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HALOGENATED DERIVATIVES OF
MORPHINANS AND USES THEREOF

RELATED APPLICATIONS

[0001] This application claims prionity under 35 U.S.C. §
119(¢) to U.S. Provisional Application, U.S.S.N. 62/

597,815, filed Dec. 12, 2017, which 1s incorporated herein
by reference.

GOVERNMENT SUPPORT

[0002] This invention was made with Government support
under contract W81XWH-14-C-0097 awarded by the
Department of Defense. The Government has certain rights
in this imvention.

FIELD OF THE INVENTION

[0003] The ficld of the mvention encompasses composi-
tions and uses of halogenated derivatives of morphinans.

BACKGROUND OF THE INVENTION

[0004] In the following discussion, certan articles and
methods will be described for background and introductory
purposes. Nothing contained herein 1s to be construed as an
“admission” of prior art. Applicant expressly reserves the
right to demonstrate, where appropnate, that the articles
and methods referenced herein do not constitute prior art
under the applicable statutory provisions.

[0005] Conventionally, glia (astrocytes and microglia)
were viewed as structural supports for neurons and impor-
tant for maimntamning central nervous system homeostasis.
Glia were long overlooked 1in pain research due to therr
lack of axons and their yet-to-be discovered roles m cell-
to-cell communication. However, a possible mvolvement
of glia 1n varying pain states—including chronic and mod-
erate to severe acute pamn—has recently been mvestigated.
Upon activation, the functions of microgha and astrocytes
change 1n that they begin producing and releasing a variety
of neuroexcitatory substances including reactive oxygen
species, nitric oxide prostaglandins, excitatory amino
acids, growth factors, and promflammatory cytokines, such
as IL-1, IL-6, and tumor necrosis factor. Traditional pain
therapies typically have targeted transmission of the pain
signal between neurons with limited success. It 1s therefore
of mterest i the art to modily traditional pain therapies and
to modulate or attenuate ghal activation, thereby blocking
the downstream consequences of such activation. The pre-
sent mvention provides compositions and methods of using
such compositions that address these interests.

SUMMARY OF THE INVENTION

[0006] This Summary 1s provided to mtroduce a selection
of concepts m a simplified form that are further described
below 1 the Detailled Description. This Summary 15 not
intended to 1dentity key or essential features of the claimed
subject matter, nor 1s 1t intended to be used to limat the scope
of the claimed subject matter. Other features, details, utili-
ties, and advantages of the claimed subject matter will be
apparent from the following written Detailed Description,
including those aspects illustrated mn the accompanying
drawings and defined 1 the appended claims.
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[0007] One embodiment of the present imnvention encom-
passes a compound comprising the (+)-1somers of Formula I
or a pharmaceutically acceptable salt thereof:

FORMULA 1

wherein:

[0008] R,; 1s selected from the group consisting of
hydroxyl, alkoxy, or aryloxy;

[0009] R, 1s selected from the group consisting of
hydrogen, alkyl, alkynyl, alkenyl, alkoxy, alkylamide,
alkylsulfamide, hydrocarbyl, substituted hydrocarbyl,
cycloalkyl, alkylaryl, or substituted alkylaryl;

[0010] Y 1s selected from the group consisting of hydro-
oen or hydroxy;

[0011] X 1s selected from the group consisting of tluor-
ine, chlorine, bromine or 10dine; and

[0012] Z 1s selected from the group consisting of hydro-
oen, Hluorine; chlorine, bromine or 10dine;

[0013] provided that when R; 1s hydroxyl, R, 1s not
cyclopropylmethyl.

[0014] In certain embodiments, each bond between car-
bons 1 and 2, 3 and 4, 7 and &, and 11 and 15 1s selected
from the group consisting of a smgle bond and a double
bond. In certain embodiments, each bond between carbons
1 and 2, 3 and 4, and 11 and 15 1s selected from the group
consisting of a single bond and a double bond. In certain
embodiments, Formula I further comprises an unsaturated
double bond between carbons 7 and 8.

[0015] In certain aspects, the compound of Formula I1s of
the formula:

Formula 1A,

or a pharmaceutically acceptable salt thereof.
[0016] In certain aspects, a compound of Formula I 1s of
the formula:

Formula IB,

or a pharmaceutically acceptable salt thereof.
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[0017] In certain embodiments, a compound of Formula I
1s of the formula:

Ry Formula IC,

or a pharmaceutically acceptable salt thereof.

[0018] In a certam aspects, R, 15 cyclopropylmethyl, pro-
pyl(2)ene, butyl, pentyl, hexyl, or phenethyl.

[0019] In yet another aspect, the compound of Formula I 1s
one or more of Formulas II-XXXVI. In yet another aspect,
the compound of Formula I 1s one or more of Formulas 1I-
XXXVI or a pharmaceutically acceptable salt thereof.
[0020] An aspect of the imnvention 18 the compound For-
mula VII. Another aspect of the mnvention 1s the compound
Formula IX. Other aspects of the invention mclude the com-
pounds Formula XXII, Formula XXIII, Formula XXIV, For-
mula XXV, Formula XXVI, Formula XXVII, FormulaXX-
VIII, Formula XXIX, Formula XXX, Formula XXXI,
Formula XXXIII, Formula XXXIV, and Formula XXXV
(shown herein 1n Table 1 and FIGS. 1 and 2A to 2G).
[0021] An aspect of the imnvention 1s the compound For-
mula VII or a pharmaceutically acceptable salt thereof.
Another aspect of the mvention 1s the compound Formula
IX or a pharmaceutically acceptable salt thereof. Other
aspects of the mvention include the compounds Formula
XXII, Formula XXIII, Formula XXIV, Formula XXV, For-
mula XXVI, Formula XXVII, FormulaXXVIII, Formula
XXIX, Formula XXX, Formula XXXI, Formula XXXIII,
Formula XXXIV, and Formula XXXV (shown heremn 1n
Table 1 and FIGS. 1 and 2A to 2@G), or pharmaceutically
acceptable salts thereof.

[0022] In one aspect, carbons 1 and 2, 3 and 4, and 11 and
15 of Formula I have alternating double bonds to form an
aromatic ring.

[0023] In yet another aspect, there 1s an unsaturated dou-
ble bond between carbons 7 and 8 of Formula I.

[0024] One embodiment of the mvention 1s a method for
treating pain—including chronic and moderate to severe
acute pam—in a subject comprising administering to the
subject an effective amount of the compound of Formula I.
[0025] Other embodiments of the invention provide a
method for potentiating the analgesic effects of an opioid
In a subject comprismng administering to the subject an
effective amount of a compound of Formula I. In some
aspects of this embodiment, the compound of Formula I 1s
administered to the subject with an opioid compound; 1n
other aspects of this embodiment, the compound of Formula
I 1s administered to a subject after an op1oid compound 18
administered to the subject; and 1 yet other aspects, the
compound of Formula I 1s administered to a subject belore
an op1oid compound 1s administered to a subject.

[0026] Another embodiment of the mvention provides a
method for reducing the risk of developing an opioid depen-
dency m a subject during opioid therapy, compnising the
step of administering to the subject who 1s on opioid therapy
an effective amount of the compound of Formula 1.
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[0027] Yet another embodiment of the invention provides
a method for treating a subject with a clinical condition
associated with Toll-like receptor (TLR) ghal activation
comprising the step of administering to the subject an effec-
tive amount of the compound of Formula I. In some aspects
of this embodiment, the Toll-like receptor (TLR) 1s TLR-4.
Also, 1n some aspects of this embodiment, the clinical con-
dition comprises acute nociceptive pain; neuropathic pain;
other pain subtypes/mixed pain states, €.g., pain caused by
burns, osteoarthritis, chemotherapy, trauma; acute and repe-
tittive opiroid analgesia; the reward effects of drug abuse,
chronic pain, or other pain associated with opioid depen-
dency. The details of certain embodiments of the invention
are set forth m the Detailed Description of Certain Embodi-
ments, as described below. Other features, objects, and
advantages of the mvention will be apparent from the Defi-
nitions, Examples, Figures, and Clamms.

BRIEF DESCRIPTION OF THE FIGURES

[0028] FIG. 1 shows Formula 1.

[0029] FIGS. 2A to 2G show a number of exemplary spe-
cies of Formula L.

[0030] FIG. 3A shows a synthesis pathway of (+)-6,6-
difluoro-deshydroxy-naltrexone. FIG. 3B shows a synthesis
pathway that can be used to synthesize Formulas II, III, V,
and VI of FIG. 2.

[0031] FIG. 4 shows an exemplary synthetic pathway that
can be used to synthesize Formula VII (XT-203) of FIG. 2A.
[0032] FIGS. 5A and 5B show the results of the effect of
XT1-203 (19 mg/kg) against vehicle and gabapentin (200 mg/
kg) on rats subjected to CCI neuropathic pain model surgery
after 1 day of dosing (FIG. SA) and after five days of dosing
(FIG. 5B) wherein dosing was carried out three times a day
subcutaneously.

[0033] FIGS. 6A and 6B show the results of the effect of
XT1-203 (28 or 30 mg/kg) against vehicle and positive con-
trol (morphine at 3 mg/kg) groups on rats subjected to hind
paw 1ncision model surgery after 1 day of dosing (FIG. 6A)
and after five days of dosing (FIG. 6B) wherein dosing was
carried out three times a day subcutaneously.

[0034] FIG. 7 shows a dose-inhibition curve graphed
against the length of an N-alkyl chain for various tested
compounds including a 4-, 5-, 6-, 7-, and 8-carbon chain,
in addition to a phenethyl chain.

[0035] FIG. 8A shows the structure of three compounds
tested for cell viability and inhibition of NO production
((+)-NTX, AK17, and XT-203). FIG. 8B shows the cell via-
bility and mmhibition of NO production for (+)-NTX. FIG.
8C shows the cell viability and inhibition of NO production
for AK-17. FIG. 8D shows the cell viability and inhibition

of NO production for XT-203.
[0036] FIG. 9 shows the results of a study 1n various spe-

cies mcluding a rat, monkey, dog, mouse, and human to
determine the half-life of (+)-NTX, AK17, and XT-203 1n
these species.

[0037] FIGS. 10A to 10D show the results of the effect of
(+)-naltrexone (6, 18, and 60 mg/kg) and XT-203 (18 mg/
kg) agamst vehicle and gabapentin (200 mg/kg) groups on
rats subjected to CCI neuropathic pain model surgery after
1 day of oral phase dosing (FIG. 10A), 5 days of oral phase
dosing (FIG. 10B), 1 day of subcutancous dosing (FIG.

10C), and 5 days of subcutancous dosing (FIG. 10D)
wherein dosmg was carried out three times a day.
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[0038] FIGS. 11A and 11B show the results of the effect of
morphine, (+)-naltrexone, and XT1-203 (6 or 30 mg/kg)
against vehicle and positive control (morphine at 3 mg/kg)
groups on rats subjected to hind paw 1ncision surgery after
1 day of dosing (FIG. 11A) and after five days of dosing
(FIG. 11B) wherein dosing was carried out three times a

day subcutaneously.
[0039] FIGS. 12A to 12C consists of graphs showing the

effects of morphine (FIG. 12A), (+)-naltrexone (FIG. 12B),
and X'T-203 (Formula VII, FIG. 12C) on paw withdrawal
threshold 1n a mouse model of surgical pam.

[0040] FIG. 13A consists of a graph showing the eftects of
(+)-naltrexone 1n combination with morphine, and FIG. 13B
consists of a graph showing the effects of XT-203 (Formula
VII) in combination with morphine, on paw withdrawal

threshold 1n a mouse model of surgical pam.
[0041] FIGS. 14A to 14 C consists of graphs showing the

ettects of morphine (FIG. 14A), (+)-naltrexone (FIG. 14B),
and XT-203 (Formula VII, FIG. 14C) m a mouse model of
fracture pam.

[0042] FIG. 15A consists of a graph showing the effects of
(+)-naltrexone 1n combination with morphine, and FIG. 15B
consists of a graph showing the eftects of X'T-203 (Formula
VII) in combination with morphine, on paw withdrawal
threshold 1n a mouse model of tracture pain.

[0043] FIG. 16A shows a graph of the Experimental Auto-
immune Encephalomyelitis (EAE) model from the left paw
of a rat, and FIG. 16B shows a graph of the Experimental
Autoirmmune Encephalomyelitis (EAE) model from the
right paw of a rat.

[0044] FIG. 17 shows a 'H NMR spectrum of XT-203
CDCls;.

[0045] FIG. 18 shows a 'H NMR spectrum of XT-206
CDCls;.

[0046] FIG. 19 shows a 'H NMR spectrum of X'T-207 1n
CDCl;.

[0047] FIG. 20 shows a TH NMR spectrum of XT-208

CDCls;.
[0048] FIG. 21 shows a 1H NMR spectrum of XT-209
CDCl;.
[0049] FIG. 22 shows a '1H NMR spectrum of XT-210 1n
CDCls;.

[0050] FIG. 23 shows a 1TH NMR spectrum of XT-211 m

CDCls.
[0051] FIG. 24 shows a 1H NMR spectrum of XT-212 m

CDCl;.
[0052] FIG. 25 shows a '1H NMR spectrum of XT-213 1n

CDCl;.
[0053] FIG. 26 shows a 1H NMR spectrum of XT-214 m

CDCls.
[0054] FIG. 27 shows a 1H NMR spectrum of XT-215 m

CDCl;.
[0055] FIG. 28 shows a '1H NMR spectrum of XT-216 1n

CDCl;.
[0056] FIG. 29 shows a 1H NMR spectrum of XT-217 m

CDCls.
DETAILED DESCRIPTION OF THE INVENTION

[0057] The methods described herein may employ, unless
otherwise indicated, conventional techmques and descrip-
tions of organic chemistry/small molecule synthesis and
various methodologies for the treatment of pain and opioid
tolerance, all of which are within the skill of those who prac-
tice 1n the art. Specific illustrations of suitable techniques
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can be had by reterence to the examples herein. However,
equivalent conventional procedures can, of course, also be
used. Such conventional techniques and descriptions can be
found 1n standard laboratory manuals such as Carey and
Sundberg, Advanced Organic Chemistry (2005), Springer;
Nicolaou and Sorenson, Classics in lotal Synthesis I and
II (1996, 2003), Wiley-VCH; Mahrwald, Enantioselective
Organocatalyzed Reactions (2011), Springer; Harwood,
Moody and Percy, Experimental Organic Chemistry—Stan-

ndard and Microscale (1999), Blackwell, Zweifel and
Nantz, Modern Organic Synthesis (2007), WH Freeman;
Hoppenteld, Fundamentals of Pain Medicine: How to Diag-
nose and Treat your Patients (2014), Lippincott Williams &
Williams; Kim, Pain Medicine Pocketpedia (2012), Lippin-
cott Williams & Williams; all of which are herein incorpo-
rated by reference 1n their entirety for all purposes. Betore
the present compositions, research tools and methods are
described, 1t 1s to be understood that this invention 18 not
limited to the specific methods, compositions, targets, and
uses described, as such may, of course, vary. It 1s also to be
understood that the terminology used herein 18 for the pur-
pose of describing particular aspects only and 1s not
intended to limit the scope of the present mnvention, which
will be limited only by the appended claims.

[0058] Note that as used 1n the present specification and 1n
the appended claims, the singular forms “a,” “an,” and “the”
include plural referents unless the context clearly dictates
otherwise. Thus, for example, reference to “a composition”
refers to one composition, more than one composition, or
mixtures of compositions, and reference to “an assay”
includes reterence to equivalent steps and methods known

to those skilled 1n the art, and so forth.
[0059] Unless defined otherwise, all technical and scienti-

fic terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this
invention belongs. All publications mentioned herein are
incorporated by reterence for the purpose of describing
and disclosing formulations and methodologies that are
described 1 the publication and that might be used 1n con-
nection with the presently described 1invention.

[0060] Where a range of values 1s provided, 1t 1s under-
stood that each intervening value between the upper and
lower limat of that range and any other stated or intervening
value 1 that stated range 1s encompassed within the imnven-
tion. The upper and lower limaits of these smaller ranges may
independently be mcluded 1n smaller ranges which are also
encompassed within the imnvention, subject to any specifi-
cally excluded limit mn the stated range. Where the stated
range mcludes both of the limts, ranges excluding either
of those mcluded limats are also mncluded 1n the mnvention.
[0061] In the following description, numerous specilic
details are set forth to provide a more thorough understand-
ing of the present invention. However, 1t will be apparent to
one of skill in the art upon reading the specification that the
present invention may be practiced without one or more of
these specific details. In other mstances, well-known fea-
tures and procedures well known to those skilled 1n the art
have not been described 1n order to avoid obscuring the
mvention.

Definitions

[0062] Definitions of specific functional groups and che-
mical terms are described 1in more detail below. The chemi-
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cal elements are i1dentified mm accordance with the Periodic
Table of the Elements, CAS version, Handbook of Chemis-
try and Physics, 75% Ed., inside cover, and specific func-
tional groups are generally defined as described therein.
Additionally, general principles of organic chemistry, as
well as specific tunctional moieties and reactivity, are
described m Organic Chemistry, Thomas Sorrell, Umiversity
Science Books, Sausalito, 1999; Smith and March March's
Advanced Organic Chemistry, 5t Edition, John Wiley &
Sons, Inc., New York, 2001; Larock, Comprehensive
Organic Transformations, VCH Publishers, Inc., New
York, 1989; and Carruthers, Some Modern Methods of
Organic Synthesis, 37 Edition, Cambridge Umniversity
Press, Cambrnidge, 1987.

[0063] Compounds described herein can comprise one or
more asymmetric centers, and thus can exist 1n various
stereoisomeric forms, €.g., enantiomers and/or diastereo-
mers. For example, the compounds described heremn can
be 1n the form of an individual enantiomer, diastereomer
or geometric 1somer, or can be m the form of a mixture of
stereo1isomers, mcluding racemic mixtures and mixtures
enriched 1n one or more stereoisomer. Isomers can be 150-
lated from maxtures by methods known to those skilled
the art, mcluding chiral high pressure liquid chromatogra-
phy (HPLC) and the formation and crystallization of chiral
salts; or preferred 1somers can be prepared by asymmetric
syntheses. See, for example, Jacques et al., Enantiomers,
Racemates and Resolutions (Wiley Interscience, New
York, 1981); Wilen et al., Tetrahedron 33:2725 (1977);
Eliel, E.L. Stereochemistry of Carbon Compounds
(McGraw-Hill, NY, 1962); and Wilen, S.H. Tables of Resol-
ving Agents and Opftical Resolutions p. 268 (E.L. Elel, Ed.,
Univ. of Notre Dame Press, Notre Dame, IN 1972). The
disclosure additionally encompasses compounds as mdivi-
dual 1somers substantially free of other 1somers, and alter-
natively, as mixtures of various 1somers.

[0064] Unless otherwise stated, structures depicted herein
are also meant to include compounds that differ only 1n the
presence of one or more 1sotopically enriched atoms. For
example, compounds having the present structures except
tor the replacement of hydrogen by deuterium or trittum,
replacement of 'F with 18F, or the replacement of 12C
with 13C or 1C are within the scope of the disclosure.
Such compounds are useful, for example, as analytical
tools or probes 1n biological assays.

[0065] When a range of values 1s listed, 1t 1s mtended to
encompass each value and sub-range within the range. For
example “C; ¢ alkyl” 1s intended to encompass, C;, C,, Cs,
Ca, Cs, Co, Cr6, Cris, Cra, i3, Crp, Cog, Cas, Cog, Cos,
Cs.6, Cs.s, G, Cy, Cys, and Cs_g alkyl.

[0066] Unless expressly stated, the terms used herem are
intended to have the plain and ordinary meaning as under-
stood by those of ordmnary skill in the art. The following
defimtions are intended to aid the reader i understanding
the present invention, but are not mtended to vary or other-
wise limit the meaning of such terms unless specifically
indicated.

[0067] The term “aliphatic” refers to alkyl, alkenyl, alky-
nyl, and carbocyclic groups. Likewise, the term “heteroali-
phatic” refers to heteroalkyl, heteroalkenyl, heteroalkynyl,
and heterocyclic groups.

[0068] 'The term ““alkyl” refers to a radical of a straight-
chain or branched saturated hydrocarbon group having
from 1 to 10 carbon atoms (“C;_,4 alkyl”). In some embodi-
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ments, an alkyl group has 1 to 9 carbon atoms (*C; 5 alkyl™).
In some embodiments, an alkyl group has 1 to 8 carbon
atoms (“Ci.g alkyl”). In some embodiments, an alkyl
group has 1 to 7 carbon atoms (“C,_; alkyl™). In some embo-
diments, an alkyl group has 1 to 6 carbon atoms (“C; g
alkyl”). In some embodiments, an alkyl group has 1 to 3
carbon atoms (“C,.g alkyl”). In some embodiments, an
alkyl group has 1 to 4 carbon atoms (“C,.4 alkyl”). In
some embodimments, an alkyl group has 1 to 3 carbon
atoms (“C,; alkyl”). In some embodmments, an alkyl
group has 1 to 2 carbon atoms (“C,_, alkyl”). In some embo-
diments, an alkyl group has 1 carbon atom (“C; alkyl”). In
some embodiments, an alkyl group has 2 to 6 carbon atoms
(“C,.¢ alkyl”). Examples of C,¢ alkyl groups mclude
methyl (C)), ethyl (C,), propyl (C3) (e.g., n-propyl, 1sopro-
pyl), butyl (C,) (e.g., n-butyl, tert-butyl, sec-butyl, 1so-
butyl), pentyl (Cs) (e.g., n-pentyl, 3-pentanyl, amyl, neopen-
tyl, 3-methyl-2-butanyl, tertiary amyl), and hexyl (Cy) (e.g.,
n-hexyl). Additional examples of alkyl groups include n-
heptyl (C5), n-octyl (Cyg), and the like. Unless otherwise spe-
cified, each mstance of an alkyl group 1s mmdependently
unsubstituted (an “unsubstituted alkyl”) or substituted (a
“substituted alkyl”) with one or more substituents (e.g..
halogen, such as F). In certain embodimments, the alkyl
group 1s an unsubstituted C,_,, alkyl (such as unsubstituted
C, alkyl, e.g., —CH; (Me), unsubstituted ethyl (Et),
unsubstituted propyl (Pr, e.g., unsubstituted n-propyl (n-
Pr), unsubstituted 1sopropyl (1-Pr)), unsubstituted butyl
(Bu, ¢.g., unsubstituted n-butyl (n-Bu), unsubstituted tert-
butyl (tert-Bu or t-Bu), unsubstituted sec-butyl (sec-Bu),
unsubstituted 1sobutyl (1-Bu)). In certain embodiments, the
alkyl group 1s a substituted C,_;o alkyl (such as substituted
C,. alkyl, e.g., —CF3, Bn). In some embodiments, “alkyl”
refers to a saturated linear monovalent hydrocarbon moiety
of one to twelve, preferably one to six, carbon atoms or a
saturated branched monovalent hydrocarbon moiety of three
to twelve, preferably three to six, carbon atoms. Exemplary
alkyl groups mclude, but are not limited to, methyl, ethyl, n-
propyl, 2-propyl, tert-butyl, pentyl, and the like. “Alkylaryl”
refers to a moiety of the formula -R;-R,, where Ry 1s an
alkyl group and R, 1s an aryl group.The term “haloalkyl”
1s a substituted alkyl group, wherein one or more of the
hydrogen atoms are mdependently replaced by a halogen,
¢.g., fluoro, bromo, chloro, or 10do. In some embodiments,
the haloalkyl moiety has 1 to 8 carbon atoms (“C;_q
haloalkyl”). In some embodiments, the haloalkyl moiety
has 1 to 6 carbon atoms (“C,_¢ haloalkyl”). In some embodi-
ments, the haloalkyl moiety has 1 to 4 carbon atoms (“Cy_4
haloalkyl”). In some embodiments, the haloalkyl moiety has
1 to 3 carbon atoms (“C;_; haloalkyl”). In some embodi-
ments, the haloalkyl moiety has 1 to 2 carbon atoms (“Cy_,
haloalkyl”). Examples of haloalkyl groups include —CF5,
—CF,CF;5;, —CF,CF,CF3;, —CCl;, —CFCl,, —CF,Cl,
and the like.

[0069] The term “heteroalkyl” refers to an alkyl group.
which further mncludes at least one heteroatom (e.g., 1, 2,
3, or 4 heteroatoms) selected from oxygen, nitrogen, or sul-
tur within (1.¢., inserted between adjacent carbon atoms of)
and/or placed at one or more terminal position(s) of the par-
ent cham. In certain embodiments, a heteroalkyl group
refers to a saturated group having from 1 to 10 carbon
atoms and 1 or more heteroatoms within the parent chain
(“heteroCy 1o alkyl”). In some embodiments, a heteroalkyl
group 1s a saturated group having 1 to 9 carbon atoms and 1
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or more heteroatoms within the parent chain (“heteroC,
alkyl”). In some embodiments, a heteroalkyl group 1s a satu-
rated group having 1 to 8 carbon atoms and 1 or more het-
croatoms within the parent chain (“heteroC,_¢ alkyl”). In
some embodiments, a heteroalkyl group 1s a saturated
oroup having 1 to 7 carbon atoms and 1 or more heteroatoms
within the parent chain (“heteroC,_; alkyl™). In some embo-
diments, a heteroalkyl group 1s a saturated group having 1 to
6 carbon atoms and 1 or more heteroatoms within the parent
chain (“heteroC, ¢ alkyl”). In some embodiments, a hetero-
alkyl group 1s a saturated group having 1 to 5 carbon atoms
and 1 or 2 heteroatoms within the parent chain (“heteroC _s
alkyl”). In some embodiments, a heteroalkyl group 1s a satu-
rated group having 1 to 4 carbon atoms and 1 or 2 heteroa-
toms within the parent chain (“heteroC,_, alkyl”). In some
embodiments, a heteroalkyl group 1s a saturated group hav-
ing 1 to 3 carbon atoms and 1 heteroatom within the parent
chain (“heteroC,_3 alkyl”). In some embodiments, a hetero-
alkyl group 1s a saturated group having 1 to 2 carbon atoms
and 1 heteroatom within the parent chain (“heteroC,.,
alkyl”). In some embodiments, a heteroalkyl group 1s a satu-
rated group having 1 carbon atom and 1 heteroatom (“het-
eroC, alkyl™). In some embodiments, a heteroalkyl group 1s
a saturated group having 2 to 6 carbon atoms and 1 or 2
heteroatoms within the parent chain (“heteroC,_ ¢ alkyl”).
Unless otherwise specified, each instance of a heteroalkyl
group 1s independently unsubstituted (an “‘unsubstituted het-
croalkyl”) or substituted (a “substituted heteroalkyl) with
one or more substituents. In certain embodiments, the het-
eroalkyl group 1s an unsubstituted heteroC,_; alkyl. In cer-
tain embodiments, the heteroalkyl group 1s a substituted het-
eroCy_1¢ alkyl.

[0070] 'The term “alkenyl” refers to a radical of a straight-
chain or branched hydrocarbon group having from 2 to 10
carbon atoms and one or more carbon-carbon double bonds
(c.g., 1, 2, 3, or 4 double bonds). In some embodiments, an
alkenyl group has 2 to 9 carbon atoms (“C,.o alkenyl”). In
some embodiments, an alkenyl group has 2 to 8 carbon
atoms (“C,_¢ alkenyl”). In some embodiments, an alkenyl
group has 2 to 7 carbon atoms (“C,_; alkenyl”). In some
embodiments, an alkenyl group has 2 to 6 carbon atoms
(“C,.¢ alkenyl™). In some embodiments, an alkenyl group
has 2 to 5 carbon atoms (“C,_s alkenyl”). In some embodi-
ments, an alkenyl group has 2 to 4 carbon atoms (“C,_, alke-
nyl”). In some embodiments, an alkenyl group has 2 to 3
carbon atoms (“C,.3 alkenyl”). In some embodiments, an
alkenyl group has 2 carbon atoms (“C, alkenyl”). The one
or more carbon-carbon double bonds can be mternal (such
as 1n 2-butenyl) or terminal (such as in 1-butenyl). Examples
of C,_4 alkenyl groups include ethenyl (C,), 1-propenyl
(Cs), 2-propenyl (Cs), 1-butenyl (C,), 2-butenyl (C,), buta-
dienyl (C,), and the like. Examples of C,_¢ alkenyl groups
include the aforementioned C,_, alkenyl groups as well as
pentenyl (Cs), pentadienyl (Cs), hexenyl (Cy), and the like.
Additional examples of alkenyl include heptenyl (C-), octe-
nyl (Cg), octatrienyl (Cg), and the like. Unless otherwise
specified, each mstance of an alkenyl group 1s independently
unsubstituted (an “unsubstituted alkenyl) or substituted (a
“substituted alkenyl”) with one or more substituents. In cer-
tain embodiments, the alkenyl group 1s an unsubstituted C,_
10 alkenyl. In certain embodiments, the alkenyl group 1s a
substituted C,_,o alkenyl. In an alkenyl group, a C=C double
bond for which the stereochemistry 1s not specified (e.g..
—CH=CHCH,; or ) may be an (E)- or (Z)-double bond. In
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some embodiments, “alkenyl” refers to a linear monovalent
hydrocarbon moiety of two to ten carbon atoms or a
branched monovalent hydrocarbon moiety of three to ten
carbon atoms, containing at least one double bond, e.g.,
ethenyl, propenyl, and the like.

