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RELATED APPLICATION

This application claims benefit of priority to U.S. Provisional Patent Application

No. 62/464,693, filed February 28, 2017.

BACKGROUND OF THE INVENTION
The heterodimeric integrin family of receptors modulate cellular shape and cell
adhesion to the extracellular matrix in response to extrinsic and intrinsic cues.
Integrin signaling controls cell survival, cell cycle progression, cell differentiation,
and cell migration.
The integrin receptor exclusively can signal a cell bi-directionally, both “inside-out”

29

and “outside-in.” Thus, they mediate cell migration by transmitting forces from the
extracellular matrix to the cytoskeleton and regulate cytoskeletal organization to achieve
shape changes needed during cell migration. RGD-binding integrins can bind to and
activate TGF-3, and have recently been implicated in fibrotic disease.

Integrins are expressed on the surface of most of human cells. Their pathology
contributes to a diverse set of human diseases, including platelet disorders, atherosclerosis,
cancer, osteoporosis, fibrosis, diabetic neuropathy of the kidney, macular degeneration and
various autoimmune and chronic inflammation diseases.

The role of integrins as drug targets has long been recognized, and a total of six
injectable integrin inhibitors have been approved by the Food and Drug Administration for
the treatment of various therapeutic indications: inflammatory bowel disease (Entyvio®,
Tysabri®), multiple sclerosis (Tysabri®), psoriasis (Raptiva®), and acute coronary
syndrome (Reopro®, Aggrastat®, Integrilin®). However, there has been a notable absence
of therapeutic success with orally bioavailable integrin inhibitors.

Of the 24 known integrin heterodimers, as least half have relevance in
inflammation, fibrosis, oncology and vascular disease. There exists a need for new classes

of integrin inhibitors.
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Any discussion of the prior art throughout the specification should in no way be
considered as an admission that such prior art is widely known or forms part of common
general knowledge in the field.

SUMMARY OF THE INVENTION

5 In one aspect, the present disclosure provides a compound of formula (I):
A-B-C ()
wherein:
Ry Ry
R R
P
R ONTON
Als H ;

B is -alkylene-C(O)N(R)-;

&35
N O
R, N
avs %OH
7 n R
2 5

R is H, alkyl, or aryl;

10 Cis

Ri1 is independently H, alkyl, halide, alkoxy, CF3, OH, alkylene-OH, NO2, -
N(H)R, or NHz;

R2 is H, alkyl, substituted or unsubstituted aryl, substituted or unsubstituted
15 heteroaryl, cylcoalkyl, -alkylene-alkoxy, alkylene-aryl, or heterocycloalkyl;

R3,Re, and Ry are independently H, halide, CF3, alkyl, alkylene-alkoxy, aryl,
hydroxyl, or alkoxy; and
n' is independently 0, 1, or 2;
wherein the aryl and heteroaryl groups, when substituted, are substituted with a
20  substituent selected from the group consisting of alkoxy, alkyl ester, alkylcarbonyl,
hydroxyalkyl, cyano, halo, amino, amido, cycloalkyl, aryl, haloalkyl, nitro, hydroxy,
alkoxy, aryloxy, alkyl, alkylthio, and cyanoalkyl,
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or a pharmaceutically acceptable salt thereof.

In another aspect, the present disclosure provides a pharmaceutical composition,
comprising a compound of the invention; and a pharmaceutically acceptable excipient.

In another aspect, the present disclosure provides a method of treating a disease or
condition selected from the group consisting of idiopathic pulmonary fibrosis, diabetic
nephropathy, focal segmental glomerulosclerosis, chronic kidney disease, nonalcoholic
steatohepatitis, primary biliary cholangitis, primary sclerosing cholangitis, solid tumors,
hematological tumors, organ transplant, Alport syndrome, interstitial lung disease,
radiation-induced fibrosis, bleomycin-induced fibrosis, asbestos-induced fibrosis, flu-
induced fibrosis, coagulation-induced fibrosis, vascular injury-induced fibrosis, aortic
stenosis, and cardiac fibrosis, comprising administering to a subject in need thercof a
therapeutically effective amount of a compound of the invention.

In another aspect, the present disclosure provides use of a compound of the
invention in the manufacture of a medicament for the treatment of a disease or condition
selected from the group consisting of idiopathic pulmonary fibrosis, diabetic nephropathy,
focal segmental glomerulosclerosis, chronic kidney disease, nonalcoholic steatohepatitis,
primary biliary cholangitis, primary sclerosing cholangitis, solid tumors, hematological
tumors, organ transplant, Alport syndrome, interstitial lung disease, radiation-induced
fibrosis, bleomycin-induced fibrosis, asbestos-induced fibrosis, flu-induced fibrosis,
coagulation-induced fibrosis, vascular injury-induced fibrosis, aortic stenosis, and cardiac
fibrosis.

In certain embodiments, the invention relates to a compound of Formula I:

A-B-C ()

wherein:
H
Ri R RN_ _N Rie _N. _N
R R X 1 AN ~
‘ SR | ¢
R N |N/ R1 = R1 R4 Z R1
. Ry
As H , Ry , or Ry :

B is alkylene, -alkylene-(O); -alkylene-N(R)C(O)-, -alkylene-(heterocyclyl)-
C(0O)-, -alkylene-C(O)N(R)-, -alkylene-C(O)-, -alkylene-N(R)-, -alkylene-N(R)C(O)N(R)-,
-alkylene-N(R)SOz2-, -alkylene-(aryl)-, -alkylene-(heterocyclyl)-, alkylene-(heterocyclyl)-
alkylene-, -aryl-alkylene-N(R)C(O)-; -aryl-C(O)N(R)-, -aryl-N(R)C(O)-, -(heterocyclyl)-

-2a -



02 Dec 2021

2018229275

alkylene-, -heterocyclyl-alkylene-N(R)C(O)-; -heterocyclyl-C(O)N(R)-, —O-heterocyclyl-; -
alkylene-O-; -heterocyclyl-C(O)-; cycloalkylene; or clycloalkylene-O-;

el N

R is H, alkyl, or aryl;

R1 is independently H, alkyl, halide, alkoxy, CF3, OH, alkylene-OH, NOz, -
N(H)R, or NHo;

Rz is H, alkyl, substituted or unsubstituted aryl, substituted or unsubstituted
heteroaryl, cylcoalkyl, -, alkylene-aryl, or heterocycloalkyl;

-2b -
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R,

Ro

N4§ﬁ
RS OR,

O is a 3-12 membered heterocycloalkylene unsubstituted or

substituted by one or more instance of Ri;
X 1s C(Rc), or N;

both instances of Ra are H, or taken together form a bond, or a (Ci-

5  Cas)alkylene bridge;
Ry is H, or (C1-Ce)alkyl; and
Rc is H, alkyl, aryl, OH, or halide;

or a pharmaceutically acceptable salt thereof;

OO
o] N /
provided that the compound is not o ,

Hoﬁ]AN ﬁ o | K
(o) N N
k/ AN
10 T

kdm

)]\/ O)‘\ O\[NIJ % N/\n/OH
In certain embodiments, the invention relates to a compound selected from the group

consisting of’

s N
15 OH,
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In certain embodiments, the invention relates to a compound selected from the

group consisting of’
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In certain embodiments, the invention relates to a method of treating a disease or a
condition selected from the group consisting of idiopathic pulmonary fibrosis, diabetic
nephropathy, focal segmental glomerulosclerosis, chronic kidney disease, nonalcoholic

10  steatohepatitis, primary biliary cholangitis, primary sclerosing cholangitis, solid tumors,
hematological tumors, organ transplant, Alport syndrome, interstitial lung disease radiation-
induced fibrosis, bleomycin-induced fibrosis, asbestos-induced fibrosis, flu-induced
fibrosis, coagulation-induced fibrosis, vascular injury-induced fibrosis, aortic stenosis, and
cardiac fibrosis comprising the step of: administering to a subject in need thereof a

15  therapeutically effective amount of any one of the compounds described herein.

-13 -
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BRIEF DESCRIPTION OF THE FIGURES
Figure 1 depicts a table summarizing inhibition of avp6 integrin by example

compounds in fluorescence polarization assay.

DETAILED DESCRIPTION OF THE INVENTION

In certain embodiments, the invention relates to compounds that inhibit avf6
integrin. In certain embodiments, the compounds are selective for av36 integrin.

The compounds will be useful for the treatment of idiopathic pulmonary fibrosis,
diabetic nephropathy, focal segmental glomerulosclerosis, chronic kidney disease,
nonalcoholic steatohepatitis, primary biliary cholangitis, primary sclerosing cholangitis,
solid tumors, hematological tumors, organ transplant, Alport syndrome, interstitial lung
disease, radiation-induced fibrosis, bleomycin-induced fibrosis, asbestos-induced fibrosis,
flu-induced fibrosis, coagulation-induced fibrosis, vascular injury-induced fibrosis, aortic

stenosis, or cardiac fibrosis.

DEFINITIONS

For convenience, before further description of the present invention, certain terms
employed in the specification, examples and appended claims are collected here. These
definitions should be read in light of the remainder of the disclosure and understood as by a
person of skill in the art. Unless defined otherwise, all technical and scientific terms used
herein have the same meaning as commonly understood by a person of ordinary skill in the
art.

In order for the present invention to be more readily understood, certain terms and
phrases are defined below and throughout the specification.

The articles “a” and “an” are used herein to refer to one or to more than one (i.e., to
at least one) of the grammatical object of the article. By way of example, “an element”
means one element or more than one element.

The phrase “and/or,” as used herein in the specification and in the claims, should be
understood to mean “either or both” of the elements so conjoined, i.e., elements that are
conjunctively present in some cases and disjunctively present in other cases. Multiple
elements listed with “and/or” should be construed in the same fashion, i.e., “one or more”
of the elements so conjoined. Other elements may optionally be present other than the

elements specifically identified by the “and/or” clause, whether related or unrelated to those

-14 -
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elements specifically identified. Thus, as a non-limiting example, a reference to “A and/or
B”, when used in conjunction with open-ended language such as “comprising” can refer, in
one embodiment, to A only (optionally including elements other than B); in another
embodiment, to B only (optionally including elements other than A); in yet another
embodiment, to both A and B (optionally including other elements); etc.

As used herein in the specification and in the claims, “or” should be understood to
have the same meaning as “and/or” as defined above. For example, when separating items
in a list, “or” or “and/or” shall be interpreted as being inclusive, i.e., the inclusion of at least
one, but also including more than one, of a number or list of elements, and, optionally,
additional unlisted items. Only terms clearly indicated to the contrary, such as “only one of”
or “exactly one of,” or, when used in the claims, “consisting of,” will refer to the inclusion
of exactly one element of a number or list of elements. In general, the term “or” as used
herein shall only be interpreted as indicating exclusive alternatives (i.e., “one or the other

29 CC

but not both™) when preceded by terms of exclusivity, such as “either,” “one of,” “only one
of,” or “exactly one of.” “Consisting essentially of,” when used in the claims, shall have its
ordinary meaning as used in the field of patent law.

As used herein in the specification and in the claims, the phrase “at least one,” in
reference to a list of one or more elements, should be understood to mean at least one
element selected from any one or more of the elements in the list of elements, but not
necessarily including at least one of each and every element specifically listed within the
list of elements and not excluding any combinations of elements in the list of elements. This
definition also allows that elements may optionally be present other than the elements
specifically identified within the list of elements to which the phrase “at least one” refers,
whether related or unrelated to those elements specifically identified. Thus, as a non-
limiting example, “at least one of A and B” (or, equivalently, “at least one of A or B,” or,
equivalently “at least one of A and/or B”) can refer, in one embodiment, to at least one,
optionally including more than one, A, with no B present (and optionally including
elements other than B); in another embodiment, to at least one, optionally including more
than one, B, with no A present (and optionally including elements other than A); in yet
another embodiment, to at least one, optionally including more than one, A, and at least
one, optionally including more than one, B (and optionally including other elements); etc.

It should also be understood that, unless clearly indicated to the contrary, in any

methods claimed herein that include more than one step or act, the order of the steps or acts
- 15 -
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of the method is not necessarily limited to the order in which the steps or acts of the method
are recited.
In the claims, as well as in the specification above, all transitional phrases such as

29 (19

“comprising,” “including,

29 (13 29 (13 29 (19

carrying,” “having,” “containing,” “involving,” “holding,”
“composed of,” and the like are to be understood to be open-ended, i.e., to mean including
but not limited to. Only the transitional phrases “consisting of” and “consisting essentially
of” shall be closed or semi-closed transitional phrases, respectively, as set forth in the
United States Patent Office Manual of Patent Examining Procedures, Section 2111.03.

Certain compounds contained in compositions of the present invention may exist in
particular geometric or stereoisomeric forms. In addition, polymers of the present invention
may also be optically active. The present invention contemplates all such compounds,
including cis- and trans-isomers, R- and S-enantiomers, diastereomers, (D)-isomers, (L)-
isomers, the racemic mixtures thereof, and other mixtures thereof, as falling within the
scope of the invention. Additional asymmetric carbon atoms may be present in a substituent
such as an alkyl group. All such isomers, as well as mixtures thereof, are intended to be
included in this invention.

If, for instance, a particular enantiomer of compound of the present invention is
desired, it may be prepared by asymmetric synthesis, or by derivation with a chiral
auxiliary, where the resulting diastereomeric mixture is separated and the auxiliary group
cleaved to provide the pure desired enantiomers. Alternatively, where the molecule contains
a basic functional group, such as amino, or an acidic functional group, such as carboxyl,
diastereomeric salts are formed with an appropriate optically-active acid or base, followed
by resolution of the diastereomers thus formed by fractional crystallization or
chromatographic means well known in the art, and subsequent recovery of the pure
enantiomers.

Structures depicted herein are also meant to include compounds that differ only in
the presence of one or more isotopically enriched atoms. For example, compounds
produced by the replacement of a hydrogen with deuterium or tritium, or of a carbon with a
BC- or “C-enriched carbon are within the scope of this invention.

The term “prodrug” as used herein encompasses compounds that, under
physiological conditions, are converted into therapeutically active agents. A common

method for making a prodrug is to include selected moieties that are hydrolyzed under

-16 -
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physiological conditions to reveal the desired molecule. In other embodiments, the prodrug
is converted by an enzymatic activity of the host animal.

The phrase “pharmaceutically acceptable excipient” or “pharmaceutically
acceptable carrier” as used herein means a pharmaceutically acceptable material,
composition or vehicle, such as a liquid or solid filler, diluent, excipient, solvent or
encapsulating material, involved in carrying or transporting the subject chemical from one
organ or portion of the body, to another organ or portion of the body. Each carrier must be
“acceptable” in the sense of being compatible with the other ingredients of the formulation,
not injurious to the patient, and substantially non-pyrogenic. Some examples of materials
which can serve as pharmaceutically acceptable carriers include: (1) sugars, such as lactose,
glucose, and sucrose; (2) starches, such as corn starch and potato starch; (3) cellulose, and
its derivatives, such as sodium carboxymethyl cellulose, ethyl cellulose, and cellulose
acetate; (4) powdered tragacanth; (5) malt; (6) gelatin; (7) talc; (8) excipients, such as cocoa
butter and suppository waxes; (9) oils, such as peanut oil, cottonseed oil, safflower oil,
sesame oil, olive oil, corn oil, and soybean oil; (10) glycols, such as propylene glycol; (11)
polyols, such as glycerin, sorbitol, mannitol, and polyethylene glycol; (12) esters, such as
ethyl oleate and ethyl laurate; (13) agar; (14) buffering agents, such as magnesium
hydroxide and aluminum hydroxide; (15) alginic acid; (16) pyrogen-free water;
(17) isotonic saline; (18) Ringer’s solution; (19) ethyl alcohol; (20) phosphate buffer
solutions; and (21) other non-toxic compatible substances employed in pharmaceutical
formulations. In certain embodiments, pharmaceutical compositions of the present
invention are non-pyrogenic, i.e., do not induce significant temperature elevations when
administered to a patient.

The term “pharmaceutically acceptable salts” refers to the relatively non-toxic,
inorganic and organic acid addition salts of the compound(s). These salts can be prepared in
situ during the final isolation and purification of the compound(s), or by separately reacting
a purified compound(s) in its free base form with a suitable organic or inorganic acid, and
isolating the salt thus formed. Representative salts include the hydrobromide,
hydrochloride, sulfate, bisulfate, phosphate, nitrate, acetate, valerate, oleate, palmitate,
stearate, laurate, benzoate, lactate, phosphate, tosylate, citrate, maleate, fumarate, succinate,
tartrate, naphthylate, mesylate, glucoheptonate, lactobionate, and laurylsulphonate salts, and
the like. (See, for example, Berge et al. (1977) “Pharmaceutical Salts”, J. Pharm. Sci. 66:1-

19.)
-17 -



10

15

20

25

30

WO 2018/160521 PCT/US2018/019838

In other cases, the compounds useful in the methods of the present invention may
contain one or more acidic functional groups and, thus, are capable of forming
pharmaceutically acceptable salts with pharmaceutically acceptable bases. The term
“pharmaceutically acceptable salts” in these instances refers to the relatively non-toxic
inorganic and organic base addition salts of a compound(s). These salts can likewise be
prepared in situ during the final isolation and purification of the compound(s), or by
separately reacting the purified compound(s) in its free acid form with a suitable base, such
as the hydroxide, carbonate, or bicarbonate of a pharmaceutically acceptable metal cation,
with ammonia, or with a pharmaceutically acceptable organic primary, secondary, or
tertiary amine. Representative alkali or alkaline earth salts include the lithium, sodium,
potassium, calcium, magnesium, and aluminum salts, and the like. Representative organic
amines useful for the formation of base addition salts include ethylamine, diethylamine,
ethylenediamine, ethanolamine, diethanolamine, piperazine, and the like (see, for example,
Berge et al, supra).

A “therapeutically effective amount” (or “effective amount”) of a compound with
respect to use in treatment, refers to an amount of the compound in a preparation which,
when administered as part of a desired dosage regimen (to a mammal, preferably a human)
alleviates a symptom, ameliorates a condition, or slows the onset of disease conditions
according to clinically acceptable standards for the disorder or condition to be treated or the
cosmetic purpose, e.g., at a reasonable benefit/risk ratio applicable to any medical
treatment.

The term “prophylactic or therapeutic” treatment is art-recognized and includes
administration to the host of one or more of the subject compositions. If it is administered
prior to clinical manifestation of the unwanted condition (e.g., disease or other unwanted
state of the host animal) then the treatment is prophylactic, (i.e., it protects the host against
developing the unwanted condition), whereas if it is administered after manifestation of the
unwanted condition, the treatment is therapeutic, (i.e., it is intended to diminish, ameliorate,
or stabilize the existing unwanted condition or side effects thereof).

The term “patient” refers to a mammal in need of a particular treatment. In certain
embodiments, a patient is a primate, canine, feline, or equine. In certain embodiments, a
patient is a human.

An aliphatic chain comprises the classes of alkyl, alkenyl and alkynyl defined

below. A straight aliphatic chain is limited to unbranched carbon chain moieties. As used
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herein, the term “aliphatic group” refers to a straight chain, branched-chain, or cyclic
aliphatic hydrocarbon group and includes saturated and unsaturated aliphatic groups, such
as an alkyl group, an alkenyl group, or an alkynyl group.

“Alkyl” refers to a fully saturated cyclic or acyclic, branched or unbranched carbon
chain moiety having the number of carbon atoms specified, or up to 30 carbon atoms if no
specification is made. For example, alkyl of 1 to 8 carbon atoms refers to moieties such as
methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, and octyl, and those moieties which are
positional isomers of these moieties. Alkyl of 10 to 30 carbon atoms includes decyl,
undecyl, dodecyl, tridecyl, tetradecyl, pentadecyl, hexadecyl, heptadecyl, octadecyl,
nonadecyl, eicosyl, heneicosyl, docosyl, tricosyl and tetracosyl. In certain embodiments, a
straight chain or branched chain alkyl has 30 or fewer carbon atoms in its backbone (e.g.,
C1-Cso for straight chains, C3-Cso for branched chains), and more preferably 20 or fewer.
Alkyl goups may be substituted or unsubstituted.

As used herein, the term “alkylene” refers to an alkyl group having the specified
number of carbons, for example from 2 to 12 carbon atoms, that contains two points of
attachment to the rest of the compound on its longest carbon chain. Non-limiting examples
of alkylene groups include methylene -(CHz)-, ethylene -(CH2CHz)-, n-propylene -
(CH2CH2CH2)-, isopropylene -(CH2CH(CHs))-, and the like. Alkylene groups can be
cyclic or acyclic, branched or unbranched carbon chain moiety, and may be optionally
substituted with one or more substituents.

"Cycloalkyl" means mono- or bicyclic or bridged or spirocyclic, or polycyclic
saturated carbocyclic rings, each having from 3 to 12 carbon atoms. Likewise, preferred
cycloalkyls have from 3-10 carbon atoms in their ring structure, and more preferably have
3-6 carbons in the ring structure. Cycloalkyl groups may be substituted or unsubstituted.

Unless the number of carbons is otherwise specified, “lower alkyl,” as used herein,
means an alkyl group, as defined above, but having from one to ten carbons, more
preferably from one to six carbon atoms in its backbone structure such as methyl, ethyl, n-
propyl, isopropyl, n-butyl, isobutyl, sec-butyl, and tert-butyl. Likewise, “lower alkenyl” and
“lower alkynyl” have similar chain lengths. Throughout the application, preferred alkyl
groups are lower alkyls. In certain embodiments, a substituent designated herein as alkyl is
a lower alkyl.

“Alkenyl” refers to any cyclic or acyclic, branched or unbranched unsaturated

carbon chain moiety having the number of carbon atoms specified, or up to 26 carbon
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atoms if no limitation on the number of carbon atoms is specified; and having one or more
double bonds in the moiety. Alkenyl of 6 to 26 carbon atoms is exemplified by hexenyl,
heptenyl, octenyl, nonenyl, decenyl, undecenyl, dodenyl, tridecenyl, tetradecenyl,
pentadecenyl, hexadecenyl, heptadecenyl, octadecenyl, nonadecenyl, eicosenyl,
heneicosoenyl, docosenyl, tricosenyl, and tetracosenyl, in their various isomeric forms,
where the unsaturated bond(s) can be located anywhere in the moiety and can have either
the (Z) or the (E) configuration about the double bond(s).

“Alkynyl” refers to hydrocarbyl moieties of the scope of alkenyl, but having one or
more triple bonds in the moiety.

The term “alkylthio” refers to an alkyl group, as defined above, having a sulfur
moiety attached thereto. In certain embodiments, the “alkylthio” moiety is represented by
one of -(S)-alkyl, -(S)-alkenyl, -(S)-alkynyl, and -(S)-(CH2)m-R!, wherein m and R! are
defined below. Representative alkylthio groups include methylthio, ethylthio, and the
like. The terms “alkoxyl” or “alkoxy” as used herein refers to an alkyl group, as defined
below, having an oxygen moiety attached thereto. Representative alkoxyl groups include
methoxy, ethoxy, propoxy, tert-butoxy, and the like. An “ether” is two hydrocarbons
covalently linked by an oxygen. Accordingly, the substituent of an alkyl that renders that
alkyl an ether is or resembles an alkoxyl, such as can be represented by one of -O-alkyl, -O-
alkenyl, -O-alkynyl, -O-(CHz2)m-R10, where m and Rio are described below.

The terms “amine” and “amino” are art-recognized and refer to both unsubstituted
and substituted amines, e.g., a moiety that can be represented by the formulae:

§_N:R12°r %ELSRQ

Ri1 Rif

wherein Ri1, Ri2 and Ris each independently represent a hydrogen, an alkyl, an alkenyl,
-(CH2)m-R10, or Ri1 and Rz taken together with the N atom to which they are attached
complete a heterocycle having from 4 to 8 atoms in the ring structure; Rio represents an
alkenyl, aryl, cycloalkyl, a cycloalkenyl, a heterocyclyl, or a polycyclyl; and m is zero or an
integer in the range of 1 to 8. In certain embodiments, only one of Ri1 or Ri2 can be a
carbonyl, e.g., Ri1, Riz, and the nitrogen together do not form an imide. In even more
certain embodiments, Ri1 and Riz (and optionally Ri3) each independently represent a
hydrogen, an alkyl, an alkenyl, or -(CH2)m- R1o. Thus, the term “alkylamine” as used herein

means an amine group, as defined above, having a substituted or unsubstituted alkyl
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attached thereto, i.e., at least one of Ri1 and Riz is an alkyl group. In certain embodiments,
an amino group or an alkylamine is basic, meaning it has a conjugate acid with a pKa >
7.00, i.e., the protonated forms of these functional groups have pKas relative to water above
about 7.00.

The term “amide”, as used herein, refers to a group

0]

Ql\ ,R14
N

\

Ri4
wherein each Ris independently represent a hydrogen or hydrocarbyl group, or two Ri4 are
taken together with the N atom to which they are attached complete a heterocycle having
from 4 to 8 atoms in the ring structure.

The term “aryl” as used herein includes 3- to 12-membered substituted or
unsubstituted single-ring aromatic groups in which each atom of the ring is carbon (i.e.,
carbocyclic aryl) or where one or more atoms are heteroatoms (i.e., heteroaryl). Preferably,
aryl groups include 5- to 12-membered rings, more preferably 6- to 10-membered rings The
term “aryl” also includes polycyclic ring systems having two or more cyclic rings in which
two or more carbons are common to two adjoining rings wherein at least one of the rings is
aromatic, e.g., the other cyclic rings can be cycloalkyls, cycloalkenyls, cycloalkynyls, aryls,
heteroaryls, and/or heterocyclyls. Carboycyclic aryl groups include benzene, naphthalene,
phenanthrene, phenol, aniline, and the like. Heteroaryl groups include substituted or
unsubstituted aromatic 3- to 12-membered ring structures, more preferably 5- to 12-
membered rings, more preferably 5- to 10-membered rings, whose ring structures include
one to four heteroatoms. Heteroaryl groups include, for example, pyrrole, furan, thiophene,
imidazole, oxazole, thiazole, triazole, pyrazole, pyridine, pyrazine, pyridazine and
pyrimidine, and the like. Aryl and heteroaryl can be monocyclic, bicyclic, or polycyclic.

The term “halo”, “halide”, or “halogen” as used herein means halogen and includes,
for example, and without being limited thereto, fluoro, chloro, bromo, iodo and the like, in
both radioactive and non-radioactive forms. In a preferred embodiment, halo is selected
from the group consisting of fluoro, chloro and bromo.

The terms “heterocyclyl” or “heterocyclic group” refer to 3- to 12-membered ring
structures, more preferably 5- to 12-membered rings, more preferably 5- to 10-membered

rings, whose ring structures include one to four heteroatoms. Heterocycles can be
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monocyclic, bicyclic, spirocyclic, or polycyclic. Heterocyclyl groups include, for example,
thiophene, thianthrene, furan, pyran, isobenzofuran, chromene, xanthene, phenoxathiin,
pyrrole, imidazole, pyrazole, isothiazole, isoxazole, pyridine, pyrazine, pyrimidine,
pyridazine, indolizine, isoindole, indole, indazole, purine, quinolizine, isoquinoline,
quinoline, phthalazine, naphthyridine, quinoxaline, quinazoline, cinnoline, pteridine,
carbazole, carboline, phenanthridine, acridine, pyrimidine, phenanthroline, phenazine,
phenarsazine, phenothiazine, furazan, phenoxazine, pyrrolidine, oxolane, thiolane, oxazole,
piperidine, piperazine, morpholine, lactones, lactams such as azetidinones and
pyrrolidinones, sultams, sultones, and the like. The heterocyclic ring can be substituted at
one or more positions with such substituents as described above, as for example, halogen,
alkyl, aralkyl, alkenyl, alkynyl, cycloalkyl, hydroxyl, amino, nitro, sulthydryl, imino,
amido, phosphate, phosphonate, phosphinate, carbonyl, carboxyl, silyl, sulfamoyl, sulfinyl,
ether, alkylthio, sulfonyl, ketone, aldehyde, ester, a heterocyclyl, an aromatic or
heteroaromatic moiety, -CF3, -CN, and the like.

The term “carbonyl” is art-recognized and includes such moieties as can be
represented by the formula:

O 0
%LX"R” or r‘JJ\X'J\RW

wherein X’ is a bond or represents an oxygen or a sulfur, and Ris represents a hydrogen, an
alkyl, an alkenyl, -(CH2)m-Ri0 or a pharmaceutically acceptable salt, Ris represents a
hydrogen, an alkyl, an alkenyl or -(CH2)m-Rio, where m and Rio are as defined above.
Where X’ is an oxygen and Ris or Rie is not hydrogen, the formula represents an “ester.”
Where X’ is an oxygen, and Ris is as defined above, the moiety is referred to herein as a
carboxyl group, and particularly when Ris is a hydrogen, the formula represents a
“carboxylic acid”. Where X’ is an oxygen, and Ris is a hydrogen, the formula represents a
“formate.” In general, where the oxygen atom of the above formula is replaced by a sulfur,
the formula represents a “thiocarbonyl” group. Where X’ is a sulfur and Ris or Rie is not
hydrogen, the formula represents a “thioester” group. Where X’ is a sulfur and Ris is a
hydrogen, the formula represents a “thiocarboxylic acid” group. Where X’ is a sulfur and
Ris 1s a hydrogen, the formula represents a “thioformate” group. On the other hand, where

X’ is a bond, and Ris is not hydrogen, the above formula represents a “ketone” group.
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Where X’ is a bond, and Ris is a hydrogen, the above formula represents an “aldehyde”
group.

As used herein, the term “substituted” is contemplated to include all permissible
substituents of organic compounds. In a broad aspect, the permissible substituents include
acyclic and cyclic, branched and unbranched, carbocyclic and heterocyclic, aromatic and
nonaromatic substituents of organic compounds. Illustrative substituents include, for
example, those described herein above. The permissible substituents can be one or more
and the same or different for appropriate organic compounds. For purposes of this
invention, the heteroatoms such as nitrogen may have hydrogen substituents and/or any
permissible substituents of organic compounds described herein which satisty the valences
of the heteroatoms. This invention is not intended to be limited in any manner by the
permissible substituents of organic compounds. It will be understood that “substitution” or
“substituted with” includes the implicit proviso that such substitution is in accordance with
permitted valence of the substituted atom and the substituent, and that the substitution
results in a stable compound, e.g., which does not spontaneously undergo transformation
such as by rearrangement, cyclization, elimination, etc.

As used herein, the term “nitro” means -NOz; the term “halogen” designates -F, -Cl,
-Br, or -I; the term “sulthydryl” means -SH; the term “hydroxyl” means -OH;, the term
“sulfonyl” means -SO:-; the term “azido” means —Nj3; the term “cyano” means —CN; the
term “isocyanato” means —-NCO; the term “thiocyanato” means —SCN; the term
“isothiocyanato” means —NCS; and the term “cyanato” means —OCN.

The term “sulfamoyl” is art-recognized and includes a moiety that can be
represented by the formula:

S
O Ru
in which R11 and Rz are as defined above.

The term “sulfate” is art recognized and includes a moiety that can be represented
by the formula:

T
§-0-5-0,
o)

Ris

in which Ris is as defined above.

-23 -



10

15

20

25

WO 2018/160521 PCT/US2018/019838

The term “sulfonamide” is art recognized and includes a moiety that can be

represented by the formula:

in which Ri1 and Ris are as defined above.
The term “sulfonate” is art-recognized and includes a moiety that can be represented

by the formula:
O

o Ris
in which Rs4 1s an electron pair, hydrogen, alkyl, cycloalkyl, or aryl.
The terms “sulfoxido” or “sulfinyl”, as used herein, refers to a moiety that can be

represented by the formula:

0

S_R17
in which Ri7 is selected from the group consisting of the group consisting of hydrogen,
alkyl, alkenyl, alkynyl, cycloalkyl, heterocyclyl, aralkyl, or aryl.

The term “urea” is art-recognized and may be represented by the general

formula
0O
\St )I\ Ris
NN
Ris Rig

wherein each Ris independently represents hydrogen or a hydrocarbyl, such as
alkyl, or any occurrence of Ris taken together with another and the intervening atom(s)
complete a heterocycle having from 4 to 8 atoms in the ring structure.

As used herein, the definition of each expression, e.g., alkyl, m, n, etc., when it
occurs more than once in any structure, is intended to be independent of its definition
elsewhere in the same structure.

For purposes of this invention, the chemical elements are identified in accordance
with the Periodic Table of the Elements, CAS version, Handbook of Chemistry and
Physics, 67th Ed., 1986-87, inside cover.
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EXEMPLARLY COMPOUNDS OF THE INVENTION

In certain embodiments, the invention relates to a compound of Formula I:

A-B-C (I)
5 wherein:
R,
RN
Ais H

B is alkylene, -alkylene-(O); -alkylene-N(R)C(O)-, -alkylene-(heterocyclyl)-

C(0)-, -alkylene-C(O)N(R)-, -alkylene-C(O)-, -alkylene-N(R)-, -alkylene-N(R)C(O)N(R)-,

-alkylene-N(R)SOz-, -alkylene-(aryl)-, -alkylene-(heterocyclyl)-, -alkylene-(heterocyclyl)-

10  alkylene-, -aryl-alkylene-N(R)C(O)-; -aryl-C(O)N(R)-, -aryl-N(R)C(O)-, -(heterocyclyl)-

alkylene-, -heterocyclyl-alkylene-N(R)C(O)-; -heterocyclyl-C(O)N(R)-, —O-heterocyclyl-; -
alkylene-O-; -heterocyclyl-C(O)-; cycloalkylene; or clycloalkylene-O-;

e,

R is H, alkyl, or aryl;

15 R1 is independently H, alkyl, halide, alkoxy, CF3, OH, NO2, -N(H)R, or
NHz;

Rz is H, alkyl, substituted or unsubstituted aryl, substituted or unsubstituted
heteroaryl, cylcoalkyl, -alkylene-alkoxy, alkylene-aryl, or heterocycloalkyl;

-25.



WO 2018/160521 PCT/US2018/019838

R,

Ro

N4§ﬁ
R OR,

O is a 3-12 membered heterocycloalkylene unsubstituted or

substituted by one or more instance of Ri;
X is C(Re) or N;

both instances of Ra are H, or taken together form a bond, or a (Ci-

5 Ca)alkylene bridge; and
Rc is H, alkyl, aryl, OH, or halide;

or a pharmaceutically acceptable salt thereof;

HO\[(\N N\ H

provided that the compound is not o ,
YOO | s
O)Ok ~ |

i | " N7 SN N OH

Ho)l\/N N\ " % ’\(\)/\g/
P hig
, or 0 .

In certain embodiments, the invention relates to any one of the aforementioned

10

Ry Ry
R; LY
P
. . R NN . . . :
compounds, wherein A is H In certain embodiments, the invention
K
RN N
| ~
R4 7 R4
relates to any one of the aforementioned compounds, wherein A is R . In

15  certain embodiments, the invention relates to any one of the aforementioned compounds,
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R N H
1 | [ \ves
R, Z R4
wherein A is R . In certain embodiments, the invention relates to any one of
X
P
N

the aforementioned compounds, wherein  H

In certain embodiments, the invention relates to any one of the aforementioned
compounds, wherein R is independently H, alkyl, halide, alkoxy, CF3, OH, alkylene-OH,
NO2, -N(H)R, or NHz. In certain embodiments, the invention relates to any one of the
aforementioned compounds, wherein Ri is independently alkyl, halide, alkoxy, CFs, OH,
alkylene-OH, NO:z, or NHz. In certain embodiments, the invention relates to any one of the
aforementioned compounds, wherein Ri is alkyl, halide, OMe, OH, alkylene-OH, or NHa.
In certain embodiments, the invention relates to any one of the aforementioned compounds,
wherein at least one instance of Ri is alkyl. In certain embodiments, the invention relates to
any one of the aforementioned compounds, wherein at least one instance of R1 is methyl.
certain embodiments, the invention relates to any one of the aforementioned compounds,
wherein at least one instance of Ri is alkylene-OH. In certain embodiments, the invention
relates to any one of the aforementioned compounds, wherein at least one instance of Ri is
CH:0H. In certain embodiments, the invention relates to any one of the aforementioned
compounds, wherein at least one instance of R1 is H. In certain embodiments, the invention
relates to any one of the aforementioned compounds, wherein at least one instance R is
halide. In certain embodiments, the invention relates to any one of the aforementioned
compounds, wherein at least one instance Ri is iodo, bromo, chloro, or fluoro. In certain
embodiments, the invention relates to any one of the aforementioned compounds, wherein
at least one instance of Ri is iodo, bromo, chloro, or fluoro, and the other instances of R
are hydrogen. In certain embodiments, the invention relates to any one of the
aforementioned compounds, wherein all instances of R1 are H.

In certain embodiments, the invention relates to any one of the aforementioned
compounds, wherein R is H, alkyl, or aryl. In certain embodiments, the invention relates to
any one of the aforementioned compounds, wherein R is H. In certain embodiments, the

invention relates to any one of the aforementioned compounds, wherein R is methyl. In
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certain embodiments, the invention relates to any one of the aforementioned compounds,
wherein R is phenyl.

In certain embodiments, the invention relates to any one of the aforementioned
compounds, wherein B is alkylene, -alkylene-(O), -alkylene-N(R)C(O)-, -alkylene-
(heterocyclyl)-C(O)-, -alkylene-C(O)N(R)-, -alkylene-C(O)-, -alkylene-N(R)-, -alkylene-
N(R)C(O)N(R)-, -alkylene-N(R)SOs2-, -alkylene-(aryl)-, -alkylene-(heterocyclyl)-, -
alkylene-(heterocyclyl)-alkylene, -aryl-alkylene-N(R)C(O)-; -aryl-C(O)N(R)-, -aryl-
N(R)C(O)-, -(heterocyclyl)-alkylene-, -heterocyclyl-alkylene-N(R)C(O)-; -heterocyclyl-
C(O)N(R)-, —O-heterocyclyl-; -alkylene-O-; -heterocyclyl-C(O)-; cycloalkylene, or
clycloalkylene-O-.

In certain embodiments, the invention relates to any one of the aforementioned

compounds, wherein B is selected from the group consisting of:

O
: Y :
oy 4l ey
O |
Q\AHJ\J‘ Wuim)“ SN Q{H;\AH)L“

B L %
e " Rl ¢

1,2

;mis0, 1,2, or3;

nis0,or I;and pis O, 1, or 2.
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In certain embodiments, the invention relates to any one of the aforementioned
Ra
Rz
N
OR,
compounds, wherein O is a 3-12 membered heterocycloalkylene

substituted with one or more instances of Ri.

In certain embodiments, the invention relates to any one of the aforementioned

Ra

Ro
N
R OR,
5 compounds, wherein i o is an unsubstituted 3-12 membered
heterocycloalkylene. In certain embodiments, the invention relates to any one of the
Ra

R,

R A»ORb

aforementioned compounds, wherein ° O is a 3-12 membered

heterocycloalkylene substituted with one or more instances of Ri, wherein Ri is.

In certain embodiments, the invention relates to any one of the aforementioned

10  compounds, wherein X is N.

In certain embodiments, the invention relates to any one of the aforementioned

compounds, wherein both instances of Ra are H.

In certain embodiments, the invention relates to any on of the aforementioned

compounds, wherein Ry is H. In certain embodiments, the invention relates to any on of the

15  aforementioned compounds, wherein Ry is (C1-C6)alkyl. In certain embodiments, the
invention relates to any on of the aforementioned compounds, wherein Ry is methyl. In
certain embodiments, the invention relates to any on of the aforementioned compounds,

wherein Ry is ethyl.
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In certain embodiments, the invention relates to any one of the aforementioned

N O
N
compounds, wherein C is selected from the group consisting of: Ra ,
éé\N/\ 0 Sy
A Ko -
O Ry , and Ro
5 In certain embodiments, the invention relates to any one of the aforementioned

compounds, wherein X is C(Rc).

In certain embodiments, the invention relates to any one of the aforementioned
compounds, wherein Rc is H, alkyl, aryl, OH, or halide. In certain embodiments, the

invention relates to any one of the aforementioned compounds, wherein Rc is H.

10 In certain embodimetns, the invention relates to any one of the aforementioned
compounds, wherein both instances of Ra are taken together form a bond, or a (C1-C4)-

alkylene bridge.

In certain embodiments, the invention relates to any one of the aforementioned

%\ W)k &© W)k HOJ&
OH OH @_g
compounds, wherein C is

15 In certain embodiments, the invention relates to any one of the aforementioned

compounds, wherein C represents In certain embodiments, the

invention relates to any one of the aforementioned compounds, wherein C represents
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In certain embodiments, the invention relates to any one of the aforementioned
compounds, wherein Rz is H, alkyl, substituted or unsubstituted aryl, substituted or

unsubstituted heteroaryl, cylcoalkyl, -alkylene-alkoxy, alkylene-aryl, or heterocycloalkyl.

In certain embodiments, the invention relates to any one of the aforementioned
compounds, wherein Rz is H, (Ci-Cs)alkyl, cyclopropyl, CH20Me, phenyl, -CH:Ph,
pyridinyl, or indolyl.

In certain embodiments, the invention relates to any one of the aforementioned
compounds, wherein Rz is H. In certain embodiments, the invention relates to any one of
the aforementioned compounds, wherein Rz is Me. In certain embodiments, the invention
relates to any one of the aforementioned compounds, wherein Rz is unsubstituted phenyl. In
certain embodiments, the invention relates to any one of the aforementioned compounds,
wherein Rz is substituted phenyl. In certain embodiments, the invention relates to any one
of the aforementioned compounds, wherein the substituted phenyl is substituted with one or
more independent instances of alkoxy, halide, -C(O)NH2, or -C(O)alkyl. In certain
embodiments, the invention relates to any one of the aforementioned compounds, wherein
the substituted phenyl is substituted with at least one halide. In certain embodiments, the
invention relates to any one of the aforementioned compounds, wherein the halide is CI. In
certain embodiments, the invention relates to any one of the aforementioned compounds,
wherein R is unsubstituted pyridinyl. In certain embodiments, the invention relates to any
one of the aforementioned compounds, wherein R2 is substituted pyridinyl. In certain
embodiments, the invention relates to any one of the aforementioned compounds, wherein
the substituted pyridinyl is substituted with NHz, or OH. In certain embodiments, the

NH
Vi

invention relates to any one of the aforementioned compounds, wherein Rz is

In certain embodiments, the invention relates to any one of the aforementioned
compounds, wherein R3is H, halide, CF3, alkyl, alkylene-alkoxy, aryl, hydroxyl, or alkoxy.
In certain embodiments, the invention relates to any one of the aforementioned

compounds, wherein Rs is H, halide, Me, OMe, or Ph. In certain embodiments, the
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invention relates to any one of the aforementioned compounds, wherein R3 is iodo, bromo,
chloro, or fluoro. In certain embodiments, the invention relates to any one of the
aforementioned compounds, wherein R3is H.

In certain embodiments, the invention relates to any one of the aforementioned
compounds, wherein Re is H, halide, CF3, alkyl, alkylene-alkoxy, aryl, hydroxyl, or alkoxy.
In certain embodiments, the invention relates to any one of the aforementioned compounds,
wherein Re¢ is H. In certain embodiments, the invention relates to any one of the
aforementioned compounds, wherein Re¢ is OMe. In certain embodiments, the invention
relates to any one of the aforementioned compounds, wherein Re is Me.

In certain embodiments, the invention relates to any one of the aforementioned
compounds, wherein R7 is H, halide, CFs3, alkyl, alkylene-alkoxy, aryl, hydroxyl, or alkoxy.

In certain embodiments, the invention relates to any one of the aforementioned
compounds, wherein R7 is H. In certain embodiments, the invention relates to any one of
the aforementioned compounds, wherein R7 is OMe. In certain embodiments, the invention
relates to any one of the aforementioned compounds, wherein R; is Me. In certain
embodiments, the invention relates to any one of the aforementioned compounds, wherein
R7is CH2OH.

In certain embodiments, the invention relates to any one of the aforementioned
compounds, wherein R3is H or F, Re is H, and R7 is H or CH2OH.

In certain embodiments, the invention relates to any one of the aforementioned
compounds, wherein only one instance of n’ is 0. In certain embodiments, the invention
relates to any one of the aforementioned compounds, wherein at least one instance of n’ is
0. In certain embodiments, the invention relates to any one of the aforementioned
compounds, wherein both instances of n” is 0. In certain embodiments, the invention relates
to any one of the aforementioned compounds, wherein only one instance of n’ is 1. In
certain embodiments, the invention relates to any one of the aforementioned compounds,
wherein at least one instance of n’ is 1. In certain embodiments, the invention relates to any
one of the aforementioned compounds, wherein both instances of n’ is 1. In certain
embodiments, the invention relates to any one of the aforementioned compounds, wherein
only one instance of n’ is 2. In certain embodiments, the invention relates to any one of the
aforementioned compounds, wherein at least one instance of n’ is 2. In certain

embodiments, the invention relates to any one of the aforementioned compounds, wherein
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both instances of n’ is 2. In certain embodiments, the invention relates to any one of the
aforementioned compounds, wherein one instance of n’ is 0, and one instance of n’ is 1.
In certain embodiments, the invention relates to any one of the aforementioned

compounds, wherein C is selected from the group consisting of:
R3 “rrr R3 R3 R3 O
é\t\ Q 0 &@ 0 o)
N N
\HJ\OH N\HJ\OH N%OH %OH
Rz Ro Ry Rz

Rs Rs R
&GN TACS e ey
N
#OH j)kOH N g
0 , Ra , and | 0 .

In certain embodiments, the invention relates to any one of the aforementioned
compounds, wherein the optional substituent, when present, is selected from the group
consisting of alkoxy, alkyl ester, alkylcarbonyl, hydroxyalkyl, cyano, halo, amino, amido,

10  cycloalkyl, aryl, haloalkyl, nitro, hydroxy, alkoxy, aryloxy, alkyl, alkylthio, and cyanoalkyl.

In certain embodiments, the invention relates to any one of the aforementioned
compounds, wherein the compound is a pharmaceutically acceptable salt.

In certain embodiments, the invention relates to a compound selected from the

group consisting of

15 Py O ‘OH 5
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2
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In certain embodiments, the invention relates to a compound selected from the

group consisting of
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group consisting of
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In certain embodiments, the invention relates to a compound selected from the

group consisting of
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In certain embodiments, the invention relates to a compound selected from the

group consisting of’
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In certain embodiments, the invention relates to a compound selected from the

group consisting of
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In certain embodiments, the invention relates to a compound selected from the

group consisting of
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EXEMPLARY PHARMACEUTICAL COMPOSITIONS

10 In certain embodiments, the invention relates to a pharmaceutical composition
comprising any one of the aforementioned compounds and a pharmaceutically acceptable

carrier.
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Patients, including but not limited to humans, can be treated by administering to the
patient an effective amount of the active compound or a pharmaceutically acceptable
prodrug or salt thereof in the presence of a pharmaceutically acceptable carrier or diluent.
The active materials can be administered by any appropriate route, for example, orally,
parenterally, intravenously, intradermally, subcutaneously, or topically, in liquid or solid
form.

The concentration of active compound in the drug composition will depend on
absorption, inactivation and excretion rates of the drug as well as other factors known to
those of skill in the art. It is to be noted that dosage values will also vary with the severity
of the condition to be alleviated. It is to be further understood that for any particular subject,
specific dosage regimens should be adjusted over time according to the individual need and
the professional judgment of the person administering or supervising the administration of
the compositions, and that the concentration ranges set forth herein are exemplary only and
are not intended to limit the scope or practice of the claimed composition. The active
ingredient can be administered at once, or can be divided into a number of smaller doses to
be administered at varying intervals of time.

In certain embodiments, the mode of administration of the active compound is oral.
Oral compositions will generally include an inert diluent or an edible carrier. They can be
enclosed in gelatin capsules or compressed into tablets. For the purpose of oral therapeutic
administration, the active compound can be incorporated with excipients and used in the
form of tablets, troches or capsules. Pharmaceutically compatible binding agents, and/or
adjuvant materials can be included as part of the composition.

The tablets, pills, capsules, troches and the like can contain any of the following
ingredients, or compounds of a similar nature: a binder such as microcrystalline cellulose,
gum tragacanth or gelatin; an excipient such as starch or lactose, a disintegrating agent such
as alginic acid, Primogel or corn starch; a lubricant such as magnesium stearate or Sterotes;
a glidant such as colloidal silicon dioxide; a sweetening agent such as sucrose or saccharin;
or a flavoring agent such as peppermint, methyl salicylate, or orange flavoring. When the
dosage unit form is a capsule, it can contain, in addition to material of the above type, a
liquid carrier such as a fatty oil. In addition, unit dosage forms can contain various other
materials that modify the physical form of the dosage unit, for example, coatings of sugar,

shellac, or other enteric agents.
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The compound can be administered as a component of an elixir, suspension, syrup,
wafer, chewing gum or the like. A syrup can contain, in addition to the active compound(s),
sucrose or sweetener as a sweetening agent and certain preservatives, dyes and colorings
and flavors.

The compound or a pharmaceutically acceptable prodrug or salts thereof can also be
mixed with other active materials that do not impair the desired action, or with materials
that supplement the desired action, such as antibiotics, antifungals, anti-inflammatories or
other antivirals, including but not limited to nucleoside compounds. Solutions or
suspensions used for parenteral, intradermal, subcutaneous, or topical application can
include the following components: a sterile diluent such as water for injection, saline
solution, fixed oils, polyethylene glycols, glycerine, propylene glycol or other synthetic
solvents; antibacterial agents such as benzyl alcohol or methyl parabens; antioxidants such
as ascorbic acid or sodium bisulfite; chelating agents, such as ethylenediaminetetraacetic
acid; buffers, such as acetates, citrates or phosphates, and agents for the adjustment of
tonicity, such as sodium chloride or dextrose. The parental preparation can be enclosed in
ampoules, disposable syringes or multiple dose vials made of glass or plastic.

If administered intravenously, carriers include physiological saline and phosphate
buffered saline (PBS).

In certain embodiments, the active compounds are prepared with carriers that will
protect the compound against rapid elimination from the body, such as a controlled release
formulation, including but not limited to implants and microencapsulated delivery systems.
Biodegradable, biocompatible polymers can be used, such as ethylene vinyl acetate,
polyanhydrides, polyglycolic acid, collagen, polyorthoesters and polylactic acid. For
example, enterically coated compounds can be used to protect cleavage by stomach acid.
Methods for preparation of such formulations will be apparent to those skilled in the art.
Suitable materials can also be obtained commercially.

Liposomal suspensions (including but not limited to liposomes targeted to infected
cells with monoclonal antibodies to viral antigens) are also preferred as pharmaceutically
acceptable carriers. These can be prepared according to methods known to those skilled in
the art, for example, as described in U.S. Pat. No. 4,522,811 (incorporated by reference).
For example, liposome formulations can be prepared by dissolving appropriate lipid(s)
(such as stearoyl phosphatidyl ethanolamine, stearoyl phosphatidyl choline, arachadoyl

phosphatidyl choline, and cholesterol) in an inorganic solvent that is then evaporated,
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leaving behind a thin film of dried lipid on the surface of the container. An aqueous
solution of the active compound is then introduced into the container. The container is then
swirled by hand to free lipid material from the sides of the container and to disperse lipid
aggregates, thereby forming the liposomal suspension.

EXEMPLARY METHODS OF THE INVENTION

In certain embodiments, the invention relates to a method of treating a disease or a
condition selected from the group consisting of idiopathic pulmonary fibrosis, diabetic
nephropathy, focal segmental glomerulosclerosis, chronic kidney disease, nonalcoholic
steatohepatitis, primary biliary cholangitis, primary sclerosing cholangitis, solid tumors,
hematological tumors, organ transplant, Alport syndrome, interstitial lung disease,
radiation-induced fibrosis, bleomycin-induced fibrosis, asbestos-induced fibrosis, flu-
induced fibrosis, coagulation-induced fibrosis, vascular injury-induced fibrosis, aortic
stenosis, and cardiac fibrosis comprising the step of: administering to a subject in need
thereof a therapeutically effective amount of any one of the aforementioned compounds.

In certain embodiments, the compound administered is selected from the group
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In certain embodiments, the invention relates to any one of the aforementioned
methods, wherein the disease or condition is a solid tumor (sarcomas, carcinomas, and
lymphomas). Exemplary tumors that may be treated in accordance with the invention
include e.g, Ewing's sarcoma, rhabdomyosarcoma, osteosarcoma, myelosarcoma,
chondrosarcoma, liposarcoma, leiomyosarcoma, soft tissue sarcoma, non-small cell lung
cancer, small cell lung cancer, bronchus cancer, prostate cancer, breast cancer, pancreatic
cancer, gastrointestinal cancer, colon cancer, rectum cancer, colon carcinoma, colorectal
adenoma, thyroid cancer, liver cancer, intrahepatic bile duct cancer, hepatocellular cancer,
adrenal gland cancer, stomach cancer, gastric cancer, glioma (e.g., adult, childhood brain
stem, childhood cerebral astrocytoma, childhood visual pathway and hypothalamic),
glioblastoma, endometrial cancer, melanoma, kidney cancer, renal pelvis cancer, urinary
bladder cancer, uterine corpus, uterine cervical cancer, vaginal cancer, ovarian cancer,
multiple myeloma, esophageal cancer, brain cancer (e.g., brain stem glioma, cerebellar
astrocytoma, cerebral astrocytoma/malignant glioma, ependymoma, meduloblastoma,
supratentorial primitive neuroectodermal tumors, visual pathway and hypothalamic
glioma), lip and oral cavity and pharynx, larynx, small intestine, melanoma, villous colon
adenoma, a neoplasia, a neoplasia of epithelial character, lymphomas (e.g., AIDS-related,
Burkitt's, cutaneous T-cell, Hodgkin, non-Hodgkin, and primary central nervous system), a
mammary carcinoma, basal cell carcinoma, squamous cell carcinoma, actinic keratosis,
tumor diseases, including solid tumors, a tumor of the neck or head, polycythemia vera,
essential thrombocythemia, myelofibrosis with myeloid metaplasia, Waldenstrom's
macroglobulinemia, adrenocortical carcinoma, AIDS-related cancers, childhood cerebellar
astrocytoma, childhood cerebellar astrocytoma, basal cell carcinoma, extrahepatic bile duct

cancer, malignant fibrous histiocytoma bone cancer, bronchial adenomas/carcinoids,
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carcinoid tumor, gastrointestinal carcinoid tumor, primary central nervous system,
cerebellar astrocytoma, childhood cancers, ependymoma, extracranial germ cell tumor,
extragonadal germ cell tumor, extrahepatic bile duct cancer, intraocular melanoma eye
cancer, retinoblastoma eye cancer, gallbladder cancer, gastrointestinal carcinoid tumor,
germ cell tumors (e.g., extracranial, extragonadal, and ovarian), gestational trophoblastic
tumor, hepatocellular cancer, hypopharyngeal cancer, hypothalamic and visual pathway
glioma, islet cell carcinoma (endocrine pancreas), laryngeal cancer, malignant
fibroushistiocytoma of bone/osteosarcoma, meduloblastoma, mesothelioma, metastatic
squamous neck cancer with occult primary, multiple endocrine neoplasia syndrome,
multiple myeloma/plasma cell neoplasm, mycosis fungoides, nasal cavity and paranasal
sinus cancer, nasopharyngeal cancer, neuroblastoma, oral cancer, oropharyngeal cancer,
ovarian epithelial cancer, ovarian germ cell tumor, ovarian low malignant potential tumor,
islet cell pancreatic cancer, parathyroid cancer, pheochromocytoma, pineoblastoma,
pituitary tumor, pleuropulmonary blastoma, ureter transitional cell cancer, retinoblastoma,
rhabdomyosarcoma, salivary gland cancer, Sezary syndrome, non-melanoma skin cancer,
Merkel cell carcinoma, squamous cell carcinoma, testicular cancer, thymoma, gestational
trophoblastic tumor, and Wilms' tumor.

In certain embodiments, the invention relates to any one of the aforementioned
methods, wherein the disease is disease or condition is a hematological tumor. Exemplary
homatological tumors that may be treated in accordance with the invention include e.g.,
acute lymphocytic leukemia, acute myelogenous leukemia, chronic lymphocytic leukemia,
chronic myelogenous leukemia, Hodgkin lymphoma, non-Hodgkin lymphoma, and
multiple myeloma.

In certain embodiments, the invention relates to any one of the aforementioned
methods, wherein the disease or condition is selected from the group consisting of
idiopathic pulmonary fibrosis, systemic sclerosis associated interstitial lung disease,
myositis associated interstitial lung disease, systemic lupus erythematosus associated

interstitial lung disease, rheumatoid arthritis, and associated interstitial lung disease.

In certain embodiments, the invention relates to any one of the aforementioned
methods, wherein the disease or condition is selected from the group consisting of diabetic

nephropathy, focal segmental glomerulosclerosis, and chronic kidney disease.
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In certain embodiments, the invention relates to any one of the aforementioned
methods, wherein the disease or condition is selected from the group consisting of

nonalcoholic steatohepatitis, primary biliary cholangitis, and primary sclerosing cholangitis.

In certain embodiments, the invention relates to any one of the aforementioned
methods, wherein the subject is a mammal. In certain embodiments, the invention relates to
any one of the aforementioned methods, wherein the subject is human.

EXEMPLIFICATION

The invention now being generally described, it will be more readily understood by
reference to the following examples, which are included merely for purposes of illustration
of certain aspects and embodiments of the present invention, and are not intended to limit

the invention.

General schemes and procedures for the preparation of compounds of the invention

The moieties R and Ri are appropriate ester protecting groups; Rz, R3, R4, Rs and Re

are H or an appropriate substituent; and L is an appropriate linker.

XQ represents an appropriate optionally  substituted 3-12 membered
heterocycloalkylene, including piperidines, piperazines, piperazinones, pyrrolidines and

azetidines.

represents an appropriate optionally substituted tetrahydronaphthyridine or 2-

7

A
N° N
H

aminopyridine.

General Schemes for the synthesis of ovf36 inhibitors
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# L J H H

5 General Procedures

Reductive Amination:

Ry 0] NaBH(OAC), R,
Ill HCl or HOAc N R
R H R$ R Rs” Y ®
DCM or DCE Rs

A mixture of amine (1 equiv.), aldehyde or ketone (1-1.2 equiv.), NaBH(OAc¢); (2-3 equiv.)
10 and HCI or acetic acid (0.1 to 2 equiv.) in DCM or DCE (5-10 mL/mmole amine) was
stirred at room temperature from 1 to 16 hours until complete by LC/MS. The reaction was
concentrated in vacuo or worked up (diluted with water and extracted with DCM; combined
extracts dried over NaxSQs, filtered and concentrated), and the residue was purified by
silica gel column to give the desired amine product.

15
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Amide Bond Formation:

R
Ra HO. __Rs  HATU, DIPEA 4

N
ReH \<[)]/ DMF R

O

Rs

A mixture of carboxylic acid (1 equiv.), amine (0.5-2 equiv.), HATU (1-2 equiv.) and DIEA
(2-5 equiv.) in DMF or DCM (5-10 mL/mmole amine) was stirred at room temperature for
16 hours or until complete by LC/MS. The reaction was concentrated in vacuo, and the

residue was purified by silica gel column to give the desired amide product.

Urea Formation:

H H triphosgene R. R
R3/ \R4 R5/ \R6 'll4 NS
amine 1 amine 2 NEt;, DCM  Rg~ \"/ “Re
O

To a solution of amine 1 (1 equiv.) and triethylamine (3-5 equiv.) in DCM (5-10 mL/mmole
amine 1) at 0 °C was added triphosgene (0.4-0.5 equiv.). The reaction was stirred for 30
min to 1 hour, and then amine 2 (0.5-1.5 equiv.) in DCM (1-2 mL/mmol amine 1) was
added. The reaction was stirred at room temperature for 2-16 hours, then concentrated

under vacuum. The residue was purified by silica gel column to give the desired urea.

Boc deprotection:

0
HCI R H
Rog Ao

I dioxane R4

Boc-protected amine (1 equiv.) was treated with HCl (5-20 equiv.) in dioxane (5-20
mL/mmol amine) at room temperature for 1-4 hours. The reaction was concentrated in

vacuo, and the amine product was used crude or after purification by silica gel column.

Amine alkylation:
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R2 R2

vt o, aco: Ao
Q Br)ﬁo( R MeCN or DMF @ R

X O

A mixture of amine (1 equiv.) bromoacetate (1-1.5 equiv.) and K2CO3 (2-5 equiv.) in MeCN
or DMF (3-10 mL/mmole amine) was stirred at room temperature for 4-16 hours. The
reaction was concentrated in vacuo, and the residue was purified by silica gel column to

give the desired amino acetic acid.

