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ABSTRACT

Embodiments of the disclosure relate to selectively substituted quinoline compounds
that act as antagonists or inhibitors for Toll-like receptors 7 and/or 8, and their use in
pharmaceutical compositions effective for treatment of systemic lupus erythematosus (SLE)

and lupus nephritis.
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Selectively Substituted Quinoline Compounds
CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to United States provisional patent application
no. 61/890,718, filed on October 14, 2013. That application is incorporated by reference
herein. The present application is a divisional of AU 2014334554, which is the national phase
entry of PCT/US2014/060418, the entire specifications of which are incorporated herein by

cross-reference.

BACKGROUND
[0002] Field of the Disclosure
[0003] Embodiments of the disclosure relate to selectively substituted quinoline

compounds and pharmaceutical agents comprising one or more of those compounds as active
ingredient(s). More particularly, embodiments of the disclosure relate to those compounds that
act as an antagonist or inhibitor for Toll-like receptors (TLR) 7 and 8, and their use in a
pharmaceutical composition effective for treatment of systemic lupus erythematosus (SLE) and
lupus nephritis.

[0004] Description of Related Art

[0005] Systemic lupus erythematosus (SLE) and lupus nephritis are autoimmune
diseases characterized by inflammation and tissue damage. For example, SLE may cause
damage to the skin, liver, kidneys, joints, lungs, and central nervous system. SLE sufferers
may experience general symptoms such as extreme fatigue, painful and swollen joints,
unexplained fever, skin rash, and kidney dysfunction. Because organ involvement differs
amongst patients, symptoms may vary. SLE is predominantly a disease of younger women,
with peak onset between 15-40 years of age and an approximate 10-fold higher prevalence in
women vs. men.

[0006] Current treatments for SLE typically involve immunomodulatory drugs such as
belimumab, hydroxychloroquine, prednisone, and cyclophosphamide. All of these drugs may
have dose-limiting side effects, and many patients still have poorly controlled disease.

[0007]

BRIEF SUMMARY OF THE DISCLOSURE

[0008] Embodiments of the disclosure provide compounds and methods of use for
preventing or treating diseases or conditions characterized by Toll-like receptor 7 or 8

activation in patients. One embodiment features a compound of formula (I):
1

(21628657 1):AXG
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Rs

ey
wherein at least one of Ry and Ry is H, methyl, or ethyl, and the other is
-H; or the other is
C,-Cg alkyl that is optionally substituted with:
—OH, methoxy, ethoxy, -OCH(CH;),, -O(CH,),CHj;, phenyl, furanyl, -
O(CH;),0OH, phenoxy, methylthio, -F, -N(CHj3);, cyano, pyridinyloxy,
fluorophenoxy, isochromanyl, phenol, benzylamino, -NHCH3, oxo-, amino,
carboxyl, 7-member spiroaminyl, a three to six member cycloalkyl, saturated
or unsaturated and optionally including one or more heteroatoms selected
from O and N, and optionally substituted at one or more C or N atoms by
methyl, cyano, fluoro, methylamino, or trifluoromethyl; or the other is
C;3-C; cycloalkane, saturated or unsaturated, optionally bridged, optionally including
one or more heteroatoms selected from O, S, and N, and optionally substituted at one or more
C or N atoms by methyl, ethyl, pyridinyl, azetidinyl, acetamidyl, carboxamidyl, cyano,
fluoro, methylamino, or trifluoromethyl; or
R) and Rj, together with the nitrogen atom to which they are attached, form an 8 to 11
member spirodiamine, an 8 member bicyclodiamine, a 7 member spiroxamine, a piperidinyl
optionally substituted with ethyl, or a four to six member cycloalkyl, optionally substituted
with at least one of carboxamidyl, aminomethyl, methyl, (ethylamino)methyl,
(dimethylamino)methyl, dimethylamino, (methylamino)methyl, and amino; and wherein
R3is H or methyl.
[0008] In a further embodiment the compound is a compound of Formula (I), having
the stereochemistry set forth in one of Formula (Ia), (Ib), (Ic), or (Id), having the same

substituent options as set forth above for Formula (Ia):
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[0009] A further embodiment provides a compound of Formula (Ie) (relative

stereochemistry indicated):

B °
N N K
(0] N (Ie)
\
Z
[0010] In a further embodiment the compound is a compound of Formula (II):
R4
(@]
Rs
ey
wherein

R4 is H or methyl;
Rs is C-Cs alkyl that is saturated, partially saturated, or unsaturated, and that is optionally
substituted with:
-H, -Cl, -F, -OH, -NH,, oxo-, -N(CH,;CHs),, phenyl, cyclohexyl, phenyltriazolyl,
cyclohexyltriazolyl, pyridinyl, pyrrolidinyl,
morpholinyl optionally substituted with methyl or hydroxymethyl,
-O-, substituted with:
C-Cg alkyl, methylphenyl, methylcyclohexyl, pyridinyl, diazinyl, or phenyl
optionally substituted with F or methyl,
-NH-, substituted with:
C,-C; alkyl that is linear, branched, or cyclic, saturated or unsaturated, and
optionally substituted with oxo-, phenyl, methyl, or OH,
pyridinyl optionally substituted with methyl, methoxy, phenyl, or amino,
diazinyl optionally substituted with ethyl,

4
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benzoimidazolyl, methylphenyl, phenylpyrazolyl, naphthyridyl,
phenyl optionally substituted with F, methyl, ethyl, or ethoxy,

imidazolidinyl optionally substituted with methyl

H
c—N )n
or Rs is , wherein n is 1-3, and wherein the cyclic amine is
optionally substituted with
C,-C;5 alkyl optionally substituted with
-OH, -F, phenyl, -NH,;, cyclohexyl, -N(CHj),, -C(O)NH,,
methylsulfonamidyl, benzenesulfonamidyl, methylbenzenesulfonamidyl, or
pyrrolidinyl optionally substituted with methyl or hydroxyl, or
-NHC(O)Rg, wherein Rg is
C-Cs  alkyl, phenyl, pyridinyl, fluorophenyl, = methylsulfonyl,
fluorobenzenesulfonyl, dimethyl pyrazole sulfonyl, or
pyrazolyl optionally substituted with methyl;
piperidinyl optionally substituted with C(O)CHj, -C(O)CH,CHj, methyl, oxo-,

C(O)Ph, -NH,, -NH-C(O)CH3, or ,
piperazinyl optionally substituted with C(O)OC(CHj3)s, methyl, -C(O)CHs, -C(O)Ph,
C(O)CH(CHs;),, -C(O)CHs, or methylsulfonyl; or
Hy
C—N
NR;
Rs is n , where n is 1 or 2, and wherein the cyclic diamine is optionally
substituted on at least one carbon atom with
methyl, oxo-, -N(CH3),, amino, -CH,CHj, or
piperidiny] optionally substituted with methyl, -C(O)CH3;, -C(O)CH(CHj;),, -C(O)Ph,
or C(O)OC(CHsj)s, and
wherein R7 is —H, phenyl, -C(O)CHs, C;-C3 alkyl, -C(O)NH,, or C(O)Ph; and

Rg is methoxy or cyano.
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[0011] A further embodiment provides a compound of Formula (III):

Ri4

/

N¢ (11T)

wherein

R); is H or methyl;

Rjo is H or, when both R4 and Ry are H, is methyl-1,4’-bipiperidinyl;

Ry is —H or is CH,- substituted by 1,4’-bipiperidinyl, oxo-, hydroxyl, methylpyridinyl, or
piperidinyl optionally substituted with hydroxyl, -N(CHjs),, or piperidinyl.

[0012] In a further embodiment the compound is selected from rel-(2R, 6R)-4-(8-
cyanoquinolin-5-yl1)-N-((3R, 45)-4-fluoropyrrolidin-3-yl)-6-methylmorpholine-2-carboxamide
hydrochloride, (2R, 6R)-4-(8-cyanoquinolin-5-yl)-6-methyl-N-(1-methylpiperidin-4-
yl)morpholine-2-carboxamide, 5-((2S, 6R)-2-([1,4'-bipiperidin]-1'-ylmethyl)-6-
methylmorpholino)quinoline-8-carbonitrile, and 5-((2R, 7R)-2-(hydroxymethyl)-7-methyl-
1,4-oxazepan-4-yl)quinoline-8-carbonitrile.

