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RESPIRATORY STIMULANT PARENTERAL FORMULATIONS

This invention was made with Government support under Contract 7TSAS0121C00044
awarded by the Biomedical Advanced Resesrch and Developrent Authority (BARDAY. The

Government has certain rights in the mvention,

CROSS REFERENCE TO RELATED APPLICATION(S)
{6601} The present application clatms priogty to LS Provisional Patent Application Nos.
637293985 filed on December 27, 2021 and 637313 472 filed on Febropary 24, 2022, the eutire

contents of which are incorporated havein.

FIELD OF THE DISCLOSURE
{6602}  The presemt disclosure relstes methods and compositions to treal respiratory

depresston, e.g., modulaied by an opioid or a non-opioid agent, inflanunation or infection.

BACKGROUND OF THE DISCLOSURE

[6603F  The human body is critically dependent on the vensilatory conivol system for adequate
uptake of oxyeen and rewoval of carboyn ditedde {TO) Many active agents sueh as opiotd
andlgesics, through their actions on g-opiowd receplor expressed on respivatory newrons in the
brainstem, may cause respirstory depression in certain situations such as overdose.

[6004] Other agents may cause respiratory depression in overdose or other situgtions. For
example, anesthetics such as propofol can cause respiratory depression ihat may be hife
threatening.

j6005] Respiratory depression may also be caused by non-pharmacological reasons such as
inflaramation or infsction,

o006} There exists a need i the art for methods of treatment and formudations 10 freat

respirgtory depression caused by any reason.

SUMMARY OF THE DISCLOSURE

16607} 1n certain embodiments, the present disclosure 1 directed to mwethods of treatment and

formulations to weat respitatory depression caused by, eg., opioid agents, non-opiid agenis,

inflammation or infection,

{B008] In certain embodiments, the present disclosure s divected {o a parenteral fornmulation

comiprising a compound of Formuia (1) as disclosed hercin and a pharmaceutically acceptable
1
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excipient, whergin the formlation mantains at legast 20% of the compound afier accelerated

storage conditions of 25°C at 6% relative humuidity for 2 weeks.

DEFINITIONS
6609} As used herein, the singular forms “a,” “an,” and “the™ include plural references unless the
context clealy indicates otherwise. Thas, for example, reference to “an active agent”™ inchudes &

».

single active agent as well as a maxhure of two or more dilferent active agent, and reference to an
“excipient” includes a single excipient as well gs a mixture of two or more different excipients,
and the like,

AL As used herain, the term “abouwt” m connection with a measurad quantity, refers to the
normal variahions i that measured quastity, as expected by one of ovdingry skill in the art in
making the measurement and exercising a level of care conunensurate with the olyective of
measarement and the precision of the measuring equipment.  In certain smboduments, the term
“abogt” inchudes the recited mumber = 10%%, such that “abopt 107 would inclode from 910 11,
186111 As used herein, the {erms “active ggent,” “active ingredient.” and “active pharmaceutical
ingredient” refer to any material that is mended to proaduce a therapeuntic, proplyviactic, or other
miended effect, whether or not approved by a government agency for that parpose. These terms
with respect to specific agenis include all phannaceotically active agenis, all pbarmaceulically
acceptable salts thereof, complexes, stersoisomers, crvsiallime forms, co-orystals, ether, esters,
hydrates, solvates, and mixtures thereo!, where the form is pharmaceatically active,

16612} As used herein, the teom “stereosomers” s a general texm for all somers of mdividoal
molecules that differ only n the onentation of their atoms n space. It includes enantiomers gud
isomers of compounds with ong or more chiral centers that are not mirror images of one another
{hastereomers).

{0013} The term “enanbonder™ or “enantiomeric” refers to a molecule that is vonsuperimposable
on is murror image and hence optically active wheretn the enantiomer rotatgs the plane of
polarized Hght m one direction by a carlain degrse, and 8 mirvor wnage rotates the plang of
polarized Heht by the same degree but in the opposite direction,

{6614} The term “chiral center” refers to 2 carbon atmn to which four different groups are
attached.

{1 5] The tenm “patient” refers (o a sabject, au animal or & hunan, who has presented a
chinical manifestation of a particular symptom or symptoms suggesting the need for treatment,

who is treated preventatively or prophyvlactically for a condition, or who has been diagonosed with

2
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a condition to be tregted. The term “subject”™ s wmelusive of the definition of the term “patient” and
does not exclude individuals who are otherwise healthy,

jon16] “Pharmaceutically acceptable salis™ or “salts™ include, but are not hinited o, 1norgamic
acid salts such as hydrochloride, hydrobromide, hydrododic, solfate, hydrogen sulfate, phosphate,
nitrie, varbonic, sulfiwic, phosphoric {including hydrogen phosphats and dihivdrogen phosphate),
and the like; organic acid salts such as an oxalate, a malonate, a citrate, a fumarate, a laclate, &
malate, a succinate, formate, acetate, triffuoroacetate, maleale, tartrate, a ghicongte, a benzoate, g
salioviate, # xingfoaie, a pamoate, sn ascorbate, an adipate, a cinnpmate, and the like; sulfonates
such as methanesulionate, benzenesulfonate, p-tolusnesulfonate sud the like, amine acid salis
such as arginate, asparaginate, glutamate and the likel metal salts such as zine salt, sodiom salt,
potassiion sali, cesium salt and the bke; alkaline earth woelals such as calchng salt, magnestum salt
and the like; and organic amine salis such as tisthylamine salt, pyridine salt, picoline salt,
ethanolamine salt, riethanolamine salt, discyclobexylamine salt, N N'-dibenzylethylenediamine
salt, chloroprocaine, choline, diethapolamine, ethylenediamive, weghumnine (Nemethylghicamine)
and procaing, and the like. These salts may be present in the form of & hydrate, a solvate, ar a
crystalline polymorph. In vertain smbodiments, appropriale organic scids may be selected from
aliphatic, evcloaliphatic, aromatic, araliphatic, heterocvelic, carboxylic and sulfonic classes of
organic acids, examples of which include formic, acene, propionic, succinic, glycohie, ghuconi,
hactic, mahic, tartaric, airic, ascorhic, glucuronic, maleis, famaric, pyrmvie, aspartic, glatamic,
benzoie,  anthranilic,  4-hydroxyvbensoic,  phenyviacetic, mandelic, embonic  {(pamoic),
methanesulfome, ethanesulfonic, benzenesalfome, pantothenic, influoromethanesulfonic, 2-
hydroxyvethanesalfome, p-oluenesulfonic, sulfmlic, cyclohexyvlaminosulfonic, stearic, alginic, -
hvdroxybatyrie, salicvlic, galactaric and galacturonic acid. All of these salts may be prepared by
conventional means from the cormmsponding compound of the wvention by reacting, for example,
the appropriate scid or base with the compound of the invention. Handbook of Pharmacenticad
Safts: Properties, and (e (P, H. Staht & C. G, Wernuth eds., Verlag Hebvetica Chinuica Acta,
20023111

{6617} The term “disease™ or “diseases™ or “condition” or “conditions™ refers to those medical
condinons that can be treated or prevented by administration {o g subject of an effective amount
of an active agent.

{1R] The terms “reatmernt of ™ and “ireating”™ includes the lessening of the severity of or
cessation of u condiion or lessenming the severity of or cessation of symptoms of g condition. In

certain embodiments, the terms “wreatment”™ or “westing” with respect to a condition means
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administration with the intent o provide a phammacodynamics effect, regardless of the cutcome,
In cerlain embodiments, “traatment” or “treating”™ means “having positive effect on a condition”
and encompass reduction in the severity, amelioration, and/or alleviation of of least one sympiom
of a condition; a reduction, smehoration, and/ov alleviation in the severity of the conditions; delay,
prevention, or idubitinn of the progression of the condition; or a perceived mprovement or bengfit
as g vesull of the trestment. Treatment, as wsed heren, does not requive tolal coring of the
condiion.  In certain emwbodiments, a composition of the present discloswre may provide
mnprovement 0 a patient’s quality of lfe, or deluy, prevent, inhibit the onset of one or more
symiptonis of @ condition, or provide s perceived benefit.

{HR19 The terms “prevention of " and “preventing” includes the avoidance of the onset of a
condition,

{6620} The term “therapsutivally effective amount™ is imtended o include an amcunt of an
aclive agent, or an amount of the combination of active agenty, e.g., 10 freat or prevent the
condition, or to freat the symptoms of the condition, in a subject.

106211 The term “effective amount” 1s intended 1o include an amount of a component, or an
amownt of 3 combnnation of component, to aclieve a certain result or property, for instance, an
effective amownt of a pH adjusting agent to ackieve a pH of 6.0 is intended to include an amount
of one or move pH adjusting agents o attive st a pH of 6.0,

16622}  The terms “application,” “spply,” and “applving”™ with respect to a disclosed topical

composition, or method of wing a disclosed topical composition, refer o any manner of

adminstermg 8 topical composition to the skin of a patient which, in medical or cosmetology

practice, delivers the composiion (o the patient’s skin surface. Smearing, rubbing, spreading,
spraving a disclosed topical composition, with or without the aid of sustable devices, on a patient’s
skin are afl inchuded within the scope of the tevm “application,” as used hersin. The terms “topical”
or “topreally” with respect 1o admunistration or application of a disclosed fornudation refer to
epicutanecus administration or application, or admimsiration onto skin,

{6623} As used herein, Yparenteral administration” refers to a route of aduunistration wharein
the pharmacentical dosage form s mjected, 2.g., to the muscle {intramuscalar admibmgiration), 1o
the vein {hintrpvenous administration), under the skin (subcutaneons admimstration).

{00247 The phrase “pharmaceutically accepiable™ refers © those compounds, materials,
compositions, andior dosage forms that are, within the scope of sound wedical judgment, saitable

for use in contact with the tissues of boman bemngs and aumals withowt excessive toxicity,
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irvitation, allergic response, or other problems or complications commensurate with & reasonable
henetitrisk ratio.

[pB25] Ag used herein, the term “alkyl” by Heell or as part of auother sobsttuent meang,
unless otherwise stated, a siraight or branched chain hydrocmbon having the number of carbon
atoms designatad (e, CH-C10 nreans ong to ten carbon atoms) and includes siraight, branched
chain, or ¢velic substituent groups. Examples mchude wethyl, ethyl, propyl, isopropyl, butvl,
ssobutyl, {ert-butyl, peutyl, neopentyl, bexvl, and cyclopropyhmetbyl, Most preferred is (C1-
Coyatkyl, such as, but vot Hmited 1o, ethyl, methyl, isopropyl, isobutyl, n-pentyl, n-hexyl and
cyclopropyimethyvl,

{HR26] As used herein, the term “cycloalkyl” by 1self or as part of another substituent means,
uniess otherwise stated, a eyelic chain hydrocarbon having the number of carboun atonos desipnted
{i.e. C3-C6 means a cvolc group comprising a rimg group consisiing of three 1o six carbon afoms)
and includes straight, branched chain or eyche substituent groups. Examples mclade ovolopromd,
evelobutyl, oyclopentyl, cyclobexyl, cveloheptel, and oyclooctel. Most preferved is (O3
Coreycloalkyl, such as, but not Himited to, cyclopropyl, cyclobutyl, cyclopeniyl and eyclobexyl
27} As used herein, the term “atkenyl,” employed slone or in comiunation with other terms,
means, unless otherwise stated, a stable mono~-ansaturated or di-unsaturated straight chain or
branched cham hedrocarbon group baving the stated namiber of carbon atons. Examples inchude
vinyl, propenyl (or allvly, crotvl, isopentenyl, butadienvl, 1. 3-pentadienyl, | d-pentadienyl, and
the ligher homology and isomers. & functional group representing an alkens is exemplified by —
CH2CHe=(CH2.

100287 Asused herein, the ferm "slkynyvl,” emploved alone or in combination with other terms,
menns, unless otherwise stated, g stable straight chain or branched cham hydrocarbon group with
a iriple carhon-carbon bond, having the staled suianber of carbon atoms. Exanplas inchude ethvayd

and propynyl, and the higher homologs and isomers.

LY 1 ta

[8029]  As used herein, the term “substituted atkyl” “substitoted cycloalkyl” “substituted

% 2 B

alkeny!” or “substituded allownyl” means alkyvl, evcloalkyl, alkenyl or alkyvuyl, as defined above,

substituted by one, bwo or three substituents sefected from the group consisting of halogen, —OH,

atkoxy, tetraledro-2-H-pyranyl, ~NH2, ~—N{CH3)2, (V-methylimidazol-2-y1), pyridin2l,
pyridin-3-vl, pyridin-d-yl, —CE=0)0H, riffluorpmethivl, —CaN, —CE=00C-Chalkyl, —

Cl=0INHL,  —CEONHC-Chalkyl,  —CE0iN(CH-ChalkyD2,  —SOINH2,  —
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fronn halogen, slkoxy and —QH. Examples of substitited alkyls include, but are not himited 1o,
2. 2-difteoropropyl, 2-carboxyeyelopenty! and 3-chiorapropyl,

o3} Ag used herein, the term “alkoxy™ enploved dlone or 1 combination with other terns
means, unless otherwise stated, an alkvl group having the designated mumber of carbon gtoms, as
delined above, connected to the rest of the modecule via an oxygen atom, such ag, for example,
methoxy, ethoxy, b-propoxy, 2-propoxy (isopropoxy} and the higher homologs and isomers.
Preferred are {C1-Clalkoxy, such ag, but not limiled to, ethoxy and methoxy,

j6631F  As used hersin, the termn “halo™ or “hulogen” alone or as part of another substituent
means, unless otherwise stated, a Hluorine, chiorine, bromme, or loding atom, preferably, fluornme,
chiorine, or bronune, more preferably, uonne or chlorine.

[a632} As used herein, the term “hetercatkyl™ by sself or in combination with avother term
means, unless ptherwise stated, a sable straight or branched chain alky! group consisting of the
stated number of carbon aloms and one or two heterpaloms selected from the group consisting of
O, N, and S, and wherein the mitrogen and solfie atoms may be optionally oxdived and the
nitrogen heteroalom may be optionally quaternized. The hetercatom(s) may be placed at any
postiion of the heteroatkyl group, inclhuding hetween the rest of the heteroalkyl group and the
fragmemd to which 1 s attached, as well as attached {o the most distal carbon atom in the

beteroalkyl group. Examples nchude:

CHyCHe-NH-CH;, - CHyp 8- CHeCHa, and - CHCH - SE0R-CH;, Up o two
heterpatoms may e consecutive, such as, for example, —CHy—NE-—0OCH;, of —CHy—CHy—
S CH,

{66331 As used herein, the term “heteroalkenvl™ by itself or in combination with another term
means, unless otherwise stated, a stable straighl or branched chain monounsaturated or di-
unsaturated hydrocarbon group consisting of the stated number of cavbon atoms and one or two
heteroatoms selected from the group comsisting of O N and §, and wherein the nitrogen and wdfor
atoms may optionally be oxidized and the nifrogen heteroatom miay optionally be quaternized. Up
CHeCOH—CH—~ O, ——CHp~CHeN—QCH;, —COHeCH—N{CH 3—CHy, and —CHyp—
CH=CH~CH—SH.