[0071] The term “heteroalkenyl” refers to an alkenyl
oroup, which further mcludes at least one heteroatom (e.g.,
1, 2, 3, or 4 heteroatoms) selected from oxygen, nitrogen, or
sulfur within (1.e., mserted between adjacent carbon atoms
of) and/or placed at one or more terminal position(s) of the
parent cham. In certain embodiments, a heteroalkenyl group
refers to a group having from 2 to 10 carbon atoms, at least
one double bond, and 1 or more heteroatoms within the par-
ent chain (“heteroC,_;o alkenyl”). In some embodiments, a
heteroalkenyl group has 2 to 9 carbon atoms at least one
double bond, and 1 or more heteroatoms within the parent
chamn (“heteroC,_ alkenyl”). In some embodiments, a het-
croalkenyl group has 2 to 8 carbon atoms, at least one dou-
ble bond, and 1 or more heteroatoms within the parent chain
(“heteroC,_g alkenyl”). In some embodiments, a heteroalk-
enyl group has 2 to 7 carbon atoms, at least one double bond,
and 1 or more heteroatoms within the parent chain (“het-
croC,.7 alkenyl”). In some embodiments, a heteroalkenyl
oroup has 2 to 6 carbon atoms, at least one double bond,
and 1 or more heteroatoms within the parent chain (“het-
croC,_¢ alkenyl”). In some embodiments, a heteroalkenyl
oroup has 2 to 5 carbon atoms, at least one double bond,
and 1 or 2 heteroatoms within the parent chain (“heteroC,.
s alkenyl”). In some embodiments, a heteroalkenyl group
has 2 to 4 carbon atoms, at least one double bond, and 1 or
2 heteroatoms within the parent chamn (“heteroC,_, alke-
nyl”). In some embodiments, a heteroalkenyl group has 2
to 3 carbon atoms, at least one double bond, and 1 heteroa-
tom within the parent chain (“heteroC,_3 alkenyl™). In some
embodiments, a heteroalkenyl group has 2 to 6 carbon
atoms, at least one double bond, and 1 or 2 heteroatoms
within the parent chain (“heteroC,_¢ alkenyl™). Unless other-
wise speciflied, each instance of a heteroalkenyl group 1s
independently unsubstituted (an “unsubstituted heteroalke-
nyl”’) or substituted (a “substituted heteroalkenyl) with one
or more substituents. In certain embodiments, the heteroalk-
enyl group 1s an unsubstituted heteroC,_,o alkenyl. In certain
embodiments, the heteroalkenyl group 1s a substituted het-
eroC,_1o alkenyl.

[0072] The term “alkynyl” refers to a radical of a straight-
chain or branched hydrocarbon group having from 2 to 10
carbon atoms and one or more carbon-carbon triple bonds
(e.g., 1, 2, 3, or 4 triple bonds) (*C,_19 alkynyl™). In some
embodimments, an alkynyl group has 2 to 9 carbon atoms
(“Cs.o alkynyl”). In some embodiments, an alkynyl group
has 2 to 8 carbon atoms (“C,_g alkynyl”). In some embodi-
ments, an alkynyl group has 2 to 7 carbon atoms (“C,_; alky-
nyl”). In some embodiments, an alkynyl group has 2 to 6
carbon atoms (“C,¢ alkynyl™”). In some embodiments, an
alkynyl group has 2 to 5 carbon atoms (“C,_5 alkynyl”). In
some embodiments, an alkynyl group has 2 to 4 carbon
atoms (“C,_4 alkynyl™). In some embodiments, an alkynyl
group has 2 to 3 carbon atoms (“C,_; alkynyl”). In some
embodiments, an alkynyl group has 2 carbon atoms (“C,
alkynyl”). The one or more carbon-carbon triple bonds can
be mternal (such as 1n 2-butynyl) or terminal (such as 1n 1-
butynyl). Examples of C,_4 alkynyl groups include, without
limitation, ethynyl (C,), 1-propynyl (Cs), 2-propynyl (Cs),
1-butynyl (C,), 2-butynyl (C,), and the like. Examples of
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C,_s alkenyl groups include the atorementioned C,_4 alkynyl
ogroups as well as pentynyl (Cs), hexynyl (Cg), and the like.
Additional examples of alkynyl include heptynyl (C5), octy-
nyl (Cg), and the like. Unless otherwise specified, each
instance of an alkynyl group 1s independently unsubstituted
(an “unsubstituted alkynyl”) or substituted (a “substituted
alkynyl”) with one or more substituents. In certain embodi-
ments, the alkynyl group 1s an unsubstituted C,_;, alkynyl.
In certain embodiments, the alkynyl group 1s a substituted
Cs_10 alkynyl.

[0073] The term “heteroalkynyl” refers to an alkynyl
group, which further imncludes at least one heteroatom (e.g.,
1, 2, 3, or 4 heteroatoms) selected from oxygen, nitrogen, or
sultur within (1.¢€., mserted between adjacent carbon atoms
ol) and/or placed at one or more terminal position(s) of the
parent chain. In certain embodiments, a heteroalkynyl group
refers to a group having from 2 to 10 carbon atoms, at least
one triple bond, and 1 or more heteroatoms within the parent
chain (“heteroC,_; alkynyl”). In some embodiments, a het-
croalkynyl group has 2 to 9 carbon atoms, at least one triple
bond, and 1 or more heteroatoms within the parent chain
(“heteroC,_9 alkynyl™). In some embodiments, a heteroalk-
ynyl group has 2 to 8 carbon atoms, at Ieast one triple bond,
and 1 or more heteroatoms within the parent chain (“het-
eroC,_g alkynyl”). In some embodiments, a heteroalkynyl
group has 2 to 7 carbon atoms, at least one triple bond,
and 1 or more heteroatoms within the parent chain (“het-
eroC,_; alkynyl”). In some embodiments, a heteroalkynyl
oroup has 2 to 6 carbon atoms, at least one triple bond,
and 1 or more heteroatoms within the parent chain (“het-
eroC,_¢ alkynyl”). In some embodiments, a heteroalkynyl
oroup has 2 to 5 carbon atoms, at least one triple bond,
and 1 or 2 heteroatoms within the parent chain (“heteroC;.
s alkynyl”). In some embodiments, a heteroalkynyl group
has 2 to 4 carbon atoms, at least one triple bond, and 1 or
2 heteroatoms within the parent chain (“heteroC,_, alky-
nyl”). In some embodiments, a heteroalkynyl group has 2
to 3 carbon atoms, at least one triple bond, and 1 heteroatom
within the parent chain (“heteroC,_; alkynyl”). In some
embodiments, a heteroalkynyl group has 2 to 6 carbon
atoms, at least one triple bond, and 1 or 2 heteroatoms
within the parent chamn (“heteroC,_¢ alkynyl”). Unless
otherwise specified, each mstance of a heteroalkynyl group
1s independently unsubstituted (an “unsubstituted heteroalk-
ynyl”) or substituted (a “substituted heteroalkynyl™) with
one or more substituents. In certain embodiments, the het-
croalkynyl group 1s an unsubstituted heteroC,_1 alkynyl. In
certamn embodiments, the heteroalkynyl group 1s a substi-
tuted heteroC,_ 1 alkynyl.

[0074] “Alkoxy” refers to a moiety of the formula —OR~,
wherein R7 1s an alkyl group as defined herem.

[0075] “Alkylamide” as used herem refers to a compound
with the tunctional group RONR';, where R and R" are H or
organic groups. “Alkylsultamide” refers to a compound
with the tunctional group RHNSO,NH,, where R 1s an
organic group.

[0076] “Antagomst” refers to a compound or a composi-
tion that attenuates the effect of an agonist. The antagonist
can bind reversibly or irreversibly to a region of the receptor
in common with an agonist. An antagonist can also bind at a
different site on the receptor. The term “antagonist” also
includes a functional or physiological antagonist. A “func-
tional antagonist” refers to a situation m which two agonists
interact with different receptors and produce opposing
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effects. A “physiological agonist” describes the behavior
of a substance that produces effects counteracting those of
another substance using a mechanism that does not involve
binding to the same receptor.

[0077] The term “aryl” refers to a radical of a monocyclic
or polycyclic (e.g., bicyclic or tricyclic) 4n+2 aromatic ring
system (e.g., having 6, 10, or 14 & electrons shared 1 a ¢cyc-
lic array) having 6-14 ring carbon atoms and zero heteroa-
toms provided 1n the aromatic ring system (“Ceq.14 aryl™). In
some embodiments, an aryl group has 6 ring carbon atoms
(“Ce aryl”; e.g., phenyl). In some embodiments, an aryl
group has 10 ring carbon atoms (“C,, aryl”; e.g., naphthyl
such as 1-naphthyl and 2-naphthyl). In some embodiments,
an aryl group has 14 ring carbon atoms (“Cy, aryl”; e.g.,
anthracyl). “Aryl” also mncludes ring systems wherein the
aryl ring, as defined above, 1s fused with one or more carbo-
cyclyl or heterocyclyl groups wherein the radical or point of
attachment 1s on the aryl ring, and 1 such instances, the
number of carbon atoms continue to designate the number
of carbon atoms 1n the aryl ring system. Unless otherwise
specified, each instance of an aryl group 1s mdependently
unsubstituted (an “unsubstituted aryl”) or substituted (a
“substituted aryl”) with one or more substituents. In certain
embodiments, the aryl group 1s an unsubstituted Cq4_4 aryl.
In certain embodiments, the aryl group 1s a substituted Cg_14
aryl. In some embodiments, “aryl” refers to a monovalent
mono-, bi- or tricyclic aromatic hydrocarbon moiety of 6
to 15 ring atoms that 1s optionally substituted with one or
more, preferably one, two, or three substituents within the
ring structure. When two or more substituents are present 1n
an aryl group, ¢ach substituent 1s independently selected.
[0078] “Aryloxy” refers to a moiety of the formula
—OATr!, wheremn Ar! 1s aryl.

[0079] The term “carbocyclyl” or “carbocyclic” refers to a
radical of a non-aromatic cyclic hydrocarbon group having
from 3 to 14 nng carbon atoms (“Cs_;4 carbocyclyl”) and
zero heteroatoms 1n the non-aromatic ring system. In some
embodiments, a carbocyclyl group has 3 to 10 ring carbon
atoms (“Cs_;o carbocyclyl”). In some embodiments, a carbo-
cyclyl group has 3 to 8 ning carbon atoms (“Cs_g carbocy-
clyl”). In some embodiments, a carbocyclyl group has 3 to 7
ring carbon atoms (“Cs_; carbocyclyl”). In some embodi-
ments, a carbocyclyl group has 3 to 6 ring carbon atoms
(“C5_¢ carbocyclyl”). In some embodiments, a carbocyclyl
ogroup has 4 to 6 ring carbon atoms (“C,_¢ carbocyclyl”). In
some embodiments, a carbocyclyl group has 5 to 6 ring car-
bon atoms (“Cs.¢ carbocyclyl”). In some embodiments, a
carbocyclyl group has 5 to 10 ring carbon atoms (“Cs.ig
carbocyclyl”). Exemplary Cs_¢ carbocyclyl groups include,
without limitation, cyclopropyl (Cs), cyclopropenyl (C5),
cyclobutyl (C,), cyclobutenyl (C,), cyclopentyl (Cs), cyclo-
pentenyl (Cs), cyclohexyl (Cq), cyclohexenyl (Cg), cyclo-
hexadienyl (Cg), and the like. Exemplary Cs_g carbocyclyl
groups mclude, without limitation, the atorementioned C; 4
carbocyclyl groups as well as cycloheptyl (C5), cyclohepte-
nyl (C;), cycloheptadienyl (C;), cycloheptatrienyl (Cs),
cyclooctyl (Cg), cyclooctenyl (Cg), bicyclo[2.2.1 [heptanyl
(C5), bicyclo[2.2.2]octanyl (Cg), and the like. Exemplary
C;.10 carbocyclyl groups mclude, without himitation, the
atorementioned Cs_g carbocyclyl groups as well as cyclono-
nyl (Cy), cyclononenyl (Co), cyclodecyl (Cyp), cyclodecenyl
(Ci0), octahydro-1H-indenyl (Co), decahydronaphthalenyl
(Ci0), spiro[4.5]decanyl (C,g), and the like. As the fore-
going examples illustrate, 1 certain embodiments, the car-
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bocyclyl group 1s either monocyclic (“monocyclic carbocy-
clyl”) or polycychic (e.g., contamning a fused, bridged or
spiro ring system such as a bicyclic system (“bicyclic car-
bocyclyl”) or tricyclic system (“tricyclic carbocyclyl™)) and
can be saturated or can contain one or more carbon-carbon
double or triple bonds. “Carbocyclyl” also includes ring sys-
tems wherein the carbocyclyl ring, as defined above, 1s tused
with one or more aryl or heteroaryl groups wherein the point
of attachment 1s on the carbocyclyl ring, and i such
instances, the number of carbons continue to designate the
number of carbons in the carbocyclic ring system. Unless
otherwise specified, each mnstance of a carbocyclyl group
1s mdependently unsubstituted (an “unsubstituted carbocy-
clyl”) or substituted (a “substituted carbocyclyl) with one
or more substituents. In certain embodiments, the carbocy-
clyl group 1s an unsubstituted Cs_14 carbocyclyl. In certan
embodiments, the carbocyclyl group 1s a substituted C5_y4
carbocyclyl.

[0080] In some embodiments, “carbocyclyl” or
“cycloalky” 1s a monocyclic, saturated carbocyclyl group
having from 3 to 14 ring carbon atoms (“Cs_;4 cycloalkyl”).
In some embodiments, a cycloalkyl group has 3 to 10 ring
carbon atoms (“Cs5_yo cycloalkyl”). In some embodiments, a
cycloalkyl group has 3 to 8§ ring carbon atoms (“Cs.g
cycloalkyl”). In some embodiments, a cycloalkyl group
has 3 to 6 ring carbon atoms (“Cs_¢ cycloalkyl™). In some
embodiments, a cycloalkyl group has 4 to 6 ring carbon
atoms (“C,¢ cycloalkyl”). In some embodiments, a
cycloalkyl group has 5 to 6 ring carbon atoms (“Cs.
cycloalkyl”). In some embodiments, a cycloalkyl group
has 5 to 10 ring carbon atoms (“Cs_;4 cycloalkyl”). Exam-
ples of Cs_4 cycloalkyl groups include cyclopentyl (Cs) and
cyclohexyl (Cs). Examples of Cs4 cycloalkyl groups
include the atorementioned Cs_g cycloalkyl groups as well
as cyclopropyl (Cs) and cyclobutyl (C,). Examples of Cs_¢
cycloalkyl groups 1nclude the aforementioned C;5 ¢
cycloalkyl groups as well as cycloheptyl (C5) and cyclooctyl
(Cg). Unless otherwise specified, each istance of a
cycloalkyl group 1s mndependently unsubstituted (an “unsub-
stituted c¢ycloalkyl”) or substituted (a “substituted
cycloalkyl”) with one or more substituents. In certain embo-
diments, the cycloalkyl group 1s an unsubstituted Cs 4
cycloalkyl. In certain embodiments, the cycloalkyl group
1s a substituted C;_.4 cycloalkyl. In some embodiments,
“cycloalkyl” refers to a non-aromatic, preferably saturated,
monovalent mono- or bicyclic hydrocarbon moiety of three
to ten ring carbons. The cycloalkyl can be optionally substi-
tuted with one or more, preferably one, two, or three substi-
tuents within the ring structure. When two or more substitu-
ents are present 1 a cycloalkyl group, each substituent 1s
independently selected.

[0081] The term “derivative or an analog thereof” refers to
those compounds that are derived from or have a similar
core structure and retain all of the biological activity of the
compound to which they are reterred to.

[0082] An “elfective amount” of a compound described
heremn refers to an amount sufficient to elicit the desired
biological response, 1.¢., treating the condition. As will be
appreciated by those of ordinary skill 1n this art, the effective
amount of a compound described herem may vary depend-
ing on such factors as the desired biological endpoint, the
pharmacokinetics of the compound, the condition being
treated, the mode of administration, and the age and health
of the subject. In certain embodiments, an effective amount
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1s a therapeutically effective amount. In certain embodi-
ments, an effective amount 1s a prophylactic treatment. In
certain embodiments, an effective amount 1s the amount of
a compound described herem 1n a single dose. In certain
embodiments, an effective amount 18 the combined amounts

of a compound described herein in multiple doses.
[0083] The terms “halo,” “halogen” and “halide™ ar¢ used

interchangeably herein and refer to fluoro-, chloro-, bromo-,
or 10do-groups.

[0084] The term “heterocyclyl” or “heterocyclic” refers to
a radical of a 3- to 14-membered non-aromatic ring system
having ring carbon atoms and 1 to 4 ring heteroatoms,
wherein each heteroatom 1s mdependently selected from
nitrogen, oxygen, and sulfur (*“3-14 membered heterocy-
clyl”). In heterocyclyl groups that contain one or more nitro-
gen atoms, the point of attachment can be a carbon or nitro-
oen atom, as valency permits. A heterocyclyl group can
either be monocyclic (“monocyclic heterocyclyl™) or poly-
cyclic (e.g., a fused, bridged or spiro ring system such as a
bicyclic system (“bicyclic heterocyclyl™) or tricyclic system
(“tricyclic heterocyclyl™)), and can be saturated or can con-
tain one or more carbon-carbon double or triple bonds. Het-
erocyclyl polycyclic ring systems can include one or more
heteroatoms 1 one or both rings. “Heterocyclyl” also
includes ring systems wherein the heterocyclyl ring, as
defined above, 1s fused with one or more carbocyclyl groups
wherein the point of attachment 1s either on the carbocyclyl
or heterocyclyl ring, or ring systems wherein the heterocy-
clyl ring, as defined above, 1s fused with one or more aryl or
heteroaryl groups, wherein the point of attachment 1s on the
heterocyclyl ring, and 1n such instances, the number of ring
members continue to designate the number of ring members
in the heterocyclyl ring system. Unless otherwise specified,
cach mstance of heterocyclyl 1s mmdependently unsubstituted
(an “unsubstituted heterocyclyl”) or substituted (a “substi-
tuted heterocyclyl”) with one or more substituents. In cer-
tain embodiments, the heterocyclyl group 1s an unsubsti-
tuted 3-14 membered  heterocyclyl. In certamn
embodiments, the heterocyclyl group 1s a substituted 3-14
membered heterocyclyl.

[0085] In some embodiments, a heterocyclyl group 1s a 3-
10 membered non-aromatic ring system having ring carbon
atoms and 1-4 ring heteroatoms, wherein each heteroatom 1s
independently selected from nitrogen, oxygen, and sulfur
(“5-10 membered heterocyclyl”). In some embodiments, a
heterocyclyl group 1s a 5-8 membered non-aromatic ring
system having ring carbon atoms and 1-4 ring heteroatoms,
wherein each heteroatom 1s mdependently selected from
ntrogen, oxygen, and sulfur (“5-8 membered heterocy-
clyl”). In some embodiments, a heterocyclyl group 1s a 5-6
membered non-aromatic ring system having ring carbon
atoms and 1-4 ring heteroatoms, wherein each heteroatom
1s mdependently selected from nitrogen, oxygen, and sulfur
(“5-6 membered heterocyclyl”). In some embodiments, the
5-6 membered heterocyclyl has 1-3 ring heteroatoms
selected from nitrogen, oxygen, and sulfur. In some embo-
diments, the 5-6 membered heterocyclyl has 1-2 ring het-
croatoms selected from nitrogen, oxygen, and sulfur. In
some embodiments, the 5-6 membered heterocyclyl has 1
ring heteroatom selected from nitrogen, oxygen, and sulfur.
[0086] Exemplary 3-membered heterocyclyl groups con-
tamning 1 heteroatom include, without limitation, azirdinyl,
oxiranyl, and thuranyl. Exemplary 4-membered heterocy-
clyl groups contamning 1 heteroatom include, without limita-
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tion, azetidinyl, oxetanyl, and thietanyl. Exemplary 5-mem-
bered heterocyclyl groups containing 1 heteroatom include,
without limitation, tetrahydroturanyl, dihydrofuranyl, tetra-
hydrothiophenyl, dihydrothiophenyl, pyrrolidinyl, dihydro-
pyrrolyl, and pyrrolyl-2.5-dione. Exemplary 5-membered
heterocyclyl groups containing 2 heteroatoms include, with-
out lmmitation, dioxolanyl, oxathiolanyl and dithiolanyl.
Exemplary 5-membered heterocyclyl groups contamning 3
heteroatoms include, without limitation, triazolinyl, oxadia-
zolinyl, and thiadiazolinyl. Exemplary 6-membered hetero-
cyclyl groups containing 1 heteroatom include, without lim-
itation, piperidinyl, tetrahydropyranyl, dihydropyridinyl,
and thianyl. Exemplary 6-membered heterocyclyl groups
containing 2 heteroatoms mnclude, without limitation, piper-
azinyl, morpholinyl, dithianyl, and dioxanyl. Exemplary 6-
membered heterocyclyl groups contaming 2 heteroatoms
include, without limitation, triazinanyl. Exemplary 7-mem-
bered heterocyclyl groups containing 1 heteroatom include,
without limitation, azepanyl, oxepanyl and thiepanyl.
Exemplary 8-membered heterocyclyl groups contaming 1
heteroatom include, without limitation, azocanyl, oxecanyl
and thiocanyl. Exemplary bicyclic heterocyclyl groups
include, without limitation, indolinyl, 1soindolinyl, dihydro-
benzofuranyl, dihydrobenzothienyl, tetrahydrobenzothie-
nyl, tetrahydrobenzofuranyl, tetrahydroindolyl, tetrahydro-
qummolinyl, tetrahydroisoquinolinyl, decahydroquinolinyl,
decahydroisoquinolinyl, octahydrochromenyl, octahydroai-
sochromenyl, decahydronaphthyridinyl, decahydro-1,8-
naphthyridinyl, octahydropyrrolo|3,2-blpyrrole, indolinyl,
phthalimidyl, naphthalimidyl, chromanyl, chromenyl, 1H-
benzole][1,4]|diazepinyl,  1.,4,5,7-tetrahydropyrano|3.4-b]
pyrrolyl, 5,6-dihydro-4H-turo|3,2-b]pyrrolyl, 6,7-dihydro-
SH-turo[3,2-bpyranyl, 5,7-dihydro-4H-thieno[2,3-c|pyra-
nyl, 2,3-dihydro-1H-pyrrolo|[2,3-blpyridinyl, 2.3-dihydro-
turo[2,3-b]pyridinyl, 4,5,6,7-tetrahydro-1H-pyrrolo[2,3-b]
pyridinyl, 4,5,6,7-tetrahydrofuro[3,2-c|pyridinyl, 4.,5,6,7-
tetrahydrothieno|3,2-blpynidinyl,  1,2,3,4-tetrahydro-1,6-
naphthyridinyl, and the like.

[0087] The term “heteroaryl” refers to a radical of a 5-14
membered monocyclic or polycyclic (e.g., bicyclic, tricyc-
lic) 4n+2 aromatic ring system (e.g., having 6, 10, or 14 &
clectrons shared 1n a cyclic array) having ring carbon atoms
and 1-4 ring heteroatoms provided 1 the aromatic ring sys-
tem, wherem each heteroatom 1s 1ndependently selected
from nitrogen, oxygen, and sulfur (“5-14 membered hetero-
aryl”). In heteroaryl groups that contamn one or more nitro-
gen atoms, the point of attachment can be a carbon or nitro-
gen atom, as valency permits. Heteroaryl polycyclic ring
systems can imnclude one or more heteroatoms in one or
both rings. “Heteroaryl” includes ring systems wherein the
heteroaryl ring, as defined above, 1s tused with one or more
carbocyclyl or heterocyclyl groups wherein the pomnt of
attachment 1s on the heteroaryl ring, and 1 such nstances,
the number of ring members continue to designate the num-
ber of ring members 1n the heteroaryl ring system. “Hetero-
aryl” also includes ring systems wherein the heteroaryl ring,
as defined above, 15 fused with one or more aryl groups
wherein the point of attachment 1s either on the aryl or het-
croaryl ring, and 1n such mnstances, the number of ring mem-
bers designates the number of ring members 1 the fused
polycyclic (aryl/heteroaryl) ring system. Polycyclic hetero-
aryl groups wherein one ring does not contain a heteroatom
(¢.g., indolyl, quinolinyl, carbazolyl, and the like) the point
of attachment can be on either ring, 1.¢., either the ring bear-
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ing a heteroatom (e.g., 2-indolyl) or the ring that does not
contain a heteroatom (e.g., S-indolyl).

[0088] In some embodiments, a heteroaryl group 1s a 5-10
membered aromatic ring system having ring carbon atoms
and 1-4 ring heteroatoms provided 1n the aromatic ring sys-
tem, wherem e¢ach heteroatom 1s mdependently selected
from nitrogen, oxygen, and sulfur (“5-10 membered hetero-
aryl”). In some embodiments, a heteroaryl group 1s a 5-8
membered aromatic ring system having ring carbon atoms
and 1-4 ring heteroatoms provided 1n the aromatic ring sys-
tem, wheremn each heteroatom 1s independently selected
from mitrogen, oxygen, and sulfur (“5-8 membered hetero-
aryl”). In some embodiments, a heteroaryl group 1s a 5-6
membered aromatic ring system having ring carbon atoms
and 1-4 ring heteroatoms provided 1n the aromatic ring sys-
tem, wheremn each heteroatom 1s independently selected
from mitrogen, oxygen, and sulfur (“5-6 membered hetero-
aryl”). In some embodiments, the 5-6 membered heteroaryl
has 1-3 ring heteroatoms selected from nitrogen, oxygen,
and sulfur. In some embodiments, the 5-6 membered hetero-
aryl has 1-2 ring heteroatoms selected from nitrogen, oxy-
oen, and sulfur. In some embodiments, the 5-6 membered
heteroaryl has 1 ring heteroatom selected from nitrogen,
oxygen, and sulfur. Unless otherwise specified, each
instance of a heteroaryl group 1s independently unsubsti-
tuted (an “unsubstituted heteroaryl”) or substituted (a “sub-
stituted heteroaryl™) with one or more substituents. In cer-
tain embodiments, the heteroaryl group 1s an unsubstituted
5-14 membered heteroaryl. In certain embodiments, the het-
eroaryl group 1s a substituted 5-14 membered heteroaryl.
[0089] Exemplary S-membered heteroaryl groups contain-
ing 1 heteroatom mclude, without limitation, pyrrolyl, tura-
nyl, and thiophenyl. Exemplary 5-membered heteroaryl
groups contaming 2 heteroatoms include, without limaita-
tion, mmidazolyl, pyrazolyl, oxazolyl, 1soxazolyl, thiazolyl,
and 1sothiazolyl. Exemplary 5-membered heteroaryl groups
containing 3 heteroatoms mclude, without limitation, triazo-
lyl, oxadiazolyl, and thiadiazolyl. Exemplary 5-membered
heteroaryl groups containing 4 heteroatoms mclude, without
limitation, tetrazolyl. Exemplary 6-membered heteroaryl
groups containing 1 heteroatom mclude, without limitation,
pyridinyl. Exemplary 6-membered heteroaryl groups con-
taming 2 heteroatoms mclude, without limitation, pyridazi-
nyl, pyrimidinyl, and pyrazinyl. Exemplary 6-membered
heteroaryl groups containing 3 or 4 heteroatoms include,
without himitation, triazinyl and tetrazinyl, respectively.
Exemplary 7-membered heteroaryl groups contamning 1 het-
eroatom 1nclude, without limitation, azepinyl, oxepinyl, and
thiepmyl. Exemplary 5,6-bicyclic heteroaryl groups include,
without limitation, indolyl, 1soindolyl, indazolyl, benzotria-
zolyl, benzothiophenyl, 1sobenzothiophenyl, benzofuranyl,
benzoisoturanyl, benzimidazolyl, benzoxazolyl, benzisoxa-
zolyl, benzoxadiazolyl, benzthiazolyl, benzisothiazolyl,
benzthiadiazolyl, indolizinyl, and purinyl. Exemplary 6,6-
bicyclic heteroaryl groups include, without limitation,
naphthyridinyl, pteridinyl, quinolinyl, 1soquinolinyl, ¢inno-
linyl, quinoxalinyl, phthalazinyl, and quinazolinyl. Exemp-
lary tricyclic heteroaryl groups include, without limitation,
phenanthridinyl, dibenzofuranyl, carbazolyl, acridinyl, phe-
nothiazinyl, phenoxazinyl and phenazinyl.

