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SELECTIVE ESTROGEN RECEPTOR
DEGRADERS

cllnccn cndonlcnlal canccn ploslalc cancer, ulcl ale cBnccn
gastric cancer. or lung cancer is further provided.

'Ibis application clalnls the benefit of U S Pmvisional
Application No. 62/697,100, Iiled Jul. 12, 2018.

DE'I'All .iiD
l)I IS('RIP 11ON

BACKO ROI IND

Selective estrogen receptor de raders (SERDs1 bind to the
estrogen receptor (I:R) and downregulate I;R-mediated tran-
scriptional activity. This degradation and downregulation
causixt by SERDs can be useliil in the trcauncnt of cell
proliferation disorders. such as cancer. Some small molecule
cxlunples of SERDs have been disclosed ul thc hterature

I
(see, e.a, WO2005073204. WO2014205136. and
WO2016097071b Howcvcr. known SERDs have not ycl
been as useful as is needed to effectively treat cancer I'r
example. finihn SERDs with better pharmacokinetic (PKJ
and pharmacodynaniic (PDJ properties, higher efliciency in
the clinic. and good oral bioavailability would be very
helpihl in treaung cancer. A pure anni orna( SERD with
potent inhibition of ER-mediated tmsnscription would be
cxprcssly bmleliclal ul trcaung cmlccr. There Is a need for
new SIIRDs to treat cancers such as breast cancer. ovarian
cancer, cndonlcnldl cancel, ploslBlc cilnccl, ulixnlc cllnccl,
gastric cancer, and lung cancer as lvell as imitations due to
enlerging resistance. In particular there is a need for new
Sl:RDs to treat I:R-positive breast cancer, gastric cancer,
andior lun cancer. ill

Novel tctracyclic compounds Bnd pharmaceuucal salts

thereof that act as SERDs are disclosed herein. The newly

invented SERDs that are described herein provide inhibition

of ER-mediated tmsnscription that will be useful in treating

cmlcers such as breast cancer, ovarian cancer, endometrial

cancer, prostate cancer, merine cancer, gastric cancer, and

luag cancer as well as mutations due to emerging resistance

'I'hese SERDs can be used either as single agents or in

combination with other classes of drugs including sehmuvc

cstrogcn receptor moduldlors (SERMs), aromatasc lniubi-

tors, CDK4 inhibitors, CDK6 uthlbitors. PI3K Inhibitors.

and mTOR inhibitors to treat hormone receptor-positive

cancers such as breast c;mcer. gastnc cancer. mid/or lung

cancer.

'I'he novel compounds described herein are represented by
llornlula I

SUMh LARY

('ompounds of the formula:

110

HO

and phannaceutically acceptable salts thereof, and phamla-
ceutical compositions thereof. are provided herein. In tlus
formula either R'r R" I ~ indcpcniknily selected Ibom Cl, F,

CFI. or CHB, and lhe other ls hydrogen. o

Mcllxids of using the compmulds Bs dcscnbml hcrcln,
phaonaceutically acceptable salts thereof, and pharnlaceu-
tical compositions thereof, to treat breast cancer, ovarian
cancer, endometrial cancer. prostate cancer, uterine cancer,
gastric cancer. or lung cancer are also provided. The meth- s.
ods mclude aihnlnmlcring a lherapcuucally cfii:clo e unounl
of d conlpound Bs dcsixlbcx! hclcul, ill B phBnnacciltu:Bllv
dccipldblc sall Ihcreof. to a patient m nimd.

I'urther provided are the compound as described herein,
and a pharmaceutlcally acceptable salts thereof. fbr use in ic
therapy. The compounds described herein, and phamlaceu-
tically acceptable salts thereof. can be used in the treamlent
ol breast cancer, ovanan cancer. endomelrial cancer, pros-
tillc cllncci; Ulcnnc cllnccl, gdslrlc canccn ol hing cancel

lite usc of lhc compounds as described herein. and ss
phaonaceutically acceptable salts thereof„ for the manufac-
ture of a medicament for treating breast cancer. ovarian

and phannaceutically acceptable salts thereof, wherein
either R'r R's independently selected fmm CI, F, CF.„
or ~H,. and thc other Is hydrogmi. One of sioli ul thc arl
will apprcmlalc liat compounds as descnbcd by Fomluid I,
or pharnlaceutically acceptable salts thereof, contain a chiral
center, the position ofwhich is indicated by an * above. One
of skill in the art ivili also appreciate that the ('alul-Ingold-
Prelo (R) or (S) designations for chiral centers will vary
depending upon the substitution patterns around a chiral
center The cluml ccnlcr ul lhc compound of Formula I
provides an R-cnanliomcoc form shown by Formula H.

0

110



US 10,654,866 B2

And an S-cnanuomcnc form shown by Fom&ula III.

IH

5-(4-[2-[3-(fluoromethyl)azeudin-I-yl]
cthoxyjphenyl)-7-(u&fluoromcthyl)-SH-[1]benzopy-

rano[4,3-c]qu&nolin-2-ol

HO

All individual stereoi(on&era, enantiomer(, and diastereon&-

crs. as well as m&xturcs ol'hc enantiomers m&d d&astercum-

ers of the compounds accord&ng to Formula L Fomtula H,

and 1&ourn&la Ill including racemates are included within the

scope of the compounds described herein. Compounds for
phaltuaccutlcal usc that content chudl coute&s luc oflcu
isolated a( (in le enant&omers or diastereomer( and such

isolated compounds of Formula I. Formula II. and Formula
III are included w &tlun the scope of the compounds disclosed
herein. One of skill in the art will al(o appreciate rhat the
compounds ol'om&ula I, Formula II, and Fom&ula IH

described herein. and pharn&aceutically acceptable salts

thereof, can be deutemted (where a hydrogen can be
rcplaci d by a deuterium) m&d such molecu les are considered
to be included within the scope of the compounds disclosed
herein.

3&&

HO

g-chloro-5-(4- [2-[3-(fluoromethyl)azeti din- I -yl]
ethoxy&&phenyl)-5H-[I ] benzopyrano[4,3-c]quinolin-

2-ol

3( 7-chloro-5-(4-[2-[3-(fluoromethyl)azetid&n-I-yl]
Spec&lic examples of tlm compounds of Formula I (u&clud- ethoxy ]phenyl)-5H-[1]benzopyrano[43-c]quinofln-

ing IIIPAC nomcnclaturc nruncs) arc shown herc: 2-ol

IIO

HO

5-(4- [2-[3-(tluoromethyl)azet idio- I -yl]
cthoxy}phenyl)-g-(tnfluoromethyl)-5H-[1]benzopy-

rano[4,3-c]quu&ohn-2-ol

g-fluoro-5-(4- [2-[3-(fluoromethyl)azetidin-I-yl]
ethoxy ]phenyl)-5H-[1]benzopyrano[43-c]quinofln-

2-ol

HO HO
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7-lluoro-5-(4-[2-[3-(lluoromethyl)azctidut-I-yl]
ethoxvtphenyl)-5H-[1]benzopvrano[4.3-c]quinolin-

2-ol

5-(4-[2-[3-(lluoromethyl)azeudin-I-yl]
ethoxy f phenyl)-8-mcdty]-5H-[1]benzopyrdno[4.3-c]

quinolin-2-oh and

Hf&

HO

2O

5-(4-[2-[3-(lluoromethyl)azeudin-I-yl]
ethoxy f phenyl)-7-me)by]-5H-[1]benzopyrdno[4.3-c]

quinolin-2-ol

l)ue to the chiral center noted above, each of these
specific examples of compounrls of ltormula I shown above
have R- and S-tnanuomeric lbnns (i.c. R-cnanuomcnc
compounds of Formula II mttl S-mrdnuomcnc compounth of
Formula HI) as shown in Table I

TABLE 1

Fuauttotttct! fort!tv ot'ntpotutda of Forntula I

Oh«r tm I auu

I)4( H
!flu r meth, l)azet d n

I vl]erhoyy}phen,l)
S ttt lhtotmnerhyl)

FH-11]
bcnznprrtno14,3-

c] Sm not uv 2-o)

HO HO

C) F

-14-'13-
lfluorotnctlt&I)

ttd! I

c]su ttol tt 01

F ~x)

HO

S *hl ! » 14 (
uluu m It&1)

ttd! I

yl]erlmxy) phen&l)
IH ll]

benzopvrmo1431
c]su ttol tt 01

HO

7 chl r (4 (2 13

tfltt r !I!et)! 'I)
azcl' tt I

yl]ethox&}phenyl) IH
I I 1 ben zop& rano 144-

c]auutoluv2-ol

Q)

HO HO
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TA]3[,l 1 I-continued

Friar&i'iiiei o folilla of eolll ioilllda of I'ol'Illilfa I

Chem .il Name R en&at onier (I orna&la Hf S erniir mei (I'onnula nll

S-ffuo&o-a-lq [- I- ~OF~
„I] ih yy)ph a If aft

[1]benz pyi.in [43
]qu nol n 2 ol

HO

Ql

HO

711 o y(4[
(tlunrnmethyll

a&ref tl ll I

, l]ertmxy)phen,lf &H

[i]benz pviano[4 'I

ejquuiolni-I-ol

Ql

I IO I IO

i&4[ [I
(tlunrnmethyll

azar! flil-I
l]ethnx dplienyll-

tf-methvl- H-

lfla or pm.u 14,3

«-(4-[2-[3-
(flunrnniethvl)

in I fn I

7 meihyf f1l

lilt mp&iam[43
]qu nol n 2 ol

HO

oi

HO V

Q
I IO I IO

Also descnbed herein are pharmaceutical compositions
including the compounds of Fornnda I. FonnuLq 11, and do

Fom&ula III as described herein. or phannaceutically accept-
able salts thereof. &n combinat&on with 4 phannaccutmally
acceptable cxc&p&cnt. cdrncr, or ihluent. Thc plmnnaccu!ical
compos&fiona dcscribcd lmrmn may be prepared usu&g phar-
maceutically acceptable additives I'he tenn "pharmaceut&-
cally acceptable additive[a)" as used herein„refers to one or
more carriers. diluents, and excipients that are compatible
with the other additives of the compositions or formuLations
and not dcletcnous to thc patient. Thc compounds of For-
mula I, Formulu 11, and Fonuula Iilr or Pham&scout&cally O

acceptable salts thcrcol; dcscnbcd hereu& can be formulated
as phanuaceutical compositions administered by a variety of
routes. such as oral or IV. [3ioavaiLqbility is often a factor in
cancer treatment and the ability to choose administration
met[n&ds and pham&aceutica] compositions to control or o.

opt]m]ac thc b&oavailab&[&ty of an acuvc u&grad&cnt &s useful.
For cxdmplc. an orally bioavailablc SERD compos&!ion
would bc part&culurly useful. Thc compounds ol'Formula I,
lfonnu]a II. and I'orn&ula Ill, or phannaceutically acceptable
salts thereof, as described herein are believed to have oral fc
bioavaiLqbi[ity. Examples of pharmaceutical compositions
and processes for their preparation can be fi&und in "Rem-
ington: The Science and Practice of Pharmacy". L. V. Allen
Jr. Editor, 22nd Ed., Mack Publishing Co., 2012. Non-
limft&ng examples of pharmaccuticdily acccq&tab]e carriers, hi
diluents. and excipients include the folk&wing: saline. water,
starch. sugars, mannitol. and silica derivatives: binding

agents such as carboxymethyl cellulose and other cellulose
derivatn es. alginates. gelatin. and polyvinyl-pyrrolidone;
kaolin and bentonite; and polyethyl lycols.

Furl[mr descnbcd here&n dre methods of treat&ng a ctmccr.
Thc methods doser&box[ hcrcin include admuiistcru&g to a
pal&enl in nerd ol such trcaimmfl an cllectivc mnounl of a
compound of I'ornnda I. Iiormula II. and I'ormula III as
described herein, or a phannaceutically acceptable salt
thereof. For example. the method of adminivtering the
eg'ectn e amount of a compound of Fornnila I, Formu]a II,
and Fomnila III as descr&bcd herein, or a phannaccutically
acccptablc salt Ihcrcol: c;m bc oral adm&nmtrat&on. The
cancer can bc an cstrogcn respons&vc cancer. Addit&onally,
the cancer can be breast cancer. ovanan cancer, endometrial
cancer, pmstate cancer, uterine cancer. gastnc cancer. or
lung cancer. For example. the cancer can be ER-positive
breast cancer, ER-positive gastnc cancer. or ER-positive
[uf&g cd&leer.

Also dcscnbcd hereuf are compounds ol'onmila I.
Formula II, and Formula III as dcscnbcd hereu&r or plmr-
maceutically acceptable sa]ts thereof, for use in therapy
Also pmvided herein are the compounds of ]formula I,

Formula II. and Fom&ula III as described herein. or phar-
maceuticaily acceptable salts thereof. for use tn the treat-
menl ol breast cancer. ovarian cancer, endomelnal cancer,
proslatc caliccn &iten&le et&&ice&; gtislrlc cain:cr. 01 lift&g

cd&&c-

arr In partrcular thc breast cancer can bc ER-pos&1&vc breast
cancer, HR-positive astric cancer. or [:[3-positive lung
cancer [&or exan&pie, the compound of Iformula l. I'onnula
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II. dnd Formula III, or pharmaceuucally accepuible sall
diereof, can be orally adnimistered

Additionally. the conipounds of I'ormula I, iionmda II,
and I'ormula III as described herein, or pharmaceutically
acceptable salts thereof. can be used in the manufacture of
a medicament for the treatment of a cancer. For exranpl, the
medicament can be orally adnunistered. Thc types ol'cancer
thc mcdicamcnts as descnbed hcrcui can be used to treat
include breast cancer. ovarian cancer, endometrial cancer,
pmstate caiicer. uterine cancer. gastric cancer, or lung cail- Iil

cer In particular the cancer can be liR-positive breast
cancer, ER-positive gastnc cancer, or ER-positive lung
cancer.

11&c compounds of Fomiula I, Formula II, and Fonuula 111

ds descnbcd herein, and phannaccuucally acceptable salts
thereof, may have clinical utility as a single agent or in
combination with one or more other therapeutic agents (e g.,
anti-cancer a ents), for the treatment of cancers such as
breast cancer. ovarian cancer. endometrial cancer, prostate
cancer, uterine cancer„gastric cancer. or lung cancer. When Io
used in combination with other therapeuIic agm11s (such as
anti-cmicer agents), the compounig ol'onuula I, Formula
II, and liormula III as described herein, or pharmaceutically
acceptable salts thereof, can be used sinndtaneously. sequen-
tially, or separately with other therapeutic agents I'.xantples
of classes of dni s that the compounds of Formula I,
Fomtula II. and Fornuila 111 as described herein. or phar-
Indccullcdllv dcccpL'Ibk: salts Ihcicoli cBII bc combmcd with
include SERMV, aromatasc uthibitors, CDK4 inlubitors,
( l)K6 inhibitors. PI)K inhibitors, and m'I OR inhibitors to so

treat hormone receptor-positive breast cancer More specihc
examples of dnigs with which the compounds of iionmda I,

Fomuila II. and Formula 111 as described herein. or phar-
maceutically acceptable salts thereof, can be combined
include abcmaciclib (CDK4/6 inlubitor), evcrolimus Is
(mTOR inhibitor), alpclisib (PIK3CA uthibnor). and 8-[8-
(I-hydroxy-I-methylcthyl)pyndui-3-yl]-1-[(2 S)-2-
niethoxypropylJ-3-niethy1-1,3-dihydro-21 l-imidaxo[4,6-cJ
quinolin-2-one (PI)K/m'I'OR inhibitor)

As used herein. the term "efiective amount" refers to the so
aniount or dose of a compound of Founula I. Formula IL and
Formula III as dcscnbcd herein, or a phannaccutmally
deci ptdblc salt thcrcof, wluch, upon single or multiple dose
ddnumstration to Ihc paticnL provnles thc desired eilbc! In
the patient under diagnosis or treatment Preferably. a
desired etTect is inhibition of tumor cell proliferation, tunuir
cell death„or both. The compounds of Fomiula I. Formula
IL and Fomnila 111 as described herein, or phamtaceutically
dcccptdbh: mllm tllcrcof, Blc gcllcidllv cficc11vc ovcl II wide
domigc range. For example. dosages per day normally fall o

witlun the daily range ol'about 100 m to about 2000 mg.
As used herein, "treat". "treating" or "treaunent" refers to

restraininc. slowing, stopping, or reversing the progression
or severity of an existing symptom or disorder.

As used herein. the term "patient'* refers to a human s.
wluch is alllictixl with a panicular disease, disorder, or
coniiinon.