{00341 As used herein, the {erm “aromatic™ refars 0 a varbooyele or heterocyele with ong or
wore polvunsaturated rings and having sromatic charactar, Le. having (4a+2) delocalized o (p)

alectrons, where n 18 an infeger.
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[GO381  As used herein, the term “aryl,” emploved glone or in combination with other terms,
means, wiess otherwise stated, a carbooyelic aromatic system conlaining one of MOre rngs
{typically one, two or three rings) wherein such rings may be attached together in 8 pendent
manuter, such as a biphenyl, ov may be fused, such as naphthalene. Examples include phenyl,
antheacyl, and naphthyl. Praferrad sre phenyl and naphthyl, most prefirred is phenyl

[0636]  As used herein, the term “aryl-(C-Cilalkyl” means a functional group wherein g one

1o three carbon alkylene chain s attached to an arvl group, eg., —CHOH-phenvl or —CH-

Capalkyl™ means an aryl-({-Challeyl functional group i which the aryl group is substituted.
Preferred 15 substiwted anvi{CHL - Similarly, the temm “heteroaryi-{C-Caalkyl”™ means a

functional group wherein g one 10 three carbon allovlene chain s attached to a heteroaryl group,

Cilatkel” means & heteroaryi-(U-Chalkyl functional group I which the hetercaryd group is
substituted. Preforred is substituted heteroaryS{CH b

166377 As used herein, the term “hetevocyele™ or “heterocyclyl” or “heterocychic™ by itself or
as parl of another substitvent means, unless otherwise stated, an unsubsinuted or substinmted,
stable, mono- or muli-cyclic heterocvelie ring system that consists of carbon gloms and at least
one heterostom selected from the group consisting of N, O, and §, and wherein the nitrogen and
sulfur hetercatoms may be optionally oxidized, and the nitrogen astom may be optionally
guaternized. The heterouyclic system may be attached, unless stherwise stated, at any heteroatom
or carbon atonm that atfords a stable structure. A heterocyele may be aromabic of non-aromatic
nature. In one embodiment, the heterocyele 15 4 heteroaryl.

(06387 As used herein, the term “heteroayl” or “heteroarcinatic” refers to a heterocycle
Baving aromatic character. A polyevcelic hetercary! may inchuds one or move rings that ave partially
saterated. Examples inclode tetrahydrogueinoling and 2 3-dihvdrobenzofinyl

[0039]  Examples of non-gromatic heterooyeles mclnde monocychic gronps such as aziridine,
oxirane, thitrane, arzetidine, oxetane, histane, pyrrolidine, pyiroline, udazoline, pyvrarohdine,
dioxolane, sulfolane, 2 3-dikwdvofinan, 2 5-dithvdrofigan, wetrahvdrofurn, thiophase, piperidine,
1.2.3 6-etrahydropyridine, 1 4-dihvdropyriding, piperazine. morphohing, thiomorpholine, pyran,
2, 3-dibvdropyran, tetrahivdropyran, §4-dioxane, 1, 3-dioxane, homopiperazine, homopiperidine,
1 3-dioxepane, 4, 7-dihvdro-1 3-cdioxepin and hexamethylensoxide.

[a0a0) Exsmiples of heteroaryl groups mclude pyridyvl, pyrazinvl, pyanudiny! (such as, but

not hnuted to, 2~ and 4-pyrimidingl}, pyndazinyl, thienyl, furyl, pyrrolyl, imudarolyl, thigeolvl,
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gxazolvl, pyrarolyl, isothiarolvl, 1.2 3-nazolyl, 1,2,4-triazolyl, 1,3,4-triazolyl, tetrazolyl, 1,2,3-
thiadiazolyl, 1,2 3-oxadiazelyl, 1,3 4-thiadiazolyl and 1,3 d-oxadiazolyl.

[and1} Examples of polyeyelic heternoyeles include wdolv (such as, bot not Hmtled w0, 3+, 4+,
&~ 6~ and T-indolyl), indolinyl, quinolyl, tetrahydroguinolvl, isoquinely! (such as. but not limited
to, 1- and S-ispguinoly]), 1,2.3.4-tetrahydroisoquinolyvl, cinnolimyd, quinoxalinyl (such as, but not
fimited to, 2~ and S-quinoxsbnyl), quinerolingl, phthalazingd, 1 Snaphthyridingd, 1.4~
benzodioxanyl, coumarin, dihydrocowmarin, 1, S-naphthyridinyl, beveofuryl {such as, but not
hoted to, 3~ 4, 5 6~ and T-bemwrofurvl), 23-dibvdrobemeofuryl, 1,2-benzisoxazolyl,
henzothienyl (such as, but not bmited to, 3-, 4, 3-, 6-, and 7-benrothienyl), benzoxazalyl,
benrothiazolyl (such as, but not limited to, 2-benzothiaxolyl and S-benzothiazolyl), purinyl
benmndarolyl, benztriazndyl, tlsoxantbhinyl, carbazolyl, carholiny, acndingl, pyrradiziding], and
quinclizidinyl

{6642} The aforementioned histing of helerocyelyl and heteroaryl moideties 15 intended to be
representative and not Hniting,

{06437 As used herein, the term “substituted” megns that an atom or group of atoms has
replaced hydrogen as the substituent stiached to another group.

{44} For aryl, arvl<{C-Cilatkel and heterocyelyl groups, the term “substibged”™ as applied
to the mogs of these groups vefers o any level of substitotion, samely mono-, di-, ini~, tetra-, or
penta-substitution, where such substitution 13 permutted. The substifusaly are mdependently
selected, and substifution mav be at any chemically accessible position. In one embodimen, the
substituents vary in number between one and {four. Iy another embodiment, the subshitnents vary
i number between one and three. In vet another embodiment, the substituents vary 1 number
between one and two. In yet another embodiment, the subsiituents are mdependently selected from
the groap consisting of Cus alkyl, —OH, Cus alkoxy, halo, anune, acetamido and nitro. As ased
herein, where a substituent s an alkyl or alkoxy group, the carbon chadn may be hranched, straight
or eychic, with straight being preferred.

{6645} Recitation of ranges of values herein are merely inlended (o serve as a shorthand
method of refernng individually 1o each separate vatue Slling within the range, unless otherwise
indicated herein, and each separate value s incorporated info the specification as if it were
individually recited herein. All methods deseribed heredn can be parformad in any suitable order
unfess otherwise mdicated heretn or otherwise cleardy confradicted by context. The use of any
and all examples, or exemplary language {e.g., “such as™) provided bherein, is iiended mevely to

tuminate certain matertals and wethods and does not pose g hmitation on scope. Mo language in
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the specification should be construed §s indicating any non-claimed element as essential to the

practice of the disclosed materials and methads.

DETAILED DESCRIPTION

{66846} Certain embodiments of the instant disclosure are dirscted to & parenteral rmulation
comprising a compound of Fornuuda (1) and a pharmacentically acceptable excipient, wherein the
formudation maintains at least 90% of the compound after accelerated storage conditions of 25°C

at 6% relative humidity for 2 weeks, wherein the compound of Formula (1) 15 selected fronu

1 i ]
R X—R~*
™~ N/
7. bt
b2 "’ " ‘f \ N
A )\ P R%,
3 TN N N N -
RY s‘-!a:‘
wheretn:

Rland R we imdependently H, alkyl, substimted alkyl, evcloalkyl, substinted cycloalkyl,
alkenyl, substituiad alkenyl, alkynyl, substitsted alkynyl, phenyl, substituted phenyl, phenvialkyl,
substituted phenvialkyl, arvl, substituted arvl, arvialkyvl, substihded aryvlalkyl, hetercaryladkyl,
substituted heteroaryiallvl, heteroaryt or substituted heteroaeyl; or R and R combine as to form
a biradical selected from the group consisting of 3-bhydroxy-pentane-1.S-divl, 6-hydroxy-
cvelobeplane-1 4-diyl, propane-L3-divl, butang-1L4-diyl and pentane-1,.5-diyl;

R¥ 45 H, alkyl, substituted alkvl, alkynyl, substiteted alkynyl, cvcloatkyl, substituied

cvcloalkyl, alkenyl, substitmted alkenyl, —NRR?, —C(OWIRY, acyl, or aryl;

R¥is H, alkyl, or substituted stkyl;

RY s H, alkyl, propargylie, substituted propargylic, homopropargylic, substituted
homopropargyhe, substituted alkyl cvcloalkyl, substituted cycloalkyl, alkenyl, substituted
alkenyl, —ORY —NRIRY —COIORY, acyl, arvl, sobstituied aryl, hetevoarvl, substinuted
heterparyl, heterncyelic, or substituied betercovelic: or BY and R combine as to form a biradical
selected from the group consisting of 3.6 Y-trioxa~undecane-1, 1 I-diyl and 3 6-dioxg-octane-1,8-
divl;

R¥is H, alkyl, substituted alky! or atkenyl;

9
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X is a bond, O or NRY; and,
Y is N, URS or C: wherein:

Y s Woor CRY, then bond bl is nil and: (33 Z 38 H, bond b7 is a single bond, and A
s CH; or, (1) Z is mil, bond b% s nil, and A is 2 single bond; and,

HY 15 €, then bond blis o single bond, and: (1) Z 1s CH:, bond ¥ 1x 3 single bond,
and A v CH; or, Giy Z is CH, bond b s a double bond, and A is (
or-i salt thereof

{66471 Certain embodiments of the mstant disclosure are directed to a parenteral formulation
comprising & compound of Fornvula (1} and a pharmaceutically acceptable excipient, whereiy the
formulaiion maintains at least 80% of the compound afler acceleraled storage conditions of 23°C
at 60% relative bumidity for 2 weeks, wherein the compound of Formmula {1} is selecied from;
(1
2
R} _X—R?

Ny

(R
R* H

wherein:

Riand R* are independently H, alkyl, substinsed alkyl, eycloalkyl, substituted oveloalkyl,
alkenyl, substinuted alkenyl, alkynyl, substituted alkvayl, phenyl, substituted phenyl, phenylatkyvl,
substituted phenylalkyl, aryl, substituted aryll arvialkel, substituted arylatkyl, hetercarylalkyd,
substituted heterparylalkyl, heteroaryl or sabstitaied heteroaryl; or RY and R combine as to form
a biradical selected from the group consisting of 3-hydroxy-pemtane-1 S-divl, 6-hvdrexy-
cycloheptane-1,4-divi, propane-1,3-divl, butane-1 4-diy! and pentane-1.5-diyl

R® is H, atkyl, substituied alkvl, alkvovl, substitiwed alkynyl, cvoloalkyl, substituted
eyeloalkyl, alkenvl, substituted alkenyl, —NRIRS, —COYOR!, ey, orarvl

Riis H, alkvl, or substiituted alkyl;

R¥ s H, alkyl, propargvlic, substituted propargylic, homopropargylic, substituted

homopropargylic, substitned alkyl, oycloalkyl, substiinied cyvcloalkyl, alkenyl, substituied

heteroaryl, heterocychic, or substituted heterocyclic; or R¥ and R® combine as to form a biradical
10
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selected from the group consisting of 3.6, )-irioxa-uiidecime-1, L i-divl and 3 6-cdhoxa-octane-1 8-
divl; wherein at least one substiluent selected from the group consisting of R, RY, Riand R iy
alkovnyi or substitated atkynyl;
Reis H, alkyl, substituted alky! or atkenyl;
X 15 o bond, © or NBS and,
Y is N, CR%or C; wherein;
HY 35 N or CR®, then bond Blisnil and: {3} 7 is H, bond b is asingle bond, and A
s CH: or, (1) 2 is nil, bond b7 is il snd A is a single bond; and,
#HY is ¢, then bond b is a single bond, and: (1) 2 15 CH,, bond b is a single bond,
and A s CH on, (Y 2 is CH, bond ¥ 13 a double bond, and A B
or a salf thereof
{6648} A parenteral formulation compnsmg @ compound of Formula (D) and a
pharmacentically acceplable excipient, wherein the formusdation mauntabr of least 0% of ihe
compound after accelerated storage conditions of 25°C at 60% relative humidity for 2 weeks,

wherein the compound of Formuda (1) 1s selected from:

(1}
&R K R
‘\\ L “,.1"" L
N
z. b
B2 "’ Y ~ N

wherein:

Riand R gre independently H, alkyl, substituted alkyl, cycloalkyl, substituted cycloatkyl,
atkenyl, substituted alkenyl, phenyl, sabstituted phenyl, phenviatkyl, substitnted phewyvialloel, arvl,
substituted arvl, avvlallyl, sebstitated arvlalkvl, heteroarviatkyl, substibwed heteroarvlatkel,
heteroary! or substituted hetercaryl; or RY and R* combine as to form 2 biradical selected from the
group consisting of 3-hiydroxy-pentane-1 3-divl, 6-bydroxy-cycloheptane-1 4-divl, propane-1,3-
divi, butane-1 4-div! and pentane-1.3-divi;

R is H, alkyl, substituted alkyl, cvcloatkyl, substituted cycloalkyel, alkenyl, substituted

Rtis H, alkyl, or substituted alkyl;

i1
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RY is H, allovl, substituted alkyl, cvcloatkyl, substituted cveloatkyl, atkenvl, substituted

alkenyl, —ORY - NRRY, —COWRY, acvl, aryl, substiuted arvl, heterparvl, substituted
heteroaryl, beterocvelie, or substituted heterocyelic; or B and R° combine 85 to form a biradical

selected from the group consisting of 3,6 9-trnxa-undecane-1,1 1-divl and 3.6-dioxa~octane-1 8-
divl;
Reis H, alkyl, substituted atky! or alkenyl:
X is a bond, CFor NRY and,
Y is N, CR%or C; wherain:
HY is N or CRY, then bond blis nil and: (3} Z is H, bond b is a single bond, and A
18 CHyor, (1 7 s nil, bond b is nil, and A is a single bond; and.
Y is C, then bond blis & single bond, and: (i) ¥ is CH,, bond b¥is a single bond,
and A w CH: or, (Y 2 s CH, bond b is a double bond, and A s
ov a salt theveofl
{6649] In one embodiment, R is H, atkyl, substituted alkyl, cycloatkyl, sobstitated cycloatkyl,
alkenyl, or substitled alkenyl In another embodiment, R¥is H, alkyl substituted alkyl,
cyvcloalkyl, substituted cveloatkyl, alkenyl, substituted atkenyl, or acyvl
LS Certain embodiments of the instant disclosure ave directed to A parenteral foromulation
compnising a compound of Formala (1) and 8 pharmacewtically acceptable excipient, wherein the
fornulation mamiams al feast Y19 of the compound after accelerated storage conditions of 23°C
at HO% relative hanudity for 2 weeks, whergin the compound of Formuda (1) is selected from:
{1}
R X—R?
e Nf’”

7. bl
I, >

bz s e \\N
A(I *l /7}\ R?,
237 \II\I N Ir/

R? H
Rland RAare independently H, glkyl, substituted alkvl, cveloatkyl, substituted cycloatkyd,
alkenyl, substinsted alkenyl, alkvavi, substituted alkvoyl, phenyl, substituted phenyl,
phenylalkyl, substituted phenvialkel, arvl, substituted arvl, arylalkel, substituted arviadloyl,

heteroarylathyl, substituted heteroarvialkyl, heteroaryl or substituied heteroarvl; or Rand

12
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R¥combine as to form a biradical selected from the group consisting of 3-hvdroxy-pentane-1,5-
diyl, 6-hvdroxy-cyeloheptane~1,4-divi, propane-1,3-divl, butane- 1 4-divl and pentane-1,5-divl;
R¥is H, alkyl, substtoted atkyl, alkynyl or substituted alkynyl;
R s H, alkyl, or subsistuted alkyk
R s alkyl, propargviic, substituted propargyvlic, homopropargylic, or substituted
homopropargvlic, wherein at least one substituent selected from the group consisting of R, R?,
R¥and R¥is alkynyl or substituted alkynyl;
Rfis H, alkyl, substituted alkyl or alkenyl;
X is a bond, O or NR¥ and,
Y is N, CR* or € wherein:
Y is Wor CRE, then bond b is mil and;
{iy Z 15 H, bond bis a single bond, and A 15 CH; ot
(1) 2 s nil, bond B is nil, and A s a single bond; and,
HY is C, then bond b 15 o single bond, and:
{1} Z is CH:, bond b is g single bond, and A is CH; or,
{11} Z 1s CH, bond bis a double bond, and & 151
or a salt thereof
{0031} In certiin embodiments, (1) B i3 ML alky! or substituted altkyl, and RY i3 propargylic,
substituted propargylic, homopropargyhe, o substituted homopropargylic, or (1) RV is Hor
alkyayl, and R is alkyl, propargylic, substituted propargylic, homopropargylic, or sabstituted

homopropargylic.