[0013] In a further embodiment the compound or pharmaceutically effective salt
thereof of the preceding paragraph has an ICS50 less than or equal to 20 nM against human
TLR7 receptors expressed in a HEK-293 cell line. In a further embodiment the compound or
pharmaceutically effective salt thereof of the preceding paragraph of this disclosure has an
IC50 less than or equal to 100 nM against human TLR7 receptors expressed in a HEK-293
cell line. In a further embodiment the IC50 against human TLR7 receptors expressed in a
HEK-293 cell line is measured by (1) plating cells of the HEK-293 cell line stably expressing
TLR7 in Dulbecco's modified Eagle's medium containing 10 % fetal bovine serum at a
density of 2.22X10S5 cells/ml into a 384-well plate and incubating for 2 days at 37 °C, 5 %
COy; (2) adding the compound or pharmaceutically acceptable salt thereof and incubating the
cells for 30 minutes; (3) adding CL097 (InvivoGen) at 3ug/ml and incubating the cells for
approximately 20 hours; and (4) quantifying NF-kappaB dependent reporter activation by

measuring luminescence.
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[0014] In further embodiments of the disclosure, compounds have an IC50 against
human TLR7 receptors expressed in a HEK-293 cell line less than or equal to 200 nM, less
than or equal to 180 nM, less than or equal to 160 nM, less than or equal to 140 nM, less than
or equal to 120 nM, less than or equal to 100 nM, less than or equal to 80 nM, less than or
equal to 60 nM, less than or equal to 40 nM, or less than or equal to 20 nM. In further
embodiments of the disclosure, compounds have an IC50 against human TLR7 receptors
expressed in a HEK-293 cell line from 10 nM to 30 nM, from 10 nM to 50 nM, from 10 nM
to 100 nM, from 30 nM to 50 nM, from 30 nM to 100 nM, or from 50 nM to 100 nM. In
further embodiments the IC50 against human TLR7 receptors expressed in a HEK-293 cell
line is measured by (1) plating cells of the HEK-293 cell line stably expressing TLR7 in
Dulbecco's modified Eagle's medium containing 10 % fetal bovine serum at a density of
2.22X105 cells/ml into a 384-well plate and incubating for 2 days at 37 °C, 5 % COy; (2)
adding the compound or pharmaceutically acceptable salt thereof and incubating the cells for
30 minutes; (3) adding CL097 (InvivoGen) at 3ug/ml and incubating the cells for
approximately 20 hours; and (4) quantifying NF-kappaB dependent reporter activation by
measuring luminescence.

[0015] Further embodiments provide methods for treatment of lupus, including but
not limited to treatment of systemic lupus erythematosus, cutaneous lupus, neuropsychiatric
lupus, fetal heart block, and antiphospholipid syndrome, including administering a
pharmaceutically effective amount of a compound or pharmaceutically acceptable salt of the
disclosure.

[0016] Further embodiments provide methods for antagonizing TLR7, including
administering a pharmaceutically effective amount of a compound or pharmaceutically
acceptable salt of the disclosure.

[0017] Further embodiments provide methods for antagonizing TLRS8, including
administering a pharmaceutically effective amount of a compound or pharmaceutically
acceptable salt of the disclosure.

[0018] Further embodiments provide pharmaceutical compositions comprising at
least one compound or pharmaceutically acceptable salt of the disclosure and at least one
pharmaceutically acceptable carrier.

[0019] Further embodiments provide methods for treatment of systemic lupus
erythematosus or lupus, including administering a pharmaceutically effective amount of a

compound or pharmaceutically acceptable salt of the disclosure.
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[0020] Further embodiments provide methods for antagonizing TLR7, including
administering a pharmaceutically effective amount of a compound or pharmaceutically
acceptable salt of the disclosure.

[0021] Further embodiments provide methods for antagonizing TLRS&, including
administering a pharmaceutically effective amount of a compound or pharmaceutically
acceptable salt of the disclosure.

[0022] Further embodiments provide pharmaceutical compositions comprising at
least one compound or pharmaceutically acceptable salt of the disclosure and at least one
pharmaceutically acceptable carrier.

[0023] The term “optionally substituted,” as used herein, means that the subject
structure may include, but is not required to include, one or more substituents independently
selected from lower alkyl, methoxy-, -OH, -NH,, -CH,-NH-CH,, -OCH,CH,CHj3, or
OCH(CHz),. If the optionally substituted moiety is cyclic, then the optional substitution may

be a methyl bridge between two atoms in the ring.

[0024] The symbol “C(O)” as used herein refers to a carbonyl group having the
formula C=0.
[0025] Unless otherwise specified, “a” and “an” as used in this disclosure, including

the claims, mean “one or more.”

[0026] As used herein, “lower alkyl” refers to straight, or, in the case of three- and
four-carbon groups, straight, branched, or cyclic saturated hydrocarbons having between one
and four carbon atoms.

[0027] As used herein, the term “attached through a nitrogen” when referring to a
heterocyclic moiety including nitrogen, means that a point of attachment of the moiety to
another structure is through a nitrogen that is part of the heterocycle.

[0028] As used herein, the term “TLR7/8” means “TLR7 and TLR8” or “TLR7 or
TLR8&” or “TLR7 and/or TLR8.” The particular meaning can be understood by a person
skilled in the art based upon the context in which “TLR7/8” appears.

[0029] Heterocyclic moieties recited herein include azetidinyl, pyrrolidinyl,
piperidinyl, methylazetidinyl, pyrazolyl, piperazinyl, morpholinyl, thiazolyl, pyrrolopyrrolyl,
imidazolidinyl, and isothiazolyl. Where a heterocyclic group is mentioned, unless otherwise
indicated it will be understood that the heterocyclic atom(s) in the group may be at any
position in the group. It will further be understood that imidazolyl, pyrazolyl, thiazolyl, and
pyrrolyl may be unsaturated or partially unsaturated. An embodiment of the disclosure may

include a pharmaceutical composition that includes one or more compounds of the disclosure

8
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with a pharmaceutically acceptable excipient. These pharmaceutical compositions may be
used to treat or prevent a disease or condition characterized by TLR7/8 activation in a patient,
typically a human patient, who has or is predisposed to have such a condition or disease.
Examples of diseases or conditions characterized by TLR7/8 activation include systemic
lupus erythematosus (SLE) and lupus nephritis.

[0030] As used herein, “effective amount” of a compound of an embodiment of the
disclosure is effective amount of the above-identified compounds in an amount sufficient to
treat or prevent SLE and lupus nephritis.

[0031] Embodiments presented herein may include asymmetric or chiral centers.
Embodiments include the various stereoisomers and mixtures thereof.  Individual
stereoisomers of compounds of embodiments of the disclosure may be prepared synthetically
from commercially available starting materials that contain asymmetric or chiral centers, or
by preparation of mixtures of enantiomeric compounds followed by resolution of those
compounds. Suitable methods of resolution include attachment of a racemic mixture of
enantiomers, designated (+/-), to a chiral auxiliary, separation of the resulting diastereomer
by chromatography or recrystallization and separation of the optically pure product from the
auxiliary; or direct separation of the mixture of optical enantiomers on chiral
chromatographic columns.

[0032] Embodiments of the disclosure also include a pharmaceutical composition
including any compound of the disclosure as well as a pharmaceutically acceptable excipient.
The pharmaceutical compositions can be used to treat or prevent SLE and lupus nephritis.
Therefore, embodiments of the disclosure may also feature a method for treating or
preventing SLE or lupus nephritis in a human patient having or predisposed to having lupus
nephritis or SLE.

[0033] Embodiments of the disclosure include pharmaceutically acceptable salts of
the compounds presented herein. The term “pharmaceutically acceptable salt” refers to those
salts that are, within the scope of sound medical judgment, suitable for use in contact with the
tissues of humans and animals without undue toxicity, irritation, or allergic response.
Pharmaceutically acceptable salts are well known in the art. For example, S. M. Berge, et al.,
describes pharmaceutically acceptable salts in detail in J. Pharmaceutical Sciences 66:1-19,
1977. Salts can be prepared in situ during final isolation and purification of a compound or
separately by reacting a free base group with a suitable organic acid. Representative acid
addition salts include acetate, adipate, alginate, ascorbate, aspartate, benzenesulfonate,

benzoate, bisulfate, borate, butyrate, camphorate, camphersulfonate, citrate,
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cyclopentanepropionate,  digluconate,  dodecylsulfate, ethanesulfonate, = fumarate,
glucoheptonate, glycerophosphate, hemisulfate, heptonate, hexanoate, hydrobromide,
hydrochloride, hydroiodide, 2-hydroxy-ethanesulfonate, lactobionate, lactate, laurate, lauryl
sulfate, malate, maleate, monomaleate, malonate, methanesulfonate, 2-naphthalenesulfonate,
nicotinate, nitrate, oleate, oxalate, palmitate, pamoate, pectinate, persulfate, 3-
phenylpropionate, phosphate, picrate, pivalate, propionate, stearate, succinate, sulfate,
tartrate, thiocyanate, toluenesulfonate, trifluoroacetate, undecanoate, valerate salts, and the
like. Representative alkali or alkaline earth metal salts include sodium, lithium, potassium,
calcium, magnesium and the like, as well as nontoxic ammonium, quaternary ammonium,
and amine cations, including, but not limited to ammonium, tetramethylammonium,
tetracthylammonium, methylamine, dimethylamine, trimethylamine, triethylamine,
ethylamine, and the like.

[0034] The term "pharmaceutically acceptable ester," as used herein, represents esters
that hydrolyze in vivo and include those that break down readily in the human body to leave
the parent compound or a salt thereof. Suitable ester groups include, for example, those
derived from pharmaceutically acceptable aliphatic carboxylic acids, particularly alkanoic,
alkenoic, cycloalkanoic, and alkanedioic acids, in which each alkyl or alkenyl group typically
has not more than 6 carbon atoms. Examples of particular esters include formates, acetates,
propionates, butyates, acrylates, and ethylsuccinates.