11&c compounds of Fomiula I, Formula II, and Fonuula 111

as described herein, or pharmaceutically acceptable salts
thereof, may be prepared by a variety of procedures knov n io
in the art, some of which are illustmsted in the Preparations
and Examples below. The specific synthetic steps for each of
thc routes dcscribcd may bc combtncxI m dilTerent ways, or
in conjunction with steps from dilli:rent procedures, Io
prepare compounds ol'omiula I, Formula ll, mid Fonuula ss
III as described herein, or pharmaceutically acceptable salts
thereof I'he products can be recovered by conventional

lllcthods well Lllov n In thc drt, lllchullllg cxlrBcnoil. c'vapo-
nstion, precipitation. chromato raphy, hltration, tnturation,
and ctystalfisation 'I'he reacents and starting materials are
readily avaiLsble to one of ordinary skill in the ait

Intermediates and processes usehd for the synthesis of the
compounds of Formula I, Fomtula II. and Formula III as
described hcrcin arc intcndcd to be included ui this descrip-
tion. Additionally, certain intermediates dcscnbed herein
may contain one or more pmtecting groups The variable
pmtecting group may be the smne or ditTerent in each
occurrence depending on the particular reaction conditions
and the particuiar transfi&rmations to be performed. The
protection and deprotection conditions are v ell known to the
skilled artisan aud arc dcscnbed In the literature (See lbr
cxiunplc '*Grccnc's Protective Groups In Orgaiuc Synthe-
sis", liourth I idition, by Peter (i M. Wuts and 111eodora VV

(ireene, John VViley and Sons, Inc. 2007)
Individual isoniers, enantiomers. and diastereomers inay

be separated or resolved by one of ordinary skill in the art
at any convenient point in the synthesis of compounds of
Fornnila I, Fomiula II, and Formula IH as descnbed herein,
by methods such as selective crystallization techniques or
clural chmmatographv (See tor exainple, .I..lacques, et al,
"I:'naniiuniers, Racemares, and //esuiuriuns*k .Iohn Wiley
and Sons, Inc, 1981. and I: I Iiliel and 8 II Wilen,
"Srereac/tern/arri'f Orgamr ('.Ompaunds*k Wiley-Inter-
science. 1994). While individual isomers. enantiomers. and
duistcrcomers may bc scpardtcd or resolved as uotixk their
Cahn-Ingold-Prclog (R) or (S) dcsignauous for clural cen-
ters may not yet have been determined. Where ('ahn-Ingold-
Prelog (R) or (S) designations are not available, the identi-
fiers "isomer I

** and "isomer 2" are used and are combined
v ith the IUPAC name without Calui-In old-Prelog stereo-
chemistry designation. The compounds of Formula I, For-
mula II, and Formula III being idmitilicd as "isomer I" or
'*isomer 2" hcrcin are Isolated as dcliucd in the spccilic
expenmcnta1 desvnptions bclows Whether an Isomer is a "I"
or a "2" refers to the order in ivhich the compounds of
Iiorniula I, Formula I I, and I'ormula I II elute from a chiral
cluomatography column, under the conditions listed, i.e., an
"isomer I" is the first to elute from the colunui under the
noIcd conditions. If clural cluomatogrdphy I ~ uutiatcd early
iu thc synthesis. the same designation Is applied to subsc-
qucnt intcnncdiatcs and compounds ol'ormula I, Fomiula
II, and liornnda III

1)nless specifically noted, abbreviations used herein are
dehned according to Iidrirfimnca rtria. Vol. 17. No. I,
1984. Other abbreviations are defined as follows: "ACN'*

refers to acctonitrdc, '*BSA" rcfi:rs to Bovuic Serum Albu-
nun; '*cataCXium(81 A Pd G3" refers to [(di(1-adimiantyl)-
butylphosplunc)-2-(2xdnuno-l. Ixbiphenyl)]palladium(II)
methmiesulfonate; "I)('M" refers to dichloromethane or
methylene chloride; "DMA" refers to dimethyLscetamide;
"DMEA" refers to dimethylethyLsmine: "DMEM'* reihrs to
Dulbecco's Modified Eagle*s Mediumt "DMF*'efers to
N,N-dimcthylfonumnide; '*DMSO" refers to dnuethyl sul-
foxidc; '*DNA" refers to deoxyribonucleic seal: '*cDNA"

refers to complcmcntary DNA: "DNusc" refers to dcoxyri-
bonuclease; "l)T I"'efers to dithiothreitol, "I:('„," refers to
the concentration of an anent which produces 50% response
of the tar et activity compared to a predefined positive
control compound (absolute EC„), "EDTA" refers to eth-
yleucdiiuninetctraacctic acid; '*cc" refers to cnantiomcnc
excess, '*ERC." rclbrs to esuogen receptor alpha, '*ER[3"

refers to cstmgen rcccptor beta, **EtOAc" rcfcrs to ethyl
acetate, "I'.tOI I" refers to ethanol or ethyl alcohol; "IIIIS*'efers

to I'etal liovine Serum: "IIBSS" refers to I lank's
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Balance:d Salt Soluuon, "HEC" rcfi:rs lo hvdroxy ethyl
cellulose: "HEPES" refers to 4-(2-hydroxyethyl)-I-pipem-
zutccthanesulfontc acid: "HPLC" rcfi:rs to lu h-perfor-
mance liquid chromatography; "I('„," refers to the concen-
trauon ol an agent which pmduccs 50'Ae of thc maximal
inhibitory response possible filr that agent, (relative I(:„,), or
the concentration ofan agent v hich produces 50% inhibition
ot die target enzynle activity compared to placebo contml
(absolute IC«): "IPA" refers to isopropylamine: "iPrOH**

litrelcrs lo Isopropanol or Isopropyl alcohol. '*IV" refers lo
intravenous administration: "K," refers to inhibition con-
stant, "MEK" reli:rs to mclhylcthyl herons. '*McOH" refers
to methyl alcohol or methanol; "MTBII" refers to ntethyl
t-butyl ether, **PBS" refers lo Phosphate Bullhrcd Salute,
'*PO*'clhrs to oral athntntstratton: "PRix" refi:rs lo progcs-
terone receptor alpha: "Qly'efers to once a day dosing,

"RNA*'cfcrs Io ribonucleic acid: "RNasc" rcfi:rs lo nbo-
nuclcasc; "RT-PCR" rel'crs to reverse Iranscnpuon poly-
mense chain reaction; "RT-qPCR*'efers to reverse tran-
scnptton quantitative polymerase chain reaction: "SEC'*

refers to supercritical fhiid chromatography; "TI II&ett" refers
to the etfective dose to achieve 50% inhibition of the target
in the ttuuors: "Tl lit" refers to tetrahydrofuran: "tlat" refers
to retention time; "XantPiu&s Pd CI2'* refers to chloro((4.5-
bis(diphenylphosphino)-9,9-dintethylxanthene)-2-(2c
amino-l. Icbiphenyl))palladium(11): and "XPhos Pd O2'*

refers to chloro(2-chcyclohexylphosphtno-2',tp,6utritsopro-
pyl-l, I ubiphcnyl) [2-(2uamino-I. Iubiphcnyl)]palladnun
(II)

I'he following prepamtions and examples further illus-
trate the invention.

PRIIVARAI1ONS AND I:XAMPI.IIS

S Sestet

nt

I

Cl

ct i 0
CI

~ ~OH
Step I.'

IC I

St pD

HO HQ

Step F

St pF

HO

Step 0
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14

HO

Scheme I depicts the synthesis of compounds of I'ornnda
I.

In Step A, a (irignard reaction is accomplished. A (iri-
nard reaction is well known in the nn as a reaction for the

fornuition oi'carbon-carbon bonds. Thc rmiction involves an
organometallic reaction in v hich an aryl magnesium halide,
thc Gngnard reagent adds to a carbonyl group such as the
acid chloride of compound 2 to give the compound of Step
A. For example, a 4-chloro-subst&tutcd qumolonc. com-
pound I. is treated with a (irignard reagent such as isopro-
pylmagnesium chloride to foml a Gnglwrd ultcrmcdiate
fc&llo&ved by the addition of an acid chloride, 4-fluoroben-
zoyl chloride. compound 2. in a solvent such as THF. At
completion, thc reach on can bc quenched with water to give
conlpoiincl 3.

In Step B. the aryl nlethyl ether of compound 3 may be
demeihylated under a variety of conditions recogniz&ble to
the skilled artisan such as treatment with boron tribronude.
For example, compound 3 is slowly treated with boron
tribromide at a temperature of about 0" G. in a solvent such
as DCM. Thc mixture is stirred at ruom temperature and
quenched with dibasic potass&um phosphate to give com-
po&&nil 4.

In Step (. the anat&dine ether 6 nmy be formed by
treatment of the corresponding p-fluorophenyl ketone 4 and
the azetidine alcohol salt 5, or the corresponding free base
lvith a suitable base, for example sodium hydride. sodium
t-butoxicle or potass&um t-butoxide, in thc appropnatc polar
aprotic solvent such as DMF or THF to give thc ether
conlpoiincl 6.

Con&pound 6 is then alkylated &vith the appropriate sub-
stituted aryl bomnic acid. compound 7, in a Suzuki cross
coupling reaction to give compound 8 in Step D. The skilled
artisan will recogruze that there are a variety of conditions
that may bc useful for facilitaling such cross-couplulg
reactions. Suitable palladium ro&gents may ulclude Xant-
Phos Pd G2, cataCXiumii3 A Pd G3, bis(tnphenylplx&sphinc)
palladium(II) chloride. tris(dibenzylideneacetone)dipalla-
diunl (0) with tricyclohexylphosphine. (I. Inbis
(diphenylphosphino)ferrocene)palladium(II) chlonde,
palladium tetmkistriphenylphocphine, or palladium(H)
acctatc. Suitable bases may ulclude potassnim ihiondc,
cesium carbonate, so&hum carbonate, pouiss&um carbonate,
litlmun t-butoxidc, or potass&um phosphate tnbasic mono-
hydrate. ( ompound 6, for example, can be reacted v ith the
appropriate boronic acid, compound 7, such as 2-fluoro-4-
(trifluoromethyl)phenylboronic acid in a solvent such as
2-methyl-2-butanol cc ith a base such nc potassium carbonate
and a catalyst such as XPhos Pd G2 imd hcatccl to about80'.

under microwave cond&t&ons to g&vc compound 8.
Onc skilled in thc art w&11 recognize that Step D, the

Suzuki cmss coupling reaction. could be completed before
the azeiidine ether fi&nnation of Step ((

In Step Ii, one skilled in the art will recognize that
1 compound 8 may be cyclized by the initial reduction of the

ketone. Ibis can be accomplished using a reducing &gent,

such as lithium triethyl borohydride in solvents such as
1,4-d&oxanc and THF and at a tcmpcrature oi'about 0" C. to

» room temperature to ive the correspondin secondary alco-
2O

hol. This intcnncdiatc alcohol ca+bc camcd on crude and be
depmtonated lvith a suitable base such as cesium carbonate,
sodium hydnde, sodium t-butoxide or potass&um t-butoxidc
in a solvent such as 'lq ll'. 1)MSO, or DMI''he resulting
alkoxidc can cyclizc ulto thc aryl fluonde at room tempera-
ture, with heating to reflux, or at a ten&pemture of about 60"

C. The substituted cyclic ether formed upon displacement of
the thioride can then be obtained to give compounds of
Formula I.

Altcmatively, thc kctonc, 8. can bc reduced to thc alcohol
and chiraliy purihed at Step F to give the chiml alcohol 9,
and then cyclizcd in Step G as dcscnbcd above lhr Step E
to give compounds of liormula l.

In another altcrnativc reaction. the kctonc can be reduced
33 using a chiral reagent such as (I()-(+)-n..o-diphenyl-2-pyr-

mlidinemethanoi along with trimethyl borate and born&ne-

dimethylsulfide to directly give the desired chiral alcohol,
compound 9 which can then be cyclized in Step (1 as
described above lhr Step E to give compounds oi'onuula

In an optional step, a plrannaccutically acccptablesalt of
a compound of Formula I, Formula H, and Formula Hl as
described herein can be fomled by reaction of an appropriate
free base of a con&pound of I'ornlula I, I'onmda II, and
Fornnila HI as descrtbcxl herein with an appropriate phar-
maceutically acceptable acid in a suitable solvent under
standard conditions. Additionally. the formation of such salts
can occur sinndtaneously upon depmtection of a nitrogen-
protccting group. The possible fomuition of phannaccuti-
cally acceptable salts is well known. Sce, lbr example,
(iould, P. L.. "Salt selection for basic dru sy fniermiiianai
,Imirnai nf I'harmm antics, 33 201-217 (I'S(&7, Bastin, H..t,
et al. "Salt Selection and Opnnuzation Proccdurcs for Phar-
maccut&cal Ncw Chemical Entitles," Orgamc Process
Research anc)Devciapmeni, 4: 427-435 (2000): and Beige,
S. M, et al., "Pharmaceutical Salts.'* .)c&arnal of I'iiarma-
ciniiicai Sciences, 66. 1-19, (1977). Onc of ordinary skill in

so the art will apprcciatc that a compound of Formula I,

Formula H, and Formula III as described herein is readily
converted to and may be isolated as a phanliaceutically
acccptablc malt. Examples oi'useful salts &ncludc. but arc not
linutcd to, bcnzcnesulfomc acid salts and 4-methybenzcnc-
sulfonic acid salts. 4-methylbenzenesulfonic acid salts are
also knov n as tosylate salts
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Prcparanon 3

2-[3-(Fluoromethyl)azetidin-I-yl]ethan-I-ol
(3-Cldoro-7-mclhoxyqu&nolu&-4-yl)-(4-fluorophenyl)

niethanone

Add sodium tnacetoxyborohydndc (40S g, 1.91 mol)

portion-wise over a pcnod of 15 nunulcs to a sltrrcd 0 C

solution of 3-(fluommethyl)azetidine hydrochloride (160

1.28 mol) in DCM (2.4 L) under Nc and stir at 0" ('. for 10

minutes. Add 1.4-dioxane-2.5-diol (99 g. 0.83 mol) at O'.
in 6 portions over a period of I hour then stir at 0-5" ('. for

15 minmes Allow the reaction to warm to room temperature

and stir fi&r 2 hours under N. ( ool the reaction to 10-15" C.

over a period of 20 minutes, then ivann to 25-30''nd
ma&ntain al tins tempcraturc fi&r 2 hours. Add water (800

mL) over a pemod of 25-30 minutes al 10-15'.. allow to

warn& to room tcmperaturc Ibr S-10 minutes &md then

scp»ra&c the layers. Wash thc aqueous layer w&th DCM (800

mL). separate the Layers then cool the combined aqueous

layers to 10-15'. and adjust the pH to 13-14 using 50%

sodiutn hydmxide solution (-540 mL). Allo&v the aqueous

layer to v arm to mont ten&perature, extract with DCM

(4xg(X) ml ). dry with sodium sulfate (80 8), tilter. and

concentrate to dryness to obtain the title compound (13') g,

82%) as a thick yellow oil I 'S/MS (m/2): 134 I (M+I I)

('ool a mixture of 4-bmmo-3-chlom-7-methoxyquinoline
(70 g. 254 nunol) and THF (I L) to —40'. under N,

zc
rcsulnng in prccipilal&on oi'ihe material Add isopropylmag-
nes&um chloride (2 M in THF, 254 mL. 509 mrna)) over 20
m&nules m&d snr lhc nnxlurc for I hour. Add a solution of
4-tluorobenzo&yl chloride (66 m1„559 nmtol) &n TI II'140
mL) drop-w&sc then allow Io warm to room tcmperaturc.
(Puench the reaction with saturated Nits('I solution (3(X)

mL) and water (200 mL) and sepamte the layers Wash the
organic layer &vith saturated Nl ts('I solution (3(X) ml,), dry
over MgSOw filter, and concentrate to prov&de an oily

&c residue. Filter the crude brown oil through silica el eluting
with a mixture of MTBE/hexanes (I:I) to obtain the crude
product as a yellow sohd (84 g). Treat thc sol&d with 10%
mcthylacctatc/heptane (800 mL) and st&r al room lcmpcm-
turc overnight. F&llcr io collcml thc solnls and reserve.

11 ('oncentrate the filtrate and purify on sil&ca gel eluting &vith

10-40% EtOAc/hexanes then treat the product with 10'r'I&

methylacetate/heptane (200 mL) and stir at room tempera-
ture for 3 hours. Filter the resulting solids. combine with
sohds from the pre&ious Iiltrat&on and dry under vacuum

so ovcmighl to obtau& Ihc nile compound (31 g, 38%) as a
yellow solai. ES&MS (n&/2). 316 0 (M+H).

Preparation 2

2-[3-(Fluoromclhyl)azcl&du&-I-yl]ethan-I-ol hydro-
chloride

Preparation 4

(3-Chloro-7-hydroxyquinolu&-4-yl)-(4-fluorophcnyl)
methanone

Hcl

D&ssolve 2-[3-(tluoromethyl)azetitlu&-I-yl]cllmn-I-ol

(529 g. 4 mol) &n MTBE (2.6 L) m&d cool to O'. Add

HCI/E&OIT solution (492 mL. 30 wt %) drop-wise over 30

minutes then stir at 0" C for 30 minutes. Filter the solids and

&sash the filter cake w&th MTBE (Zx200 mL). Dry under N,

for 8 i&oui's t&1 &1bta&n the title compound (580 g. 86%) as a

white solid. I IS/MS (m/z) 134 0 (M+I I)

HO

tc Add boron tribmmide (I M in iy'M, 2')5 m1„295 mmol)
to a mixture of (3-chloro-7-methoxyquinolin-4-yl)-(4-fluo-
mphenyl)metlmnone (31 g, 98 ntmol) in DCM (217 ml) and
st&r Ihc nuxn&rc al room Imnpcrature for 3 days. Pour Ihe
nuxturc slowly utto a O'. solution of d&bas&c potassium

si phosphate (2 M in water. 700 mL) and water (200 mL).
Allow the mixture to warm to room tentperature and stir tbr
I lxmr (loncentrate the solution &n vacuo to renlove organic
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solvents, lillcr, collcml the lillrstc and dry lhc tillralc under

3 acuum al 4S'. ovcmtght. Treat dtesolids wtth DCM/

heptane (1.1. 4SO mL) nnd stir ovcnughl. Collect lhc soltds

and dry under vacuum overnight to obtain the tirle com-

pound (32 g. quantltatlve yield) as a light brown solid.