Saponification:

)\’(O LiOH )\’(OH

The ester (1 equiv.) was treated with LiIOH-H20 (3-5 equiv.) in MeOH (3-10 mL/mmol
ester) and water (3-10 mL/mmol ester) at room temperature for 1-16 hours. The reaction
was concentrated in vacuo, and the residue was purified by prep HPLC to give the desired

carboxylic acid product.

Petasis reaction:

N,H HCOCO,H OH
)Q MeCN, heat Q o)

B(OR),

As an alternative to the amine alkylation/saponification sequence, a Petasis reaction can be
used to prepare certain aryl analogs: A mixture of amine (1 eq.) aryl boronic acid or aryl
boronate ester (1-1.5 eq.) and 2-oxoacetic acid (1.5-2 equiv.) in MeCN or DMF (2-10
mL/mmole amine) was stirred at 50-80 °C for 2-16 hours. The reaction was concentrated in

vacuo, and the residue was purified by prep HPLC to give the desired amino acetic acid.

Analvtical Methods
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LCMS Analytical Methods

Final compounds were analyzed using LC/MS conditions, with UV detector monitoring at
214 nm and 254 nm, and mass spectrometry scanning 110-800 amu in ESI+ ionization
mode.

LC/MS A: column: XBridge C18, 4.6 X 50 mm, 3.5 um; mobile phase: A water (10 mM
ammonium hydrogen carbonate), B CH3CN; gradient: 5%-95% B in 1.4 min, then 1.6 min
hold; flow rate: 1.8 mL/min; oven temperature 50 °C.

LC/MS B: column: SunFire C18, 4.6 X 50 mm, 3.5 um; mobile phase: A water (0.01%
TFA), B CH3CN; gradient: 5%-95% B in 1.5 min, then 1.5 min hold; flow rate: 2.0
mL/min; oven temperature 50 °C

LC/MS C: column: XBridge C18, 4.6 X 50 mm, 3.5 um; mobile phase: A water (10 mM
ammonium hydrogen carbonate), B CH3CN; gradient: 5%-95%B in 1.5min, then 1.5 min
hold; flow rate: 1.8 mL/min; oven temperature 50 °C.

LC/MS D: column: Poroshell 120 EC-C138, 4.6 X 30 mm, 2.7 um; mobile phase: A water
(0.01% TFA), B CH3CN (0.01% TFA); gradient: 5%-95% B in 1.2 min, then 1.8 min hold;
flow rate: 2.2 mL/min; oven temperature 50 °C.

LC/MS E: column: XBridge C18, 3.0 X 30 mm, 2.5 um; mobile phase: A water (10 mM
ammonium hydrogen carbonate), B CH3CN; gradient: 5%-95% B in 1.5 min, then 0.6 min
hold; flow rate: 1.5 mL/min; oven temperature 50 °C.

LC/MS F: column: Agilent poroshell 120 EC-C18, 4.6 x 50 mm, 2.7 um: A water (0.1%
formic acid), B CH3CN (0.1% formic acid); gradient 5%-95% B in 4.0 min, then 6.0 min
hold; flow rate 0.95 mL/min; oven temp 50 °C.

Prep-HPLC Methods
Crude samples were dissolved in MeOH and purified by prep HPLC using a Gilson 215

instrument, detection wavelength 214 nm:

Prep HPLC A: column: XBridge C18, 21.2 * 250 mm, 10 um; mobile phase: A water (10
mM ammonium hydrogen carbonate), B CH3CN; gradient elution as in text; flow rate: 20
mL/min.

Prep HPLC B: column: XBridge C18, 21.2 * 250 mm, 10 um; mobile phase: A water (10
mM formic acid), B CH3CN; gradient elution as in text; flow rate: 20 mL/min.
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Prep HPLC C: column: XBridge OBD C18, 19 * 100 mm, 5 um; mobile phase: A water, B
CH3CN; gradient elution as in text; flow rate: 20 mL/min.

Prep Chiral SFC Methods

Racemic products were separated to individual enantiomers by chiral Prep SFC using an
SFC-80 (Thar, Waters) instrument, detection wavelength 214 nm:

Prep chiral SFC A: column: (R,R)-Whelk-O1, 20*250mm, 5 um (Decial), column
temperature: 35 °C, mobile phase: CO2/methanol (0.2% methanol ammonia)= 60/40, flow
rate: 80 g/min, back pressure: 100 bar.

Prep chiral SFC B: column: AD 20*250mm, 10 um (Daicel), column temperature: 35 °C,
mobile phase: CO2/methanol (0.2% methanol ammonia) = 60/40, flow rate: 80 g/min, back
pressure: 100 bar.

Prep chiral SFC C: column: AS 20*250mm, 10 um (Daicel), column temperature: 35 °C,
mobile phase: CO2/methanol (0.2% methanol ammonia) = 60/40, flow rate: 80 g/min, back

pressure: 100 bar.

Analytical Chiral SFC Methods
Chiral products were analyzed by chiral SFC using an SFC-80 (Thar, Waters) instrument,

detection wavelength 214 nm:

Chiral SFC A: column: (R,R)-Whelk-O1, 4.6*100mm, 5 um (Decial), column temperature:
40 °C, mobile phase: CO2/methanol (0.2% methanol ammonia), isocratic elution as in text,
flow rate: 4 g/min, back pressure: 120 bar.

Chiral SFC B: column: AD 4.6*100mm, 5 um (Daicel), column temperature: 40 °C,
mobile phase: CO2/methanol (0.2% methanol ammonia), isocratic elution as in text, flow
rate: 4 g/min, back pressure: 120 bar.

Chiral SFC C: column: AS 4.6%100mm, 5 um (Daicel), column temperature: 40 °C, mobile
phase: CO2/methanol (0.2% methanol ammonia), isocratic elution as in text, flow rate: 4
g/min, back pressure: 120 bar.

Chiral SFC D: column: OD 4.6*100mm, 5 pum (Daicel), column temperature: 40 °C,
mobile phase: CO2/methanol (0.2% methanol ammonia), isocratic elution as in text, flow

rate: 4 g/min, back pressure: 120 bar.
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Chiral SFC E: column: Cellulose-SC 4.6*100mm, 5 um (Daicel), column temperature: 40
°C, mobile phase: CO2/methanol (0.2% methanol ammonia), isocratic elution as in text,
flow rate: 4 g/min, back pressure: 120 bar.

Chiral SFC F: column: OZ 4.6*100mm, 5 um (Daicel), column temperature: 40 °C, mobile
phase: CO2/methanol (0.2% methanol ammonia), isocratic elution as in text, flow rate: 4
g/min, back pressure: 120 bar.

Chiral SFC G: column: IC 4.6*100mm, 5 um (Daicel), column temperature: 40 °C, mobile
phase: CO2/methanol (0.2% methanol ammonia), isocratic elution as in text, flow rate: 4
g/min, back pressure: 120 bar.

Chiral SFC H: column: AD 4.6*250mm, 5 pm (SHIMADZU), column temperature: 40 °C,
mobile phase: n-Hexane(0.1%DEA):EtOH(0.1%DEA), isocratic elution as in text, flow
rate: 1 mL/min.

Chiral SFC I: column: IC 4.6*250mm, 5 um (SHIMADZU), column temperature: 40 °C,
mobile phase: n-Hexane(0.1%DEA):EtOH(0.1%DEA), isocratic elution as in text, flow
rate: 1 mL/min.

Chiral SFC J: column: (8§,S)-Whelk-O1 4.6*250mm, 5 pm (SHIMADZU), column
temperature: 40 °C, mobile phase: n-Hexane(0.1%DEA):EtOH(0.1%DEA), isocratic
elution as in text, flow rate: 1 mL/min.

Chiral SFC K: column: OZ-H 4.6*250mm, 5 pm (SHIMADZU), column temperature: 40
°C, mobile phase: n-Hexane(0.1%DEA):EtOH(0.1%DEA), isocratic elution as in text, flow
rate: 1 mL/min.

Chiral SFC L: column: chiral PAK IG 4.6*250mm, 5 pm (SHIMADZU), column
temperature: 35 °C, mobile phase: n-Hexane(0.1%DEA):EtOH(0.1%DEA), isocratic

elution as in text, flow rate: 1 mL/min.

Example 1: Preparation of 2-(4-((4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-
yl)piperidin-1-yl)methyl)piperidin-1-yl)acetic acid (compound 1)

Step 1: fert-butyl 4-(1,8-naphthyridin-2-yl)piperidine-1-carboxylate
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7

NBoc

X
P
N

NH, NN

BocN L-Proline, EOH "X

A mixture of fert-butyl 4-acetylpiperidine-1-carboxylate (2.0 g, 8.80 mmol), 2-
aminonicotinaldehyde (1.1 g, 8.80 mmol) and L-proline (2.0 g, 17.60 mmol) in EtOH (20
mL) was heated to reflux overnight. Solvent was removed in vacuo, and the residue was
purified by silica gel column (pet ether:EtOAc = 1:1) to give fert-butyl 4-(1,8-naphthyridin-
2-yl)piperidine-1-carboxylate as a colorless oil (0.8 g). Yield 30% (100% purity, UV =214
nm, ESI 314.2 (M+H)").

Step 2: tert-butyl 4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)piperidine-1-carboxylate

NBoc NBoc
_N /N| PAIC, H, H /N|
_——
PN x
EtOH

Tert-butyl 4-(1,8-naphthyridin-2-yl)piperidine-1-carboxylate (0.8 g, 2.56 mmol) was
hydrogenated over Pd-C (100 mg, 10% on activated carbon) under balloon hydrogen in
EtOH (20 mL) at room temperature overnight. The reaction was filtered through Celite and
concentrated to give crude fert-butyl 4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-
yl)piperidine-1-carboxylate as a colorless oil (800 mg), which was used directly in the next

step. Yield 98% (95% purity, UV =214 nm, ESI 318.2 (M+H)").

Step 3: 7-(piperidin-4-yl)-1,2,3,4-tetrahydro-1,8-naphthyridine dihydrochloride

HCI

NBoc NH
NN HCl R.HC
= | . 2 |
AN dioxane A

7-(piperidin-4-yl)-1,2,3,4-tetrahydro-1,8-naphthyridine dihydrochloride (800 mg, 2.52
mmol) was treated with HCI in 1,4-dioxane (4N, 4 mL) at room temperature for 2 hours.
Solvent was removed in vacuo to give the crude 7-(piperidin-4-yl)-1,2,3 4-tetrahydro-1,8-
naphthyridine dihydrochloride as a white solid (750 mg). Yield 95% (100% purity, UV =
214 nm, EST 218.2 (M+H)"). The crude product was used for the next step directly.
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Step 4: tert-butyl 4-((4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)piperidin-1-
yl)methyl)piperidine-1-carboxylate

HCI _
NH OUBOC N
H HS'N H /N NBoc
x | NaBH(OAc);, DCE NS l

A mixture of 7-(piperidin-4-yl)-1,2,3,4-tetrahydro-1,8-naphthyridine dihydrochloride (300
mg, 1.04 mmol) and fert-butyl 4-formylpiperidine-1-carboxylate (220.6 mg, 1.03 mmol) in
DCE (5 mL) under nitrogen atmosphere was stirred at room temperature for 15 min.
NaBH(OACc)3 (437 mg, 2.06 mmol) was added at room temperature. The reaction mixture
was stirred for another 1h, diluted with water (10 mL), and extracted with DCM (20 mL x
2). The combined organic layers were washed with water (10 mL) and brine (10 mL), dried
over NaxSQy, filtered and concentrated under reduced pressure. The residue was purified by
Prep-TLC to give tert-butyl 4-((4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)piperidin-1-
yl)methyl)piperidine-1-carboxylate (148 mg, yield : 35%) as colorless oil (90% purity, UV
=214 nm, ESI 415.1 (M+H)").

Step S: 7-(1-(piperidin-4-ylmethyl)piperidin-4-yl)-1,2,3,4-tetrahydro-1,8-
naphthyridine dihydrochloride

N
N
HCl HC /\O
H . /\Q\IBOC _hHol N /'N NH HCI
“ | dioxane . |

Tert-butyl 4-((4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)piperidin-1-yl)methyl)piperidine-
1-carboxylate (148 mg, 0.36 mmol) was treated with a solution of HCl in 1,4-dioxane (4N,
2 mL) at room temperature for 2 hours. Solvent was removed in vacuo to give the crude 7-
(1-(piperidin-4-ylmethyl)piperidin-4-yl)-1,2,3,4-tetrahydro-1,8-naphthyridine

dihydrochloride (135 mg crude) as a white solid. Yield 95% (ESI 315.2 (M+H)"). The

crude product was used for next step directly.

Step 6: methyl 2-(4-((4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)piperidin-1-
yl)methyl)piperidin-1-yl)acetate
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e LT o OO,

H HCI

ch:o3 DMF z

N
mixture of 7-(1-(piperidin-4-ylmethyl)piperidin-4-yl)-1,2,3 4-tetrahydro-1,8-
naphthyridine dihydrochloride (135 mg crude), methyl 2-bromoacetate (64 mg, 0.42 mmol)
and K2COs (138 mg, 1.0 mmol) in anhydrous DMF (5 mL) was stirred at room temperature
for 5 hours. The reaction was filtered and concentrated in vacuo. The residue was purified
by Prep-HPLC A (33-65% MeCN) to give methyl 2-(4-((4-(5,6,7,8-tetrahydro-1,8-
naphthyridin-2-yl)piperidin-1-yl)methyl)piperidin-1-yl)acetate (54 mg, 52% vyield) as a

white solid. (91% purity, UV = 254 nm, ESI 387.2 (M+H)")

Step 7: 2-(4-((4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)piperidin-1-
yl)methyl)piperidin-1-yl)acetic acid (compound 1)

N N N/\O“\io/ — . N /NI /\O\)J\OH

9 MeOH, H,0 ~

Methyl 2-(4-((4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)piperidin-1-yl)methyl)piperidin-
I-yl)acetate (54 mg, 0.14 mmol) was treated with LiOH (21 mg, 0.5 mmol) in MeOH (3
mL) and H2O (1 mL) at room temperature for 2 hours. Solvent was removed in vacuo, and
the residue was purified by Prep-HPLC A (33-65% MeCN) to give compound 1 as a white
solid (15 mg, 29% yield). LC/MS D: 100% purity, UV = 214 nm, Rt = 0.38 min, ESI 373.3
(M+H)*. 'H NMR (500 MHz, MeOD) § 7.43 (d, J = 7.4 Hz, 1H), 6.55 (d, J = 7.4 Hz, 1H),
3.75 — 3.61 (m, 4H), 3.53 (d, J = 11.9 Hz, 2H), 3.49 — 3.42 (m, 2H), 3.06 (t, J = 11.8 Hz,
2H), 2.92 (d, J = 6.5 Hz, 2H), 2.85 (s, 3H), 2.79 (t, J = 6.2 Hz, 2H), 2.08 — 2.01(m, 7H),
1.98 — 1.90 (m, 2H), 1.68 (d, J= 12.2 Hz, 2H).

Example 2: Preparation of 2-(2-oxo0-4-(4-((5,6,7,8-tetrahydro-1,8-naphthyridin-2-
yl)methyl) piperidine-1-carbonyl)piperazin-1-yl)acetic acid (compound 2)

Step 1: tert-butyl 4-(2-methoxy-2-oxoethyl)-3-oxopiperazine-1-carboxylate
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NaH, DMF

(NH _rt, 16h (\N/\"/OMe
BocN o Br/\n/o\ BocN\/§
O

To a solution of tert-butyl 3-oxopiperazine-1-carboxylate (5.00 g, 25.0 mmol) in DMF (50
mL) at 0 °C was added NaH (60% in mineral oil, 1.20 g, 30.0 mmol). The mixture was
stirred for 30 min, and then methyl 2-bromoacetate (2.60 mL, 27.5 mmol) was added. The

reaction was stirred at room temperate for 16 hours, then quenched with H20 (50 mL) and
extracted with EtOAc¢ (50 mLx3). The combined organic extracts were washed with brine,
dried over NaxSOs, filtered and concentrated in vacuo. The residue was purified by silica
gel column (pet ether:EtOAc 5:1 to 2:1) to afford the desired compound as a colorless oil
(4.0 g). Yield 59% (86% purity, UV = 214 nm, ESI 217.0 (M+H) +).

Step 2: methyl 2-(2-oxopiperazin-1-yl)acetate

HCI/EtOA
NTYOMe N OMe
BOCN\/& HN o 9]

Tert-butyl 4-(2-methoxy-2-oxoethyl)-3-oxopiperazine-1-carboxylate (2.50 g, 9.18 mmol)
was treated with a solution of HCI/EtOAc (4.0 M, 20 mL) at room temperate for 2 hours.
Solvent was removed in vacuo to give the desired product methyl 2-(2-oxopiperazin-1-
yl)acetate as an off-white solid (1.50 g). Yield 98% (88% purity, UV = 214 nm, ESI 173.1
(M+H) +).

Step 3: methyl 2-(2-0x0-4-(4-((5,6,7,8-tetrahydro-1,8-naphthyridin-2-
yl)methyl)piperidine-1-carbonyl)piperazin-1-yl)acetate
o (COCI2)3,Et3N, H o
DCM e
= N
I m LY
N

HN A O

To a mixture of 7-(piperidin-4-ylmethyl)-1,2,3 4-tetrahydro-1,8-naphthyridine (200 mg,

0.75 mmol) and triethylamine (300 mg, 2.96 mmol) in DCM (10 mL) at 0 °C was added

triphosgene (111 mg, 0.37 mmol). The mixture was stirred for 30 min, and then methyl 2-
(2-oxopiperazin-1-yl)acetate (187 mg, 0.90 mmol) in DCM (5.0 mL) was added. The

mixture was stirred at room temperature for 16 hours. Solvent was removed in vacuo, and
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the residue was purified by silica gel column (DCM:MeOH 20:1) to give the desired
product as an off-white solid (300 mg). Yield 93% (81% purity, UV = 214 nm, ESI 430.3
(M+H) +).

Step 4: 2-(2-0x0-4-(4-((5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)methyl)piperidine-1-
carbonyl)piperazin-1-yl)acetic acid (compound 2)
H
OMe LiOH,MeOH, N N OH
T @)

0
Methyl 2-(2-oxo-4-(4-((5, 6,7,8-tetrahydro-1,8-naphthyridin-2-yl)methyl)piperidine-1-

/

carbonyl)piperazin-1-yl)acetate (300 mg, 0.70 mmol) was treated with LiOH-H20 (117 mg,
2.79 mmol) in THF/MeOH/water (5 mL/5 mL/5SmL) for 16 hours at room temperature.
Solvent was removed in vacuo, and the residue was purified by Prep-HPLC B (30-55%
MeCN) to give compound 2 as a white solid (88 mg), Yield 23%. LC/MS D: 100% purity,
UV = 214 nm, Rt = 0.939 min, ESI 416.1 (M+H) +). 1H NMR (400 MHz, DMSO-d6) &
8.15 (0.25 H, HCOOH), 7.05 (d, J = 7.2 Hz, 1H), 6.55 (s, 1H), 6.24 (d, J = 7.2 Hz, 1H),
4.00 (s, 2H), 3.78 (s, 2H), 3.58-3.54 (m, 2H), 3.39-3.38 (m, 4H), 3.24 (s, 2H), 2.71-2.65 (m,
2H), 2.62-2.59 (m, 2H), 2.37-2.39 (m, 2H), 1.80-1.73 (m, 3H), 1.56-1.53 (m, 2H), 1.15-1.06
(m, 2H).

Example 3: Preparation of 2-(2-oxo-4-(4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-
yl)piperidine-1-carbonyl)piperidin-1-yl)acetic acid (compound 3)

Step 1: methyl 1-(2-tert-butoxy-2-0x0ethyl)-2-0x0piperidine-4-carboxylate

Br
NH \{/
o “[(
O NaH, DMF
0

To a solution of methyl 2-oxopiperidine-4-carboxylate (2.90 g, 18.4 mmol) in DMF (30

mL) at 0 °C was added NaH (60% in mineral oil, 886 mg, 22.1 mmol). The mixture was
stirred for 30 min, and then tert-butyl 2-bromoacetate (4.32 g, 22.1 mmol) was added. The
reaction was stirred at room temperature for 16 hours, then quenched with water (20 mL),

and extracted with EtOAc (50 mLx5). The combined organic extracts were washed with
-82-



10

15

20

25

WO 2018/160521 PCT/US2018/019838

brine, dried over Na,SOs, filtered and concentrated in vacuo. The residue was purified by
silica gel column (pet ether:EtOAc 4:1) to give methyl 1-(2-tert-butoxy-2-oxoethyl)-2-
oxopiperidine-4-carboxylate as a colorless oil (1.5 g). Yield 30% (90% purity, UV = 214
nm, ESI 216.1 (M+H) +).

Step 2: 1-(2-tert-butoxy-2-oxoethyl)-2-oxopiperidine-4-carboxylic acid

Methyl 1-(2-tert-butoxy-2-oxoethyl)-2-oxopiperidine-4-carboxylate (1.00 g, 3.68 mmol)
was treated with LIOH-H20 (201 mg, 4.79 mmol) in THF/MeOH/water (20 mL/20 mL/20

mL) at room temperature for 16 hours. The mixture was adjusted to pH~5 with aqueous
HCI (3.0 M, 10 mL) and extracted with EtOAc (50 mL x 3). The combined organic extracts
were washed with brine, dried over NaxSOa, filtered and concentrated in vacuo to give the
desired product 1-(2-tert-butoxy-2-oxoethyl)-2-oxopiperidine-4-carboxylic acid as a pale
yellow oil (900 mg). Yield 95% (85% purity, UV =214 nm, ESI 202.0 (M+H) +).

Step 3: tert-butyl 2-(2-0x0-4-(4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)piperidine-1-
carbonyl)piperidin-1-yl)acetate

o OO ey

N 0

N__N NH 0
S HATU N
_ DIPEA,DMF /N N
= 0

A mixture of 1-(2-tert-butoxy-2-oxoethyl)-2-oxopiperidine-4-carboxylic acid (150 mg, 0.58

mmol) and 7-(piperidin-4-yl)-1,2,3,4-tetrahydro-1,8-naphthyridine (178 mg, 0.70 mmol),
DIEA (500 mg, 3.87 mmol) and HATU (450 mg, 1.18 mmol) in DMF (5.0 mL) was stirred
at 50 °C for 2 hours. The mixture was concentrated in vacuo, and the residue was purified
by silica gel column (DCM:MeOH 20:1) to give the desired product as a pale yellow oil
(150 mg). Yield 56% (86% purity, UV = 214 nm, ESI 457.4 (M+H) +).
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Step 4: 2-(2-0x0-4-(4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)piperidine-1-
carbonyl)piperidin-1-yl)acetic acid (compound 3)

o OH
LiOH,MeOH,
Hod” T C@Cw&
Tert-butyl 2-(2-oxo-4-(4-(5,6,7,8-tetrahydro- 1,8-naphthyridin-2-yl)piperidine-1-

carbonyl)piperidin-1-yl)acetate (150 mg, 0.33 mmol) was treated with LiOH-H20 (69 mg,
1.64 mmol) in THF/MeOH/water (5 mL/5 mL/5 mL) at room temperature for 16 hours.
Solvent was removed in vacuo, and the residue was purified by Prep-HPLC B (33-50%
MeCN) to give the desired product compound 3 as a white solid (20 mg, 15% yield.
LC/MS D: 96% purity, UV = 214 nm, Rt = 1.373 min, ESI 401.1 (M+H) +. 1H NMR (400
MHz, DMSO-d6) & 8.14 (0.15 H, HCOOH), 7.10 (d, J = 7.2 Hz, 1H), 6.38-6.36 (m, 1H),
6.31 (d, J = 7.2 Hz, 1H), 4.51-4.48 (m, 1H), 4.11-4.04 (m, 2H), 3.87-3.83 (m, 1H), 3.43-
3.40 (m, 2H), 3.29-3.24 (m, 5H), 3.13-3.06 (m, 1H), 2.69-2.57 (m, 4H), 2.40-2.26 (m, 2H),
1.91-1.88 (m, 1H), 1.78-1.73 (m, SH), 1.61-1.55 (m, 1H), 1.47-1.44 (m, 1H).

Example 4: Preparation of 2-(4-(3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-
yl)propylcarbamoyl)piperidin-1-yl)acetic acid (compound 4)

Step 1: methyl 1-(2-tert-butoxy-2-0xoethyl)piperidine-4-carb0xylate

Br
o Et3N, THF reflux

O

To a solution of piperidine-4-carboxylic acid methyl ester (1.43 g, 1 mmol) and
triethylamine (2.02 g, 2 mmol) in THF (20 mL) was added bromo-acetic acid tert-butyl
ester (1.95 g, 1 mmol). The resulting mixture was heated at reflux overnight. Solvent was
removed in vacuo, and the residue was purified by silica gel column (pet ether:EtOAc 1:1)
to give the desired product methyl 1-(2-tert-butoxy-2-oxoethyl)piperidine-4-carboxylate as
a colorless oil (0.77g) Yield 30%. 1H NMR (400 MHz, CDCI3) § 3.68 (s, 3H), 3.11 (s, 2H),
2.95-2.87 (m, 2H), 2.33- 2.21 (m, 3H), 1.94- 1.77 (m, 4H), 1.46 (s, 9H).
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Step 2: 1-(2-tert-butoxy-2-oxoethyl)piperidine-4-carboxylic acid

o - o
LiOH.
I N \k MeOH . THF H20 N \{/
o) o) HO o
o o

A mixture of methyl 1-(2-tert-butoxy-2-oxoethyl)piperidine-4-carboxylate (0.77 g, 3.0
mmol) was treated with LIOH-H20 (126 mg, 3.0 mmol) in MeOH (10 mL), THF (5 mL)

and H20 (5 mL) at room temperature overnight. Organic solvent was removed in vacuo;
then aqueous HCI (1N) was added to pH~5. The mixture was extracted with EtOAc (10 mL
x 3). The combined organic layer was washed with brine, dried over anhydrous sodium
sulfate, filtered and concentrated in vacuo to give the desired product 1-(2-tert-butoxy-2-
oxoethyl)piperidine-4-carboxylic acid as a colorless oil (590 mg). Yield 81% (ESI 244
(M+H) +).

Step 3: butyl 2-(4-(3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)propylcarbamoyl)
piperidin-1-yl)acetate

N

/\n,O
HO
NN o
| N NH, HN \ / )—C
_ EDCI,DIPEA,DMF _}osu

A mixture of 3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)propan-1-amine hydrochloride

20

(140 mg, 0.62 mmol), 1-(2-tert-butoxy-2-oxoethyl)piperidine-4-carboxylic acid (100 mg,
0.41 mmol), EDCI (118 mg, 0.62 mmol) and DIPEA (159 mg, 1.23 mmol) in DMF (4 mL)
was stirred at 50 °C overnight. Solvent was removed in vacuo, and the residue was purified
by silica gel column (DCM:MeOH 20:1) to give the desired product butyl 2-(4-(3-(5,6,7,8-

tetrahydro-1,8-naphthyridin-2-yl)propylcarbamoyl)piperidin-1-yl)acetate as a yellow oil
(120 mg). Yield 70% (95% purity, UV = 254 nm, ESI 417.2 (M+H) +).

Step 4: 2-(4-(3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)propylcarbamoyl) piperidin-

1-yl)acetic acid (compound 4)
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OBu
N
H /73( LIOH, MeOH, /ﬁ(
| _THFH2O
ol

Butyl 2-(4-(2-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)ethylcarbamoyl)piperidin-1-
yl)acetate (120 mg, 0.29 mmol) was treated with LIOH-H20 (59 mg, 1.40 mmol) in MeOH
(4 mL), THF (2 mL) and H20 (2 mL) at 40 °C for 2 hours. Solvent was removed in vacuo,
and the residue was purified by Prep-HPLC A (30-65% MeCN) to give compound 4 as a
white solid (40 mg, 39% yield). LC/MS C: 100% purity, UV =214 nm, Rt = 1.36 min, ESI
361(M+H) +. 1H NMR (500 MHz, CD30D) & 7.16 (d, J= 7.0 Hz, 1H), 6.39 (d, /= 7.0 Hz,
1H), 3.66-3.55 (m, 4H), 3.39 (t, J = 5.5 Hz, 2H), 3.22 (t, J = 7.0 Hz, 2H), 3.04- 2.96 (m,
2H), 2.72 (t, J = 6.5 Hz, 2H), 2.58- 2.43 (m, 3H), 2.05- 1.98 (m, 4H), 1.92- 1.80 (m, 4H).

ZT
Z

/

Example 5: Preparation of 2-(4-(3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)
propylcarbamoyl)piperazin-1-yl)acetic acid (compound 5)

Step 1: ethyl 2-(4-(3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)propylcarbamoyl)

piperazin-1-yl)acetate

HN

H NH VN
N N\ NH HN \ /
| 2 S OEt
% HCI triphosgene,Et3N

To a mixture of 3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)propan-1-amine hydrochloride
(200 mg, 0.88 mmol) and triethylamine (177 mg, 1.75 mmol) in DCM (6 mL) at 0 °C was

added triphosgene (157 mg, 0.52 mmol). The mixture was stirred for 30 min, and then ethyl
2-(piperazin-1-yl)acetate (151 mg, 0.88 mmol) in DCM (2 mL) was added. The mixture
was stirred at room temperature overnight. Solvent was removed in vacuo, and the residue
was purified by silica gel column (DCM:MeOH 10:1) to give the desired product as a white
solid (226 mg). Yield 66% (ESI 390.1 (M+H) +).

Step 2: 2-(4-(3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)propylcarbamoyl) piperazin-

1-yl)acetic acid (compound 5)
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N=— NH — LiOH,MeOH, N= NH —
HN N N— —HEH20 | N N N
\ 7 I \ 7 \_/
o _>70Et o OH
0] 0]
ethyl 2-(4-(3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)propylcarbamoyl)piperazin-1-

yDacetate (200 mg, 0.51 mmol) was treated with LiOH-H,O (100 mg, 2.38 mmol) in
MeOH (4 mL), THF (2 mL) and H2O (2 mL) at room temperature overnight. Solvent was
removed in vacuo, and the residue was purified by Prep-HPLC A (30-65% MeCN) to give
compound 5 (MRT-A0034) as a white solid (45 mg), Yield 24%. LC/MS B: 100% purity,
UV =214 nm, Rt = 0.794 min, ESI 362.1 (M+H) +). 1H NMR (400 MHz, CD30D) § 7.18
(d, J=17.2Hz, 1H), 6.41 (d, J = 7.2 Hz, 1H), 3.48-3.41 (m, 4H), 3.39 (t, J = 5.6 Hz, 2H),
3.19 (t, J= 6.8 Hz, 2H), 3.12 (s, 2H), 2.75-2.65 (m, 6H), 2.56 (t, J = 7.6 Hz, 2H), 1.91-1.80
(m, 4H).

Example 6: Preparation of (S)-2-(3-(hydroxymethyl)-2-oxo0-4-(3-(5,6,7,8-tetrahydro-
1,8-naphthyridin-2-yl)propylcarbamoyl)piperazin-1-yl)acetic acid (compound 6)

Step 1: ethyl 2-(2,2-dimethoxyethylamino)acetate

0]
~o Br\)I\OEt ~o 0
\o)\/NHZ K,CO3,DMF,20°C \o)\/ﬂ\)l\oa
A mixture of 2,2-dimethoxyethanamine (5.0 g, 47.55 mmol), ethyl 2-bromoacetate (7.9 g,
47.30 mmol) and K2COs3 (6.64 g, 48.04 mmol) in DMF (40 mL) was stirred at room

temperature overnight. Solvent was removed in vacuo, and the residue was purified by
silica gel column (DCM:MeOH 20:1) to give the desired product ethyl 2-(2,2-
dimethoxyethylamino)acetate as a colorless oil (6.5 g). Yield 71% (ESI 191.0 (M+H) 7).

Step 2: (S)-ethyl2-(3-(benzyloxy)-2-(tert-butoxycarbonylamino)-N-(2,2-
dimethoxyethyl)propanamido)acetate
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B 0]

0 0
v
Boc
Bn \/Y oc NH ’)kOEt
\O ’ 0 B /O\/:\H/N
n
\o)\/ N\)J\OEt HATU, Et,;N,MeCN,20°C 0 oj\o
.

A mixture of ethyl 2-(2,2-dimethoxyethylamino)acetate (1.0 g, 5.23 mmol), (S)-3-
(benzyloxy)-2-(tert-butoxycarbonylamino)propanoic acid (1.54 g, 5.23 mmol), HATU (2.98
g, 7.84 mmol) and DIEA (2.02 g, 15.68 mmol) in MeCN (10 mL) was stirred at room
temperature overnight. Solvent was removed in vacuo, and the residue was purified by
silica gel column (pet ether:EtOAc 1:1) to give the desired product (S)-ethyl 2-(3-
(benzyloxy)-2-(tert-butoxycarbonylamino)-N-(2,2-dimethoxyethyl)propanamido)acetate as
a colorless oil (1.9 g). Yield 77% (ESI 468 (M+H) 7).

Step 3: (S)-tert-butyl-2-(benzyloxymethyl)-4-(2-ethoxy-2-oxoethyl)-3-0x0-3,4-
dihydropyrazine-1(2H)-carboxylate
0

B
°C~NH Hkoa Boc< ﬁ

NT 0
O AN CF,COOH,DCM,20°C,20h 5 | \)J\
Bn \/\ﬂ/ j\ Bn” \“"H( OFEt
o}

"z

0]

0”7 o
|

A mixture of (S)-ethyl  2-(3-(benzyloxy)-2-(tert-butoxycarbonylamino)-N-(2,2-
dimethoxyethyl)propanamido)acetate (1.5 g, 3.2 mmol) and CF3COOH (1.09 g, 9.6 mmol)
in DCM (10 mL) was stirred at room temperature overnight. Solvent was removed in
vacuo, and the residue was purified by silica gel column (pet ether:EtOAc 1:1) to give the
desired product (S)-tert-butyl 2-(benzyloxymethyl)-4-(2-ethoxy-2-oxoethyl)-3-0x0-3,4-
dihydropyrazine-1(2H)-carboxylate as a colorless oil (700 mg). Yield 72% (ESI 404 (M+H)
+). 1H NMR (500 MHz, CD30D) § 7.20 (d, J = 3.8 Hz, 6H), 6.36 — 6.13 (m, 1H), 5.63 (dd,
J =495, 6.0 Hz, 1H), 4.92 — 4.81 (m, 1H), 4.51 — 433 (m, 3H), 4.17 (d, J = 4.8 Hz, 2H),
4.12 — 4.02 (m, 2H), 3.72 — 3.62 (m, 1H), 3.57 — 3.46 (m, 1H), 1.41 — 1.32 (m, 10H), 1.15
(t, J=7.1 Hz, 4H).

Step 4: (S)-tert-butyl 4-(2-ethoxy-2-oxoethyl)-2-(hydroxymethyl)-3-oxopiperazine-1-
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carboxylate
Boc. Boc.<
NS0 Ha, PAIC N/\J?\
O N — HO_.« N
Bn” ™ Hf OEt N H( OEt
O O

A mixture of (S)-tert-butyl-2-(benzyloxymethyl)-4-(2-ethoxy-2-oxoethyl)-3-ox0-3,4-
dihydropyrazine-1(2H)-carboxylate(700 mg, 2.3 mmol) and Pd/C (140 mg, 20 wt%) in
MeOH (10 mL) was stirred under Ha balloon at room temperature overnight. The
suspension was filtered through a pad of Celite and the filter cake was washed with MeOH
(10 mLx2). The combined filtrates were concentrated in vacuo, and the residue was
purified by silica gel column (pet ether:EtOAc 1:1) to give the desired product (S)-tert-
butyl 4-(2-ethoxy-2-oxoethyl)-2-(hydroxymethyl)-3-oxopiperazine-1-carboxylate as a
colorless oil (540 mg). Yield 99% (ESI 316 (M+H) +).

Step S: (S)-ethyl-2-(3-(hydroxymethyl)-2-oxo0-4-(3-(5,6,7,8-tetrahydro-1,8-
naphthyridin-2-yl)propylcarbamoyl)piperazin-1-yl)acetate
H N 0
T X
HN 0 7 NNy /\
N N
K H
HO KWN\)J\OEt triphosgene,Et;N | = |\\\‘HfN

0

o]

\)J\OE’[

OH O©

A mixture of 3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)propan-1-amine (212 mg, 1.11
mmol), triphosgene (137mg, 0.46 mmol) and triethylamine (562mg, 5.55mmol) in DCM (8
mL) was stirred at 0 °C for 1 hour. A solution of (S)-tert-butyl 4-(2-ethoxy-2-oxoethyl)-2-
(hydroxymethyl)-3-oxopiperazine- 1 -carboxylate (200 mg, 0.93 mmol) in DCM (2 mL) was
added dropwise by syringe at O °C. The reaction mixture was stirred at room temperature
overnight. Solvent was removed in vacuo, and the residue was purified by silica gel column
(DCM:CH30H 20:1) to give the desired product (S)-ethyl 2-(3-(hydroxymethyl)-2-oxo-4-
(3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)propylcarbamoyl)piperazin-1-yl)acetate as a
colorless oil (250 mg). Yield 63% (ESI 433 (M+H) 7).

Step 6: (S)-2-(3-(hydroxymethyl)-2-oxo0-4-(3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-
yl)propylcarbamoyl)piperazin-1-yl)acetic acid (compound 6)
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H o H Q
NS N)J\N/\ 0 LiOH NS NJ\N 0
w/\/\H |\\“K”/N\)J\0Et MeOH,H,0 @/\/\H |\“‘KH/N\)J\OH
OH O OH O
(S)-ethyl 2-(3-(hydroxymethyl)-2-ox0-4-(3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-

yl)propylcarbamoyl)piperazin-1-yl)acetate (250 mg, 0.58 mmol) was treated with LiOH-
H20 (97 mg, 2.31 mmol) in MeOH (4 mL) and H20 (1 mL) at room temperature for 2
hours. Solvent was removed in vacuo, and the residue was purified by Prep-HPLC A (30-
65% MeCN) to give compound 6 as a white solid (25 mg, 11% yield). LC/MS B: 100%
purity, UV = 214 nm, Rt = 0.58 min, ESI 405.5 (M+H) +. 1H NMR (500 MHz, MeOD) &
7.49 (d,J = 7.3 Hz, 1H), 6.55 (d, J = 7.4 Hz, 1H), 4.59 (d, J = 16.6 Hz, 2H), 4.09 (dd, J =
11.5,7.1 Hz, 2H), 3.92 (dd, J = 11.6, 3.5 Hz, 1H), 3.78 (dd, J = 11.7, 4.1 Hz, 1H), 3.68 (d, J
= 11.6 Hz, 1H), 3.49 — 3.35 (m, 4H), 3.20 (d, J = 8.1 Hz, 2H), 2.80 — 2.60 (m, 4H), 1.97 —
1.70 (m, 4H).

Example 7: Preparation of 2-(3-(1-methyl-3-(4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-
yl)butyl)ureido)-2-oxopyrrolidin-1-yl)acetic acid (compounds 7-E1 and 7-E2)

Step 1: (R)-1-benzyl 4-methyl 2-(tert-butoxycarbonylamino)succinate

O O

Bn\o OH Mel K2C03 ‘Bn\O OMe

A mixture of (R)-4-(benzyloxy)-3-(tert-butoxycarbonylamino)-4-oxobutanoic acid (11.0 g,
34.0 mmol), K2COs3 (17.0 g, 123 mmol) and Mel (6.50 mL, 104 mmol) in acetone (500 mL)
was stirred at room temperature for 16 hours. The mixture was concentrated, diluted with
water and extracted with EtOAc (200 mL x 5). The combined organic extracts were washed
with brine and dried over Na2SOs, filtered and concentrated in vacuo to give (R)-1-benzyl
4-methyl 2-(tert-butoxycarbonylamino)succinate as an yellow solid (11.0 g). Yield 98%
(94% purity, UV =214 nm, ESI 238.1 (M+H) +).

Step 2: (R)-1-benzyl 4-methyl 2-(tert-butoxycarbonyl(methyl)amino)succinate

-90 -



10

15

20

25

WO 2018/160521 PCT/US2018/019838

O O
Bn\OMOMe Mel ,NaH THF Bn\OMOMe
NH O
Boc” Boc’N\ O

To a solution of (R)-1-benzyl 4-methyl 2-(tert-butoxycarbonylamino)succinate (3.00 g, 8.89
mmol) and Mel (1.50 mL, 24.1 mmol) in DMF (30 mL) at 0 °C was added NaH (60% in
mineral oil, 533 mg, 13.3 mmol). The mixture was stirred at room temperature for 1 hour,
then diluted with water (20 mL) and extracted with EtOAc (50 mL x 5). The combined
organic extracts were washed with brine and dried over Na2SOs, filtered and concentrated
in vacuo to give (R)-1-benzyl 4-methyl 2-(tert-butoxycarbonyl(methyl)amino)succinate as

an yellow oil (3.00 g). Yield 98% (88% purity, UV = 214 nm, ESI 252.3 (M+H) +).

Step 3: (R)-benzyl 2-(tert-butoxycarbonyl(methyl)amino)-4-oxobutanoate

O @)
DIBAL-H
Bn\OMOMe Et20,-780C Bn\ojkl/\&o
N @] N
Boc” ™ Boc” ™

To a solution of (R)-1-benzyl 4-methyl 2-(tert-butoxycarbonyl(methyl)amino)succinate
(3.00 g, 8.54 mmol) in anhydrous Et20 (150 mL) at -78 °C was added dropwise DIBAL-H
(1.0 M, 17.0 mL). The mixture was stirred at -78 °C for 1 hour, then quenched with sat
aqueous NH4CI (20 mL). The mixture was stirred at room temperature for 1 h, then filtered
and extracted with EtOAc (50 mLx3). The combined organic extracts were washed with
brine, dried over Na2SOs, filtered and concentrated in vacuo to give the desired product as a

pale yellow oil (2.5 g). Yield 92% (80% purity, UV = 214 nm, ESI 222.4 (M+H) +).

Step 4: ethyl 2-(3-(tert-butoxycarbonyl(methyl)amino)-2-oxopyrrolidin-1-yl)acetate

o) \)O]\ N
O H>:N
Bn\ow 2 OFEt Eto{ N/
/
80N~ NaBH(OAc)3 O O pul

Et3N,rt
A mixture of ethyl 2-aminoacetate (4.42 g, 31.7 mmol), triethylamine (7.5 mL, 54.1 mmol),
NaBH(OAc); (4.00 g, 18.8 mmol), acetic acid (cat) and (R)-benzyl 2-(tert-
butoxycarbonyl(methyl)amino)-4-oxobutanoate (1.61 g, 5.01 mmol) in DCM (100 mL) was
stirred at room temperature for 16 hours. The reaction was quenched with water (20 mL)

and extracted with DCM (50 mL x 3). The combined organic extracts were concentrated in
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vacuo, and the residue was purified by reverse phase C18 column (35%~50% MeCN in
H20 (0.5% NH4HCO?3)) to give the desired product as a pale yellow oil (410 mg). Yield
18% (95% purity, UV = 214 nm, ESI 201.3 (M+H) +).

Step S: ethyl 2-(3-(methylamino)-2-oxopyrrolidin-1-yl)acetate

N
Eto{ cl - Eto{ N~
O O H

Boc

Ethyl 2-(3-(tert-butoxycarbonyl(methyl)amino)-2-oxopyrrolidin-1-yl)acetate (410 mg, 1.36
mmol) was treated with a solution of HCI in dioxane (4.0 M, 10 mL) at room temperature
for 2 hours. The reaction was concentrated in vacuo to give the desired product as a pale

yellow solid (340 mg). Yield 95% (95% purity, UV = 214 nm, ESI 201.3 (M+H) +).

Step 6: ethyl 2-(3-(1-methyl-3-(4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-
yl)butyl)ureido)-2-oxopyrrolidin-1-yl)acetate

N

N I
Fo— ;LN (/\(/\//W 7r J\‘OH
O O H triphosgene, Et3N

To a mixture of 4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)butan-1-amine (375 mg, 1.55
mmol) and triethylamine (1.00 mL) in DCM (20 mL) at 0 °C was added triphosgene (250

mg, 0.85 mmol). The mixture was stirred for 30 min, and then ethyl 2-(3-(methylamino)-2-
oxopyrrolidin-1-yl)acetate (340 mg, 1.68 mmol) in DCM (5 mL) was added. The mixture
was stirred at room temperature for 16 hours. Solvent was removed in vacuo, and the
residue was purified by silica gel column (DCM:MeOH 20:1) to give the desired product
ethyl 2-(3-(1-methyl-3-(4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)butyl Jureido)-2-
oxopyrrolidin-1-yl)acetate as a pale yellow solid (300 mg). Yield 45% (82% purity, UV =
214 nm, ESI 432.4 (M+H) +).

Step 7: 2-(3-(1-methyl-3-(4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)butyl)ureido)-2-
oxopyrrolidin-1-yl)acetic acid (compounds 7-E1 and 7-E2)

H H
NN N "0 Q LiOH NN § e 0 Q
| 7]/N _>—0Et—> | \”/N _>—0H
= N = N
o 0
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Ethyl 2-(3-(1-methyl-3-(4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)butyl )ureido)-2-
oxopyrrolidin-1-yl)acetate (300 mg, 0.70 mmol) was treated with LIOH-H20 (292 mg, 6.95
mmol) in MeOH (7.5 mL) and water (2.5 mL) at room temperature for 2 hours. Solvent
was removed in vacuo, and the residue was purified by Prep-HPLC A (35-65% MeCN) to
give the racemic compound 7 as a white solid (245 mg, 85% yield). The racemic product
was separated by prep chiral SFC A to give enantiomeric products compound 7-E1 (118
mg) and compound 7-E2 (95 mg) as white solids.

Compound 7-E1 LC/MS A: 96% purity, UV = 214 nm, Rt = 1.376 min, ESI 404.3(M+H)
+. 1H NMR (400 MHz, D20) § 7.02 (d, J = 6.8 Hz, 1H), 6.38 (m, 2), 6.25 (d, /= 7.2 Hz,
1H), 4.90 (m, 1H), 3.94-3.81 (m, 2H), 3.22 (m, 4H), 3.02-2.97 (m, 2H), 2.60 (m, 4H), 2.43-
2.40 (m, 3H), 2.14- 2.08 (m, 1H), 1.89-1.84 (m, 1H), 1.75-1.71 (m, 2H), 1.56-1.53 (m, 2H),
1.41-1.40 (m, 2H). Chiral SFC A (40% MeOH): ee 100%, Rt = 1.91 min.

Compound 7-E2 LC/MS A: 99.5% purity, UV = 214 nm, Rt = 1.37 min, ESI 404.4(M+H)
+. 1H NMR (400 MHz, CD30D) 6 7.02 (d, /= 6.8 Hz, 1H), 638 (m, 2), 6.25(d, J =72
Hz, 1H), 4.90 (m, 1H), 3.94-3.81 (m, 2H), 3.22 (m, 4H), 3.02-2.97 (m, 2H), 2.60 (m, 4H),
2.43-2.40 (m, 3H), 2.14- 2.08 (m, 1H), 1.89-1.84 (m, 1H), 1.75-1.71 (m, 2H), 1.56-1.53 (m,
2H), 1.41-1.40 (m, 2H). Chiral SFC A (40% MeOH): ee 100%, Rt = 4.02 min.

Example 8: Preparation of 2-phenyl-2-(4-(4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-
yl)butanamido)piperidin-1-yl)acetic acid (compounds 8-E1 and 8-E2)

Step 1: tert-butyl 4-(4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-

yl)butanamido)piperidine-1-carboxylate

X Z

/Q\IBOC
7 | 0 HoN | o~ 0 /OIBOC
N

N OH HATU H N

N
H DIPEA,DMF H

A mixture of 4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)butanoic acid (500 mg, 2.27
mmol), tert-butyl 4-aminopiperidine-1-carboxylate (454 mg, 2.27 mmol), HATU (1296 mg,
3.41 mmol) and DIEA (879 mg, 6.81 mmol) in DMF (6 mL) was stirred at room
temperature overnight. Solvent was removed in vacuo, and the residue was purified by

silica gel column (pet ether:EtOAc 2:1) to give the desired product tert-butyl 4-(4-(5,6,7,8-

20
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tetrahydro-1,8-naphthyridin-2-yl)butanamido)piperidine-1-carboxylate as a yellow oil (620
mg). Yield 68% (98% purity, UV = 214 nm, ESI 402.0 (M+H) 7).

Step 2: N-(piperidin-4-yl)-4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)butanamide
P P
N N N N N N
H H H H

Tert-butyl 4-(4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)butanamido)piperidine-1-

carboxylate (620 mg, 1.54 mmol) was treated with HCI (4 mL, 15.4 mmol) in 1,4-dioxane
(5 mL) at room temperature overnight. Solvent was removed in vacuo, and the residue was
purified by silica gel column (DCM:MeOH 40:1) to give the desired product N-(piperidin-
4-y1)-4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)butanamide as a yellow oil (440 mg).
Yield 95% (100% purity, UV =214 nm, ESI 302 (M+H) *).

Step 3: ethyl 2-phenyl-2-(4-(4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-
yl)butanamido)piperidin-1-yl)acetate

Br OFt OEt
(A e (XA 2
Z ~ O
N N N N N N
H H H H

A mixture of N-(piperidin-4-yl)-4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)butanamide
(200 mg, 0.66 mmol), ethyl 2-bromo-2-phenylacetate(192 mg, 0.79 mmol), DIEA(255 mg,
1.98 mmol) and K2COs (273 mg, 1.98 mmol) in MeCN (4 mL) was stirred at 50 °C for 3
hours. Solvent was removed in vacuo, and the residue was purified by silica gel column
(DCM:MeOH 20:1) to give the desired product ethyl 2-phenyl-2-(4-(4-(5,6,7,8-tetrahydro-
1,8-naphthyridin-2-yl)butanamido)piperidin-1-yl)acetate as a yellow oil (160 mg). Yield
52% (100% purity, UV = 214 nm, ESI 464 (M+H) 7).

Step 4: 2-phenyl-2-(4-(4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-
yl)butanamido)piperidin-1-yl)acetic acid (compounds 8-E1 and 8-E2)
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m\/\i /O OEt LiOH m O OH
NN N O MeOH, Hy,0 NT N N O
H H H H

Ethyl 2-phenyl-2-(4-(4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)butanamido)piperidin-1-
yl)acetate (160 mg, 0.34 mmol) was treated with LIOH-H20 (58 mg, 1.38 mmol) in MeOH
(4 mL) and H20 (1 mL) for 2 hours at room temperature. Solvent was removed in vacuo,
and the residue was purified by Prep-HPLC A (33-65% MeCN) to give the racemic
compound 8 as a white solid (65 mg, 44% yield). The racemic product was separated by
prep chiral SFC A to give enantiomeric products compound 8-E1 (32 mg) and compound

8-E2 (31 mg) as white solids.

Compound 8-E1 LC/MS A: 95% purity, UV = 214 nm, Rt = 1.44 min, ESI 436(M+H) +.
1H NMR (400 MHz, CD30D) 6 7.59-7.58 (m, 2H), 7.42-7.41 (m, 3H), 7.19 (d, /= 7.0 Hz,
1H), 6.39 (d, J=7.5 Hz, 1H), 4.33 (s, 1H), 3.82 (m, 1H), 3.39- 3.32 (m, 4H), 2.96- 2.69 (m,
6H), 2.56 (t, J = 7.5 Hz, 2H), 2.20 (t, J = 7.5 Hz, 2H), 1.86- 1.28 (m, 6H). Chiral SFC A
(45% MeOH): ee 100%, Rt = 2.09 min.

Compound 8-E2 LC/MS A: 95.8% purity, UV =214 nm, Rt = 1.45 min, ESI 436 (M+H) +.
1H NMR (400 MHz, CD30D) 6 7.59-7.58 (m, 2H), 7.42-7.41 (m, 3H), 7.19 (d, /= 7.0 Hz,
1H), 6.39 (d, J=7.5 Hz, 1H), 4.33 (s, 1H), 3.82 (m, 1H), 3.39- 3.32 (m, 4H), 2.96- 2.69 (m,
6H), 2.56 (t, J = 7.5 Hz, 2H), 2.20 (t, J = 7.5 Hz, 2H), 1.86- 1.28 (m, 6H). Chiral SFC A
(45% MeOH): ee 100%, Rt = 3.8 min.

Example 9: Preparation of 2-(4-(4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-
yl)butylamino)piperidin-1-yl)propanoic acid (compound 9)

Step 1: methyl 2-(4-oxopiperidin-1-yl)propanoate
Me

O
Br

~ Me
O
O e S U
O
o K2CO3,MeCN o

A mixture of piperidin-4-one hydrochloride (1.0 g, 7.38 mmol), methyl 2-bromopropanoate

(1.85 g, 11.06 mmol) and K2COs (3.06 g, 22.13 mmol) in MeCN (20 mL) was stirred at
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room temperature for 4 hours. Solvent was removed in vacuo, and the residue was purified
by silica gel column (pet ether:EtOAc 2:1) to give the desired product as a colorless oil (1.2
g). Yield 88% (80% purity, UV = 214 nm, ESI 186.1 (M+H) +).

Step 2: methyl 2-(4-(4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-
yl)butylamino)piperidin-1-yl)propanoate

QN wmvwﬁ

NaBH(OAC)3,DCM

To a solution of 4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)butan-1-amine hydrochloride
(200 mg, 0.72 mmol) in DCM (5 mL) was added triethylamine (145 mg, 1.44 mmol) at
room temperature. The mixture was stirred for 10 min, and then methyl 2-(4-oxopiperidin-
I-yl)propanoate (213 mg, 0.86 mmol), NaBH(OAc)3 (457 mg, 2.16 mmol) and one drop of
HOAc were added. The mixture was stirred at room temperature overnight. Solvent was
removed in vacuo, and the residue was purified by silica gel column (DCM:MeOH 20:1) to
give the desired product as a colorless oil (240 mg). Yield 89% (100% purity, UV = 254
nm, ESI 375.3 (M+H) +).

Step 3:  2-(4-(4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)butylamino)piperidin-1-

yl)propanoic acid (compound 9)

mﬁ %Q

Methyl 2-(4-(4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)butylamino)piperidin-1-
yl)propanoate (100 mg, 0.27 mmol) was treated with LiOH-H20 (42 mg, 1.0 mmol) in
MeOH (4 mL) and H2O (1 mL) for 2 hours at room temperature. Solvent was removed in
vacuo, and the residue was purified by Prep-HPLC A (30-65% MeCN) to give compound 9
(as a white solid (35 mg, yield 36%). LC/MS C: 97.2% purity, UV = 214 nm, Rt = 1.166
min, ESI 361.4 (M+H) +). IH NMR (400 MHz, CD30D) § 7.14 (d, J = 7.2 Hz, 1H), 6.38
(d,J=7.6 Hz, 1H), 3.39-3.18 (m, 4H), 2.91-2.83 (m, 3H), 2.72-2.53 (m, 6H), 2.15-2.02 (m,
2H), 1.89-1.84 (m, 2H), 1.75-1.59 (m, 6H), 1.36 (d, J = 6.8 Hz, 3H).
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Example 10: Preparation of 2-phenyl-2-(4-(5-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-
yl)pentyl)piperazin-1-yl)acetic acid (compounds 10-E1 and 10-E2)

Step 1: tert-butyl 4-(2-methoxy-2-oxo-1-phenylethyl)piperazine-1-carboxylate

OMe
Br

NH o) N OMe
BOC/Q K2CO3,MeCN BOC/Q O

A mixture of tert-butyl piperazine-1-carboxylate (1.5 g, 8.05 mmol), methyl 2-bromo-2-
phenylacetate (2.21 g, 9.66 mmol) and K2COs (3.33 g, 24.15 mmol) in MeCN (30 mL) was
stirred at room temperature overnight. Solvent was removed in vacuo, and the residue was
purified by silica gel column (pet ether:EtOAc 1:2) to give the desired product as a
colorless oil (1.6 g). Yield 60% (ESI 235 (M+H-100) ).

Step 2: methyl 2-phenyl-2-(piperazin-1-yl)acetate hydrochloride

HCI

(\N OMe Hel (\N OMe

N O
Boc” HN O

Tert-butyl 4-(2-methoxy-2-oxo-1-phenylethyl)piperazine-1-carboxylate (500 mg, 1.50
mmol) was treated with a solution of HCl/dioxane (2.0 M, 10 mL) at room temperature for
2 hours, then concentrated in vacuo to give the desired product as a white solid (389 mg).

Yield 96% (ESI 235 (M+H) +).

Step 3: methyl 2-phenyl-2-(4-(5-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-
yl)pentyl)piperazin-1-yl)acetate

=

w
H?N oMe H " cHo | N N OMe
HN\) 5 NaBH(OAc)3,DCM N NG N\) O
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To a solution of methyl 2-phenyl-2-(piperazin-1-yl)acetate hydrochloride (150 mg, 0.55
mmol) in DCM (5 mL) was added triethylamine (112 mg, 1.11 mmol) at room temperature.
The mixture was stirred for 10 min, and then 5-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-
yl)pentanal (120 mg, 0.55 mmol), NaBH(OAc); (350 mg, 1.65 mmol) and one drop of
HOAc¢ was added. The mixture was stirred at room temperature overnight. Solvent was
removed in vacuo, and the residue was purified by silica gel column (DCM:MeOH 10:1) to
give the desired product as a colorless oil (130 mg). Yield 54% (100% purity, UV = 254
nm, ESI 437.3 (M+H) +).

Step 4: 2-phenyl-2-(4-(5-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)pentyl)piperazin-1-
ylacetic acid (compounds 10-E1 and 10-E2)

OMe OH
~ - ~
oW s "Nie oUNN'S
NN NN N °
H H
Methyl 2-phenyl-2-(4-(5-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)pentyl)piperazin-1-
yl)acetate (130 mg, 0.30 mmol) was treated with LIOH-H20 (63 mg, 1.50 mmol) in MeOH
(5.0 mL) and H20 (1.0 mL) at room temperature for 2 hours. Solvent was removed in
vacuo, and the residue was purified by Prep-HPLC A (30-65% MeCN) to give racemic
compound 10 as a white solid (70 mg, 55% yield). The racemic product was separated by

prep chiral SFC A to give enantiomeric products compound 10-E1 (21 mg) and compound

10-E2 (18 mg) as white solids.

Compound 10-E1 LC/MS A: 95% purity, UV = 214 nm, Rt = 1.53 min, ESI 423.4 (M+H)
+. 1H NMR (400 MHz, CD30D) 6 7.43-7.41 (m, 2H), 7.24-7.18 (m, 3H), 7.05 (d, /= 7.6
Hz, 1H), 6.26 (d, J = 7.2 Hz, 1H), 3.76 (s, 1H), 3.27-3.24 (m, 2H), 2.86-2.39 (m, 14H),
1.80-1.72 (m, 2H), 1.60-1.43 (m, 4H), 1.29-1.17 (m, 2H). Chiral SFC A (45% MeOH): ee
100%, Rt =1.93 min.

Compound 10-E2 LC/MS A: 95% purity, UV = 214 nm, Rt = 1.53 min, ESI 423.4 (M+H)
+. 1H NMR (400 MHz, CD30D) 6 7.43-7.41 (m, 2H), 7.24-7.18 (m, 3H), 7.05 (d, /= 7.6
Hz, 1H), 6.26 (d, J = 7.2 Hz, 1H), 3.76 (s, 1H), 3.27-3.24 (m, 2H), 2.86-2.39 (m, 14H),
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1.80-1.72 (m, 2H), 1.60-1.43 (m, 4H), 1.29-1.17 (m, 2H). Chiral SFC A (45% MeOH): ee
95%, Rt = 2.72 min.

Example 11: Preparatio of 2-phenyl-2-(4-((5,6,7,8-tetrahydro-1,8-naphthyridin-2-
yl)methyl)-1,4'-bipiperidin-1'-yl)acetic acid (compounds 11-E1 and 11-E2)

Step 1: methyl 2-(4-oxopiperidin-1-yl)-2-phenylacetate

OM
Br ©

o K2CO3MeCN 5 O

A mixture of piperidin-4-one hydrochloride (1.0 g, 7.38 mmol), methyl 2-bromo-2-
phenylacetate (2.53 g, 11.06 mmol) and K2COs3 (3.06 g, 22.13 mmol) in MeCN (30 mL)

was stirred at room temperature overnight. Solvent was removed in vacuo, and the residue
was purified by silica gel column (pet ether:EtOAc 2:1) to give the desired product methyl
2-(4-oxopiperidin-1-yl)-2-phenylacetate as a colorless oil (1.3 g). Yield 71% (98% purity,
UV =214 nm, ESI 248.0 (M+H) ).