{6052 Tu one embodiment, the at least one compound of formala (1) selected from the group
consisting of (1) Y 15 N, bond bl is nil, Z s H, bond b2 15 ¢ single bond, A is CH, and the at least
o compound 15 a compound of formuda {H-a) or a salt thereot”

{1l-a}

R} X—R?

\N/

N7 TRy

l )\ R,
“/\N N II\T/

R} |

R* H
13
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and
(i) Y i N, bond bl is nil, Z s ml, bond b2 &5 nil, and A is a bond, and the compound of the
invention is a compound of forongds (I-b) or g salt hwereof
{1

R Ny I~ No——H

N Xy

R3 l ///l\ R
\\'r N I\II/

R4 H

{8083} In one ewhodiment, the at feast one compound of formala (1) s selected from the group
consisting of (1} Y is CRE bond blis nil, 7 is H, bond b is a sinple bond, A is CH, and the at least

one compound 13 & compound of formulda {H1-a) or a salt thergof:

(11-a)
R1 X—R?
N
N
R6
B
: /71\ R,
R3 /\ If N N -~
RA N

angd
(i) ¥ is CR?, bond b* iy nil, Z is nil, bond B is nil, and A is a bond, and the compound of the

mveniion s g pyrimidine of formuala (1H-b) or a sall thereof:

{4
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(TIT-b)

Rﬁ

{0034} In one embodiment, ¥V is C, bond bl is a single bond, 7 18 CH;, bond b is a single bond, A

s CH, and smid at least one compound is a compound of formwuls (IVY) or a salt thereof:
(V)

R3 N N !
_E
R H

{0055} Ty one embodiment, Y is O, bond b s a single bond, Z is CH, bond h?is a double bond, A
is C, aned said st least one compound is a compound of fornmuda (VY or a salt thereoft

R0
~ ¥ &

R X—R*
\\/

{8036} In one embodiment, the at feast one compound is selected from the group consisting ofd N-

{4 o-Bis-methyvlamino-{ 1.3, 8 irann-2-y1D-N O-dimethvi-bydroxylanioe . (XX}, N-(4,6-Bis-

ethylaming-{ 1 3 Shriazin- 21N O-dimethyl -y drox yvlamine (X X113, Nafd-
Cyclopropy hmethylaming - N-{(G-n-propylaming} {1.3.5 friwein-2-vD-N G-dimethyl-

hydroxvlanmine (XXV),  Ne(4-Ethyvlamino}-N-{6-n-propyiamine-{ 1,3, 5 inazin-2-¢1 %N O~

15
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dimethyl-hvdroxyviamine (XXVID, No(Bis-4,6-2-methyipropvlamine)y [ 13,5 inazin-2-v1)-N Q-
dimethyb-hvdroxylamine (XXIX), N-(Bis-4,6-(2.2-dimethylpropviaminn)) {13, Shoaran-2-v)-
O N-dimethybhydroxylamone  (XXXD,  4,6-Bis-N-cyelopropylanune-] 1,3 Sitrazin-2 -y -N.O-
dimethvi-hydroxylamine hydrochlonide (XXX, N-(4 6-Big-n-propylamino-| 1.3 5 linazin-2-
yH-ON-dimsthyl-bvdroxylamine  (XXXV), N-(d-{Methoxy(methyDamino}-6-(propylaming)-
1.3 S-mrigein-2-vDpropionanude  {X1}, N-{4 6-Bis-propylamino-] 1 3, Shnazin-2-vi-O-methyl-

hydroxylaming  (XLI,  O-AlEN-(4.6-bis-propylammnoe-| 1 3, S friazin-2-vl-hydroxylamine

{XLiH, Ne{4,6-Bis-propyvlamine-{ 1,3, 8 lriazin-2~yD-hvdroxylamine {XLYY, 6=
{Mathoxy{methyijamino)-N2-propyi-1,3 S-tniazine-2 4-diamine (XELVID, N4, 6-Bis-

propylamino-{ L3 S{inasn-2-yh-Namethyi-hydroxylamine  (XLVIL,  O-Benryl-No(4.6-bis-
propylamino-} {3 Sjmiazin-2-yD-Nomethybhydroxylamine  (LUY, N4, 6-Bis-propylamino-
{13, 8Umazin-2-vi-N-sopropybhvdroxvlamine . (LYY 6-1,2]1Oxazinan-2-91-N N-dipropyl-
[1L3 Sinavine-2 4-diamine  (LVID, N-(4.6-Bis-propylamine-f1 3 S frtazin-2-vD-O-1sopropyl-N-
nethyl-hydroxylanune (LXIVY, O-Benzyl-N-(4 6-bis-propylamine-{ 1,3, 5 friazin-2-¢13-Neethyl-
hydroxylamine {LXVITN, N-{4,6~-Bis-propylamino-{ 1,3 5 jirtgsin-2-913-O-isopropy
hvdroxvlamine  (LXX),  6-({Benzyloxy)isopropyDamino -N2 Nd-dipropyi-1,3 S-irfazine-2 4~
digmine (LX), N-(4,6-Bis-propviamine-{ 1 3, 8 {eriarin-2-vl Neethyl-O-isopropyi-

bydroxylamise  (LXXVIL  NA4.6-Dhs-propyvlamino-11.3, 5 imaann-2-vD-O-isobuiyl-Namethyl-

hydroxylamine (LXXXIH)  6-{Methviithiophen-Z-vimethoxy janine)-NZ N4-dipropyl-1.3.5-

inavine-2 4-digmine {LXXXIVY, N4, 0-Bis-propylaminoe-{ 1.3 Shriaan-2-vD-0-
cyelopropybmethvi-N-methybhvdroxylamine (XCI,  N-{4,6-Bis-propy! amma-§ P23 S Hrlazin-2-
yh-O-ethyb-Nemethybhvdroxvlamine  (XCVE, N-{4,6-Bis-propylanuno-{ 1 3 3 hnaen-2-v1-0-
{2 .2-difluoro-sthyh-hvdroxylamine {0, A-M-(2-DnmethyvianunosthyDamino-6-N-{n~
propylamine-{ 13 Smaan-2-yD-N O-dimethyl-hydrogylanine (CI), A-N-{3-(1-N-

Methylndazol-2-yh-propyl-anino-6-N-(n~propyDamino-] 1.3 SHinazin-2-¢D-N O-dimethy b
bhydroxylamine  (CV),  $-N-(1-N-Methylimidazol-2-yl-methylamino-6-N-(p-propyDamino-
[ 1,33 tmaan-2-v-O Nedimethyl-hydroxylamine (CV1I, 4 6-Bis-(N-(2-
dimethylaminoethyDamino -1 1 3,5 firiazin-2 -y -N, O-dimethyl-hvdroxviamine  (CIX), 4.6-Bi
{N«{pyridin-d-vimethyhamino ] 1.3, 3 naan-2-y DN Q-dimethvl-hydrosyianung {OXD, 4.6~
Bis-[N-(3-methoxy-n-propyhanuno {1,353 inarin-2-v - N O-dimethvl-hydroxyvlamine  (CX1,
4,6-Bis-{ N-(tetrahydropyran-4-vimethyDamino - 1.3, 5 iinaxan-2-y1-N O-dimethyl-
hydroxyviamine  {CXV), N5 &1 -Trioxa-2, 14,16 18 19-pemdagrabicyclo] 13.3.1 bnonadeca-

SISO A6 M rien-17-vD-N O-dimethythydroxylamine (CXVL N-{4,6-Bis-

fe
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propyiaming-] 13 Slrtqein-2-v-N N -dimethelbydrasne . {(XLVI),  N{4.6-Bis-propylamino-
{1.3 Sltriasin-2-vh-N-methy N -methyvthydrasine (XLIX), a salt thersof and mixtures thergof In
another embodiment, the salt is hydrogen sulfiate or hyvdrochlonde.

[0057} In one embodiment, the at least one compound is  2,6-bis-{N-n-propylamino}-
1.3 ovonudined-v1-N, Q-dimethyl-hvdroxylaming N-{4-(Methoxy{methyDamino)-6-
{propylaminoi-1 3, S-triazin-2-vlpropionanude or a salt thereof. In another emvbodiment, the salt
13 hydrogen sulfate or hydrochloride.

00381 1o one embodiment, the gt least one compound 18 N-{d-{Meathoxy(methylamine)-6-
{propylaming)-1.3 S-trigzin-2-vhpropionamide or a salt thereof. In another embodiment, the salt
is hydrogen sulfate or hydrochloride.

0039} In one emsbodiment, the at least one compound 1s selecied from the group conmisting off 2-
{n-Fropyhamino-4-{i-propviamino-T-methvlpyrohdine] 2, 3-djpyvrmidime  (CXXVD, 2-(»-
Propylamino-4~dimethylamino-7T-methvipyrmlidino{2 3-dlpyomidine . (CXXVIH),  2-(n-
Propyhamino~-4-methylanmino-T-methybpyrreliding] 2 3-dpyrimidine {CXXX1), RREE

Propyhamino-4-(i-propyliamine-7-i-propylpyrrolidinof 2 3-djpyrimidine  (CXXXVY), 2.4-Bis-

{n-propyDamime- TH-pyrrolidino}2 3-dipyrimidine {CXLIXY, 2-{n-Propylamine-4-(4-
fvdroxypiperidin-~y13-T-methylpyrrolidine{ 2, 3-d jpyrinnding (CLY, 8- 7-Methyi-2-

{propylanino)-pyrrolidine] 2 3-djpyrmidin-4-y1-8-azabiovelo 3. 2.1 Joctan-3-0l {CLV}), a salt
theren{ and mixtures thereof. In another embodiment, the saltis hydrogen sulfate or hydrocldoride.
16060} In one embodiment, the a1 least ons compound s selected from the group consisting of. N-
{2-Propylanuno-7H-pyrrolol 2 3dipynnidin-d-o)-O N-dimethybhydroxylamane (CXLE, N-(2-
{Propen-2-yhamino-7-methylperrolo] 2 3dipyrimidin-d-y1)-N O-dimethyhhydroxylamine
{CLVI, N-(2-{Propen-2-yl amine-T-methyl-pyrralol 2 3d [pyrimidin-d-y1-O-methyi-
bydroavlamine  {CLX),  N-(Z-n-Propvlamino-T-methyl-pyrrolof2 3dipyrinndin-d-y}-O,N-
dimethybhydroxylamine (CLXID, N-(Z-a-Propylamino-T-methyl-pyrrelof2, 3d jpyrimadin-d-yi)-
O-methyb-hvdroxylamine  (CLXIVY, N-(Z-n-Propylamino-T-methyl-pyrrolo2 3d ipyrimidin-4-
yvi-bvdrazine {CLXVIL N-Methyl-N-(Z-i-propylamino-7-methvl-pyvrrolo] 2 3dipyrimidin-4-vi)-
hydrazine (CLXVHD, N N-dimethyl-N-{Z-n-propylamine-T-methyl-pyrrolol2 3dpyrimdin-4-
viFhydomsne (CLXX), a salt theveo! and muxtures thereofl In another embodiment, the salt g
hvdrogen sulfate or hydrochlonde.

{861} In certain embodiments, the compound s selected from the group consisiing of ON-

dimethy bN-{a-(h-propylamuno}-6-{prop-J-yuviamino-] 1,3 8 razio-2-vi-hedrosylaming;,  N-

17
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methy N -npropyl-N"prop-Z-ynyl{ 1 3,3 jirazine-2 4 6-triamine; o salt thereof, and any
combinations thereof.

{8062} In certain embodiments the Compomd A below s utthized in the present ivention is

or a pharmacsutically acceptable salt thereof such as the hyvdrogen sulfate salt.

16063} In certain embodiments, the compound of Formuola (1) is selected from compounds
described in United States Patent No. 9,162 992 andior tn Uniied States Fatent No, 9351972
andfor in United States Patent Application Publication No. 2015-0291597, now abandoned, the

teachings of which are incorporated by reference herein in their entivety.

{8864} In certain embodiments, the formulation maintains at least 90% of the compound after
accelersted storage conditions of 23°C at 60%; relative lnnnidity for 2 weeks,

6665} In certain embodiments, the fonmulation maintains at least 909 of the compound after
accelerated storage conditions of 25°C at 60%: relative humidity for 1 month.

{6066] In centain emboediments, the formulation mainiains @ least 20% of the compound after
acoelerated stovage conditions of 23°C at 6% nelative hunudity for 6 wieks,

{8867} In certain embodiments, the formulation nwintams at least 90% of the compound after
accelerated storage condihions of 25°C at 60% relative humidity for 2 months.

0668} In cenain embodiments, the fonnulation aintaing at least 0% of the compound after
avcelerated storage conditions of 25°C at 60%; relative humidity for 3 months,

{66691 1n certaiy ambodimeniy, the formudation mamtaing at least 93%, at least 99% or al least
QG 5% of the compound afler accelerated storage conditions of 25°C at 6(8% relative hwmdity for
2 weeks.

[BR78] In cerlain embodunents, the formulation maintaing at least 95%, at least 9% or at least
9 St of the compound after accelerated storage condinons of 25°C at 6% relative hunmdity for
i month.

[6671} In certain embodiments, the formulation maintains at least 95%, at least 29% or at least
99.5% of the compownd afler acceleraled storage conditions of 25°C at 60% relative hmidity for

& weeks,

I8
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{64721 1o cartain erabodiments, the formubstion maintains at least 95%, at least 99% or at least
99 5% of the compound after accelerated storage conditions of 23 at 60% relative humidity for
2 months.