[0090] “Hydrocarbyl” refers to any umvalent radical
derived from a hydrocarbon.
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[0091] “Hydroxy” refers to an —OH group. “Deshy-
droxy” refers to a lack of a hydroxy group at a position
that typically has a hydroxyl group.

[0092] As used herein, a “leaving group” (LG) 1s an art-
understood term referrmg to a molecular fragment that
departs with a pair of electrons 1n heterolytic bond cleavage,
wherein the molecular fragment 1s an anion or neutral mole-
cule. As used herein, a leaving group can be an atom or a
group capable of being displaced by a nucleophile. See, for
example, Smith, March Advanced Organic Chemistry 6th
ed. (501-502). Exemplary leaving groups imclude, but are
not limited to, halo (e.g., chloro, bromo, 10do), —OR@
(when the O atom 1s attached to a carbonyl group, wherein
Raa 15 as deflned heremn), —O(C=0)RLC, alkanesulfony-
loxy, arenesulfonyloxy, alkylcarbonyloxy (e.g., acetoxy),
arylcarbonyloxy, mesyloxy, tosyloxy, trifluoromethanesul-
fonyloxy, aryloxy (e.g., 2.4-dimtrophenoxy), methoxy,
N,O-dmethylhydroxylamino, or —O(S0O),R%46C (e.g., tosyl,
mesyl, besyl), wherem R£4C 15 optionally substituted alkyl,
optionally substituted aryl, or optionally substituted hetero-
aryl. In some cases, the leaving group 1s a halogen. In some
embodiments, the leaving group 1s I. In some embodiments,
“leaving group” has the meanming conventionally used n
synthetic organic chemaistry, 1.€., an atom or a group capable
of being displaced by a nucleophile and includes halo (such
as chloro, bromo, and 10do), alkanesulfonyloxy, arenesulfo-
nyloxy, alkylcarbonyloxy (¢.g., acetoxy), arylcarbonyloxy,
mesyloxy, tosyloxy, trifluoromethanesulfonyloxy, aryloxy
(¢.g., 2,4-dimtrophenoxy), methoxy, N,O-dimethylhydroxy-
lamino, and the like.

[0093] “Neuropathic pamn” refers to pamn caused by
damage or disease affecting the somatosensory nervous sys-
tem (1.¢., refers to pamn resulting from injury to a nerve).
Non-limiting examples of neuropathic pain include pain
associated with or dertved from spinal cord mjury, multiple
sclerosis, stroke, diabetes (e.g., peripheral diabetic neuropa-
thy), sciatica, herpes zoster infection, HIV, neuralgia (e.g.,
post-herpetic neuralgia, trigeminal neuralgia), nutritional
deficiencies, toxins, tumors, immune mediated disorders,
physical trauma to a nerve trunk, cancer, chemotherapy
(¢.g., chemotherapy-mmduced pain such as chemotherapy-
induced peripheral neuropathy), radiation mjury, invasive
medical procedures, surgery, nonspecific lower back pain,
carpal tunnel syndrome, fibromyalgia, and pain resulting
from an inflammatory condition (¢.g., a chronic miflamma-
tory condition). Neuropathic pain typically 1s long-lasting or
chronic and often develops days or months. Neuropathic
pain can imnvolve persistent, spontaneous pain as well as allo-
dyma, which 1s a pamtul response to a stimulus that nor-
mally 18 not painful. Neuropathic pain also can be character-
1zed by hyperalgesia, in which there 15 an accentuated
response to a pamful sttmulus that usually 1s trivial, such
as a pin prick. Neuropathic pain conditions can develop fol-
lowing neuronal 1njury and the resulting pain may persist for
months or years. Neuronal injury may occur in the periph-
eral nerves, dorsal roots, spinal cord or certain regions 1n the
brain. Neuropathic pain can result from a peripheral nerve
disorder such as neuroma; nerve compression; nerve crush,
nerve stretch or mcomplete nerve transsection; mononeuro-
pathy or polyneuropathy. Neuropathic pain can also result
from a disorder such as dorsal root ganglion compression:
inflammation of the spinal cord; contusion, tumor or hemi-
section of the spinal cord; tumors of the bramstem, thalamus
or cortex; or trauma to the bramnstem, thalamus or cortex.
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[0094] ““Nociceptive pam’” refers to pain caused by stimuli
being detected by nociceptors 1n the body (1.e., pain caused
by acute tissue mjury involving small cutaneous nerves or
small nerves 1n muscle or connective tissue). Nociceptors
are primarily found 1n the skin, joints, and walls of organs.
Non-limiting examples of nociceptive pain include paimn
assoclated with or dernived from bruises, burns, fractures,
overuse or jomt damage (¢.g., arthritis, sprains), radiculopa-
thy, pinched nerve, tumor, headache, laceration, surgery, and
cancer.

[0095] The term “neurological disease” refers to any dis-
case of the nervous system, including diseases that mvolve
the central nervous system (brain, brainstem and cerebel-
lum), the peripheral nervous system (including cramial
nerves), and the autonomic nervous system (parts of which
are located 1n both central and peripheral nervous system).
Neurodegenerative diseases refer to a type of neurological
disease marked by the loss of nerve cells, including, but not
limated to, Alzheimer’s disease, Parkinson’s disease, amyo-
trophic lateral sclerosis, tauopathies (including frontotem-
poral dementia), and Huntington’s disease. Examples of
neurological diseases include, but are not limited to, head-
ache, stupor and coma, dementia, seizure, sleep disorders,
trauma, imnfections, neoplasms, neuro-ophthalmology, move-
ment disorders, demyelinating diseases, spinal cord disor-
ders, and disorders of peripheral nerves, muscle and neuro-
muscular junctions. Addiction and mental illness, 1nclude,
but are not limited to, bipolar disorder and schizophrenia,
are also mncluded 1n the definition of neurological diseases.
Further examples of neurological diseases include acquired
epileptiform aphasia; acute disseminated encephalomyelitis;
adrenoleukodystrophy; agenesis of the corpus callosum;
agnosia; Aicardi syndrome; Alexander disease; Alpers’ dis-
case; alternating hemiplegia; Alzheimer’s disease; amyo-
trophic lateral sclerosis; anencephaly; Angelman syndrome;
angiomatosis; anoxia, aphasia; apraxia; arachnoid cysts;
arachnoiditis; Amold-Chiart malformation; arteriovenous
malformation; Asperger syndrome; ataxia telangiectasia;
attention deficit hyperactivity disorder; autism; autonomic
dysfunction; back pain; Batten disease; Behcet’s disease;
Bell’s palsy; benign essential blepharospasm; benign focal;
amyotrophy; benign intracranial hypertension; Binswan-
ger’s disease; blepharospasm; Bloch Sulzberger syndrome;
brachial plexus ijury; brain abscess; bbrain mjury; brain
tumors (including glioblastoma multiforme); spinal tumor;
Brown-Sequard syndrome; Canavan disease; carpal tunnel
syndrome (CTS); causalgia; central pain syndrome; central
pontine myeliolysis; cephalic disorder; cerebral aneurysm;
cerebral arteriosclerosis; cerebral atrophy; cerebral gigant-
1sm; cerebral palsy; Charcot-Marie-Tooth disease; che-
motherapy-induced neuropathy and neuropathic pain;
Chiar1 maltormation; chorea; chronic inflammatory demye-
limating polyneuropathy (CIDP); chronic pain; chronic
regional pain syndrome; Coflin Lowry syndrome; coma,
including persistent vegetative state; congenital facial diple-
o1a; corticobasal degeneration; cranial arteritis; craniosy-
nostosis; Creutzieldt-Jakob disease; cumulative trauma dis-
orders; Cushing’s syndrome; cytomegalic inclusion body
disease (CIBD); cytomegalovirus mfection; dancing eyes-
dancing feet syndrome; Dandy-Walker syndrome; Dawson
disease; De Morsier’s syndrome; Dejerme-Klumpke palsy;
dementia; dermatomyositis; diabetic neuropathy; diffuse
sclerosis; dysautonomia; dysgraphia; dyslexia; dystonias;
carly mfantile epileptic encephalopathy; empty sella syn-




US 2023/0203053 Al

drome; encephalitis; encephaloceles; encephalotrigeminal
angiomatosis; epilepsy; Erb’s palsy; essential tremor;
Fabry’s disease; Fahr’s syndrome; famnting; familial spastic
paralysis; febrile seizures; Fisher syndrome; Friedreich’s
ataxia; frontotemporal dementia and other “‘tauopathies”;
Gaucher’s disease; Gerstmann’s syndrome; giant cell arter-
1t1s; giant cell inclusion disease; globoid cell leukodystro-
phy; Guillain-Barre syndrome; HTLV-1 associated myelo-
pathy; Hallervorden-Spatz disease; head mjury; headache;
hemitacial spasm; hereditary spastic paraplegia; heredo-
pathia atactica polyneuritiformis; herpes zoster ofticus;
herpes zoster; Hirayama syndrome; HIV-associated demen-
t1a and neuropathy (see also neurological manifestations of
AIDS); holoprosencephaly; Huntington’s disease and other
polyglutamine repeat diseases; hydranencephaly; hydroce-
phalus; hypercortisolism; hypoxia; immune-mediated ence-
phalomyelitis; mnclusion body myositis; mcontinentia pig-
ment1; 1nfantile; phytanic acid storage disease; Infantile
Refsum disease; mfantile spasms; inflammatory myopathy;
intracramal cyst; intracramal hypertension; Joubert syn-
drome; Keams-Sayre syndrome; Kennedy disease; Kins-
bourne syndrome; Klippel Feil syndrome; Krabbe disease;
Kugelberg-Welander disease; kuru; Lafora disease; Lam-
bert-Eaton myasthenic syndrome; Landau-Kletiner syn-
drome; lateral medullary (Wallenberg) syndrome; learning
disabilities; Leigh’s disease; Lennox-Gastaut syndrome;
Lesch-Nyhan syndrome; leukodystrophy; Lewy body
dementia; lissencephaly; locked-in syndrome; Lou Gehrig’s
discase (aka motor neuron disease or amyotrophic lateral
sclerosis); lumbar disc disease; lyme disease-neurological
sequelae; Machado-Joseph disease; macrencephaly; mega-
lencephaly; Melkersson-Rosenthal syndrome; Meneres dis-
case; meningitis; Menkes disease; metachromatic leukody-
strophy; microcephaly; migraine; Miller Fisher syndrome;
mini-strokes; mitochondrial myopathies; Mobius syndrome;
monomelic amyotrophy; motor neurone disease; moyamoya
disease; mucopolysacchandoses; multi-infarct dementia;
multifocal motor neuropathy; multiple sclerosis and other
demyelinating disorders; multiple system atrophy with pos-
tural hypotension; muscular dystrophy; myasthenia gravis;
myelinoclastic diffuse sclerosis; myoclonic encephalopathy
of infants; myoclonus; myopathy; myotonia congenital; nar-
colepsy; neurofibromatosis; neuroleptic malignant syn-
drome; neurological manifestations of AIDS; neurological
sequelae of lupus; neuromyotonia; neuronal ceroid lipofus-
cmosis; neuronal migration disorders; Niemann-Pick dis-
case; O'Sullivan-McLeod syndrome; occipital neuralgia;
occult spinal dysraphism sequence; Ohtahara syndrome; oli-
vopontocerebellar atrophy; opsoclonus myoclonus; optic
neuritis; orthostatic hypotension; overuse syndrome; pat-
esthesia; Parkinson’s disease; paramyotoma congenita;
parancoplastic diseases; paroxysmal attacks; Parry Rom-
berg syndrome; Pelizacus-Merzbacher disease; periodic
paralyses; peripheral neuropathy; painful neuropathy and
neuropathic pain; persistent vegetative state; pervasive
developmental disorders; photic sneeze reflex; phytanic
acid storage disease; Pick’s disease; pinched nerve; pituitary
tumors; polymyositis; porencephaly; Post-Polio syndrome;
postherpetic neuralgia (PHN); postinfectious encephalo-
myelitis; postural hypotension; Prader-Willi syndrome; pri-
mary lateral sclerosis; prion diseases; progressive; hemifa-
cial atrophy; progressive multifocal leukoencephalopathy;
progressive sclerosing poliodystrophy; progressive supra-
nuclear palsy; pseudotumor cerebri; Ramsay-Hunt syn-
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drome (Type I and Type II); Rasmussen’s Encephalitis;
reflex sympathetic dystrophy syndrome; Refsum disease;
repetitive motion disorders; repetitive stress injuries; rest-
less legs syndrome; retrovirus-associated myelopathy; Rett
syndrome; Reye’s syndrome; Samt Vitus Dance; Sandhoft
disease; Schilder’s disease; schizencephaly; septo-optic dys-
plasia; shaken baby syndrome; shingles; Shy-Drager syn-
drome; Sjogren’s syndrome; sleep apnea; Soto’s syndrome;
spasticity; spina bifida; spmal cord mjury; spmal cord
tumors; spmnal muscular atrophy; stiff-person syndrome;
stroke; Sturge-Weber syndrome; subacute sclerosing panen-
cephalitis; subarachnoid hemorrhage; subcortical arterio-
sclerotic encephalopathy; sydenham chorea; syncope; syrin-
oomyelia; tardive dyskinesia; Tay-Sachs disease; temporal
arteritis; tethered spinal cord syndrome; Thomsen disease;
thoracic outlet syndrome; tic douloureux; Todd’s paralysis;
Tourette syndrome; transient 1schemic attack; transmissible
spongiiorm encephalopathies; transverse myelitis; traumatic
brain 1njury; tremor; trigeminal neuralgia; tropical spastic
paraparesis; tuberous sclerosis; vascular dementia (multi-
infarct dementia); vasculitis including temporal arteritis;
Von Hippel-Lindau Disease (VHL);, Wallenberg’s syn-
drome; Werdnig-Hoflman disease; West syndrome; whi-
plash; Williams syndrome; Wilson’s disease; and Zellweger
syndrome.

[0096] “Op1o1d” or “opioid compound” are used inter-
changeably and refer to a substance that binds to a opioid
receptor. Opioid receptors are principally found in the cen-
tral and peripheral nervous system and the gastromntestinal
tract. Opro1d receptors are distributed widely 1n the brain, 1n
the spinal cord, on peripheral neurons, and digestive tract. In
some embodiments, the opioid receptor 1s a u-, o-, or K-
opio1d receptor. In certain embodiments, the op1oid receptor
1s a u-opioid receptor.

[0097] “Pharmaceutically acceptable excipient” refers to
an excipient that 1s useful m preparing a pharmaceutical
composition that 1s generally safe, non-toxic, and may
include excipient that 1s acceptable for veterinary use as
well as human pharmaceutical use.

[0098] The term “pharmaceutically acceptable salt” refers
to those salts which are, within the scope of sound medical
judgment, suitable for use in contact with the tissues of
humans and lower animals without undue toxicity, irritation,
allergic response, and the like, and are commensurate with a
reasonable benefit/risk ratio. Pharmaceutically acceptable
salts are well known 1 the art. For example, Berge et al.
describe pharmaceutically acceptable salts 1n detaill in J.
Pharmaceutical Sciences, 1977, 66, 1-19, mcorporated
herein by reference. Pharmaceutically acceptable salts of
the compounds of this disclosure include those derived
from suitable morganic and organic acids and bases. Exam-
ples of pharmaceutically acceptable, nontoxic acid addition
salts are salts of an amimo group formed with morganic
acids, such as hydrochloric acid, hydrobromic acid, phos-
phoric acid, sulfuric acid, and perchloric acid or with
organic acids, such as acetic acid, oxalic acid, maleic acid,
tartaric acid, citric acid, succinic acid, or malonic acid or by
using other methods known 1n the art such as 1on exchange.
Other pharmaceutically acceptable salts include adipate,
alginate, ascorbate, aspartate, benzenesulfonate, benzoate,
bisulfate, borate, butyrate, camphorate, camphorsulfonate,
citrate, cyclopentanepropionate, digluconate, dodecylsul-
fate, ethanesulfonate, formate, fumarate, glucoheptonate,
glycerophosphate, gluconate, hemisulfate, heptanoate, hex-
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anoate, hydroiodide, 2-hydroxy-ethanesulionate, lactobio-
nate, lactate, laurate, lauryl sulfate, malate, maleate, malo-
nate, methanesulfonate, 2-naphthalenesulfonate, nicotinate,
nitrate, oleate, oxalate, palmitate, pamoate, pectinate, per-
sulfate, 3-phenylpropionate, phosphate, picrate, pivalate,
propionate, stearate, succinate, sulfate, tartrate, thiocyanate,
p-toluenesulfonate, undecanoate, valerate salts, and the like.
Salts derived from appropriate bases include alkali metal,
alkaline earth metal, ammonium, and N*(C,., alkyl),-
salts. Representative alkali or alkaline earth metal salts
include sodium, lithtum, potassium, calcium, magnesium,
and the like. Further pharmaceutically acceptable salts
include, when appropriate, nontoxic ammonium, quaternary
ammonium, and amine cations formed using counterions
such as halide, hydroxide, carboxylate, sulfate, phosphate,
nitrate, lower alkyl sulfonate, and aryl sulfonate. In certamn
embodiments, “pharmaceutically acceptable salt” of a com-
pound means a salt that 1s pharmaceutically acceptable and
that possesses the desired pharmacological activity of the
parent compound. Such salts include: (1) acid addition
salts, formed with norganic acids such as hydrochloric
acid, hydrobromic acid, sulfuric acid, nitric acid, phosphoric
acid, and the like; or formed with organmic acids such as
acetic acid, propionic acid, hexanoic acid, cyclopentanepro-
pionic acid, glycolic acid, pyruvic acid, lactic acid, malonic
acitd, succinic acid, malic acid, maleic acid, fumaric acid,
tartaric acid, citric acid, benzoic acid, 3-(4-hydroxyben-
zoyl)benzoic acid, cinnamic acid, mandelic acid, methane-
sulfonic acid, ethanesulfonic acid, 1.2-ethane-disulfonic
acid, 2-hydroxyethanesulfonic acid, benzenesultonic acid,
4-chlorobenzenesulfonic acid, 2-naphthalenesultfonic acid,
4-toluenesultonic acid, camphorsulfonic acid, 4-methylbi-
cyclo[2.2.2]-oct-2-ene-1carboxylic  acid, glucoheptonic
acid, 3-phenylpropionic acid, trimethylacetic acid, tertiary
butylacetic acid, lauryl sulfuric acid, gluconic acid, glutamic
acid, hydroxynaphthoic acid, salicylic acid, stearic acid,
muconic acid, and the like; or (2) salts formed when an
acidic proton present in the parent compound either is
replaced by a metal 10n, ¢.g., an alkali metal 10n, an alkaline
earth 1on, or an alummum 1on, or coordmates with an
organic base such as ethanolamine, diethanolamine, trietha-

nolamine, tromethamine, N-methylglucamine, and the like.
[0099] The term “prodrugs” refers to compounds that have

cleavable groups and become by solvolysis or under physio-
logical conditions the compounds described herein, which
are pharmaceutically active 1n vivo. Such examples include,
but are not limited to, choline ester derivatives and the like,
N-alkylmorpholine esters and the like. Other derivatives of
the compounds described herein have activity m both their
acld and acid derivative forms, but in the acid sensitive form
often offer advantages of solubility, tissue compatibility, or
delayed release 1 the mammalian organism (see, Bundgard,
H., Design of Prodrugs, pp. 7-9, 21-24, Elsevier, Amster-
dam 1985). Prodrugs include acid derivatives well known
to practitioners of the art, such as, for example, esters pre-
pared by reaction of the parent acid with a suitable alcohol,
or amides prepared by reaction of the parent acid compound
with a substituted or unsubstituted amine, or acid anhy-
drides, or mixed anhydnides. Simple aliphatic or aromatic
esters, amides, and anhydndes denived from acidic groups
pendant on the compounds described heremn are particular
prodrugs. In some cases 1t 18 desirable to prepare double
ester type prodrugs such as (acyloxy)alkyl esters or ((alkox-
ycarbonyl)oxy)alkylesters. C,-Cy alkyl, C,-Cyg alkenyl, Cs-
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Cg alkynyl, aryl, C;-C,, substituted aryl, and C;-C,, ary-
lalkyl esters of the compounds described herein may be pre-
ferred. The terms “pro-drug” and “prodrug” are used nter-
changeably herem and refer to any compound which
releases an active parent drug according to Formula I n
vivo when such prodrug 1s administered to a mammalian
subject. Prodrugs of a compound of Formula I are prepared
by modifying one or more functional group(s) present in the
compound of Formula I m such a way that the modifica-
tion(s) may be cleaved i vivo to release the parent com-
pound. Prodrugs include compounds of Formula I wherein
a hydroxy, amio, or sulthydryl group mm a compound of
Formula I 1s bonded to any group that may be cleaved 1n
vivo to regenerate the free hydroxyl, amino, or sulthydryl
group, respectively. Examples of prodrugs include, but are
not limited to, esters (¢.g., acetate, formate, and benzoate
derivatives), carbamates (e.g., N,N-dimethylaminocarbo-
nyl) of hydroxy functional groups mm compounds of Formula
[, and the like.

[0100] “‘Protecting group” refers to a moiety, except alkyl
groups, that when attached to a reactive group 1n a molecule
masks, reduces or prevents that reactivity. Examples of pro-
tecting groups can be found in Greene and Wuts, Profective
Groups in Organic Synthesis, 3rd edition, John Wiley &
Sons, New York (1999), and Harrison and Harrison et al.,
Compendium of Synthetic Organic Methods, Vols. 1-8, John
Wiley and Sons (1971-1996), which are mcorporated herein
by reference 1n their entirety. Representative hydroxy pro-
tecting groups 1nclude acyl groups, benzyl and trityl ethers,
tetrahydropyranyl ethers, trialkylsilyl ethers and allyl ethers.
Representative amino protecting groups include, formyl,
acetyl, trifluoroacetyl, benzyl, benzyloxycarbonyl (CBZ),
tert-butoxycarbonyl (Boc), trimethyl silyl (TMS), 2-tri-
methylsilyl-ethanesultonyl (SES), trityl and substituted tri-
tyl groups, allyloxycarbonyl, 9-fluorenylmethyloxycarbonyl
(FMOC), nitro-veratryloxycarbonyl (NVOC), and the like.
A “corresponding protecting group” means an appropriate
protecting group corresponding to the heteroatom (1.¢., N,
O, P or S) to which 1t 1s attached.

[0101] The terms “‘subject”, “mndividual” or ““patient’
may be used interchangeably herein and refer to a mammal,
and 1n some embodiments, a human. A “subject” to which
administration 1s contemplated refers to a human (1.¢., male
or female of any age group, ¢.g., pediatric subject (e.g.,
infant, child, or adolescent) or adult subject (e.g., young
adult, middle-aged adult, or senior adult)) or non-human
animal. In certamn embodiments, the non-human animal 1s
a mammal (¢.g., primate (¢.g., cynomolgus monkey or rhe-
sus monkey), commercially relevant mammal (e.g., cattle,
pig, horse, sheep, goat, cat, or dog), or bird (e.g., commer-
cially relevant bird, such as chicken, duck, goose, or tur-
key)). In certain embodiments, the non-human animal 1s a
fish, reptile, or amphibian. The non-human animal may be a
male or female at any stage of development. The non-human
animal may be a transgenic animal or genetically engineered
animal “Disease,” “disorder,” and “condition” are used
interchangeably herein.

[0102] The term “admnister,” “admimistering,” or
“administration” refers to implanting, absorbing, ingesting,
injecting, inhaling, or otherwise mtroducing a compound
described herem, or a composition thereof, n or on a
subject.

[0103] A “therapeutically effective amount” means the
amount of a compound that, when administered to a mam-
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mal for treating a disease, 1s sufficient to effect such treat-
ment for the disease. The “therapeutically etfective amount”
will vary depending on the compound, the disease and 1ts
severity, and the age, weight, etc., of the mammal to be

treated.

[0104] As used herein, and unless otherwise specified, the
terms “treat,” “treating” and “treatment” contemplate an
action that occurs while a subject 1s suffering from the spe-
cified disease or condition, which reduces the severity of the
disease or condition, or retards or slows the progression of
the disease or condition (1.e., “therapeutic treatment™), and
also contemplates an action that occurs before a subject
begins to suffer from the specified disease or condition
(1.€., “prophylactic treatment™). “Ireating” or “treatment”
of a disease includes: (1) preventing the disease, 1.€., causing
the chinical symptoms of the discase not to develop m a
mammal that may be exposed to or predisposed to the dis-
case but does not yet expernience or display symptoms of the
disease; (2) inhibiting the disease, 1.¢., arresting or reducing
the development of the disease or 1ts clinical symptoms; or
(3) relieving the disease, 1.€., causing regression of the dis-
case or 1ts clinical symptoms. When describing a chemaical
reaction, the terms “treating”, “contacting” and “reacting”
are used mterchangeably herein, and refer to adding or mix-
ing two or more reagents under appropriate conditions to
produce the mdicated and/or the desired product. It should
be appreciated that the reaction that produces the indicated
and/or the desired product may not necessarily result
directly from the combination of two reagents which were
imitially added, 1.e., there may be one or more intermediates
which are produced 1n the mixture which ultimately leads to
the formation of the mdicated and/or the desired product.
[0105] The term “prevent,” “preventing,” or “prevention”
refers to a prophylactic treatment of a subject who 1s not and
was not with a disease but 1s at risk of developing the disease
or who was with a disease, 1s not with the disease, but 1s at
risk of regression of the disease. In certain embodiments, the
subject 1s at a higher risk of developing the disease or at a
higher nisk of regression of the disease than an average
healthy member of a population.