Step 2: methyl 2-phenyl-2-(4-((5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)methyl)-1,4'-
bipiperidin-1'-yl)acetate

NaBH(OAc)3 DCM NN
H

A mixture of 7-(piperidin-4-ylmethyl)-1,2,3,4-tetrahydro-1,8-naphthyridine (152 mg, 0.66
mmol), methyl 2-(4-oxopiperidin-1-yl)-2-phenylacetate (195 mg, 0.79 mmol) and
NaBH(OAc)s (418 mg, 1.97 mmol) in DCM (5 mL) was stirred at room temperature
overnight. Solvent was removed in vacuo, and the residue was purified by silica gel column

(DCM:MeOH 20:1) to give the desired product methyl 2-phenyl-2-(4-((5,6,7,8-tetrahydro-
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1,8-naphthyridin-2-yl)methyl)-1,4'-bipiperidin-1'-yl)acetate as a colorless oil (110 mg).
Yield 36% (100% purity, UV =214 nm, ESI 463 (M+H) *).

Step 3: 2-phenyl-2-(4-((5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)methyl)-1,4'-
bipiperidin-1'-yl)acetic acid (compounds 11-E1 and 11-E2)

M
SN MeOH, H,0 SN

Methyl 2-phenyl-2-(4-((5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)methyl)-1,4'-bipiperidin-
I'-yDacetate (110 mg, 0.24 mmol) was treated with LiOH-H20 (42 mg, 1.0 mmol) in

MeOH (4 mL) and H20 (1 mL) at room temperature for 2 hours. Solvent was removed in
vacuo, and the residue was purified by Prep-HPLC A (33-65% MeCN) to give racemic
compound 11 as a white solid (55 mg, 52% yield). The racemic product was separated by
Prep chiral SFC A to give enantiomeric products compound 11-E1 (12 mg) and compound

11-E2 (15 mg) as white solids.

Compound 11-E1 LC/MS A: 100% purity, UV = 214 nm, Rt = 1.5 min, ESI 449.5 (M+H)
+. 1H NMR (400 MHz, CD30OD) 6 7.54-7.52 (m, 2H), 7.34-7.32 (m, 3H), 7.13 (d, /=72
Hz, 1H), 6.35 (d, /= 7.2 Hz, 1H), 3.92 (br, 1H), 3.58- 3.20 (m, SH), 2.90- 2.32 (m, 9H),
2.22- 1.64 (m, 10H), 1.44- 1.25 (m, 2H). Chiral SFC A (40% MeOH): ee 100%, Rt = 2.98
min

Compound 11-E2 LC/MS A: 100% purity, UV = 214 nm, Rt = 1.5 min, ESI 449.5 (M+H)
+. 1H NMR (400 MHz, CD30OD) 6 7.54-7.52 (m, 2H), 7.34-7.32 (m, 3H), 7.13 (d, /=72
Hz, 1H), 6.35 (d, J = 7.2 Hz, 1H), 3.95 (br, 1H), 3.58- 3.20 (m, 5H), 2.90- 2.32 (m, 9H),
2.22- 1.64 (m, 10H), 1.44- 1.25 (m, 2H). Chiral SFC A (40% MeOH): ee 100%, Rt = 4.15

min

Example 12: Preparation of 2-phenyl-2-(4-(4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-
yl)butoxy)piperidin-1-yl)acetic acid (compounds 12-E1 and 12-E2)
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Step 1: 6-bromohexan-2-one

OH Bry,KoCO;3 )\/\/\
O Br

A mixture of 1-methylcyclopentanol (4.00 g, 39.94 mmol) and K2COs (33.11 g, 239.6
mmol) in CHCI3 (130 mL) was stirred at 0 °C for 15 min., and then bromine (10.23 mL,

199.7 mmol) was then added. The reaction mixture was stirred at O °C for 2.5 hours, then
poured slowly into an ice-chilled saturated aqueous Na2S20s3 solution (100 mL). The
organic layer was separated, washed with water (2 x 100 mL), dried over MgSOs, filtered
and concentrated in vacuo. The residue was purified by silica gel column (pet ether:EtOAc
3:1) give the desired product 6-bromohexan-2-one as a colorless oil (4g). Yield 56% (98%
purity, UV = 214 nm, ESI no found ). 'H- NMR (400 MHz, CDCl5) & 1.66-1.80 (m, 2H),
1.82-1.93 (m, 2H), 2.15 (s,3H), 2.48 (t, J = 7.3 Hz, 2H), 3.41 (t, ] = 6.5 Hz, 2H).

Step 2: 2-(4-bromobutyl)-2-methyl-1,3-dioxolane
0] ethylene glycol

/\/\><Oj
Brw Ts-OH, toluene, reflux Br 0

In a flame dried round-bottomed flask equipped with a magnetic stir bar and a Dean-Stark

under N2, a solution of 6-bromo-hexan-2-one (2.0 g, 11.17 mmol), ethylene glycol (6.93 g,
111.7 mmol) and TsOH (384 mg, 0.22 mmol) in toluene (40 mL) was heated to reflux for 3
h. The reaction was allowed to cool to room temperature, and sat. aq. NaHCOs (60 mL) and
ethyl acetate (100 mL.) were added. The organic layer was separated, washed with water (2
x 100 mL), dried over MgSO4, filtered and concentrated in vacuo. The residue was purified
by silica gel column (pet ether:EtOAc 4:1) to give the desired product 2-(4-bromobutyl)-2-
methyl-1,3-dioxolane as a colorless oil (1.6g). Yield 64% (98% purity, UV = 214 nm, ESI
no found). 1H -NMR (400 MHz, CDCI3) § 1.34 (s, 3H), 1.50-1.65(m, 2H), 1.65-1.75 (m,
2H), 1.84-1.98 (m, 2H), 3.43 (t, ] = 6.8 Hz, 2H), 3.90-4.04 (m, 4H).

Step 3: tert-butyl 4-(4-(2-methyl-1,3-dioxolan-2-yl)butoxy)piperidine-1-carboxylate

NBoc
Br /Q
HO ') NBoc
</ NaH,DMF,100°C o O

O
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A mixture of tert-butyl 4-hydroxypiperidine-1-carboxylate (866 mg, 4.31 mmol) and NaH
(287 mg, 7.18 mmol) in DMF (10 mL) was stirred at O °C for 1 hour. A solution of 2-(4-
bromobutyl)-2-methyl-1,3-dioxolane (800 mg, 3.59 mmol) in DMF (5 mL) was added
dropwise to the above mixture at 0 °C, and the reaction mixture was stirred at 100 °C
overnight. Solvent was removed in vacuo, and the residue was purified by silica gel column
(pet ether:EtOAc 1:1) to give the desired product tert-butyl 4-(4-(2-methyl-1,3-dioxolan-2-
yl)butoxy)piperidine-1-carboxylate as a colorless oil (420 mg). Yield 36% (98% purity, UV
=214 nm, ESI 243 (M+H) *).

Step 4: 6-(piperidin-4-yloxy)hexan-2-one

[Z></\/\O/(]\l e = " '\O\O/\/\i

Tert-butyl 4-(4-(2-methyl-1,3-dioxolan-2-yl)butoxy )piperidine-1-carboxylate (420 mg, 1.22

mmol) was treated with 4 M HCI (3.1 mL, 12.2 mmol) in 1,4-dioxane (10 mL) at room
temperature for 2 hours. Solvent was removed in vacuo, and the residue was purified by
silica gel column (pet ether:EtOAc 1:2) to give the desired product 6-(piperidin-4-
yloxy)hexan-2-one as a colorless oil (290 mg). Yield 97% (98% purity, UV = 214 nm, ESI
243 (M+H) ).

Step S: methyl 2-(4-(S-oxohexyloxy)piperidin-1-yl)-2-phenylacetate

0]
OMe

Br

OM K,CO3,CH,CN,50°C

o /O‘ OMe

)J\/\Ao 0

A mixture of 6-(piperidin-4-yloxy)hexan-2-one (290 mg, 1.19 mmol), K2CO3 (493 mg, 3.57
mmol) and methyl 2-bromo-2-phenylacetate (409 mg, 1.79 mmol) in acetonitrile (8 mL)
was stirred at 50 °C for 3 hours. Solvent was removed in vacuo, and the residue was
purified by silica gel column (pet ether:EtOAc 1:2) to give the desired product methyl 2-(4-
(5-oxohexyloxy)piperidin-1-yl)-2-phenylacetate a colorless oil (340 mg). Yield 82% (98%
purity, UV =214 nm, ESI 347 (M+H) 7).
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Step6: methyl 2-(4-(4-(1,8-naphthyridin-2-yl)butoxy)piperidin-1-yl)-2-
phenylacetate

7

X,
NH

N >
)\/\/\ /O\‘ OMe pyrrolidine, EtOH, reflux (n/\/\ /@ OMe
@)
o 0 © SN 0

A mixture of 2-(4-(5-oxohexyloxy)piperidin-1-yl)-2-phenylacetate (340 mg, 0.98 mmol), 2-

aminonicotinaldehyde (155 mg, 1.27 mmol) and pyrrolidine (90 mg, 1.27 mmol) in ethanol
(8 mL) was refluxed overnight. Solvent was removed in vacuo, and the residue was purified
by silica gel column (DCM:MeOH 40:1) to give the desired product methyl 2-(4-(4-(1,8-
naphthyridin-2-yl)butoxy)piperidin-1-yl)-2-phenylacetate a colorless oil (220 mg). Yield
51% (98% purity, UV =254 nm, ESI 434.5 (M+H) +).

Step 7: methyl 2-phenyl-2-(4-(4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-
yl)butoxy)piperidin-1-yl)acetate

AN N OMe  Hopdic N N OMe
OO O O O

A mixture of methyl 2-(4-(4-(1,8-naphthyridin-2-yl)butoxy )piperidin-1-yl)-2-phenylacetate
(220 mg, 0.51 mmol) and Pd/C (10%, 20 mg) in EtOAc (30 mL) was stirred under balloon
hydrogen at room temperature for 16 hours. The mixture was filtered and concentrated to

give the desired product as a colorless oil (220 mg). Yield 99% (92% purity, UV = 214 nm,
ESI 438.4 (M+H) +).

Step 8: 2-phenyl-2-(4-(4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)butoxy)piperidin-1-
yl)acetic acid (compounds 12-E1 and 12-E2) (MRT-B0103)

LiOH

NN 0 X N" N 0 X
H H
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Methyl 2-(4-(4-(1,8-naphthyridin-2-yl)butoxy)piperidin-1-yl)-2-phenylacetate (220 mg,
0.51 mmol) was treated with LiIOH-H20 (86 mg, 2.04 mmol) in MeOH (4 mL) and H20O (1
mL) at room temperature for 2 hours. Solvent was removed in vacuo, and the residue was
purified by Prep-HPLC A (33-65% MeCN) to give racemic compound 12 as a white solid
(42 mg, 19% yield). The racemic product was separated by prep chiral SFC A to give
enantiomeric products compound 12-E1 (17 mg) and compound 12-E2 (20 mg) as white

solids.

Compound 12-E1 LC/MS A: 98% purity, UV = 214 nm, Rt = 1.61 min, ESI 423.5 (M+H)
+. 1H- NMR (400 MHz, MeOD) & 7.61 — 7.50 (m, 2H), 7.48 — 7.38 (m, 3H), 7.14 (d, J =
7.3 Hz, 1H), 6.36 (d, J = 7.3 Hz, 1H), 4.46 (s, 1H), 3.57 (s, 1H), 3.46 (t, ] = 6.2 Hz, 2H),
3.41 —3.35(m, 2H), 3.14 (s, 1H), 2.85 (s, 1H), 2.71 (t, ] = 6.2 Hz, 2H), 2.53 (t, J = 7.5 Hz,
2H), 2.19 — 1.79 (m, 7H), 1.56-1.63 (m, SH). Chiral SFC A (45% MeOH): ee 96.2%, Rt =
1.88min.

Compound 12-E2 LC/MS A: 97% purity, UV = 214 nm, Rt = 1.61 min, ESI 423.5 (M+H)
+. 1H- NMR (400 MHz, MeOD) & 7.61 — 7.50 (m, 2H), 7.48 — 7.38 (m, 3H), 7.14 (d, J =
7.3 Hz, 1H), 6.36 (d, J = 7.3 Hz, 1H), 4.46 (s, 1H), 3.57 (s, 1H), 3.46 (t, ] = 6.2 Hz, 2H),
3.41 —3.35(m, 2H), 3.14 (s, 1H), 2.85 (s, 1H), 2.71 (t, ] = 6.2 Hz, 2H), 2.53 (t, J = 7.5 Hz,
2H), 2.19 — 1.79 (m, 7H), 1.56-1.63 (m, SH). Chiral SFC A (45% MeOH): ee 99.6%, Rt =
3.05min.

Example 13: Preparation of  2-phenyl-2-((R)-3-(3-(5,6,7,8-tetrahydro-1,8-
naphthyridin-2-yl)propylcarbamoyl)pyrrolidin-1-yl)acetic acid (compounds 13-E1 and
13-E2)

Step 1: (R)-tert-butyl 3-(3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-
yl)propylcarbamoyl)pyrrolidine-1-carboxylate

H
#
e Sopaaes
HATU -

A mixture of (R)-1-(tert-butoxycarbonyl)pyrrolidine-3-carboxylic acid (124.7 mg, 0.58

mmol), 3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)propan-1-amine (100 mg, 0.52 mmol),
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HATU (331 mg, 0.87 mmol) and DIPEA (374 mg, 2.9 mmol) in DMF (5.0 mL) was stirred
at room temperature for 2 hours. Solvent was removed in vacuo, and the residue was
purified by silica gel column (DCM:MeOH 10:1) to give the desired product (R)-tert-
butyl3-(3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)propylcarbamoyl)pyrrolidine-1-
carboxylate as a yellow oil (110 mg). Yield 49% (ESI 389 (M+H) +).

Step 2:  (R)-N-(3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)propyl)pyrrolidine-3-

carboxamide

| N H/kCNBOC HCI llj/\/\HJKCNH
F S

(R)-tert-butyl3-(3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)propylcarbamoyl)pyrrolidine-

I-carboxylate (110 mg, 0.29 mmol) was treated with a solution of HCl/dioxane (4.0 M, 2
mL) at room temperate for 2 hours. The solvent was removed in vacuo to give the desired

product as a brown oil (80 mg). Yield 98% (ESI 289.2 (M+H) +).

Step 3: ethyl 2-phenyl-2-((R)-3-(3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-
yl)propylcarbamoyl)pyrrolidin-1-yl)acetate

o) )
H ? Br ~TH
N | N\ N)KQNLI O @MH N
A : K2C0O3,MeCN # O\/
)

A mixture of (R)-N-(3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)propyl)pyrrolidine-3-

carboxamide (80 mg, 0.28 mmol), ethyl 2-bromo-2-phenylacetate (68.6 mg, 0.28 mmol)
and K2COs (116 mg, 0.84 mmol) in MeCN (2.5 mL) was stirred at room temperature
overnight. Solvent was removed in vacuo, and the residue was purified by silica gel column
(pet ether:EtOAc 2:1) to give the desired product ethyl 2-phenyl-2-((R)-3-(3-(5,6,7,8-

tetrahydro-1,8-naphthyridin-2-yl)propylcarbamoyl)pyrrolidin-1-yl)acetate as a colorless oil
(70 mg). Yield 71% (ESI 451.3 (M+H) ).
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Step 4: 2-phenyl-2-((R)-3-(3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-
yl)propylcarbamoyl)pyrrolidin-1-yl)acetic acid (compounds 13-E1 and 13-E2)

0] (0]
H ) H
N N\ NJKCN LiOH N N\ NJKCN
| 7 H OMe | . H OH
(0] O

Ethyl 2-phenyl-2-((R)-3-(3-(5,6,7,8-tetrahydro- 1,8-naphthyridin-2-

yl)propylcarbamoyl)pyrrolidin-1-yl)acetate (70 mg, 0.16 mmol) was treated with LiOH-
H20 (65.1 mg, 1.55 mmol) in MeOH (2.0 mL) and H20 (0.5 mL) at room temperature for 2
hours. Solvent was removed in vacuo, and the residue was purified by Prep-HPLC A (30-
65% MeCN) to give two diastereomers compound 13-E1 (6.1 mg) and compound 13-E2
(6.5 mg) as white solids.

Compound 13-E1 LC/MS B: 100% purity, UV = 214 nm, Rt = 1.23 min, ESI 423.7(M+H)
+. 1H NMR (400 MHz, MeOD) 6 7.55 — 7.46 (m, 2H), 7.45 - 729 (m, 3H), 7.24 (d,J =72
Hz, 1H), 6.42 (d, J = 7.2 Hz, 1H), 4.17 (s, 1H), 3.43-3.37 (m, 3H), 3.25 — 3.12 (m, 2H),
2.97-2.50 (m, 8H), 2.31-2.19 (m, 1H), 2.05-1.73 (m, SH).

Compound 13-E2 LC/MS B: 97% purity, UV = 214 nm, Rt = 1.23 min, ESI 423.7(M+H)
+. 1H NMR (400 MHz, MeOD) 6 7.54-7.53 (m, 2H), 7.39-7.24 (m, 3H), 7.16 (d, J = 7.3
Hz, 1H), 6.39 (d, J = 7.3 Hz, 1H), 4.04 (s, 1H), 3.38 (t, J = 5.6 Hz, 2H), 3.28 — 3.18 (m,
2H), 3.05-2.83 (m, 4H), 2.71 (t, J = 6.2 Hz, 2H), 2.58-2.52 (m, 3H), 2.09-1.87 (m, 6H).

Example 14: 2-phenyl-2-((R)-3-(4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-
yl)butylamino)pyrrolidin-1-yl)acetic acid (compound 14)

Step 1: ethyl 2-((R)-3-(tert-butoxycarbonylamino)pyrrolidin-1-yl)-2-phenylacetate

Br o

BocHN o BocHN
O 18]
K2CO3,MeCN O
¢ )
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A mixture of (R)-tert-butyl pyrrolidin-3-ylcarbamate (200 mg, 1.07 mmol), ethyl 2-bromo-
2-phenylacetate (390 mg, 1.60 mmol) and K2COs (445 mg, 3.22 mmol) in MeCN (5 mL)
was stirred at room temperature overnight. Solvent was removed in vacuo, and the residue
was purified by silica gel column (pet ether:EtOAc 3:1) to give the desired product ethyl 2-
((R)-3-(tert-butoxycarbonylamino)pyrrolidin-1-yl)-2-phenylacetate as a yellow oil (335
mg). Yield 89% (ESI 349.0 (M+H) *).

Step 2: ethyl 2-((R)-3-aminopyrrolidin-1-yl)-2-phenylacetate

BocHN HCl/dioxane H,N
O N
Q Q
(@] > o —

Ethyl 2-((R)-3-(tert-butoxycarbonylamino)pyrrolidin-1-yl)-2-phenylacetate (335 mg, 0.96

mmol) was treated with a solution of HCl/dioxane (4.0 M, 4 mL) at room temperate for 2
hours, then the solvent was removed in vacuo to give the desired product ethyl 2-((R)-3-
aminopyrrolidin-1-yl)-2-phenylacetate as a brown oil (234 mg). Yield 98% (ESI 249.2
(M+H) +).

Step 3: ethyl 2-phenyl-2-((R)-3-(4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-
yl)butylamino)pyrrolidin-1-yl)acetate

H
N
o 7 Mo ;
N
E Q__ NaBH(OAc)3,DCM W \C
o}

A mixture of ethyl 2-((R)-3-aminopyrrolidin-1-yl)-2-phenylacetate (234 mg, 0.94 mmol), 4-
(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)butanal (191 mg, 0.94 mmol) and NaBH(OAc)3

(598 mg, 2.82 mmol) in DCM (5 mL) was stirred at room temperature overnight. Solvent
was removed in vacuo, and the residue was purified by silica gel column (DCM:MeOH
15:1) to give the desired ethyl 2-phenyl-2-((R)-3-(4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-
yl)butylamino)pyrrolidin-1-yl)acetate as a colorless oil (180 mg). Yield 44% (ESI 437
(M+H) +).
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Step 4: 2-phenyl-2-((R)-3-(4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-
yl)butylamino)pyrrolidin-1-yl)acetic acid (compound 14)

NN N
Ho N § LioH S \CN
Ao OO .
- o
d

Ethyl 2-phenyl-2-((R)-3-(4-(5,6,7,8-tetrahydro- 1,8-naphthyridin-2-yl)butylamino)
pyrrolidin-1-yl)acetate (180 mg, 0.41 mmol) was treated with LiOH-H20 (86 mg, 2.05
mmol) in MeOH (5.0 mL) and H20 (1.0 mL) at room temperature for 2 hours. Solvent was
removed in vacuo, and the residue was purified by Prep-HPLC A (30-65% MeCN) to give
compound 14 (52 mg) as a yellow solid. LC/MS E: 98% purity, UV = 214 nm, Rt = 1.03
min, ESI 409.2 (M+H) +. 1H NMR (400 MHz, MeOD) § 7.61 — 7.54 (m, 2H), 7.54 — 7.20
(m, 3H), 7.15 (d, J = 7.3 Hz, 1H), 6.42-6.38 (m, 1H), 3.81-3.77 (m, 1H), 3.62-3.51 (m, 1H),
3.43 — 3.34 (m, 2H), 3.24-3.20 (m, 1H), 2.94-2.20 (m, 9H), 1.88-1.57 (m, 8H).

Example 15: Preparation of 2-(3-(4-((5,6,7,8-tetrahydro-1,8-naphthyridin-2-
yl)methyl)piperidine-1-carbonyl)azetidin-1-yl)acetic acid (compound 15)

Step 1: tert-butyl 3-(4-((5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)methyl)piperidine-1-

carbonyl)azetidine-1-carboxylate

NBoc
HO y
H N_ _N
N_ _N O B NBoc
s HATU,Et;N P N
0

= NH
DMF, RT

A mixture of 1-(tert-butoxycarbonyl)azetidine-3-carboxylic acid (132 mg, 0.66 mmol),
HATU (251 mg, 0.66 mmol), 7-(piperidin-4-ylmethyl)-1,2,3,4-tetrahydro-1,8-naphthyridine
hydrochloride (200 mg, 0.66 mmol) and triethylamine (0.4 mL, 2.64 mmol) in DMF (2 mL)
was stirred overnight. Solvent was removed in vacuo, and the residue was purified by silica
gel column (pet ether:EtOAc 0:100) to give tert-butyl 3-(4-((5,6,7,8-tetrahydro-1,8-
naphthyridin-2-yl)methyl)piperidine-1-carbonyl)azetidine-1-carboxylate as a light yellow
solid (210 mg). Yield 77% (100% purity, UV =214 nm, EST 415 (M+H) ™).

Step 2: azetidin-3-yl(4-((5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)methyl)piperidin-1-
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yl)methanone
H
N N H
7 N - Nj(/:/
dioxane, RT
© 6]
Tert-butyl 3-(4-((5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)methyl)piperidine-1-

carbonyl)azetidine-1-carboxylate (210 mg, 0.51 mmol) was treated with HCl (2 mL, 8
mmol) in dioxane (2 mL) at room temperature overnight. Solvent was removed in vacuo to
give azetidin-3-yl(4-((5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)methyl)piperidin-1-
yl)methanone as light yellow solid (189 mg). Yield 100% (100% purity, UV = 214 nm, ESI
315 (M+H) ).

Step 3: ethyl 2-(3-(4-((5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)methyl)piperidine-1-

carbonyl)azetidin-1-yl)acetate

O\/
I
N__N NaBH5CN 0
SOAG WL O O o™
% N CICH,CH,C, RT Z N o}
o) o)

NaBH3CN (103 mg, 6.63 mmol) was added to a stirred mixture of azetidin-3-yl(4-((5,6,7,8-

220

tetrahydro-1,8-naphthyridin-2-yl)methyl)piperidin-1-yl)methanone (158 mg, 0.41 mmol)
and ethyl 2-oxoacetate (0.1 mL, 0.12 mmol) in DCE at room temperature. The resulting
mixture was stirred for 2 h, then diluted with water (20 mL) and extracted with DCM (3 x
20 mL). The combined organic extracts were washed with water, brine, dried and
concentrated to give ethyl 2-(3-(4-((5,6,7,8-tetrahydro- 1,8-naphthyridin-2-
yl)methyl)piperidine-1-carbonyl)azetidin-1-yl)acetate as a light yellow oil (150 mg). Yield
92% (100% purity, UV = 214 nm, ESI 401 (M+H)*).

Step 4: 2-(3-(4-((5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)methyl)piperidine-1-

carbonyl)azetidin-1-yl)acetic acid (compound 15)

H
H LiOH NN OH
NNy o~ [ N/\n/
| N Z N o)
= N o THF/H,0
0
o}
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Ethyl 2-(3-(4-((5,6,7,8-tetrahydro- 1,8-naphthyridin-2-yl)methyl)piperidine-1-
carbonyl)azetidin-1-yl)acetate (163 mg, 0.41 mmol) was treated with LiOH-H20 (34 mg,
0.81 mmol) in THF (4 mL) and H2O (2 mL) for 2 hrs at room temperature. Solvent was
removed in vacuo, and the residue was purified by Prep-HPLC A (33-65% MeCN) to give
compound 15 as a white solid (15 mg). Yield 10% (LC/MS A:100% purity, UV =214 nm,
Rt = 1.44 min, ESI 373 (M+H) *)."H NMR (500 MHz, MeOD) § 7.05 (d, J = 7.2 Hz, 1H),
6.25 (d, J = 7.2 Hz, 1H), 436 (d, J = 13.1 Hz, 1H), 4.21 — 4.03 (m, 3H), 3.88 — 3.77 (m,
1H), 3.63 (s, 2H), 3.48 (d, J = 13.2 Hz, 1H), 3.32 — 3.24 (m, 2H), 2.90 (t, ] = 13.1 Hz, 1H),
2.63 — 2.49 (m, 3H), 2.36 (d, J = 7.2 Hz, 2H), 1.78 (m, 3H), 1.58 (d, J = 13.1 Hz, 2H), 1.05
(m, 2H).

Example 16: Preparation of 2-(4-(5-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-
yl)pentyl)piperazin-1-yl)acetic acid (compound 16)

Step 1: methyl 6-oxoheptanoate

DCE/MeOH

@]
Concentrated H2SO4 (0.2 mL) was added to a stirred solution of 6-oxoheptanoic acid (10 g,
69 mmol) in DCE/MeOH (50 mL/ 20 mL). The mixture was stirred at 90 °C overnight. The
solution was cooled to room temperature and concentrated. The residue was diluted with
DCM (200 mL), washed with saturated NaHCOs solution, water, brine, dried and
concentrated to give methyl 6-oxoheptanoate as light yellow liquid (8.4 g) Yield 76%
(100% purity, UV = 214 nm, ESI 159 (M+H) *).

Step 2: methyl 5-(1,8-naphthyridin-2-yl)pentanoate

7 \O
|
o N NH, A |
/U\/\/\”/(!) L-Proline N \N \N (ONQ
MeOH 0]

O
A mixture of methyl 6-oxoheptanoate (11 g, 69.53 mmol), 2-aminonicotinaldehyde (8.5 g,
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69.53 mmol) and L-proline (4 g, 34.77 mmol) in MeOH (100 mL) was stirred at 90 °C
overnight. The mixture was cooled to room temperature and concentrated. The crude
product was purified by silica gel column (EtOAc) to give methyl 5-(1,8-naphthyridin-2-
yl)pentanoate as light yellow solid (7 g). Yield 65% (100% purity, UV = 214 nm, ESI 245
(M+H) ). 'H NMR (400 MHz, CDCl5) § 9.08 (dd, J = 4.2, 1.9 Hz, 1H), 8.16 (dd, J = 8.1,
1.9 Hz, 1H), 8.10 (d, J = 8.3 Hz, 1H), 7.44 (dd, J = 8.1, 43 Hz, 1H), 7.39 (d, J = 8.3 Hz,
1H), 3.66 (s, 3H), 3.11 — 3.02 (m, 2H), 2.39 (m, 2H), 1.96 (m, 2H), 1.81 — 1.70 (m, 2H).

Step 3: methyl 5-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)pentanoate

= N a
N | O Ha X | O
N N ~
Pd/C, MeOH NN

0
A mixture of methyl 5-(1,8-naphthyridin-2-yl)pentanoate (5 g, 20.47 mmol), and Pd/C (500
mg) in MeOH (50 mL) was stirred at room temperature under balloon Ha overnight. The
mixture was filtered and concentrated to give methyl 5-(5,6,7,8-tetrahydro-1,8-
naphthyridin-2-yl)pentanoate as a light brown oil (4.2 g). Yield 83% (100% purity, UV =
214 nm, ESI 249 (M+H) ).

Step 4: tert-butyl 7-(S5-methoxy-S-oxopentyl)-3,4-dihydro-1,8-naphthyridine-1(2H)-

carboxylate
[ ®
_ o Boc,O
” N ~ > N N/ O

e} dioxane Boc O
A mixture of methyl 5-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)pentanoate (2.4 g, 9.7
mmol) and Boc2O (11 g, 48 mmol) in dioxane (20 mL) was stirred at 80 °C for 16 hrs. The
mixture was concentrated, and the residue was purified by silica gel column
chromatography (pet ether:EtOAc 1:1) to give tert-butyl 7-(5-methoxy-5-oxopentyl)-3,4-
dihydro-1,8-naphthyridine-1(2H)-carboxylate as light yellow oil (1.8 g),Yield 53% (100%
purity, UV = 214 nm, ESI 349 (M+H) 7).

Step S: tert-butyl  7-(5-hydroxypentyl)-3,4-dihydro-1,8-naphthyridine-1(2H)-

carboxylate
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- o LiBH, [ o

Boc o) THF N~ N

A mixture of tert-butyl 7-(5-methoxy-5-oxopentyl)-3,4-dihydro-1,8-naphthyridine-1(2H)-
carboxylate (740 mg, 2.12 mmol) and LiBH4 (93 mg, 4.24 mmol) in THF (10 mL) was
stirred at 75 °C for 2 hrs. The solution was cooled to room temperature and concentrated,
diluted with EtOAc (20 mL), washed with water and brine, dried and concentrated to give
tert-butyl 7-(5-hydroxypentyl)-3,4-dihydro-1,8-naphthyridine-1(2H)-carboxylate as a light
yellow oil (500 mg). Yield 73% (100% purity, UV = 214 nm, ESI 321 (M+H) ).

Step 6: tert-butyl 7-(5-oxopentyl)-3,4-dihydro-1,8-naphthyridine-1(2H)-carboxylate

| IBX ~ |
OH N Pe

DMSO Ne |

=z

NS
N N
Boc

IBX (1.22 g, 436 mmol) was added to DMSO (15 mL) and stirred until the solution
became clear. tert-butyl  7-(5-hydroxypentyl)-3,4-dihydro-1,8-naphthyridine-1(2H)-
carboxylate (700 mg, 2.18 mmol) in DMSO 5 mL) was added dropwise to the solution, and
the resulting mixture was stirred at room temperature for 16 hrs, then diluted with water (80
mL) and extracted with DCM (300 mL). The combined organic extracts were washed with
water and brine, dried and concentrated. The residue was purified by silica gel column
chromatography (pet ether:EtOAc 1:1) to give tert-butyl 7-(5-oxopentyl)-3,4-dihydro-1,8-
naphthyridine-1(2H)-carboxylate as light yellow oil (498 mg) Yield 72% (100% purity, UV
=214 nm, ESI 319 (M+H) ).

Step 7: tert-butyl 7-(5-(4-(2-ethoxy-2-oxoethyl)piperazin-1-yl)pentyl)-3,4-dihydro-1,8-

J

0]

o
()
N O\/
o s OO LY
NaBHsCN,CICH,CH.Cl SN~ SN N 0

Boc
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NaBH3CN (79 mg, 1.26 mmol) was added to a stirred mixture of tert-butyl 7-(5-oxopentyl)-
3,4-dihydro-1,8-naphthyridine-1(2H)-carboxylate (100 mg, 0.31 mmol) and ethyl 2-
(piperazin-1-yl)acetate (81 mL, 0.47 mmol) in DCE at room temperature. The resulting
mixture was stirred for 2 hours, then diluted with water (20 mL) and extracted with DCM
(3 x 20 mL). The combined organic extracts were washed with water and brine, dried and
concentrated to give tert-butyl 7-(5-(4-(2-ethoxy-2-oxoethyl)piperazin-1-yl)pentyl)-3,4-
dihydro-1,8-naphthyridine-1(2H)-carboxylate as a light yellow oil (98 mg) Yield 65%
(100% purity, UV = 214 nm, ESI 475 (M+H) *).

Step 8: ethyl 2-(4-(5-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)pentyl)piperazin-1-

yl)acetate
SN H
f | O/\[O]/ L, LN/\ENJ/\/\/\N/H o
rE\Sloc N EtOAc A K/ N \)J\o/\
Tert-butyl 7-(5-(4-(2-ethoxy-2-oxoethyl)piperazin-1-yl)pentyl)-3,4-dihydro-1,8-

naphthyridine-1(2H)-carboxylate (20 mg, 0.04 mmol) was treated with HCl (3 mL, 9
mmol) in dioxane (2 mL) at room temperature overnight. Solvent was removed in vacuo to
give ethyl 2-(4-(5-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)pentyl)piperazin-1-yl)acetate
as a light yellow solid (10 mg). Yield 63% (100% purity, UV = 214 nm, ESI 375 (M+H) 7).

Step 9: 2-(4-(5-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)pentyl)piperazin-1-yl)acetic
acid (compound 16)

= (\N/\n/o\/ LIOHH,0 7 (\N/\H/OH
S
\Nl N\) © MeOH/H,0 \Nl N\) 0

Iz

H

Ethyl 2-(4-(5-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)pentyl)piperazin-1-yl)acetate (10
mg, 0.03 mmol) was treated with LIOH-H20 (3.4 mg, 0.09 mmol) in THF (4 mL) and H20O
(2 mL) for 2 hours at room temperature. Solvent was removed in vacuo, and the residue
was purified by Prep-HPLC A (30-65% MeCN) to give compound 16 as a white solid (5
mg) Yield 54% (LC/MS A: 100% purity, UV = 214 nm, Rt = 1.45 min, ESI 347 (M+H) 7).

'H NMR (500 MHz, MeOD) & 7.14 (d, J = 7.3 Hz, 1H), 6.38 (d, J = 7.3 Hz, 1H), 3.42 -
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3.36 (m, 2H), 3.10 (s, 2H), 2.81 — 2.56 (m, 10H), 2.53 (t, J = 7.6 Hz, 2H), 2.46 — 2.40 (m,
2H), 1.92 — 1.83 (m, 2H), 1.71 — 1.62 (m, 2H), 1.61 — 1.51 (m, 2H), 1.40 — 1.30 (m, 2H),

Example 17: 2-(2-0x0-4-(5-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)pentyl)

piperazin-1-yl)acetic acid (compound 17)

Step 1: tert-butyl 7-(5-(4-(2-ethoxy-2-oxoethyl)-3-oxopiperazin-1-yl)pentyl)-3,4-
dihydro-1,8-naphthyridine-1(2H)-carboxylate

J

O
o}

OTNJ
(Ij\/\/v W K/N\)J\

NaBH;CN, CICH,CH,CI

NaBH3CN (79 mg, 1.24 mmol) was added to a stirred mixture of tert-butyl 7-(5-oxopentyl)-
3,4-dihydro-1,8-naphthyridine-1(2H)-carboxylate (100 mg, 0.31 mmol) and ethyl 2-(2-
oxopiperazin-1-yl)acetate (175 mg, 0.93 mmol) in DCE at room temperature. The resulting
mixture was stirred for 2 hrs, then diluted with water (20 mL) and extracted with DCM (3
20 mL). The combined organic extracts were washed with water and brine, dried and
concentrated to give tert-butyl 7-(5-(4-(2-ethoxy-2-oxoethyl)-3-oxopiperazin-1-yl)pentyl)-
3,4-dihydro-1,8-naphthyridine-1(2H)-carboxylate as light yellow oil (50 mg). Yield 32%
(100% purity, UV = 214 nm, ESI 489 (M+H) *).

Step 2: methyl 2-(2-ox0-4-(5-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)pentyl)
piperazin-1-yl)acetate
O
0O
(j:l/\/\/ N \)N /\g/ (j\/j\/\/\/ /\n/
N N T EoAc
ocC
Tert-butyl ~ 7-(5-(4-(2-methoxy-2-oxoethyl)-3-oxopiperazin-1-yl)pentyl)-3,4-dihydro-1,8-

naphthyridine-1(2H)-carboxylate (50 mg, 0.11 mmol) was treated with HCI (3 mL, 9 mmol)

in dioxane (2 mL) at room temperature overnight. Solvent was removed in vacuo to give
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methyl 2-(2-0x0-4-(5-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)pentyl)piperazin-1-
yl)acetate as light yellow solid (34 mg). Yield 87% (100% purity, UV = 214 nm, ESI 389
(M+H) ).

Step 3:  2-(2-0x0-4-(5-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)pentyl)piperazin-1-
ylacetic acid (compound 17)

0
(I/E\/\/\/ HkN/\n/O\/ e (\/(j\/\/\/ HLNWOH
N SN NS O MeOH/H,0

Methyl 2-(2-ox0-4-(5-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)pentyl)piperazin-1-
yl)acetate (38 mg, 0.10 mmol) was treated with LIOH-H20 (13 mg, 0.30 mmol) in THF (4
mL) and H2O (2 mL) for 2 hours at room temperature. Solvent was removed in vacuo, and
the residue was purified by Prep-HPLC A (33-65% MeCN) to give compound 17 as a
white solid (18 mg). Yield 48% (LC/MS A: 100% purity, UV = 214 nm, Rt = 0.95 min, ESI
361 (M+H) *)."H NMR (500 MHz, MeOD) & 7.46 (d, J = 7.3 Hz, 1H), 6.52 (d, J = 7.3 Hz,
1H), 3.98 (s, 2H), 3.52 (t, ] = 5.7 Hz, 2H), 3.49 — 3.43 (m, 2H), 3.30 (s, 2H), 3.00 (t, ] = 5.7
Hz, 2H), 2.79 (t, J = 6.1 Hz, 2H), 2.77 - 2.70 (m, 2H), 2.69 — 2.61 (m, 2H), 1.98 — 1.87 (m,
2H), 1.77 — 1.67 (m, 2H), 1.67 — 1.58 (m, 2H), 1.54 (m, 2H).

Example 18: Preparation of 2-(4-(4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-
yl)butylamino)piperidin-1-yl)acetic acid (compound 18)
Step 1: ethyl 2-(4-oxopiperidin-1-yl)acetate

Br O

D o
OQIHHCI s &Q /\n/

K,CO,, DMF

A mixture of piperidin-4-one hydrochloride (120 mg, 0.88 mmol), K2COs3 (245 mg, 1.76
mmol) and ethyl 2-bromoacetate (147 mg, 0.88 mmol) in DMF (4 mL) was stirred at room
temperature for 2 h. The reaction mixture was diluted with water (20 mL) and extracted
with EtOAc (15 mL x3). The combined organic extracts were washed with brine, dried over

Na2SO4 and concentrated to give ethyl 2-(4-oxopiperidin-1-yl)acetate (140 mg, 85% yield)
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as yellow oil. (89% purity, UV =214 nm, ESI 186.2 (M+H) 7).

Step 2: ethyl 2-(4-(4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)butylamino)piperidin-
1-yl)acetate

=

< |

NN NH o
O\/ : 2 (\/(j\/\/\ /O/ﬁr
N |
4@ 0 NN N °
o) H H

1)DCE/MeOH, CH;COOH
2)NaBH,CN

To a solution of ethyl 2-(4-oxopiperidin-1-yl)acetate (140 mg, 0.75 mmol) in DCE (2 mL)
and MeOH (2 mL) was added 4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)butan-1-amine
(155 mg, 0.75 mmol) and acetic acid (1 drop). The reaction mxiture was stirred at room
temperature for 1 h. Then NaBH3CN (190 mg, 3 mmol) was added, and the reaction
mixture was stirred at room temperature for 2 h. The reaction mixture was concenrated in
vacuo, and the residue was purified by silica gel column (MeOH : EtOAc = 1 : 5) to give
ethyl  2-(4-(4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)butylamino)piperidin-1-yl)acetate
(120 mg, 42% yield) as a yellow oil. (100% purity, UV = 214 nm, ESI = 375.3 (M+H) ).

Step 3: 2-(4-(4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)butylamino)piperidin-1-
yl)acetic acid (compound 18)

o OH
m /O/\n/ > LIOH, THF, water (I/j\/\/\ /O/W
~ 0O x> (@]
N"ON N

H

Ethyl  2-(4-(4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)butylamino)piperidin-1-yl)acetate
(120 mg, 0.32 mmol) was treated with LiOH (23 mg, 0.96 mmol) in THF (4 mL) and water
(2 mL) for 2 h at room temperature. The reaction mixture was neutralized with 6 N HCI and
concentrated in vacuo, and the residue was purified by prep HPLC A (35-69% MeCN) to
give compound 18 as a white solid (57 mg). LC/MS A: 100% purity, UV = 214 nm, Rt =
1.47 min, ESI 347.3 (M+H)". 1H NMR (500 MHz, CD30D) & 7.18 (d, J = 7.2 Hz, 1H),
6.42 (d, J=17.2 Hz, 1H), 3.38-3.33 (m, 2H), 3.33-3.32 (m, 4H), 3.01-2.96 (m, 3H), 2.69 (t, J
= 6 Hz, 2H), 2.56 (t, J = 7.2 Hz, 2H) , 2.46 (t, J = 11.6 Hz, 2H), 2.08 (m, 2H), 1.86 (m, 2H),
1.67 (m, 6H)
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Example 19: Preparation of 2-(4-(4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-
yl)butanamido)piperidin-1-yl)acetic acid (compound 19)

Step 1: tert-butyl 4-(4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)butanamido)

piperidine-1-carboxylate

NBoc
Z o /l 0 NBoc
| HN N
N"ON OH NN N

EDCI, HOBT, DIEA, DMF

To a solution of 4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)butanoic acid (100 mg, 0.46
mmol) in DMF (4 mL) was added tert-butyl 4-aminopiperidine-1-carboxylate (110 mg, 0.55
mmol), EDCI (104 mg, 0.55 mmol), HOBT (73 mg, 0.55 mmol) and DIEA (117 mg, 0.92
mmol). The reaciton mixture was stirred at room temperature for 2 h. The reaction mixture
was diluted with water (25 mL) and extracted with EtOAc (15 mL for 3 times). The
combined organic phase was washed with brine, dried over Na2SO4 and concentrated in
vacuo to give tert-butyl 4-(4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-
yl)butanamido)piperidine-1-carboxylate (120 mg, 66% yield) as a yellow oil. (80% purity,
UV =254 nm, ESI 403.2 (M+H) *).

Step 2: N-(piperidin-4-yl)-4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)butanamide
Z o) NBoc ~ | 0 NH
o TFA/DCM S
N~ N N = N N N
H H H H

To a solution of tert-butyl 4-(4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-

yl)butanamido)piperidine-1-carboxylate (120 mg, 0.29 mmol) in DCM (4 mL) was added
TFA (4 mL). The reacton mixture was stirred at room temperature for 2 h. The reaction was
concentrated 1in vacuo, and the residue was purified by prep HPLC A (30-60% MeCN) to
give N-(piperidin-4-yl)-4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)butanamide (87 mg,
98% yield) as yellow oil. (100% purity, UV = 254 nm, EST 303.3 (M+H) ™).

Step 3: ethyl 2-(4-(4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)butanamido)piperidin-
1-yl)acetate
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o}
= ~
= | 0 NH O~  KyCO;DMF | Q N/\ﬂ/
N + Br/\n/ X 0]
N N N 0 N N N
H H H H

A mixture of N-(piperidin-4-yl)-4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)butanamide
(87 mg, 0.29 mmol), ethyl 2-bromoacetate (52 mg, 0.32 mmol) and K2CO3 (47 mg, 0.32

mmol) in DMF (3 mL) was stirred at room temperature for 2 h. The reaction mixture was
diluted with water (30 mL) and extracted with EtOAc (15 mL 3x). The combined organic
phase was washed with brine, dried over Na2SOs and concentrated in vacuo, and the residue
was purified by silica gel column (MeOH : EtOAc = 5 : 1) to give ethyl 2-(4-(4-(5,6,7,8-

tetrahydro-1,8-naphthyridin-2-yl)butanamido)piperidin-1-yl)acetate (70 mg, 62% yield) as
yellow oil. (100% purity, UV = 254 nm, ESI 389.1 (M+H)*).

Step 4: 2-(4-(4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)butanamido)piperidin-1-
ylacetic acid (compound 19)

OH
0 Z 0 N
7 | 0 N/\n/ " LiOH, EtOH, water m /O/\[Or
X 0o N” N N
N H H

N° N
H

Ethyl 2-(4-(4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)butanamido)piperidin-1-yl)acetate
(70 mg, 0.18 mmol) was treated with LiOH (21 mg, 0.9 mmol) in EtOH (4 mL) and water
(2 mL) at room temperature for 2 h. The reation mixture was neutralized with 6 N HCI. The
resultant mixutre was concentrated in vacuo, and the residue was purified by prep HPLC A
(35-69% MeCN) to give compound 19 as a white solid (47.3 mg). LC/MS A: 100%
purity, UV = 214 nm, Rt = 1.47 min, ESI 361.3 (M+H)+. 1H NMR (500 MHz, MeOD) &
7.18 (d, J = 7.3 Hz, 1H), 6.40 (d, J = 7.3 Hz, 1H), 3.99-3.85 (m, 1H), 3.61-3.49 (m, 4H),
3.41 (dd, J=14.9, 9.4 Hz, 2H), 3.10 (t, J = 11.0 Hz, 2H), 2.73-2.70 (m, 2H), 2.56 (t, /= 7.6
Hz, 2H), 2.32-2.18 (m, 2H), 2.10-2.07 (m, 2H), 2.00-1.74 (m, 6H).

Example 20: Preparation of 2-(1-oxo-2-(3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-
yl)propyl)-2,8-diazaspiro[4.5]decan-8-yl)acetic acid (compound 20)

Step 1: 1-tert-butyl 4-ethyl 4-allylpiperidine-1,4-dicarboxylate
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e} NBoc
NBoc LIHMDS, THF
ANF : \
\/O\[(Q + Br 0]

O |

To a solution of 1-tert-butyl 4-ethyl piperidine-1,4-dicarboxylate (5 g, 19.5 mmol) in THF
(50 mL) was added LiHMDS (25.3 mL, 1 M/L in THF, 25.3 mmol) at -78°C. The reaction
mixture was stirred at -78°C for 1 h. Then 3-bromoprop-1-ene (3.5 g, 29.3 mmol) was
added at -78°C, and the reaction mixture was stirred at room temperature for 16 h. The
reaction mixture was diluted with water (30 mL) and extracted with EtOAc (50 mL). The
organic phase was concentrated in vacuo, and the residue was purified by silica gel column
(pet ether : EtOAc = 10 : 1) to give 1-tert-butyl 4-ethyl 4-allylpiperidine-1,4-dicarboxylate
(5 g, 86% yield) as colorless oil. (86% purity, UV =214 nm, ESI 242 .2 (M-55) 7).

Step 2: 1-tert-butyl 4-ethyl 4-(2-oxoethyl)piperidine-1,4-dicarboxylate

o NBoc 0 NBoc
K50s0,, NalOQ,4, THF, water

g o

| 5

To a solution of 1-tert-butyl 4-ethyl 4-allylpiperidine-1,4-dicarboxylate (1 g, 3.36 mmol) in
THF (20 mL) and water (10 mL) was added a solution of K20s04 (60 mg, 0.17 mmol) in
water (2 mL). The reaction mixture was stirred at room temperature for 1 h. Then a solution
of NalOs (1.44 g, 6.72 mmol) in water (8 mL) was added, and the reaction mixture was
stirred at room temperature for 2 h. The reaction was extracted with DCM (3 x 20 mL). The
combined organic phase was washed with brine, dried over Na2SO4 and concentrated in
vacuo to give l-tert-butyl 4-ethyl 4-(2-oxoethyl)piperidine-1,4-dicarboxylate (1 g, 100%
crude yield) as a black oil. (36% purity, UV =214 nm, ESI 200.2 (M-99) ).

Step 3: tert-butyl 1-oxo0-2-(3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)propyl)-2,8-

diazaspiro[4.5]decane-8-carboxylate

HHCI Q NBoc

N NaBH(OAc);, TEA, DCE
s NHHCT  + N\ aBH(OAC); | ’\\‘§CNBOC
=

Z |

ZT
Z

To a suspension of  3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)propan-1-amine
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dihydrochloride (400 mg, 1.52 mmol) in DCE (10 mL) was added triethylamine (383 mg,
3.8 mmol) and 1-tert-butyl 4-ethyl 4-(2-oxoethyl)piperidine-1,4-dicarboxylate (454 mg,
1.52 mmol). The reaction mixture was stirred at room temperature for 1 h. Then
NaBH(OACc)s (644 mg, 3.04 mmol) was added, and the reaction mixture was stirred at room
temperature for 48 h. The reaction mixture was concentrated in vacuo, and the residue was
purified by silica gel column (EtOAc : MeOH = 4 : 1) to give tert-butyl 1-oxo-2-(3-
(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)propyl)-2,8-diazaspiro[4.5]decane-8-carboxylate
(300 mg, 46% yield) as a yellow oil. (60% purity, UV = 254 nm, ESI 429.3 (M+H)").

Step 4: 2-(3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)propyl)-2,8-
diazaspiro[4.5]decan-1-one dihydrochloride

2 HHCI o

H
N_ _N N_ N
s '\éCNBoc HCI/1 4-dioxane s @CNHHCI
S 2

To a solution of tert-butyl 1-oxo0-2-(3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)propyl)-2,8-

diazaspiro[4.5]decane-8-carboxylate (300 mg, 0.7 mmol) in 1,4-dioxane (4 mL) was added
HCI in 1,4-dioxane (6 mL, 4 M, 24 mmol) at O °C . The reaction mixture was stirred at
room temperature for 16 h. The reaction was concentrated in vacuo to give 2-(3-(5,6,7,8-

tetrahydro-1,8-naphthyridin-2-yl)propyl)-2,8-diazaspiro[4.5]decan-1-one  dihydrochloride
(400 mg, 100% yield) as a yellow oil. (83% purity, UV = 254 nm, ESI 329.4 (M+H)").

Step S:  ethyl 2-(1-oxo0-2-(3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)propyl)-2,8-
diazaspiro[4.5]decan-8-yl)acetate
O

0 H 7
le/\)/\/\ TEA, ACN 7 />//O\/
0
To a solution of  2-(3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)propyl)-2,8-
diazaspiro[4.5]decan-1-one dihydrochloride (400 mg, 1 mmol) in ACN (7 mL) was added

triethylamine (300 mg, 3 mmol) and ethyl 2-bromoacetate (193 mg, 0.75 mmol). The
reaction mixture was stirred at room temperature for 2 h. The reaction mixture was
concentrated in vacuo, and the residue was separated by silica gel column (MeOH:EtOAc =
1 :5) to give ethyl 2-(1-oxo0-2-(3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)propyl)-2,8-
diazaspiro[4.5]decan-8-yl)acetate as yellow solid (180 mg, Yield 45%) as yellow oil. (75%
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purity, UV = 254 nm, ESI 415.4 (M+H)").

Step 6: 2-(1-ox0-2-(3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)propyl)-2,8-
diazaspiro[4.5]decan-8-yl)acetic acid (compound 20)

H 2 H o
N._N , N._N
N N N LIOH, H,0, EtOH N MN
K)T\)/\/\ &C ’(?,O\/ KU\/\ ’>’OH
o
Ethyl 2-(1-0x0-2-(3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)propyl)-2,8-
diazaspiro[4.5]decan-8-yl)acetate (180 mg, 0.43 mmol) was treated with LiOH (92 mg,

2.17 mmol) in EtOH (4 mL) and water (2 mL) at room temperature for 2 h. The reaction
was neutralized with 2 N HCI and concentrated in vacuo, and the residue was purified by
prep HPLC A (35-65% MeCN) to give compound 20 as a white solid (70 mg). LC/MS A:
100% purity, UV = 214 nm, Rt = 1.45 min, ESI 3874 (M+H)". 1H NMR (500 MHz,
CD30D) & 7.14 (d, J = 7 Hz, 1H), 6.39 (d, J = 7 Hz, 1H), 3.50-3.33 (m, 10H), 3.01 (br,
2H), 2.71 (t, J = 6.5 Hz, 2H), 2.51 (t, J = 7 Hz, 2H), 2.09-2.01 (m, 4H) , 1.91-1.86 (m, 4H),
1.69 (d, J=13 Hz, 2H).

Example 21: Preparation of 2-(3-(4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-
yl)butanamido)azetidin-1-yl)acetic acid (compound 21)

Step 1: tert-butyl 3-(4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-

yl)butanamido)azetidine -1-carboxylate

NN OH HN—<>NBoc H N
QUi G SORR A
% ©) NBoc
DIEAHOBT/EDCI = ©

DMF, r.t.,2h

A mixture of 4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)butanoic acid (100 mg,
0.45mmol), tert-butyl 3-aminoazetidine-1-carboxylate 78.2 mg, 0.45 mmol), EDCI (123mg,
0.72mmol), HOBT(48.6mg,0.36mmol) and DIEA (290 mg, 2.25 mmol) in DMF (2 mL)
was stirred at room temperature overnight. Solvent was removed in vacuo, and the residue
was purified by silica gel column (MeOH:EtOAc 1:10) to give the desired product tert-
butyl 3-(4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)butanamido)azetidine -1-carboxylate
as a yellow oil (80 mg). Yield 47% (98% purity, UV =214 nm, ESI 375 (M+H) 7).
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Step 2: N-(azetidin-3-yl)-4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)butanamide
H H N
N N
N | AN H\E\ TFA/DCM S A
P o NBoc _ o) NH
r.t..2h
Tert-butyl 3-(4~(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)butanamido)azetidine -1-
carboxylate (80 mg, 0.21 mmol) was treated with TFA (3 mL, 1.06 mmol) in DCM (3mL)

at room temperature overnight. Solvent was removed in vacuo, and the residue was purified
by silica gel column (DCM: MeOH 40:1) to give the desired product N-(azetidin-3-yl)-4-
(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)butanamide as a yellow oil (205mg). Yield 98%
(98% purity, UV = 214 nm, ESI 275 (M+H) ).

Step 3: ethyl 2-(3-(4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)butanamido) azetidin-

1-yl)acetate
o

@/\/\ﬂ/ R NaBH,(CN), CHSCOOH(cat) m \C\N

DCM, r.t.,.3h

A mixture of N-(azetidin-3-yl)-4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)butanamide (60
mg, 0.20 mmol), ethyl 2-oxoacetate (82 mg, 0.80 mmol) , acetic acid (0.12 mg, 0.002
mmol) and NaBH(OAc); (127.2 mg, 0.60 mmol) in DCM (5 mL) was stirred at room
temperature overnight. Solvent was removed in vacuo, and the residue was purified by
silica gel column (DCM: MeOH 20:1) to give the desired product methyl ethyl 2-(3-(4-
(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)butanamido)azetidin-1-yl)acetate as a colorless
oil (30 mg). Yield 38% (98% purity, UV =214 nm, ESI 361 (M+H) 7).

Step 4: 2-(3-(4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)butanamido)azetidin-1-
yl)acetic acid (compound 21)

H H

NNy N o) LiOH N -Na \ o]
m t\N\)J\o/\ MeOH,H,0 m \E\N\)J\OH
Ethyl 2-(3-(4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)butanamido) azetidin-1-yl)acetate
(30 mg, 0.083mmol) was treated with LIOH-H20 (14mg, 0.33mmol) in MeOH (1 mL) and

H20 (1 mL) for 2 hours at room temperature. Solvent was removed in vacuo, and the
residue was purified by Prep-HPLC A (33-65% MeCN) to give compound 21 as a white

solid (10 mg). Yield 33%. LC/MS A: 98% purity, Rt = 1.46 min, ESI 333 (M+H) ©). 'H
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NMR (500 MHz, MeOD) & 7.16 (d, J = 7.3 Hz, 1H), 6.39 (d, J = 7.3 Hz, 1H), 4.55 (p, J =
7.3 Hz, 1H), 4.23 — 4.15 (m, 2H), 3.78 (dd, J = 10.4, 7.0 Hz, 2H), 3.43 — 3.37 (m, 2H), 2.72
(t,J=6.2 Hz, 2H), 2.56 (t, J = 7.5 Hz, 2H), 2.24 (t, J = 7.5 Hz, 2H), 2.00 — 1.85 (m, 4H).

Example 22: 2-(3-(5-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)pentylamino) azetidin-
1-yl)acetic acid (compound 22)

Step 1: tert-butyl  7-(5-(1-(2-ethoxy-2-oxoethyl)azetidin-3-ylamino)pentyl)-3,4-
dihydro-1,8-naphthyridine-1(2H)-carboxylate

.
N/\n/
_ L H
\N | O | N

=
N
O
N N N
Boc NaBH;CN, CICH,CH,ClI Boc N
TV~

NaBH3CN (59 mg, 0.94 mmol) was added to a stirred mixture of tert-butyl 7-(5-oxopentyl)-
3,4-dihydro-1,8-naphthyridine-1(2H)-carboxylate (100 mg, 0.31 mmol) and ethyl 2-(3-
aminoazetidin-1-yl)acetate hydrochloride (73 mg, 0.38 mmol) in DCE at room temperature.
The resulting mixture was stirred at room temperature for 2 hours, then diluted with water
(20 mL) and extracted with DCM (3 x 20 mL). The combined organic extracts were washed
with water and brine, dried and concentrated to give tert-butyl 7-(5-(1-(2-ethoxy-2-
oxoethyl)azetidin-3-ylamino)pentyl)-3,4-dihydro-1,8-naphthyridine-1(2H)-carboxylate as a
light yellow oil (102 mg). Yield 71% (100% purity, UV = 214 nm, EST 461 (M+H) 7).

Step 2: ethyl 2-(3-(5-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)pentylamino)azetidin-
1-yl)acetate

= =

| H HCI | H
NN o NN N 0
Boc t\N \)J\ o EtOAe H \C\N \)J\O A~
Tert-butyl 7-(5-(1-(2-ethoxy-2-oxoethyl)azetidin-3-ylamino)pentyl)-3,4-dihydro-1,8-

naphthyridine-1(2H)-carboxylate (35 mg, 0.08 mmol) was treated with HCl (3 mL, 9
mmol) in dioxane (2 mL) at room temperature overnight. Solvent was removed in vacuo to
give  ethyl  2-(3-(5-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)pentylamino)azetidin-1-
yl)acetate as a light yellow solid (20 mg). Yield 73% (100% purity, UV = 214 nm, ESI 361
(M+H) 7).
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Step 3: 2-(3-(5-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)pentylamino)azetidin-1-
ylacetic acid (compound 22)

=

OH
N

< LIOHH,0 NN N/C//\([)r
H

H

N 0
NTN
H t\N\)J\O/\ MeOH/HZ0 L
Ethyl  2-(3-(5-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)pentylamino)azetidin-1-yl)acetate
(25 mg, 0.07 mmol) was treated with LIOH-H20 (9 mg, 0.21 mmol) in THF (2 mL) and

H20 (2 mL) for 2 hours at room temperature. Solvent was removed in vacuo, and the
residue was purified by Prep-HPLC B (33-65% MeCN) to give compound 22 as a white
solid (5 mg) Yield 26% (LC/MS A: 100% purity, UV = 214 nm, Rt = 1.47 min, EST 333
(M+H) *). '"H NMR (500 MHz, MeOD) & 8.45 (s, 2H), 7.52 (d, J = 7.3 Hz, 1H), 6.56 (d, J =
7.3 Hz, 1H), 437 — 4.21 (m, 2H), 4.00 — 3.91 (m, 2H), 3.88 (m, 1H), 3.78 (s, 2H), 3.52 —
3.41 (m, 2H), 2.81 (t, J = 6.1 Hz, 2H), 2.70 (dd, J = 16.0, 8.2 Hz, 4H), 2.03 — 1.87 (m, 2H),
1.81-1.65 (m, 2H), 1.67 — 1.52 (m, 2H), 1.51 — 1.37 (m, 2H).