{0073} In cerlain embodiments, the formulation maintains ot least 95%, at least 9% or at least
99.5% of the compound afler accelersied storage conditinns of 25°C at 60% relative humidity oy
3 momths, B osuch embodiments at 3 mouths, the tot! impunities i3 from aboet $01% 1o about
0.12% ov about 0.10% or less, about 4.09%; or less or abont 0.08% or less.

166741 In certain embodiments, the formulation maintains &t Teast 20% of the compound afler
accelarated storage conditions of 40°C at 75% relative humudity for 2 weeks,

{8873] In cerlain embodiments, the formulation maintains at least 80% of the compound after
avcelersted storgge conditions of 20°C at 78% relative Tnumidity for 1 month.

[6676} In certain embodiments, the fonmulation maintains af least 90%% of the compound afler
accelerated storage conditions of 40°C at 75% relalive humidily for 6 weeks.

166771 In certain embodiments, the formulation maintaing ot least 90% of the compound after
accelerated storage conditions of 40°C at 75% relative hunudity for 2 months,

|78 o certain embodiments, the formulation maintaing at least 20% of the compound after
accelerated storage conditions of 40°C at 75% relative humidity for 3 months.

{6879] In certain embodiments, the formolation maintaing af least 5%, at least 9% or gt least
99 5% of the compound afler accelerated storage conditions of 44°C at 75% relative hunnidity for
2 yegeks,

{0880 In certam embodiments, the formulabion mamtains at least Y3%, at least 99% or at least
99 5% of the compound after accelerated storage conditions of 40°C gt 758% relative humidity for
I month.

{BB81] In certam embodiments, the formaladion mamiaing at feast 05%, at least 99% o at least

—r
i
i

99 5% of the compound after accelerated storage conditions of 40°C at 75% relatve humidity for
6 weeks.

{6682] In certaiy embodimeniy, the formulation maintaing at least ¥3%, at least 90%; or al least
99.3% of the compound after accelerated stovage conditions of 40°C at 78% relative humidity for
2 months.

{0883] In cerlam embodiments, the formulation maintains at least 25%, at least 99% or at least
49 S of the compound afier accelerated storage condinions of 40°C at 73%; relative humidity for

3 months. In such embodiments at 3 months, the total bmpuribes is front about 0.1% 1o abowt

0. 40% or abowt €.339% or less, about ,20% or [ess or about £.15% or less.
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160841 In certain embodiments, the pH of the fornwlation 1s from gbout 2.5 to about 5.5,

06851 In vertain embodiments, the pH of the formulation s from about 3.5 1o about 3.5

[o086] In cortain embodiments, the pH iz from abowt 4 1o about S,

{0087} In certin embodiments, the pH is selected from abowt 4.0, about 4.5, about 4.6, sbout 4.8
or gbout 5.4

{0688} In certam embodiments, the concentration of the compoand 13 from about 10 mgfmi to
about 30 mgind..,

06891 T certgin embodiments, the conventration of the compoundd is from gbout 15 mpimb 1o
about 25 mgiml.

{6080] In certain embodimenis, the concentration of the compowsd is selected from about 15
mpanl, abont 20 mgfmi. or about 25 mpdml.

6691} In certain enmbodiments, the excipignt is selecied from sthanol, polyalkyvlene ghycol,
allkvlene glyeol, ovclodextrin, saline, vingers solaiion, dexirose or a combination thereof. In certam
embodimenst, the exaipient 15 polyethylene plveol-hydroxystearate, e.g., obtained by reacting 18
moles of ethylene glycol with 1 mole of 12-hydroxy stearic acid. This is commercially available
as Kolliphor® HS 1S from BASF.

{892} In certain embodiments, the excipient comprises ethanol.

[B003] In coertain embodiments, the excipient comprises ethanol in an amoudt of from about 1%
to about 30%, about 5% {0 abowt 25% or abowt 10%6 o about 208,

8694} In certain embodinwnts, the exciplent comprises propylene glyecol.

16695} 1n certamn embodiments, the excipient compnises propylene glyeol in an amount of from
about 20% 10 about 100%, sbout 50% to about 953% or about 70%: to about V0%,

0896} In certain embodiments, the excipiant comprises polyethylene glycol.

{00971 In certain embuodiments, the exciplent comprises polvethylane glyool in an amount of from
about 209 to abowt 1G0%, abont 30% 10 about 95% or about 70% 0 about Y0%,

{0098} In certain embodiments, the excipient comprises hydroxypropyi-f-cyvclodextrin,

{6699} In certain embodiments, the excipient comprises hydroxypropyl-B-oyclodextrin i an
amount of from about 1% 1o abot 30%, about 10% 0 about 40% or about 200% to about 308
16100} 1 certain embodiments, the formuelation is suttable for ntramuscular sdministration.
{101} In certain embodiments, the formulation is propylene glveoliacetate buffer in & ratio of
about 75725 1o about 2575 or about 6044 to about 40/60 or about SIS0, In such an embodinent,

the concentration of the active can be 10 mgfmb o about 30 mgfml, from about 15 mg/mb to
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about 25 mg/mL, about 15 mg/mL, about 20 mg/mL or about 25 me/mL., In such an embodiment,
the pH may be from about 4.0, about 4.5, about 4.6, about 4.8 or about 5.0

{0102} In  certain embodiments, the  foromlation s propylene  glycol/macrogol(13)-

b2

hydroxystearate/ethanol/acetate buller i a ratio of abowr 10-40/5.282-20425-

75 or gbout
QESO/5025 o aboul 2575 or sbout 60/40 (o aboul /60 or aboul SO/50. In such an
embodiment, the concentration of the active can be 10 mg/ml. to about 30 mg/ml., from about 18
mg/ml to about 25 mgiml., about 15 mgiel, about 20 mg/ml or about 25 mg'ml. Insuch an
smbodiment, the pH mav be from abowt 4.0, about 4.5, about 4.6, about 4.8 or ghout 5.0,
(03] In certain embodiments, the present invention 18 dirscted to a method of providing
respiratory stimudation comprising administering mtranmsculardy a perenteral formulation as
disclosed herein.
16104} In certam embodimenis, the formulation is admimstered at a dosage rate of sbout 2.0
ke to about 40 mefky, about 3.0 medky (o about 35 my/ke, abouwt 4.0 me'ke o about 30 muke,
about 5.0 me/ky o about 25 mg'ky, about 6.0 mg/kg to about 20 me'kg, about 7.0 mg/kg to abowt
15 mg'ke, or about R 0 me'ke to about 1 mghe. In certain embodiments, the dosage rate of shouwt

4.0 mgke to about 5.0 mp'kg, or sbout 4.8 mgkg.

Composition
{6165} o certain embodiments, the pharnmceutical coraposition is pre-nuxed (2., an active

agent 1s pre-mixed with ong or more pharmacentically acceptable excipients and optionally with

one oy more additional achive agents),

{61061 In certain embodimenis, the pharmaceuntics! compnsition may be contamed i a glass

container or in a plastic container.

{8107} In certainy embodiments, the pharmaceutical composition further comprises one or

more pharmaceutically acceptable excipient. Suitable pharmacenheally acceptable excipients may

vary based on the final form and rouie of administration of the composition.

{6108} In  certain  embodiments, pharmacestically  acceptable  excipients  include a

pharmacentically aceeptable carrier, such as, 2 hauid or solid filler, stebilizer, dispersing agent,

suspending agent, diluent, thickening agent, sobvent or encapsulaung matenal, mvolved i
carrying or transporting a compound usefud within the tnvention within or to the subject such that

# may perform s bended funciion. Typically, such consiracts are cavied o transported from

one organ, or portion of the body, to another organ, or portion of the body. Each carrier must be

“scceplable” in the sense of being compatible with the other mgredients of the formulation,
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mcluding the compound useful within the mvention, and not injurious o the subject. Some
exaniples of materials that may serve as pharmaceuticslly scceptable carriers include: sugars, such
as lactose, ghucose and sucrose; starches, such ag corn starch and potato starch; ceflulose, and s
derivatives, such as sodium carboxymethyl cellulose, ethyl cellulose and celhdose scetate;
powdered tragacanth; mal(; gelating tale; excipients, such as cocos butter and supposiiory waxes;
oils, sach as peanut oil, cottonseed oil, salflower oil, sesame oil, olive oil, corn oif and sovbean
ot glyeols, such as propylene glveol; polvols, such as plvcerin, sorbitol, mamuiol and
polvethylene glycol) esters, such as ethyl oleate and ethy! laurate; agar; buffering sgents, such as
magnesium hydroxide and ahmninum hydroxide; surface active agents; algivic actd; pyrogen-free
water] isotonic saling; Ringer's solution; ethyl aleohol: phosphate butfer solitions; and other hon-
toxic companble substances employed in pharnaceutical formulations. As used herem,
“pharmaceutically acceptable carrier™ also includes any and all coatngs, mumtihactetial and
antifimeal agents, and absorption delaying agents, and the ke that are compatible with the activity
of the compound wsefid within the javention, and ave physiclogically acceptable to the subje
Supplementary active compounds may also be incorporated inte the compesitions, The
“pharmaceuntically accepiabls carnier™ may further inchide 3 pharmacsutically acceptable salt of
the coppound usefel within the nvention. Other additional ingredients that may be included in
the pharmaceutical compositions used i the practice of the wmvention are known 1 the ant and
described, for example m Reminglon's Pharnaceutical Sciences (Genaro, BEd., Mack Publishing
Co., 1983, Easton, Pa.), which 13 incorporated herein by reference.

10109} Pharmaceutically acceptable carriers, which are wsseful, mclode, but are not limited to,
glveerol, water, saline, ethanol and other pharmaceutically acceptable salt solutions such as

phosphates and salts of organic avids. Examples of thess and other pharmaceutically acceptable

carriers are deseribed in Reminglon's Pharmaceutical Sciences (1991, Mack Publication Co., New
Jersey)

[0110} The carrier may be a solvent or dispersion medium contaming, for example, water, ethanal,
polvod {for example, glycerol, propyvlens glyveol, and liguid polyethylene glveol, and the like),
suitable mixtures thereof, and vegetable oils. The proper fhadity may be maintained, for example,
by the use of @ coating such as letithin, by the maintenance of the required parucle size in the case
of dispersion and by the use of surfactanis. Prevention of the action of micrporganisms may be
achieved by various antibacterial and antifungal agents, for example, parabens, clilorobutanol,
phenol, ascorbic acid, thimerosal, and the hke. In many cases, # will be preferable to wnclude

isotonic agents, for example, sugars, sodium chloride, or polyalcohols such as mannitol and
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sorbitol, in the composition. Prolonged sbsorption of the injeciable compositions may be brought
about by including in the composition an ageni that delavs sbsorption, for example, alumimum
monostearate or gelatin, In one embodiment, the pharmaceutically acceptable carrier is not DMSO
aloue,

{8111} The phanmacentical preparations may be sterihized and if desired mixed with suxiliary
agems, e.g., lubnicants, preservatives, stabilizers, wetting agenis, emulsifiers, salis for influeneing
osmotie pressure buffers, coloming, snd the hike.

{6112} Examples of preservatives useful in accordance with the invention included bui are not
himitad to thoss selected from the proup counsisting of beneyl alcohol, serbic acid, parabeus,
inidurea and combinations thereot

[8113} The comaposition preferably includes an antioxidant and 8 chelating agent wlich infubit the
degradation of the compound. Preferred antioxudants for somne compounds are BHT, BHA, alpha-
fovopherol and ascorbic acid w the preferrad range of about 0.01% to 3% and more preferably
BHT i the range of (.03% to 0.1% by weight by total welght of the composition. Preferably, the
chelating ngent i present in gr amount of from 6.01% © 0.5% by weight by tolal weight of the
compasition. Particularly preferred chelating agents include edetate salts (g.g. disodium edetate)
and citric acid my the weight range of about $.01% to 0.20% and more preferably in the range of
{(,03% to .10% by weight by total weight of the composition. The chelabing agent is psefud for
chelating metal ions in the compostion which may be detrimental o the shelf life of the
formudation. While BHT and disodnon edetate are the particularly preferred antioadant and
chelating agent respectively for some compounds, other suitable and equivalett antioxidants and
chelating agents may be substituted therefore as would be known to those skilled w the art.
[o114} Liquid suspansions may be prepared using conventional methods to achisve suspension of
the active ingredient I an agueous or oy veluole. Agueous vehicles include, for example, water,
and isotomie sahne, Oily vehicles inchude, for example, almond o, oy esters, ethyl aleohol,
vegetable oils such as araclus, olive, sesame, or coconut o, fractionated vegetable oils, and
mineral oifs such as liguid pataffin, Liguid sespensions may father comprise one or more
additional ingredients including, but not himited o, suspending agents, dispersing or wetling
agents, emulsifying agents, demulcenis, preservatives, buffers, saltg, flavorings, coloring agenis,
and sweetening agemis. Oily suspensions may further comprise a thickeming agent. Known
suypending apents inchude, bug are not linstted to, sorbiol synup, vdrogenaied edible fats, sodim
algioate, polyvinvipyrrolidone, gum tagacanth, gum acavia, and cellalose derivatives such as

sodium  carboxymethylcellulose,  methyleellplose,  hydroxypropvlimethvlceliulose.  Known
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dispersing or wetting agents inchude, but are not imited to, naturally-cocurring phosphatides such
as lecithin, condensation products of an alkylene oxide with a fatty seid, with 3 fong chain aliphatic
alcohol, with a partial ester denved from a fatty acid and a hexatol, or with a partial ester derived
from a fatty acid and @  hexitol sohydnde d{ep. polvoxyethylene  stearate,
heptadecacthvlencoxyeetanal, polvoxyethylene sorbitol monooleste, and polyoxyethylene
sorbitan monovleate, respectively). Kaown emalsifving agents nclude, but are not fimited to,
fecithin, and acacia. Known preservatives include, buat are not limted to, methyl, ethyl, or n-propyl
para-hydroxybenzoates, ascorbic anid, and sorbic acid. Known sweetening agents inglude, for
example, plveercl, propylene plveol, sorbitol, sucrose, and saccharmn, Kuown thickening agents
for oily suspensions include, for example, heeawax, hard paraflin, and ceiyl alcohol

{0115} Liquid solutions of the active inpredient in aguecus or oily solvents may be prepared in
substantially the same manner as liquid suspensions, the primary difference being that the active
ingredient is dissolved, rather than suspended #y the solvent. As used herein, an “oily™ liquid is
one which comprises 4 carbon-containing higuid molecule snd which exhibits a less polar characier
than water. Liquid solutions of the pharmaceutical composition of the mvention may comprise
each of the components described with regand o liguid suspensions, # being understood that
suspending agents will not necessarily aid dissolotion of the active ngredient in the solvent.
Agueous solvents include, for example, water, and sotonic saline. Ohly solvents mclude, for
example, almond oil, oilv esters, ethyl alcohol, vepstable nils such as arachis, olive, sesame, or
covonat oil, fractionaied vegetabls oils, and mineral oils such as Bauid paradfin,

16116} Powdered and granular formudations of a pharmaceutical preparation of the wveniion may
be prepared asing known methods, Such formalations may be administered directly 1o g subject,
or to prepare an aqueous or oily suspension or salution by addition of an aqueous or eily vehicle
thersio. Each of these formulations may further comprise ane of more of dispersing or weiting
agent, a suspending agent, and a preservative. Additional exciprents, such as fillers and colonng
agents, may also be included in these fornulations.

