropwise over 5 min, the reaction immediately turned bright yellow after a few drops and
theo after continued addition the reaction lost the yellow color and a significant amount of white
precipitate crashed oot After 15 min the reaction was warmed to room temperature and stirred for
15 b after which an additional 3 x 0.5 equiv. MeMgl (1.0 mL) was added every 3 hunti after 23 h
the reaction was quenched by addition of sat. ag. NH.(C1 solution and extracted with dicthy ether
{3x}. The combined organic layers were dried over anhydrous MgSQ,, filtered and concentrated
in vacuo and the resulting crude material was purified by column chromatography (810, -20%

EtOAc/Hexanes) to afford 1-(2-bromo-5-fluorophenyDethanone (1.038 g, 4.78 mmol, 81% vield).
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'H NMR (400 MHz, CDCL) 8 ppm 7.57 (dd, J = 8.8, 4.9 Hz, 1FD), 7.18 (dd, J = 8.4, 3.1 Hz, {1,

7.07 - 6.99 (ra, 1H), 2.63 (s, 3H).

i -bromo-4-tluorg-2-(pron-1-en-2-viibenzene (compound 125

Br E//;\\
\,ﬁ/ /J\ E

{(30369] To a suspension of methyltriphenylphosphonium bromide (5.69 g, 15.91 mmwol}

m diethyl ether (80 mbL) at room temperatare was added »-Boli (2.5 M in hexanes, 6.37 mL,
15.91 ramol) dropwise. The reaction tioediately turned bright orange and the resulting sefution
was stirred for 35 min at room temperature atter which time a solution of 1-(2-bromo-5-
fluorophenyllethasone (3.14 g, 14.47 romol) in diethyl ether (20 ml) was added dropwise. The
reaction lost the bright vellow color and became almost completely white with a significant
amount of white precipitate, the reaction was stirred for 89 h after 1t was quenched by addition of
water and extracted with dicthyl ether (3x), the combined organic layers were dried over
anhydrous MgS0s, filtered and concentrated in vacuo. The resulting crude matenal was purified
by column chromatography (Si(y, §-5% Diethy] Bther/Hexanes) to aftord 1-bromo-4-fluoro-2-
{prop-1-en-2-yhbenzene, 'H NMR (400 MHz, CDCL)Y 8 ppm 7.49 (dd, F = 8.8, 5.3 Hz, 1H), 6.92
(dd, J=9.0,31Hz, IH), 685 ¢d, S =83, 3.1 Hz, 1H}, 5.24 (1, J = 1.7 Hz, 1H}, 4.96 (5, 1H), 2.08
(d,I=14Hz 3H).

1-bromo-4-fhioro-2-isopropvibenzene (compound 126)

{60310] To a solution of 1-bromo-4-fluoro-2-(prop-1-en-2-yhbenzene (200 mg, 6.930
mmol) in DCM (5 ml.} was added 5% Rhodium on Alomina (30 mg, 0.015 mmol). The resulting
mixture was stirred under hydrogen atmosphere (S0 psi) for 18 h atter which time the reaction was
filtered through Celite™ and concenirated in vacuo to afford 1-bromoe-4-fluoro-2-
isopropylbenzene. 'H NMR (400 MHz, CD.Ch) 8 ppm 7.48 (dd, J = 8.6, 5.7 Hz, 1H), 7.01 (dd, ]
=10.3,3.1 Hz, 1H), 6.62 -6.75 (m, 1H}, 3.38 -3.25 (m, 1H), 1.21 {4, =69 Hz, 6H).
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N

I -bromo-2-{1-fluoroethylibenzene {compound 127)

Br N
F\T E P
180311 To a solution of 1-{(2-bromophenybiethanol (1 g, 4.97 mmol) in DCM (12 mi)

was added triethylamine trihydrofluoride (1.621 mL, 9.95 mmol) and XtalFluor-E” (1.708 g, 7.46
mmol) dropwise over S5 mun. After addition the resulting mixture was stirred at room temperature
for 1 h and then cooled to 0°C and guenched by addition of sat. ag. NaHCG;. The layers were
separated and the aqueous was extracted with DCM (2. The combined organic layers were dried
over anhydrous MgSQy, filtered and concentrated in vacuo to afford 1-bromo-2-(1-
fluorocthylibenzene. 'H NMR (400 MHz, CDLCh) 8 ppra 7.54 (dt, J = 8.0, 1.2 Hz, 1H), 7.50 (dd,
J=78,1.8He, 1H), 738 ¢d,J=7.6,13 Hz, 1H), 7.19(d, J=7.7, 1.7 Hz, IH)}, 590 (dg, J =
46.6, 6.4 Hz, 1H), 1.60 (dd, J =24.2, 6.5 Hz, 3H).

{Eh-ethvl 2-(4d-hvdroxvbenzyhdenetbutanoate (commound 128)

{B0312] To a solution ethyl 2-bromobutancate (2.75 mb, 19.65 munol) m DMF (15 mbL)
were added PPR3 (3.87 g, 14.74 mmol) and Zine (1.285 g, 19.65 mmel), The resulting muxture
was heated to 140°C for 3 b after which time the reaction was cooled to room femperature and
filtered to remove schid. The filirate was concentrated in vacue and the resolting crude material
was purified by column chromatography (Si0,, 0-30% EtOAc/Heptane) to afford (£)-ethyl 2-(4-
hydroxybenzylidene)butancate (820 myg, 3.72 muol, 38% yield) as a white solid. 'H NMR (400
MHz, CD;OD) S ppm 0.95 (¢, I=7.33 Hz, S H), 112 {, J=7.07 Hz, 3 H), 2.36 (g, I=7.58 Hz, 2 H),
4.03 (q, §=7.07 Hz, 2 H), 6.61 {m, }=8.59 Hz, 2 H), 7.08 (m, J=8.59 Hz, 2 H}, 7.35 (5. 1 H}.
LO/MS (m/z, MH ) 221.2.

{-{{1-1socvanc-Z-methvipropyDsulfonvhi-4-methvibenzene (compound 129)
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{60313] To a solution toluenesulfonylmethyl isecvamide (83 mg, 0.271 mmol} in DMSO
{0.27 mi) and diethyi ether (.27 mll) at room temperature was added NaH {60% suspension in
otl, 21.71 myg, 0.543 mmol) in one portion as a solid. The resulting vuxture was stirred for 20 min
at room temperature after which time 2-bromopropane {8.038 mb., 0.407 mumol) was added and
the reaction was stirred at for | h and then guenched by addition of water (8 mL) and extracted
with EtOAc (8 mi.). The organic layer was dried over anliydrous MgSQy, filtered and
concentrated in vacuo. The resulting crude material was porified by column chromatography
{810, 0-30% EtOAc/Heptane) to afford 1-{{1-1socyano-2-methyipropyDsuifonyh-4-
methylbenzene (41 mg, 0.173 mmol, 64% vield). 'H NMR (400 MHz, CDCL) S ppm 7.87 (d, J =
TAHz 2H), 742 (3, 1="71Hz, 2H), 434 (s, IH), 2.74 (s, 1H), 248 {5, 3H), .19 {dd, T =191,
6.6 Hz, 6H).

{Ey-methy] 3-4-(2-formvl-6-methoxvbenzol A lthiophen-3-vhoxviphenvhacrviate {compound

130y

{060314] To a solution of (Fy-methyl 3-{4-((6-methoxyvbenzo{bthiophen-3-

vhoxy)phenyhacrylate (30 mg, $.058 mmol) in CHCL (1.5 mL} at 0°C was added POCL (0.5 ml,
5.36 mumol) followed by DMF (0.5 mlL., 6.46 mmol). The resulting mixture was stirred at (0°C for
5 min and then allowed to warm to room temperature for 2 b after which tune the reaction was
again cooled to 0°C and quenched by dropwise addition of water. The muxture was then
partitioned between 1N agueous NaOH and CH,Ch. The layers were separated and the organic

layer was dried over anhydrous Na,S3Q,, filtered and concentrated in vacuo to afford (F)-methyl 3-
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{4-((2-formyl-6-methoxybenzolbjthiophen-3-yhoxy)phenvhacrylate (31 mg, 0.054 mmol, 95%

vield) which was used without further purification. LO/MS (wvz, MH): 369.0,

{Eyv-methvl 3-{4-{(2-(4-1sopropvioxazoel-5-vh-6-methoxybenzol blthiophen-3-

vioxviphenvhacrvlate (compound 131

{ 4‘%\}
o *Q}}“—:‘giw,o
~
{0315] To a sohution of (F)-methyl 3-(4-(2-formyl-6-methoxybenzol blthiophen-3-

vhoxy)phenyhacrylate (30 mg, 0.081 mmol) and 1-({1-isccyano-2Z-methyipropylisulfonyl}-4-
methylbenryene (38.7 mg, 0.163 mmol}y in MeOH (1.5 mL) at room temperatare was added
NaOMe (13.20 mg, 0.244 nunol) as a solid. The resulting mixture was warmed to 80°C for 3 b
after which time the reaction was quenched by addition of brine and extracted with EtOAc (2x).
The combived organic layers were dried over anhydrous NaZS04, filtered and concentrated in
vacuo. The resulting crade material was purified by column chromatography (510;, 0-20%
EtOAc/Heptane) to afford (Fy-methyl 3-{4-{(2-{4-sopropyloxazol-5-yi}-6-

methoxybenzo| blthiophen-3-yhoxy)phenyliacrylate (10 mg, 6.027 numol, 27% yield) as a yellow

oil. LO/MS (mvz, MH )Y 450.0.

{EY-4-{4-({6-methoxybenzolbthiophen-3-vhoxyiphenvibut-3-en-2-one {commpound 13

121



WO 2014/130310 PCT/US2014/015938

{B0316] To a mucrowave vial, 3-{4-bromophenoxy)-6-methoxybenzol Hlthiophene (1.0
g, 2.98 mmol), but-3-en-2-one (0.483 ml., 8.95 mmol}, and Pd(PPha»Cl (209 mg, 0.298 mmol)
were suspended m DMF (18 mL) and triethylamine (2.07% mL, 14.92 mmol). The reaction was
heated for 60 min at 120 °C under microwave wradiation. The reaction mixture was diluted with
EtQAc and brine and the layers were separated. The aqueous layer was then further extracted
with BEtOAc (2, the combined organic layers were dried over anhydrous Na, S0y, filtered and
concentrated in vacue. The resulting crude material was purified by column chromatography
{510, 0-20% BEtOAc/Heptane) to afford (£)3-4-(4-((6-methoxybenzofblthiophen-3-
vhoxy)phenyiibut-3-en-2-one (584 g, 1.800 romol, 60% vield) as a light browo solid. LO/MS
{m/z, MH"): 325.0.

{F-4-{4-{(2-{Z2-1sopropvinhenv-6-methoxvbenzo[ blthiophen-3-vhoxyiphenvDbut-3-en-2-one

{compound {133}

{B0317] To a 5 mL microwave vial, added a solution of (£)-4-(4-{(6-
methoxybenro{blthiophen-3-yhoxyphenylibut-3-en-2-one (90 mg, 0.277 mmol) in anhydrous
DMA (3.0 mL)}, followed by 1-1ode-2-isopropylbenzene (137 mg, 0.555 momeot), chiorof2-
{theyclobexylphosphine)-3,6-dimethoxy-2" 47,67 -tri-i-propyl-1,1 -biphensy]{2-(2-
aminoethyhphenylipalladium(il) (BrettPhos Palladacycle 1Y generation, 22.16 mg, 0.028 romol},
trimethylacetic acid (85 myg, 0.832 nmmol) and potassium carbonate (115 mg, (.832 mmol). The
microwave vial was sealed, purged and back-filled with nitrogen. The reaction mixture subjected
to microwave irradiation for 2 b at 150°C. Upon completion the reaction was diluted with EtDAc,
and washed with water (2x) and brine (1%}, The combined organic layer was dried over
anhydrous Na:3Q,, filtered and concentrated in vacuo to give the crode product, which was

purified by column chromatography (8510, 0-20% EtDAc/heptane) to afford (£3-4-(4-((2-(2-
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isopropylphenyl)-6-methoxybenzo{bithiophen-3-yloxy)phenyvlibut-3-en-2-one (71.3 mg, 0.161

nmol, 58% vield). LO/MS (wvz, MH'): 443.0.

{Fy-methy] 3-(4-((2-bromo-6-methoxybenzol b thionhen-3-vhoxyiphenvhacryiate {conmound

{30318] To a solution {(Fp-methyl 3-{(4-{{6-methoxybenzoi blthiophen-3-
vhoxviphenylacrylate (2.1 g, 6.17 vwnol) io THF 201 mL) at room temperatare was added V-
bromosuccinimide (1.208 g, 6.79 mmwol). The resulting solution was stirred vigorously at room
temperature for 2 h after which time the reaction was guenched by addition of sat. ag. Sodium
Thiosulfate solution and extracted with EtOAc (3%). The combined organic layers were dried over
anhydrous MgSO., filtered and concentrated in vacue. The resulting crude material was purified
by column chromatography (510, §-40% EtOAc/Heptane) to afford (£)-methyt 3-(4-{{2-bromo-
6-methoxybenzo[blthiophen-3-yhoxy)phenyDacrylate (2.4 g, 5.72 mmol, 93% vield). '"H NMR
(400 MHz, CDCl S ppm 7.65 (4, F = 16.0 Hz, 1H), 746 (4, ] =8.7 Hz, 2H), 732 (d, } = 8.9 Hz,
1HY, 720(d, F =22 He, 1H), 6.95(d, J= 8.7 Hz, 2H}, 6.91 (dd, ] = 8.8, 2.2 Hz, 1H}, 6.31 (s, IH),
3.86 (5, 3H), 3.79 (s, 3H). LO/MS (my/z, MH ) 420.9.

{EN-methvl 3-(4-((2-bromoe-6-bvdroxvbenzol b lthiophen-3-vhioxviphenvhacrviate & (E)-3-(4-{(2-

P

bromo-6-hvdroxybenzo[blthiophen-3-voxyIiphenvDacrvlic acid (conwpounds 135 and 136}

\ O 0
o{' Hodi
b\:\\% *“-—>‘H
v
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{BO31Y To a solution of (F)-methyl 3-(4-((2-bromo-6-methoxybenzofblthiophen-3-
vhoxyiphenylacrylate (2.4 g, 5.72 wwunol) io DCM (20 mL) at room temperature was added BBr;
(1.0 M in Heptane, 17.17 mL, 17.17 mmol} dropwise. The resulting mixture was stirved at room
teraperature for 2 h after which time an aqueous buffer (pH 7.4, made from citric acid and dibasic
sodmuim phophate, 10 ml). cooled to §°C, was slowly added mto the reaction. The resulting
muxture was then diluted with DCM (30 mb.) aond stirred at room temperature for § b The phases
were then separated and the organic phase was dried over anhydrous NapSQ,, filtered and
concentrated i vacuo. The crude material was purified by cohonn chromatography (510, 0-
100% EtOAc/Heptane) to afford (Fy-methyi 3-(4-((2-bromo-6-hydroxybenzo! blthiophen-3-
vhoxyiphenyhacrylate (1.6 g, 3.95 mmol, 69% vield) as a pale yellow solid and (£)-3-(4-({2-
brome-6-hydroxybenzo{dlthiophen-3-vhoxyiphenyhacrylic acid (370 mg, 0.946 mumol, 17%
yield} as a yeliow solid.

{00328 {Ey-methyl 3-(4-((2-bromo-6-hydroxybenzo[Althiophen-3-
yhoxy)phenyhacrylate: 'H NMR (400 MHz, CD:OD) § ppmt 3.76 (s, 3 H), 6.43 (d, J=16.17 Hz, 1
Hy, 6.82 (dd, J=8.84,2.27 Hz, 1 H}, 690 - 6,97 (30, 2 H)}, 7.17 (4, I=2.02 Hz, 1 H), 7.22 (d, }=8.59
Hz, I H), 7.53 - 7.62 (m, 2 H), 7.65 (d, J=15.66 Hz, 1 H). LOMS (m/z, MH"): 406.8.

{30321 {£)-3-(4-((2-bromo-6-hydroxybenzo{blthiophen-3-yhoxy)phenyDacrylic acid:
'H NMR. (400 MHz, CD:0D) 8 ppm 6.38 (4, J=16.17 Hz, 1 H), 6.82 (dd, J=8.59, 2.02 Hz, 1 H),
6.89-697 (o, 2H), 717 (d, J=2.02 Hz, 1 H}, 7.23 {d, J=8.5% Hz, 1 H}, 7.53 - 7.60 (10, Z H}, 7.63
(d, I=15.66 Hz, 1 H). LO/MS (my/z, MH ) 392.8.

(£y-methvi 3-{4-((Z2-(2-isopropyl-6-methviphenvli-6-methoxvbenzol blthiophen-3-

;-;\
/
/

vhoxvivhenvhacrvlate {(compound 13
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{30322] To a solution of (F}-methyl 3-(4-({2-bromo-6-methoxybenzol b lthiophen-3-
vhoxyiphenyhacrylate (150 mg, 0.358 mmol) in dimethoxyethane (1.7 mL) and water (0.3 ml)
was added (2-isopropyl-6-methyiphenyiboronic acid {127 mg, 0.715 mmol}, bartwum bhydroxide
{123 mg, 0.715 mmnol) and tetrakis(triphenylphosphine)palladium{0) (41.3 mg, 0.036 mmol). The
mixture was subjected to microwave irradiation at 125 °C for 25 min after which time the reaction
was acidified to pH 2 by addition of concentrated HCL The mixture was then extracted with DCM
{3x} and the combined organic layers were dried over ashydrous MgSO4, filtered and
concentrated in vacuo. The resulting crude material was porified by column chromatography
(810, 0-30% EtOAc/Heptaoe) to afford (F)-methyl 3-(4-{(2-(Z-1sopropyl-6-methylpheny}-6-
methoxybenzo[plthiophen-3-yhoxy iphenyDacrylate (151 mg, 0.304 nmmol, 85% yield). "H NMR
{400 MHz, (CDSM dppm 7.65(d, =22 Hz, 1H), 7.62(d, J=8.5Hz, 2H}, 7.56 (d, ] = 16.0
Hz, 1H}, 7.32 - 7.18 (m, 3H), 7.10(d. J = 7.4 Hz, 1H), 7.00 (dd, J = 8.7, 2.3 Hz, 1H}, 685 (4, J =
.6 Hz 2H), 647 (d, J=16.0Hz, 1H), 3.84 (5, 3H), 3.69 (5, 3H), 294 (p, I =68 Hz, 1H), 2.15 {5,
3H), 1.12(d, T = 6.8 Hz, 3H), 0.98 (d, J = 6.8 Hz, 3H). LC/MS (m/z, MH"): 473.0.

{(Ed-tert-butvl 3-{4-((2-(2-(difluoromethvhinhenvi-6-hyvdroxvbenzol bithiophen-3-

yhoxyvishenvhacryiate {compound 13X}

by’
Nam
N
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o o)
HO’& F N e
e / \\
) \\
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{63234 To a solution of (F)-fert-butyl 3-(4-((2-C2-(diftuoromethyhpheny}-6-

methoxybenzoblthiophen-3-yhoxyphenylacrylate (133 mg, 0262 mmol) in N-Methyl-2-
pyrrolidone (1.5 ml) was added thiophenol (0.040 nd., (.392 mmol) and K,C0O; (36.1 mg, 0.262
mmol). The resulting mixture was subjected to microwave irradiation at 200°C for 1 h after which
time the reaction was quenched by addition of water and extracted with EtOAc (2x), The

combined organic layers were dried over anhydrous MgSQ4, filtered and concentrated in vacuo
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and the resulting crode matenial was purified by column chromatography (510,, 0-20%
EtOAc/Heptane) to afford (£)-tert-butyl 3-4-((2-(2-(difluoromethyliphenyl)-6-
hydroxybenro[blthiophen-3-yhoxyipheaylacrylate (100 mg, 8.202 mmol, 77% yield). LL/MS
{m/z, M-H): 493.1.

{Fy-methvl 3-(4-((2-2-(1. 1-difluoroethvliphenvh-6-hvdroxvbenzol blthiophen-3-

vhoxviphenvhacrylate {(compound 139

\ {
O
- o
HO‘M\ .

=
¥

=
¥

{30324 To a solution of {#}-methyl 3-(4-({2-bromo-6-hydroxybenzo|bithiophen-3-
vhoxyiphenyhacrylate (95 mg, 0.234 numol) in dimethoxyethane (3.0 mbL) was added 2-(2-(1,1-
difluoroethyljphonyly-4,4,5,5-tetramethyi-1,3,2-dioxaborolane (94 mg, 0.352 mamol), {1.1'-
Bis{diphenylphosphinoiferrocene]dichloropalladium(il) complex with dichloromethane (19.14
mg, 0.023 munol) and potassium carbonate (2.0M aqueous solution, $.469 mlL, 6.938 mmol). The
resulting mixture was subjected to microwave irradiation at 100°C for 20 min after which time the
reaction was diloted with EtOQAc and washed with sat. ag. NH4Cl1 solution {(2x). The combined
organic layers were dried over anhydrons MgSQy, filtered and concentrated in vacuo and the
resulting crude material was purified by column chromatography (510, (-40% EtOAc/Heptane)
to afford (£)-methyl 3-(4-((2-(2-(1,1 -diflecrocthyliphenyl)-6-hydroxybenzoi bthiophen-3-
yhoxyiphenyDacrylate (77 mg, 0.165 mmol, 70% vield). 'H NMR (400 MHz, CDCly) & ppm 7.63

—7.56 (m, 2H), 7.44 — 7.38 (m, 1H), 7.36 (d, J = 8.8 Hz, 2, 7.33 (d, } = 4.1 Hz, 7H), 7.28 - 7.24
(m, 2H), 6.90 ~ 6.81 (m, 3FD), 6.28 (&, T = 16.1 Hz, 11, 3.78 (s, 31D, 1.91 (¢, J = 18.4 Hz, 3.

{FY-methvl 3-(4-({(6-methoxy-2-2-(methoxvmethyDphenvDbenzoi blthiophen-3-

vioxviphenvhacrviate {compound 140}
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{B0325] To a solution of (#F}-methyl 3-(4-({2-bromo-6-methoxybenzo] & jthiophen-3-

vhoxviphenylacrylate (100 mg, 0.238 mmol) n 1,2-dimethoxyethane (3.0 ol was added (2-
{methoxymethyhphenyliboronic acid (79 mg, 0.477 mmol), {1,1-
bis(diphenyiphosphinojferrocenedichloropaliadium(Il) (17.5 mg, 0.024 mmol) and NayCG;
(2.0N aqueous, 0.358 ml, 0.715 munol). The resulting mixture was subjected t¢ sucrowave
wradiation at [00°C for 20 min after which time the reaction was diluted with EtOAc¢, added
anhydrous Na:3Q,, filtered and concentrated in vacuo. The crude material was purified by coluon
chromatography (Si(,, (-20% EtOAc/Heptane) to afford (£)-methyl 3-(4-({6-methoxy-2-{2-
{methoxymethyliphenylbenzo[bithiophen-3-yloxy)phenyDacrylate (86.6 mg, 0.188 mmol, 79%
vield). LO/MS (o/z, M+H,O1 478.0.

{E1-3-{4-{{6-methoxy-2-{ 2-{methoxvmethvhnhenvDbenzol[ & lithiophen-3-vDoxyiphenyvDacrviic

acid {compound 14 1)

9
HO-«<
=

{80326] To a solution of (F)-methyl 3-(4-({6-methoxy-2-(2-
{methoxymethyliphenylbenzo[bithiophen-3-yloxy)phenyhacrylate (36.6 mg, 0.188 mmol) m
McOH (3.0 mL) was added LiOH (2.0N aqueous, 0.564 mL, 1.128 mumol}. The resulting mixture

was stirred at room temperatare for 48 b after which time the reaction was brought to pH 7 by

127



WO 2014/130310 PCT/US2014/015938

addition of 1N HC, the neutralized reaction was then concentrated i vacuo to afford (£)-3-(4-
{({6-methoxy-2-2-(methoxymethyvhphenyUbenzoblthiophen-3-vhoxviphenyhacrylic acid (45.9
myg, 0.103 mmol, 55% vield). LO/MS (m/z, MH™Y: 447.0.

(R Ey-methyl 3-(4-((2-(2-{1-hvdroxvethvDphenvh-6-methoxvbenzol blthiophen-3-

vhoxviphenvhacrylate {(compound 142

A
Oy

{60327] To a micorwave vial contaiming (£}-methyl 3-(4-((6-methoxybenzof bithiophen-
3-yhoxyphenyhacrvlate {100 mg, 0.294 munol) in DMA (2.5 mL) was added (R)-1-(2-
bromophenylicthanol (118 mg, 0.588 mmol), chloro]Z-(dicyclohexyiphosphing}-3,6-dimethoxy-
274767 -tri-i-propyl-1,1 -biphenyli[ 2-(2-aminocthy phenylipaliadium(il) (BrettPhos
Palladacycle 1% generation, 23.47 myg, 0.029 mmol), trimethylacetic acid (90 mg, 0.881 mmol)
and potassium carbonate (122 mg, .381 mmol) The mucrowave vial was scaled, purged and back-
filled with nitrogen. The reaction muxture subjtected to microwave irradiation for 2 hat 150°C.
Upon completion the reaction was diluted with EtQOAc, and washed with water and brine. The
combined organic layer was dried over anhydrous Na SOy, filtered and concentrated in vacuo.
The resulting crude material was purified by colomn chromatography (Si10;, (-30%
EtOAc/heptane) to afford (R, F)-methyl 3-(4-((2-2-(1-hydroxyethylpheny}-6-
methoxybenzol&lthiophen-3-vhoxyiphenyhactylate (27.5 mg, 0.060 romol, 20% yield). LO/MS
(m/z, MH): 459.0.

(R Fr-methvl 3-(4-({6-hydroxy-2-(2-(1 -bvdroxyvethvDiphenvhbenzol bithiophen-3-

vhoxviphenvhacrviate {compound 143)
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{30328] To a sohution of afford (R, Fy-methyl 3-(4-((2-(2-(1 -hydroxyethyDphenyl)-6-
methoxybenzo[blthiophen-3-vhoxyiphenyhacrylate (27.5 mg, 8.060 vunol) N-methyi-2-
pyrrolidone (1.0 mL) was added thiophenol {8.00922 mL, 0.090 manol) and K. CG; {8.25 mg,
0.060 ramol). The resulting mixture was subjected to mucrowave irradiation at 190°C fo 1 b after
which time the reaction was diloted with EtQAC and washed with brine. The layers were
separated and the aqueous layer was further extracted with EtQOAg, the combined organic layers
were dried over anhydrous Na, SOy, filtered and concentrated in vacuo. The resulting crude
material was purified by column chromatography (510, 0-30% EtQAc/heptane} to afford (R,£)-
methyl 3-(4-{{(6-hydroxy-2-2-{1-kydroxycthyhphenyljbenzo] s ithiophen-3-
yhoxyiphenyhacrylate (5 mg, 0.011, 19% yield). LO/MS (m/z, MH): 445.0.

