wo 2017/192858 A1 |00 0L O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
09 November 2017 (09.11.2017)

(10) International Publication Number

WO 2017/192858 Al

WIPO I PCT

(5D

2D

22)

(25)
(26)
(30$)

an

a2

74

62y

International Patent Classification:
CO7D 413/06 (2006.01) A61K 31/421 (2006.01)
CO7D 263/28 (2006.01) A61P 25/04 (2006.01)

International Application Number:
PCT/US2017/031071

International Filing Date:
04 May 2017 (04.05.2017)

Filing Language: English
Publication Language: English
Priority Data:

62/331,710 04 May 2016 (04.05.2016) US

Applicant: PURDUE PHARMA L.P. [US/US]; One
Stamford Forum, 201 Tresser Boulevard, Stamford, Con-
necticut 06901 (US).

Inventors: BLAKE, Paul; 6 Kuhars Way, Newtown, Penn-
sylvania 18940 (US). TAFESSE, Laykea; 8 Windward
Way, Robbinsville, New Jersey 08690 (US).

Agent: COVERT, John M. et al.; Sterne, Kessler, Gold-
stein & Fox P.L.L.C, 1100 New York Avenue, N.W., Wash-
ington, District of Columbia 20005 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ,BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA,CH, CL,CN, CO,CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KH, KN, KP, KR,
KW,KZ,LA,LC,LK,LR,LS,LU,LY,MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every

kind of regional protection available): ARIPO (BW, GH,
GM,KE, LR, LS, MW, MZ,NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

(54) Title: OXAZOLINE PSEUDODIMERS, PHARMACEUTICAL COMPOSITIONS AND THE USE THEREOF

2
®) x! i R
" N\ H /N pe (R%)n
AR O R ORI
R? o o] R7
R4 RS

(57) Abstract: The present disclosure is directed to oxazoline mono- and hetero-pseudodimer compounds, such as compounds of For-

mula (I) or pharmaceutically acceptable salts or solvates thereof: These compounds are useful for treating pain. The present disclosure

also relates to pharmaceutical compositions comprising a pharmaceutically acceptable carrier and a therapeutically etfective amount of
a compound of Formula (I) or (II) or a pharmaceutically acceptable salt or solvate thereof



WO 2017/192858 PCT/US2017/031071

-1-

OXAZOLINE PSEUDODIMERS, PHARMACEUTICAL COMPOSITIONS AND
THE USE THEREOF

BACKGROUND OF THE INVENTION

[0001] This invention is in the field of medicinal chemistry. In particular, novel oxazoline
mono- and hetero- pseudodimer compounds are disclosed. These compounds have
pharmaceutical activity, and are useful for treating conditions, such as, pain.

[0002] Pain is the most common symptom for which patients seek medical advice and
treatment. While acute pain is usually self-limited, chronic pain can persist for 3 months
or longer and lead to significant changes in a patient’s personality, lifestyle, functional
ability and overall quality of life (K. M. Foley, Pain, in Cecil Textbook of Medicine 100-
107, J.C. Bennett and F. Plum eds., 20th ed. 1996). Chronic pain can occur after a known
injury or disease, or it can occur without any known physical cause. Moreover, it can be
accompanied by known tissue pathology, such as chronic inflammation that occurs in
some types of arthritis, or it can occur long after the healing of the injured tissue which is
suspected or known to be the cause of the chronic pain. Chronic pain is a very general
concept and there are several varieties of chronic pain related to the musculoskeletal
system, visceral organs, skin, and nervous system.

[0003] Chronic pain can be classified as either nociceptive or neuropathic. Nociceptive
pain includes tissue injury-induced pain and inflammatory pain, such as, that associated
with arthritis. Neuropathic pain is caused by damage to the peripheral or central nervous
system and is maintained by aberrant somatosensory processing.

[0004] Chronic pain includes, for example, inflammatory pain, postoperative pain, cancer
pain, osteoarthritis pain associated with metastatic cancer, trigeminal neuralgia, acute
herpetic and postherpetic neuralgia, diabetic neuropathy, causalgia, brachial plexus
avulsion, occipital neuralgia, reflex sympathetic dystrophy, fibromyalgia, gout, phantom
limb pain, burn pain, and other forms of neuralgia, neuropathic pain, and idiopathic pain
syndromes.

[0005] Neuropathic pain is a common variety of chronic pain. It can be defined as pain
that results from an abnormal functioning of the peripheral and/or central nervous system.
A critical component of this abnormal functioning is an exaggerated response of pain-

related nerve cells either in the periphery or in the central nervous system. An example is
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pain from causalgia wherein even a light touch to the skin is felt as an excruciating
burning pain.

[0006] Nociceptive pain has been traditionally managed by administering non-opioid
analgesics, such as acetylsalicylic acid, choline magnesium trisalicylate, acetaminophen,
ibuprofen, fenoprofen, diflusinal, and naproxen; or opioid analgesics, including morphine,
hydromorphone, methadone, levorphanol, fentanyl, oxycodone, and oxymorphone. In
addition to the above-listed treatments, neuropathic pain, which can be difficult to treat,
has also been treated with anti-epileptics (e.g. gabapentin, carbamazepine, valproic acid,
topiramate, phenyloin), NMDA antagonists (e.g. ketamine, dextromethorphan), topical
lidocaine (for post-herpetic neuralgia), and tricyclic antidepressants (e.g. fluoxetine,
sertraline and amitriptyline).

[0007] Many chronic pain patients respond poorly to current pain therapies, and the
development of resistance or insensitivity to the analgesics is common. In addition, many
of the currently available treatments have undesirable side effects.

[0008] There is still a need to develop novel therapies for treating pain, especially chronic

pain (e.g., neuropathic pain).

BRIEF SUMMARY OF THE INVENTION

[0009] The present inventors have discovered that novel oxazoline mono- and hetero-
pseudodimer compounds are useful in the treatment of pain, especially neuropathic pain.
In certain embodiments, the oxazoline mono- or hetero- pseudodimer compound of the
present disclosure acts as a TAARI agonist or partial agonist.

[0010] In one aspect, the present disclosure provides the compounds of Formula (I):

R? RS
1 1
(R X N y N @ ),
=Y
R3 0 0 R7
R* I R
or a pharmaceutically acceptable salt or solvate thereof, wherein
each R' and each R’ are independently:
deuterium,

tritium,

lower alkyl,
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lower alkoxy,
lower alkyl substituted by one or more same or different halogens,
lower alkoxy substituted by one or more same or different halogens,
halogen,
phenyl unsubstituted or substituted by one or more same or different halogens,
phenyloxy,
benzyl,
benzyloxy,
—COO-lower alkyl,
—O—(CH,)—O-lower alkyl,
-NH-cycloalkyl,
cycloalkyl,
piperidin-1-yl, or
tetrahy dropyran-4-yloxy;

X! and X? are each independently a bond, —CH(R**)—, —CH(R**)CH(R*")—,
—OCH(R*)—, —N(R*)CH(R*")—, —CH,0CH(R**)—, —CH,CH,CH,—,
—SCHR*)—, —S(0), CH(R**)—, —CH,SCH,—, —CH,N(R**)CH,—, —cycloalkyl-
CH>— or —Si(R**)(R*")CH,—, wherein R*® and R*! are each independently hydrogen,
lower alkyl, lower alkyl substituted by one or more same or different halogens, or benzyl
unsubstituted or substituted by one or more same or different substituents selected from
the group consisting of alkoxy and halogen;

R and R® are each independently hydrogen, phenyl or lower alkyl;

R’ R*, R’, and R® are each independently hydrogen, lower alkyl, lower alkoxy,
lower alkyl substituted by one or more same or different halogens, or lower alkoxy
substituted by one or more same or different halogens;

Y! and Y? are each independently phenyl, naphthyl, thiophenyl, pyridinyl,
cycloalkyl, 1,2,3,4-tetrahy dro-naphthalen-2-yl, 2,3-dihydrobenzo[1,4]dioxin-6-yl,
benzo[1,3]dioxol-5-yl, pyrimidyl, indanyl, 2,3-dihydroindol-1-yl, or 3,4-dihydro-
quinolin-1-yl;

m and n are each independently 0, 1, 2 or 3; and

ois 1,2, or 3.

[0011] In one embodiment, the two oxazoline moieties, in the compounds of Formula (I)

disclosed herein,
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R2 RS
(R X! N N X2 R,
O =
R3 o] o] R?
R* RS

>

are the same. Such compounds are sometimes referred to as mono-pseudodimers in the
present disclosure.
[0012] In another embodiment, the two oxazoline moieties, in the compounds of Formula

(D) disclosed herein,

R o ¥
m X N N 2 5
X =Y
R3 0 0 R7
R4 RS ,
are different. Such compounds are sometimes referred to as hetero-pseudodimers in the
present disclosure.
[0013] Further, the present disclosure includes all racemic mixtures, all enantiomers
and/or optical isomers of the compounds disclosed herein. In addition, all tautomeric
forms of the compounds described herein are also encompassed by the present disclosure.

Furthermore, all polymorphic forms of the compounds described herein or

pharmaceutically acceptable salts or solvates thereof are also encompassed by the present

disclosure.
[0014] In another embodiment, the present disclosure relates to a compound of Formula
(1-A):
R")
(R%)n
pan oY)
o) o]
I-A

>

or a pharmaceutically acceptable salt or solvate thereof, wherein R', R’, m, and n are as

defined above for Formula (I).

[0015] In one embodiment, the present disclosure relates to a compound of Formula (I-

Aa):
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R
@/ (R
O
0 0
I-Aa

>

or a pharmaceutically acceptable salt or solvate thereof, wherein R', R’, m, and n are as
defined above for Formula (I-A).

[0016] In another embodiment, the present disclosure relates to a compound of Formula
(I-Ab):

R))

(R%n
Yy
0 0

I-Ab

>

or a pharmaceutically acceptable salt or solvate thereof, wherein R, R’, m, and n are as
defined above for Formula (I-A).

[0017] In still another embodiment, the present disclosure relates to a compound of

Formula (I-Ac):
(R%),
Yy AT
7
7Y

I-Ac

(RY)

>

or a pharmaceutically acceptable salt or solvate thereof, wherein R', R’, m, and n are as
defined above for Formula (I-A).

[0018] In yet another embodiment, the present disclosure relates to a compound of
Formula (I-Ad):

(RY)

@lllll’ ",

or a pharmaceutically acceptable salt or solvate thereof, wherein R', R’, m, and n are as

defined above for Formula (I-A).

(R%),
O
0 o}
I-Ad

>
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In another embodiment, the present disclosure relates to a compound of Formula
(I-B):

Rm\ N H N R
Z|1 " Ny N 7"
9 R® |
R O fe) R11
I-B

or a pharmaceutically acceptable salt or solvate thereof, wherein

7' and Z” are each independently N or CH:

R” and R® are each independently hydrogen or lower alkyl;

R’ and R" are each independently hydrogen, lower alkyl, or benzyl unsubstituted
or substituted by alkoxy or halogen; and

R and R" are each independently aryl; or

R’ and R together with the N-atom to which they are attached form an 8- to 10-
membered heterocyclic group, R' is each independently hydrogen, lower alkyl, or benzyl
unsubstituted or substituted by alkoxy or halogen, and R"is aryl; or

R and R" together with the N-atom to which they are attached form an 8- to 10-
membered heterocyclic group, R is each independently hydrogen, lower alkyl, or benzyl
unsubstituted or substituted by alkoxy or halogen, and R"is aryl;

wherein the aryl group is selected from the group consisting of phenyl, naphthyl,
1,2.3,4-tetrahydro-naphthalen-2-yl, and indanyl, and wherein the aryl group is
unsubstituted or substituted by one to three substituents, independently selected from the
group consisting of cycloalkyl, phenyl, phenyloxy, benzyl, benzyloxy, halogen, lower
alkyl, lower alkoxy, piperidin-1-yl, lower alkyl substituted by one or more same or
different halogens, and lower alkoxy substituted by one or more same or different
halogens.

In another embodiment, the present disclosure relates to a compound of Formula
{1-C):

7
RYm— |

~ |
NH N TR
\>/N\( jAT x
o) e} ||%9
I-C

or a pharmaceutically acceptable salt or solvate thereof, wherein

Z'is N or CH;
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each R' and each R’ are independently:
lower alkyl,
lower alkoxy,
lower alkyl substituted by one or more same or different halogens,
lower alkoxy substituted by one or more same or different halogens,
halogen, or

cycloalkyl;

R’ is hydrogen, lower alkyl or benzy] unsubstituted or substituted by one or more
same or different substituents selected from the group consisting of alkoxy or halogen;
and

m and n are each independently 0, 1, 2, or 3.

[0021] In one embodiment, the present disclosure relates to a compound of Formula (I-

Ca):
7
Rt |
\ ll//ll,,'

or a pharmaceutically acceptable salt or solvate thereof, wherein R, R’ R’ Z' m, andn

N H N G n
Ny—N— 7 1
Dan@s
0 e} R®
I-Ca

>

are as defined above for Formula (I-C).

[0022] In another embodiment, the present disclosure relates to a compound of Formula
(I-Cb):
(R1 )m_/ | / I_(R5)
N n
YH\(NJ\z N
[
o) o] R®
I-Cb

>

or a pharmaceutically acceptable salt or solvate thereof, wherein R, R’ R’ Z' m, andn
are as defined above for Formula (I-C).

[0023] In yet another embodiment, the present disclosure relates to a compound of
Formula (I-Cc):

7
Ryt |

/@(R5)
N H N N "
N—N— 7 1
0] 0 R®

I-Ce

>
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or a pharmaceutically acceptable salt or solvate thereof, wherein R, R’ R’ Z' m, andn
are as defined above for Formula (I-C).

[0024] In still another embodiment, the present disclosure relates to a compound of
Formula (I-Cd):

1 ~ Z
Rt b 4RO
oy
0 0 R?

I-Cd

>

or a pharmaceutically acceptable salt or solvate thereof, wherein R, R R’ Z. m andn
are as defined above for Formula (I-C).

[0025] In one embodiment, the compounds disclosed herein are substantially pure.

[0026] The term "substantially pure" means that the compound has a purity of greater
than or equal to 90%. In some embodiments, the compounds disclosed herein are
substantially separated from a corresponding aminooxazoline monomer. In particular, a
product containing the compounds disclosed herein comprises 20% or less of a
corresponding aminooxazoline monomer. In some embodiments, the corresponding
aminooxazoline monomer is present in a product containing the compounds disclosed
herein in an amount of less than 15%, less than 10%, less than 5%, less than 4%, or less
than 3%. In one embodiment, the present disclosure relates to the compounds described
herein, or pharmaceutically acceptable salts or solvates thereof, with a purity of at least
80%, preferably at least 90%, more preferably at least 95%, most preferably at least 97%.

[0027] In another aspect, the present disclosure provides a use of the compounds
described herein for treating, preventing, or ameliorating a chronic pain condition.

[0028] The present disclosure further provides a method of treating or ameliorating
chronic pain, comprising administering to a subject in need thereof a therapeutically
effective amount of a compound described herein. A subject includes, but not limited to, a
human or an animal. In certain embodiments, the pain includes chronic pain (which
includes but is not limited to, neuropathic pain, postoperative pain, and inflammatory
pain), and surgical pain.

[0029] In one aspect, the present disclosure provides a method of activating TAAR1
comprising administering to a subject in need thereof an effective amount of a compound
described herein. In some embodiments, the compound is a TAAR1 agonist or partial

agonist.
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[0030] In another aspect, the present disclosure provides a pharmaceutical composition
comprising a therapeutically effective amount of a compound described herein and one or
more pharmaceutically acceptable carriers. Such compositions are useful for treating,
preventing, or ameliorating pain in a patient.

[0031] In another aspect, the present disclosure provides a compound described herein for
use in treatment, or amelioration of pain in a patient in need of said treatment or
amelioration.

[0032] The present disclosure further relates to a kit, comprising a container containing
an effective amount of a compound described herein and instructions for therapeutic use.

[0033] A further aspect of the present disclosure is to provide a method of making a
compound described herein.

[0034] In another aspect, the present disclosure provides a compound described herein for
use in treatment, or amelioration of pain in a patient in need thereof, such as acute pain,
chronic pain (which includes but is not limited to, neuropathic pain, postoperative pain,
and inflammatory pain), or surgical pain. In one embodiment, the compound is for the
treatment or amelioration of neuropathic pain in the patient.

[0035] In another aspect, the present disclosure provides a compound described herein for
use as a medicament.

[0036] In another aspect, the present disclosure provides use of a compound described
herein in the manufacture of a medicament for treating, or ameliorating pain in a patient,
such as acute pain, chronic pain, or surgical pain. One embodiment provides use of a
compound described herein in the manufacture of a medicament for the treatment or
amelioration of neuropathic pain.

[0037] The present disclosure further provides methods for preparing a pharmaceutical
composition, comprising admixing a compound described herein and a pharmaceutically
acceptable carrier to form the pharmaceutical composition.

[0038] Additional embodiments and advantages of the disclosure will be set forth, in part,
in the description that follows, and will flow from the description, or can be learned by
practice of the disclosure. The embodiments and advantages of the disclosure will be
realized and attained by means of the elements and combinations particularly pointed out
in the appended claims.

[0039] It is to be understood that both the foregoing summary and the following detailed
description are exemplary and explanatory only, and are not restrictive of the invention as

claimed.
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BRIEF DESCRIPTION OF THE DRAWINGS/FIGURES

[0040] FIGURE 1 depicts the effect of compound (8) on SNL-induced mechanical

hyperalgesia in rats.

DETAILED DESCRIPTION OF THE INVENTION

[0041] The present disclosure provides pseudodimers of 2-aminoxazoline compounds,
including mono- and hetero-pseudodimers.

[0042] In one aspect, the present disclosure relates to a compound of Formula (I):
2

R X: I N H N i X2 (R%),

I~y
RO 04
R* 1 R

or a pharmaceutically acceptable salt or solvate thereof, wherein

each R' and each R are independently:
deuterium,
tritium,
lower alkyl,
lower alkoxy,
lower alkyl substituted by one or more same or different halogens,
lower alkoxy substituted by one or more same or different halogens,
halogen,
phenyl unsubstituted or substituted by one or more same or different

halogens,

phenyloxy,
benzyl,
benzyloxy,
—COO-lower alkyl,
—O—(CH3),—O0-lower alkyl,
-NH-cycloalkyl,
cycloalkyl,
piperidin-1-yl, or
tetrahy dropyran-4-yloxy;
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X! and X? are each independently a bond, —CH(R**)—, —CH(R**)CH(R*")—,
—OCH(R*)—, —N(R*)CH(R*")—, —CH,0CH(R**)—, —CH,CH,CH,—,
—SCHR*)—, —S(0), CH(R**)—, —CH,SCH,—, —CH,N(R**)CH,—, —cycloalkyl-
CH>— or —Si(R**)(R*")CH,—, wherein R*® and R*! are each independently hydrogen,
lower alkyl, lower alkyl substituted by one or more same or different halogens, or benzyl
unsubstituted or substituted by one or more same or different substituents selected from
the group consisting of alkoxy and halogen;

R” and R® are each independently hydrogen, phenyl or lower alkyl;

R’ R*, R’, and R® are each independently hydrogen, lower alkyl, lower alkoxy, or
lower alkyl substituted by one or more same or different halogens, or lower alkoxy
substituted by one or more same or different halogens;

Y'and Y? are each independently phenyl, naphthyl, thiophenyl, pyridinyl,
cycloalkyl, 1,2,3,4-tetrahy dro-naphthalen-2-yl, 2,3-dihydrobenzo[1,4]dioxin-6-yl,
benzo[1,3]dioxol-5-yl, pyrimidyl, indanyl, 2,3-dihydroindol-1-yl, or 3,4-dihydro-
quinolin-1-yl;

m and n are each independently 0, 1, 2 or 3; and

ois 1,2, or 3.