[0106] Aflixing the suffix “-ene” to a group indicates the
oroup 1s a divalent moiety, €.g., alkylene 1s the divalent moi-
ety of alkyl, alkenylene 1s the divalent moiety of alkenyl,
alkynylene 1s the divalent moiety of alkynyl, heteroalkylene
1s the divalent moiety of heteroalkyl, heteroalkenylene 1s the
divalent moiety of heteroalkenyl, heteroalkynylene 1s the
divalent moiety of heteroalkynyl, carbocyclylene 1s the
divalent moiety of carbocyclyl, heterocyclylene 1s the diva-
lent moiety of heterocyclyl, arylene 1s the divalent moiety of
aryl, and heteroarylene 1s the divalent moiety of heteroaryl.
[0107] A group 1s optionally substituted unless expressly
provided otherwise. The term “optionally substituted” refers
to being substituted or unsubstituted. In certain embodi-
ments, alkyl, alkenyl, alkynyl, heteroalkyl, heteroalkenyl,
heteroalkynyl, carbocyclyl, heterocyclyl, aryl, and hetero-
aryl groups are optionally substituted. “Optionally substi-
tuted” refers to a group which may be substituted or unsub-
stituted  (e.g., “substituted” or “unsubstituted” alkyl,
“substituted” or “unsubstituted” alkenyl, “substituted” or
“unsubstituted” alkynyl, “substituted” or “unsubstituted”
heteroalkyl, “substituted™ or “unsubstituted” heteroalkenyl,
“substituted” or “unsubstituted” heteroalkynyl, “substi-
tuted” or “unsubstituted” carbocyclyl, “substituted” or
“unsubstituted” heterocyclyl, “substituted” or “unsubsti-
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tuted” aryl or “substituted” or “unsubstituted” heteroaryl
group). In general, the term “substituted” means that at
least one hydrogen present on a group 1s replaced with a
permissible substituent, e.g., a substituent which upon sub-
stitution results m a stable compound, e¢.g., a compound
which does not spontancously undergo transformation
such as by rearrangement, cyclization, elimination, or
other reaction. Unless otherwise indicated, a “substituted”
group has a substituent at one or more substitutable posi-
tions of the group, and when more than one position 1n any
given structure 1s substituted, the substituent 1s either the
same or different at each position. The term “substituted”
is contemplated to include substitution with all permissible
substituents of organic compounds, and includes any one of
the substituents described herein that results in the forma-
tion of a stable compound. The present disclosure contem-
plates any and all such combinations 1n order to arrive at a
stable compound. For purposes of this disclosure, heteroa-
toms such as nitrogen may have hydrogen substituents and/
or any suitable substituent as described herem which satisty
the valencies of the heteroatoms and results 1n the formation
of a stable moiety. The disclosure 15 not mtended to be lim-
ited 1n any manner by the exemplary substituents described
herein.

[0108] Exemplary carbon atom substituents include, but
are not limited to, halogen, —CN, —NO,, —N3;, —SO,H,
—SO;H, —OH, —ORas, —ON(Rb?),, —N(R??),,
—N(R25);7X-, —N(ORe)R5>, —SH, —SRaa, —SSRee,
—C(=0)Rea, —CO,H, —CHO, —C(ORc¢¢),, —CO2Raa,
—OC(=0)Rae, OCO2R %4, —C(=0O)N(R?%),,
—OC(=0)N(R?),, —NR»C(=0O)R22, —NR»»CO,R,
—NR2?C(=0O)N(Rb?),, —C(=NR>?)Raa, —(C(=NR?%)
OR7a, —OC(=NR52)Raa, —OC(=NR?2)ORaa,
—C(=NR25)N(R%)2, —OC(=NRE2)N(R52),,
—NR2C(=NR22)N(R5%),, —C(=0O)NR?SO,Raa,
—NR25S0O,R2a, —SO,N(R?%),, —SO,Rea, —S0O,0ORe,
—OSO,Re@,  —§(=0)Rae, OS(=0)Rea, —S81(Ra9);,
—OSi(Re9); —C(=S)N(R?0),, —C(=0)SRaez, —(C(=S)
SRaa, —SC(=S)SRea, —SC(=0)SRae, —OC(=0)SRaa,
—SC(=0)ORaa, SC(=0)Raa, —P(=0)(Ra9),
—P(=0)(ORC),, —OP=0)(R)2, —OPE0)(ORC),,

—P(=0)(N(R?),),, —OP(=0)(N(R?2),)s,
—NRP(=0)(R42),, —NR*P(=0)(OR<?),,
—NR22P(=0)(N(R??),),,  —P(R),,  —P(OR<),,

—P(Re);7X, —P(OR);7X-, —P(Ree)y, —P(ORC),,
—OP(Rec),, —OP(RCC);7X-, —OP(ORe¢),, —OP(OR€)
37X, —OP(R¢C),, —OP(ORee),, —B(Re7),, —B(OR<e),,
—BR#2(0ORe¢), Ci_1¢ alkyl, Ci_;¢ perhaloalkyl, C,_,¢ alke-
nyl, C,_10 alkynyl, heteroC,_;o alkyl, heteroC,_;y alkenyl,
heteroC,_1¢ alkynyl, C;5_1¢ carbocyclyl, 3-14 membered het-
crocyclyl, Cs 14 aryl, and 5-14 membered heteroaryl,
wherein each alkyl, alkenyl, alkynyl, heteroalkyl, heteroalk-
enyl, heteroalkynyl, carbocyclyl, heterocyclyl, aryl, and het-
croaryl 1s independently substituted with 0, 1, 2, 3, 4, or 5
R4d groups; wherein X- 1S a counterion; or two geminal
hydrogens on a carbon atom are replaced with the group
=0, =S, =NN(R?%),, =NNR>C(=0)Rea, =NNR>>C(=0)
ORea, =NNR5>S§(=0),Ra2, =NR5> or =NORc<c;
[0109] cach instance of Ree 15, mndependently, selected
from Cq_¢ alkyl, C,_1o perhaloalkyl, C,_;¢ alkenyl, C,_
10 alkynyl, heteroCy_1¢ alkyl, heteroC,_jpalkenyl, het-
eroC,_joalkynyl, Cs.19 carbocyclyl, 3-14 membered
heterocyclyl, Cq 14 aryl, and 5-14 membered hetero-
aryl, or two R#2 groups are joined to form a 3-14 mem-
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bered heterocyclyl or 5-14 membered heteroaryl ring,
wherein each alkyl, alkenyl, alkynyl, heteroalkyl, het-
croalkenyl, heteroalkynyl, carbocyclyl, heterocyclyl,
aryl, and heteroaryl 1s independently substituted with
0, 1,2, 3,4, or 5 R groups;

[0110] cach instance of R?? is, independently, selected
from hydrogen, —OH, —OR<%, —N(Rc¢c),, —CN,
—C(=0)R e, —C(=0)N(R¢<9),, —COsR 24,
—SO,R, —C(=NR)OR, —C(=NR“)N(RC),,
—SO,N(Rec),, —SO,Ree, —SORaa,
—C(=S)N(Ree),, —C(=0)SRee, = :
—P(=0)(R),, —P(=0)(ORe);, —P(=O)NR),)
7, Cl—lU alkYL, C1_10 perhaloa]kyl,, C2_10 Ellkeﬂ}d,, C2_10
alkynyl, heteroC,_jpalkyl, heteroC,. jpalkenyl, het-
eroCs_jpalkynyl, Cs.19 carbocyclyl, 3-14 membered
heterocyclyl, Cqs. 14 aryl, and 5-14 membered hetero-
aryl, or two R?% groups are joined to form a 3-14 mem-
bered heterocyclyl or 5-14 membered heteroaryl ring,
wherein each alkyl, alkenyl, alkynyl, heteroalkyl, het-
croalkenyl, heteroalkynyl, carbocyclyl, heterocyclyl,
aryl, and heteroaryl 1s independently substituted with
0, 1, 2, 3, 4, or 5 R4 groups; wheremn X- 1s a
counterion;

[0111] each instance of Ree 15, independently, selected
from hydrogen, C,_¢ alkyl, C,. 1o perhaloalkyl, C;_ 4

alkenyl, C,_1o alkynyl, heteroC,_,o alkyl, heteroC,_;q

alkenyl, heteroC,_;o alkynyl, Cs_,¢ carbocyclyl, 3-14
membered heterocyclyl, Ce.q4 aryl, and 5-14 membered
heteroaryl, or two Ree groups are joined to form a 3-14
membered heterocyclyl or 5-14 membered heteroaryl
ring, wherein each alkyl, alkenyl, alkynyl, heteroalkyl,
heteroalkenyl, heteroalkynyl, carbocyclyl, heterocy-
clyl, aryl, and heteroaryl 1s independently substituted
with 0, 1, 2, 3, 4, or 5 R4 groups;

[0112] ecach mstance of R 1s, mdependently, selected
from halogen, —CN, —NO,, —SO,H, _j
—OH, —ORe¢e, —ON(RY),, —N(R5),, —N(R#); X",
—N(OR#e)RY, , —SRee, —SSRee, —C(=0)Ree,
—CO;H, —CO,Ree, —OC(=0)Ree, —OCO,Ree,
—C(=0O)N(RY),, —OC(=0O)N(RY),, —NRIC(=0)
Ree, —NRAICO,Ree, —NRIC(=O)N(RS),,
—C(=NRY)ORee, —OC(=NRY)Ree, —OC(=NRY)
ORee, —C(=NRV)N(RY),, —OCENRINRH),,
—NRIC(=NRAN(RY),, —NRISO,Ree, —SO,N(RY)
», —SO,Ree, —SO,0Ree, —OSO,Ree, —S(=0)Ree,
—S1(Ree)s, (Ree);, —C(=5)N(RY),, —C(=0)
SRee, —C(=S)SRee¢, —SC(=S)SRee, —P(=0)(OR¢¢)

.a = )2, —OP(=0)(OR#¢)
», Ci.6 alkyl, C,_¢ perhaloalkyl, C,_¢ alkenyl, C,_¢ alky-
nyl, heteroC,_salkyl, heteroC, salkenyl, heteroC;.
salkynyl, Cs_1o carbocyclyl, 3-10 membered heterocy-
clyl, Cs.19 aryl, 5-10 membered heteroaryl, wherein
cach alkyl, alkenyl, alkynyl, heteroalkyl, heteroalkenyl,
heteroalkynyl, carbocyclyl, heterocyclyl, aryl, and het-
eroaryl 1s independently substituted with 0, 1, 2, 3, 4, or
5 Rgg groups, or two geminal R4¢ substituents can be
joined to form =0 or =S; wherein X- 1s a counterion;

[0113] each mstance of Ree 1s, independently, selected
from C,_¢ alkyl, C,_¢ perhaloalkyl, C,_ ¢ alkenyl, C,
alkynyl, heteroC,_¢ alkyl, heteroC,_galkenyl, heteroC,.
¢ alkynyl, C5_o carbocyclyl, Ce 19 aryl, 3-10 membered
heterocyclyl, and 3-10 membered heteroaryl, wherein
cach alkyl, alkenyl, alkynyl, heteroalkyl, heteroalkenyl,
heteroalkynyl, carbocyclyl, heterocyclyl, aryl, and het-
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croaryl 1s independently substituted with 0, 1, 2, 3, 4, or
> Reg groups;

[0114] ecach mmstance of R# 1s, independently, selected
from hydrogen, C, ¢ alkyl, C,_s perhaloalkyl, C,_4 alke-
nyl, C,¢ alkynyl, heteroC,_galkyl, heteroC,_galkenyl,
heteroC,_salkynyl, Cs.19 carbocyclyl, 3-10 membered
heterocyclyl, Cq.10 aryl and 5-10 membered heteroaryl,
or two R¥” groups are joined to form a 3-10 membered
heterocyclyl or 5-10 membered heteroaryl ring,
wherem each alkyl, alkenyl, alkynyl, heteroalkyl, het-
croalkenyl, heteroalkynyl, carbocyclyl, heterocyclyl,
aryl, and heteroaryl 1s mndependently substituted with
0, 1, 2, 3, 4, or 5 Rgeg groups; and

[0115] ecach mstance of Rsg 15, independently, halogen,
—CN, —NO,, —N;, —SO,H, —SO;H, —OH,
_0C1-6 a]kyl_,, —ONF(Cl_ﬁ alkyl)z,, —N(C1_6 a]kyl)g,,
—N(C1_6 a]_kYD_;_'_X':, —NH(C1_6 a]kyl)fX'j —NH2
(C1-6 El].le) +X':, —NH3+X':, —N(0C1_6 Eﬂk}’l)(cl_ﬁ
alkyl), —N(OH)(C, alkyl), —NH(OH), —SH,
—SCy ¢ alkyl, —SS(C,_s alkyl), —C(=0)(C,_¢ alkyl),
—CO,H, —CO,(C, 4 alkyl), —OC(=0)(C,_¢ alkyl),
—O0OCO,(Cy6 alkyl), —C(=0O)NH,, —C(=0O)N(C, ¢

alkyl),, —OC(=0O)NH(C, alkyl), —NHCE=0O)(C,

alkyl), —N(C,.¢ alky)C(=0)(C,¢ alkyl), —NHCO,

(Ci.6 alkyl), —NHC(=0O)N(C,_¢ alkyl),, —NHC(=0)

NH(C, s alkyl), —NHC(=0O)NH,, —C(=NH)O(C, 4

alkyl), —OC(=NH)(Cg alkyl), —OC(=NH)OC,

alkyl, —C(=NH)N(C,¢ alkyl),, —C(=NH)NH(C,
alkyl), —C(=NH)NH,, —OC(=NH)N(C,_¢s alkyl),,

__OC(NH)NH(C,¢  alkyl),  —OC(NH)NH,,
_NHC(NH)N(Cr¢ alkyl),, —NHC(=NH)NH,,
—NHS 02 (Cl _6 Ellk}’l)? —S OQN(C 1-6 a]_kynzj

—SOQC1_6 EIH{YL

—SOQOCLG alkyl_, —OSOQCI_‘S El].k}’lj —SOC1_6
EIH{YL, —Si(C1_6 cr::llkt}’l)_;:r AOSi(C1_6 EIH{YI)_; —C(=S)
N(Cis alkyl),, C(=S)NH(C, alkyl), C(=S)NH,,
—C(=0)S(Crg  alkyl), —CE=8S)SCrs  alkyl,
—SC(=S)SC¢ alkyl, P(=0)OC, ¢ alkyl),,
—P=0)(Cis  alkyl),, —OPE=0)(Ci6 alkyl),,
—OPE=0)0OC, ¢ alkyl),, Ci_6 alkyl, C,_s perhaloalkyl,
C,.¢ alkenyl, C,_¢ alkynyl, heteroC,_galkyl, heteroC,.
salkenyl, heteroC,_galkynyl, Cs_1¢ carbocyclyl, Cq.10
aryl, 3-10 membered heterocyclyl, 5-10 membered
heteroaryl;
[0116] or two geminal Reg substituents can be jomed to
form =0 or =§; wheremn X- 1s a counterion.
[0117] The term “amino” refers to the group —NH,. The
term “substituted amino,” by extension, refers to a mono-
substituted amino, a disubstituted amino, or a trisubstituted
amino. In certain embodiments, the “substituted amino™ 1s a
monosubstituted amino or a disubstituted amino group.
[0118] Nitrogen atoms can be substituted or unsubstituted
as valency permits, and include primary, secondary, tertiary,
and quaternary nitrogen atoms. Exemplary nitrogen atom
substituents include, but are not lmited to, hydrogen,
—OH, —ORas, —N(R¢¢),, —CN, = ,,
—C(=0)N(Rec),, —CO,Raa, —SO,Raa, —C(=NR?5)Raa

__C(=NR«)ORe@, —C(=NR«)N(R<),, —SO,N(R<),,
—SO,Rec, —S0O,0Rec, —SORa, —C(=S)N(R<),,
__C(=0)SRee, __C(=S)SRe, —P(=0)(OR<),,

—P(=0)(R*),;, —P(=0)(N(R),)2, Cy.10 alkyl, C;10 pet-
haloalkyl, C,_;¢ alkenyl, C,.;o alkynyl, heteroC,_jpalkyl,
heteroC,_jpalkenyl, heteroC,_ |palkynyl, C5_ 14 carbocyclyl,
3-14 membered heterocyclyl, C4 14 aryl, and 5-14 mem-
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bered heteroaryl, or two Ree groups attached to an N atom
are joined to form a 3-14 membered heterocyclyl or 5-14
membered heteroaryl ring, wherein each alkyl, alkenyl,
alkynyl, heteroalkyl, heteroalkenyl, heteroalkynyl, carbocy-
clyl, heterocyclyl, aryl, and heteroaryl 1s independently sub-
stituted with O, 1, 2, 3, 4, or 5 R44 groups, and wherein Raa,
R%6 Ree and R99 are as defined above.

[0119] In certamn embodiments, the substituent present on
the nitrogen atom 1s a mnitrogen protecting group (also
referred to herein as an “amino protecting group’). Nitrogen
protecting groups include, but are not limited to, —OH,

—QRaa, _N(Rcr:)zj ] _C(=O)N(RCC)2?
—_CO,R@s, —SO,Rea, —C(=NRec)Raa, —C(=NRe?)
OR. __SO,N(R*),, —SO,Re,

—S0O,0Re, —SOR%, —C(=S)N(R¢¢),, —C(=0)SRee,
—C(=S)SRee, Cy g alkyl (e.g., aralkyl, heteroaralkyl), C,_
10 alkenyl, C,_1o alkynyl, heteroC,_;o alkyl, heteroC,_ g
alkenyl, heteroC,_,o alkynyl, Cs_1o carbocyclyl, 3-14 mem-
bered heterocyclyl, Cq.14 aryl, and 5-14 membered hetero-
aryl groups, wheremn each alkyl, alkenyl, alkynyl, hetero-
alkyl,  heteroalkenyl,  heteroalkynyl, carbocyclyl,
heterocyclyl, aralkyl, aryl, and heteroaryl 1s independently
substituted with 0, 1, 2, 3, 4, or 5 R4 groups, and wherein
Raa R50 Ree and R4 are as defined herein. Nitrogen pro-
tecting groups are well known 1 the art and include those
described 1n detail in Protecting Groups in Organic Synth-
esis, T. W. Greene and P. G. M. Wuts, 379 edition, John
Wiley & Sons, 1999, incorporated herein by reference.
[0120] For example, nitrogen protecting groups such as
amide groups (e.g., —C(=0)R4?) include, but are not lim-
1ted to, formamide, acetamide, chloroacetamide, trichloroa-
cetamide, trifluoroacetamide, phenylacetamide, 3-phenyl-
propanamide, picolinammde, 3-pyridylcarboxamide, N-
benzoylphenylalanyl derivative, benzamide, p-phenylben-
zamide, o-nitophenylacetamide, o-nitrophenoxyacetamide,
acetoacetamide, (N'-dithiobenzyloxyacylamino)acetamde,
3-(p-hydroxyphenyl)propanamide, 3-(o-nitrophenyl)propa-
namide, 2-methyl-2-(o-nitrophenoxy)propanamide,  2-
methyl-2-(o-phenylazophenoxy)propanamide, 4-chlorobu-
tanamide, 3-methyl-3-mitrobutanamide, o-nitrocinnamaide,
N-acetylmethionine derivative, o-mitrobenzamide, and
o-(benzoyloxymethyl)benzamde.

[0121] Nitrogen protecting groups such as carbamate
groups (e.g., —C(=0)OR79) include, but are not limited
to, methyl carbamate, ethyl carbamante, 9-fluorenylmethyl
carbamate (Fmoc), 9-(2-sulfo)tluorenylmethyl carbamate,
9-(2,7-dibromo)fluoroenylmethyl  carbamate,  2.7-di-t-
butyl-[9-(10,10-d1ox0-10,10,10,10- tetrahydrothloxanthyl)]
methyl carbamate (DBD-Tmoc), 4-methoxyphenacyl carba-
mate (Phenoc), 2,2,2-trichloroethyl carbamate (Troc), 2-tri-
methylsilylethyl carbamate (Teoc), 2-phenylethyl carbamate
(h7), 1-(1-adamantyl)-1-methylethyl carbamate (Adpoc),
1,1-dimethyl-2-haloethyl carbamate, 1,1-dimethyl-2,2-
dibromoethyl carbamate (DB-t-BOC), 1,1-dimethyl-2,2,2-
trichloroethyl carbamate (TCBOC), 1-methyl-1-(4-bipheny-
lyl)ethyl carbamate (Bpoc), 1-(3,5-di-t-butylphenyl)-1-
methylethyl carbamate (t-Bumeoc), 2-(2'- and 4'-pyridyl)
ethyl carbamate (Pyoc), 2-(IN,N-dicyclohexylcarboxamido)
cthyl carbamate, t-butyl carbamate (BOC or Boc), 1-ada-
mantyl carbamate (Adoc), vinyl carbamate (Voc), allyl car-
bamate (Alloc), 1-1sopropylallyl carbamate (Ipaoc), cinna-
myl carbamate (Coc), 4-nitrocinnamyl carbamate (Noc), 8-
qumolyl carbamate, N-hydroxypiperidinyl carbamate,
alkyldithio carbamate, benzyl carbamate (Cbz), p-methoxy-
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benzyl carbamate (Moz), p-nitobenzyl carbamate, p-bromo-
benzyl carbamate, p-chlorobenzyl carbamate, 2,4-dichloro-
benzyl carbamate, 4-methylsulfinylbenzyl carbamate (Msz),
9-anthrylmethyl carbamate, diphenylmethyl carbamate, 2-
methylthioethyl carbamate, 2-methylsultonylethyl carba-
mate, 2-(p-toluenesultonyl)ethyl carbamate, [2-(1,3-dithia-
nyl)methyl carbamate (Dmoc), 4-methylthiophenyl carba-
mate (Mtpc), 2,4-dimethylthiophenyl carbamate (Bmpc), 2-
phosphomioethyl carbamate (Peoc), 2-triphenylphospho-
noisopropyl carbamate (Ppoc), 1,1-dimethyl-2-cyanoethyl
carbamate, m-chloro-p-acyloxybenzyl carbamate, p-(dihy-
droxyboryl)benzyl carbamate, 5-benzisoxazolylmethyl car-
bamate, 2-(trifluoromethyl)-6-chromonylmethyl carbamate
(Tcroc), m-nitrophenyl carbamate, 3,5-dimethoxybenzyl
carbamate, o-nitrobenzyl carbamate, 3,4-dimethoxy-6-
nitrobenzyl carbamate, phenyl(o-nitrophenyl)methyl carba-
mate, t-amyl carbamate, S-benzyl thiocarbamate, p-cyano-
benzyl carbamate, cyclobutyl carbamate, cyclohexyl carba-
mate,  cyclopentyl  carbamate,  cyclopropylmethyl
carbamate, p-decyloxybenzyl carbamate, 2,2-dimethoxya-
cylvinyl carbamate, o-(N,N-dimethylcarboxamido)benzyl
carbamate, 1,1-dimethyl-3-(N,N-dimethylcarboxamido)
propyl carbamate, 1,1-dimethylpropynyl carbamate, di(2-
pyridyl)methyl carbamate, 2-furanylmethyl carbamate, 2-
10doethyl carbamate, 1soborynl carbamate, 1sobutyl carba-
mate, 1sonicotinyl carbamate, p-(p’-methoxyphenylazo)ben-
zyl carbamate, 1-methylcyclobutyl carbamate, 1-methylcy-
clohexyl carbamate, 1-methyl-1-cyclopropylmethyl
carbamate, 1-methyl-1-(3,5-dimethoxyphenyl)ethyl carba-
mate, 1-methyl-1-(p-phenylazophenyl)ethyl carbamate, 1-
methyl-1-phenylethyl carbamate, 1-methyl-1-(4-pyridyl)
ethyl carbamate, phenyl carbamate, p-(phenylazo)benzyl
carbamate, 2.4, 6-tri-t-butylphenyl carbamate, 4-(trimethy-
lammonium)benzyl carbamate, and 2.4,6-trimethylbenzyl
carbamate.

[0122] Nitrogen protecting groups such as sulfonamide
ogroups (e.g., —S(=0),R %) nclude, but are not limated to,
p-toluenesulfonamide (Ts), benzenesulfonamide, 2,3,6-tr1-
methyl-4-methoxybenzenesulifonamide (Mtr), 2.4,6-tr1-
methoxybenzenesulfonamide (Mtb), 2,6-dimethyl-4-meth-
oxybenzenesulfonamide (Pme), 2,3,5.6-tetramethyl-4-
methoxybenzenesulfonamide (Mte), 4-methoxybenzenesul-
fonamide (Mbs), 2,4,6-trimethylbenzenesulfonamide (Mts),
2,6-dimethoxy-4-methylbenzenesulfonamide (1Mds),
2,2.5,7.8-pentamethylchroman-6-sulfonamide (Pmc),
methanesulfonamide (Ms), P-tnimethylsilylethanesulfona-
mide (SES), 9-anthracenesulfonamide, 4-(4' 8'-dimethoxy-
naphthylmethyl)benzenesultonamide (DNMBS), benzylsul-
fonamide, trifluoromethylsulfonamide, and
phenacylsulfonamide.

[0123] Other nitrogen protecting groups include, but are
not limited to, phenothiazinyl-(10)-acyl dernivative, N'-p-
toluenesulfonylaminoacyl derivative, N'-phenylaminothioa-
cyl dertvative, N-benzoylphenylalanyl derivative, N-acetyl-
methionine derivative, 4.5-diphenyl-3-oxazolin-2-one, N-
phthalimide, N-dithiasuccimimide (Dts), N-2,3-diphenylma-
letmide, N-2.5-dimethylpyrrole, N-1,1,4,4-tetramethyldisi-
lylazacyclopentane adduct (STABASE), 5-substituted 1,3-
dimethyl-1,3,5-triazacyclohexan-2-one, S-substituted 1,3-
dibenzyl-1,3,5-trnazacyclohexan-2-one, 1-substituted 3,3-
dinitro-4-pyridone, N-methylamine, N-allylamine, N-
[2-(trimethylsilyl)ethoxy|methylamine (SEM), N-3-acetox-
ypropylamine, N-(1-1sopropyl-4-nitro-2-0xo-3-pyroolin-3-
yDamine, quaternary ammonium salts, N-benzylamine, N-
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di(4-methoxyphenyl)methylamine, N-5-dibenzosuberyla-
mine, N-triphenylmethylamine (Ir), N-[(4-methoxyphenyl)
diphenylmethyl Jamme (MMTr), N-9-phenylfluorenylamine
(PhF), N-2,7-dichloro-9-fluorenylmethyleneamine, N-ferro-
cenylmethylamino (Fcm), N-2-picolylamino N'-oxide, N-
1,1-dimethylthiomethyleneamine, N-benzylidencamine, N-
p-methoxybenzylideneamine, N-diphenylmethyleneamine,
N-[(2-pyridyl)mesityl jmethyleneamine, N-(N',N'-dimethy-
laminomethylene)amine, N,N'-1sopropylidenediamine, N-
p-nitrobenzylhidencamine, N-salicylidenecamine, N-5-chlor-
osalicylidencamine, N-(5-chloro-2-hydroxyphenyl)phenyl-
methyleneamine, N-cyclohexylideneamine, N-(3,5-
dimethyl-3-oxo-1-cyclohexenyl)amine, N-borane deriva-
tive, N-diphenylbormic acid denivative, N-[phenyl(pentaa-
acylchromium- or tungsten)acylJamine, N-copper chelate,
N-zinc chelate, N-nitroamine, N-nitrosoamine, amine N-
oxide, diphenylphosphinamide (Dpp), dimethylthiopho-
sphinamide (Mpt), diphenylthiophosphinamide (Ppt), dia-
Ikyl phosphoramdates, dibenzyl phosphoramidate, diphe-
nyl phosphoramidate, benzenesulfenamide, O-
nitrobenzenesulfenamide (Nps), 2.4-dmitrobenzenesulfena-
mide, pentachlorobenzenesultenamide, 2-nitro-4-methoxy-
benzenesulienamide, triphenylmethylsulfenamide, and 3-
nitropyridinesulienamide (Npys).