{F-3-{4-({6-{(rerr-butvidimethvisiivhoxy -2 2-isopropvinhenvhbenzol Hlthiophen-3-

vhoxyinhenvbhacrviic acid (compound 144)

0
HO~
\.'::_"\
-
& N
N
TB = &
3 N
\C"’Q\ !Ill \ e
5 j\} /k
{30329] To a solution of (£3-3-(4-((6-bydroxy-2-2-isopropyiphenylibenzo[blthiophen-

3-yhoxyphenyhacrylic acid (100 mg, 8.232 mimol) m DCM (3 mL) at room temperatore were

added tert-butyldimethylsilvi chloride (88 mg, 0.581 romol) and N N-diisopropylethylamine
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{0.122 mL, 0.697 mmol). The resulting mixture was stirred at room temperature for 18 h after
which time the reaction was quenched by addition of water and extracted with EtOAc (24). The
combined organic layers were dried over anhydrous Na,SO;4, filtered and concentrated in vacuo
and the resulting crude material was then dissolved in THF (wet) and K,CO5 (321 mg, 0.232
minel} was added and the mixture was stirred at room temperature for 2 h. Upon completion the
reaction was quenched by addition of TN HCI and extracted with EtOAc (2%}, the combined
organic lavers were washed with brine, dried over anhydrous Na5Q,, filtered and concentrated in
vacuo to afford (F)-3-(4-((6-({tert-butyldimethylsilyDoxy)-2-(2-
wopropyiphenylbenzofbithiophen-3-yhoxyphenyhacrylic acid {120 mg, 6.220 nwol, 95%
yvield). "H NMR (400 MHz, CDCE) 3 ppm 7.66 (d, J = 16.0 Hz, 1H), 7.37 (4, J = 8.8 Hz, 2H),
734 -724 (m, SH), 7.17 - 7.09 {m, 1H), 6.90-6.82 (m, 3H), 6.26 (4, = 15,9 Hz, 1H), 3.24 (p,
J=67Hz IH), L17({d, J= 6.7 Hz, 6H). 1.0l (s, OH), (.24 (s, 6H).

{F-1sopropyl 3-(4-({(6-((ert-butyidimethyisilvDoxyi-2-(2-isopropviphenvlbenzol & lthiophen-3-

vhoxvivhenvhacrvlate {(compound 145)

g
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{00338 To a solation of (£3-3-(4-((6-{{tert-butyldimethy lsilyhoxy)-2-(2-
isopropyiphenylibenzolhlthiophen-3-vhoxyiphenyhacrylic acid (59.6 mg, 0.109 mmoly n DCM
{2.5 mL) was added +-PrOH (0.034 mL, 0.438 mmol), N-(3-dimethylaminopropyl}-N'-
cthylearbodimide bydrochloride (84 mg, 0.438 mumol) and 4-dimethylaminopyridine (8.02 mg,
0.066 mmol). The resulting mixture was stirred at room temperature for 75 min after which time
the reaction was guenched by addition of water and diluted with DCM. The phases were
separated and the aqueous layer was further ¢xtracied with DUM (3%). The combined organic

layers were drigd over anhydrous MgSQy, filtered and concentrated in vacuo. The resulting crude
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material was purified by cohimn chromatography (810, 0-30% EtQAc/Heptane) to {(£)-1sopropyl
3-{4-{{6-{tert-butyldimethylsily Doxy -2-(2-isopropyiphenyhbenzo] bithiophen-3-
yhoxyiphenyhacrylate (35 mg, 0.060 mmol, 55% vield). 'H NMR (400 MHz, CDCL) 8 ppm 7.49
{d,J=160Hz 1H), 732 -7.17 {(m, 7H), 710 - 7.03 (m, 1H), 6.79 (d, I =8.8 Hz, 3H), 618 (d, J
=161 Hz, 1H), 5.05 (p, F =62 Hz, 1H), 3,18 {p. I =68 Hz, iH), 1.23 (4, } = 6.4 Hz, 6H), 1.1
(d, J = 6.8 Hz, 6H), 0.95 (5, 9H), 0.18 (5, 6H}.

{(E)-tert-butyl 3-(4-({6-hvdroxy-2-(Z-isopropylphenviibenzol blthiophen-3-vhoxyinhenyhacrylate

‘Y o
~e
1—:‘\

J= O
Ho 4 N
Y.
i
i
{60331} To a solution of (#3-3-(4-((6-hydroxy-2-(2-isopropylphenylibenzo[blthiophen-

3-yhoxyphenyhacrvhic acid (400 mg, 0.929 vwool) 1o toluene (10 ml) was added N N-
dimethylformamide di-tert-butyl acetal (0.891 mlm 3.72 mmol) dropwise, a large amount of
precipitate immemdiately crashed out. The resulting mixture was heated to 80°C for 1 h after
which time the reaction was cooled 0 room teraperature, diduted with HtOAc, washed with water,
sat. agq. NaHCO; solation and brine. The combined organic layers were dried over anhydrous
MgS04, filtered and concentrated in vacuo and the resulting crude material was purified by
colamn chromatography (5i0,, (-40% EtOAc/Heptane) to afford (F)-tert-butyl 3-(4-({(6-hydroxy-
2-(2-wopropylphenyhbenzo{bjthiophen-3-yhoxy)phenvhacrvlate (149 mg, 0.306 mmol, 88%
yield). "H NMR (400 MHz, CDCL) & ppm 7.42 (d, = 16.0 Hz, 1H), 7.30 ~ 7.18 {m, 7H), 7.10 -
7.03 (o, 1H), 6.81 {dd, J=8.7, 23 Hz, IH), 6.77 (4, F =88 Hz, Z2H), 6.14 (d, = 159 Hz, 1H),
555 (brs, 1H), 3.17 {p. I = 6.8 Hz, 1H), 1.46 (s, 9H), 1.10(d, J = 6.9 Hz, 6H). LC/MS (m/z, M-
Hj: 485.1.
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{(E-tert-butvl 3-(4-({6-acetoxy-2-{2-isopropviphenyDbenzol blthophen-3-vhioxviphenvDacrylate

{compound 147

1803321 To a solution of {F)-tert-butyl 3-(4-{{6-hydroxy-2-{2-
isopropyiphenylbenzolblthiophen-3-yvhoxy)phenyDacrylate (63 mg, 0.129 mmol) in DCM (2.5
mb} was added acetic acid (0.030 mi, 0.518 nunol), N-(3-duncthylaminopropyli-N'-
cthylearbodiinnde hydrochloride (99 mg, 0.518 mmel) and 4-dimcthylaminopyriding {9.49 mg,
$.078 ramel). The resulting mixtre was stirred at room temperature for 16 h after which time the
reaction was quenched by addition of 0. IN HCl and dilated with DCM. The phases were
separated and the aqueous layer was further extracted with DCM (2x). The combined organic
layers were dried over anhydrous MgSO4, filtered and concentrated in vacuo. The resulting crude
material was purified by column chromatography (510, 0-40% EtQOAc/Heptane) to afford (¥)-
tert-butyl 3-(4-({(6-acetoxy-2-{2-isopropylphenyhbenzol blthiophen-3-vioxy)phenyhacrylate (63
mg, 0.123 mmol, 95% vield). 'H NMR (400 MHz, CDCL) 8 ppm 7.50 (4, I=2.0 Hz, 1H), 7.40
{d, §=129Hz 1H), 7.37(d, J =59 Hz, 1H}, 728 - 7.22 {m, 4H), 7.22 - 718 (m, 1H), 7.11 -
702 (m, 1H), 6.98 (dd, 1= 8.6, 2.1 Hz, 1H), 681 - 6.72 (m, 2H), 6.12 (4, J = 15.9 Hz, 1H), 3.11
(p, § =068 Hz, 1H), 228 (s, 3H), 1.44 (5, 9H), 1.O9(d, J = 6.8 Hz, 6H).

{EN-tert-butvl 3-{4-({6-{{1.1 -dioxido-3-oxobenzoldlisothiazol-2 (3 A -vhmethoxv)-2-(2-

isopropyviphenvhbenzoldithiophen-3-vDoxyiphenvhacrviate {compound 148)
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{00333] To a solution of (F)-fert-butyl 3-(4-((6-hydroxy-2-(2-
isopropyiphenyDbenzofdlthiophen-3-yDoxy)phenyDacrylate (68 mg, (. 140 mmol) in acetone (2
mi.} was added 2-(chloromethyDbenzo{discthiazol-3(2H-one 1, 1-dioxide (32.4 mg, 0.140
mmol), potassium carbonate (19.31 mg, 0.140 nunol} and potassiom odide (23.2 mg, 4,140
mmol). The resulting mixtare was stitred at room temperature for 43 hours. The solvent was
removed in vacuo. The resulting solid was retaken in ethyl acetate. The organic layer was washed
with aqueoss saturated ammonium chloride sohition followed by brine. The organic layer was
dried over aphydrious MgSQ,, filtered and concentrated in vacuo to give the crude product, which
was purified by flash chromatography (510,, 0-30% EtOAc/Heptane) to afford (F)-tert-batyl 3-(4-
{{6-{{1,1-dioxido-3-oxobenzo[diisothiazol - 2(3H)-vhimethoxy)-2-(2-
isopropylphenylibenzolhithiophen-3-yhoxyiphenyhacrylate (67.4 mg, 0.09% mmol, 71% vicld).
"H NMR (400 MHz, (CD:1,80 ) 8 837 (4, J =74 Hz, 1H), R.18(dd, I =74, 1.3 Hz, 1H), &.11
(td, 3 =77, 13 Hz, 1H), 804 (1. J=7.6 Hz, IH), 7.88(d, = 2.2 Hz, 1H), 7.61 - 7.54 (m, ZH),
748 =734 (m, 3H), 7.34 - 7.30 (m, 2H), 7.23 = 7.15 (m, ZH), 6.59 - 6.81 (m, 2H}, 633 (d, J =
16.0 Hz, 1HY, 590 (5, 2H), 3.13 (g, J = 6.9 Hz, 1H), 1.45 (s, 9H), 1.13 (d, = 6.8 Hz, 6H).

Examples

{30334] For syathesis of examples 1-55: the following examples have been prepared
from the corresponding mtermediates by removing the methyl group(s) from the phenolic ether(s)
and B some cases also removing a feri-butyl group from a carboxylic ester functionality 1o the

same step.
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General method A

{0335 To a solution of the above described mtermediate m DCM (0.02-0.1 M) at 0°C
was added BBr; (1 M @ DCM, 1.5 -3 eg per MeQ- group) dropwise. The resulting dark mixtore
was stirred at 0°C for 1-3 h after which the reaction was quenched with ice water or sat. aq.
NaHCO: solution. The mixture was allowed to warm up to room temperature and extracted with
5% MeOH in BtOAc. The combined organic phases were concentrated and the crude product

dissolved 1 MeOH and purified by RP-HPLC to provide the example.

General method B:

1060336] To a solution of the above described mtermediate i DCM (0.02-0.1 My at 0°C
added BBr; (1 M in bexanes, 1.5 — 3 eq. per MeO- group) dropwise. The resulting dark mixture
was stirred at 0°C for 1-3 h after which the reation was quenched with methanol. The mixture was

concentrated to a small volurae and purified by RP-HPLC to provide the exanple.

Example 1

3-44-{{(6-hydroxy-2-{4-hydroxyphenyhbenzol dlthiophen-3-yhoxyiphenyhipropancic acid

{0337 To a sohution of tert-butyl 3-(4-{(6-methoxy-2-(4-
methoxyphenylibenzo[bithiophen-3-yDoxyphenvhipropanoate (27 mg, 6.055 mmol) in BCM (1.7
mi.} at 0°C was added BBy (1.0 M in DCM, 0.220 ml, 0.220 mmol) dropwise (reaction tumed
brown i color and a solid invnediately precipitated from the solution). The resulting mixture was
stirred at § °C for § b after which the reaction was quenched with ice water (3.0 mL} and allowed
to wWarm to roont temperature with vigorous stirving. The resulting mixture was concentrated in
vacuo and dissolved in MeQOH (2 mL) then purified by reverse phase HPLC (neutral condifion,
3% L-propano! in 1-100% CH:CN/HO) to afford 3-(4-((6-hydroxy-2-(4-hydroxyphenyl)-
benzo[bithiophen-3-yhoxyphenyhpropansic acid {7 mg. .02 nunel, 31% yield). LO/MS (m/z,

MH"): 407.0943,
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Example 2

{EY-3-{4-((6-hydroxy-2-{4-hyvdroxyphenyDibenzo[Athiophen-3-vDox vinhenvhacrvhic acid

C

HO ’&mﬂ:ﬁ

‘LJB\OH

{00338] To a solution of {£)-fert-butyl 3-(4-((6-mcthoxy-2-(4-methoxypheoyh-
benzo|bithiophen-3-vhoxy)phenyDacrviate (40 mg, 0.08 mmol) in BCM (2.5 mL) at 0 °C was
added BBr; (1.0 M 1o DCM, 0.33 mL., 0.33 munol) dropwise, a solid mmmediately precipitated
from the solution. The resulting mixture was stirred at § °C for 100 min after which the reaction
was quenched by addition of sat. ag. NaHCO; (4 ml) sclution and a white precipitate was
obscrved. The aqueous layver was then extracted with 5% MeUOH/EtOAc (4 © 12 mi) and the
combined organic layers were passed through a phase separator to remove water and concentrated
in vacuo to atford the crade product which was dissolved in MeGH {2 mib) and purified by

reverse phase HPLC (neutral condition, 3% L-propanol in 1-100% CH3UN/HO) to afford (£)-3-

{4-((6-hydroxy-2-(4-hydroxypheaylbenzol bithiophen-3-yhoxyiphenyDacrylic acid (17.5 mg,

0.04 mmol, $3% yield). LO/MS (nv/z, MH ) 405.0790.

Example 3

{(£3-3-(4-({6-hydroxy-2-(4-(tnifluoromethyhiphenvlibenzo{dlthiophen-3-vhoxyiphenvhacrvlic

acid

HOC-
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{30339] To a 2-dram vial containing (F)-tert-butyl 3-(4-({(6-methoxy-2-(4-
{(triffuoromethyiphenvlbenzo[bithiophen-3 yhoxyphenylacrylate (594 mg, 0.113 mmol) i
anhydrous DCM (1.5 mi) at 0 °C was added BBr; (1.0 M in DCM, 451 pl, 0.451 mmol}
dropwise. The resuliing mixture was stivred at 0°C for § h after which the reaction was quenched
with 3 drops of water, dilated with DCM, and extracted with sat. aq. NaHUO; (added a few drops
of 2-propanct). The organic layer was dried over ashydrous MgSQ,, filtered concentrated in
vacuo to afford the curde matenal which was purified by reverse phase HPLC (neatral condition,
3% 1-propanol i 10-100% CH3ON/H: O} to afford (£)-3-(4-((6-hydroxy-2-{4-
{trifluoromethyhphenylibenzo[bithiophen-3-yloxyiphenylacrylic acid (33.8 mg, (.074 mmol,
66% vield) as a white solid. 'H NMR (400 MHz, CD:0D) 8 ppm =636 {d, J = 16,17 Hz, 1 H),
6.78-6.8% {m, L H}, 6.98(d, /=859 Hz, 2H), 7.17-730 (m, 2 H), 7.51-7.70 (m, S H), 7.88¢d. .J
= %.08 Hz, 2 H). HRMS (nvz, MH ) 457.0710.

Exampie 4

{EY-3-{4-({6-hvdroxv-2-(2-isopropvivhenybenzol blthiophen-3-vhoxviphenvhacrylic acid

O

HO-<
pe
3
I G
Hcﬂh{
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S
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X “,.v"
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§
{0340] Example 4 was be prepared from the corresponding methylether/tert-butyl ester

mtermediates ustng method A, Bxampie 4 was also prepared, using the following hydrolysis
reaction: to a sclution of (£)-methyl 3-(4-((6-hydroxy-2-(2-isopropylphenyhbenzof blthiophen-3-
vhoxyiphenyhacrylate (25.8 mg, 0.058 mmob) in BtOH (1.5 mL) was added LIOH (2.0 M
aqueous, 0.290 mL, 0.550 mmol). After S h at room temperature the reaction was aciditied to pH
3 by addition of 1.0 N agueous HCl and extracted with 5% MeOH/EtOAC, the combined orgamc
layers were passed through a phase separator and concentrated in vacuo to afford (£)-3-(4-((6-
hydroxy-2-(2-1sopropylphenyDbenzo[hithiophen-3-vhoxy)iphenyhacryhic acid (24.6 mg, 0.056

mmol, 96% vicld). "HNMR (400 MHz, CD:OD) S ppm=7.57(d, /=159 Hz, 1H}, 745 (4, 7=
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8.7 Hz, 21, 7.37-7.21 (m, SH), 7.15-7.08 (m, 11D}, 6.88-6.82 (m, 31), 6.31 (d, J = 15.9 Hz, 1),
3.27-3.18 (m, 1H), 1.16 (d, /= 6.8 Hz, 6H). LC/MS (m/z, M-H): 429.0,

{60341} Alteratively, Example 4 can also be prepared according to the following
procedure:
{30342] Step 1: Z-bromo-3-(4-bromophenoxy)-6-methoxybenzo| Althiophene 1,1-

dioxide (compound 26). To a solution of 2,3-dibromo-6-methoxybenzolbthiophene 1,1-dioxide
{12.5 g, 35.3 ramol) in THF (175 ml) at room teraperatire was added 4-bromophenol (6.49 g,
37.1 mumol) and Cs,COs (34.5 g, 106 mumol). The resulting suspension was warmed to 30°C and
the reaction turned faintly yvellowishigreen afier a few minutes and then subsequently faintly pink,
the mixture remained a suspension. After 4 h at S0°C the mixture was cooled to room
teraperature, diuted with water (175 mb), and stirred for 15 min. The solution was transferred €0
a separator funnel and the phases were separated. The aqueous layer was extracted with EtOAc
(3x100 ml) and the combined organic layers were then washed with brine (100 mL), dnied over
anhydrous Na;3Q,, filtered and concentrated in vacuo to afford 2-bromo-3-(4-bromophenoxy)-6-
methoxybenzo[blthiophene 1,1-dioxide (14.7 g, 33.0 numol, 93% yield) as a faintly pink solid
which was used without further purification, 'H NMR (400 MHz, CDCh) & ppm = 3.83 (s, 3H),
65.92-7.03 (m, 3H), 7.25-7.35 (m, 2H), 7.39-7.50 (m, 2H).

333431 Step 2: 3-(4-bromophenoxy)-6-methoxybenzo| b)thiophene 1,1-dioxide
{compound 27}. To a solution of 2-bromo-3-(4-bromophenoxy)-6-methoxy-benzol[bthiophene

1 1-dioxide (180 g, 403 mmol) in MeOH (150 mL) and DMSO (1300 mL) at (°C (intcrnal
temperature was at 5°C) was added the first portion of NaBH, (15 g, 396.5 mmol). Internal
teniperature rose quickly to 40°C and H; gas release was observed. The mixture was stirred in an
ice bath for 30 min (internal temperature cooled down to 16°C). The second portion of NaBH.
{15.5g, 409.7 mmol) was added. The resulting vuxture was stirved for 30 munutes after which time
the reaction was quenched with water (2000 mL) over 1 hour. The resulting precipitate was
collected, air dried over 18 hours, then washed with heptane to afford 3-(4-bromophenoxy)-6-
methoyybenzo{blthiophene 1,1-dioxide as an off white solid which was used without further
purification. ' NMR (400 MHz, CDCL) 8 ppm = 3.85(s, 3 H}, 5.38 (s, 1 H}, 7.02-7.08 {m, 3
H),7.22(d,.J=253Hy, I H), 7.47-7.60 {m, 3 H).

{30344 Step 3: 3-{4-bromophenoxy)-6-methoxybenzo blthiophene {compound 28). To

a solution of 3-(4-bromophenoxy -6-methoxybenzofbithiophene 1,1-dioxide (230 g, 626 nunch in

THF (3450 mL) was added DIBAL-H (1.0 M in DCM, 3132 mL, 3132 mmol). The mixture was
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heated to 60 °C for 18 hours. The mixture was cooled down to 40°C. DIBAL-H (1.0 M DCM
or Toluene, 500 mL, 500 mmol}y was added. The mixture was refluxed for 6 hours. DIBAL-H
{1.0 M in BCM, 300 mal, 300 mumol} was added. The muxture was refluxed for 8 hours. after
which time the reaction was cooled to (°C over 2 hours, EtOAc (1226 mL) was added very
slowly. Rochelle salt solution (884 g, 626 mmol in 6600 mL water) was slowly added {over 3
hours). The resulting solution was aged at room temperature for 18 hours. The organic layer was
separated from the aqueous layer. The aqueous laver was extracted with EtQOAc{ 1000 mol). The
combingd organic layer was washed with brined, dried with anhydrous Na;SOs and concentrated
in vacuo 0 afford 3-{4-bromophenoxy i-6-methoxybenzo{blthiophene {149.8 g, 446.9 mmol, 71%
vield) as a white solid which was used without further purification. "H NMR (408 MHz, CDCl
Sdppm=23.81(s,3H), 0646, 1 H),6.90(d, /=909 Hz, 3H),7.16-7.22 (m, 1 H), 7.31-7.40 (m,
2 H), 7.46 (4,7 = 9.09 Hz, 1 H). LO/MS (w/z, MH ) 336.8.

{00345] Step 4: {(Fy-methyl 3-(4-((6-methoxybenzo{ blthiophen-3-
vhoxy)phenyhacrylate (compound 29). To a solution of 3-(4-bromophenoxy-6-
methoxybenzo[blthiophene (125 g, 373 mmol) and PA(PPh: )L ChL (13.09 g, 18.64 numeol) in DMF
{2500 mL) and ditsopropyl ethylamine (326 mL, 1864 mumel) at room temperature was added
{subsurface) methyl acrylate (45 mi., 9322 mmol} over 3-4 hours. As the addition started, the
reaction was heated at 120°C for 13 hours. Methyl acrylate {150 ml., 1654 % mmol} was added
{subsurface}. The reaction was heated at 120°C for 1 hour. The mixture was cooled to RT. Excess
methyl acrylate and diisopropyl ethylamine were remove in vacuo. The resulting mixture was
filtered through celite pad and the cake was washed with EtOAc (2000 mL). The resulting mixture
was washed with water {2x)}, dried with anhydrous Na, S0, and concentrated in vacuo. The crude
material was parified by column chromatography (S10,, 5% to 50% EtQAc/Heptane) to afford
{#)-methyl 3-(4-((6-methoxybenzo[ flthiophen-3-vhoxyiphenvhacrylate (81 g, 238 mmol, 64%
yield) as a white solid. "H NMR (400 MHz, CDCL) 8 ppm = 1.46 (s, 3 H), 3.73 (s, 3 H), 6.28(d,
J=1617Hz, 1 H), 6.59 (s, 1 H), 6%0(dd, /=859, 202 Hz, 1 H), 7.00(d, /= 8.59 Hz, 2 H},
721(d,.J=2.02 Hz, 1 H), 7.37-7.48 (m, 3 H), 7.59(d, J = 16.17 Hz, 1 H). LC/MS (m/z, MH'y:
3411,

{80346] Step 51 (Fy-methy 3-(4-((2-(2-1sopropylphenyD-6-methoxybenzo] bjthiophen-
3-yhoxyphenylacrylate {compound 32}. To a solution of (£)-4-(4-({6-

methoxybenzo| blthiophen-3-yhoxyphenylibut-3-en-2-cne (45 g, 132 mmol) 1o anhydrous DMA

{450 mL) at room temperature was added 1-iodo-2-isopropylbenzene (57 g, 231.6 mmeol),
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chloro[2-(dicyclobexyiphosphine)-3,6-dimethoxy-2",4",6" -tri-i-propyl-1,1 -biphenyl}{2-(2-
aminoethyDphenylipafladuon(il) (BrettPhos Palladacyele 1 generation, 6.34 g, 7.93 mmol},
trimethylacetic acid (40.5 g, 397 mmol) and potassium carbonate (35 g, 397 mmol). The resulting
mixture was heated at 140°C for 1.5 hours. The reaction mixture was cooled down to 50°C. The
reaction was diluted with EtOQAc (400 mL) and let to cool down (o room temperature. As the
reaction cooled, a precipitate formed and was removed by filtration. The mother liguor was
washed with water and brine, dried over anhydrous Na;SO;, filtered and concentrated in vacuo to
give the crude product, which was purified by column chromatography (S10,, 10-20%
EtOAc/heptanc) to afford (£y-methyl 3-(4-((2-(2-isopropyiphenyl-6-methoxybenzo bjthiophen-
3-yhoxy)phenylacrylate (47 g, 102.5 mmol). "H NMR (400 MHz, CDCL) S ppm =7.61(d, I =
15.9Hz, 1H), 742 -7.29 (o, TH), 715 {ddd, 1 = 8.1, 5.7, 2.8 Hz, 1H), 6.97 {(dd, ] = 8.8, 2.3 Hz,
1H), 6.91 - 6.85 (m, 2H). 6.25 (d, I = 16.0 Hz, 1H), 3.91 {s, 3H), 3.80 (s, 3H), 3.26 (p, ] = 6.8 Hz,
TH), 119 (d, ] = 6.9 Hz, 6H). LO/MS (ny/z, MH ') 459.5.

{60347} Step 61 {£y-methyl 3-(4-((6-bydroxy-2-{2-i1sopropylphenylibenzo[hithiophen-3-
yhoxyiphenyhacrylate {cxample 45). To a sclution of {£)-methyl 3-(4-({2-(2-1sopropyiphenyf)-
6-methoxybenzofbithiophen-3-yhoxyphenylacrylate (75 g, 164 mmol) in DCM (1000 mLb) at
-2°C (internal temperature) was added tribromoborane (491 mib, 491 mmol) slowly via addition
funnel to keep mternal temperature below 2°C. The resulting mixture was maintained around 0°C
for 30 nunutes. To a sohation of sodium bicarbonate (Aqucous, 10%, 347 mL) at 5°C (internal
temperature) was added the reaction mixture over 2 hour. The organic layer was separated from
the aquecus layer. The organic layer was dried over NapSQ,, filtered and coocentrated in vacuo.
The agocous layer was extracted with EtOAc (500 mL). The orgamic layer was dned over

Nap SOy, filtered and concentrated in vacuo. The crude product was purified by coluowm
chromatography (5102, 10-30% BtOAc/heptanc) to afford (£)-methyl 3-(4-({(2-(2-
isopropylphenyl}-6-methoxybenzo{blthiophen-3-yloxyiphenyDacrylate (90% purity). The
resuitant product can be purified by either slurry in acetonitnile for § hour or in EtOAc/Heptane
{1:9) for 30 minutes. The solid was filtered and air dried for 18 hours to afford (E)-methyl 3-(4-
{{6-hydroxy-2-{2-1sopropyiphenyibenzo[bithiophen-3-ylioxyiphenyhacrylate (88 g, 136 numol,
79%). 'H NMR (400 MHz, CDCL) 8 ppm =7.60 (d, I = 15.9 Hz, 1H), 7.40 ~ 7.25 {m, §H), 7.15
(ddd, J=8.1,5.5,3.0 H7, 1H), 6.91 - 6.85 (m, 3H), 6.29 (d, I = 16.0 Hz, 1H)}, 3.80 (s, 3H}, 3.25
{p.J =68 Hz, 1H), 1.19(d, = 6.8 Hz, 6H). HR-MS (w/z, MH+) : 445.1473.
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{30348} Step 7: (£)-3-(4-({6-hydroxy-2-{Z-1sepropyiphenybenzo[bithiophen-3-
isopropylphenylibenzolAlthiophen-3-yDoxy iphenyllacrylate (50 g. 112 mumol} in MeOH (1000
mb) at 0°C was added hithium hydroxide (2N, 281 ml, 562 mmol). The resulting mixture was
stirred at room temperature for § hours. Lithivm hydroxide (2N, 281 mL, 562 mumnol) was added.
The reaction was stivred at room temperature for 18 hours. The reaction nmixture was cooled in an
ice bath and HCL(0.5N, 3500 mil., 1750 mmwol} was added over 30 minutes. A procipitate formed
as HClwas added to the reaction mixture. The precipitate was collected by vacuum filtration and
washed with water and heptane. The resulting cake was air dried for 22 hours. The resulting pasty
solid was dried i 2 vacuam over (house vacuam) at 45°C for 24 howrs. The vacuom was switched
to bigh vacunm the temperature was jocreased to S0°C. A beaker containing mwolecular and a
beaker containing P>0s was placed in the vacuum oven. After few hours, the beaker containing
P05 was removed. The product was dried i the vacuum oven (high vacuum) at 50°C for 18
hours to afford (£)-3-(4-((6-hydroxy-2-(2-isopropylphenyhbenzolblthiophen-3-
yhoxyiphenyDacrylic acid (50 g, 114 mmob). 'H NMR (400 MHz, CD;0D) d ppm =757 (d, J =
159 Hz, 1H), 745 (d. J= 8.7 Hz, 2H}, 7.37-7.21 (m. SH), 7.15-7.08 (m, 1H), 6.88-6.82 {(m, 3H),

7

6.31(d, /=159 Hz, 1H), 3.27-3.18 (m, 1H), 1.16(d, 7= 6.8 Hz, 6H).