[0043] In one embodiment, the two oxazoline moieties in the compounds of Formula (I)

disclosed herein,

1 1 R R
(Rm ®/X N\ /N x2 R,
)—§~ and % ; @
R3 o] [¢] R7
R* RS

>

are the same. Such compounds sometimes are referred to as mono-pseudo dimers.
[0044] In another embodiment, the two oxazoline moieties in the compounds of Formula

(D) disclosed herein,

R2 RS
R X! N N X2 R
O -+
R3 (o] 0] R?
R4 R8
are different. Such compounds are referred to as hetero-pseudo dimers.
[0045] Some of the compounds disclosed herein may contain one or more asymmetric

centers and may thus give rise to enantiomers, diastereomers, and other stereoisomeric

forms. The invention is meant to encompass the compounds in all such possible forms, as
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well as their racemic and resolved forms and mixtures thereof. Further, individual
diastereomers and enantiomers of a compound of the invention may be separated
according to methods known to those of ordinary skill in the art in view of the present
disclosure.

[0046] All tautomers of the compounds are intended to be encompassed by the invention
as well.

[0047] In some embodiments, the present disclosure provides a compound of Formula (I),
or a pharmaceutically acceptable salt or solvate thereof, wherein X' and X* are each
independently a bond, —CH(R*)—, —CHR**)CH(R*')—, —OCH,—,
—CH,OCH(R*))—, —N(R*)CH(R*")—, wherein R* and R*' are each independently
hydrogen, lower alkyl, or lower alkyl substituted by one or more same or different
halogens.

[0048] In some embodiments, the present disclosure provides a compound of Formula (I),
or a pharmaceutically acceptable salt or solvate thereof, wherein Y' and Y? are each
independently phenyl, naphthyl, thiophenyl, pyridinyl, cycloalkyl, 1,2,3,4-tetrahydro-
naphthalen-2-yl, 2,3-dihydrobenzo[1,4]dioxin-6-yl, or benzo[1,3]dioxol-5-yl.

[0049] In some embodiments, the present disclosure provides a compound of Formula (I),
or a pharmaceutically acceptable salt or solvate thereof, wherein X' and X are each
independently a bond, —CH(R*)CH(R*")—, or —N(R**)CH(R*")—; and Y' and Y? are
phenyl.

[0050] In some embodiments, the present disclosure provides a compound of Formula (I),
or a pharmaceutically acceptable salt or solvate thereof, wherein each R' and each R’ are
independently:

lower alkyl,
lower alkoxy,
lower alkyl substituted by one or more same or different halogens,
lower alkoxy substituted by one or more same or different halogens, or
halogen;
R”and R® are each independently hydrogen, phenyl, or lower alkyl; and
R, R* R’, and R® are hydrogen.

[0051] In some embodiments, the present disclosure provides a compound of Formula (I),
or a pharmaceutically acceptable salt or solvate thereof, wherein each R' and each R’ are
independently:

lower alkyl,
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lower alkoxy,
lower alkyl substituted by one or more same or different halogens,
lower alkoxy substituted by one or more same or different halogens, or
halogen;
R”and R® are hydrogen;
R’ and R’ are each independently lower alkyl, or lower alkyl substituted by one or
more same or different halogens; and
R* and R® are each independently hydrogen, lower alkyl, or lower alkyl
substituted by one or more same or different halogens;
[0052] In some embodiments, the present disclosure provides a compound of Formula (I),
or a pharmaceutically acceptable salt or solvate thereof, wherein each R' and each R’ are

independently halogen; and R% R’ R* R® R’, and R®are hydrogen;

Mono-Pseudodimers

[0053] In some embodiments, the present disclosure provides pseudodimers containing

two oxazoline moieties linked by a nitrogen atom, having Formula (IT):

1 i R?
(R )m®X N\>/H\(N X! (RMm
R¢ 1l R i
or a pharmaceutically acceptable salt or solvate thereof, wherein
each R'is independently independently:
deuterium,
tritium,
lower alkyl,
lower alkoxy,
lower alkyl substituted by one or more same or different halogens,
lower alkoxy substituted by one or more same or different halogens,
halogen,
phenyl unsubstituted or substituted by one or more same or different
halogens,
phenyloxy,
benzyl,
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benzyloxy,
—COO-lower alkyl,
—O—(CH,)—O-lower alkyl,
-NH-cycloalkyl,
cycloalkyl,
piperidin-1-yl, or
tetrahy dropyran-4-yloxy;

X' is a bond, —CH(R**)—, —CH(R**)CH(R*)—, —OCH(R*)—,
—N(R*)CH(R*")—, —CH,OCH(R*")—, —CH,CH,CH,—, —SCH(R**)—,

—8(0), CH(R*)—, —CH,SCH,—, —CH,N(R*)CH,—, —cycloalkyl-CH,— , or
—Si(R*)R*YCH,—, wherein R* and R*! are each independently hydrogen, lower alkyl,
lower alkyl substituted by one or more same or different halogens, or benzyl
unsubstituted or substituted by one or more same or different substituents selected from
the group consisting of alkoxy or halogen;

R”is hydrogen, phenyl or lower alkyl;

R’and R* are each independently hydrogen, lower alkyl, or lower alkyl substituted
by one or more same or different halogens;

Y'is phenyl, naphthyl, thiophenyl, pyridinyl, cycloalkyl, 1,2,3,4-tetrahydro-
naphthalen-2-y1, 2,3-dihydrobenzo[1,4]dioxin-6-y1, benzo[1,3]dioxol-5-y1, pyrimidyl,
indanyl, 2,3-dihydroindol-1-yl, or 3,4-dihydro-quinolin-1-yI;

mis 0, 1,2 or 3; and

ois 1,2, or 3.

[0054] In some embodiments, the compounds of Formula (II) contains two identical
oxazoline moieties. In other embodiments, the compounds of Formula (II) contains two
different oxazoline moieties.

[0055] In some embodiments, the present disclosure provides a compound of Formula
(I), or a pharmaceutically acceptable salt or solvate thereof, wherein X' is a bond,
—CH(R*)—, —CH(R**)CH(R*")—, —OCH,—, —CH,OCH(R*")—,
—N(R*)CH(R*")—, wherein R*® and R*' are each independently hydrogen, lower alkyl,
or lower alkyl substituted by one or more same or different halogens.

[0056] In some embodiments, the present disclosure provides a compound of Formula
(I), or a pharmaceutically acceptable salt or solvate thereof, wherein Y' is phenyl,
naphthyl, thiophenyl, pyridinyl, cycloalkyl, 1,2,3,4-tetrahydro-naphthalen-2-yl, 2,3-
dihydrobenzo| 1,4]dioxin-6-yl, or benzo[1,3]dioxol-5-yl.
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[0057] In some embodiments, the present disclosure provides a compound of Formula
(ID), or a pharmaceutically acceptable salt or solvate thereof, wherein X' is a bond,
—CHR*)CH(R*Y)—, or —N(R**)CH(R*")—; and Y is phenyl.

[0058] In some embodiments, the present disclosure provides a compound of Formula
(II), or a pharmaceutically acceptable salt or solvate thereof, wherein each R'is
independently:

lower alkyl,
lower alkoxy,
lower alkyl substituted by one or more same or different halogens,
lower alkoxy substituted by one or more same or different halogens, or
halogen;

R”is hydrogen, phenyl, or lower alkyl; and R* and R* are hydrogen.

[0059] In some embodiments, the present disclosure provides a compound of Formula

(ID), or a pharmaceutically acceptable salt or solvate thereof, wherein each R'is :
lower alkyl,
lower alkoxy,
lower alkyl substituted by one or more same or different halogens,
lower alkoxy substituted by one or more same or different halogens, or
halogen;
R”is hydrogen; R is lower alkyl, or lower alkyl substituted by one or more same
or different halogens; and R* is hydrogen, lower alkyl, or lower alkyl substituted
by one or more same or different halogens.

[0060] In some embodiments, the present disclosure provides a compound of Formula

(ID), or a pharmaceutically acceptable salt or solvate thereof, wherein each R'is

independently halogen; and all of R*, R’ and R* are hydrogen.

[0061] In some embodiments, the compound of Formula (II) is a compound of Formula
(I1-A):
(R 1
(Rm
N H N
0 o]
II-A

>

or a pharmaceutically acceptable salt or solvate thereof, wherein

each R'is independently:
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deuterium,

tritium,

lower alkyl,

lower alkoxy,

lower alkyl substituted by one or more same or different halogens,
lower alkoxy substituted by one or more same or different halogens,
halogen,

phenyl unsubstituted or substituted by one or more same or different

phenyloxy,

benzyl,

benzyloxy,

—COO-lower alkyl,
—O—(CH3);—O-lower alkyl,
-NH-cycloalkyl,

cycloalkyl,

piperidin-1-yl, or

tetrahy dropyran-4-yloxy;

mis 0, 1,2 or 3.

[0062] In some embodiments, the compound of Formula (II-A) is a compound of

Formula (IT1-Aa):

1
® )m©///,,, N H N R
u,[ \>/N\(
o ]

II-Aa

or a pharmaceutically acceptable salt or solvate thereof.

[0063] In some embodiments, the compound of Formula (II-A) is a compound of

Formula (IT-Ab):

Rm

| }(Rbm
N

‘\>/ H \(ij“‘\m\\

o o]

1I-Ab
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or a pharmaceutically acceptable salt or solvate thereof.
[0064] In some embodiments, the compound of Formula (II-A) is a compound of

Formula (IT-Ac):

1
(R )m N H N (R‘] )m
\>/N\(
0 0

II-Ac¢

or a pharmaceutically acceptable salt or solvate thereof.
[0065] In some embodiments, the compound of Formula (II-A) is a compound of

Formula (IT-Ad):

(R1 )m@
”I’Il,,

or a pharmaceutically acceptable salt or solvate thereof.

| }(R1 Jm
N
[ ~\\>/H \(b_“\\\\\\

0O 0

I1I-Ad

[0066] In some embodiments, the compound of Formula (II) is a compound of Formula
(11-B):
R0 N
\Z|1 i \>/H\(Nj<\z1/l?1o
R 2
RE 0 o] " ||?9
1I-B

or a pharmaceutically acceptable salt or solvate thereof , wherein:

Z'is N or CH;

R”is hydrogen or lower alkyl;

R’ is hydrogen, lower alkyl, or benzyl unsubstituted or substituted by one or more
same or different substituents selected from the group consisting of alkoxy or halogen;

R'%is aryl, wherein the aryl group is selected from the group consisting of phenyl,
naphthyl, 1,2,3,4-tetrahydro-naphthalen-2-yl, and indanyl, and wherein the aryl group is
unsubstituted or substituted by one to three substituents, selected from the group
consisting of cycloalkyl, phenyl, phenyloxy, benzyl, benzyloxy, halogen, lower alkyl,
lower alkoxy, piperidin-1-yl, lower alkyl substituted by one or more same or different

halogens, and lower alkoxy substituted one or more same or different halogens; or



WO 2017/192858 PCT/US2017/031071

-18 -
R’ and R", together with the N-atom to which they are attached, form an 8- to 10-
membered heterocyclic group.
[0067] In some embodiments, R’ and R' in formula (II-B), together with the N-atom to
which they are attached, form an 8- to 10- membered heterocyclic group, e.g., but not
limited to, 2,3-dihydroindol-1-yl and 3.4-dihydro-quinolin-1-yl.

[0068] In some embodiments, the compound of Formula (II-B) is a compound of

Formula (II-Ba):
TR

11-Ba
or a pharmaceutically acceptable salt or solvate thereof.

[0069] In some embodiments, the compound of Formula (II-B) is a compound of

Formula (II-Bb):
2\\\‘ >/ \(j/\
K

11-Bb

R10

or a pharmaceutically acceptable salt or solvate thereof.

[0070] In some embodiments, the compound of Formula (II-B) is a compound of

Formula (IT-Bc):
OOy

11-Be

R10

or a pharmaceutically acceptable salt or solvate thereof.

[0071] In some embodiments, the compound of Formula (II-B) is a compound of

Formula (I1-Bd):
///,, R10
TPy
U2

11-Bd
or a pharmaceutically acceptable salt or solvate thereof.
[0072] In certain embodiments, compounds of the present disclosure include, for

example:
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Cl

, and
N
o 0
or pharmaceutically acceptable salts or solvates thereof.
[0073] In certain embodiments, compounds of the present disclosure include, for
example:
Cl
Duum...i\‘yn\(N cl
Cl © 0 C]’

[V@Af@

>
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@ O %JQO

, and
||IIII|InE\">/H\(N
o 0
or pharmaceutically acceptable salts or solvates thereof.
[0074] Compounds of the present disclosure also include the following compounds:

cl \>,’

cl N

\\T/N\v/l:;)hh” © C
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YN
Cl

Cl
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O,

cl />_ o
oY
O
cl,
7
F o
F. . />\H \</N Ny F
N \ LF
e ,and
cl
]
eRe
Pet=d
cl
or pharmaceutically acceptable salts or solvates thereof.
[0075] The oxazoline moieties that can be used to construct the compounds of the present
disclosure include, but are not limited to, the following structures:

[0076] 4-| (ethyl-phenyl-amino)-methyl]-4,5-dihydro-oxazol-2-yl,
[0077] 4-| (methyl-phenyl-amino)-methyl]-4,5-dihy dro-oxazol-2-yl,
[0078] 4-{[(3.4-dichloro-phenyl)-methyl-amino|-methyl}-4,5-dihydro-oxazol-2-vl,
[0079] 4-{[(4-chloro-phenyl)-ethyl-amino]-methyl}-4,5-dihy dro-oxazol-2-yl,
[0080] 4-{[(3,4-dichloro-phenyl)-isopropyl-amino|-methyl} -4,5-dihydro-oxazol-2-yl,
[0081] 4-{[(4-bromo-phenyl)-methyl-amino]-methyl }-4,5-dihydro-oxazol-2-yl,
[0082] 4-{[(4-bromo-phenyl)-ethyl-amino|-methyl}-4,5-dihydro-oxazol-2-yl,
[0083] 4-{[(3.4-dichloro-phenyl)-ethyl-amino]-methyl }-4,5-dihy dro-oxazol-2-y]1,
[0084] 4-{[(3-bromo-phenyl)-methyl-amino]-methyl }-4,5-dihydro-oxazol-2-yl,
[0085] 4-{[(3-bromo-phenyl)-ethyl-amino|-methyl}-4,5-dihydro-oxazol-2-yl,
[0086] 4-{[(3-chloro-phenyl)-ethyl-amino]-methyl}-4,5-dihy dro-oxazol-2-yl,
[0087] 4-{[(4-chloro-2-fluoro-phenyl)-ethyl-amino|-methyl}-4,5-dihydro-oxazol-2-yl,
[0088] 4-{[(4-chloro-2-fluoro-phenyl)-methyl-amino]-methyl}-4,5-dihy dro-oxazol-2-yl,
[0089] 4-{[ethyl-(2-fluoro-phenyl) -amino|-methyl}-4,5-dihy dro-oxazol-2-vl,
[0090] 4-{[(2-chloro-phenyl)-ethyl-amino]-methyl}-4,5-dihy dro-oxazol-2-yl,
[0091] 4-{[(4-chloro-phenyl)-methyl-amino|-methyl}-4,5-dihydro-oxazol-2-vl,
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[0092] 4-{[(4-chloro-phenyl)-ethyl-amino]-methyl}-4,5-dihy dro-oxazol-2-yl,

[0093] 4-{[(4-fluoro-phenyl)-methyl-amino]-methyl}-4,5-dihydro-oxazol-2-yl,

[0094] 4-{[(4-chloro-phenyl)-isopropyl-amino|-methyl }-4,5-dihy dro-oxazol-2-v],

[0095] 4-{[(2.4-difluoro-phenyl)-ethyl-amino]|-methyl}-4,5-dihy dro-oxazol-2-vl,

[0096] 4-{[(2.4-difluoro-phenyl)-methyl-amino]-methyl } -4,5-dihy dro-oxazol-2-yl,

[0097] 4-{[(3,5-dichloro-phenyl)-methyl-amino|-methyl}-4,5-dihydro-oxazol-2-vl,

[0098] 4-{[(3,5-dichloro-phenyl)-ethyl-amino]-methyl}-4,5-dihy dro-oxazol-2-y1,

[0099] 4-[(3-chloro-phenylamino)-methyl]-4,5-dihy dro-oxazol-2-v]1,

[0100] 4-[(2-chloro-phenylamino)-methyl]-4,5-dihy dro-oxazol-2-v]1,

[0101] 4-| (4-trifluoromethyl-phenylamino)-methyl]-4,5-dihy dro-oxazol-2-yl,

[0102] 4-[(2,4-difluoro-phenylamino)-methyl]-4,5-dihydro-oxazol-2-yl,

[0103] 4-|(2-fluoro-4-methyl-phenylamino)-methyl]-4,5-dihy dro-oxazol-2-yl,

[0104] 4-{[ethyl-(4-trifluoromethyl-phenyl)-amino]-methyl } -4,5-dihy dro-oxazol-2-y1,

[0105] 4-{[methyl-(4-trifluoromethyl-phenyl)-amino]-methyl}-4,5-dihydro-oxazol-2-yl,

[0106] 4-{[ ethyl-(2-methyl-4-trifluoromethyl-phenyl)-amino|-methyl}-4,5-dihydro-
oxazol-2-yl,

[0107] (2-amino-4,5-dihydro-oxazol-4-ylmethyl)-(6-chloro-pyridin-2-yl),

[0108] 4-{[(4-chloro-3-methoxy-phenyl)-methyl-amino]-methyl }-4,5-dihy dro-oxazol-2-
vl,

[0109] 4-{[(4-chloro-3-methoxy-phenyl)-ethyl-amino|-methyl}-4,5-dihydro-oxazol-2-yl,

[0110] 4-{[(4-fluoro-3-methoxy-phenyl)-methyl-amino|-methyl}-4,5-dihy dro-oxazol-2-
yl,

[0111] 4-{[ethyl-(4-fluoro-3-methoxy-phenyl)-amino| -methyl }-4,5-dihydro-oxazol-2-yl,

[0112] 4-{[benzyl-(4-fluoro-3-methoxy-phenyl)-amino|-methyl}-4,5-dihydro-oxazol-2-
yl,

[0113] 4-{|benzyl-(4-fluoro-phenyl)-amino|-methyl}-4,5-dihydro-oxazol-2-yl,

[0114] 4-{|benzyl-(4-chloro-phenyl) -amino|-methyl}-4,5-dihydro-oxazol-2-y]l,

[0115] 4-|(ethyl-m-tolyl-amino) -methyl]-4,5-dihydro-oxazol-2-yl,

[0116] 4-{|ethyl-(3-ethyl-phenyl)-amino]|-methyl}-4,5-dihydro-oxazol-2-yl,

[0117] 4-{|ethyl-(4-ethyl-phenyl)-amino]|-methyl}-4,5-dihydro-oxazol-2-yl,

[0118] 4-|(methyl-naphthalen-2-yl-amino)-methyl]|-4,5-dihydro-oxazol-2-yl,

[0119] 4-|(ethyl-naphthalen-2-yl-amino)-methyl]-4,5-dihy dro-oxazol-2-yl,

[0120] 4-{| ethyl-(3-fluoro-5-trifluoromethyl-phenyl)-amino]-methyl}-4,5-dihydro-

oxazol-2-yl,
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[0121] 4-| (3-fluoro-4-trifluoromethyl-phenylamino)-methyl]-4,5-dihy dro-oxazol-2-yl,
[0122] 4-[(ethyl-indan-5-yl-amino)-methyl]-4,5-dihydro-oxazol-2-yl,