Example 23: 2-phenyl-2-(4-(3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-
yl)propylcarbamoyl)piperidin-1-yl)acetic acid (compounds 23-E1 and 23-E2)

Step 1: tert-butyl 4-(3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2- yl)propylcarbamoyl)

piperidine-1-carboxylate

HO
H }/—CNBoc o)
N | Ny w,  © | Ny N

NBoc

ZT

= =
2HCI DIEA/HOBT/EDCI

DMF, r.t.,4h

A mixture of 3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)propan-1-amine (200 mg, 0.76
mmol), 1-(tert-butoxycarbonyl)piperidine-4-carboxylic acid (173 mg, 0.76 mmol), EDCI
(234.2 mg, 1.22 mmol), HOBT (82.1 mg,0.61 mmol) and DIEA (490.2 mg, 3.8 mmol) in
DMF (4 mL) was stirred at room temperature overnight. Solvent was removed in vacuo,
and the residue was purified by silica gel column (MeOH:EtOAc 1:10) to give the desired
product tert-butyl 4-(3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)propylcarbamoyl)
piperidine-1-carboxylate as a yellow oil (133mg). Yield 43% (98% purity, UV = 214 nm,
ESI 403.0 (M+H) ).
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Step 2: N-(3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)propyl)piperidine-4-
carboxamide

o
H o)
N N H
~ N TFA/DCM N N
| % NBoc | > N
rt.,2h = NH

Tert-butyl 4-(3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2- yl)propylcarbamoyl) piperidine-1-
carboxylate (133 mg, 0.33 mmol) was treated with TFA (5 mL, 1.65 mmol) in DCM (5 mL)

at room temperature overnight. Solvent was removed in vacuo, and the residue was purified
by silica gel column (DCM:MeOH 40:1) to give the desired product N-(3-(5,6,7,8-
tetrahydro-1,8-naphthyridin-2-yl)propyl)piperidine-4- carboxamide as a yellow oil (100
mg). Yield 99% (98% purity, UV = 214 nm, ESI 303 (M+H) 7).

Step 3: ethyl 2-phenyl-2-(4-(3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)
propylcarbamoyl) piperidin-1-yl)acetate

o

s N BY O /l ) N o
Z NH . N (o)
DIEA,CH3CN NN

H o)

A mixture of  N-(3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)propyl)piperidine-4-

carboxamide (200 mg, 0.66 mmol), ethyl 2-bromo-2-phenylacetate (192 mg, 0.79 mmol)
and DIEA(255 mg, 1.98 mmol) in MeCN (4 mL) was stirred at room temperature for 3
hours. Solvent was removed in vacuo, and the residue was purified by silica gel column
(DCM: MeOH 20:1) to give the desired product ethyl 2-phenyl-2-(4-(3-(5,6,7,8-tetrahydro-
1,8-naphthyridin-2-yl)propylcarbamoyl)piperidin-1-yl)acetate as a yellow oil (200 mg).
Yield 65% (98% purity, UV = 214 nm, ESI 465 (M+H) *).

Step 4: 2-phenyl-2-(4-(3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-

yl)propylcarbamoyl)piperidin-1-yl)acetic acid (compounds 23-E1 and 23-E2) (MRT-
C0123)
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Z N o yZ N OH
] ¥ I LiOH | H o
NN NN
H 0 O

Ethyl 2-phenyl-2-(4-(3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-y1) propylcarbamoyl)
piperidin-1-yl)acetate (200 mg, 0.43 mmol) was treated with LiOH-H20 (88.3 mg, 2.15
mmol) in MeOH (4 mL) and H20 (2 mL) at 50 °C for 3 hours. Solvent was removed in
vacuo, and the residue was purified by Prep-HPLC A (30-65% MeCN) to give racemic
compound 23 as a white solid (150 mg, 44% yield). The racemic product was separated by
prep chiral SFC A to give enantiomeric products compound 23-E1 (40 mg) and
compound 23-E2 (44 mg) as white solids.

Compound 23-E1 LC/MS A: 98% purity, UV = 214 nm, Rt = 1.48 min, ESI 437(M+H) *.
"H NMR (500 MHz, MeOD) & 7.59 (dd, J = 6.5, 2.8 Hz, 2H), 7.49 — 7.41 (m, 3H), 7.16 (d,
J=173 Hz, 1H), 6.39 (d, J = 7.3 Hz, 1H), 4.43 (s, 1H), 3.77 (s, 1H), 3.41 — 3.36 (m, 2H),
3.20 (t, /= 6.9 Hz, 2H), 3.06 (s, 1H), 2.95 (t, /= 10.0 Hz, 1H), 2.82 (s, 1H), 2.70 (dd, J =
13.8, 7.5 Hz, 2H), 2.57 — 2.51 (m, 2H), 2.48 — 2.38 (m, 1H), 2.10 — 1.93 (m, 3H), 1.92 —
1.79 (m, 5H). Chiral S,S-Whelk-O1 A (45% MeOH): ee 100%, Rt =2.17 min.

Compound 23-E2 LC/MS A: 98% purity, UV = 214 nm, Rt = 1.48 min, EST 437(M+H) .
'H NMR (500 MHz, MeOD) & 7.59 (dd, J = 6.4, 2.8 Hz, 2H), 7.48 — 7.41 (m, 3H), 7.17 (d,
J=173 Hz, 1H), 6.39 (d, J = 7.3 Hz, 1H), 4.43 (s, 1H), 3.76 (s, 1H), 3.42 — 3.36 (m, 2H),
3.20 (t, /= 6.9 Hz, 2H), 3.06 (d, /= 11.6 Hz, 1H), 2.94 (t, /= 10.5 Hz, 1H), 2.80 (s, 1H),
2.71 (t, J=6.2 Hz, 2H), 2.58 — 2.51 (m, 2H), 2.48 — 2.38 (m, 1H), 2.01 (tt, J =225, 11.2
Hz, 3H), 1.92 — 1.79 (m, SH). Chiral S,S-Whelk-O1 A (45% MeOH): ee 100%, Rt = 3.04

min.

Example 24: Preparation of 2-phenyl-2-(4-(4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-
yl)butylamino)piperidin-1-yl)acetic acid (compounds 24-E1 and 24-E2)

Step 1: ethyl 2-(4-oxopiperidin-1-yl)-2-phenylacetate
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HCI

S
0]

@)
Br ~~  K;CO3/DMF ., 16h I
@)

O

A mixture of piperidin-4-one hydrochloride (1.0 g, 7.38 mmol), ethyl 2-bromo-2-
phenylacetate (2.53 g, 11.06 mmol) and K2COs (3.06 g, 22.13 mmol) in DMF (30 mL) was
stirred at room temperature overnight. Solvent was removed in vacuo, and the residue was
purified by silica gel column (pet ether:EtOAc 2:1) to give the desired product ethyl 2-(4-
oxopiperidin-1-yl)-2-phenylacetate as a colorless oil (1.0 g). Yield 92% (98% purity, UV =
214 nm, ESI 262.0 (M+H) *).

Step2: ethyl 2-phenyl-2-(4-(4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-
yl)butylamino)piperidin-1-yl)acetate

N NH,
O\/ - a O\/
> O
G O NaBH,CN N N N
H H

A mixture of 4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)butan-1-amine (261 mg, 1.28
mmol), ethyl 2-(4-oxopiperidin-1-yl)-2-phenylacetate phenylacetate (400 mg, 1.5 mmol)
and NaBH3CN (245 mg, 3.84 mmol) in DCM (10 mL) was stirred at room temperature
overnight. Solvent was removed in vacuo, and the residue was purified by silica gel column
(DCM: MeOH 20:1) to give the desired product ethyl 2-phenyl-2-(4-(4-(5,6,7,8-tetrahydro-
1,8-naphthyridin-2-yl)butylamino)piperidin-1-yl)acetate as a colorless oil (180 mg). Yield
45% (98% purity, UV = 214 nm, ESI 451 (M+H) ).

Step 3: 2-phenyl-2-(4-(4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-
yl)butylamino)piperidin-1-yl)acetic acid (compounds 24-E1 and 24-E2)

LiOH

OH
o 7 N
@ N ~ oo (IE\M/O ol
q o 2 N7 N N
NN N H H
H H

Ethyl  2-phenyl-2-(4-(4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)butylamino)piperidin-1-
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yl)acetate (50 mg, 0.11 mmol) was treated with LiIOH-H20 (23.4 mg, 0.56 mmol) in EtOH
(2 mL) and H20 (1 mL) at room temperature for 2 hours. Solvent was removed in vacuo,
and the residue was purified by Prep-HPLC A (30-65% MeCN) to give compound 24 as a
white solid (30 mg, 60% yield). The racemic product was separated by Prep chiral SFC B
to give enantiomeric products compound 24-E1 (2.2 mg) and compound 24-E2 (5.7 mg)

as white solids.

Compound 24-E1 LC/MS A: 100% purity, UV = 214 nm, Rt = 1.623 min, ESI423 (M+H)
* 'H NMR (500 MHz, MeOD) & 7.52 (d, J = 7.0 Hz, 2H), 7.34 (dt, J = 14.1, 7.1 Hz, 3H),
7.18 (d, /=73 Hz, 1H), 6.42 (d, /= 7.3 Hz, 1H), 3.80 (s, 1H), 3.38 —3.34 (m, 3H), 3.04 -
291 (m, 3H), 2.78 (s, 1H), 2.69 (t, J = 6.2 Hz, 2H), 2.56 (t, /= 7.0 Hz, 2H), 2.25 (s, 1H),
2.08 — 1.63 (m, 11H). Chiral AD-H A (40% MeOH): ee 22.5%, Rt =2.49 min

Compound 24-E2 LC/MS A: 100% purity, UV = 214 nm, Rt = 1.51 min, ESI423 (M+H) *
"H NMR (500 MHz, MeOD) § 7.53 (d, J = 7.0 Hz, 2H), 7.32 (dt, J = 21.7, 7.0 Hz, 3H),
7.17(d,J=73 Hz, 1H), 6.42 (d, /= 7.3 Hz, 1H), 3.80 (s, 1H), 3.41 —3.34 (m, 3H), 3.05 -
2.88 (m, 3H), 2.79 (d, J = 11.1 Hz, 1H), 2.69 (t, J = 6.2 Hz, 2H), 2.56 (t, /= 7.1 Hz, 2H),
2.25(,J=11.1Hz, 1H), 2.08 — 1.61 (m, 11H). Chiral AD-H A (40% MeOH): ee 36.3%, Rt
= 0.84 min

Example 25: 2-phenyl-2-(3-(4-((5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)methyl)

piperidine-1-carbonyl)azetidin-1-yl)acetic acid (compound 25)

Step 1: tert-butyl 3-(4-((5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)methyl)piperidine-1-
carbonyl)azetidine-1-
carboxylate

NBoc
H HO H
N N N N\
- = N
F NH  EpciHoBt
O

A mixture of 7-(piperidin-4-ylmethyl)-1,2,3,4-tetrahydro-1,8-naphthyridine (300 mg, 0.99

mmol), 1-(tert-butoxycarbonyl)azetidine-3-carboxylic acid (200 mg, 0.99 mmol), EDCI
(228 mg, 3.41 mmol), HOBt (135 mg, 0.99 mmol) and DIEA (255 mg, 1.98 mmol) in

DMF (3 mL) was stirred at room temperature overnight. Solvent was removed in vacuo,
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and the residue was purified by silica gel column (pet ether:EtOAc 2:1) to give the desired

product tert-butyl  3-(4-((5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)methyl)piperidine-1-
carbonyl)azetidine-1-carboxylate as a yellow oil (295 mg). Yield 63% (ESI 415 (M+H) ).

Step 2: azetidin-3-yl(4-((5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)methyl)piperidin-1-

yl)methanone
H
N _N H
AN N N
| NBoc HCl A NH
© 0
Tert-butyl 3-(4-((5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)methyl)piperidine-1-

carbonyl)azetidine-1-carboxylate (295 mg, 0.71 mmol) was treated with HCI (4 mL, 15.4
mmol) in 1,4-dioxane (5 mL) at room temperature overnight. Solvent was removed in
vacuo, and the residue was purified by silica gel column (DCM:MeOH 40:1) to give the
desired product azetidin-3-yl(4-((5,6,7,8-tetrahydro-1,8-naphthyridin-2-
yl)methyl)piperidin-1-yl)methanone as a yellow oil (140 mg). Yield 62% ( ESI 315 (M+H)
7).

Step 3: ethyl 2-phenyl-2-(3-(4-((5,6,7,8-tetrahydro-1,8-naphthyridin-2-
yl)methyl)piperidine-1-carbonyl)azetidin-1-yl)acetate

NN 90 H
~
Z >
K2G03,MeCN, t, 2h & Nm/C/ O
© ol
A mixture of piperidin-4-one hydrochloride (140 mg, 0.45 mmol), ethyl 2-bromo-2-
phenylacetate (130 mg, 0.54 mmol) and K2CO3 (150 mg, 1.1 mmol) in MeCN (5 mL) was

stirred at room temperature overnight. Solvent was removed in vacuo, and the residue was
purified by silica gel column (pet ether:EtOAc 2:1) to give the desired product ethyl 2-
phenyl-2-(3-(4-((5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)methyl)piperidine-1-
carbonyl)azetidin-1-yl)acetate as a colorless oil (130 mg). Yield 71% (ESI 477 (M+H) ).

Step 4: 2-phenyl-2-(3-(4-((5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)methyl)
piperidine-1-carbonyl)azetidin-1-yl)acetic acid (compound 25)

-129 -



10

15

20

25

WO 2018/160521 PCT/US2018/019838

H H
z NT(C/ o 50°C, 2h Z N\H/C/ O
o] o}
Ethyl 2-phenyl-2-(3-(4-((5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)methyl)piperidine-1-
carbonyl)azetidin-1-yl)acetate (130 mg, 0.27 mmol) was treated with LiOH-H20 (57 mg,
1.4 mmol) in EtOH (4 mL) and H2O (1 mL) at 50 °C for 2 hours. Solvent was removed in

vacuo, and the residue was purified by Prep-HPLC A (33-65% MeCN) to give racemic
compound 25 as a white solid (42 mg). Yield 34% (ESI 449 (M+H) ).

Compound 25 LC/MS B: Rt = 1.08 min, ESI 449(M+H) +. 'H NMR (500 MHz, CD30D)
8751 (s, 2H), 7.4 (s, 3H), 7.17 (d, J= 7.2 Hz, 1H), 6.36 (d, J= 7.2 Hz, 1H), 4.69 (s, 1H),
447 (d, J=13.7 Hz, 1H), 4.32 (s, 1H), 4.16 (s, 1H), 4.04 (d, J = 26.8 Hz, 1H), 3.88 (s, 2H),
3.56 (d, J=13.6 Hz, 1H), 3.43 — 3.37 (m, 2H), 3.00 (t, /= 12.5 Hz, 1H), 2.72 (t, J= 6.2 Hz,
2H), 2.66 (t, J = 12.3 Hz, 1H), 2.47 (d, J= 7.1 Hz, 2H), 1.98 — 1.85 (m, 3H), 1.69 (d, J =
13.1 Hz, 2H), 1.14 (d, J = 9.0 Hz, 2H).

Example 26: Preparation of 2-(4-((3-(6-(methylamino)pyridin-2-yl)propyl)
carbamoyl)piperidin-1-yl)acetic acid (compound 26)

Step 1: benzyl piperidine-4-carboxylate

NH
NBoc el
BnO - BnO
dioxane

O O

4-benzyl 1-tert-butyl piperidine-1,4-dicarboxylate (5 g, 15.6mmol) was treated with 4N
HCl/dioxane (20 mL) at room temperature overnight. Solvent was removed in vacuo to give
the desired product benzyl piperidine-4-carboxylate as a white solid (4 g). Yield 100%
(100% purity, UV = 214 nm, ESI 220 (M+H)").

Step 2: benzyl 1-(2-tert-butoxy-2-oxoethyl)piperidine-4-carboxylate
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O
Br 0
BnO » BnO O
K>CO,, DMF 1t
O O

A mixture of benzyl piperidine-4-carboxylate (4 g, 15 mmol), tert-butyl 2-bromoacetate
(43 g, 22.5 mmol) and K2COs (6.1 g, 45 mmol) in DMF (20 mL) was stirred at room

temperature overnight. Solvent was removed in vacuo, and the residue was purified by
silica gel column (pet ether:EtOAc 2:1) to give the desired product benzyl 1-(2-tert-butoxy-
2-oxoethyl)piperidine-4-carboxylate as a colorless oil (3.5 g). Yield 67% (95% purity, UV
=214 nm, ESI 334 (M+H) *).

Step 3: 1-(2-tert-butoxy-2-oxoethyl)piperidine-4-carboxylic acid

o
0
N \~/ H2, PdiC N \~/
> HO @)
BnO 0
I 0

A mixture of benzyl 1-(2-tert-butoxy-2-oxoethyl)piperidine-4-carboxylate (3.2 g, 9.6mmol)

and Pd/C (400 mg) in EtOAc (50 mL) was stirred under balloon hydrogen at room
temperature for 18 hours. The mixture was filtered and concentrated in vacuo to give 1-(2-
tert-butoxy-2-oxoethyl)piperidine-4-carboxylic acid as a white soild (2.1 g). Yield 79%
(100% purity, UV = 214 nm, ESI 244(M+H) *).

Step 4: tert-butyl 3-(6-(methylamino)pyridin-2-yl)prop-2-ynylcarbamate

\NHBoc Z

Z |
N” N"Br  PA(PPhy)Cly N A
Cul, TEA,100°C,8h

NHBoc

A mixture of 6-bromo-N-methylpyridin-2-amine (600 mg, 3.2 mmol), Pd(PPh3)Cl2 (141
mg, 0.3 mmol), Cul (121 mg, 0.64mmol), triethylamine (970 mg, 9.6 mmol) and tert-butyl
prop-2-ynylcarbamate(990 mg, 6.4 mmol) in DMF (30 mL) was stirred under nitrogen
atmosphere at 100 °C for 8 hours. The mixture was concentrated in vacuo, and the residue
was purified by silica gel column (MeOH: DCM 1:15) to give the desired product tert-butyl
3-(6-(methylamino)pyridin-2-yl)prop-2-ynylcarbamate as a colorless oil (500 mg). Yield
60% (98% purity, UV = 214nm, ESI 262 (M+H)*).
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Step S: tert-butyl 3-(6-(methylamino)pyridin-2-yl)propylcarbamate

Z =
| H2, Pd/C |
~ > NHBoc

~ \N
e
N X NHBoc N™ N

A mixture of tert-butyl 3-(6-(methylamino)pyridin-2-yl)prop-2-ynylcarbamate (500 mg,
1.91 mmol) and Pd/C (50 mg) in EtOAc (15 mL) was stirred under balloon hydrogen at
room temperature for 18 hours. The mixture was filtered and concentrated in vacuo to give
tert-butyl 3-(6-(methylamino)pyridin-2-yl)propylcarbamate as a yellow oil (460 mg). Yield
91% (100% purity, UV = 214 nm, ESI 266(M+H) *).

Step 6: 6-(3-aminopropyl)-N-methylpyridin-2-amine

~ | =
HCI/di
\H \N NHBoc ioxang ~ \N | NH,

N

Tert-butyl 3-(6-(methylamino)pyridin-2-yl)propylcarbamate (460 mg, 1.73 mmol) was

treated with 4N HCl/dioxane (10 mL) at room temperature for 14 hours. Solvent was
removed in vacuo, and the residue was purified by silica gel column (DCM: MeOH 7:1) to
give the desired product 6-(3-aminopropyl)-N-methylpyridin-2-amine as a yellow oil (280
mg). Yield 90% (98% purity, UV = 214 nm, ESI 166 (M+H) 7).

Step 7: tert-butyl 2-(4-(3-(6-(methylamino)pyridin-2-yl)propylcarbamoyl)piperidin-1-

yl)acetate
N/\n/ow<
_ HO 0 = | NW
~ \N | NH, o \N \N H (0]
H EDCI,HOBt,DIEA, DMF e}

A mixture of 6-(3-aminopropyl)-N-methylpyridin-2-amine (120 mg, 0.73 mmol), 1-(2-tert-
butoxy-2-oxoethyl)piperidine-4-carboxylic acid (176.7 mg, 0.73 mmol), EDCI (210 mg,
1.1mmol), HOBt(78.8 mg, 0.58 mmol) and DIPEA (283 mg, 2.19 mmol) in DMF (4 mL)
was stirred at room temperature for 2 hours. Solvent was removed in vacuo, and the residue
was purified by silica gel column (MeOH:EtOAc 1:10) to give the desired product tert-
butyl 2-(4-(3-(6-(methylamino)pyridin-2-yl)propylcarbamoyl)piperidin-1-yl)acetate as a
yellow oil (110 mg). Yield 39% (98% purity, UV =214 nm, ESI 391(M+H) ).
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Step 8: 2-(4-(3-(6-(methylamino)pyridin-2-yl)propylcarbamoyl)piperidin-1-yl)acetic
acid (compound 26)

0 H
\N/E/Nj\/\/k]\'(O/\g/ j< TFA,DCM \N/E/Nj\/\/k]\'(@/\g/o
0 0

Tert-butyl  2-(4-(3-(6-(methylamino)pyridin-2-yl)propylcarbamoyl)piperidin-1-yl)acetate
(110 mg, 0.28 mmol) was treated with TFA (3 mL) in DCM (5 mL) at room temperature
for 4 hours. Solvent was removed in vacuo, and the residue was purified by Prep-HPLC A
(30-70% MeCN) to give compound 26 as a white solid. (35.5 mg, yield 37.9%). LC/MS A:
100% purity, UV =214 nm, Rt = 1.30 min, ESI 335 (M+H) *. '"H NMR (500 MHz, MeOD)
§7.40 (dd, J= 8.2, 7.5 Hz, 1H), 6.46 (d, J= 7.2 Hz, 1H), 6.34 (d, J = 8.4 Hz, 1H), 3.65 (d,
J =123 Hz, 2H), 3.59 (s, 2H), 3.24 (t, J = 7.0 Hz, 2H), 3.03 (td, /= 11.9, 4.2 Hz, 2H), 2.87
(s, 3H), 2.62 (t, J = 8.0 Hz, 2H), 2.51 — 2.46 (m, 1H), 2.09 — 1.98 (m, 4H), 1.92 — 1.84 (m,
2H).

Example 27: 2-(4-(methyl(3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)propyl)
carbamoyl)piperidin-1-yl)acetic acid (compound 27)

Step 1: tert-butyl 3-(1,8-naphthyridin-2-yl)propyl(methyl)carbamate

7 SN = X
| NaH, Mel |

YW 4
SN N, 0 N~ N Oj<
\g/ THF.0 °C~rt,18 hr

To a mixture of tert-butyl 3-(1,8-naphthyridin-2-yl)propylcarbamate (1 g, 3.5 mmol) in dry
THF(30 mL) at 0 °C was added portionwise NaH (60% in mineral oil, 0.7g, 17.5mmol).

The mixture was stirred at 0 °C for 30 min, and then methyliodide (600 mg, 4.2 mmol) was
added. The mixture was stirred at room temperature for 18 hours, then quenched with
water, concentrated and purified by Prep-HPLC A to get the desired product tert-butyl 3-
(1,8-naphthyridin-2-yl)propyl(methyl)carbamate as a oil (180 mg). Yield 17% (98% purity,
UV = 214nm, ESI 302.2 (M+H) ).

Step 2: N-methyl-3-(1,8-naphthyridin-2-yl)propan-1-amine
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TFArt,3 hr 2 AN

3-(1,8-naphthyridin-2-yl)propyl(methyl)carbamate (180 mg, 0.60 mmol) was treated with
TFA (5 mL) at room temperature for 3 hr. Solvent was removed in vacuo, and the residue
was purified by silica gel column (DCM: MeOH 20:1) to give the desired product N-
methyl-3-(1,8-naphthyridin-2-yl)propan-1-amine as a yellow oil (110 mg). Yield 92% (93%
purity, UV = 214 nm, ESI 202.2 (M+H) ).

Step 3: tert-butyl 2-(4-((3-(1,8-naphthyridin-2-yl)propyl)(methyl)carbamoyl)piperidin-
1-yl)acetate
O

S Q)LOH
N
(@] 7 X
> 7 H N = N O
N N ~ HATU,DIPEA,DMF N N
(@]

rt,2 hr

A mixture of N-methyl-3-(1,8-naphthyridin-2-yl)propan-1-amine (110 mg, 0.55 mmol), 1-
(2-tert-butoxy-2-oxoethyl)piperidine-4-carboxylic acid (134 mg, 0.55 mmol), HATU (420
mg, 1.1lmmol) and DIPEA (280 mg, 2.2 mmol) in DMF (4 mL) was stirred at room
temperature for 2 hr. Solvent was removed in vacuo, and the residue was purified by silica
gel column (MeOH:EtOAc 1:10) to give the desired product tert-butyl 2-(4-((3-(1,8-
naphthyridin-2-yl)propyl)(methyl)carbamoyl)piperidin-1-yl)acetate as a yellow oil (120

mg). Yield 52% (98% purity, UV = 214 nm, ESI 427.0 (M+H) *).

Step 4: tert-butyl 2-(4-(methyl(3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-
yl)propyl)carbamoyl)piperidin-1-yl)acetate

o
A N
/ /\ﬂ/ \K Pd/C,EtOH & ,L YQ /\[O]/ \K
\N H2 18 hr N N
0O
A mixture of tert-butyl 2-(4-((3-(1,8-naphthyridin-2-

yl)propyl)(methyl)carbamoyl)piperidin-1-yl)acetate (120 mg, 0.28 mmol) and Pd/C (25 mg)

in EtOH (15 mL) was stirred at room temperature under H2 (1 atm, 1 L) for 18 hr. The
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mixture was filtered and concentrated in vacuo to get tert-butyl 2-(4-(methyl(3-(5,6,7,8-

tetrahydro-1,8-naphthyridin-2-yl)propyl)carbamoyl)piperidin-1-yl)acetate as an oil (100
mg). Yield 83% (100% purity, UV =214 nm, EST 431.1(M+H) ")

Step S: 2-(4-(methyl(3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-
yl)propyl)carbamoyl)piperidin-1-yl)acetic acid (compound 27)

H
o TFA,DCM X N/\n/o
B | N \K _ TR » | I
- N O N
NN rt4 hr N
) 0

2-(4-(methyl(3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)propyl)carbamoyl)piperidin-1-
ylacetate (100 mg, 0.28 mmol) was treated with TFA (3 mL) in DCM (5 mL) at room
temperature for 4 hours. The solvent was remove in vacuo, and the residue was purified by
Prep-HPLC A (30-65% MeCN) to give compound 27 as a white solid. (9 mg, yield 10%).
LC/MS A: 99% purity, UV = 214 nm, Rt = 1.41 min, ESI 375.1 (M+H)". 'H NMR (500
MHz, MeOD) 5 8.33 (s, 1H), 7.38 (d, /= 7.1 Hz, 1H), 6.49 (d, J=7.4 Hz,

1H), 3.61 (d, J = 11.2 Hz, 2H), 3.55 (s, 2H), 3.38 (dd, J = 13.8, 6.8 Hz, 4H), 3.11 —2.80 (m,
6H), 2.70 (dd, J= 14.2, 8.1 Hz, 2H), 2.55 (t, J = 7.6 Hz, 2H), 2.02 — 1.76 (m, 8H).

Example 28: 2-(3-(4-((5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)methyl)piperidine-1-

carbonyl)azetidin-1-yl)propanoic acid (compound 28)

Step 1: tert-butyl 3-(4-((5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)methyl)piperidine-1-

carbonyl)azetidine-1-carboxylate
O

HCI ERKOH
N |N\ socl N IN\ NBoc
_ NH _ N

HCl HATU

A mixture of 7-(piperidin-4-ylmethyl)-1,2,3 ,4-tetrahydro-1,8-naphthyridine (100 mg
crude), 1-(tert-butoxycarbonyl)azetidine-3-carboxylic acid (79 mg, 0.394 mmol), HATU
(149 mg, 0.394 mmol) and DIEA (127 mg, 0.986 mmol) in DMF (5 mL) was stirred at
room temperature overnight. Solvent was removed in vacuo, and the residue was purified
by silica gel column (pet ether:EtOAc 2:1) to give the desired product tert-butyl 3-(4-

((5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)methyl)piperidine-1-carbonyl)azetidine-1-
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carboxylate as a yellow oil (90 mg). Yield 61% (93% purity, UV = 214 nm, ESI 4152
(M+H) 7).

Step 2: azetidin-3-yl(4-((5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)methyl)piperidin-1-

yl)methanone
H Ny H N
NB
DCM Z N
© 0
Tert-butyl 3-(4-((5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)methyl)piperidine-1-

carbonyl)azetidine-1-carboxylate (90 mg, 0.217 mmol) was treated with TFA in DCM ( 3
mL) at room temperature for 2 hours. Solvent was removed in vacuo to give the crude
azetidin-3-yl(4-((5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)methyl)piperidin-1-yl)methanone
as a yellow oil (70 mg). Yield 68.7% (100% purity, UV =214 nm, ESI 315.2 (M+H)"). The

crude product was used for the next step directly.

Step 3: methyl 2-(3-(4-((5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)methyl)piperidine-1-

carbonyl)azetidin-1-yl)propanoate

r O~
(@] (@]

K,CO4,DMF

A mixture of azetidin-3-yl(4-((5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)methyl)piperidin-1-
yl)methanone (70 mg crude), methyl 2-bromopropanoate (55 mg, 0.333 mmol) and K2CO3
(92 mg, 0.667 mmol) in anhydrous DMF (2 mL) was stirred at room temperature for 5
hours. The reaction was filtered and concentrated in vacuo. The residue was purified by
Prep-HPLC A (33-65% MeCN) to give methyl 2-(3-(4-((5,6,7,8-tetrahydro-1,8-
naphthyridin-2-yl)methyl)piperidine-1-carbonyl)azetidin-1-yl)propanoate (49 mg, 29%
yield) as a white solid. (91% purity, UV = 254 nm, EST 401.2 (M+H)")

Step 4: 2-(3-(4-((5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)methyl)piperidine-1-

carbonyl)azetidin-1-yl)propanoic acid (compound 28)

- 136 -



10

15

20

25

WO 2018/160521 PCT/US2018/019838

m \g//:/N)\g/O\ LiOH m \g/C/NJ\g/OH

EtOH, H,0

Methyl 2-(3-(4-((5,6,7,8-tetrahydro- 1,8-naphthyridin-2-yl)methyl)piperidine-1-
carbonyl)azetidin-1-yl)propanoate (49 mg, 0.12 mmol) was treated with LiOH (10 mg, 0.25
mmol) in EtOH (3 mL) and H20 (1 mL) at room temperature for 2 hours. Solvent was
removed in vacuo, and the residue was purified by Prep-HPLC A (33-65% MeCN) to give
compound 28 as a white solid (27 mg, 57% yield). LC/MS A: 100% purity, UV =214 nm,
Rt = 1.45 min, ESI 387.3 (M+H)*. '"H NMR (500 MHz, MeOD) & 7.15 (d, J = 7.3 Hz, 1H),
6.36 (d, J=7.3 Hz, 1H), 448 (d, J= 13.2 Hz, 1H), 4.33 — 4.04 (m, 4H), 3.87 (t, /= 8.4 Hz,
1H), 3.63 (dd, J = 20.6, 11.3 Hz, 2H), 3.43 — 3.36 (m, 2H), 3.02 (t, / = 12.8 Hz, 1H), 2.75 —
2.63 (m, 3H), 2.47 (d, J= 7.1 Hz, 2H), 1.97 — 1.87 (m, 3H), 1.69 (d, J = 7.8 Hz, 2H), 1.39
(d,J=8.1 Hz, 3H), 1.16 (d, J = 9.6 Hz, 2H).

Example 29: Preparation of 2-phenyl-2-((R)-3-(4-(5,6,7,8-tetrahydro-1,8-
naphthyridin-2-yl)butoxy)pyrrolidin-1-yl)acetic acid (compounds 129-E1 and 129-E2)

Step1: tert-butyl  (R)-3-(4-(2-methyl-1,3-dioxolan-2-yl)butoxy)pyrrolidine-1-

carboxylate

S D

NaH,DMF

A mixture of (R)-tert-butyl 3-hydroxypyrrolidine-1-carboxylate (1.09 g, 5.41 mmol), 2-(4-
bromobutyl)-2-methyl-1,3-dioxolane (1.2 g, 541 mmol) and sodium hydride (260 mg,
10.82 mmol) in DMF (5 mL) was stirred at 100 °C for 6h. Solvent was removed in vacuo,
and the residue was purified by silica gel column (pet ether:EtOAc 10:1) to give the desired
product (R)-tert-butyl 3-(4-(2-methyl-1,3-dioxolan-2-yl)butoxy)pyrrolidine-1-carboxylate
as a colorless oil (380 mg). Yield 21% (ESI 330.2 (M+H) 7).

Step2: (R)-tert-butyl3-(5-oxohexyloxy)pyrrolidine-1-
NBoc 1.H NBoc
2BocZO
carboxylate O
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(R)-tert-butyl3-(4-(2-methyl-1,3-dioxolan-2-yl)butoxy)pyrrolidine-1-carboxylate (1.3 g,
3.95 mmol) was treated with a solution of HCl/dioxane (4.0 M, 10 mL) at room temperature
for 2 hours. The solvent was removed in vacuo, and the residue was diluted with acetone
(10 mL) and H20 (1 mL). Potassium carbonate was added to adjust the pH to 8~9,
followed by Boc2O (1.24 g 5.69 mmol). The reaction was stirred at room temperature for 3
h, then filtered and concentrated under vacuum. The residue was purified by silica gel
column (pet ether:EtOAc 15:1) to give the desired product (R)-tert-butyl3-(5-
oxohexyloxy)pyrrolidine-1-carboxylate as a colorless oil (820 mg). Yield 73% (ESI 186
(M-100) *, 230 (M-56) *).

Step 3: (R)-tert-butyl 3-(4-(1,8-naphthyridin-2-yl)butoxy)pyrrolidine-1-carboxylate

7
oL
@)
)\/\/\ ﬁoc \N ki /N | N\ \CNBOC
O @) AN e

A mixture of (R)-tert-butyl3-(5-oxohexyloxy)pyrrolidine-1-carboxylate (820 mg, 2.88

mmol), 2-aminonicotinaldehyde (456 mg, 3.77 mmol) and pyrrolidine (265 mg, 3.77 mmol)
in DMF (5 mL) was stirred at 85 °C for 4h . Solvent was removed in vacuo, and the residue
was purified by silica gel column (DCM:MeOH 15:1) to give the desired product (R)-tert-
butyl 3-(4-(1,8-naphthyridin-2-yl)butoxy)pyrrolidine-1-carboxylate as a colorless oil (750
mg). Yield 70% (ESI 372.2 (M+H) *).

Step 4: (R)-7-(4-(pyrrolidin-3-yloxy)butyl)-1,2,3,4-tetrahydro-1,8-naphthyridine
1.H2,Pd/C H

O.
N _N o 2.HC| NN
& | ~ \CNBOC | P NH
~ #
A mixture of (R)-tert-butyl 3-(4-(1,8-naphthyridin-2-yl)butoxy)pyrrolidine-1-carboxylate
(750 mg, 2.02 mmol), Pd/C (10%, 500 mg) in EtOAc (10 mL) was stirred at 60 °C for 6

hours under hydrogen. The reaction was filtered and concentrated in vacuo. The residue
was treated with a solution of HCl/dioxane (4.0 M, 4 mL) at room temperate for 2 hours,
and the solvent was removed in vacuo to give the desired product (R)-7-(4-(pyrrolidin-3-
yloxy)butyl)-1,2,3,4-tetrahydro-1,8-naphthyridine as a white solid (600 mg). Yield 96%
(ESI 276.2 (M+H) +).
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Step S: methyl2-phenyl-2-((R)-3-(4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-
yl)butoxy)pyrrolidin-1-yl)acetate

H Br OMe H
N._N o o}
O D
7 K2CO3,MeCN - OMe
0]
A mixture of (R)-7-(4-(pyrrolidin-3-yloxy)butyl)-1,2,3,4-tetrahydro-1,8-naphthyridine (200
mg, 0.576 mmol), methyl 2-bromo-2-phenylacetate (140 mg, 0.576 mmol) and K2CO3 (240

mg, 1.73 mmol) in MeCN (3 mL) was stirred at room temperature overnight. Solvent was

removed in vacuo, and the residue was used into the next step directly. (ESI 424.0 (M+H)

+).

Step 6: 2-phenyl-2-((R)-3-(4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-
yl)butoxy)pyrrolidin-1-yl)acetic acid (compounds 129-E1 and 129-E2)

: OH
o LioH 7 N
~ ] N ~ EtOH/H,0 < ¢
N o} 2 N” °N N
NN N H H
H H

Methyl 2-phenyl-2-((R)-3-(4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)butoxy)pyrrolidin-
1-yl)acetate (180 mg, 0.426 mmol) was treated with LiOH-H20 (126 mg, 3.0 mmol) in
EtOH (4 mL) and H20 (1 mL) at room temperature for 2 hours. Solvent was removed in
vacuo, and the residue was purified by Prep-HPLC A (30-65% MeCN) to give compound
129 as a white solid (105 mg, 60% yield). The racemic product was separated by prep chiral
SFC A to give enantiomeric products compound 129-E1 (38.7 mg) and compound 129-E2
(37.5 mg) as white solids.

Compound 129-E1 LC/MS ESI 410 (M+H)" "H NMR (400 MHz, MeOD) § 7.55-7.53 (m,
2H), 7.43-7.41 (m,3H), 7.17 (d, J = 7.2 Hz, 1H), 6.39 (d, J = 7.6 Hz, 1H), 4.49 (s, 1H), 4.18
(s, 1H), 3.48 — 3.43 (m, 3H), 3.39 - 3.36 (, J/ = 11.5 Hz , 2H), 3.13 (d, /= 10.8 Hz , 1H),
3.01 (m, 1H), 2.72-2.69 (t, J = 12.4 Hz, 2H), 2.56-2.52 (t, J = 15.4 Hz, 2H), 2.11 (s, 2H),
1.89 — 1.86 (m, 2H), 1.74 — 1.59 (m, SH). Chiral SFC A (40% MeOH): ee 89.9%, Rt =2.14
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min.

Compound 129-E2 LC/MS ESI 410 (M+H)* 'H NMR (400 MHz, MeOD) & 7.56-7.53 (m,
2H), 7.42-7.41 (m, 3H), 7.16 (d, J = 7.2 Hz, 1H), 6.39 (d, J = 7.2 Hz, 1H), 4.48 (s, 1H),
4.17 (m,1H), 3.47 — 3.35 (m, 6H), 3.17 — 3.12 (m, 2H), 2.70 (t, J = 12.4 Hz, 2H), 2.57-2.53
(t, J = 10.8 Hz, 2H), 2.21-2.17 (m, 2H), 1.90 — 1.84 (m, 2H), 1.73 — 1.58 (m, 4H). Chiral
SFC A (40% MeOH): ee 94.4%, Rt = 3.46 min.

Example 30: Preparation of 2-phenyl-2-((R)-3-(4-(2-(5,6,7,8-tetrahydro-1,8-
naphthyridin-2-yl)ethyl)-1H-pyrazol-1-yl)pyrrolidin-1-yl)acetic acid (compounds 130-
E1 and 130-E2)

Step 1: (R)-tert-butyl 3-(4-formyl-1H-pyrazol-1-yl)pyrrolidine-1-carboxylate

MSOI/,”‘
CN/BOC
=N =N NB
NN Cs,CO3,DMF,100°C,18h N

A mixture of 1H-pyrazole-4-carbaldehyde (400 mg, 4.17 mmol), (S)-tert-butyl 3-

(methylsulfonyloxy)pyrrolidine-1-carboxylate (1.21 g, 4.58 mmol) and Cs2CO3; (4.08 g,
12.51 mmol) in DMF (30 mL) was stirred at 100 °C for 18 hours. Solvent was removed in
vacuo, and the residue was purified by silica gel column (pet ether:EtOAc 2:1) to give the
desired product (R)-tert-butyl 3-(4-formyl-1H-pyrazol-1-yl)pyrrolidine-1-carboxylate as a
colorless oil (1.0 g). Yield 91% (ESI 266.0 (M+H) +).

Step 2: (R)-tert-butyl  3-(4-(3-oxobut-1-enyl)-1H-pyrazol-1-yl)pyrrolidine-1-

carboxylate

0]
/N
=N A pPhs \ NBoc
P N@N Boc ~
toluene,reflux,18h e}

A mixture of (R)-tert-butyl 3-(4-formyl-1H-pyrazol-1-yl)pyrrolidine-1-carboxylate (1g,

3.77 mmol) and 1-(triphenyl-phosphanylidene)propan-2-one (1.2 g, 5.66 mmol) in toluene
(40 mL) was stirred at 110°C for 18 hours. Solvent was removed in vacuo, and the residue
was purified by silica gel column (pet ether:EtOAc 1:1) to give the desired product (R)-tert-
butyl 3-(4-(3-oxobut-1-enyl)-1H-pyrazol-1-yl)pyrrolidine-1-carboxylate as a colorless oil
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(920 mg). Yield 80% (ESI 306.0 (M+H) +).

Step 3: (R)-tert-butyl 3-(4-(3-oxobutyl)-1H-pyrazol-1-yl)pyrrolidine-1-carboxylate

=N =N
A A
(o]
o) MeOH,40°C,18h o)

A  mixture of (R)-tert-butyl 3-(4-(3-oxobut-1-enyl)-1H-pyrazol-1-yl)pyrrolidine-1-
carboxylate (920 mg, 3.02 mmol) and 10% Pd/C (184 mg) in MeOH (20 mL) was stirred

under Hz at 40°C for 18 hours. The mixture was filtered, and the solvent was removed in
vacuo to give the desired product (R)-tert-butyl 3-(4-(3-oxobutyl)-1H-pyrazol-1-
yl)pyrrolidine-1-carboxylate as a colorless oil (900 mg). Yield 97% (ESI 308.0 (M+H) +).

Step 4: (R)-tert-butyl 3-(4-(3-oxobutyl)-1H-pyrazol-1-yl)pyrrolidine-1-carboxylate
0

P ]
=N S |
M\N@BOC il
~
& pyrrolidine, EtOH, reflux,16h

A mixture of ((R)-tert-butyl 3-(4-(3-oxobutyl)-1H-pyrazol-1-yl)pyrrolidine-1-carboxylate

(900 mg, 2.93 mmol) ), 2-aminonicotinaldehyde (465 mg, 3.81 mmol) and pyrrolidine (270
mg, 3.81 mmol) in EtOH (30 mL) was stirred at 80°C for 16 hours. Solvent was removed in
vacuo, and the residue was purified by silica gel column (DCM: MeOH 20:1) to give the
desired product (R)-tert-butyl 3-(4-(3-oxobutyl)-1H-pyrazol-1-yl)pyrrolidine-1-carboxylate
as a yellow oil (650 mg). Yield 56% (ESI 394.0 (M+H) +).

Step S:  (R)-tert-butyl 3-(4-(2-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)ethyl)-1H-
pyrazol-1-yl)pyrrolidine-1-carboxylate

H2,Pd/C

MeOH,40°C,18h

A mixture of (R)-tert-butyl 3-(4-(3-oxobutyl)-1H-pyrazol-1-yl)pyrrolidine-1-carboxylate
(650 mg, 1.65 mmol) and 10% Pd/C (130 mg) in MeOH (20 mL) was stirred at 40°C for 15
hours. The mixture was filtered and the solvent was removed in vacuo to give the desired
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product (R)-tert-butyl 3-(4-(2-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)ethyl)-1H-pyrazol-
1-yl)pyrrolidine-1-carboxylate as a yellow oil (610 mg). Yield 93% (ESI 398.0 (M+H) +).

Step 6: (R)-7-(2-(1-(pyrrolidin-3-yl)-1H-pyrazol-4-yl)ethyl)-1,2,3,4-tetrahydro-1,8-
naphthyridine

HCI

1,4-dioxane,rt,2h

((R)-tert-butyl 3-(4-(2-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)ethyl)- 1H-pyrazol-1-
yl)pyrrolidine-1-carboxylate (610 mg, 1.54 mmol) was treated with HCl (4M in 1,4-
dixoane, 3.9 mL, 15.4mmol) at 25°C for 2 hours. Solvent was removed in vacuo to give the
desired product (R)-7-(2-(1-(pyrrolidin-3-yl)-1H-pyrazol-4-yl)ethyl)-1,2,3 4-tetrahydro-1,8-
naphthyridine as a yellow oil (450 mg). Yield 98% (ESI 298.0 (M+H) +).

Step 7: methyl 2-phenyl-2-((R)-3-(4-(2-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-
yl)ethyl)-1H-pyrazol-1-yl)pyrrolidin-1-yl)acetate

y /N\ Br£ OMe
NH 0
NN ~ N‘C/ H =N,
| P K,CO3,MeCN,50°C, 16h NN ~ N‘C’/\' I

A mixture of (R)-7-(2-(1-(pyrrolidin-3-yl)-1H-pyrazol-4-yl)ethyl)-1,2,3,4-tetrahydro-1,8-

naphthyridine (450 mg, 1.51 mmol) ), methyl 2-bromo-2-phenylacetate (415 mg, 1.81
mmol) and K2CO3 (625 mg, 4.53 mmol) in MeCN (20 mL) was stirred at 50°C for 16
hours. Solvent was removed in vacuo, and the residue was purified by silica gel column
(DCM: MeOH 20:1) to give the desired product methyl 2-phenyl-2-((R)-3-(4-(2-(5,6,7,8-

tetrahydro-1,8-naphthyridin-2-yl)ethyl)-1H-pyrazol-1-yl)pyrrolidin-1-yl)acetate as a yellow
oil (120 mg). Yield 19% (ESI 446.0 (M+H) +).

Step 8: 2-phenyl-2-((R)-3-(4-(2-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)ethyl)-1H-
pyrazol-1-yl)pyrrolidin-1-yl)acetic acid (compounds 130-E1 and 130-E2)
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LiOH
N N
H =\ OMe H =N OH
N N 0 N N
N | Ny ~ ‘C/ I MeOH/H20,65°C 2h (lel\jj/\/g/ ~C/ I
A A
Methyl 2-phenyl-2-((R)-3-(4-(2-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)ethyl)-1H-

pyrazol-1-yl)pyrrolidin-1-yl)acetate (120 mg, 0.27 mmol) was treated with LiOH-H20O
(45.4 mg, 1.08 mmol) in MeOH (4 mL) and H20 (1 mL) at 65 °C for 2 hours. Solvent was
removed in vacuo, and the residue was purified by Prep-HPLC A (30-65% MeCN) to give
compound 130 as a white solid (60 mg, 52% yield). The racemic product was separated by
prep chiral SFC B to give enantiomeric products compound 130-E1 (46 mg) and
compound 130-E2 (27 mg) as white solids.

Compound 130-E1 LC/MS ESI 432 (M+H)+ 1H NMR (400 MHz, MeOD) & 7.59-7.56
(m, 3H), 739 — 7.21 (m, 5H), 6.39 (d, J = 7.3 Hz, 1H),4.97 (s, 1H), 444 (s, 1H), 3.44 —
3.36 (m, 4H), 3.32 — 3.15 (m, 2H), 2.81-2.79 (m, 4H), 2.71 (t, ] = 6.0 Hz, 2H), 2.50-2.45
(m, 1H), 2.25-2.20 (m, 1H), 1.88 — 1.85 (m, 2H). Chiral SFC B (40% MeOH): ee 100%, Rt
= 1.34 min.

Compound 130-E2 LC/MS ESI 432 (M+H)+ 1H NMR (400 MHz, MeOD) & 7.59-7.56
(m, 3H), 739 — 7.21 (m, 5H), 6.39 (d, J = 7.3 Hz, 1H),4.87 (s, 1H), 4.07 (s, 1H), 3.44 —
3.26 (m, 4H), 2.92 — 2.51 (m, 8H), 2.50-2.40 (m, 1H), 2.20-2.10 (m, 1H), 1.88 — 1.85 (m,
2H). Chiral SFC B (40% MeOH): ee 99.5%, Rt = 2.89 min.

Example 31: Preparation of 2-phenyl-2-((R)-3-(5-(5,6,7,8-tetrahydro-1,8-
naphthyridin-2-yl)pentyl)pyrrolidin-1-yl)acetic acid (compounds 131-E1 and 131-E2)

Step 1: (R)-tert-butyl 3-(iodomethyl)pyrrolidine-1-carboxylate

HO/\CNBOC 12,PPh3 I/\CNBOC

To a solution of triphenylphosphine (5.11g, 19.5mmol) and 1H-imidazole (1.33g,
19.5mmol) in DCM (50 mL) at 0 °C was slowly added iodine (4.95g, 19.5 mmol). The

reaction was stirred at 0 °C for 30 mins, and then a solution of (R)-tert-butyl 3-

(hydroxymethyl)pyrrolidine-1-carboxylate in DCM (10 mL) was added. The reaction was
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stirred at room temperature overnight, then diluted with water (50 mL) and extracted with
DCM (30 mL x 3). The combined organic layer was dried over NaxSOs, filtered and
concentrated in vacuo. The residue was purified by silica gel column (pet ether:EtOAc
10:1) to give the desired product (R)-tert-butyl 3-(iodomethyl)pyrrolidine-1-carboxylate as
a colorless oil (3.7 g). Yield 80% . (ESI 256 (M+H-56) +).

Step2: (R)-((1-(tert-butoxycarbonyl)pyrrolidin-3-yl)methyl)triphenylphosphonium

I/\CNBOC PPh3,DMF F)h?’JrP/\CNBoc

A solution of (R)-tert-butyl 3-(iodomethyl)pyrrolidine-1-carboxylate (3.7g, 12mmol) and

triphenyl phosphine (4.1 g, 15.5 mmol) in DMF (50 mL) was stirred at room temperature
overnight. Solvent was removed in vacuo, and the residue was purified by silica gel column
(DCM: MeOH 10:1) to give the crude product. Diethyl ether (30 mL) was added to the
crude product, and the mixture was stirred at room termperature for 30 mins. The solid
was collected by filtration and dried under vacuum to give the desired product (R)-((1-(tert-
butoxycarbonyl)pyrrolidin-3-yl)methyl)triphenylphosphonium as a white solid (5.6 g).
Yield 84%. (ESI N/A).

Step 3: ethyl 4-(2-methyl-1,3-dioxolan-2-yl)butanoate

)\/\i © 1
ethylene glycol w
¢, gl Q J o~

A solution of ethyl 5-oxohexanoate(2 g, 13.9 mmol), ethylene glycol (2.6 g, 42 mmol) and

p-toluene sulfonic acid (478 mg, 2.78 mmol) in toluene (50 mL) was refluxed with a Dean-
stark trap for 6 hours. Solvent was removed in vacuo, and the residue was purified by silica
gel column (pet ether:EtOAc 10:1) to give the desired product ethyl 4-(2-methyl-1,3-
dioxolan-2-yl)butanoate as a colourless oil (1.4 g, 50% yield). (ESI 203 (M+H) +).

Step 4: 4-(2-methyl-1,3-dioxolan-2-yl)butanal

Q Q DIBAL-H,DCM Q o
[ W Z
g o 0

To a solution of ethyl 4-(2-methyl-1,3-dioxolan-2-yl)butanoate (500 mg, 2.48 mmol) in
DCM (10 mL) at -78 °C under Ar was added slowly DIBAL-H (1 M, 3.7 mL, 3.7 mmol).
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The reaction was stirred at -78 °C for 30 mins, then quenched with 20 mL of water, warmed
to room temperature and extracted with DCM (20 mL x 3). The combined organic layer was
dried over sodium sulfate, filtered and concentrated under vacuum. The residue was
purified by silica gel column (pet ether:EtOAc 2:1) to give the desired product 4-(2-methyl-
1,3-dioxolan-2-yl)butanal as a colorless oil (220 mg). Yield 56% . (ESI 159 (M+H) +).

Step S:  (S)-tert-butyl 3-(5-(2-methyl-1,3-dioxolan-2-yl)pent-1-enyl)pyrrolidine-1-

carboxylate

23 0
Ph3+P/\CNBOC OWNBOC
LiIHMDS, THF

To a solution of (R)-((1-(tert-butoxycarbonyl)pyrrolidin-3-yl)methyl)triphenylphosphonium
(2.0 g, 3.6 mmol) in DCM (30 mL) at 0 °C under nitrogen was added LIHMDS (1 M, 5.4

mL, 5.4 mmol). The mixture was stirred at 0 °C for 30 mins, and then 4-(2-methyl-1,3-
dioxolan-2-yl)butanal (565 mg, 3.6 mmol) was added. The reaction was stirred at room
tempearatue for 4 hours, then quenched with MeOH (20 mL). Solvent was removed in
vacuo, and the residue was purified by silica gel column (pet ether:EtOAc 3:1) to give the
desired product (S)-tert-butyl 3-(5-(2-methyl-1,3-dioxolan-2-yl)pent-1-enyl)pyrrolidine-1-
carboxylate as a yellow oil (500 mg). Yield 43%.(ESI 226 (M+H-100) +).

Step 6: (R)-7-(pyrrolidin-3-yl)heptan-2-one
1.H2,Pd/C

0
{ 2.HCl ©
O NBoc NH

A mixture of (S)-tert-butyl 3-(5-(2-methyl-1,3-dioxolan-2-yl)pent-1-enyl)pyrrolidine-1-
carboxylate (440 mg, 1.35 mmol) and Pd/C (10%, 40 mg) in EtOAc (20 mL) was stirred at

40 °C overnight under hydrogen. The reaction was filtered and concentrated in vacuo. The
residue was treated with 5 mL of HCl in 1,4-dioxane solution (4M). The mixture was stirred
at room temperature for 2 hours, then concentrated in vacuo to give the desired product (R)-

7-(pyrrolidin-3-yl)heptan-2-one as a yellow oil. (220 mg). Yield 89%. (ESI 184 (M+H) +).

Step 7: methyl 2-((R)-3-(6-oxoheptyl)pyrrolidin-1-yl)-2-phenylacetate
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O 0 Ox
Y\/\/\CNH \(\/\/\CN
OMe
0

A mixture of (R)-7-(pyrrolidin-3-yl)heptan-2-one (210mg,1.15mmol), methyl 2-bromo-2-
phenylacetate (315 mg, 1.4 mmol) and K2COs3 (476 g, 3.45 mmol) in MeCN (10 mL) was
stirred at 40 °C overnight. The reaction was filtered and concentrated in vacuo, and the
residue was purified by silica gel column (DCM:MeOH = 30:1) to give the desired product
methyl 2-((R)-3-(6-oxoheptyl)pyrrolidin-1-yl)-2-phenylacetate as a yellow oil (260 g).
Yield 68%.(ESI 331 (M+H) +).

Step 8: methyl  2-((R)-3-(5-(1,8-naphthyridin-2-yl)pentyl)pyrrolidin-1-yl)-2-
phenylacetate

7
94
O N7 NH NN
Y\/\/\CN R Z | x N
OMe N P OMe
O 0]

To a solution of methyl 2-((R)-3-(6-oxoheptyl)pyrrolidin-1-yl)-2-phenylacetate(260 mg,
0.78 mmol) in EtOH (10 mL), was added 2-aminonicotinaldehyde(144 mg,1.18 mmol) and
pyrrolidine (28 mg,0.39 mmol). The reaction was heated to reflux overnight, then
concentrated in vacuo, and the residue was purified by silica gel column
(DCM:MeOH=20:1) to give the desired product methyl 2-((R)-3-(5-(1,8-naphthyridin-2-
yl)pentyl)pyrrolidin-1-yl)-2-phenylacetate as a yellow oil (260 mg). Yield 78% . (ESI 418
(M+H) +).

Step 9: methyl 2-phenyl-2-((R)-3-(5-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-
yl)pentyl)pyrrolidin-1-yl)acetate

H
NN \ H2,Pd/C NNy \
. | 7 OMe | / OMe
O 0]
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A  mixture of methyl 2-((R)-3-(5-(1,8-naphthyridin-2-yl)pentyl)pyrrolidin-1-yl)-2-
phenylacetate (260 mg,0.62 mmol) and Pd/C (10%, 30mg) in EtOAc(10 mL) was stirred at
40 °C overnight under hydrogen. The reaction was filtered and concentrated in vacuo to
give the desired product methyl 2-phenyl-2-((R)-3-(5-(5,6,7,8-tetrahydro-1,8-naphthyridin-
2-yl)pentyl)pyrrolidin-1-yl)acetate as a yellow oil (220 mg). Yield 84%. (ESI 422 (M+H)

).

Step 10: 2-phenyl-2-((R)-3-(5-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-
yl)pentyl)pyrrolidin-1-yl)acetic acid (compounds 131-E1 and 131-E2)

H H N
NNy y LiOH WN
| P OMe A OH
d 0

Methyl 2-phenyl-2-((R)-3-(5-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)pentyl)pyrrolidin-1-
yl)acetate (200 mg, 0.49 mmol) was treated with LiIOH-H20 (83 mg, 1.97 mmol) in MeOH

(10 mL) and H20 (2 mL) at room temperature for 2 hours. Solvent was removed in vacuo,
and the residue was purified by Prep-HPLC to give compound 131 as a white solid (120
mg, 62% vyield). The racemic product was separated by Prep chiral SFC A to give
enantiomeric products compound 131-E1 (35 mg) and compound 131-E2 (39 mg) as

white solids.

Compound 131-E1 LC/MS ESI 408 (M+H)+ 1H NMR (400 MHz, MeOD) & 7.58-7.55
(m, 2H), 7.44-7.41 (m, 3H), 7.12 (d, J = 7.2 Hz, 1H), 6.35 (d, ] = 7.2 Hz, 1H), 4.49 (s, 1H),
3.71-3.62 (m, 1H), 3.41-3.36 (m, 3H), 3.02-2.95 (m, 1H), 2.72-2.66 (m, 3H), 2.50 (t, ] = 7.2
Hz, 2H), 2.41-2.11 (m, 2H), 1.92-1.84 (m, 2H), 1.69-1.25 (m, 9H). Chiral SFC A (40%
MeOH): ee 100%, Rt = 2.04 min.

Compound 131-E2 LC/MS ESI 408 (M+H)+ 1H NMR (400 MHz, MeOD) & 7.47-7.44
(m, 2H), 7.34-7.31 (m, 3H), 7.00 (d, J = 7.2 Hz, 1H), 6.22 (d, ] = 7.2 Hz, 1H), 4.39 (s, 1H),
3.39-3.26 (m, 3H), 2.98-2.78 (m, 3H), 2.58 (t, ] = 6.4 Hz, 2H), 2.38 (t, ] = 7.6 Hz, 2H),
2.28-2.01 (m, 2H), 1.78-1.74 (m, 2H), 1.60-1.15 (m, 9H). Chiral SFC A (40% MeOH): ee
100%, Rt = 3.86 min.
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Example 32: Preparation of 2-(3-fluoro-3-(5-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-
yl)pentyl)pyrrolidin-1-yl)-2-phenylacetic acid (compounds 132-E1 and 132-E2)

Step 1: tert-butyl 3-(4-(benzyloxy)butyl)-3-hydroxypyrrolidine-1-carboxylate
OH

®) BnO\/\/\B BnO
ji\/NBoc d NBoc
Mg,Et20

To a mixture of ((4-bromobutoxy)methyl)benzene (9.45 g, 38.87 mmol) and Mg (1.89 g,
77.74 mmol) in Et20 (20 mL) was added 1> (202 mg, 1.09 mmol). The reaction mixture

was stirred at 40 °C for 1 h. After cooled to room temperature, the mixture was added to a
solution of tert-butyl 3-oxopyrrolidine-1-carboxylate (2.4 g, 12.96 mmol) in 30 mL of Et2O
at 5 °C. The reaction was stirred at room temperature overnight, then quenched with aq.
NH4ClI (10 mL) and extracted with EtOAc¢ (30 mL x 3). The combined organic layer was
dried over sodium sulfate, filtered and concentrated in vacuo. The residue was purified by
silica gel column (pet ether:EtOAc 5:1~2:1) to give the desired product tert-butyl 3-(4-
(benzyloxy)butyl)-3-hydroxypyrrolidine-1-carboxylate as a yellow oil (1.7 g). Yield 38%
(ESI 294 (M+H-56) *).

Step 2: tert-butyl 3-(4-(benzyloxy)butyl)-3-fluoropyrrolidine-1-carboxylate

OH F
NBoc ! NBoc

A mixture of tert-butyl 3-(4-(benzyloxy)butyl)-3-hydroxypyrrolidine-1-carboxylateas (1.7
g, 4.86 mmol) and BAST (10.76 g, 48.6 mmol) in DCM (30 mL) was stirred at 40 °C for 24
h. The reaction was diluted with MeOH (2 mL), washed with water (20 mL), dried over

sodium sulfate, filtered and concentrated in vacuo. The residue was purified by silica gel
column (pet ether:EtOAc 20:1~10:1) to give the desired product tert-butyl 3-(4-

(benzyloxy)butyl)-3-fluoropyrrolidine-1-carboxylate as a light yellow oil (1.1 g). Yield
64% (BSI 296 (M+H-56) *).

Step 3: (tert-butyl 3-fluoro-3-(4-hydroxybutyl)pyrrolidine-1-carboxylate
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F F

NBoc NBoc

A mixture of tert-butyl 3-(4-(benzyloxy)butyl)-3-fluoropyrrolidine-1-carboxylate (1.1 g,
3.13 mmol) and Pd/C (5%, 1.1 g) in EtOAc (100 mL) was stirred under hydrogen at 45 °C

overnight. The mixture was filtered and concentrated in vacuo to give the desired product
tert-butyl 3-fluoro-3-(4-hydroxybutyl)pyrrolidine-1-carboxylate as a light yellow oil (780
mg). Yield 95% (ESI 206 (M+H-56) *).