ES/MS (nt/z): 302.0 (M+H).

Prcparatlotl 6

(4-[2-[3-(Fluoromethyl)azetidin-I-yl]
ethoxy)phenyl) [3-[2-fluoro-4-(trifluoromethyl)phe-

nylJ-7-hydmxyquinolin-4-yl) ntethanone

Prcpamfion 5

(3-Chloro-7-hydroxyquinolat-4-yl)-(4-[2-[3-(thto-
romethyl)azetidm- I -ylJethoxy)phenyl)methanone

HO

HO

Add 2-[3-(fiuommethyl)azetidin-I-yl]ethan-I-ol hydro-

chlondc (3.90 g. 23.0 mmol) lo a surrcrl solution of

(3-chloro-7-hydroxyquutolin-4-yl)-(4-thtorophcnyl)mctha-

none (5.00 g, 153 mmol) in DMF (75 ml) followed by

sodium hydride (60% in mineral oil, 3.02 g. 76.8 mmol). Stir

under N, and warm to 40" C, for 45 minutes. Quench the

solution with water and concentrate. Partition rhe residue

between 20%0 IPrOH/CHCI, and saturated aqueous sodium

bicarbonate solution and separate. extnsct the aqueous v ith

2x20% IPrOI I,'('l l('lo, conlbine the organic extracts, dry the

combined or anic layers over magnesiutn sulfate, filter and

concenustc the liltratc lo obtmn the crurlc product as a dark

rcxi oil. Puril'y the crude malcnal by stltca gcl column

cluomulography eluttng wtth a gradtcnl of S-10% 7 N NH,

in MeOH/DCM to give the title compound (5.31 g. 84%) as

a yellow soltd. ES/MS (m/z) 41S.O (M+H).

Degas v;ith N, (Sx) a nlixture (3-chloro-7-hydnlxyquino-

ltn-4-yl)-(4-12-[3-(fluoromcthyl)azcttdtn-I-yl]

ethoxy)phenyl)methanone (200 mg, 0.48 mmol), 2-fluoro-

4-(tntluoromethyl)phenylboronic actd (I S8 mg. 0.72

mmol). potassium carbonate (202 mg, 1.45 nunol),

2-ntethyl-2-butanol (3 nil). and water (I ntl) in a microwave

vutl Add XPhos Pd G2 (12 mg, 0.015 nunol), scsl and

microwave at 80" C. for 2 hours. Partition the residue

bclwcmn 8 ITBE and saturated NH4CI soluuon. Separate Ihc
IO

layers and extract the aqueous cvith MTBE. Combine the

organic extracts. dry over magnesium sulfate, filter. and

concentrate the lillralc to oblaut an orange rcssluc. Purily

34 the cmde material by silica gel column chromatography

clultng wtth 5% McOH/DCM to gtvc thc title compound

(205 mg. 78%o) as a yellosv solid. ES/MS (m/z): 543.2

(M+I I).
40

Prepare Ihc lollow utg compounds tn a nunutcr esscnually
analogous to the method of Preparation 6, w tlb the Ih1 low utg
variations in procedure, beating ttmes between 1-2 hours,
extraction with MTI3it or litOAc. and drying of organic
layers over magnesium sulfate or sodium sulfate Purify by
sihca gel column clm&matography using up to 108 o (MeOH
or 7 M ammoniated MeOH) in DCM (Prep 10: gradient
3-8% 7 M ammotualcd McOH in DCM, Preps 9 rmd 11.

gradient 4 to 10% 7 M ammormtled McOH ut DCM) and/or
by lugh pH rcvcrscd phase cluomatography as noted.

TABLE 2

Pmp
Nn Chem col huune Srnmmm

HS3MS Inczl
IM+ Hl

7 i(
I

1

, llethoxy) phenyl)
(3 I aunln 3

Irntluommethyfl
phen, II 7

ln aron, Suuonluo-
4-cllmcthmlouc

43 O

I IO
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1A]3[,]. 2-continued
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Cpm lounds te ised ic OM n ~ to P e a&anon 4

Plop
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Preparation 14

Racemic 4- [2-[3-(Fluoromethyl)azetidin-I -yl]
ethoxyiphenyl)(hydroxy)methyl]-3-[2-fluoro-4-(tri f-

luoromethyl)phenylJquinolin-7-ol

I IO

Add (4-[2-[3-(fluoromethyl)azetidin-I-yl]
ethoxyiphenyl) [3-[2-Ihioro-4-(trifluoromethyl)phenyl]-7-
hydroxyquinolin-4-yl)methanone (305 8, Sti2 2 nunol) and zo
'll Il'1.5 I.) together under N, and cool the solution to 0-5"
C. Add lithium tncthylborohydnde (I M ui THF, 1.5 L. I 5

mol) iiropwisc. Stir thc mixture at 0-5" C. for I hour. Add
water (300 mL) dmpwise and saturated NHsCI (I L). Wamt
the mixture to room temperature. Add EIOAc (2 L) and .;
collect the organic layer. Wash the or anic layer with brine
(500 ml ). dry over MSSOw filter. and concentrate to dry-
ness. Dissols c the rcsiduc in 9S.S mixture of acetone and 2
M amntonia in MeOI I and tilter through silica gel to give the
title compound (264 8, 86.2'r'lr) as an orange solid I'.S/MS
(miz): 545.2 (M+I I)

Preparation 15

nuuol) in THF (20 mL). Stir thc mixture under Ni at room
tcmpcraturc Ibr I hour. Add boranc-dunclhyl sullidc (2.0 Ivi

in THF. 2.G mL, 5.2 num&1) followed by (4-[2-[3-(fluorom-
ethyl)azetidin-I -vl]ethoxy)phenyl) [3-[2-Ihioro-4-(trifluo-
rontethyl)phenyl]-7-hydmxyquinolin-4-yl)ntethanone (I 0
8, 1.73 ntmol) Iieet the reaction overnight at 45'2 Add
additional boranc-dimmhylsullidc (2 0 M in THF, 2.G mL,
5 2 nimol) and stir for 5 hours at 45" ('lowly add saturated
NI Is(.'I solution (25 ml,) and isolate the organic phase
Re-extract the aqueous extract with 20% iprOI I/('ll( Is
Combine the organic extracts„dry over Na,SOu filter. and
evaporate to give a borane contplex intermediate (1.2 ).
Dissolve onc tlurd ol'thc boranc complex intemicdiale (04
g, 0 6 mmol) in 1,4-diox;mc (4 mL) and ctlranolmninc (0.3
ml., 5 mmol) and heat the reaction to 70" ('or 3 hours
Quench the reaction ivith saturated NI Is(:I solution (25 inl,)
and isolate the organic phase. Re-extract the aqueous extract
v ith 20% iPrOH/CHCI., (4x25 mL). Combine the organic
extracts. dry over Na,SOo filter. and concentrate to dryness
to give thc title compounii as an orange solid (033 g, 0.57
nunol, )00/o yield). LC/MS (m/z). [M+H] 54S. Confirm
enantiomeric enrichment of Isomer I by chiral analytical
Sli(L ')6'%r ee. tlat 079 minute~. column 46x150 nun
('luralpak Al )-I I, eluting ivith a ntobile phase of 35% iprOI I

with 0.5% DMEA in COi. flow rate of 0 6 mL/minute. UV
detection of 350 nm.

I:xample I

Racemic 5-(4- [2-[3-(Fluoromethyl)azetidin-I-yl]
clhoxy)phenyl)-8-(tofluoronu:thyl)-SH-[l]bcnzopy-

rano[4,3-c]quuiolin-2-ol

4-[2-[3-(irluoromethyl)azetidin-I -yIJethoxy)phenyl)
(hydroxy)methyl]-3-[2-fluoro-4-(trifluoromethyl)

phenyl]quinolin-7-ol. Isomer I

HO

HO

Purify Racemic 4-[2-[3-(fluoromethyl)azetidin-I-yl]
ethoxy)phenyl)(hydmxy)methyl]-3-[2-fluoro-4-(trifluo-
romclhyl)phenyl]quinolin-7-ol (3S4 g. 0.62 mol) using clu-
ral clu omalography under Ihe lol lowing conditions. Column
( hiralpak AD-I I. 150x50 mni, floiv mate 300 giminute, (IV
350 nm. mobile phase 35% iprOI I with 0 5% DMIIA/(:0„
cohunn tentperature 40" ('o give the title cioatpound (171 4

. 48'/I) of the first eluting isomer. Confirm enantiomeric
enrichment of Isomer I by chimsl analytical SFC. &98% ee,
t,a,=0.79 minutes, colunm. 4.6x150 nun Cluralpak AD-H,
cluluig with a mobile phase of 35% iPrOH wilh O.S%
I )Ml!A in (:0,. flow rate of 0 6 ml /minute„ I) V detection of
350 ilili

Altcmale Preparation 15

Add trimethyl bomste (65 mg, 0 62 inmol) to a solution of
(R)-(+)Hurt-diphenyl-2-pyrrolidinemethanol (132 mg, 0 52

('ool a solution of (4-[2-[3-(fluoromethyl)azetidin-I-ylj
ethoxy)phenyl) [3-[2-fluoro-4-(trifluorontethyl)phenylJ-7-
hydroxyquinolin-4-ylimethanone (5.27 g, 9.71 mrna)) in
1.4-dioxane (100 mL) to 5" C. Add lithium triethylborohy-
dndc (I M in THF. 30.0 mL, 300 nunol). Rcmove lhc

o cooling bath and stir for 1.5 hours al room temperature.
Quench the nuxlurc with w a ter. Add saturated NHsCI solu-
tion and IitOAc. Separate the layers and extract the aqueous
layer with litOAc ( ombine the organic extracts, dry over
anhydrous MSSOs. filter, and concentmte the filtrate. Dis-

s. solve the crude residue in TITF (100 mL). Add sodium
hydride (60% in mineral oil. 1.94 g, 48.S nunol). Rcflux thc
solution for 1.5 hours. Add additional soihum hydndc (60%
iu mineral oil. 1.94 g. 48.5 mmol), then rcflux Rir an
additional 30 minutes. (:ool the solution to room tempera-

io ture and quench with water. Add IitOAc and saturated
NHsCI solution. Separate the layers and extract the aqueous
Layer v ith EtOAc. Combine the organic extract, dry over
anhydrous II ISSOs, tilter. and concentrate thc Iillratc. Purily
the rcsiduc by silicn gcl column cluomatography cluluig

ss with a gradient ol'-7'/o MeOH in DCM to give lhe lttlc
cmnpound (3.70 g, 72%) as a light yellow foam lif/MS
(m/z): 525.2 (M+I I)
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Prepare the follow &ng compounds m 4 mmuler essentially

analo ous to the method of Ifxample I, with the follov ing
variations &n procedure. [&or the reduction, use 3 to 5

equivalents of lith&um triethylborohydride &vith reaction
times front 30 minutes to one hour and dryillg of the organic
layers over magrnesium sulfate or sodium sulfate. Ilse the
crude res&due d&r&mtly or purify by s&1&cd gel colunul cluo-
malography elutlng with a gradient of 0-5-7.5-10% MeOH
in I)('M befi&re cyclization ('omplete the cyclization by

rctluxing ln THF Ihr up to [6 hours, or ul DMF, Ibom 2 hours
at room temperature for I fx 2, to 2 hours at N5" C for fix g
I:xtract &vith I)('M or ittOAc and dry organic layers over
n&agl&en[urn sulfate or sodimn sulfate Purify by silica gel
ct&la&un chronlatogt"Iphy ushlg up 10 10% [MeOH ol' M
anunoniated MeOH7 in D( 'M [Ex 2; padient 0-10% MeOH
iu DCM, Ex 5. grad&cnt 4-10%o 7 M ammoruated McOH in
DCM: Ex g. grad&ant 5-7.55!o 7 M anmtorualcxf Iv[cOH in
D(IM) or by high pl[ reversed phase IIVI ('s noted.

TABLE 3

Esmnple Compounda preps&cd a cord rm. to Eaan&pie I

Es
Sin I u

ES&RIS lmrzl
tM + Hi

Ibacenuc ( (4 [
[3 itluommethylf

.&zer I t& I

, Ifcthnay}phenyll-7-
ttntluomn&cth 0- H-
[lftenzopyr&n [4fu

cfqu&n lu&- -ol

(2( 2

HO

Raccnuc t!-chl ro-
( t4 [I Il

if th «v,'phe lvl&
(H [l]l&enzopyrmo
[4 'I fqu nolu& ol

Cl

491 u

HO

Ibacenuc 7 hlo&o
( l4 [2 [3

(tluoromerhvll
azc'tl t&t& I

vlf ctlmal f phenyl&.
. H-[l]benz plru&o
[4 3-cfquu&oluna-ol

4al »

Race&t& 3 th&o&o

3- l4- [2- [3-
I tlunmmcthyll

.'&zc't t&r& I

, Ifcthoay}phenyll-
'& u It[be & py .

47( 0

Rancour 7-nnoro-

nlun r tb&ll
tubn I

[llbenzopy&ano
[4 'I fqu nolu& ol

47& »

HO
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'I'A]31.1] 3-continued

26

Exun le Corn urtdt m ued t ordn to Pxun le I

Lx
Ho Chenucnl I(arne Sttuchue

ES,Mb /m z)
TM+ H)7': m S(4( 0

is tau « » iivii

ll]ethoxy]phenyu
0 merh,l SH

ll]henzopyrtuto
]4 3 ]qtunol n ol

471

IIO

471

em tint
yl]ethoxy] phenyll

7 merh I (H
ll]benzopyrxno

14 1 ]qtunolut 3 ol

HO

'Po fybyb I pu Ipb HPTC txptprpxt Cls(o .'I 0». I», I t z, tt 15 Soe ACK Io oht q no b . I» t
»tb " vl rtul
S'nutyt h Septi ««Iph HPLC txrrLTLX I'CIS 5 m30 '»1 . I I 0 th I 4 'CKm 10 Wt q « »«»I» b net
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I:xample ]A

3(
5-(4-[2-[3-(Fluoromethyl)azetidin-I-yl]

ethoxy)phenyl)-8-(trifluoromethyl)-5H-[l]benzopy-
rauo[4,3-c]quulolin-2-ol, Isomer I

and

lixample l]3

5-(4-[2-[3-(Fluoromethyl)azetidin-I-yl]
ethoxy} phenyl)-8-(tufluoromclhyl)-5H-[1]benzopy-

rmlo[4,3-c]quulolin-2-ol, Isomer 2

ment of Isomer I by chiral analytical SI'(1 xt)9% ee, teat
130 minutes, colunul. CHIRALCEL K OD-He 4 6x]50 nuu,
clultng with a mobile phase of 30%o McOH (0.2% IPA) in
CO,: column temperature: 40" Cd flow rate 5 ml /minute;
UV detection wavelength: 223 nm. Isolate the title com-
pound of Example 113 to aive the second eluting enantiorner
(Isonter 2) ]IS/MS (mtz) 525.2 (M+I I) ('unfirm enantio-
mcric cnrichmcnt ol'Isomer 2 by clura1 analytical SFC, 98%
ec, i Tati

2.03 minutes, colunuu CHIRALCEL it OD-H, 4. 6x
150 nun; eluting (vith a nlobile phase of 30% MeOH (0.2%
IPA) in CO,; column tempemqture 40" C; flow rate: 5
m[,/minute: UV detection wavelength 225 nm.

Alternate Prepamqtion Example ]B

('rystalline 5-(4-[2-[3-(ltluoromethyl)azetidul-I-y]J
ethoxy)phenyl)-8-(tri fluoro met by ])-511-[ I Jbenzopy-

rano[4,3-c]quulolin-2-ol, Isomer 2

HO

Separate the ttvo enantiomers of 5-(4-[2-[3-(fluoronl-
ethyl)ayetidin-I-ylJethoxy)phenyl)-8-(trifluoromethyl)-511- cr!