{30349] The followmg examples were prepared from the corresponding

methylether/ters-butyl ester intermediates using method A:

Table 1
Example Structure Name Physical data
o (E)-3-(4-({6-bydroxy-2- | "H NMR (400 MHz,
HO~/ (2-1sopropylphenyl)- CD;0D) § ppm = 7.57 (4, J
- benzo[blthiophen-3- | = 15.9 Hy, 1H), 7.45 (d, ./ =
=y yhoxyphenyDacrylic | @7 Hz, 21, 7.37-7.21 (m,
N7 acid SH3, 7.15-7.08 (m, 1H),
4 — )o 6.88-6.82 (m, 3H), 631 (4. J
eyt ~15.9 Hz, 1H), 3.27-3.18
g { o (m, 1H), 1.16 (d, /= 6.8 Hz,
— 4 6H) |
\ HRMS (m/z, MH):
431.1309
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(F¥-3-{4-({6-hydroxy-2-
{o-tolylibenzo-
[bithiophen-3-yhoxy)-
phenybhacrylic acid

"H NMR (400 MHz,

CDyOD) dppm=2.35(s, 3
H), 6.34 (d, /= 15.66 Hz, 1
H), 6.76-6.82 {m, 2 H), 6.84

5 . (dd, J = 8.84,2.27 Hz, | H),
N\~ 743 (d,J = 8.08 Hz, 1 H),
O R A 3= 7.16-7.3% (m, 8 H)
s /\\\45 HRMS (my/z, M ):
4030995
(E)-3-(4-((2-4- 'H NMR (400 MHz,
o M{O chlomphenyi}é— ( CDSQD) S ppm = 5:3 3 (d’. J
- hydroxvbenzo[plthioph | = 16,17 Hz, 1 H), 6.77-6.85
%'>:m en-3-yoxy)phenyl)- (m, 1 H}, 6.90-7.00 (m, 2
\\L} acrylic acid H), 7.19(d, .J = 9.09 Hz, |
6 { H), 7.22 (4,4 = 2.02 Hz, 1
=P H), 7.20.7.38 (m, 2 H),
o 4 N e 7.46-7.55 (m, 2 H), 7.58 (4,
54 Sy J=15.66 Hz, 1 H), 7.62-
7.69 (m, 2 H)
LO/MS (m/z, MH): 421.40
o’ gsoige(ﬁlﬂ ‘. 'H NMR (400 MHz,
‘/<i hydroxybenzolblthioph {“?%OS)E; pg;n;{\ 2 ‘;ﬁ 0’%’(;
/.“:\> en-3-yhoxy)phenyl)- ;e 8 814 0137 Hg 1 g)(i ,
7 Yy acrylic acid 6.88-6.94 (m, 2 H), 6.95-
AN 7.03 (o, t H), 7.16-7.24 (m,
Ho AN q\\(F 2H), 7.29-7.39 (m, 2 H),
=W 7.40-7.53 (m, 4 H)
LO/MS (ovz, ME): 405.40
A {(£3-3-(4-({6-bydroxy-2- - B
HQ§< (2-(trifluoromethyl}- HNMR (400 MHz,
e phenyibenzo[blthiophe | CB30D} S ppm =632 (. J
::..'-\ r-3-yhoxyiphenyl)- =15.66 Hz, | H), 6.75-6.91
g (\L_/{/ acryhic acid {m, 3 H), 7.16-7.28 (m, 2

Ho-’gz_'ﬁ\{%
7))
e

), 7.45(4, 7= 9098z 2
Hj, 7.49-7.62 (m, 4 H),
7.70-7.81 (m, 1 H)
HRMS (m/z, MH )
457.0762
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o (£)-3-43-((242- 'H NMR (400 MHz,
HO-{ chlorophenyl)-6- CD,0D) & ppm = 6.31 (d,
== hﬁ’@;‘“ﬁ?’bWil"}ﬂ’;}ﬂph =16.17 Hz, 1 H), 6.84-6.88
o o ):”}“;)P enyl) (m, | H), 688692 (m, 2
o Vg AYHE BOK H), 724 (4, /=202 Hz |

), 7.25-7.34 (m, 3 H),
7.41-7.49 (m, 4 1), 7.56 (4,
J=16.17 Hz. 1 H)

\
CE/\"/ HRMS (m/z, MH):
423 (446
ol 2‘;:_"15;%,&2_1“"&0“ 2 HNMR (00 MHZ,
j . {trifluoromethyhphenyl CDi"OD) O ppm = ?'M‘ s, 3
=\ ybenzo| Althiophen-3- ), 631(d,J= 13:55 Hf b
N\ vhoxy)phenylacrylic H>’ 632"6-93 7(11‘1, 38)’ "[26
10 B acid (d,/=2.02 Hz, 1 H),7.29
= (d,J = 8.59 Hz, 1 H), 7.39-
HC'"<\, L 3=~ 748 (m, 3 H), 7.48-7.59 (m,
s T ) "
Y Acr, 3H}
“ HRMS (mvz, MH):
4710851
(Ey- 3422 A "H NMR (400 MHz,
O P bis(triffucromethyliphe | CDODY Sppm =632 (4,7
A nyh-6-hydroxy- = 15.66 Hz, | H}, 6.82-6.91
“/\:_ benzo[blthiophen-3- | (m, 3 H), 7.26 (dd, J = 5.56,
A >> yhoxyphenylj-acrylic | 3.03 Hz, 2 H), 7.42-7.49 (m,
11 “(O acid 2H), 7.57 (4, J = 16.17 Hz,
7~ {H), 7.75 (4, J = 8.08 Hz, 1
HO"%\ Hy, 789 (d, F= 808 He, §
)D«c.r-g H), 8.02 (s, 1 H)
FoC HRMS (my/z, MH):
325.0872
(F)-3-(4-((2-(4-fluoro- | 'H NMR (400 MH7.
2-methyiphenyl)-6- CEROD} s ppm = 2.35(s, 3
HO~< hydroxybenzo[blthioph | H), 632 (d, J = 15.66 Hz, |
LS en-3-yhoxyiphenyh)- H)y, 6.51-6.92 {(m, 4 H}, 6.98
>:-\ acryhe acid (dd, f =9.60,2.53 Hz, | H),
12 A\ 724 (4, J = 2.02 Hz, 1 H),

7274, J = 8.59 Hz, 1 H),
7.31 (dd, J = §.59, 5.56 Tz,
1 H), 7.42-7.49 (m, 2 H),
7.56 (d,J = 16.17 Hz, 1 H)
HRMS (m/z, MH'):
421.0911
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{(E)-3-(4-{(2-(2 3- "H NMR (400 MHz,
o dimethylphenyt-6- CDODY Sppm=224(d, .
HC"{‘ hydroxvbenzo[plthioph | = 12,63 Hz, 6 H), 6.29(d, ./
NXM en-3-yvhoxy)phenvi}- =16.17 Hz, 1 H), 6.79-6.90
&9 acrylic acid (m, 3 H), 6.97-7.05 (m, 1
13 \ ), 7.0 {dd, J=14.40,7.33

Hz, 2 H), 7.20-7.30 (m, 2
), 7.37-7.46 (m, 2 H), 7.55
(d,.J = 15.66 Hz, 1 I)
HRMS (m/z, MH):
417.1139

(Ey3-(4-(2-(2.5-
dimethylphenvi-6-

TH NMR (400 MHz,
CE:;0D) 8 ppm = 2.09-2.44

HO*(’O hydroxybenzo[bjthioph | (m, 6 H), 6.30 (4, J = 16.17
j en-3-yDoxy)phenyl)- | Ha, 1 H), 6.79-6.89 (m, 3
>=-\ acrvlic acid ), 6.98-7.05 (m, § H),
14 i\_.zg 7.06-7.14 (m, 2 F), 7.21-
— O 727 {(m, 2 H), 7.38-747 {(m,
v IR 2H), 7.55(d, J = 15.66 Hz,
HO \\, S)\w{\j&\\\/ 1 E{\)
I HRMS (myz, MH):
417.1144
(E)-3~(4-((2-(3,5- 'H NMR (400 MHz,
o dimethylisoxazol-4-v1y- | CD,OD) 8 ppm = 2.20-2.27
Ho»{ &-hydroxybenzo- (m, 3H), 2.33-244 (m, 3

{
15 \L{

[hithiophen-3-yhoxy)-
phenyhacrylic acid

), 634 (d,J=1617Hz 1
H), 6.28-6.41 {m, 1 H),
6.81-6.95 (m, 3 H), 7.25 (4,
J=202Hz, 1 H), 731 (4. J
=859 Hz, | H}, 7.49 (4, J
= %59 Hz, 2 H), 7.57(d. J
=15.66 Hz, 1 H)

HRMS (m/z, MH"Y:
408.0883

16 X

{(E)-3-{4-({6-hydroxy-2-
(3-hydroxy-2-methyl-
phenyiibenrzo[blthiophe
i-3-yhoxy)phenyl)-
acrylic acid

HRMS (m/z, MH):
419.0938

143




WO 2014/130310

PCT/US2014/015938

5 (FYy-344-((2-(4-fluoro-
Ho~{ 2-(ritluoromethyl)-
N phenyh-6-hydroxy-
= banm{b}thiophm 3- v ‘
7 ' 7 Doxyphenyhacrylic HRMS (nvz, MH
' P s 4750634
HO’J\\;)’\:&\ @\
a x\‘ P
Fgc
. (E)3-(4-(0-2-
HQ\<’ ethylpheny!)-6-
SN hydroxybenzo[blthioph
== en-3-yhoxyiphenyh)- o .
- ¢ ) serylic acid HRMS (m/z, MH");
P 417.1148
HO= LZS‘\ ,m;x
\) A
o (E)3-(-(2-2-
H(\,N{ acetylphenyi)-6-
S hydroxybenzo[bithioph
\‘::\ en-3-yljoxy)phenyl)-
. Q,{ acryhe acid HRMS (m/z, MH):
NP 431.0948
HO™ N My
3 \\\ /)
Oz
o F3-(4-((2-(2-(tert-
HC--~<’ butyDphenyl)-6-
oy hydroxybenzo[blthioph
}h‘j en-3-yhoxy)phenyl)-
- <\,{/ acrylic acid HRMS (m/z, MH )
o 445.1465
HO 4\\"__/ L\/\\
Y
\
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o (F¥-3-{4-({6-hydroxy-2-
O~ {2-nitrophenyl)-
2 benzo|bithiophen-3-
by yhoxyphenyh-acrylic N ' .
o1 \.__’{/ acid HRMS (lTL/Z, MH \)
P 4340625
Ho\ s’\’\‘\\/ =
L&
0N
o (Ey-3-(4-{(2-(4-{tert-
HQ\/\’; butylphenyl)-6-
SO hyvdroxybenzo[dlthioph
~:§ en-3-yloxyiphenyl)- - o
55 4 acrvlic acid HRMS (miz, MH )
! 445.1465

(EY3-(10-35

HQN{ dimethyiphenyl}-6-
= hydroxybenzo[hlthioph
=\ en-3-vijoxyiphenvi)-
- \_/ acryhic acid HRMS (m/z, MH):
(, S 4171187
Ho & 4 W e
»«SACB/
LA
]
{(F)-3-{4-({6-hydroxy-2-
o v
HO~{ {2-isocyanophenyl)-
f . benzo|bithiophen-3-
>:: vhoxyiphenyhacrylic
(ﬁ ,}‘ acid ) L
24 - LO/MS (m/z, MH): 412.4
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5 (8.£)-3-(4-{(6-hydroxy-
HO- 221~
. hydroxyethyliphenyhbe
/\::\ nzolblthiophen-3-
AN 4’ yhoxyphenyhacrylic
25 . 0 acid LO/MS (nv/z, M-H): 431 .4
Y
S Y
— 7
1
OH

Exampie 26

{£3-3-{4-((6-hydroxy-2-(4-methoxvphenvDbenzo[ blthiophen-3-vhoxyiphenvDacrvlic acid

HO—
A
A

==

&

Ho— e
™ g T\/ﬁ.\ s
LA~0

{30350] Step 1: To a 30 mL vial containing {£)-methyl 3-(4-({6-methoxy-2-{4-
methoxyphenyhbenzolbithiophen-3-yhoxyiphenylacrylate (100 mg, 0.22 mmol) in DCM (1 miL)
was added BBr: (1 M m heptane, .224 mb, 0.22 mmotl) and the reaction was stirred for 1 h at
room temperature. The reaction mixture was guenched with 4 mL MeOH and stirred for 10 min at
room temperature. The crude material was concentrated onto silica gel and purified by columa
chromatography (510;, 1-100% EtOAc/Heptane) o afford (Fy-methyl 3-(4-((6-hydroxy-2-(4-
hydroxyphenyhbenzofblthicphen-3-yhoxyiphenyDacrylate (11 mg, .03 mumol, 12% yield), and a
mixture of (F)-methyl 3-{(4-{(2-(4-bydroxypheny}-6-methoxybenzolblthiophen-3-
vhoxyiphenyhacrylate and (F}-moethvi 3-(4-({6-hydroxy-2-(4-methoxyphenyhbenzo[ blthiophen-
3-yDoxyiphenylacrylate (32 mg, 0.07 mmol, 33% yield). LC/MS (m/z, MH ) 433.2.

{30351 Step 2: To a 30 mL vial containing a mixture of of (#Fy-methyl 3-(4-((2-(4-
hydroxyphenyl)-6-methoxybenzo{blthiophen-3-ylioxypheayhacrylate and (£)-methyl 3-(4-{(6-
hydroxy-2-(4-methoxyphenyibenzo[blthiophen-3-yhoxy)phenyDacrylate (32 mg, 0.07 mmol) in

THF (3 ml), McUOH {1 mL}, and H,O (2 mb) was added LiOH (9.14 mg, (.38 nmol). The
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reaction mixture was stirred for 60 min at room temperaiure and then concentrated in vacuo,
diluted with water, and acidified to pH 2 with 6 M HCl causing a precipitate to form. The nuxture
was diluted with 20 mlL DCM and 2 mi. MeOH. The organic laver was collected (phase
separator) and concentrated in vacuo to atford the crude product. The sample was purified by
supercritical fluid chromatography (CHIRALCEL® OJ-H coluran, 45% MeOH in CGy) to afford
{(£)-3-(4-({6-hydroxy-2-{4-methoxyphenyhbenzolblthiophen-3-vhoxyphenyhacrylic acid (17

mg, (.04 nwmol, 53% vield) as a white solid. MHNMR {400 MHz, (CI: 050 dppm = 7.64 (d, J =
839 Hz, 2H), 7.55-762 (m, 2 H), 751 (d, J=16.17THz, L H), 730 (d, /=202 Hz, | H), 7.13 {4,
J=5859 Hz, 1 H), 6.90-7.04 (;, 4 H), 683 (dd, J=2.02, 859 Hz, 1 H), 638 (d. J= 1617 Hz, |
H), 3.75 (s, 3 H). LO/MS (myz, M-H): 417.5.

Example 27

{EN-3-(4-{(2-(4-{diflyoromethvDphenvD-6-hvdroxvbenzolblthiophen-3-vhoxviphenyhacrviic acid

“40
HO~
Y

N

N

D,
\_.y(

= P
i \Y
HOY S q\}\ e
s7 T

i TCFH

r;/’

{03582] Step 1: To a microwave vial containing (£)-tert-butyl 3-(4-((Z-(4-
{difhucromethyDphenyl)-6-methoxybenzol blthiophen-3-yhoxyphenyDacrylate (50 mg, 0.098
mmol) o N-methyl-Z-pyreolidone (1.0 ml) was added thiophenel {(0.015 ml., 0.147 mool}
followed by K CO; {14 mg, 0.098 mmol). The resulting mixture was subjected to microwave
wradiation for 1 h at 200°C after which tirse the reaction was quenched with brine and extracted
with EtOAc. The combined organic layers were dried over anbydrous Na)SO., filtered and
conentrated /m vacuo to give the crude material which was purified by colunn chromatography
{510, 0-30% Et0OAc/Heptane) to afford (£)-tert-butyl 3-(4-({2-(4-{diflucromethyphenyl)-6-
hydroxybenzo[hithiophen-3-yloxyiphenyhacrylate (30 mg, 0.061 mumol, 62% yield). LC/MS
{m/z, M-H): 493.5

{80383 Step 2: To a vial containing (£)-tert-butyl 3-(4-((2-(4-{dithuoromethypheny)-

6-hydroxybenzo|bithiophen-3-yvhoxy)phenvhacrylate (30 mg, 0.061 mmol) in THF (1.0 mL) was
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added HCl (4.0 N n dioxane, .4 mL, 1.600 mmol}. The resulting mixtare was stirred at 30°C for
12 h after which time the reaction was concentrated in vacuo and purified by reverse phase HPLC
{neutral condition, 3% 1-propanol in 10-100% CH;CN/HLO) (o afford (£3-3-(4-((2-(4-
{difluoromethylphenyl)-6-hydroxybenzo[blthiophen-3-yhoxy)phenyhacrylic acid (21 mg, 0.048
minol, 79% yield), LT/MS (nv'z, M-H): 437.5.

Example 28

{E}-3-{4-{{6-hvdroxy-2-(4-hvdroxyphenvhbenzolblthiophen-3-vhoxviphenvi-2-methviacrvlic

{60354] To a solution of (Fy-ethyl 3-(4-({6-methoxy-2-(4-methoxypheoyl)-
benzolbithiophen-3-yhoxyiphenyl)-2-methylacrylate (107 mg, $1.225 mmol) in DCM (5.0 ml) at
0 °C was added BBr; (1.0 M i DCM, 0.902 mL, 8.902 mumol) dropwise. The resulting mixture
was stirred at 0 °C for 160 min after which the reaction was quenched by addition of sat. aq.
NaHCO: (4 mil) and acidified to pH 3 by addition of concentrated HUL The agucous layer was
then extracted with 3% MeOH/EtQAc (4 © 12 mi.) and the combmed organic layers were passed
through a phase separator to remove water and concentrated in vacuo to afford the crude product
which was dissolved in MeOH and purified by reverse phase HPLC (neutral condition, 3% 1-
propanoi in 1-180% CHRUN/HO) to afford (£)-3-(4-({6-hydroxy-2-{4-hydroxyphenyl)-
benzo[blthiophen-3-yDoxyphenyl)-2-methylacrylic acid (32.4 mg, 0.078 mmol, 34% yield).

HRMS (ovz, MH'): 419.0872.

Exampie 29

{(E-3-(5-({6-hvdroxy-2-{4-hydroxyphenvhbenzo[ blthiophen-3-vyhoxyipyridin-Z2-vhacrvlic acid
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{80335] Step b To a sohution of (E)-methyl 3-(5-((6-methoxy-2-(4-
methoxypheaylUbenzolbithiophen-3-yhoxypyridin-2-yhacrylate (0.096 g, 0.215 vuuel) in DCM
{2.145 mL) at room: temperature was added BBrs (1.0 M in heptane, (0.858 mL, 0.86 mamol) and
the reaction was stirred at room teraperature for 30 mun. Upon completion the reaction was
quenched with MeOH (2.0 mL) and stirred for 10 min at room terperature then concentrated in
vacuo onto silica gel then purified by column chromatography (5102, 0-20% MeOH/DCM) to
afford {(£)-methyt 3-(5-{{6-hydroxy-2-{4-hydroxyphenylbenzol Althiophen-3-yDoxyipyridin-2-
yhacrylate. LO/MS (m/z, MH): 420.3.

{00356] Step 2: To a solution of (£)-methy! 3-(5-¢(6-hydroxy-2-(4-
hydroxyphenyhbenzo[dithiophen-3-yDoxypyridin-2-ylacrylate (3.118 g, .28 mmol) in THF
{2.00 mL) and water (2.00 ml) was added bthiom hydroxide (1.0 M aq., 0.844 mL, 0.84 mumol)
and the reaction was stirred at room temperature for 2 b, Upon completion the reaction was
quenched with water, diluted with DCM and acidified to pH 1 with 1 N HCL The mixture was
extracted with DCM (3x) and the combined organic layers were passed through a phase separator
and concentrated in vacuo to afford the crade product which was purified by reverse phase HPLC
{acidic condition, 3% THA i 10-100% CH;CN/H,0) to afford (£)-3-(5-((6-hydroxy-2-(4-
hydroxyphenyhbenzofdlthiophen-3-yDoxy)pyridin-2-vliacrylic acid (14 mg, 0.03 mmol, 9%
yield). "HNMR (400 MHz, (CI3;),50) 3 ppm = 6.66 (4, J = 15.66 Hz, | H), 6.77-6.81 (m, 2 H),
6584 (ded, S =859,2.02 Hz, L H), 717 (d, /=859 Hz, 1 H), 722 (dd, /=859, 3.03 Hz, 1 H),
731(d, /=200 Hz, 1 H), 744749 {tm, 2 H}, 7.52 (4, /= 15.66 Hz, 1 H), 7.64 {d, / = 8.59 Hz,
{H), 8.45(d, J = 2.53 Hz, 1 H). LO/MS (m/z, MH ) 406.2.

Example 36

{EY-3-{4-({6-hvdroxy-2-{4-hvdroxyphenvhbenzol hlthiophen-3-vMmethvhamimo inhenvDacrvlic

acid
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003587} Step T To a solution of (E)-cthy! 3-(4-{{6-methoxy-2-{4-
methoxyphenylbenzo[blthiophen-3-vi¥methyDaminophenyDacrvlate (25.5 mg, .05 mmol} in
DCM (1.5 ml ) at 0 °C was added BB (1.0 M in DCM, 0.215 ml, 8.21 sumol) dropwise. After 4
h at O °C the reaction was quenched with sat. ag. NaHCO; and exiracted with 5% MeOH/EtQAc,
the corabined organic layers were passed through a phase separator and concentrated i vacuo to
afford crude (£)-cthyl 3-(4-({6-hydroxy-2-(4-hydroxyphenyhbenzo[blthiophen-3-
vh{methyDamino)phenyhacrylate which was used without further purification. LO/MS (/7,
MH"Y): 446.5.
{00338] Step 20 To a sohution of crude (F)-cthyl 3-(4-((6-hydroxy-2-(4-
hyvdroxyphenyhbenzofblthiophen-3-yh(metbyDaminophenybDacrylate (25 mg, (.06 munol) m
EtOH (1.5 mbL) at room temperatore was added LiOH (2 N aq., 0.168 mL, 0.34 mmol}, the
reaction was allowed to stir at room temperature for 18 b after which tirne the reaction was
quenched with | N HCT (4 mi) and concentrated in vacuo to remove EtOH. The resulting
suspension was extracted with 5% MeOH/BEIOAc (3x), dried, and concentrated i vacuo to give
the crude product which was purified by reverse phase HPLC (neutral condition, 3% 1-propanol
m 1-100% CH,CN/HL0O) to afford (£)-3-(4-((6-hydroxy-2-(4-hydroxyphenyDbenzol dlthiophen-3-
yimethyhamino)phenyacrylic acid (4.98 mg, 0.01 vumol, 21% yield) as a white solid. 'H
NMR (400 MHz, CD:OD) S ppm =312 (s, 3 H), 6,11 (d. 1 H, J = 1566 Hz), 6.56 (, 2 H, /=
839 HzL 665(d,2H, /=909 Hz), 6.69(dd, 1 H, /=839 2.02 Hz}, 6.98 (d, 1 H, /= 859 Hz),
T I H, /=202H),724(4,2H,7=909Hz}, 730 (4, 2 H,J=909Hz), 748 (L, 1 H,J =
16,17 Hz). HRMS (m/z, MH ) 418.1065.

Example 31

{(EN-3-{4-{{6-hvdroxy-2-(4-hvdroxvphenvDbenzol{ b lthiophen-3-vhoxviphenyD-N-(3.3.3-

trifluorepropyhacryiamide
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FiC

Q

HN
=
Ly

R ¢
‘L/fLOH

{80339] To a 30 mL vial contaiming (£)-3-(4-({6-methoxy-2-(4-
methoxyphenylDbenzolbithiophen-3-yhioxypheoyD)-&-(3,3, 3-triflucropropyhacrylanmide (38 mg,
0.07 numoly in DCM {1 mbL) was added BBr; (1 M in heptane, 4.072 mL, 0.07 nunol) and the
reaction was stirred at room temperature for | h. The reaction was quenched with 4 mi MeOH
and stirred for 10 min at room temperature after which time the resulting mixture was
concentrated to 50% volume and the crude product was purified by reverse phase HPLC {acidic
condition, 0.1% TFA m 1-100% CH;CN/HLO) to afford (£)3-3-(4-((6-bhydroxy-2-(4-
hydroxyphenylbenzolblthiophen-3-yhoxyipheny-N-(3,3,3-trifluoropropyDacrylanmude (31 mg,
0.06 mumol, 86% vield) as a white solid. 'H NMR (400 MHz, CD:0D) § ppm = 7.40-7.63 (m, 3
H), 721 (d, /=202 Hz, 1 H}, 715 (d,./=8.539 Hz, 1 H}, 6.88-6.95 (in, 2 H), 6.68-6.87 (m, 3 H),
6.45(d, J=15.66 Hz, 1 H),3.54 (¢, /=707 Hz, 2 H), 246 (1g, /= 6.82, 1095 Hz, 2 H). LO/MS
(mvz, MH): 560.4.

Example 32

{EN-3-(4-((2-{4-Thuoro-2-mecthviphenvhi-6-hyvdroxvbenzol b lthiophen-3-vhoxyiphenvh-N-

hvdroxvacryvlamide
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To a 30 mL scrow cap vial, (£)-3-(4-((2-(4-fluoro-Z2-methylphenyi}-6-

methoxybenzo[blthiophen-3-vhoxyphenyl}-N-{(tetrahvdro-2 H-pyran-2-vloxyjacrylamide (53

mg, (.099 mmol) was dissclved in DCM (1 mL). The vial was charged with BBr; (1.0 M in

hexanes, (.298 ml, 0.298 mmol) and the reaction nuxture was stivred for 1 b at room temperature.

The reaction mixture was quenched with 4 mL MeOH and stirred for 16 min. The mixture was

concentrated onto silica gel and the crude material was purified by reverse phase HPLC (acidic

condition, $.1% TFA n 30-100% CH:CN/HLO) to afford (F)-3-(4-((2-(4-fluoro-Z2-methyiphenyl)-

6-hydroxybenzolblthiophen-3-vhoxy)phenyl)-M-hydroxyacrylamide (16 mg, 0.037 mumol, 3

704
l

%

yield) as a white solid. "H NMR (400 MHz, CI:0D) 8 ppm = 2.25 (s, 3 H,) 6.19 (d, /= 16.17
Hz, 1 H), 6.66-6.84 (m, 4 H), 6.88 {dd, /= 9.85, 278 Hz, | H), 7.06-7.26 (m, 3 H), 7.26-7.45 (m,
3H). LO/MS (m/z, MH ™Y 436.1.