[0123] 4-{[methyl-(3-oxazol-5-yl-phenyl)-amino]-methyl }-4,5-dihydro-oxazol-2-yl1, and
[0124] 4-{[ethyl-(3-oxazol-5-yl-phenyl)-amino|-methyl}-4,5-dihy dro-oxazol-2-yl.
[0125] 5-methyl-4-phenethyl-4,5-dihydro-oxazol-2-yl;

[0126] 5-ethyl-4-phenethyl-4,5-dihydro-oxazol-2-yl;

[0127] 5-methyl-4-(3-phenyl-propyl)-4,5-dihydro-oxazol-2-yl;

[0128] 4-benzyl-5-methyl-4,5-dihydro-oxazol-2-yl;

[0129] 4-|2-(4-chloro-phenyl)-ethyl]-5-methyl-4,5-dihy dro-oxazol-2-yl;

[0130] 4-|2-(3,4-dichloro-phenyl)-ethyl]-5-methyl-4,5-dihy dro-oxazol-2-yl;
[0131] 4-|3-(4-chloro-phenyl)-propyl]-5-methyl-4,5-dihydro-oxazol-2-yl;

[0132] 4-cyclohexyl-5-methyl-4,5-dihydro-oxazol-2-yl;

[0133] 4-(2-cyclohexyl-ethyl)-5-methyl-4,5-dihydro-oxazol-2-yl;

[0134] 4-(2-chloro-phenyl)-4,5-dihydro-oxazol-2-yl,

[0135] 4-(4-chloro-phenyl)-4,5-dihydro-oxazol-2-yl,

[0136] 4-(2,4-difluoro-phenyl)-4,5-dihydro-oxazol-2-yl,

[0137] 4-(2,3-difluoro-phenyl)-4,5-dihydro-oxazol-2-yl,

[0138] 4-(3,4-dichlorophenyl)-4,5-dihydro-oxazol-2-yl,

[0139] 4-(2,5-difluoro-phenyl)-4,5-dihydro-oxazol-2-yl,

[0140] 4-(2,3,4-trifluoro-phenyl)-4,5-dihydro-oxazol-2-yl,

[0141] 4-(3-chloro-2-fluoro-phenyl)-4,5-dihydro-oxazol-2-yl,

[0142] 4-(5-chloro-2-fluoro-phenyl)-4,5-dihydro-oxazol-2-yl,

[0143] 4-(3-bromo-2.4-difluoro-phenyl)-4,5-dihydro-oxazol-2-yl,

[0144] 4-(2,4-difluoro-phenyl)-4,5-dihydro-oxazol-2-yl,

[0145] 4-(3,4-dichloro-phenyl)-4,5-dihydro-oxazol-2-yl,

[0146] 4-(2,5-difluoro-phenyl)-4,5-dihydro-oxazol-2-yl,

[0147] 4-(2,4,5-trifluoro-phenyl)-4,5-dihydro-oxazol-2-yl,

[0148] 4-(3-chloro-2-fluoro-phenyl)-4,5-dihydro-oxazol-2-yl,

[0149] 4-(2,3,5-trifluoro-phenyl)-4,5-dihydro-oxazol-2-yl,

[0150] 4-(3,4-dichloro-phenyl)-4-methyl-4,5-dihydro-oxazol-2-yl,

[0151] 4-(4-chloro-phenyl)-4-methyl-4,5-dihy dro-oxazol-2-yl,

[0152] 4-(3,4-difluoro-phenyl)-4,5-dihydro-oxazol-2-yl,

[0153] 4-(2,3-dichloro-phenyl)-4,5-dihydro-oxazol-2-yl,

[0154] 4-(4-chloro-phenyl)-4,5-dihydro-oxazol-2-yl,
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[0155] 4-(3,4,5-trifluoro-phenyl)-4,5-dihydro-oxazol-2-yl,

[0156] 4-(3-chloro-4-fluoro-phenyl)-4,5-dihydro-oxazol-2-yl,

[0157] 4-(4-chloro-3-fluoro-phenyl)-4,5-dihydro-oxazol-2-yl,

[0158] 4-(3,5-difluoro-phenyl)-4,5-dihydro-oxazol-2-yl,

[0159] 4-(3-chloro-5-fluoro-phenyl)-4,5-dihydro-oxazol-2-yl,

[0160] 4-(2-chloro-phenyl)-4-methyl-4,5-dihy dro-oxazol-2-yl,

[0161] 4-(3-chloro-phenyl)-4,5-dihydro-oxazol-2-yl,

[0162] 4-(3-bromo-phenyl)-4,5-dihydro-oxazol-2-yl,

[0163] 4-(2,5-difluoro-phenyl)-4-methyl-4,5-dihydro-oxazol-2-y1,
[0164] 4-(3,5-dichloro-phenyl)-4,5-dihydro-oxazol-2-yl,

[0165] 4-(5-chloro-2-fluoro-phenyl)-4,5-dihydro-oxazol-2-yl,

[0166] 4-(3-chloro-phenyl)-4,5-dihydro-oxazol-2-yl,

[0167] 4-(2-fluoro-phenyl)-4-methyl-4,5-dihydro-oxazol-2-yl,

[0168] 4-(3-bromo-phenyl)-4,5-dihydro-oxazol-2-yl,

[0169] 4-(3-fluoro-phenyl)-4,5-dihydro-oxazol-2-yl,

[0170] 4-(3,5-dichloro-phenyl)-4,5-dihydro-oxazol-2-yl,

[0171] 4-(2,4-difluoro-phenyl)-4-methyl-4,5-dihydro-oxazol-2-yl,
[0172] 4-methyl-4-(2,3,5-trifluoro-phenyl)-4,5-dihy dro-oxazol-2-yl,
[0173] 4-(4-bromo-phenyl)-4-methyl-4,5-dihydro-oxazol-2-yl,

[0174] 4-(2,4-dichloro-phenyl)-4,5-dihydro-oxazol-2-yl,

[0175] 4-(4-chloro-3-fluoro-phenyl)-4-methyl-4,5-dihydro-oxazol-2-yl,
[0176] 4-(2-bromo-phenyl)-4,5-dihydro-oxazol-2-yl,

[0177] 4-methyl-4-(2,4,5-trifluoro-phenyl)-4,5-dihy dro-oxazol-2-yl,
[0178] 4-(4-bromo-3-fluoro-phenyl)-4,5-dihydro-oxazol-2-yl,

[0179] 4-(2,5-dichloro-phenyl)-4,5-dihydro-oxazol-2-yl,

[0180] 4-(2-bromo-phenyl)-4,5-dihydro-oxazol-2-yl,

[0181] 4-(3-chloro-5-fluoro-phenyl)-4-methyl-4,5-dihydro-oxazol-2-yl,
[0182] 4-methyl-4-(2,3,4-trifluoro-phenyl)-4,5-dihy dro-oxazol-2-yl,
[0183] 4-(5-chloro-2-fluoro-phenyl)-4-methyl-4,5-dihydro-oxazol-2-yl,
[0184] 4-methyl-4-(4-chloro-2,5-difluoro-phenyl)-4,5-dihydro-oxazol-2-yl,
[0185] 4-methyl-4-(3,4,5-trifluoro-phenyl)-4,5-dihy dro-oxazol-2-yl,
[0186] 4-(3-chloro-4-fluoro-phenyl)-4-methyl-4,5-dihydro-oxazol-2-yl,
[0187] 4-(4-chloro-2,5-difluoro-phenyl)-4-methyl-4,5-dihy dro-oxazol-2-yl,

[0188] 4-(4-bromo-2-chloro-phenyl)-4,5-dihy dro-oxazol-2-yl,
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[0189]
[0190]
[0191]
[0192]
[0193]
[0194]
[0195]
[0196]
[0197]
[0198]
[0199]
[0200]
[0201]
[0202]
[0203]
[0204]
[0205]
[0206]
[0207]
[0208]
[0209]
[0210]
[0211]
[0212]
[0213]
[0214]
[0215]
[0216]
[0217]
[0218]
[0219]
[0220]
[0221]
[0222]
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4-(2,4-dichloro-phenyl)-4-methyl-4,5-dihydro-oxazol-2-yl,
4-(2,4-dichloro-phenyl)-4,5-dihydro-oxazol-2-yl,
4-(2,5-dichloro-phenyl)-4,5-dihydro-oxazol-2-yl,
4-(2,5-dichloro-phenyl)-4-methyl-4,5-dihydro-oxazol-2-yl,
4-(2,3,4-trifluoro-phenyl)-4,5-dihydro-oxazol-2-yl,
4-methyl-4-(3,4,5-trifluoro-phenyl)-4,5-dihy dro-oxazol-2-yl,
4-(3-chloro-2-fluoro-phenyl)-4-methyl-4,5-dihydro-oxazol-2-yl,
4-(4-chloro-phenyl)-4-ethyl-4,5-dihydro-oxazol-2-yl,
4-(4-bromo-2-chloro-phenyl)-4,5-dihy dro-oxazol-2-yl,
4-(2-chloro-4-fluoro-phenyl)-4-methyl-4,5-dihydro-oxazol-2-yl,
4-(4-bromo-3-fluoro-phenyl)-4,5-dihydro-oxazol-2-yl,
4-(4-bromo-3-chloro-phenyl)-4,5-dihy dro-oxazol-2-y]l,
4-(3,4-dichloro-phenyl)-4-ethyl-4,5-dihydro-oxazol-2-y]1,
4-(4-bromo-2-fluoro-phenyl)-4,5-dihydro-oxazol-2-yl,
4-(2-trifluoromethyl-phenyl)-4,5-dihydro-oxazol-2-yl,
4-o-tolyl-4,5-dihydro-oxazol-2-yl,
4-(4-trifluoromethoxy-phenyl)-4,5-dihy dro-oxazol-2-yl,
4-(4-methoxy-3-methyl-phenyl)-4,5-dihydro-oxazol-2-yl,
4-(4-benzyloxy-phenyl)-4,5-dihydro-oxazol-2-yl,
4-(2-trifluoromethyl-phenyl)-4,5-dihy dro-oxazol-2-yl,
4-(4-methoxy-3-methyl-phenyl)-4,5-dihydro-oxazol-2-yl,
4-methyl-4-(4-trifluoromethyl-phenyl)-4,5-dihydro-oxazol-2-yl,
4-(3-trifluoromethyl-phenyl)-4,5-dihydro-oxazol-2-yl,
4-methyl-4-p-tolyl-4,5-dihydro-oxazol-2-yl,
4-methyl-4-(3-trifluoromethyl-phenyl)-4,5-dihydro-oxazol-2-yl,
4-(4-methoxy-2-trifluoromethyl-phenyl)-4,5-dihydro-oxazol-2-y]1,
4-biphenyl-4-yl-4,5-dihydro-oxazol-2-yl,
4-(4'-chloro-biphenyl-4-yl)-4,5-dihydro-oxazol-2-yl,
4-(3-chloro-4-methoxyphenyl)-4,5-dihy dro-oxazol-2-yl,
4-(2-fluoro-4-trifluoromethyl-phenyl)-4-methyl-4,5-dihy dro-oxazol-2-yl,
4-(4-fluoro-2-trifluoromethyl-phenyl)-4,5-dihy dro-oxazol-2-yl,
4-(5-chloro-2-trifluoromethyl-phenyl)-4,5-dihydro-oxazol-2-yl,
4-(4-chloro-2-trifluoromethyl-phenyl)-4,5-dihydro-oxazol-2-yl,
4-(4,5-dichloro-2-trifluoromethyl-phenyl)-4,5-dihy dro-oxazol-2-yl,
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[0223]
[0224]
[0225]
[0226]
[0227]
[0228]
[0229]
[0230]
[0231]
[0232]
[0233]
[0234]
[0235]
[0236]
[0237]
[0238]
[0239]
[0240]
[0241]
[0242]
[0243]
[0244]
[0245]
[0246]
[0247]
[0248]
[0249]
[0250]
[0251]
[0252]
[0253]
[0254]
[0255]
[0256]
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4-(5-fluoro-2-trifluoromethyl-phenyl)-4,5-dihydro-oxazol-2-yl,
4-(5-fluoro-2-methyl-phenyl)-4,5-dihydro-oxazol-2-yl,
4-(4-chloro-3-methyl-phenyl)-4-methyl-4,5-dihydro-oxazol-2-yl,
4-(5-chloro-2-methyl-phenyl)-4,5-dihy dro-oxazol-2-yl,
4-(4-chloro-2-fluoro-5-methyl-phenyl)-4-methyl-4,5-dihy dro-oxazol -2-y1,
4-(4-bromo-2-trifluoromethyl-phenyl)-4,5-dihydro-oxazol-2-yl,
4-(4-fluoro-2-methyl-phenyl)-4,5-dihydro-oxazol-2-yl,
4-(4-chloro-2-ethyl-phenyl)-4,5-dihydro-oxazol-2-yl,
4-(3-chloro-4-methyl-phenyl)-4,5-dihy dro-oxazol-2-yl,
4-(4-chloro-2-cyclopropyl-phenyl)-4,5-dihydro-oxazol-2-yl,
4-(3-fluoro-2-methyl-phenyl)-4,5-dihydro-oxazol-2-yl,
4-(3-fluoro-2-trifluoromethyl-phenyl)-4,5-dihy dro-oxazol-2-yl,
4-(2-chloro-benzyl)-4,5-dihydro-oxazol-2-yl,
4-(3-trifluoromethyl-benzyl)-4,5-dihy dro-oxazol-2-yl,
4-(2-fluoro-5-methyl-benzyl)-4,5-dihy dro-oxazol-2-yl,
4-phenethyl-4,5-dihydro-oxazol-2-yl,
4-methyl-4-phenethyl-4,5-dihydro-oxazol-2-yl,
4-|2-(4-fluoro-phenyl)-ethyl]-4,5-dihydro-oxazol-2-yl,
2-(4-fluoro-3-methoxy-phenyl)-ethyl]-4,5-dihydro-oxazol-2-yl,
2-(2,4-difluoro-phenyl)-ethyl]-4,5-dihydro-oxazol-2-yl,
2-(3,4-difluoro-phenyl)-ethyl]-4,5-dihydro-oxazol-2-yl,
2-(2-trifluoromethyl-phenyl)-ethyl]-4,5-dihydro-oxazol-2-yl,
2-(2-fluoro-phenyl)-ethyl]-4,5-dihy dro-oxazol-2-yl,
2-(3-fluoro-phenyl)-ethyl]-4,5-dihy dro-oxazol-2-yl,
4-|2-(3,5-difluoro-phenyl)-ethyl]-4,5-dihy dro-oxazol -2-y1,
4-(2-o-tolyl-ethyl)-4,5-dihydro-oxazol-2-yl,
4-(2-m-tolyl-ethyl)-4,5-dihydro-oxazol-2-yl,
4-(2-p-tolyl-ethyl)-4,5-dihydro-oxazol-2-yl,
4-|2-(4-trifluoromethyl-phenyl)-ethyl]-4,5-dihydro-oxazol-2-y1,

4
4
4
4
4
4

4-|2-(3-trifluoromethyl-phenyl)-ethyl]-4,5-dihydro-oxazol-2-yl,
4-|2-(3,4-dichloro-phenyl)-ethyl]-4,5-dihy dro-oxazol-2-yl,
4-|2-(4-chloro-2-fluoro-phenyl)-ethyl]-4,5-dihy dro-oxazol-2-yl,
4-[2-(4-fluoro-3-trifluoromethyl-phenyl)-ethyl]-4,5-dihy dro-oxazol-2-yl,
4|

2-(3-fluoro-4-trifluoromethyl-phenyl)-ethyl]-4,5-dihy dro-oxazol-2-yl,
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[0257]
[0258]
[0259]
[0260]
[0261]
[0262]
[0263]
[0264]
[0265]
[0266]
[0267]
[0268]
[0269]
[0270]
[0271]
[0272]
[0273]
[0274]
[0275]
[0276]
[0277]
[0278]
[0279]
[0280]
[0281]
[0282]
[0283]
[0284]
[0285]
[0286]
[0287]
[0288]
[0289]
[0290]
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4-|2-(3,5-dichloro-phenyl)-ethyl]-4,5-dihy dro-oxazol -2-y1,
4-|2-(2-chloro-4-fluoro-phenyl)-ethyl]-4,5-dihy dro-oxazol-2-yl,
4-|2-(4-fluoro-3-methyl-phenyl)-ethyl]-4,5-dihydro-oxazol-2-yl,
4-{2-[3-(1,1,2,2-tetrafluoro-ethoxy)-phenyl]-ethyl}-4,5-dihy dro-oxazol-2-yl,
4-|2-(2-fluoro-3-trifluoromethyl-phenyl)-ethyl]-4,5-dihydro-oxazol-2-yl,
2-(3-bromo-phenyl)-ethyl]-4,5-dihydro-oxazol-2-yl,
2-(4-chloro-3-trifluoromethyl-phenyl)-ethyl]-4,5-dihy dro-oxazol-2-yl,

2-(4-fluoro-3-trifluoromethoxy-phenyl)-ethyl]-4,5-dihy dro-oxazol-2-yl,

[
4|
[
[2-(3-fluoro-4-trifluoromethoxy-phenyl)-ethyl]-4,5-dihy dro-oxazol-2-yl,
[
[2-(2,3-dichloro-phenyl)-ethyl]-4,5-dihydro-oxazol-2-y]l,

[

4-
4-
4-
4-
4-|2-(3-chloro-4-trifluoromethoxy-phenyl)-ethyl]-4,5-dihydro-oxazol-2-yl,
4-|2-(2-chloro-3-trifluoromethyl-phenyl)-ethyl]-4,5-dihydro-oxazol-2-yl,
4-(1-methyl-2-phenyl-ethyl)-4,5-dihydro-oxazol-2-yl,
4-|2-(2-fluoro-5-trifluoromethyl-phenyl)-ethyl]-4,5-dihydro-oxazol-2-yl,
4-|2-(3-fluoro-5-trifluoromethyl-phenyl)-ethyl]-4,5-dihydro-oxazol-2-yl,
4-12-(2,5-bis-trifluoromethyl-phenyl)-ethyl]-4,5-dihydro-oxazol-2-yl,
4-|2-(4-chloro-phenyl)-butyl]-4,5-dihydro-oxazol-2-yl,
4-(2-phenyl-butyl)-4,5-dihydro-oxazol-2-yl,
4-|2-(4-trifluoromethyl-phenyl)-propyl]-4,5-dihy dro-oxazol -2-y1,
2-(4-trifluoromethyl-phenyl)-butyl]-4,5-dihy dro-oxazol-2-yl,
2-(3-trifluoromethyl-phenyl)-propyl]-4,5-dihydro-oxazol-2-yl,
2-(3-trifluoromethyl-phenyl)-butyl]-4,5-dihy dro-oxazol-2-yl,
2-(3,5-difluoro-phenyl)-propyl]-4,5-dihydro-oxazol-2-yl,
2-(3,5-difluoro-phenyl)-butyl]-4,5-dihydro-oxazol-2-yl,
2-(4-fluoro-phenyl)-butyl]-4,5-dihydro-oxazol-2-yl,
2-(3,4-difluoro-phenyl)-butyl]-4,5-dihydro-oxazol-2-yl,

2-(3,4-dichloro-phenyl)-propyl]-4,5-dihydro-oxazol-2-y1,
2-(3,4-dichloro-phenyl)-butyl]-4,5-dihy dro-oxazol-2-vl,
2-(2-fluoro-phenyl)-butyl]-4,5-dihydro-oxazol-2-yl,
2-(2-chloro-phenyl)-ethyl]-4-methyl-4,5-dihy dro-oxazol-2-vl,
2-(3-chloro-phenyl)-ethyl]-4,5-dihy dro-oxazol-2-y1,
2-(4-chloro-phenyl)-ethyl]-4-methyl-4,5-dihydro-oxazol-2-yl,