[l]benzopyrano[4,3-c]quinn]in-2-ol by chiml SFC with the
following conditions; Colunuu LUX',s'ellulose-1. Sx25
cm. elu ling with a mobllc phase ol'0% IPrOH (w uh 0.5%
DMEA) in COz, column temperature: 40" C.. flow rate: 300
g/nnnulc: (Fv'ctectlon wave]en uh. 270 nm to give 0(
Iixample IA as the first eluting enantiomer (Isomer I).
I!8,'MS (mtz): 525 2 (M+I I) ('onfinn enantiomeric ennch-

Sur 5-(4-12-[3-(fluoromclhyl)azclidul-I -yl]
ethoxy ) phenyl)-8-(trifluoromethyl)-5H- [ I ] benzopymqno [4,
3-c]quulolin-2-ol, 4-methylbenzenesulfonic acid. Isomer 2

(23 8 g, 0.034 mol) in tvater (250 ml ) at 1000 rpm. Add
NaOI I (76 PI ) and stir the solution for 2 hours Add DCM
(600 mL). SLTIaratc the nnxlurc, dry lhe DCM cxtmcl with
nntgncslttnl su]Idle, filler lhe ntdlcrral through d svrzllgt: fifllt:I

(0.45 gm), and concentrate to dryness. Aflow the material to
sit under a N, stream over a weekend. Add I I EtOH/water
(80 ml,) and stir the mixture with sonication ( ollect a tan
sohd by fiitration on a nylon membrane to give the title
cmnpound (]0.47 g, 0 02 mol. 59%)

X-Ray Powder Dtflbactlon (XRD)

I'he XRP]) patterns of crystalline solids are obtained on
a 13nlker l)4 Iindeavor X-ray powder diffractometer,
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cquippml with a CuKix source and a Vantem detector, oper-
ating at 35 kV and 50 m.A. The sample is scanned between
4 and 40 20', with a step size of 0.008 20'id a scan rate
of 0 5 seconds/step. and ususo I 0 mm divergence. 6 6 mni
fixe(I;mtl-scatter, and 11.3 nun dclcclor shia. The dry
poivder is packed on a quartz sample holder and a sntooth
surface is obtained using a glass slide. The crystal foml
diffraction patterns are collected at ambient temperature and
reLative Inimidity. Crystal peak positions are determined in

1(iMDI-Jade after whole pattern sluftulg based on im intenial
NIST (i73standard with peaks at 8.853 and 26.774 20" It Is
w'cfl kniiwn ul lhc csyslalloglsphv'lt thai, Iol any'ivi.'n
crystal form. the relative intensities of the diifraction peaks
may vary due lo preferred oncnlanon rcsultulg Irom Iaclors
such as crystal morphology and habit )Vhere the eifects of
preferred orientation are present, peak intensities are altered,
but the channcteristic peak positions of the polymorph are
unchanged. See„e g. The United States Phannacopeia r/23,
National Formulury 818. pages 1843-1844, 1995. Further-
more. it is also well known in the crystallography art that for
any given crystal forni the angular peak positions may vary
slightly. For example. peal positions can shift due to a
variation in the temperature at which a sample is analyzed,
sample displacement, or the prcsciicc or absence of an
internal stmldard. In Ihc present case, 4 peak posiuon van-
abihly of 0.2 20's presumed lo iakc into account these
potential variations without hindering the unequivocal iden-
tification of the indicated crystal fiinn Confirmation of a
crystal form may be made be~ed on any unique combination ic
of distinguishing peaks

Characterize a prcpnrcd sample of cryslallulc S-(4-1(2-[3-
(fluoromethyl)azcudul-I -yl]cthoxy} phenyl)-8-(lnihiorom-
cthyl)-5H-[1]benzopyrauo[4,3-c]quulolu1-2-oi. Isomer 2 by
an XRI) pattern using (:uKa radiation as having difl'rection 3(
peaks (2-theta values) as described in I'able 3 beloiv. and in
particuL(r having peaks at 19 8 in combination with one or
more of the peaks selected from the group consistin of 6 8,
16.0, nnd 22.1, with a tolcrancc for thc ddlbaction angles of
0.2 dcgrccs. 40

sc)iaratc. Rc-extract thc aqueous material with EtOAc (1.3
I.) and stir for 5 minutes Separate and combine the organic
extract~, wash v ith brine. ivater. and I itOAc. I )ry the organic
extracts vith Mg804. concentrate, and dry under high
vacuum overnight at room temperature to give the title
compound as a brown solid (52.69 . 95.9%). Confirm
cnauliomcric enncluucnl oi Exmnplc I B by ciura1 lmalylica1
SFC 98. 1% cc l(ni. 2.03 nunu tea, col unm CHIRALCEL iS&

Ol)-I I, 4.6xi50 nun: eluting ivith a mobile phase of 30%
MeOH (0.2% IPA) in I'O.; column temperature: 40''4
flov rate: 5 mi,/minute: UV detection wavelength 225 nm

Example 2A

5-(4-[2-[3-(liiuommethyl)azetidin-I-ylJ
ethoxy)phenyl)-7-(tri fluoro methyl)-511-[ I Jbenzopy-

rano[4g-cJquinolin-2-ol, Isomer I

ii nd

Example 2B

5-(4-[2-[3-(Fluoronlethyl)azetidin-I -yl]
clhoxy]phenyl)-7-(tmfiuoronu:thyl)-SH-[l]bcnzopy-

rmlo[4,3-c]quulolin-2-ol, Isomer 2

HO

TABLE 4

X-me Po ucr D(ffmciion Peak of ihc C I ulmc Bern( lc I B

Retain c Iniencnp I".of
P: I 4 sle 1"2 Ih 1,1+ — ((2'

7
s
9

1(i

I( 3

166
174
la I

19 S

21 I

2 I

2 .I

29 4o
S 3o

zo la
6o

16 oo
1(i(( o((

146(i
2690
16 4(i

I 90

Altcntatc Preparation Example IB

I )issolve 4-[2-[3-(fluoroatethyl)azetidin-I-yl] ii!

ethoxylphenyl)(hydmxy)methyl]-3-[2-fluoro-4-(trifluo-
romethyl)phenyl]quinolin-7-ol, Isomer I (Ii3.05 g. 104 7
mmol) in DMSO (I 3 L) under Ns at room temperature. Add
in poruons cesium carbonate (108 g. 331 nunol) over 5

nnnutcs. Heat thc mixture to 60'. for 15 hours. Cool the 6(
niixture to room tempenstme and dilute with water (2.1 I,)
and i',tOAc (I 3 I ) Stir the ntixture fiir 5 ntiitutes and

Separate thc lwo cn'uitiomers of 5-(4-[2-[3-(fluorom-
ethyl)azetidin-I -ylJethoxy]phenyl)-7-(trifluoromethyl)-511-
[1]benzopyrano[4,3-c]quinolin-2-ol by chiral SFC with the

following conditions. Column. CHIRALPAK(iy IC, 2 1x250

cm; eluting with a mobile phase of 30% iprOII (with 0.2%
IPA) in CO2. colunui temperature. 40', flow rate: 70

8/minute; I/V detection ivavelength 225 nm to give
Example 2A as the first elutin enantlomer (Isomer I).
ES/MS (m(z). 525.1 (M+H). Conlirm mlnntiomcnc cnnch-
ment of Isomer I by chiral analytical SI'(2 m99% ee, tfa(
1.56i minutes: column: CHIRALPAK(x IC, 4 (ix150 mm;
cluling with a mobile phase of 30% IPrOH (0.2% IPA) in
I'021 column temperature: 40" (: flow mate 5 ml /mimite;
UV detection wavelength; 223 nm. Isolate the title com-

pound of Ifxample 2I I to ive the second eluting enantiomer
(Isomer 2). ES/MS (m/z); 525.2 (M+H). Confirm enantio-
mcric cnricluncnt ol'Isomer 2 by clura1 analytical SFC, 98%
ee, t(„1( 2 33 minutes; coiunln: ('I IIRAI.PAKsx If', 4 fix) 50

mm: eluting with a mobile phase of 30% iPrOH (0.2%o IPA)

iu CO2; culunm Icmpcrslure: 40'., flow rate. 5 mL(min-

ute; UV detection ivavelenath 225 nm



29
Example 3A

US 10,654,866 B2
30

Exaulplc 4A

g-Chloro-5-(4-[2-[3-(iiuoromethyl)azetidin-I-yl]
ethoxy&phenyl)-5H-[1]bcnzopycano[4,3-c]quinolul-

2-ol. Isomer I

7-Cldoro-5-(4-[2-[3-(fluoromethyl)azetidin-I -yl]
cthoxv&Phcnvl)-5H-[1]benzoPvrm&o[4,3-c]quulolin-

2-ol, Isomer I

&Iud and

Example 3B Example 4B

g-('hiero-5-(4-[2-[3-(fluon&methyl)azetidin-I-yl]
ethoxy}phenyl)-5H-[1]benzopyrano[4.3-c]quinolin-

2-ol. Isomer 2

7-('hiero-5-(4-[2-[3-(fluoro&uethyl)axe&idio-I-yl]
ethoxy}phenyl)-5H-[I ] benzopyrano[4,3-c]quinolin-

2-ol. Isomer 2

lc

&&O

ln

HO

ls

Separate the nvo enantiomers of g-chloro-5-(4-[2-[3-

(fh&oromethyl)azetid&n-I -yl]ethoxy}phenyl)-511-[i Jbenzo-

pymno[4,3-cJqumolin-2-ol by chiral SF('ith the follov ing

cond&t&ons: Colunu&. CHIRALCELx OD-H, 21x250 cm,

clutulg w»h a mob&lc phase of 35% Miq)H (w&th 0 2%1PA)

in CO,; colunul tcmpcrnture: 40'., flow rate. 30 g/nnnutc,

UV detection wavelength: 225 mn to give Example 3A as

the first eluting enantiomer (Isomer I). ES/MS (n&/z): 491 0

(M+H). Confirm enantiomeric enriclunent of Isomer I by

clural analytical SFC„w99% ee. t(ap 1.55 minutes: colunm

('i I I RA I ('I ii nu Ol )-I I, 4 6 xi 50 mm; elutina with a nlob&le

phase of 35% MeOH (0.2% IPA) in CO„column tcmpcra-

ture: 40" C; flow mote: 5 mL/minute: UV detection wave-

length 225 nnl Isolate the title compound of I'.xample 313

to give the second eluting enantiomer (Isomer 2). ES/MS

(&'ll!7): 491.0 (M+II) ('onfirm enantio&neric enrichment of
Isomer 2 by ch&ral analytical SFC, &99% ee. tial. 2.26

minutest coiunm: CHIRALCEL&X OD-H. 4.6xl50 nun,

Separate &hc two mian&iomers of 7-chloro-S-(4-&2-[3-

(fluoromethyl)azetidin-I-yl]ethoxy}phenyl)-5H-[1]benzo-

pyrano[4,3-c]quinolin-2-oi by clural SFC with the followin

cmlditions ('olumn Cllfl(AI,('Ill 'g Ol)-H, 21x250 cm;

clu&tng w lth a mob&le plulac of 35% McOH (w&th 0.2% IPA)

in CO,; column temperature: 40" C; flow rate NO g'minute;

UV dctcc&ion wavelength. 225 nm to g&vc Exlunple 4A as

the hrst eluting enantiomer (Isomer I). ES/MS (m/zj. 491.0

(M+I I). ('o&nfirm enantiomeric enrichment of Isomer I by

clural mlalytical SFC 799% ee, tlap I 71 m&nu&cs: column.

('I IIRAI.('I)1,33 OD-I l. 4 6x1 50 nlm: eluting w&th a mobile

plrase of 35% McOH (0.2'!o IPA) in CO„colunm &empcca-
l.

ture: 40'q flow rate: )mL/minute; UV detection wave-

lengtiu 225 nm Isolate the title compound of lixample 4i3

to g&ve the second eluting enantiomer (Isomer 2). ES/MS

so (m/7)'91.0 (M+I I) Confirm enantiomenc e&lncluuent of

Isomer 2 by ch&rul analy&ical SFC, &99% cc. &is, 2.3g

mulutes: columlu CHIRALCEL&su OD-H. 4 (ix150 nun;

eluting v ith a mobile phase of 35% MeOII (0.2% IPA) in elut&ng with a mobile phase of 35% MeOII (02% IPA) in
ss

CO,: coiunm temperature: 40" Ca flow rate; 5 mL/mimlte, CO,: column temperature: 40" Cc flow rate 5 mI /minute;

UV detection wavelength 225 nm UV detection v,avelen th: 225 nm.
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Exau&pic 6A

g-Fluom-5-(4- [2-[3-(fluoromethyl)azeti din- I -yl]
e&hoxy]phenyl)-5H-[I]bcnzopymno[4,3-c]quinolux-

2-ol. Isomer I

7-Fluoro-5-(4-[2-[3-(fluoro&nethyl) azet&din-I-yl]
cthoxvrphcnvl)-5H-[1]benzopvrm&o[4,3-c]quu&olin-

2-ol, Isomer I

t&nd and

Example 5B Example 6B

N-l!lucre-5-(4-[2-[3-(fluoromethyl)azetidin-I -ylJ
ethoxy]phenyl)-5H-[1]benzopyrano[4.3-c]quinolin-

2-ol. Isomer 2

7-Fluoro-5-(4-[2-[3-(fluoromethyl)azeti din-I -ylJ

ethoxy»phenyl)-5H-[I ] benzopyrano[4,3-c]quinolin-
2-ol. Isomer 2

&n

HO

&n

HO

&s

Separate the two enantiomers of g-fluoro-5-(4-[2-[3-

(fh&oromethyl)azetid&n-I -yl]ethoxy}phenyl)-511-[i Jbenzo-

pymno[4,3-cJqumolin-2-ol by chiral SF('ith the follov ing

condu&ons: Colunu&. CHIRALCELx OD-H, 21x250 cm,

clutu&g w»h a mob&lc phase of 30% Min)H (w&th 0 2%1PA)

in CO,; colunu& tcmpcrnture: 40'., flow rate. SO g/nnnutc,

UV detection wavelength: 225 mn to give Example 5A as

the first eluting enantiomer (Isomer I). ES/MS (n&/z): 475 0

(M+H). Confirm enantiomeric enriclunent of Isomer I by

clural analytical SFC„v99% ee. t&ap 1.56 minutes: colunm

('i I I lfA I!Cl ii &r Ol )-I I, 4 6 xi 50 mm; elutina with a n&nb&le

phase of 30% MeOH (0.2% IPA) in CO„column tcmpcra-

ture: 40" C; flow mote: 5 mL/minute: UV detection wave-

length 225 nn& Isolate the title compound of I'.xample 513

to give the second eluting enantiomer (Isomer 2). ES/MS

(&'ll!7): 47&.0 (M+II) Confirm enantio&neric enrichment of
Isomer 2 by ch&ral analytical SFC, &99% ee. t&a&. 2.29

minutest coiunm: CHIRALCEL&X OD-H. 4.6xl50 nun,

Separate thc &wo m&m»iomers of 7-fluoro-S-(4-&2-[3-

(fiuoromethyl)azetidin-I-yl]ethoxy]phenyl)-5H-[1]benzo-

pyrano[4,3-c]quinolin-2-oi by clural SFC with the followin

cm&ditions Column (:Ilfl&AI,('I&l 'g Ol)-II, 21x250 cm;

clu&tng w &th a mob&le plu&sc of 35% McOH (w&th 0.2% IPA)

in CO,; column temperature: 40" C; flow rate NO g'n&faute;

UV dctcc&ion wavcleng&h. 225 nm to g&vc Extunple GA as

the hrst eluting enantiomer (Isomer I). ES/MS (m/zj. 475.0

(M+I I). Co&nflrm enantiomeric enrichment of Isomer I by

clural m&sly&ical SFC w99% ee, t&ap I 32 m&nu&cs: column.

('I IIR AI.CI)1,3& OD-I l. 4 6x150 n&m: eluting w&th a mobile

plrase of 35% McOH (0.2% IPA) in CO„colunm &cn&pcm-

ture: 40'G flow rate: )mL/minute; UV detection wave-

lengtfc 225 nm Isolate the title compound of lixample 6i3

to g&ve the second eluting enantiomer (Isomer 2). ES/MS

so (m/2) 475.0 (M+I I) Confirm enantiomenc enncluuent of

Isomer 2 by ch&ral analy&ical SFC, &99% cc. »n, 1.95

mu&utes: colum&u CHIRALI:EL&sn OD-H. 4 (ix150 nun;

eluting v ith a mobile phase of 30% MeOII (0.2% IPA) in elut&ng with a mobile phase of 35% MeOII (02% IPA) in
ss

CO,: coiunm temperature: 40" Ca flow rate; 5 mL/mim&te, CO,: column temperature: 40" Cc flow rate 5 mI /minute;

UV detection wavelength 225 nm UV detection v,avelen th: 225 nm.
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Example 8A

5-(4-[2-[3-(Fluoromethyl)azetidin-I-yl]
ethoxytphetlyl)-7-methyl-SH-[1]benzopyrano[4B-c]

quinolin-2-01, Isomer I

and

Example 8B

I( I

5-(4-[2-[3-(l'luonimethyl)azetidin-1-ylJ
ethoxy) phenyl)-7-methyl-Si I-[ I Jbenzopyrano[4,3-cJ

qulnolu1-2-ol, Isomer 2

34
Heal a slurry of 5-(4-[2-[3-(tluoromcthyl)azetidul-I-yl]

ethoxy ) phenyl)-8-(trifluoromethyl)-SH- [ I ] benzopymsno [4,
3-c]qulnolin-2-ol, Isomer 2 (Example IB) (100 mgs 0.19
mmol) in ACN (3 ml,) at 50" ('dd a solution of benze-
ncsulfonic acul monohydralc (40 mgs 0 23 nunol) ul ACN (I
ml,). Iieet the clear yellolv soluuon for 10 minutes at 50''iscontinueheatin . allow the reaction mixtlue to cool to
room temperature, and stir the nuxture overnight Add
toluene (2 mL) and stir the reaction mixture 2 hours. Filter
the solution, collect Ihc resullulg solnl and wash thc solid
v ith ACN (I mL). Dry the solid under vacuum to give the
title compound (74 mg. 55%o).