{00361}

The followmg exarples were prepared using procedures described in the above

examples using appropnate starting materials:

Table 2
Example Structure Name Physical data
(E)3-(4-((2-(4- H NMR (400 MHz,
floorophenyly-6- CLOD) 6 ppm = 2.26 -
’% R hydroxybenzo[bithioph | 245 (m, 2 H), 342 (1, J =
F wN,ﬁ\ en-3-vhoxy)phenyD)-N- | 7.07 Hz, 2 H), 6.34 (d, J =
Hog (3.3 3-trifluoropropyly- | 16,17 He, 1 H), 671 (dd, J =
1 D scrylamide 8,59, 2.07 Hz, 1 H), 6.83 (d,
\\»20 J=859Hz, 2 H), 698 (1, J
A =859 Hz 2H), 7.03-7.22
NS eV (m, 2 H), 7.31 - 7.50 (o, 3
' H), 7.59 (dd, S =R.59, 5.56
Hz, 2 H). LOMS (w/z,
MH): 5023
i {(F)-cthyl 3-{4-((6- "H NMR (400 MHz, CD:ChH
*\o{“’ hydroxy-2-(4- 5 ppm = 1.37 (1, J = 7.07
S hydroxyphenylibenzoft | Hz, 3 H), 2.39 (s, 3 H), 4.30
>==§ ithiophen-3-ylioxy)-2- | (q,J = 7.07 Hz, 2 1), 4.81
14 (\\\% J methylphenyiiacrylate (br.s., 2 H), 6.28(4,J =
- \

- O
HO‘Q#\‘{ =

\‘\\Nxf}\o:»-s

16.17 Hz, 1 H), 6.76-6.92
(m, 5 H), 7.19-7.34 (m, 2
M), 7.49 (d, J = §.59 Haz, |
H), 7.56-7.69 (m, 2 /), 7.93
(d, J = 1566 Hz, | H}
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HRMS (m/z, MH);
447.1278
(F)-ethyl 3-(4-((6- "H NMR (400 MHz,
hydroxy-2-{4- CD;OD) Sppm =129 (t,J
' hydroxyphenybbenzold | = 7.07 Hz, 3 H), 2.50 (5, 3
v ithiophen-3-yloxy)-3- | H),4.21 (q. /= 7.07 Hz, 2
- methylphenyljacrylate | H), 6.33(d,/=16.17Hz, 1
N H), 6.50 (d, J = 8.08 Hz, |
1e QL p H), 6.72-6.77 {m, 2 H), 6.79
I (dd, J = 8.59,2.02 Hz 1 H),
(’ 7.09 (d, J = 8.59 Hz, 1 H),
roN A N 705-7.23 (m, 2 H), 744-
W Ao 7.52 (o 3 H), 7.53-7.61 (m,
1HY, 7.57(d, /= 16.17 Hz,
1 H). HEMS (m/z, MH):
4471243
\ 0 (£)methyl 3-(4-((2-(4- | ' NMR (400 MHz, CD:CD)
o~ Huorophenyl)-6- 8 ppm = 3.80 (s, 3 H), 6.31
o hydmxyhenm[bjth;oph (d,.7 = 15.66 Hz, 1 H), 6.83
>“‘*> en-3yhoxylphenyly | qq =859, 2.02 Hy, 1 H),
36 &{ acrylate 6.93-7.01 (m, 2 H), 7.01 -
O 741 (m, 2 ), 7.23-7.27 {m,
vk 11 2 H), 7.41.7.48 (m. 2 H),
Yy 7.55-7.73 (m, 3 H). HRMS
~F (m/z, MEH'): 421.0891
o {(Fy-moethyl 3-(4-({(5.7-
e diffuoro-6-hydroxy-2-
v (4-hydroxyphenyl)- TH NMR {400 Mz,
/ benzolb jthiophen-3- C:0Dydppm=7.53{d.J
I vhoxyphenylacrylate | =1617 Hz, 1H), 745 (4, /
v “\,2 =9.09 Hz, 2H), 7.31 (dd, J
. & =202, 12.63 Hz, 1H), 7.19
\.f\![\g ----- @-—--OE-E : 7.24 (}’1’1. IJHEQ. 6 76 - ().9%’
HOA\*‘]/ & 4 (m, SH;, 6.31 {4, 7= 16.17
; Hz, 1H), 3.66 (s, 3H)
oH {(£3-3-(4-({5,7-difluoro-
o :_J\ 6-hydroxy-2-(4-
) bydroxyphenylibenzolb | I NMR (400 MHz, CDCL)
N Jhiophen-3- | Sppm=T.61 (4, J=15.66
2 &1 yhoxylphenyhacrylic |y, (1), 7.34 - 7.44 (m,
e Ny acid 3H),7.23 - 7.34 {m, 1H),
F { 6.84 - 6.99 (m, SH), 6.23 (d,

J=15.66 Hz, 1F)

153




WO 2014/130310

PCT/US2014/015938

{(£)-3-(4-({(7-flyoro-6-
hydroxy-2-(4-
hydroxyphenylbenzols
ithiophen-3-
yioxyipheaylhacrylic
acid

"H NMR (400 MHz,
CD;0D) dSppm =751 (4,7
= 16,17 Hz, 1H), 7.3% - 747
{m, 4H), 6.80 - 6.51 (m,

3 4H}, 6.67 (d, J = 9.09 Hz,
O\ N o 2H). 6.26 (4,7 = 15.66 Hz,
N s Y 1H). LO/MS (nviz, MH):
£ 423.4
(F)-3-(4-{{2-(3-fluoro- | 'H NMR (400 MHz,
4-hydroxyphenyt)-6- CD;0D) 8 ppm = 6.36 (d,
hydroxybenzo[blthioph | = 15.66 Hz, 1 I, 6.80 (dd,
N en-3- J = 8.59,2.02 Hz, 1 H).
S yhoxyiphenyhacrylic 6.84-6.91 (m, 1 H), 6.92-
= acid 6,99 (m, 2 H), 716 (4, /=
40 "\ B.S9Hz 1 Hy, 7.20(d, /=
\O 2.02 Hz, 1 H), 7.29{ddd, J
Ly . =8.59,2.02, 1.01 Hz, 1 H),
HOTN \‘w“(\ 7.39 (dd. J = 12.63, 2.02
Ao Hz, 1 H), 7.50-7.56 (m, 2
H), 7.60 (d, J=15.66 Hz, 1
H). HRMS (mvz, MH ')
4230680
{(£y-methyl 3-(4-((6-
\‘Q-«\{/Q hydroxy-2-(4-hydroxy-
e, 3-methylphenyl}-
- benzohlthiophen-3-
41 &\,) yhexyphenyDaorylate |y g o MoH): 431.4
je
HD"%/
® \‘E\/\\OH
‘ {#)ymethyl 3-(4-((6-
P hydroxy-2-(4-
N {triftuoromethoxyjphen
,‘,\:_\ yvhbenzo[bithiophen-3-
o W yhosylphenylacrylate | LOMS (nz, M-H): 485.5
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Ao

{(£)-ethyl 3-(4-((6-
hydroxy-2-(4-
hydroxyphenylibenzo[h
ithiophen-3-yhoxy)-2-
methoxyphenyacrylate

LO/MS (nvz, MH ) 463.2

44

{#)ymethyl 3-(4-((6-
hydroxy-2-
phenyibenzo[hlthiophen
-3-yhoxy)phenyh)-
acrylate

HRMS (miz, MH ')
403.09%9

Example 45

{Ey-methvl 3-(4-({6-hyvdroxy-2-(2-1sopropyiphenvhbenzol dlthiophen-3-vyhoxviphenvDacryvlate

{36362}

To a solution of {£)-methyl 3-(4-((2-(2-1sopropyiphenyl}-6-

methoyybenzo{blthiophen-3-yhoxyiphenyDacrylate (30 mg, 6.065 mmol) in BDCM (1.5 mL) at

°C was added BB, (1.0 M n heptane, 0.196 mL, 0.196 mimol) dropwise. After | hat 0 °C the

reaction was guenched with sat, aq. NaHCO; and extracted with EtQAc, the combined organic

layers were passed through a phase separator and concentrated in vacuo to afford the crude

product which was purified by column chromatography (§10,, 0-30% EtQAc/beptane) to afford

{F}-methyl 3-(4-((6-hydroxy-2-(Z-1sepropyiphenyibenzo{bithiophen-3-yljoxyphenyhacrylate
{25.8 mg, 0.058 nunol, 89% vield). PH NMR (400 MHz, CDCL) & ppm =7.60 (d, J =159 Hz,
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1ED), 7.40 — 7.25 (m, SH), 7.15 (ddd, T = &.1, 5.5, 3.0 Fz, 11D, 6.51 — 6.85 (m, 3H), 6.29 (d, § =
16.0 Hz, 1H), 2.80 (s, 3H), 3.25 (p, 1 = 6.8 Hz, 1H), 119 (d. J = 6.8 Hz, 6H). LC/MS (m/z, M-H):
4430,

Example 46

{£3-2-{4-flgorg-2-methyiphenvD-3-(4-2-(5-methvl-1 3 4-oxadiazol-2-

viwvmyDphenoxyibenzolblthiophen-6-0l

Oﬁ
ez o]

I
)
I8 Iy
0 NA S

S \
)\\f\F
{00363] To a 30 mL scrow cap vial, (£)-2-(4-{(2-(4-fluoro-2-methyiphenyl}-6-

methoxybenzo| plthiophen-3-yvhoxy)styryl)-S-methyi-1.3 4-oxadiazole {12 mg, 0.025 mmeol) was
dissolved i DOM (6.5 mL). The vial was charged with BBr; (1.0 M in hexanes, 0.076 mi, 0.076
mmol) and the reaction mixture was stirred for 1 b at reom temperature. The reaction mixture
was quenched with 2 mL MeOH and stivred for 10 mun. The muxture was concentrated onto silica
gel and the crude material was purified by reverse phase HPLC (acidic conditicn, 6.1% TFA i
30-100% CH3CN/ELO) to afford (£)-2-(4-fluore-2-methylpheny}-3-(4-(2-(5-methyi-1,3,4-
oxadiazol-2-yhvinyUpbenoxyibenzolhithiophen-6-01 (3 mg, 6.54 prool, 26% vicld) as a yellow
solid. "H NMR (400 MHz, CD;0D) 8 ppm = 2.26 (s, 3 H), 2.45 (s, 3 H). 6.73-6.86 (m, S H), 6.88
(dd, /=985, 2,78 Hz, 1 H}, 7.08-7.30 {m, 3 H), 7.34-7.45 (m, 3 H). LO/MS (m/z, MH"): 459.4.

{30364] The foflowing examples were prepared using procedures described i the above

examples using appropriate starting maternials:

Table 3

Example Structure Name Physical data
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N
~k

(£}-2-{4-flaoro-2- "H NMR (400 MHz,
\/\f'N‘N methylpheoyd-3-(4-(2- | CD0D) § ppm = 0.91-0.98
g {5-propvi-1,3,4- {m, 3H), 1.69-1.81 (m, 2
LS oxadiazol-2- Hi, 226 (s, 3H), 2.78 (1, ./ =
. yhvinyhphenoxyibenzo | 7.3 Hz, 2 H), 6.72-6.80 (m,
(W sithiophen-6-ol 4, 6.83(d, J=162Hz1

), 6.88 (dd, J = 9.6, 2.5 Hz,
e 1H), 7.14 (d, J= 2.0 Hz, 1
R M), 7.18 (4, J= 8.6 Hy, |
j\%F Y, 7.22 (dd, J = 8.6, 6.1 Ha,
1 HY, 7.35-745 (m, 3 H)
LO/MS {m/z, MH): 487.0

o]

e
i

Example 48

{F)-5-{4-((2-{4-fhucro-2-methviphenvhi-6-hvdroxvbenzo{hlthiophen-3-vhox vistvryli-1.3 4-

{33365]

oxadiazol-2(3H)-one

fo{z\g\{\
\

e =

To a 30 mL screw cap vial, (£3-5-4-((2-{(4-fluoro-Z2-methylphenyi}-6-

methoxvbenzo[blthiophen-3-vhoxvistyryl)-1,3,4-oxadiazol-2(3/)-one (15 mg, 0.032 nunol) was
; [EOIOP 3 YIStYT) {567) { g

dissolved it DUM (1 mb). The vial was charged with BBr; (1.0 M 1n hexanes, 0.095 mi, 0.095

mmol) and the reaction mixture was stirred for 1 h at room temperature. The reaction mixture

was quenched with 4 mb MeOH and stirred for 10 min. The mixture was concentrated onto silica

bl

gel and the crude material was poritied by reverse phase HPLC (acidic condition, 0.1% TFA m

30-100% CH:CN/HLO) to afford (F)-5-(4-((2-(4-fluoro-2-methylphoayi)-6-

hydroxybenzo[blthiophen-3-yloxylstyryl)-1,3,4-oxadiazol-2(3H)-onc (6 mg, 0.013 mumoel, 41%

vield) as a white solid. LO/MS {m/z, MH™): 430.0.
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Example 49

{E3-2-{(4-fhuore-2-methyviphenvyh-3-(4-2-(S-methyi-4H-1 .2 4-tnazol-3-

vyvinvliphenoxy)benzol blthiophen-6-0l

\F:N‘N

HNg
\\:\
v
)
p— O
Ho—a f
" 1\\/.’\3\ N N;f.
P F
1860366] To a 30 mL screw cap vial, (£)-3-(4-{(2-(4-fluoro-2-methylphenyi}-6-

methoxybenzo[blthiophen-3-yhoxystyryl)-S-methyl-4H-1,2 4-triazole (15 mg, 0.032 nunol) was
dissolved in DCM (1 ml). The vial was charged with BBr; (1.0 M in hexanes, 0.095 mi, 0.095
mmol) and the reaction mixtore was stitred for 1 h at room temperature. The reaction mixture was
guenched with 4 ;. McOH and stirred for 10 min. The mixture was concentrated to 50% volume
and purified by reverse phase HPLC (acidic condition, $.1% TFA 1 30-100% CH,CN/HO) to
afford (£)-2-(4-fluore-Z2-methylphenyl)-3-(4-(2-(S-methyl-4H-1,2 4-triazol-3-
yihvinyDphenoxy)benzo[flthiophen-6-01 (7 mg, 0.015 mmol, 48% yield) as a pale yellow solid.
"H NMR (400 MHz, CD;0D) 3 ppm = 2.26 (s, 3 H), 2.42 (s, 3 H), 6.72-6.83 (m, 5 H), 6.88 (dd, J
=101§, 253 Hz, L H}, 714 (4, J=2.02 Hz, L H), 7.16-7.26 (m, 2 H), 7.29-7.41 (m, 3 H).

LC/MS (m/z, MH): 458.1.

{03671 The foflowing examples were prepared from the corresponding methyl ether

mtcrmediates using method B:

Table 4

Example Structure Naime Physical data
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56

(F¥-4-{4-({6-hydroxy-2-
{4-hydroxyphenyi}-
benzo| b ithiophen-3-
vhoxystyry-6-
(triffuoromsethyhpyrimi
dimn-2(1H)-one

"H NMR (400 MHz,
CODYdppm=781(d,J
=16.17 Hz, 1H), 7.53(d,.J
=8.39 Hz, 2H), 7.34 - 7.45

{(m, 2H), 7.10 ¢4, J=2.02
Hz, 1H), 7.06 (t, /=429
Hz, 2H), 6.85 - 6.5 (m, J =
8.59 Hz, 2H), 6.81 (d, J =
16.17 Hz, 1H), 6.70 (dd, J =
2.27, 8.84 Hz, 1H), 6.60 -
6.67 (m, 2H)

LO/MS (e, MH): 523.4

{£3-2-(4-fluoro-2-
methylphenyi)-3-(4-(2-
{1-methyl-1H-tetrazol-
S-yhvinylphenoxy}-
benzolhlthiophen-6-0l

'H NMR. (400 MHz,
CD:0D) S ppm = 2.26 (s, 3
HY4.24 (5,3 H16.72 - 682

{m, 4 HY685-699 (m, 2
HY7.10 - 7.27 (m, 3 H) 7.32
-7.41 (m, 2 H) 7.47 (d,
J=16.67 Hz, 1 H}

LO/MS (ovz, MH): 459.4

{£)-2-(4-fluorophenyl}-
3-{4-(2-(1 -methyl-1H-
tetrazof-5-
yhvinylphenoxyibenzo
sithiophen-6-ol

H NMR (400 MHz,
CDOM S ppm =424 (5,3
H)}6.68 - 6.76 (m, 1 H) 6.82

-6.90 (m, 2 H)6.91 - 7.058
(m, 3HY7.06-7.20(m, 2
H)7.39-7.48 (m, 2 H)} 7.52
(d, J=16.67 Hz, 1 H} 7.57 -
7.68 (m, 2 H}

LO/MS (m/z, MH): 445.2

(Fy-2-(4-fluoro-2-
methylphenyi)-3-(4-(2-
{1-propyl-1H-tetrazol-
S-ylvinylphenoxy)
benzolbithiophen-6-0l

"H NMR (400 MHz,
CD;0D) b ppm = 7.48 (4,
J=16.7 Hz, 1H), 7.32-7.41
{m, 2H), 7.22 {dd, }=8.6, 6.1
Hz, 1H), 7.18 (d, }=8.6 Hz,
1H), 7.14 {d, }=2.0 Hz, 1H),
6.93 (d, }=16.7 Hz, 1H),
6.88 (dd, J=9.9, 2.8 Hz, 1H),
6.71-6.83 (m, 4H3, 4.50 (1,
J=6.8 Hz, 7H), 2.26 (s, 3H),
1.93 (sxt, J=7.2 Hz, 2H),
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0.7%-0.92 (m, 3H, LO/MS
(m/7, MH'): 487.1

Example 54

{F)-2-{4-hvdroxyphenvh-3-(4-02-(1 -methvl-1 Htetrazol-S-vhviayvh-

phenoxvibenzolAlthiophen-6-01

=N,
Ny

e
EESe

e

Ny
-‘r\:'

]

HO"Q >§\ =

YA on

{30368] To a 30 mL vial contaming (£1-5-(4-({(6-methoxy-2-(4-
methoxyphenyhbenzolbithiophen-3-yhoxystyryl)-1 -methyl-1 H-tetrazole (12 mg, 0.03 mmol) in
DCM (1 mb) was added BBr: (1 M in heptane, 0.077 mL., 0.08 sunol) and the reaction was sturred
for § b at room temperature. The reaction mixture was quenched with 4 mL MeQOH and stirred for
10 pun at room temperature. The reaction mixture was concentrated 1o 50% volome and the crude
product was punified by reverse phase HPLC (acidic condition, 0.1% TFA in 1-100%
CH3CNHLO) to afford (F)-2-(4-hydroxypheny}-3-¢4-(2-(T-methyl-1 H-tetrazol-5-
vhvinyliphenoxytbenzo[blthiophen-6-01 (4 mg, 9.04 pmol, 35% yicid} as a white solid.

'HNMR (400 MHz, CD:0D) 8 ppm =7.52 (d, /= 16.67 Hz, 1 H), 7.38-7.48 (m, 4 ), 7.09 (d, J
=202Hz, 1 H), 7.06 (d, /=859 Hz, | H}, 6.86{d, /= 16.67 Hz, | H), 6.81-6.90 (m, 2 H}, 6.61-
6.73 {m, 3 H), 4.24 (s, 3 H). LO/MS (nvz, MH ) 443.3.

{30369 The following examples were prepared using procedures deseribed o the above

examples using appropriate starting materials:

Table &

PP Mame .
Example Structure Physical data
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(EN-2-(4- "H NMR (400 MHz,

hydroxyphenyl)-3-(4- CDOD Sppm=7.64(d,.J
\y}r?\E,N {2-(2-methyl-2 H- =16.17 Hz, 1 H), 7.51-7.59
N§< tetrazol-3-vhvinyl)- {m,. /=839 Hz, 2 H}, 7.37-

. phenoxyibenzo{blthiop | 7.47 (m, /= 8.59 Hz, 2 H},

. hen-6-0 710{d, /=202 Hz, | H),

55 \_ 4 7.07(4, /=859 He, 1 H),
S 6.97 (d, /= 16.17 Hz, t H),

F Nl 6.88 (d, J= §.59 Hy, 2 H),

o Q}“\@ 6.61-6.76 (r, 3 H), 4.03 (s,

TN ok 3 H). LC/MS (n/z, MH'):

4433
{30370] Examples 56-62 were prepared from the corresponding methyi- or ethyl ester

mtermediates via ester hvdrolysis using general method C: The corresponding methyl- or ethyl
ester was dissolved m ethanol (0.05 — 0.1 M), 2M aq. LiOH solution (5-10 ¢q.) was added and the
mixture stirred at 1t for 16h. The solution was acidified with 4N HCI and the precipitate extracted
with EtOAc. The organic phase was dried over Na 50, and concenirated to yield the product.

The following examples were prepared utilizing method C from appropriate starting materials:

Table 6
Example Structure Name Physical data
o (E)-3-(4-({6-hydroxy-2- | 'y NMR (400 MHz,
HO—¢ (4-hydroxyphenyl)- CDAODY § ppm = 2.34 (5, 3
S, bc:*jnﬂzoib]thmphen—} H), 6.26 (d, /= 16.17 Hz, |
= yhoxy}-2- ), 6.61-6.90 (m, 5 H),
56 Y ¢ m?fih'yh’hm}’iﬁaﬂyhc 7.08-7.32 {m, 2 H), 7.41-
en D acic 7.65 (m, 3 H), 7.90 (d, J =
}_,Q,@“\{\/\\\ 16.17 Hz, 1 H)
AP HRMS (mv/z, MH):
417.0779
(£)-3-{4-(6-hydroxy-2- | 'H NMR (400 MHz,
HO \{? {4-hydroxyphenyl)- COD) 6 ppm = 2.38-2.63
- benzolb jthiophen-3- {m, 3 H), 6,30, J = 1617
- yhoxy)-3- Hz, 1 H), 6.50 (4. J = 8.59
5 Y \/}“ methylpheayDacrylic | Hz, 1 H), 6.73-6.77 (m, 2
/ S acid H), 6.79 (dd, J = 8.59, 2.02
PNl Hz, 1 H), 7.09 (4,7 = 8.59
o AL N Hz, 1 H), 7.15-7.24 (m, 2
A Aon H), 7.42-7.53 (m, 3 H), 7.57

(d,.J=16.17 Hz. 1 H)
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HREMS (m/z, MH)
417.0782
(E}-3-(4-{{(6-hydroxy-2-
Hoﬁ{o \ (4-hydroxyphenyl)-
b benzolbithiophen-3-
>:.={\’ yvijoxy-2-
<3 (\\\\% {9‘* nl(?tiiloxy’iﬁilenyl)acrylic LOMS (nv/z, MET): 435.1
acic

(£)}-3-(4-({6-hydroxy-2-

o4 {(4-(rifluoromethoxy)- HINMR (400 MHz,
- phenyhbenzo[sjthiophe | CIHODN 8 ppm =637 (4, J
p 13-y hoxy jphenyl)- = 15.66 Hz, | H), 6.82 (dd,
§ 4 acrylic acid J=8.59,2.02 Hz, 1 H),
59 Y 6.91-7.00 (m, 2 H), 7.15-
. <li 7.32 (m, 4 H), 7.44-7.59 (m,
HOTR A ™ 3 H), 7.71-7.86 (m, 2 H)
¥ Aocr, HRMS (mv/z, MH"):
473.0644
(£)-3-{4-(6-hydroxy-2- | 'H NMR (400 MHz,
o phenyibenzo[bithiophen | CD0D) 8 ppm = 628 (d, J
HO“{ -3-yDoxy)phenyl- = 16.17 Hz, 1 H), 6.79 {dd,
.:B* acryvlic acid J =859, 202 Hz, T H),
e 6.83-6.93 (m, 2 H}, 7.09-
60 Lf} 7.30 (o, 5 H), 7.38 (d. J =
Q{ 8.59 Hz, 2 H), 7.54 (4, J =
HO~ Y/ A e 16,17 Hz, 1 H), 7.59-7.68
A @ (m, 2 H)
7 HRMS (m/z, MH'):
389.0834
(E1-3-(4-((6-hydroxy-2- | H NMR (400 MHz,
{4-hydroxy-3- CoLODy o ppm = 2.14 (s, 3
methylphenylbenzo[bit | H), 6.35(d, J = 15.66 Hz, 1
o \{0 hiophen-3- H), 6.69 (4, / = 8.59 Hz, 1
- yhoxy)phenyDacrylic H), 6.79 (dd, J = 8.59, 2.53
N acid Hz, 1 H), 6.89- 7.00 (m, 2
o W H), 7.15 (d, J = 8.59 Hz, |
' as W), 718 (4,7 = 2.02 Hz, |
N ) M), 7.33 (dd, J = R 34, 2.27
o\ A S sy Hz, 1 H), 7.39 (d,J = 1.52
T W om He, 1 H), 7.49-7.55 (0, 2

W), 7.60 (4, J = 16.17 Hz, |
H)
HRMS (m/z, MH'):
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419.0915

62

{(£)-3-(4-(t6-hydroxy-2-
{4-hydroxyphenyl)-
benzolbithiophen-3-
vhoxyphenyiibut-2-
enoic acid

'H NMR (400 MHz,
CO0) dppm =742(d, J
=9.09 Hz, 2H), 7.27 - 7.34
(m, J = 8,59 Hz, 2H), 7.00 -
713 {m, 2H), 6.75 - 6.82
{m, J=9.09 Hz, 2H), 6.61 -
6.72 (m, 3H), 6.05 (s, 1H),
2.25 (4, J=1.01 Hz, 3H)
LO/MS (m/z, M-H): 4174

{00371}

Example 63-71 were prepared from the corresponding acid by formation of the

amide. General method D: the corresponding acid was dissolved s DMF (0.03 - 0.1 M), HATU

{1.5 eq. } was added and the mixtare stirved for 5 min, DIEA (5 ¢q.) and the corresponding aming

{3 ¢q. ) were added and the mixtare stirred at 1t for 16h. The muxtyre was diluted with water and

extracted with EtOAc. The combined organic phase was dried over Na,S(O4 and concentrated o

vield the crude which was purified by RP-HPLC. The following examples were prepared

utilizing method D

Table 7
Example Structure Name Physical daia
(£)-3-{4-({6-hydroxy-2- | "H NMR (400 MHz,
H\N“ {O (4~(ﬂ*ifiuommethy ‘)— 4 ChROD} s ppm =282 (s, 3
S phenvhbenzo[bithiophe | 1), 6.43(d, J = 15.66 Hz, |
>:.:\ n-3-yhoxy)phenyt-N- | H), 6.82 (dd, 7 = 8.59, 2.02
Y methylacrylamide Hz, 1 H}, 6.89-7.02 (m, 2
63 Hy, 7.13-7.30 (m, 2 H),

7
=
o s
HO™ Q N

7.37-7.52 (m, 3 H3, 7.61 (d,
J=8.08 Hz, 2 Hy, 7.85(d, J
= %08 Hz, 2 H)

HRMS {m/z, MH'):
470.1018
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H 2N~-«’L:>
(\‘:\

(F3-3-(4-({6-hydroxy-2-
{(4-hyvdroxyphenyiy-
benzo|b]thiophen-3-
vhoxy)phenylacrylamid