{6117} A pharmacestical compuosition of the invention may also be prepared, packaged, or sold in
the form of otl-n-water emulsion or a water-in-oil emudsion. The oily phase may be a vegetable
ol such as olive or arachis oil, & mineral otl such ss higuid parsfiin, or a combination of these.
Such compositions may further comprise ong or move enmisifying agents such as naturally
aocutring mang such as gum acacia of gwm tragacanth, meturallv-occwrring phosphatides such as

sovbean or Jecithin phosphatide, esters or parfial esters derived from combinations of fatty acids
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and hexitol ashydrides such as sorbitan monooleate, snd condensation products of such partial
esters with ethviens oxide such as polyoxyethvlene sorbitan moncoleate.

{0118} In centain embodiments, the one o more additional exciplents nchudes o pH adjusting
agent, which may be selected fromm sodivm hydroxide, potassivm hydroxide. caloium hydroxide,
anunonium hvdroxids, sulfurie acid, phosphoric acid, nitric acid, sodium ciirate, sodiun scetate,
magnesivm hvdroxide, citvic acid, hvdrochloric acid, or a mixture thereof.

16119} Tn cerfain embodiments, the composition may inclede one or more addibionsl
excipients, such as, withowt hnutations, carbolivdrates, sntioxadants, chelating sgents, lowe-
molecular weight proteins, hgh-molecular weight polvmers, gel-forming agents, siabilizers,
additives, wetling agenis, smulsifving agents, surfaciant anddior dispersing agents, alkalizng
agents, eoloring agents, syntheuc dies, Hitlers, diluents, minersd oxades, preservatives, or a mixture
therenf.

{6120} In certain embodiment, the composition further nchudes an antioxidant. In certain
embodiments, the antioxidant may inchude wivalent phosphorous hike e.g phosphite. phenolic
antioxidants, bydroxylamines, lactones such as substituied benzofuranones. Hindered phenols,
thiosynergists and/or hindered amines are useful for the long-lerm stability for polvmers, whereas
the following antioxidants are soitable for wse also in sitwation where the active sabstance is
subject to oxidation: acwds (ascorbic acid, etvthorbic acid, etidronic acid, gallic acd,
hypophosphorous acid, nordihydrogimiretic actd, propionic acid ete ), phienols {e.g. BHA, BHT,
-yl hydroquinone, dodecy! gallate, octyl gallate, 1.3 3-tribvdronybenzens), organic and
morganic salts {calcium ascorbate, sodium ascorbate, sodinm bisulphite, sodium metabisulfite,
sodiwn sulfite, potassium bisulphite, potassium metabisulphiie), esters {calcium ascorbate,
dilauryl thiodiproplonate, dimyristyl thiodipropionate, distearyl thiodipropionate), pyranon
(maltol), and vitanun E (tocopherel, D-o-tocopherol, Dl-u~tncopherol, tocophero! acetute, d-a-
tocopheryl acetate, di-u-tocopheryd scetate. However, other anti-oxadative agents known in the art
may be used secording 1o the present invention,

16121} I certain embodiments, suitable antioxidints may include, withowt hostations, stencally
hindered phenels, arvl anunes, thioureas, thiocarbamates, phosphutes, thioether esters, and
combinations of the foregeing, Other sultable exarples of antioxidants inclade, but are not Linuted
1o, alkviated monophenols, including bat not Himuted to, 2, 6-di-tert-butyl-t-methviphensl, 2-tert-
butyl-4 6-di-methviphenel,  2.6-di<teri-butyb4d-ethyiphenol,  2.6-distett-butvl-d-n-butyipbencd,
2. G-di-tert-butyl-4-isobutylphenol, 2.6-dicvclopentyl-d-methyiphencl, 2-{a-methylevelohexyi)-

4. 6-chmethylphenol, 2. 6-diociadecyld-methylphenol, 2.4 6-tricyclobexylphenol,  2.6-di-ert
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butvi-d-methoxymethylphenol, nonyiphenols which gre hinear or branched in the side chains, for
examiple,  2,6-di-nonyl-d-methyiphencl,  2,4-dimethyl-6-{1-methylundec-1~yhphenol, 2.4~
dimethyl-6-(1 ~methylheptadec-U-yhiphenol, 2 4-dimethyb6-{V-methyliridec-1-yDphenol  and
mixtures thereof, alkylthiomethylphenols, including but not limited to, 2, 4-diociyvithiomethyl-6-
tert-hutviphenel, 2 4-dicctylithiomethyl-6methyiphenel, 2 4-divetvithiomethyl-t-ethviphenat,
2,6-di-dodecylthiomethvi-4-nonviphenol, hydroguinones and atkylted hvdroquiniones, including
but not tiveiled to, 2.G-di-tert-hutyl-4-mathoxyphenol, 2, 8-divtert-butylhydroguinone, 2. 5-di-tori-
amythydrogquineme, 2, 6-diphenyld-octadecyloxyphenol, 2. 6-di-tert-butvthydroguinone, 2.5-di-
tert-butyl-4-hydroxyamisole, 3, 5-di-tert-butyl-4-bydroxyanisole, 3 S-di-tert-butyi-4-
hydroxyphenyl stearate, bis(3 5-di-tert-butyl-4-hydroxyphenyl} adipate, tocopherols, inchuding
but not Tted o, e-tocopberal, P-ocopherad, y-tocopbernl, d-locopherol snd mixtures thereof
(vitapun B}, hydroxylated thindiphenyl ethers, cluding bt not limitted 1o, 2.2-thiobis{6-tori-
butyi-4-nethyiphenod),  2.2-thiobis{d-opiviphenol), 4 4'-thiohus{é-tert-butyl-3-methyiphenad),
4 A'<thiobss(b-tert-butyl-2-methylphenol),  44%ihobis(3 6-di-sec-nmylphenol),  4.4°-bis(2.0-
dimethyl-4-hydroxyphenyl}-disuifide, alkylidenchisphenols, including buat not limited to, 2, 2%
methyvienebis(6-tert-butvi-d-methyiphenol), 2,2 -methylenehis{t-tert-butyl-4-ethviphenol), 2,2-
methyvlenebis| d-methyvi-6-{o-methyleyclohexvi-phenot]. 2 2 methylencbis(d-methyit-~
cyclohesylphenol), 2.2-methylenebis{G-nonvli-4-methylpbenol), 2 2-methylenebist4.6-di-{ert-
butyiphenol), 2. 2-ethylidenebis(4,0-di-tert-butyiphenol), 2. 2-sthylidenabis(G-tert-butyl-4-

isobutyiphenaly,  2.2%methviengbisio-<{g-methyibenayD-4-nonviphenol],  2.2%-methylenebisis-

{a,0-dimethylbenwyli-4dnonyiphensll, 4 4-methvienebis(2 6-di-iert-butyiphenoly, 4.4
maethyvlenebis(6-tevt-butyl-Z-methyiphenol}, | 1-bis{ S-tert-butvl-d-hydroxy-2-

methyiphemyDbutane,  2.6-bis{3-test-butyl-5-methyl-Z-hydroxybenzyl )-dmethyiphenol, 1,13~

s S-teri-butyl-d-hydroay-2-methyipheny hotae, 1 -bis(S-tert-bugty-d-hyvdroxy-2-methy -

phenyh-3-n-dodecylmercapiobutane, ethylene glyeol bis{3 3-his(3'-tert-butyl-4'-

hydroxyphenybbutyrate], bis(3-teri-butyl-4-hydroxy-S-methyl-phenvhdiovelopentadiene, bisf2-

{3-tert-butvi2 hydroxy-SmethvibenzyviHo-tert-butyl-d-methyiphenviiterephithalate, 1 1-bis-

(3, 5~dimethyl-2-hydroxyphenyhbutane, 2,2-bis(3,S-diert-butyvi-d-hydroxyphenyDpropane, 2,2-
his(S-tert-butyl-4-hydroxy-2-methyiphenyi-d-n-dodecylmercaptobutane, 1,3, S-tetra-(S-tert-

butyl-3-hvdroxy-2-methyiphenvlipentane, -, N- and S-benzyl compounds, inchuding but not

lited  {o, 33375

-letra-tert-Ingyl -4 4 -dilbvydrogydibenayl  ether, octadsoyl-d4-hydroxy-3.3-

dimethvibensylimercaploacetate, tridecyl-d4-hydroxy-3, 5-di-tert-butylbenzylmercaptoacelate,
tris(3, S-distert-butyl-4-hydroxyhenzyhamine, bis{4-tevt-batyvl-3-hydroxy-2 6
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dimethylhenzyhdithioterephibalate, bis(3,5-diqert-butyl-4-hydroxybemsylisalfide, sooctvl-3,5-
di-tert-butyi-4-hydroxvbenzyimercaptoacetate, hydroxybenzylated malonates, including but not
fimited 1o, dwoctadecyl-2 2-bis(3, 5-di-tert-butyl-2-hydroxybenzybDmalonste,  di-ocladecyl-2-(3-
tert-butyl-d-hydroxy-S-methythenzyhimalonate, didodecyhnercaptoethy-2,2-bis(3 S-di-tert-
butvi-d-hydroxyhenevDmsalonate, bisfa={ 1,1 3 3-tetramethyibutyDphenyi 2 2-bis(3,5-di-tert-
botyi-4d-hedroxybensvDmalonate, sromatic hydroxybenayl compounds, fnchiding but not hoited
to, L3 S-tws(3, 5-diqert-butyl-d-biydroxybenayiy-2 4 6-trimethylbenzene, 1 4-bis(3,5-ditent-
butyvl-d-hydroxvbenayl)-2, 3.5 6-tetramethythenzene, 2.4, 6-ris(3, 5-di~tert-butyi-4-
hvdroxybenzylphenol, trazine cemmpounds, including but not hmited to, 2.4-bis{octylmercapto)-
6-03 . 3-di-tert-buvi-4-hyvdroxyanilino = 1,3, S4riazing, T-ocivimercapto-4.6-bis(3 J-di-tert-butvi-4-

~

hydroxyamilinod 1 3 S-rmsine,  Z-octyhmercapio-4 6-bis(3 S-di-tert-butyb-d-hydroxyphenoxy)-
L3 Sriazme, 2,46~ 3 5-di-teri-butvl-d-hvdroxyphenoxy)- 1,2 3-naxine,  13,5-{ris(3.5-di-
tert-butyl-d-hydroxybenaybisocyanurate, L3, S ris{d-tert-butyl-3-hyvdroxy-2,6-
dimethylbenzyDisocyanuate,  2.4,6-tris-3 S~di-tert-butyl-d-hydroxyphenylethyD-1 3 S-trianie,
13, 5-tris{ 3, 5-di-tert-butyl-4-hydroxy-phenyipropionyli-hexahydro-1 3 S<triazine,  1,3.5-4ns(3,5-

dicytlohexvl-d-hydroxybenzyhiiso-cyvanurate, benzylphosphonates, including bt not hmiuted to,

dimethy -2, S-di-tert-butyb-4-hydroxvbensyiphosphonate, diethyl-3 S-di~tert-botvi-4-
bydroxybenzylphosphotate, dioctadecyl3, S-distent-butyl-4-hydroxybeneylphosphonate,
dinctadecyl-S-tert-butyl-d-hydroxy-3-methyibenzyviphosphonate,  the calonum  salt of  the

monoethyl exter of 3f,5-di«'ieﬂ«i?ui:yl-éi—hydi‘ﬁ.‘a;}y'ben;:yi‘ph@spim‘n‘iu actd,  acviaminophenols,
mchiding but not hmited to, d-hvdroxylawranilide, 4-hydroxysiearanihde, octyl N-(3,5-di-tert-
butvi-d4-hydroxyphenvhicarbamate, esters of B3, 5-di-tert-hutyl-d-hvdroxyphenyDpropionic acid
with mono-~ or polvhydric sleohols, e g with methanol, ethanol n-octanol, i-octanol, octadecanol,
1.6-hexanediol, | S-nonanedicl,  ethvlene  glveol,  12-propanediol.  neopentyl  alveol
thiodiethylene  glveol,  diethylene  glveol, triethvlene  glyeol,  pentaerythnitol,
tris{hydroxyethyllisooyanurate, N Nbisthydroxyethyboxamide,  3-thiaundecanal, 3-
thiapentadecaned, trimethylhexanediol, {rimsthylolpropane, 4-hydroxnymethyl-b-phospha-2,6,7-
moxabioyelof2. 2 2octane, esters of B(S-terv-batvi-d-hydroxy-3-methyiphenylpropionic acid
with mono- or polyhydric alcohols, e.g. with methmnol, ethanol, n-octanol, octanol, octadecanol,
1 6-hexanediol, ! 9-nonanedinl, sthviene glyeol,  L2-propanediol, neopentyl  alveol,
thipdiethvlens  glveod, diethvlens  glveel, wigithvlene glveol,  pentasrythriicl
tristhydroxyethyDisocvanurate, N Nhis-(hydroxyethyvhoxamide, A-ttuaendecanod 3-

thiapemiadecanol, trimethythexanediol, trimethylolpropansg, 4-hyvdroxymethyl-tphospha-2 6,7-
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trioxabicyeln]2.2.2] oclang; 3.9-bis]2- {3« 3-tert-butyl-d-hvdroxy-8-
methviphemyDpropionyloxy} -1, -dimethylethyl]-2 4,8, 1 (-tetraoxaspiro] 5. 5 -undecans, estars of
6-(3 S-dicyclohexyi-4-hydroxyphenyhpropionie acid with mono- or polvhydric alcobols, e.g. with
methanol, ethancl, ottanel, octadecannl, [.6-hexanedind, 1 9-nonanediol, ethyleng glveol, 1.2-
propanediol, neopentyl glveol, thindiethvlene glvenl, disthylene glyrol. wriethvlene glveol,
pentaeryihritol, tristhvdroxvethyhisocvanarate, N N“bisthydroxyethyBoxamide, 3~
thiaundecanol, 3-thiapentadecanol, inmethylhexanediol, tnmethylolpropane, $-hydroxymethyl-1-
phospha-2.6, 7-tmoxabicyelof2 2 2loctane, esters of 3 3-di-tert-butvh-4-hydroxyphenyl acetic acid
with mone- or polvhvdiic slechels, g with methanol, ethanol, octanol, octadecanol, 1,6-
hexanediol, 1 9-nonanediol, ethylene glveel, 1 2-propanediol, neopenty! glyeal, thiodisthylene
elyeol, diethviene glveol, triethvlene glvcol, pentaervibritol, insthyvdroxyethylpsocymmurate,
NN -basthydroxvethyDoxandde,  3-thisundecanol,  3-thiapentadecanol, wimethylhexanediol,

rimethylolpropane, 4-hydroxymethyl-1-phospha-2,6,.7-trioxabioyelo2 2. Zjoctane, anndes of 6-