[0124] In certain embodiments, the substituent present on
an oxygen atom 18 an oxygen protecting group (also referred
to herem as an “hydroxyl protecting group”). Oxygen pro-
tecting groups include, but are not limited to, —Rae,
—N(R?%),, —C(=0)SRee, —C(=0O)R22, —CO,Ra,
—C(=0O)N(R5P),, —C(=NR?)Raa, —C(=NR>5>)ORaa,
—C(=NR2)N(RSP),, —S(=0)Rae, —SO,Raa, —Si1(Ra9)5,
—P(R);, —P(Re);7X", —P(OR*?),;, —P(OR);7X,
—P(E=0)(R9),, —P(=0)(OR<c),, and —P(=0)(N(R??),),,
wherein X-, Rea, R%%_ and Ree are as defined herein. Oxygen
protecting groups are well known 1n the art and include
those described m detail mm Protecting Groups in Organic
Synthesis, T. W. Greene and P. G. M. Wuts, 379 edition,
John Wiley & Sons, 1999, incorporated herein by reference.
[0125] Exemplary oxygen protecting groups include, but
are not lmmted to, methyl, methoxylmethyl (MOM),
methylthiomethyl (MTM), t-butylthiomethyl, (phenyldi-
methylsilyDmethoxymethyl (SMOM), benzyloxymethyl
(BOM), p-methoxybenzyloxymethyl (PMBM), (4-methox-
yphenoxy)methyl (p-AOM), guaiacolmethyl (GUM), t-
butoxymethyl, 4-pentenyloxymethyl (POM), siloxymethyl,
2-methoxyethoxymethyl (MEM), 2,2,2-trichloroethoxy-
methyl, bis(2-chloroethoxy)methyl, 2-(trimethylsilyl)ethox-
ymethyl (SEMOR), tetrahydropyranyl (THP), 3-bromote-
trahydropyranyl, tetrahydrothiopyranyl, 1-
methoxycyclohexyl, 4-methoxytetrahydropyranyl (MTHP),
4-methoxytetrahydrothiopyranyl, 4-methoxytetrahydrothio-
pyranyl  S,S-dioxide, 1-[(2-chloro-4-methyl)phenyl]-4-
methoxypipenidin-4-yl (CTMP), 1,4-dioxan-2-yl, tetrahy-
drofuranyl, tetrahydrothiofuranyl, 2,3,3a,4,5,6,7,7a-octahy-
dro-7,8,8-trimethyl-4,7-methanobenzoturan-2-yl, 1-ethox-
yethyl, 1-(2-chloroethoxy)ethyl, 1-methyl-1-methoxyethyl,
1-methyl-1-benzyloxyethyl, 1-methyl-1-benzyloxy-2-tluor-
octhyl, 2.2.2-trichloroethyl, 2-trimethylsilylethyl, 2-(phe-
nylselenyl)ethyl, t-butyl, allyl, p-chlorophenyl, p-methoxy-
phenyl, 2.4-dmitrophenyl, benzyl (Bn), p-methoxybenzyl,
3.4-dimethoxybenzyl, o-nitrobenzyl, p-nitrobenzyl, p-halo-
benzyl, 2,6-dichlorobenzyl, p-cyanobenzyl, p-phenylben-
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zyl, 2-picolyl, 4-picolyl, 3-methyl-2-picolyl N-oxido, diphe-
nylmethyl,  p,p’-dmitrobenzhydryl,  5-dibenzosuberyl,
triphenylmethyl, o-naphthyldiphenylmethyl, p-methoxy-
phenyldiphenylmethyl, di(p-methoxyphenyl)phenylmethyl,
tri(p-methoxyphenyl)methyl, 4-(4-bromophenacyloxyphe-
nyl)diphenylmethyl, 4,4'.4"-tr1s(4,5-dichlorophthalimido-
phenylmethyl, 4.4 4"-tris(levulinoyloxyphenyl)methyl,
4.4' 4"-tris(benzoyloxyphenyl)methyl,  3-(immdazol-1-yl)
bi1s(4',4"-dimethoxyphenyl)methyl, 1,1-bis(4-methoxyphe-
nyl)-1'-pyrenylmethyl, 9-anthryl, 9-(9-phenyl)xanthenyl,
9-(9-phenyl-10-oxo0)anthryl, 1,3-benzodithiolan-2-yl, benzi-
sothiazolyl S,S-dioxido, trimethylsilyl (TMS), triethylsilyl
(TES), trusopropylsilyl (TIPS), dimethylisopropylsilyl
(IPDMS), diethylisopropylsilyl (DEIPS), dimethylthexylsi-
lyl, t-butyldimethylsilyl (TBDMS), t-butyldiphenylsilyl
(TBDPS), tribenzylsilyl, tri-p-xylylsilyl, triphenylsilyl,
diphenylmethylsilyl (DPMS), t-butylmethoxyphenylsilyl
(ITBMPS), formate, benzoyltormate, acetate, chloroacetate,
dichloroacetate, trichloroacetate, trifluoroacetate, methox-
yacetate, triphenylmethoxy acetate, phenoxy acetate, p-
chlorophenoxyacetate, 3-phenylpropionate, 4-oxopentano-
ate (levulinate), 4,4-(ethylenedithio)pentanoate (levulinoyl-
dithioacetal), pivaloate, adamantoate, crotonate, 4-methox-
ycrotonate, benzoate, p-phenylbenzoate, 2.4.6-
trimethylbenzoate (mesitoate), methyl carbonate, 9-fluore-
nylmethyl carbonate (Fmoc), ethyl carbonate, 2,2, 2-trichlor-
octhyl carbonate (lIroc), 2-(trimethylsilyl)ethyl carbonate
(ITMSEC), 2-(phenylsultonyl) ethyl carbonate (Psec), 2-(tr1-
phenylphosphonio) ethyl carbonate (Peoc), 1sobutyl carbo-
nate, vinyl carbonate, allyl carbonate, t-butyl carbonate
(BOC or Boc), p-nitrophenyl carbonate, benzyl carbonate,
p-methoxybenzyl carbonate, 3,4-dimethoxybenzyl carbo-
nate, o-nitrobenzyl carbonate, p-mitrobenzyl carbonate, S-
benzyl thiocarbonate, 4-c¢thoxy-1-napththyl carbonate,
methyl dithiocarbonate, 2-1odobenzoate, 4-azidobutyrate,
4-nmtro-4-methylpentanoate, o-(dibromomethyl)benzoate,
2-formylbenzenesultfonate,  2-(methylthiomethoxy)ethyl,
4-(methylthiomethoxy)butyrate,  2-(methylthiomethoxy-
methyl)benzoate,  2,6-dichloro-4-methylphenoxyacetate,
2,6-dichloro-4-(1,1,3,3-tetramethylbutyl)phenoxyacetate,
2.4-bis(1,1-dimethylpropyl)phenoxyacetate, chlorodiphe-
nylacetate, 1sobutyrate, monosuccinoate, (E)-2-methyl-2-
butenoate, o-(methoxyacyl)benzoate, a-naphthoate, nitrate,
alkyl N,N,N' N'-tetramethylphosphorodiamidate, alkyl N-
phenylcarbamate, borate, dimethylphosphinothioyl, alkyl
2. 4-dinitrophenylsulfenate, sulfate, methane sulfonate
(mesylate), benzylsulfonate, and tosylate (15s).

[0126] As used herein, use of the phrase ““at least one
instance” refers to 1, 2, 3, 4, or more mstances, but also
encompasses a range, €.g., for example, from 1 to 4, from
1 to 3, from 1 to 2, from 2 to 4, from 2 to 3, or from 3 to 4
instances, mclusive.

[0127] A “non-hydrogen group’ refers to any group that 1s
defined for a particular variable that 1s not hydrogen.

[0128] These and other exemplary substituents are
described 1n more detail in the Detailed Description, Exam-
ples, and Claims. The mnvention 1s not intended to be limated
iIn any manner by the above exemplary listing of
substituents.

[0129] As used herem, the term “salt” refers to any and all
salts, and encompasses pharmaceutically acceptable salts.
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[0130] It 1s also to be understood that compounds that
have the same molecular formula but differ in the nature
or sequence of bonding of their atoms or the arrangement
ol their atoms 1n space are termed “1somers”. Isomers that
differ in the arrangement of their atoms 1n space are termed
“stereoisomers”.

[0131] Stercoisomers that are not mirror 1mages ol one
another are termed “diastercomers™ and those that are non-
superimposable mirror 1mages of each other are termed
“enantiomers”. When a compound has an asymmetric cen-
ter, for example, 1t 1s bonded to four different groups, a pair
of enantiomers 1s possible. An enantiomer can be character-
1zed by the absolute configuration of its asymmetric center
and 1s described by the R- and S-sequencing rules of Cahn
and Prelog, or by the manner 1n which the molecule rotates
the plane of polarized light and designated as dextrorotatory
or levorotatory (1.€., as (+) or (-)-1somers respectively). A
chiral compound can exist as either mdividual enantiomer
or as a mixture thereof. A mixture containing equal propor-
tions of the enantiomers 1s called a “racemic mixture”.
[0132] These and other aspects and uses of the mvention
will be described 1n the detailed description.

[0133] The present mvention encompasses compositions
and uses of halogenated derivatives of morphinans; specifi-
cally, the (+)-1somers of Formula I or a pharmaceutically
acceptable salt thereof:

FORMULA I

wherein:

[0134] R; 1s selected from the group consisting of
hydroxyl, alkoxy, or aryloxy;

[0135] R, 1s selected from the group consisting of
hydrogen, alkyl, alkynyl, alkenyl, alkoxy, alkylamide,
alkylsultamide, hydrocarbyl, substituted hydrocarbyl,
cycloalkyl, alkylaryl, or substituted alkylaryl;

[0136] Y 1s selected trom the group consisting ot hydro-
gen or hydroxy;

[0137] X 1s selected trom the group consisting of Hluor-
ine, chlorine, bromine or 10dine; and

[0138] Z 1s selected trom the group consisting of hydro-
oen, tluorine, chlorme, bromine or 10dine;

[0139] provided that when R; 1s hydroxyl, R, 1s not
cyclopropylmethyl.

[0140] In some aspects, n Formula I each bond between
carbons 1 and 2, 3and 4, 7 and &, and 11 and 15 1s selected

from the group consisting of a single bond and a double
bond

[0141] In some aspects, Formula I also mncludes an unsa-
turated double bond between carbons 7 and 8 of Formula 1.
In some aspects, Formula I also includes an unsaturated

double bond between carbons 1 and 2, 3 and 4, and 11 and
5 of Formula I to form an aromatic ring.
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[0142] Due to the ability of neurons to transmait pain, neu-
rons have been the primary intentional target of the majority
of pharmacotherapies to treat pamn developed to date. Gen-
crally, 1t was believed that opi1oids modulate pain solely by
acting at neuronal opioid receptors, and that opioid antago-
nists likewise exert their effects solely on neurons. Further-
more, 1t was conventionally believed that the detrimental
(e.g., tolerance, hyperalgesia, dependence, and reward,
etc.) and beneficial (e.g., analgesia, cough suppressant,
etc.) actions of opioids are mediated via very similar and
potentially inseparable mechanisms, reliant on neuronal
opi1oid receptors. In contrast, however, it has been shown
that immunocompetent cells of the central nervous system,
glia, their receptors, and their secreted signaling factors are
involved 1 pain processing and opioid pharmacodynamics.
In particular, gha have been shown to have a role mn 1mmitiat-
ing and maintaining increased pain in response to peripheral
nerve mjury. Recently, 1t has been suggested that glia can
also modulate the analgesic actions of chronically adminis-
tered opi1o1ds. Accordingly, aspects of the invention provide
pharmacological targeting (e.g., modulation) of glia to mod-
ulate (e.g., reduce or eliminate) pain and enhance efficacy of
opi101ds.

[0143] It has also been shown that opioids cause direct
glial activation 1 a non-classical opioid receptor fashion,
via opioid-induced activation of a class of pattern recogni-
tion receptors termed Toll-like Receptors (TLRs). (See, €.g.,
Hutchinson, et al., Eur. J. Neurosci., 28(1):20-29 (2008);
Hutchinson, et al., Brain, Behavior, and Immunity, 24:83-
95 (2009); Ellis, et al., J. Paimn, 15(4):407-21 (2014); and
Watkins and Hutchinson W0O2009/059050). TLRs are sig-
nificant mediators of neuropathic pam, opioid tolerance,
opioid dependence, and opioid reward. Thus, 1 some
instances antagomzing TLRs reverses neuropathic pain,
and potentiates op1oid and non-opioid analgesia. Accord-
ingly, some aspects of the invention relate to attenuating
olial activation by antagonizing or blocking TLRs (e.g.,
TLR2, TLR4, other TLRs) that can bind to either opioid
analgesics, non-opioid analgesics, or endogenous danger
signals known to be TLR agonists, or a combination thereof,
or generally reducing ghal activation. That 1s, reduction of
glial activation reduces exaggerated pain states, enhances
opio1d analgesia, and reduces the development of opioid tol-
erance, dependence and reward.

[0144] However, opioid compounds currently known 1n
the art have pharmacokinetic 1ssues; that 1s, 1t 1s of nterest
in the art to slow the metabolic breakdown of these com-
pounds and to mmprove bioavailability. The opioid com-
pounds of the present invention—that 1s, the compounds of
Formula I—address the pharmacokinetic 1ssues m two
ways. First, 1n all compounds of Formula I at least one halo-
oen molecule (e.g., fluoring) 1s positioned at C6 of the com-
pound of Formula I (see FIG. 1, Table 1). Second, 1n certain
embodiments, the compound of Formula I employs longer
or more sterically-hindering N-derivative chains positioned
at C9 (e.g., see FIG. 1 and FIGS. 2A to 2G, particularly
Formulas XVI-XX, Table 1). Accordingly, aspects of the
invention provide methods for improving bioavailability
for modulating neuropathic pain, opioid-induced glial acti-
vation, or a combimation thereof beyond what 1s currently
known 1n the art by administering the compound of Formula
I to a subject.
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TABLE 1
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TABLE 1-continued
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TABLE 1-continued TABLE 1-continued
Exemplary Formula and Compounds Exemplary Formula and Compounds
Formula Name Structure Formula Name Structure
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TABLE 1-continued

Exemplary Formula and Compounds

Formula
XXVIII

XXIX

XXXI1

XXXII

XX XIII

XXXIV

Name
X'1-206

XT-207

XT-211

XT1-216

XT1-209

XT1-212

XT-208

Structure

~

O

Jun. 29, 2023

TABLE 1-continued

Exemplary Formula and Compounds

Formula Name Structure
XXXV XT-217 /O
O
F
XXXVI -

[0145] In certain embodiments, a compound 1s of Formula
I. In certamn embodiments, a compound of Formula I 1s the
(+)-1somer. In some embodiments, a compound of Formula I
1s the (-)-1somer.

[0146] In certain embodiments, R; 18 methoxy. In some
embodiments, R; 1s hydroxyl. In certain embodiments, R
1s ethoxy. In certain embodiments, R; 1s C; ¢-alkoxy (e.g..
propoxy, butoxy, pentoxy, 1sopropoxy). In some embodi-
ments, R; 18 phenoxy. In some embodiments, R; 1s
naphthoxy:.

[0147] In some embodiments, R, 1s methyl. In certain
embodiments, R, 1s selected from the group consisting of
ethyl, n-propyl, 1sopropyl, n-butyl, tert-butyl, sec-butyl, 1so-
butyl, n-pentyl, neopentyl, tert-pentyl, 1sopentyl, sec-pentyl,
3-pentyl, sec-1sopentyl, n-hexyl, or hexyl. In certain embo-
diments, R, 1s cyclopropylmethyl. In some embodiments,
R, 15 dicyclopropylmethyl or 1-cyclopropylethyl. In certain
embodiments, R, 1s 2-propenyl. In some embodiments, R, 1s
cyclohexyl. In certain embodiments, R, 1s 1-phenylethyl or
1-methyl-2-phenyl-ethyl. In certain embodiments, R, 1s
benzyl. In some embodiments, R, 1s

N Y

, O

In certamm embodiments, R, 1s
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Or

. In some embodiments, R, 1s

20
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. In certain embodiments, R, 1s
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. In certain embodiments, R, 18
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N

NO)
O

, Or

In some embodiments, R, 1s

N—

[0148] In some embodimments, Y 1s hydrogen. In certain
embodiments, Y 1s hydroxyl.

[0149] In certain embodiments, X 1s fluorine. In some
embodiments, X 18 chlorne. In certain embodiments, X 1S

bromine. In some embodiments, X 15 10dine.
[0150] In some embodiments, Z 1s hydrogen. In certain

embodiments, 7Z 18 fluorine. In some embodiments, 7 1s
chlorime. In certain embodiments, 7 18 bromine. In some
embodiments, 7 1s 1odine.

[0151] In some embodiments, X 1s fluorine, and Z 1s
hydrogen. In certain embodiments, X 1s tluorine, and Z 1s
fluorine. In some embodiments, X 1S chlorine, and Z 18
hydrogen. In certain embodiments, X 1s chlorine, and Z 1s
chlorine. In certain embodiments, X 1s fluorine, and Z 1S
chlorine. In some embodiments, R; 18 methoxy, R, 1s cyclo-
propylmethyl, Y 1s hydrogen, X 1s fluorine, and Z 1s hydro-
oen. In certamn embodiments, R, 18 methoxy, R, 18 cyclopro-
pylmethyl, Y 1s hydroxy, X 1s fluorine, and Z 1s hydrogen. In
some embodiments, R; 1s methoxy, R, 1s cyclopropyl, Y 1s
hydrogen, X 1s fluorine, and Z 1s hydrogen.

[0152] In certamn embodiments, Formula I contains a sin-
gle bond between carbons 7 and 8. In some embodiments,
Formula I contains a double bond between carbons 7 and 8.
[0153] In certamn embodiments, Formula I contains a sin-
ole bond between carbons 1 and 2. In certain embodiments,
Formula I contains a single bond between carbons 3 and 4.
In certain embodiments, Formula I contains a single bond
between carbons 11 and 15. In certain embodiments, For-
mula I contains a single bond between carbons 1 and 2, 3
and 4, and 11 and 15. In certain embodiments, Formula 1
contams a double bond between carbons 1 and 2. In certain
embodiments, Formula I contaimns a double bond between
carbons 3 and 4. In certain embodiments, Formula I contains
a double bond between carbons 11 and 15. In certain embo-
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diments, Formula I contains a double bond between carbons
l and 2, 3 and 4, and 11 and 15.

[0154] In certain embodiments, Formula I contains a dou-
ble bond between carbons 1 and 2, 3 and 4, and 11 and 15
and a single bond between carbons 7 and 8. In some embo-
diments, Formula I contains a double bond between carbons
l and 2, 3 and 4, and 11 and 15 and a double bond between
carbons 7 and &

[0155] In certain embodiments, a compound of Formula I
1s of the formula:

Formula IA,

or a pharmaceutically acceptable salt thereot
[0156] In certain embodiments, each

1s independently a single bond. In certain embodiments,
cach

1s independently a double bond. In certain embodiments,
cach

1s a single bond. In some embodiments, each

1S a double bond. In certain embodiments, each

between carbons 1 and 2, 3 and 4, and 11 and 15 of Formula

1 1s a double bond.
[0157] In certain embodiments, a compound of Formula I
1s of the formula:

Formula 1B,

or a pharmaceutically acceptable salt thereot
[0158] In certain embodiments, a compound of Formula I
1s of the formula:
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Formula IC,

or a pharmaceutically acceptable salt thereof
[0159] In certain embodiments, a compound of Formula I
1s of one of the following formulae:

Formula XVII,

Formula XVIII,

Formula XIX,

Formula XX,

= heteroaryl

Formula XXI,
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or pharmaceutically acceptable salts thereot

[0160] In some embodiments, n 18 0. In certain embodi-
ments, n 18 1. In some embodiments, n 1s 2, 3, 4, or 5.
[0161] In certain embodiments, X, 1s NH. In some embo-
diments, X; 1s O. In certain embodiments, X; 1s S. In certain
embodiments, X; 15 C(R9), wherein each R 15 indepen-
dently hydrogen, C,-C, alkyl, phenyl, hydroxyl, and C;-
C,-alkoxyl.

[0162] In certain embodiments, R 1s hydrogen. In certain
embodiments, R 1s halogen. In certamm embodimments, R 1s
—F. In certain embodmments, R 1s —Cl, —Br, or —F. In
certamn embodiments, R 1s —NO,. In certaimn embodiments,
R 18 —CN. In certamn embodiments, R 18 —ORA4. In certain
embodiments, R 1s —OR?5. In certamm embodiments, R 1S
—ORe (e.g. —OH, —OMe, —O(C, ¢ alkyl)). In certain
embodiments, R 1s —OH. In certain embodiments, R 1s
—ORe, and Re 1s an oxygen protecting group. In certain
embodiments, R 1s —N(R¢), (e.g., —NH,, —NMe,,
—NH(C, ¢ alkyl)). In certain embodiments, R 1s —NHRe,
and Re 1s a nitrogen protecting group. In certain embodi-
ments, R 1s optionally substituted acyl (e.g., —C(=0)(Re),
—C(=0)0O(Re), —C(=0O)NH(R¢), —C(=0O)N(R¢),). In
some embodiments, R 1s —C(=0)OMe. In some embodi-
ments, R 18 —C(=0)OH. In certain embodiments, R 1s
optionally substituted alkyl, ¢.g., optionally substituted C,_
¢ alkyl, optionally substituted C,., alkyl, optionally substi-
tuted C,_5 alkyl, optionally substituted Cs_4 alkyl, optionally
substituted C,_5 alkyl, or optionally substituted C5_¢ alkyl. In
certain embodiments, R 1s optionally substituted C,_¢ alkyl.
In certamn embodmments, R 1s substituted methyl. In certam
embodiments, R 1s substituted ethyl, propyl, or butyl. In cer-
tain embodiments, R 1s unsubstituted C; ¢ alkyl. In certamn
embodiments, R 15 unsubstituted methyl. In certain embodi-
ments, R 1s unsubstituted ethyl, propyl, or butyl. In certamn
embodiments, R 15 optionally substituted alkenyl, ¢.g.,
optionally substituted C,_¢ alkenyl. In certamn embodiments,
R 1s vinyl, allyl, or prenyl. In certamm embodiments, R 1s
optionally substituted alkynyl, ¢.g., C,_¢ alkynyl. In certain
embodiments, R 1s optionally substituted carbocyclyl, e.g.,
optionally substituted C;_¢ carbocyclyl, optionally substi-
tuted C5_4 carbocyclyl, optionally substituted C,_5 carbocy-
clyl, or optionally substituted Cs_s carbocyclyl. In certain
embodiments R 1s optionally substituted heterocyclyl, e.g.,
optionally substituted 3-6 membered heterocyclyl, option-
ally substituted 3-4 membered heterocyclyl, optionally sub-
stituted 4-5 membered heterocyclyl, or optionally substi-
tuted 5-6 membered heterocyclyl. In certain embodiments,
R 1s optionally substituted aryl, e.g., optionally substituted
phenyl. In certain embodiments, R 1s optionally substituted
heteroaryl, e.g., optionally substituted 5-6 membered het-
eroaryl, or optionally substituted 9-10 membered bicyclic
heteroaryl. In certain embodiments, R 1s optionally substi-
tuted aralkyl, €.g., optionally substituted benzyl. In certamn
embodiments, R 1s optionally substituted heteroaralkyl, e.g.,
methyl substituted with a 5-6-membered heteroaryl ring.
[0163] In some embodiments, heteroaryl 1s selected from
the group selected from pyrrolyl, furanyl, thiophenyl, 1mai-
dazolyl, pyrazolyl, oxazolyl, 1soxazolyl, thiazolyl, 1sothia-
zolyl, triazolyl, oxadiazolyl, thhadiazolyl, tetrazolyl, pyridi-
nyl, pyndazinyl, pyrimmdmnyl, pyrazinyl, triazinyl,
tetrazinyl, azepinyl, oxepinyl, thiepinyl, indolyl, 1soindolyl,
indazolyl, benzotnazolyl, benzothiophenyl, 1sobenzothio-
phenyl, benzoturanyl, benzoisoturanyl, benzimidazolyl,
benzoxazolyl, benzisoxazolyl, benzoxadiazolyl, benzthiazo-
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lyl, benzisothiazolyl, benzthiadiazolyl, indolizinyl, purinyl,
naphthyridinyl, pteridinyl, quinolinyl, 1soquinolinyl, cinno-
linyl, quinoxalinyl, phthalazinyl, quinazolinyl, phenanthri-
dinyl, dibenzoturanyl, carbazolyl, acridinyl, phenothiazinyl,
phenoxazinyl and phenazinyl. 1n some embodiments, het-
croaryl 1s pyridinyl or pyrimidinyl. In certain embodiments,
heteroaryl 1s tetrazolyl or triaolyl. In certain embodiments,
heteroaryl 1s quinolinyl or mdolyl.

[0164] In certain embodiments, a compound of Formula I
1s of one of the following formula:

or a pharmaceutically acceptable salt thereof.
[0165] In certain embodiments, a compound of Formula I

1s of one of the following formula:
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or a pharmaceutically acceptable salt thereof.
[0166] In certain embodiments, a compound of Formula I

1s of one of the following formula:

or a pharmaceutically acceptable salt thereof.
[0167] In certain embodiments, a compound of Formula I

1s of one of the following formula:
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[0168] In certain embodiments, a compound of Formula I
1s of one of the following formula:

-~ R
[ s
S
\ ) - "ﬂ%{
OH R,
F S
H

or a pharmaceutically acceptable salt thereof.
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or a pharmaceutically acceptable salt thereof.
[0169] In certain embodiments, a compound of Formula I

1s of one of the following formula:

R,
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26
R, or a pharmaceutically acceptable salt thereof.
[0170] In certain embodiments, a compound of Formula I
1s of one of the following formula;
O ﬂx‘:"
g |

F
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or a pharmaceutically acceptable salt thereof.
[0171] In certain embodiments, a compound of Formula I
1s of one of the following formula:

HO

HO
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or a pharmaceutically acceptable salt thereof.
[0172] In certain embodiments, a compound of Formula I

1s of one of the following formula:

HO




US 2023/0203053 Al Jun. 29, 2023
30

or a pharmaceutically acceptable salt thereof.
[0173] In certain embodiments, a compound of Formula I
1s of one of the following formulae:

Formula XXII,

Formula XXV,

Formula XXVI,

Formula XXVII,

Formula XXVIII,
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Formula XXIX,

Formula XXX

Formula XXXI,

Formula XXXII,

Formula XXXIII,

Formula XXXIV,
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Formula XXXV,

or a pharmaceutically acceptable salt thereot

[0174] In certain embodiments, a compound of Formula I
1s of the Formula VII:

or a pharmaceutically acceptable salt thereot.
[0175] In certain embodiments, a compound of Formula I

1S of the Formula IX:

or a pharmaceutically acceptable salt thereof.
[0176] In certain embodiments, a compound of Formula I

1s of the Formula XXVIII:

or a pharmaceutically acceptable salt thereof.

[0177] In certain embodiments, a compound of Formula I
1s of the Formula XXXIII:

/O
O ﬂ\x\ \
_ ""'KN\
E Oﬁf/ﬁs\\(}

or a pharmaceutically acceptable salt thereof.
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Synthesis

[0178] Opium provides (-)-opioids, such as (-)-morphine,
(-)-codeine, and (-)-thebaine, that are useful 1n the manufac-
ture of medical narcotics. The vast majority of opiate chem-
1stry published to date was developed using (-)-1somers of
morphine, codeine, and thebame from opium poppies and
their transformation products, or from smomenine that has
the carbon-nitrogen skeleton antipodal to the opium
dertved-products. The procedures derived from opium pro-
ducts are applicable to the synthesis of the corresponding
(+)-1somers as the required intermediates are now mdepen-
dently available either by total synthesis or from sinomenine
(see below). Conversely, the procedures developed from the
work with smomenine are applicable to the synthesis of
drugs with the natural opiate absolute configuration.

[0179] Exemplary opiate synthesis and mtermediates are

described 1n U.S. Pat. Nos. 4,368,326, 4,410,700,
4,556,712, 4,521,601, 4,613,668, 5,008,449 and 5,668,285
and European patent EPO418591A2, each of which 1s incor-
porated herein by reference. Procedures disclosed 1n these
patents are applicable to the synthesis of the unnatural
(+)-enantiomers. These unnatural enantiomers generally
have (+)-optical rotation although some exceptions are
known such as simonenine. Briefly, these procedures use
commercially available starting materials such as 3-methox-
yphenethylamine and 3-hydroxy-4-methoxyphenylacetic
acid and provide either enantiomers of 1-bromo-nordihy-
drothebainone, dihydrothebainone, nordihydrocodeinone
and dihydrocodemone m about 40% overall yield. Either
enantiomer of the entire spectrum of compounds described
in the opiate chemistry art can be synthesized from the
appropriate enantiomer of any one of the latter four com-
pounds by applying published procedures.

[0180] Alternatively, (+)-dihydrocodeinone can be pre-
pared from (-)-sinomenine, a commercially-available plant
alkaloid with the same absolute configuration as the unna-
tural opiates. The availability of (+)-dihydrocodeinone
either by total synthesis or from (-)-sinomenine thus pro-
vides two mndependent routes to this intermediate and to
the enfire spectrum of unnatural opiates using procedures
published for compounds in both the (-)-series and the
(+)-series.