H NMR (400 MHz, CD:0OD)
Gppm= 648 (d, J=15.66

Hz, 1 H}, 6.73-6.76 {m, 1 H},
65.76-6.78 (m, 1 H)., 6.80 {dd,

. e J=18384,227Hz, | H), 6.89-
b4 ‘““{; 6.98 (in, 2 H), 7.16 (d, J =
Y .59 He, 1 H), 7.19 (4, J =
ﬁo”‘\\x&g P 2.02 Hz, | H), 7.42-7.55 (m,
A oh 5 H) ‘
HRMS (m/z, MH ) 404.0944
- (F)-3-{4-({6-hydroxy-2- | H NMR (400 MHz,
HQ (4- CD,0D) 8 ppm = 3.41 (t,J
el hydroxypheayhbenzo[b | = 5.56 Hz, 2 H), 3.65 (t, J =
N, ithiophen-3- S81Hz, 2H), 647(d, /=
Ve yhosylphenyD-N-2- | 15.66 Hz, 1 H), 6.71-6.77
65 &} hydroxyethyhacrylaroid | (m, 2 H} 6‘79 { dc»i, J= 8.59,
- \c ¢ 202 Hz, 1 H), 6.88-6.96 (m,
2HYL 7.15(d, J=8.09 Hz, {
H), 748 (d, 7= 2.02 Hz, 1
H), 7.42-7.54 (m, S H)
HRMS (m/z, MH )
4481205
(F}-3-{4-({6-hydroxy-2- | 'H NMR (400 MHz,
{4- {C: 500  ppo = 2.66-
e _{O hydroxyphenylibenzolh | 2.71 (o, 3H)L 643 (4. J =
e ithiophen-3- 15.66 Hz, 1 H), 6.69-6.86
S yhoxy phenyl}-N- {m, 3 H, 6.90-7.00 (m, 2
66 . {9\ methylacrylamide H), 7.0 {d, F =839 Hz, 1
) \ H), 7264, /=202 Hz 1
Q{ ), 7.33(d, J=15.66 Hz, 1
HO™ = H), 7.42-7.55 {m, 4 H),
/ff‘\w 7.75-7.87 (m, 1 H)
HRMS (my/z, MH):
4181102
(E3-3-(4-((2-(4- "H NMR (400 MHz,
v 0 fluorophenyl}-6- CDOD) dppm =282 (5, 3
HIN~ hydroxybenzo[bithioph | H), 6.44 (d, /= 16,17 Hz, 1
= en-3-vhoxy)phenyl)-&- | H), 6.77-6.86 {m, 1 H),
>:‘\3 methylacrylamide 65.90-6.97 (m, 2 H), 7.04-
87 / 743 (o 2 H), T8 (d. S =

RSO Hz L HY, 7.22 (4,7 =
2.02 Hz, 1 H), 7.39-7.52 (i,
3H), 7.65-7.73 (m, 2 H)
HRMS (m/z, MH )
420.1044
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. Y

(F¥-3-{4-({6-hydroxy-2-

{4-hydroxvy-3-

methylpbenylibenzolbit

hiophen-3-
yloxyiphenyl-N-

m ethylacrylanude

"H NMR (400 MHz,
ChODY Sppm=2.13¢s,3
H), 2.82 (s, 3 H), 6.43 (4, J
= 15.66 Hz, 1 H), 6.69 (d,J
= §.59 He, 1 H), 6.78 (dd. .J
=8.59, 2.02 Hz, 1 H), 6.88-
6.96 (m, 2 H), 7.14 (d, J =
8.5 Hz, L H), 748 (4, J =
202 Hz, 1 H), 7.33 (dd, J =
8.34,2.27 Hz, 1 H), 7.39 (d,

J=202Hz, T H), 7.41-7.51

{m, 3 H)
HRMS (m/z, MH )
432.1249

H\N _\{D
69 \4

{E)-3-(4-((2-(3-fluoro-
4-hydroxyphenyi)-6-
hydmvaemo[ thioph
en-3-yhoxy)phenyl)-N-
methylacrylamide

'H NMR (400 MHz,
COD) s ppm =282 (s, 3
H), 6.44(d, J = 16.17 Hz, |
Hy, 6.76-6.82 (m, | H), 6.87
(t,.J = 8.84 Hz 1 H), 6.90-
696 {(m, 2 H), 7.15{(d, J =
9.09 Hz, 1 H), 7.19(d. J =
2.02 Hz, 1 H), 7.28 (ddd. J

= 8.59,2.02, 1.01 Hz, 1 H),
739 (dd, J = 12.63,2.02
Hz, 1 H), 7.42-7.52 (m, 3 H)
HRMS (m/z, MH):
436.0997

{(E)-3-(4-{{6-hydroxy-2

Example 78

(4-(trifhuoromethyviphenvhbenzolblthiophen-3-vhoxviphenvh-N-

methviacrviamide

¢
B

Y
%

gt o

{38372} To a vial contaiming (#£)-3-(4-({6-hydroxy-2-(4-(triflucromethy Dphenyl)-

benzol hithiophen-3-yhoxyiphenyDacrvlic acid (15.9 mg, (.035 mmol) was added DMF (1.0 mL),
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followed by methylamine hydrochloride (7.1 mg, 0.1035 mmel}, HATU (19.9 mg, (.052 mmol},
and DIEA (0.030 mL, 0.174 mumol). The nuxture was stivred at room temiperature for 12 h after
which the reaction was quenched with water and extracted with EtOAc. The combined organic
layers were dried over anhydrous Nay50,, filtered and concentrated in vacuo to give the crude
product which was purified by reverse phase HPLC (neutral condition, 3% 1-propanoclin 1-100%
CH;CN/HLO) to afford (£)-3-(4-((6-hydroxy-2-(4-(nmfluoromethyDphenyDbenzo[ bithiophen-3-
yhoxyiphenyl-N-methylacrylamide (13.8 mg, 0.029 mmol, 84% vield). 'H NMR (400 MHz,
CD0D) dppm =282 (5, 3 H), 643 {d, /= [5.66 Hz, 1 H), 6.82 (dd, .J=8.59,2.02 Hz, 1 H),
6.89-7.02 (m, 2 H), 713-7.30 (m, 2 H), 7.37-7.52 (m, 3 H), 7.61 (4, /=808 Hz, 2 H), 785 (d. J
= 8.08 Hz, 2 H). HRMS (nvz, MH"): 4701013,

Example 71

{(FY-3-{8-{{6-hvdroxy-2-(4-hvdroxyphenvhbenzo{hlhiophen-3-vhoxvipvridin-2-vH-N-

methviacrviamide

L0
Hmmf\
\~=N
\_
lr;* {O
Ho— \—&/ -
,-—\/ . \ \L
W Ao
{6373 To a solution of (£}-3-(5-({6-hydroxy-2-{(4-hydroxyphenyibenzo[ plthiophen-3-

yvhoxyipyridin-2-yhacrylic acid (0.057 g, 0.14 mmol) i DMF (1.406 ml} was added HATU
{0.064 g, 0.17 mmol), methylamine hydrochloride (10.45 mg, 0.16 nynol) and NMM (0.077 ml,
0.70 mumol}. The resulting mixture was stirred at room temperature for 48 h after which time the
reaction was quenched with sat. ag. NH4Cl and extracted with EtOAc¢ (3%). The combined organic
layers were passed through a phase separator and concentrated i vacuo to afford the crude
product which was purified by reverse phase HPLC (acidic condition, 3% TFA 1 10-100%
CH3UN/HLO) to afford (£)-3-(5-((6-hydroxy-2-(4-hydroxyphenyDbeozol hithiophen-3-

yhoxy ipyridin-2-y1}-N-methylacrylamide (30 mg, .05 mmol, 37% vield). 'H NMR (400 MHz,
(CE3pSOGY 3 ppm =2.67-2.72 (m, 3 H), 6.77-6.90 {m, 4 H), 7.14-7.23 (m, 2 H)}, 7.30 (4, /= 2.02
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Hz, 1 H), 7.36 (6, J = 15.16 Hu1 H), 7.44-7.51 {m, 3 H), 8.42 (d,J = 3.03 Hz, | H). LO/MS
(m/z, MH'): 4193,

{38374 Examples 72-75 were prepared from the corresponding bromide (Intermediate
() by Heck reaction. General method B the bromide (intermediate O) was dissolved in DMF
(0.02 — 0.1 M), triethyl amine (10% of DMF), the corresponding terminal alkene (3 eq.) and
Pd{PPh: 1 Cl (.1 eg.) was added and the system purged with nitrogen. The mixture was heated at
150 °C for 1-3 h ander microwave frradhation. The mixture was cooled to room temperature and
dilated with DCM and sat. aq. NH4CL The organic layer was collected {phbase separator),

concentrated 1z vacue and purified by reverse phase HPLC.

Exampie 72

{F3-3-(4-2-(1 H-imidazol-4-vDhvinvhiphenoxvi-2-(4-hvdroxyphenyhbenzol b ithiophen-6-01

HNS

PN
Sy

L
AY

=z

\_

Yoy
HON A B
5 Aon

{60375] To a microwave vial containing 3-{(4-bromophenoxy 3-2-{4-
hyvdroxyphenvhbenzo[dithiophen-6-0l (20 mg, 0.05 mmol) in DMF (2 mal)) was added triethyl
amine (0.202 wml, 1.45 nunol}, tert-buty] 4-vinyl-1 H-imidazole-1-carboxylate (28.2 mg, 0.13
mmol) and PA(PPhay»Ch (3.40 mg, 4.84 pwmel). The system was flashed with nitrogen and heated
at 150 °C for | b under microwave rradiation. The mixture was cooled to room temperature and
dihuted with DCM and sat. aq. NH4CL The organic layer was collected {phase separator},
concentrated in vacuo and purified by reverse phase HPLC (basic condition, 0.1% NHyOH o 1
100% CHRUN/HLO) to atford (£)-3-(4-(2-(1 H-mnidazol-4-ylvinyDphenoxy)-2-(4-

hydroxyphenyDbenzo[blthiophen-6-0f (3 ma, 7.03 pool, 15% vicld) as a white solid. 'H NMR.
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(400 MHz, CD;0D) 8 ppm = 7.57 (s, 1 H}, 7.43 (4, = 8.59 Hz, 2 H}, 7.30 {d, J = 8.59 Hz, 2 H),
6.96-7.14 (m, 3 H), 6.74-6.96 (i, 4 H}, 6.53-6.74 (m, 3 H). LO/MS (m/z, MH'): 4273,

Example 73

{E)-2-{4-hvdroxyphenvD-3-(4-(2-(L-methvl- 1 H-imidazol-4-vvinvliphenoxy)-

benzolblthiophen-6-0l

{
N
Nez
N
o]
Y AOH
HO" N S \\Q‘.____
160376] To a microwave vial, 3-(4-bromophenoxy-2-(4-

hvdroxyphenyDbenzo[bithiophen-6-01 (S0 mg, 0.121 mmol} was dissolved i DMF ( 2 mi) and
triethyl amine (0.506 ml, 3.63 mmol). To the solution was added the the 4-vinyl-1-methyl
midarole (39.2 mg, 0.363 mmoly and PAPPh:LCL (.49 mg, 0.012 mumol). The system was
flushed with nitrogen and heated at 150 °C for 1 h under microwave radiation. The mixture was
cooled to room temperature and diloted with DCM and sat. NH4CL The organic layer was
collected (phase separator) and purified by reverse phase HPLC (acudic condition, 0.1% TFA n 1-
100% CHLUN/HLO) to atford (E)-2-(4-hydroxyphenyl)-3-(4-(2-(1 -methyl-1H-imidazol-4-
yhvinyhphenoxy)benzo[blthiophen-6-0f (31 mg, 0.070 mmol, 58.2 % vield) as a white solid. 'H
NMR (400 MHz, CD:OD) s ppm = 3.82 (3,3 HY6.57 - 674 (m, 3H)Y 6.75-6.93 (m, 3H) 698 -
714 {m, 3 H)7.32 - 7.54 (m, 5 H) 873 (s, 1 H). LO/MS (m/z, MH ) 441.3,

{83771 The following examples were prepared utilizing method E:
Table 8
Example Structure Name Physical data
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(£}-2-44- , 'H NMR (400 MHz,
hydroxyphenyD-3-(4- | 01,00 6 ppm = 1.01 (4,
(2-(1-propyl-1H- J=7.33 Hz, 3 H) 1.88 - 2.03
imudazol-4- (rm, 2 H) 4.20 (1, J=7.33 Hz,
;,'i)ylnjylggjhel‘{(;xy' jbenzo | 5 H)6.71 - 6.85 (m, 3 H)
74 sithiophen-6-ol 6.8% - 7.01 {m, 3 H) 7.11 -
728 {(m, 3 H)7.44 - 7.60
(m, 4 H) 7.68 {d, ./=1.01 Hz,
FHY894 (4, /=152 Hz 1
H). LO/MS (miz, MH )
469.4
(F)-2-(4-
hydroxyphenyl)-3-(4-
(2-{L-propyl-1H-
midazol-5-
yhvinylphenoxybenzo
75 Lb}thiophen-6-0l LO/MS (n/z, MH): 469.4
{30378] The foflowing examples were prepared using procedures described i the above

examples 1- 75 using appropriate starting materials:
les 1-78 g te start terial

Table 8

Example Structure

Name

Physical data

(F¥-3-44-2-(5-
cyclopropyi-1,3.4-
oxadiazol-2-
yhvinyhphenoxy)-2-(4-
fluoro-2-
methylphenyhbenzo[ 6]
thiophen-6-0l

LC/MS (nvz, MH ' ): 485.0

(£3-3-(4-((2-(2-
{{dimethylamnoymethy
) phenyb-6-

HRMS (m/z, MH )
446.1411
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hydroxybenzo[hlthioph

en-3-
vhoxyphenyhacrylic
acid

Example 78

{E3-4-(4-((6-hvdroxyv-2-(Z-1sopropvishenvibenzo[Althiophen-3-vhoxyiphenvhbut-3-en-2-one

o]
—~
£

=

o~
HO’Q\M\\‘/“:\
W
\\) /

{60379 To a solution of (£y-4-(4-{(2-(2-1sopropylpheny D-6-methoxybenzo[blthiophen-
3-yhoxyiphenylibut-3-en-Z-one (71.3 mg, $.161 mmol) in DM (2.5 mb) at $°C was added BBr;
{1.0 M in Heptane, 0.403 mL, (.403 mmol) dropwise. The resulting micture was stirred at 0°C for
1 h after which time the reaction was guenched by addition of sat. ag. NaHCO; sohution and
extracted with 10% /-PrOH/DCM (3#). The combined ovganic layers were dried over anhydrous
Na2S04, filiered and covcentrated i vacuo. The crude material was purified by reverse phase
HPLC (acidic condition, 0.1% TFA 1 45-70% CH;CN/HLO) to afford (£)-4-(4-((6-hydroxy-2-(2-
wopropylipheaylbenzofblthiophen-3-yloxyphenyhbut-3-en-2-one (1 1.1 mg, 0.026 mumol, 16%).
'H NMR. (400 MHz, CD:0D) 8 ppm = 7.55 (d, J = 16.3 Hz, 1H), 7.49 (d, J = 8.8 Hz, 2H), 7.37 -
719 (o, SH), 7.14 - 7.08 {m, 1H), 6.86 (d, J=8.8 Hz, 3H), 6,63 (d, /=163 Hz, iH), 323 (p, /=
6.9 Hz, 1H), 2.33 (s, 3H), 1.16 (d, J = 6.8 Hz, 6H). HRMS (nv/z, MH"): 429.1509.

Example 79

{EN-3-(4-{(2-(2-{diflyoromethvhphenvD-8-hvdroxvbenzolblthwophen-3-vhoxviphenyhacryiic acid
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{00388] To a solution of afford (£)-rere-butyl 3-(4-(2-(2-(difleoromethylpheny)-6-
hyvdroxybenzo[blthiophen-3-vhoxyipheoyliacrylate {100 mg, 0.202 mynol) v 1,4-dioxane (3.0
mb} was added 4.0M ag. HCI(0.202 mL, (0.809 mumol}. The resulting muxture was warmed to
50°C and stirred at that teroperature for 2 b after which time the reaction was quenched by
addition of sat. ag. NaHCO; and extracted with EtOAc (3x). The combmed organic layers were
dried over anhydrous Na, SOy, filtered and concentrated in vacuo and the resulting crude material
was purificd by reverse phase HPLC (basic conditions, §.1% NH4OH o CHCN/HO) to afford
{(E)-3-(4-((2-(2-(diflooromethyphenvl)-6-hydroxybenrzo[lthiophen-3-yhoxy)phenybhacrylic acid
(16.7 mg, 0.037 mmol, 19% yield). 'H NMR (400 MHz, CI:0D) 8 ppm = 7.72 — 7.64 (m, 1H},
7.54 742 (m, 4H), 7.39(d, I = 8.7 Hz, 2H), 7.33 - 7.24 (m, 2H), 7.00 (d, J = 55.2 Hz, 1H), 6.88
(dd, J=8.7,2.2 Hz. 1H), 6.81 (d, J = 8.9 Hz, 2H), 6.30 {(d, I = 16.0 Hz, 1H). HRMS (m/z, MH )
439.8776.

Exampie 88

{(EN-3-{4-{{5-hvdroxy-2-(2-(methoxymethvDpheavDbenzol bithiophen-3-vhoxyinhenvDacrviic

acid
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{0381} To a solution of (F)-3-(4-{({6-methoxy-2-(2-
{methoxymethyliphenylibenzo[dithiophen-3-yloxyphenyhacrylic acid (45.9 mg, 0.103 nunol) in
N-methyh-2Z-pyrrolidone (1.0 mL} was added thiophenol (0.016 mL, 0.154 mmol} and K,CO;
{14.21 mg, 0.103 mamol). The resulting mixture was subjected to microwave irradiation at 200°C
fo 90 nun after which time the reaction was diluted with EtOAc and filtered. The filtrate was
concentrated in vacuo and the crude matenial was purified by was purified by reverse phase HPLC
{basic condition, (.1% NH4OH i CH3UN/HO) to afford (£)-3-(4-((6-hydroxy-2-(2-
{methoxymethylphenyDbenzo[dithiophen-3-yhoxyiphenyhacrylic acid (3.0 mg, 8.00645 mmol,
6% yield). "H NMR (400 MHz, CD:0D) 8 ppm = 7.47 (4, J = 7.7 Hz, 1H), 7.40 - 7.31 (m, 4H),
731721 (m, 4H), 686 (dd, = 8.7, 2.1 Hz, 1H), 679 (4, I=84 Hz, 2H), 635{(d, I = 1S9 Hz,
TH), 4.53 (5, 2H), 3.29 (5, 3H). HRMS (mo/7, M+H0): 450.1355,

Example 81

{(E)-sopropyl 3-¢4-({6-hyvdroxy-2-(Z-isopropyiphenvibenrol blthiophen-3-vhoxyinhenyhacrylate

B

7
O
yndf

{30382} To a solution of (£)-isepropyl 3-{4-((6-({ter-butyldmethylsilyhoxy)-2-(2-
isopropyiphenylibenzofhithiophen-3-yDoxy iphenyhacrylate {35 mg, 0.060 mmol) in THF (2.0
mb) at 0°C was added tetra-n-butylammonmm fluoride (1.0 M i THE, 3.089 mi., 0.089 momol)
dropwise, the reaction immediately turned bright yellow in color. Stirring was continued at (°C
for 45 nun after which the reaction was warmed to room temperature for 15 nun and then
gquenched by addition of sat. aq. NaHCO;. The agueous layer was extracted with BtOA¢ (4x) and
the combined organic layers were dried over anhydrous MgSQO4, filtered and concentrated in
vacuo. The resufting crude material was purified by column chromatography {810, 8-20%
EtOAc/Heptane} to afford (£y-sopropyi 3-(4-((6-hydroxy-2-(2-
isopropyliphenylibenzo[hlthiophen-3-yhoxyiphenyiacryiate (14.0 mag, 4.02%9 mmol, 4%% yield).

'H NMR (400 MHz, CD0D) 8 ppm = 7.55 (d, J = 16.0 Hz, 1H), 7.45 (4, I = 8.8 Hz, 2H), 7.37 -
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7.20 {m, SH), 7.11 (td, J= 7.6, 1.5 Hz, 1H), 6.89 - 6.81 (m, 3H), 6.32 (d, J = 16.0 Hz, 1H), 5.05
(p, J =62 Hz, 1H),3.23 (p, I =6.9 Hz, 1H), 1.28(d, ] =6.2 Hz, 6H), 1.16 (d, } = 6.8 Hz, 6H).
HRMS (m/z, MH ) 473.1774.

Example 82

{E3-3-{4-({6-acetoxy-2-(2-1sopropviphenyDbenzol b lthiophen-3-vDoxyinhenvDacrvlic acid

—/lz - o
o’{j Yo A
S '
\(\L\%
{30383] To a sohution of (F)-tert-butyl 3-(4-{{6-acetoxy-2-(2-

isopropylphenylbenzolbithiophen-3-yvhoxy)phenybacrylate (65 mg, (.123 mmol) in BCM (3.0
mi.} at §°C was added TFA dropwise over 5 main. The reaction was stirved at 0 “C for 1 b after
which tipe #t was warmed (¢ toom temperature for an additional 55 min. The vuxture was then
diluted with DCM and concentrated in vacuo to remove both DOM and TFA. The crade material
was then further azeotroped with DUM (3%) to make sure all of the TFA was removed and gave a
pate yellow solid. The resulting crade matenal was dissolved i MeOH (3 mL) and purnified by
reverse phase HPLC (acidic conditions, .19 TFA m 45-70% CH;CN/HLO) to afford (7)-3-(4-
{(6-acctoxy-2-(2-1sopropyiphenylbenzolblthiophen-3-yhoxy)phenyhacrylic acid (39.1 mg, 0.083
mmol, 67% yield), 'H NMR (400 MHz, CD:OD) S ppm=7.69(d, I = 2.0 Hz, IH), 7.57 (4, T =
15.9 Hz, 1H), 745 (dd, I = 8.7, 6.4 Hz, 3H), 7.40 - 7.26 (m, 3H), 718 - 7.10 (., 2H), 6.86 (d, I =
88 Hz, 2H), 632 (4, I=16.0Hz, 1H),3.20(p, J=69 Hz, 1H), 232 (5, 3H), 1.17(d, I = 6.9 Hz=,
6H. HRMS (mw/z, MH=+): 473.1399,

Exampie 83

{F)-3-(4-((2-(Z-1sopropyinhenv-6-({3-methoxvoropanovhoxyibenzol blthiophen-3-

vihoxviphenvhacrvhic acid
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{8384 Step 1: To a solution of (F)-fert-butyl 3-(4-({6-hydroxy-2-(2-
wopropyiphenylbenzofbithiophen-3-yhoxyphenyhacrylate (42 g, 0.086 momol) in DCM (3
mb.} at room temperature was added 3-methoxypropanoyl chloride (15.87 mg, 0.129 nunol)
followed by N-ethyl-N-1sopropylpropan-2-amine (0.030 mL, 0.172 mmol}. The resulting mixture
was stirred at room tcrmperature for 2 hours after which time an additional amount of
methoxypropanoyl chioride (15.87 mg, 8.129 mimol) was added and stirring was continued at
roomt temperature for 18 hours. Upor compietion the reaction was concentrated in vacuo and used
in the next step without further purification.

{30385} Step 2: The resultiog crude product was retaken in DCM (3 ml) and
trifluroacctic acid {3 mL). The mixture was stirred at room temperature for 1 hour after which the
reaction was coneentrated in vacuo and the resulting crude material was punfied by reverse phase
HPLC (acidic condition, .1% formic acid as modifier, 55-80% CH;CN/HO) to afford impure
{(E)-3-(4-((2-(Z-sopropylpheny -6-((3~-methoxypropanoyvhoxybenzol hlthiophen-3-
yvhoxyipheayDacrylic acid (15 mg, (.029 mmol, 33% yield). 1H NMR (400 MHz, DMSO0-d6) 8
789 (d, J=2.1Hz, IH),7.61 -7.56(m, 2H), 7.50 - 7.33 (m, 6H), 7.21 (¢d, J = 7.3, 1.6 He, 1H),
7A5(dd, J=87,2.1 Hz, 1H), 693 -6.80(m, 2H), 6.35(d, J=16.0 Hz, 1H}, 3.69 (1. J = 6.1 Hz,
2H), 3.30 (s, 3H), 3.14 (p, J= 6.8 Hz, 1H), 2.87 {1, J= 6.0 Hz, 2H), 1.14 (4, J = 6.8 Hz, 6H).
HRMS (m/z, MH+): 5171689,

Exampie 84

{£3-3-{4-((6-{{1 1-dioxido-3-oxobenzo| Jlisothigrol- 23 A -viimethoxv)-2-(2-

sonropviphenvhibenzolblthiophen-3-vhoxviphenvDacrviic acid
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{00386] Toa solution of (F)-tert-butyl 3-(4-({6-((1,1-dioxido-3-oxobenzo[dlisothiazol-
23 -yDmethoxy)-2-( 2-isopropyiphenylbenzo[ bithiophen-3-yhoxy)phenyhacrylaten (67.4 mg,
0.099 munol) m DCM (2 ml) at room temperature was added triffooreacetic acid (6.227 mi, 2.97
mmol). The resulting mixture was stirred at room temperature for 1 hour after which the reaction
was concentrated in vacuo. The resulting crude material was purified by reverse phase HPLC
{acidic condition, {1.1% formic acid as modificr, 35-80% CHON/H,O) to afford (£)-3-(4-((6-
{{1,1-dioxado-3-oxobenzoldiisothiazol-2 (3 57)-vmethoxy)-2-(2-
isopropyliphenyhibenzofhlthiophen-3-vhoxyiphenviacrylic acid (41.4 mg, G.066 mmol, 66%
yield). "H NMR (400 MHz, (CD:1503 3 12.33 (s, 1H,L 837 (4, J=7.7 Hz, 1H), 8.18¢d, J=7.5
Hz, 1H), 811 (t, I=75Hz, 1H),8.04 {t,  =7.6 Hz, I1H), 7.85 (d, ] = 2.2 Hz, 1H)}, 7.60 - 7.54 {m,
2H}, 747 (d, =160 Hz, 1H), 744 - 7.29 (m, 4H), 7.24 - 715 (m, 2H), 6.92 — 6.84 (1, ZH),
635(d, J=16.0Hz, 1H), 590 (s, 2H}, 3.14 (h, J = 6.9 Hz, 1H), 1.13(d, J = 6.9 Hz, 6H). HRMS
{m/z, MiH+): 626.1207.

Example 8%

{(S.EN-3-(4-((6-((Z -amino-3-methvibutanovhoxy1-2-(2-isonropyiphenvhbenzoi flthiophen-3-

vioxyinhenyvhacrviic acid

O
HO~
<
=
N4
,4} b J
HN Q‘. o\\ o~
® W
A
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A solution of (8,8)-3-(4-(3-{tert-butoxy)-3-oxoprop-1-en-1-ylphenoxy)-2-(2-

wopropyiphenylbenzolblthiophen-6-y1 2-({ferr-butoxycarbonylamino)-3-methylbutancate (106.8

mg, 0.136 mmol) in HCI (2.0 mL, 4N 1o 1,4-dioxanc) was stitred at room temperature for 18

hours after which time the nuxture was concentrated i vacuo to remove HCI and 1 4-dwoxane.

The resulting crude material was then triturated with heptane (2%) to obtain (S,£)-3-(4-({6~((Z-

amino-3-methylbutanoyljoxy)-2-{2-1sopropviphenylbenzol blthiophen-3-yhoxyiphenyDacrylic
acid hydrochloride (54.1 mg, 0.094 mmol, 85% vield). "H NMR (400 MHz, CD:OD) § ppm =
TR1{d, }=2.02 He, 1H), 742 - 7.62 (m, 4H), 7.25 - 742 {m, 3H}, 7.09 - 7.26 (m, ZH), 6.86 (4,
J=8,59 Hz, 2 H), 6.32{(d, }=15.66 Hz, 1 H}, 429 (d, J=3.065 Hz, 1H), 318 (5, 1 H), 2.44 - 2.60 (m,
TH), 112 - 135 (m, 12H) HRMS (my/z, MH+}: 530.1988.