[0035] In this application enantiomers are designated by the symbols “R” or “S” or
are drawn by conventional means with a bolded line defining a substituent above the plane of
the page in three-dimensional space and a hashed or dashed line defining a substituent
beneath the plane of the printed page in three-dimensional space. If no stereochemical
designation is made, then the structure definition includes both stereochemical options. If a
structure or chemical name includes “REL” or “rel” then that structure is understood to show
relative stereochemistry.

BRIEF SUMMARY OF THE FIGURES

[0036] FIG. 1A and FIG. 1B show short-term in vivo suppression of the TLR7
pathway in mouse by compounds ER-899742 and ER-899464. Figure Legend: Female
BALB/c mice were dosed by oral gavage with Vehicle alone (0.5% aqueous methyl-
cellulose) or compound formulated in Vehicle at 33mg/kg, 100mg/kg or 300mg/kg. At 6, 13
or 24 hours following oral dosing, mice were injected subcutaneously with 15ug R848 to
stimulate TLR7. Blood plasma was collected by cardiac puncture, and the IL-6 level at 1.5
hours after TLR7 stimulation was then assessed by standard ELISA procedure. (FIG. 1A).

10
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ER-899742 and ER-899464 were tested side by side in a single experiment. (FIG. 1B) A
repeat experiment was done with ER-899742 examining all three doses at all three
timepoints.

[0037] FIG. 2A through FIG. 2C show results of testing ER-899742 in the
NZBxNZW strain (abbreviated hereafter as NZBWF1/J or NZB/W) lupus disease model.
Figure Legend: Female NZBWF1/] mice were received at 5 weeks of age, baseline bleeds
were performed, and mice were monitored for disease progression by following anti-dsSDNA
titers. At 27 weeks of age, mice were randomized into groups with equivalent median anti-
dsDNA titers and treated at 29 weeks of age with Vehicle (Veh; 0.5% methyl-cellulose) alone
or 33, 100, or 300mg/kg once-a-day orally (QD PO). At 46 weeks of age after 17 weeks of
treatment mice were bled and tested for anti-dsDNA titers. All mice were sacrificed at 50
weeks of age (21 weeks of compound treatment). (FIG. 2A) Just prior to termination at 50
weeks of age (following 21 weeks of treatment), urine was collected from individual mice,
and the Urinary Albumin Creatinine Ratio (UACR, proteinuria) was determined for each
animal as an indirect measure of kidney function. (FIG. 2B) Timecourse of mortality
observed in this study for the highest and lowest dose groups. No mortality was seen with
compound treatment. Further, no mortality was observed in the middle dose group (not
shown). (FIG. 2C) Impact of treatment on anti-dsDNA titers after 17 weeks of dosing, at 46
weeks of age. No statistically significant effect was observed.

[0038] FIG. 3A through FIG. 3E show results of testing compound ER-899742 in the
Pristane: DBA/1 strain lupus disease model. Figure Legend: Female DBA/I mice at 9 weeks
of age were given an intraperitoneal injection of 0.5ml pristane or PBS. At 9 weeks post-
pristane animals were bled for auto-antibody titers. Once-a-day oral dosing with Vehicle
(Veh; 0.5% methyl-cellulose) or 33 mg/kg, 100 mg/kg, or 300 mg/kg of ER-899742 was
begun 10 weeks after pristane injection and continued for 13 weeks of treatment. Mice were
euthanized after 13 weeks of compound treatment, and anti-dsSDNA (FIG. 3A), anti-
Sm/nRNP (FIG. 3B), anti-histone (FIG. 3C) and anti-RiboP (FIG. 3D) titers were measured
in blood plasma samples by ELISA (statistical significance of treatment versus vehicle
determined by ANOVA with Dunnett’s post-test). (FIG. 3E) The expression of IFN-
regulated genes in whole blood was measured by a qPCR panel after 13 weeks of treatment
with 300 mg/kg of ER-899742, and an IFN gene signature score was calculated (see
Pharmacology Materials and Methods section for details regarding IFN score calculation).
The table shows the full list of genes significantly upregulated by pristane treatment vs. PBS

controls.  When interferon scores were calculated, no significant difference was seen

11
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between treated and vehicle-treated animals. However six genes were significantly reduced
by compound treatment vs. vehicle treatment (Student’s t-test) and are marked in the table.
[0039] FIG. 4A through FIG. 4C show results of testing ER-899464 in the NZB/W
disease model in the same experiment as FIG. 2A. Figure Legend: (FIG. 4A) Just prior to
termination at 50 weeks of age (following 21 weeks of treatment), urine was collected from
individual mice, and the Urinary Albumin Creatinine Ratio (UACR, proteinuria) was
determined for each animal as an indirect measure of kidney function. (FIG. 4B) Summary of
mortality observed in this study for the highest and lowest dose groups. No mortality was
seen in the middle dose group (not shown). (FIG. 5C) Impact of treatment on anti-dsDNA
titers after 17 weeks of dosing, at 46 weeks of age. No statistically significant effect was
observed.

[0040] FIG. SA through FIG. 5D show results of testing ER-899464 in the Pristane
disease model in the same experiment as that shown in FIG. 3A through FIG. 3E. Figure
Legend: Mice were euthanized after 13 weeks of compound treatment, and anti-dsDNA
(FIG. 5A), anti-Sm/nRNP (FIG. 5B), anti-histone (FIG. 5C), and anti-RiboP (FIG. 5D) titers
were measured in blood plasma samples by ELISA (statistical significance of treatment
versus vehicle determined by ANOVA with Dunnett’s post-test). As was done for ER-
899742, interferon-driven gene expression was tested, but none of the disease up-regulated
genes shown in FIG. 3B were affected by treatment with ER-899464.

[0041] FIG. 6 shows structures and corresponding chemical names according to
various embodiments presented herein. “ER-Number” is a reference number assigned to
each compound. Where available, activity against a HEK cell line stably expressing human
TLR7, activity against a HEK cell line stably expressing human TLR9, 1H NMR data, and
mass spectrometry data are also included.

[0042] FIG. 7A through FIG. 7G show the effect of dosing with ER-899742 in
Pristane-induced disease in DBA/1J mice. Figure Legend: Female DBA/1 mice at 9 weeks
of age were given an intraperitoneal injection of 0.5ml pristane or PBS. At 10 weeks post-
pristane animals were bled for auto-antibody titers. Once-a-day oral dosing with Vehicle
(Veh; 0.5% methyl-cellulose) or 33 mg/kg, or 300 mg/kg of ER-899742 was begun 11 weeks
after pristane injection and continued for 14 weeks of treatment. Mice were euthanized after
14 weeks of compound treatment, and anti-dsDNA (FIG. 7A), anti-RiboP (FIG. 7B), anti-
Sm/nRNP (FIG. 7C), and anti-histone (FIG. 7D) titers were measured in blood plasma
samples by ELISA (statistical significance of treatment versus vehicle determined by

ANOVA with Dunnett’s post-test). The same plasma was used to measure total [gG titers by
12
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ELISA at the end of dosing (FIG. 7E). Control of autoantibody against dsDNA and RiboP
was seen in the presence of minimal changes in overall IgG level. Pristane-treated mice in
this experiment developed arthritis, with swollen joints in the rear paws. Arthritis scores
were assigned according to severity, each paw was scored on a scale of 0-4 based on signs of
swelling and inflammation. Scores were summed for the two hind paws assessed on each
animal, and graphed in FIG. 7F with statistical assessment as for ELISA titers above. Dose-
dependent statistically significant suppression was observed. When interferon scores were
calculated, no significant difference was seen between treated and vehicle-treated animals.
However FIG. 7G demonstrates the downregulation of five out of 28 disease-related
interferon-modulated genes upon treatment with ER-899742.

[0043] FIG. 8 contains the result of treating for a month with ER-899742 in Pristane-
induced disease in DBA/1J mice with advanced disease, after development of high levels of
autoantibody. Figure Legend: DBA/1J mice were injected i.p. with pristane at 10 weeks of
age. Three months later anti-RiboP and anti-dsDNA titers were taken, and animals
randomized into groups with matching mean titers. Groups were sacrificed after one, two or
four weeks of oral dosing with ER-899742, and RiboP titers measured in serum. FIG. 8
demonstrates no statistically significant reversal of anti-RiboP or DNA titers after 28 days of
dosing, although dosing was associated with lack of increase in titers.

[0044] FIG.. 9 is an ORTEP plot of the crystal structure of ER-899742 as a HCI salt.