[0181] Thus, compounds of the invention can be readily
prepared from available starting materials using the proce-
dures known for (+)-opioids. Various substituents on the
compounds of the mnvention can be present 1n the starting
compounds, added to any one of the intermediates or
added after formation of the final products by known meth-
ods of substitution or conversion reactions. For example,
nitro groups can be added by nitration and the nitro group
can then be converted to other groups, such as amino by
reduction, or a halogen by diazotization of the amino
ogroup and replacement of the diazo group with a halogen
or simply by a halogenation reaction. Acyl groups can be
added by Fnedel-Crafts acylation. The acyl groups can
then be transformed to the corresponding alkyl groups by
various methods, mcluding the Wolfif-Kishner reduction
and Clemmenson reduction. Amino groups can be alkylated
to form mono- and di-alkylamino groups; and mercapto and
hydroxy groups can be alkylated to form correspondmg
ethers. Primary alcohols can be oxidized by oxidizing agents
known 1n the art to form carboxylic acids or aldehydes, and
secondary alcohols can be oxidized to form ketones. Thus,
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substitution or alteration reactions can be employed to pro-
vide a variety of substituents throughout the molecule of the
starting material, mtermediates, or the final product, includ-
ing 1solated products.

[0182] Additionally, as will be apparent to those skilled 1n
the art, conventional protecting groups may be necessary to
prevent certamn functional groups from undergomg unde-
sired reactions. The choice of a suitable protecting group
for a particular functional group, as well as suitable condi-
tions for protection and deprotection, are well known 1n the
art. For example, numerous protecting groups, and their
mntroduction and removal, are described in Greene and
Wuts, Protecting Groups in Organic Synthesis, 3rd ed.,
John Wiley & Sons, New York, 1999, and references cited
therem, all of which are incorporated by reference in their
entirety.

[0183] Some of the methods for producing various
(+)-op1oid compounds are disclosed i European Patent
Application No. 90116248.7. In addition, one skilled 1n the
art can use methods described for synthesis of (-)-opioid
compounds; for example, there are a number of U.S. Patents
(such as those described above) that provide procedures on
how to produce (+)-op1oid compounds by using enantio-
mers. Optimum reaction conditions may vary with the par-
ticular reactants or solvent used, but such conditions can be
determined by one skilled 1n the art by routine optimization
procedures.

[0184] Since the compounds of the mvention can have
certain substituents that are necessarily present, the mtro-
duction of each substituent 1s, of course, dependent on the
specific substituents involved and the chemistry necessary
for their formation. Thus, consideration of how one substi-
tuent would be affected by a chemical reaction when form-
ing a second substituent would 1mmvolve techniques familiar
to one of ordinary skill m the art. This would further be
dependent on the ring mvolved.

[0185] In some mstances, a racemic muxture of com-
pounds of the mvention can be prepared and the desired
(+)-1somer can be resolved or separated (1.€., enantiomeri-
cally enriched) using any of the Vanety of chlral resolution
methods known to one skilled 1n the art. Such resolution
methods are described, for example, in the four volume
compendium Optical Resolution Procedures for Chemical
Compounds: Optical Resolution Information Center, Man-
hattan College, Riverdale, N.Y.; and mn Jacques, Collet and
Wilen, FEnantiomers, Racemates and Resolutions, John
Wiley & Sons, Inc., New York (1981), both of which are
incorporated herein 1 their enfirety.

[0186] The compounds of the mvention form salts with
acids when a basic amimo function 1s present and salts with
bases when an acid function, ¢.g., carboxylic acid or phos-
phonic acid, 1s present. All such salts are useful 1n the 1s0-
lation and/or purification of the new products. Of particular
value are the pharmaceutically acceptable salts with both
acids and bases. Suitable acids mclude, tor example, hydro-
chloric, oxalic, sulfuric, nitric, benzenesulfonic, toluenesul-
fonic, acetic, maleic, tartaric and the like which are pharma-
ceutically acceptable. Basic salts for pharmaceutical use
include Na, K, Ca and Mg salts.

[0187] FIGS. 3A and 3B show exemplary synthetic meth-
odologies for preparing select halogenated morphians of
Formula I. In these examples, the halogen 1s fluorine, and
the chemistry mvolves fluorination of the 6-keto functional-
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ity of the (+)-morphians. FIG. 4 shows a synthesis scheme
tor XT-203 (shown 1n FIG. 2A as Formula VII).

Pharmaceutical Compositions

[0188] 'The compounds of the mnvention can be adminis-
tered to a patient to achieve a desired physiological effect.
Typically the patient 1s a mammal. The compound can be
administered 1n a variety of forms adapted to the chosen
route of administration, 1.¢., orally or parenterally. Parent-
eral administration mcludes administration by the following
routes: mtravenous; mtramuscular; subcutaneous; intraocu-
lar; intrasynovial; transepithelially mncluding transdermal,
ophthalmic, sublingual and buccal; topically, mcluding
ophthalmic, dermal, ocular, rectal and nasal or pulmonary
inhalation via msufflation and aerosol; intraperitoneal; and
central (e.g., intrathecal, such as mto the cerebrospinal fluid
around the spinal cord, and mtracerebral mto brain or cere-
brospinal fluid of the brain).

[0189] The active compound can be orally admimstered,
for example, with an mert diluent or with an assimilable
edible carrier, 1t can be enclosed 1n hard or soft shell gelatin
capsules, or 1t can be compressed mto tablets. For oral ther-
apeutic admimistration, the active compound may be incor-
porated with an excipient. Such compositions and prepara-
fion can contamn at least 25% of active compound. The
percentage of the compositions and preparation can, of
course, be varied and can conveniently be between about
25 to about 85% of the weight of the umit. The amount of
active compound 1n the therapeutically usetul compositions
1s such that a suitable dosage will be obtamed. Preferred
compositions or preparations according to the present mven-
tion are prepared such that an oral dosage unit form contains
from about 68 to about 136 mg of active compound. Pre-
ferred compositions or preparations according to the present
invention are prepared such that an oral dosage unmit form
contains from about 48 to about 300 mg of active
compound.

[0190] The active compound can also be administered par-
enterally. Solutions of the active compound as a free base or
pharmacologically acceptable salt can be prepared 1n water
suttably mixed with a surfactant such as hydroxypropylcel-
lulose. Dispersion can also be prepared mn glycerol, liquid
polyethylene glycols, and mixtures therecof and i oils.
Under ordinary conditions of storage and use, these prepara-
tions contain a preservative to prevent the growth of
miCroorganisms.

[0191] The pharmaceutical forms suitable for mjectable
use mclude sterile aqueous solutions or dispersions and ster-
1le powders for the extemporaneous preparation of sterile
injectable solutions or dispersions. In all cases the form
must be sterile and must be fluid to the extent that the com-
pound can be delivered via a syringe. The compound pre-
ferably 1s formulated to be stable under the conditions of
manufacture and storage and must be preserved against the
contaminating action of microorganisms such as bacterial
and fung1. The carrier can be a solvent of dispersion medium
containing, for example, water, ethanol, polyol (e.g., gly-
cerol, propylene glycol, and hquid polyethylene glycol,
and the like), and suitable mixtures thercof. The proper
flmadity can be maintained, for example, by the use of a coat-
ing such as lecithin, by maintenance of the required particle
s1ze m the case of dispersion and by the use of surfactants.
The prevention of the action of microorgamisms can be
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brought about by wvarious antibacterial and antifungal
agents, for example, parabens, chlorobutanol, phenol, sorbic
acid, thimerosal, and the like. In many cases, 1t will be pre-
terable to include 1sotonic agents, €.g., sugars or sodium
chloride.

[0192] Stenile myectable solutions are prepared by mcor-
porating the active compound 1 the required amount 1n the
appropriate solvent with various other ingredients enumer-
ated above, as required, followed by filtered sterilization.
Generally, dispersions are prepared by incorporating the
various sterilized active mgredient mnto a sterille vehicle
which contains the basic dispersion medium and the
required other mgredients from those enumerated above.
In the case of sterile powders for the preparation of sterile
injectable solutions, the preferred methods of preparation
are vacuum drying and the freeze drying technique which
yield a powder of the active ingredient plus any additional
desired mgredient from previously sterile-filtered solution
thereof.

[0193] The therapeutic compounds of the mvention can be
administered alone or 1n combination with pharmaceutically
acceptable carriers, as noted above, the proportion of which
1s determined by the solubility and chemical nature of the
compound, chosen route of administration and standard
pharmaceutical practice.

[0194] A physician may determine the dosage of the pre-
sent therapeutic agents that 1s the most suitable for prophy-
laxis or treatment and 1t will vary with the form of adminis-
tration and the particular compound chosen, and the dosage
will vary with the particular patient under treatment. The
physician will generally wish to mitiate treatment with
small dosages by small increments until the optimum effect
under the circumstances 1s reached. The actual doses to be
administered depend on the results of both toxicology and
efficacy studies, as well as the route of administration appro-
priate for the specific therapeutic condition or paradigm. For
subcutancous dosing, the therapeutic dosage can generally
be from about 5 to 1500 mg/dose and can be administered 1n
several different dosage umits and more than once daily. For
subcutanecous dosimg, the therapeutic dosage can generally
be from about 48 to 300 mg/dose and can be administered 1n
several different dosage umits and more than once daily. For
subcutaneous dosing, the therapeutic dosage can generally
be from about 0.8 to 100 mg/kg or about 10 to 30 mg/kg of
body weight per day and can be administered 1n several dif-
terent dosage units and more than once daily. For subcuta-
neous dosing, the therapeutic dosage can generally be from
about 0.8 to 25 mg/kg of body weight per dose and can be
administered 1n several different dosage units and more than
once daily. For subcutaneous dosing, the therapeutic dosage
can generally be from about 34 to about 677 mg/dose, and
preterably from about 113 to about 508 mg/dose, or from
about 0.5 to about 9.7 mg/Kg of body weight per dose and
preferably from about 1.6 to about 7.3 mg/Kg of body
weight per dose and can be administered 1n several different
dosage units and more than once daily. For intraperitoneal
dosing, the therapeutic dosage can generally be from about
17 to about 341 mg/dose, and preferably from about 57 to
about 256 mg/dose, or from about (.24 to about 4.88 mg/Kg
of body weight per dose and preferably from about 0.81 to
about 3.66 mg/Kg of body weight per dose and can be admi-
nmistered 1n several different dosage units and more than once
daily. Higher dosages, on the order of about 2x to about 5x
of the dosages described above, may be required for oral
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administration. The foregoing values represent projections
based on amimal studies, and may be readily adjusted
based on the results of toxicology and efficacy studies to
clinical requirements by one skilled 1n the Art.

[0195] For subcutaneous dosing, the therapeutic dosage
can generally be from about 5 to 1500 mg/dose or 34 to
about 677 mg/dose. Preferably the therapeutic dosage can
oenerally be from about 113 to about 508 mg/dose or 48 to
300 mg/dose. The therapeutic dosage can generally be from
about 0.8 to about 25 mg/kg, 0.5 to about 9.7 mg/kg, about
1.6 to about 7.3 mg/Kg , or about 10 to 30 mg/kg of body
weight per dose and can be administered 1n several different
dosage units and more than once daily. For mtraperitoneal
dosing, the therapeutic dosage can generally be from about
17 to about 341 mg/dose, and preferably from about 57 to
about 256 mg/dose, or from about 0.24 to about 4.88 mg/Kg
of body weight per dose and preterably from about 0.81 to
about 3.66 mg/Kg of body weight per dose and can be admi-
nistered m several ditferent dosage units and more than once
daily. Higher dosages, on the order of about 2x to about 5x
of the dosages described above, may be required for oral
administration. The foregoing values represent projections
based on amimal studies, and may be readily adjusted
based on the results of toxicology and efficacy studies to
clinical requirements by one skilled 1n the Art.

Methods of Use and Treatment

[0196] The present disclosure also provides methods of
use of the compounds described heremm mm combination
with an opioid and methods of treating a subject with the
compounds described herein. In one aspect of the disclo-
sure, the disclosure provides methods for potentiating the
analgesic effects of an op1oid. In another aspect, the disclo-
sure provides methods for reducing the risk of developing an
op1o1d dependency. In certain embodiments, the present dis-
closure provides methods for treating a subject with a clin-
1cal condition associated with Toll-like receptor glial activa-
tion. In some embodiments, the present disclosure provides
methods for treating a subject suffering from or susceptible
to neuropathic pain and/or nociceptive pain.

[0197] In one aspect of the disclosure, the disclosure pro-
vides methods for potentiating the analgesic effects of an
op1oid 1n a subject comprising admimistering to the subject
an effective amount of a compound described herein. In
some embodiments, a compound of Formula I 1s adminis-
tered to the subject concurrently with an opioid compound.
In certaimn embodiments, a compound of Formula I 1s adma-
nistered to a subject after an opioid compound 1s adminis-
tered to the subject. In some embodiments, a compound of
Formula I 1s administered to a subject before an opi1oid com-
pound 1s admimistered to a subject. In certain embodiments,
a compound of Formula I 1s administered to a subject before
an opioid 1s administered to a subject and also after the
op1o1d compound 1s adminmistered. In certain embodiments,
a compound of Formula I 1s administered to a subject con-
currently with an opi1oid, followed by additional administra-
tion of a compound of Formula 1 after the opioid compound
has been administered. In some embodiments, a compound
of Formula I 1s administered to a subject before and concur-
rently with an opioid compound. In some embodiments, a
compound of Formula I 1s administered to the subject. In
certamn embodiments, a prodrug of a compound of Formula
I 1s admimistered to the subject.
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[0198] In another aspect of the disclosure, the disclosure
provides methods for reducing the risk of developing an
op1o1d dependency 1n a subject during opioid therapy, com-
prising the step of administering to the subject who 1s on
opioid therapy an effective amount of a compound
described herein. In some embodiments, a compound of
Formula I 1s administered to the subject concurrently with
an op101d compound. In other embodiments, a compound of
Formula I 1s administered to the subject sequentially (e.g.,
betore or after) with an op1oid compound. In some embodi-
ments, a compound of Formula I 1s adminmistered to the sub-
ject. In certain embodiments, a prodrug of a compound of
Formula I 1s adminmistered to the subject.

[0199] Exemplary opioid compounds (e.g., the opioid
being potentiated, the opioid being admimistered during
op10id therapy, or the opioid a subject has a risk of develop-
ing a dependence on) include, but are not limited to
Codeme, Morphine, Thebame, Oripavine, Diacetylmor-
phine (morphine diacetate; heroin), Nicomorphine (mor-
phine dinicotinate), Dipropanoylmorphine (morphine dipro-
pionate), Diacetyldihydromorphine,
Acetylpropionylmorphine, Desomorphine, Methyldesor-
phine, Dibenzoylmorphine, Dihydrocodeine, Ethylmor-
phine, Heterocodeine, Buprenorphine, Etorphine, Hydroco-

done, Hydromorphone, Oxycodone, Oxymorphone,
Fentanyl, Alphamethylfentanyl, Alfentanil, Sufentanil,
Remifentanil, Carfentanyl, Ohmefentanyl, Pethidine

(meperidine), Ketobemidone, MPPP, Allylprodine, Prodine,
PEPAP, Promedol, Propoxyphene, Dextropropoxyphene,
Dextromoramide, Bezitramide, Piritramide, Methadone,
Dipipanone, Levomethadyl Acetate (LAAM), Difenoxin,
Diphenoxylate, Loperammde, Dezocine, Pentazocine, Phe-
nazo, Buprenorphine, Dihydroetorphine, Etorphine, Butor-
phanol, Nalbuphine, Levorphanol, Levomethorphan, Race-
methorphan, Lefetamine, Menthol, Meptazinol,
Mitragynine, Tilidine, Tramadol, Tapentadol, Eluxadoline,
AP-237, and 7-Hydroxymitragynine.

[0200] In one aspect of the disclosure, the disclosure pro-
vides methods for treating a subject with a clinical condition
associated with Toll-like receptor (TLR) ghal activation
comprising the step of administering to the subject an effec-
tive amount of a compound described herein. In some embo-
diments, a compound of Formula I 1s administered to the
subject. In certain embodiments, a prodrug of a compound
of Formula I 1s administered to the subject. In some embodi-
ments, the Toll-like receptor 1s selected from the group con-
sisting of TLRI1, TLR2, TLR3, TLR4, TLRS, TLR6, TLR7,
TLRE, TLRY, andTLR10. In certain embodiments, the Toll-
like receptor 1s TLR-4. In some embodiments, the clinical
condition comprises acute nociceptive pain, neuropathic
pain, pain associated with neurological diseases, pain asso-
ciated with neuronal damage, other pain subtypes/mixed
pain states (e.g., pamn caused by burns, osteoarthritis, che-
motherapy, trauma) acute and repetitive opioid analgesia,
the reward effects of drug abuse, chronic pain, or other
pain associated with opioid dependency. In certain embodi-
ments, the clinical condition comprises pain associated with
a neurologic disease. In certain embodiments, the neurolo-
o1c disease 1s selected from the group consisting of Alzhei-
mer’s disease, Parkinson’s disease, amyotrophic lateral
sclerosis, tauopathies, Huntington’s disease, headache, stu-
por and coma, dementia, seizure, sleep disorders, trauma,
infections, neoplasms, neuro-ophthalmology, movement
disorders, demyelinating diseases, spinal cord disorders,
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and disorders of peripheral nerves, muscle and neuromuscu-
lar junctions. In some embodiments, the clinical condition
comprises pain associated with neuronal damage.

[0201] In one aspect of the disclosure, the disclosure pro-
vides methods for treating a subject suffering from or sus-
ceptible to neuropathic pain, the method comprising admin-
1stering to the subject an effective amount of the compound
of claim 1. In certain embodiments, the neuropathic pain 1s
due to multiple sclerosis. In some embodiments, the neuro-
pathic pain 18 due to one or more of the following including
spinal cord mjury, multiple sclerosis, stroke, diabetes (e.g.,
peripheral diabetic neuropathy), sciatica, herpes zoster
infection, HIV, neuralgia (e¢.g., post-herpetic neuralgia, tri-
geminal neuralgia), nutritional deficiencies, toxins, tumors,
immune mediated disorders, physical trauma to a nerve
trunk, cancer, chemotherapy (e.g., chemotherapy-induced
pain, such as chemotherapy-mnduced peripheral neuropa-
thy), radiation mnjury, invasive medical procedures, surgery,
non-specific lower back pam, carpal tunnel syndrome, fibro-
myalgia, and pain resulting from an inflammatory condition
(€.g., a chronic mflammatory condition). In certain embodi-
ments, the neuropathic pain 1s due to cancer. In certain
embodiments, the neuropathic pain 1s due to a neurologic
disease. In certain embodiments, the neurologic disease 1s
selected from the group consisting of Alzheimer’s disease,
Parkinson’s disease, amyotrophic lateral sclerosis, tauopa-
thies, Huntington’s disease, headache, stupor and coma,
dementia, seizure, sleep disorders, trauma, infections, neo-
plasms, neuro-ophthalmology, movement disorders, demye-
lmating diseases, spinal cord disorders, and disorders of per-
ipheral nerves, muscle and neuromuscular junctions. In
some embodiments, the neuropathic pain 1s due to neuronal
damage.

[0202] In another aspect of the disclosure, the disclosure
provides methods for treating a subject suffering from or
susceptible to nociceptive pain, the method comprising
administering to the subject an etfective amount of the com-
pound of claim 1. In certain embodiments, the nociceptive
pain 1s associated with or derived from one or more of the
following including bruises, burns, fractures, overuse or
joint damage (e.g., arthritis, spraims), radiculopathy, pinched
nerve, tumor, headache, laceration, surgery, and cancer. In
some embodiments, the nociceptive pain 1s associated with
or derived from joint damage, tumor, surgery, or cancer.
[0203] In some embodiments the effective amount 1s
about 1500 mg. In some embodiments, the effective amount
1s about 1500 mg and 1s admimstered in 1 dose/day. In cer-
tain embodiments, the effective amount 1s about 1500 mg/
dose and 1s admimistered twice, three tumes, or four times per
day. In some embodiments, the effective amount per day 1s
6000 mg.

[0204] Insome embodiments, the effective amount 1s from
about 1 mg/day to about 1000 mg/day and 1s administered 1n
one to several separate doses. In certain embodiments, the
effective amount 1s from about 0 to 6000, 2.4 to 3000, 3 to
1000, 5 to 900, 10 to 800, 15 to 700, 20 to 600, or 25 to
550 mg/day and 1s administered 1n one to several separate
doses. In some embodiments, the effective amount 1s from
about 34 mg/day to about 510 mg/day and 1s administered 1n
one to several separate doses. In certain embodiments, the
effective amount 1s from about 68 to about 408 mg/day and
1s administered 1n one to several separate doses. In certain
embodiments, the effective amount 1s about 75 to 350 mg/
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day, 90 to 300 mg/day, or 120 to 200 mg/day and 1s admi-
nistered 1in one to several separate doses.

[0205] In certain embodiments, the effective amount 1s
from about 48 mg/day to about 300 mg/day and 1s adminis-
tered 1n one to several separate doses. In certamn embodi-
ments, the effective amount 1s from about 48 mg/day to
about 300 mg/day and 1s administered 1n one¢ dose. In certain
embodiments, the effective amount 1s from about 48 mg/day
to about 300 mg/day and 1s administered 1n two doses. In
certain embodiments, the effective amount 1s from about
48 mg/day to about 300 mg/day and 1s administered 1n
three doses. In certain embodiments, the effective amount
1s from about 48 mg/day to about 300 mg/day and 1s admi-

nistered 1 four doses.
[0206] In certain embodiments, the effective amount 1s

from about 48 mg/dose to about 300 mg/dose and 1s admi-
nistered once to several times a day. In certain embodiments,
the effective amount 1s from about 48 mg/dose to about
300 mg/dose and 1s administered 1n once per day. In certain
embodiments, the effective amount 1s from about 48 mg/
dose to about 300 mg/dose and 1s administered twice per
day. In certain embodiments, the effective amount 1s from
about 48 mg/dose to about 300 mg/dose and 1s administered
three times per day. In certain embodiments, the effective
amount 1s from about 48 mg/dose to about 300 mg/dose
and 1s administered four time per day.

[0207] In certain embodiments, the effective amount 1s
about 0.8 to 100 mg/kg of body weight per day and 1s admi-
nistered 1n one to several separate doses. In certain embodi-
ments, the effective amount 1s about 0.8 to 100 mg/kg of
body weight per day and 1s admimstered m one dose. In
certain embodiments, the effective amount 1s about 0.8 to
100 mg/kg of body weight per day and 1s administered n
two doses. In certain embodiments, the effective amount 1s
about 0.8 to 100 mg/kg of body weight per day and 1s admi-
nistered 1n three doses. In certain embodiments, the effec-
tive amount 1s about 0.8 to 100 mg/kg of body weight per

day and 1s administered 1 four doses.
[0208] In certain embodiments, the effective amount 1s

about 0.8 to 25 mg/kg of body weight per day and 1s admi-
nistered 1n one to several separate doses. In certain embodi-
ments, the effective amount 1s about 0.8 to 25 mg/kg of body
weight per day and 1s administered 1n one dose. In certain
embodiments, the effective amount 1s about 0.8 to 25 mg/kg
of body weight per day and 1s administered 1n two doses. In
certain embodiments, the effective amount 1s about 0.8 to
25 mg/kg of body weight per day and 1s administered 1n
three doses. In certain embodiments, the effective amount
1s about 0.8 to 25 mg/kg of body weight per day and 1s
administered 1n four doses.

[0209] In some embodiments, the effective amount 1s
about 0.5 to about 7.2 mg/kg of body weight per day and
1s administered 1n one to several separate doses. In some
embodiments, the effective amount 1s about 1.0 to about
6 mg/kg of body weight per day and 1s admiistered 1n one
to several separate doses. In certain embodiments, the effec-
tive amount 1s about 1.5 t0 5.5, 2.0 to 5.0, or 2.5 to 4.5 mg/
kg of body weight per day and 1s administered m one to
several separate doses.

[0210] In certain embodiments, the effective amount 1s
about 10 to about 30 mg/kg of body weight per day and 1s
administered 1 one to several separate doses. In certain
embodiments, the effective amount 1s about 10 to about
30 mg/kg of body weight per day and 1s administered 1n
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one dose. In certain embodiments, the effective amount 1s
about 10 to about 30 mg/kg of body weight per day and 1s
administered 1n two doses. In certain embodiments, the
ctfecttve amount 1s about 10 to about 30 mg/kg of body
weight per day and 1s administered 1n three doses. In certain
embodiments, the effective amount 1s about 10 to about
30 mg/kg of body weight per day and 1s administered n
four doses.

[0211] In certain embodiments, the effective amount 1s
about 0.8 to about 5 mg/kg of body weight and 15 adminis-
tered m one to several times per day. In certamn embodi-
ments, the effective amount 1s about 0.8 to about 5 mg/kg
of body weight per dose and 1s administered once per day. In
certamn embodiments, the effective amount 1s about 0.8 to
about 5 mg/kg of body weight per dose and 1s admiistered
twice per day. In certain embodiments, the effective amount
1s about 0.8 to about 5 mg/kg of body weight per dose and 1s
administered three times per day. In certain embodiments,
the effective amount 1s about 0.8 to about 5 mg/kg of body
weight per dose and 1s administered four times per day.
[0212] In certain embodiments, the effective amount 1s
about 0.8 to about 5 mg/kg of body weight per day and 1s
administered 1 one to several separate doses. In certan
embodiments, the effective amount 1s about 0.8 to about
5 mg/kg of body weight per day and 1s administered 1 one
dose. In certain embodiments, the effective amount 1s about
10.8 to about 5 mg/kg of body weight per day and 1s admi-
nistered in two doses. In certain embodiments, the effective
amount 1s about 0.8 to about 5 mg/kg of body weight per day
and 18 administered 1n three doses. In certain embodiments,
the effective amount 1s about 0.8 to about 5 mg/kg of body
weight per day and 1s administered 1n four doses.

[0213] In some embodiments, the effective amount 1s
administered 1n one dose per day. In certamn embodiments,
the effective amount 1s administered in two doses per day. In
some embodiments, the effective amount 18 administered n
three or four doses per day. In some embodiments, each dose
1S the same. In other embodiments, each dose 1s different. In
certamn embodiments, each sequential dose increases. In cer-
tain embodiments, cach sequential dose decreases. In certain
embodiments, dosing occurs daily and continues for many
days. In certain embodiments, dosing occurs daily and con-
tinues for many months. In certain embodiments, dosing
occurs daily and for many years. In certain embodiments,
dosing occurs almost daily and continues for many days.
In certain embodiments, dosmg occurs almost daily and
continues for many months. In certain embodiments, dosing
occurs almost daily and for many years. In some embodi-
ments, a compound of Formula I 1s administered to the sub-
ject. In certain embodiments, a prodrug of a compound of
Formula I 1s administered to the subject.

Kits

[0214] Also encompassed by the disclosure are kits (e.g.,
pharmaceutical packs). The kits provided may comprise a
pharmaceutical composition or compound described herein
and a container (e.g., a vial, ampule, bottle, syringe, and/or
dispenser package, or other suitable contamner). In some
embodiments, provided kits may optionally further include
a second container comprising a pharmaceutical excipient
for dilution or suspension of a pharmaceutical composition
or compound described herein. In some embodiments, the
pharmaceutical composition or compound described herein
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provided 1n the first container and the second container are
combined to form one unit dosage form.

[0215] Thus, mn one aspect, provided are kits including a
first container comprising a compound or pharmaceutical
composition described heremn. In certamn embodiments, the
kits are usetul for potentiating the analgesic effects of an
opio1d 1n a subject. In certain embodiments, the kits are use-
ful for reducing the risk of developing an opio1d dependency
in a subject. In certain embodiments, the kits are useful for
treating a subject with a chinical condition associated with
Toll-like receptor ghal activation. In certain embodiments,
the kiats are useful for treating a subject suffering from or
susceptible to neuropathic pain. In some embodiments, the
kits are useful for treating a subject suffering from or sus-
ceptible to neuropathic pain caused by or associated with
spmal cord mjury, multiple sclerosis, stroke, diabetes, scia-
tica, herpes zoster infection, HIV, neuralgia, nutritional defi-
clencies, toxins, tumors, immune mediated disorders, physi-
cal trauma to a nerve trunk, cancer, chemotherapy, radiation
injury, mvasive medical procedures, surgery, non-specific
lower back pain, carpal tunnel syndrome, fibromyalgia,
and a chronic mflammatory condition. In some embodi-
ments, the kits are usetul for treating a subject suffering
from or susceptible to neuropathic pain caused by or asso-
ciated with multiple sclerosis. In some embodiments, the
Kits are usetul for treating a subject suffering from or sus-
ceptible to neuropathic pain caused by or associated with
cancer. In some embodiments, the kits are usetful for treating
a subject suffering from or susceptible to neuropathic pain
caused by or associated with chemotherapy. In certain
embodiments, the kits are usetul for treating a subject sui-
fering trom or susceptible to nociceptive pain.