{33388

The fellowing examples were prepared using procedures described in the above

examples 1- 85 using appropriate starting materials:

Table 10
Example Structure Name Physical data
(F)-3-{4-((2-(2-(sec- | 1H NMR (400 MHz,
s Ty CRAODY S ppm =7.56(d, ]
Ho butypbesyl-6- 1 6 0 Hy, 11, 7.45 (4, J =
N ] hydroxybenzolblthioph | 5.8 Hz, ZH), 7.35 - 7.20 (m,
<:':\ " SH), 7.12 (ddd, T= 8.4, 6.1,
,\ e CHes 2.4 Hz, LH), 6.89 - 6.81 (m,
86 = O vhoxyphenyhacryvlic | 3H), 631 {d,J=16.1 Hx,
Ho~s 4 N e . 1), 3.02 — 2.90 (m, 1H),
s ) acid 1.64 — 1.48 {m, 28D, 1.16 (4,
~ J=69Hz 3H, 075 (t. ] =

7.4 Hz, 3H)
HRMS {m/z, MH+):
445.1445
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(F)-3-(4-{(2-(2- 1H NMR (400 MHz,
o YRR S .
HO /h_w cyclopentylphenyl)-6- E?g(;%): 1}3 ggn 7 41‘1‘;(?—;{
}:\ hydroxybenzo[Slthioph | 7.9 Hz, 2H), 7.36 - 7.19 (m,
A N SH), 7.08 (t, J=73 Hz,
87 (L‘“'i et-3- 1H}, 6.84 (1, 1 = 8.0 Hz,
(’ yhoxyphenyhacrylic | 3H), 6.30(d, J =159 Hz,
HO™ X i&m 1H), 3.29 - 3.20 (m, 1H),
N acid 197 (brs, 2H), 1.77 (br s,
(: { 2H), 1.53 (brs, 4H)
- HRMS (nv/e, MH+):
457.1644
(FY-3-{4-((2-{(4-fluoro- | TH NMR (400 MHz,
Ho\f 2.(2,2.2- CB30) é ppo = 3.67 (g,
ey T J=10.61 Hz, 2 H), 6.31 (d,
%,\ trifluoroethylphenyly- { J=15.66 He, 1 H), 6.75 -
W 6 6.85 (m, 2 H), 6.88 {dd,

9% 9 J=8.59,2.02 Hz, 1 H), 7.00 -
N hydroxvbenzo{blthioph | 7.13 (m, 1 H), 7.20 {(dd,
HO= A B ~ o =9.60, 2.02 Hz, 1 H), 7.23 -

N et 733 (m, 2 H), 7.33 - 7.48
\ vhoxyiphenyhacrylic | (m, 3 H), 7.56 (4, }=15.66
CFs scid Hz, 1 H)
a LC/MS (m/z, MH+): 489 4
(F)-3-(4-{(2-(2- 1H NMR (400 MHz,
Y b1y £ CR30D)y dppro =754 (d, J
HO“{} cyclobutylphenyl}-6- | 15.9 Hz, 1H), 7.39 (dd, ] =
- hydroxybenzo{blthioph | 8.2, 6.0 Hz, 3H), 7.29 {(t, J =
R 7.6 Hz, 1H), 7.26 - 7.2 (m,
\(;: ) oa-3- 3H), 710 (1 = 7.5 Hy,
89 ’(r: vhoxyiphenyhacrylic | 1H), 6.88 - 6.78 {(m, 3H),
TN id 6.29(d, I =159 Hz, tH),
H()"<\ A3 = acd 3.86 {p, § = 8.8 Hz, [H),
= )\\/ 2.20—2.09 (m, 2H), 2.09 -
I;""j 1.99 {m, 2H}, 1.96 - 1.82
- {m, 1H}, 1.81 ~ 1.69 (m, 1H}
HRMS {7, MH+Y):
443.1288
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(FY-3-{4-((2-(3-fluoro- | 1H NMR (400 MHz,
S CD30D éppm=7.62 -
o z 7.52 (m, 2H), 7.45 (d, § =
- {(triflucromethyDphenyt | 8.7 Hz, 2H), 7.35 - 7.27 (m,
' 2HY, 7.25(dd,1=54,32
\\ > N -t 2 i 9 M
” Ny )6 Hz, 2H), 6.87 (dd, J = 8.7,
P hydroxybenzo[blthioph | 2.2 Hz, 1H), 6.84 (4,1 =87
Ho=N_ 4 W \ Hz, 2H), 6.32(d,1=159
N NP T 3 B Ie) Aty
s Q ch-2 Hz, 1H)
PO vhoxyphenyhacrylic | HRMS (m/z, MH+):
. 475.0602
acid
o (Fy-3-(4-((5-hydroxy-2- | 1TH NMR (400 MHz,
HO~ . o CR3013) & ppro = 3.86 (s, 3
= (6-methoxy-2 H). 6.24 (d, J=16.17 Hz, 1
C:\ {trifluoromethylpyridin | H), 6.70 - 6.30 (m, 3 H},
Wi e 6%4((15 8.59 Hz, | H).
91 B \O -3-ybbenzo{blthiophen- 741 - 7.18 (0,2 H), 7.30 -
e e 3-vhoxyiphenvhacrvlic | 742 (m 3IH), 7.66(d,
RO A‘\ﬁf\s \{“‘“\ p acid =859 Hy, 1 HY
5 SO e LO/MS (1m/z, ME#): 4883
5 (Fy-3-(4-((5-hydroxy-2- | 1TH NMR (400 MHz,
Ho—f o e CD30D) 6 ppm = 7.58 {dd,
K»-:\ (-{pysrolidia-l- 1y 5 ¢ 6 Ha, 1H), 7.52
Ve vimethyphenyhbenzol | 7.32 (m, 6H), 7.29(dd, J =
A\ J<// plhiophen-3 15.1,2.2 Hz, 2H), 6.90 (dd,
o _ ffRHophes-3- 1=8.7,2.2 Hz, 1H), 6.81 (d,
o HD”(\‘:’H N vhoxyiphenyhacrylic {J=87Hz, 2H), 6.33(d, I=
e acid 15.9 Hz, 1H), 4.31 (s, 2H),
& " 3.06 - 2.92 (m, 4H), 1.96
}\. 1.82 (m, 4F)
{j HRMS (m/z, MH+):
4721562
3-(4-{{6-hydroxy-2-(2- | 1H NMR (400 MHz,
A e CD30D) 8 ppm = 7.36 ~
HO »?L isopropyiphenyhbenzo| 7.1 (m, SHY, 7.09 (¢, § =
:\}::\ blthiophen-3- 7.3, 1.6 Hz, 1HD, 7.00 (d, J=
\1//"X /Doxyiphenylipropanoi 8.3 Hz, 2H), 6. §2 (dd. J =
93 £ YDORYIPREOYUPTOPEDOL | ¢ 5 2 2 Ha, 1H), 6.70 (4, T =
=N P ¢ acid 8.4 Hz, 2H), 3.22 (p, ] = 6,9
Ho-‘{\,/ §\ Hz, 1H), 278 (t. § = 7.7 Hz,
81 2H3, 249 (1, § = 7.7 Hz,
\\N QMY 114 (d, § = 6.8 Hz, 6H)
HRMS {(m/z, MH+):
433.1456
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R
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B30
{cyanomethyliphenyt)-
6-

hydroxybenzol hlthioph

TH NMR (400 MHz,
CR30D)y dppro =397 (s, 2
H), 6.31 (d, J=15.66 Hz, 1
H), 6.72 - 6.93 (m, 3 Hj,
7.25-755(m, 9 H)

94 X LC/MS (ovz, MH+): 428 4
T en-3-
Ho=R 4 W
SO B yioxypheaylacrylic
N acid
(E}-3-(4-((2-(5-fluoro- | 1H NMR (400 MHz,
0 5. CDR30D dppm = 7.84 —
HO-J(E 774 Gm, 1H), 7.51(d, J =
:> {(triflucromethyDphenyt | 16.0 Hz, 1H), 7.45 - 7.40
B STEY T YN ~ -
\ " {m, 2H}, 7.32 - 7.20 {m,
o5 Vg )6 4H), 6.92 - 6.80 (m, 3H),
oz L2 hydroxybenzolblthioph | 633 {d, J =16.1 Hx, {H)
HOJ\ I e’ . HRMS (my/z, MH+):
% en-3 4750599
Fc vhoxyphenyiacrylic
acid
o (E)-3-(4-((6-hydroxy-2- | "H NMR (400 MHz,
HO~f ey, | CD30D) 8 ppm =7.55 (d, 7
= (2-(Zmethyl-2H- e 0, THD), 7.43 (AL =
Ve tetrazol-5- R.7Hz, 2H), 7.35(d, J=735
A } , , Hz, 1H), 7.30 (4, ] = 3.9 Hz,
Y vhmethylpheayhbenzo OH), 727 - 7.19 {m, 3,
96 o [hlthiophen-3- 6.88  6.84 (m, 1H), 6.83 (s,
B Moxviohenyhacrvlic | 2ED- 631 (4 1 =159 Hz,
LA YUY IPREOYURCIYUC 4 yeny 435 (s, 2H), 4.17 (d, 3
i\ acid ={.8 Hz, 3H)
N7 ] HRMS (n/z, MH+):
NN 485.1252
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(BY- 34422 1H NMR (400 MHz,
0 o CD30D) & ppm = 7.58 —
o (azetidin-1- 7.50 (m, ?_H%% 749742
A ey vimethyvhpheovl)-6- | (m, 5H), 7.34 (d, ] =8.9 Hz,
| (“\Lf(\’} hydroxybenzo{bjthioph ; g;’ z;g ii’(; J_ 3828;{;92
97 == P en-3- Hz, 1H), 6.87 (4. ] = 8.8 Hz,
HO™ N 1 S o LOHY, 631 (d, I = 16.0 Hy,
T yhosylpheayDacrylic | 1y’ 455 (o1, 4.06 (br s,
{ acid 4H), 240 {br d, I = 67.3 Hz,
37 IH)
HRMS (m/z, MH+):
4581407
(B} 3-(4-({6-hydroxy-2- | 1H NMR (400 MHz,
o . CD3ODY S ppm = 7.58 (d, ]
Ho~{ 3 ~ 15.8 Hz, 2H), 7.52 (d, J =
‘:=‘\\ isopropyiphenyibenzo] | 8.7 Hz, 2H), 745 (4, } =8.3
e e Hz, 1H), 7.28 - 7.18 {m,
,\ &ﬂ{} bjthiophen-3- SH), 7424, § = 7.6 Hz,
93 - o) yhoxyiphenyvhacrylic | 1H), 6.95{d, J =8.7 Hz,
.m{ . IH), 6.82 (dd, T=8.7,2.2
e \jz;&(“\ acid Hz, [H), 6.35 (4, 1= 15.9
e Hz, 1H), 2.83 (p. ] = 6.9 Hz,
P 1H), 1.16 (4, T = 6.8 Hz, 6H)
HRMS (m/z, ME+):
431.1306
(B} 3-(4-((2-(4-fluoro- | TH NMR (400 MHz,
. . 1 (CD3280) 5 ppm = 7.55 (¢
” 0 2-{(Z-oxopyrrolidin-1- j'(:D; 6 }?}g};};;p a;q 5y _ 73' 4‘5’
\Lz\ yvhmethylphenyi)-6- {m, 2H}, 7.34 (4, J=2.1 Hz,
(\\:"":} hydroxybenzo{blthioph i g;z ;?1 ii;; :8é ,I 5 5{2‘7 98
, it en-3- Hz, 1H), 6.97 {dd, 1=9.9,
99 i 128 H, TH), 6.92 - 6.84 (m,
N NN yhoxylpheoyhaetylic | apry 635 (8 1= 159y,
W acid 1H), 4.43 {s, 2H), 3.14 (¢, 7
{ — 7.0 Hy, 2H), 2.26 (, 1 =
o= 8.0 Hz, 2H), 1.99 - 1.84 (m,
M 7H)
HRMS (mv/z, MH+):
5041250
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(E)3-(a-(6-bydrony-2- | 1H NMR (400 MHz,
) A CR30Dydppm =8.56(d,
3 Anuridin. . :
Hm.__é’o (2-methyipyridin-3 = 5.6 Ha, 1H), 8.34 (d, ] =
e yhbenzo{blthiophen-3- | R0 Hz, 1H), 769 (1, I=7.1
\ e Hr, TH), 7,56 (d, 5= 16.0
<\> yhoxylphenyhiacivlie |y " 11y 2 48 (d ¥ =8 8 Ha,
100 ¢ . i &=
: % acid 2HY, 7.35{(d, F=R8.7 Hz,
0 1H), 731 {d, ] = 2.1 Ho,
oA 0 1), 6.97 ~ 6.86 (m, 3H),
s )\\_{ 6.33(d, T =16.0 Hz, 1H),
-~ H

2.76 (s, 3H)
HRMS (mv/z, MI+):
404 0941

{E3-3-(4-((7-fluoro-6-
hydroxy-2-(2-
isopropyiphenvhbenzo]

bithiophen-3-

1H NMR (400 MHz,
CD30D) 8 ppor = 106 (4,
J=6.57 Hz, 6 H), 3.09 {quin,
J=6.82 Hz, 1 H}, 6.20 (4,
J=16.17 Hz, 1 H), 6.69 -

101 . % 6.77 (m, 2 H), 6.84 - 6.98
} _J{\:’ ; \' yvhoxyphenyhacrvlic | {m, 2 H), 6.98- 7.06 (m, }
HOTNA A ceid ), 7.13 - 7.29 (m, 3 F),
F e 7.29- 738 (m, 2 H), 7.45 (d,
1 F=15.66 Ha, | H) LO/MS
{1z, M-H): 447.0
“N {E}2-(2- 1H NMR (400 MHz,
PN e btz | CP30D) 8 ppm = 7.34-7.45
o_\/(f\ isopropylphenyi)-3-(4 (m, 35, 7.10-7.27 (m, SH),
N (2-(S-methyi-1,3,4- 6.96-7.06 (m, 1H), 6.82 (4,
e oxadianol2. J=16.7 Hz, 1H), 6.71-6.79
0 Ny Kadiazul-2 (e, 3H), 3.14 (dt, I=12.8,
= o yhvinyDphenoxyibenzo | 7.0 Hz, 1H), 2.45 (s, 3H),
HO l\ Il:-l' \ e 1Tt e 1.07 (d, J=7.1 }{Z, 6}1}
) [blthiophon-6-0L 1 1S fanvz, ME): 469.0
\x,‘\
N {E}2-(2- 1H NMR (400 MHz,
TN : CD30D) & ppm = 7.33-7.49
1y . . 1-3-04-
o~ isopropylphenyli-3-(4- 1 (0 en 9 117,09 (m, SHD,
= (2-(5-propyi-1,3,4- | 6.98-7.07 (m, 1H}, 6.83 (4,
{**}\ diarol2 J=16.7 Hz, 1H), 6.71-6.79
L3 \_/ oxadiazol-c- (m, 3H), 3.14 (dt, 1=13.6,
_— o) yhvinyDphenoxyYbenzo | 6.8 Hz, 1H), 2.78 (1, J=7.6

fblithiophen-6-0l

Hz, ZH), 1.66-1.83 (m, 2H),
1.07 (4, I=7.1 Hz, 6H), 0.94
(t. J=7.3 Hz, 3H) LC/MS
(m/z, MH+): 497.0
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104

{(Ey-3-(4-(2-(5-
cyclopropyl-1,3,4-
oxadiazol-2-
viywiyhphenoxy)-2-(2-
isopropyiphenvhbenzo]

bithiophen-6-0l

1TH NMR (400 MHz,
CD300) 6 ppm = 7.30-7.46
{(m, 3H), 7.10-7.30 {(m, 5H),
6.96-7.06 (m, 1H}, 6.71-6.84
(m, 4H), 3.14 (dt, J=13.6,
6.8 Hz, 1H), 2.02-2.23 (im,
PHY, 1.02-1.15 (m, 10H)
LO/MS (ov/z, MHA): 495.6

1635 =

(Hy-2-2-
isopropyiphenyl)y-3-(4-
(2-(5-methyl-4H-1,2 4-

triarol-3-
yvhvinyhphenoxythenzo

[r]thiophen-6-0!

H NMR (400 MHz,
CDR30D) § pp = 7.43-7.55
(m, 3H), 7.21-7.40 (1, 5H),
7.08-7.17 {m, 1H), 6.54-6.96

(m, 4H), 3.26 (dt, }=13.9,
6.7 Hz, 1H), 2.56 (5, 3H),
1.18 {d, J=6.6 Hz, 6H;
LO/MS (m/z, MH+): 4681

166

(By-3-(4-(2-(4,5-
dimethyl-4H-1,2 4-
triazol-3-
yhvinylphenoxy)-2-(4-
fhuoro-2-
methyiphenyDbenzo{blt

hiophen-6-0l

1H NMR (400 MHz,
CD30D) 6 ppm = 7.34-7.46
{m, 3H), 7.07-7.26 (1, 3H),
6.70-6.94 (m, 6H), 3.54 (s,
3HY, 2.34 (s, 3H), 2.26 (s,
3H) LC/MS (mv/z, MHA+):
472.0

167

B2
isopropylphenyi}-3-(4-
(2-(S-propyl-4H-1,2.4-

triazol-3-
yhvinviphenoxyibenzo

[blthiophen-6-0f

1H NMR (400 MHz,

CD30D) dppm=7.31-7.45
{m, 3H), 7.12-7.30 (m, SH},
5.98-7.06 (m, 1H), 6.69-6.87
{m, 4H), 3.11-3.17 (m, 1H},
2.73(t, =16 He, 2H), 1.63-
1.80 (m, 2H), 1.07 (4, J=6.6
Hz, 6H), 0.92 (¢, J=7.3 Hz,

3H LO/MS (mvz, MEH):

496.0
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(B} 3-(4-((2-(5-fluoro- | TH NMR (400 MHz,
H,_)‘(,C 2(220- CD30D) 3 ppm = 3.66 (q,
- o J=11.12 Hz, 2 1) 6.31 (4,
N trifluoroethylphenyl)- | J=15.66 Hz, 1 H) 6.84 (d,
W 6 J=R.59 Hz, 2 H} 6.89 (dd,
108 S J=8.59, 202 Hz, 1 H) 7.04 -
= . hydroxybenzolblthioph | 7.22 (m, 2 H) 7.22 - 7.35
Ho-Ay 4 BN s (m, 2 H) 7.38 - 7.49 (m, 3
2\\/ e H) 7.56 (d, }=16.17 Hz, 1 H)
- vhoxyphenyhacryvlic | LO/MS {m/z, MH+): 459.4
h acid
5 (E)-3-(4-((6-hydroxy-2- | 1H NMR (400 MHz,
HO-¢ - - CR300) é ppo =350 -
1—:\ (2-(2,2.2- 376 (m, 2 ) 6,31 (L
{:\ trifluoroethyphenyhbe | J=16.17 Hz, 1 H)6.71 - 6.85
\_ TR {(m, 2 H} 6.88 (dd, I=R.84,
(09 -\D nzo|bjthiophen-3- 207 Hz, 1 H) 7.16 - 737
_ - P vhoxyphenybacrylic | (m, 4 H) 738 - 748 (m, 4
HOTRA ™ ceid H) 7.52 (d, J=15.66 Hz, 1 H)
L e LO/MS (mv/z, MH): 4713
CFy
5 (B} 2-(4-((2-(4-fluoro- | 1H NMR (400 MHz,
HO—g o o e o Y £ CD30D S ppm=7.56(d, 1
{:; Zisopropylphenyl)-6- 1y 05, 11n, 7.45 (4,1 =
- hydroxybenzo[blthioph | 8.7 Hz, 2H), 7.33 - 7.22 (m,
Qh) 3. 3H), 7.06 (dd, I = 10.6, 2.7
110 /\l'_(‘f@ Hz, 1H), 6.92 — 6.81 (m,
o T vhoxnyphenylacrylic | 4H), 6.32(d, J =16.0 Hz,
HO \\J'\S} O ol 1H), 3.22 (pd, T =68, 1.9
LA Hz, 1H). 116 (4, I = 6.8 Hz,
I 6H) HRMS (m/z, MH+):
4491207
(B)-3-(4-((2-(2-(1- | TH NMR (400 MHz,
o b Rmbenoiy o | CE30D) 6 ppm = 7.56 (dd,
He ’4:; fuorocthyliphenyD)-6- | v 6 5 T, 1), 7.51 (4,
- hydroxybenzo{blthioph | J =159 Hz, IH), 747 -
A 7.38 (m, 3H), 7.36 - 7.23
\ / o2 : 2
i L( e (m. 41, 6.87 (dd, ] = 8.6,
N ‘O vhoxyphenyhacrylic | 2.1 He, TH), 6.84 (d, I =8.7
HO-N AN \ . Hz, 2H), 632 (4, = 16.0
& acid Ha, 1H), 5.88 (dq. J = 46.5
8 y z, 1H), 5.8% (dq. ] = 46.9,
Py 6.3 Hz, 1H), 1.54 (dd. J =

23.6, 6.4 Hz, 3H) HRMS
(m/7, MH+): 435.1024
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5 {E)3-3-{4-(t6-hydroxy-2- | THNMR (400 MHz,
HO—¢ - CD3()D} & ppm = 7.66 {dd,
= J=7.7,18 Hz, 1H), 7.57 (4,
SN {triftuoromethoxyiphen | J=159 Hz, 1H), 747 {d, ]
\ s =87 Hz 2H}), 744 -73
(12 (t{ yhbenzofbithiophen-3- (Hié }%?’74;) T 7%;2 (. 0
Ho- : 7 vhoxyphenylacryhic | 2H), 6.93 - 6.81 (m, 3H),
s acid 6.33(d4, =159 Hz, 1H)
O)Lﬁ ‘ LO/MS (nv/z, MH+): 473.4
&Fs
o {E3-2-(4-({6-hydroxy-2- | {THNMR {400 MH>,
HO~¢ - CD30D) é ppm = LI0 (1,
= ) J=7.58 Hz, 3 H), 116 (4,
i = isopropylphenyhbenzol | 1=6.57 He, 6 H), 2.47 {q,
\\Q blthionhen. 3=7.07 Hz, 2 H), 3.19-3.26
113 S Jtbiophen-3- (m, 1 H), 6.60 - 6.89 (m, 3
. \:' ) \' vhoxybenzylidengbut | H), 7.08 - 7.16 {m, [ H), ’
s “\‘\\\ = anoic acid 7.20-7.36 (m, 7T H), 745 (s,
F ' I H)Y LO/MS (mv/z, M-Hy:
457.0
o {(E}-2-{4-({6-hydroxy-2- | TH NMR (400 MHz,
HO-4 (4. CR30OD) s ppm = LIS {4,
= * I=7.33 He, 3 H), 2.53 (q,
- <\>=m\ hydroxyphenyhibenzolb | I=7.24 Hz, 2 H), 6.71 - 6.85
; \_/ S, (m, 3H),6.92-7.01 (m, 2
Ha _ “j\; jthiophen-3- H), 7.12 - 7.24 (m, 2 H),
A yhoxyibenzylidencibut | 7.36 (1, }=9.09 Hz, 2 H),
HOTNA Sy o 7.48 - 7.64 (m, 3 H) LO/MS
LA ~0H anoie acid (tv/z, MH+): 433.0
(E)-3-(4-({6-hydroxy-2- | 1H NMR (400 MHz,
o PR S =R 11 {<
icﬁ{;’" _ {4-1sopropyloxazol-5- ;%3(;2; ? d?l}m ) gé ;ﬁ;’
- - yhbenzo{bithiophen-3- | 1H), 7.53 (d, J = 8.7 Hz,
4 . IH), 7.30-7.24 (m, 2H)
s & “< yhoxyphenyhacrylic 6 E;; (dj; _ R;Ziﬁg??‘;i) ’
N _{O acid 6.87 (dd, T = 8.8, 2.2 Hz,
s-io”%\\l h_o 1H), 6.36(d, J = 15.9 Hz,
AW THY, 3.29 - 3.20 {m, 1H),
—{ 1.19{d, = 6.8 Hz, 6H)
) HRMS {m/z, MH+):
4221038
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{(R,E)-3-(4-({6-hydroxy- | 1H NMR (400 MHz,
HO— 20001 CD30D) é ppm = 7.63 (dd,
- e J=8.0, 1.2 Hz, tH), 7.55 (4,
/\»:> hydroxyethyDphenyhbe | J=16.0Hz, 1H), 745 (d, J
\ N TRPAT =87 Hz 2H), 738 ¢d, I =
o =, nzofbjthiophen-3- 5 ¢y 51z 1H), 7.28 (dd, 3
e = vhoxyphenybacrylic | =7.6,1.5Hz, 1H), 7.25 -
HO N A Y = i 7,17 (m, 3H), 6.90 - 6.82
TN i (m, 3H), 6.32 (4, = 16.0
%}H Hz, 1H), 5.16 (g, J = 6.3 Hz,
iH), 1.37 (4, J = 6.4 Hz, 3H)
o (E}-3-(5-({6-hydroxy-2- | 1H NMR (400 MHz,
MOl - CD30D) Sppm = 119 (d,
= - =7.07Hz, 6 H), 3.17-3.26
}-:N isopropylphenyibenzol | (m, 1 H), 6.69 (d, ]=15.66
N/ e et 2. Hz, 1 H), 6.90 - 696 (m, |
17 X blthiophen-3 H), 7.10- 7.8 (m, | H),
. 4’% ) (\' yhoxy)pyndin-2- 7.25- "/'.3} (1'\:(1, SFH), 3,31 -
,—‘\&/\Q Thacrvtic acid 740 (m, 3 H), 7.52 - 7.61
e yHAeTylic acid {m, 2 H), 8.23 (d, 7=3.03
1 Hz, 1 H) LOMS (m/,

MH+): 432.4

{E)-3-(4-({6-hydroxy-2-
{2-
sopropyiphenyhbenzo]

blthiophen-3-

1TH NMR (400 MHz,
CDR30DYéppm=750(4,
=158 Hz, 1H), 7.39-7.24
(m, 6H), 7.21 (d, ] =22 Hz,
IHY, 7,89 - 712 (m, 1H),

118 . 6.84 (dd, I =8.7, 2.3 Hz,
» == N"'i yhamnophenyhacrylic | 1H), 6.64 — 6.55 (m, 2H},
me\ s o 6.18(d, I = 15.9 Hz, 1H),
N\ acid 3.19 (p, § = 6.9 Hz, 11D,
'\\ 1.06 (d, T = 6.8 Hz, 6H)
HRMS {m/#, MH+):
430.1449
{E)3-3-{4-(t6-hydroxy-2- | THNMR (400 MHz,
o - CDCI3y Sppm=7.68{d, J=
HO-~ 15.8 Hy, 1H), 7.41 - ”"32
\ZX sopropyiphenyhbenzol | (m, 4H), 7.28 (4, J = 2 2 Hz,
i : TH), 7.19 (dd, J =8.1, 5.7
| <L_/ blthiophen-3- . 2H), .',(‘15 B "0% (m,
119 - \N\ yD)(methyDamino)phen | 1H), 6.85 (dd, 1 =8.6,2.4
N D,,('% /\ - vhacrylic acid Hz, iH), 6.59(d, J= 84 Hz,
g /\@ YHRCL 2H), 6.20 (d, = 15.8 Hz,
S 1H), 3.20 - 3,12 (m, 1H),
\ G 3H, L (d,i=69

Hz, 6H) HRMS {nv/7,
MH+): 444.1601
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{(EY-4-(4-{(2-(4-fluoro- | 1H NMR (400 MHz,
_{O 5. C3003) &6 pp =7.59 -
m-\ 748 (m, 5H), 733 g, I =
(F;\ {trifluoromethyDphenyt | 8.3, 2.8 Hz, 1H), 7.29-7.19
N\ 2H), 6.86 (d, 1 =8.7 Hz,
120 pe )-6- (m, 2H). 686 ( §