Step 4: tert-butyl 3-fluoro-3-(4-iodobutyl)pyrrolidine-1-carboxylate
F 12,PPh3 F

HO imidazole |
NBoc NBoc

To a solution of triphenylphosphine (1.58 g, 6.04 mmol) and imidazole (411 mg, 6.04
mmol) in DCM (40 mL) at 5 °C was added > (835 mg, 3.29 mmol). The reaction mixture

was stirred at 5 °C for 15 min, and then a solution of (tert-butyl 3-fluoro-3-(4-
hydroxybutyl)pyrrolidine-1-carboxylate (780 mg, 2.99 mmol) in DCM (15 mL) was added.
The reaction mixture was stirred at 5 °C for 1 h, then concentrated in vacuo at 15 °C, and
the residue was purified by silica gel column (pet ether:EtOAc 20:1~10:1) to give the
desired product tert-butyl 3-fluoro-3-(4-iodobutyl)pyrrolidine-1-carboxylate as a light
yellow oil (700 mg). Yield 63% (ESI 316 (M+H-56) 7).

Step S: tert-butyl 3-(5-(1, 8-naphthyridin-2-yl)pentyl)-3-fluoropyrrolidine-1-
carboxylate

NN -

. i S AN -
\/\/\DNBOC | oc
LIHMDS, THF ~x e

To a solution of (R)-tert-butyl 3-(1,1-difluoro-4-iodobutyl)pyrrolidine-1-carboxylate (700
mg, 1.88 mmol) and 2-methyl-1,8-naphthyridine (407 mg, 2.82 mmol) in THF (12 mL) at 0
°C was added LiHMDS (2.82 mL, 1M, 2.82 mmol). The reaction mixture was stirred at O

°C for 3 h, then quenched with saturated ammonium chloride solution (6 mL), diluted with

water (15 mL) and extracted with EtOAc (30 mL x 2). The combined organic layers were

dried over sodium sulfate, filtered and concentrated in vacuo. The residue was purified by

prep-TLC to give the desired product tert-butyl 3-(5-(1,8-naphthyridin-2-yl)pentyl)-3-
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fluoropyrrolidine-1-carboxylate as a light yellow solid (350 mg). Yield 48% (ESI 388
(M+H) ).

Step 6: 7-(5-(3-fluoropyrrolidin-3-yl)pentyl)-1,2,3,4-tetrahydro-1,8-naphthyridine
F
N _N 1.H2,Pd/C H F
Z N 2.HCI NN
| NBoc | N NH
F

A mixture of 3-(5-(1, 8-naphthyridin-2-yl)pentyl)-3-fluoropyrrolidine-1-carboxylate (200
mg, 0.516 mmol) and Pd/C (5%, 200 mg) in EtOAc (20 mL) under hydrogen was stirred at
45 °C overnight. The reaction mixture was filtered and concentrated in vacuo. To the
residue was added 1, 4-dioxane (2 mL) and HCl/dioxane (2 mL, 4 M) at room temperature.
The reaction mixture was stirred at room temperature for 3 h, then concentrated in vacuo to
give the desired product 7-(5-(3-fluoropyrrolidin-3-yl)pentyl)-1,2,3,4-tetrahydro-1,8-
naphthyridine as a light yellow solid (140 mg). Yield 93% (ESI 292 (M+H) 7).

Step 7: 2-(3-fluoro-3-(5-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)pentyl)pyrrolidin-1-
yl)-2-phenylacetic acid (compounds 132-E1 and 132-E2)

H\/O
OB

H F H F
|
N NS OH NN
| NH | N
7 OHCCO,H - OH
MeCN e}

A mixture of 7-(5-(3-fluoropyrrolidin-3-yl)pentyl)-1,2,3,4-tetrahydro-1,8-naphthyridine
(140 mg, 0.48 mmol), 2-oxoacetic acid (76.5 mg, 0.62 mmol) and phenylboronic acid (75.6
mg, 0.62 mmol) in MeCN (1.5 mL) was heated at 50 °C for 2 hours. Solvent was removed
in vacuo, and the residue was purified by Prep-HPLC A to give compound 132 as a white
solid (90 mg, 44% yield). The racemic product was separated by Prep chiral SFC A to give
compound 132-E1 (41 mg) and compound 132-E2 (36 mg) as white solids.

Compound 132-E1 LC/MS ESI 426 (M+H)+ 1H NMR (500 MHz, MeOD) § 7.47 — 7.45
(m, 2H), 7.31 — 7.29 (m, 3H), 7.08 (d, J = 7.5 Hz, 1H), 6.27 (d, J = 7.5 Hz, 1H), 4.31 (d,
1H), 3.43 — 3.27 (m, 4H), 3.08 — 2.90 (m, 2H), 2.60 (t, J = 6.0 Hz, 2H), 2.42 (t, J = 8.5 Hz,
2H), 2.11 — 1.93 (m, 2H), 1.80 — 1.63 (m, 4H), 1.57 — 1.49 (m, 2H), 1.39 — 1.19 (m, 4H).

Chiral SFC A (40% MeOH): ee 100%, Rt = 2.45 min.
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Compound 132-E2 LC/MS ESI 426 (M+H)+ 1H NMR (500 MHz, MeOD) & 7.59 — 7.57
(m, 2H), 7.42 — 7.38 (m, 3H), 7.22 (d, J = 8.0 Hz, 1H), 6.40 (d, J = 7.5 Hz, 1H), 4.33 (d,
1H), 3.46 —3.30 (m, 4H), 3.16 —2.93 (m, 2H), 2.72 (t, J = 6.0 Hz, 2H), 2.55 (t, ] = 7.5 Hz,
2H), 2.25 - 2.05 (m, 2H), 1.91 — 1.87 (m, 2H), 1.85 — 1.73 (m, 2H), 1.68 — 1.62 (m, 2H),
1.48 — 1.31 (m, 4H). Chiral SFC A (40% MeOH): ee 98%, Rt =3.92, 4.42 min.

Example 33: Preparation of 2-(4-isopropoxypyridin-3-yl)-2-((R)-3-(4-(5,6,7,8-
tetrahydro-1,8-naphthyridin-2-yl)butoxy)pyrrolidin-1-yl)acetic acid (compound 133)

Step 1: 3-bromo-4-isopropoxypyridine

Cl )\o
| e
N" NaH,DMF N”

To a solution of i-PrOH (1.87 g, 31.2 mmol) in DMF (20 mL) at 0 °C, was added NaH

(60%, 1.25g, 31.2 mmol). The mixture was stirred at room temperature for 1 h, and 3-
bromo-4-chloropyridine (2 g, 10.4 mmol) was added. The reaction was stirred at 80 °C
overnight, then cooled to room temperature, diluted with H2O (20 mL) and extracted with
EtOAc (20 mL x 3). The combined organic layer was dried over sodium sulfate, filtered and
concentrated in vacuo, and the residue was purified by silica gel column (pet ether:EtOAc
5:1) to give the desired product 3-bromo-4-isopropoxypyridine as a colorless oil (1.7 g).

Yield 76% (ESI 216.0 (M+H) ™).

Step2: 4-isopropoxypyridin-3-ylboronic acid

L L

@/Br n-BuLi,B(OMe)3 fﬁ/B(OHb
P L

N N

To a solution of 3-bromo-4-isopropoxypyridine (1 g, 4.63 mmol) in dry THF (20 mL) under
Ar at -78 °C, was added n-BuLi (2.5 M in Hexanes, 2.8 mL). The reaction was stirred at -78
°C for 1 hour, then trimethyl borate (722 mg, 6.95 mmol) was added. The reaction was
stirred at room temperature overnight, then quenched with MeOH (5 mL) and concentrated
in vacuo, and the residue was used directly in the next step.
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Step 3: 2-(4-isopropoxypyridin-3-yl)-2-((R)-3-(4-(5,6,7,8-tetrahydro-1,8-naphthyridin-
2-yl)butoxy)pyrrolidin-1-yl)acetic acid (compound 133)

)\O NN o H /< g N
e Qo o,
0 0]

N
OH
The above residue was diluted with MeCN (10 mL), (R)-7-(4-(pyrrolidin-3-yloxy)butyl)-
1,2,3,4-tetrahydro-1,8-naphthyridine (150 mg, 0.54 mmol) and glyoxylic acid (50% in
water, 161 mg, 1.08 mmol) were added. The reaction was stirred under reflux for 15 hours.
Solvent was removed in vacuo, and the residue was purified by Prep-HPLC A (30-65%
MeCN) to give compound 133 as a white solid (20 mg).

Compound 133 LC/MS ESI 469 (M+H)" 'H NMR (400 MHz, MeOD) & 8.56 (s, 1H), 8.40
(d, J = 6Hz, 1H), 7.19-7.14 (m, 2H), 6.38 (d, J = 7.2 Hz, 1H), 4.89-4.86 (m, 2H), 4.25-4.19
(m, 1H), 3.48 — 3.30 (m, 8H), 2.71 (t, J = 6.4 Hz, 2H), 2.55 (t, J = 7.6 Hz, 2H), 2.25-1.88
(m, 4H), 1.71 — 1.38 (m, 10H).

Additional Examples

Compounds 29-128 and 134-201 were prepared using general procedures based on the

method used to prepare compounds 1-28 and 129-133.

2-(4-((4-((5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)methyl)piperidin-1-yl)methyl)
piperidin-1-yl)acetic acid (compound 29)

No N H
Compound 29 LC/MS A: 100% purity, UV = 214 nm, Rt = 1.18 min, ESI 387.2 (M+H)".
'H NMR (500 MHz, MeOD) § 7.13 (d, J = 7.3 Hz, 1H), 6.34 (d, /= 7.3 Hz, 1H), 3.50 -

3.48 (m, 4H), 3.38 (dd, J = 14.9, 9.3 Hz, 2H), 2.93 (d, J=11.5 Hz, 2H), 2.85 (t, /= 11.8
Hz, 2H), 2.71 (t, J = 6.2 Hz, 2H), 2.45 (d, J= 7.0 Hz, 2H), 2.28 (d, /= 7.0 Hz, 2H), 2.01 —
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1.98 (m, 4H), 1.65 — 1.62 (m, 3H), 1.73 — 1.56 (m, 3H), 1.52 — 1.40 (m, 2H), 1.33 (dd, J =
22.6, 10.5 Hz, 2H).

2-(2-0x0-4-(4-((5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)methyl)piperidine-1-
carbonyl)piperidin-1-yl)acetic acid formic acid salt (compound 30)

o)

H H)I\OH
N Ny N OH
O

Compound 30 LC/MS D: 100% purity, UV = 214 nm, Rt = 1.427 min, ESI 415.1(M+H) +.
1H NMR (400 MHz, DMSO-d6) § 8.18 (0.73 H, HCOOH), 7.03 (d, J = 7.6 Hz, 1H), 6.41
(s, 1H), 6.23 (d, J= 7.2 Hz, 1H), 4.36-4.33 (m, 1H), 4.08-4.03 (m, 1H), 3.92-3.78 (m, 2H),
3.39-3.15 (m, SH), 2.98-2.92 (m, 1H), 2.62-2.59 (m, 2H), 2.50-2.23 (m, SH), 1.88-1.85 (m,
2H), 1.76-1.72 (m, 3H), 1.68-1.59 (m, 2H), 1.13-0.96 (m, 2H).

2-(2-0x0-4-((2-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)ethyl)carbamoyl)piperidin-1-

ylacetic acid formic acid salt (compound 31)

0
A
H” “OH OH
H N
NNy, N\(CKOO
P 3

Compound 31 LC/MS D: 100% purity, UV = 214 nm, Rt = 1.290 min, ESI 361.0(M+H) +.
1H NMR (400 MHz, DMSO-d6) § 8.18 (1 H, HCOOH), 7.98-7.95 (m, 1H), 7.04 (d, /= 7.2
Hz, 1H), 6.41 (s, 1H), 6.24 (d, J = 7.6 Hz, 1H), 4.12-4.07 (m, 1H), 3.78-3.74 (m, 1H), 3.33-
3.24 (m, SH), 2.62-2.53 (m, 6H), 2.32-2.29 (m, 2H), 1.90-1.87 (m, 1H), 1.77-1.72 (m, 3H).

2-(2-0x0-4-((2-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)ethyl)carbamoyl)piperazin-1-
ylacetic acid (compound 32)
OH
> DO

N
SO
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Compound 32 LC/MS D: 97% purity, UV = 214 nm, Rt = 0.838 min, ESI 362.1(M+H) +.
1H NMR (400 MHz, DMSO-d6) § 7.06 (d, J=7.2 Hz, 1H), 6.72 (t, J = 5.2 Hz, 1H), 6.49
(s, 1H), 6.26 (d, J= 7.2 Hz, 1H), 4.02 (s, 2H), 3.93 (s, 2H), 3.56-3.53 (m, 2H), 3.36-3.33
(m, 2H), 3.29-3.24 (m, 4H), 2.62-2.57 (m, 4H), 1.78-1.72 (m, 2H).

2-(2-0x0-4-((3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)propyl)carbamoyl) piperidin-
1-yl)acetic acid compound formic acid salt (compound 33)

o)

HJ\OH
P N\)I\OH
O
Compound 33 LC/MS D: 100% purity, UV =214 nm, Rt=1353 min, ESI 375. l(M+H) +.
1H NMR (400 MHz, DMSO-d6) § 8.14 (0.27 H, HCOOH), 7.97-7.94 (m, 1H), 7.37 (s, 1H),
7.26 (d, J= 6.8 Hz, 1H), 6.40 (d, J= 7.2 Hz, 1H), 3.97-3.86 (m, 2H), 3.39-3.29 (m, 4H),

3.10-3.04 (m, 2H), 2.66-2.63 (m, 3H), 2.50-2.48 (m, 2H), 2.38-2.34 (m, 2H), 1.90-1.68 (m,
6H).

2-(2-0x0-4-((3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)propyl)carbamoyl) piperazin-
1-yl)acetic acid (compound 34)

N= NH /\
HN ) >/~—N N
o \—§ ‘>*OH
o J
Compound 34 LC/MS B: 96% purity, UV = 214 nm, Rt = 1.285 min, ESI 376.3(M+H) +.
1H NMR (400 MHz, CD30D) & 7.48 (d, J= 7.6 Hz, 1H), 6.53 (d, /= 7.6 Hz, 1H), 4.12 (s,

2H), 3.94 (s, 2H), 3.76-3.74 (m, 2H), 3.52-3.49 (m, 2H), 3.46-3.43 (m, 2H), 3.30-3.28 (m,
2H), 2.79-2.75 (m, 2H), 2.70-2.66 (m, 2H), 1.93-1.90 (m, 2H), 1.79-1.75 (m, 2H).

2-(2-0x0-4-((4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)butyl)carbamoyl)piperidin-1-
ylacetic acid (compound 35)
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ZT
T
©)]
I
ZT
:2
©)
T

Compound 35 LC/MS C: 98% purity, UV =214 nm, Rt = 1.378 min, ESI 389. 1(M+H) +.
1H NMR (400 MHz, DMSO-d6) 6 8.18 (0.37 H, HCOOH), 7.89-7.86 (m, 1H), 7.07 (d, J =
72 Hz, 1H), 6.87 (s, 1H), 6.27 (d, J= 7.2 Hz, 1H), 4.01-3.97 (m, 1H), 3.85-3.80 (m, 1H),
3.32-3.29 (m, 2H), 3.27-3.20 (m, 2H), 3.08-3.03 (m, 2H), 2.64-2.59 (m, 3H), 2.46-2.38 (m,
2H), 2.38-2.31 (m, 2H), 1.91-1.87 (m, 1H), 1.80-1.73 (m, 3H), 1.58-1.53 (m, 2H), 1.43-1.37
(m, 2H).

2-(2-0x0-4-((4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)butyl)carbamoyl)piperazin-1-
yl)acetic acid (compound 36)
OH

AN \n/ 9]
P 0
Compound 36 LC/MS D: 100% purity, UV = 214 nm, Rt = 0.999 min, ESI 390.3(M+H) +.
1H NMR (400 MHz, CD30D) 6 7.59 (d, /= 7.2 Hz, 1H), 6.63 (d, /= 7.6 Hz, 1H), 4.17 (s,
2H), 4.08 (s, 2H), 3.71-3.68 (m, 2H), 3.52-3.48 (m, 4H), 3.24-3.20 (m, 2H), 2.84-2.80 (m,
2H), 2.75-2.71 (m, 2H), 1.97-1.94 (m, 2H), 1.70 (d, /= 7.6 Hz, 2H), 1.58 (d, J= 7.6 Hz,
2H).

2-(4-((2-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)ethyl)carbamoyl)piperidin-1-
yl)acetic acid (compound 37)

OH
H H N
N | Na N O
F O
Compound 37 LC/MS A: 96.8% purity, UV =214 nm, Rt = 1.31 min, ESI 347.2 (M+H) +.
1H NMR (400 MHz, CD30D) 6 7.17 (d, /=7.2 Hz, 1H), 6.38 (d, /= 7.2 Hz, 1H), 3.62-

3.57 (m, 4H), 3.48-3.36 (m, 4H), 3.03-2.96 (m, 2H), 2.73-2.69 (m, 4H), 2.50-2.44 (m, 1H),
2.02-1.86 (m, 6H).
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2-(4-((2-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)ethyl)carbamoyl)piperazin-1-
ylacetic acid (compound 38)

OH
B T

VY 0]
Compound 38 LC/MS A: 99% purity, UV =214 nm, Rt = 1.28 min, ESI 348 3(M+H) +.
"H NMR (500 MHz, MeOD) & 7.25 (d, J = 7.3 Hz, 1H), 6.44 (d, J = 7.3 Hz, 1H), 3.59-3.57
(m, 4H), 3.49 — 3.38 (m, 6H), 3.04-3.03 (m, 4H), 2.77-2.74 (m, 4H), 1.93 — 1.88 (m, 2H).

2-(4-((4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)butyl)carbamoyl)piperidin-1-
ylacetic acid (compound 39)

N/WOH

O

ZT
pd
ZT

P S
Compound 39 LC/MS A: 97.4% purity, UV =214 nm, Rt = 1.71 min, ESI 375.3 (M+H) +.
1H NMR (400 MHz, CD30D) 6 7.03 (d, /= 7.6 Hz, 1H), 6.26 (d, /= 7.6 Hz, 1H), 3.52-
3.45 (m, 4H), 3.27 (t, /= 5.2 Hz, 2H), 3.09 (t, /= 6.4 Hz, 2H), 2.92-2.85 (m, 2H), 2.59 (t, J
= 6.4 Hz, 2H), 2.44-2.35 (m, 3H), 1.92-1.74 (m, 6H), 1.56-1.39 (m, 4H).

2-(4-((4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)butyl)carbamoyl)piperazin-1-
ylacetic acid (compound 40)
OH
B T

Compound 40 LC/MS B: 100% purity, UV =214 nm, Rt = 0.82 min, ESI 376.0(M+H) +.
"HNMR (400 MHz, MeOD) & 7.32 (d, /= 7.3 Hz, 1H), 6.45 (d,J = 7.3 Hz, 1H), 3.54 (t, J
=4.Hz, 4H), 3.42(t, /= 5.6 Hz, 2H), 3.37 (s, 2H), 3.21 (t, /=6.6 Hz, 2H), 298 (t, /=52
Hz, 2H), 2.75 (t, J = 6.2 Hz, 2H), 2.61(t, /= 7.6 Hz, 2H), 1.98 — 1.83 (m, 2H), 1.75 - 1.48
(m, 4H).

= 0
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(R)-2-(3-(hydroxymethyl)-2-oxo0-4-((3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-
yl)propyl)carbamoyl)piperazin-1-yl)acetic acid (compound 41)

g 1
N N\ N N 0O
| P H |
OH
OH O

Compound 41 LC/MS B: 100% purity, UV =214 nm, Rt = 1.01 min, ESI 406.2(M+H) +.
1H NMR (400 MHz, CD30D) 6 7.35 (d, /=72 Hz, 1H), 6.42 (d, /= 7.2 Hz, 1H), 4.50
(brs, 1H), 4.40 (m, 1H), 4.00-3.95 (m, 2H), 3.83-3.79 (m, 1H), 3.66-3.51 (m, 2H), 3.36-3.30
(m, 4H), 3.15-3.07 (m, 2H), 2.68- 2.49 (m, 4H), 1.85-1.63 (m, 4H).

2-(2,2-dimethyl-4-((3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)propyl)carbamoyl)
piperazin-1-yl)acetic acid (compound 42)
OH
AN %N
| Z H N\) /7)(
¥ Y
H
0

Compound 42 LC/MS B: 100% purity, UV =214 nm, Rt = 1.12 min, EST 390 2(M+H) +.
1H NMR (400 MHz, CD30D) 6 7.24 (d, /= 7.6 Hz, 1H), 6.44 (d, /= 7.6 Hz, 1H), 3.67-
3.65 (m, 2H), 3.50 (s, 2H), 3.46 (s, 2H), 3.43-3.40 (m, 2H), 3.24-3.19 (m, 4H), 2.75- 2.72

(m, 2H), 2.62- 2.57 (m, 2H), 1.92-1.83 (m, 4H), 1.30 (s, 6H).

2-(3-((3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)propyl)carbamoyl)-3,8-
diazabicyclo[3.2.1]octan-8-yl)acetic acid (compound 43)

Compound 43 LC/MS A: 100% purity, UV = 214 nm, Rt = 1.12 min, ESI 387 (M+H) +.
IH NMR (500 MHz, MeOD) 6 7.19 (d, /= 7.3 Hz, 1H), 6.42 (d, /= 7.3 Hz, 1H), 3.98 (s
2H), 3.88 (d, J = 12.2 Hz, 2H), 3.52 (s, 2H), 3.43-3.34 (m, 4H), 3.22 (t, J = 6.9 Hz, 2H)
2.73 (t, /=63 Hz, 2H), 2.57 (t,/J=7.6 Hz, 2H), 2.24 - 2.12 (m, 2H), 1.98 — 1.79 (m, 6H).

2

2

- 157 -



10

15

20

25

WO 2018/160521 PCT/US2018/019838

2-(4-(4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)butanamido)piperidin-1-

yl)propanoic acid (enantiomeric compounds 44-E1 and 44-E2)

~ O*go
Compound 44-E1 LC/MS A: 95% purity, UV = 214 nm, Rt = 1.377 min, ESI 374 (M+H)
+. 1H NMR (500 MHz, MeOD) 6 7.16 (d, /= 7.3 Hz, 1H), 6.39 (d, /= 7.3 Hz, 1H), 3.97-
3.86 (m, 1H), 3.56-3.37 (m, SH), 3.14-3.04 (m, 2H), 2.71 (t, /= 6.2 Hz, 2H), 2.56 (t, /= 7.6
Hz, 2H), 2.23 (t, J = 7.5 Hz, 2H), 2.23-2.08 (m, 2H), 1.98 — 1.78 (m, 6H), 1.51 (d,J =7.0
Hz, 3H). Chiral SFC A (45% MeOH): ee 100%, Rt = 4.06 min.

Compound 44-E2 LC/MS A: 95% purity, UV = 214 nm, Rt = 1.386 min, ESI 374 (M+H)
+. 1H NMR (500 MHz, MeOD) 6 7.16 (d, /= 7.3 Hz, 1H), 6.39 (d, /= 7.3 Hz, 1H), 3.97-
3.86 (m, 1H), 3.56-3.37 (m, SH), 3.14-3.04 (m, 2H), 2.71 (t, /= 6.2 Hz, 2H), 2.56 (t, /= 7.6
Hz, 2H), 2.23 (t, J = 7.5 Hz, 2H), 2.23-2.08 (m, 2H), 1.98 — 1.78 (m, 6H), 1.51 (d,J =7.0
Hz, 3H). Chiral SFC A (45% MeOH): ee 100%, Rt = 8.73 min.

2-phenyl-2-(3-(4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)butanamido)azetidin-1-

yl)acetic acid (enantiomeric compounds 45-E1 and 45-E2)

Compound 45-E1 LC/MS A: 99% purity, UV = 214 nm, Rt = 1.44 min, ESI 409.4 (M+H)
+.'H NMR (400 MHz, MeOD) & 7.41 — 7.24 (m, 5SH), 7.07 (d, J= 7.3 Hz, 1H), 6.28 (d, J =
7.2 Hz, 1H), 4.48 (s, 1H), 4.46 — 4.40 (m, 1H), 4.23 (t, /= 8.8 Hz, 1H), 3.72-3.70 (m, 3H),
3.28-3.26 (m, 2H), 2.59 (t, /= 6.2 Hz, 2H), 2.45 (t, /= 7.2 Hz, 2H), 2.14 — 2.10 (m, 2H),
1.90 — 1.65 (m, 4H). Chiral SFC A (45% MeOH): ee 100%, Rt = 1.65 min

Compound 45-E2 LC/MS A: 99% purity, UV = 214 nm, Rt = 1.44 min, ESI 409.4 (M+H)
+H NMR (400 MHz, MeOD) & 7.41 — 7.24 (m, SH), 7.07 (d, J=7.3 Hz, 1H), 6.28 (d, J =
7.2 Hz, 1H), 4.48 (s, 1H), 4.46 — 4.40 (m, 1H), 4.23 (t, /= 8.8 Hz, 1H), 3.72-3.70 (m, 3H),
3.28-3.26 (m, 2H), 2.59 (t, /= 6.2 Hz, 2H), 2.45 (t, /= 7.2 Hz, 2H), 2.14 — 2.10 (m, 2H),
1.90 — 1.65 (m, 4H). Chiral SFC A (45% MeOH): ee 100%, Rt =2.72 min
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2-phenyl-2-(3-((4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)butyl)carbamoyl) azetidin-

1-yl)acetic acid (enantiomeric compounds 46-E1 and 46-E2)

OH

Compound 46-E1 LC/MS A: 96% purity, UV = 214 nm, Rt = 1.49 min, ESI 423 4(M+H)
+. 1H NMR (400 MHz, CD30D) 6 7.51-7.48 (m, 2H), 7.44-7.41 (m, 3H), 7.18 (d, J = 7.6
Hz, 1H), 6.38 (d, J = 7.2 Hz, 1H), 4.70 (s, 1H), 4.20-4.18 (m, 1H), 4.08-4.03 (m, 1H), 3.99-
3.94 (m, 1H), 3.81- 3.76 (m, 1H), 3.50- 3.46 (m, 1H), 3.39- 3.36 (m, 2H), 3.25- 3.21 (m,
1H), 2.72- 2.69 (m, 2H), 2.57-2.53 (m, 2H), 1.90-1.84 (m, 2H), 1.68-1.62 (m, 2H), 1.57-
1.52 (m, 2H). Chiral SFC A (45% MeOH): ee 100%, Rt = 1.62 min.

Compound 46-E2 LC/MS A: 96% purity, UV = 214 nm, Rt = 1.49 min, ESI 423 3(M+H)
+. 1H NMR (400 MHz, CD30D) 6 7.51-7.48 (m, 2H), 7.44-7.41 (m, 3H), 7.18 (d, J = 7.6
Hz, 1H), 6.38 (d, J = 7.2 Hz, 1H), 4.70 (s, 1H), 4.20-4.18 (m, 1H), 4.08-4.03 (m, 1H), 3.99-
3.94 (m, 1H), 3.81- 3.76 (m, 1H), 3.50- 3.46 (m, 1H), 3.39- 3.36 (m, 2H), 3.25- 3.21 (m,
1H), 2.72- 2.69 (m, 2H), 2.57-2.53 (m, 2H), 1.90-1.84 (m, 2H), 1.68-1.62 (m, 2H), 1.57-
1.52 (m, 2H). Chiral SFC A (45% MeOH): ee 99%, Rt = 3.17 min.

2-(3-(4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)butanamido)azetidin-1-yl)propanoic

Me
e 0 OH
S9PS: L”*F
N~ N N O
H H
Compound 47 LC/MS A: 99% purity, UV = 214 nm, Rt = 1.37 min, ESI 347.4 (M+H)
+'H NMR (400 MHz, MeOD) & 7.06 (d, J = 7.1 Hz, 1H), 6.28 (d, J= 7.2 Hz, 1H), 4.50 —

433 (m, 1H), 4.22 (s, 1H), 4.04 (s, 1H), 3.89 — 3.39 (m, 3H), 3.36 — 3.25 (m, 2H), 2.67 —
2.38 (m, 4H), 2.13 (t,J = 7.3 Hz, 2H), 1.91 — 1.70 (m, 4H), 1.24 (d, J = 6.8 Hz, 3H).

acid (compound 47)

2-phenyl-2-(4-(5-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)pentanoyl)piperazin-1-

yl)acetic acid (enantiomeric compounds 48-E1 and 48-E2)
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H N

Compound 48-E1 LC/MS A: 99% purity, UV = 214 nm, Rt = 1.46 min, ESI 437.4 (M+H)
+.'H NMR (400 MHz, MeOD) & 7.54 (d, J = 7.0 Hz, 2H), 7.39-7.29 (m, 4H), 6.48 (d, J =
7.3 Hz, 1H), 3.88 (s, 1H), 3.76 — 3.46 (m, 4H), 3.43 —3.37 (m, 2H), 2.77 — 2.36 (m, 10H),
1.96 — 1.79 (m, 2H), 1.70-1.59 (m, 4H). Chiral SFC A (40% MeOH): ee 100%, Rt = 3.55
min.

Compounds 48-E2 LC/MS A: 99% purity, UV =214 nm, Rt = 1.46 min, ESI 437 .4 (M+H)
+.'H NMR (400 MHz, MeOD) & 7.54 (d, J = 7.0 Hz, 2H), 7.39-7.29 (m, 4H), 6.48 (d, J =
7.3 Hz, 1H), 3.88 (s, 1H), 3.76 — 3.46 (m, 4H), 3.43 —3.37 (m, 2H), 2.77 — 2.36 (m, 10H),
1.96 — 1.79 (m, 2H), 1.70-1.59 (m, 4H). Chiral SFC A (40% MeOH): ee 95%, Rt = 4.31

min.

2-(2-0x0-4-(5-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)pentyl)piperazin-1-yl)-2-

phenylacetic acid (enantiomeric compounds 49-E1 and 49-E2)

Compound 49-E1 LC/MS A: 99% purity, UV = 214 nm, Rt = 1.53 min, ESI 437.4(M+H)
+. 'H NMR (400 MHz, MeOD) & 7.46 (d, /= 7.3 Hz, 1H), 7.42-7.28 (m, 5H), 6.51 (d, J =
7.3 Hz, 1H), 6.30 (s, 1H), 3.85-3.68 (m, 1H), 3.59-3.37 (m, 3H), 3.08-2.94 (m, 2H), 2.91-
2.50 (m, 8H), 2.02-1.83 (m, 2H), 1.81-1.50 (m, 6H). Chiral SFC A (35% MeOH): ee 100%,
Rt =3.5 min.

Compound 49-E2 LC/MS A: 96.8% purity, UV = 214 nm, Rt = 1.53 min, ESI 437.4(M+H)
+. 'H NMR (400 MHz, MeOD) & 7.46 (d, J = 7.3 Hz, 1H), 7.42-7.28 (m, 5H), 6.51 (d, J =
7.3 Hz, 1H), 6.30 (s, 1H), 3.85-3.68 (m, 1H), 3.59-3.37 (m, 3H), 3.08-2.94 (m, 2H), 2.91-
2.50 (m, 8H), 2.02-1.83 (m, 2H), 1.81-1.50 (m, 6H). Chiral SFC A(35% MeOH): ee 97%,
Rt =4.48 min.
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2-(4-(5-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)pentyl)piperazin-1-yl)propanoic acid

(enantiomeric compounds S0-E1 and S0-E2)

Me
X N)\'(OH
H | N l\(\) )

Compound S0-E1 LC/MS A: 100% purity, UV = 214 nm, Rt = 1.203 min, ESI 361.0
(M+H) +. 1H NMR (500 MHz, CD30D) & 7.13 (d, J =9.0 Hz, 1H), 635 (d, J = 9.5 Hz,
1H), 3.39-3.36 (m, 2H), 3.27-3.25 (m, 1H), 3.03-2.68 (m, 9H), 2.56-2.51 (m, 4H), 1.89-1.86
(m, 2H), 1.69-1.56 (m, 4H), 1.39-1.34 (m, 6H). Chiral SFC B (40% MeOH): ee 100%, Rt =
1.51 min

Compound S0-E2 LC/MS A: 100% purity, UV = 214 nm, Rt = 1.203 min, ESI 361.0
(M+H) +. 1H NMR (500 MHz, CD30OD) 6 7.11 (d, /= 9.0 Hz, 3H), 6.36 (d, J = 9.5 Hz,
2H), 3.39-3.36 (m, 2H), 2.88 (q, /= 6.8 Hz, 1H), 2.71-2.49 (m, 11H), 2.34 (t, /= 8.0 Hz,
2H), 1.89-1.86 (m, 2H), 1.69-1.56 (m, 4H), 1.39-1.34 (m, 6H). Chiral SFC B (40% MeOH):
ee 100%, Rt =3.47 min

2-(2-0x0-4-(5-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)pentyl)piperazin-1-

yl)propanoic acid (enantiomeric compounds 51-E1 and 51-E2)

Me
~ K\N)ﬁ‘/OH
(,\INJ\/\/\/N\/J\O O

Compound 51-E1 LC/MS A: 97% purity, UV = 214 nm, Rt = 1.45 min, ESI 375.4(M+H)
+. 'H NMR (400 MHz, MeOD) & 7.42 (d, J = 7.3 Hz, 1H), 6.48 (d, J= 7.3 Hz, 1H), 5.01-
4.9 (m, 1H), 3.71-3.56 (m, 1H), 3.53-3.34 (m, 4H), 3.23 (d, /= 17.1 Hz, 1H), 3.10-3.05 (m,
9.4 Hz, 2H), 2.90-2.71 (m, 4H), 2.67-2.53 (m, 2H), 1.99-1.86 (m, 2H), 1.78-1.49 (m, 6H),
1.45-1.41 (m,3H). Chiral SFC E (45% MeOH): ee 100%, Rt =3.36 min.

Compound 51-E2 LC/MS A: 96% purity, UV = 214 nm, Rt = 1.44 min, ESI 375.4(M+H)
+. 'H NMR (400 MHz, MeOD) & 7.42 (d, J = 7.3 Hz, 1H), 6.48 (d, J= 7.3 Hz, 1H), 5.01-
4.9 (m,1H), 3.71-3.56 (m, 1H), 3.53-3.34 (m, 4H), 3.23 (d, /= 17.1 Hz, 1H), 3.10-3.05 (m,
9.4 Hz, 2H), 2.90-2.71 (m, 4H), 2.67-2.53 (m, 2H), 1.99-1.86 (m, 2H), 1.78-1.49 (m, 6H),
1.45-1.41 (m,3H). Chiral SFC E (45% MeOH): ee 97%, Rt =5.29 min.
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2-phenyl-2-(3-((5-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)pentyl)amino)azetidin-1-
yl)acetic acid (compound 52)

OH
| ¥

Compound 52 LC/MS A: 98.2% purity, UV =214 nm, Rt = 1.55 min, ESI 409.2 (M+H) +.
'"H NMR (400 MHz, MeOD) § 7.49 — 7.47 (m, 2H), 7.44 — 7.36 (m, 3H), 7.14 (d, ] = 7.3
Hz, 1H), 6.37 (d, J = 7.3 Hz, 1H), 449 (s, 1H), 4.21 — 4.16 (m, 1H), 3.77 — 3.58 (m, 4H),
3.42 - 336 (m, 2H), 2.70 (t, J = 6.3 Hz, 2H), 2.60 (t, J = 7.2 Hz, 2H), 2.2 (t, ] = 7.6 Hz,
2H), 1.90 — 1.85 (m, 2H), 1.69 — 1.62 (m, 2H), 1.61 — 1.51 (m, 2H), 1.49 — 1.34 (m,2H).

2-phenyl-2-(4-(4-((5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)methyl)piperidine-1-
carbonyl)piperidin-1-yl)acetic acid (enantiomeric compounds S3-E1 and 53-E2)

N Ny N OH
eopeven
o)

Compound 53-E1 LC/MS A: 94% purity, UV = 214 nm, Rt = 1.56 min, ESI 477.4(M+H)
+. 1H NMR (400 MHz, MeOD) & 7.58-7.56 (m, 2H), 7.46-7.44(m, 3H), 7.14 (d, /= 7.2 Hz,
1H), 6.36-6.33 (m, 1H), 4.57-4.40 (m, 2H), 4.07-3.69 (m, 2H), 3.46-3.35 (m, 2H), 3.16-2.79
(m, SH), 2.71 (t, /= 6.1 Hz, 2H), 2.58 (m, 1H), 2.45 (t, /= 6.6 Hz, 2H), 2.17-1.59 (m, 9H),
1.26-1.00 (m, 2H). Chiral SFC D(25% MeOH): ee 96%, Rt = 2.75 min.

Compound 53-E2 LC/MS A: 99% purity, UV = 214 nm, Rt = 1.56 min, ESI 477.4(M+H)
+. 1H NMR (400 MHz, MeOD) 6 7.58-7.56 (m, 2H), 7.46-7.44 (m, 3H), 7.14 (d, /=72
Hz, 1H), 6.36-6.33 (m, 1H), 4.57-4.40 (m, 2H), 4.07-3.69 (m, 2H), 3.46-3.35 (m, 2H), 3.16-
2.79 (m, 5SH), 2.71 (t, /= 6.1 Hz, 2H), 2.58 (m, 1H), 2.45 (t, /= 6.6 Hz, 2H), 2.17-1.59 (m,
9H), 1.26-1.00 (m, 2H). Chiral SFC D (25% MeOH): ee 100%, Rt =3.73 min.
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2-phenyl-2-(4-((4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)piperidin-1-yl)methyl)

piperidin-1-yl)acetic acid (enantiomeric compounds 54-E1 and 54-E2)

7

H \N N OH
N 0]

Compound 54-E1 LC/MS A: 100% purity, UV = 214 nm, Rt = 1.59 min, ESI 449.4(M+H)
+. 1H NMR (400 MHz, CD30OD) 6 7.59-7.55 (m, 2H), 7.45-7.42 (m, 3H), 7.15 (d, J = 7.6
Hz, 1H), 6.36 (d, J = 7.2 Hz, 1H), 4.35 (s, 1H), 3.69-3.65 (brs, 1H), 3.38-3.35 (m, 2H),
3.09- 3.06 (m, 2H), 2.98- 2.95 (m, 1H), 2.89-2.83 (m, 1H), 2.71-2.67 (m, 3H), 2.48-2.40
(m, 1H), 2.37-2.35 (m, 2H), 2.20-2.10 (m, 2H), 2.00-1.97 (m, 1H), 1.89-1.71 (m, 8H), 1.60-
1.41 (m, 1H). Chiral SFC A (40% MeOH): ee 100%, Rt =2.51 min.

Compound 54-E2 LC/MS A: 100% purity, UV = 214 nm, Rt = 1.59 min, ESI 449 4(M+H)
+. 1H NMR (400 MHz, CD30OD) 6 7.59-7.55 (m, 2H), 7.44-7.41 (m, 3H), 7.14 (d, J = 7.6
Hz, 1H), 6.37 (d, J = 7.6 Hz, 1H), 4.35 (s, 1H), 3.70-3.69 (brs, 1H), 3.38-3.35 (m, 2H),
3.09- 3.06 (m, 2H), 2.98- 2.95 (m, 1H), 2.89-2.83 (m, 1H), 2.71-2.68 (m, 3H), 2.47-2.40
(m, 1H), 2.37-2.35 (m, 2H), 2.19-2.19 (m, 2H), 2.02-1.97 (m, 1H), 1.90-1.71 (m, 8H), 1.59-
1.41 (m, 1H). Chiral SFC A (40% MeOH): ee 97%, Rt = 3.75 min.

2-phenyl-2-(3-(4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)piperidine-1-carbonyl)

azetidin-1-yl)acetic acid (enantiomeric compounds 55-E1 and 55-E2)

=
SN N OH

NYG I

O

Compound 55-E1 LC/MS A: 97.7% purity, UV = 214 nm, Rt = 1.0 min, ESI 435.2 (M+H)
+. 1H NMR (400 MHz, CD30D) 6 7.42-7.40 (m, 2H), 7.35-7.32 (m, 3H), 7.04 (d, /= 6.0
Hz, 1H), 6.26 (dd, /=72 Hz, 2.4 Hz, 1H), 4.59 (s, 1H), 4.52-4.50 (m, 1H), 4.24-4.22 (m,
1H), 4.11-4.07 (m, 1H), 4.00-3.93 (m, 1H), 3.83-3.76 (m, 2H), 3.59-3.56 (m, 1H), 3.28-3.26
(m, 2H), 3.06-3.01 (m, 1H), 2.68-2.56 (m, 4H), 1.77-1.75 (m, 4H), 1.54-1.45 (m, 2H).
Chiral SFC A (40% MeOH): ee 100%, Rt =2.39 min

N
H
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Compound 55-E2 LC/MS A: 96.7% purity, UV = 214 nm, Rt = 1.0 min, ESI 435.2 (M+H)
+. 1H NMR (400 MHz, CD30D) 6 7.41-7.40 (m, 2H), 7.34-7.32 (m, 3H), 7.04 (d, /= 6.0
Hz, 1H), 6.26 (dd, /=72 Hz, 1.6 Hz, 1H), 4.57 (s, 1H), 4.53-4.50 (m, 1H), 4.23-4.21 (m,
1H), 4.10-4.06 (m, 1H), 3.97-3.90 (m, 1H), 3.83-3.75 (m, 2H), 3.59-3.54 (m, 1H), 3.28-3.26
(m, 2H), 3.06-3.01 (m, 1H), 2.69-2.56 (m, 4H), 1.77-1.75 (m, 4H), 1.54-1.45 (m, 2H).
Chiral SFC A (40% MeOH): ee 100%, Rt =4.37 min.

2-phenyl-2-(3-((4-((5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)methyl)piperidin-1-
yl)methyl)azetidin-1-yl)acetic acid (enantiomeric compounds S6-E1 and 56-E2)

NN
eoaeV:o
A N o)

Compound 56-E1 LC/MS A: 99% purity, UV = 214 nm, Rt = 1.53 min, ESI 435.4 (M+H)
+H NMR (400 MHz, MeOD) & 7.55 — 7.33 (m, SH), 7.12 (d, J=7.3 Hz, 1H), 632 (d, J =
7.3 Hz, 1H), 4.59 (s, 1H), 4.17-4.13 (m, 1H), 3.70 (d, J = 8.1 Hz, 2H), 3.53.57-3.39 (m,
1H), 3.44 — 3.34 (m, 2H), 3.02-2.98 (m, 1H), 2.84 (d, J = 11.3 Hz, 2H), 2.74 — 2.61 (m,
4H), 2.42 (d, J= 6.8 Hz, 2H), 2.03 (t, /= 11.7 Hz, 2H), 1.93 — 1.80 (m, 2H), 1.67-1.61 (m,
3H), 1.32-1.26 (m, 2H). Chiral SFC A (45% MeOH): ee 51%, Rt = 2.89 min

Compound 56-E2 LC/MS A: 99% purity, UV = 214 nm, Rt = 1.53 min, ESI 435.4 (M+H)
+.'H NMR (400 MHz, MeOD) & 7.55 — 7.33 (m, 5H), 7.12 (d, J= 7.3 Hz, 1H), 6.32 (d, J =
7.3 Hz, 1H), 4.59 (s, 1H), 4.17-4.13 (m, 1H), 3.70 (d, J = 8.1 Hz, 2H), 3.53.57-3.39 (m,
1H), 3.44 — 3.34 (m, 2H), 3.02-2.98 (m, 1H), 2.84 (d, J = 11.3 Hz, 2H), 2.74 — 2.61 (m,
4H), 2.42 (d, J= 6.8 Hz, 2H), 2.03 (t, /= 11.7 Hz, 2H), 1.93 — 1.80 (m, 2H), 1.67-1.61 (m,
3H), 1.32-1.26 (m, 2H). Chiral SFC A (45% MeOH): ee 100%, Rt = 3.84 min

2-phenyl-2-((S)-3-((3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)propyl)carbamoyl)
pyrrolidin-1-yl)acetic acid (compound 57)

A N~
N
| P H C OH
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Compound 57 /MS B: 100% purity, UV = 214 nm, Rt = 1.22 min, ESI 423.3 (M+H) +. 1H
NMR (400 MHz, CD30D) § 8.49 (s, 1.6H, formate), 7.58-7.43 (m, 6H), 6.52 (d, J = 7.2
Hz, 1H), 4.70 (s, 0.6H), 4.56 (s, 0.4H), 3.65-3.56 (m, 1H), 3.47-3.39 (m, 3H), 3.29-3.01 (m,
SH), 2.77 (t, J = 6 Hz, 2H), 2.67 (t, J = 6 Hz, 2H), 2.36-2.10 (m, 2H), 1.95-1.82 (m, 4H).

2-phenyl-2-((R)-3-(4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)piperidine-1-
carbonyl)pyrrolidin-1-yl)acetic acid (enantiomeric compounds S8-E1 and 58-E2)

o)

] NJKCN
N._-N OH

NS
| o}
P

Compound 58-E1 LC/MS B: 97% purity, UV = 214 nm, Rt = 1.24 min, ESI 449.3 (M+H)
+.'H NMR (400 MHz, MeOD) & 7.62-7.59 (m, 2H), 7.45-7.44 (m, 3H), 7.15 (d, J = 7.4 Hz,
1H), 6.37 (t, /= 7.0 Hz, 1H), 4.65-4.61 (m, 2H), 4.06 (d, J = 13.3 Hz, 1H), 3.73-3.57 (m,
2H), 3.38 (t, J = 5.6 Hz, 3H), 3.25-3.14 (m, 3H), 2.75-2.68 (m, 4H), 2.41-2.35 (m, 1H),
2.22-2.10 (m, 1H), 1.96-1.84 (m, 4H), 1.64-1.58 (m, 2H). Chiral SFC B (35% MeOH): ee
98%, Rt =2.15 min.

Compound 58-E2 LC/MS B: 93% purity, UV = 214 nm, Rt = 1.24 min, ESI 449.3 (M+H)
+H NMR (400 MHz, MeOD) & 7.60-7.58 (m, 2H), 7.45-7.43 (m, 3H), 7.14 (d, J =72 Hz,
1H), 6.37 (dd, /1=7.4 Hz, 3.1 Hz, 1H), 4.65-4.58 (m, 2H), 4.08 (d, J = 13.0 Hz, 1H), 3.72-
3.60 (m, 2H), 3.38 (t, /= 5.6 Hz, 3H ), 3.25-3.18 (m, 2H), 3.04-2.98 (m, 1H), 2.76-2.68 (m,
4H), 2.36-2.27 (m, 1H), 2.17-2.06 (m, 1H), 1.95-1.86 (m, 4H), 1.70-1.54(m, 2H). Chiral
SFC B (35% MeOH): ee 99%, Rt =3.15 min.

2-(3-fluoro-3-(4-((5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)methyl)piperidine-1-

carbonyl)azetidin-1-yl)acetic acid (compound 59)
NN
X F N OH
GOSN
O
O
Compound 59 LC/MS B: 100% purity, UV = 214 nm, Rt = 1.05 min, ESI 391 (M+H)". 'H

NMR (400 MHz, MeOD) & 7.22 (d, J = 7.3 Hz, 1H), 6.38 (d, J = 7.3 Hz, 1H), 4.49 — 4.35

(m, 1H), 4.32 — 4.10 (m, 2H), 4.03 — 3.86 (m, 2H), 3.67 (m, 1H), 3.51 — 3.34 (m, 4H), 3.05
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(t,J = 15.4 Hz, 1H), 2.74-2.68 (m, 3H), 2.57 — 2.41 (m, 2H), 1.98-1.85 (m, 3H), 1.91 — 1.81
(m, 2H), 1.33 — 1.06 (m, 2H).

2-(3-((4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)butyl)carbamoyl)azetidin-1-
ylacetic acid (compound 60)

OH
H H N
N._N Nm//:/ /ﬁg
| N
w/\/\/ T

Compound 60 LC/MS B: 100% purity, UV = 214 nm, Rt = 1.06 min, ESI 347.1 (M+H)".
'H NMR (500 MHz, Methanol-ds) & 8.47 (s, 1H), 7.45 (d, J=7.3 Hz, 1H), 6.53 (d, J=7.3
Hz, 1H), 436 — 4.27 (m, 4H), 3.82 (s, 2H), 3.64 — 3.54 (m, 1H), 3.50 — 3.43 (m, 2H), 3.30

(t, J = 6.8 Hz, 2H), 2.82 — 2.76 (m, 2H), 2.73 — 2.65 (m, 2H), 1.98 — 1.89 (m, 2H), 1.78 —
1.66 (m, 2H), 1.65 — 1.54 (m, 2H).

2-(3-fluoro-3-((4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)butyl)carbamoyl) azetidin-
1-yl)acetic acid (compound 61)

H H F
NNy Nm><:N
| ~Yon
= O 0
Compound 61 LC/MS A: 100% purity, UV = 214 nm, Rt = 1.49 min, ESI 365.2 (M+H)".
'"H NMR (500 MHz, Methanol-ds) § 7.20 (d, J= 7.3 Hz, 1H), 6.41 (d, J= 7.2 Hz, 1H), 3.92
(dd, J=20.0, 10.4 Hz, 2H), 3.76 (dd, J = 20.6, 10.3 Hz, 2H), 3.44 — 3.38 (m, 2H), 3.36 —

3.28 (m, 4H), 2.73 (t, J = 6.3 Hz, 2H), 2.57 (t, J = 7.6 Hz, 2H), 1.92 — 1.85 (m, 2H), 1.71 -
1.55 (m, 4H).

2-(3-(4-((5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)methyl)piperidine-1-carbonyl)
pyrrolidin-1-yl)acetic acid (enantiomeric compounds 62-E1 and 62-E2)
H

N N Q
B \)LOH
y N N
0]
Compound 62-E1 LC/MS A: 100% purity, UV = 214 nm, R¢ =1.54 min, ESI 387.3

(M+H)". '"H NMR (500 MHz, Methanol-ds) & 7.16 (d, J= 7.3 Hz, 1H), 6.37 (d, J=7.2 Hz,

1H), 4.53 — 4.45 (m, 1H), 4.02 — 3.94 (m, 1H), 3.85 — 3.65 (m, 4H), 3.58 — 3.36 (m, SH),
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3.14 - 3.06 (m, 1H), 2.74 — 2.61 (m, 3H), 2.45 (dd, J = 34.6, 7.4 Hz, 3H), 2.18 — 2.04 (m,
1H), 2.01 — 1.85 (m, 3H), 1.79 — 1.66 (m, 2H), 1.26 — 1.11 (m, 2H). Chiral SFC B (40%
MeOH): ee 95%, Rt =1.24 min.

Compound 62-E2 LC/MS A: 100% purity, UV =214 nm, Re=1.54 min, ESI 387.3 (M+H)".
'"H NMR (500 MHz, Methanol-d4) § 7.16 (d, J = 7.3 Hz, 1H), 6.37 (d, /= 7.1 Hz, 1H), 4.54
—4.45 (m, 1H), 4.02 - 3.95 (m, 1H), 3.86 — 3.63 (m, 4H), 3.60 — 3.36 (m, 5H), 3.10 (td, J =
13.3, 2.7 Hz, 1H), 2.76 — 2.59 (m, 3H), 2.51 — 2.34 (m, 3H), 2.20 — 2.06 (m, 1H), 2.02 —
1.83 (m, 3H), 1.80 — 1.66 (m, 2H), 1.28 — 1.08 (m, 2H). Chiral SFC B (40% MeOH): ee
96%, Rt = 2.45 min

(R)-2-(3-((4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)butyl)carbamoyl)pyrrolidin-1-
yl)acetic acid (compound 63)

Compound 63 LC/MS A: 100% purity, UV = 214 nm, Rt = 1.43 min, ESI 361.4 (M+H)".
'"H NMR (500 MHz, Methanol-ds) § 7.24 (d, J = 7.3 Hz, 1H), 6.41 (d, /= 7.3 Hz, 1H), 3.62
(d, /=158 Hz, 1H), 3.43 — 3.13 (m, 7H), 3.07 — 2.97 (m, 3H), 2.74 (t, J = 6.3 Hz, 2H),
2.66 —2.60 (m, 1H), 2.56 — 2.47 (m, 1H), 2.31 — 2.23 (m, 1H), 2.09 - 2.01 (m, 1H), 1.94 —
1.87 (m, 2H), 1.81 - 1.71 (m, 1H), 1.69 — 1.50 (m, 3H).

(S)-2-(3-((4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)butyl)carbamoyl)pyrrolidin-1-
ylacetic acid (compound 64)

\

Ll)/\/\/ 1
Compound 64 LC/MS A: 100% purity, UV = 214 nm, Rt = 1.43 min, ESI 361.4 (M+H)".
'"H NMR (500 MHz, Methanol-ds) § 7.26 (d, J= 7.2 Hz, 1H), 6.42 (d, J= 7.3 Hz, 1H), 3.69
(d, /=159 Hz, 1H), 3.52 — 3.38 (m, 4H), 3.38 —3.28 (m, 2H), 3.22 - 3.13 (m, 1H), 3.10 -
3.01 (m, 3H), 2.77 - 2.71 (m, 2H), 2.68 — 2.61 (m, 1H), 2.57 — 2.48 (m, 1H), 2.36 — 2.25
(m, 1H), 2.12 — 2.03 (m, 1H), 1.96 — 1.86 (m, 2H), 1.83 — 1.71 (m, 1H), 1.69 — 1.51 (m,
3H).

o)
\)LOH
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2-(3-fluoro-3-(4-((5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)methyl)piperidine-1-
carbonyl)pyrrolidin-1-yl)acetic acid (compound 65)

H
N N
et
N
I \/lLOH
Compound 65 LC/MS A: 100% purity, UV = 214 nm, Rt = 1.45 min, ESI 405.2 (M+H)".
'"H NMR (500 MHz, DMSO-ds) & 7.23 (d, J = 7.3 Hz, 1H), 7.12 (s, 1H), 6.36 (d, J = 7.3
Hz, 1H), 4.29 (d, /= 12.8 Hz, 1H), 3.98 (d, J = 13.4 Hz, 1H), 3.39 —3.11 (m, 6H), 3.05 —

2.91 (m, 2H), 2.70 — 2.52 (m, SH), 2.44 (d, J = 7.2 Hz, 2H), 2.21 — 2.04 (m, 1H), 1.99 —
1.87 (m, 1H), 1.81 - 1.72 (m, 2H), 1.67 — 1.55 (m, 2H), 1.18 — 0.96 (m, 2H).

2-(3-fluoro-3-((4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)butyl)carbamoyl)
pyrrolidin-1-yl)acetic acid (compound 66)

NN HW 0
GO S
Compound 66 LC/MS A: 100% purity, UV = 214 nm, Rt = 1.59 min, ESI 379.3 (M+H)".
'"H NMR (500 MHz, Methanol-d4) § 7.37 (d, /= 7.3 Hz, 1H), 6.47 (d, /= 7.3 Hz, 1H), 3.59
—3.50 (m, 2H), 3.48 — 3.40 (m, 3H), 3.38 — 3.30 (m, 1H), 3.26 — 3.05 (m, 4H), 2.79 — 2.68
(m, 3H), 2.61 — 2.42 (m, 2H), 2.32 — 2.19 (m, 1H), 1.95 — 1.89 (m, 2H), 1.85 — 1.54 (m,
4H).

2-(4-fluoro-4-(4-((5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)methyl)piperidine-1-
carbonyl)piperidin-1-yl)acetic acid (compound 67)

H
0]

Compound 67 LC/MS A: 100% purity, UV = 214 nm, Rt = 1.59 min, EST 419.3 (M+H)".

"H NMR (500 MHz, DMSO-ds) § 7.13 (d, J= 7.3 Hz, 1H), 6.33 (d, /= 7.3 Hz, 1H), 432 -

4.13 (m, 2H), 3.42 — 3.25 (m, 6H), 3.08 — 2.97 (m, 3H), 2.68 — 2.60 (m, 3H), 2.43 — 2.27

(m, 4H), 2.21 — 2.08 (m, 2H), 1.94 — 1.84 (m, 1H), 1.81 — 1.72 (m, 2H), 1.68 — 1.59 (m,
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2H), 1.19 — 0.99 (m, 2H).

2-((1R,3s,55)-3-(4-((5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)methyl)piperidine-1-
carbonyl)-8-azabicyclo[3.2.1]octan-8-yl)acetic acid (compound 68)

H
N N OH
N S N
OO Y
0]

Compound 68 LC/MS B: 100% purity, UV = 214 nm, Rt = 1.05 min, ESI 427.0 (M+H)".
'"H NMR (400 MHz, Methanol-d4) § 5.87 (d, /= 7.3 Hz, 1H), 4.93 (d, /= 7.3 Hz, 1H), 2.90
(d, /=133 Hz, 1H), 2.55 - 239 (m, 3H), 1.98 (s, 2H), 1.73 — 1.62 (m, 2H), 1.51 (t, J =
12.6 Hz, 1H), 1.23 — 1.13 (m, 2H), 1.07 - 0.93 (m, 3H), 0.75 — 0.04 (m, 14H), -0.29 —-0.54
(m, 2H).

2-(4-(3-(2-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)ethyl)ureido)piperidin-1-yl)acetic

OH
- 0 N
(X Oy
N N N N
H H H
Compound 69 LC/MS A: 97% purity, UV = 254 nm, Rt = 1.34 min, ESI 3622 (M+H)*. 'H
NMR (500 MHz, Methanol-ds) & 7.16 (d, J = 7.3 Hz, 1H), 6.40 (d, J = 7.3 Hz, 1H), 3.78 —

3.68 (m, 1H), 3.55 (s, 2H), 3.53 — 3.45 (m, 2H), 3.44 — 3.37 (m, 4H), 3.13 — 3.00 (m, 2H),
2.74-2.65 (m, 4H), 2.12 — 2.03 (m, 2H), 1.93 — 1.85 (m, 2H), 1.80 — 1.69 (m, 2H).

acid (compound 69)

(R)-2-(3-((3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)propyl)carbamoyl)pyrrolidin-1-
yl)acetic acid (compound 70)

NS

N

Q
~ OH
eYa
| Nwr“'CN
0

N
H

Compound 70 LC/MS A: 100% purity, UV = 214 nm, Rt = 1.46 min, ESI 347 (M+H)". 'H
NMR (400 MHz, MeOD) § 7.19 (d, J = 7.3 Hz, 1H), 6.41 (d, J = 7.3 Hz, 1H), 3.66 (dd, J =
35.1, 15.9 Hz, 2H), 3.56 — 3.31 (m,5), 3.32 — 3.08 (m, 4H), 2.71 (t, J = 6.2 Hz, 2H), 2.63 —
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2.49 (m, 2H), 2.33 (m, 1H), 2.13 (m, 1H), 1.94 — 1.77 (m, 4H). Chiral SFC B (40%
MeOH): ee 100%, Rt =2.12 min

(S)-2-(3-((3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)propyl)carbamoyl)pyrrolidin-1-
ylacetic acid (compound 71)

o)
~ }OH
H N
@)

Compound 71 LC/MS A: 100% purity, UV = 214 nm, Rt = 1.45 min, ESI 347.2 (M+H)".
'"H NMR (500 MHz, Methanol-d4) § 7.19 (d, /= 7.3 Hz, 1H), 6.41 (d, /= 7.3 Hz, 1H), 3.68
(d, /=159 Hz, 1H), 3.59 (d, /= 15.9 Hz, 1H), 3.51 — 3.43 (m, 1H), 3.43 — 3.34 (m, 4H),
3.29 —3.11 (m, 4H), 2.76 — 2.69 (m, 2H), 2.63 — 2.51 (m, 2H), 2.37 — 2.26 (m, 1H), 2.18 —
2.08 (m, 1H), 1.95 — 1.80 (m, 4H). Chiral SFC B (40% MeOH): ee 100%, Rt = 1.77 min

2-(1-o0x0-2-(3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)propyl)-2,9-diazaspiro[S.5]

undecan-9-yl)acetic acid (compound 72)

0 OH
H
N N N/ﬁr
| N N O
=
Compound 72 LC/MS A: 100% purity, UV = 214 nm, Rt = 1.69 min, ESI 401.3 (M+H)".
1H NMR (500 MHz, MeOD) & 7.14 (d, J = 7.3 Hz, 1H), 6.40 (d, J = 7.3 Hz, 1H), 3.60 (d, J

=16.7 Hz, 4H), 3.44-3.35 (m, 6H), 3.19 (s, 2H), 2.71 (t, J = 6.2 Hz, 2H), 2.53 (t, ] = 7.7 Hz,
2H), 2.29 (s, 2H), 1.96-1.81 (m, 8H), 1.81-1.69 (m, 2H).