DETAILED DESCRIPTION OF THE DISCLOSURE

[0045] I. TLRs and Lupus

[0046] In addition to their role as innate immune receptors capable of detecting
exogenous (“non-self”’) pathogen-associated molecular patterns (PAMPs i.e., bacterial LPS
detection by TLR4), mammalian Toll-like receptors (TLRs) are also capable of recognizing
endogenous stimuli (DAMPs) released following host tissue damage or stress. Kono, H. and
K.L. Rock, How dying cells alert the immune system to danger. Nat Rev Immunol, 2008.
8(4): p. 279-89. In the last decade an appreciation for the link between TLR activation by
endogenous (“self”’) danger-associated molecular patterns (DAMPs) and the etiology of
autoimmune disorders has emerged. Specifically, TLR7 can be activated by single-stranded
RNA (ssRNA) derived from both mammalian and viral sources, whereas TLR9 can be
activated by DNA derived from mammalian, viral, and bacterial sources.

[0047] Lupus is characterized by auto-antibodies reactive against double-stranded

DNA (dsDNA) itself and associated proteins (histones) as well as against a broad array of
13
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RNA-associated proteins such as Ro, La, Smith (Sm), and Ul snRNP. Kirou, K.A., et al.,
Activation of the interferon-alpha pathway identifies a subgroup of systemic lupus
erythematosus patients with distinct serologic features and active disease. Arthritis Rheum,
2005. 52(5): p. 1491-503. A second common hallmark of lupus, which was shown to
correlate directly with disease severity, is dysregulated expression of type-1 interferons
(IFNs), in particular IFNa, and the corresponding elevation of a large panel of IFNalpha-
regulated genes in lupus patients’ PBMC (the so called “type-1 IFN gene signature”). Kirou,
K.A., et al.,, supra. A major source of IFN in the blood is a specialized immunocyte called a
plasmacytoid dendritic cell (pDC), which constitutively expresses both TLR7 and TLRO.
[0048] A causal relationship between these two disease characteristics, auto-
antibodies and IFN levels, was postulated when a number of research groups collectively
demonstrated that antibody complexes isolated from lupus patients but not from healthy
donors are capable of driving IFN production by pDC in a TLR7/9- and RNA/DNA-
dependent manner. Means, T.K., et al., Human lupus autoantibody-DNA complexes activate
DCs through cooperation of CD32 and TLR9. J Clin Invest, 2005. 115(2): p. 407-17;
Vollmer, J., et al., Immune stimulation mediated by autoantigen binding sites within small
nuclear RNAs involves Toll-like receptors 7 and 8. J Exp Med, 2005. 202(11): p. 1575-85;
Savarese, E., et al., Ul small nuclear ribonucleoprotein immune complexes induce type 1
interferon in plasmacytoid dendritic cells through TLR7. Blood, 2006. 107(8): p. 3229-34.
Moreover, IFN stimulates increased TLR7/9 expression on B-cells, thereby enhancing
TLR/BCR (B-cell receptor) activation of auto-reactive B-cells to differentiate to antibody-
producing plasma cells. Banchereau, J. and V. Pascual, Type [ interferon in systemic lupus
erythematosus and other autoimmune diseases. Immunity, 2006. 25(3): p. 383-92; In this
fashion, levels of auto-antibody complexes containing nucleic acid TLR7/9 ligands drive the
pro-inflammatory cycle and lupus disease progression. We believe it is likely that
pharmacological antagonism of TLR7/8 will offer therapeutic benefit to lupus patients by
disrupting this pro-inflammatory cycle, decreasing IFN levels, and dampening the
autoimmune disease process mediated by pDC and B-cells.

[0049] Several other lines of evidence suggest a role for TLR7 in human lupus
etiology and support the notion that TLR receptors are valid targets for disease intervention.
Specific polymorphisms in the 3> UTR of TLR7 have been identified and shown to correlate
with both elevated TLR7 expression and enhanced IFN gene signature. Shen, N., et al., Sex-
specific association of X-linked Toll-like receptor 7 (TLR7) with male systemic lupus
erythematosus. Proc Natl Acad Sci U S A, 2010. 107(36): p. 15838-43. Deng, Y. et al.,
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MicroRNA-3148 modulates allelic expression of toll-like receptor 7 variant associated with
systemic lupus erythematosus. PLOS Genetics, 2013. €1003336. In addition, lupus
standard-of-care (SOC) anti-malarial drugs such as chloroquine disrupt endosomal TLR7/9
signaling and inhibit PBMC and/or pDC I[FNalpha production induced by ssRNA-
ribonucleoprotein complexes or lupus patient serum. Moreover, myeloid DC and monocytes
produce IL-12p40, TNF alpha, and IL-6 following self-RNA/TLR8 signaling, suggesting the
additional contribution of TLRS8-dependent pro-inflammatory cytokines to human lupus
etiology in addition to TLR7-driven IFN by pDC. Vollmer, supra; Gorden, K.B., et al.,
Synthetic TLR agonists reveal functional differences between human TLR7 and TLRS. ]
Immunol, 2005. 174(3): p. 1259-68.

[0050] Mouse model evidence also exists for the role of TLR in lupus. Published
studies have collectively demonstrated that both single TLR7 or dual TLR7/9 gene deletion
or dual TLR7/9 pharmacologic inhibition reduces disease severity in four distinct lupus
models. Nickerson, K.M., et al., TLR9 regulates TLR7- and MyD8S8-dependent autoantibody
production and disease in a murine model of lupus. J Immunol, 2010. 184(4): p. 1840-8;
Fairhurst, A.M., et al., Yaa autoimmune phenotypes are conferred by overexpression of
TLR7. Eur J Immunol, 2008. 38(7): p. 1971-8; Deane, J.A., et al., Control of toll-like receptor
7 expression is essential to restrict autoimmunity and dendritic cell proliferation. Immunity,
2007. 27(5): p. 801-10; Savarese, E., et al., Requirement of Toll-like receptor 7 for pristane-
induced production of autoantibodies and development of murine lupus nephritis. Arthritis
Rheum, 2008. 58(4): p. 1107-15. Highlighting the role of TLR7 as a critical determinant of
autoimmunity, transgenic overexpression of TLR7 alone leads to spontaneous anti-RNA
auto-reactivity and nephritis in the normally disease-resistant CS7BL/6 strain. Deane, supra.
[0051] From a safety perspective, there are no reports that TLR7, 8, or 9-single or
7/8- and 7/9-dual gene deficient mice are immune-compromised to the extent that infection
by opportunistic pathogens is observed. Likewise, SOC anti-malarials are thought to be
largely safe and effective for long-term use in humans to control lupus disease flare at doses
predicted to at least partially inhibit TLR7/9 signaling. Lafyatis, R.,, M. York, and A.
Marshak-Rothstein, Antimalarial agents: closing the gate on Toll-like receptors? Arthritis
Rheum, 2006. 54(10): p. 3068-70; Costedoat-Chalumeau, N., et al., Low blood concentration
of hydroxychloroquine is a marker for and predictor of disease exacerbations in patients with
systemic lupus erythematosus. Arthritis Rheum, 2006. 54(10): p. 3284-90. In fact, save for
increased susceptibility to Gram-positive bacterial infections in childhood and to a lesser

extent in adulthood, humans with highly compromised TLR and IL-1R signaling pathways
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(MyD88- or IRAK-4-deficiency) are nonetheless healthy and maintain sufficient host defense
mechanisms. Casanova, J.L., L. Abel, and L. Quintana-Murci, Human TLRs and IL-1Rs in
Host Defense: Natural Insights firom Evolutionary, Epidemiological, and Clinical Genetics.
Annu Rev Immunol, 2010.

[0052] Based on this and other information, we believe that TLR7 in particular is a
well-validated target in the context of mouse pre-clinical SLE models. Both genetic and
functional human studies support the hypothesis that antagonism of the TLR7 and/or TLR8
pathways will afford therapeutic benefit to lupus patients. Moreover, both mouse TLR gene
deletion studies and the long-term use of anti-malarials in humans suggest that
pharmacological TLR7, 8 and/or 9 suppression can be undertaken without significantly
compromising host defense.

[0053] A compound that suppresses TLR7, TLRS8, or both TLR7 and TLR8 may
therefore be expected to act as a therapeutic or prophylactic agent for SLE or lupus nephritis.

[0054] The present inventors have found compounds that suppress TLR 7 and/or 8
and are therefore expected to have a prophylactic or therapeutic effect on SLE or lupus
nephritis. Compounds and methods of the disclosure are described herein.