Alternate Preparation Example 9

20

I IO

Separate the two enantiomers of 5-(4-[2-[3-(fluorom-
ethyl)azetidin-I -yl]ethoxy)phenyl)-7-methyl-SH-[1]benzo-
pyrano[4,3-c]qu lao in-2-ol by cluml SFC with the following
conditions: Colunul CHIRALCEL8 OD-Hs 21x250 cm,

30
eluting v ith a mobile phase of 30% ipr011 (with 0.2% IPA)
in ('Oil colmnn temperature: 40" ('4 flow rate 80 g,'minute,
L 2 detection wavelength: 265 mn to give Example 8A as
the tirst eluting enantiomer (Isomer I). ES/MS (nt/z): 471 2

(M+H). Confirm enantiomeric enriclunent of Isomer I by 3(
clural mlalytmal SFC, &99% ixb l,„r 1.47 nulniles. colunul
CHIRALCEL it OD-H, 4.6x1 SO mm, clulmg with a mubilc
phase o f30% iprOI I (0 2% I PA) in ( 0,: column tempera-
ture 40" ('; flow mate 5 mi./mimlte: Ut/ detection wave-
length: 225 iun Isolate the title compound of Example 8B

40
to give the second eluting enantiomer (Isomer 2). ES/MS
(m'z): 471.2 (M+H) Confirm enantiomeric enriclunent of
Isomer 2 by chlral analytical SFC, &99% ee. t(sl. 2.05
nnnutcs, colunm. CHIRALCELR OD-H, 4.6xlSO mm,
eluting lvith a nlobile phase of 30% iprOI I (0 2% IPA) in
('Os: column tenlperature 40" ('; flow rate 5 mi,'minute,
L 2 detection lvavelength: 225 nm.

I lxarnple 9

liest a slurry of 5-(4-[2-[3-(fluoromethyl)azetidin-I-ylJ
ethoxy (phenyl)-8-(lrifluoromcthyl)-SH-[1]bcnzopyr(mo[4.
3-cJqumolin-2-ol. Isonler 2 (ilxample I I3) (124.1 mg, 0.24
mmol) ln MEK (4 nlL) at 50'. Add a solution of
benzenesulfonic acid nlonohydrate (50 mg, 0.28 nunol)
dissolved in MEK (I mL). Discontinue heating. allow the
relic(ton nltxnlrc to co(il 10 roonl n:nlpcranlrc, and sul lhc
mixture ol sr a weekend. Concentmste under a N, stream.
Add MEK (I mL) and slurry to give a yellow cryslallule
sohd. (.'ollect the solid, wash v ith Ml IK, and dry under room
tcmperaturc vacuum to gnc thc title compound (78.8 mg.
48%).

XRD. Exmnplc 9

Complete XRD as described for Example I B. Character-
ize a prepared sanlple of -(4-[2-[3-(fluommethyl)azetidin-
I-yl [ethoxy (phenyl)-8-(trifluoromethyl)-SH-[1]benzopy-
rano[4.3-0]quinolu1-2-ol, Isomer 2. bmlzenesuflbnic acid by
an XRD pattern using CuKa radiation as having difiraction
peaks (2-theta values) as dcscribcd ln Table 4 below, mid in
particuhsr having peaks at 20.5 ln conlbinatlon with one or
more of thc peaks sclemled from thc group consmung of 12.3,
22 2, and 23.1: with a tolerance fiyr the difFraction angles of
0.2 degrees.

TABLE 3

X iy Po im Iypa*lim P,ls I'ai (',sl u i I .mpl 9

5-(4- [2-[3-(I 'luoro methyl)azeti din-] -yl J

ethoxy)phenyl)-8-(trdhloromethyl)-SH-[1]benzopy-
rano[4g-c]quinolin-2-ol, Isomer 2. benzenesulfonic

acnl 76 27 10

Rel.it e Ioteos lsI'spicI'2-abc(sl +'- 0'f most oitcasc peek)

0 O

8

Oll

60

10 6

12 3

I 6

17 7

19 2

21 I

34 0

42 10

3 '10

32 Su

6 70

up(0 1

4s

36 30

29 S 1
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'IAI31,1. 6

Crystalline 5-(4-[2-[3-(Fluoromethyi)azetidin-I-yl]
ethoxy} phenyl)-8-(tnfluoromcthyl)-5H-[1]benzopy-
rano[4.3-c]quinolin-2-ol, 4-methyibenzenesulfonic

ncid, isomer 2

X-twv Po dw Diakw twn Pcnkt ot'tltc Cnctoufnc Ex If!

Relet ie Intent t/ I" ot'ice&

P ok Angle( Tketcf+ — f nttenee peek i

ITO

0
O~]) /

I
I TO

20

6

7

1(i

76
I

t2 P.

I P. 9

19

201
i 9

I 6

264

l3iological Assays

26 70

27 90

6 Sc

6 60

66 9ff

1(io Iif I

41 Sfl

4fl 9fl

39 4fi

9 7&)

Add together 5-(4-12-[3-(Ihioromcthyl)azctidin-I-yl]

ethoxy 1 phenyl)-8-(trilhioromethyl)-5H-[I ] benzopyrano f4,

3-cJquinolin-2-01, Isomer 2 (lixample 113) (204 2 8, 389

nuuol) and EtOAc (5 L) mid stir at 60'. follov,ed by thc

addition of MeOH (200 mL) at 60" C. to give a clear brov n

solution. Add the title pmduct (11 48 8) to seed the solution
followed by the addition of a pre-mixed solution of 4-rneth-

ylbmizencsulfomc acid, hydrate (81.4 g, 428 nmiol) in
EtOAc (800 mL) to ive a yellow suspension. Stir the
suspension Rir 30 minutes at 50'. Concentrate Ihe sus-

pension to t/.. volume ('ool the solution at room temperature
for I hour. tilter„collect the solid, and wash the solid v.ith

EtOAc. Dry the solid under vacuum at 30'. over a

weekend to give the title conipound (239 8, 343 nunol) 'I'0

further purify the materiaL add the title compound (229 g,
328.7 nunol) aud 2-propauol (4.6 L) togcthcr mt&1 hmit to 60'

fiir 2 hours. ('001 to room temperature fiir 30 minutes.
Filter the solid und wash with 1 PrOH (100 mL). Dry Ihe solid
under a streani of Nt overnight to give the title conipound
(174.4 g. 76,2%o). Combine various lots of the title com-

pound pr&7tarcd csscntnilly in the same maiuier and add
heptmie (2 I ) Stir the suspension fiir 30 minutes, filter the

solid. and wash with heptane (300 mL). Dry the collected
solul under a stream ol N, overnight Io give Ihc Iiflc

compound (I'P) 7 8, 99 5%)

XRD, Example 10

Complete the XRD as dcscribcd for Example IB. A
prepared sample of 5-(4-[2-[3-(fluorontethyl)azetidin-I-yl]
ethoxy)phenyl)-P-(trifluommethyl)-511-[1 ]benzopyrano[4,
3-c]quinolin-2-ol, 4-methylbenzenesulfonic acid. Isomer 2

(Example 10) is chamcterized by an XRD pattern using
CuKa radiation as lraving diflbaction peaks (2-timta values)
as dcscribixl ui Table 5 below. and in particular having peaks
at 20.1 in combination with one or more of the peaks
selected from the youp consisting of 12 8, 19 5. and 22 8,
with a tolerance for the ditfraction angles of 0 2 degrees.

'I'he evidence for a re)afionship between I:R expression
and certain cancers is well known in the art.

Thc rcsulm ol Ihc lollow ing essays dmnoustratc thai Ihe
compounds of I'ormu)a I, Ifonnuia II. and I'orniula III of the
examples are active SERDs and are conceived to be useful
in treating cancer

3&l

ERO. (Wild Type), ERo (Y537S Mutnnt) aud ERfl
('ompetition llinding Assay

Thc purpose of lie Ibllowing ER competition buuluig
assays Is to determine the affinity of a test compound against
ER&x (wild type), ER&x (Y537S mutant), and ERJ).

Run the competition binding, assay in a butfer containing,
50 mM HEPES, pH 7.5, 1.5 mM EDTA, 150 mM NaCI,
10% glycerol, I mg/mi. ovalbumin, and 5 nIM Iyi'T, using
0.025 pCi per well 'H-estmdiol (118 Ci/numiL I mCi/ml ),
7.2 ug/well ER&x (v ild Type), or 7 2 ng/well ER&x (Y537S
mutant) or 7.7 ng/well ER[1 receptor. Add the test compound
at 10 difl&rent concentrations ranguig from 10 000 nM to 0 5

nM, mid deterniine nonspecific binding in the presence of I

pM of 1713 csiradiol. Incubaic Ihc binding reaction (140 pL)
for 4 hours at room temperature, and then add cold dextran-
charcoal buffer (70 pL) (containing per 50 mL of assay
bulfer, 0 75 o of clmrcoal and 0 25 8 of dextran) to each
reaction. Mix the plates for 8 minutes on an orbital shaker
at 4' and then centnfuge at 3000 rpm at 4'. for 10
muiutes. Transfer an aliquot (120 pL) of the mixture to
another 96-well. wlute flat bonom plate (Costar) mid add

o. Ferkin lilmer Optiphase Snipermix scintillation fluid (175
nL) to each well. Seal the plates and shake vigorously on an
orbital shaker After an incubation of 2 5 hours, read the
plates In a Wallac Microbeta counter. Calculate the IC„,
usiag a 4-parameter logistic curve fit and calculate
inhibition at 10 pM. Convert the IC„, values for the com-
pound to K, using ('hens-Prusoif equation 'I'he results of
this assay demonstrate Examples I „ IA. and IB (and others)
bind Io rccombuiant ERo wild type and ERO mutant

ss (Y537S) as shown in Table 7 below and Example IB was
also dctcnnincd to bind to ER[1 with a K, (nM) ER[1
cmnpetition of 0.11 007, n 3
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1% BSA in PBS containuxg O.OS% TWEE¹ 20 per well.
seal the plates and incubate overnight at 4'. The following
day w ash the cells wt tlx PB S conte i mug 0 05% TWEEN'Rl 20
(2x) and incubate tvith secondary antibody (20 pi,/well)
(1.1000 dilution, Goat anti-rabbit IgM ALEXA FLUORru
4gg) in PI3S I'i 13SA for 105 minutes at room tempensture
After washing plates with PBS (Zx20 PL). add RNace
(Stgtua) (20 FL of 50 ug/mL) and 1.1000 propidium iodule
dilution in PBS pcr veil (20 BL). Seal thc plates and uxcubais
I hour at room temperature on the bench (preserved from
light). Scan the plates xvith ACUMIJN I:XPI.ORIIR)m jl,s-
eer-scanning fluorescence microplate cytometer manufac-
tured by TTP LABTECH LTD] to measure ERn. Image
analysis is based on cellular fluorescent signals for identi-
fying positive cells. Identify ER positive cells by mean
intensity. Usc total uxtcnsity 41 575-640 iun from pmpidnun
iodide/DNA to identify individual cells Assay output is 'r'I)

I:I3 positive cells l)etermine the ICsu by curve fitting to a
four parameter logistic for each output using (iI!Nl I

DATA™. The results of this assay demonstmste potent de-
radation of ER(x induced by the compounds of Formula I,
Fornnda II, and Formula III as dcscribcd hcrcux in MCF7
breast cancer cells. 111e Relanve ICm values fi!r Examples I,
JA, and IB arc shown in Table S

Of the exemplified compounds tested. the K, for Illtn
wildtype ranged from about 0 300 nM to about 65 nM. The
K, for ERn YS37S mutant mngcd foun about 2 nM to 300
nM. The results of this assay demonctrate the binding 10

afiinity and potnxcy oi'hc cxcmpldied compounds against
I:R(x wild type. ntutant (I:Sit l Y537S) and I!13]3 proteins

I!I3n I)egradation Assay in MCI'7 Cell ~

35

lite purpose of the Ibl lowing ERn dcgradauon as mly is to
mcasurc thc dcgradauon of ERn by 4 test compound ux an
liltn positive breast cancer cell line such as MCI)7.

Culture MCI)7 (purchased fnim A11 C I fl 13-22) cells in
DMEM media supplemented with 10% FBS. 0.01 mg/mL so
human insulin I and 1% penicillin/ctreptomycin antibiorics
dnd plate in 3g4-well flat-bottom plates 01 a density of 4,000
cells pcr well in phenol rivi Ibce DMEM media (20 BL)
containuxg 10,!o charcoal strippoxI FBS. Incubate the cells
overnigltt in a cell culture incubator (5% CO„95% relative
humidity and 37" C ) and allow the cells to attach to the
plate. The following day doce the cells with the test com-
pound. Use an Echo 555 acoustic dispenser to prepare test
compound senal dilutions (1.3) in a range from 6 IIM to
0.0003 PM. Dose the cells with thc addition of 5 PL from the o

senal dilunon plate to the cell plate producing a Iinal DMSO
concentration of 0 2'io with a final test compound concen-
tration dose range between 2 and 0.0001 PM I)or the
maximum point„use media containing 0.2'io of DMSO and
for the mirumum point, use fulvestrant diluted at 2 PM final 5.

concenu 4tions in the growth mcdm containing 0 2% DMSO.
After dosing with the test compound, mcubatc thc cell plates
dt 37'. and 5oio CO, I'or 24 hours. Fix thc cells by adding
14'i para-formaldehyde (10 pl.) for 30 minutes at roont
tenxpemture Wash the cells once with P13S (20 PI ) and (r!

incubate xvith PBS (20 PL) containiixg 0.5% (v/v) TWEEN,it
20 for I hour. Wash the cells with PBS containing 0.05%
TWEEN)(t 20 (2x) and block with 3% BSA in PBS con-
taiiuiig 0.05io TWEENFI 20 lmd 0.1% TRITON™ X-100
(20 uL/well) for I hour at room temperature. Arid I:SOO dc

Primary antibody (20 pl ) (I!Jtn (I lone SPJ) monoclonal
rabbit antibody 9 ltM-9 I OJ -S. Jbenno Scientitic) dilution in

TABLE g

XRu de mdnr n mss n MCF7 cells

Exemple 6 Rclstu c Io,c IFM)
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Pltn Induction Assay m MCI)7 Cells

The purpose of the following PR(x induction assay is to
dctcrnunc whether a test compound htm agonistic activity
aglnnst ERn receptor (an agonist would bc cxpcctoxl to
dctlvalc tile 10'ccptor).

Culture MCF7 (purchased front AT('(' I'113-22) in
DMJ!M media supplemented with 10'%)13S, 0 01 mg/mi,

Specifically. the results in Table 7 shov potent depada-
tion oi'Rn by thc compound 01'xample I in MCF7 breast
cancer cells. Of thc excmplilicd compounds tcstcde thc
relative IC50 nsnged fmm 0 003 to &2 PM indicating that all
but I ixaniple 213 showed activity at the concentmtlon tested
'I'he results of this assay demonstrate tlmt the compound of
Formula (I) is a SERD with potent ERn de radation activity
in cells.
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hunum uxsulin I and I /o pciucillinistreptomycui anubiotics
and phcte the cells (prior to becoming 70'/6 confluent) in
384-well flat-bottom plates at a density of 4,000 cells pcr
well m 20 VL volume in DMEM phenol red Ibec media
containing 10"/c I&13S (charcoal stripped) Incubate the cells
overni ht in a cell culture incubator (5'N COx, 95'N relative
humidity at 37" C.) and allo~ the cells to attach to the plate.
The followin day, dose the cells with test compound Use
an Echo 555 acoustic dispenser to prepare compound senal
ddutions (I:3) ui a range Ibom 6 PM to 0.0003 PM. Dose thciii
cells with thc addiuon of thc test compound (5 PL) Ibom thc
serial dilution plate to the cell plate producing a final DMSO
concentration of 0 2'Nx with a final concentration of the test
compound dose range between 2 and 0.0001 I&M. For the
maximum point use media containing 0.2'/o &lf DMSO and
for the minimum point, use fulvestrant diluted nt 2 I&M firml
concentrations in thc growth media containing 0.2'/o DMSO.
After dosuig with thc test compmuid. incubate thc cell plates
at 37" C. and 5'/ ('Ox for 24 hours Iiix the cell ~ by adding
14'x/c para-formaldehyde (10 gi.) for 30 minutes at roon& xc

temperature. )Vash cells once with PBS (20 VI ) and incubate
xvith PBS (20 PL) containing 0.5/&x (v/v) TWEE¹ 20 for I

hour. Wash cells tv ice with PBS (20 I&L) containing 0.05'/v
TWEEN 20 and block with 3&/a BSA ui PBS containing
0.05!s TWEEN& 20 and O.I /a TRITON v X-100 (20
ul /xvell) for I hour at room temperature Add I 500 primary
antibody (20 ul,) (VI3 monoclonal mouse anti-human anti-
body. clone P R 636 Dako, M3569) dilution in I'/s BSA/
PBS with 0 03 TWEE¹ 20 per welL seal the phcres and
incubate overnight at 4" C. xo

lite Ibllow ing day wash cells with PBS 0 05'/sTWEE¹'0
(2x20 VL) and incubate with secondary mitibody (20

nlmvell) (I 1000 dilution. (Ioat anti-rabbit 1aM AI I&XA
I&I I)OR&sr 488) in VIIS I'/ 13SA for 105 mimites at roon&

temperature After waslung with VI38 (2x20 ul,), add RNase xc

(20 PL of 50 Ixgln&L) (Sigma) and I;1000 propidium iodide
dilution in PBS per well. Seal plates and incubate I hour at
room tunpcrature on the bench 0&reserved Ibom light) Scan
plates with ACUMEN EXPLORER&v (Laser-sc uxmng tluo-
rescence nxicroplate cytometer manufactured by 1'1 V cn

I All'I'I I('I I 11 DJ to measure VRu linage analysis ic based
on cellular fluorescent signals for identifying positive cells.
Identify PR positive cells by mean intensity. Use total
intensity at 575-640 nm from propidium iodide/DNA to
idcntil'y individual cells. Assay output is "/u PR posiuvc cells.
Dctcmiinc tlu: IC„, by curve Iiuuig tu a four parameter
logistic for each output using (Il!NI I I )A1 Ax&&. 'I'he results of
this assay demonstrate no significan agonistic activity of
lixamples l. IA, and 113 in MCI'7 breast cancer cells I'r
the compounds tested. the Relative IC«. in this assay are &2