2-(3-(5-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)pentanamido)azetidin-1-yl)acetic

0 OH
A T
| P H

Compound 73 LC/MS A: 100% purity, UV = 214 nm, Rt = 1.51 min, ESI 347.3 (M+H)".
'"H NMR (500 MHz, Methanol-d4) § 7.19 (d, J = 7.3 Hz, 1H), 6.40 (d, /= 7.3 Hz, 1H), 4.58
(p, /=74 Hz, 1H), 437 —4.30 (m, 2H), 4.05 —3.97 (m, 2H), 3.74 (s, 2H), 3.43 —3.37 (m,

acid (compound 73)
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2H), 2.72 (t, J = 6.3 Hz, 2H), 2.61 — 2.52 (m, 2H), 2.30 — 2.22 (m, 2H), 1.94 — 1.84 (m,
2H), 1.71 — 1.60 (m, 4H).

2-(3-(3-(2-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)ethyl)ureido)azetidin-1-yl)acetic

% o \ OH
@\AHLHL B
Compound 74 LC/MS A: 100% purity, UV = 214 nm, Rt = 1.34 min, ESI 334 (M+H)". 'H
NMR (500 MHz, MeOD) 6 7.21 (d, /= 7.3 Hz, 1H), 6.43 (d, J = 7.3 Hz, 1H), 4.52 (brs,
1H), 4.36 (t, J = 8.6 Hz, 2H), 4.14 — 4.01 (m, 2H), 3.80 (s, 2H), 3.41 (d, J = 7.0 Hz, 4H),
2.79 —2.65 (m, 4H), 1.96 — 1.82 (m, 2H).

acid (compound 74)

2-(3-(3-(3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)propyl)ureido)azetidin-1-yl)acetic

H N H)(J)\H//:/N/\g/()H

acid (compound 75)

~

Z

Compound 75 LC/MS C: 100% purity, UV = 214 nm, Rt = 1.49 min, ESI 348.2 (M+H)".
'H NMR (400 MHz, MeOD) § 7.15 (d, J = 7.3 Hz, 1H), 6.39 (d, J = 7.3 Hz, 1H), 4.54 —
4.45 (m, 1H), 423 (t, J = 9.1 Hz, 2H), 3.89 — 3.80 (m, 2H), 3.64 (s, 2H), 3.42 — 3.36 (m,
2H), 3.14 (t, /= 6.9 Hz, 2H), 2.71 (t, /= 6.2 Hz, 2H), 2.59 — 2.49 (m, 2H), 1.90 — 1.78 (m,
4H),
2-(4-((3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)propyl)carbamoyl)piperidin-1-

yl)propanoic acid (enantiomeric compounds 76-E1 and 76-E2)

OH
=
(IE\/\/H NJT)(
X
H N
O

Compound 76-E1 LC/MS A: 96% purity, UV = 214 nm, Rt = 1.41 min, ESI 3752
(M+H)". 'H NMR (500 MHz, Methanol-ds) & 7.16 (d, J= 7.3 Hz, 1H), 6.40 (d, /= 7.3 Hz,
1H), 3.64 — 3.52 (m, 3H), 3.41 — 3.37 (m, 2H), 3.22 (t, J = 6.9 Hz, 2H), 3.15 — 2.99 (m,

2H), 2.72 (t, J = 6.4 Hz, 2H), 2.58 — 2.45 (m, 3H), 2.10 — 1.96 (m, 4H), 1.93 — 1.78 (m,
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4H), 1.52 (d, J= 7.1 Hz, 3H). Chiral SFC B (30% MeOH): ee 100%, Rt = 1.98 min
Compound 76-E2 LC/MS A: 100% purity, UV = 214 nm, Rt = 0.91 min, ESI 3753
(M+H)*. 'H NMR (500 MHz, Methanol-ds) 6 7.16 (d, /= 7.2 Hz, 1H), 6.39 (d, /= 7.4 Hz,
1H), 3.66 — 3.50 (m, 3H), 3.42 — 3.37 (m, 2H), 3.22 (t, J = 7.0 Hz, 2H), 3.15 — 2.98 (m,
2H), 2.72 (t, /= 6.3 Hz, 2H), 2.55 (t, /= 7.7 Hz, 2H), 2.52 — 2.45 (m, 1H), 2.11 — 1.97 (m,
4H), 1.93 — 1.80 (m, 4H), 1.52 (d, /= 7.2 Hz, 3H). Chiral SFC B (30% MeOH): ee 99%, Rt
=3.36 min

2-(4-methyl-4-(4-((5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)methyl)piperidine-1-
carbonyl)piperidin-1-yl)acetic acid (compound 77)

H
N N OH
@ﬁ@pﬁf
= N (@)
OMe

Compound 77 LC/MS A: 100% purity, UV = 214 nm, Rt = 1.61 min, ESI 415.3 (M+H)".
'"H NMR (500 MHz, Methanol-d4) § 7.15 (d, /= 7.3 Hz, 1H), 6.37 (d, /= 7.1 Hz, 1H), 4.36
(d, /=129 Hz, 2H), 3.58 (s, 2H), 3.53 — 3.42 (m, 2H), 3.43 — 3.36 (m, 2H), 3.21 —3.08 (m,
2H), 2.98 — 2.78 (m, 2H), 2.72 (t, J = 6.3 Hz, 2H), 2.47 (d, /= 7.2 Hz, 2H), 240 (d, J =
15.0 Hz, 2H), 2.03 — 1.93 (m, 1H), 1.92 — 1.79 (m, 4H), 1.75 — 1.67 (m, 2H), 1.38 (s, 3H),
1.23 - 1.12 (m, 2H).

2-(4-hydroxy-4-(4-((5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)methyl)piperidine-1-
carbonyl)piperidin-1-yl)acetic acid (compound 78)

H
N._N OH
@AGWOW
= N 0
OH
@)

Compound 78 LC/MS A: 100% purity, UV = 214 nm, Rt = 1.46 min, ESI 417 (M+H)". 'H
NMR (500 MHz, MeOD) 6 7.15 (d, /= 7.3 Hz, 1H), 6.35 (d, /= 7.3 Hz, 1H), 4.83 (s, 1H),
4.50 (brs, 1H), 3.53 (brs, 1H), 3.47 — 3.34 (m, 2H), 3.22 (m, 3H), 3.01 (s, 1H), 2.71 (t, J =
6.1 Hz, 2H), 2.60 (brs, 1H), 2.46 (d, /= 7.1 Hz, 2H), 2.33 (brs, 1H), 1.98 (d, /= 14.6 Hz,
2H), 1.91 - 1.82 (m, 2H), 1.69 (d, /= 11.9 Hz, 21H), 1.21 (brs, 2H).
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2-(4-methyl-4-((3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)propyl)carbamoyl)
piperidin-1-yl)acetic acid (compound 79)

OH
=
4 Yp“”
N N
H

0]
Compound 79 LC/MS A: 100% purity, UV = 214 nm, Rt = 1.41 min, ESI 375.4 (M+H)".
'"H NMR (500 MHz, Methanol-ds) § 7.22 (d, J= 7.3 Hz, 1H), 6.43 (d, J= 7.3 Hz, 1H), 3.56
(s, 2H), 3.42 —3.37 (m, 2H), 3.32 - 3.17 (m, 6H), 2.73 (t, /= 6.3 Hz, 2H), 2.62 — 2.56 (m,
2H), 2.36 — 2.26 (m, 2H), 1.94 — 1.81 (m, 4H), 1.79 — 1.70 (m, 2H), 1.24 (s, 3H).

2-(3,3-difluoro-4-((3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-
yl)propyl)carbamoyl)piperidin-1-yl)acetic acid (compound 80)
F

OH
/| HF N/\n/

O
Compound 80 LC/MS A: 100% purity, UV = 214 nm, Rt = 1.48 min, ESI 397.2 (M+H)".
'"H NMR (500 MHz, Methanol-d4) § 7.51 (d, /= 7.3 Hz, 1H), 6.57 (d, /=7.3 Hz, 1H), 3.48
(t, J=5.6 Hz, 2H), 3.39 — 3.33 (m, 2H), 3.28 — 3.17 (m, 3H), 3.08 — 3.01 (m, 1H), 2.92 —

2.64 (m, 6H), 2.56 (t,J = 11.1 Hz, 1H), 2.17 — 2.05 (m, 1H), 1.97 — 1.85 (m, 5H).

2-(2-propionamidophenyl)-2-(4-((3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-
yl)propyl)carbamoyl)piperidin-1-yl)acetic acid (compound 81)
0

\)J\”
OH
=
N N
H o)

Compound 81 LC/MS A: 100% purity, UV = 214 nm, Rt = 1.46 min, ESI 508.4 (M+H)+.
1H NMR (500 MHz, MeOD) 6 8.40 (s, 1H), 7.69 (s, 1H), 7.55 (s, 1H), 7.42 (s, 2H), 7.29 (s,
1H), 6.54 (d, J = 7.2 Hz, 1H), 3.66 (s, 1H), 3.49-3.40 (m, 2H), 3.26 (m, 4H), 2.96-2.25 (m,
9H), 2.15-1.69 (m, 8H), 1.29 (t, J = 7.6 Hz, 3H).
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2-(4-hydroxyphenyl)-2-(4-((3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)propyl)
carbamoyl)piperidin-1-yl)acetic acid (compound 82)
OH

Compound 82 LC/MS A: 99% purity, UV = 214 nm, Rt = 1.45 min, ESI 453(M+H) *. 'H
NMR (500 MHz, MeOD) & 7.39 (d, J=8.6 Hz, 2H), 7.15 (d, /=7.3 Hz, 1H), 6.85 (d, J =
8.4 Hz, 2H), 6.38 (d, /= 7.3 Hz, 1H), 4.37 (s, 1H), 3.72 (s, 1H), 3.42 — 3.37 (m, 2H), 3.20
(t, /=69 Hz, 2H), 3.10 (s, 1H), 2.95 (s, 1H), 2.71 (t, /= 6.2 Hz, 3H), 2.57 - 2.51 (m, 2H),
2.43 (s, 1H), 2.05 — 1.80 (m, 8H).

2-(4-methoxyphenyl)-2-(4-((3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)propyl)
carbamoyl)piperidin-1-yl)acetic acid (compound 83)

Compound 83 LC/MS A: 98% purity, UV = 214 nm, Rt = 1.49 min, ESI 467.2 (M+H)". 'H
NMR (500 MHz, Methanol-ds) 6 7.49 (d, J= 8.7 Hz, 2H), 7.16 (d, /= 7.3 Hz, 1H), 6.99 (d,
J=8.7Hz 2H), 6.38 (d, /=74 Hz, 1H), 438 (s, 1H), 3.82 (s, 3H), 3.76 — 3.68 (m, 1H),
3.40 —3.35 (m, 2H), 3.20 (t, /= 6.9 Hz, 2H), 3.12 — 3.02 (m, 1H), 2.95 —2.84 (m, 1H), 2.81
—2.72 (m, 1H), 2.70 (t, /= 6.3 Hz, 2H), 2.54 (t, /= 7.6 Hz, 2H), 2.47 — 2.39 (m, 1H), 2.08
—1.77 (m, 8H).

3-(3-(ethylcarbamoyl)phenyl)-2-(4-((3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-
yl)propyl)carbamoyl)piperidin-1-yl)propanoic acid (compound 84)
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OH
L 7
@)

Compound 84 LC/MS A: 98% purity, UV =214 nm, Rt = 1.45 min, ESI 522.0 (M+H)". 'H
NMR (500 MHz, Methanol-ds) 6 7.74 (t, J = 1.9 Hz, 1H), 7.71 — 7.66 (m, 1H), 7.52 — 7.48
(m, 1H), 7.43 — 7.38 (m, 1H), 7.23 (d, /=74 Hz, 1H), 6.43 (d, /=74 Hz, 1H), 3.67 (t,J=
7.1 Hz, 1H), 3.59 — 3.46 (m, 2H), 3.45 —3.37 (m, 4H), 3.26 — 3.20 (m, 4H), 3.02 — 2.91 (m,
2H), 2.73 (t, /= 6.3 Hz, 2H), 2.58 (t, /= 7.7 Hz, 2H), 2.49 — 2.38 (m, 1H), 2.00 — 1.78 (m,
8H), 1.25 (t,J=7.3 Hz, 3H).

2 N

N
H

2-(6-aminopyridin-3-yl)-2-(4-((3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-
yl)propyl)carbamoyl)piperidin-1-yl)acetic acid (compound 85)
NH-
N

Comound 85 LC/MS A: 100% purity, UV = 214 nm, Rt = 0.90 min, ESI 453 (M+H)". 'H
NMR (500 MHz, MeOD) 6 8.01 (d, /= 1.4 Hz, 1H), 7.66 (dd, /J=8.7,2.2 Hz, 1H), 7.14 (d,
J=72Hz 1H), 6.62 (d, /= 8.8 Hz, 1H), 6.38 (d, /= 7.3 Hz, 1H), 4.18 (s, 1H), 3.60 (brs,
1H), 3.44 — 3.35 (m, 2H), 3.20 (t, /= 6.9 Hz, 2H), 3.07 (m, 1H), 2.83 — 2.65 (m, 3H), 2.58
—2.49 (m, 2H), 2.41 —2.31 (m, 1H), 2.03 — 1.76 (m, 8H).

2-(4-carbamoylphenyl)-2-(4-((3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)propyl)
carbamoyl)piperidin-1-yl)acetic acid (compound 86)
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Compound 86 LC/MS A: 100% purity, UV = 214 nm, Rt = 0.90 min, ESI 480 (M+H)". 'H
NMR (500 MHz, MeOD) 6 7.94 (d, J = 8.3 Hz, 2H), 7.69 (d, J = 8.3 Hz, 2H), 7.19 (d, J =
7.3 Hz, 1H), 6.40 (d, J = 7.3 Hz, 1H), 4.43 (s, 1H), 3.73 (brs, 1H), 3.44 —3.35 (m, 2H), 3.21
(t, J=69Hz 2H),3.12-297 (m, 1H), 2.87 (m, 1H), 2.79 — 2.67 (m, 3H), 2.62 — 2.49 (m,
2H), 2.43 (m, 1H), 2.11 — 1.92 (m, 3H), 1.88 (m, 3H), 1.82 (m, 2H).

2-(pyridin-2-yl)-2-(4-((3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)propyl)
carbamoyl)piperidin-1-yl)acetic acid (compound 87)

X

P
_ N OH
|
H N
Compound 87 LC/MS A: 100% purity, UV = 214 nm, Rt = 1.54 min, ESI 438 (M+H)". 'H
NMR (400 MHz, MeOD) & 8.59 (d, J = 4.3 Hz, 1H), 7.86 (td, J= 7.7, 1.7 Hz, 1H), 7.67 (d,
J =178 Hz, 1H), 7.41 — 737 (m, 1H), 7.25 (d, J = 7.3 Hz, 1H), 6.42 (d, J = 7.3 Hz, 1H),
4.48 (s, 1H), 3.66 (d, J = 10.9 Hz, 1H), 3.45 — 3.38 (m, 2H), 3.20 (t, J = 6.8 Hz, 2H), 3.07
(d,J=11.4 Hz, 1H), 2.76 — 2.52 (m, 6H), 2.44 — 2.36 (m, 1H), 1.97 — 1.79 (m, 8H).

2-(pyridin-3-yl)-2-(4-((3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)propyl)
carbamoyl)piperidin-1-yl)acetic acid (compound 88)

N7
I/
/| H N OH
NN
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Compound 88 LC/MS A: 100% purity, UV = 214 nm, Rt = 1.48 min, ESI 438 (M+H)". 'H
NMR (500 MHz, MeOD) 6 8.72 (s, 1H), 8.57 (d, /=4.2 Hz, 1H), 8.07 (d, /= 8.0 Hz, 1H),
7.50 (dd, J =738, 49 Hz, 1H), 727 (d, /= 7.3 Hz, 1H), 6.45 (d, /= 7.3 Hz, 1H), 4.34 (s,
1H), 3.63 (s, 1H), 3.44 — 3.37 (m, 2H), 3.22 (t, /= 6.8 Hz, 2H), 3.02 (d, /= 11.6 Hz, 1H),
2.74 (t, J= 6.2 Hz, 3H), 2.64 — 2.48 (m, 3H), 2.39 (dd, /= 12.8, 8.5 Hz, 1H), 2.04 — 1.79
(m, 8H).

2-(pyridin-4-yl)-2-(4-((3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)propyl)
carbamoyl)piperidin-1-yl)acetic acid (compound 89)

N
|\
=
/l N OH
N N

Compound 89 LC/MS A: 100% purity, UV = 214 nm, Rt = 1.38 min, ESI 438 (M+H)". 'H
NMR (500 MHz, DMSO) 6 8.51 (d, J =53 Hz, 2H), 7.76 (t, /= 53 Hz, 1H), 733 (d, J =
5.0 Hz, 2H), 7.05 (d, /= 7.3 Hz, 1H), 6.35 (s, 1H), 6.27 (d, /= 7.2 Hz, 1H), 3.52 (s, 1H),
3.24 (s, 2H), 3.03 (dd, J=12.9, 6.9 Hz, 2H), 2.81 (d, J = 10.0 Hz, 2H), 2.61 (dd, J = 15.0,
8.9Hz, 2H), 2.42 (t, /J=7.6 Hz, 2H), 2.12 - 1.88 (m, 3H), 1.76 — 1.54 (m, 8H).

2-(2-chlorophenyl)-2-(4-((3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)propyl)
carbamoyl)piperidin-1-yl)acetic acid (compound 90)

Cl
Z | N OH
NS

H N

Compound 90 (500 MHz, Methanol-ds) § 7.84 — 7.78 (m, 1H), 7.57 — 7.51 (m, 1H), 7.46 —

7.37 (m, 2H), 7.20 (d, J = 7.3 Hz, 1H), 6.41 (d, J= 7.3 Hz, 1H), 4.97 (s, 1H), 3.87 — 3.77

(m, 1H), 3.42 — 3.36 (m, 2H), 3.21 (t, J = 6.9 Hz, 2H), 3.11 — 3.03 (m, 1H), 2.98 — 2.80 (m,

2H), 2.72 (t, J = 6.3 Hz, 2H), 2.57 (t, J = 7.7 Hz, 2H), 2.50 — 2.41 (m, 1H), 2.09 — 1.79 (m,

8H).
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2-(3-chlorophenyl)-2-(4-((3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)propyl)
carbamoyl)piperidin-1-yl)acetic acid (compound 91)
Cl

Compound 91 LC/MS A: 100% purity, UV = 214 nm, Rt = 1.68 min, ESI 471.3 (M+H)".
'"H NMR (500 MHz, Methanol-d4) § 7.67 (s, 1H), 7.53 — 7.49 (m, 1H), 7.47 — 7.40 (m, 2H),
722 (d,J=73Hz, 1H), 6.42 (d, /=73 Hz, 1H), 436 (d, /=3.6 Hz, 1H), 3.75 — 3.67 (m,
1H), 3.42 — 3.38 (m, 2H), 3.21 (t, J = 6.9 Hz, 2H), 3.09 — 3.00 (m, 1H), 2.89 — 2.80 (m,
1H), 2.72 (t, /= 6.3 Hz, 3H), 2.57 (t, /= 7.7 Hz, 2H), 2.47 — 2.37 (m, 1H), 2.07 — 1.80 (m,
8H).

2-(4-chlorophenyl)-2-(4-((3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-
yl)propyl)carbamoyl)piperidin-1-yl)acetic acid (compound 92)
Cl

Compound 92 LC/MS A: 99% purity, UV = 214 nm, Rt = 1.52 min, ESI 471.2 (M+H)". 'H
NMR (500 MHz, Methanol-ds) 6 7.57 (d, /= 8.5 Hz, 2H), 7.49 — 7.43 (m, 2H), 7.19 (d, J =
7.3 Hz, 1H), 6.41 (d, J = 7.3 Hz, 1H), 4.40 (s, 1H), 3.77 — 3.66 (m, 1H), 3.41 —3.37 (m,
2H), 3.21 (t, /= 6.9 Hz, 2H), 3.11 —3.01 (m, 1H), 2.94 —2.83 (m, 1H), 2.82 - 2.67 (m, 3H),
2.56 (t,J=7.6 Hz, 2H), 2.48 — 2.38 (m, 1H), 2.05 — 1.79 (m, 8H).

2-(3-carbamoylphenyl)-2-(4-((3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)propyl)
carbamoyl)piperidin-1-yl)acetic acid (compound 93)
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T
pd

H 0O
Compound 93 LC/MS A: 100% purity, UV = 214 nm, Rt = 1.09 min, ESI 480.2 (M+H)".
'"H NMR (500 MHz, Methanol-ds) § 8.07 (d, /= 1.9 Hz, 1H), 7.91 (d, /= 8.1 Hz, 1H), 7.76
(d, /=78 Hz, 1H), 7.58 = 7.51 (m, 1H), 7.18 (d, /= 7.3 Hz, 1H), 6.40 (d, /= 7.3 Hz, 1H),
4.42 (s, 1H), 3.79 —=3.67 (m, 1H), 3.42 - 3.37 (m, 2H), 3.20 (t, /= 6.9 Hz, 2H), 3.09 — 3.01
(m, 1H), 2.91 —2.82 (m, 1H), 2.71 (t, /= 6.3 Hz, 3H), 2.55 (t, /= 7.7 Hz, 2H), 2.46 — 2.36
(m, 1H), 2.08 — 1.80 (m, 8H).

2-(3-methoxyphenyl)-2-(4-((3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)propyl)
carbamoyl)piperidin-1-yl)acetic acid (compound 94)

Compound 94 LC/MS A: 100% purity, UV = 214 nm, Rt = 1.50 min, EST 467.2 (M+H)".
"H NMR (500 MHz, MeOD) & 7.35 (t,J = 8.0 Hz, 1H), 7.21 — 7.11 (m, 3H), 7.00 (dd, J =
8.3, 2.3 Hz, 1H), 6.39 (d, /= 7.3 Hz, 1H), 438 (s, 1H), 3.75 (s, 1H), 3.46 — 3.34 (m, 2H),
3.20 (t, /= 6.9 Hz, 2H), 3.06 (s, 1H), 2.93 (t, /= 8.6 Hz, 1H), 2.82 (s, IH), 2.71 (t, /= 6.3
Hz, 2H), 2.60 — 2.51 (m, 2H), 2.45 (ddd, /= 14.7, 10.4, 4.2 Hz, 1H), 2.20 — 1.76 (m, 8H).

2-(2-methoxyphenyl)-2-(4-((3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)propyl)
carbamoyl)piperidin-1-yl)acetic acid (compound 95)
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pZ N OH
|

N N
Compound 95 LC/MS A: 100% purity, UV = 214 nm, Rt = 1.49 min, ESI 467.2 (M+H)".
'"H NMR (500 MHz, MeOD) 8 7.56 (dd, J=7.7, 1.5 Hz, 1H), 7.50 — 7.43 (m, 1H), 7.13 (dd,
J=9.7,82Hz 2H), 7.05 (t, /=7.4 Hz, 1H), 6.38 (d, /= 7.3 Hz, 1H), 4.97 (s, 1H), 3.92 (s,
3H), 3.43 — 3.34 (m, 2H), 3.21 (dd, J = 15.7, 8.8 Hz, 3H), 3.02 (d, / = 3.3 Hz, 1H), 2.72
(dd, /=183, 12.0 Hz, 2H), 2.59 — 2.50 (m, 2H), 2.45 (s, 1H), 2.14 — 1.69 (m, 8H).

2-cyclopropyl-2-(4-((3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)propyl)carbamoyl)
piperidin-1-yl)acetic acid (compound 96)

Compound 96 LC/MS A: 98% purity, UV =214 nm, Rt = 1.42 min, ESI 401.2 (M+H)". 'H
NMR (500 MHz, Methanol-ds) 6 7.16 (d, J= 7.4 Hz, 1H), 6.40 (d, /= 7.3 Hz, 1H), 3.87 (d,
J =123 Hz, 1H), 3.59 (dd, /= 10.2, 6.0 Hz, 1H), 3.42 — 3.37 (m, 2H), 3.22 (t, /= 7.0 Hz,
2H), 3.10 — 2.96 (m, 2H), 2.84 (d, /= 9.5 Hz, 1H), 2.71 (t, J = 6.3 Hz, 2H), 2.58 — 2.53 (m,
2H), 2.53 — 2.45 (m, 1H), 2.10 — 1.97 (m, 4H), 1.92 — 1.79 (m, 4H), 1.18 — 1.07 (m, 1H),
0.88—0.76 (m, 1H), 0.76 — 0.64 (m, 2H), 0.62 — 0.54 (m, 1H).

2-(1H-indol-3-yl)-2-(4-((3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)propyl)
carbamoyl)piperidin-1-yl)acetic acid (compound 97)

NH
Y
2 N -OH
S N
NN

Compound 97 LC/MS A: 100% purity, UV = 214 nm, Rt = 1.52 min, ESI 476 (M+H)". 'H
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NMR (500 MHz, MeOD) § 7.78 (d, J = 7.9 Hz, 1H), 7.54 (s, 1H), 7.43 (d, J = 8.1 Hz, 1H),
7.18 (t,J=7.3 Hz, 1H), 7.12 (t, J = 6.9 Hz, 2H), 6.36 (d, J = 7.3 Hz, 1H), 4.84 (s, 1H), 3.69
(s, 1H), 3.36 (d, J = 5.6 Hz, 3H), 3.18 (t, J = 6.9 Hz, 2H), 3.05 (t, J = 10.8 Hz, 1H), 2.68 (t,
J =62 Hz, 3H), 2.52 (t, J = 7.6 Hz, 2H), 2.38 (s, 1H), 1.86 (ddt, J=21.9, 143, 11.8 Hz,
8H).

2-(1-ox0-2-(2-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)ethyl)-2,9-diazaspiro|[5.5]

undecan-9-yl)acetic acid (compound 98)
=
SN igas
NS
H N N

Compound 98 LC/MS A: 100% purity, UV = 214 nm, Rt = 1.41 min, ESI 387.2 (M+H)+.
IH NMR (500 MHz, MeOD) 6 7.30 (d, J = 7.3 Hz, 1H), 6.47 (d, J = 7.3 Hz, 1H), 3.70 —
3.57 (m, 4H), 3.54 (s, 2H), 3.48-3.41 (m, 2H), 3.19 (s, 4H), 2.83 (t,J = 6.9 Hz, 2H), 2.76 (t,
J=6.2Hz, 2H), 2.13 (br, 2H), 1.96-1.89 (m, 2H), 1.84 (s, 2H), 1.78-1.69 (m, 2H).

2-(1-ox0-2-(2-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)ethyl)-2,8-diazaspiro[4.5]

decan-8-yl)acetic acid (compound 99)

Compound 99 LC/MS A: 100% purity, UV = 214 nm, Rt = 1.36 min, ESI 373.0 (M+H)+.
1H NMR (500 MHz, MeOD) & 7.14 (d, J = 7.3 Hz, 1H), 6.41 (d, J = 7.3 Hz, 1H), 3.59 (m,
6H), 3.45-3.34 (m, 4H), 3.18 (s, 2H), 2.74 (dt, ] = 12.4, 6.5 Hz, 4H), 2.00 (d, J = 6.8 Hz,
4H), 1.91-1.81 (m, 2H), 1.71 (d, J = 14.1 Hz, 2H).

2-(4-((4-(pyridin-2-ylamino)butyl)carbamoyl)piperidin-1-yl)acetic acid (compound

100)
OH
A Y
\N N/\/\/N O
H 0

Compound 100 LC/MS A: 100% purity, UV = 214 nm, Rt = 1.30 min, ESI 335.2 (M+H)".
"H NMR (500 MHz, MeOD) & 7.90 (d, J = 5.2 Hz, 1H), 7.50 (t, /= 7.8 Hz, 1H), 6.60 (dd, .J
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=123, 7.5 Hz, 2H), 4.95 (s, 2H), 3.74 — 3.58 (m, 4H), 3.25 (t, J = 5.9 Hz, 2H), 3.07 (s, 2H),
2.57 - 2.46 (m, 1H), 2.10 — 1.97 (m, 4H), 1.64 (s, 4H).

2-(4-((3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)butyl)carbamoyl)piperidin-1-
ylacetic acid (compound 101)

0 OV

Compound 101 LC/MS B: 100% purity, UV = 214 nm, Rt = 1.44 min, ESI 375(M+H) * .
"H NMR (500 MHz, MeOD) § 8.45 (s, 1H), 7.47 (d, J = 7.4 Hz, 1H), 6.57 (d, J = 7.4 Hz,
1H), 3.71 (t, /= 11.2 Hz, 2H), 3.64 (s, 2H), 3.51 — 3.46 (m, 2H), 3.23 — 3.17 (m, 2H), 3.10
(s, 2H), 2.86 —2.77 (m, 3H), 2.52 (s, 1H), 2.09 - 2.01 (m, 4H), 1.97 — 1.87 (m, 3H), 1.82 —
1.79 (m, 1H),, 1.32 (d, /= 7.0 Hz, 3H).

2-(4-(phenyl(3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)propyl)carbamoyl) piperidin-
1-yl)acetic acid (compound 102)

o § v

Compound 102 LC/MS A: 100% purity, UV = 254 nm, Rt = 1.53 min, ESI 437 (M+H)".
'"H NMR (500 MHz, MeOD) & 7.53 (dd, J = 10.3, 4.7 Hz, 2H), 7.46 (t, J = 7.4 Hz, 1H),
734 (d,J=73Hz 2H), 7.16 (d, /=73 Hz, 1H), 6.37 (d, /=73 Hz, 1H), 3.77 — 3.72 (m,
2H), 3.56 (d, /= 12.6 Hz, 2H), 3.48 (s, 2H), 3.41 —3.36 (m, 2H), 2.81 — 2.68 (m, 4H), 2.56
—2.49 (m, 3H), 2.06 (dd, /=23.5, 11.1 Hz, 2H), 1.94 — 1.84 (m, 6H).

2-(3-((4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)butyl)carbamoyl)azetidin-1-
yl)propanoic acid (compound 103)

Al
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Compound 103 LC/MS A: 100% purity, UV =214 nm, Rt = 1.51 min, ESI 361.3 (M+H)+.
1H NMR (500 MHz, MeOD) & 7.16 (d, J = 7.3 Hz, 1H), 6.38 (d, J = 7.3 Hz, 1H), 4.36-4.15
(m, 2H), 4.09 (1, J = 9.0 Hz, 2H), 3.74 (q, J = 7.0 Hz, 1H), 3.50 (dt, J = 16.2, 8.1 Hz, 1H),
3.44-3.36 (m, 2H), 3.25 (t, J = 6.9 Hz, 2H), 2.72 (t, ] = 6.2 Hz, 2H), 2.55 (t, ] = 7.6 Hz, 2H),
1.95-1.78 (m, 2H), 1.75-1.60 (m, 2H), 1.56-1.39 (m, 2H), 1.39 (d, J = 7.1 Hz, 3H).

2-(4-((3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)propyl)carbamoyl)piperazin-1-
yl)propanoic acid (compound 104)

OH
N N
| S J\j(
H N/ N\g/N\)
Compound 104 LC/MS A: 100% purity, UV = 214 nm, Rt = 1.34 min, ESI 376 (M+H)".
'H NMR (500 MHz, MeOD) 6 8.50 (s, 1H), 7.50 (d, /= 7.3 Hz, 1H), 6.57 (d, /= 7.3 Hz,
1H), 3.66 (m, SH), 3.52 — 3.44 (m, 2H), 3.41 —3.33 (m, 4H), 3.28 (t, / = 6.3 Hz, 2H), 2.80

(t,J=6.1 Hz, 2H), 2.75 — 2.66 (m, 2H), 2.00 — 1.90 (m, 2H), 1.91 — 1.81 (m, 2H), 1.55 (d, J
= 7.2 Hz, 3H).

2-phenyl-2-(4-((3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)propyl)carbamoyl)
piperazin-1-yl)acetic acid (compound 105)

OH
| )
NN
” T
Compound 105 LC/MS A: 100% purity, UV = 214 nm, Rt = 1.42 min, EST 438 (M+H)".
"H NMR (500 MHz, MeOD) § 7.55 (d, J = 8.2 Hz, 2H), 7.42 — 7.29 (m, 4H), 6.49 (d, J =
7.3 Hz, 1H), 4.01 (s, 1H), 3.55 — 3.44 (m, 3H), 3.43 — 3.38 (m, 3H), 3.22 (m, 2H), 2.79 (m,
4H), 2.63 (m, 4H), 1.95 - 1.79 (m, 4H).

X
pZ
N

2-(4-fluoro-4-((3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)propyl)carbamoyl)
piperidin-1-yl)propanoic acid (compound 106)
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Compound 106 LC/MS A: 100% purity, UV =214 nm, Rt = 1.41 min, ESI 393.2 (M+H)".
'"H NMR (500 MHz, Methanol-ds) § 7.17 (d, J= 7.3 Hz, 1H), 6.41 (d, J= 7.4 Hz, 1H), 3.56
(q, /=7.1 Hz, 1H), 3.52 — 3.44 (m, 2H), 3.41 —3.36 (m, 2H), 3.28 (t, /= 7.0 Hz, 2H), 3.24
—3.09 (m, 2H), 2.72 (t, /= 6.0 Hz, 2H), 2.57 (t, /= 7.7 Hz, 2H), 2.53 — 2.38 (m, 2H), 2.15
—2.03 (m, 2H), 1.93 — 1.83 (m, 4H), 1.51 (d, /= 7.1 Hz, 3H).

2-(4-fluoro-4-((3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)propyl)carbamoyl)
piperidin-1-yl)-2-phenylacetic acid (compound 107)

N OH
et
Compound 107 LC/MS A: 100% purity, UV = 214 nm, Rt = 1.50 min, EST 455.3 (M+H)".
"H NMR (500 MHz, Methanol-ds) § 7.63 — 7.54 (m, 2H), 7.46 — 7.37 (m, 3H), 7.24 (d, J =
7.4 Hz, 1H), 6.43 (d, J = 7.3 Hz, 1H), 4.34 (s, 1H), 3.67 — 3.57 (m, 1H), 3.41 —3.37 (m,
2H), 3.26 (t, J = 6.9 Hz, 2H), 3.06 — 2.96 (m, 1H), 2.94 — 2.87 (m, 1H), 2.85 — 2.75 (m,
1H), 2.72 (t, /= 6.3 Hz, 2H), 2.58 (t, /= 7.7 Hz, 2H), 2.54 — 2.30 (m, 2H), 2.09 — 2.00 (m,
1H), 1.95 - 1.81 (m, SH).

2-(4-methyl-4-((3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)propyl)carbamoyl)
piperidin-1-yl)propanoic acid (compound 108)

L O

Compound 108 LC/MS A: 100% purity, UV = 214 nm, Rt = 1.41 min, EST 389.2 (M+H)".
"H NMR (500 MHz, MeOD) & 7.23 (d, J = 7.3 Hz, 1H), 6.44 (d, J= 7.3 Hz, 1H), 3.52 (d, J
=72 Hz, 1H), 3.44 — 3.38 (m, 2H), 3.31 — 3.15 (m, 6H), 2.73 (t, J = 6.2 Hz, 2H), 2.64 —
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2.56 (m, 2H), 2.31 (d, J= 12.2 Hz, 2H), 1.88 (ddd, J = 22.2, 13.4, 6.9 Hz, 4H), 1.73 (ddd, J
=194, 13.3,3.9 Hz, 2H), 1.47 (d, J= 7.2 Hz, 3H), 1.24 (s, 3H).

2-(4-methyl-4-((3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)propyl)carbamoyl)
piperidin-1-yl)-2-phenylacetic acid (compound 109)

| N OH
P N

N N Me
Compound 109 LC/MS A: 100% purity, UV = 214 nm, Rt = 1.49 min, EST 451.2 (M+H)".
"H NMR (500 MHz, MeOD) & 7.55 (dd, J = 7.3, 2.1 Hz, 2H), 7.47 — 7.37 (m, 3H), 7.22 (d,
J=73Hz, 1H), 6.43 (d, /= 7.3 Hz, 1H), 4.51 (s, 1H), 3.43 —3.37 (m, 2H), 3.26 (td, J =
6.6, 3.3 Hz, 3H), 2.99 (s, 3H), 2.73 (t, /= 6.2 Hz, 2H), 2.58 (dd, /= 14.6, 7.2 Hz, 2H), 2.24
(d, J=13.1 Hz, 2H), 1.96 — 1.65 (m, 6H), 1.22 (s, 3H).

2-(4-hydroxy-4-((3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)propyl)carbamoyl)
piperidin-1-yl)propanoic acid (compound 110)

oo ven s
e “ﬁlﬁj

Compound 110 LC/MS A: 100% purity, UV = 214 nm, Rt = 1.38 min, ESI 391 (M+H)".
"H NMR (500 MHz, MeOD) & 7.15 (d, J = 7.3 Hz, 1H), 6.40 (d, /= 7.3 Hz, 1H), 3.62 (q, J
=7.1 Hz, 1H), 3.54 — 3.46 (m, 2H), 3.43 —3.37 (m, 2H), 3.33 —3.23 (m, 4H), 2.72 (t, J =
6.3 Hz, 2H), 2.57 (t, /= 7.6 Hz, 2H), 2.40 (td, J = 14.6, 4.2 Hz, 2H), 1.92 — 1.80 (m, 6H),
1.54 (d,J="7.1Hz, 3H).

2-(4-hydroxy-4-((3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)propyl)carbamoyl)
piperidin-1-yl)-2-phenylacetic acid (compound 111)
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OH
NN »

(Compound 111) LC/MS A: 98% purity, UV = 214 nm, Rt = 1.46 min, ESI 453 (M+H)".
'H NMR (500 MHz, MeOD) & 7.61 (dd, J = 6.6, 2.9 Hz, 2H), 7.48 — 7.42 (m, 3H), 7.15 (d,
J =173 Hz, 1H), 6.39 (d, J = 7.3 Hz, 1H), 4.53 (s, 1H), 3.71 (s, 1H), 3.42 — 3.36 (m, 2H),
3.24 (t, /=69 Hz, 3H), 3.01 (d, /=544 Hz, 2H), 2.71 (t, /=63 Hz, 2H), 2.55 (t, /J=7.5
Hz, 2H), 2.45 (t, J = 12.3 Hz, 1H), 2.34 (dd, J = 19.3, 8.9 Hz, 1H), 1.90 — 1.78 (m, 5H),
1.69 (d, /J=12.8 Hz, 1H).

2-(4-fluoro-4-((3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)propyl)carbamoyl)
piperidin-1-yl)acetic acid (compound 112)

OH
(X 7Y
N \N N ) 0]
H 0

Compound 112 LC/MS A: 100% purity, UV = 214 nm, Rt = 1.40 min, ESI 379.1 (M+H)".
'"H NMR (500 MHz, Methanol-d4) § 7.19 (d, /= 7.3 Hz, 1H), 6.42 (d, J = 7.4 Hz, 1H), 3.48
(s, 2H), 3.46 — 3.38 (m, 4H), 3.28 (t, /= 6.9 Hz, 2H), 3.05 - 2.95 (m, 2H), 2.72 (t, /= 6.2
Hz, 2H), 2.57 (t, /= 7.6 Hz, 2H), 2.52 — 2.36 (m, 2H), 2.06 — 1.97 (m, 2H), 1.92 — 1.83 (m,
4H).

2-(4-hydroxy-4-((3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)propyl)carbamoyl)
piperidin-1-yl)acetic acid (compound 113)

= | HO N/\g/OH
S N

Compound 113 LC/MS A: 100% purity, UV = 214 nm, Rt = 1.38 min, ESI 377 (M+H)".
"H NMR (500 MHz, MeOD) § 7.15 (d, J = 7.3 Hz, 1H), 6.40 (d, J = 7.3 Hz, 1H), 3.64 (s,
2H), 3.56 (d, /= 12.4 Hz, 2H), 3.42 - 3.37 (m, 2H), 3.27 (dd, J = 16.8, 9.9 Hz, 4H), 2.72 (4,
J=6.3 Hz, 2H), 2.59 —2.53 (m, 2H), 2.39 (td, /= 14.5, 4.3 Hz, 2H), 1.92 — 1.78 (m, 6H).
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2-(2-chlorophenyl)-2-((1R,5S,6r)-6-((3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-
yl)propyl)carbamoyl)-3-azabicyclo[3.1.0]hexan-3-yl)acetic acid (compound 114)

Cl
(X ) "
H \N ﬁ“\\

Compound 114 LC/MS A: 100% purity, UV = 214 nm, Rt = 1.51 min, EST 469 (M+H)".
"H NMR (500 MHz, MeOD) § 7.76 — 7.70 (m, 1H), 7.42 (d, J = 7.5 Hz, 1H), 7.37 (d, J =
7.2 Hz, 1H), 7.34 — 7.25 (m, 2H), 6.51 (d, /= 7.3 Hz, 1H), 4.72 (s, 1H), 3.43 (dd, /=122,
7.0 Hz, 3H), 3.22 (t, /= 6.7 Hz, 2H), 2.95 (d, J = 7.0 Hz, 1H), 2.87 (d, J = 9.8 Hz, 1H),
276 (t,J=6.1Hz, 3H), 2.63 (t, /= 7.5 Hz, 2H), 2.09 (s, 1H), 2.03 — 1.97 (m, 1H), 1.92 (dt,
J=12.0,58 Hz, 3H), 1.85(dd, /= 14.4, 7.2 Hz, 2H).

2-(4-((3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)propyl)carbamoyl)piperidin-1-
yl)propanoic acid (compound 115)

Compound 115 LC/MS F: 97% purity, UV 254 nm, Rt =1.896, ESI 375.2(M+H). 1H NMR
(400 MHz, DMSO-d6) §7.8-7.75 (m, 1H), 7.03 (d, J = 7.2 Hz, 1H), 6.34 (bs, 1H), 6.26 (d,
1H), 3.27-3.21 (m, 3H), 3.11-2.99 (m, 4H), 2.62-2.53 (m, 3H), 2.41 (m, 2H), 2.16 (m, 3H),
1.78-1.59 (m, 8H), 1.21(d, J = 7.2 Hz, 3H)

3-methoxy-2-(4-((3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)propyl)carbamoyl)
piperidin-1-yl)propanoic acid (compound 116)

Iz
Z
\ //
ZT
g@
o
O
T

Compound 116 LC/MS F: 96% purity, UV 254 nm, Rt =1.842, ESI 437.2(M+H). 1H
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NMR (400 MHz, DMSO-d6) §7.72 (t, 1H), 7.02 (d, 1H), 6.28 (bs, 1H), 6.24 (d, J=7.24,
1H), 3.68-3.64 (m, 1H), 3.61-3.57 (m, 1H), 3.34 (t, 1H) 3.26-3.21 (q, SH), 3.05-2.98 (m,
4H), 2.62-2.55 (m, 3H), 2.43-2.37 (m, 2H), 2.17-2.09 (m, 2H), 1.79-1.59 (m, 8H)

3-phenyl-2-(4-((3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)propyl)carbamoyl)
piperidin-1-yl)propanoic acid (compound 117)

OH
N
|
s
HN
0O

Compound 117 LC/MS F: 96% purity, UV 254 nm, Rt = 3.123 min, ESI 451 2(M+H). 1H
NMR 'H NMR (400 MHz, DMSO-ds) & 7.66 (t, J = 5.6 Hz, 1H), 7.31 — 7.12 (m, 4H), 6.95
(d, J=7.2 Hz, 1H), 621 — 6.14 (m, 2H), 3.72 (dd, J = 10.5, 5.3 Hz, 2H), 3.20 — 3.12 (m,
2H), 3.08 — 2.90 (m, SH), 2.86 (m, 1H), 2.53 (t, J = 6.3 Hz, 2H), 2.37 (t, J = 6.5 Hz, 2H),
2.14 - 1.87 (m, 3H), 1.74 — 1.35 (m, 8H)

2-(4-(N-(3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)propyl)sulfamoyl)piperidin-1-
yl)acetic acid (compound 118)
(ke

= N.
NN O//S \G 0

N Ao

Compound 118 LC/MS F: 96% purity, UV 254 nm ESI 397 2(M+H). 'H NMR (400 MHz,
DMSO-ds) 6 7.04 (t, J= 5.7 Hz, 1H), 6.96 (d, J=7.2 Hz, 1H), 6.22 — 6.15 (m, 2H), 3.21 -
3.12 (m, 2H), 3.09 (s, 2H), 2.99-2.78 (m, 5H), 2.53 (t, /= 6.3 Hz, 2H), 2.42 — 2.33 (m, 2H),
2.29-2.18 (m, 2H), 1.85 (m, 2H), 1.71-1.52 (m, 6H)

2-((1R,58,65)-6-((3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)propyl)carbamoyl)-3-
azabicyclo[3.1.0]hexan-3-yl)acetic acid (compound 119)
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Compound 119 LC/MS F: 95% purity, UV 254 nm, Rt = 2.78 min, ESI 359.2(M+H). 1H
NMR (400 MHz, DMSO-d6) & 8.67 (t, /= 5.5 Hz, 1H), 7.05 - 6.98 (d, J=7.2 Hz, 1H), 6.67
(bs, 1H), 6.23 (d, J =72 Hz, 1H), 3.38 (d, /= 10.7 Hz, 2H), 3.28 (s, 2H) 3.22 — 3.14 (m,
2H), 3.09 — 2.92 (m, 4H), 2.54 (t, J = 6.3 Hz, 2H), 2.43 — 2.28 (m, 2H), 1.93 — 1.85 (m,
2H), 1.74 — 1.54 (m, SH).

2-(4-((3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)propyl)amino)piperidin-1-yl)acetic

AN
N\)kOH

Compound 120 LC/MS F: 95% purity, UV 254 nm ESI 333.2(M+H). 1H NMR (400 MHz,
DMSO-ds) § 7.04 (d, J=7.3 Hz, 1H), 6.31 — 6.22 (m, 2H), 3.26-3.22 (m, 2H), 3.15 (s, 2H),
3.09-3.02 (m, 2H), 2.74-2.65 (m, 2H), 2.61 (t, J = 6.3 Hz, 2H), 2.50 — 2.42 (m, 3H), 1.93 —
1.84 (m, 2H), 1.83-1.7 (m, 4H), 1.56-1.42 (m, 2H).

acid (compound 120)

2-((1R,58,6r)-6-((3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)propyl)carbamoyl)-3-
azabicyclo[3.1.0]hexan-3-yl)acetic acid (compound 121)

7

N° N
H

Compound 121 LC/MS F: 95% purity, UV 254 nm, Rt =2.586, ESI 359.2(M+H). 1H NMR
(400 MHz, D20) § 7.46 (d, J = 7.4 Hz, 1H), 6.52 (d, J = 7.3 Hz, 1H), 3.72 (m, 4H), 3.52
(bs, 2H), 3.43 — 3.35 (m, 2H), 3.18 (t, J = 6.6 Hz, 2H), 2.71 (t, J= 6.3 Hz, 2H), 2.63 (t, J =
7.4 Hz, 2H), 2.19 (t, J=3.1 Hz, 2H), 1.91 — 1.81 (m, 4H), 1.78 (t, J = 3.4 Hz, 1H).

2-phenyl-2-(4-((3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)propyl)amino)piperidin-1-
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ylacetic acid (compound 122)

OH
H N
N N /O O
B

| N
P

Compound 122 LC/MS F: 98% purity, UV 254 nm, Rt=1.315 min, ESI 409.3(M+H). 1H
NMR (400 MHz, DMSO-ds) & 7.45 — 7.28 (m, SH), 7.06 (d, J = 7.3 Hz, 1H), 6.33 — 6.26
(m, 2H), 4.03 (s, 1H), 3.3 — 3.22 (m, 2H), 3.07-3.01 (m, 1H), 2.96-2.81 (m, 3H), 2.78-2.73
(m, 1H), 2.62 (t, J = 6.2 Hz, 2H), 2.48 (t, J = 6.2 Hz, 2H), 2.27 — 2.2 (m, 1H), 2.09 — 1.86
(m, 5H), 1.82 — 1.71 (m, 2H), 1.68-1.54 (m, 2H).

2-(4-((4-methyl-3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)phenyl)carbamoyl)
piperidin-1-yl)acetic acid (compound 123)

OH
AN
® r@“'r
N N
H

H,;C ©
Compound 123 LC/MS F: 97% purity, UV 254 nm, Rt = 3.218 min, ESI 409.2(M+H). 1H
NMR (400 MHz, DMSO-d6) § 9.84 (s, 1H), 7.57 (d, J = 2.3 Hz, 1H), 7.45 (dd, J=8.2, 2.3
Hz, 1H), 7.23 — 7.16 (m, 1H), 7.12 (d, J = 8.3 Hz, 1H), 6.45 (d, J = 7.3 Hz, 1H), 6.39 (s,
1H), 3.33 — 3.26 (m, 2H), 3.22 (s, 2H), 3.19 — 3.13 (m, 2H), 2.69 (t, J = 6.2 Hz, 2H), 2.55-
2.51 (m, J = 3.6 Hz, 2H), 2.43 — 2.35 (m, 1H), 2.24 (s, 3H), 1.86 — 1.74 (m, 6H)

2-(4-((4-methyl-3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)phenyl)carbamoyl)
piperidin-1-yl)propanoic acid (compound 124)
CHj

OH
\
| HYOJT
~
N N
H

HaC °
Compound 124 LC/MS F: 99% purity, UV 254 nm, Rt = 3.232 min, ESI 423.2(M+H). 1H
NMR (400 MHz, DMSO-d6) § 9.80 (s, 1H), 7.57 (d, J = 2.4 Hz, 1H), 7.44 (dd, J=18.2, 2.4
Hz, 1H), 7.20 (d, J=7.4 Hz, 1H), 7.12 (d, J = 8.2 Hz, 1H), 6.45 (d, /= 7.3 Hz, 1H), 6.38 (s,
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1H), 3.30 — 3.20 (m, 3H), 3.06 (m, 2H), 2.69 (t, J = 6.2 Hz, 2H), 2.59 — 2.49 (m, 2H), 2.43
~2.31 (m, 2H), 2.24 (s, 3H), 1.86 — 1.65 (m, 6H), 1.21 (d, J = 7.0 Hz, 3H).

2-(4-((4-methyl-3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)phenyl)carbamoyl)
piperidin-1-yl)-2-phenylacetic acid (compound 125)

HsC
Compound 125 LC/MS F: 95% purity, UV 254 nm, Rt = 3.399 min, ESI 485.2(M+H). 1H
NMR (400 MHz, DMSO-d6) & 9.80 (s, 1H), 7.56 (d, J = 2.3 Hz, 1H), 7.48 — 7.25 (m, 6H),
7.19 (d, J = 7.4 Hz, 1H), 7.11 (d, J = 8.3 Hz, 1H), 6.45 (d, J=7.2 Hz, 1H), 6.38 (bs, 1H),
3.31-3.26 (s, 4H), 3.22 — 3.18 (m, 1H), 2.79 — 3.72 (m, 1H), 2.69 (t, J = 6.3 Hz, 2H), 2.43 —
2.32 (m, 1H), 2.25 — 2.13 (m, 4H), 1.84 — 1.70 (m, 6H).

2-(4-(N-(3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)propyl)sulfamoyl)piperidin-1-
yl)propanoic acid (compound 126)
m\/\/H
O

N N/ N:/S// 5

H 4 \G\l
Hon
CHs

Compound 126 LC/MS F: 99% purity, UV 254 nm, Rt = 2.929 min, ESI 411.2(M+H). 1H
NMR (400 MHz, DMSO-d6) & 7.56 — 7.49 (d, 7.3 Hz, 1H), 7.36 (t, J = 5.8 Hz, 1H), 6.57
(d, /=73 Hz, 1H), 3.71 - 3.61 (m, 1H), 3.42 —3.36 (m, 2H), 3.31 — 3.15 (m, 3H), 3.01 —
2.95 (m, 2H), 2.9 - 2.8 (m, 2H), 2.75 — 2.64 (m, 4H), 2.12 — 2.03 (m, 2H), 1.94 — 1.75 (m,
6H), 1.34 (d, J=7.2, 3H).

2-(4-((4-methyl-3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)benzyl)carbamoyl)
piperidin-1-yl)acetic acid (compound 127)
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N o)
L~
OO
HsC N\)J\OH

Compound 127 LC/MS F: 97% purity, UV 254 nm, Rt = 3.216 min, ESI 423.2(M+H). 1H
NMR (400 MHz, DMSO-d6) & 8.30 (t, J = 5.9 Hz, 1H), 7.23 — 7.12 (m, 3H), 7.08 (dd, J =
7.8, 1.9 Hz, 1H), 6.45 (d, J = 7.3 Hz, 1H), 6.38 (s, 1H), 4.23 (d, J = 5.9 Hz, 2H), 3.27 (m,
2H), 3.17 (s, 2H), 3.14 — 3.06 (m, 2H), 2.69 (t, J = 6.3 Hz, 2H), 2.50 — 2.42 (m, 2H), 2.2 —
2.17 (m, 4H), 1.84 — 1.67 (m, 6H).

2-(4-((4-methyl-3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)benzyl)carbamoyl)
piperidin-1-yl)propanoic acid (compound 128)

N 0
L.
N7 N N 0
H H !
HaC OH
CHj

Compound 128 LC/MS F: 99% purity, UV 254 nm, Rt = 3.226 min, ESI 437.2(M+H). 'H
NMR (400 MHz, DMSO-ds) & 8.29 (t, J = 5.9 Hz, 1H), 7.23 — 7.12 (m, 3H), 7.08 (dd, J =
7.8, 1.9 Hz, 1H), 6.48 — 6.38 (m, 2H), 4.23 (d, /= 5.9 Hz, 2H), 3.33 — 3.21 (m, 3H), 3.05 (t,
J=13.3 Hz, 2H), 2.69 (t, J = 6.3 Hz, 2H), 2.58 — 2.51 (m, 2H), 2.28 — 2.21 (m, 4H), 1.83 —
1.65 (m, 6H), 1.20 (d, J= 7.1 Hz, 3H).

Compounds 134-201 were prepared using analogous methods to those used for the

preparation of compounds 1-28 and 129-133 according to the general procedures.

2-phenyl-2-(3-(4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)butoxy)azetidin-1-yl)acetic
acid (enantiomeric compounds 134-E1 and 134-E2)

7 OH
N~ N 0 O
H
Compound 134-E1 LC/MS ESI 396 (M+H)" 'H NMR (400 MHz, MeOD) § 7.56 — 7.35

(m, 5H), 7.15 (d, J = 7.3 Hz, 1H), 6.37 (d, J = 7.3 Hz, 1H), 4.65 (s, 1H), 4.30-4.28 (m, 2H),
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3.93-3.91 (m, 2H), 3.75-3.71 (m, 1H), 3.47 — 3.36 (m, 4H), 2.70 (t, ] = 6.3 Hz, 2H), 2.54 (t,
J=75Hz, 2H), 1.96 — 1.81 (m, 2H), 1.76 — 1.64 (m, 2H), 1.59-1.55 (m, 2H). Chiral SFC B
(30% MeOH): ee 100%, Rt = 1.06 min

Compound 134-E2 LC/MS ESI 396 (M+H)" 'H NMR (400 MHz, MeOD) § 7.56 — 7.35
(m, SH), 7.15 (d, T = 7.3 Hz, 1H), 6.37 (d, J = 7.3 Hz, 1H), 4.65 (s, 1H), 4.30-4.28 (m, 2H),
3.93-3.91 (m, 2H), 3.75-3.71 (m, 1H), 3.47 — 3.36 (m, 4H), 2.70 (t, ] = 6.3 Hz, 2H), 2.54 (t,
J=7.5Hz, 2H), 1.96 — 1.81 (m, 2H), 1.76 — 1.64 (m, 2H), 1.59-1.55 (m, 2H).Chiral SFC B
(30% MeOH): ee 99.5%, Rt =2.58 min

2-phenyl-2-(3-(5-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)pentyl)azetidin-1-yl)acetic

acid (enantiomeric compounds 135-E1 and 135-E2

(n/\/\/C/N "
o °

Compound 135-E1 LC/MS ESI 394.2 (M+H)" . 'H NMR (400 MHz, MeOD) & 7.51-7.41
(m, 5H),7.11 (d, /= 7.2Hz, 1H), 6.34(d, J= 7.2Hz, 1H), 4.67(s,1H), 4.22(s,1H), 3.77-
3.33(m,5H), 2.79-2.68(m, 3H), 2.49(t, /= 7.6Hz, 2H), 1.92— 1.84 (m, 2H), 1.66— 1.58(m,
4H), 1.34 — 1.22(m, 4H) . Chiral SFC A (40% MeOH): ee 98%, Rt = 1.96 min.
Compound 135-E2 LC/MS ESI 394.2 (M+H)". "H NMR (400 MHz, MeOD § 7.40-7.31
(m, 5H),7.003 (d, /= 7.2Hz, 1H), 6.231(d, J= 7.2Hz, 1H), 4.55(s,1H), 4.10(s,1H), 3.63-
3.20(m,5H),2.68-2.56(m, 3H), 2.38(t, /= 7.6Hz, 2H), 1.80— 1.73(m, 2H), 1.55— 1.47(m,
4H), 1.22-1.11(m, 4H) . Chiral SFC A (40% MeOH): ee 98%, Rt = 3.63 min.

2-phenyl-2-((R)-3-(4-((5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)methyl)piperidine-1-
carbonyl)pyrrolidin-1-yl)acetic acid (diastereomeric compounds 136-E1 and 136-E2)

O
7 | NJKC/N
N \N OH
H 0]
Compound 136-E1 LC/MS ESI 463 2 (M+H)". 'H NMR (500 MHz, MeOD) 6 7.59 — 7.56

(m, 2H), 7.44 — 7.43 (m, 3H), 7.12 (d, /= 7.3 Hz, 1H), 6.35 (m, J = 5.5 Hz, 1H), 4.46 (m,
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2H), 3.94 (d, J=13.5 Hz, 1H), 3.67 (m, 2H), 3.39 — 3.35 (m, 3H), 3.09 — 3.02 (m, 3H), 2.69
(m, 3H), 2.46 (m, 2H), 2.43 (m,1H), 2.11 - 2.09 (m, 1H), 1.96 — 1.83 (m, 3H), 1.84 — 1.65
(m, 2H), 1.19 - 1.09 (m, 2H). Chiral SFC A (45% MeOH): ee 100%, Rt = 2.16 min.
Compound 136-E2 LC/MS ESI 463.2 (M+H)". "H NMR (500 MHz, MeOD) § 7.59 — 7.56
(m, 2H), 7.44 - 7.43 (m, 3H), 7.12 (d, /= 7.3 Hz, 1H), 6.35 (m, J = 5.5 Hz, 1H), 4.46 (m,
2H), 3.94 (d, J=13.5 Hz, 1H), 3.67 (m, 2H), 3.39 — 3.35 (m, 3H), 3.09 — 3.02 (m, 3H), 2.69
(m, 3H), 2.46 (m, 2H), 2.43 (m,1H), 2.11 - 2.09 (m, 1H), 1.96 — 1.83 (m, 3H), 1.84 — 1.65
(m, 2H), 1.19 — 1.09 (m, 2H).Chiral SFC A (45% MeOH): ee 97%, Rt = 3.68 min.