4|
[
[
[
[
[
[
[2-(2-fluoro-phenyl)-propyl]-4,5-dihydro-oxazol-2-yl,
[
[
[
[
[
[
[2-(3-chloro-phenyl)-ethyl]-4-methyl-4,5-dihydro-oxazol-2-yl,

4-
4-
4-
4-
4-
4-
4-
4-
4-
4-
4-
4-
4-
4-

|
|
|
|
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[0291]
[0292]
[0293]
[0294]
[0295]
[0296]
[0297]
[0298]
[0299]
[0300]
[0301]
[0302]
[0303]
[0304]
[0305]
[0306]
[0307]
[0308]
[0309]
[0310]
[0311]
[0312]
[0313]
[0314]
[0315]
[0316]
[0317]
[0318]
[0319]
[0320]
[0321]
[0322]
[0323]
[0324]

-30-
4-|2-(4-fluoro-phenyl)-ethyl]-4-methyl-4,5-dihydro-oxazol-2-yl,
4-|2-(4-chloro-phenyl)-ethyl]-4,5-dihydro-oxazol-2-yl,
4-|2-(2-chloro-phenyl)-ethyl]-4,5-dihydro-oxazol-2-yl,
4-|2-(3-chloro-phenyl)-butyl]-4,5-dihydro-oxazol-2-yl,
4-(2-phenyl-butyl)-4,5-dihydro-oxazol-2-yl,
4-|2-(2-chloro-6-fluoro-phenyl)-ethyl]-4,5-dihy dro-oxazol-2-yl,
4-|2-(2,4-dichloro-phenyl)-ethyl]-4-methyl-4,5-dihy dro-oxazol-2-yl,
4-|2-(2-bromo-phenyl)-ethyl]-4,5-dihydro-oxazol-2-yl,
4-|2-(2,5-dichloro-phenyl)-ethyl]-4,5-dihy dro-oxazol-2-yl1,
4-|2-(3-fluoro-phenyl)-butyl]-4,5-dihy dro-oxazol-2-yl,
4-|2-(3-chloro-2-fluoro-phenyl)-butyl]-4,5-dihydro-oxazol-2-y1,
4-|2-(3-chloro-4-fluoro-phenyl)-butyl]-4,5-dihydro-oxazol-2-y1,
4-|2-(3-chloro-5-fluoro-phenyl)-butyl]-4,5-dihydro-oxazol-2-y1,
4-|2-(5-chloro-2-fluoro-phenyl)-butyl]-4,5-dihydro-oxazol-2-y1,
4-(4-fluoro-phenoxymethyl)-4,5-dihy dro-oxazol-2-yl,
4-(4-chloro-phenoxymethyl)-4,5-dihy dro-oxazol-2-yl1,
4-(3,4-dichloro-phenoxymethyl)-4,5-dihydro-oxazol-2-yl,
4-(3,5-dichloro-phenoxymethyl)-4,5-dihydro-oxazol-2-yl,
4-(4-bromo-phenoxymethyl)-4,5-dihydro-oxazol-2-yl,
4-(3-chloro-phenoxymethyl)-4,5-dihy dro-oxazol-2-yl,
4-(2,4-difluoro-phenoxymethyl)-4,5-dihydro-oxazol-2-yl,
4-(2-fluoro-phenoxymethyl)-4,5-dihy dro-oxazol-2-yl,
4-(3-Phenyl-propyl)-4,5-dihydro-oxazol-2-y]l,
4-phenylsulfanylmethyl-4,5-dihydro-oxazol-2-yl,
4-benzenesulfonylmethyl-4,5-dihydro-oxazol-2-yl,
4-benzylsulfanylmethyl-4,5-dihydro-oxazol-2-vl,
4-(4-chloro-phenylsulfanylmethyl)-4,5-dihy dro-oxazol-2-y],
4-|1-(4-chloro-phenyl)-cyclopropylmethyl]-4,5-dihydro-oxazol-2-yl,
4-|1-(4-chloro-phenyl)-cyclobutylmethyl]-4,5-dihydro-oxazol-2-yl,
4-(1-phenyl-cyclopropylmethyl)-4,5-dihydro-oxazol-2-y]1,
4-[(benzyl-ethyl-amino)-methyl]-4,5-dihy dro-oxazol-2-v],
4-[(dimethyl-phenyl-silanyl)-methyl]-4,5-dihydro-oxazol-2-yl,
4-(2,3-dihydro-benzo| 1,4]dioxin-6-yl)-4,5-dihydro-oxazol-2-yl,
4-naphthalen-2-yl1-4,5-dihydro-oxazol-2-yl,
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[0325] 4-naphthalen-1-yl1-4,5-dihydro-oxazol-2-yl,

[0326] 4-naphthalen-1-ylmethyl-4,5-dihydro-oxazol-2-yl,

[0327] 4-naphthalen-2-ylmethyl-4,5-dihydro-oxazol-2-yl,

[0328] 4-(1,2,3,4-tetrahydro-naphthalen-2-y1)-4,5-dihydro-oxazol-2-yl,

[0329] 4-|2-(3-fluoro-pyridin-4-yl)-ethyl]-4,5-dihydro-oxazol-2-y]1,

[0330] 4-|2-(6-trifluoromethyl-pyridin-2-yl)-ethyl]-4,5-dihy dro-oxazol-2-y]1,
[0331] 4-|2-(2-methyl-pyridin-4-yl)-ethyl]-4,5-dihy dro-oxazol-2-yl,

[0332] 4-(2-cyclohexyl-ethyl)-4,5-dihydro-oxazol-2-yl,

[0333] 4-phenyl-4,5-dihydro-oxazol-2-yl,

[0334] 4-benzyl-4,5-dihydro-oxazol-2-yl,

[0335] 4-(2-Benzyl)-4,5-dihydro-oxazol-2-vl,

[0336] 4-{[(3-Chloro-phenyl)-methyl-amino]-methyl}-4,5-dihydro-oxazol-2-yl,
[0337] 4-|(Isopropyl-phenyl-amino)-methyl]-4,5-dihydro-oxazol-2-yl,

[0338] 4-Benzyloxy methyl-4,5-dihydro-oxazol-2-yl,

[0339] 4-(2-Phenoxy-ethyl)-4,5-dihydro-oxazol-2-yl,

[0340] 4-(3-Chloro-phenyl)-4,5-dihydro-oxazol-2-yl,

[0341] 4-(4-Bromo-phenyl)-4,5-dihydro-oxazol-2-yl,

[0342] 4-(3-Phenoxy-phenyl)-4,5-dihydro-oxazol-2-yl, and

[0343] 4-(4-Chloro-2-methyl-phenyl)-4,5-dihydro-oxazol-2-yl.

[0344] It is within the common knowledge of a synthetic and/or medicinal chemist to

construct compounds of the present disclosure by utilizing two oxazoline moieties as

above described with the same of different steric configurations.

Hetero-pseudodimers

[0345] In some embodiments, the present disclosure provides hetero-pseudodimers

containing two different oxazoline moieties linked by a nitrogen atom, having Formula

@:
R2
1 1 RO
R x N H N X3 (R
Y G
R® o o) R7

R* 1 R

or a pharmaceutically acceptable salt or solvate thereof, wherein

each R' and each R’ are independently:
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deuterium,
tritium,
lower alkyl,
lower alkoxy,
lower alkyl substituted by one or more same or different halogens,
lower alkoxy substituted by one or more same or different halogens,
halogen,
phenyl unsubstituted or substituted by one or more same or different halogens,
phenyloxy,
benzyl,
benzyloxy,
—COO-lower alkyl,
—O—(CH,),—O0-lower alkyl,
-NH-cycloalkyl,
cycloalkyl,
piperidin-1-yl, or
tetrahy dropyran-4-yloxy;

X! and X? are each independently a bond, —CH(R**)—, —CH(R**)CHR*")—,
—OCH(R*)—, —N(R*)CH(R*")—, —CH,OCH(R**)—, —CH,CH,CH,—, —
SCH(R*")—,

—8(0); CH(R**)—, —CH ,SCH>—, —CH,N(R**)CH,—, —cycloalkyl-CH,— or
—Si(R**)(R*"YCH,—, wherein R* and R* are each independently hydrogen, lower alkyl,
lower alkyl substituted by one or more same or different halogens, or benzyl
unsubstituted or substituted by one or more same or different substituents selected from
the group consisting of alkoxy and halogen;

R*and R® are each independently hydrogen, phenyl or lower alkyl;

R’, R*, R, and R® are each independently hydrogen, lower alkyl, lower alkoxy, or
lower alkyl substituted by one or more same or different halogens, or lower alkoxy
substituted by one or more same or different halogens;

Y'and Y? are each independently phenyl, naphthyl, thiophenyl, pyridinyl,
cycloalkyl, 1,2,3,4-tetrahy dro-naphthalen-2-yl, 2,3-dihydrobenzo[1,4]dioxin-6-yl,
benzo[1,3]dioxol-5-yl, pyrimidyl, indanyl, 2,3-dihydroindol-1-yl, or 3,4-dihydro-
quinolin-1-yl;

m and n are each independently 0, 1, 2 or 3; and
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ois 1,2, or 3.

[0346] In some embodiments, the hetero-pseudodimer has the Formula (I-A):

N
(R1)m—i N \>/H\(N AN
/ d \ | / (R
I-A ,

or a pharmaceutically acceptable salt or solvate thereof, wherein RL R’ mandn are as

defined above for Formula (I).

[0347] In some embodiments, the compound of Formula (I-A) is a compound of Formula
(I-Aa):
m(R")
// n
\ //I”"h,, N H N
D¢ j@
) o]
I-Aa

>

or a pharmaceutically acceptable salt or solvate thereof, wherein R', R’, m and n are as
defined above for Formula (I-A).

[0348] In another embodiment, the compound of Formula (I-A) is a compound of
Formula (I-Ab):

m(R")

X
A

\ TN @(Rm
NN "\
e

I-Ab

or a pharmaceutically acceptable salt or solvate thereof, wherein R', R’, m, and n are as
defined above for Formula (I-A).
[0349] In still another embodiment, the compound of Formula (I-A) is a compound of

Formula (I-Ac):

m(R")
// \ s
=\ (R,
N N H N
\>/N\( \ /
] o]
I-Ac

>

or a pharmaceutically acceptable salt or solvate thereof, wherein R', R’, m, and n are as

defined above for Formula (I-A).
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[0350] In yet another embodiment, the compound of Formula (I-A) is a compound
of Formula (I-Ad):
m(R))
o \ (R®)
// n
X i, N H N
“ \>/ N /j_,.\\\\\\@
L
I-Ad

>

or a pharmaceutically acceptable salt or solvate thereof, wherein R R’ m, and n are as
defined above for Formula (I-A).
[0351] In some embodiments, the compound of the present disclosure is a compound of
Formula (I-B):
Rm\T1 . N\>/H\(Nj<\zz/wz
I-B ’

or a pharmaceutically acceptable salt or solvate thereof, wherein

7' and Z* are each independently N or CH;

R”and R® are each independently hydrogen or lower alkyl;

R’ and R" are each independently hydrogen, lower alkyl, or benzyl unsubstituted
or substituted by one or more same or different substituents selected from the group
consisting of alkoxy and halogen; and

R'%and R" are each independently aryl; or

R’ and R together with the N-atom to which they are attached form an 8- to 10-
membered heterocyclic group, R' is each independently hydrogen, lower alkyl, or benzyl
unsubstituted or substituted by alkoxy or halogen, and R'*is aryl; or

R and R" together with the N-atom to which they are attached form an 8- to 10-
membered heterocyclic group, R is each independently hydrogen, lower alkyl, or benzyl
unsubstituted or substituted by alkoxy or halogen, and R'’is aryl;

wherein the aryl group is selected from the group consisting of phenyl, naphthyl,
1,2.3,4-tetrahydro-naphthalen-2-yl, and indanyl, and wherein the aryl group is
unsubstituted or substituted by one to three substituents, independently selected from the
group consisting of cycloalkyl, phenyl, phenyloxy, benzyl, benzyloxy, halogen, lower

alkyl, lower alkoxy, piperidin-1-yl, lower alkyl substituted by one or more same or
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different halogens, and lower alkoxy substituted by one or more same or different
halogens.

[0352] In some embodiments of the compound of Formula (I-B), R’ and R" together with
the N-atom to which they are attached form an 8- to 10-membered heterocyclic group.

[0353] In other embodiments, R'' and R'? together with the N-atom to which they are
attached form an 8- to 10- membered heterocyclic group.

[0354] In separate embodiments, R’ and R, together with the N-atom to which they are
attached form an 8- to 10- membered heterocyclic group; and R' and R"?, together with

the N-atom to which they are attached form an 8- to 10- membered heterocyclic group.

[0355] In one embodiment, the compound of Formula (I-B) is a compound of Formula (I-
Ba),
R”i /
R”
I-Ba

or a pharmaceutically acceptable salt or solvate thereof.

[0356] In another embodiment, the compound of Formula (I-B) is a compound of

Formula (I-Bb),
2\\\‘ \>/ ‘o,
R9 //Re |

R11

1

I-Bb

or a pharmaceutically acceptable salt or solvate thereof.

[0357] In another embodiment, the compound of Formula (I-B) is a compound of

Formula (I-Bc),
TR ORT
6
R9 R R']'I

R']O
I-Bc¢

or a pharmaceutically acceptable salt or solvate thereof.
[0358] In another embodiment, the compound of Formula (I-B) is a compound of

Formula (I-Bd),
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0
\ ///,,
O and:
“R6 |

R']’]
I-Bd

or a pharmaceutically acceptable salt or solvate thereof.

[0359] In some embodiments, the hetero-pseudodimer is a compound of Formula (I-C):

=

or a pharmaceutically acceptable salt or solvate thereof, wherein

Z'is N or CH;

R%),
(R, O

each R' and each R’ are independently:
lower alkyl,
lower alkoxy,
lower alkyl substituted by one or more same or different halogens,
lower alkoxy substituted by one or more same or different halogens,
halogen, or
cycloalkyl;

R’ is hydrogen, lower alkyl, or benzy! unsubstituted or substituted by one or more
same or different substituents selected from the group consisting of alkoxy or halogen;
and

m and n are each independently 0, 1, 2, or 3.

[0360] In some embodiments, the compound of Formula (I-C) is a compound of Formula

(I-Ca):
7
(R1)m

or a pharmaceutically acceptable salt or solvate thereof.

Y L

I-Ca

[0361] In some embodiments, the compound of Formula (I-C) is a compound of Formula
(I-Cb):
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(R1)m_/ | - |_(R5)n
NP
o] oj Flig
I-Cb ’
or a pharmaceutically acceptable salt or solvate thereof.
[0362] In some embodiments, the compound of Formula (I-C) is a compound of Formula

(I-Cc):

Rt | 7 A gs
NOH N T

\>/N\</ jA?

O o} R®

I-Ce

>

or a pharmaceutically acceptable salt or solvate thereof.
[0363] In some embodiments, the compound of Formula (I-C) is a compound of Formula
(I1-Cd):

1 / /
RIni |,/ N T Rn
O~y
0 0 R®

I-Cd

>

or a pharmaceutically acceptable salt or solvate thereof.
[0364] In some embodiments of a compound of Formulae (I-C) through (I-Cd) or a
pharmaceutically acceptable salt or solvate thereof, R’ is hydrogen, lower alkyl. In certain

embodiments R’ is ethyl.

[0365] In separate embodiments of the compound of Formulae (I-C) through (I-Cd) or a
pharmaceutically acceptable salt or solvate thereof, Z'is CH.
[0366] In some embodiments, the hetero-pseudodimer is of Formula (I-D):
R (R9),

R11

T N\>/n \(Nj/\zz
R® d \ |
I-D

or a pharmaceutically acceptable salt or solvate thereof, wherein

7' and Z* are each independently N or CH;
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each R' and each R’ are independently:
lower alkyl,
lower alkoxy,
lower alkyl substituted by one or more same or different halogens,
lower alkoxy substituted by one or more same or different halogens, or
halogen;

R’ and R" are each independently hydrogen, lower alkyl or benzyl unsubstituted
or substituted by one or more same or different substituents selected from the group
consisting of alkoxy or halogen; and

m and n are each independently 0, 1, 2, or 3.

[0367] In some embodiments, the compound of Formula (I-D) is a compound of Formula
(I-Day):

1
(R")m RS,

! 1, N
Rg Q 0 L1 1

or a pharmaceutically acceptable salt or solvate thereof.
[0368] In some embodiments, the compound of Formula (I-D) is a compound of Formula
(I-Db):

R

et
bat Yj o

or a pharmaceutically acceptable salt or solvate thereof.
[0369] In some embodiments, the compound of Formula (I-D) is a compound of Formula

(I-Dc):

R
\Y < Y

or a pharmaceutically acceptable salt or solvate thereof.
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[0370] In some embodiments, the compound of Formula (I-D) is a compound of Formula
(I-Dd):

.
(R ®),

. [\V %j i

or a pharmaceutically acceptable salt or solvate thereof.

[0371] In some embodiments, the compound of the disclosure is a compound of
Formulae (I-D) through (I-Dd), wherein m and n are 0, or a pharmaceutically acceptable
salt or solvate thereof.

[0372] In some embodiments, the compound of the disclosure is a compound of
Formulae (I-D) through (I-Dd), wherein each R and each R’ are independently same or
different halogen or lower alkyl, or a pharmaceutically acceptable salt or solvate thereof.

[0373] In some embodiments, the compound of the disclosure is a compound of
Formulae (I-D) through (I-Dd), wherein R’ and R'! are each independently lower alkyl, or
a pharmaceutically acceptable salt or solvate thereof.

[0374] In some embodiments, the compound of the disclosure is a compound of
Formula (I-D) through (I-Dd), wherein R’ and R*! are each independently hydrogen, or a
pharmaceutically acceptable salt or solvate thereof.

[0375] In certain embodiments, the compounds of the present disclosure include the

following compounds:

Cl

N\>/H\(N F
Cl © ©
N\>/H\(N F

¢, and



WO 2017/192858 PCT/US2017/031071

-40 -
Cl

N N

\>/H\(—j/\"‘

(0] 0 k
or a pharmaceutically acceptable salt or solvate thereof.

[0376] In some embodiments, the compounds of the present disclosure include the

following compounds:

OOy
[V%j‘(j
¢, and

or a pharmaceutically acceptable salt or solvate thereof.

Cl

[0377] The oxazoline moieties that can be used to construct the compounds of the present
disclosure can be any of the oxazoline moieties discussed above for the mono-
pseudodimers. It is within the common knowledge of a synthetic and/or medicinal
chemist to construct compounds of the present disclosure by utilizing two different
oxazoline moieties as above described.

[0378] For example, the hetero-pseudodimers of the present disclosure also include the

following compounds:
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Ejﬁ%%fg

>

Cl

Cl

or a pharmaceutically acceptable salt or solvate thereof.
[0379] The above embodiments are for the purpose of illustration, the mono-

pseudodimers and hetero-pseudodimers of the present disclosure can be constructed by
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monomers of various structures, and can include oxazoline moieties with various
substituents.

[0380] In certain embodiments, the pseudodimers or pharmaceutically acceptable salts or
solvates thereof described herein are substantially free from corresponding monomers or
pharmaceutically acceptable salts or solvates thereof. In some embodiments, the
pseudodimers or pharmaceutically acceptable salts or solvates thereof of the invention
have a purity of at least 80%, preferably at least 90%, more preferably at least 95%, most
preferably at least 97%. In one embodiment, the present disclosure relates to the
pseudodimers or pharmaceutically acceptable salts or solvates thereof described herein
with a purity of at least 80%, at least 85%, at least 90%, at least 91%, at least 92%, at
least 93%, at least 94%, at least 95%, at least 96%, at least 97%. In certain embodiments,
the purity is determined through HPLC.