I&M. The results of tins assay demonstrate no significant
agonistic activity of thc cxcmplilicd compounds tested in
MCF7 breast cancer cells. Thcsc results also dcmonstratc
that the exemplified con)pounds tested are antagonists of
I:R&x in MCI'7 breast cancer cells (i.e, they have Sl:I31) xs

activity)

PRu Inlubition (ER&x Functional Antagonism) Cell
Assay in MCI&7-I'ISI31 Y537N fii82 ( 13ISVI3 ('ella

sc
The purpose of the following PRu inhibition (ERu func-

tional antagonism) cell assay is to determine the anm onistic
acux ity of a test compound against thc YS37N nnitant ERu
receptor. An mxtagonist in tlus assay is cxpccxed to block the
funcuon of thc ER&x receptor. PRu is a downstruun tran- sc
ccriptional target of ER&x and hence an antagonist of Elltu. is
expected to inhibit the expression of VRu

Culture MCF7-ESRI Y537N-682 (generated by CRISPR&

Cas9 gene editing of ESRI gene in MCF7 cells, clone 1&682)

in DMEM media supplemented with 10'/ 1&138 and I'

pcnicillinistreptomycui;mubiotics and plate the cells (prior
to becoming 70/'o c&&&)fluen) in 384-well flat-bottom plates
ate density of4 000 cells per xvell in l)MI:M phenol red free

media 10'/o FBS (20 uL volume) (charcoal stnppcd). Incu-

bate the cells overnight in a cell culture incubator (5",c CO„
95"/c relative humidity and 37' ) and allow the cells to

attach to thc plate. Thc followuig day dose the cells with thc

test compound. Usc an Echo 555 acoustic dispenser to

prepare compound serial dilutions (I:3) in a ran e from 6

PM to 0 0003 VM Dose the cells with the addition of 5 VI,

from thc serial dilulion plate to thc cell plate producuig a

final DMSO concentration of 0.2'/c with a final test com-

pound concentration dose range between 2 and 0 0001 VM

For thc maximum pout& use media conte&rung 0.2'/o of
l)MSO and tixr the minimum point. uce fulvestmcnt diluted at

2 PM final concentrations in the growth media containing
0 2 /o DMSO. Alter dosmg w ith test compound, incubate the
cell phctes at 37" C and 5'/ COs for 72 hours Iiix the cells

by adding 14",c para-fomxaldehyde (10 I&L) for 30 minutes at

room tcmpcraturc. Wash the cells with PBS (1x20 VL) and

incubate with VI38 (20 PI.) of containing 0 5'N (v/v)
TWEE¹ 20 for I hour. Wash tlm cells with PBS (2x20 PL)
0 05'N 13VI I IN)& 20, and block with 3'/ 13SA/VI38 0 05'N

TWEE¹ 20, O.I;o TRITON & X-100 (20 I&L/weII) Iixr I

hour at room tempcrauirc. Add I:500 pnmnry antibody (20

gl,) (VR monoclnnal mouse anti-bun)an antibody, clone VoI3

636 Dnko. M3569) dilutiotx in I /o BSA/PBS 0.05 TWEEN&sr

20 per well. seal thc plates and uicubate overnight at 4'.
I'he follov,ing day, wash the cells with VI3S 005/&8

(2x20 PL) and incubate xvith secondary antibody (20
PL/well) (I:1000 dilution. Goat anti-rabbit IgM ALEXA
FLUORrvi 488) in PBS I!s BSA Ibr 105 minutes at room
tcmperaturc. Aflcr weshmg with PBS (2x20 I&L), add RNaac
(20 PL of 50 Ixg/xnL) (Sigma) and 1.1000 prop&drum rod&dc
dilution in VI3S per well Seal the plates and mcubate I hour
at room teinperature on the bench (preserved from light)
Scan the plates with ACUMEN EXPLORER™ (Lacer-
scanning fluorescence microplate cytometer manufactured
by TTP LABTECH LTD] to measure PR&x Image mialysis
is based on cellular fluorcsccnt signals Ihr idenufyuig posi-
tive cells. Identify PR positive cells by mean uitensity. Use
total intensity at 575-640 nm front propidium iodide/I )NA to
identify individual cells. Assay output is '/ V)3 positive cells
Detemiine the IC,u by curve fitting to a four parameter
logistic for each output using C)ENE DATA™.

Thc results of this assay demonstrate potent inlubition of
PRu and fimctional antagomsm by Examples I, IA, and I B
in MCF7 (ESRI Y537N. heteroxygous mutant) breast can-
cer cells 'I'he Relative I('su, oft ixamples I, IA, and 113 (and
otherc) in this assay are shown in Table 9 beloiv 'lhe
Relative ICsn of the exemplified compounds tected range
from about 0.0118 to &1.6 VM indicatin the exemplified
con&pounds are potent antagonist of ER&x mutant (Y537N)
and potent inlubitors of ERu mediated transcnption except
example 2B 1.6 PRu (PGR) is also a transcnptional target
of I iliu. and the results from this assay demonstrate potent
inhibition of liliu-mediated tranccnption of FR&i
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PRa Inlubition (ERu Functional Antagonism) Cell
Assay ui MCF7 Cells

30

llic purpose ol'hc following PRrx inlubition (ERu func-
tlolml Bnta Lullstu) cell,'198av Is to dctclxtlltlc ihi'tttagonxsllc
acux ity of a test compound agauxst thc ERu receptor An
antagonist in this assay is expected tn block the function of 3&

the ERn receptor PRn is a downstreom transcriptional
target of I fl«x and hence an antagonist of I flta. is expected
to iniflbit the expression of PRa.

Carry out the assay conditions as detailc(1 m thc ERu
degradation Cell base Acumen assay above. using, the MCF7 Go

cill linc except Ihal, prior lo teal compound dispensing,
remove the media fmm the cell pLAte and pretreat all wells
except for thc ncgauvc control wells (colunux 24 oi flte plate)
with assay media containing 047 oM estradinl for 30
nunulcs. In this assay. carry out umnunostaimng for the
detection nf Pltu and scan the plates with A('tIMIIN
EXPLORERxu JLBsemscanning fluorescence microplate
cytnmeter nxmnlfactured by 1'I'P J,AI3'11I('l I I;I l&J tn niea-
sure PRn. Image analysis ic based on cellular fluorescent

0
sigruils Ibr Iduttil'yuig positive cells. Identify PRu positive
cells by mean intensity. Use total intensity at 575-640 from
propidtum iodide/DNA to identify individual cells. Assay
output is % PI«x positive cells l&etermine the I('„, by curve
lining to a four parnmetcr logisuc for each output using
(il:Nli DA'I'A™ 'I'he tesults of this assay demonstmste
potent inhibition of PRu and functional antagonistn by
I:xamples I, IA, and 113 in M('I'7 breast cancer cells 'I he
ReLative IC„, of Examples I, IA. and IB in this assay are
shown in Table 10 below Thc Rclativc IC„, ol'hc exam- (o
plified compounds range from about 0.029 to 2 PM indi-
cating that all exemphfied compounds tested except IA and
2B. arc potent antagonists ol'Rn wild-type prnlem and a

potent uxhtbitor of ERu mcdiatcd transcuplion. PRu (PCIR)
ls also d lrdnscriptioxial ldrgcl ol ERO. Bit(1 tlxc rcsidls foul 61

this assay demnnstrate potent inhibition nf Illta-mediated
transcription of PI«x at the concentration tested

Cell Proiiferation Assay in MCF7 and MCF7-ESRI
Y537N-652

Thc purpose of Ihc following cell prohfcralion asmdys

generally is to detect whether a test compound has eflects on
CCJI plnlifCII)licit.

Seed M('F7 (purchased from Al'('I'l'113-22) cells at a
density ol',000 cells pcr well ux DMEM phuiol rcxI Ibce
media 10% FBS (20 BL volume) (charcoal stnppcd) uxlo a
clear bottom 334-well cell culture plnte. Plate MCF7-
I:SIRY537N-6g2 (generated by ('IGJSPR/Cas9 gene editing
of I!Srl gene in MCI)7 cells. clone //6g2) tn DMI IM media
supplemented xvith 10% FBS. and 1% penicillin/streptomy-
cin antibiotics at a density of 1000 cells per well. Incubate
thc plates at 37'. and 5%o COn. lltc following day dose thc
cells with thc test compound. Use an Echo 5SS acoustic
dispenser to prepare lest compound serial dilunous (1.3) in
a mxage from 60 FM to 0003 PM Dose the cells with the
addition of 5 gi from the serial dilution plate to the cell
plate. producing a hnal DMSO concentmAtion of 0.2% with
a fina test compound concentration dose range between 20
and 0.001 BM. For thc mdxunum pouit usc media containuxg
0.2% nf DIUISO and for the mimmum point usc I'ulvestranl
dilulcd at 2 BM linal concentrations In lhe growth uxixird
cmitaining 0.2% l&MSO. After dosing with the test com-
pound, incubate the ceil plates at 37" I'nd 5% ('n Seven
days after test compound addition„remove the plates from
the incubator and add cold EtOH 96% (65 BL) to each well.
After 30 minutes, rcmove the media und add RNasc (20 PL
of SO ug/mL) (Sigma) ond 1.1000 propidnun Iodide dilutinn
iu PBS pcr well. Seal the plates and Incubate I hour at room
temperature on the bench (preserved from light) Scan the
plates with A('t)MEN I:XVI.OltlllUM [I.aser-scanning flu-
orescenc microplate c&7onxeter manufactured by TTP
LABTECH LTDJ. The MCF-7 cell line grov s fomxin
aggregates, cell number as number of obtccts may not be
able to bc used as readout; so the coll number may be
evaluated through cstinuttcxJ number of cells (calcuiaied
through the area parameter (ratio of total area of the total
cells population (a designated mxnge of peak intensity of
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In Vivo Target Inlubition (IVTI) Assay (PGR
RT-qPCR Assay) in MCF7 Tumors

FL-I (PI) mtd thc mont area of lhe suigle cells population
(defined by perimeter)). Determine the IC» by curve fitting
to 4 I'our partunctcr logistic for each output usuig CENE
l)A'1 AIM 'I'he i&elative I(:au of I ixmnPles I, ] A. and 113 (and
others) in MCF7 ESRJ wild t)TIC mid MCF7-ESRI YS37N
nnitant cells are shown in Table 10below The results of tlus
assay dentonstrate potent anti-proliferative activity and cell
gmwth inhibitinn by Iixanlples I, IA. and 113 (and others)
in MCF7 (ESRI wild type) and MCF7 (ESRJ Y537N

I I I

mutant) breast cancer cells. Thc Relative ICSA ol'lm exem-
plifie compounds m&nge from about 0.0033 to 1.176 PM in
Mf'F7 ESRI ivild type and 0.014 to 1.86 pM in MCF7
(ESRI Y537N mutant) breast cancer cells indicalutg that all
cxcmplilicd compounds tcstcd demonstrate potent anil-pro-

I
lifi:rauve activity mid cell growth inhibiuun m MCF7 (ESR1
wild type) and Mf'I'7 (IJSRI Y537N nnitant) breast cancer
cells.

doses in a test compound specilic vchiclc (1% hydroxycth-
ylcellulose/0.25% TSVEE¹ 80/0 05% Antifoam in purified
water) or vchlclc alollc ordllv'ol 3 da)'6 Slid collect ulluols
and blood at dcsircd time uilervals BJ'ter inst dose Sacnlice
anmials using isoflurane anesthesia plus cervical dislocation
1(lash freeze tumors mid store at — 80" ('ntil processing fi&r

RNA isolation and RT-qPCR assay. Collect blood in EDTA
tubes. spin dov:n fi&r plasma, and freeze at -80" C, in a
96-well plate. Determine test compound exposures using
uliiss spcclroiuctrv.

Pulvcrizc tumors m liquid mlrogcn and lyse in 1xRNA
lysis buffer (fmm RNA isolation kits) using Matrix D beads
(MP lliomedical, 86913-5()0) in a I(AS I'PRI:P-241M ( ell
Disnipter maclfine (MP Biomedical). Tm&nsfer tumor lysates
to fresh tubes after spinning at 14000 rpm for 20 minutes at4'. Isolate RNA front tumor lysates usin PURELINK:at
RNA Mini Kit (Invilrogcn 412183018A) or RNeasy Muu
Kit (Qiagcn P74104 and 474106). Rcmove DNA contami-
nants using PIJJJJIJ,JNK'Jo DNase Set (Invitn&gen
012185010) or RNase-Itree l)Nasa Set (Qiagen 479254)
Measure isoiated RNA concentration by diluting samples in
RNase free water and measuring the absorbance at 260 run
on a plate reader (SpectraMax1 90). Subtm&ct the average 260
lun absorbancc mes surcmenl of the blank (RNase frcc water
only) from thc 2GO nm mcasurcmenls of all other RNA
saniples. Dilute RNA samples tn equal concento&tions in
RNase free ivater Synthesize cl)NA from diluted RNA
using First-Strand Synthesis System for RT-PCR (Invitro-
gen, '/18080-051). To perform RT-qPCR, first dilute cDNA
in RNase free &eater. Combine 2x Absolute Blue qPCR ROX
Mix (Themio. /l AB-4139/A). PGR pnmer (Thcnno,
Hsfil SSG702 ml), and diluted cDNA I'or each rcacuon in 4
P(.'R plate (Applied l)iosystems, 4430984')) Amplify cl)NA
by incubating the samples for 2 mimites at 50" ('ollowed
by 15 niinutes at 95' in the thermocycler (AIJI Prism
7900HT Sequence Detection System). Continue to incubate
at 95'. for 15 seconds folio&ved by 50" C for GO seconds
for 0 total of 40 cycles. Cycles arc normalized lo thc
housckcuqung gcnc dnd used lo calculate % PfiR inlubition
compared to the vehicle alone. Analyze each sample in
duplicate and use average munbers for calculatiicns (:alcu-
late the percent target (P(it&) inhibition using I ixcel and XI,
Fit.

The results of this assay demonstrates that Example IB
inhibits PRix (PGR) cxprcssion in the tumor xenografi
model. Example IB inhibits PR(x (PGR) cxprcssion by
-78% in the tumor xeno raft model for 24 hours with 30
mg/kg dose when administered nmnlly J'hese results dem-
onstrate signilicant and sustained inhibition of I igo ant&go-
nistic activity and ERO-mediated transcriptional acti& ity in
vivo in a tumor xenograft model.

1'he purpose of tins IVTI assay is to measure the ability
of a test compound (SERD) to inhibit PRo gene expression
(transcription) downstream of ERO. in xenograft tumors»
implmtlixl in nucc.

Implant fi:nuile NOD SCID nucc (22-25 g) from Envigo
RMS. Inc.. Madison, Wis. with SxlOco MCF7 ER-posiuvc
breast cancer cells (A'I'(:(', 9 11'113-22) subcutaneously in the
rigJlt fiank region in I'I JJIJSS+MA'I'RI(rliian solution fo

(200 uL). Implant 0 17-j) estradiol pellet (0.18 mg/pellet. 90
day release, from Innovative research) subcutaneously I day
pnor to tumor cell implnntation. Mca sure tumor grow Ih and
body weight twice pcr week beginning dte seventh day after
thc unplanlalion When ttunor sizes reach 250-350 nun', 65

randomize animals and group into groups of five aninlals.
l)ose animals with either the test coinpound at multiple

ln Vivo 1 umor Growth Inhibition Study in
ER-Positive (ESRI Wild Type) Breast Cancer
Xenograft Tumor Models Implanted in Mice

Thc purpose of thc following xmiograf1 tumor inlubition
BSSBV JS 10 IUCBSUrC ICOUCIJOU 111 tUBIOI'OJUIUC 111 ICSpL&11SC

to test compoxuld administration.
Ifxpand huinml breast cancer cells M('ll7 (A'I'('(' I I'113-

22) and HCC1428 (ATI 'C
d( CRL-2327) in culture, harvest

and inject Gxlfie'ells in I:I HBSS+IVLATRICJEL™ solu-
tion (200 PL) subcutanix&usly on to thc rcnr nght Jiank of
fi:male NOD SCID mice (22-25 g, En»go RISIS, Inc).
Twenty-four hours pnor lo implantation of cells, unplanl
estrogen pellets (0.18 mg,'pellet. 17(1 estradiol, 90-LL&y

release, Innovative Itesearch) subcutaneously I ixpand
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hunum breast cancer cells T47D (ATCC n HTB-22) In
culture, harvest and inject 5xlfieo cells in I:I HBSS+
MATRIGEL™ soluuon (200 BL) subcutaneously on to the
rear n/II thulk oi'i:mnle NOD SCID nuce (22-25 g, Envigo
RMS, Inc) iwenty-four hours prior to itnplantation of cells,
implant estro en pellets (038 mp/pellet, 17ji estradml,
90-day release, Innovative Research) subcumneously.
Expand Intman breast cancer cells ZR-75-1 (ATC'C v C'RL-

1500) in culture„harvest and inject 5xlfie'ells in I:I
HBSS+1VLATRIGEL™ soluuon (200 HL) subcurdnnously on Iii

io thc rear nghi fiank of female NOD SCID nnce (22-25 g,
I:nvigo RMS, Inc) 'I wenty-four hours prior to implantation
of cells. animals are adnlmistered vvith 50 pl of estradiol
valerate (Delestrogen'8) intramascular injection (10 mg/mL)
and then once every 14 days for the dumstion of the study.
Measure tumor growth and body weight twice per week
beginning Ihc seventh day after thc impiantalion. When
tumor since reuch 2SO-3SO mm'r randonuzc atunutls and

mup into groups of 5 animals Prepare the test compound,
ltxample 113 in an appmpriate vehicle (I'!! hydroxyethyl- 20

cellulose/0.25% TWEENR'0/0.05% Antifoam in purified
tvater) and administer by oral gavage for 28 days. QD.
Detemline nnnor response by tumor volume measurement
perform&xi twice u wack dunng thc course of trcaimcnt. Take
the body weight as a general measure of toxicity whmlcver
tumor volume is measured

'Hie compound of I txmnple 1)3 is found to have delta 'I /G
%o values as provided in Table 12 below. These results
indicate that the compound of Example IB demonstrates
ood oral bioavailability in mice and significant anti-tumor 30

scut ity or tumor rcgrcsslons ul ER-positive (ESRI wild-
typc) human breast cancer xenograi'i models.