[00S5] II. Therapeutic Use

[0056] Dosage levels of active ingredients in the pharmaceutical compositions of the
disclosure may be varied to obtain an amount of the active compound(s) that achieves the
desired therapeutic response for a particular patient, composition, and mode of
administration. The selected dosage level depends upon the activity of the particular
compound, the route of administration, the severity of the condition being treated, and the
condition and prior medical history of the patient being treated. Doses are determined for
each particular case using standard methods in accordance with factors unique to the patient,
including age, weight, general state of health, and other factors that can influence the efficacy
of the compound(s) of the disclosure. In general, in the case of oral administration, the
compound according to the present disclosure or a pharmaceutically acceptable salt thereof is
administered at a dose of approximately 30 pg to 100 ng, a dose of 30 pg to 500 pg, a dose of
30 pgto 10 g, a dose of 100 pgto S g, or a dose of 100 pg to 1 g per adult per day. In the
case of administration via injection, it is administered at a dose of approximately 30 pg to 1
g, a dose of 100 pg to 500 mg, or a dose of 100 pg to 300 mg per adult per day. In both
cases, a dose is administered once or divided over several administrations. Dosage may be

simulated, for example, using the Simcyp® program.
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[0057] It is not intended that the administration of a compound of the disclosure to a
mammal, including humans, be limited to a particular mode of administration, dosage, or
frequency of dosing. The present disclosure contemplates all modes of administration,
including oral, intraperitoneal, intramuscular, intravenous, intraarticular, intralesional,
subcutaneous, or any other route sufficient to provide a dose adequate to prevent or treat SLE
or lupus nephritis. One or more compounds of the disclosure may be administered to a
mammal in a single dose or multiple doses. When multiple doses are administered, the doses
may be separated from one another by, for example, several hours, one day, one week, one
month, or one year. It is to be understood that, for any particular subject, specific dosage
regimes should be adjusted over time according to the individual need and the professional
judgment of the person administering or supervising the administration of a pharmaceutical
composition that includes a compound of the disclosure.

[0058] For clinical applications, a compound of the present disclosure may generally
be administered intravenously, subcutaneously, intramuscularly, colonically, nasally,
intraperitoneally, rectally, buccally, or orally. Compositions containing at least one
compound of the disclosure that is suitable for use in human or veterinary medicine may be
presented in forms permitting administration by a suitable route. These compositions may be
prepared according to the customary methods, using one or more pharmaceutically acceptable
adjuvants or excipients. The adjuvants comprise, inter alia, diluents, sterile aqueous media,
and various non-toxic organic solvents. Acceptable carriers or diluents for therapeutic use are
well known in the pharmaceutical field, and are described, for example, in Remington: The
Science and Practice of Pharmacy (20th ed.), ed. A. R. Gennaro, Lippincott Williams &
Wilkins, 2000, Philadelphia, and Encyclopedia of Pharmaceutical Technology, eds. J.
Swarbrick and J. C. Boylan, 1988, 1999, Marcel Dekker, New York. The compositions may
be presented in the form of tablets, pills, granules, powders, aqueous solutions or
suspensions, injectable solutions, elixirs, or syrups, and the compositions may optionally
contain one or more agents chosen from the group comprising sweeteners, flavorings,
colorings, and stabilizers to obtain pharmaceutically acceptable preparations.

[0059] The choice of vehicle and the content of active substance in the vehicle are
generally determined in accordance with the solubility and chemical properties of the
product, the particular mode of administration, and the provisions to be observed in
pharmaceutical practice. For example, excipients such as lactose, sodium citrate, calcium
carbonate, and dicalcium phosphate and disintegrating agents such as starch, alginic acids,

and certain complex silicates combined with lubricants (e.g., magnesium stearate, sodium
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lauryl sulfate, and talc) may be used for preparing tablets. To prepare a capsule, it is
advantageous to use lactose and high molecular weight polyethylene glycols. When aqueous
suspensions are used, they may contain emulsifying agents that facilitate suspension. Diluents
such as sucrose, ethanol, polyethylene glycol, propylene glycol, glycerol, chloroform, or
mixtures thereof may also be used.

[0060] For parenteral administration, emulsions, suspensions, or solutions of the
compositions of the disclosure in vegetable oil (e.g., sesame oil, groundnut oil, or olive oil),
aqueous-organic solutions (e.g., water and propylene glycol), injectable organic esters (e.g.,
ethyl oleate), or sterile aqueous solutions of the pharmaceutically acceptable salts are used.
The solutions of the salts of the compositions of the disclosure are especially useful for
administration by intramuscular or subcutaneous injection. Aqueous solutions that include
solutions of the salts in pure distilled water may be used for intravenous administration with
the proviso that (i) their pH is adjusted suitably, (it) they are appropriately buffered and
rendered isotonic with a sufficient quantity of glucose or sodium chloride, and (iit) they are
sterilized by heating, irradiation, or microfiltration. Suitable compositions containing a
compound of the disclosure may be dissolved or suspended in a suitable carrier for use in a
nebulizer or a suspension or solution aerosol, or may be absorbed or adsorbed onto a suitable
solid carrier for use in a dry powder inhaler. Solid compositions for rectal administration
include suppositories formulated in accordance with known methods and containing at least
one compound of the disclosure.

[0061] Dosage formulations of a compound of the disclosure to be used for
therapeutic administration should be sterile. Sterility is readily accomplished by filtration
through sterile membranes (e.g., 0.2 micron membranes) or by other conventional methods.
Formulations typically are stored in lyophilized form or as an aqueous solution. The pH of
the compositions of this disclosure in some embodiments, for example, may be between 3
and 11, may be between 5 and 9, or may be between 7 and 8, inclusive.

[0062] While one route of administration is by oral dosage administration, other
methods of administration may be used. For example, compositions may be administered
subcutaneously, intravenously, intramuscularly, colonically, rectally, nasally, or
intraperitoneally in a variety of dosage forms such as suppositories, implanted pellets or small
cylinders, aerosols, oral dosage formulations, and topical formulations such as ointments,
drops, and dermal patches. Compounds of embodiments of the disclosure may be
incorporated into shaped articles such as implants, including but not limited to valves, stents,

tubing, and prostheses, which may employ inert materials such as synthetic polymers or
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silicones, (e.g., Silastic® compositions, silicone rubber, or other commercially available

polymers). Such polymers can include polyvinylpyrrolidone, pyran copolymer, polyhydroxy-

propyl-methacrylamide-phenol, polyhydroxyethyl-aspartamide-phenol, or polyethyleneoxide-

polylysine substituted with palmitoyl residues. Furthermore, a compound of the disclosure

may be coupled to a class of biodegradable polymers useful in achieving controlled release of
a drug, for example polylactic acid, polyglycolic acid, copolymers of polylactic and

polyglycolic acid, polyepsilon caprolactone, polyhydroxy butyric acid, polyorthoesters,

polyacetals, polydihydropyrans, polycyanoacrylates, and cross linked or amphipathic block

copolymers of hydrogels.

[0063] A compound of the disclosure may also be administered in the form of
liposome delivery systems, such as small unilamellar vesicles, large unilamellar vesicles, and

multilamellar vesicles. Liposomes can be formed from a variety of lipids, such as cholesterol,

stearylamine, or phosphatidylcholines. A compound of the disclosure may also be delivered

using antibodies, antibody fragments, growth factors, hormones, or other targeting moieties

to which the compound molecules are coupled (e.g., see Remington: The Science and .
Practice of Pharmacy, vide supra), including in vivo conjugation to blood components of a

compound of an embodiment of the disclosure.

[0064] [1I. Synthesis

[0065] General and specific synthesis routes are provided that we found useful for

preparation of embodiments of the disclosure. Those skilled in the art may recognize that

certain variations or modifications of these procedures could also lead to synthesis of
compounds according to the disclosure. In some situations the phrase “such as” is used to

enumerate various alternatives for more generic compounds or structures. It will be

understood that “such as” should not be construed to be limiting, and that its meaning is in

accord with “including, for example, but not limited to.”

[0066] Certain conditions were common to specific examples presented below.

Microwave heating was done using a Biotage® Emrys Liberator or Initiator microwave

reactor. Column chromatography was carried out using Biotage® SP4 flash chromatography

system. Solvent removal was carried out using either a Bilichii rotary evaporator or a

Genevac® centrifugal evaporator. NMR spectra were recorded at 400 MIiz on a Varian

Unity® spectrometer using deuterated solvents. Chemical shifts are reported relative to

residual protonated solvent.

19



14 Nov 2018

2018264036

[0067] Thin layer chromatography was performed on Whatman® glass plates
precoated with a 0.25 mm layer of silica gel using various ratios of one or more of the
following solvents: EtOAc, heptane, dichloromethane or MeOH.
[0068] Analytical LC/MS was performed for many examples on a Waters Acquity™
system using an XBridge™ C18 1.7um 2.1 x 50mm column. Solvents A and B are Water w/
0.1% formic acid and Acetonitrile w/ 0.1% formic acid, respectively. 5 minute total method
time with 5% B to 99% B over 4 minutes with a flow rate of 0.3 ml/min. Mass spectral data
were acquired on a Waters SQD from 100-2000 amu in electrospray positive mode.
[0069] Alternatively, purity and mass confirmation were carried out on a Waters
Autopurification system using an XBridge™ C8 3.5 um 4.6 x S0mm column. Solvents A and
B are water w/ 0.1% formic acid and acetonitrile w/ 0.1% formic acid, respectively. 6 minute
total method time with 10% B to 95% B over 5 minutes with a flow rate of 2.5 ml/min. Mass
spectral data were acquired on a Micromass ZQ™ from 130-1000 amu in electrospray
positive mode.
[0070] Preparative reverse phase LC/MS was carried out for many examples on a
Waters Autopurification system using an XBridge™ C8 Sum, 19 x 100mm column. Solvents
A and B are water w/ 0.1% formic acid and Acetonitrile w/ 0.1% formic acid, respectively.
12 minute total method time with 30% B to 95% B over 10 minutes with a flow rate of 20
ml/min. Mass spectral data were acquired on a Micromass ZQ™ from 130-1000 amu in
electrospray positive mode.
[0071] Preparative HPLC resolution of racemic compounds was carried out for many
examples using one of the following chiral columns: Chiralpak® IA (5 cm x 50 cm or 2 cm x
25 cm), Chiralpak® AD (2 cm x 25 cm) or Chiralcel® OD (2 cm x 25 cm). Enantiomer
ratios of purified compounds were determined by HPLC analysis on a 0.45 cm x 25 cm
column comprised of the same stationary phase (IA, AD or OD).
[0072] General methods and experimentals for preparing compounds of the present
disclosure are set forth below. In certain cases, a particular compound is described by way of
example. However, it will be appreciated that in each case a series of compounds of the
present disclosure were prepared in accordance with the schemes and experimentals
described below. For those compounds where NMR and/or mass spectrometry data are
available, the data is presented in FIG. 6.
[0073] The following abbreviations are used herein:

Definitions: The following abbreviations have the indicated meanings:

AcOH: acetic acid
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anhyd: anhydrous

aq.: aqueous

Bn: benzyl

Boc: tert-butoxycabonyl

CSA: Camphor sulfonic acid

d: day(s)

DAMP: Danger-Associated Molecular Pattern
DBU: 1,8-Diazobicyclo[5.4.0]Jundec-7-ene
DCE: 1,2-dichloroethane

DCM: dichloromethane

DIPEA: N,N-diisopropylethylamine

DMA: N,N-Dimethylacetamide

DMAP: 4-Dimethylaminopyridine

DMEF: N,N-dimethylformamide

DMSO: Dimethyl sulfoxide

dsDNA: double-stranded DNA

EDC: 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride
ee: enantiomeric excess

EtOAc: ethyl acetate

EtOH: ethanol

h: hour(s)

HATU: N,N,N',N'-Tetramethyl-O-(7-azabenzotriazol-1-yl)uronium
hexafluorophosphate

HCI: hydrochloric acid

HCQ: hydroxychloroquine

hep: n-heptane

HEPES: 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid
HPLC: high performance liquid chromatography
IFN: interferon

IPA: isopropyl alcohol or isopropanol

K,COs3: potassium carbonate

MeOH: methanol

MgSO,4: magnesium sulfate (anhydrous)

min: minute(s)
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MTBE: methyl fert-butyl ether

Na,COs3: sodium carbonate

Na»SOy: sodium sulfate (anhydrous)

NaBHjy: sodium borohydride

NaCl: sodium chloride

NaH: 60% sodium hydride dispersed in oil
NaHCO3: sodium bicarbonate

NaOH: sodium hydroxide

NBS: N-bromosuccinimide

NH4Cl: ammonium chloride

NH4CI: ammonium chloride

NH4OH: ammonium hydroxide

NMP: N-methylpyrrolidone

Ns: Nosyl or o-nitrobenzenesulfonyl

°C: degrees Celsius

PAMP: Pathogen-Associated Molecular Pattern
PBMC: peripheral blood mononuclear cell
PBS: phosphate buffered saline

pDC: plasmacytoid dendritic cell

PhNTf,: N-phenyltrifluoromethanesulfonimide
qPCR: quantitative polymerase chain reaction
R848: resiquimod

rt: room temperature

sat: saturated

SNAP: BIOTAGE® brand flash chromatography cartridge
SOC: standard-of-care

ssRNA: single-stranded RNA

T3P: Propylphosphonic anhydride

tBuOK: potassium tert-butyloxide

TEA.: triethylamine

TEMPO: 2,2,6,6-Tetramethylpiperidine 1-oxyl
Tf: trifluoromethanesulfonate

TFA: trifluoroacetic acid

THF: tetrahydrofuran
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TLDA: Tagqman® Low Density Array
TLR: Toll-like receptor

TSA: p-toluenesulfonic acid

[0074] General Synthetic Methods:
[0075] Compounds were made according to the general synthetic methods shown in
Schemes 1 - 31:
[0076] Scheme 1
Br Br
Br NH,OHHCI _
= Et;N Cu(OAc); =
- . X . g
SN N N
H™ N I}
H™ ~0O (l)H N
[0077] 1 2 3
[0078] The preparation of several of the examples use key intermediate 3, which is

can be prepared according to the route depicted in Scheme 1. The commercially available 5-
bromoquinoline-8-carbaldehyde 1 (Frédérieric de Montigny, Gilles Argouarch, Claude
Lapinte, “New Route to Unsymmetrical 9,10-Disubstituted Ethynylanthracene Derivatives,”
Synthesis, 2006 , 293-298.) is treated with hydroxylamine hydrochloride to provide the oxime
2. 2 is subsequently converted to the corresponding nitrile 3 in the presence of catalytic
amount of copper acetate to provide one of the key intermediates reported herein.
Intermediate 3 is used for the generation of compounds reported herein by the displacement
of the S-position of S-bromoquinoline-8-carbaldehyde with appropriate aromatic,
heteroaromatic and saturated heterocyclic compounds such as piperidines, piperazines and
morpholines using appropriate conditions described in detail below.

[0079] An alternative method for the generation of the key intermediate 3 is shown in
Scheme 2 wherein triethylamine for the first step of the synthesis is replaced with sodium
acetate,

[0080] Scheme 2
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Br Br Br
NHQOH'HC| 4 AN Cu(OAc), =
Z NaOAc - 3H,0 « CH3COOH
= = NS
\N N)j\/ N
H” N Il
H™ ~O
OH
[0081] 1 2 3
[0082] Several examples are produced by the general condensation process as

depicted in Scheme 3, wherein bromoquinoline 3 is condensed with the appropriate
nucleophile 4 to form 5§ which may be either a key intermediate or a final compound

described in more detailed below.

[0083] Scheme 3
Br Nucleophile
| h Condensation | N
N/ + Nucleophile ———————— = —
Conditions N
i Il
[0084] 3 4 5
[0085] A number of the examples represented by compound 15 were prepared from

the advanced intermediate 14 as depicted in the general method shown in Scheme 4. An
appropriately protected chiral epoxide 6 is condensed with allyl amine to provide the chiral
aminoalcohol 7. After protection of the secondary amine with a nesylate the resultant
intermediate 8 is intermolecularly cyclized to form the unsaturated pyran 9. Reduction of the
enamine double bond to form 10 was followed by deprotection of the nesyl group to provide
9. Condensation of 11 with the bromide 3 (Scheme 1 or 2) with or without the use of a
palladium catalyst provides 12, after which deprotection of 13 followed by activation of the
resulting alcohol provides the key intermediate 14. Activated 14 can be easily transformed to
a number of the examples provided below by the use of the appropriately substituted amine

and condensation reagents to provide compounds of general structure 15.
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[0086] Scheme 4
OBn oBn PdCl,
™ NsCI Cu(OAc)2
OBn NH (HO _NaHCO, \L j)
(@)
N
H
(R)-benzyl 7 8
glycidol (6)
OB gt.siH OBn  pusy OBn
MeTO TFA  Me O t-BUOK Me_ O
N N y
Ns Ns H
9 10 11
Me Me
DIPEA 7 ) H\ o

N_A_ 0B " Ny

TMSI = | 0

N__A_ oH

NC NC
12 13
Me
o ] o
L N\/t\/N\RZ
NC
[0087] 15
[0088] An alternative method for the preparation of general structure 10 is depicted in

Scheme 5. Radical cyclization of the protected alcohol 8 can be obtain by treatment with N-
bromosuccinimide to provide 16. Elimination of the bromo-group using base provides the

enol 17, which is then reduced with a silane to provide intermediate 10.

[0089] Scheme $
OBn OBn OBn
1“°f “[ f =T 'y “”‘*r bg
[0090] 8 16 " “’
[0091] An alternative method for the preparation of general structure 11 is depicted in

Scheme 6. Starting with the chiral epoxy starting material 6, one forms the alcohol 18 after

protection of the secondary amine with a Boc-protecting group. Lactonation using water
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soluble DCC provides 19 which then can be subjected to alkylation using an alkyl lithium,
such as methyl lithium to form a mixture of ketals, 20 and 21. The ketal mixture is
subsequently reduced to form a diastereomeric mixture of morpholine compounds 22 (being
the desired diastereomer isomer) and 23 which can be easily separated by silica gel column
chromatography. The ratio of the methyl morpholine mixture was found to be from 4:1 to
9:1 in favor of structure 22. X-ray crystal structures were obtained of subsequent, advanced
compounds to confirm the absolute stereochemistry of compound 22. Compound 22 is easily

converted to 11 by deprotection with acid such as TFA followed by neutralization with a

base.
[0092] Scheme 6
OBn OBn
1) glycine/ HO
{ BN NaOH ag OTOH OBn EDCI-HCI OTOY Meli Me—i-O-
) g —_—
© 2) (Boc);0 N/\:) DMAP N N
5 Boc OH Boc Boc
A 19 [-OH: 20
a-OH: 21
i M (0]
Et38|H> evL[ TJ Me\[ :H 1)TFA Me
TMSOTf N y
TFA B 2) Na HCOa N
B-Me:22 (desired; major) 22 11
[0093] a-Me: 23 (undesired; minor)
[0094] A third method for the preparation of key intermediate 11 is shown in Scheme

7. The commercially available protected epoxide 6 is condensed with aqueous ammonia to
provide the amino alcohol 23 which in turn is condensed with the chiral chloropropinate 24 to
form the enantiomerically pure amide 25. Ether formation using a strong base such as
sodium hydride provides lactam 26, which can be converted to intermediate 11 by amide
reduction to the cyclic amine.