(3, 5~-dixtert-butyl-d-hydroxyphenylipropionic acid e.g. NONbis(3 S-hi-tert-batyl A~
hydroxyphenvipropionyhhesamethylenedianude, N Nbis(3 S-di-tert-butyl-4-
hvdroxyphenylpropionyvhifrimethylenediamide, WAN-bis(3,5-di-tert-butyi-4-
hvdroxyphenvipropionyhihvdrazide, NN -biaf 3033 Sedi-tert-batvi-4-

hydroxyphenyljpropionyloxyiethyoxsmide (Naugard®tXL-1, supplied by Umroval), aseorbic
agid (vitamin ), amunic antioadants, including but not hmifted to, NN“di-isopropylp-
phenvienediamine, NN-di-sec-buivl-p-phenvienedianune, MNN-bis(l 4-dimethyvipentyil-p-
phenvienedianne, N Nhist L -ethybd-methylpentylp-phenylenedamine, N Nbis(l-
methylheptyl-p-phenylenediamine, NON“-dicyclohexyl-p-phenvlenediamine, N \N'-diphenvi-p-
phenvienediamine, N N“his(2-naphthyli-p-pheoylenediamine,  Neisopropyl-N'-phenyi-p-

phenyvienediannne, N-(13-dimethylingyD)-N-phenyl-p-phenvienadiamine, N«{l-methvihepty)-

N'-phenyl-pphenylenediantine, NegyelohexybN-phenyl-p-phenviencdiamine, e p-
toluenesulfamoy!idiphenylamine, NN -dimethyl-N N'-di-sec-butyl-p-phenvienediamine,

diphenyiamine, N-alividiphenylamine, 4-isopropoxydiphenylanune, N-phenyi-b-naphthylamine,
MNefd-ert-octylpbenyD-l-naphthylamine, Nephenyl-2-napbthylanune, octvinted diphenylanune,

imcluding bui sot hnuted to, pp-di-tert-octyidiphenylamine, 4-n-butyvlanunophenol, 4-

butyvrylaminophenol, 4-nonanoylaminophenot, 4-dodecanoviammophenol, 4-
actadecanovianinophena, bis(4-methoxyphenyDamine 2 6-di-tert-batvi-4-

dimethvianupomethviphenol, 2 4-dianvnodiphenyvimethane, 4.4 -diamunodiphenyimethane,

NON N N-tetramethvi-4 4 -diaminodiphenyvimethane,  1.2-hisf(2-methvlphenyDanunojethane,
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1. 2-bis{phenvigmingpropans, (o-tolylibiguanide, bis{d-{1" ¥ -dimethylbutyhphenvlianune, tert-
octylated N-phenyl-l-naphthylamine, & minture of mono- and diathviated tert-butylitert-
octyldiphenylamines, 8 mixture of mono- and diatkylated nonvidiphenylamivnes, a mixture of
mong-  and  diglkylated  dodeoyldiphenylamines, a wmixture of mono- and  dinoviated
sopropylischexyldiphenylamines, s mixture of nrono- and dialkyvlated tsak-butvidiphenylamines,
2. 3-dibhydro-3 3-dimethyl-dH-1 d-benzothiarine, phenothiazing, a mixture of mono- and
dialkylated tert-butvliert-octylphenothingmes, 8 mixtare of moto- and dialkylated fert-ocivl-
phenothiazmes,  Negllviphenothinzane, NN N MN-tetraphenyl-1 4-diaminobut-2-ene,  and
combinations of the foregoing.

{91221 In certain embodiments, swiable pharmaceuticatly acceptable excipiants may inchade
acrvlics, cellulose devivatives, polvsaccharides, monosaccharides, gums, natwral or synthetic
polymers (g.u. polyalkyiene wudes {(syg. polymethvlens oxides, polvethvisne oxides,
polvpropylene oxides} polyethylenes, polypropylenes, polyvinyl chiorides, polycatbonates,
polystyrenes, polyvacrylates, polycaprolactone, polymethacrylates copolymers thereof, and
mixtures thereol), Hposomes, distntegrants (e.g., polyvinylpyrrolidone, sodium starch glveolate,
crossvarmetlose sodium, or a mixture thereofd, glidants, lubricants, shsorption enhancers,
surfactants, binders, softeners, plasticizers {e.g., lecithm, hydrogenated vegetable oils, glyeerol
ester, lanohn, methyl ester, pentaervibiitol ester, vice bran wax, steanc acid, sodium polassim
stearates, and the like), waxes, fats, emulsifiers, fillers, antioxidants, colorants, diluenis,
processing aids {e.g., gramglating aids), fixing agents {e.g.. polvols such as, without hmilations,
sorhitol, maltifolisormalt, mannitol, starch, and the hike), pH-adjusiing agents, viscosity adjusting
agents, solubility increasing or descreasing sgents, osmotic agents, solvents, or 8 combination
thereof.

{9123] In cortain embodiments, swiable pharmaceuwtically acceptable excipisnis may inchude
pobyvinyipyrrohidone, natural and synthetic gums, polyvinyt aleohol, com starch, hydrophilic and
hydrophaobic materials such as sustained relesse polymers, ascrylic resins, protein~derived
matenials, waxes, shellacy, and solid or semi-solid oy such ay hydrogenated eastor ot and
hydrogenated vegetable oil. More specifically, the contvolled release materials can be, og,

alkylcelluloses such as ethylcellulose, acrylic and methaerylic acid polymers and copolymers
{&.1., scryhe acid and methacryhic acid copolymers, methy! methacrylate copolvimers, ethoxvethnd
methacrviates, cvanoethyl methacrylate, aminoalkyl methacrylate copolyimer, poly{acrylic acid),
polv{methacrvhe acid), methacrylic acid alkylamide copolymer, polv(methyl methacryvlaig),

polvimethacrvhie amd) {(anhydride), methyl methacrvlate, polvmethacrvlate, polvimethyt
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methacrylate), poly(methyl methacrylate) copolyvmer, polyvacrylamide, aminoalkyl methacrvlate
copolymer, poly{methacrylic acid anhydridel, glvcidyl methacryvlate copolymers, and mixtures of

any  of the foregoing), and celldose ethers, swch as  hwdroxyalkyleelluloses (e,
hydroxypropyimethyleellulose) and carboxyatkylcelloloses. Waxes include, ¢.g., natural and
syntheti waxes, fatty acids, fatty aleohols, angd mixtures of the same (2., heeswax, camauba
wak, stearie acid and stearv! aleohol),

16124} In certn ebodiments, seitable pharmaceutically acceptable excipents may inchade
geiling agents, such as ond without lhmitation, sugars or sagar derived alcohols, such as nannitol,
sorbitol, and the like, starch and starch derivatives, celhilose derivatives {such as microcrystalline
cellulose, sodium caboxymethyl cellulose, methylcellulose, ethyl cellulose, hydroxyethyl
celhudose, bydroxypropy! cellulose, hydroxypropyl methyleetlulose, vellulose esters, cellulose
digsters, cellulose triesters, cellulose ethers, cellulose ester-ethers, cellulose acvlates, cellulose
dincylates, celhddose miacviates, cellulose acetates, vellulose diwacetales, cellnlose irinceiates,
cellulose acetate propilonates, celhulose acetate butyrates, cellulose acetate succinate, cellalose
acetaie phthalate, hvdroxypropyl methyl cellulose phithalade, hydroxy propyl methyl cellulose
acetate succinate (hypermellose acetale succinate), and mixtures thereof), altapulgites, bentonites,
dextring, alginates, algemc acid salis such as sodim alginate and polassium alginate, casem,
steanic acid, shellac, carrageenan, gun tragacanth, gum acacia, gam avabic, pullulan gum, dextrm,
gellan gum, agar curs, tara gwm, karayva, guay gum, welan gum, thamsan gum, Jocust bean wum,
xamthan gwn, peciin, gelatin, Raoln, lecithin, magnesium alumiaen silicate, the varbomers and
carbopols, polyvinylpyorolidone, polvethylene glyeol, polyetbylene oxide, polyvinyl alcobol,
siheon dioxide, surfactants, nuxed surfactantfwetting agent systems, emalsifiers, other polynweric
materials, and mixiurss therent,

[B125] In certamn embodiments, suilable pharmaceutically acceplable excipianis may inchude
hydrophilic exciprents, such as withowt lmitations, water, low molecualar weight polyols, such ag,
polvethylene glyeol, polypropylene glycol, or a combination thereof. Examples of other suitable
hydrophilic carriers melude, without himitations, polyoxyethylene devivatives of a sorbiian ester,
such as sorbiton monelagrate (Polysorbate 20), Polysorbate 80, Polysorbate 68, polvoxyethylene
20 serbitan trioleate (Polysorbate 85), acetic acid, formic aoid, other hydroplulic surfaciants and
mixtures thereof Exemplary low muolecular weight polvels include, withowt limitations, those
having a munber average molecular waight of fromm any of about 200 Dalton, about 400 Dalion,
abopnt 600 Dalton, about 800 Dalton, or about 1060 Dalton {o any of about 2000 Daloyn, about

3000 Dalton, about 4000 Dalton, about 3000 Dalton, about 6000 Da, or about 7000 Da, or any
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sub-range or single value therein (for instance, polyethylene glycol 400, polyethylene glycol 600,
or the hke)
{8126} In cortain embodiments, suitable pharmacentically acceplable excipients may inchude
plasticizers, such as, but not be lmited 1o, sugar alcohol plasticizer such s tiagetin, somaly,
maltitol, xyhitol, sryvthritol, adonitol, duloitol, pentaerythitol, or mannitol; wr polynl plasticizer
such as diglyeering, ethvlene glveol, divthviene glveol, tricthyleneglyveol, tetrsethylene glycol,
dipropylene glycol, a polyethylene glycol up to 10,000 MW | neopentyt glycol, propylene glveel,
1 3-propanediol, 2-methyl-l 3-propasediol, trimethylolpropane, a polyether ps:dyoi,\ ethanol
amines; and mixtures thereof. Qther exemiplary plasticizers may also molude, without finitations,
fow molecudar weight polymers, oligomers, copolvimers, oils, small organic molecules, low
molecular weight polvals having shiphatic hvdroxyls, ester-tyvpe plashioizers, glyeol ethers,
polvipropvlene glyeod), nmit-bock polvimers, single block polymers, citrate ester-lype
plasticizers, and triacetin. Such plasticizers may inchsde 1,2-butyvlene glveol, 2. 3-butylene glycol,
styrene glveol, monopropylene glyeol wonoisopropyl ether, propylene glyeol monoethyl ether,
ethylene glveol monoethyvl ether, disthylene glyeol monoethy! ether, sorbiiol luctate, ethy! lactate,
butyl lactate, ethvl glycolate, dibutyl sebacate, acetylivibutvlourate, triethyl citvatg, phyoeryd
monosigarate, polysorbate 80, acetyl triethyl citrate, tributyl citrate and allyl glveolate, and
mixtures thereof,
{6127} In certain embodiments, sunable pharmacentically acceptable excipients mayv include
plastictyer such as, withow! Hmitations, phosphate esters: phihalate esters; amudes; mineral oils;
atly acids and esters; fatly aleobols, vegelable oils and hydrogenated vegetable oils including
acetylated hyvdrogenated cottomseed glvceride and acetylated hvdrogenuated soybean ot glycendes;
acetyl tributyl citrate, acetyl triethyl citrate, Castor oil, diacetyvlated monoglveerides, dipropylens
shvcol sabiovlaie glveery, glveervl cocoate, mong- and  di-aceivisted momoglycerides,
nitrobenzene, carbon disulfide, fnapheyl sahioyinte, phthalyl glyeolate, diocyd phthalate: sorbitol,
sorbitel glyceryt iriciemte; sucrose octsacetate; a-tocopheryl polvethviene glyeol succimate,
phosphate esters; phthalate esters; anmdes; mingral oils; :"aﬁ; acids and esters; fatty alcohols; and
vegetable ofls, fatty alcohols including ;uastmrﬁ ateohol, cetyvl aleohel, stearyl alcohol, olevl
alcohol and myristyl aleohol; methyl abietate, acetyl irihut}-\‘l citrate, acetyl wiethyl citrate,
ditsooctyl adipate, amyl oleats, butyl :::ic:i,noieate, ‘henzyi benzoate, butyl and glyeol esters of fatty
acids, buivi diglveod carbonate, gyl oleate, butyl stearate, ditheta-methoxyethyl adipate, dibuyl
schacale, dibuiyl fartvate, dusobaiyl adipate, dihexyl adipate, triethylene glyeol di(bela-ethyl

butyrate), polyethvlene glveol di{Z-ethyl hexonte), diethvlene glycnl monolaurate, monomeric
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polvethylene ester, hydrogenated methyd ester of rosin, methoxyethyl olegte, butoxvethyl stearate,
brutyl phithatyl butyl glveolate, plveerct tnbutyrate, tristhylene glycol dipelargonate, betg-(ptert-
amyl phenoxyethanol, beta(p-tert-butytphenoxviethanol, beta-{p-tert-batviphenoxyethvDacetate,

bis(beta~-p-tert-buthylphenoxvdiethylether, camphor, Cumar W-1, Cungy MH-1, Camar V-1,

diamy! phthalae, (damyiphenoxy) ethanol, diphenyl oxide, techmical hydroabietyl aleahol,
beckoln, benrene hexahydrochionde, Clorafin 40, Piccolastic -3, Picealastic A-23, Flexol B-
400,  Olycerol  alfoethyl  alfa-phenyl  etber,  chlonnated  naphthalene,  HB-40,
monoamylphthalate. Nevillac 10 o-nitrodipheny! and Pargentd 26

{8128] In certain smbodiments, suitable phatmaceutically acceptable excipieniz may include
plasticizer such as, without lsniiationa, sugar alcobol plastictzer such as isomalt, maltitol, sorbitol,
xylitol, eryihritol, adomitoel, dulciiol, pentaeryvihrnl, or mannitel; or polvel plasticizer such as
elveerin, diglveenn, ethvleng glyeol, digthylene plveol, triethvlenvglyvenl, tetraethylene glycol,
dipropylena glyeol, a polyethyvlene glycol up to 10,000 MW neopentyl glveol, propylene glyeol,
13-propanediol, 2-methyl-1 3-propanediol, trimethylolpropane, a polvether polyol, ethanol
amines; and mixtares thereof, Other exemplary plasticizers may include. without imitations, low
molecular waight polyvmers, oligomers, copolymers, ols, small organie moleculss, low molgcular
weight polvols having shphatic bvdroxyls, ester-type plasticizers, glyeol ethers, polv{propylene
glyeol), mult-block polymers, single block polymers, citrate ester-type plasticizers, and friacetn,
Such plasticizers may inchede [ 2-butvlens glvepl, 2.3-butylene plveoll styrene glycol
monopropylene glyeol monoisopropyl ether, propylene glveol monoethyl ether, ethylene glyeol
monoethyl ether, diethvlene glvcol mosoethyl ether, sorbitol lactale, ethyl laciate, butyl lactate,
ethyl glycolate, dibutyl sebacate, acetvliributvlciirate, triethyl citrate, glyveryl monostearate,
potysorbate 80, acety! wiethyl citrate, tributyl citrate and ally! ghveolate, and mixtures thereof.
{81291 In certain embodiments, suilable pharmaceutically acceplable exciplanis may inchude
fragrances such as, without himitations, natural andfor syathebe Dagrance raw matenals. For
instance, ol soluble perfume cils, which may or may not be in mixture with water sohuble perfume
oils. Oil sulable perfiune materials are natural, or natwaldentical essentiad oils such as orange
o, Tavender oil, piae o1, eucalypius oif, lemeon o, clove leafl peppermint oll, cedarwood o,
rosemary oil, bergameot oil, lavandin oil, patchouli oil, chamonsle il jasoune oil, spike oil, vose
ail, Vetiver o, fennel oll, anise oil, thyme oil, gevmanium oil, menthol, and magjoram oil. An
animal fragrance iy for sxample musk, castorenm, aber or zibet. Spagyric essences are alsn knows
i the art. They are made by fermeniing certain herbs that are then processed to the final product.