[0381] In some embodiments, the present disclosure relates to an enantiomer of a
pseudodimer or a pharmaceutically acceptable salt or solvate thereof with an
enantiomeric excess (ee) of at least 50%, at least 60%, at least 70%, at least 80%, at least
90%, at least 95%, at least 96%, at least 97%, at least 98%, and at least 99%.

[0382] In some embodiments, the present disclosure relates to a diastereomer of a
pseudodimer or a pharmaceutically acceptable salt or solvate thereof with a
diastereomeric excess (de) of at least 50%, at least 60%, at least 70%, at least 80%, at
least 90%, at least 95%, at least 96%, at least 97%, at least 98%, and at least 99%.

[0383] As used herein, the term “stereoisomers” is a general term for all isomers of
individual molecules that differ only in the orientation of their atoms in space. It includes
enantiomers and isomers of compounds with more than one chiral center that are not

mirror images of one another (diastereomers).

[0384] The term “chiral center” refers to a carbon atom to which four different groups are
attached.
[0385] The terms “enantiomer” and “‘enantiomeric” refer to a molecule that cannot be

superimposed on its mirror image and hence is optically active wherein the enantiomer
rotates the plane of polarized light in one direction and its mirror image compound rotates
the plane of polarized light in the opposite direction.

[0386] The term “racemic” refers to a mixture of equal parts of enantiomers and which
mixture is optically inactive.

[0387] The term “resolution” refers to the separation or concentration or depletion of one

of the two enantiomeric forms of a molecule.
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[0388] It must be noted that, as used in the specification and the appended claims, the

[T L34

singular forms “a”, “an,” and “the” include plural forms unless the context clearly dictates

otherwise.

[0389] Open terms such as “include,” “including,” “contain,” “containing,” and the like
mean “‘comprising.”

[0390] As used herein, the term “lower alkyl” denotes a saturated straight- or branched-

chain group containing from 1 to 7 carbon atoms, for example, methyl, ethyl, propyl,
isopropyl, n-butyl, i-butyl, 2-butyl, t-butyl and the like. Certain lower alkyl groups are
groups with 1-4 carbon atoms.

[0391] As used herein, the term “lower alkoxy” denotes a group wherein the alkyl residue
is as defined above and which is attached via an oxygen atom.

[0392] As used herein, the term “lower alkyl substituted by one or more same or different
halogens™ denotes an alkyl group as defined above, wherein at least one hydrogen atom is
replaced by halogen, for example CF;, CHF,, CHyF, CH,CF;, CH,CH,CF;, CH,CF,CF;
and the like.

[0393] As used herein, the term “lower alkoxy substituted by one or more same or
different halogens™ denotes an alkoxy group as defined above, wherein at least one
hydrogen atom is replaced by halogen, for example OCF;, OCHF,, OCH,F, OCH,CF;,
OCH,CH,CF3, OCH,CF,CFj; and the like.

[0394] The term “halogen” denotes chlorine, iodine, fluorine and bromine.

[0395] The term “cycloalkyl™ is an alkylene ring, containing from 3 to 8, preferably from
3 to 6, carbon ring atoms.

[0396] “Pharmaceutically acceptable,” such as pharmaceutically acceptable carrier,
excipient, etc., means pharmacologically acceptable and substantially non-toxic to the
subject to which the particular compound is administered.

[0397] The term “pharmaceutically acceptable salts” embraces salts with inorganic and
organic acids, and inorganic and organic bases. The pharmaceutically acceptable salts
include, but are not limited to, metal salts such as sodium salt, potassium salt, cesium salt
and the like; alkaline earth metals such as calcium salt, magnesium salt and the like;
organic amine salts such as triethylamine salt, pyridine salt, picoline salt, ethanolamine
salt, triethanolamine salt, dicy clohexylamine salt, N,N’-dibenzylethylenediamine salt and
the like; inorganic acid salts such as hydrochloride, hydrobromide, phosphate, sulphate
and the like; organic acid salts such as citrate, lactate, tartrate, maleate, fumarate,

mandelate, acetate, dichloroacetate, trifluoroacetate, oxalate, formate and the like;
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sulfonates such as methanesulfonate, benzenesulfonate, p-toluenesulfonate and the like;
and amino acid salts such as arginate, asparginate, glutamate and the like.

[0398] The term “treating” or “treatment” refers to administering a therapy in an amount,
manner, or mode effective to improve a condition, symptom, or parameter associated with
a disorder or to slow or prevent progression of a disorder, to either a statistically
significant degree or to a degree detectable to one skilled in the art. An effective amount,
manner, or mode can vary depending on the subject and may be tailored to the subject. A
subject includes, but not limited to, a human or an animal.

[0399] “Therapeutically effective amount™ means an amount that is effective to prevent,
alleviate or ameliorate symptoms of disease or prolong the survival of the subject being

treated.

SYNTHESIS OF COMPOUNDS

[0400] The mono-pseudodimers can be prepared by the method shown in Scheme 1. The
desired pseudodimer can be separated from the corresponding monomers. This method is
similar to that for preparing aminooxazolines (2) from aminoalcohols (1), as disclosed in

U.S. Patent Application Publication Nos. 2009/0105307, 2010/0120864, and

2010/0311798.
Scheme 1
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[0401] Mono-pseudodimers and hetero-pseudodimers can be prepared by the following

method as shown in Scheme 2. The aminooxazoline intermediates include, but not limited
to those disclosed in U.S. Patent Application Publication Nos. 2009/0105307,
2010/0120864, 2010/0311798, and Galley et al., “Discovery and Characterization of 2-
Aminooxazolines as Highly Potent, Selective, and Orally Active TAAR1 Agonists,” ACS
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Med. Chem. Lett., 2016, 7 (2), pp 192-197 (“Galley™). The ethoxyloxazoline
intermediates (5) can be prepared from the corresponding aminoalcohols, the same

starting material for the aminooxazoline compounds.

Scheme 2
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METHOD OF USE
PAIN TREATMENT AND AMELIORATION
[0402] In certain embodiments, a pseudodimer or a pharmaceutically acceptable salt or

solvate thereof of the present disclosure (alternatively, as a compound of the present
disclosure) is used in combination with at least one other therapeutic agent. The other
therapeutic agent can be, but is not limited to, a u-opioid agonist, a non-opioid analgesic,
anon-steroidal anti-inflammatory agent, a Cox-II inhibitor, an anti-emetic, a B-adrenergic
blocker, an anticonvulsant, an antidepressant, a Ca’'-channel blocker, an anticancer agent,
or a mixture thereof.

[0403] A compound of the present disclosure can be used to treat acute, chronic pain
(which includes but is not limited to, neuropathic pain, postoperative pain, and
inflammatory pain), or surgical pain. Examples of pain that can be treated using a
compound of the present disclosure include, but are not limited to, cancer pain,
neuropathic pain, labor pain, myocardial infarction pain, pancreatic pain, colic pain,
post-operative pain, headache pain, muscle pain, arthritic pain, and pain associated with a
periodontal disease, including gingivitis and periodontitis.

[0404] Acute pain includes, but is not limited to, perioperative pain, postoperative pain,

post-traumatic pain, acute disease related pain, and pain related to diagnostic procedures,
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orthopedic manipulations, and myocardial infarction. Acute pain in the perioperative
setting includes pain because of pre-existing disease, the surgical procedure, e.g.,
associated drains, chest or nasogastric tubes, or complications, or a combination of
disease-related and procedure-related sources.

[0405] Chronic pain includes, but is not limited to, inflammatory pain, postoperative
pain, cancer pain, osteoarthritis pain associated with metastatic cancer, trigeminal
neuralgia, acute herpetic and postherpetic neuralgia, diabetic neuropathy, causalgia,
brachial plexus avulsion, occipital neuralgia, reflex sympathetic dystrophy, fibromyalgia,
gout, phantom limb pain, burn pain, and other forms of neuralgia, neuropathic, and
idiopathic pain syndromes.

[0400] A compound of the present disclosure can be used to treat pain associated with
inflammation or with an inflammatory disease in a patient. Such pain can arise where
there is an inflammation of the body tissue which can be a local inflammatory response or
a systemic inflammation. For example, a compound of the present disclosure can be used
to treat pain associated with inflammatory diseases including, but not limited to, organ
transplant rejection; reoxygenation injury resulting from organ transplantation (see Grupp
et al., J Mol, Cell Cardiol. 31:297-303 (1999)) including, but not limited to,
transplantation of the heart, lung, liver, or kidney; chronic inflammatory diseases of the
joints, including arthritis, rheumatoid arthritis, osteoarthritis and bone diseases associated
with increased bone resorption; inflammatory bowel diseases, such as ileitis, ulcerative
colitis, Barrett’s syndrome, and Crohn’s disease; inflammatory lung diseases, such as
asthma, adult respiratory distress syndrome, and chronic obstructive airway disease;
inflammatory diseases of the eye, including comeal dystrophy, trachoma, onchocerciasis,
uveitis, sympathetic ophthalmitis and endophthalmitis; chronic inflammatory disease of
the gum, including gingivitis and periodontitis; tuberculosis; leprosy; inflammatory
diseases of the kidney, including uremic complications, glomerulonephritis and
nephrosis; inflammatory disease of the skin, including sclerodermatitis, psoriasis and
eczema; inflammatory diseases of the central nervous system, including chronic
demyelinating diseases of the nervous system, multiple sclerosis, AIDS-related
neurodegeneration and Alzheimer ‘s disease, infectious meningitis, encephalomyelitis,
Parkinson’s disease, Huntington’s disease, amyotrophic lateral sclerosis and viral or
autoimmune encephalitis; autoimmune diseases, including Type I and Type II diabetes
mellitus; diabetic complications, including, but not limited to, diabetic cataract,

glaucoma, retinopathy, nephropathy (such as microaluminuria and progressive diabetic
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nephropathy), gangrene of the feet, atherosclerotic coronary arterial disease, peripheral
arterial disease, nonketotic hypergly cemic-hyperosmolar coma, foot ulcers, joint
problems, and a skin or mucous membrane complication (such as an infection, a shin
spot, a candidal infection or necrobiosis lipoidica diabeticorum), immune-complex
vasculitis, and systemic lupus erythematosus (SLE); inflammatory disease of the heart,
such as cardiomyopathy, ischemic heart disease hypercholesterolemia, and
artherosclerosis; as well as various other diseases that can have significant inflammatory
components, including preeclampsia, chronic liver failure, brain and spinal cord trauma,
and cancer. A compound of the present disclosure can also be used to treat pain
associated with inflammatory disease that can, for example, be a systemic inflammation
of the body, exemplified by gram-positive or gram negative shock, hemorrhagic or
anaphylactic shock, or shock induced by cancer chemotherapy in response to pro-
inflammatory cytokines, e.g., shock associated with pro-inflammatory cytokines. Such
shock can be induced, e.g., by a chemotherapeutic agent that is administered as a
treatment for cancer.

[0407] A compound of the present disclosure can be used to treat pain associated with
nerve injury (i.e., neuropathic pain). Chronic neuropathic pain is a heterogenous disease
state with an unclear etiology. In chronic pain, the pain can be mediated by multiple
mechanisms. This type of pain generally arises from injury to the peripheral or central
nervous tissue. The syndromes include pain associated with spinal cord injury, multiple
sclerosis, post-herpetic neuralgia, trigeminal neuralgia, phantom pain, causalgia, and
reflex sympathetic dystrophy and lower back pain. The chronic pain is different from
acute pain in that chronic neuropathic pain patients suffer the abnormal pain sensations
that can be described as spontaneous pain, continuous superficial burning and/or deep
aching pain. The pain can be evoked by heat-, cold-, and mechano-hyperalgesia or by
heat-, cold-, or mechano-allodynia.

[0408] Chronic neuropathic pain can be caused by injury or infection of peripheral
sensory nerves. It includes, but is not limited to pain from peripheral nerve trauma, herpes
virus infection, diabetes mellitus, causalgia, plexus avulsion, neuroma, limb amputation,
and vasculitis. Neuropathic pain can also be caused by nerve damage from chronic
alcoholism, human immunodeficiency virus infection, hypothyroidism, uremia, or
vitamin deficiences. Stroke (spinal or brain) and spinal cord injury can also induce
neuropathic pain. Cancer-related neuropathic pain results from tumor growth compression

of adjacent nerves, brain, or spinal cord. In addition, cancer treatments, including
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chemotherapy and radiation therapy, can cause nerve injury. Neuropathic pain includes
but is not limited to pain caused by nerve injury such as, for example, the pain from
which diabetics suffer.

A compound of the present disclosure can be used to treat pain associated with
migraine including, but not limited to, migraine without aura (“common migraine™),
migraine with aura (“classic migraine™), migraine without headache, basilar migraine,
familial hemiplegic migraine, migrainous infarction, and migraine with prolonged aura.

A compound of the present disclosure can also be used as an agent to treat
withdrawal from alcohol addiction or drug addiction; as an agent to treat addictive
disorders; as an agent to treat a pruritic condition; and in treating or ameliorating
constipation and diarrhea.

Due to their activity, the compounds of the present disclosure are advantageously
useful in human and veterinary medicine. As described above, the compounds of the
present disclosure are useful for treating pain in a patient in need thereof. The compounds
of the present disclosure can be administered to any patient requiring modulation of the
opioid receptors. The term “patient” as used herein refers to any animal that may
experience the beneficial effects of a compound of the present disclosure. Foremost such
animals are mammals, e.g., humans and companion animals, although the invention is not

mtended to be so limited.

TAAR1 MODULATION

In some embodiments, the present disclosure provides a method of activating
TAARI comprising administering to a subject in need thereof an effective amount of a
compound disclosed herein.

TAARI1 is a 7-transmembrane domain G-protein coupled receptor (Gas) that
responds to various trace amines ("TAs") (Lindemann ef a/., "Trace amine-associated
receptors form structurally and functionally distinct subfamilies of novel G protein-
coupled receptors," Genomics 85 (3): 372-85 (2005)). TAs include S-phenylethylamine,
p-tyramine, tryptamine, octopamine, and synephrine. TAs are activated by thyroid
hormone derivative, COMT (Catechol-O-Methyltransferase) products, and amphetamine.
TAARI1 has low affinity for classic monoamines. TAARI signals through the
cAMP/PKA (Protein Kinase A)/CREB (cAMP Responsive Element Binding Protein) and
the PKC (Protein Kinase C)/Ca''/NFAT (Nuclear Factor of Activated T-cells) pathways.
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[0414] TAARI is expressed in brain, spinal cord, and peripheral tissues in rodents and
monkeys (see Xie ef al., "Trace Amine-Associated Receptor 1 as a Monoaminergic
Modulator in Brain," Biochem. Pharmacol. 78(9): 1095-1104 (2009)). It has been
reported that human TAAR1 mRNA was detected by quantitative reverse transcription
(RT)-PCR in low levels in discrete regions within the central nervous system (CNS) and
in several peripheral tissues. Moderate levels were expressed in stomach, low levels
expressed in amygdala, kidney, lung, and small intestine, whereas trace amounts were
expressed in cerebellum, dorsal root ganglia, hippocampus, hypothalamus, liver, medulla,
pancreas, pituitary, pontine reticular formation, prostate, skeletal muscle, and spleen (see
Borowsky et al., "Trace amines: Identification of a family of mammalian G protein-
coupled receptors," Proc. Natl. Acad. Sci. U. S. A. 98(16): 8966-8971 (2001)).

[0415] Invitro, TAARI activation drives the PKA and PKC cellular signaling cascades
that result in inhibition of monoamine uptake and transporter reversal (efflux) in DAT
(Dopamine Transporter)/ TAAR1, NET (Norepinephrine Transporter)/ TAARI1, and SERT
(Serotonin Transporter)/ TAARI1 co-transfected cells, as well as in mouse and primate
striatal (DAT, SERT) and thalamic (NET) synaptosomes ex vivo.

[0416] Invivo, TAARI selective activation prevents both hyperdopaminergic- and
hypoglutamatergic-induced hyperlocomotion in rodents, suggesting anxiolytic- and
antipsychotic-like effects (see Revel ef al., "TAARI activation modulates monoaminergic
neurotransmission, preventing hyperdopaminergic and hypoglutamatergic activity," Proc.
Natl. Acad. Sci. U. S. A. 108(20): 8485-8490 (2011)).

[0417] Additionally, TAAR1 has been implicated as playing a role in schizophrenia,

depression, addiction and Parkinson's disease.

PHARMACEUTICAL COMPOSITIONS AND ADMINISTRATION

[0418] When administered to a patient, a compound of the present disclosure can be
administered as a component of a composition that comprises a pharmaceutically
acceptable carrier or excipient. A compound of the present disclosure can be administered
by any appropriate route, as determined by the medical practitioner. Methods of
administration may include intradermal, intramuscular, intraperitoneal, parenteral,
intravenous, subcutaneous, intranasal, epidural, oral, sublingual, buccal, intracerebral,
intravaginal, transdermal, transmucosal, rectal, by inhalation, or topical (particularly to

the ears, nose, eyes, or skin). Delivery can be either local or systemic. In certain
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embodiments, administration will result in the release of a compound of the present
disclosure into the bloodstream.

[0419] Pharmaceutical compositions of the application can take the form of solutions,
suspensions, emulsions, tablets, pills, pellets, powders, multi-particulates, capsules,
capsules containing liquids, capsules containing powders, capsules containing multi-
particulates, lozenges, sustained-release formulations, suppositories, transdermal patches,
transmucosal films, sub-lingual tablets or tabs, aerosols, sprays, or any other form suitable
for use. In one embodiment, the composition is in the form of a tablet. In another
embodiment, the composition is in the form of a capsule (see, e.g., U.S. Patent No.
5,698,155). Other examples of suitable pharmaceutical excipients are described in
Remington’s Pharmaceutical Sciences 1447-1676 (Alfonso R. Gennaro ed., 19th ed.
1995), incorporated herein by reference.

[0420] Pharmaceutical compositions of the application preferably comprise a suitable
amount of a pharmaceutically acceptable excipient so as to provide the form for proper
administration to the patient. Such a pharmaceutical excipient can be a diluent,
suspending agent, solubilizer, binder, disintegrant, preservative, coloring agent, lubricant,
and the like. The pharmaceutical excipient can be a liquid, such as water or an oil,
including those of petroleum, animal, vegetable, or synthetic origin, such as peanut oil,
soybean oil, mineral oil, sesame oil, and the like. The pharmaceutical excipient can be
saline, gum acacia, gelatin, starch paste, talc, keratin, colloidal silica, urea, and the like. In
addition, auxiliary, stabilizing, thickening, lubricating, and coloring agents can be used.
In one embodiment, the pharmaceutically acceptable excipient is sterile when
administered to a patient. Water is a particularly useful excipient when a compound of the
present disclosure is administered intravenously. Saline solutions and aqueous dextrose
and glycerol solutions can also be employed as liquid excipients, particularly for
injectable solutions. Suitable pharmaceutical excipients also include starch, glucose,
lactose, sucrose, gelatin, malt, rice, flour, chalk, silica gel, sodium stearate, glycerol
monostearate, talc, sodium chloride, dried skim milk, glycerol, propylene glycol, water,
ethanol, and the like. The invention compositions, if desired, can also contain minor
amounts of wetting or emulsifying agents, or pH buffering agents. Specific examples of
pharmaceutically acceptable carriers and excipients that can be used to formulate oral
dosage forms are described in the Handbook of Pharmaceutical Excipients, American

Pharmaceutical Association (1986).
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[0421] In certain embodiments, the compounds of the present disclosure are formulated
for oral administration. A compound of the present disclosure to be orally delivered can
be in the form of tablets, capsules, gelcaps, caplets, lozenges, aqueous or oily solutions,
suspensions, granules, powders, emulsions, syrups, or elixirs, for example. When a
compound of the present disclosure is incorporated into oral tablets, such tablets can be
compressed, tablet triturates, enteric-coated, sugar-coated, film-coated, multiply
compressed or multiply layered.