3H), 6.65 (d, ] = 16.3 Hz,

o ’& P hydroxybenzo[blthioph | 1H), 2.34 (s, 2H) HRMS
S e (/7 MHE=): 473.0822
s }\/\\)\, en-3-yhoxyiphenyDbut- (ro/z, MH+): 473.0822
FaC 3-en-2-one
5 {B}-4-(4-({6-hydroxy-2- | THNMR (400 MHz,
.M< (4. CR3OD} Sppm =7.88¢(d, J
== ‘ =82 Hz, 2H), 7.68 - 7.54
ﬁi? {(triflucromethyDphenyl | (m, SH), 7.27 - 7.21 {m,
y TR P 2H). 699 (d, J = 8.7 Hz,
171 _ S Yhenzo[bithiophen-3- JH), 6.84 (dd, T = 8.7, 1.9
A yDoxyiphenyhibut-3-en- | Hz, 1H), 6.67 (d, J= 162
HO '&;\S ~ > -one Hz, 1H}, 2.34 (s, 3H)
LA CF i HRMS (m/z, MH+):
4550914
(E}-3-4-((2-(2-(1,1- 1H NMR (400 Mz,
5 i ethoPmhenoly . | (CD32S0) 8 ppm = 9.94 (5,
1O diftuoroethylphenyl)-6 VH), 7.63 (4, 1 = 7.5 Tz,
R hydroxybenzo{blthioph | 1H), 7.57 (4, J = 8.7 Hz,
¢ =\ i 2H}, 7.54 — 7.42 (1, 411},
} \L_{/ A 73244, 7 = 2.1 Hz, 1H),
122 e o] vhoxyiphenyhacrylic | 7.10(d, J = 8.7 Hz, 1H),
HO,Q s N 6.88 (d, = 8.7 Hz, 2H),
N acid 6.4 (dd. J = 8.7. 2.2 Ha,
.-\(\ff’ 1H), 6.36 (d, | = 16.0 Hz,
£ 1H), 1.94 (¢, J = 18,9 Hz,
3HY HRMS (my/z, MH+):
4533.0919
{(E3-3-(4-({6-hydroxy-2- | IHNMR {400 MHz,
N - N CD30Y S ppm=7.67(d, i
O -{oxetan-3-
HO~d (2-(oxctan-3 =79 Hz, 1H), 7.54 (d, T =
\:"“'\\h vhphenyDbenzo{blthiop | 15.9 Hz, 1H), 7.46 - 749
Ve hen . (m, 3H3, 7.35 (dd, §= 7.7,
. 2 } s 1.3 Hz, 1H), 7.29 - 7.22 {m,

vixyiphenybhacrylic

acid

3H), 6.88 (dd, J = 8.7, 2.2
Hz, 1H), 6.80 (d, ] = 8.8 Hz,
2H), 630 (d, § = 16.0 Hz,
1H), 4.94 (dd, ] = 8.0, 5.6
Hz, 2H), 4.72 ~ 4.66 {m,
2H), 4.66 — 4.58 (1, 1H)
HRMS (mv/z, MH+):
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445.108%

(E)-3-(4-((6-hydroxy-2-
(2-1s0propyt-6-

methylphenyDbenzo{bljt

PH NMR (400 MHz,
{CO3280) S ppm = 9.88
{s, I1H), 7.56(d, J = 8.5 Hz,
2H), 7.47 (4, I = 159 Hz,

S Hionhen 2 1H), 7.34 (d, J = 2.1 Hz,
/= ophen-s- 1H), 727 {t, ] = 7.6 Hz,
N N 4’ yvhoxyiphenylacrylic | 1H), 7.22 - 7.13 {m, 2H),
124 e b _— 7.08(d, J= 7.4 Hz, 1H),
=t 6.90 — 6.80 (m, 3H), 6.35 (d.
Ho f\*”/\s\ 9 J=15.9 Hz, 1H), 2.95 (p, J
\(‘\/" =§.8 Hz, 1H), 2.14 (s, 3H),
‘ 1.12(d, = 6.8 Hz, 3H),
0.98(d, J =68 Hz, 3H)
HREMS (m/z, MH+):
4451492
(E)-3-44-((242- 1H NMR (400 MHz,
. N o & =TTy
HO~ o {dimethylamino)phenyl) Si)g ((';?) fi-gpin 41 ‘7“,7 ‘
=\ -6 (m, 3H}, 6.94 - 6.86 {m,
\_ 4 o . 13H).633(d.J=159Hz,
125 ) ‘*‘\j hydroxybenzo[blthioph PH). 3.10 (s, 6H) HRMS
C en-3- (m/z, MH+): 432.1279
Mo 4 N e ‘
SN vhoxyphenyhacrylic
_y “
{ acid
. (B}-3-(4-((2-(2-cthoxy- | 1H NMR (400 MHz,
e oo (CD3Z28M0) 6 =8 K5
H‘J"\:;_N 4-fluorophenyl)-6- ﬁ’g “;?iic ')3 fi)?lzin 4§f '
=3 o 10 A0 ) o
D= hydroxybenzolblthioph | 7.28 (d, J= 2.1 Hz, 1H),
L 4{\’ . 704 (d, § = 8.7 Hz, 1H),
126 - Y i 6.99(dd, J=11.4, 2.5 Hz,
7 ) \’ yhoxyphenyDacrylic | 1H), 6.90 (d, J = 8.5 Hz,
HOTR A e : TH), 6.86 — 6.73 (m, 2H),
g P acid

6.37 (4, 1 =159 Hz, 1H),
4.0%9 (g, ] =06.9Hz, 2H),
1.31(t, 1= 6.9 Hz, 3H)
LC/MS (m/z, MH+): 451.0
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(E)-3-(4-((2-(2-
cyclopropylphenyl-6-
hydroxybenzo[blthioph

en-3-

1H NMR (400 MHz,
CD30D) 3 ppm = 7.50 (4, J
= 15.9 Hz, 1H), 740 (d, I =
R.5 Hz, 2H), 7.30 — 7.16 (m,
4H), 708 (t, = 7.5 Hz,

127 1H}, 6.93 - 6.81 {m, 4H),
vhoxyphenyhacrylic | 631 (d, I=16.0Hz, 1H),
acid 2.@9 {tt, I= 84 5.2 Hx, 1H},
.92 - 0.81 {m, 2H), 0.66
0.58 (m, ZH) HRMS {ov/z,
MH+): 429.1147
(E}-3-(4-{(2-(4-fluoro- | TH NMR (400 MHz,
2-isopropoxyphenyD-6- ({?13 2’;?)225??1 47 (dibj
bydroxybenrzo{blthioph | 5.5 Hz, 2H), 7.23 - 7.17 (m,
4 2H). 6.90 (4, J = 8.5 Hz,
, e OHS, 6.82(d, § =23 Hz,
128 =N vhoxyphenybacrylic | 1H), 679 {t, 1= 2.7 Hz,
HO-—'/\\///'Z\-T acid EH), O(Zﬁ?f(qu .}/r: 8/-'59 25
Hz, 1H), 6.33(d, J=16.0
Hz, 1H), 4.64 {p, } = 6.1 Hz,
1H), 1.33(d, I =61 Hz, 6H)
HRMS (ov/z, MH+):
4651131
(E}-3-(4-{{6-hydroxy-2- | 1H NMR (400 MHz,
(6methoxy-2- CD30D) S ppm =238 (5, 3
v 7 Hj, 3.80 - 3.85 (m, 3 Hj,
methylpyridin-3- 622 (d, J=15.66 Hz, 1 H),
B e 6.60 (d, =859 Hz, 1 H),
170 yhbenzoblthiophen-3- | (o ¢ 81 (m, 3 H), 7.15 (d.
vhoxyipheoyhacrylic | J=2.02 Hz, 1 H), 7.18 {d,
acid =909 Hz, 1 H),7.34-7.39
(m, 2 H), 7.47 {4, I=16.17
Hz, 1 H), 7.59 (4, =859
Hz, 1 H) LC/MS (m/z,
MH+): 4344
{E)-3-(4-¢(2-(2,6- TH NMR (400 MHz,
(CDIISO S =756 (d
hydroxybenzolbithioph | 159 Hz, 1H), 7.33 (4, J =
20Hz, 1H), 7.29¢,1=77
130 on-3- Hz, 1H), 7.13 (d, = 8.0 Hz,

vhoxypheoyhacrylic

acid

3H), 6.90 — 6.80 (m, 3H),
635 (d, § = 16.0 Hz, 1H),
2.57 — 2.39 (m, 4H), 1.06 (1,
J=7.5 Hz, 6H) HRMS
(m/z, MH+): 445.1448
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{E)-3-(4-({6-bydroxy-2-
{2-methylfuran-3-

vhbenzoiblthiophen-3-

1H NMR (400 MHz,

CR30DYydppm =7.58(d, ]
=160Hz 1H), 751 {d, J=
R&Hz 2H), 731 {d, =19
Hz, tH), 719 (d, ] = 8.7 Hz,

131 yhoxy)phenyljacrylic DH), 6.90 (d. 1 = 8.5 Hz,
acid ZHY, 6.82 (dd,1=8.6,2.2
Hz, 1H), 6.54 (d, J=1.9 Hz,
HD, 6.35(d, F= 159 Hz,
1H}, 2.46 (s, 3H) HRMS
(m/z, MH=+Y: 393.0780
(B)-3-(4-((2-(2~ TH NMR (400 MHz,
. & cthon kool CD30D) S ppor=3.50 (s, 1
."iO-~(<:: i ethynyiphenyl)-6- H), 6.36 (d, 1=16.17 Hz, 1
N\ hydroxybenzoiblthioph | H), 6.70 - 6.88 (m, 1 H),
\ / o3 6.96 (4, I=9.09 Hz, 2 H),
112 e v 700-7.27 (m, 2 H), 7.27 -
75 F yhoxyipheoyhacrylic | 7.40 (m, 2 H), 7.53 (d,
o4 S e , J=8.59 Hz, 2 H), 7.59 (4,
T acid =16.17 Hz, 1 H), 7.68 ({,
e I=7.07Hz, L HY, 777 (5, 1
HY LO/MS (m/z, MH+):
4134
o {(E}-3-{4-({6-hydroxy-2- | 1H NMR {400 MHz,
HO e . CD3OD) S ppm =745 (d, J
“{Q: ({-methylk-1H-ndol-4- | ~ 15.9 Hz, 1H), 7.32 — 7.20
\n:\ vhbenzolbithiophen-3- | (m, 6H), 7.14 — 7.06 (m,
123 N Boseiheny Dactvlic 2H3, 6,36 (dd, J = 8.6, 2.0
)} “\o ) yvhoxyphenyDacrylic iz, 1H), 6.81 - 6.74 (m.
_ “’}{ N acid 3H), 6.20 (d, I = 15.9 Hz,
TN S 1H). 3.74 (s, 30) HRMS
D N (m/z, MH+): 442.1070
{E)-3-(4-({6-hydroxy-2- | TH NMR (400 MHz,
o) . C30) éppm =756(d, ]
" T 14— ’
Ho—<__ (2-isopropyl-4 = 16.0 Hz, 1H), 7.48 - 7.41
“\_:\ methoxyphenyDbenzo[b | (m, 2H}, 7.25 - 7.20 (m,
d _ 2H), 7.18(d,} =85 H=
\/> e P N “
134 L Ithiophen-3 1H), 6.88 — 6.50 (m, 4H),
- G

yhoxyphenyhacrylic

acid

6.70 {dd, J = 8.5, 2.6 Hz,
1H), 6.31 (4, ] = 16.0 Hz,
1H), 3.77 (s, 3H), 3.194p. J
=6.8 Hz, 1H), 1.15(4,J =
6.8 Hz, 61) HRMS (m/z,
MH+): 461.1412
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(H)-3-{4-((2-(2- 1H NMR (400 MHz,
CD30D) & =766{d,1]
o © isopropylphenyly-6- S’;?j ;?;’ ?5}:7 s ;)16 J( (i
' ~<~ {prvaloyioxylbenzo[blth | 15.9 Hz, 1H), 746 (dd, J =
3::\ fophon-3- 8.7, 2.8 Hz, 3H), 7.40 - 7.26
{\Q P ‘ N ( (m, 3H), 715 {1, I= 7.3,
135 o KO vhoxyphenyhacrylic 1.? Hz, %H‘), 7108 { (?d», J =
\%44{\ N acid 2.1 Hz, ‘:H), 6.86 (d, =
ST S WS 8.8 Hz, 2H), 6,32 (d,J =
Son U 159 Hz, 1H), 3.20(p, I =
\(\/ 6.9 Hz, 1H), 1.39 (s, 9H),
' 118 {(d, = 6.8 Hz, 6H)
HRMS {m/#, MH+):
S515.1861
(H)-3-{4-((2-(2- H NMR (400 MHz,
~BORY =766(d J=
isopropyliphenyl)-6- i?é 3761 %p)m’iﬁﬁ()dé, Edj
o {propionyioxyibenzofb] { 2.0 Hz, 1H), 743 {d, ] =8.7
HO—¢ thiophen-3- Hz, 1H), 7.37 (4, I = 8.8 Hz,
“1 - 2H}), 733 (d, ] = 4.0 Hz,
{ ~'-\/\ vhoxyphenyhacrylic | ZH), 228 {d, I=7.6 Hz,
6 N/ acid 1H), 7.18 - 7.10 (m, {F),

708 {dd, I=87,2.1 Hz,
1H), 6.86 (d, § = 8.8 Hz,
2H), 6.27 (4, F =159 Hz,
1H), 3.9 (p, J =69 Hz,

\ iH}, 2.64 (g, F = 7.5 He,
2H), 1.30 (¢, 1 = 7.5 He,
3H), 116 (d, J = 6.9 Hz, 6H)
HRMS (mw/z, MH+):
4871568

(B)-ethyl 3-(4-((6- 1H NMR {400 MHz,
- i L CRIOD) Sppm=7.57(d, ]
O Aroxvyv-2-{2-
To~./< hydroxy-2-(2 = 16.0 Hz, [H), 745 (4, ] =
= isopropylphenyibenzof | 5.7 Hz, 2ZH), 7.37 - 7.21 {m,
ot Hhiamban 2. SH), 701 (¢d, J=7.7,1.6
o \_/ bjthiophen-3 Fz, 1H), 6.90 - 6.81 (m.
137 b vhoxy)phenyhacrylate | 3H), 6.35(d, I =16.1 Hx,
- ’d
. { P 1H), 4.21 (q, 7= 7.1 H,
HOTR S}L 2H), 3.23 (p, I = 6.9 Hz,
~ 1H), 1.29 (¢, J= 7.1 Hz,
\ 3H), 116 (d, ] = 6.9 Hz, 6H)

HRMS {m/z, MH+):
459.1614
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(Ey-Z-morpholinoethy!

3-(4-({6-hydroxy-2-(2-

sopropyiphenyhbenzo]
blthiophen-3-

yhoxyphenyhacrylate

1H NMR (400 MHz,
CD30D)y s ppm=7.60(d, {
=160Hz, 1H),746(d, =
R.6 Hz, 2H), 7.38 = 7.21 {m,
SHL 701 (td, J=7.6,1.5
Hz, IH), 6.89 - 6.81 {m,
3H), 6.38(d, I =16.1 Hz,

§3R8 g:%

e o]

,( —

HO- & N
TNg” "/\\Q\\

L
‘(,L\/

1H}, 4.32 (1, 1 = 5.7 Hz,
Z2H)Y, 3.73 — 3.67 (m, 4H),
323 (p, J=6.9Hz, TH),
273, =57 Hz, 2H), 2.62
- 2.54 (m, 4H), 116 (4, I =
6.8 Hz, 6H) HRMS (av/z,
MH+): 544 .2149

Example 139

{F-3-04-((2-2-{1 1 -diftuorgethvD-4-flucrophenvi-0-hvdroxvbenzol b lthiophen-3-

vhoxyiphenvhacrvlic acid

HO—M(Q
=

Y
v
O

-
=t

HOY 4 3 \w\\\
s P
S
2R

{30389] Step 1 2-bromo-3-(4-bromophenoxy)-6-methoxybenzol Ajthiophens 1,1-
dioxide {compound 26). To a sclution of 2,3-dibromo-6-methoxybenzold]thiophene 1,1-dioxide
{2.50 g, 7.06 mmel) in THF (100 mLl) at room temperature was added 4-bromophenol (1.344 ¢,
7.77 vamod) and Cs,COs (6.90 g, 21,19 mmeol). The reaction mixture turned green after ~1 min of
stirring. The nuxture was stirred at room temperature for 18 b after which time the reaction was
quenched with water and diluted with BCM. The organic layer was collected (phase separator)
and concentrated to provide 2-bromo-3-(4-bromophenoxy)-6-methoxybenzo[dithiophene 1,1-
dioxide {3.10 g, 6.95 mumol, 98% yicld} as a white solid which was used without further
purification. 'H NMR (400 MHz, CDChL) & ppm = 3.83 (5. 3 H), 6.92-7.03 (m, 3 H), 7.25-7.35

(m, 2 H), 7.39-7.50 (m, 2 H).
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{60350] Step 2: 3-{4-bromophenoxy ;-6-methoxybenzo{blthiophene 1,1-dioxide
{compound 27}. To a solution of 2-broma-3-(4-bromophenoxy }-6-methoxy-benzolhlthiophene

i -dioxade (3.10 g, 6.95 mmol) in MeQOH (10 mb.} and DMSO (30 ml) was added NaBH, (0.789
g, 20.85 mmol). The mixtire was stirred at room temperature for 3 h after which time the reaction
was quenched with water and diluted with DCM. The organic layer was coliected (phase
separator) and concentrated to provide 3-(4-bromophenoxy)-6-methoxybenzo{ b thiophene 1,1~
droxide {2.47 g, 6.73 mumol, 97% yicld) as an off white solid which was used without further
purification. 'H NMR (400 MHz, CDChL) 8 ppm = 3.85 (s, 3 H), 5.38 (s, 1 H), 7.02-7.08 (m, 3
H), 7.22(d,7=2.53 Hz, 1 H), 7.47-7.60 (m, 3 H).

{63911 Step 3: 3-{4-bromophenoxy)-6-methoxybenzo{ blthiophene {compound 28). To
a solution of 3-(4-bromophenoxy)-6-methoxybenzo{#lthiophene 1,1-dioxide (2.47 g, 6.73 mmol)
m THF (90 ml) was added DIBAL-H (1.0 M 1a DCM, 33.6 miL, 33.6 mumol) in one portion. The
mixture was heated to 75 “C for 2 b after which time the reaction was cooled to room temperature
and quenched with EtOAC (32.9 md.,, 336 romol). The resulting scolution was stired for 10 min
before carefully adding 75 mL of water and potassium sodmim tartrate (33.100 g, 117 nunol). The
mixture was vigorously stirved for 10 mun and diluted with 75 mL EtOAc. The organic layer was
collected, dried with anhydrous MgSQ, and concentrated in vacuo to afford 3-{4-bromophenoxy)-
6-methoxybenzo[blthiophene (1.9 g, 5.67 mmol, 84% vield) as a white solid which was used
without further purification. PH NMER (400 MHBz, CDCL) 8 ppm =3381{s, 3 H), 646(s,1 H),
6.90(d,7=9.09Hz 3H), 716-7.22 (m, 1 H}, 7.31-740 (m, 2 H), 746 (d, /= 9.09 Hz, 1 H).
LC/MS (m/z, MH ). 336.8.

{30392] Step 4: (Fy-methyi 3-(4-({6-methoxybenzo{blthiophen-3-
yhoxy)phenyliacrylate (compound 29}, To a microwave vial, 3-{(4-bromophenoxy1-6-
methoxybenzo[blthiophene (500 mg, 1.49 mumol}, methy! acrylate (770 mg, 8.95 mmol), and
Pd{PPh:,Ch (157 mg, .22 mmol) were suspended i DMFE (12 ml) and tricthylamine (1.039
mL, 7.46 mymol). The reaction was heated for 60 min at 120 °C under microwave irradiation. The
reaction mixture was diluted with DCM and water. The organic layer was collected {phase
separator) and concentrated to obtain the crude product. The crude material was purified by
column chromatography (S10,, 1-20% EtOAc/Heptane) to afford (£)-methyl 3-(4-((6-
methoxybenzo| 2lthiophen-3-yvioxy)phenyhacrylate (311 mg, .91 mmol. 61% yield} as a white

solid. 'TENMR (400 Mz, CDCly) 8 pprm = 1.46 (s, 3 H), 3.73 (s, 3 ), 6.28 (4, J = 16.17 Hz, 1
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Hy, 659 (s, L HL 690(dd, 7=859,2.02 Hz, 1 H, 7.00(d, /=859 He, 2H), 7.21(d, /= 2.02
Hz, § H), 7.37-7.48 (m, 3 H), 7.59 (d, ./ = 16.17 Hz, 1 H). LO/MS (n/z, MH): 341.1,

{66393] Step 50 (£)y-methyl 3-(4-((2-bromo-6-methoxybenzo| bithiophen-3-
vhoxyiphenyhacrylate (compound 134). To a solation (£)-methyl 3-(4-({6-
methoxybenzolb]thiophen-3-yhoxy)phenyljacrylate (2.1 g, 6.17 nunol) in THF 201 mb)} at room
temperature was added N-bromosuccinimide (1.208 g, 6.79 nunol). The resulting solution was
stirred vigorously at room temperatore for 2 h after which time the reaction was quenched by
addition of sat. aq. Sodivm Thiosulfate solution and exiracted with HtOAc (3x). The combined
organic layers were dried over anhydrous MglQ,, filtered and concentrated in vacuo. The
resulting crude material was porified by column chromatography (Si0,, -40% EtOAc/Heptane)
to afford {#)-meethy! 3-(4-{(2-bromo-6-methoxybenzo[blthiophen-3-yhoxypheoyhacrylate (2.4 g,
5.72 mrol, 93% yield). "H NMR (400 MHz, CDCL) 8 ppm 7.65 (d, T = 16.0 Hz, 1H), 7.46 (4, | =
8.7 Hz, 2H), 7.32{d, J=569Hz, 1H), 720 (d, I=22 Hz, 1H), 695 (d, ] =8.7 Hz, 2H}, 6.91 (dd,
J=88 2.2 Hz, 1H}, 6.31 (5, 1H}, 3.86 (s, 3H), 3.79 (s, 3H). LC/MS {m/z, MH ) 420.9.

{30394 Step 6: (Fy-methyl 3-(4-((2-bromo-6-hydroxybenzo{ bithiophen-3-
yvhoxy)phenyiiacrylate & (#)-3-(4-((2-brome-6-hydroxybenzo|blthiophen-3-
vhoxyiphenyhacrylic acid (compound 133 & 136). To a solution of (F}-methyl 3-(4-((Z-bromo-6-
methoxybenzo{blthiophen-3-yvhoxyiphenvihacrylate (2.4 g, 5.72 momwol) in DCM (20 ml.) at room
temperature was added BBr; (1.0 M in Heptane, 17.17 mL, {7.17 mmol} dropwise. The resolting
mixture was stirred at room terpperature for 2 h after which time an agueous buffer (pH 7.4, made
from citric acid and dibasic sodium phophate, 10 mb), cooled to 0°C, was slowly added into the
reaction. The resulting mixture was then diluted with DCM (30 mL) and stirred at room
temperature for T h. The phases were then separated and the organic phase was dried over
anhydrous Na,5Q,, filtered and concentrated in vacuo. The crude material was purified by
colomn chromatography (Si0,, (-100% EtOAc/Heptane) to afford (F)-methyl 3-(4-{(2-bromo-6-
hydroxybenzo[blthiophen-3-yloxyiphenylacrylate (1.6 g, 3.95 numol, 69% yicld} as a pale
vellow solid and (£3-3-{4-((2-bromo-6-hydroxybenzolbthiophen-3-yloxyiphenyhacrylic acid
(370 mg, 0.946 mmol, 17% yield} as a yellow sohid.

{30395] {Ey-methy! 3-(4-((2-bromo-6-hydroxybenzol blthiophen-3-
yhoxyiphenyhacrylate: 'H NMR (400 MHz, CD30D) 8 ppm 3.76 (s, 3 H), 6.43 (4, I=16.17 Hz, |
H), 6.82{dd, J=8.84,2.27 Hz, 1 H}, 6.90 - 697 (m, 2 H), 7.17 (d, J=2.02 Hz, 1 H), 7.22 {d, }=5.59
Hz, 1 H), 7.53 - 7.62 (m, 2 H), 7.65 (4, J=15.66 Hz, | H). LOMS (mv/z, MH"): 406.8.
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{30396] {£3-3-(4-((2-bromo-6-hydroxybenzo{blthiophen-3-yhoxy)phenyljacrylic acid:
"H NMR (400 MHz, CD.0D) 8 ppm 6.38 (d, J=16.17 Hz, 1 H), 6.82 (dd, J=8.59, 2.02 Hz, 1 H),
6589 - 697 (m, 2 H), 717 {d, I=2.02 Hz, 1 H), 7.23 (4, I=8.59 Hz, 1 H), 7.53 - 7.60 (m, 2 H), 7.63
(d, J=15.66 Hz, | H). LO/MS (m/z, MH "y 392.8.
{80397} Step 71 1-bromo-2-(1, I -diftucroethyl}-4-floorobenzene (compound 149}, To a
sofution of DeoxoFluor™ (8.49 ml, 46.1 omol) and MeOH (2 drops) was added 1-(2-bromo-3-
floorophenylethanone (5.0 g, 23.04 mmol). The resulting mixture was warmed to 70°C for i8h
after which time the reaction was quenched by slow addition to 56 ml, of ice-cold water and
diloted with diethyl ether, The organic layer was collected and washed with sat. ag. NaHCO,
solution (2x}, citric acid, and brine. The combine organic layers were concentratedand in vacuo
and purified by column chromatography (510, (-20% EtOAc/Heptane) to afford -bromo-2-(1,1-
diftuoroethyi-4-fluorobenzene (3.83 g, 16.02 mmol, 69.6 % yield) as a colorless oil. "H NMR
(400 MHz, CB:00) 6 ppm 1.98 - 2,11 (m, 3H), 7.15 (td, J=8.21, 3.28 Hz, 1H}, 7.39 (dd, 1=9.60,
3.03 Hz, 1H), 7.71 (dd, J=8.59, 5.05 Hz, 1H). "F NMR (376 MHz, CD:0D) 8 ppm -115.63 (5, 1
Fy, -88.94 (s, 2 F).
{30398] Step 8: 2-(2-(1,1-difluorocthyl)-4-flucropheny}-4,4,5, 5 tetramethyl-1,3,2-
dioxaborolane (compound 150). To a sclution of 1-bromo-2-(1,1-diffucrocthyl)-4-flucrobenzene
{3.83 g, 16.02 mumol) i 1 4-dioxane {15 mbl) was added bis(pinacolatoxdiboron (5.29 ¢, 20.83
minel}, potassium acctate (3.15 g, 32.0 numol} and PACL{PPh; ), (1.125 g, 1.602 mmol). The
resulting nuxture was heated to 80°C and stirred under nitrogen atmosphere for 18 b after which
time the mixture was cooled to room temperature and concentrated onto silica gel. The crude
matertal was then purified by column chromatography (510, 0-15% EtOAc/Heptane) to afford 2-
(2-(1,1-diflucroethy }-4- flucrophenyh-4,4,5,5-tetramethyi-1,3,2-dioxaborolane (2.90 ¢, 10.14
mimol, 63% yield) as a colorless oil. "H NMR (400 MHz, CDROD) 8 ppm 1.37 (s, 12 H, 2.01 (4,
J=18.44 Hr, 3 H), 7.18 (1d, J=8.34, 2.53 Hz, | H}, 7.25 (44, }=10.11, 2.53 Hz, | H). 7.62 {d4,
J=8.08,6.57 Hz, 1 H).
1603691 Step 9: (Fy-methyi 3-(4-((2-(2-(1, 1 -difluorocthy-4-fluorophenyl)-6-
hydroxybenzo[Slthiophen-3-yHoxy)phenylacrylate (compoond 151). To a solation of (£)-methyl
3-{4-((Z-bromo-6-hydroxybenzol b lthiophen-3-vhoxv)phenylacrylate (1.6 g, 3.95 mumol) in
tolacne (20 mb} and water (2 mL) was added 2-(2-(1,1-dithiorocthyl}-4-fluorophenyly-4,4,5,5-

tetramethyl-1,3,2-dioxaborolane (2.259 g, 7.90 mmol), KoCO4 (2.73 g, 19.74 mmeol), and

PA(PPha)s ((.456 g, (.395 mmol). The resuiting mixture was heated to 90°C for 18 h after which
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time the reaction was cooled to room temp and filtered to remove solids. The filtrate was acidified
with HCE(IN aq.) and extracted with DOM, the combined organic layers were dried over
anhydrous NaZ304, filtered and concentrated in vacuo. The resulting crude material was punified
by column chromatography (Si10;, 0-60% EtOAc/Heptane) to afford (£)-methyl 3-(4-((2-2-(1,1-
difluoroethyl}-4-flucrophenyl)-6-hydroxybenzo{dthiophen-3-yhioxyphenyDacrylate (1.4 g, 2.89
mmol, 73.2% vield) as a pale orange solid. The product was dissolved m DCM and treated with
Pd scavenger for 2 h at room temp then filtered and collected the filtrate and concentrated in
vacuo to atford the final product. "H NMR. {400 MHz, CDn0D) 6 ppm L.89 (&, J=18.69 Hz, 3H),
5 (s, 3H), 6.37 (d, J=16.17 Hz, 1H), 6.80 - 6.89 {m, 3H), 7.11 (td, J=8.21, 2.78 Hz, 1H)}, 7.17 -
728 (m, 2H), 731 - 742 (m, 2H), 7.44 - 7.51 {m, 2H), 7.59 (d, J=16.17 Hz, 1H}.
{04801 Step 10: (£)-3-(4-((2-(2-(1,1 -difluorocthyD-4-fluorophenyl j-6-
hydroxybenzo[bithiophen-3-yljoxyphenylacrylic acid (example 140). To a solution of (£)-
methy! 3-(4-((2-(2-(1, 1 -ditluorocthy}-4-fluorophenyl)-6-hydroxyhenzo[ hlthiophen-3-
vhoxy)phenvhacrylate (1.4 g, 2.89) in THF (5§ mL} and water (3 mL) was added 56% LiDH
monchydrate (371 mg, 8.67 vunol). The resulting vuxiure was stirred at room temiperature for 18
h after which time the reaction was concentrated in vacuo to remove THF and the resulting
solution was diluted with water and acidified by addition of HCU{(IN aq.), causing a precipiate to
crash cut. The resulting preciptate was filtered to give (£)-3-(4-{(2-(2-(1,} -difluoroethyl)-4-
fluorophenyD-6-hydroxybenzo[blthiophen-3-yloxyphenyDacrylic acid as a white solid which
was not purified further (980 mg, 2.021 nunol, 69.9% yield). 'H NMR {400 MHz, CD:0D) & ppm
=1.80(t J=18.44 Hz, 3 H), 6.23 {d, =16.17 Hz, 1 H), 6.71 - 6.81 {m, 3 H), 7.03 (td, J=8.21,2.78
Hz, 1 H), 7.08 - 7014 (o, 2H), 7.22 - 732 (m, 2 H), 7.37 (4, J=8.59 Hz, 2 H), 747 {4, }=16.17 Hz,
1 H). LOMS (m/z, M-H): 468.9.