Svyuthetic fragrance ngredients are for exanwple synthetic essential oils such as composed of single
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compounds such gs hoalel, terpinend, nerol, cironellal, benzaldehyde, cimmamon aldehyde,
vanili, sthylvaniilin, or methviacetophenone. The fragrance materials may also b synthetic ot
soluble perfume oils selected from the usual group consisting of fragrant hydrocarbons, alcohols,
ketones, aldehvdes, cthers, esters, polvene dervatives. Other fragrances that may be used are
catalogued and described i references and databases such as S, Arctandsr, Perfome and Flavor
Chemicals, Volumes Land 111960, 1969; reprint 20003 ABured’s Flavor and Fragrance Matenials
{2005y, and database maintained by the Research Inmstitpte for Fragrance Muaterals at

wew, rifimorg.

{8130} In certain emtbodiments, suitable pharmaceuntically acceptable excipients may nelude a
perfume o, Suitable perfume oils include mixtures of natwal and synthetic fragrances. Natuval
fragrances are extracts from flowers (lily, lavender, rose, jasmine, nerolt, vlang-vlang), stems and
feaves {geranium, patchouli, petitgrain), frodts (aniseed, coriander, cumin, juniper), fruit peels
{bergamot, lemon, orange), rools (mace, angebica, celery, cardamom, costus, mis, calmus), woods
{pinewood, sandalwood, gumine wood, cedarwood, rosewood), herbs and grasses (tavagon,
lemongrass, sage, thyme), needles and branches {sprace, fir, pine, dwarl~pine), resing and balsams
{galbamun, slemi, benzoin, mvrrh, olibanum, apoponax). Typival synthetic fragrance compounds
are products of the ester, ether, aldehvde, ketone, alcohol and hydrocarbon type. Fragrance
compounds of the ester type are, for example, benzyl acetate, phenoxyethyl isobutyrate, p-ert-
butvicyvelohexyl acetate, lmalyl acetate, dimsthylbenzyicarbinyl acelate, phenyvlethyl acetate,
Hoahyl bensoate, benzyl formate, ethybmethyiphenyl glycinate, allyl cyclohexylpropionate,
styrallyl propionate and benzyl sabicylate. The ethers include, for example, bensyt ethyl ether, the
aldehydes include, for example, the lnear alkanals baving 8 1o 18 carbon atoms, oitral, citronelial,
citronellyloxyacetaldehyde, cyclamen aldehyde, hydroxveitronelial, Hitial and bowrgeonal, and the
kelones nchude, for example, the lonones, g-msomethylonone and methy! cedryl ketone, the
alcobhols include anethole, citroneliol, eugenol, isceugenol, geramol, Hnalool, phenylethyl alcobol
and terpineal, and the hyvdrocarbons include nainly the terpenes and balsams.

{6131} In certain embodiments, suitable pharmaceutically acveptable exciplents may melude
essential oils of relatively low volatility, which are mostly used as aroma components, are also
suitahle ag perfime oils, ¢.2. sage oil, chamonule oil, oil of cloves, melissa oil, sunt oif, cinnamon
teaf oil, linden blossom oil, juniper berry oil, vetiver aul, olibanum oil, galbanum oil, labolanum
afl and lavandin ofl. Other suimble oils mcluds bersamot oif, dibhvdromyreenol, sl tyral,
citrtonellol, phenviethyl alcobol, e-bexvicinnamaldehyede, geraniol, benzylacetone, cyclamen

aldehyde, linalool, boisambrens forte, ambroxan, indole, hedione, sandelice, lemon o], mandarin
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ail, orange oil, allyl syl glycolate, cyelovertal, lavandin ofl, clary sage ol, f-damascone,
geraniwm oil bowrbon, syolohexyl sslicylate, Vertofix coeur, wso-E-super, Fixolide NP, evernyl,
wraldein gamma, phenyvldcehe aoid, gevanyl seetate, benryl acetate, rose oxide, ronulat, roty! and
floramat glone or i mixtures,

[6132} In certain embodiments, suntable pharmaceutically acceptabls excipients mayv include
presevvatives. The term “preservative”, as used herein, refers to an agent that extends the storage
hie of the dosage form by retarding or preventing deterioration of Havor, odor, color, texture,
appegrance, thergpeutic value, or safety. A presevvative need not provide a lethal, ireversible
action resulting in partial or complete microbial cell destruction or incapacitation. Sterilants,
sanmifivers, disinfectants, sponcides, vwagides and iuwberculocidal agepis provide such an
trreversible mode of action, sometimes referred 10 as “bactericidal” acton. in contrast, a
preservative can provide an inhibuory or bacteriostatic action that is reversilide, in that the target
miicvobes can reswme mdiiphivation i the preservabive 1§ removed. The principal differences
between g preservative and 4 sanitizer primandy involve mode of action (a preservative prevents
eronwih rather than kithing microorganisms) and exposure time (a preservative has days to months
to act wheress a sanitizer has at most a few minutes (o act). Sutalde preservatives include, without
Himitations, phenoxyethanol, 8 solution of parsben, pentanediol and sorbic acid, as well as sibver
conplexes.

[6133] In certain embodiments, sunable pharmaceutically acceptable excipients mayv include
coloring agents, such as, without Hontlations, colors such as e.g., white, black, vellow, blue, green,
pink, red, orange, violet, indigo, and brown.

161341 In certain smbodiments, suitable pharmaceutically scceptable excipients may inchude
atkalizing agent(s), such ss, without imiiations, magnesium oxide, anunonnun hyvdroxide, sodim
fvdronide, sodinm carbonate, sodiwm citraje, trisodium phosphate and/or disodium phosphate.
[8138] In cortain embodiments, suwitable pharmacentically acceplable excipients may inchude
fubricant(s)release agent{s} such as, but not hinnted 10, fatty acids and their salis, faity alcohols,
tly esters, fatly amines, fatly aming acelates and fafly smides. Other suitable hibricants may
melude, but not be limited to, glyeeryl behenate (Compritol™ 888), metallic stearates (v.g.,
magnesiwmn, calcium and sodium stearates), stearic acid, hydrogenated vepetable ails {eg.,
Stevotex™) tale, waxes such as beeswax and camauba wax, silica, fumed silica, colloidal silica,
calchom stearate, long chain fatty alcobols, boric acid, sodium benzoate and sodium acetals,
sodwm chloride, DL-Leuaine, polyethylene glyeols {e.g.. Carbowax™ 4000 and Carbowax™

G000, sodium oleate, sodiwm benzoate, sodigm acetate, sodium louryl sulfite, sodivm stearyl
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fumarate (Prav'™), magnestum lauryl sulfite, stearic acid. searyl alcohol, mineral oil, paraffin,
micro erystalting cellulose, glyvcerm, propyvlens plveol and combinations thereof.

{8136} In cortain embodiments, switable pharmacentically acceplable excipients may inchude
diluents such as, but pot himited to, Iactose USP, laciose USP (anhvdrous), lactose USP {spray
dried), starch USP, dirsctly vompressible starch, mannitol LISP, sorbiiol, dexiross monchydrate,
prcrocrysialiine cellulose NF, dibasic caleism phosphate dibvdrate NF, sucrose-based diluents,
copfectioner's sugar, movobasie calcium sulfte movohydrate, calaiom sulfate dihydrate NF,
caletm laciate trilivdrate granular NF, dexirtes NF {e.g., Emdex™)_ dextrose (e.g., Cerelose™],
inositnl, hydrolyzed cersal solids such as the Maltrons™ and Mor-Rex™, gmylose, powdered
celluluse {e.g., Elcema™), caloium carbonate, glveine, bentonite, polyvinvlpyrrolidone, and the
tike.

[6137] In certam embodiments, suitable pharmaceutically acceptable excipiamts may melude oils
and fats such as, Ing not be timited to, almond o, argan o, avocado oil, canoha oil, cashew o1,
castor oil, cocoa butier, coconat o1, colza oil, corn ol cottonseed oil, grape seed od, harelnut ol
hemp oil, hvdroxyvlated fecithin, lecithin, Haseed oil, macadamiy oil, mango butter, manils oil,
mongongo mut oil, olive nil, palm kernel oil, palm oil, peanut oil, pecan oil, perilla oll, pine nut
oil, pistachio o, poppy seed ofl, pumpkin seed o, rice bran oil, safflower oil, sesame oil, shea
butier, sovbean o, sunflower oil, wabmat oil, aud waterelon seed o1l Other ol and fats that may
be in the fill of the PVA shell may include, but not be limued to, fish ol {omega-3), crill oil,
animal of vegelable fats, e.g., in thelr hydrogenated form, monos, di-, and ir-ghyecerides with 012+,
Cl4-, ClHw, 18+, T20- and C22-fatty acids.

{6138} In certain smbodiments, soitable pharmaceutically acceptoble excipients may mchide
visgetable proteins such as sunflower protein, soybesn proteins, cotlon seed profeins, peanut
proteins, grape seed proteins, whay proteins, whey protem solates, blood profeins, egg protens,
acrviated profeins, water-sohuble polysaccharides such as alginates, carrageenans, poar @uem, agar-
agar, xanthan gom, gellan gom, gum arabic and related gums (gum ghatti, gem karaya, gum
fragancanth),  peclin,  waler-soluble  denvatives  of  celluloser  alkyvleethdoses
hydroxvalkvleelhiloses  and  hedroxyalkelalbyleethddoses,  sach as methyleehdose,
hvdroxymethylceliulose, hrvdroxyvethyleellulose, hydroxypropylcetiudose,
hvdroxvethvimethyleellulose,  hvdroxyvpropvimethyvlesllnlose,  hydroxvbutyvlmethylcellulose,
cellulose esters and hydroxvalkvicellulose esters such as cellulose acetate phihalate (TAP),
bydroxypropylmethyleellulose  (HPMUO): carboxyalkyleelhudoses, carboxvalkylalkyleetiuloses,

carboxyalkyleetlulose esters such a3 carboxymethyleellulose and their stkah metal salts: water-
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soluble synthetic polvmers such as polvacrvhc acids, polvacrylomides, and polyvacrvlic acid esters,
polyvmethaorvlic acids, polymethacrviamides, and polvmethacrvlic acid esters, polyvinviacetates,
polyvinylaleohols, polyvinylacetatephthalates (PVAP), polyvinylpyrrolidone (BVP), PVY eyt
etate copolymer, and polycrotonic acids; also suitable sre phthalated pelating pelatin succinate,
crosshinked gelatin, shellac, water-soluble chemical derivatives of starch, cationically modifted
acrylates and methacrviates possessing, for example, a tertiary or quaiernary amino group, sach
as the diethylaminoethyl group, which may be quatermzed 1f deswred; and other sinular polvmers;
inorganic fillers, such as the oxides of magnesium slumbnum, sihcor, Hilanium, eic.
18139 In certain embodiments, suitable pharmacentieally acceptabie excipients may include a
hvdrophobic material, including, but not lmtted to, digestible, lony chain {(Ce-Csy, especially T
Caelo substituted or unsobstituted hydrocarbons, such as natural or synthebic waxes {such as
begsway, plveowax, castor wax and carnauba wax), falty alcobols {such as lauryl, myristyl, steanvi,
celyl or praferably celostearyl alcohod), falty acids, meluding, bul not hmited to, mono-diglyesnde
of medhurn chan fatty saids (such as caprylic, capric, caprode, laaric, oleic, hnoleic), mediom
chain tnglvcendes, faty acid esters, fally acid glycerides {(mono-~, di-, and tri~glhycendes),
hvdrogenated fats, hydrocarbons, normal waxes, stearic seid, stearvi alcohol and hvdrophobic and
hvdrophilic materials having bvdrocarbon backbones.
{0140} In certain embodiments, swtable pharmacentically acceplable excipienis may include
polyvinyl alcohols, polveinyd pyrrolidone, polyvaikylene oxides, polyacrvlic acid, cellulose,
cellulose ethers, celhulose esters, cellulose anudes, polyvinyt acetates, pobvearboxylic acids and
salts, acetic acid, capryhe acid, oleic acid, polyvaminoacids ov peptides, polyamudes,
polvacrvlamide, copolymers of maleic/acryvlic acids, polysaccharides including starch and gelatin,
natural goms such ss xanthan, and carrageenans. For example, polymers can be selecied from
polvacrylates and water-soluble acryvlate copolymers, methylestlulose, carboxymethyvicellulose
sodiom,  dextrin,  ethyleellulose, hydroxyethyl cellulose, bydroxypropyl  methyleellolose,
maltodextrin, polymethacrylates, and combinations thereo!, or selected from polyvinyl alcohols,
polvvinyl alvohol copolvmers and hydroxypropyl methyl celludose (HPMC), wethacrylhic
acidimethyl methacrviate, methaorviie acidfethy! acrviate copolymers, methacryhic acidimethyl
acrylate'methy! methacrvlaie copolyvmers, shellac, hyvdroxypropy!l methvicellulose phihalate
hyvdroxyl propy] methyl cellulose acetate suscinate, hvdroxyvpropy! methyl cellulose trimellitate,
cellulose acetate phihalates, polyvinyl acetale phihalates, PEG-35 castor oil, caprylocaproyd

polvoxyhS glycendes, ghyceryl distearnte, and combinations thereof.