[0422] An orally administered compound of the present disclosure can contain one or
more additional agents such as, for example, sweetening agents such as fructose,
aspartame or saccharin; flavoring agents such as peppermint, oil of wintergreen, or
cherry; coloring agents; and preserving agents, and stabilizers, to provide stable,
pharmaceutically palatable dosage forms. Techniques and compositions for making solid
oral dosage forms are described in Pharmaceutical Dosage Forms: Tablets (Lieberman,
Lachman and Schwartz, eds., 2nd ed.) published by Marcel Dekker, Inc. Techniques and
compositions for making tablets (compressed and molded), capsules (hard and soft
gelatin) and pills are also described in Remington’s Pharmaceutical Sciences 1553-1593
(Arthur Osol, ed., 16™ ed., Mack Publishing, Easton, PA 1980). Liquid oral dosage forms
include aqueous and nonaqueous solutions, emulsions, suspensions, and solutions and/or
suspensions reconstituted from non-effervescent granules, optionally containing one or
more suitable solvents, preservatives, emulsifying agents, suspending agents, diluents,
sweeteners, coloring agents, flavoring agents, and the like. Techniques and compositions
for making liquid oral dosage forms are described in Pharmaceutical Dosage Forms:
Disperse Systems, (Lieberman, Rieger and Banker, eds.) published by Marcel Dekker,
Inc.

[0423] When a compound of the present disclosure is formulated for parenteral
administration by injection (e.g., continuous infusion or bolus injection), the formulation
can be in the form of a suspension, solution, or emulsion in an oily or aqueous vehicle,
and such formulations can further comprise pharmaceutically necessary additives such as
one or more stabilizing agents, suspending agents, dispersing agents, and the like. When a
compound of the present disclosure is to be injected parenterally, it can be, e.g., in the
form of an isotonic sterile solution. A compound of the present disclosure can also be in
the form of a powder for reconstitution as an injectable formulation.

[0424] In certain embodiments, a compound of the present disclosure is formulated into a

pharmaceutical composition for intravenous administration. Typically, such compositions
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comprise sterile isotonic aqueous buffer. Where necessary, the compositions can also
include a solubilizing agent. A compound of the present disclosure for intravenous
administration can optionally include a local anesthetic such as benzocaine or prilocaine
to lessen pain at the site of the injection. Generally, the ingredients are supplied either
separately or mixed together in unit dosage form, for example, as a dry lyophilized
powder or water free concentrate in a hermetically sealed container such as an ampule or
sachette indicating the quantity of active agent. Where a compound of the present
disclosure is to be administered by infusion, it can be dispensed, for example, with an
infusion bottle containing sterile pharmaceutical grade water or saline. Where a
compound of the present disclosure is administered by injection, an ampule of sterile
water for injection or saline can be provided so that the ingredients can be mixed prior to
administration.

[0425] When a compound of the present disclosure is to be administered by inhalation, it
can be formulated into a dry aerosol, or an aqueous or partially aqueous solution.

[0420] In another embodiment, a compound of the present disclosure can be delivered in
a vesicle, in particular a liposome (see Langer, Science 249:1527-1533 (1990); and Treat
et al., Liposomes in the Therapy of Infectious Disease and Cancer 317-327 and 353-365
(1989)).

[0427] In certain embodiments, a compound of the present disclosure is administered
locally. This can be achieved, for example, by local infusion during surgery, topical
application, e.g., in conjunction with a wound dressing after surgery, by injection, by
means of a catheter, by means of a suppository or enema, or by means of an implant, said
implant being of a porous, non-porous, or gelatinous material, including membranes, such
as, sialastic membranes, or fibers.

[0428] In certain embodiments, a compound of the present disclosure can be delivered in
an immediate release form. In other embodiments, a compound of the present disclosure
can be delivered in a controlled-release system or sustained-release system. Controlled- or
sustained-release pharmaceutical compositions can have a common goal of improving
drug therapy over the results achieved by their non-controlled or non-sustained-release
counterparts. In one embodiment, a controlled- or sustained-release composition
comprises a minimal amount of a compound of the present disclosure to treat or prevent
the Condition (or a symptom thereof) in a minimum amount of time. Advantages of
controlled- or sustained-release compositions include extended activity of the drug,

reduced dosage frequency, and increased compliance. In addition, controlled- or
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sustained-release compositions can favorably affect the time of onset of action or other
characteristics, such as blood levels of the compound of the present disclosure and can
thus reduce the occurrence of adverse side effects.

[0429] Controlled- or sustained-release compositions can initially immediately release an
amount of a compound of the present disclosure that promptly produces the desired
therapeutic or prophylactic effect, and gradually and continually release other amounts of
the compound of the present disclosure to maintain a level of therapeutic or prophylactic
effect over an extended period of time. To maintain a constant level of the compound of
the present disclosure in the body, the compound of the present disclosure can be released
from the dosage form at a rate that will replace the amount of compound of the present
disclosure being metabolized and excreted from the body. Controlled- or sustained-
release of an active ingredient can be stimulated by various conditions, including but not
limited to, changes in pH, changes in temperature, concentration or availability of
enzymes, concentration or availability of water, or other physiological conditions or
compounds.

[0430] Controlled-release and sustained-release means for use according to the present
disclosure may be selected from those known in the art. Examples include, but are not
limited to, those described in U.S. Patent Nos.: 3,845,770; 3,916,899; 3,536,809;
3,598.123: 4.008.719; 5,674,533: 5,059,595: 5,591,767; 5.120,548; 5,073,543: 5,639,476:
5,354,556; and 5,733,566, each of which is incorporated herein by reference. Such dosage
forms can be used to provide controlled- or sustained-release of one or more active
ingredients using, for example, hydroxypropylmethyl cellulose, other polymer matrices,
gels, permeable membranes, osmotic systems, multilayer coatings, microparticles,
multiparticulates, liposomes, microspheres, or a combination thereof to provide the
desired release profile in varying proportions. Suitable controlled- or sustained-release
formulations known in the art, including those described herein, can be readily selected
for use with the active ingredients of the invention in view of this disclosure. See also
Goodson, “Dental Applications™ (pp. 115-138) in Medical Applications of Controlled
Release, Vol. 2, Applications and Evaluation, R.S. Langer and D.L. Wise eds., CRC Press
(1984). Other controlled- or sustained-release systems that are discussed in the review by
Langer, Science 249:1527-1533 (1990) can be selected for use according to the present
disclosure. In one embodiment, a pump can be used (Langer, Science 249:1527-1533
(1990); Sefton, CRC Crit. Ref. Biomed. Eng. 14:201 (1987); Buchwald et al., Surgery
88:507 (1980); and Saudek ef al., N. Engl. J. Med. 321:574 (1989)). In another
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embodiment, polymeric materials can be used (see Medical Applications of Controlled
Release (Langer and Wise eds., 1974); Controlled Drug Bioavailability, Drug Product
Design and Performance (Smolen and Ball eds., 1984); Ranger and Peppas, J. Macromol.
Sci. Rev. Macromol. Chem. 23:61 (1983); Levy et al., Science 228:190 (1985); During ef
al., Ann. Neurol. 25:351 (1989); and Howard ef al., J. Neurosurg. 71:105 (1989)). In yet
another embodiment, a controlled- or sustained-release system can be placed in proximity
of a target of a compound of the present disclosure, e.g., the spinal column, brain, or
gastrointestinal tract, thus requiring only a fraction of the systemic dose.

[0431] When in tablet or pill form, a pharmaceutical composition of the invention can be
coated to delay disintegration and absorption in the gastrointestinal tract, thereby
providing a sustained action over an extended period of time. Selectively permeable
membranes surrounding an osmotically active driving compound are also suitable for
orally administered compositions. In these latter platforms, fluid from the environment
surrounding the capsule is imbibed by the driving compound, which swells to displace the
agent or agent composition through an aperture. These delivery platforms can provide an
essentially zero order delivery profile as opposed to the spiked profiles of immediate
release formulations. A time-delay material such as glycerol monostearate or glycerol
stearate can also be used. Oral compositions can include standard excipients such as
mannitol, lactose, starch, magnesium stearate, sodium saccharin, cellulose, and
magnesium carbonate. In one embodiment, the excipients are of pharmaceutical grade.

[0432] Pharmaceutical compositions of the invention include single unit dosage forms
suitable for oral administration such as, but not limited to, tablets, capsules, gelcaps, and
caplets that are adapted for controlled- or sustained-release.

[0433] The amount of the compound of the present disclosure that is effective for the
treatment or prevention of a condition can be determined by standard clinical techniques.
In addition, in vitro and/or in vivo assays can optionally be employed to help identify
optimal dosage ranges. The precise dose to be employed will also depend on, e.g., the
route of administration and the extent of the Condition to be treated, and can be decided
according to the judgment of a practitioner and/or each patient’s circumstances.
Variations in dosing may occur depending upon typical factors such as the weight, age,
gender and physical condition (e.g., hepatic and renal function) of the patient being
treated, the affliction to be treated, the severity of the symptoms, the frequency of the
dosage interval, the presence of any deleterious side-effects, and the particular compound

utilized, among other things.
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PAIN BIOLOGICAL ASSAYS

In Vivo Assays for Pain

[0434] Test Animals: Each experiment uses rats weighing between 200-260 g at the start
of the experiment. The rats are group-housed and have free access to food and water at all
times, except prior to oral administration of a compound of the present disclosure when
food is removed for about 16 hours before dosing. A control group acts as a comparison
to rats treated with a compound of the present disclosure. The control group is
administered the carrier for the compound of the present disclosure. The volume of carrier
administered to the control group is the same as the volume of carrier and compound of
the present disclosure administered to the test group.

[0435] Acute Pain: To assess the actions of a compound of the present disclosure for the
treatment or prevention of acute pain, the rat tail flick can be used. Rats are gently
restrained by hand and the tail exposed to a focused beam of radiant heat at a point 5 cm
from the tip using a tail flick unit (Model 7360, commercially available from Ugo Basile
of Italy). Tail flick latencies are defined as the interval between the onset of the thermal
stimulus and the flick of the tail. Animals not responding within 20 seconds are removed
from the tail flick unit and assigned a withdrawal latency of 20 seconds. Tail flick
latencies are measured immediately before (pre-treatment) and 1, 3, and 5 hours
following administration of a compound of the present disclosure. Data are expressed as
tail flick latency(s) and the percentage of the maximal possible effect (% MPE), i.e., 20

seconds, is calculated as follows:

[ (post administration latency) - (pre-administration latency) |
% MPE = x 100
(20 s - pre-administration latency)

[0436] The rat tail flick test is described in F.E. D” Amour ef al., “A Method for
Determining Loss of Pain Sensation,” J. Pharmacol. Exp. Ther. 72:74-79 (1941).

[0437] To assess the actions of a compound of the present disclosure for the treatment or
prevention of acute pain, the rat hot plate test can also be used. Rats are tested using a hot
plate apparatus consisting of a clear plexiglass cylinder with a heated metal floor
maintained at a temperature of 48-52 °C (Model 7280, commercially available from Ugo
Basile of Ttaly). A rats is placed into the cylinder on the hot plate apparatus for a

maximum duration of 30 s, or until it exhibits a nocifensive behavior (behavioral



WO 2017/192858 PCT/US2017/031071

-56 -
endpoint), at which time it is removed from the hot plate, and the response latency
recorded. Hot plate latencies are measured immediately before (pre-treatment) and 1, 3,
and 5 hours following administration of a compound of the present disclosure. The
nocifensive behavioral endpoint is defined as any of the following: 1) paw withdrawal,
either as a sustained lift or with shaking or licking; 2) alternating foot lifting; 3) excape or
attempted escape from the testing device; or 4) vocalization. Data are expressed as
response latency(s) and the percentage of the maximal possible effect is calculated as
described above for the tail flick test. The hot plate test is described in G. Woolfe and
A.D. MacDonald, J. Pharmacol. Exp. Ther. 80:300-307 (1944).

[0438] Inflammatory Pain: To assess the actions of a compound of the present
disclosure for the treatment or prevention of inflammatory pain, the Freund’s complete
adjuvant (“FCA”) model of inflammatory pain can be used. FCA-induced inflammation
of the rat hind paw is associated with the development of persistent inflammatory
mechanical hyperalgesia and provides reliable prediction of the anti-hyperalgesic action
of clinically useful analgesic drugs (L. Bartho ef al., “Involvement of Capsaicin-sensitive
Neurones in Hyperalgesia and Enhanced Opioid Antinociception in Inflammation,”
Naunyn-Schmiedeberg’s Archives of Pharmacol. 342.666-670 (1990)). The left hind paw
of each animal is administered a 50 pL intraplantar injection of 50% FCA. Prior to
injection of FCA (baseline) and 24 hour post injection, the animal is assessed for response
to noxious mechanical stimuli by determining the PWT, as described below. Rats are then
administered a single injection of 1, 3, or 10 mg/kg of either a compound of the present
disclosure; 30mg/kg of a control drug selected from Celebrex, indomethacin or naproxen;
or carrier. Responses to noxious mechanical stimuli are determined 1, 3, 5 and 24 hours

post administration. Percentage reversal of hyperalgesia for each animal is defined as:

[ (post administration PWT) - (pre-administration PWT) |
% Reversal = x 100

[ (baseline PWT) - (pre-administration PWT) |

[0439] Neuropathic Pain: To assess the actions of a compound of the present disclosure
for the treatment or prevention of neuropathic pain, either the Seltzer model or the Chung
model can be used.

[0440] In the Seltzer model, the partial sciatic nerve ligation model of neuropathic pain is
used to produce neuropathic hyperalgesia in rats (Z. Seltzer et al., “A Novel Behavioral

Model of Neuropathic Pain Disorders Produced in Rats by Partial Sciatic Nerve Injury,”
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Pain 43:205-218 (1990)). Partial ligation of the left sciatic nerve is performed under
isoflurane/O; inhalation anaesthesia. Following induction of anesthesia, the left thigh of
the rat is shaved and the sciatic nerve exposed at high thigh level through a small incision
and is carefully cleared of surrounding connective tissues at a site near the trocanther just
distal to the point at which the posterior biceps semitendinosus nerve branches off of the
common sciatic nerve. A 7-0 silk suture is inserted into the nerve with a 3/8 curved,
reversed-cutting mini-needle and tightly ligated so that the dorsal '/5 to % of the nerve
thickness is held within the ligature. The wound is closed with a single muscle suture (4-0
nylon (Vicryl)) and vetbond tissue glue. Following surgery, the wound area is dusted with
antibiotic powder. Sham-treated rats undergo an identical surgical procedure except that
the sciatic nerve is not manipulated. Following surgery, animals are weighed and placed
on a warm pad until they recover from anesthesia. Animals are then returned to their
home cages until behavioral testing begins. The animal is assessed for response to
noxious mechanical stimuli by determining PWT, as described below, prior to surgery
(baseline), then immediately prior to and 1, 3, and 5 hours after drug administration.

Percentage reversal of neuropathic hyperalgesia is defined as:

[ (post administration PWT) - (pre-administration PWT) |
% Reversal = x 100

[ (baseline PWT) - (pre-administration PWT) |

In the Chung model, the spinal nerve ligation (“SNL”) model of neuropathic pain
is used to produce mechanical hyperalgesia, thermal hyperalgesia and tactile allodynia in
rats. Surgery is performed under isoflurane/O, inhalation anaesthesia. Following
induction of anaesthesia, a 3 cm incision is made and the left paraspinal muscles are
separated from the spinous process at the L4 - S, levels. The L¢ transverse process is
carefully removed with a pair of small rongeurs to identify visually the L4 - L¢ spinal
nerves. The left Ls (or Ls and L) spinal nerve(s) is isolated and tightly ligated with silk
thread. A complete hemostasis is confirmed and the wound is sutured using non-
absorbable sutures, such as nylon sutures or stainless steel staples. Sham-treated rats
undergo an identical surgical procedure except that the spinal nerve(s) is not manipulated.
Following surgery animals are weighed, administered a subcutaneous (s.c.) injection of
saline or ringers lactate, the wound area is dusted with antibiotic powder and they are kept
on a warm pad until they recover from the anesthesia. Animals are then returned to their

home cages until behavioral testing begins. The animals are assessed for response to
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noxious mechanical stimuli by determining PWT, as described below, prior to surgery
(baseline), then immediately prior to and 1, 3, and 5 hours after being administered a
compound of the present disclosure. The animal can also be assessed for response to
noxious thermal stimuli or for tactile allodynia, as described below. The Chung model for
neuropathic pain is described in S.H. Kim, “An Experimental Model for Peripheral
Neuropathy Produced by Segmental Spinal Nerve Ligation in the Rat,” Pain 50(3):355-
363 (1992).

[0442] Response to Mechanical Stimuli as an Assessment of Mechanical Hyperalgesia:
The paw pressure assay can be used to assess mechanical hyperalgesia. For this assay,
hind paw withdrawal thresholds (PWT) to a noxious mechanical stimulus are determined
using an analgesymeter (Model 7200, commercially available from Ugo Basile of Italy)
as described in C. Stein, “Unilateral Inflammation of the Hindpaw in Rats as a Model of
Prolonged Noxious Stimulation: Alterations in Behavior and Nociceptive Thresholds,”
Pharmacol. Biochem. and Behavior 31:451-455 (1988). The rat is gently restrained, its
hindpaw is placed on a small round platform, and punctate pressure is applied to the
dorsal surface of the hindpaw in a graded manner. The maximum weight that is applied to
the hind paw is set at 250 g and the end point is taken as complete withdrawal of the paw.
PWT is determined once for each rat at each time point and either only the affected
(ipsilateral; same side as the injury) rear paw is tested, or both the ipsilateral and
contralateral (non-injured; opposite to the injury) rear paw are tested.

[0443] Response to Thermal Stimuli as an Assessment of Thermal Hyperalgesia: The
plantar test can be used to assess thermal hyperalgesia. For this test, hind paw withdrawal
latencies to a noxious thermal stimulus applied to the plantar surface of the hindpaw are
determined using a plantar test apparatus (commercially available from Ugo Basile of
Italy) following the technique described by K. Hargreaves ef al., “A New and Sensitive
Method for Measuring Thermal Nociception in Cutaneous Hyperalgesia,” Pain 32(1):77-
88 (1988). The maximum exposure time is set at 32 seconds to avoid tissue damage and
any directed paw withdrawal from the heat source is taken as the end point. Three
latencies are determined at each time point and averaged. Either only the affected
(ipsilateral) paw is tested, or both the ipsilateral and contralateral (non-injured) paw are
tested.

[0444] Assessment of Tactile Allodynia: To assess tactile allodynia, rats are placed in
clear, plexiglass compartments with a wire mesh floor and allowed to habituate for a

period of at least 15 minutes. After habituation, a series of von Frey monofilaments are
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presented to the plantar surface of the affected (ipsilateral) foot of each rat. The series of
von Frey monofilaments consists of six monofilaments of increasing diameter, with the
smallest diameter fiber presented first. Five trials are conducted with each filament with
each trial separated by approximately 2 minutes. Each presentation lasts for a period of 4-
8 seconds or until a nociceptive withdrawal behavior is observed. Flinching, paw
withdrawal or licking of the paw are considered nociceptive behavioral responses.

[0445] Assessment of Respiratory Depression: To assess respiratory depression, rats can
be prepared by implanting a femoral artery cannula via which blood samples are taken.
Blood samples are taken prior to drug administration, then 1, 3, 5 and 24 hours post-
treatment. Blood samples are processed using an arterial blood gas analyzer (e.g., IDEXX
VetStat with Respiratory/Blood Gas test cartridges). Comparable devices are a standard
tool for blood gas analysis (e.g., D. Torbati ef al., Intensive Care Med. (26): 585-591
(2000).