Assays
160441 Compounds of the mvention were assessed for their ability to be both potent
estrogen recepior antagonists and to degrade estrogen receptors. The antagonist and degrading
properiies of the compounds of the wvention described herein can be evidenced by testing i the

ER transcription and ERg degradation assays, respectively.
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ER Transcription Assay (MCF7 Celis}

{30402 The ER transcription assay is a reporter assay that is based on the ability of ER
to induce transcription from a luciferase reporter gene containing estrogen response elements
(EREs}) i the promoter/enhancer region. When the reporter gene is transfected in MCF7 cells
{containing endogenous ER), transcription 18 reflected by the level of huciferase expression.
{30483 MCF7 cells are mamtaimed in DMEM/F12 (Gibeo, catalog number 11330}
supplerented with 10% fetal bovine serum (FBS) (Geming Bio-Products, catalog mumber100-
106). A day before transfection, cells are split into a T75 flask at a cell density of 300,000
cells/mb (10ml total) and allowed to attach overnight i a humidified CO; ncubator at 37°C.
{34041 Next day, prior to transfection, media 1s switched to DMEM/E12 (Gibeo,
catalog mumber 21041) supplemented with 10% charcoal-stripped serum (Geming Bio-Products,
catalog mumber 100-119). MCF7 cells are then bulk transfected, using Lipofectin (Invitrogen,
catalog number 18292) with the following plasmids: 7x-TK-ERE-Luc3 (ER reporter gene) and
pCMV-Renilla (normalization countrol). Briefly, for cach T75 flask, 32.5 uLlL of Lipofectin is added
to 617.5 pL of OptiMEM {Gibeo #11038) and mcubated for 30 min at 37C. Approximately 20 ug
INA 15 nuxed 1o OptiMEM (Invitrogen) to a total volume of 630 ugl.. Following incubation, the
OptiMEM-DNMNA mixtare is added to the OptiMEM-Lipofectin mix and incubated for 1S mimites
at 37°C. The DNA-Lipofectin mixture is then added directly to the T75 flask and the flask 1s
returaed to the cubator.

{30405] After overnight incubation, corapound 1s added to individual wells of a 96-well
plate 1o a 10 ul. volume of media at 10x concentration along with 1773 estradiol whose final
concentration is 8.1 M. Normmally, DMSQO (used as a vehicle) is included to achieve a final
concentration of 0.1% when added to the cells. Transfected cells are trypsinized, resuspended in
DMEM/F12/10% charcoal-stripped serum and added to the 96-well plate at 25,000 cells/well in
S0ul. of media. The plate is then retumed to the incubator for 24 hours.

{30486] After incubation with compounds for 24 hours, Firefly and Renilla luciferase
activities are measured to determine ER transcripiional activity. Media is removed from 96-well
plates by decanting and blotting on paper towels. Cells are lysed with 40al/well of 1X passive
lysis buffer (23mM Tris Phospate, ZmM CDTA, 10% Glycerol, (.5% Triton X-100 and ZmoM
DTT before use) and allowed incubate at room temperature for 10 minutes.

{60447} Firefly luciferase activity 1s measured by adding 30 ul Firefly luciferase assay

butfer Z0mM Tricine, 0.1 mM EDTA, 1L.U7 mM (MgCUGs) Mg{OH), » 5H,0, 2.67 mM MgSlQ0,,
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333w OTT, 270 uM Coenzyme A, 470 uM huciferin, S30 uM ATP, reconstituted} per well,
followed by measuring light units using a luminometer (BMG labtech FLUOstar OPTIMA). One
second total read time after a one second delay.

{304038] Renilla luciferase activity is measured by adding 50 ul Renilla luciferase assay
buffer (1.1M NaCl, 2.2 mM Na,EDTA, .22 M KxPO, (pH 5.1}, 0.44 mg/ml BSA, 1.3 mM
NaNs, 1.43 uM coelenterazine, final pH adjusted to 5.0}, per well, followed by measuring light
units using a luminometer. Oone second total read time after one second delay. I Firefly
luciferase signal is high, Renilla assay must be done an hour after the Firefly assay due to

wcorplete squelching of Frrefly signal.

ERa degradation (M{UF7 celis)

{B0489] Plate MCF7 cells at 0.3 mithion cells/mL (1060 pl/welly m black, clear-bottom
96-well plates {Greiner, catalog number 655090} in DMEM/F12 media (Gibeo, catalog number
11330 supplemented with 10% charcoal-stripped serums {Gemind Bio-Products, catalog numaber
100-119}, and mcubate them at 37°C, 5% CO; for 24-36 hours. Next day, make 105 sohution of
ligands in DMSO and add the solution to the cells to achieve a final concentration of [0uM. A
DMSO control is required for velative caleulations, and fulvestrant is used as a positive control for
ER degradation. The cells are subjected to the in-cell Western assay after incubating cells with
figand for 18-24 houss.

{30410 Media is removed from the plates by decanting, and cells are inmmediately fixed
with 180 pl of 3.7% formaldehyde in PBS using a multi-channel pipettor. Add formaldehyde to
the sides of the wells to avoid cell disroption. Plates are tncubated at room temperature for 20
munutes without shaking. The fix solution 1s then removed and cells are permeabilized with 100
ul/well of 0.1% Triton X-100 o PBS. The lysate is theo blocked by adding S0ul/well of
blocking solution (3% goat serum, 1% BSA, 0.1% cold fish skin gelatin and 0.1% Triton X-100 n

PBS, pH 7.4) and allowed to shake at room temperature for 2 hy, or alternatively, at 4°C

overnight.
{60411] After blocking, 40 pL/well of the primary antibody against ERa (HC-20)

{Santa cruz, catalog number 543) diluted at 1:3000 in blocking buffer diluted 1.3 with PBS i
added to each well, except the negative control wells {(which are used for background subtraction)
and the plate is sealed and incubated overnight at 4°C. Next day, the primary antibody solution is

removed and the wells are washed three times with 0.1% TWEEN 1o PBS, with cach wash lasting
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5 minutes. 40ul/well of secondary antibody (Biotium CF770 goat anti-rabbit 1:2000, catalog
apumber 20078) and DRAQS (BNA stain, SmM, Thermo Scientific, catalog number 62251)
diluted at 1:10000 in blocking buffer diluted 1:3 with PBS 15 then added to all the well, inchuding
the negative control wells, and the plate s allowed fo incubate on shaker at roont temperature for
2 hr. The secondary antibody sohution is then removed and the plates are washed three times as
described above. The plate is then washed one final time with PBS alone to minimize auto-
fluoorescence. The plate is then cleaned and read on LiCor Odyssey imager.

{00412] For % vesponse calculations, fivst divide integrated intensities for 700 channel
(ER) by integrated intensitics for 300 channel (DNA normalization); 700 (ER)Y/800 (DNA). This
will be referred to as the normalized value. Then subtract average of negative control wells (no
primary antibody} from all noroalized valoes. This corresponds to negative subtraction. %

response = (Value yumews’ Valie puso contor} ¥ 100,

{3841 3] The data describing the antagomst and degradation propertigs for the examples
s compiled in table 11, The column titled MCF7 ICs reports the inflection point of the ihibition
of transcription in MCF7 cells as described above. Percentage ER« remaining reports the
remaining ERo protem measured at 10 pM concentration of the ligand as described above. The
coluron BERa 1Cs0 reports the inflection point of the degradation n response to the ligand

concentration. For example, (£3-3-(4-({6-hydroxy-2-(4-bydroxyphenyhbenzo{blthiophen-3-

~5

yvhoxviphenvhacrvlic acid (example 2), inhibits 50% of the ER o induced transeriptions in MCF7

cells at a concentration of 0.748uM and degrades the ER o receptor, at al OuM concentration, by

39%. Half of the observed receptor degradation occurs at a concentration of (L026 udl

Table 11
Ex. | MOF7 s (uM) %ERQ ERG. IC s {uM)
emaming
1 0.457 58 0.031
2 0.748 4 6.026
3 0.641 18 6.034
4 0.006 13 0.0004
5 0.089 20 6.004
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6 3.096 21 0.082
7 0.713 22 0.029
8 0.023 17 0.001
9 0.407 18 0.006
10 0.207 17 0.005
1 0.053 15 0.001
12 0.078 19 0.004
13 0.151 14 0.002
14 0.238 15 0.006
15 0.404 20 0.012
16 0.128 26 0.006
17 0.012 24 0.001
18 0.038 23 0.001
15 0.218 18 0.007
20 0.038 22 0.001
21 0.312 22 0.015
22 0.852 18 0.032
23 0.748 22 0.030
24 2.576 22 0.033
25 0.179 22 0.006
26 0.647 18 0.021
27 7.872 21 0.085
28 0.886 33

29 7.750 26

30 3.400 30

31 0.010 45 0.001
32 0.015 25 0.017
33 0.073 32 0.010
34 0.048 42 0.112
35 0.103 33

38 0.137 28
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37 0.041 38

38 0.1582 25 0.022
39 0.653 24 0.070
40 0.424 23 0.022
41 10.000 22

42

43 10.000 41

44 10.600 25

45 0.023 30

48 0.108 41 0.005
47 0.111 43

48 0.422 44

49 0.041 8

S0 0.154 36 0.022
51 0.061 41 0.011
52 b.877 41 0.223
53 0.320 43

54 0.001 39 0.060
55 0.002 33 0.034
56 1.270 27

57 1.030 37 0.121
58 5.020 35

58 1.253 17 0.030
60 £.306 23 0.026
81 0.327 26 0.018
(574 0.316 42

83 0.185 26 0.024
84 0.040 43

85 0.055 47

86 0.0583 40 0.068
87 0.373 30 0.347
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88 0.162 43 0.161
89 0.185 20 0.024
70 0.041 32 0.009
71 (.268 41
72 0.053 28 0.011
73 0.125 47 0.017
74 0.058 22 0.010
75 0.010 41
76 0.018 42 0.047
77 0.044 15 0.0014
78 0.008 72
79 0.052 17 0.0042
&0 0.123 14 0.003
&1 0.32 28
82 0.011 21
83 0.015 13
84 0.044 12
85 0.007 12
86 0.007 12 0.0002
87 0.014 15 0.0004
88 0.013 18 0.0002
89 0.018 18 0.0005
80 0.026 15 0.0012
o1 0.023 15
92 0.029 15
93 0.072 25 0.0018
94 0.086 20
95 0.109 14 0.0018
o5 g.212 14 0.0017
a7 0.292 13 0.025
a8 0.382 19 .0066

201



WO 2014/130310

PCT/US2014/015938

99 0.544 14

100 .669 12 (.0054
101 0.0042 13 .0002
102 0.0012 25 .0006
103 0.012 31 .0033
104 0.032 29

105 0.014 25 0.0011
106 0.038 17 0.0041
107 0.060 29 0.004
108 0.01 16 0.0002
108 0.012 16 0.0002
110 0.024 16 0.0008
114 0.025 17 0.0003
112 0.045 16 0.0006
113 0.062 24 0.0022
114 0.216 35 0.0064
115 0.267 15 0.0053
116 0.306 24 0.012
117 0.054 16

118 0.068 14 0.0028
119 0.108 19 0.0062
120 0.0051 70

121 0.214 56

122 0.011 15 0.0002
143 0.083 15 0.0011
124 0.114 10 0.0014
125 0.124 1

146 0.137 12

127 0.208 18 0.0042
128 0.223 13

129 0.297 22
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130 0.488 12 0.0051
131 0.815 12
132 0.89 16
133 0.898 17
134 0.38 12 0.403
135 0.061 19
136 0.0051 11
137 (.009 15
138 0.0058 24
138 0.0061 17 0.0002
{6061} It is understood that the cxamples and embodiments described herein axe for

llustrative purposes only and that varioss modifications or changes n light thereof will be

suggested to persons skilled in the art and are to be mcladed within the spirit and purview of this

application and scope of the appended claims.
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CLAIMS

We Claim:

1. A compound of formula I:

in which:

R;

is selected from 0, 1 and 2;

is selected from 0, 1 and 2;

is selected from O and NRg; wherein Rg is Cj4alkyl;

is selected from N and CRy; wherein R; is selected from hydrogen and C,_alkyl;

is hydrogen;

is selected from hydrogen and halo; _

is selected from ~CH,CH;Rg, and —CRg,=CRg,Rgp; wherein each Rsg, is independently

selected from hydrogen, fluoro and C,.salkyl; and Ry is selected from —C(O)ORg,, “C(O)NRgaRgp, —
C(O)NHORy,, -C(O)X;3Rs, and a 5-6 member heteroaryl selected from:
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NH N~ NH NH -
=N 9 : -
HN_ Non LA (A O 2 NGNS

v

wherein the dotted line indicates the point of attachment with -CH,CH; or -CR3,=CRg, of R3;
wherein X, is C;_qalkylene; Ro, and Ry, are independently selected from hydrogen, C;_salkyl,
hydroxy-substituted-C, salkyl, halo-substituted-C,_4alkyl and —X4Rq; Wherein X4 is selected from a
bond and C,_salkylene; and Ry is a 4-6 member saturated ring containing 1 to 3 atoms independently
selected from O, N and S; wherein said heteroaryl of Rs, is unsubstituted or substituted with 1 to 3
groups independently selected from Cisalkyl and Cs.scycloalkyl;

R4 is selected from hydrogen, C,.4alkyl, halo and C,_jalkoxy;

Rs s selected from Cq.joaryl and a 5-6 member heteroaryl selected from:
A N/ fN N
- r N LN N --@ __<\\ . /1
<N’N <N\'\*' <<:'\“ g) 0 NN <N
H H . H H

[oo01] | wherein the dotted line indicatés the point of attachment with the benzothiophene
core; wherein said Cg joary! or heteroaryl of Rs is substituted with 1 to 3 group selected from —X3-Rs,
and Rs,; wherein Xj is inethylene; Rs, is selected from hydroxy, amino, C.4alkyl, halo, n_itro, cyaho,
halb-substituted-C1-4élkyl, cyano-substituted-C.4alkyl, hydroxy-substituted-C1-4alky1, halo-
substituted-Cj.4alkoxy, Cj4alkoxy, —SFs, ~NR1aR11p, “C(O)R 114, Cs.scycloalkyl and a 4-7 member

saturated, unsaturated or partially saturated ring containing one to 4 heteroatoms or groups selected
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from O, NH, C(O) and S(O)o.2; wherein Ry1; and Ry are independently selected from hydrogen and
Ci.4alkyl; or Ri1, and Ry, together with the nitrogen to which they are both attéched formadto7
member saturated ring containing one other heteroatom or group selected from O, NH, and S(O)q.»;
wherein said 4-7 member ring of Rs, can be unsubstituted or substituted with C;.salkyl; or a

pharmaceutically acceptable salt thereof.

2. The compound of claim 1 of formula Ia:

in which:

n is selected from 0, 1 and 2;

m is selected from 0, 1 and 2; ‘ ‘

Y, is selected from N and CRy; wherein R is selected from hydrogen and C,.salkyl;

Ry is hydrogen;

R2 is selected from hydrogen and halo;

"R is selected from ~CH,CH;Rgp, and —~CRg,=CRg.R3p; Wherein each Rg, is independently
selected from hydrogen and C1-4alky1; and Ry is selected from —C(O)ORy,, ~C(O)NRy,Rep, —
C(O)NHOR¢y,, -C(O)X;Ry,, tetrazolyi, 1,3,4-oxadiazolyl, 4H-1,2,4-triazolyl, 5-oxo-4,5-dihydro-
1,3,4-oxadiazol-2-yl, 2-oxo-pyrimidinyl and imidazolyl; wherein X is C;.salkylene; Ry, and Ry, are
independently selected from hydrogen, C).4a{lkyl, hydroxy-substituted-C;_4alkyl, halo-substituted-C;.
salkyl and —X4Ro; wherein X, is selected from a bond and C,;alkylene; and Ry is a 4-6 member
saturated ring containing 1 to 3 atoms'independently se;lected from O, N and S; wherein said
tetrazolyl, 1,3,4-oxadiazolyl, ‘4H-1_,2,4-triazoly‘l, 2-oxo-pyrimidinyl or imidazolyl of Rgs is
unsubstituted or substituted with 1 to 3 groups independently selected from C,4alkyl and C;.
scycloalkyl; |
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R4 is selected from hydrogen and C;.4alkyl; and each

Rs, is independently selected from hydroxy, C,.4alkyl, halo, nitro, cyano, halo-substituted-C;.
salkyl, halo-substituted-C,.4alkoxy, hydroxy-substituted-C,_4alkyl, C;_salkoxy, Cs.scycloalkyl, —
NR112R 115, “C(O)R11a and a 4-7 member saturated, unsaturated or partially saturated ring containing
one to 4 heteroatoms or groups selected from O, NH, C(O) and S(O),.,; wherein X3 is selected from a
bond and methylene; wherein R“a and Ry, are independently selected from hydrogen and CMalkyl;
wherein said 4-7 member ring of Rs, can be unsubstituted or substituted with C;.4alkyl;

X3 is selected from a bond and methylene; or a pharmaceutically acceptable salt thereof.

3. The compound of claim 2 in which Rj is selected from —CH,CH,Rg, and -CRg,=CR3,R3sy; wherein
each Rg, is independently selected from hydrogen and Ci_4alkyl; and Ry, is selected from —C(O)ORs,,
- ~C(O)NRg,Rgp, ~C(O)NHORy, and -C(O)X3Rq,; wherein X; is C1_4alkylene; Rg, and Rgy, are
indepeﬁdently selected from hydrogen, C;_salkyl, hydroxy-substituted-C_salkyl, halo-substituted-C;.
salkyl and morpholino-ethyl.

4. The compound of claim 3 in which R; is selected from ~CH,;CH;R g, and —CRg,=CRg.Rsp; wherein
each Ry, is independently selected from hydrogen and C,.4alkyl; and Rg, is independently selected

from —-C(O)OH, -C(O)CH3, -C(O)OCH; and morpholino-ethyl.

5. The compound of claim 4, or the pharmaceutically acceptable salt thereof, selected from:

o : 0
HO HO
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6. The compound of claim 3, or the pharmaceutically 'acceptab]e salt thereof, selected from:

219
RECTIFIED SHEET (RULE 91) ISA/EP



WO 2014/130310

PCT/US2014/015938

220

RECTIFIED SHEET (RULE 91) ISA/EP



WO 2014/130310

PCT/US2014/015938

\ 0
_ HN~<
o HO O \o
A

H\N-<O
HO" O \O F
L,

H\N P
O

\ )

HN 0
=N
\_/

7. The compound of claim 2 in which: Rj is selected from —CHzCHstb and “CRg,=CRg,Rgp;

wherein each Rg, is independently selected from hydrogen and C,_salkyl; and Ry, is selected from

tetrazolyl, 1,3,4-oxadiazolyl, 4H-1,24-triazolyl, 5~oxo-4,5—dihydro-] ,3,4-oxadiazol-2-yl, 2-oxo-

pyrimidinyl and imidazolyl; wherein said tetraiolyl, 1,3,4-oxadiazolyl, 4H-1,2,4-triazolyl, 2-oxo-

pyrimidinyl or imidazolyl of Ry, is unsubstituted or substituted with 1 to 3 groups independently

selected from Cy.aalkyl and Gy geycloalkyl; wherein said phenyl, pyrrolidiny! or indolizinyl of R is

unsubstituted or substituted with a group selected from —C(O)OR3; wherein R;3 is selected‘from

hydrogen and C,_salkyl.

\

8. The compound of claim 7, or the pharmaceutically acceptable salt thereof, selected from:
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9. The compound of claim 1 or formula Ib:
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Ry <o
in which:
n is selected from 0, 1 and 2;
m is selected from 0, 1 and 2;
Y, is selected from N and CR; wherein R-;. is selected from hydrogen and C,_alkyl;
R is hydrogen; '
R, is selected from hydrogen and halo;

R; is selected from —CH,CH;Rg, and ~CR3,=~CR3,Rgp; Wherein each Rg, is independently
selected from hydrogen and C;_4alkyl; and R, is selected from —C(O)OR%, —C(O)NRgRop, —
C(O)NHORy,, -C(O)X,Ro,, tetrazolyl, 1,3,4-oxadiazolyl, 4H-1,24-triazolyl, 5-oxo-4,5-dihydro-
1,3,4-oxadiazol-2-yl, 2-oxo-pyrimidinyl and imidazolyl; wherein X is Cy.qalkylene; Rg, and Rgy, are
independently selected from hydrogen, C.salkyl, hydroxy-substituted-C;.4alkyl and halo-substituted-
Ci.qalkyl; wherein said tetrazolyl, 1,3,4-oxadiazolyl, 4H-1,2,4-triazolyl, 2-oxo-pyrimidinyl or
imidazoly! of Rg, is unsubstituted or substituted with a group selected from C;.salkyl and Cs.
scycloalkyl;

R4 is selected from hydrogen and Ci.salkyl; each

Rsa is independently selected from hydroxy, C.salkyl, ha!o, nitrd, cyano, halo-substituted-C;.
salkyl, halo-substituted-C,_jalkoxy, hydroxy-substituted-c1.45]kyl, Ci4alkoxy and —C(O)R15;
wherein Ry, is selected from hydrogen and C;_4alkyl; and

Rs is Cy.qalkyl; or a pharmaceutically acceptable salt thereof.

10. The compound of claim 9 in which R; is selected from —CH,;CH,Rg, and —CRg,=CRg,Ran;

wherein each Rg, is independently selected from hydrogen and C,.4alkyl; and Rg; is selected from —
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C(O)ORy,, -C(O)NRgzRop, “C(O)NHORGy, and -C(O)X;Re,; wWherein X; is Cjalkylene; Ry, and R,
are independently selected from hydrogen, C,.qalkyl, hydroxy-substituted-C,_salkyl and halo-

substituted-Cj.salkyl.

11. The compounds of claim 10, or the pharmaceutically acceptéb]e salts thereof, selected from:

OH

o]
HO

—_—

12. A compound, or the pharmaceutically acceptable salts thereof, selected from:
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13. A pharmaceutical composition comprising a compound of claim 1 admixed with at least one

pharmaceutically acceptable excipient.

14. The pharmaceutical composition of claim 13, wherein the excipient is selected from cofn
starch, potato starch, tapioca starch, starch paste, pre-gelatinized Astarch, sugars, gelatin, natural
gums, synthetic gums, sodium alginéte, alginic acid, tragacanth, guar gum, cellulose, ethyl
cellulose, cellulose acetate, carboxymethyl cellulose calcium, sodium carboxymethylcellulose,
methyl cellulose, hydroxypropy! methylcellulose, microcrystalline cellulose, magnesium
aluminum silicate; polyvinyl pyrrolidone, talc, Calcium carbonate, powdered cellulose, dextrates,
kaolin, mannitol, silicic acid, sorbitol, agar-agar, sodium carbonate, croscarmellose sodium,
crospovidone, polacrilin potassium, sodium starch glycolate, clays, sodium stearate, calcium
stearate, magnesium stearate, stearic acid, mineral oil, light mineral oil, glycerin, sorbitol,
mannitol, polyethylene glycol, other glycols, sodium lauryl sulfate, hydrogenated vegetable oil,
peanut oil, cottonseed oil, sunflower oil, sesame oil, olive oil, corn oil, soybean oil, zinc stearate,

sodium oleate,‘ ethyl oleate, ethyl laureate, silica, and combinations thereof’.

15. The pharmaceutical composition of claim 14, further comprising an additional therapeutic

agent,
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16. The pharmaceutical composition of claim 15, wherein the additional therapeutic agent is
selected from an anticancer compound, an analgesic, an antiemetic, an antidepressant, and an

anti-inflammatory agent.

17. A method to treat cancer, comprising administering to a subject in need of such treatment an

effective amount of a compound of claim 1.

18. The method of claim 17, wherein the cancer is selected from breast, ovarian, endometrial,

prostate, uterine, cervical and lung cancers.

19. The method of claim 18, further comprising administering to the subject an additional

therapeutic agent.

20. The method of claim 19, wherein the additional therapeutic agent comprises an anticancer

drug, a pain medication, an antiemetic, an antidepressant or an anti-inflammatory agent.
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