[0095] Scheme 7
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0 a9 NH; /LW
OBn ( OBn Cl h

NH2
6 24
HO
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<\ OBn NaH OBn | jAlH, OBn
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O~ °N N
O el H H ‘
Cl
[0096] 25 26 11
[0097] An alternative method for the production of examples encompassed in the

generic structure 5 in Scheme 3 and compound 12 in Scheme 4 is illustrated in Scheme 8.
The starting materials 28 and 30, prepared from commercially available sources (27 & 29),
can be easily condensed in the presence of an inorganic base to form 31. The phenolic
protecting group is removed via reductive hydrolysis to form 32, the acetal protecting group
is hydrolized with acid to form the aldehyde 33, and then formation of the bicyclic
heterocycle 34 under catalytic acidic, condensation conditions. The phenolic hydroxyl group
on 34 is then activated to form 35, which subsequently can be condensed with 11 to form 12
as shown in Scheme 4. Compound 11 can be replaced by other nucleophiles as shown in the
examples below.

[0098] Scheme 8
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OEt OEt
PhSO,ClI BnBr
EtO s EtO)\L /@ /@
N32C03 K2CO3
NH NHSOzPh

27
OEt OEt
CSQCOg EtO 2 EtO
28 + 30
NMP Pd C
s:o2 CN s:o2 CN
31 32
oTf
11
\l\ CSA sz = DIPEA 12
“NwP h NMP
so2 CN so2 CN oS0z CN
[0099] 33 34 35
[0100] Two alternative methods for the preparation of compounds with general

structure 15 use the processes depicted in Scheme 9 and 10. Intermediate 13 is activated by
forming the triflate 36 followed by displacement with the appropriate amine in the presence
of base such as potassium carbonate to form the desired target compound 15 as depicted in

Scheme 9.

[0101] Scheme 9
Me Me
o OV (o O 0T
- — R
NC NC
[0102] 36 15
[0103] Starting with the Boc-protected chiral morpholine 22 from Scheme 6, one

familiar in the art is able to produce additional examples of compounds with general structure
15 by the conversion of the protected alcohol to the azide intermediate 37 as shown in
Scheme 10. 37 is easily converted to the primary amine ER-884884 after reduction of the
azide, deprotection of the Boc-group, and condensation with 3. ER-884884 likewise can be
converted to additional analogs depicted by general structure 15 by either alkylation or
acylation processes.

[0104] Scheme 10
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OBn Me

Me, O —
\[ 1) Hy, PAIC  Me J} 1) Hy, PAIC 2 o Substitution
- —— 15
N 2) TsCl, Py 2) TFA Ny NOAC N2 “processes
Boc 3) NaN3 3)3
NC
ER-884884

[0105] 22 37 15R1=R2=H
[0106] Preparation of alternative set of compound examples is by oxidation of the key

intermediate 13 to form 38 followed by formation of the examples via amide coupling
conditions to form 39 as shown in Scheme 11. The preparation of some of the examples
using this general method will require one or two additional steps to provide the desired
target compounds of general structure 40. Likewise various esters depicted by general
structure 41 can be easily produced from 38 using various methods by those persons familiar

with the art.

[0107] Scheme 11
Me Me Me
TEMPO z Z 0 = H\O
—— COH — . —_—
| amide HN._ Modification HN._,
N coupling NC R NC R
38 39 40
)”C
= (0]
|
Ester N N\/kcozR
- Formation Ne
[0108] @
[0109] Likewise, ether examples are prepared by two possible methods: (1) the

displacement of activated group on an alkyl, alkenyl or aryl functional group using base and
compound 11 from Scheme 4; or using the activated alcohol 14 or 36 with phenols or alkyl
alcohols in the presences of an appropriate base. Both methods to provide examples with the
general chemical structure 42 are shown in Scheme 12,

[0110] Scheme 12

Ny N\/K/OH _— s Ny N\/K/C)\R
NG Base
13 NC
42
Me
= (¢)
| KL RO
N
X N\/K/O;S/R
gy Base
NC
[01 1 1] 14 or 36
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[0112] Key intermediate 13 may also be oxidized to form an aldehyde 43 followed by
condensation with various alkyl and aryl coupling reagents to provide examples 44 or 46 as
depicted in Scheme 13. The resultant products can then be transformed to additional
examples by either oxidation of 44 to provide compounds of general structure 45 or reduction
of 46 to provide compounds of general structure 47 where n = 2. Likewise persons familiar
with the art may generate the additional examples from intermediate 44 by activation of the
hydroxyl group such as forming the triflate followed by reduction using several possible
reducing reagents to provide examples that contains one less methylene group or 47 where n

=1.

[0113] Scheme 13
Me Me Me
=z ’/'\0 z K'\o - z ’/l\o
idati R-Metal Oxidation
i | NWO - NE\ }l N\/\/R ' N\/H‘/R
(0]
NC H NC OH NC
43 44 45

1) Hydroxyl group activation
2) Reduction
Me

Me
z 0
L = 0 ! ‘/'\
Wittig Like | I/l\ Reduction N | N R
L = . Ns NN\R — s Ny \/&H,n
NC
4

Condensation
NC

[0114] 46
[0115] A final set of examples are prepared by the use of Scheme 14. Using the same

7

synthetic methodology to prepare compound 13 in Scheme 4, one can prepare the desired
seven-membered heterocycle 68 replacing allyl amine with 1-amino-3-butente 62. 68 can
then be activated and then condensed with various substituted amines to generate additional
analogs in a similar manner as shown in several the schemes depicted above.

[0116] Scheme 14
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[01 17] 67 68 or ER-888363
[0118] Preparation of Examples
[0119] Compound 3 - Scheme 1
[0120] To a suspension of 5-bromoquinoline-8-carbaldehyde 1 (1.00 g, 4.24 mmol)

and hydroxylamine hydrochloride (1.177 g, 16.94 mmol) in acetonitrile (110 mL) was added
TEA (2.362 mL, 16.94 mmol) followed by heating to reflux for 3 h to afford a yellow
suspension. The completed reaction completion was cooled to 1t, the precipitate was filtered,
and the filter cake rinsed with acetonitrile (50 mL). The crude solid was purified over a short
pad of silica gel (10 g) eluting with EtOAc (300 mL) providing the aldoxime 2 as a yellow
solid.

[0121] Aldoxime 2 (1.001g, 4.0 mmol) and copper (II) acetate monohydrate (84.6
mg, 0.424 mmol) in anhydrous acetonitrile (180 mL) were stirred at reflux for 12 h. The
completed reaction was cooled to rt, filtered and the filter pad washed with H,O to afford a
brown solid. The crude solid was purified over a short pad of silica gel (ca. 10 g) eluting with
(DCM 100 mL) to provide 5-bromoquinoline-8-carbonitrile, 3 (0.783 g, 3.4 mmol, 79.3 %
yield over 2 steps) as a white-beige solid after concentration and drying in vacuo the eluted
product. See: Frédérieric de Montigny, Gilles Argouarch, Claude Lapinte, Synthesis, 2006 ,
293.

[0122] Compound 3- Scheme 2

[0123] To a stirred solution of sodium acetate trihydrate (31.6 g, 0.232 mol) in EtOH
(0.498 L) at 15 °C was added 5-bromoquinoline-8-carbaldehyde (49.84 g, 0.211 mol)
followed by hydroxylamine hydrochloride (15.55 g, 0.223 mol). The resultant mixture was
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heated to 70 °C for 3 h after which time the reaction was cooled to 35 °C and then diluted
with water (250 mL). The mixture was partially concentrated to approximately 250 mL after
which time water (250 mL), 2-methoxy-2-methylpropane (120 mL), and heptane (120 mL)
were added followed by re-concentrated the mixture to approximately 250 mL. The resultant
slurry was diluted with water (250 mL) and cooled to 0 °C after which time 1 M NaOH in
water (211mL) was added and the final mixture was stirred vigorously for 10min. The
suspension was filtered, rinsed with water (498 mL) and the filter cake dried at 30 °C for 18 h
to afford aldoxime 2 (49.75 g, 0.198 mol, 93.9% yield) as tan powder.