[0446] Assessment of Gastric Motility: Animals are treated with vehicle, reference
compound or test article by oral gavage at a volume of 10 mL/kg. At one hour post-dose,
all animals are treated with charcoal meal solution (5% non-activated charcoal powder in
a solution of 1 % carboxymethylcellulose in water) at a volume of 10 mL/kg. At two
hours post-dose (one hour post-charcoal), animals are sacrificed by carbon dioxide
inhalation or isoflurane overdose and the transit of charcoal meal identified. The stomach
and small intestine are removed carefully and each placed on a saline-soaked absorbent
surface. The distance between the pylorus and the furthest progression of charcoal meal is
measured and compared to the distance between the pylorus and the ileocecal junction.

The charcoal meal transit is expressed as a percentage of small intestinal length traveled.
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Examples
Example 1

Preparation of (4S)-4-(3,4-dichlorophenyl)-N-[(4S)-4-(3.4-dichlorophenyl)-4,5-dihydro-
1,3-oxazol-2-yl]-4,5-dihydro-1,3-oxazol-2-amine (8)

OH OH
NH, NH,
O
LiAlH,
—_—
THF
Cl Cl
Cl Cl 6
[0447] To a 250 ml flame dry round bottom flask was added LiAIH, (2.28 g, 60 mmol, 2

eq.) and 70 ml THF. The solution was cooled to 0 °C and (2S)-2-amino-2-(3,4-
dichlorophenyl)acetic acid (6.58 g, 29.9 mmol, 1 eq.) was added portion wise. After the
addition was complete, the reaction mixture was heated to reflux under N; for 16 h. The
resulting mixture was then cooled to 0 °C and quenched slowly with 5% NaHCOs (10
ml). All volatiles were removed and the residue was triturated and suspended in EtOAc
(100 ml). After 2 h, the white precipitate was filtered and the filtrate concentrated to give
(25)-2-amino-2-(3,4-dichlorophenyl)ethan-1-o0l (6) (5.1 g, 83%).

[0448] 'HNMR (D,0) &: 7.54(d, 1 H), 7.52 (s, 1 H), 7.25 (d, 1 H), 4.39 (t, 1 H), 3.89(dd,
1 H), 3.81 (dd, 1 H) ppm; MS: (m/e ): 207 (M+1)

NH,

OH 04\< H

NH,

N
N N N%{ 7§N
v P ¢
+ \\\\““.
Br
NaOAc, MeOH cl Cl
Cl
Cl ; & ¢l
ci 8

Cl

[0449] To a stirred suspension of (28)-2-amino-2-(3,4-dichlorophenyl)ethan-1-ol (1 g,
4.85 mmol, 1 eq.) and sodium acetate (0.796 g, 9.7 mmol, 2 eq.) in anhydrous methanol
(40 ml) was added dropwise a solution of cyanogen bromide (0.616 g, 5.82 mmol, 1.2
eq.) in methanol (10 ml). The resulting yellow solution was then stirred at room
temperature for 16 h. LCMS indicated completion. The mixture was treated with

saturated aq, NaHCO; (10 ml) dropwise and stirring was continued for 2 h. Most of the
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methanol was removed under reduced pressure without any heating and crude product
extracted with EtOAc (3 x 50 ml). The combined organic phase was dried over Na,SOy4
and concentrated in vacuo. The crude product was purified by column chromatography
(Biotage KP-NH®™ Flash-NH, ; gradient: Hexane/ EtOAc (0% to 100% over 40 minutes)
to give (S)-4-(3.4-dichlorophenyl)-4,5-dihydro-1,3-oxazol-2-amine (0.62 g, 55%) (7) as a
major white solid product, and a minor product (4S)-4-(3,4-dichlorophenyi)-N-[(4S)-4-
(3,4-dichlorophenyl)-4,5-dihydro-1,3-oxazol-2-yl]-4,5-dihydro-1,3-oxazol-2-amine (8)
(83 mg, 4%). Compound (8) upon separation has a purity of about 97% determined by
HPLC.

(S)-4-(3.4-dichlorophenyl)-4,5-dihydro-1,3-oxazol-2-amine (7)

[0450] 'HNMR (CDCl;) &: 7.38 (d, 1 H), 7.26 (s, 1 H), 7.11 (d, 1 H), 5.05 (t, 1 H), 4.63
(t, 1 H), 3.4 (br, 2H) ppm; MS: (m/e): 232 (M+1)
(4S)-4-(3.4-dichlorophenyl)-N-[(4S)-4-(3.4-dichlorophenyl)-4,5-dihydro-1,3-oxazol-2-
yl]-4,5-dihydro-1,3-oxazol-2-amine (8)

[0451] 'HNMR (CDCl;) &: 7.46-7.37 (m, 2H), 7.30-7.24 (m, 2H), 7.15-7.12 (m, 2H),
5.12 (b, 1H), 4.74-4.71 (m, 2H), 4.78-4.51 (m, 1H), 4.16 (b, 1H), 3.99-3.96 (m, 1H) ppm;
MS: (m/e): 446 (M+1)

Example 2

The Effect of the Pseudodimer Compound (8) on Spinal Nerve Ligation-Induced (“SNL”)
Mechanical Hyperalgesia in Rats

[0452] Mechanical Hyperalgesia: Representative compounds of the present disclosure
are tested in the spinal nerve ligation (“SNL”) induced mechanical hyperalgesia model in
male, Sprague-Dawley rats. Sensitivity to noxious mechanical stimuli was measured in
animals using the paw pressure test to assess mechanical hyperalgesia. In rats, hind paw
withdrawal thresholds (“PWT”), measured in grams, in response to a noxious mechanical
stimulus were determined using an analgesymeter (Model 7200, commercially available
from Ugo Basile of Italy), as described in Stein (Biochemistry & Behavior 31 451-455
(1988)). The rat’s paw was placed on a small platform, and weight was applied in a
graded manner up to a maximum of 250 grams. The endpoint was taken as the weight at
which the paw was completely withdrawn. PWT was determined once for each rat at each
time point. PWT can be measured only in the injured paw, or in both the injured and non-

injured paw. Rats were tested prior to surgery to determine a baseline, or normal, PWT.
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Rats were tested again 4 weeks post-surgery and at different times after (e.g., 1, 3, and 5
hr) drug administration. Gabapentin was implemented as the positive control. A SNL
control was implemented to determine the PWT of a rat having no drug administration. A
sham control was implemented to determine the PWT of a rat having neither surgery nor
drug administration. An increase in PWT following drug administration indicates that the
test compound reduces mechanical hyperalgesia.

[0453] Rats are transferred to an elevated testing cage with a wire mesh floor and
allowed to acclimate for five to ten minutes. A slightly blunted needle istouched to
the plantar surface of the hindpaw causing a dimpling of the skin without penetrating
the skin. Administration of the needle to control paws typically produces a quick
flinching reaction too short to be timed with a stopwatch, and arbitrarily given a
withdrawal time of 0.5 second. The operated side paw of neuropathic animals exhibits
an exaggerated withdrawal response to the blunted needle. A maximum withdrawal
time of ten seconds is used as a cutoff time. Withdrawal times for both paws of the
animals are measured three times at each time point with a five-minute recovery period
between applications. The three measurements are used to generate an average
withdrawal time for each time point.

[0454] Compound (8) reduced SNL-induced mechanical hyperalgesia in rats when dosed
orally at 5 mg/kg one hour before testing. Compound (8) showed robust efficacy in the
SNL-induced mechanical hyperalgesia model of neuropathic pain in rats, with 85% max
reversal (See Figure 1). In the experiment, male, Sprague-Dawley rats, 289-359 g (n=6-
9/group) were baselined for left hind paw threshold before (Pre-Sx) and then 4 weeks
post-SNL surgery. Compound (8) and gabapentin the positive control, were administered
1 hour prior to testing. Compound (8) was formulated in 25% HPBCD and gabapentin
was dissolved in 0.9% NS. Data were analyzed by a two-way ANOVA followed by a

Bonferroni multiple comparisons test.

Example 3

Synthesis of oxazolidinones

OH 0. _0O
NH, triphosgene K
EtzN
DCM
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[0455] General procedure for the synthesis of oxazolidinone: (4S)-4-phenyl-1,3-
oxazolidin-2-one (10). To (28)-2-amino-2-phenylethan-1-ol hydrochloride (9) (1.00 g,
7.30 mmol, 1 equiv) in DCM (35 mL) was added Et;N (2.55 mL, 18.3 mmol, 2.5 equiv).
The mixture was cooled to 0 °C, and a solution of triphosgene (2.37 g, 8.00 mmol, 1.1
equiv) in DCM (35 mL) was added dropwise. The mixture was allowed to warm slowly
to rt and stirred for 16 h. The mixture was cooled to 0 °C before it was diluted with
EtOAc (100 mL) and H,O (100 mL). The mixture was allowed to stir at rt until layers
became clear. The layers were separated, and the aqueous layer was extracted with
EtOAc (2 x 50 mL). The combined organic layers were washed with water, brine, dried
over MgSO,, filtered, and concentrated. The resultant residue was purified by column
chromatography (24 g ISCO EtOAc/hexanes 0 to 100%) to afford (4S)-4-phenyl-1,3-
oxazolidin-2-one (10) (0.819 g, 69%): '"HNMR (CDCl;) &: 7.42-7.34 (m, 5H), 5.56 (broad
s, 1H), 4.97 (1, 1H), 4.75 (t, 1H), 4.21 (dd, 1H) ppm; MS: (m/e): 164 (M+1).

OH
NH, trlphosgene NH
Et3N
Cl DCM
Cl
1

[0456] (45)-4-(3.,4-dichlorophenyl)-1,3-oxazolidin-2-one (12). The general procedure
for oxazolidinone synthesis was used starting with (2S)-2-amino-2-(3,4-
dichlorophenyl)ethan-1-ol hydrochloride (11) (1.00 g, 4.10 mmol) to afford (4S)-4-(3,4-
dichlorophenyl)-1,3-oxazolidin-2-one (12) (0.995 g, quantitative): 'HNMR (CDCls) &:
7.50 (d, 1H), 7.45 (d, 1H), 7.19 (dd, 1H), 6.24 (broad s, 1H), 4.94 (t, 1H), 4.75 (1, 1H),
4.15 (dd, 1H) ppm; MS: (m/e): 232, 234 (M+1).

OH 00
triphosgene \F
NH, NH
Et;N
N—Et beM NE
PH Ph
13 14
[0457] (45)-4-{[ethyl(phenyl)amino]methyl}-1,3-oxazolidin-2-one (14). The general

procedure for oxazolidinone synthesis was used starting with (2S)-2-amino-3-

[ethyl(phenyl)amino]propan-1-ol (13) (0.620 g, 3.20 mmol) (prepared as described in
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WO02008/098857) to afford (4S)-4-{| ethyl(phenyl)amino]|methyl}-1,3-oxazolidin-2-one
(14) (0.473 g, 69%): MS: (m/e): 221 (M+1).

OH O\fo

Me NH, triphosgene Me NH
EtsN
F DCM F
15 16
[0458] (45)-4-(3-fluoro-2-methylphenyl)-1,3-0xazolidin-2-one (16). The general

procedure for oxazolidinone synthesis was used starting with (2S)-2-amino-2-(3-fluoro-2-
methylphenyl)ethan-1-ol hydrochloride (15) (0.300 g, 1.46 mmol) to afford (4S)-4-(3-
fluoro-2-methylphenyl)-1,3-oxazolidin-2-one (16) (0.268 g, 94%): MS: (m/e): 196
(M+1).

Example 4

Synthesis of oxazoline ethers

0.0 O._OEt
Y Et;OBF, T
NH N
DCM
10 17
[0459] General procedure for the synthesis of oxazoline ethers: (4S)-2-ethoxy-4-phenyl-

4,5-dihydro-1,3-oxazole (17). To (4S)-4-phenyl-1,3-oxazolidin-2-one (10) (0.405 g, 2.48
mmol, 1 equiv) in DCM (3.00 mL) cooled to 0 °C was added a solution of
triethyloxonium tetrafluoroborate (1.41 g, 7.44 mmol, 3 equiv) in DCM (3.00 mL). The
mixture was allowed to warm slowly to rt and stirred for 18 h. The mixture was diluted
with EtOAc (20 mL) and poured slowly over a cooled (0 °C) solution of saturated
aqueous NaHCOj; (25 mL). The layers were separated, and the aqueous layer was
extracted with EtOAc (2 x 20 mL). The combined organic layers were washed with brine,
dried over Na,SOy, filtered, and concentrated to afford (4S)-2-ethoxy-4-phenyl-4,5-
dihydro-1,3-oxazole (17) (0.428 g, 90%): 'HNMR (CDCl;) 8: 7.38-7.28 (m, 5H), 5.15
(dd, 1H), 4.47 (dd, 1H), 4.42-4.35 (m, 2H), 4.20 (t, 1H), 1.41 (t, 3H) ppm; MS: (m/e): 192
(M+1).
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\f Et;OBF
NH e z/
DCM
Cl Cl
Cl Cl
12 18
[0460] (45)-4-(3.,4-dichlorophenyl)-2-ethoxy-4.5-dihydro-1,3-oxazole (18). The

general procedure for oxazoline ether synthesis was used starting with (45)-4-(3,4-
dichlorophenyl)-1,3-oxazolidin-2-one (12) (0.274 g, 1.18 mmol) to afford (4S)-4-(3,4-
dichlorophenyl)-2-ethoxy-4,5-dihydro-1,3-oxazole (18) (0.280 g, 91%): 'HNMR (CDCl;)
8: 7.43 (d, 1H), 7.40 (d, 1H), 7.13 (dd, 1H), 5.12 (dd, 1H), 4.74 (t, 1H), 4.42-4.35 (m,
2H), 4.12 (1, 1H), 1.41 (t, 3H) ppm; MS: (m/e): 278, 280 (M+1).

0.__0 O.__OEt
¥ Et;OBF, N
NH N
DCM
N—Et
PH

/N—Et
Ph
14 19
[0461] N-{[(4S)-2-ethoxy-4,5-dihydro-1,3-oxazol-4-yljmethyl }-N-ethylaniline (19).

The general procedure for oxazoline ether synthesis was used starting with (4S)-4-
{|ethyl(phenyl)amino|methyl }-1,3-oxazolidin-2-one (14) (0.275 g, 1.25 mmol) to afford
N-{[(4S)-2-ethoxy-4,5-dihydro-1,3-oxazol-4-yl|methy1}-N-ethylaniline (19) (0.320 g,
quantitative): 'THNMR (CDCl3) &: 7.23 (dd, 2H), 6.77 (d, 2H), 6.71 (dd, 1H), 4.45-4.35
(m, 1H), 4.28 (q, 2H), 4.20 (dd, 1H), 3.57-3.48 (m, 2H), 3.43-3.36 (m, 2H), 3.25 (dd, 1H),
1.37 (t, 3H), 1.13 (1, 3H) ppm; MS: (m/e): 249 (M+1).

OYO OW/OE’[
Me NH Et;0BF, Me N
E DCM .
16 20
[0462] (45)-2-ethoxy-4-(3-fluoro-2-methylphenyl)-4,5-dihydro-1,3-oxazole (20). The

general procedure for oxazoline ether synthesis was used starting with (4S)-4-(3-fluoro-2-
methylphenyl)-1,3-oxazolidin-2-one (16) (0.050 g, 0.26 mmol) to afford (4S)-2-ethoxy-4-
(3-fluoro-2-methylphenyl)-4,5-dihydro-1,3-oxazole (20) (0.055 g, 95%): 'HNMR
(CDCl3) &: 7.20-7.16 (m, 2H), 6.98-6.93 (m, 1H), 5.35 (dd, 1H), 4.80 (dd, 1H), 4.45-4.37
(m, 2H), 4.04 (t, 1H), 2.19 (s, 3H), 1.43 (t, 3H) ppm; MS: (m/e): 224 (M+1).
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Example 5

Synthesis of amino-oxazoline

OH HN._O
BrCN \W\)
NH; NaOAc

MeOH @

9 21

[0463] General procedure for the synthesis of amino-oxazoline: (4S)-4-phenyl-4,5-
dihydro-1,3-oxazol-2-amine (21). To (2S)-2-amino-2-phenylethan-1-ol hydrochloride
(9) (1.00 g, 7.3 mmol, 1 equiv) in MeOH (36 mL) was added NaOAc (1.80 g, 22 mmol, 3
equiv). The mixture was cooled to 0 °C before cynogen bromide (0.847 g, 8.0 mmol, 1.1
equiv) in MeOH (36 mL) was added dropwise. The mixture was allowed to warm to rt
and stirred for 18 h. The mixture was concentrated in vacuo, and resultant residue was
covered with EtOAc (50 mL) and stirred for 30 min. The mixture was filtered; the filtrate
was concentrated in vacuo; and resultant residue was purified by column chromatography
(21) (24 g ISCO MeOH/DCM 0 to 10%) to afford (4S)-4-phenyl-4,5-dihydro-1,3-oxazol-
2-amine (0.947 g, 80%): "THNMR (CDCls) &: 7.36-7.26 (m, 5H), 5.27 (broad s, 2H), 5.12
(dd, 1H), 4.67 (t, 1H), 4.10 (dd, 1H) ppm; MS: (m/e): 163 (M+1).

OH BrCN HzN\ff)
NH, NaOAc N !
/
N—Et MeOH Et—N
PH Ph
13 22
[0464] (45)-4-{[ethyl(phenyl)amino]methyl}-4,5-dihydro-1,3-0xazol-2-amine (22).

The general procedure for amino-oxazoline synthesis was used starting with (2S)-2-
amino-3-[ethyl(phenyl)amino]propan-1-ol (13) (0.620 g, 3.20 mmol) (prepared as
described in WO2008/098857) to afford (4S)-4-{| ethyl(phenyl)amino|methyl}-4,5-
dihydro-1,3-oxazol-2-amine (22) (0.540 g, 77%): 'HNMR (CDCl;) &: 7.22 (dd, 2H), 6.74
(d, 2H), 6.69 (1, 1H), 4.35-4.29 (m, 2H), 4.12-4.06 (m, 1H), 3.53-3.35 (m, 3H), 3.23 (dd,
1H), 1.13 (1, 3H) ppm; MS: (m/e): 220 (M+1).
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oH BrCN HZNTf)
Me NH2  NaoAc N . Me
F MeOH QF
15 23
[0465] (45)-4-(3-fluoro-2-methylphenyl)-4,5-dihydro-1,3-oxazol-2-amine (23). The

general procedure for amino-oxazoline synthesis was used starting with (2S)-2-amino-2-
(3-fluoro-2-methylphenyl)ethan-1-ol hydrochloride (15) (0.300 g, 1.46 mmol) to afford
(4S)-4-(3-fluoro-2-methylphenyl)-4,5-dihy dro-1,3-oxazol-2-amine (23) (0.196 g, 69%):
'HNMR (CDCl5) &: 7.23-7.14 (m, 2H), 6.97-6.91 (m, 1H), 5.30 (dd, 1H), 4.85 (broad s,
2H), 4.70 (dd, 1H), 3.95 (dd, 1H), 2.19 (s, 3H), ppm; MS: (m/e): 195 (M+1).

Example 6

Synthesis of bis-oxazoline pseudodimer

O OEt H
j/ H.N _O, O-_N_O
’ 2
\ | \

N TJ TsOH N N\?