[0216] In certain embodmments, a kit described herein
further mcludes mstructions for using the kit. A kit
described herein may also include mformation as required
by a regulatory agency such as the U.S. Food and Drug
Admimistration (FDA). In certain embodiments, the infor-
mation included 1n the kats 1s prescribing mformation.
[0217] In certamn embodiments, the kits and instructions
provide for potentiating the analgesic effects of an opioid
in a subject. In certamn embodiments, the kits and mstruc-
tions provide for reducing the risk of developing an opioid
dependency 1n a subject. In certain embodiments, the kits
and 1nstructions provide for treating a subject with a clinical
condition associated with Toll-like receptor ghal activation.
In certaimn embodiments, the kits and mnstructions provide for
treating a subject suffering from or susceptible to neuro-
pathic pam. In certamn embodiments, the kits and instruc-
tions provide for treating a subject sutfering from or suscep-
tible to neuropathic pain caused by or associated with spinal
cord mjury, multiple sclerosis, stroke, diabetes, sciatica,
herpes zoster infection, HIV, neuralgia, nutritional deficien-
cies, toxins, tumors, immune mediated disorders, physical
trauma to a nerve trunk, cancer, chemotherapy, radiation
injury, 1mvasive medical procedures, surgery, non-specific
lower back pain, carpal tunnel syndrome, fibromyalgia,
and a chronic mflammatory condition. In certain embodi-
ments, the kits and instructions provide for treating a subject
suffering from or susceptible to neuropathic pain caused by
or associated with multiple sclerosis. In certain embodi-
ments, the kits and instructions provide for treating a subject
suffering from or susceptible to neuropathic pain caused by
or associated with cancer. In certain embodiments, the kits
and 1nstructions provide for treating a subject suffering from
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or susceptible to neuropathic pain caused by or associated
with chemotherapy. In certain embodiments, the kits and
istructions provide for treating a subject suffering from or
susceptible to nociceptive paimn. A kit described herein may
include one or more additional pharmaceutical agents
described herein as a separate composition.

EXAMPLES

[0218] The tollowing examples are put forth so as to pro-
vide those of ordinary skill 1n the art with a complete dis-
closure and description of how to make and use the present
invention, and are not mtended to limit the scope of what the
inventors regard as their mvention, nor are they intended to
represent or imply that the experiments below are all of or
the only experiments performed. It will be appreciated by
persons skilled m the art that numerous varations and/or
modifications may be made to the mvention as shown m
the specific embodiments without departing from the spirt
or scope of the mvention as broadly described. The present
embodiments are, therefore, to be considered 1n all respects
as illustrative and not restrictive.
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[0219] Eftlorts have been made to ensure accuracy with
respect to numbers used (e.g., amounts, temperature, ¢tc.)
but some experimental errors and deviations should be
accounted for. Unless indicated otherwise, parts are parts
by weight, molecular weight 1s weight average molecular
weight, temperature 1s 1n degrees centigrade, and pressure
1s at or near atmospheric.

Synthesis

[0220] The synthesis of the compounds disclosed herein
was carried out as described 1n the Detailed Description
(vide supra). FIGS. 3A and 3B show exemplary synthetic
methodologies for preparing select halogenated morphians
of Formula I. In these examples, the halogen 1s fluorine and
the key chemustry involves fluorination of the 6-keto func-
tionality of the (+)-morphians. FIG. 4 shows a synthesis
scheme for XT-203. The compounds disclosed mn Table 2
were synthesized utilizing analogous routes. The corre-
sponding characterization data appears below 1 Table 2.

TABLE 2

Synthesis Routes and Characterization

Name Structure Spectrum
XT1-203 FIG. 17
~ O
O ﬂ\f’* \
;:fffN\’A
F
X1-206 /O FIG. 18
O \\‘11 \
,,WN
f 0;
XT1-207 /O FIG. 19
O g\"‘ﬂ‘ \
,.tfffN)@
£ O
XT1-208 FI1G. 20
~ O

Characterization Data

1H NMR (600 MHz, CDCL) & 12.36 (s), 6.81 (d, J= 8.3 Hz), 6.71 (d,
1= 8.3 Hz), 4.63 (d, J= 20.3, 6.2 Hz), 4.39-4.19 (m), 4.15 (s), 3.90 (d,
= 3.5 Hz), 3.38 (d, J= 11.7 Hz), 3.20 (d, J= 11.9 Hz), 3.08-2.99 (m),
2.97-2.85 (m), 2.66 (dd, J= 13.2, 4.2 Hz), 2.60-2.46 (m), 2.01 (dd, J=
13.3, 9.7 Hz), 1.88 (dd, J= 13.3, 2.6 Hz), 1.84-1.75 (m), 1.67 (dd, J=

12.7, 7.0 Hz), 1.44 (s), 0.98 (d, J= 12.9 Hz), 0.86-0.76 (m), 0.73-0.62
(m), 0.42 (dd, J= 8.8, 3.9 Hz). LCMS m/z: 344.1 [M+1].

1H NMR (600 MHz, CDCl;) 8 6.76 (d, J=8.2 Hz), 6.76 (d, J= 8.2 Hz),
6.65 (d, J= 8.2 Hz), 4.52 (dd, J= 20.7, 6.1 Hz), 4.37-4.24 (m), 3.89 (s),
2.91 (s), 2.65 (s), 1.99 (s), 1.88-1.64 (m), 1.49 (s}, 1.12-0.81 (m), 0.76
(s). LCMS m/z: 358.2 [M+1].

IH NMR (600 MHz, CDCl;) § 7.51-7.31 (m), 6.78 (d, J= 8.1 Hz), 6.71
(d, J= 8.1 Hz), 6.65 (d, J= 7.8 Hz), 4.61-4.49 (m), 4.41-4.24 (m), 3.90
(s), 3.53 (d, J= 14.0 Hz), 3.07-2.97 (m), 2.85-2.75 (m), 2.11 (dd, J=
35.3, 11.9 Hz), 2.02-1.64 (m), 1.57-1.43 (m), 1.01 (dd, J= 255,

12.8 Hz), 0.83 (d, J= 12.4 Hz). LCMS m/z: 394.1 [M+1].

1H NMR (600 MHz, CDCL;) & 7.88-7.79 (m), 7.62 (1, J= 7.4 Hz), 7.55
(dd, 7= 105, 4.8 Hz), 6.72 (d, J= 8.2 Hz), 6.53 (d, J= 8.2 Hz), 4.52-4 43
(m), 4.36-4.21 (m), 3.91-3.84 (m), 3.73-3.65 (m), 2.81-2.69 (m), 2.52
(d, J= 18.4 Hz), 2.11-2.05 (m), 1.99 (ddd, J= 9.7, 5.1, 2.4 Hz), 1.83-
1.73 (m), 1.70-1.63 (m), 1.47 (ddd, J= 12.6, 7.1, 2.7 Hz), 0.90 (d, J=
12.9 Hz). LCMS m/z: 430.1 [M+1].
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TABLE 2-continued

Synthesis Routes and Characterization

Name Structure
XT-209 O

XT1-210 0

XT-211

XT1-212 0

XT-213 0O

XT1-214 O

XT-215

Spectrum
FIG. 21

FIG. 22

FIG. 23

FIG. 24

FIG. 23

FIG. 26

FIG. 27

Characterization Data

1H NMR (600 MHz, CDCL) 8 6.77 (d, J= 8.2 Hz), 6.67 (d, I= 8.1 Hz),
4.53 (dd, J= 20.6, 5.9 Hz), 4.41-4.33 (m), 4.29-4.23 (m), 3.89 (1, J=
6.1 Hz), 3.61 (d, J= 11.5 Hz), 2.95-2.84 (m), 2.18 (d, J= 12.6 Hz), 2.01
(d, J= 5.2 Hz), 1.91-1.80 (m), 1.71 (d, J= 13.4 Hz), 1.62-1.47 (m), 1.25
(s), 0.93 (g, J= 13.3 Hz). LCMS m/z: 368.1 [M+1].

1H NMR (600 MHz, CDCls) 6 6.73 (d, J= 8.2 Hz), 6.63 (d, J= 8.1 Hz),
4.53 (dd, J= 20.8, 5.9 Hz), 4.30 (ddd, J=48.9, 12.1, 5.9 Hz), 3.89 (s),
3.61 (s), 2.98 (d, J=57.3 Hz), 2.89 (d, J= 18.3 Hz), 2.48 (s}, 2.04 (dd,
J=1557,44.5 Hz), 1.79 (dd, J= 29.5, 13.0 Hz), 1.66-1.47 (m}, 1.23 (dt,
J=24.2,12.7 Hz), 0.94 (dd, J=25.9, 12.8 Hz). LCMS m/z: 372.2 [M
+1].

1H NMR (600 MHz, CDCls}) & 7.38-7.34 (m), 7.34-7.28 (m), 7.23 (dd,
J=13.5, 7.6 Hz), 6.74 (t, J= 7.2 Hz), 6.61 (dd, J= 38.5, §.2 Hz), 4.46
(dt, J=20.7, 6.2 Hz), 4.33-4.19 (m), 3.87 (t, J= 5.6 Hz), 3.85-3.73 (m),
3.63 (dd, J=13.9, 4.5 Hz), 2.97-2.72 (m), 2.54 (dd, J= 95.6, 18.3 Hz),
2.30 (s), 2.04-1.88 (m), 1.69 (tt, J= 153, 7.5 Hz), 1.53-1.33 (m}. LCMS
m/z: 408.2 |[M+1].

1H NMR (600 MHz, CDCI3)  6.77 (d, J= 8.2 Hz), 6.67 (d, J= 8.2 Hz),
4.53 (dd, J= 20.6, 6.1 Hz), 4.38-4.24 (m), 3.90 (s), 3.64 (dd, J= 133,
4.6 Hz), 2.98-2.88 (m), 2.35-2.29 (m), 2.26-2.19 (m), 2.04-1.97 (m),
1.91-1.79 (m), 1.70 (dd, J= 12.4, 8.4 Hz), 1.51 (ddd, J= 12.6, 7.1,

2.8 Hz), 1.23-1.13 (m). LCMS m/z: 394.1 [M+1].

1H{ NMR (600 MHz, CDCL;) § 7.32-7.28 (m), 7.25 (d, J= 7.6 Hz), 7.18
(d, J= 7.3 Hz), 6.65 (d, J= 8.1 Hz), 6.55 (d, J= 8.1 Hz), 4.44 (dd, J=
21.0, 6.0 Hz), 4.27-4.13 (m), 3.81 (s), 3.62 (g, J= 6.3 Hz), 2.91 (d, J=
18.0 Hz), 2.12-1.95 (m), 1.84 (1id, J= 12.2, 4.8 Hz), 1.70 (d, J=

11.9 Hz), 1.43 (d, J= 6.5 Hz), 1.41-1.34 (m), 1.33-1.27 (m), 1.23 (d, J=
6.4 Hz). LCMS m/z: 394.2 [M+1].

1H NMR (600 MHz, CDCL) 8 6.73 (d, J= 8.1 Hz), 6.64 (d, = 8.1 Hz),
449 (dd, J= 21.0, 5.9 Hz), 4.38-4.19 (m), 3.89 (d, J= 1.3 Hz), 3.26 (s),
3.08 (d, J= 18.2 Hz), 2.68 (s), 2.41 (d, J= 65.0 Hz), 2.01 (dd, J= 41 3,
6.6 Hz), 1.85-1.38 (m), 1.26 (d, J= 7.4 Hz). LCMS m/z: 330.1 [M+1].

I NMR (600 MHz, CDCL) & 7.29 (d, J= 7.2 Hz), 7.19 (dd, J= 20.2,
7.2 Hz), 6.74 (d, J= 8.2 Hz), 6.63 (d, J= 7.8 Hz), 4.61-4.48 (m), 4.31 (1,
= 6.7 Hz), 3.93-3.83 (m), 3.08 (s), 2.86 (d, J= 18.0 Hz), 1.82-1.72 (m),
1.58 (s), 1.25 (s), 1.04 (s), 0.88 (s). LCMS m/z: 408.2 [M+1].
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TABLE 2-continued

Synthesis Routes and Characterization

Name Structure Spectrum
XT-216 FIG. 28
~ ©
O \\Hﬂ
\ AN
t O
XT-217 FIG. 29
~ ©

General Matenals and Methods

[0221] Pathogen-free adult male Sprague-Dawley rats
(300-375 g; Harlan Labs, Madison, Wi1s.) were used 1n all
experiments. Rats were housed 1 temperature (23 +/- 3° C.)
and light (12 hour:12 hour, light:dark cycle; lights on at
(0700) controlled rooms with standard rodent chow and
water available ad Iibitum.

Example 1

[0222] Chronic Constriction Injury (CCI) model: Neuro-
pathic pain was mduced using the CCI model of partial scia-
tic nerve myjury (see, €.g., Bennett and Xie, Pain, 132:273-80
(2007)). CCI was performed at the mid-thigh level of the lett
hindleg as previously described mm Milligan, et al., Eur. J.
Neuroscience, 20:2294-2302 (2004). In brief, four sterile
chromic gut sutures (cuticular 4-0 chromic gut, FS-2; Ethi-
con, Somerville, NJ, USA) were loosely tied around the
oently 1solated sciatic nerve. Drug testing was delayed
until 10-14 days after surgery to ensure that neuropathic
pamn was well established prior to the mitiation of drug
delivery.

[0223] XT-203 CCI SC: Rats (10/group) were subjected to
CCI neuropathic pam model surgery. After the pan state
was established, they were dosed 3x per day for 5 days
with XT-203 or a positive control (gabapentin) dose. Beha-
vior testing for pain responses by von Frey testing was used
to establish pamn thresholds i the affected hind paw.
Because dosage was 3x/day, behavior testing was performed
after the first and second dose of day 1 dosing (1.1, 1.2) and
after the first and second dose of day 5 dosing (5.1, 5.2).
Testing sessions were performed 30 minutes after the dose
was administered, except after the second dose of day 3,
when the testing was performed at 30 and 60 minutes after
the second dose (5.2 30 min and 5.2 60 min, respectively).
FIGS. SA and 5B show a mimimal effect of XT-203 with day
1 dosing, but substantial effect during day 5 testing.
(+)-NTX was not effective (data not shown).

Characterization Data

1H NMR (600 MHz, CDCl;) 8 7.38 (s), 7.32 (s), 7.21 (s), 6.71 (d, J=
3.1 Hz), 6.63 (d, J= 7.9 Hz), 4.37 (dd, J= 20.7, 5.0 Hz), 4.28 (dd, J=
35.3, 28.7 Hz), 3.93-3.79 (m), 3.22 (d, J= 14.5 Hz), 2.92 (d, J= 4.5 Hz),
2.63-2.34 (m), 2.00-1.87 (m), 1.53 (dd, J= 40.1, 31.1 Hz), 1.34-1.10
(m), 0.97-0.84 (m). LCMS m/z: 436.2 [M+1].

1 NMR (600 MHz, CDCL;) § 7.44-7.35 (m), 6.73 (d, J= 8.2 Hz), 6.58
(d, J= 8.2 Hz), 4.45 (dd, J=20.7, 6.1 Hz), 4.25 (t, J= 7.7 Hz), 4.06-4.01
(m), 3.88 (s), 3.35 (dd, J= 13.6, 4.4 Hz), 2.79-2.65 (m), 2.54 (d, J=
18.4 Hz), 1.94 (ddd, J= 9.6, 5.1, 2.4 Hz), 1.89-1.83 (m), 1.73-1.63 (m),
1.53-1.47 (m), 1.42 (d, J= 2.7 Hz), 0.79 (d, J= 13.0 Hz). LCMS m/z:
4441 [M+1].

Example 2

[0224] Von Frey Test for Mechanical Allodynia: Rats
recerved at least three 60 min habituations to the test envir-
onment prior to behavioral testing. Response thresholds to
calibrated light pressure stimul1 applied to the plantar sur-
tace of the paws was measured using the von Frey test. The
test was performed using 0.406-15.136 gm calibrated
Semmes-Weinstein monofilaments (von Frey hairs; Stoelt-
ing, Wood Dale, Ill., USA) as described 1n detail previously
(Milligan, et al., Brain Research, 861:105-116 (2000)).
Brietly, rats were first assessed for baseline response thresh-
olds (average of three consecutive withdrawal assessments)
from each paw at 15 min intervals, and the average response
threshold from both feet was calculated. All testing was con-
ducted blind with respect to group assignment. The beha-
vioral responses were used to calculate the threshold, by fit-
ting a Gaussian itegral psychometric function using a
maximum-likelihood fitting method, as described m detail
previously (Id.). Allodynmia was assessed pre- and post-
drug delivery.

[0225] XT-203 Incisions SC: Rats (8/group) were sub-
jected to hind paw mcision pain model surgery. After the
pain state was established, they were dosed 3x per day for
5 days with the indicated naltrexone or positive control
(morphine) dose. Behavior testing for pain responses by
von Frey testing was used to establish pain thresholds 1n
the affected hind paw. Because dosage was 3x/day, behavior
testing was performed after the first and second dose of day
1 dosing (1.1, 1.2) and after the first and second dose of day
S dosing (5.1, 5.2). Testing sessions were performed 30 min-
utes after the dose was administered. FIGS. 6A and 6B show
the substantial effects of XT-203 with day 1 and day 5 dos-
ing, with the effect during day 5 testing matching the
response to morphine. (+)-NTX was not effective (data not
shown).

Example 3

[0226] NO assay: Microglia are the resident cells of the
innate mmmune system in the central nervous system, and
TLR4 1s primarnly expressed by microgha rather than astro-
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cytes or neurons 1n the CNS. Given this expression profile,
the BV-2 mouse microglia cell line was used as the model
system of microglia, as these cells recapitulate many of the
responses of primary microgha with high fidelity. TLR4
activation induces the downstream production of the inflam-
matory factor NO, which contributes to the development of
neuropathic pain and drug addiction. BV-2 murine microglia
were grown 1 supplemented DMEM (including 10% FBS,
50 unit mL-! penicillin, 50 ug.ml-! streptomycin). BV-2
cells were detached from the flask by trypsin digestion
when ~80% confluence was reached. Cells were seeded at
a density of 4x104 cells per well m 96-well plates. After
overnight mcubation, media was aspirated and changed to
DMEM media without FBS. Cells were then treated with
LPS (200 ng/ml) and ditferent concentrations of the testing
compounds. After 24 h treatment, 100 ul. of supernatant
media was removed after cells were treated for 24 h and
added to flat black 96-well microtluor plates (Thermo Scien-
tific, MA, USA). Subsequently, 10 uL. of 2, 3-diamino-
naphthalene (0.05 mg.mL-1 1n 0.62 M HCI) was added to
cach well and mcubated for 15 mun. The reaction was
quenched by addition of 5 ul. of 3 M NaOH and the plate
was read on a Beckman Coulter DTX880 reader (Fullerton,

CA, USA) with excitation at 360 nm and emission at

430 nm.

[0227] N chain NTX: This experimentation mvolved an i
vitro assay where mouse BV2 cells were treated with LPS,
which results 1 the release of nitric oxide (NO). Blockade
of TLR4 activity results in reduced NO production. There-
tore, 1Csq values were determined for test compounds that
antagonize TLR4 activity. A series of test compounds were
prepared, with ditferent N-alkyl chains replacing the cyclo-
propyl methyl found 1n naltrexone. Cell viability was also
measured by a standard assay, e.g., measurement of the
release of cytoplasm-resident enzymes 1n the tissue culture
supernatant or media to detect cell loss/lysis/rupture. A
dose-inhibition curve was generated by testing the TLR4
antagonist compound for the ability to block LPS-stimulated
INOs 1mnduction. In FIG. 7, the inhibition levels across a
range of doses are graphed, along with a regression curve.
The ICsy value-50% mhibition level-1s also provided,
oraphed against the length of the alkyl chamn. Note that
with longer N-alkyl chain the ICs¢ was reduced, although
cell viability became problematic. However, a phenylethyl
N-alkyl species exhibited the lowest mean ICsy with
improved cell viability.

[0228] Efficacy of (+)-naltrexone, AK17 and XT-203:
FIG. 8A shows the structure of two compounds known 1n
the art ((+)-NTX ((+)-naltrexone) and AK-17) and an
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exemplary compound of Formula I (Formula VII, XT-
203). FIGS. 8B to 8D show the results of the mhibition of
NO production from LPS-stimulated BV2 cells using the
assay described above. Note that (+)-NTX demonstrated
both good viability and mhibition (FIG. 8B); AK-17 demon-
strated good 1nhibition, but poor viability (FIG. 8C); and
XT1-203, like (+)-NTX, demonstrated good wviability and
inhibition (FIG. 8D). The results of the immhibition of NO
production by compounds XT-206 to XT-217 are shown 1n
Table 3 below.

TABLE 3

Cellular and Enzyme Inhibition of NO

Compound INOS Cellular (uM) INOS Enzyme (uM)
(+)-naltrexone 50-60 N/A
XT-203 30-50 N/A
XT-206 >10 >10
XT-207 >10 >10
XT-208 >10 >10
XT-209 >10 >10
XT-210 >10 >10
XT-211 >10 N/A
XT-212 >10 N/A
XT-213 >10 N/A
XT-214 >10 N/A
XT-215 >10 N/A
XT-216 >10 N/A
XT-217 >10 N/A
Example 4

[0229] Hepatocyte Elimination: (+)-NTX, AK-17 and XT-
203 were 1ncubated with cultured hepatocytes from the spe-
cies listed mn FIG. 9 and Table 4, and samples of the culture
supernatant were collected over time. Samples were concen-
trated by nmitrogen drying followed by reconstitution with
40% methanol for LC/MS analysis The data points were
analyzed using the WinNonLin pharmacokinetics software
package, and a halt-life was determined that describes the
rate of parent elimination. Note that XT-203 exhibited an
enhanced half-life 1n human subjects compared to both
(+)-NTX and AK-17. Replacement of the ketone group of
(+)-NTX with fluorine (Formula VII, XT-203) thus results
1n an 1ncrease 1n halt life 1 vitro, without significantly chan-
oing observed eflicacy. The corresponding hepatocyte elim-
ination halt-life results for compounds X1-206 to XT-214
appear below 1n Table 4.

Compound Mouse
(+)-naltrexone 28.8
AK-17 20.02
XT-203 26.28
XT-206 18.3
XT-207 22.4
XT-208 10.9
XT-209 22.4
XT-210 18.1
XT-211 19
XT-212 19.8

TABLE 4
Parent compound hepatocyte elimination half-life, t,,, (1min)
Rat Dog Monkev Human
12.43 22.13 38.89 32.43
17.71 29.74 19.18 23.49
13.15 24.3 13.73 54.27
14 4 §0.8 15.5 120.4
11.6 390.8 12.4 37.4
12.7 14.6 8.7 19.7
15.3 89 394 296.2
10.3 27.9 153 53.8
11.9 19.1 12.9 32.5
14 .4 §6.4 21.2 61.2
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Parent compound hepatocyte elimination half-life, t,» (min)

Compound Mouse Rat Dog
XT-213 258 13.3 24 .5
XT-214 18.7 11.8 37.7
XT-215 20.7 12.7 19.6
XT-216 20.8 11.3 17.1
XT-217 12.6 10.2 Q.7

Example 5

[0230] Rat chronic constriction mjury model- Oral and
subcutancous (+)-NTX and XT-203: An efficacy study was
conducted 1n the rat chronic constriction mjury (CCI) model
(Study R042). The study design comprised two phases. A
five-day period of oral (PO) dosing and behavioral testing
was followed by a five-day period of subcutaneous (SC)
dosing, with a two-day washout period between these peri-
ods. Dosing on each day was performed three times a day
(TID). Behavioral testing for mechanical allodynia was per-
formed on the first and fifth days of dosing, at three times on
those days: before the first dose of the day, 30 minutes after
the first dose of the day, and 30 minutes after the second

dose of the day. Thus, day 5 testing 1s designated as pre5.1
(before the first dose of the day), 5.1 (fifth day, after first

dose) or 5.2 (fifth day, after second dose). On day 5 of the
subcutancous dosing phase, a second testing period was
introduced 60 minutes after the second dose. (+)-NTX (6,
18, and 60 mg/kg) and X'T-203. Mechanical allodynia was
tested manually, using the Chaplan up-down testing method.
The results are shown 1n FIGS. 10A and 10B. with the oral
(PO) phase presented as the first pair of graphs. After the
two-day washout, the subcutancous (SC) phase was carried
out with the results shown 1n the graphs at FIGS. 10C and

10D.
[0231] The CCI model was well established 1 this study,

with allodynic response thresholds between 2 and 3 grams
(presurgical baseline thresholds at 15 g, not shown). Both
the vehicle and gabapentin controls worked approprately,
with reversals of allodyma at 200 mg/kg gabapentin.
(+)-NTX, at medium and high doses, was able to demon-
strate some efficacy at various points during this neuro-
pathic pain model study (see PO dl, SC dl, and SC d5
panels 1n particular). This 1s especially remarkable given
the extremely rapid metabolism and pharmacokine 1cs of
(+)-NTX (see FIG. 9). Here, the dampenming of ¢ lcacy
due to lack of significant amounts of parent compound 1s
particularly evident. Thus, the appropriate dose-ranging
conditions 1n animal models should reflect (+)-NTX serum
levels during efficacy testing, to match pharmacokinetics
with pharmacodynamics. XT-203 at 18 mg/kg shows some
significant efficacy when administered subcutancously (see
SC d5 panel). This 1s not a cumulative effect, as the pre5.1
test period does not show reversal ot allodynia for the XI-
203 group. Efficacy 1s only observed after the first dose on
day 5. Thus, changes de&gned to improve compound stabi-
lity do prowde improved etficacy.

Example 6

[0232] Rat paw ncision model- Subcutaneous (+)-NTX
and XT—203 The second etficacy study, R049, examined
the ¢ 1cacy of both (+)-NTX and XT-203 1n an acute noci-
ceptive pamn model, the rat paw ncision model. FIGS. 11A

Monkev Human
17.7 38.5
14.1 529
22.1 65.6
10.6 31.5

9.2 14.1

and 11B show the results of the etfect of five days of TID
subcutancous dosing of the compounds (6 or 30 mg/kg) was
compared against vehicle and positive control (morphine at
3 mg/kg) groups. Once again, the pharmacokinetics of
(+)-NTX 1n the rat undercuts any efficacy that could be
observed here, especially given the clear effi

icacy of
(+)-NTX obtained mm other studies with more targeted
delivery.

[0233] XT-203 exhibited significant efficacy 1n this model
at the high dose. This efficacy was at or near morphine
levels, demonstrating that XT-203 1s an effective compound
in this model, even after the first dose. This class of non-
opiate TLR4 antagonist compounds produces significant
analgesic etfects partlcularly when the rapid metabolism
can be attenuated, and 1s the first demonstration that the
intended systemic use of TLR4 antagonists, in immediate
post-trauma or post-surgical situations, 1s appropriate. With-
out the op1o1d mterference and glial activation, compounds
like XT-203 and (+)-NTX are transformative i the treat-
ment of post-surgical/post-trauma pain, e¢himinating the
need for admimstration of highly addictive compounds
such as morphine.