TABLE 13

Ia o t mo g Ii»bib t u andv m bsltl m t r( b: 4 .: i.

~ 0 I/&'( o
Tume( Model Dose tmg h I Schedule Rearess on ".p v.ilue

bT94IC/HI
(EbRI Mutant
Breast Cancer
PDX et I'

10
30

QD 66 0 213
QD 16 -0001"
QD 6: 0 001"

46
ST941,'HI PDX model was denvcd at and nul at South

Texas Accclcratcd Rcscdrch Thcrapeuucb (Sml Antonio,
Tex ). Tumor fragments were harvested from host animals
and implanted into inunune-deficient mice (The Jacl son
I aboratory) mid the study was initiated at a mean tumor
volume of appmximately 125-250 nlm'repare the test
compound. Example IB ul an appropnatc velucle (1%
hydroxyethylcellulose,'0 25% 'I Wt:I!N:IT 80/0 05% Anti-
foam in purified tvater) and administer by onal gavage for 28
days. 1)etennine tumor response by tumor volume measure-
ment performed twice a week dunng the course of treatment.
Take the body v,eight as a eneml measure of toxicity
whcnevcr tumor volume Is mcasurcxl.

Thc compound of Exmnple IB is lhund to have delta T/C
% values as pmvided in Table 13 below I'hese results
indicate that the compound of ltxmnple 1)3 demonstrates
pood oral bioavailability in mice and significan anti-tumor
activity or tumor re ressions in an ESRI mutant (Y537S)
human breast cancer PDX model

TABLE 12

In & o tun(or gio tlt udubit(ou stutv ui ER-pos(toe btcmt
cat&car xenon&'Iti tultloi'llodcl ullilanted tll (luce

Delta T/C 'r
3t

Cirand mean of all groups from baseline (randomization) at
day 32 ts used to compute %o change of T/C.

Combination Studies
16

— 46
— 'Is

3&.

-11
-2tt

4
0

19
4

1

3

10
30

3

lu
30

I ICI'7 (Breast
Cancer Xen g(sf1/

A UAI*
cA AA I *

A UAI*

"A ool
:0 not
co & 01*
u(i I&it *

co & 01*
u(i I&it *

cA AA I *

Duc Io tllluor hctcnlgclu:Iiv allil dcqUlrixl rcslsiallcc Io
mldocrulc Ihcrapicb, combination Ihcrapy lrds become essen-
tial in ER-posiuve;md advanced/metastatic breast cancer
treatment tbr effective therapy or to overcome acquired
resistance We htwe tested the combination etfect of
Example IB v,ith CDK4/6 inhibitor abemaciclib. mTOR
inhibitor everolimubr PIK3CA inhibitor alpelisib and PI3K/
mTOR inlubitor 8-[5-(I-hydroxy-I-mcthylethyl)pyndul-3-
yl]-l-[(2 S)-2-mcthoxypropyl]-3-methyl-1,3-dihydro-2H-
imidazo[4.5-0]quinolin-2-onc ("Compound A") ul live
ER-positive breast cancer cell lines in vitro
('ell Viability Assay fiir Combination Studies

Seed ceil at the density shotvn in Table 14 belov in 20 uL
volmne of the media described in the table into a clear
boltom 384-well cell culuirc plate.

T4 D (Breast
Cut 'ci'ct(ogl'i(ftt

Zlt 7 I ilt .OI

I «* I' I slant 10

10

30

tie&'l4 6 (lir,
Cancer Xen g(sf1/

TABLE 14

a.

Cirand ntean of all gmups from baseline (randomization) at
day 32 is used to compute %o change of T/C.

In Vivo Tumor (irowth Inhibition Study in 1tSRI
Mutant (Y5378) 13reast ('ancer Pl)X 'I'umor Model &o

(ST941/HI) Implanted in Mice

lite purpose oi thc following xmlugrafi lumor ulhibition
dam&0 Is Io IncdsUrc I'cdUciloll ill IUlnor volUulc 111 rcspollsc
to test compound admu»stmtion ul an ESRI mutant and di
hormone-independent (III) breast cancer patient-denved
xenograft (Pl)X) model

Ceil mabibtv asst wll linc u(fom(at(on

tm('l I I mi(v f &'u(m M d

T-47D IAAA ATCC HTB.133 RMPI lu",EBS I" 72
P'S 0 (/os tng.'(&IT

Bo u(c insulin
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'I AI31.11 14-contimted

Cell vahlt assai cell lute nfnrniaton

Xeed n Commer
Cell Linc dens)tv refcrcncc Cuutrc Mcdfu)n

Frmit on
tune

thnurs)

M('I 7

EFM 19

ZR 75 I

BT 474

ZR75 0

100(i Xl('('ll n l)vn 'vl 10% I us ini

human uisulm
RMPI loe I'BS 1%
PS

lf()0 ATCC CRL )sf)() RMPI 10'BS 1%
P)b

luw) ATcc HTB 20 HYBRI cxRE 0 L

I I,O. I g)l

li!% FBS 1% Pal
lf()0 ATCC CRL lsf)4 RMPI 10'BS 1%

P)b

3( ur) ACC mll 144 tn

4(1

Incubate the plates at 37 C. and 5% CO . The Ibllowing
day dose the cells with the test compound, i Ixample 113

Prepare compounds as 10 mM DMSO stock solutions and
use for a dose response study with top concentration starting
at 10 or I PM. Iso compounds tested together at a fixed

plates and incubate I hour dt room tcmpcrnture (prcscrvcd

from light) Scan the plates with A('UMI,N IIXPI.ORI IRIM

[Laser-scatuung fiuorescence microplate cytometer manu-

factured by I I'P I AB1'ii('1111 DJ As some cell lines grows

forming aggregates, c(ll number as number of obtects may

not be able to be used as readout, so total area population (a

dcstgnrttcxl range of peak intensity oi'L-I (Pi)) or total

intensity of PI are used to evaluate cell number.

In vitm combination data suggests synergy (as dcftncxt

below) with combination of I txantple 113 with abemaciclib,

or cvcmhmus ui & out of 5 ER-postuvc breast crmccr cell

lines as shown in Table 15. Combination of Example IB

with ('ompound A syner istic in 4 out of 4 IIR-positive

breast cancer cell lines tested. Combination efiect of

Exmnple 113 ivith alpelisib is additive tn 2 out of 4 I!R-

positive breast cancer cell lines and synergistic ln 2 out of 4

ER-positive breast cancer cell lines

TABLE 15

In v tro ombuiat nn nt Exunple iB 11 th nrher tir eted agents n FR pns r ie
breivt cnicei cell lines

Breast
an cr cell Coinbutatfon Statisti al

I:tm I I Ii .t 1 I
' I iol fil lnt (pret.f

Biolnmnd
In)

MCI'7 E).ample I B

T47D E).ample IB

711 7') I I .unpl ll)

ZR 7 'Ifi D.ample IB

EFM-19 Evan)pie I B

Abema I b
E erolunus
Abema I b

E crol mus

a)pc) sib
Cnoilxiuid 4

: Ip I sil

Ahem i I b
Everolunus
1)pel s 0
Cnmpnund A
Abcmicicl I

E crohuiu5

alp eh 5 lb

C mpoundA

fi 675
il f )59
fi 69
0 n609
0 usltl

40 I

fi 2067
f) 15

I 717
766

ii )96(l
fi 1245
1 1 4149
fi 7fog
0 3455
050 3

i) 296
0 4326

5'I'fief st
bvi)C)g st
5'I'fief st
SY))erg)5tic
Svitcrg)5fic
SY))erg)5tic

Sv lg)sl
Xdd ti «
Sv lg)sl
bvi)C)g st
5'I'fief st
Add r ie
5'I'fief st
SY))erg)5tic
Svitcrg)5fic
SY))erg)5tic
Svitcrg)5fic

Add t ve
Spierg st
b,ner at
5 'i)C)'st)C
os)tel'gis(1c
5 'i)C)'st)C

epnf
A(bht) «

epnf
Spierg st
b,ner at
Add t 1'e

b,ner at
5 'i)C)'st)C
Abel)'tl v
5 'i)C)'st)C
os)tel'gis(1c

ratio, and then I 3 serial dilutions serial dilution prepared as 0

well as compounds alone for ICn, dctcmurmtion with a

staning concentration of 20 PM l)ose the cell ~ with the
addition of 5 PL from the serial dilution plate to the cell
plate, producing a final l)MSO concentration of 0 2% v ith

b.
a final test compound concentration dose range between 20
dnd 0.001 PM for single treatment or lower rmigc for thc
contbinations. For the maximum point use media containing
0.2% oi'MSO and for the nunimum pout( usc stauro-
sporine diluted at 2 PM final concentrations in the rowth I(,
media conbnntng 0 2%o DMSO. Aller dosmg with thc lest
compound. incubate the cell plates at 57' and 5% (:Os.
Afier Iwo dotlbling (uncs uicubauon wtlh Ihe compounds,
remove thc plates Iyom thc uicubator and add cold EIOH
96% (65 PL) to cuch well. After 30 nunutcb, rcmoi c the 65

ntedia and add RNase (20 ui, of 50 pg/rnl.) (Sigma) and
I 10(X) propidium iodide dilution in PI3S per ivell Seal the

Data Analysis and Interpretation of ('ombination I iffect
Usc methods that arc published in tlm lttcraturc Io calcu-

late in vitro contbination etfect (I .. )'.Imo, et al. 1(runt 13iosci,

2010, 2.241-249 and L. Zhao, et al, Clin Cancer Res. 2004,
10(25):79')4LS004) In order to identify synergistic or
antagonistic interactions between two dru s. a curve shift
analysts has been perfi)rmed using a mistomlzed XL tem-
plate with XLFit 5 add ins. Single agent*s curves are
adt us(cd using 4 parameters logistic rcgrcsston. Critcna and
restrictions used for the fitting are (i) bottoms &(—20) are
fixed to 0 and (ti) Iop &120 lixed to 100. If all thc obbvrva-
tions are lower than a threshold set by the user, then a
constant Iit with lull=0 ts peribmied and thc IC,C ts consid-
ered higher than Ihc mdxunum included concentration. Once
the absolute IC5 0 of each single agent 1ms bccn obuiincd. Ihc
equivalent concentration at 50% of activity is calculated titr
the singles and contbination (Ising these equivalent con-
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In Vivo ('ombination Studies

Due to tumor hetero eneity and acquired resisrnnce to do

endocrine therapies, combination therapy has become essen-
ual ui ER-posiuvc and advancciffmetastatic breast cancer
treat(tie(it fol cficctivc tllcldpv ol to ovcicolllc acquired
resistance. It is hypothesized that B combination of targeted
therapies has the potential to be more etfective in slowing or d

even halting I:R-positive breast cancers ('ombination of
CDK4/6 inhibitors and fulvestrant has been approved for the
treatment of ER-positive metastatic breast cancer but a high
percentage ol pahcnts dcvclop resistance due to acquired
mutauons in ESRJ or PIK3('A. As a potent degrader and o

antagomst of ERCL oral SERD such as Example IB has the
potential to be more effective in slowing or halting I'.SJ(J
nhuant or PIK3(JA inutaitt breast cancers as a siilgle agent
or in contbination v ith CDK4/6 inhibitor such os obemaci-
clib or PI3K/mTOR inhibitor such as Compound A. In that ss
contexL thc compound ol Example IB is tooted lor tumor
growth inhibition ut combutation with abcmaciclib (permit
rcfcrencc) or Compound A (patent reli:rance). Morc speciti-
cally the cnmpound of Jixample I I3 is tested in combination
with abemaciclib or ('ompoiutd A in li)RI v ild type and (o
PIK3Ca mutant MCF7 breast cancer xenografr model.

Expand human breast cancer cells MCF7 (ATCC t/ HTB-
22) ut culture. harvest and utjcct 5x10ee cells m 1. I HBSS+
3(LATRIGEL™ soluuon (200 PL) subcutaneously on to the
rear nJtt thutk ol'i:male NOD SCID nuce (22-25 g, Envigo si
RMS, Inc) Iwenty-four hours prior to implantation of cells,
implant estro en pellets (018 mg/pellet, 17j) estradml,

49
can(rations togcthcr with thc morsurc(I activities we ro«al-
cuhote an absolute IC„„ the curve for single agents will reach
50% activity at values ol eq concentrations equals to I,
while synergistic combinations will reach the 50% at lower
3 alues resulting ui a lel'tward sluft, alii all(Bgoilistlc c(1111-

bination (vill show rightward shift 1iquivalent cnncentra-
tions are also used to calculate CI«(Combinarion Index at
50'i of activity), ivhere ('I„, equals absolute ICSO nf cnnt-
bination curve. Together with (1«, other CI's (Combinarion

1( i
Indexes) at difii:rent pcrcentagcs ol activity can be calcu-
lated (CII 0„C120. CI30, C140. CI60, (170. CI80. CI90). In
order to calculate Clnn, equivalent concentmtion ar difi'erent
Bern ity percmttagc Brc calculated. For each activity percent-
dgc wc cillcuhltc tile illa(gill ol cirol wlllcli ts tltc colltldcllcc

1intcri dl at 95% Bnd usuig tlus conlidcnce interval we will
calculate upper limit as the addition of margin oferrnr to the
('I and the lower hntit as the subtraction of the margin of
error to the Ci. Upper limit=CI+('onfidence interval 95%
and Lower Limit=CI-Confidence interval 95%. These limits

20
are then used to interpret the results.
Stahsiical Intcrprctahon at each acuvity pcrccnta e is as
folio~ s:

|0
90-day rclcasc, Innovahic Research) subcutanixiusly. Mea-
sure hutlor groivth and body iveight twice per week begin-
niag the seventh day after the implantation When tumor
sizes reach 250-350 mnv'. nondomize anintals and group into
groups of 5 animals. Prepare the test compound Example I B
in an appropriate vehicle (I'ic hydroxyethylcellulose/0.25%
TWEE¹ 80/0.05cic Antifoam in punlicd water) and
adnuiustcr by oral gavage for 42 days Thc CDK4/6 inlubi-
tor (abemaciclib) is tiirnndated in 1% ill((' 25 mM
sodium phosphate buffer. pl I 2 0. 'I'he P13 K/ntq OR inhibitor
(('ompound A) ives formulated in 1% hydroxyethylcellu-
lose/0.25% TWEE¹'0/0.05'ic Antifoam in purified water.
Detemtine tumor response by tumor volume measurement
pcrfomtcd twice a week dunng thc course ol'trcaunenL Take
thc body weight as a gmterdl mcasurc ol'oxicity whcncvcr
tumnr volume is measured 1unior volume is estimated by
using the fnrmula v lxw2x0.535 where I larger of mea-
sured diameter and iv smaller of perpendicular diameter
Statistical Analysis

The statisticai analysis of the tumor volume data begins
with a data trdnsi'ormation to a log scale to cqualizc vanance
across time and trcutmcnt groups. Thc log volume data are
analyzed with a tivo-ivay repeated measures analysis of
variance by time and treatment using the MIXJ(D proce-
dures in SAS soft(vere (Version 9 3). 1 he correlation model
for the repeated measures is Spatial Power. Treated groups
are compared to the control group at each time point. The
MIXED proccdurc is also used separately for each trcatmcnt
group to calculau: adtust(xt means and standard errors at
each time point. Both analyses account fiir the mitocorrela-
tion v ithin each animal and the Inss ofdata that occurs ivhen
amnials with large tuniors are removed front the study early
The adjusted means and standard ermrs (s.e.) are plotted for
each treatment group versus time Analysis for tumor vol-
aille ls bilscd on logic Slid sPatial Power covanancc struc-
ture. P value is based on thc companson bctwiun two
spcclllc glor(ps.
('ombination Analysis Method (Bliss Independence fiir
IVEI( Studies)

First. the usual repeated measures model ic tit to log
volmne versus group and time. Then contrast statements are
(IScd to iCS( for Bll illtci dC(10(1 CJTCC( Bt CBC11 (1111C poillt iislllg
thc 2 spccilic treatments that are combinixl. Tlus is cquiva-
lcnt to thc Bhss Indcpcndcncc method Bnd assumes that
tumnr volumes can, in theory. reach zero, i e, complete
regression. 1'he expected additive response (J(AR) for the
combination is calcuLated on the tumor volume scale ac:
response (EAR) EAR volunte=VI*V2/VO. where VO, Vl,
and V2 are the esunuaed mean tumor volumes Rir the
vchiclc control, trentmmtt I alone, and treaunent 2 alone,
rcspcctivcly. If the uiteraction test is signiticant, thc combi-
nation effect is declared statistically more than additive or
less thmt additive depending on the observed conibination
mean volume being less than or more than the EAR volume,
respectiveiy. Otherwise, the statistical conclusion is addi-
tive In addition, a biologically rclcvmit range of additivity
can bc dciincd as X ic above and below thc EAR volume.
Typically, X would bc 25 to 40%. Then a biological con-
clusion cmt be niade for the combination as more than
additive, additive, or less than additive if the observed
combination mean volume is below. in. or above the interval
of additii ity.