2-phenyl-2-((S)-3-(4-((5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)methyl)piperidine-1-
carbonyl)pyrrolidin-1-yl)acetic acid (diastereomeric compounds 137-E1 and 137-E2)

o3

Compound 137-E1 LC/MS ESI 463 .2 (M+H)". 'H NMR (500 MHz, MeOD) § 7.59 — 7.52
(m, 2H), 7.45-7.37 (m, 3H), 7.12 (d, /=7.3 Hz, 1H), 6.35 (t,/=5.5Hz, 1H), 446 (d, J =
13.8 Hz, 2H), 3.91 (d, J=13.5 Hz, 1H), 3.54 (s, 3H), 3.39 - 3.35 (m, 2H), 3.09 — 3.02 (m,
3H), 2.69 (t, /= 6.2 Hz, 2H), 2.64 — 2.60 (m, 1H), 2.43 (t, /= 7.1 Hz, 2H), 230 (d, /J=6.7
Hz, 1H), 2.11 - 2.09 (m, 1H), 1.96 — 1.83 (m, 3H), 1.73 — 1.65 (m, 2H), 1.20 — 1.04 (m,
2H). Chiral SFC A (45% MeOH): ee 100%, Rt = 2.41 min

Compound 137-E2 LC/MS ESI 463.2 (M+H)". "H NMR (500 MHz, MeOD) § 7.59 — 7.52
(m, 2H), 7.46 — 7.38 (m, 3H), 7.13 (d, /= 7.1 Hz, 1H), 6.33 (d, /= 7.3 Hz, 1H), 4.59 (s,
1H), 4.46 (d, J=12.3 Hz, 1H), 3.92 (d, /= 13.4 Hz, 1H), 3.63 (s, 2H), 3.39 — 3.35 (m, 3H),
3.16 (br, 1H), 3.10-3.00 (m, 2H), 2.69 (t, /= 6.3 Hz, 2H), 2.61 (t,/= 13.3 Hz, 1H), 2.44
(d,/J=7.1Hz,2H),2.28 (d,/=18.9 Hz, 1H), 2.11 — 2.00 (m, 1H), 1.92 (s, 1H), 1.89 — 1.84
(m, 2H), 1.73 — 1.65 (m, 2H), 1.20 — 1.04 (m, 2H). Chiral SFC A (45% MeOH): ee 100%,
Rt =3.43 min

2-phenyl-2-((R)-3-(4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)butylamino)pyrrolidin-
1-yl)acetic acid (diastereomeric compounds 138-E1 and 138-E2)
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Compound 138-E1 LC/MS ESI 409.2 (M+H)". "H NMR (500 MHz, MeOD) § 7.50 (d, J =
6.9 Hz, 2H), 7.34 - 7.29 (m, 3H), 7.18 (d, /= 7.3 Hz, 1H), 6.41 (d, J= 7.3 Hz, 1H), 3.86 (s,
1H), 3.56 (s, 1H), 3.42 —3.38 (m, 2H), 3.32 - 3.26 (m, 1H), 2.97 - 2.90 (m, 1H), 2.85 —
2.80 (m, 1H), 2.75 - 2.69 (m, 3H), 2.59 (t, /= 7.1 Hz, 2H), 2.37 - 2.30 (m, 2H), 2.25 - 2.20
(m, 1H), 2.09 - 2.07 (m, 2H), 2.01 — 1.94 (m, 1H), 1.92 — 1.86 (m, 2H), 1.77 — 1.66 (m,
4H). Chiral SFC F (45% MeOH): ee 100%, Rt = 3.6 min.

Compound 138-E2 LC/MS ESI 409.2 (M+H)". "H NMR (500 MHz, MeOD) § 7.50 (d, J =
6.9 Hz, 2H), 7.34 - 7.30 (m, 3H), 7.18 (d, /= 7.3 Hz, 1H), 6.43 (d, J= 7.3 Hz, 1H), 3.86 (s,
1H), 3.56 (s, 1H), 3.45 —3.38 (m, 2H), 3.36 —3.26 (m, 1H), 2.98 —2.90 (m, 1H), 2.83 —
2.80 (m, 1H), 2.75 - 2.69 (m, 3H), 2.59 (t, /= 7.1 Hz, 2H), 2.35 - 2.30 (m, 2H), 2.24 - 2.20
(m, 1H), 2.08 — 2.07 (m, 2H), 2.02 — 1.94 (m, 1H), 1.93 — 1.86 (m, 2H), 1.79 — 1.66 (m,
4H). Chiral SFC F (45% MeOH): ee 100%, Rt = 5.6 min.

2-(2-methoxyphenyl)-2-(4-(4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-
yl)butanamido)piperidin-1-yl)acetic acid (enantiomeric compounds 139-E1 and 139-

E2)

~o
Compound 139-E1 LC/MS ESI 467.1 (M+H)". 'H NMR (500 MHz, MeOD) § 7.56 (d, J =
7.7 Hz, 1H), 7.47 - 7.42 (m, 1H), 7.15 - 7.11 (m, 2H), 7.04 (t, /= 7.5 Hz, 1H), 6.37 (d, J =
7.3 Hz, 1H), 4.97 (s, 1H), 3.92 (s, 3H), 3.89 (s, 1H), 3.72 (br, 1H), 3.39 (t, J = 6 Hz, 2H),
3.17 (s, 1H), 3.09 (t, /= 11.2 Hz, 2H), 2.71 (t, J = 6.2 Hz, 2H), 2.53 (t, J = 7.5 Hz, 2H),
2.20 (t,J = 7.5 Hz, 2H), 2.06 — 2.02 (m, 2H), 1.95 — 1.84 (m, 6H). Chiral SFC A (45%
MeOH): ee 100%, Rt = 2.35 min.

Compound 139-E2 LC/MS ESI 467.1 (M+H)". 'H NMR (500 MHz, MeOD) § 7.56 (dd, J
=7.6, 1H), 7.47 - 7.41 (m, 1H), 7.15- 7.11 (m, 2H), 7.04 (t, J= 7.5 Hz, 1H), 6.37 (d, J =
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7.3 Hz, 1H), 4.97 (s, 1H), 3.92 (s, 3H), 3.88 (s, 1H), 3.71 (br, 1H), 3.39 (t, J = 6 Hz, 2H),
3.16 (s, 1H), 3.08 (t, /= 11.3 Hz, 2H), 2.71 (t, J = 6.3 Hz, 2H), 2.53 (t, J = 7.6 Hz, 2H),
2.20 (t,J = 7.5 Hz, 2H), 2.05 (t, J = 16.2 Hz, 2H), 1.95 — 1.76 (m, 6H). Chiral SFC A (45%
MeOH): ee 100%, Rt =3.03 min.

2-phenyl-2-((R)-3-(4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-
yl)butanamido)pyrrolidin-1-yl)acetic acid (diastereoric compounds 140-E1 and 140-
E2)

H H
N _N N
S O
- 0O OH
o}

Compound 140-E1 LC/MS ESI 423.2 (M+H)". 'H NMR (500 MHz, MeOD) § 7.55 (m,
2H), 7.43 — 7.39 (m, 3H), 7.24 (d, /= 9.0 Hz, 1H), 6.42 (d, J= 7.3 Hz, 1H), 4.47 (s, 1H),
4.33 (s, 1H), 3.60 — 3.44 (m, 4H), 2.99(s, 2H), 2.74 — 2.71 (t, J = 15.5 Hz, 2H), 2.59 — 2.55
(t,J=19.3 Hz, 2H), 2.30 — 2.20 (m, 3H), 2.04 — 1.85 (m, SH). Chiral SFC A (45% MeOH):
ee 100%, Rt =2.15 min

Compound 140-E2 LC/MS ESI 423.2 (M+H)". 'H NMR (500 MHz, MeOD) § 7.55 (m,
2H), 7.43 — 7.39 (m, 3H), 7.24 (d, /= 9.0 Hz, 1H), 6.42 (d, J= 7.3 Hz, 1H), 4.47 (s, 1H),
4.33 (s, 1H), 3.60 — 3.44 (m, 4H), 2.99(s, 2H), 2.74 — 2.71 (t, J = 15.5 Hz, 2H), 2.59 — 2.55
(t, J=19.3 Hz, 2H), 2.30 — 2.20 (m, 3H), 2.04 — 1.85 (m, SH). Chiral SFC A (45%
MeOH): ee 100%, Rt =4.59 min

2-phenyl-2-((R)-3-(4-(2-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)ethyl)oxazol-2-
yl)pyrrolidin-1-yl)acetic acid (diastereoric compounds 141-E1 and 141-E2)

Q
H OH
No _N /%@“
B N o
-

Compound 141-E1 LC/MS ESI 433 (M+H)+ 'H NMR (400 MHz, MeOD) § 7.60 — 7.57
(m, 2H), 7.49 (s, 1H), 7.40 — 7.37 (m, 3H), 7.11 (d, J = 7.6 Hz, 1H), 6.34 (d, J= 7.2 Hz,
1H), 4.34 (s, 1H), 3.69 — 3.67 (m, 1H), 3.50 — 3.23 (m, SH), 3.03 — 3.00 (m, 1H), 2.82 —

- 196 -



10

15

20

WO 2018/160521 PCT/US2018/019838

2.80 (m, 4H), 2.71 — 2.68 (m, 2H), 2.39 — 2.37 (m, 1H), 2.28 — 2.25 (m, 1H), 1.89 — 1.86
(m, 2H).

Compound 141-E2 LC/MS ESI 433 (M+H)+ 'H NMR (400 MHz, MeOD) § 7.60 — 7.57
(m, 2H), 7.51 — 7.50 (m, 1H), 7.43 — 7.38 (m, 3H), 7.16 (d, J= 7.2 Hz, 1H), 6.37 (d, J =
72 Hz, 1H), 445 (s, 1H), 3.78 — 3.75 (m, 2H), 3.39 — 3.23 (m, 7H), 3.03 — 3.00 (m, 1H),
2.85 — 2.83 (m, 4H), 2.71 — 2.68 (m, 2H), 2.39 — 2.37 (m, 1H), 2.28 — 2.25 (m, 1H), 1.89 —
1.83 (m, 2H).

2-(4-chlorophenyl)-2-(4-((5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)methyl)-1,4'-
bipiperidin-1'-yl)acetic acid (compound 142)
Cl

SeVS R

« |

N N

Compound 142 LC/MS ESI 483 (M+H)*. "H NMR (400 MHz, MeOD) & 7.50 (d, /= 8.8,

H
2H), 7.32 (d, J = 8.4, 2H), 7.14 (d, J= 7.2 Hz, 1H), 6.35 (d, J= 7.2 Hz, 1H), 3.80 (s, 1H),
3.49 - 331 (m, SH), 2.95 - 2.69 (m, 6H), 2.47 (d, J= 9.2 Hz, 2H), 2.37 — 1.67 (m, 11H),
1.51 - 1.38 (m, 2H).

2-(3-chlorophenyl)-2-(4-((5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)methyl)-1,4'-
bipiperidin-1'-yl)acetic acid (compound 143)
Cl

SV A

¥

N N

Compound 143 LC/MS ESI 483.2 (M+H)". '"H NMR (500 MHz, MeOD) § 7.61 (s,1H),

H
7.44 —7.42 (m, 1H), 7.32 — 7.29 (m, 2H), 7.16 (d, /= 7.0 Hz, 1H), 6.38 (d, J = 7.3 Hz, 1H),
3.86 (s, 1H), 3.46-3.37 (m,6H), 3.01 (m,1H), 2.85(m,2H), 2.79 (t, J= 6.2 Hz, 2H), 2.51 (t, J
= 7.5 Hz, 2H), 2.25 (s, 2H), 2.04(m.1H), 1.97 — 1.84 (m, 8H), 1.77(m,1H), 1.65(m,2H).
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2-(2-chlorophenyl)-2-(4-((5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)methyl)-1,4'-
bipiperidin-1'-yl)acetic acid (enantiomeric compounds 144-E1 and 144-E2)

Compound 144-E1 LC/MS ESI 483 (M+H)*. 'H NMR (500 MHz, MeOD) § 7.82 (dd, J =
7.7, 1.8 Hz, 1H), 7.41 (dd, /= 7.8, 1.3 Hz, 1H), 7.32 - 7.15 (m, 2H), 7.16 (d, /= 7.3 Hz,
1H), 6.37 (d, J= 7.3 Hz, 1H), 4.52 (s, 1H), 3.48 (d, /= 10.5 Hz, 1H), 3.43 — 3.35 (m, 4H),
2.99 (s, 1H), 2.88 —2.74 (m, 3H), 2.72 (t, /= 6.2 Hz, 2H), 2.49 (d, /= 6.9 Hz, 2H), 2.37 (s,
1H), 2.22 (s, 1H), 2.04 (d, /= 12.0 Hz, 1H), 1.93 — 1.85 (m, 7H), 1.77 — 1.67 (m, 1H), 1.51
—1.38 (m, 2H). Chiral SFC I (50% EtOH): ee 100%, Rt = 8.05 min.

Compound 144-E2 LC/MS ESI 483 (M+H)*. 'H NMR (500 MHz, MeOD) & 7.82 (dd, J =
7.6, 1.8 Hz, 1H), 7.41 (dd, /=738, 1.2 Hz, 1H), 7.32 - 7.15 (m, 2H), 7.16 (d, /= 7.3 Hz,
1H), 6.37 (d, J= 7.3 Hz, 1H), 4.52 (s, 1H), 3.47 (d, /= 9.3 Hz, 1H), 3.42 - 3.35 (m, 4H),
2.99 (s, 1H), 2.87 - 2.74 (m, 3H), 2.72 (t, /= 6.2 Hz, 2H), 2.49 (d, /= 6.9 Hz, 2H), 2.37 (s,
1H), 2.22 (s, 1H), 2.04 (d, /= 12.7 Hz, 1H), 1.94 — 1.82 (m, 7H), 1.76 — 1.68 (m, 1H), 1.49
—1.42 (m, 2H). Chiral SFC I (50% EtOH): ee 100%, Rt = 11.00 min.

2-phenyl-2-((3R,3'R)-3-(2-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)ethyl)-1,3'-
bipyrrolidin-1'-yl)acetic acid (compound 145)

H
H CN@ °
" | AN S 0O
S

Compound 145 LC/MS ESI 435.2 (M+H)". 'H NMR (500 MHz, MeOD) & 7.45 — 7.40
(m, 2H), 7.25 — 7.18 (m, 3H), 7.03 — 7.01 (m, 1H), 6.27 (t,.J = 7.5 Hz, 1H), 3.78 — 3.74
(m, 1H), 3.30 — 3.25 (m, 2H), 3.15 — 2.90 (m, 2H), 2.85 — 1.85 (m, 16H), 1.80 — 1.44 (m,
6H).
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2-(3-chlorophenyl)-2-((R)-3-(4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-
yl)butoxy)pyrrolidin-1-yl)acetic acid (diastereoric compounds 146-E1 and 146-E2)

Cl
H
Z O
Compound 146-E1 LC/MS ESI 375.2 (M+H)". 'H NMR (500 MHz, MeOD) § 7.61 (s,
1H), 7.48 — 7.39 (m, 3H), 7.20 (d, J= 9.0 Hz, 1H), 6.41 (d, J= 9.0 Hz, 1H), 4.42 (s, 1H),
4.16 (s, 1H), 3.47 — 3.37 (m, SH), 3.13(m, 1H), 2.98 (m, 1H), 2.73 (t, /= 8.0 Hz, 2H), 2.58
(t,J=9.5 Hz, 2H), 2.09 (s, 2H), 1.90 — 1.88 (m, 2H), 1.74 — 1.59 (m, SH). Chiral SFC A
(35% MeOH): ee 100%, Rt = 2.81 min.
Compound 146-E2 LC/MS ESI 375.2 (M+H)". 'H NMR (500 MHz, MeOD) § 7.62 (s,
1H), 7.48 — 7.39 (m, 3H), 7.20 (d, J= 9.0 Hz, 1H), 6.41 (d, J= 9.0 Hz, 1H), 4.33 (s, 1H),
4.15 (s, 1H), 3.47 — 3.37 (m, 4H), 3.27(m,2H), 3.05 (m,2H), 2.73 (t, J = 8.0 Hz, 2H), 2.58
(m, 2H), 2.09 (s, 1H), 1.90 — 1.88 (m, 2H), 1.74(m,2H), 1.61 (m, 2H).Chiral SFC A (35%
MeOH): ee 100%, Rt =5.23 min.

2-(4-chlorophenyl)-2-((R)-3-(4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-
yl)butoxy)pyrrolidin-1-yl)acetic acid (diastereomeric compounds 147-E1 and 147-E2)

Cl
H
WWO\CNQ)H
Z O
Compound 147-E1 LC/MS ESI 444 (M+H)*. "H NMR (400 MHz, MeOD) § 7.51 (d, J =
8.8, 2H), 7.42 (d, J=8.8, 2H), 7.19 (d, J = 7.6 Hz, 1H), 6.40 (d, J= 7.6 Hz, 1H), 4.49-4.47
(m, 1H), 4.17 (s, 1H), 3.49 — 3.31 (m, 5H), 3.25 — 2.91 (m, 3H), 2.98 (t, /= 5.6 Hz, 2H),
2.56 (t,J=8.0 Hz, 2H), 2.11 — 1.61 (m, 8H). Chiral SFC A (40% MeOH): ee 100%, Rt =
2.21 min
Compound 147-E2 LC/MS ESI 444 (M+H)*. 'H NMR (400 MHz, MeOD) § 7.51 (d, J =
8.8, 2H), 7.42 (d, J=8.8, 2H), 7.19 (d, J = 7.6 Hz, 1H), 6.40 (d, J= 7.6 Hz, 1H), 4.41-4.37
(m, 1H), 4.18 (s, 1H), 3.49 — 3.31 (m, 4H), 3.25 — 2.95 (m, 4H), 2.71 (t, J = 6.4 Hz, 2H),
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2.65—2.56 (m, 2H), 2.15 — 1.55 (m, 8H). Chiral SFC A (40% MeOH): ee 100%, Rt = 4.29

min

2-(2-chlorophenyl)-2-((R)-3-(4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-
yl)butoxy)pyrrolidin-1-yl)acetic acid (diastereomeric compounds 148-E1 and 148-E2)

H
N _N 0)
[ \CN oi:
P
o]

Compound 148-E1 LC/MS ESI 444 (M+H)". 'H NMR (400 MHz, MeOD) § 7.81— 7.39
(m, 4H), 7.19 (d, J= 7.2 Hz, 1H), 6.40 (d, /= 7.6 Hz, 1H), 5.03 (s, 1H), 4.16 (s, 1H), 3.49 —
3.31 (m, SH), 3.22 — 3.05 (m, 3H), 2.73 — 2.55 (m, 4H), 2.25 — 1.55 (m, 8H). Chiral SFC F
(45% MeOH): ee 100%, Rt = 5.41 min.

Compound 148-E2 LC/MS ESI 444 (M+H)". 'H NMR (400 MHz, MeOD) § 7.81— 7.39
(m, 4H), 7.19 (d, J= 7.2 Hz, 1H), 6.40 (d, /= 7.6 Hz, 1H), 5.16 (s, 1H), 4.18 (s, 1H), 3.49 —
3.31 (m, SH), 3.22 — 3.05 (m, 3H), 2.73 — 2.55 (m, 4H), 2.25 — 1.55 (m, 8H). Chiral SFC F
(45% MeOH): ee 100%, Rt = 7.48 min.

2-(3-chlorophenyl)-2-((R)-3-(4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)piperidine-1-
carbonyl)pyrrolidin-1-yl)acetic acid (diastereomeric compounds 149-E1 and 149-E2)

0 Cl

NJ\CN
H N OH

[ 0

Compound 149-E1 LC/MS ESI 483 .2 (M+H)". 'H NMR (400 MHz, MeOD) § 7.56 (s,
1H), 7.52 -7.41 (m, 3H), 7.17 = 7.14 (m, 1H), 6.38 (d, /=72 Hz, 1H), 463 (d,/J=11.6
Hz, 1H), 4.53 (s, 1H), 4.08 (d, /= 12.8 Hz, 1H), 3.71 — 3.58 (m, 2H), 3.40 — 2.98 (m, 6H),
2.80—-2.68 (m, 4H), 2.38 — 1.85 (m, 6H), 1.73 — 1.55 (m, 2H). Chiral SFC A (45% MeOH):
ee 100%, Rt = 1.89 min

Compound 149-E2 LC/MS ESI 483.2 (M+H)". 'H NMR (400 MHz, MeOD) & 7.56 (s,
1H), 7.52 —7.41 (m, 3H), 7.05 (d, /= 7.6 Hz, 1H), 6.26 (t, /=72 Hz, 1H), 453 (d, J=
12.4 Hz, 1H), 4.36 (s, 1H), 3.95 (d, /= 14.0 Hz, 1H), 3.51 —3.38 (m, 5H), 3.18 — 2.84 (m,
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3H), 2.68 — 2.55 (m, 4H), 2.31 — 1.75 (m, 6H), 1.60 — 1.45 (m, 2H). Chiral SFC A (45%
MeOH): ee 100%, Rt = 3.40 min

2-(2-chlorophenyl)-2-((R)-3-(4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)piperidine-1-
carbonyl)pyrrolidin-1-yl)acetic acid (compound 150)

O ;
N/kCN Cl
H OH
N N
[ o
A

Compound 150 LC/MS ESI 483.2 (M+H)". 'H NMR (400 MHz, MeOD) & 7.81-7.75 (m,
1H), 7.58 — 7.38 (m, 3H), 7.16 (d, J = 7.2 Hz, 1H), 6.40-6.35 (m, 1H), 5.24-5.10 (m, 1H),
4.65-4.61 (m, 1H), 4.10-4.06 (m, 1H), 3.71 — 2.98 (m, 8H), 2.80 — 2.68 (m, 4H), 2.38 — 1.81
(m, 6H), 1.75 — 1.55 (m, 2H).

2-(4-chlorophenyl)-2-((R)-3-(4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)piperidine-1-
carbonyl)pyrrolidin-1-yl)acetic acid (diastereomeric compounds 151-E1 and 151-E2)
Cl

0
D
§ \ Ne ) OH
#

Compound 151-E1 LC/MS ESI 483.2 (M+H)". 'H NMR (400 MHz, MeOD) § 7.58 (d, J =
7.4 Hz, 2H), 7.45 (d, J= 7.4 Hz, 2H), 7.19 — 7.14 (m, 1H), 6.39 — 6.36 (m, 1H), 4.65-4.60
(m, 2H), 4.08 (d, J = 12.4 Hz, 1H), 3.75 — 3.58 (m, 2H), 3.40 — 2.91 (m, 6H), 2.79 — 2.65
(m, 4H), 2.38 — 1.82 (m, 6H), 1.72 — 1.55 (m, 2H). Chiral SFC A (45% MeOH): ee 100%,
Rt =1.96 min.
Compound 151-E2 LC/MS ESI 483.2 (M+H)". 'H NMR (400 MHz, MeOD) § 7.48-7.45
(m, 2H), 7.33 (d, J = 8.4 Hz, 2H), 7.04 (d, /= 7.2 Hz, 1H), 6.26 (t,J=7.2 Hz, 1H), 4.50
(d,J=13.2 Hz, 1H), 4.39 (5, 1H), 3.95 (d, /= 13.2 Hz, 1H), 3.55 — 3.31 (m, 5H), 3.18 -
2.85 (m, 3H), 2.70 — 2.55 (m, 4H), 2.31 — 1.72 (m, 6H), 1.60 — 1.41 (m, 2H). Chiral SFC A
(45% MeOH): ee 100%, Rt =3.71 min.
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2-((R)-3-(4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)piperidine-1-
carbonyl)pyrrolidin-1-yl)-2-(4-(trifluoromethyl)phenyl)acetic acid (diastereomeric
compounds 152-E1 and 152-E2)

CF,
:
H >/->:/<OH
No _N
[ C
/

Compound 152-E1 LC/MS ESI 517 (M+H)*. '"H NMR (400 MHz, MeOD) § 7.80 — 7.74
(m, 4H), 7.18 (t, /= 6.4 Hz, 1H), 6.39 (d, /J=7.2 Hz, 1H), 4.71-4.63 (m, 2H), 4.08 (d, J =
13.2 Hz, 1H), 3.76 — 3.58 (m, 2H), 3.42 - 2.91 (m, 6H), 2.79 — 2.65 (m, 4H), 2.38 — 1.82
(m, 6H), 1.72 — 1.55 (m, 2H). Chiral SFC A (35% MeOH): ee 100%, Rt = 2.47 min.
Compound 152-E2 LC/MS ESI 517 (M+H)*. 'H NMR (400 MHz, MeOD) § 7.68 — 7.56
(m, 4H), 7.03 (d, /= 6.8 Hz, 1H), 6.28 — 6.23 (m, 1H), 4.52 (d, /= 12.8 Hz, 1H), 4.23-4.19
(m, 1H), 3.99 —3.96 (m, 1H), 3.45 —2.65 (m, 8H), 2.62 — 2.55 (m, 4H), 2.21 — 1.72 (m,
6H), 1.59 — 1.42 (m, 2H). Chiral SFC A (35% MeOH): ee 100%, Rt =3.81 min.

2-(4-ethylphenyl)-2-((R)-3-(4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-
yl)butoxy)pyrrolidin-1-yl)acetic acid (diastereomeric compounds 153-E1 and 153-E2)

§ N O
Mo,
A
@)

Compound 153-E1 LC/MS ESI 438 (M+H)" 'H NMR (400 MHz, MeOD) & 7.43 (d,
J=8.4, 2H), 7.26 (d, J=8.0, 2H), 7.15 (d, J = 7.2 Hz, 1H), 6.38 (d, J = 7.2 Hz, 1H), 4.46 (s,
1H), 4.18 (s, 1H), 3.55-2.95 (m, 8H), 2.73 — 2.53 (m, 6H), 2.18 — 1.56 (m, 8H), 1.23 (t, J =
7.6 Hz, 3H). Chiral SFC A (35% MeOH): ee 100%, Rt = 2.86 min.
Compound 153-E1 LC/MS ESI 438 (M+H)" 'H NMR (400 MHz, MeOD) & 7.43 (d,
J=8.4, 2H), 7.26 (d, J=8.0, 2H), 7.15 (d, J = 7.2 Hz, 1H), 6.38 (d, J = 7.2 Hz, 1H), 4.34 (s,
1H), 4.05 (s, 1H), 3.41-2.95 (m, 8H), 2.61 — 2.38 (m, 6H), 2.10 — 1.46 (m, 8H), 1.13 (t, J =
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7.6 Hz, 3H). Chiral SFC A (35% MeOH): ee 100%, Rt = 4.99 min.

2-(3-ethylphenyl)-2-((R)-3-(4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-
yl)butoxy)pyrrolidin-1-yl)acetic acid (diastereomeric compounds 154-E1 and 154-E2)

N N O\CN
Compound 154-E1 LC/MS ESI 438 (M+H)* 'H NMR (400 MHz, MeOD) § 7.40 — 7.25
(m, 4H), 7.14 (d, ] = 7.2 Hz, 1H), 6.38 (d, J = 7.2 Hz, 1H), 4.45 (s, 1H), 4.18 (s, 1H), 3.53-
2.95 (m, 8H), 2.72 — 2.52 (m, 6H), 2.15 — 1.56 (m, 8H), 1.35 (t, 3H). Chiral SFC A (40%
MeOH): ee 100%, Rt = 1.88 min.
Compound 154-E2 LC/MS ESI 438 (M+H)* 'H NMR (400 MHz, MeOD) & 7.30 — 7.14
(m, 4H), 7.04 (d, J = 7.2 Hz, 1H), 6.28 (d, J = 7.2 Hz, 1H), 4.34 (s, 1H), 4.06 (s, 1H), 3.43-
2.99 (m, 8H), 2.62 — 2.42 (m, 6H), 2.15 — 1.46 (m, 8H), 1.25 (t, 3H). Chiral SFC A (40%
MeOH): ee 100%, Rt = 3.59 min.

2-(2-ethylphenyl)-2-((R)-3-(4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-
yl)butoxy)pyrrolidin-1-yl)acetic acid (diastereomeric compounds 155-E1 and 155-E2)

NN 0
SORRReS S
A
O
Compound 155-E1 LC/MS ESI 438 (M+H)* 'H NMR (400 MHz, MeOD) § 7.62 (d,
J=7.6, 1H), 7.32 — 7.14 (m, 4H), 6.38 (d, J = 7.2 Hz, 1H), 4.83 (s, 1H), 4.15 (s, 1H), 3.53-
3.15 (m, 8H), 2.91 — 2.53 (m, 6H), 2.18 — 1.56 (m, 8H), 1.35 (t, 3H). Chiral SFC F (30%
MeOH): ee 100%, Rt = 3.28 min.
Compound 155-E2 LC/MS ESI 438 (M+H)+ 1H NMR (400 MHz, MeOD) & 7.62 (d,
J=7.6, 1H), 7.32 — 7.14 (m, 4H), 6.38 (d, J = 7.2 Hz, 1H), 4.73 (s, 1H), 4.15 (s, 1H), 3.53-
3.15 (m, 8H), 2.91 — 2.53 (m, 6H), 2.18 — 1.56 (m, 8H), 1.35 (t, 3H). Chiral SFC F (30%
MeOH): ee 100%, Rt = 6.54 min.

2-((R)-3-(4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)butoxy)pyrrolidin-1-yl)-2-(4-
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(trifluoromethyl)phenyl)acetic acid (diastereomeric compounds 156-E1 and 156-E2)

CF5
N N O /g
OO
o O
Compound 156-E1 LC/MS ESI 478 (M+H)" 'H NMR (400 MHz, MeOD) § 7.75 — 7.70
(m, 4H), 7.20 (d, ] = 7.2 Hz, 1H), 6.41 (d, ] = 7.2 Hz, 1H), 4.42 (s, 1H), 4.15 (s, 1H), 3.51-
2.95 (m, 8H), 2.74 — 2.53 (m, 4H), 2.18 — 1.56 (m, 8H). Chiral SFC A (35% MeOH): ee
100%, Rt=1.73 min
Compound 156-E2 LC/MS ESI 478 (M+H)" 'H NMR (400 MHz, MeOD) § 7.75 — 7.70
(m, 4H), 7.22 (d, ] = 7.6 Hz, 1H), 6.42 (d, ] = 7.2 Hz, 1H), 4.53 (s, 1H), 4.16 (s, 1H), 3.51-
2.95 (m, 8H), 2.74 — 2.53 (m, 4H), 2.18 — 1.56 (m, 8H). Chiral SFC A (35% MeOH): ee
100%, Rt =2.72 min

2-((R)-3-(4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)butoxy)pyrrolidin-1-yl)-2-(3-
(trifluoromethyl)phenyl)acetic acid (diastereomeric compounds 157-E1 and 157-E2)

CF3
N N O
SO o

~ 0]
Compound 157-E1 LC/MS ESI 478 (M+H)" 'H NMR (400 MHz, MeOD) § 7.91 (s, 1H),
7.80 (d, J=7.6 Hz, 1H), 7.61 — 7.50 (m, 2H), 7.15 (d, J = 7.6 Hz, 1H), 6.37 (d, ] = 7.6 Hz,
1H), 4.10 — 4.04 (m, 2H), 3.49-2.85 (m, 5H), 2.75 — 2.51 (m, 7H), 2.18 — 1.56 (m, 8H).
Chiral SFC A (25% MeOH): ee 100%, Rt = 3.28 min
Compound 157-E2 LC/MS ESI 478 (M+H)" 'H NMR (400 MHz, MeOD) § 7.93 (s, 1H),
7.80(d, J=7.6 Hz, 1H), 7.61 — 7.50 (m, 2H), 7.21 (d,J = 7.2 Hz, 1H), 6.41 (d, J = 7.6 Hz,
1H), 4.38 (s, 1H), 4.15 (s, 1H), 3.50-2.95 (m, 8H), 2.73 — 2.51 (m, 4H), 2.18 — 1.56 (m,
8H). Chiral SFC A (25% MeOH): ee 100%, Rt = 4.83 min

2-((R)-3-(4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)butoxy)pyrrolidin-1-yl)-2-(2-
(trifluoromethyl)phenyl)acetic acid (diastereomeric compounds 158-E1 and 158-E2)
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H
N \ N O\CN CF3
_ OH
0]

Compound 158-E1 LC/MS ESI 478 (M+H)" 'H NMR (400 MHz, MeOD) & 8.01(d, J =
8.0 Hz, 1H), 7.76 (d,J = 7.6 Hz, 1H), 7.67 (t, ] = 7.2 Hz, 1H), 7.54 (t, J = 7.6 Hz, 1H), 7.19
(d, 7 =7.2 Hz, 1H), 6.40 (d, J = 7.2 Hz, 1H), 4.62 (s, 1H), 4.13 (s, 1H), 3.49-2.85 (m, 8H),
2.73 - 2.55 (m, 4H), 2.16 — 1.56 (m, 8H).

Compound 158-E2 LC/MS ESI 478 (M+H)" 'H NMR (400 MHz, MeOD) & 8.01(d, J =
8.0 Hz, 1H), 7.76 (d,J = 7.6 Hz, 1H), 7.67 (t, ] = 7.2 Hz, 1H), 7.54 (t, J = 7.6 Hz, 1H), 7.19
(d, 7 =7.2 Hz, 1H), 6.40 (d, J = 7.2 Hz, 1H), 4.73 (s, 1H), 4.13 (s, 1H), 3.49-2.85 (m, 8H),
2.73 - 2.55 (m, 4H), 2.16 — 1.56 (m, 8H).

2-((3R)-3-(4-(7-methyl-5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)butoxy)pyrrolidin-1-
yl)-2-phenylacetic acid (diastereomeric compounds 159-E1 and 159-E2)

H
L OH
O

Compound 159-E1 LC/MS ESI 424 (M+H)" 1H NMR (400 MHz, MeOD) § 7.76 — 7.53
(m, 2H), 7.42 — 7.40 (m, 3H), 7.19 (d, J = 7.2 Hz, 1H), 6.40 (d, J = 7.2 Hz, 1H), 4.48 (s,
1H), 4.18 — 4.16 (m, 1H), 3.55 — 3.24 (m, SH), 3.16 — 2.98 (m, 2H), 2.75 — 2.53 (m, 4H),
2.16 — 1.45 (m, 8H), 1.22 (d, /= 7.2 Hz, 3H). Chiral SFC A (30% MeOH): ee 100%, Rt =
2.50 min.

Compound 159-E2 LC/MS ESI 424 (M+H)" 1H NMR (400 MHz, MeOD) § 7.76 — 7.53
(m, 2H), 7.42 — 7.40 (m, 3H), 7.19 (d, J = 7.2 Hz, 1H), 6.40 (d, J = 7.2 Hz, 1H), 439 (s,
1H), 4.18 — 4.16 (m, 1H), 3.65 — 3.20 (m, SH), 3.18 — 3.02 (m, 2H), 2.75 — 2.53 (m, 4H),
221 - 145 (m, 8H), 1.22 (d, /= 7.2 Hz, 3H). Chiral SFC A (30% MeOH): ee 100%, Rt =
4.40 min.

2-((3R)-3-(4-(6-methyl-5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)butoxy)pyrrolidin-1-
yl)-2-phenylacetic acid (diastereomeric compounds 160-E1 and 160-E2)
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H Ne o
O

Compound 160-E1 LC/MS ESI 424 (M+H)" 1H NMR (400 MHz, MeOD) § 7.55 — 7.53
(m, 2H), 7.42 — 7.40 (m, 3H), 7.16 (d, J = 7.2 Hz, 1H), 6.38 (d, J = 7.2 Hz, 1H), 4.46 (s,
1H), 4.18 — 4.16 (m, 1H), 3.58 — 3.24 (m, SH), 3.16 — 2.91 (m, 3H), 2.78 — 2.35 (m, 4H),
2.16 — 1.45 (m, 7H), 1.04 (d, J = 6.4 Hz, 3H). Chiral SFC A (40% MeOH): ee 100%, Rt =
1.83 min.

Compound 160-E2 LC/MS ESI 424 (M+H)" 1H NMR (400 MHz, MeOD) & 7.55 — 7.53
(m, 2H), 7.42 — 7.40 (m, 3H), 7.16 (d, J = 7.2 Hz, 1H), 6.38 (d, J = 7.2 Hz, 1H), 4.44 (s,
1H), 4.18 — 4.16 (m, 1H), 3.48 — 3.24 (m, SH), 3.16 — 2.91 (m, 3H), 2.78 — 2.35 (m, 4H),
2.16 — 1.90 (m, 4H), 1.75 — 1.50 (m, 3H), 1.04 (d, J = 6.4 Hz, 3H). Chiral SFC A (40%
MeOH): ee 100%, Rt = 2.84 min.

2-((3R)-3-(4-(5-methyl-5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)butoxy)pyrrolidin-1-
yl)-2-phenylacetic acid (diastereomeric compounds 161-E1 and 161-E2)

H
o O

Me HCOOH
Compound 161-E1 LC/MS ESI 424 (M+H)+ 1H NMR (400 MHz, MeOD) § 8.54 (s, 1H),
7.58 — 7.57 (m, 3H), 7.45 — 7.43 (m, 3H), 6.57 (d, J= 7.6 Hz, 1H), 4.62 (s, 1H), 4.21 —4.19
(m, 1H), 3.51 — 3.40 (m, 6H), 3.27 — 3.21 (m, 2H), 2.95 — 2.91 (m, 1H), 2.72 — 2.68 (m,
2H), 2.16 — 2.14 (m, 2H), 1.96 — 1.94 (m, 1H), 1.71 — 1.63 (m, 5H), 1.30 (d, J = 6.8 Hz,
1H).
Compound 161-E2 LC/MS ESI 424 (M+H)+ 'H NMR (400 MHz, MeOD) & 8.53 (s, 1H),
7.57 = 7.55 (m, 3H), 7.46 — 7.44 (m, 3H), 6.56 (d, J=7.2 Hz, 1H), 4.67 (s, 1H), 4.21 —4.19
(m, 1H), 3.51 — 3.40 (m, 5H), 3.11 — 3.09 (m, 1H), 2.93 — 2.91 (m, 1H), 2.72 — 2.65 (m,
2H), 2.16 — 2.14 (m, 1H), 1.96 — 1.94 (m, 1H), 1.71 — 1.63 (m, 5H), 1.30 (d, J = 6.8 Hz,
1H).
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2-phenyl-2-((R)-3-((1r,4R)-4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-
yl)cyclohexyloxy)pyrrolidin-1-yl)acetic acid (diastereomeric compounds 162-E1 and

162-E2)
v o ;
N
H \C OH
NN,
o
LI)/OL

Compound 162-E1 LC/MS ESI 4362 (M+H) +. 1TH NMR (500 MHz, CD30D) & 7.59-
7.58 (m, 2H), 7.45-7.44 (m, 3H), 7.14 (d, J = 7.5 Hz, 1H), 6.37 (d, J = 7.5 Hz, 1H), 4.46-
4.42 (m, 2H), 3.40-3.33 (m, 4H), 3.19-3.17 (m, 2H), 2.72-2.69 (m, 2H), 2.42-2.38 (m, 1H),
2.26-2.22 (m, 1H), 2.14-2.12 (m, 3H), 1.94-1.86 (m, 4H), 1.54-1.52 (m, 2H) 1.43-1.30 (m,
3H). Chiral SFC B (40% MeOH): ee 100%, Rt = 1.83 min.

Compound 162-E2 LC/MS ESI 4362 (M+H) +. 1TH NMR (500 MHz, CD30D) & 7.59-
7.57 (m, 2H), 7.47-7.44 (m, 3H), 7.14 (d, J = 8.0 Hz, 1H), 6.38 (d, /= 8.0 Hz, 1H), 4.47-
4.44 (m, 2H), 3.61-3.59 (m, 1H), 3.36-3.33 (m, 3H), 3.06-2.99 (m, 2H), 2.72-2.69 (m, 2H),
2.43-2.38 (m, 1H), 2.18-2.07 (m, 4H), 1.94-1.86 (m, 4H), 1.46-1.38 (m, 2H) 1.31-1.16 (m,
3H). Chiral SFC B (40% MeOH): ee 95.0%, Rt = 3.14 min.

2-(4-cyclopropoxyphenyl)-2-((R)-3-(4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-
yl)butoxy)pyrrolidin-1-yl)acetic acid (diastereoric compounds 163-E1 and 163-E2)

0/4
H
NN o)
| \CN
A OH
o}
Compound 163-E1 LC/MS ESI 466.3 (M+H)". 'H NMR (400 MHz, MeOD) & 7.47-7.45
(m,2H), 7.16 —7.07 (m, 3H), 6.383(d, J = 7.6Hz, 1H), 4.456(s, 1H), 4.19(s, 1H), 3.82 —3.78
(m, 1H), 3.46 — 3.31 (m, 6H), 3.21— 3.15(m, 2H), 2.70 — 2.68(m, 2H), 2.55— 2.53(m, 2H),
2.22-2.16 (m, 2H), 1.95 — 1.91(m, 2H), 1.88— 1.55(m, 4H), 0.81— 0.79(m, 2H), 0.69—
0.68(m, 2H).
Compound 163-E2 LC/MS ESI 466.3 (M+H)". 'H NMR (400 MHz, MeOD) & 7.462-7.44
(m,2H), 7.16 —7.08 (m, 3H), 6.387(d, J = 7.2Hz, 1H), 4.462(s, 1H), 4.19(s, 1H), 3.82 —3.78
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(m, 1H), 3.46 — 3.31 (m, 6H), 3.21- 3.15(m, 2H), 2.72— 2.69(m, 2H), 2.56— 2.53(m, 2H),
2.2-2.00 (m, 2H), 1.89— 1.86(m, 2H), 1.78— 1.60(m, 4H), 0.81— 0.79(m, 2H), 0.69— 0.68(m,
2H).

2-((R)-3-(4-(4-methyl-5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)butoxy)pyrrolidin-1-
yl)-2-phenylacetic acid (diastereoric compounds 164-E1 and 164-E2)

H
N N\ O.
| S
A OH
O
Me

Compound 164-E1 LC/MS ESI 424.3 (M+H)". 'H NMR (400 MHz, MeOD) § 7.54-7.41
(m, 5H), 6.37 (s,1H), 4.45 (s, 1H), 4.17 (s, 1H), 3.45 - 2.91 (m, 8H), 2.68-2.52 (m 4H),
2.17 (s, 3H), 2.15-1.55 (m, 8H). Chiral SFC B (30% MeOH): ee 100%, Rt = 1.48 min.
Compound 164-E2 LC/MS ESI 424.3 (M+H)". '"H NMR (400 MHz, MeOD) § 7.55-7.41
(m, 5H), 6.37 (s,1H), 4.41 (s, 1H), 4.16 (s, 1H), 3.45 — 3.05 (m, 8H), 2.68-2.52 (m 4H),
2.17 (s, 3H), 2.15-1.55 (m, 8H). Chiral SFC B (30% MeOH): ee 100%, Rt = 2.66 min.

2-((R)-3-(4-(3-methyl-5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)butoxy)pyrrolidin-1-
yl)-2-phenylacetic acid (diastereoric compounds 165-E1 and 165-E2)

H N o)
oo

Me 4
Compound 165-E1 LC/MS ESI 424.1 (M+H)". 'H NMR (500 MHz, MeOD) § 7.54 (s,
2H), 7.41 (m, 3H), 7.08 (s,1H), 4.44 (s, 1H), 4.16 (s, 1H), 3.45 (m, 3H), 3.21(m,2H), 3.18
(m,2H), 2.98 (m, 1H), 2.77-2.58 (m 4H), 2.09 (s, SH), 1.88 (m, 2H), 1.67 (m, 4H). Chiral
SFC A (40% MeOH): ee 100%, Rt = 2.36 min.
Compound 165-E2 LC/MS ESI 424.1 (M+H)". 'H NMR (500 MHz, MeOD & 7.54 (s, 2H),
7.41 (m, 3H), 7.06 (s,1H), 4.40 (s, 1H), 4.19 (s, 1H), 3.45 (m, 6H), 3.18 (m,2H), 2.77-2.58
(m 4H), 2.09 (m, SH), 1.88 (m, 2H), 1.67 (m, 4H).Chiral SFC A (40% MeOH): ee 99%, Rt
=3.55 min.
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2-(2-isopropoxyphenyl)-2-((R)-3-(4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-
yl)butoxy)pyrrolidin-1-yl)acetic acid (diastereoric compounds 166-P1 and 166-P2)

H o
N N\ O,
> OH
O

Compound 166-P1 LC/MS ESI 468 3(M-+H)*. 'H NMR (400 MHz, MeOD) & 7.55 (d, .J =
6.4Hz, 1H), 7.38= 735 (m, 1H), 7.15-6.95 (m, 3H), 6.37(d, J = 7.6Hz, 1H), 4.99(s, 1H),
4.89-4.72(m, 1H),4.19 (s, 1H), 3.64-3.36(m,6H), 3.24-3.20 (m,2H), 2.72-2.68(m, 2H), 2.55-
2.51(m,2H), 2.14-2.11(m,2H), 1.89-1 86(m,2H), 1.71-1.56 (m,4H), 1.38-1 35(m, 6H).
Compound 166-P2 LC/MS ESI 468 3(M-+H)*. 'H NMR (400 MHz, MeOD) & 7.51(d, .J =
6.8Hz, 1H), 7.38— 7.35(m, 1H), 7.15 -6.95 (m, 3H), 6.37(d, J =6 8Hz, 1H), 5.06(s, 1H),
4.74--4.71(m, 1H),4.18(s, 1H), 3.64-3.36(m,6H), 3.24-3.05 (m,2H), 2.72-2.68(m, 2H), 2.55-
2.51(m,2H), 2.20-2.00(m,2H), 1.89-1 86(m,2H), 1.71-1.56 (m,4H), 1.38-1 35(m, 6H).

2-(2,3-dihydrobenzofuran-7-yl)-2-((R)-3-(4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-
yl)butoxy)pyrrolidin-1-yl)acetic acid (diastereoric compounds 167-P1 and 167-P2)

’ 0
NN O.
| 0,
/ OH
O

Compound 167-P1 LC/MS ESI 452 (M+H)" 'H NMR (400 MHz, MeOD) § 7.26 (d, J =
7.6 Hz, 2H), 7.15 (d,J =72 Hz, 1H), 6.88 (t, J = 7.6 Hz, 1H), 6.38 (d, J = 7.2 Hz, 1H), 4.83
(s, 1H), 4.56 (t, J = 7.6 Hz, 2H), 4.15 (s, 1H), 3.55-3.15 (m, 10H), 2.71 — 2.52 (m, 4H), 2.20
—1.56 (m, 8H). Chiral SFC C (25% MeOH): ee 100%, Rt = 0.97 min.
Compound 167-P2 LC/MS ESI 452 (M+H)" 'H NMR (400 MHz, MeOD) & 7.30-7.25 (m,
2H), 7.15(d,J =72 Hz, 1H), 6.88 (t, J =7.6 Hz, 1H), 6.38 (d, J = 7.2 Hz, 1H), 4.78 (s, 1H),
4.60 (t,J = 8.4 Hz, 2H), 4.15 (s, 1H), 3.55-3.15 (m, 10H), 2.71 — 2.52 (m, 4H), 2.20 — 1.56
(m, 8H). Chiral SFC C (25% MeOH): ee 100%, Rt = 1.73 min.

2-(2-methoxyphenyl)-2-((R)-3-(4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-
yl)butoxy)pyrrolidin-1-yl)acetic acid (compound 168)
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Me,
N\
H O
N N\ O
| \CN
A OH
0]
HCOOH
Compound 168 LC/MS ESI 440 (M+H)+ 1H NMR (400 MHz, MeOD) 6 8.38 (s, 1H),

7.41-7.33 (m, 3H), 7.02-6.92 (m, 2H), 6.48-6.44 (m, 1H), 4.94-4.79 (m, 1H), 4.20- 4.15 (m,
1H), 3.77 — 2.95 (m, 11H), 2.58 -2.50 (m, 4H), 2.15-1.49 (m, 8H).

2-(2-ethoxyphenyl)-2-((R)-3-(4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-
yl)butoxy)pyrrolidin-1-yl)acetic acid (compound 169)

N\
H @]
N N\ @)
oy EN%
P OH
O
Compound 169 LC/MS ESI 454 (M+H)+ 1H NMR (400 MHz, MeOD) 6 7.52 (t,] =4.8

Hz, 1H), 7.41 (t, ] = 4.8 Hz, 1H), 7.15-6.98 (m, 3H), 6.39-6.35 (m, 1H), 5.09-5.02 (m, 1H)
4.17-4.10 (m, 3H), 3.55 — 3.11 (m, 8H), 2.72 -2.50 (m, 4H), 2.15-1.38 (m, 11H).

2

2-(2,3-dihydrobenzofuran-4-yl)-2-((R)-3-(4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-
yl)butoxy)pyrrolidin-1-yl)acetic acid (diastereomeric compounds 170-E1 and 170-E2)
o)

H
N Na O.
| \CN
> OH
0

Compound 170-E1 LC/MS ESI 4522 (M+H) +. 1H NMR (500 MHz, CD30D) & 7.18-
7.15 (m, 2H), 7.08-7.04 (m, 1H), 6.77 (d, J= 8.0 Hz, 1H), 6.41-6.38 (m, 1H), 4.59-4.52 (m,
3H), 4.21-4.19 (m, 1H), 3.54-3.38 (m, 6H), 3.29-3.20 (m, 3H), 3.11-3.07 (m, 1H), 2.72 (t, J
=06.0Hz 2H), 2.56 (t, /= 7.0 Hz, 2H ), 2.17-2.07 (m, 2H), 1.92-1.88 (m, 2H), 1.76-1.71
(m, 2H), 1.70-1.59 (m, 2H). Chiral SFC A (40% MeOH): ee 41.7%, Rt = 2.55 min.
Compound 170-E2 LC/MS ESI 4522 (M+H) +. 1H NMR (500 MHz, CD30D) & 7.18-
7.15 (m, 2H), 7.08-7.04 (m, 1H), 6.77 (d, J= 8.0 Hz, 1H), 6.41-6.39 (m, 1H), 4.59-4.52 (m,
3H), 4.20-4.18 (m, 1H), 3.54-3.36 (m, 6H), 3.30-3.09 (m, 4H), 2.72 (t, / = 6.5 Hz, 2H ),
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2.60- 2.53 (m, 2H ), 2.20-2.18 (m, 2H), 1.91-1.87 (m, 2H), 1.76-1.65 (m, 2H), 1.63-1.59
(m, 2H). Chiral SFC A (40% MeOH): ee 57.7%, Rt = 4.22 min.

2-(2-methoxyphenyl)-2-((R)-3-(5-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-
yl)pentyl)pyrrolidin-1-yl)acetic acid (diastereomeric compounds 171-E1 and 171-E2)

Me
\
H e
N N\
(IO
A OH
O
Compound 171-E1 LC/MS ESI 4383 (M+H)". 'H NMR (400 MHz, MeOD) 6 7.50-
7.43(m, 3H), 7.12-7.03 (m, 2H), 6.52(d, J=7.6Hz, 1H), 5.01 (s,1H), 3.91(s, 3H), 3.47-
3.43(m, 3H), 3.33-3.00 (m, 3H), 2.80-2.77(m, 2H), 2.65-2.62(m, 2H), 2.40-2.10(m, 2H),
1.95-1.85(m, 2H), 1.75-1.68(m, 3H),1.52— 1.24(m, 6H).
Compound 171-E2 LC/MS ESI 4383 (M+H)". 'H NMR (400 MHz, MeOD) 6 7.55-
7.43(m, 3H), 7.12-7.03 (m, 2H), 6.52(d, J=7.2Hz, 1H), 5.04(s, 1H), 3.91(s, 3H), 3.47-
3.43(m, 4H), 3.21-3.11 (m, 1H), 2.80-2.63(m, 5H), 2.45-2.12(m, 2H), 1.94-1.91(m, 2H),
1.68-1.65(m, 3H),1.52— 1.24(m, 6H).

2-(4-ethoxyphenyl)-2-((R)-3-(4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-
yl)butoxy)pyrrolidin-1-yl)acetic acid (diastereomeric compounds 172-E1 and 172-E2)

o/
H
N N\ @)
| \CN
> OH
O

Compound 172-E1 LC/MS ESI 454 (M+H)+ 1H NMR (400 MHz, MeOD) & 7.46 (d, J =
84 Hz, 2H), 7.17 (d, J = 7.2 Hz, 1H), 6.93 (d, J = 8.4 Hz, 2H), 6.37 (d, J = 7.2 Hz, 1H),
442 (s, 1H), 4.16 (s, 1H), 4.04 (q, J = 6.8 Hz, 2H), 3.50 — 3.11 (m, 8H), 2.72 -2.52 (m, 4H),
2.20-1.55 (m, 8H), 1.38 (t, J = 6.8 Hz, 3H). Chiral SFC B (30% MeOH): ee 100%, Rt =
1.59 min
Compound 172-E2 LC/MS ESI 454 (M+H)+ 1H NMR (400 MHz, MeOD) & 7.46 (d, J =
84 Hz, 2H), 7.17 (d, J = 7.2 Hz, 1H), 6.93 (d, J = 8.4 Hz, 2H), 6.37 (d, J = 7.2 Hz, 1H),

439 (s, 1H), 4.17 (s, 1H), 4.04 (q, J = 6.8 Hz, 2H), 3.50 — 2.95 (m, 8H), 2.70 (t, ] = 6.0 Hz,
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2H), 2.54 (t, J = 7.2 Hz, 2H), 2.10-1.45 (m, 8H), 1.38 (t, J = 6.8 Hz, 3H). Chiral SFC B
(30% MeOH): ee 100%, Rt =4.18 min

2-(2-methoxy-4-(trifluoromethyl)phenyl)-2-((R)-3-(4-(5,6,7,8-tetrahydro-1,8-
naphthyridin-2-yl)butoxy)pyrrolidin-1-yl)acetic acid (diastereomeric compounds 173-
E1 and 173-E2)

CF,
H MeO
N N\ @)
/ OH
O
Compound 173-E1 LC/MS ESI 508 (M+H)+ 1H NMR (400 MHz, MeOD) 5 7.67 (d, J =
7.9Hz, 1H), 7.32 (d, J = 10.7 Hz, 2H), 7.17 (d, = 7.3 Hz, 1H), 6.40 (d, J = 7.3 Hz, 1H),

5.05 (s, 1H), 4.19 (s, 1H), 3.95 (s5,3H), 3.70 — 3.32 (m, 6H), 3.12 -3.08(m, 2H), 2.64-2.54
(m, 4H), 2.13-1.49 (m, 8H).Chiral SFC A (35% MeOH): ee 100%, Rt = 2.34 min.

Compound 173-E2 LC/MS ESI 508 (M+H)+ 1H NMR (400 MHz, MeOD) & 7.67 (d, J =
7.9 Hz, 1H), 7.32 (d, J = 10.7 Hz, 2H), 7.17 (d, J = 7.3 Hz, 1H), 6.40 (d, J = 7.3 Hz, 1H),
5.08 (s, 1H), 4.21 (s, 1H), 3.95 (s,3H), 3.70 — 3.32 (m, 6H), 3.12 -3.08(m, 2H), 2.64-2.54
(m, 4H), 2.13-1.49 (m, 8H).Chiral SFC A (35% MeOH): ee 100%, Rt = 3.25 min.

2-(4-tert-butoxyphenyl)-2-((R)-3-(4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-
yl)butoxy)pyrrolidin-1-yl)acetic acid (compound 174)

-

H

N N\ 0.

| \CN
Z OH
O

Compound 174 LC/MS ESI 482 (M+H)+ 1H NMR (400 MHz, MeOD) 6 7.45 (d, J =84
Hz, 2H), 7.15 (d, J = 7.6 Hz, 1H), 7.03 (d, J = 8.4 Hz, 2H), 6.39 (d, J = 7.6 Hz, 1H), 4.47 (s,

1H), 4.19 (s, 1H), 3.55 — 3.32 (m, 6H), 3.20 -3.05 (m, 2H), 2.75-2.54 (m, 4H), 2.20-1.58
(m, 8H), 1.36 (s, 9H).
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2-(4-cyanophenyl)-2-((R)-3-(4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-
yl)butoxy)pyrrolidin-1-yl)acetic acid (diastereomeric compounds 175-E1 and 175-E2)

CN
H
N N\ O.
| \CN
/ OH
@]
Compound 175-E1 LC/MS ESI 435 (M+H)+ 1H NMR (400 MHz, MeOD) 6 7.77 -7.71
(m, 4H), 7.26 (d, T = 7.6 Hz, 1H), 6.44 (d, ] = 7.6 Hz, 1H), 4.31 (s, 1H), 4.16-4.11 (m, 1H),
3.51 — 3.29 (m, SH), 3.20 — 2.97 (m, 3H), 2.75 -2.59 (m, 4H), 2.22-1.65 (m, 8H). Chiral
SFC B (30% MeOH): ee 100%, Rt =1.26 min.
Compound 175-E2 LC/MS ESI 435 (M+H)+ 1H NMR (400 MHz, MeOD) 6 7.77 -7.71
(m, 4H), 7.26 (d, T = 7.6 Hz, 1H), 6.44 (d, ] = 7.6 Hz, 1H), 4.48 (s, 1H), 4.16-4.11 (m, 1H),
3.51 - 3.15 (m, 7H), 2.85 -2.57 (m, SH), 2.15-1.55 (m, 8H). Chiral SFC B (30% MeOH): ee
100%, Rt = 3.06 min.

2-((R)-3-(3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)propoxy)pyrrolidin-1-yl)-2-(4-
(trifluoromethyl)phenyl)acetic acid (diastereomeric compounds 176-E1 and 176-E2)

CF,
(j\/j\/\/
T
H OH
o

Compound 176-E1 LC/MS ESI 464 (M+H)+ 1H NMR (400 MHz, MeOD) & 7.76 (d, J =
8.4 Hz, 2H), 7.69 (d, J = 8.0 Hz, 2H), 7.17 (d, J = 7.2 Hz, 1H), 6.39 (d, J = 7.2 Hz, 1H),
430 (s, 1H), 4.12 (s, 1H), 3.44 —3.37 (m, 4H), 3.20 — 2.89 (m, 4H), 2.72 -2.59 (m, 4H),
2.20-1.85 (m, 6H). Chiral SFC B (35% MeOH): ee 100%, Rt = 0.79 min

Compound 176-E2 LC/MS ESI 464 (M+H)+ 1H NMR (400 MHz, MeOD) & 7.76 (d, J =
8.4 Hz, 2H), 7.69 (d, J = 8.0 Hz, 2H), 7.17 (d, J = 7.2 Hz, 1H), 6.39 (d, J = 7.2 Hz, 1H),
4.20 (s, 1H), 4.11 (s, 1H), 3.44 — 3.28 (m, SH), 3.09 — 2.95 (m, 1H), 2.78 -2.55 (m, 6H),
2.10-1.85 (m, 6H). Chiral SFC B (35% MeOH): ee 90%, Rt = 2.65 min
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2-(3,5-dimethylphenyl)-2-((R)-3-(4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-
yl)butoxy)pyrrolidin-1-yl)acetic acid (diastereomeric compounds 177-E1 and 177-E2)

Me
Me
H
N N\ 0]
EIJ/\/\/ \CN
7 OH
0]
HCOOH

Compound 177-E1 LC/MS ESI 438 (M+H)+ 1H NMR (400 MHz, MeOD) 6 8.51 (s, 1H)
7.49 (d,J=7.6 Hz, 1H), 7.18 (s, 2H), 7.08 (s, 1H), 6.55 (d, J = 7.2 Hz, 1H), 4.55 (s, 1H),
4.19 (s, 1H), 3.52 — 3.24 (m, 9H), 2.80 -2.69 (m, 4H), 2.31-2.15 (m, 8H), 1.93-1.65 (m,
6H).
Compound 177-E2 LC/MS ESI 438 (M+H)+ 1H NMR (400 MHz, MeOD) 6 8.51 (s, 1H)
7.49 (d,J=7.6 Hz, 1H), 7.18 (s, 2H), 7.08 (s, 1H), 6.55 (d, J = 7.2 Hz, 1H), 4.59 (s, 1H),
4.20 (s, 1H), 3.50 — 3.10 (m, 9H), 2.80 -2.68 (m, 4H), 2.31-2.15 (m, 8H), 1.93-1.65 (m,
6H).

2

2

2-phenyl-2-(3-(4-((5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)methyl)piperidine-1-

carbonyl)azetidin-1-yl)acetic acid (enantiomeric compounds 178-E1 and 178-E2)

NN
OH
SOROVs,
F N o)
O

Compound 178-E1 LC/MS ESI 449.1 (M+H)". 'H NMR (500 MHz, MeOD) § 7.51 (d, J =
7.6 Hz, 2H), 7.41 (d, J = 6.5 Hz, 3H), 7.15 (d, ] = 7.1 Hz, 1H), 6.35 (d, ] = 7.3 Hz, 1H),
4.47(d,J = 13.4 Hz, 2H), 4.19 (s, 1H), 3.86 (M, 4H), 3.64 — 3.54 (m, 1H), 3.43 — 3.37 (m,
2H), 2.98 (t, T = 13.2 Hz, 1H), 2.68 (M, 3H), 2.52 — 2.38 (m, 2H), 1.96 — 1.82 (m, 3H), 1.68
(d,J =13.0 Hz, 2H), 1.12 (M, 2H). Chiral SFC A (45% MeOH): ee 100%, Rt = 2.12 min.
Compound 178-E2 LC/MS ESI 449.1 (M+H)". 'H NMR (500 MHz, MeOD) § 7.51 (d, J =
7.6 Hz, 2H), 7.41 (d, ] = 6.5 Hz, 3H), 7.15 (d, J = 7.1 Hz, 1H), 6.51 (d, J = 7.3 Hz, 1H),
447 (d, T = 13.4 Hz, 2H), 4.19 (s, 1H), 3.86 (M, 4H), 3.64 — 3.54 (m, 1H), 3.42 — 3.37 (m,
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2H), 2.98 (t, J = 13.2 Hz, 1H), 2.68 (M, 3H), 2.62 — 2.38 (m, 2H), 1.96 — 1.82 (m, 3H), 1.68
(d,J =13.0 Hz, 2H), 1.12 (M, 2H). Chiral SFC A (45% MeOH): ee 100%, Rt = 3.57 min.