[0234] Mouse paw 1ncision model- Intraperitoneal
(+)-NTX and XT-203: Dose-response ranging was per-
formed 1n this model, comparing morphine (control),
(+)-NTX, and XT-203. In this model, 8-10 week old C57
B16 male mice recerved a 0.5 ¢cm incision made on the plan-
tar surface, underlymg muscle and tendon incised longitud-
inally, followed by wound closure, under aseptic surgery
with 1soflurane anesthesia. A single dose of antibiotic
(Amoxipen 100 mg/kg, IP) was administered for prevention
of infection after surgery. The test articles were adminis-
tered at the doses provided with a volume of administration
of 5 mL/kg intraperitoneally.

[0235] Manual testing with von Frey hairs was performed
at the times indicated in the graphs. The amimals were
placed 1n individual Perspex boxes on a raised metal mesh
for at least 40 min before the test. A series of graduated von
Frey hairs (0.07, 0.16, 0.4, 0.6, and 1.0 g) were applied to
the plantar surface of the left paw, 1n sequence. Each von
Frey hair was applied 10 times on a one-sec-on-one-sec-
off protocol, with each hair slightly bent. A paw withdrawal
upon this hind-paw stimulation for a given von Frey hair
registering S responses out of 10 trials was recorded the
paw withdrawal threshold (PWT). A baseline PWT was
determined each day for 3 days before surgery. The PWT
was assessed 5-10 days after surgery to demonstrate the
pain response as a result of the surgery. In addition, the
PWT was determined betore dosing and 1, 2, and 4 hours
after dosing.

[0236] The reasons for the dose-response ranging are two-
fold. First, the efficacy of each compound at a given dose
helps target dose levels for subsequent toxicology studies
and dose scaling to human doses. Second, low dose of
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cach compound, with mumimal efficacy, may be used to
determine whether (+)-NTX or XT1-203 can work synergis-
tically with morphine.

[0237] For the graphs in FIGS. 12A, 12B, and 12C, * **,
*EE p <0.05, 0.01 and 0.001, respectively, compared to the
vehicle group, one-way ANOVA. Each oroup had n=10
mice.

[0238] All three compounds had evident efficacy at the
first dose, with significant etficacy above control, with sima-
lar levels of efficacy at 18 mg/kg (+)-NTX and 10 mg/kg
XT-203. These effects were sustamed at the high doses for
at least two hours. This profile 1s reasonably consistent with
the 1n vitro parent compound ehimination observed pre-
viously (~ 27 miute halt-lives for both compounds, see
FIG. 9 and Table 4).

Example 7

[0239] Mouse paw 1ncision model - Morphine potentia—
tion - Intraperitoneal (+)-NTX and XT-203: Morphine 1s
known to oppose 1ts own pain etficacy by binding to TLR4
and dniving ghal activation. Co-administration of morphine
with a TLR4 antagonist like (+)-NTX or XT-203 produces a
synergistic effect, such that less morphine would be 1s to
attain the same level of pain relief. This synergy has the
added benefit of reducing the total amount of morphine
required, which reduces the incidence of adverse opioid
side effects and decreases the likelihood of tolerance and
dependence.

[0240] Studies thus were carried out to determine whether
(+)-NTX or XT-203, or both, could synergize with low-dose
morphine to produce a more-than-additive analgesic effect.
[0241] A low dose of each compound, with minimal effi-
cacy, was used to determine whether (+)-NTX or XT-203
can work synergistically with morphine. In both cases, mor-
phine was dosed at 1 mg/kg IP. In one group of animals,
morphine was combined with XT-203 at 10 mg/kg, and m
the second group, morphine was combined with (+)-NTX at
18 mg/kg. Each of these doses, mdependently, produced
minimal or subthreshold responses compared to the vehicle
group.

[0242] For the graphs in FIGS. 13A and 13B, *, **, ***. p
< 0.05, 0.01 and 0.001, respectively, compared to the vehi-
cle group, one-way ANOVA Each group had n=10 muce.
[0243] The graph of FIG. 13A shows (+)-NTX, at 18 mg/
kg, administered together with morphine at 1 mg/kg, a ‘sub-
effective’ dose, produced an effect that was amplified and
prolonged compared to that mduced by (+)-NTX or mor-
phine alone. The effect of the combination treatment was
also greater than the sum of the effects induced by
(+)-NTX and morphine alone, 1 the 1psilateral hind-paws.
(+)-NTX, dosed at 18 mg/kg, shightly but significantly
increased the paw withdrawal threshold (PWT) of the 1psi-
lateral hind-paw from the baseline level of 0.11 £ 0.015 g to
0.31 £0.056g,022+0.050gand 0.14 £ 032 gatthe 1, 2
and 4 hour time points post-dosing, respectively. Morphine,
at 1 mg/kg, produced a slight and short-lasting increase n
PWT. Following dosing, the PWT amounted to 0.20 +
0.046 g, 0.11 £ 0.033 g and 0.10+ 0.014 g, at 1, 2 and
4 hour time points after dosing. However, when (+) NTX
at 18 mg/kg was admmistered together with morphine at
1 mg/kg, the PWT change was greater than that induced by
(+)-NTX or morphine alone. The PWT icreased from 0.11
+ 0.015 g before dosing to 0.68 £ 0.074 g, 0.41 £ 0.051 g
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and 0.16 = 0.030 g at 1, 2 and 4 hours following dosing,
respectively.
[0244] The graph of FIG. 13B shows X'1-203 at 10 mg/kg,
when administered with morphine at 1 mg/kg, a “sub-eftec-
tive’ dose m the psilateral hind-paws, produced an effect
that was amplified and prolonged compared to that induced
by XT-203 and morphine administered alone. The effect
was also mcreased 1 magnitude compared to the sum of
the effects induced by X'T1-203 and by morphine. In the
10 mg/kg XT-203 group, the PWT increased from 0.11 +
0.015 g before dosing to 0.32 £ 0.058 g, 0.25 £ 0.059 ¢
and 0.09 + 0.012 g at the 1, 2 and 4 hour time points after
dosing, respectively. Morphme at 1 mg/kg, only slightly
increased the PWT from the baseline level of 0.11 +
0.015 g to 0.20 = 0.046 g at the 1 hour time pont atter dos-
ing. The PWT (0.11 £ 0.033 g and 0.10 = 0.014 g) at the 2
and 4 hour time points following dosing with morphine
(1 mg/kg), were neither significantly ditferent from that of
baseline levels, nor from that of vehicle at the same time
pomts. However, tollowing dosing with XT-203, together
with morphine, the PWT increased from the baseline level
of 0.11 £0.015 gto 0.88+0.061 g, 0.51 £0.114 g and 0.40
+ (0.083 at 1, 2 and 4 hours post dosing, respectively. At all
time points, the PWT following dosing were also signifi-
cantly higher than that of vehicle at the same time points.
Furthermore, the PWT produced by the combination of XT-
203 and morphine was higher than the sum of the ettects of
dosing with X'1-203 and morphine alone (0.52, 0.36 and
0.19 g at 1, 2 and 4 hours post dosing, respectively). No
significant adverse effects were observed in any morphine
dose groups throughout the period of observation. The XT-
203/morphine combination exhibited superior pain reversal
1n this model than the (+)-NTX/morphine combination, both
in absolute level of reversal and duration of etfect.

Example 8

[0245] Mouse bone {fracture model - Intraperitoneal
(+)-NTX and XT-203: Male adult C57BL6 mice, 8-
10 weeks old, were anaesthetized with i1soflurane mixed
with oxygen throughout the surgical procedure. Animals
were placed on a thermo-blanket temperature control sys-
tem. The left knee areca was disintected with povidone/
10dine-soaked cotton. A 0.5 ¢cm 1ncision was made on the
knee, exposing the front area of the knee. A 27-gauge sterile
needle was mserted mto the tibial bone medullar canal to
secure the fractured bone. The left tibia bone was gently
broken using a pair of cushioned phiers. A single dose of
antibiotic (Amoxipen 100 mg/kg, IP) was administered for
prevention of infection after surgery. The animal was placed
in a temperature-controlled recovery chamber until fully
awake before bemg placed mn a plastic cage bedded with
clean, soft sawdust, with food and water easily accessible.
The condition of the amimals was closely monitored and
recorded. All compounds, dissolved 1 normal saline, were
dosed mtraperitoneally 1n a volume of 5 ml/kg. PWT test-

ing, as described above, was performed at 1, 2, and 4 hours.
[0246] For the data provided 1n the three graphs in FIGS.

14A, 14B, and 14C: *, ** #*%*%. p < (.05, 0.01 and 0.001,
respectively, compared to the wvehicle group, one-way
ANOVA. Each group had n=10 mice.

[0247] Summary of Results: 1) Morphine, at 1, 2, 3 and
5> mg/kg, increased the PWT 1n the hind-paw 1n this mouse
model of bone fracture pain 1n a dose-dependent manner.
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The results are in line with the historical data from the

laboratory. 2.) X'1-203, at 6, 10, 18 and 30 mg/kg, increased
the PWT 1n this mouse fracture pain model 1 a dose-depen-
dent manner. 3.) (+)-NTX, at 6, 18, 30 and 60 mg/kg,
increased the PWT 1n this mouse fracture pain model mn a
dose-dependent manner. 4.) No sigmificant adverse effects
were observed m any X'T1-203 or (+)-NTX dose groups
throughout the period of observation. However, at 5 mg/
kg, there were some mice showing walking anti-clockwise
at 1 hour after dosing. From two hours onward, this phe-
nomenon disappeared.

Example 9

[0248] Mouse bone fracture model - Morphine potentia-
tion - Intraperitoneal (+)-NTX and XT-203: As above m
the paw 1ncision model, a low dose of each compound,
with mmmimal efficacy, was used to determine whether
(+)-NTX or XT-203 could work synergistically with mor-
phine. In both cases, morphine was dosed at 2 mg/kg IP. In
one group of animals, morphine was combined with XT-203
at 6 mg/kg, and 1n the second group, morphine was com-
bmed with (+)-NTX at 18 mg/kg. Each of these doses, inde-
pendently, produced minimal or subthreshold responses
compared to the vehicle group. The results are shown 1n
FIGS. 15A and 15B.

[0249] Summary of Results: 1.) (+)-Naltrexone, at 18 mg/
kg, in combination with morphine at 2 mg/kg, produced an
effect greater than either compound administered alone. The
synergetic effects appeared around the 2 hour time point. 2.)
XT-203, at 6 mg/kg, 1n combination with morphine at 2 mg/
kg, a ‘marginally-etfective’ dose, produced a greater effect
on 1psilateral PWT than either compound admimistered
alone 1n the mouse fracture pamn model. This data suggests
a synergistic analgesic ettect of the two compounds. 3.) No
significant adverse effects were observed 1n any XT-203 or
(+)-N'TX dose groups throughout the period of observation.
4.) For both models, a lower dose of XT-203 was required to
demonstrate morphine synergy compared to (+)-NTX. This
may be due 1n part to observed significantly higher glucur-
onidation of (+)-NTX parent compound 1n mouse hepato-
cytes, despite a stmilar parent elimination half-life for both
compounds.

Example 10

[0250] In addition to the amimal studies presented above
Examples 1-9, the results of 1n vitro testing of several of the
compounds (1.e., XT-203, XT-204, and XT-206 through X'I-
217) are shown 1n Table 5 and Table 6. Compound XT-202
1s (+)-naltrexone. Note, none of these compounds exhibited
significant activity at the hERG channel, an early develop-
ment signal of downstream disqualifying cardiovascular
effects. XT-203 did exhibit activity at two targets 1n the
screening results at 10 uM test concentration, but those
activities were reduced below the 50% level at the 1 uM
test concentration. Nine additional compounds had two or
tewer off-target hits 1 the screening. Of these, five had no
off-target hits (XT1-204, -206, -207, -211, and -212), two had
one off-target hit (XT-209 and -214), and two had two ofi-
target hats (X'T-208 and -217). These compounds spanned all
of the tested N-modification classes. Two sulfonamides
exhibited the same off-target hit patterns (XT1-208 and
-217), without significant improvements 1n parent com-
pound elimination half-life values across species. In some
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cases, significant variability across species for the hali-
lives 1s observed (e.g., X1-206 values range from 14.4 to
120.4 minutes, X'T-209 values range from 15.3 to 296.2 min-
utes), and 1 other cases the half-life vanability 1s sup-
pressed across species compared to XT-203 (e.g., X1-208
values range from 8.7 to 19.7 minutes, and X'T-217 values
range from 9.2 to 14.1 munutes, compared with 13.15 to
54.27 minutes for XT-203). With regard to the parent com-
pound elimination half-life n human hepatocytes, three of
the low off-target hit compounds exhibited longer parent
duration than (+)-naltrexone: XT-206, -207, -209, -212,
and -214. Three of these compounds (XT-206, -209, and
-212) exhibited longer parent duration than XT-203 m this
assay, with truly significant improvements for XT-206 and
XT-209 (120.4 and 296.2 minutes, respectively, compared
to 32.43 minutes for (+)-naltrexone and 54.27 munutes for
X1-203). Thus, the medicinal chemistry approach taken in
this series of fluorinated compounds can yield low off-target
activity and longer metabolic lifetime while preserving
TLR4 antagomism. It 1s appreciated that further develop-
ment of compounds 1n this class, using techmques known
to those skilled 1n the art, may yield additional compounds

with  deswrable  pharmacologic  and  toxicologic
characteristics.
TABLE 5
Off-Target Inhibition and hERG Inhibition
hERG
mnhibition ICs,
Compound % Inhibition at 10 uM uM)
(+)- none N/ >100
O
XT-203  Adrenergic a2 A (retest at 1 uM) 64 >100
Sodium channel site 2 (retest at 1 uM) 34
XT-206  none N/ >10
O
XT-207  none N/ >10
O
XT-208  Adenosine A2A Cannabinoid CB1 64 >10
54
XT1-209  Protein tyrosine kinase LCK 61 >10
XT-210  Adrenergic alA Adrenergic alB 87 >10
Adrenergic alD Adrenergic aZA o7
Adrenergic a2B Calcium channel L- 8§82
Type phenylalkylamine Dopamine 97
D2L Dopamine D2S Sodium channel 104
site 2 51
75
77
70
XT-211 none N/ N/A
O
XT1-212  none N/ N/A
O
XT-213  Adrenergic alB Adrenergic alD 72 N/A
Adrenergic a2A Calcium channel L- 79
Type phenylalkylamine Opiate k 83
(OP2, KOP} Serotonin (5- 59
hydroxytryptamine)} 5-HI2B Sodmim 52
channel site 2 90
160
XT-214  Adrenergic aZA 51 N/A
XT-215  Adrenergic alA Adrenergic alB 85 10 (51%)
Adrenergic alD Adrenergic aZA 9%
Adrenergic 2B Calcium channel L- 92
Type, benzothiazepine Calcium 96

channel L-Type, phenylalkylamine 105
Cannabinoid CB1 Dopamine D2L 51
Dopamine D2S Histamine H2 Opiate 73
k (OP2, KOP) Opiate u (OP3, MOP) 57

Sodium channel site 2 Tachykinin 65
NK1 Transporter, Norepinephrine §1
(NET) §2

79
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44
TABLE 5-continued TABLE 5-continued
Off-Target Inhibition and hERG Inhibition Off-Target Inhibition and hERG Inhibition
hERG hERG
inhibition ICs, mnhibition ICs,
Compound % Inhibition at 10 uM LM} Compound % Inhibition at 10 uM uM)
79 Transporter, Dopamine (DAT) 52
101 Transporter, Norepinephrine (NET) 59
55 Vasopressin V1A 69
61 XT-217  Adenosine A2A Cannabinoid CB1 61 N/A
XT-216 Adenosine A2A Cannabinoid CB1 57 N/A 56
GABA A, chlonde channel, TBOB 82
Opiate € (OP2, KOP) Progesterone, 54
PR-B Transporter, Adenosine 69
50
60
TABLE 6
Compile Data
hERG
% 1nhibition at INOS INOS inhibition
Cmpd  Assay 10 uM cellular®* enzyme  Mouse® Rat* *Dog NHP*  Human* IC50 (uM)
XT1-202 NONE 50-60 N/A 28.8 12.43 22.13 38.89 32.43 > 100
(+)-Nal-
frexone
XT-203 Adrenergic a2A Na channel 99 (19% at 30-30 N/A 26.28 13.15 243 13.73 5427 > 100
site 2 1 uM) 64 (18%
at 1 uM)
XT1-204 none 0.29 N/A 20.05 17.71 29.74 19.18 23.49 > 10
XT-206 none > 10 > 10 18.3 14.4 80.8 15.5 120.4 > 10
XT-207 none > 10 > 10 22.4 11.6 398 12.4 374 > 10
XT-208 Adrenergic a2 Cannabinoid > 10 > 10 10.9 12.7 14.6 8.7 19.7 > 10
CBl1
XT-209 Protein kinase LCK > 10 > 10 22.4 15.3 89 394 2962 > 10
XT-210  Adrenergic alA 87 > 10 > 10 18.1 10.3 279 15.3 53.8 > 10
Adrenergic a21B 97
Adrenergic a21D 83
Adrenergic a2ZA 97
Adrenergic a2B 104
Ca channel L-type*** 51
Dopamine D2L 75
Dopamine D2S 77
Na channel site 2 70
XT-211 none > 10 na 19 11.9 19.1 12.9 32.5 > 10
XT-212 none > 10 na 19.8 14.4 §6.4 21.2 61.2 > 10
XT-213 Adrenergic a21B 72 > 10 na 258 13.3 24.5 17.7 38.5 > 10
Adrenergic a21D 79
Adrenergic a2ZA 83
Ca channel L-type*** 59
Opiate « (OP2.KOP) 52
Serotonin 5-HT-55 90
Na channel site 2 160
XT-214 Adrenergic a2A 51 > 10 na 18.7 11.8 37.7 14.1 52.9 > 10
XT-215 Adrenergic alA 85 > 10 na 20.7 12.7 19.6 22.1 65.6 51%
Adrenergic a21B 99
Adrenergic a21D 92
Adrenergic a2ZA 96
Adrenergic a2B 105
Ca channel L-type*¥** 73
Ca channel L-type*** 51
Cannabinoid CBI1 57
Dopamine D2L 65
Dopamine D2S 81
Histamine H2 82
Opiate k (OP2Z.KOP) 79
Opiate p (OP3.KOP) 79
Na channel site 2 101
Tachykinin NK1 55
Transporter, Norepinephrine 61
XT-216 Adenosine AZA 57 > 10 na 20.8 11.3 17.1 10.6 31.5 >10
Cannabinoid CBI1 82
GABA A, chlonide channel 54
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TABLE 6-continued

Compile Data

hERG

% 1nhibition at INOS INOS inhibition

Cmpd  Assay 10 uM cellular**  enzyme = Mouse* Rat* *Dog NHP*  Human* IC50 (uM)
Opiate « (OP2.KOP) 69
Progesterone, PR-B 50
Transporter, adenosine 60
Transporter, dopamine 52
Transporter, norepinephrine 39
Vasopressin V1 69

XTT-217 Adenosine ZA 61 > 10 12.6 10.2 9.7 9.2 14.1 >10

Cannabinoid CBI 56

» * Hepatocyte elimination half-life (min)

» *% Indicator of TL4 antagonism

o %% (Ca channel L-type, phenylalkylamine
o #¥%¥% (Ca channel L-type, benzothiazepine

Example 11

[0251] The Experimental Autormmune Encephalomyelitis
(EAE) Model has been developed as a rat model of multiple
sclerosis (Sloane, E. et al. Brain Behav. Immun. 2009, 23,
92-100). The model encompasses the mjection of myelin
oligodendrocyte glycoprotein (MOG) or similar glycopro-
tein to establish and antibody reaction that damages spinal
nerve fibers leading to a progression of motor and sensory
deficits. The rapid progression of deficits can be slowed by
reduction of the MOG dose, enabling testing for pam
responses prior to the development of hind limb paresis.
[0252] Reduced-dose MOG or saline (sham) was adminis-
tered mtradermally at the base of the taill. Mechanical allo-
dyma pam testing was performed on hind left and right paws
by application of Semmes-Weinstein (“von Frey™) monofi-
laments calibrated for different bending forces for 8 seconds
to determine the paw-withdrawal threshold. On day 15 post
EAE 1nduction, after reduction m the paw-withdrawal
threshold (establishment of mechanical allodynia pain), sub-
cutaneous mjection of 15 mg/kg XT-203 or saline was admi-
nistered three times/day for 15 days. Behavioral data were
analyzed with two-way ANOVA. For all tests, statistical s1g-
nificance was set to p <0.05 (*).

[0253] For both paws, X'T-203 subcutaneous had no etfect
on the pain response 1 sham non-MOG rats (FIGS. 16A and
16B). Saline had no effect in the progression of pain
responses 1n MOG-treated rats. XT-203 subcutaneous did
reverse pain responses 1n MOG-treated rats, returning their
pain responses to those observed 1n the sham rats.

[0254] It will be appreciated that those skilled 1 the art
will be able to devise various arrangements which, although
not explicitly described or shown herein, embody the prin-
ciples of the mvention and are included within 1ts sparit and
scope. Furthermore, all examples and conditional language
recited herein are principally mtended to aid the reader
understanding the principles of the mvention and the con-
cepts contributed by the inventors to furthering the art, and
are to be construed as bemng without limitation to such spe-
cifically recited examples and conditions. Moreover, all
statements herem reciting principles, aspects, and embodi-
ments of the mvention as well as specific examples thereof,
are 1ntended to encompass both structural and functional
equivalents thereof. Additionally, 1t 1s mtended that such
equivalents mclude both currently known equivalents and
equivalents developed 1n the future, 1.¢., any elements devel-

oped that perform the same function, regardless of structure.
The scope of the present invention, therefore, 1s not mntended
to be Iimited to the exemplary embodiments shown and
described herein. Rather, the scope and spirit of present
ivention 18 embodied by the appended claims. In the claims
that follow, unless the term “means” 18 used, none of the
features or elements recited therein should be construed as
means-plus-function limitations pursuant to 35 U.S.C. §112,

WG,
EQUIVALENTS AND SCOPE

[0255] In the claims articles such as “a,” “an,” and “the”
may mean one or more than one unless mdicated to the con-
trary or otherwise evident from the context. Claims or
descriptions that mclude “or” between one or more mem-
bers of a group are considered satisfied if one, more than
ong, or all of the group members are present m, employed
1n, or otherwise relevant to a given product or process unless
indicated to the contrary or otherwise evident from the con-
text. The mnvention includes embodiments 1n which exactly
on¢ member of the group 1s present i, employed 1, or
otherwise relevant to a given product or process. The imnven-
tion mcludes embodiments in which more than one, or all of
the group members are present in, employed 1, or otherwise
relevant to a given product or process.

[0256] Furthermore, the imnvention encompasses all varia-
tions, combinations, and permutations i which one or more
limitations, elements, clauses, and descriptive terms from
one or more of the listed claims 1s introduced into another
claim. For example, any claim that 1s dependent on another
claim can be modified to mmclude one or more limitations
found 1n any other claim that 1s dependent on the same
base claim. Where elements are presented as lists, €.g., n
Markush group format, each subgroup of the elements 1s
also disclosed, and any element(s) can be removed from
the group. It should 1t be understood that, n general,
where the mvention, or aspects of the mvention, 1s/are
referred to as comprising particular elements and/or fea-
tures, certain embodiments of the mvention or aspects of
the mvention consist, or consist essentially of, such ele-
ments and/or features. For purposes of simplicity, those
embodiments have not been specifically set forth i haec
verba herein. It 1s also noted that the terms “comprising”
and “contaming” are intended to be open and permits the
inclusion of additional elements or steps. Where ranges are
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oiven, endpoints are included. Furthermore, unless other-
wise mdicated or otherwise evident from the context and
understanding of one of ordinary skill in the art, values
that are expressed as ranges can assume any specific value
or sub-range within the stated ranges mn different embodi-
ments of the invention, to the tenth of the unit of the lower
lmit of the range, unless the context clearly dictates
otherwise.
[0257] This application refers to various 1ssued patents,
published patent applications, journal articles, and other
publications, all of which are incorporated herein by refer-
ence. If there 1s a contlict between any one of the mcorpo-
rated references and the instant specification, the specifica-
tion shall control. In addition, any particular embodiment of
the present mvention that falls within the prior art may be
explicitly excluded from any one or more of the claims.
Because such embodiments are deemed to be known to
one of ordinary skill 1n the art, they may be excluded even
1f the exclusion 1s not set forth explicitly herein. Any parti-
cular embodiment of the mnvention can be excluded from
any claim, for any reason, whether or not related to the exis-
tence of prior art.
[0258] Those skilled 1n the art will recognize or be able to
ascertain using no more than routine experimentation many
equivalents to the specific embodimments described herein.
The scope of the present embodiments described herein 1s
not itended to be limited to the above Description, but
rather 1s as set forth 1in the appended claims. Those of ordin-
ary skill in the art will appreciate that various changes and
modifications to this description may be made without
departing from the spirit or scope of the present invention,
as defined 1n the following claims.

1. A compound of Formula I or a pharmaceutically accep-
table salt thereof:

FORMULA I

wherein:

R; 1s selected from the group consisting of hydroxyl,
alkoxy, and aryloxy;

R, 1s selected from the group consisting of hydrogen, alkyl,
alkynyl, alkenyl, alkoxy, alkylamide, alkylsulfamide,
hydrocarbyl, substituted hydrocarbyl, cycloalkyl, alky-
laryl, and substituted alkylaryl;

Y 1s selected from the group consisting of hydrogen and
hydroxyl;

X 15 selected from the group consisting of fluorine, chlor-
ine, bromine, and 10dine;

7. 1s selected from the group consisting of hydrogen, fluor-
ine; chlorine, bromine, and 10dine; and

each bond between carbons 1 and 2, 3and 4, 7and &, and 11
and 15 1s selected from the group consisting of a single
bond and a double bond,

provided that when R;
cyclopropylmethyl.

2. (canceled)

1s hydroxyl, R, 1s not
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3. The compound of claim 1, wherein the compound 1s of
the formula:

Formula IB,

or a pharmaceutically acceptable salt thereof.
4. The compound of claim 1, wherein the compound 1s of
the formula:

Formula IC,

or a pharmaceutically acceptable salt thereof.

5. The compound of claim 1, wheremn X 1s fluorine, and 7 1s
hydrogen.

6. The compound of claim 1, wherem X 1s fluorine, and 7 1s
fluorne.

7. The compound of claim 1, wherem X 1s fluorine, 7 18
hydrogen, and Y 1s hydrogen.

8. The compound of claim 1, wherein X 1s fluorine, Z 18
fluorine, and Y 1s hydrogen.

9. The compound of claim 1, wherein X 1s fluorine, 7 1
hydrogen, and Y 1s hydroxylhydroxy.

10. The compound of claim 1, wherein X 1s fluorine, Z 1s
fluorine, and Y 1s hydroxyl.

11. The compound of claim 1, wherein R, 1s hydroxyl.

12. The compound of claim 1, wherein R 1s methoxy.

13. The compound of claom 1, wherein R, 1s
cyclopropylmethyl.

14. The compound of claim 1, wherein R, 1s 2-propenyl.

15. The compound of claim 1, where R, 1s phenethyl.

16-19. (canceled)

20. The compound of claim 1, wheremn the compound 18
selected from the group consisting of:

O Formula XXV,
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Formula XXVI,

e ] Y
S
O \\x“
\ Y
I
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/0 Formula XXXII,
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F O{/ \\0

and a pharmaceutically acceptable salts thereof.

21. (canceled)

22. A method for potentiating the analgesic etfects of an
op1oid 1n a subject comprising admimistering to the subject
an effective amount of the compound of claim 1.

47
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23-29. (canceled)

30. A method for reducing the risk of developing an opi1o1d
dependency 1n a subject during opioid therapy, comprising the
step of administering to the subject who 1s on opi1oid therapy
an effective amount of the compound of claim 1.

31-37. (canceled)

38. A method for treating a subject with a clinical condition
associated with Toll-like receptor (TLR) ghal activation com-
prising the step of administering to the subject an effective
amount of the compound of claim 1.

39-46. (canceled)

47. A method for treating a subject suffermg from or sus-
ceptible to neuropathic pain, the method comprising adminis-
tering to the subject an effective amount of the compound of
claim 1.

48-51. (canceled)

52. A method for treating a subject sufferig from or sus-
ceptible to nociceptive pain, the method comprising adminis-
tering to the subject an effective amount of the compound of
claim 1.

S53-84. (canceled)
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