There may be situations Ccrc stasis is thc best cxpcctexJ
response. In those situations. (hc Bhss method can be
applied directly to the % delta T/C values to obtaui an EAR
Percent resPonse I(AR %u delta 'I'/('JBY2/100, where Yl
and Y2 are the percent delta 1 (C values for the single-agent
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(% dTIC=— 32) lmd 36/o (/o dT/C=— 36) tumor rcgrcssions
respectively and both are statistically sigtificant (pcO.OOI)
compared lo vchiclc control. Comblnauon eflicacy of
I:xmnple I B with Con)pound A was "I ess 1 hen Additive'*
but thc combination cflicacy ofExample IB plus ('ompound
A was sigf)ificantly better tlmn I lxample I 0 alone (pmO 001)
or Compound A alone (p=0.002s) The combination is
tolerated in the animals tvithout sigtfificant body w:eight h)ss

Irenlmmiis. Currmitly, thcrc ls no sianstical leal lu compare
the observed % delta 'I'/('n the combination gn)up versus
the I IAI(, but the biological cmterion described above can be
applied

As shown in Table I 5 and 16. treatment with Example IB
or abemaciclib alone as a single agent resulted in 32% (%
dT/C=— 32) and S2% (% dTIC= — 52) luluul Icglcsslorls
respectively and both are stansucaliy signilicant (p&0.001)
compared to vehicle control. ('ombination eflicacy of
I/xample I B with abeniaciclib was "I.ess I'han Additive" but ln

the combination eflicacy of lixmnple 113 plus abemaciclib
ives significantly better than Exmnple IB alone (p 0.001).
However. smgle agent abemaciclib eflicacy was not statls-
ucally slgndicani from combuiauon (P=0.06S). The comb&-
nation is tolcraicd ln the animals without slgndiclmt body
weight loss

TABLE 17

Combumr nn Efflca v of Exunple IB u rh Compound A u& VICI'7 LR
ns toe l»east sacer model

Difl'cmncc SE p- slueTtcattltcttt'T(C.')ftt)C)lf'

fl 479 fit)7 9 et)utilVt*IC,QD
PO

Veh cle, QD
PO

I xunpt IB, lf
mpk. QD 4
PO
(ompoiutd A. 7 5

mpk. BID 4
PO
Ex&)I)pic IB 1(t

ntpl, QD
PO/Cmripnund
4, 7 6 mpl,,
13ID 4, PO
I xunpt IB, lf
mpt, 00 42,
POI( nmpoiutd
A, 7 tmpk
BID 4 PO
fxunple IB 10

mpk, QD

4'ol('nntp und
mpk.

till& 42. PO PO

TABLE 15 0 t(14 0 079& etl.utu*

0 761 0 i)791 .n unl

Treat)I)ctrl I Ttc'lttnctlt 2 DitTcrcn c &E p- slue

h*l, Ol& 42,
PO

Velucle QD 4 .

PO

Vcht le QD 4 .

PO

fl 6 tl ()06 8 fltxu*pie lli, lf)

nu&k. QD 42,
PO
Abema I b St)

nu&k, QD 42.
PO
Ex»))pic IB. 1(l

mpk, QD 42,
Pol

pk. QD 4R
I'0
I .mpl Iu, 10

nu&k, QD 42.
PO
Abema l,b 5(f

mpk, QD 42,
PO
Exantple I B. I 0

ntpk, QD 4&,
I'Ol

mpk,QD 4.
I'0 PO

82 tl f)791:tl rltllI (I lpl lit. 1)l

ntpi, QI& 4 .

PO
t& 47& 0 ud(8 etl 001*

f)7 6 (ltl6 8 c0001"
0 2(7 0 0791 O.ufo*Conu&oiutd A. 7

mpk. BID x 4 .
10 po

utgg0()6810& t

31 6F— xt, d,d

L ampl 113 ill
mpk QD 4
PO

TAI31,1/ lg0 78 (l(l6 8:nutu*Al crit:le)el(1, . 0

tnpk. QD 42
I'0

ns I re l»east »teer model

Delta T C ", or Cot)lb tt.tt ott
Tteattuertr Regmss n p value Lft'ecr Bod)me cht

Combutatno Elflca & of Fx.imple IB u th.them.t cl b n MCF7 LR
nsttne breast out cr n)odcl Vehtcle QD 4 .

PO

TABLE 16

Comlnnaton Elflcac& of Fx.unple IB u rh.)be)roc I b n MCI'7 ER
&os t & e breasr .tn er tnodel

to*iI'I lpl lit

E&-or)pic I Bl
Compoiutd

A'Cornbu»r on)

— 36
— 6

uf rid I *

utltru*
0 ())I Less Than

Add I'f C

. Io s gtl f)C(ltlt

clt.true

Delta T C % or C»nba)at)on
Treat)I)ctrl % Regress)oft p. sutta Etlcct Bod)'fgttt

Veh cle
Lx.unple IB
Al. em.i I b

Lx.unple IB
Ahem& iclti I

I Cntnbmatton)

hA
-3

s&

-64

XA
eo t)t&l*

din)f1 1*

eo f)t&l* Less Tltatt
A(flit) 'c

ho Ksn floaltt
i)ange

hs h t.ppl . bl

As shov n ln Tables 17 and lffi treatment tvith lfxample
I i) or ('ompound A alone as a single agent resulted in 32%

hANt ppl II

&o

As shown in Tables 19 and 20. treatmmit with Exmuple 10
or abcmacrclib alone as a single agent rcsultcd in 51% (%
dT/C=-Sl) and 70% (% dT/C=—70) tumor rcgrcssions
respectively and both are statistically significant (px0 001)

(0 compared to vehicle control. Conibinatlon efficacy of
Example 10 with abemaciclib ives "Less Than Additive*'ut
the combination eflicacy of Example 10 plus abemaciclib
was slgnllicantly bcttcr than Exlunple 10 alone (p=0.039).
However, combuiatlon cflicacy ol'xumple 10 plus abe-

61 maclclib was noi slgtulicantly dlflbrcnt from abcmaclclib
alone (p O.t)05). 'I'he combination is tolerated in the aninmls
without sigt)ificant body wei ht loss
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'I'AI31.1', 21-continued

C mb nat on Efg .&cy of Ex(unple Io w th .&ben«&c I 6 u& MCI'7 FR
& s t & e breast .mce& model

Combumaon Egicacy of Fxamplc n! ith:upel&s&b u& XICF7

T&eatmenr I Tmatmmt
h *I,

00 4,PO

Velucle
QD 42. PO

Veh cle
QD 42. PO

I.x&mple ll!, I

mpi, 00 4,
I'0

Abema I b,
mpk QD 4
PO

I'nu pie ux I

mpk. QD
PV
Abemac cl b 50

mpk QD 4
PO
Ex(unple 10 la
n&pk QD 4
POc&bema icnb,
50 mpk, QD 42,
PO
I'nu pie ux I

mpk. QD

pk, Ql&

PO
Example 10 15

mpk QD 4
PO(.&bene cl b,
vu n&pk, QD 42
PO PO

(r 6&9 0 11 0 uol*
Vchrclc

VD 4,PO
I! 44 0 IA(4 eu 0&n*

t& 67 o l(&(4 et& 00&* Velucle,

QD 42. PO

(r ul 0 I n (& 90'&

Evan&pie lt& 15

7 ('0(4 A 03)*
20 PO

TABLE 20

slpehs&b I mpk
(dl d7.). 10 pt.

tdsug), mpL
QD dx PO

( rtbt&&o tfb a, ( lou pi n) 0 .6 c &*lb 'Vl('t7 111 30

alpclrs&b I& tripk

( il 17,&, I( mpL

IS41npi 00
4.90
Example 10. I

n&pk QD x 42,
PO alpclis&b I&

mpk (dl d7,1, iu
mpk fdg 4 ),

tnpk, QD
PO

Exsn&pl 10, I&

n&pk QD x 42,
I'0n lpelta 6 I &

mpk (dl d7,1, iu
mpk fdg 42!,
tnpk, QD
PO

Exsn&pl 10, I&

mpk 00 4,
I'0n lpelta 6 I &

mpk Ml d7,! 10

mpk fdg 42!,

mpk, QD 42

PO

T&eats&ent I Tm&tment D g'e&er«e'E p v&lue
D n'emnces SE p value

044& A 1121:0 uul"

(& 755 0 l&2& CA (!Al*

14 t! 1121 .0 001

0 310 0 1121 n Orr)

Delt.& T C " o& Comb r&at on
Treatment " Reg&ess on p v&lue 1 gbct Bc dyne J&t

Vchr le
Ex&mplc lu

I.x.&mp Ie ll!

I A XA
— 51 '0 utu"
—7(» (ra
-71 r!Or!I I v. I bc iv . g fim

St—Stmd, d

35

TABLE 22

I nmbumr nn ESca, of Example 10 u th .Bpel s b u& hm I'7
ER ostve breast an sr nodal

TABLE 21

('b n'tm I'01*, y ul'I . mpl lr!»Ih rip I I n xl('17

T&eats&ent I Tm&trnent D g'e&er«es SE p v&lue

Vehicle.
QD x 42, PO

Eaunpie 10 15

mpk QD 4,
PV

0 41 A 1121:0 0" 9

IA I t Ipl 6&

As shown in 'I able 21 and 22. treatment with I:xample 10
or alpelisib alone as a s&ngle aoent resulted in 51% /%
dT/C=— 51) and 21% /% dT!C= — 21) Inn&or ii:gli:sslons
rcspccuvcly and both arc staustically s&gmlicanl /p (0.001
and p=0,015) compared to vehicle control. Combination
efficacy of Example 10 with alpelisib wac "Additive" and
the combination eflicacy of Itxample 10 plus alpelisib was
significantly better than I ixmnple 10 alone (p 0 009) Cont-
bmdlion eflicacy of Extm&pie 10 plus alpclisib was also
sig&ulicantly better than alpehs&b alone lp= (0.001). The
conibination is tolerated &n the animals without significant
body xveight loss.

Tre&tmcnt

to*i

E& unple 10
alpel s b
E& unple 10
alpel s b
I Cot&&t u&st&on

Delta T(C 'r Co&at u&at&on

P.c rcssinn p- slue Eft'cct Bnd\ eight

NA
COO)l*

I C00& I*

— 76 C0 (x)l* Ad i t ve Bo s grnficsnt
h.uec

I A I t pptcabt

&5 As shown in Table 25 and 24, treatment w&th I ixample 10
or cvcrolimus alone as a single agent rcsultcd u& 51% /%
d'I'/C — 51) and 50'i Pi df f — 50) tumor regressions
respectiveiy and both are statistically significant (p 0.001
and p&0 (301) compared to vehicle control Con&bination
efficacy of Example 10 with evemlimus w as "Additive*'nd
the combination eflicacy 0 f i txample 10 plus everolimus was
sigiuficantly better than Example 10 alone (p=0.004). Com-
b&nat&on cfflcacy of Ex;m&pic 10 plus alpclmib was also

65 sig&uficantly better than everolinu&s alone (p=0.04). The
comb&nation rs loleralml m lhc anunals w&thout s&gndicanl
body v eight loss
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Trestarent I Tresrment 2 D a'erer«e'E p v&lue

h*l, VD 42,
I'0

Velucle QD 4 .

PV

Vehcle QD 4 .

PO

I.x(mpl« la, I

mpf, 00 4,
I'0

Lyerolanus.
mpl. QD 4
PO

pl« 10, I&

pk. QD 4R
I'0
Tverolunus I
ns&k, QD 42.
PO
Txsns&le 10, I I
mpk, QD 42,
POIE crolanus
. mpk, QD 42,
PO

pl« 10, I&

pk. QD 4R

pk. QD 4R
PO
Txsns&le IA I I
ns&k, QD 42.
PO Tverol mus
& n(pk, QD 4&,

PO

fr 44

0 433

0 74S

0 'll

0 0%9 0 001*

0 IA3S eA 001*

I I I

A ( )99 cu 001*

I
0 0%9 0 004*

0 13S A 004*
20

C rnb net on Lfs .&cy or Exrunple 10 w th eve&of mus ur MCI 7 PR
& s t ye breast .meet model

i6
MS. Dclemlinc Ihc lest compound conccntranon ln plasnul

and upload into the Watson LIMS™ system w here noncom-

partnlental analysis is used to calculate Area Under the

Curve (AUC) for both IM and PO anna. Calculate oral

bioavailability (% F) via the following equation,

I — IALCm Doserr)!ALC&, Doseao) 1(x)

I'he compounds of ilxample 113 displays a % I'alue of
-50% m the above-mentioned assay Ibis assay demon-
strates that Example IB has good oral bioavailability.

We claim
I A compound of the formula

HO

TABLE 24

(' bm.l t fb s v I'I:u pl« lc 0 « I m. 'Vl('17 IR

Deft.( TC" or Comb r(st on
Treatment "Repress on pvylue Inset Bc dyne Jrt

wherein either IU or II is independently selected from I'I,
F, CF,. or CHS. and the other is hydrogen,

or a phaunaceutically acceptable salt thereof.
2 Thc compound according to cluun I, whcrcin thc

con)pound Is

Vchr le
Ex&mplc 10

I.x.(mp I« I 0

I A SA
— Sl '0 001"

I fr ll

*ti.ma

34

IA I t lpl bl 110

Itat Oral 13iom ailability Assay

or a plmrmaccuucdlly acccptablc salt thercoi;
3 Thc compound according to cluun I, whcrcin thc

conlpouflcl is

The purpose of the following assay is to demonstrate
whether 0 test compound is orally bioavailable.

Administer thc test compound to Spra uc-Dav,ley rats IM

at I mgkg fusing vehicles of either: 20'!! C'AF'I iSOI,R in

25 mM sodium phosphate builhr. pH2 qumllum satis. or 25%

Divhar, 15%o EtOH, 10% propylene glycol, 25% 2-pyrroli-

done, and 25% purified water) and PO at 10 mg'kg (using a

vehicle of 1% hydroxyethyl cellulose. 0.25% polysorbate

RO. 0.05% Antifoam 151 0-US, and purified water quantunl

antis). Collect seuul blood btunples at 0.0g& 0.25& 0.5, I
&

2. 4,

g. and 12 hours post dose for IM bolus and at 0.25. 0.5. I,

2. 4. X, and 12 hours post dose after oral administration.

After treatment with an EDTA coagulant, obtain plasma by

centrifugation and store at —70" (: until analysi ~ by [,('-MS/

QI

110

or a pharmaceutically acceptable
(0 4 'I'he compound according to

phaunaceutically acceptable salt is
salt.

5 Thc compound according to
plmmlacculically acceptable salt ls

ss fonlc ltcnl mdl.
CI I'he compound according to

cmnpound is

salt thereof
claim I, wherein the

a benzenesulfonic acid

claun I, wherein Ihe
a 4-tncthylbcnxcncsul-

claim 2, wherein the
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is
11. Thc compound according to cluun 10, whcrcut thc

phannaceuticaily acceptable salt is B benzenesulfonic acid
sdln

12 The compound according to claim 10, wherein the
phannaceuticaily acceptable salt Is a 4-methylbenzenesul-
fonlc tlcul %01.

13 The compound according to claim 10, wherein the
conlpound Is

or a pharmaceutically acceptable
7 The compound according to

pharmaceutically acceptable salt is
salt.

8. Thc compound according lo
phanndccutically acceptable Balt Is
fimic acid salt.

9 I'he compound according to
compound is

HO

salt thereof.
claim 6, v herein the

a benzenesulfonic acid

clauu 6, whetcut thc
a 4-methvlbenzenesul-

claiin 6, wherein the

zo

I to

14. A phtuuldccuttcdl conlposnton contprtsutg lhc'. cont-
pound or the phanuacemically acceptable salt thereof
according to claim 1 in combination with a phannacculically
acceptable excipient, carrier. or dduent

15. The pharmaceutical contpositlon according to claim
14, composing onc or morc other therapeutic agents.

16 A method of treatina breast cancer, ovanan cancer,

10. '1'he compound according to claim 3. wherein the
contpound is

endonletrial cancer. prostate cancer, uterine cancer, gastric

cancer, or lung cancer, compnsing admtnmlcring lo a patient

in nccd ol'such trmiuncnt mt cllixuvc umount ol'a compound

or d phanuaccultcaliv Iicccpuibh: sdlt thereof Bcconhng lo
31

clean 1.

HO

or a pharntaceutically acceptable salt thereof.

17. The method according to claim 16. wherein the breast
cancer Is ER-positive breast cancer.

18 '1'he method according to claim 16, wherein the gastric
cancer ls ER-positive gastric cancer

19. The method according lo claim 16, whcrcut the lung
cmtcer ls ER-positive lung cancer

MJA
Resaltado
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