[0124] To a stirred suspension of 2 (48.21 g, 0.192 mol) in acetonitrile (386 mL) at 15
°C was added copper (II) acetate (0.523 g, 2.9 mmol) followed by acetic acid (13.1 mL, 0.229
mol). The resultant mixture was heated to reflux for 21 h after which time the completed
reaction was cooled to 50 °C. Water (0.39 L) was added and the mixture was partially
concentrated followed by dilution with water (290 mL) and cooled to 5 °C. 1 M NaOH in
water (230 mL) was added and vigorous stirring was continued for 10 min. The suspension
was filtered, the filter cake rinsed with water (500 mL) and dried to afford compound 3
(42.80 g, 0.183 mol, 95.6 % yield) as dark gray powder.

[0125] Synthesis of ER-878952 - Scheme 3 & 15 (Method 1)
[0126] Scheme 15
0 | ~ Ao
. . \[ :]/ NMP, microwave_ N N\/K
N
H
NZ
(0127] 69 ER-878952
[0128] 3 (200.2 mg, 0.86 mmol) in NMP (1 mL) and commercially available cis-2,6

dimethylmorpholine 69 (133.4 mg, 1.16 mmol - as a representative of compound 4 in Scheme
3) was microwaved at 150 °C for 1 h. The completed reaction was filtered and divided into
several vials, diluted with NMP and purified by HPLC (C18 column, gradient 10/90-95/5
acetonitrile/water with 0.1 % TFA, 15 min run, t = 8.5 - 9 min) to yield ER-878952 (180 mg.
0.68 mmol, 79.1 % yield) after concentration and drying in vacuo the desired combined
fractions.

[0129] ER-880369 (8.2 mg, 0.031 mmol, 48.4 % yield) was produced in a similar
manner to ER-878952 using 3 (15 mg, 0.064 mmol) and 2-ethylmorpholine (22.2 mg, 0.191

mmol). The separation of the enantiomers was not performed.
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[0130] ER-885618 (385.2 mg, 1.032 mmol, 60.7 % yield) was produced in a similar
manner to ER-878952 using 3 (400 mg, 1.716 mmol) and 11 (398.1 mg, 1.799 mmol) from
Scheme 4.

[0131] Synthesis of compound ER-878952 (Method 2, Scheme 3 & 15)

[0132] To a stirred suspension of Compound 3 (12.00 g, 0.0515 mol) in NMP (30.0
ml.) was added 69 (14.8 g, 0.129 mol) followed by heating at 120 °C for 4 h. The completed
reaction was cooled to 50 °C, diluted with IPA (30 mL), heptane (60 mL) and then further
cooled to 0 °C. After 30 min, the precipitates were collected by filtration, rinsed with pre-
chilled (at 0 °C) IPA (18.0 mL)/heptane (36 mL.) mixture and dried under Np/vacuum for 2 h
to afford ER-878952 (11.00 g) as a yellow powdered. The filtrate was concentrated,
partitioned between EtOAc (120 mL) and saturated aqueous NaHCOj3 (60 mL). The organic
layer was separated, washed with water (60 mlL) and passed through pre-conditioned
(heptane-EtOAc 1:1) silica gel, eluted with EtOAc (120 mL) then concentrated. Brownish
solid thus obtained was suspended in EtOAc (10 mL) heptane (10 mL) and heated to 70 °C
and then allowed to cool down to 20 °C. Precipitates were collected by filtration, rinsed with
a mixture of EtOAc (5.0 mL) and heptane (5.0 mL), then dried under Ny/vacuum for 1 h,
affording the additional ER-878952 (0.649 g) as yellow powder. Overall the process
provided ER-878952 (11.64 g, 43.6 mmol, 89.6 % yield).

[0133] ER-879484 (Method 3, Scheme 3 and 16)
[0134] Scheme 16
cl o E, \? o N 0
3 [ j/\ EtSN %‘/\ N N\/'\/Cl + N = @
Mlcrowave P AN |
ER-879484 NT eragrases NT eraresto
70

[0135] To a stirred solution of 3 (15 mg, 64.4 mmol) and 4-benzyl-2-

(chloromethyl)morpholine, 70 (43.6 mg (0.193 mmol) in DMF (0.5 mL) was added TEA
(0.27 ul,, 0.194 mmol). The reaction mixture was microwaved at 160 °C for 1h after which
time the completed reaction was directly purified over a C-18 reverse phase preparative
HPLC column (Water's X-Bridge C18 19 x 100 mm column; eluting with 0 40 % gradient
of acetonitrile in water with 0.05 % TFA). The fractions containing the desired product were
combined, concentrated and dried in vacuo to provide ER-879484 (4.2 mg, 0.015 mmol, 22.7
% yield). The enantiomers of ER-879484 (3.0 mg, 0.010 mmol) were separated using a
chiral HPLC column to providing ER-879569 (1.0 mg, 0.004 mmol) and ER-879570 (1.0
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mg, 0.004mmol) after concentration the desired fractions and drying in vacuo. The absolute
stereochemistry is unknown, but arbitrarily assigned.

[0136] ER-879739 (12 mg, 0.047 mmol, 73.6 % yield) was produced in a similar
manner to ER-879484 starting using 3 (15 mg, 0.064 mmol) and 2-methylmorpholine (19.5
mg, 0.195 mmol). Separation of the enantiomers was not performed.

[0137] ER-880191 (9.5 mg, 0.036 mmol, 23.7 % yield) was produced in a similar
manner to ER-879484 starting using 3 (35 mg, 0.150 mmol) and (2S,6S)-2,6-
dimethylmorpholine (741 mg, 6.434 mmol). The cis-isomer ER-878952 (15.2 mg, 0.057
mmol, 37.9 % yield) was also isolated. TEA was not used in this preparation.

[0138] Additional Examples derived from ER-878952:

[0139] ER-885160: ER-878952 (85.6 mg, 0.320 mmol) was dissolved in 1,2-
ethanediol (1 mL) followed by the addition of potassium hydroxide (60 mg, 1.069 mmol).
The reaction mixture was microwaved at 120 °C for 10 h after which time, it was filtered then
directly injected onto a C-18 reverse-phase preparative HPLC for purification (Water's X-
Bridge C18 19 x 100 mm column, eluting with 10-100 % acetonitrile in water with 0.05 %
TFA). The desired fractions were concentrated to dry, dissolved in MeOH (3 mL) and eluted
over a carbonate impregnated silica gel column (Biotage Isolute SPE, Si-COs, 1g), washed
with MeOH (3 mL), concentrated and dried in vacuo to provide ER-885160 (56.2 mg, 0.197
mmol, 61.6 % yield).

[0140] Preparation of compound ER-890963 as an example of Compound 15,
Scheme 4
[0141] Compound 7: A 22L reactor was charged with (2R)-benzyl 2-epoxypropyl

ether (0.7692 kg, 4.684 mol) T-internal 18-19C. Allylamine (3800 mL, 51 mol) was added at
18-19 °C and resultant mixture was heated to 50 °C. After 20 h, the mixture was
concentrated, azeotroped with MTBE (4 L x 3) to give (R)-1-(allylamino)-3-
(benzyloxy)propan-2-ol, 7 (ca. 1037 g, 4.684 mol, 100 % yield assumed) as colorless oil.

[0142] Compound 8: To a stirred suspension of sodium bicarbonate (1180 g, 14.0
mol) in water (7.2 L) at 10-11 °C was added a solution of o-nitrobenzenesulfonyl chloride
(1038 g, 4.684 mol) in DCM (3100 mL) followed by warming the resultant biphasic mixture
to 20 °C. A solution of 7 (ca. 1037 g, 4.684 mol assumed) in DCM (4100 mL) was added
over 3 h while maintaining-T-internal between 20-23 °C and vigorous stirring was continued
overnight.  The mixture was diluted with water (4100 mL) with stirring followed by
separation of the layers. The aqueous layer was extracted with MTBE (4100 mL). The

combined organic layers were diluted with #-heptane (4100 mL), sequentially washed with
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1.0 M HCl (4700 mL), saturated NaHCO; (2.0 kg), water (4100 mL), concentrated, and
azeotroped with MTBE (5200 mL x 3) to dry to provide (R)-N-allyl-N-(3-(benzyloxy)-2-
hydroxypropyl)-2-nitrobenzenesulfonamide, 8 (1.855 kg, 4.56 mol, 97% yield) as brownish
green oil after drying for 3 days in vacuo.

[0143] Compound 9: A stirred suspension of 8 (1.80 kg, 4.429 mol) in DMA (5.40
L) was heated to 40 °C to achieve complete dissolution, then cooled down to 25 °C after
which time the mixture was added to a separate reactor was containing Cu(Il) acetate (0.145
kg, 0.797 mol) followed by rinsing the original vessel with DMA (5.40 L). Palladium(II)
chloride (0.063 kg, 0.354 mol) was added followed by was replacing internal atmosphere
with oxygen (1 bar) and warming up 28-32 °C for 3 days. The completed reaction mixture
was split into equal 2 portions to facilitate work-up. Each portion was separately poured
into a mixture of 0.1 M HCI (23 L) and MTBE (9.0 L) while controlling T-internal < 25 °C.
The layers were separated and the aqueous layer was extracted with MTBE (9.0 L & 5.4 L).
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