2-(4-(methyl(4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)butyl)amino)piperidin-1-
ylacetic acid(compound 179)

Z N/\g/UH
SN | N
N |
Compound 179 LC/MS ESI 361 (M+H)+. 1H NMR (500 MHz, MeOD) § 7.15 (d, J = 7.3

Hz, 1H), 6.39 (d, J = 7.3 Hz, 1H), 3.41 — 3.37 (m, 2H), 3.24 (s, 2H), 2.78 — 2.63 (m, 6H),
2.58 — 2.48 (m, 4H), 2.39 (s, 3H), 1.90 (dd, J = 11.1, 6.5 Hz, 4H), 1.83 — 1.55 (m, 7H).

2-(2,4-dimethoxyphenyl)-2-(4-(3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-
yl)propylcarbamoyl)piperidin-1-yl)acetic acid (compound 180)

OMe

MeO
OH
"\
N~ °N
H o)

Compound 180 LC/MS ESI 497 (M+H)". '"H NMR (500 MHz, MeOD) 1H NMR (500
MHz, MeOD) § 7.49 (d, J = 8.4 Hz, 1H), 7.13 (d, J = 7.3 Hz, 1H), 6.65 — 6.51 (m, 2H), 6.38
(t, ] =6.3 Hz, 1H), 4.71 (s, 1H), 3.87 (s, 3H), 3.82 (d, ] = 6.3 Hz, 3H), 3.40 — 3.36 (m, 2H),
3.19 (t, J=7.0 Hz, 2H), 3.13 (s, 1H), 2.71 (dd, J = 18.0, 11.8 Hz, 3H), 2.57 — 2.49 (m, 2H),
2.35 (s, 1H), 2.00 (dd, J =222, 11.0 Hz, 1H), 1.98 — 1.73 (m, 8H).

2-(2-isopropoxyphenyl)-2-(4-((3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)propyl)
carbamoyl)piperidin-1-yl)acetic acid(enantiomeric compounds 181-E1 and 181-E2)

A
OH
=z
(Il/\/n ] 0
N
H N
0]
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Compound 181-E1 LC/MS ESI 495 (M+H)+. 'H NMR (500 MHz, MeOD) & 7.56 (dd, J =
7.7, 1.4 Hz, 1H), 7.45 - 7.36 (m, 1H), 7.12 (dd, J = 18.8, 7.8 Hz, 2H), 7.00 (t, ] = 7.5 Hz,
1H), 6.38 (d,J=7.3 Hz, 1H), 4.96 (s, 1H), 4.75 (dt, J=12.1, 6.0 Hz, 1H), 3.71 (s, 1H),
3.45-3.35 (m, 2H), 3.33 —=3.25 (m, 2H), 3.19 (t, ] = 6.9 Hz, 2H), 2.96 (s, 2H), 2.70 (t, J =
6.2 Hz, 2H), 2.57 - 2.49 (m, 2H), 2.44 (d, J = 4.6 Hz, 1H), 1.95 (d, J =4.7 Hz, 4H), 1.91 -
1.70 (m, 4H), 1.42 (d, J = 6.0 Hz, 6H). Chiral SFC F (45% MeOH): ee 97%, Rt = 5.83 min.
Compound 181-E2 LC/MS ESI 495 (M+H)+. 'H NMR (500 MHz, MeOD) & 7.56 (dd, J =
7.7,1.5Hz, 1H), 741 (dd,J =124, 5.1 Hz, 1H), 7.12 (dd, J = 16.5, 7.8 Hz, 2H), 7.01 (t,J =
7.5Hz, 1H), 6.38 (d, J =7.3 Hz, 1H), 498 (s, 1H), 4.76 (dt, J = 12.1, 6.0 Hz, 1H), 3.41 —
3.35(m, 2H), 3.20 (t, J = 7.0 Hz, 2H), 2.99 (t, ] = 10.5 Hz, 1H), 2.72 (dd, J = 18.3, 12.0 Hz,
2H), 2.57 - 2.50 (m, 2H), 2.45 (s, 1H), 2.12 - 1.92 (m, 4H), 1.91 - 1.73 (m, 4H), 1.42 (d,J
= 6.0 Hz, 6H). Chiral SFC F (45% MeOH): ee 94%, Rt =13.18 min.

2-(2-isopropoxyphenyl)-2-(3-(4-((5,6,7,8-tetrahydro-1,8-naphthyridin-2-
yl)methyl)piperidine-1-carbonyl)azetidin-1-yl)acetic acid (enantiomeric compounds

182-E1 and 182-E2)
)\O

NN H
L0 OLo7)
O
Compound 182-E1 LC/MS ESI 507.2 (M+H)". "H NMR (500 MHz, MeOD) § 7.42 - 7.38
(m, 2H), 7.14 - 7.09 (m, 2H), 6.99 (t, / = 7.5 Hz, 2H), 6.35 - 6.33 (m, 1H), 5.13 (d,J =9
Hz, 1H), 4.78 — 4.52 (m, 1H), 4.75 — 4.40 (m, 2H), 4.21 — 4.14 (m, 2H), 3.89 — 3.86 (m,
2H), 3.57 (d, J = 15 Hz, 1H), 3.39 (t, J = 5.5 Hz, 2H), 3.03 — 2.98 (m, 1H), 2.78 — 2.60 (m,
3H), 2.46 — 2.45 (m, 2H), 2.00 — 1.83 (m, 3H), 1.71 — 1.68 (m, 2H), 1.48 — 1.37 (m, 6H),
1.14 (s, 2H). Chiral HPLC L (70%EtOH): ee 100%, Rt = 17.25 min.
Compound 182-E2 LC/MS ESI 507.2 (M+H)". "H NMR (500 MHz, MeOD) § 7.43 - 7.38
(m, 2H), 7.15-7.10 (m, 2H), 6.99 (t, / = 7.5 Hz, 2H), 6.35 - 6.33 (m, 1H), 5.14 (d, J =9
Hz, 1H), 4.79 — 4.52 (m, 1H), 4.76 — 4.40 (m, 2H), 4.21 — 4.13 (m, 2H), 3.91 — 3.88 (m,
2H), 3.57 (d, J = 15 Hz, 1H), 3.39 (t, J = 5.5 Hz, 2H), 3.03 — 2.98 (m, 1H), 2.79 — 2.60 (m,
3H), 2.46 — 2.45 (m, 2H), 2.00 — 1.83 (m, 3H), 1.71 — 1.68 (m, 2H), 1.48 — 1.37 (m, 6H),

1.14 (s, 2H). Chiral HPLC L (70%EtOH): ee 100%, Rt = 22.66 min.
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2-(2-chlorophenyl)-2-(3-(4-((5,6,7,8-tetrahydro-1,8-naphthyridin-2-
yl)methyl)piperidine-1-carbonyl)azetidin-1-yl)acetic acid (enantiomeric compounds

183-E1 and 183-E2)

Hn cl ]
SORAGVS,
Z N S
(@]

Compound 183-E1 LC/MS ESI 483.1 (M+H)". 'H NMR (500 MHz, MeOD) § 7.63 — 7.57
(m, 1H), 7.55 — 7.50 (m, 1H), 7.42 — 7.35 (m, 2H), 7.24 (t,J = 7.7 Hz, 1H), 6.39 (d, J = 7.3
Hz, 1H), 5.13 (d,J = 27.2 Hz, 1H), 447 (d, J = 12.6 Hz, 1H), 4.25 (s, 1H), 4.08 - 3.73 (m,
4H), 3.60 (s, 1H), 3.45 — 3.37 (m, 2H), 3.04 — 2.95 (m, 1H), 2.73 (t, J = 6.2 Hz, 2H), 2.68 —
2.42 (m, 3H), 2.00 — 1.85 (m, 3H), 1.79 — 1.62 (m, 2H), 1.23 — 1.05 (m, 2H). Chiral HPLC
K (SO%EtOH): ee 100%, Rt = 12.44 min.

Compound 183-E2 LLC/MS ESI 483.1 (M+H)+. 'H NMR (500 MHz, MeOD) 0764—-758
(m, 1H), 7.55 — 7.50 (m, 1H), 7.42 — 7.35 (m, 2H), 7.25 (t, J = 7.7 Hz, 1H), 6.39 (d, J = 7.3
Hz, 1H), 5.13 (d, J = 27.2 Hz, 1H), 4.48 (d, J = 12.6 Hz, 1H), 4.27 (s, 1H), 4.09 — 3.75 (m,
4H), 3.62 (s, 1H), 3.45 — 3.37 (m, 2H), 3.04 — 2.95 (m, 1H), 2.73 (t, J = 6.2 Hz, 2H), 2.68 —
2.42 (m, 3H), 2.00 — 1.85 (m, 3H), 1.79 — 1.62 (m, 2H), 1.23 — 1.05 (m, 2H). Chiral HPLC
K (SO%EtOH): ee 100%, Rt =22.79 min.

2-(2-cyclopropoxyphenyl)-2-(3-(4-((5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)methyl)
piperidine-1-carbonyl)azetidin-1-yl)acetic acid(enantiomeric compounds 184-E1 and

184-E2)

H AO
N._N
y N 5
o)
Compound 184-E1 LC/MS ESI 505 (M+H)+. 'H NMR (500 MHz, MeOD) § 7.41 (d, J =

13.0 Hz, 3H), 7.14 (d, ] = 7.3 Hz, 1H), 7.05 (s, 1H), 6.35 (d, J = 7.2 Hz, 1H), 5.00 (s, 1H),
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4.50 — 3.84 (m, 7H), 3.55 (s, 1H), 3.39 (dd, J= 11.4, 5.7 Hz, 2H), 3.00 (t, J = 13.2 Hz, 1H),
2.70 (dd, J = 18.7, 12.5 Hz, 3H), 2.46 (d, J = 7.0 Hz, 2H), 1.99 — 1.85 (m, 3H), 1.69 (d, J =
12.6 Hz, 2H), 1.15 (d, J = 11.2 Hz, 2H), 1.04 — 0.75 (m, 4H). Chiral H (45% MeOH): ee
100%, Rt = 17.33 min,

Compound 184-E2 LC/MS ESI 505 (M+H)+. 'HNMR (500 MHz, MeOD) § 7.41 (t, J =
6.1 Hz, 3H), 7.14 (d, J= 7.3 Hz, 1H), 7.05 (d, J = 5.6 Hz, 1H), 6.35 (d, J = 7.2 Hz, 1H),
4.98 (s, 1H), 4.49 — 3.82 (m, 7H), 3.57 (s, 1H), 3.39 (dd, J= 11.2, 5.5 Hz, 2H), 3.00 (s, 1H),
2.70 (dd, J = 19.2, 13.0 Hz, 3H), 2.46 (d, J = 7.1 Hz, 2H), 2.02 — 1.84 (m, 3H), 1.69 (d, J =
12.6 Hz, 2H), 1.14 (d, J = 12.4 Hz, 2H), 0.99 — 0.74 (m, 4H). Chiral H (45% MeOH): ee
99%, Rt = 22.42 min.

2-(2-isopropoxyphenyl)-2-((R)-3-(4-((5,6,7,8-tetrahydro-1,8-naphthyridin-2-

yl)methyl)piperidine-1-carbonyl)pyrrolidin-1-yl)acetic acid (diasteromeric compounds

185-E1 and 185-E2)
O ,<o
_ NJ&C
N
H o}

Compound 185-E1 LC/MS ESI 521.2 (M+H)". 'H NMR (500 MHz, MeOD) 6 7.53 (d, J =
7.6 Hz, 1H), 7.45—-7.37 (m, 1H), 7.14 (d, /= 7.3 Hz, 1H), 7.12 - 7.07 (m, 1H), 7.04 — 6.95
(m, 1H), 6.35(dd, /= 7.3, 3.1 Hz, 1H), 5.03 (s, 1H), 4.81 —4.72 (m, 1H), 4.60 (s, 1H), 4.48
(d,J =133 Hz, 1H), 3.95-3.85(t,J = 23.5 Hz, 2H), 3.61 (s, 1H), 3.43 —3.37 (m, 2H),
3.28-3.17 (m, 2H), 3.07 (t,J = 13.2 Hz, 1H), 2.72 (t,J = 6.2 Hz, 2H), 2.68 — 2.56 (m,
1H), 2.50 — 2.31 (m, 3H), 2.15 - 2.02 (m, 1H), 2.00 — 1.85 (m, 3H), 1.78 — 1.64 (m, 2H),
1.48 —1.38 (m, 6H), 1.25 — 1.07 (m, 2H). Chiral HPLC K (70%EtOH): ee 100%, Rt =13.9
min

Compound 185-E2 LC/MS ESI 521.2 (M+H)". 'H NMR (500 MHz, MeOD) & 7.51 (d, J =
7.0Hz, 1H), 7.40 (t,J = 79 Hz, 1H), 7.14 (d, / = 7.2 Hz, 1H), 7.09 (d, J = 8.2 Hz, 1H),
7.00 (t,J =7.5Hz, 1H), 6.35 (dd, J = 7.3, 3.8 Hz, 1H), 5.09 (s, 1H), 4.81 —4.71 (m, 1H),
450(d,J =132 Hz, 1H), 394 (d, J = 13.3 Hz, 1H), 3.66 (s, 1H), 3.53 — 3.37 (m, 4H), 3.19
(s, 1H), 3.08 (t, J = 12.9 Hz, 1H), 2.72 (t,J = 6.2 Hz, 2H), 2.69 — 2.59 (m, 1H), 2.51 - 2.31
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(m, 3H), 2.16 — 2.03 (m, 1H), 2.01 — 1.84 (m, 3H), 1.79 — 1.65 (m, 2H), 1.48 — 1.35 (m,
6H), 1.26 — 1.08 (m, 2H). Chiral HPLC K (70%EtOH): ee 100%, Rt = 25.5 min

2-(2-chlorophenyl)-2-(3-(4-((5,6,7,8-tetrahydro-1,8-naphthyridin-2-

yl)methyl)piperidine-1-carbonyl)azetidin-1-yl)acetic acid (diasteromeric compounds

186-E1 and 186-E2)
o cl
N \N OH
N 0

Compound 186-E1 LC/MS ESI 497.1 (M+H)". 'H NMR (500 MHz, MeOD) § 7.65 (s,
1H), 7.42 (s, 1H), 7.30 (d, / = 3.9 Hz, 2H), 7.04 (d,/ = 7.3 Hz, 1H), 6.24 (dd, /= 7.2, 2.8
Hz, 1H), 5.02 (s, 1H), 435 (d, /= 11.8 Hz, 1H), 3.83 (d, J = 12.9 Hz, 1H), 3.48 (s, 3H),
3.32-3.26 (m, 2H), 3.15 - 2.88 (m, 3H), 2.60 (t, J = 6.1 Hz, 2H), 2.57 — 2.46 (m, 1H),
2.34(d,J=3.5Hz 2H),2.29 -2.17 (m, 1H), 2.05 - 1.92 (m, 1H), 1.88 — 1.74 (m, 3H),
1.65-1.51 (m, 2H), 1.12 — 0.96 (m, 2H). Chiral SFC B (40% MeOH): ee 100%, Rt=1.13
min.

Compound 186-E2 LC/MS ESI 497.1 (M+H)". 'H NMR (500 MHz, MeOD) 6 7.78 (d, J =
3.7Hz, 1H), 7.52 (d,J = 3.9 Hz, 1H), 7.43 — 7.38 (m, 2H), 7.15 (d, / = 7.3 Hz, 1H), 6.36
(d,J=72Hz 1H), 5.18 (s, 1H), 449 (d, /= 12.8 Hz, 1H), 3.98 (d, J = 12.8 Hz, 1H), 3.64
(s,3H), 3.44-3.37 (m, 2H), 3.14 —2.98 (m, 3H), 2.72 (t,J = 6.2 Hz, 2H), 2.64 (t, J = 12.7
Hz, 1H), 2.47 (d,J = 7.1 Hz, 2H), 2.35 - 2.21 (m, 1H), 2.17 - 2.04 (m, 1H), 1.99 — 1.86 (m,
3H), 1.78 — 1.65 (m, 2H), 1.26 — 1.09 (m, 2H). Chiral SFC B (40% MeOH): ee 86%, Rt =
2.44 min.

2-(2-isopropoxyphenyl)-2-((R)-3-((R)-3-(2-(5,6,7,8-tetrahydro-1,8-naphthridin-2-

yl)ethyl)pyrrolidine-1-carbonyl)pyrrolidin-1-yl)acetic acid (diastereoric compounds

187-E1 and 187-E2)

0%
COIG\VKCN OH
N ©
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Compound 187-E1 LC/MS ESI 521.2 (M+H)+. 1H NMR (500 MHz, MeOD) § 7.54 (d, J
= 7.6 Hz, 1H), 740 (t, ] = 7.3 Hz, 1H), 7.15 (dd, J = 7.3, 4.3 Hz, 1H), 7.10 (d, J = 8.4 Hz,
1H), 7.00 (t, J = 7.5 Hz, 1H), 6.40 (dd, J = 7.3, 2.6 Hz, 1H), 5.03 (s, 1H), 4.81 — 4.72 (m,
1H), 3.88 — 3.59 (m, 3H), 3.55 — 3.37 (m, 4H), 3.30 — 3.22 (m, 2H), 3.15 — 2.95 (m, 1H),
2.71(t,J = 6.2 Hz, 2H), 2.62 — 2.53 (m, 2H), 2.40 (td, ] = 15.8, 8.1 Hz, 1H), 2.30 — 2.06 (m,
3H), 1.92 — 1.85 (m, 2H), 1.75 (dd, J = 14.9, 7.4 Hz, 2H), 1.69 — 1.51 (m, 1H), 1.44 (dd, J =
10.7, 6.0 Hz, 6H). Chiral SFC F (40% EtOH): ee 95%, Rt = 7.8 min.

Compound 187-E2 LC/MS ESI 521.2 (M+H)+. 1H NMR (500 MHz, MeOD) § 7.43 (d, J
=175 Hz, 1H), 7.35 — 7.30 (m, 1H), 7.09 — 7.05 (m, 1H), 7.01 (d, J = 8.3 Hz, 1H), 6.92 (t, J
=75 Hz, 1H), 6.32 (dd, J = 7.3, 1.5 Hz, 1H), 4.99 (s, 1H), 4.68 (dt, J = 12.1, 6.0 Hz, 1H),
3.67—3.51 (m, 3H), 3.46 — 3.29 (m, 5H), 3.21 — 2.86 (m, 2H), 2.64 (t, ] = 6.2 Hz, 2H), 2.55
—2.46 (m, 2H), 2.32 (s, 1H), 2.23 — 1.98 (m, 3H), 1.84 — 1.77 (m, 2H), 1.68 (dd, J = 14.9,
7.3 Hz, 2H), 1.63 — 1.45 (m, 1H), 135 (dd, J = 12.9, 6.0 Hz, 6H). Chiral SFC F (40%
EtOH): ee 100%, Rt = 9.6 min.

2-(2-isopropoxyphenyl)-2-(3-((R)-3-(2-(5,6,7,8-tetrahydro-1,8-naphthridin-2-
yl)ethyl)pyrrolidine-1-carbonyl)azetidine-1-yl)acetic acid (diastereoric compounds

188-E1 and 188-E2)

N )\O
— OH
% Do
0O

Compound 188-E1 LC/MS ESI 507.2 (M+H)+. 1H NMR (500 MHz, MeOD) 6 7.33 (dd, J
=168, 7.8 Hz, 2H), 7.07 (d, J = 7.3 Hz, 1H), 7.03 (d, ] = 8.4 Hz, 1H), 6.92 (t, J = 7.5 Hz,
1H), 6.32 (dd, = 7.3, 1.8 Hz, 1H), 5.08 (s, 1H), 4.69 (dt, J = 12.1, 6.0 Hz, 1H), 4.40 — 4.06
(m, 3H), 3.86 (s, 1H), 3.76 — 3.69 (m, 1H), 3.58 — 3.40 (m, 2H), 3.31 (dt, J = 12.8, 4.8 Hz,
3H), 2.97 — 2.89 (m, 1H), 2.64 (t, J = 5.7 Hz, 2H), 2.52 — 2.46 (m, 2H), 2.18 — 1.99 (m, 2H),
1.85 — 1.78 (m, 2H), 1.70 — 1.64 (m, 2H), 1.61 — 1.44 (m, 1H), 1.40 — 1.34 (m, 6H). Chiral
SFC F (40% EtOH): ee 100%, Rt =9.14 min

Compound 188-E2 LC/MS ESI 5072 (M+H)+. 1H NMR (500 MHz, MeOD) & 7.33 (dd,
J=14.6,7.7 Hz, 2H), 7.08 (d, /= 4.7 Hz, 1H), 7.03 (d, /= 8.3 Hz, 1H), 6.92 (t, /= 7.5 Hz,
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1H), 6.33 (d, J = 6.1 Hz, 1H), 5.09 (s, 1H), 4.72 — 4.67 (m, 1H), 4.39 — 4.07 (m, 3H), 3.90 —
3.43 (m, 4H), 3.34-3.26(m, 3H), 2.98 —2.90 (m, 1H), 2.64 (t, J = 6.1 Hz, 2H), 2.49 (d, ] =
5.9 Hz, 2H), 2.11 (d, J = 39.5 Hz, 2H), 1.82 (s, 2H), 1.73 — 1.65 (m, 2H), 1.53 (d, J = 38.0
Hz, 1H), 1.37 (dd, J = 16.7, 6.0 Hz, 6H). Chiral SFC F (40% EtOH): ee 96%, Rt = 11.57

min

2-((R)-3-(4-(2-(5,6,7,8-tetrahydro-1,8-naphthridin-2-yl)ethyl)piperidin-1-yl)-2-(4-
(trifluoromethyl)phenyl)acetic acid (diastereoric compounds 189-E1 and 189-E2)

F F
Y
H N
N
)
OH
0]

Compound 189-E1 LC/MS ESI 517.0 (M+H)+. ITH NMR (500 MHz, MeOD) 6 7.63 (d, J
= 8.2 Hz, 2H), 7.55 (d, J = 8.2 Hz, 2H), 7.08 (d, J = 7.5 Hz, 1H), 6.32 (d, ] = 7.3 Hz, 1H),
3.87 (s, 1H), 3.50 (s, 2H), 3.34 — 3.26 (m, 3H), 3.19 - 3.12 (m, 1H), 2.64 (dd, J =158, 9.5
Hz, 6H), 2.54 — 2.39 (m, 3H), 2.12 (s, 1H), 1.91 (s, 3H), 1.80 (dt, J = 12.1, 6.1 Hz, 2H),
1.46 (m, J =92.1 Hz, SH). Chiral SFC F (45% EtOH): ee 100%, Rt =9.14 min.
Compound 189-E2 LC/MS ESI 517.0 (M+H)+. ITH NMR (500 MHz, MeOD) 6 7.63 (d, J
= 8.2 Hz, 2H), 7.56 (d, J = 8.2 Hz, 2H), 7.07 (d, J = 7.3 Hz, 1H), 6.31 (d, ] = 7.3 Hz, 1H),
3.89 (s, 1H), 3.41 (s, 2H), 3.34 — 3.28 (m, 2H), 3.19 (s, 1H), 3.00 (s, 1H), 2.64 (dd, J = 19.8,
13.7 Hz, 6H), 2.50 — 2.40 (m, 3H), 2.14 (dd, J = 13.5, 49 Hz, 1H), 1.96 (dd, J =23.8, 16.9
Hz, 3H), 1.84 — 1.77 (m, 2H), 1.55 (dd, J = 14.9, 6.8 Hz, 2H), 1.37 (dd, J = 41.3, 26.8 Hz,
3H). Chiral SFC F (45% EtOH): ee 100%, Rt = 9.14 min.

2-(3-(3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)propyl)-1,3'-biazetidin-1'-yl)-2-(4-
(trifluoromethyl)phenyl)acetic acid (enantiomeric compounds 190-E1 and 190-E2)
CF,

OH
- L35

| N

/4
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Compound 190-E1 LC/MS ESI 489.1 (M+H)". 'H NMR (500 MHz, MeOD) § 7.62 (s,
4H), 7.28 (d, J= 7.3 Hz, 1H), 6.43 (d, J= 7.3 Hz, 1H), 4.26 (s, 2H), 3.83 (s, 1H), 3.70 —
3.48 (m, 4H), 3.39 (dd, J = 12.3, 6.7 Hz, 3H), 3.28 (s, 1H), 3.14 (s, 1H), 2.73 (t, J= 6.2 Hz,
3H), 2.64 — 2.52 (m, 2H), 1.92 — 1.85 (m, 2H), 1.71 — 1.58 (m, 4H). Chiral SFC B (40%
MeOH): ee 100%, Rt =0.73 min.

Compound 190-E2 LC/MS ESI 489.1 (M+H)". 'H NMR (500 MHz, MeOD) § 7.66 (s,
4H), 7.18 (d, J= 7.6 Hz, 1H), 6.39 (d, J=7.3 Hz, 1H), 4.29 (s, 1H), 3.67 (d, J = 45.8 Hz,
4H), 3.53 — 3.37 (m, 4H), 3.23 (s, 3H), 2.72 (t, J = 6.2 Hz, 2H), 2.63 (s, 1H), 2.53 (t, /= 6.7
Hz, 2H), 1.93 — 1.84 (m, 2H), 1.61 (s, 4H). Chiral SFC B (40% MeOH): ee 100%, Rt =
1.85 min.

2-((R)-3-(3-(2-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)ethyl)azetidine-1-
carbonyl)pyrrolidin-1-yl)-2-(4-(trifluoromethyl)phenyl)acetic acid (diastereoric
compounds 191-E1 and 191-E2)

CF3
O
y NJKCN
N | N\ OH
/ O

Compound 191-E1 LC/MS ESI 517.2 (M+H)*. 'H NMR (500 MHz, MeOD) 6 7.76-7.71
(m, 4H), 7.20-7.18 (m, 1H), 6.40-6.38 (m, 1H), 4.41 (s, 1H), 4.31 — 4.24 (m, 1H), 4.07 —
4.00 (m, 1H), 3.93 (d, J=31.7 Hz, 1H), 3.59-3.53 (m, 1H), 3.48 —3.34 (m, 3H), 3.17 (d, J
=19.1 Hz, 2H), 2.98 (d, J= 41.3 Hz, 2H), 2.72 (t, J= 6.1 Hz, 2H), 2.68 — 2.59 (m, 1H),
2.56 — 2.48 (m, 2H), 2.24 (d, J = 7.2 Hz, 1H), 2.08 (s, 1H), 1.96-1.90 (m, 4H). Chiral HPLC
J (30% EtOH): ee 100%, Rt = 13.53 min.

Compound 191-E2 LC/MS ESI 517.2 (M+H)". 'H NMR (500 MHz, MeOD) § 7.79-7.72
(m, 4H), 7.22-7.18 (m, 1H), 6.43-6.38 (m, 1H), 4.42 (s, 1H), 4.33 — 4.24 (m, 1H), 4.08 —
4.00 (m, 1H), 3.94 (d, J=31.7 Hz, 1H), 3.62-3.53 (m, 1H), 3.49 — 3.34 (m, 3H), 3.18 (d, J
=19.1 Hz, 2H), 2.99 (d, J = 41.3 Hz, 2H), 2.73 (t, J= 6.1 Hz, 2H), 2.69 — 2.59 (m, 1H),
2.57 - 2.48 (m, 2H), 2.24 (d, J= 7.2 Hz, 1H), 2.09 (s, 1H), 1.97-1.90 (m, 4H). Chiral HPLC
J (30% EtOH): ee 100%, Rt = 24.12 min.
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2-((R)-3-(4-((5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)methyl)piperidine-1-
carbonyl)pyrrolidin-1-yl)-2-(4-(trifluoromethyl)phenyl)acetic acid (diastereoric
compounds 192-E1 and 192-E2)

CF3
O
Z | NJKCN
N \N OH
H (6]

Compound 192-E1 LC/MS ESI 531.1 (M+H)". '"H NMR (500 MHz, MeOD) § 7.74 (t,J =
7.6 Hz, 2H), 7.64 — 7.57 (m, 2H), 7.12 (t, /= 6.8 Hz, 1H), 6.33 (dd, J=16.2, 7.3 Hz, 1H),
446 (d,J=12.6 Hz, 1H), 3.97 (d, /J=12.5Hz, 1H), 3.82 (d, /= 12.1 Hz, 1H), 3.42 - 3.37
(m, 2H), 3.15 (s, 1H), 3.04 —2.93 (m, 1H), 2.77-2.72 (m, 3H), 2.57 (dd, /= 23.6, 12.7 Hz,
1H), 2.49 —2.36 (m, 4H), 2.15-2.01 (m, 3H), 1.89 (dd, /=113, 5.8 Hz, 3H), 1.72 - 1.61
(m, 2H), 1.20 — 0.99 (m, 2H). Chiral SFC B (35% MeOH): ee 100%, Rt = 1.27 min.
Compound 192-E2 LC/MS ESI 531.1 (M+H)". "H NMR (500 MHz, MeOD) § 7.73 (s,
2H), 7.62 —7.57 (m, 2H), 7.14 (d, J= 7.7 Hz, 1H), 6.35 (t, /= 6.7 Hz, 1H), 4.49 (s, 1H),
4.04(d,J=13.9Hz, 1H),3.79(d, J=5.7Hz, 1H),3.39(dd, J=11.7, 6.0 Hz, 3H), 3.19 (s,
1H), 3.05 (s, 1H), 2.72 (t, J = 6.1 Hz, 2H), 2.63 — 2.52 (m, 2H), 2.45 (t, /= 7.6 Hz, 4H),
2.02 (s, 2H), 1.96 (s, 1H), 1.92 — 1.87 (m, 2H), 1.68 (d, /= 16.6 Hz, 2H), 1.12 (s, 2H).
Chiral SFC B (35% MeOH): ee 100%, Rt = 4.19 min.

2-(3-(4-((5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)methyl)piperidine-1-
carbonyl)azetidin-1-yl)-2-(4-(trifluoromethyl)phenyl)acetic acid (enantiomeric

compounds 193-E1 and 193-E2)

0
CF;
= N
. N
N™ N
H
0~ “OH

Compound 193-E1 LC/MS ESI 517.1 (M+H)". 'H NMR (500 MHz, MeOD) § 7.72 (dd, J
=203, 8.1 Hz, 4H), 7.26 (d, J= 6.2 Hz, 1H), 6.41 (d, J=7.2 Hz, 1H), 4.64 (s, 1H), 4.49 (d,
J=13.1Hz, 1H), 422 (s, 1H), 3.91 (d, J= 67.7 Hz, 4H), 3.61 (d, J = 12.8 Hz, 1H), 3.41 (s,
2H), 3.00 (t,J = 13.1 Hz, 1H), 2.74 (t, J= 6.2 Hz, 2H), 2.65 (t, /= 11.7 Hz, 1H), 2.57 -
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2.46 (m, 2H), 1.98 — 1.87 (m, 3H), 1.69 (d, /= 10.7 Hz, 2H), 1.16 (d, /= 11.3 Hz, 2H).
Chiral SFC B (35% MeOH): ee 100%, Rt = 0.93 min

Compound 193-E2 LC/MS ESI 517.1 (M+H)". 'H NMR (500 MHz, MeOD) § 7.72 (dd, J
=19.2,8.2 Hz, 4H), 7.26 (s, 1H), 6.42 (d, /= 7.3 Hz, 1H), 4.62 (s, 1H), 449 (d, /= 13.0
Hz, 1H), 4.20 (s, 1H), 3.83 (s, 4H), 3.61 (d, /= 13.8 Hz, 1H), 3.42 (s, 2H), 3.00 (t, /=13.0
Hz, 1H), 2.75 (t, J=6.2 Hz, 2H), 2.65 (t, /= 11.7 Hz, 1H), 2.51 (d, /= 7.0 Hz, 2H), 1.99 —
1.87 (m, 3H), 1.70 (s, 2H), 1.17 (d, /= 11.8 Hz, 2H). Chiral SFC B (35% MeOH): ee
100%, Rt =3.78 min

2-((R)-3-(5-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)pentyloxy)pyrrolidin-1-yl)-2-(4-
(trifluoromethyl)phenyl)acetic acid (diastereoric compounds 194-E1 and 194-E2)

CF3
(e
o O
H OH
O

Compound 194-E1 LC/MS ESI 492.1 (M+H)". '"H NMR (500 MHz, MeOD) & 7.81 — 7.69
(m, 4H), 7.22 (d, J = 7.3 Hz, 1H), 6.42 (d, J = 7.3 Hz, 1H), 4.54 (s, 1H), 4.17 (s, 1H), 3.49
—3.36 (m, 5H), 3.21 (s, 1H), 3.12 (s, 1H), 2.93 (s, 1H), 2.72 (t, J = 6.2 Hz, 2H), 2.58 (t, J =
7.8 Hz, 2H), 2.13 — 2.08 (m, 2H), 1.93 — 1.85 (m, 2H), 1.78 — 1.56 (m, 4H), 1.54 — 1.39 (m,
2H).

Compound 194-E2 LC/MS ESI 492.1 (M+H)". 'H NMR (500 MHz, MeOD) & 7.81 — 7.70
(m, 4H), 7.31 (d,J = 7.1 Hz, 1H), 6.45 (d, J = 7.2 Hz, 2H), 4.19 — 4.12 (m, 2H), 3.53 —
3.37 (m, SH), 2.90 (s, 1H), 2.81 — 2.67 (m, 5H), 2.64 — 2.53 (m, 1H), 2.31 — 2.17 (m, 1H),
2.00 — 1.85 (m, 3H), 1.84 — 1.62 (m, 3H), 1.60 — 1.41 (m, 3H).

\

2-(3-chlorophenyl-2-((R)-3-(5-(5,6,7,8-tetrahydro-1,8-naphthridin-2-
yl)pentyloxy)pyrrolidin-1-yl)acetic acid (diastereoric compounds 195-E1 and 195-E2)

Cl
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Compound 195-E1 LC/MS ESI 458.1 (M+H)+. 1H NMR (500 MHz, MeOD) & 7.52 (s,
1H), 7.37 (dd, J = 6.7, 1.9 Hz, 1H), 7.35 — 7.30 (m, 2H), 7.09 (d, ] = 7.3 Hz, 1H), 6.29 (d, J
=7.3 Hz, 1H), 4.35 (s, 1H), 4.06 (s, 1H), 3.32 (ddd, J = 29.1, 13.4, 8.3 Hz, SH), 3.15 (d, ] =
9.0 Hz, 1H), 3.00 (d, J = 12.2 Hz, 1H), 2.90 — 2.81 (m, 1H), 2.61 (t, ] = 6.2 Hz, 2H), 2.45 (t,
J=7.7Hz 2H), 1.99 (dd, T = 12.0, 8.5 Hz, 2H), 1.82 — 1.74 (m, 2H), 1.63 — 1.48 (m, 4H),
1.39 - 1.28 (m, 2H).

Compound 195-E2 LC/MS ESI 458.1 (M+H)+. 1H NMR (500 MHz, MeOD) & 7.56 (s,
1H), 7.39 (dd, J = 5.3, 2.4 Hz, 1H), 7.28 (dd, ] = 4.8, 1.4 Hz, 2H), 7.17 (d, ] = 7.4 Hz, 1H),
6.32 (d, J = 7.3 Hz, 1H), 4.03 (d, J = 17.6 Hz, 2H), 3.39 — 3.26 (m, SH), 2.76 (d, ] = 65.3
Hz, 3H), 2.65 — 2.52 (m, 3H), 2.50 — 2.43 (m, 1H), 2.12 (dd, J = 13.8, 6.8 Hz, 1H), 1.88 (s,
1H), 1.77 (dd, J = 11.4, 6.1 Hz, 2H), 1.70 — 1.50 (m, 3H), 1.49 — 1.29 (m, 3H).

2-(2-ethylphenyl-2-((R)-3-(5-(5,6,7,8-tetrahydro-1,8-naphthridin-2-
yl)pentyloxy)pyrrolidin-1-yl)acetic acid (diastereoric compounds 196-E1 and 196-E2)

N Et

. O
OH
O

Compound 196-E1 LC/MS ESI 452.2.1 (M+H)+. 1H NMR (500 MHz, MeOD) ¢ 7.51 (d,
J=7.7Hz, 1H), 7.26 — 7.21 (m, 2H), 7.19 — 7.13 (m, 1H), 7.03 (d, J = 7.3 Hz, 1H), 6.27 (d,
J =73 Hz, 1H), 4.11 (s, 1H), 3.51 — 3.36 (m, 3H), 3.31 — 3.26 (m, 2H), 3.16 (d, J = 12.6
Hz, 1H), 2.94 (s, 2H), 2.76 (ddd, J = 14.9, 7.4, 2.9 Hz, 2H), 2.60 (t, J = 6.3 Hz, 2H), 2.44 (t,
J = 7.5 Hz, 2H), 2.07 — 1.90 (m, 2H), 1.78 (dt, J = 12.3, 6.2 Hz, 2H), 1.60 — 1.32 (m, 7H),
1.23 (t, J=7.6 Hz, 3H).

Compound 196-E2 LC/MS ESI 452.2.1 (M+H)+. 1H NMR (500 MHz, MeOD) ¢ 7.56 (d,
J=78Hz, 1H), 7.22 (q, J = 5.2 Hz, 2H), 7.18 — 7.14 (m, 1H), 7.07 (d, J = 7.3 Hz, 1H), 6.28
(d, J = 7.3 Hz, 1H), 4.67 (s, 1H), 4.05 (s, 1H), 3.43 — 3.26 (m, 5H), 3.15 — 3.00 (m, 3H),
2.79 (ddt, J=22.1, 14.7, 7.3 Hz, 2H), 2.61 (t, ] = 6.3 Hz, 2H), 2.50 — 2.41 (m, 2H), 2.05 (s,
2H), 1.82 — 1.75 (m, 2H), 1.63 — 1.46 (m, 4H), 1.35 (dd, J = 14.7, 8.2 Hz, 2H), 1.22 (t, J =
7.6 Hz, 3H).

2-(2-methoxyphenyl)-2-((R)-3-(5-(5,6,7,8-tetrahydro-1,8-naphthridin-2-
yl)pentyloxy)pyrrolidin-1-yl)acetic acid (diastereoric compounds 197-E1 and 197-E2)
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pZ O
N N
N
H \C OH
O

Compound 197-E1 LC/MS ESI 454.2.1 (M+H)+. 1H NMR (500 MHz, MeOD) § 7.41 (d,
J=73Hz, 1H), 7.35 (ddd, =84, 7.5, 1.7 Hz, 1H), 7.03 (dd, J = 13.5, 7.7 Hz, 2H), 6.97 —
6.93 (m, 1H), 6.29 (d, T = 7.3 Hz, 1H), 4.94 (s, 1H), 4.10 (s, 1H), 3.82 (d, J = 4.0 Hz, 3H),
3.54-3.28 (m, 5H), 3.17 (d, T = 13.0 Hz, 1H), 3.00 (ddd, T = 11.5, 8.1, 3.5 Hz, 1H), 2.61 (1,
J = 6.3 Hz, 2H), 2.45 (dd, T = 8.2, 6.3 Hz, 2H), 2.07 — 1.93 (m, 2H), 1.83 — 1.75 (m, 2H),
1.58 (ddd, J = 14.0, 12.9, 7.5 Hz, 4H), 1.39 — 1.30 (m, 2H). ). Chiral SFC F (45% EtOH):
ee 100%, Rt = 2.41 min.

Compound 197-E2 LC/MS ESI 454.2.1 (M+H)+. 1H NMR (500 MHz, MeOD) § 7.45 (d,
J=175Hz, 1H), 7.36 - 7.29 (m, 1H), 7.06 (d, J = 7.3 Hz, 1H), 7.01 (d, J = 8.2 Hz, 1H), 6.93
(t, J=7.5Hz, 1H), 6.29 (d, J = 7.3 Hz, 1H), 4.87 (s, 1H), 4.07 (s, 1H), 3.80 (d, J = 10.1 Hz,
3H), 3.48 — 3.26 (m, 6H), 3.17 — 3.05 (m, 2H), 2.61 (t, ] = 6.2 Hz, 2H), 2.50 — 2.41 (m, 2H),
2.14 - 1.97 (m, 2H), 1.82 — 1.76 (m, 2H), 1.62 — 1.46 (m, 4H), 1.40 — 1.28 (m, 2H). Chiral
SFC F (45% EtOH): ee 99%, Rt = 3.8 min.

2-(2-ethylphenyl)-2-(3-(4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)butoxy)azetidin-1-
yl)acetic acid (enantiomeric compounds 198-E1 and 198-E2)

Et
SYPPWLa s
N“N 0 O

Compound 198-E1 LC/MS ESI 424.1 (M+H)". "H NMR (500 MHz, MeOD) § 7.43 (d, J =
7.7Hz, 1H), 7.32(dd, J=7.3, 5.5 Hz, 2H), 7.26 — 7.21 (m, 1H), 7.17 (d, /=7.3 Hz, 1H),
6.39(d, /=73 Hz, 1H), 5.01 (s, 1H), 4.29 (d, /= 4.8 Hz, 2H), 3.97 (s, 1H), 3.81 (s, 1H),
3.62 (s, 1H), 3.46-3.40 (m, 4H), 2.97-2.92 (m, 2H), 2.72 (t, /= 6.2 Hz, 2H), 2.56 (t, /= 7.6
Hz, 2H), 1.92 — 1.86 (m, 2H), 1.76-1.70 (m, 2H), 1.64 — 1.57 (m, 2H), 1.34 (t, /= 7.6 Hz,
3H). Chiral HPLC K (50% EtOH): ee 100%, Rt = 5.40 min.

Compound 198-E2 LC/MS ESI 424.1 (M+H)". 'H NMR (500 MHz, MeOD) & 7.44 (d, J =
7.8 Hz, 1H), 7.34 — 7.28 (m, 2H), 7.25 — 7.16 (m, 2H), 6.39 (d, J = 7.3 Hz, 1H), 4.99 (s,
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1H), 4.28 (d, J = 5.2 Hz, 2H), 3.95 (s, 1H), 3.76 (d, /= 4.8 Hz, 1H), 3.56 (d, /=9.5 Hz
1H), 3.45-3.40 (m, 4H), 2.96-2.90 (m, 2H), 2.71 (t, /= 6.2 Hz, 2H), 2.56 (t, /= 7.6 Hz
2H), 1.91 — 1.83 (m, 2H), 1.75 — 1.65 (m, 2H), 1.64 — 1.54 (m, 2H), 1.34 (t, /= 7.6 Hz
3H). Chiral HPLC K (50% EtOH): ee 100%, Rt = 7.56 min.

2
2

2

2-(2-ethyl-4-fluorophenyl)-2-(3-(4-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-
yl)butoxy)azetidin-1-yl)acetic acid (enantiomeric compounds 199-E1 and 199-E2)
F

Et
SOV o
N“ N 0 O
Compound 199-E1 LC/MS ESI 442.3 (M+H)". "H NMR (500 MHz, MeOD) & 7.47 (dd, J
=8.5,59Hz, 1H), 7.18 (d, /=73 Hz, 1H), 7.06 (dd, /= 10.2, 2.4 Hz, 1H), 6.99 — 6.91 (m,
1H), 6.39 (d, J= 7.3 Hz, 1H), 4.87 (s, 1H), 430 - 4.17 (m, 2H), 3.89 (s, 1H), 3.69 (d, J =
5.4 Hz, 1H), 3.52 (s, 1H), 3.45—3.40 (m, 4H), 2.95-2.90 (m, 2H), 2.71 (t, /= 6.2 Hz, 2H),
2.56 (t,J=7.6 Hz, 2H), 1.91 — 1.84 (m, 2H), 1.75 - 1.67 (m, 2H), 1.62 — 1.55 (m, 2H), 1.33
(t,/=7.5Hz, 3H). Chiral SFC B (20% MeOH): ee 100%, Rt = 1.96 min
Compound 199-E2 LC/MS ESI 442 3 (M+H)". 'H NMR (500 MHz, MeOD) § 7.49 (dd, J
=8.5,59Hz, 1H), 7.20 (d, /=73 Hz, 1H), 7.08 (dd, /= 10.2, 2.4 Hz, 1H), 7.01 — 6.91 (m,
1H), 6.39 (d, J= 7.3 Hz, 1H), 4.89 (s, 1H), 435 -4.19 (m, 2H), 3.90 (s, 1H), 3.72 (d, J =
5.4 Hz, 1H), 3.52 (s, 1H), 3.45—3.42 (m, 4H), 2.98—2.90 (m, 2H), 2.74 (t, /= 6.2 Hz, 2H),
2.57(t,J=7.6Hz, 2H), 1.93 - 1.84 (m, 2H), 1.79 — 1.67 (m, 2H), 1.68 — 1.55 (m, 2H), 1.35
(t, J=17.5 Hz, 3H). Chiral SFC B (20% MeOH): ee 100%, Rt = 3.19 min.

2-(2-ethylphenyl)-2-(3-(5-(5,6,7,8-tetrahydro-1,8-naphthridin-2-yl)pentyloxy)azetidin-
1-yl)acetic acid (enantiomeric compounds 200-E1 and 200-E2)

AN
| / @)

N~ °N \E\
H N

0" OH
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Compound 200-E1 LC/MS ESI 438.3 (M+H)+. ITH NMR (500 MHz, MeOD) 6 7.33 (d, J
=7.7Hz, 1H), 7.28 — 7.24 (m, 2H), 7.18 — 7.14 (m, 1H), 7.06 (d, J=7.3 Hz, 1H), 6.28 (d, J
= 7.3 Hz, 1H), 4.98 (s, 1H), 4.23 (s, 2H), 3.93 (s, 1H), 3.76 (s, 1H), 3.60 (s, 1H), 3.37 —
3.32 (m, 2H), 3.32 - 3.29 (m, 2H), 2.90 —2.82 (m, 2H), 2.62 (d, J = 6.2 Hz, 2H), 244 (t, ] =
7.6 Hz, 2H), 1.83 — 1.77 (m, 2H), 1.61 — 1.51 (m, 4H), 1.37 - 1.32 (m, 2H), 1.27 (t,J=7.6
Hz, 3H).Chiral SFC F (60% MeOH): ee 100%, Rt = 2.96 min.

Compound 200-E2 LC/MS ESI 438.3 (M+H)+. ITH NMR (500 MHz, MeOD) 6 7.33 (d, J
=7.7Hz, 1H), 7.28 — 7.24 (m, 2H), 7.18 — 7.13 (m, 1H), 7.06 (d, J=7.3 Hz, 1H), 6.28 (d, J
=73 Hz, 1H), 497 (s, 1H), 422 (dd, J = 11.2, 5.7 Hz, 2H), 3.93 (d, ] = 10.4 Hz, 1H), 3.75
(d,J =64 Hz, 1H), 3.59 (d, J = 10.6 Hz, 1H), 3.38 —3.27 (m, 4H), 2.84 (dq, J =222, 74
Hz, 2H), 2.62 (t, ] = 6.3 Hz, 2H), 2.44 (t, ] = 7.7 Hz, 2H), 1.84 — 1.76 (m, 2H), 1.60 — 1.49
(m, 4H), 1.33 (dd, J = 15.4, 8.2 Hz, 2H), 1.27 (t, J = 7.6 Hz, 3H).Chiral SFC F (60%
MeOH): ee 98%, Rt = 4.89 min.

2-((R)-3-(methyl(5-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)pentyl)amino)pyrrolidin-
1-yl)-2-phenylacetic acid (diastereoric compounds 201-E1 and 201-E2)

(Ij\/\/\/ |
aane
H OH
O

Compound 201-E1 LC/MS ESI 437.1 (M+H)". 'H NMR (500 MHz, MeOD) § 7.53 (d, J =
6.6 Hz, 2H), 7.37 — 7.30 (m, 3H), 7.17 (d, J= 7.3 Hz, 1H), 6.39 (d, J = 7.3 Hz, 1H), 4.05 (s,
1H), 3.48 —3.42 (m, 1H), 3.41 —3.37 (m, 2H), 3.19 (s, 1H), 2.91 (s, 1H), 2.78 (d, J= 6.8
Hz, 2H), 2.71 (dd, J = 16.2, 10.0 Hz, 3H), 2.62 — 2.49 (m, 6H), 2.16 (dd, J = 13.3, 5.1 Hz,
1H), 2.00 (dd, J= 13.5, 5.9 Hz, 1H), 1.92 — 1.86 (m, 2H), 1.71 — 1.59 (m, 4H), 1.38 (dt, J =
14.2, 7.3 Hz, 2H).

Compound 201-E2 LC/MS ESI 437.1 (M+H)". 'H NMR (500 MHz, MeOD) § 7.55 (d, J =
6.5 Hz, 2H), 7.39 — 7.31 (m, 3H), 7.19 (d, J= 7.3 Hz, 1H), 6.39 (d, J = 7.3 Hz, 1H), 4.05 (s,
1H), 3.43 (d, J= 6.3 Hz, 1H), 3.40 — 3.36 (m, 2H), 3.19 (s, 1H), 2.79 (s, 4H), 2.72 (t, J =
6.2 Hz, 2H), 2.65 — 2.59 (m, 1H), 2.56 (t, /= 7.7 Hz, 2H), 2.46 (s, 3H), 2.13 (dd, J = 13.3,
7.7 Hz, 1H), 1.96 — 1.85 (m, 3H), 1.74 — 1.56 (m, 4H), 1.41 (p, J = 7.4 Hz, 2H).
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Example 34: Fluorescence polarization assays of compounds for avp6 binding

Fluorescence Polarization (FP) assays were used to measure compound activity through
binding competition with the fluorescein-labeled peptide GRGDLGRL. In the assay, 10 nM
of integrin avp6 was incubated with the test compound in 2 mM manganese chloride, 0.1
mM calcium chloride, 20 mM HEPES buffer at pH 7.3, 150 mM sodium chloride, 0.01%
Triton X-100, 2% DMSO, and 3 nM of the fluorescein-labeled peptide. The assays were
run in 384-well plates. For both assay versions, the integrin protein was pre-incubated with
the test compounds for 15 minutes at 22 °C before the fluorescein-labeled peptide was
added. After the fluorescein-labeled peptide was added, the assay was incubated at 22 °C
for 1 hour and fluorescence polarization was measured. ICso values were determined by

nonlinear regression, 4-parameter curve fitting (Figure 1).

INCORPORATION BY REFERENCE
All of the U.S. patents and U.S. patent application publications cited herein are
hereby incorporated by reference.
EQUIVALENTS
Those skilled in the art will recognize, or be able to ascertain using no more than
routine experimentation, many equivalents to the specific embodiments of the invention

described herein. Such equivalents are intended to be encompassed by the following claims.
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We claim:
1. A compound of formula (I):
A-B-C (I)
wherein:
Ry Ry
R4 N R4
»
R ONTON
Ais H ;

B is -alkylene-C(O)N(R)-;

08
N ©
R N
g %OH
7 n' R
2 .

R is H, alkyl, or aryl;

Cis

R1 is independently H, alkyl, halide, alkoxy, CF3;, OH, alkylene-OH, NO2, -N(H)R, or
NHz;

R> is H, alkyl, substituted or unsubstituted aryl, substituted or unsubstituted heteroaryl,
cylcoalkyl, -alkylene-alkoxy, alkylene-aryl, or heterocycloalkyl;

R3,Re, and R7 are independently H, halide, CF3, alkyl, alkylene-alkoxy, aryl, hydroxyl,
or alkoxy; and
n' is independently 0, 1, or 2;
wherein the aryl and heteroaryl groups, when substituted, are substituted with a
substituent selected from the group consisting of alkoxy, alkyl ester, alkylcarbonyl, hydroxyalkyl,
cyano, halo, amino, amido, cycloalkyl, aryl, haloalkyl, nitro, hydroxy, alkoxy, aryloxy, alkyl,
alkylthio, and cyanoalkyl,

or a pharmaceutically acceptable salt thereof.
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2. The compound of claim 1, wherein one instance of Ri is alkyl, halide, OMe, OH, alkylene-
OH, or NHa.
3. The compound of claim 1, wherein one instance of Ri is alkyl or halide.
4. The compound of claim I, wherein all instances of Riare H.
S. The compound of any one of claims 1-4, wherein B is:
N
Y |
0 ;andpis 0, 1, or 2.
6. The compound of any one of claims 1-5, wherein at least one instance of n’ is 0.
7. The compound of any one of claims 1-5, wherein at least one instance of n’ is 1.
8. The compound of any one of claims 1-5, wherein at least one instance of n’ is 2.
0. The compound of any one of claims 1-5, wherein one instance of n’ is 0, and one instance of
n’is 1.
10. The compound of any one of claims 6-9, wherein R3 is H, halide, Me, OMe, or Ph.
1. The compound of any one of claims 6-10, wherein Res is H; and R7 is H or CH20H.
12. The compound of any one of claims 1-11, wherein Rz is H, (Ci-Cs)alkyl, cyclopropyl,

CH20Me, phenyl, -CH2Ph, pyridinyl, or indolyl.

13.

14.

15.

16.

17.

The compound of claim 12, wherein Rz is H.

The compound of claim 12, wherein Rz is Me.

The compound of claim 12, wherein Rz is unsubstituted phenyl.
The compound of claim 12, wherein Rz is substituted phenyl.

The compound of claim 16, wherein the substituted phenyl is substituted with one or more

independent instances of alkoxy, OH, halide, -N(H)C(O)alkyl, -C(O)NH2, or -C(O)alkyl.

18.
halide.

The compound of claim 17, wherein the substituted phenyl is substituted with at least one
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19.

20.

21.

22.

23.

24.

25.

26.

The compound of claim 18, wherein the halide is CI.
The compound of claim 12, wherein Rz is unsubstituted pyridinyl.
The compound of claim 12, wherein Rz is substituted pyridinyl.

The compound of claim 21, wherein the substituted pyridinyl is substituted with NH2 or OH.

NH
=

The compound of claim 12, wherein R> is

X

~

N
The compound of any one of claims 1 and 5-23, wherein A is  H

The compound of claim 1, wherein the compound is selected from the group consisting of:

m )\’(OH
| Pu;

OoH .
m /DN m //\\/N\\\\“ oH
N \N N © N \N N ©
H H , H H
~ . . J\’(OH | x o N /w(OH
| = o / Q
N N N N N
H H H .

,and B

The compound of claim 1, wherein the compound is selected from the group consisting of:
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T

u
¢

Y
\ Q

N N
H 0 OH ,

[I/j\/\)i\ N\\\\“" o
\ /D
N N N ©

N H .

27.  The compound of claim 1, wherein the compound is selected from the group consisting of:
AN Q AN I
| z “_QN ‘ / 'QN"""“
d , and 4 .
28.  The compound of claim 1, wherein the compound is selected from the group consisting of:

\ \ o ¥ OH
| L !
AN ‘ \ o /@%{OH
H N/ N N N °
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AN 0 W
OH
~ 0 N |

| yZ

b
O, OH
‘ \ o] N
/
N N N (&)
H H ‘
and .

29.  The compound of claim 1, wherein the compound is:

x o o oH
z o

N N N

A A .

30. The compound of claim 1, wherein the compound is:
En/\/\’(
| H
F N o
E N
t\N\)k
© OH ,
31.  The compound of any one of claims 1-5, wherein C is selected from the group consisting of:
Rs Ry R, ]
oL, G, O, e
N
OH %OH \HKOH 4$FOH
R, , Rz , Rz , and 0 .
32. A pharmaceutical composition, comprising a compound of any one of claims 1-31; and a

pharmaceutically acceptable excipient.

33. A method of treating a disease or condition selected from the group consisting of idiopathic
pulmonary fibrosis, diabetic nephropathy, focal segmental glomerulosclerosis, chronic kidney

disease, nonalcoholic steatohepatitis, primary biliary cholangitis, primary sclerosing cholangitis,
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solid tumors, hematological tumors, organ transplant, Alport syndrome, interstitial lung disease,
radiation-induced fibrosis, bleomycin-induced fibrosis, asbestos-induced fibrosis, flu-induced
fibrosis, coagulation-induced fibrosis, vascular injury-induced fibrosis, aortic stenosis, and cardiac
fibrosis, comprising administering to a subject in need thereof a therapeutically effective amount of

a compound of any one of claims 1-31.

34.  Use of a compound of any one of claims 1-31 in the manufacture of a medicament for the
treatment of a disease or condition selected from the group consisting of idiopathic pulmonary
fibrosis, diabetic nephropathy, focal segmental glomerulosclerosis, chronic kidney disease,
nonalcoholic steatohepatitis, primary biliary cholangitis, primary sclerosing cholangitis, solid
tumors, hematological tumors, organ transplant, Alport syndrome, interstitial lung disease,
radiation-induced fibrosis, bleomycin-induced fibrosis, asbestos-induced fibrosis, flu-induced
fibrosis, coagulation-induced fibrosis, vascular injury-induced fibrosis, aortic stenosis, and cardiac

fibrosis.

-235-



WO 2018/160521 1/2 PCT/US2018/019838

Figure 1

Compound  avp6 ICso Compound avp6 ICso Compound  avp6 ICso

3 A 43 B 72 C
4 B 44-E1 C 73 C
5 B 44-E2 C 74 C
6 C 45-E1 B 75 C
7-E2 C 45-E2 C 77 B
8-E1 B 46-E1 C 78 B
9 C 46-E2 C 79 C
10-E1 B 47 C 80 C
10-E2 C 48-E1 B 82 C
11-E1 A 50-E1 C 83 C
11-E2 C 50-E2 C 85 C
12-E1 B 51-E1 C 86 C
12-E2 C 51-E2 C 88 C
13-E1 B 52 B 90 C
13-E2 A 53-E2 C 91 B
14 A 54-E1 B 92 C
15 A 54-E2 B 93 C
16 B 55-E1 C 94 B
17 B 56-E1 C 95 B
18 B 56-E2 B 97 C
19 B 57 C 99 C
20 B 60 C 101 C
21 B 61 B 102 B
22 A 62-E1 B 103 C
23-E1 C 62-E2 B 107 C
23-E2 C 63 C 110 C
24-E1 B 64 C 111 B
24-E2 B 65 B 112 B
25 A 66 C 113 B
26 C 67 B 118 C
27 B 68 B 121 C
28 B 69 C 123 C
41 C 70 B 125 C
42 C 71 C

avp6 ICso’s: A: ICs0 <0.1 uM; B: 0.1 uM <ICso <1 uM; C: 1 uM <ICso <10 uM.
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Figure 1 (Cont’d)
Compound  avp6 ICso Compound avp6 ICso Compound  avp6 ICso

129-E1 A 154-E1 A 178-E2 B
129-E2 C 154-E2 B 179 B
130-E2 B 155-E1 B 180 B
131-E1 A 155-E2 A 181-E1 B
131-E2 C 156-E1 A 181-E2 C
132-E1 B 156-E2 C 182-E1 A
132-E2 B 157-E1 A 182-E2 B

133 A 157-E2 C 183-E1 B
134-E1 C 158-E1 C 183-E2 A
134-E2 B 158-E2 B 184-E1 A
135-E1 A 159-E1 B 184-E2 A
135-E2 C 160-E1 A 185-E1 B
136-E1 A 160-E2 C 185-E2 A
136-E2 B 161-E1 C 186-E1 C
137-E1 A 161-E2 A 186-E2 A
137-E2 C 162-E1 C 187-E1 B
138-E1 A 162-E2 A 187-E2 A
138-E2 C 163-E1 C 188-E1 A
139-E1 B 163-E2 A 188-E2 B
139-E2 C 164-E1 B 189-E1 C
140-E1 B 164-E2 C 189-E2 A
140-E2 C 165-E1 A 190-E1 C
141-E1 C 165-E2 C 190-E2 B
141-E2 B 166-E1 B 191-E1 A

142 B 166-E2 A 191-E2 A

143 B 167-E1 A 192-E1 C
144-E1 C 167-E2 B 192-E2 B
144-E2 B 168 A 193-E1 B

145 A 169 A 193-E2 B
146-E1 A 170-E1 A 194-E1 A
146-E2 C 170-E2 A 194-E2 C
147-E1 A 171-E1 B 195-E1 A
147-E2 C 171-E2 A 195-E2 B
148-E1 C 172-E1 B 196-E1 A
148-E2 B 172-E2 A 196-E2 C
149-E1 A 173-E1 A 197-E1 A
149-E2 A 173-E2 C 197-E2 B

150 A 174 A 198-E1 C
151-E1 A 175-E1 C 198-E2 A
151-E2 B 175-E2 A 199-E1 C
152-E1 A 176-E2 B 199-E2 A
152-E2 B 177-E1 B 200-E2 B
153-E1 A 177-E2 A 201-E1 B
153-E2 C 178-E1 B 201-E2 C

avp6 ICso’s: A: ICs0 <0.1 uM; B: 0.1 uM <ICso <1 uM; C: 1 uM <ICso <10 uM.
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