+ - >

Cl Et—N toluene o Et~N/

Ph Ph
Cl cl
18 22 24
[0466] General procedure for the synthesis of bis-oxazoline pseudodimers: (4S)-4-(3,4-

dichlorophenyl)-N-[(4S)-4- {| ethyl(phenyl)amino|methyl}-4,5-dihydro-1,3-oxazol-2-yI]-
4,5-dihydro-1,3-oxazol-2-amine (24). To ether 18 (0.025 g, 0.096 mmol, 1 equiv) and
amine 22 (0.030 g, 0.106 mmol, 1.1 equiv) in toluene (1.00 mL) was added TsOH-H,O
(0.0006 g, 0.003 mmol, 0.03 equiv). The mixture was heated to 50 °C for 18h. After
cooling to rt, it was concentrated and purified by prep TLC to afford (4S)-4-(3,4-
dichlorophenyl)-N-[(4S)-4- {| ethyl(phenyl)amino|methyl}-4,5-dihydro-1,3-oxazol-2-yI]-
4,5-dihydro-1,3-oxazol-2-amine (24) (0.0031 g, 7.5%): 'HNMR (CDCl;) &: 7.36 (s, 1H),
7.31-7.21 (m, 2H), 7.14 (d, 1H), 7.07-7.05 (m, 1H), 6.83-6.79 (m, 1H), 6.69 (1, 1H), 6.42
(d, 1H), 4.97 (dd, 1H), 4.73 (t, 1H), 4.42-4.39 (m, 1H),4.23 (t, 1H), 3.97 (t, 1H), 3.85-3.80
(m, 1H) 3.15-3.04 (m, 2H), 2.61 (dd, 1H), 2.34 (dd, 1H), 0.96 (t, 3H) ppm; MS: (m/e):
433, 435 (M+1).
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O._OEt HaN__-O o_N
2 0]
\ TsOH T
}@Y -/ : }N )
+ P P
/ toluene >
N—Et Et—N N—Et Et—n
PH Ph PH bh
19 22 25
[0467] (45)-4-{| ethyl(phenyl)amino |methyl} -N-[ (4S)-4- {| ethyl(pheny])amino Jmethyl } -

4,5-dihydro-1,3-oxazol-2-y1]-4,5-dihydro-1,3-oxazol-2-amine (25). The general
procedure for bis-oxazoline synthesis was used with ether 19 (0.022 g, 0.10 mmol) and
amine 22 (0.031 g, 0.11 mmol) to afford (4S)-4-{| ethyl(phenyl)amino|methyl}-N-[(4S)-
4-{|ethyl(phenyl)amino|methyl}-4,5-dihydro-1,3-oxazol-2-y1]-4,5-dihydro-1,3-oxazol-2-
amine (25) (0.0022 g, 4.7%): "HNMR (CDCls) &: 7.25 (t, 4H), 6.76 (t, 2H), 6.63 (d, 4H),
4.33 (1, 2H), 4.17-4.13 (m, 2H), 4.05 (t, 2H), 3.43-3.37 (m, 4H), 3.25-3.18 (m, 2H), 2.91
(dd, 2H), 0.96 (t, 6H) ppm; MS: (m/e): 422 (M+1).

H
O.__OEt HaN_O o.__N__o
i i T
R/ N\? TsOH I N\?
+ - -
@ toluene @
17 21 26
[0468] (45S)-4-phenyl-N-[(45)-4-phenyl-4,5-dihydro-1,3-0xazol-2-yl]-4,5-dihydro-1,3-

oxazol-2-amine (26). The general procedure for bis-oxazoline synthesis was used with
ether 17 (0.0162 g, 0.10 mmol) and amine 21 (0.021 g, 0.11 mmol) to afford (4S)-4-
phenyl-N-[(4S)-4-phenyl-4,5-dihydro-1,3-oxazol-2-yl]|-4,5-dihydro-1,3-oxazol-2-amine
(26) (0.0097 g, 32%): '"HNMR (CDCls) &: 7.35-7.24 (m, 6H), 6.89-6.85 (m, 4H), 4.66 (t,
2H), 4.47 (1, 2H), 3.95 (1, 2H) ppm; MS: (m/e): 308 (M+1).

H
0. OEt HN._0 o._N._0
T L e D
Me N + z Me Me > Me
7 toluene
F F F F
20 23 27
[0469] (4S)-4-(3-fluoro-2-methylphenyl)-N-[(4S)-4-(3-fluoro-2-methylphenyl)-4,5-

dihydro-1,3-oxazol-2-yl]-4,5-dihydro-1,3-oxazol-2-amine (27). The general procedure for
bis-oxazoline synthesis was used with ether 20 (0.0304 g, 0.14 mmol) and amine 23

(0.042 g, 0.15 mmol) to afford (4S)-4-(3-fluoro-2-methylphenyl)-N-[(4S)-4-(3-fluoro-2-
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methylphenyl)-4,5-dihydro-1,3-oxazol-2-y1]-4,5-dihydro-1,3-oxazol-2-amine (27)
(0.0233 g, 45%): "HNMR (CDCl;) &: 6.96 (q, 2H), 6.90 (t, 2H), 6.71 (d, 2H), 4.95 (t, 2H),
4.45 (t, 2H), 3.90 (t, 2H), 2.12 (s, 6H) ppm; MS: (m/e): 372 (M+1).

Example 7

TAARI Biodata

[0470] ECs (the effective concentration of an agonist that produces half of the maximal
effect) and E,x (the maximal cAMP level generated by the biding of a ligand) can be
used as a measure of potency. In some embodiments, the TAARI agonists or partial
agonists of the present disclosure have ECsp <10 pm, or ECsp <1 pm. An in vitro cAMP
assay (agonist activity assay) is described below.

[0471] cAMP Hunter cell lines were expanded from freezer stocks according to standard
procedures. Cells were seeded in a total volume of 20 pL into white walled, 384-well
microplates and incubated at 37°C overnight prior to testing. cAMP modulation was
determined using the HitHunter™ cAMP XS+ assay (DiscoverX, Fremont, CA).

[0472] On the day of test, media was aspirated from cells and replaced with 15 pL.
HBSS/10mM HEPES. A plate centrifuge was used for the media exchange, and the plate
centrifuge was immediately stopped once its speed hit 270 RPM.

[0473] 5 uL of 4X compound (prepared in HBSS/10mM HEPES/4% DMSO) was added
to cells and incubated at 37°C for 30 minutes. Final assay vehicle concentration was 1%.

[0474] 5 uL of cAMP XS+ Antibody reagent was then added, followed by 20 uL. of
ED/CL lysis mix. The mixture was incubated at room temperature for 60 minutes. 20 uL.
of EA reagent was added, and the mixture was incubated at room temperature for 120
minutes.

[0475] Microplates were read following signal generation with a PerkinElmer Envision™
instrument (Waltham, MA) for chemiluminescent signal detection. Compound activity
was analyzed using CBIS Data Analysis Suite (ChemInnovation, CA).

[0476] Five compounds were tested in the assay, and their ECso and E4x values are

reported in the table below.

Compounds hTAAR1 ECs hTAARI1 Eax
(mean +SEM(n)) (mean £SEM(n))

Compound (8) > 10 uM(3) 16.7+£7.2% (3)

Compound (24) > 10 uM(3) 34.3+8.7% (3)
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Compound (25) 4070.230£1065.450nM(3) | 60.7+9.4% (3)
Compound (26) > 10 uM(3) 3.6£0.9% (3)
Compound (27) 398.150£65.550nM(3) 67.5+3.4% (3)
[0477] Having now fully described this invention, it will be understood by those of

ordinary skill in the art that the same can be performed within a wide and equivalent
range of conditions, formulations and other parameters without affecting the scope of the
invention or any embodiment thereof.

[0478] Other embodiments of the invention will be apparent to those skilled in the art
from consideration of the specification and practice of the invention disclosed herein. It is
intended that the specification and examples be considered as exemplary only, with a true
scope and spirit of the invention being indicated by the following claims.

[0479] The present application claims benefit to U.S. Provisional Application No.
62/331,710, filed May 4, 2016, which is incorporated herein by reference in its entirety.

[0480] All patents, patent applications, and other publications cited herein are fully

incorporated by reference herein in their entirety.
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WHAT IS CLAIMED IS:

1. A compound of Formula (I)
R? 6
(R1)m®/xl N\>/H\(N ' X2 (R%),
R* I R
or a pharmaceutically acceptable salt or solvate thereof , wherein
each R' and each R’ are independently:

deuterium,

tritium,

lower alkyl,

lower alkoxy,

lower alkyl substituted by one or more same or different halogens,

lower alkoxy substituted by one or more same or different halogens,

halogen,

phenyl unsubstituted or substituted by one or more same or different
halogens,

phenyloxy,

benzyl,

benzyloxy,

—COO-lower alkyl,

—O—(CH,)—O-lower alkyl,

-NH-cycloalkyl,

cycloalkyl,

piperidin-1-yl, or

tetrahy dropyran-4-yloxy;

X! and X? are each independently a bond, —CH(R**)—, —CH(R**)CHR*")—,
—OCH(R*)—, —N(R*)CH(R*")—, —CH>OCH(R**)—, —CH,CH,CH,—,
—SCH(R*)—, —S(0), CH(R**)—, —CH,SCH,—, —CH,N(R**)CH,—, —cycloalkyl-
CH,— or —Si(R*)(R*")CH,—, wherein R* and R*! are each independently hydrogen,

lower alkyl, lower alkyl substituted by one or more same or different halogens, or benzyl
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unsubstituted or substituted by one or more same or different substituents selected from
the group consisting of alkoxy and halogen;

R”and R® are each independently hydrogen, phenyl, or lower alkyl;

R’, R*, R, and R® are each independently hydrogen, lower alkyl, lower alkoxy,
lower alkyl substituted by one or more same or different halogens, or lower alkoxy
substituted by one or more same or different halogens;

Y'and Y? are each independently phenyl, naphthyl, thiophenyl, pyridinyl,
cycloalkyl, 1,2,3,4-tetrahy dro-naphthalen-2-yl, 2,3-dihydrobenzo[1,4]dioxin-6-yl,
benzo[1,3]dioxol-5-yl, pyrimidyl, indanyl, 2,3-dihydroindol-1-yl, or 3,4-dihydro-
quinolin-1-yl;

m and n are each independently 0, 1, 2 or 3; and

ois 1,2, or 3.

2. The compound according to claim 1, wherein the two oxazoline moieties in Formula (I)

R? RS
R X! N N X2 R
OB TR0 AT
R3 0] 9] R?
R4 R8
are the same.
3. The compound according to claim 1, wherein the two oxazoline moieties in Formula (I)

R? R6
R") X!
m N N X2 (R,
e AT
R3 o] 0] R?
R4 R8
are different.

4, The compound according to any one of claims 1 to 3, wherein
X! and X? are each independently a bond, —CH(R*)—, —CHR*)CH(R*")—,
—OCH,—,—CH,OCH(R**)—, or —N(R**)CH(R*")—, wherein R*® and R?* are each
independently hydrogen, lower alkyl, or lower alkyl substituted by one or more same or
different halogens,

or a pharmaceutically acceptable salt or solvate thereof.

5. The compound according to any one of claims 1 to 4, wherein
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Y' and Y? are, each independently, phenyl, naphthyl, thiophenyl, pyridinyl, cycloalkyl,
1,2.3,4-tetrahydro-naphthalen-2-yl, 2,3-dihydrobenzo[1,4]dioxin-6-y1, or
benzo[1,3]dioxol-5-v1,

or a pharmaceutically acceptable salt or solvate thereof.

6. The compound according to any one of claims 1 to 5, wherein
X! and X? are, each independently, a bond, —CH(R*)CH(R*")—, or
—NR*)CHR?*")—; and
Y! and Y? are phenyl;

or a pharmaceutically acceptable salt or solvate thereof.

7. The compound according to any one of claims 1 to 6, wherein

each R' and each R are independently:
lower alkyl,
lower alkoxy,
lower alkyl substituted by one or more same or different halogens,
lower alkoxy substituted by one or more same or different halogens, or
halogen;

R”and R® are each independently hydrogen, phenyl, or lower alkyl; and

R’ R* R’ and R® are hydrogen;

or a pharmaceutically acceptable salt or solvate thereof.

8. The compound according to any one of claims 1 to 6, wherein

each R and each R’ are independently:
lower alkyl,
lower alkoxy,
lower alkyl substituted by one or more same or different halogens,
lower alkoxy substituted by one or more same or different halogens, or
halogen;

R”and R® are hydrogen;

R’ and R’ are each independently lower alkyl, or lower alkyl substituted by one or

more same or different halogens; and
R* and R® are each independently hydrogen, lower alkyl, or lower alkyl

substituted by one or more same or different halogens;



WO 2017/192858

-74 -

or a pharmaceutically acceptable salt or solvate thereof.

9. The compound according to any one of claims 1 to 8, wherein

PCT/US2017/031071

each R' and each R’ are independently halogen or lower alkyl; and

R%L R R* R R’ and R*are hydrogen;

or a pharmaceutically acceptable salt or solvate thereof.

10.  The compound according to claim 1, having Formula (I-A):

N
H N
&) NN
(R%),
O o}
I-A

or a pharmaceutically acceptable salt or solvate thereof.

11.  The compound according to claim 10, having Formula (I-Aa):
RY)
@ (R%n
oy
0 0
I-Aa

or a pharmaceutically acceptable salt or solvate thereof.

12. The compound according to claim 1 or 10, having the structure of:

Cl

or a pharmaceutically acceptable salt or solvate thereof.

>

T
| N\V“%D{j

, or
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13. The compound according to claim 11, having the structure of:

O

Cl
>

"""“"E\‘\>/H\(N
0 o}
or a pharmaceutically acceptable salt or solvate thereof.

14. A compound of Formula (I-B)

Rm\ 1 N H N R
R® (8} s} A lﬁ
I-B

or a pharmaceutically acceptable salt or solvate thereof, wherein

2

7' and Z” are each independently N or CH:

R”and R® are each independently hydrogen or lower alkyl;

R’ and R" are each independently hydrogen, lower alkyl, or benzyl unsubstituted
or substituted by one or more same or different substituents selected from the group
consisting of alkoxy and halogen; and

R'%and R" are each independently aryl; or

R’ and R" together with the N-atom to which they are attached form an 8- to 10-
membered heterocyclic group, R is each independently hydrogen, lower alkyl, or benzyl
unsubstituted or substituted by alkoxy or halogen, and R'*is aryl; or

R and R together with the N-atom to which they are attached form an 8- to 10-
membered heterocyclic group, R’ is each independently hydrogen, lower alkyl, or benzyl
unsubstituted or substituted by alkoxy or halogen, and R'’is aryl;

wherein the aryl group is selected from the group consisting of phenyl, naphthyl,
1,2.3,4-tetrahydro-naphthalen-2-yl, and indanyl, and wherein the aryl group is

unsubstituted or substituted by one to three substituents independently selected from the
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group consisting of cycloalkyl, phenyl, phenyloxy, benzyl, benzyloxy, halogen, lower
alkyl, lower alkoxy, piperidin-1-yl, lower alkyl substituted by one or more same or
different halogens, and lower alkoxy substituted by one or more same or different

halogens.

15. A compound according to claim 14, wherein
R’ and R together with the N-atom to which they are attached form an 8- to 10-
membered heterocyclic group; and/or
R and R together with the N-atom to which they are attached form an 8- to 10-

membered heterocyclic group.

16. A compound according to claim 14, having Formula (I-D):

N N
T1 ‘\>/H\(j/\22
R9 (o] 0 'Lﬁ
I-D

or a pharmaceutically acceptable salt or solvate thereof, wherein

.
(R R,

7' and Z* are each independently N or CH;
each R' and each R’ are independently:
lower alkyl,
lower alkoxy,
lower alkyl substituted by one or more same or different halogens,
lower alkoxy substituted by one or more same or different halogens, or
halogen;
R’ and R" are each independently hydrogen, lower alkyl, or benzyl unsubstituted
or substituted by one or more same or different substituents selected from the group
consisting of alkoxy or halogen; and

m and n are each independently 0, 1, 2, or 3.

17. A compound according to claim 16, having Formula (I-Da):
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18.

19.

20.

21].

22.

23.

-77 -

/ N
T1 ", [\>/ H \(’Nj/\ z?
R® o o ,Lﬁ
I-Da

or a pharmaceutically acceptable salt or solvate thereof.

1
(R RS,

The compound according to claim 16 or 17, wherein m and n are 0, or a pharmaceutically

acceptable salt or solvate thereof.

The compound according to claim 16 or 17, wherein each R' and each R are
independently same or different halogens, or a pharmaceutically acceptable salt or solvate

thereof.

The compound according to any one of claims 16 to 19, wherein R’ and R'! are each

independently lower alkyl, or a pharmaceutically acceptable salt or solvate thereof.

The compound according to any one of claims 16 to 19, wherein R’ and R are hydrogen,

or a pharmaceutically acceptable salt or solvate thereof.

The compound according to claim 14, having the structure of:

, Or

N
N/\£\>/H\(D/\N
) © 0 k
or a pharmaceutically acceptable salt or solvate thereof.

The compound according to claim 22, having the structure of:
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////n,,‘ E“\>/H \(N
o 0
, or

N N
J OO

or a pharmaceutically acceptable salt or solvate thereof.

24, The compound according to claim 1, having Formula (I-C):

=z Z |

o |
ey
(6] o) Lg
I-C

or a pharmaceutically acceptable salt or solvate thereof, wherein

Z'is N or CH;

(R%),

each R' and each R’ are independently:
lower alkyl,
lower alkoxy,
lower alkyl substituted by one or more same or different halogens,
lower alkoxy substituted by one or more same or different halogens,
halogen, or
cycloalkyl;
R’ is hydrogen, lower alkyl, or benzyl unsubstituted or substituted by one or more
same or different substituents selected from the group consisting of alkoxy or halogen;
and

m and n are each independently 0, 1, 2, or 3.

25.  The compound according to claim 24, having Formula (I-Ca):
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26.

27.

28.

29.

30.

31.

-79-

N H N o "
N—N— A 1
Dan@l
O e} R®

I-Ca

7
Rt |
\ ’/”h,,,

or a pharmaceutically acceptable salt or solvate thereof.

The compound according to claim 24 or 25, wherein R’ is hydrogen, lower alkyl, or a
pharmaceutically acceptable salt or solvate thereof.

The compound according to any one of claims 24 to 26, wherein R’ is ethyl, or a

pharmaceutically acceptable salt or solvate thereof.

The compound according to any one of claims 24 to 27, wherein Z' is CH, or a

pharmaceutically acceptable salt or solvate thereof.
The compound according to claim 24, having the structure:

Cl

Cl
N N
\>/H\(j/\h‘
(0] 0 k
or a pharmaceutically acceptable salt or solvate thereof.

The compound according to claim 29, having the structure:

Cl

or a pharmaceutically acceptable salt or solvate thereof.

The compound according to any one of claims 1 to 30, wherein the compound has a

purity of at least 80%, or a pharmaceutically acceptable salt or solvate thereof.
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32

33.

34.

35.

36.

37.

-80 -
The compound according to any one of claims 1 to 30, wherein the compound is

substantially pure, or a pharmaceutically acceptable salt or solvate thereof.

A pharmaceutical composition comprising a compound according to any one of claims 1
to 32, or a pharmaceutically acceptable salt or solvate thereof, and a pharmaceutically

acceptable excipient.

A method of treating pain comprising administering to a subject in need thereof a
therapeutically effective amount of a compound according to any one of claims 1 to 32, or

a pharmaceutically acceptable salt or solvate thereof.

The method of claim 34, wherein the pain is neuropathic pain.

A method of activating TAAR1 comprising administering to a subject in need thereof an
effective amount of a compound according to any one of claims 1 to 32, ora

pharmaceutically acceptable salt or solvate thereof.

The method according to claim 36, wherein the compound is a TAAR1 agonist or partial

agonist.
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