36



WO 2023/129502 PCT/US2022/053935

16141} 1o centain embodiments, suitsble pharmaceutically acrepiable excipients may nclude high
HUB surfactanis such as, without limitations, polysorbate RO-polyoxyethyleng {20} sorbitan
moneoleate, polyoxyl 40 hydrogenated castor oif, polvoxyd 35 castor oil, caprylocaproyl macrogol
glyeerides, and combinations thereof,

{6142} In certain embodiments, suitable pharmaceutically acceptable excipients may include
Fillers such as, without mttations, lactose, microcrystalling cellolose, and combinations thergof.
16143} In certn embodiments, suitable pharmaceutically acceptable excipents may inchade
natural guros (2.2, a naturgl plant guny). Suitgble natral gums inchude, without imutations, guar
cum, carch gunt, konjac gun, xanthan gum, sclerotium gum, acacia gum, ceflulose gum (modified
ar noth, of a combination thereof

[0144] I certain embodiments, suitable pharmacentically accepiable excipients mway inchde
emulsifiers such as. without inutations, PEG- 38 Dhipolvhydroxystearate, PEG-4 Dilaurate, PEG-R
Diclkeate, PEG-40 Sorbiian Peroleate, PEG-T Glvearyl Cocopale, PEG-20 Almond Glyveerides,
PEG-23 Hydrogenated Castor Oil, Glycery! Stearate (and) PEG-100 Stearate , PEG-7 Olwvate,
PEG-R Olegte, PEG-8 Laurate, PEG-60 Almond Glveerides, FEG-20 Methyl Glacose
Sesquistearate, PEG-40 Stearaie, PEG-1U0 Stearate, PEG-80 Scrbitan Laurate, Steareth-2,
Steaveth-12, Oleth-2, Ceteth-2, Laureth~4, Oleth-1¢, Oleth~-10/Polvoxyl 14 Oleyl Ether, Ceteth-
10, Isosteareth-20, Cetearath-20, Oleth-20, Stearath~-20, Steareth-21 | Ceateth-20, lsoceteth-24,

Laureth-23, Steareth- 1, Glveervl Stearate Citrate, Glyveryl Stemrate SE (sell-emulsitving),
stearic acid, salty of stearic avid, polvelveervli-3-methviglveosedisiearate, or a combination
thereot.

0145 Further suitable emulsifiers are phosphate esters and the salis thereof such as cetyl
phosphate (Amphisel® A), diethanolamine cetyl phosphate {Amphisol¥DEA), polassium cetvl
phosphaie  {Amphisol® K), sodium  cetearyl solfale, sodium  ghveenyl oleate phosphate,
hydrogenated vegetable glyveerides phosphate and mixtures theveof, Further soitable emulsifiers
arg sorbilan oleate, sorbitan sesquioleate, sovbitan isostearate, sorbitan tricleate, Cstearyl
Glucoside, Lawryl Glucoside, Decvl Glucoside, Sodians Stearoyl Glutamate, Sucrose Polystearaie
and Hydrated Polvisobutene, Furthenmore, one or more synthetic polymers may be used as an
emulsifier. For example, PV eicosens copolymer, acrviates/Ciom alkyl serylate crasspolymer,
acrylates/steareth-20 methacrylate copobymer, PEG-22/dodecyl glveol copolvmer, PEG-
43 dodecyd glveol copolvimer, and mixtures thereof

{8146} In cerfain embodiments, swtable pharmacentically acceplable excipients may nclude

chelating agents such as, without hmitations, disodium ethylenedianunetetrazcetic acid (EDTA).
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diethvlenetrianinepenigacetic acid (DTPA), Nhydroxyethyl-ethylenedipnunetriacetic acid
{HEDTA), and nuriltniacetic aad (NTA).

{0147} In certn embodiments, suitable pharmacentically scceptable excipients may mehude fatty
alcobols, such as, without Hnutgtions guerbet alcohols based on fatty wleohols baving from o to
18, preferably from 8 1o 10 carbon atoms including cetyl aleshol, stearyl aleohal, cetearyl aleahod,
oleyvl aleobol, octyldodecanol, benzoate of C12-C13 alcohols, acetylated lanohn aleohod, et
16148} In certin ermbodiments, seitable pharmaceutically acceptable excipents may inchade
gsters of fatty acids, such as, without mitations esters of Hoear Ce-Chy fatty acids with tinear Cs-
Uy aleohols, esters of branched Ce-Cyxcarboxyl acids with hnear Cp-Cyy fatty aloohols, esters of
fingar  Co-Cyy falty acids with branched aloohols, especially  2-ethylhexanol, esters of
bydroxyearboxvhe noids with linear or branched Ce-Cyy ity alcobols, especially dioctyt malates,
esters of linear andior branched fatty scidy with polyhydric alcohols {for example propylene
ehveol, dimer diol or rimer triod) and/or Guerbet alcohols, for example caproic acid, capryhic acid,
2-ethylhexanow aeid, capric acid, lammie acid, isotridecancie acid, myristic and, palnatic acid,
palmitoleic acid, stearic acid, isostearic acid, oleic acid, elmdic acid, petroselmic agid, noleic
acid, hnolenic scid, elaeosteanic acid, arachidic acid, gadoleic scid, hehenic soid and erucic acid
and techmicat-grade muxtures thereof (obtained, for example, in the pressure removal of nataral
fais and oils, i the reduchon of aldehydes from Roelew’s oxosvathesis ov in the dimerization of
unsaturated faity acids) with aleohols, for example, isopropy! alcohol, capraic aleohod, capryd
aleohnl, 2-ethylhexyl aleohol, capric aleohod, Taurvl aleohol, 1sotridecy! aleohol, myristy! aleohol,
cetyl alcohol, palmoley! alcobol, stearyl alcohol, isostearyl aleohol, olevl nlcohol, elaidyl alcobol,
petroselinyl gleohoel, Hnoyl alcobol, linelenyl alcohnl, elasnstearyd alcohol, arachidyl alcobol,
gadoleyl sleohol, behenyl gleohol, erucyt aleohol and brassidyl alcohol and techmical-grade
mrixtures thereof {obtaied, for example, i the hgh-pressure hvdvogenanon of techuucal-grade
methyl esters based on fats and oils or aldehyvdes from Roelen's oxosynthesis and as monomer
fractions m the dimerization of unsaturated ity alcohols). Additional snitable examples of ester
oils are isopropyl myristate, sopropyl palmitate, isopropyl stearate, isopropyl isostearate,
isopropyl oleste, w-butyl stearste, whexyl lawrate, n-decyl oleate, 1sooctyl stearnte, 1so-

nonyistearate,  isononyl  isomonanvate,  2-ethylhexylpalnstate,  2-hexvllaurate, 2~

hexvideoylstearate,  2-outvldodecvipalmitate,  oleviplemte,  olevlerucate,  erucylnleate,
aracviercate, celearyl octanoate, cetyl palmitate, cetyl stearate, cetyl oleate, cetyl behenate, cetyi

acetate, myristyl mynistate, mynastyl beliepate, myrnistyl oleate, myristyl stearate, myristyl
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palnutate, nvnstyl lactate, propyvlene glyeol dicaprvinie/caprate, stearyl heptanoate, ditsosteary!
malate, ooty hvdroxystearate, gic.

{0149} In certain embodiments, suttable pharmaceutically acceptable exaipients may mclude other
acjuvams, such s, without limutatons, diethylhexyl 2 6-naphthalate, di-n-buiyl adipate, diy2-
ethylhexvl-adipate, dif2-ethyl hexylsuccinate and diisotrideny! acelaat, and also dinl esters,
such as ethylene glveol dioleate, ethylene glyeol diisotndecanoate, propylene glveol di(2-
ethylhexanoate), propylene glveol dusostearate, propylene glycol dipelargonate, butanediol
ditsostearate and neopentyl glveol dicaprylate. Esters of C-Uay fatly aleohols andior Guerbet
aleehols with arcmatic carboxyvhc acids, saturated and/or unsatrated, sspecially benzoic acid,
asters of U0 dicarboxvlic acids with lingar or hranched alcohols having from 1 10 22 carbon
atorns or polvols having from 2 fo 10 carbon atoms and from 2 © 6 hydvoxy groups.

[0156] In certain embodiments, suntable pharmacentically acceptable excipients mayv melade
nataral or svathetic wighveenides (including ghyceryl estars and derivatives), such as, without
himitations, di- or triglveendes, based on CpChg fatty acids, modified by reaction with other
alechols (caprylic/capric triglyeeride, wheat germ  plycerides, ete). Fady acid esters of
potvelveerin (polyglyveervi-n such as polvalveervi-4 caprate, polvelveervl- isostearate, slc. or
casior o1, hyvdrogenated vegetable ol sweet almond oil, wheat gevm oil, sesame oil, hydrogenated
codtonseed oil, coconut ol avocado o, corn oil, hvdrogenated castor oil, shes butier, cocoea butier,

sovbean oil, mink oil, sunflower wil, safflower oil, macadamia st o, olive oil, hydrogenated
tallove, apricot kernel oil, havelmag ofl, borags oil, eft. Additional suitable excipients inclade waxes
mchihong esters of long-cham acids and alcobols as well as compounds having wax-like
properties, e.g., carmnauba wax, beeswax (white or vellow), lanohin wax, candelitla wax, ozokerite,

japan wax, paraffin wax, microcrysialiineg wax, ceresin, cetearyl esters wax, synthetic beeswax,
ale. Also, hydrophilic waxes as Cetearyl Alcobel or partial glyeerides.

{8151} In certain embodiments, sutable pharmacentionlly acceptable excipients may inchude

pearlescent waxes, such as, without limitations, alkylene glveol esters, especially ethylene plveol

distearate; falty acid alkanolanudes, especially coco falty acid dithanotamide; partial glyeerides,
especially stearic actd monoglyeeride; esters of pﬁiw<z}mt unsubstitated or hydroxy-substituted

carhoxyhic acids with fatty alcobols having from 6 {o 22 carbon gtoms, especially long-chained
esters of tartaric anid; fatly subsiances, for example fatty aleohols, fatty ketones, fatty aldehydes,
fatty ethers and fatty carbonates, which in total bave af least 24 carbon aloms, espeeially lanyd
and disteary! ether; fatly acids, such as stearie acid, hvdroxysiearic acid or behenic ascid, nng-

opening producis of olefin epoxides baving from 12 o 22 carbon atoms with Rutty alcohols having
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from 12 10 22 carbon atoms andior polvols baving from 2 to 15 carbon stoms and from 2 {0 10
hvdroxy groups, and mixiures thergof,
[8152] In cortain embodiments, suitable pharmacentically acceplable excipients may inchude
hydrocarbon oils, such as, without himitations, minerval ol (hight or heavy), petrolatum (yellow or
whita}, scrocrysialine wax, paraffinic and isoparaffinic compounds, hvdrogenaiad isoparaffinic
motecules as polvdecenes and polybotene, hvdrogenated polvisobotene, squalane, isohexadecane,
madodecane and others from plant and animal kingdom.
161531 fn certain smbodiments, suitable pharmaceutically scceptable exciplents may include
siicones o siloxanss  (prganosubstituted  polysiloxane), such as, withowt lntations,
dimethylpolysiloxanes, methylphenylipolysiloxanes, cyclic silicones, and also amino-, faity acid-,
alcobol-, polyetber-, epoxy-, fluorine~, plvcoside- andior alkvlamodified silicong compounds,
which at room temperature may be n either hquid or resinous form. Limear polysiloxanes,
dimethicona (Dow Corning 200 Huid, Rhodia Mirasil DM), dimethiconol, cvelic silicone fluids,
velopentasttoxanes velatiles (Dow Corning 345 fluid), phenvirimethicone (Dow Coming 556
Buiﬁ}. Also snitable gre simethicones, which are mixtures of dimethicones having an average chain
fenpth of from 200 o 300 dinethyisiloxane units with hvdrogensied silicates. A detailed swrvey
by Todd et al. of suitable volatile sthcones may in addition be found in Cosp. Toid, 91, 27 (1976}
{0154} In cerfain embodiments, sntable pharmacentically acceplable excipienis may include
emulsifiers, such ag, withouot Hmitations, carboxyhc acids aud their salis: alkaline soap of sodium,
potassivon and anunonien, metatlic soap of calcium oy magnesium, oreanic basts soap such &8
Lauric, palmitic, steatic and oleie aad ete. Alkyl phospbates or phosphonie acid esiers, acid
phosphate, diethanolumine phosphate, potasstum cetyl phosphate. Ethoxylated carboxvlic acids
ar polysthylene glycol esters, PEG-n acylates. Lingar fatty alcohols having from # to 22 carbon
atomss, branched from 2 to 3G mol of ethviene oxide andior from 1o 3 ol propylene oxide with
fatty acids having from 12 0 22 carbon atoms and with alkylphienols having from 8 10 15 carbon
atoms in the atkyvl group. Fatty aleohol polyglyeol ether such as lavreth-n, ceteareth-n. steareth-n,
olath-n. Faity acid polvglyvenlether such ax PEG-n siearate, PEG-n oleate, PEG-n covoate,
Muonoglyveendes and polvol esters. CI2-C22 fatty acid mono- and di-esters of sddition products
of fronn 1 (o 30 mol of ﬁ:i:hyiene: oxide with polyols. Falty ncid and polyglyceral ester such as
monostearate glyesrol, diisostearoyl polvglyeervl-3-ditsostearates, polyglveervl-3-diisostearates,
triglyeervl ditsostearates, polyglyeervh-2-sesquitsostearates or polvglyceryl dimerates. Mixtures
of compounds from a plurality of those substance classes are also swiable. Fatty acid

potyelvenlesiers such gs monostearate diethyvlene glyeol, fatty acid and polyethylene glveol esters,
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fatty acid and saccharose esters such as suero gsters, glycerol and saccharose esters such as sucro
glycerides. Sorbitol and sorbitan, sorbitan mono- and di~esters of saturated and unsaturated fatty
acids having from 6 0 22 carbon atoms snd ethylene oxide addition products. Polysorhate-n series,
sorbitan esters such as sesquiisostesrate, sorbitan, PEGH(6)-isostearate sorbian, PEG-{10)-
sorbitan losurate, PEG-17-dinleate sorbitan. Glucose dertvaiives, CH-022 alkvlmono and oligo-
glveosides and ethoxylated analogues with glucose beinyg preferred as the sugar component. OFW
emulsifiers such as methyl gluceth-20 sesquistearate, sorbilan stearaie/sucrose cocoale, methyl
glucose sesguistesrate, cetearvl alcobolicetearyl gluicoside. W/O emulsifiers such as methyl
glucnse  dicleate/methyl  glucose  isostearste.  Sulfates and  sulfonsted  denvatives,
diathviselfosucoinates, dioctyl suocmate, alkvl lauryl solfonale, hnear sulfonsied paraffins,
sulfonated fetrapropyene sulfonate, sodiwn lauryl sulfates, antmoniwm and ethanolamine lauryl

sulfates, lauryl ether sulfmtes, sodinn laweth sulfates, sulfosuccinates, acetyl isothionates,

alkanolamide sulfates, {aarines, methyl urines, idazole sulfates.
Polysiloxanepolvalkylipolyether copolymers and denvatives, dimethicone, copolyols, siheone

podvethylene oxide copolymer, silicone glyeol copolymer, Fropoxylated or POE-n ethers
{Maroxapols}, Polaxamers or pohyoxvethylenem-block-polvioxypropviensin-
block(oxvethvlene), Zwdtterionic surfactants that carry af least ong quatermary ammoninm group
and al least ote carboxviaie and/or sulfonate group 1o the wolecule. Zwilterionic surfactants that
are especially suilable ave belaines, such as NealkyhN N-dimethvlammonum  glyomates,
covoallyvidimethylammunsiom elyeinate, NegoylaminopropyiN, Nedimethvammonionm
glyveinates, cocoacyieminopropylidumethylammonium glyveinate and 2-alkyl-3-carboxymethyl-3-
’h};drs:s.\:y‘ethyii;’nid&miiﬂes gach baving from 810 18 carbon atoms m the slkyt or seyl group aud
also  covoasylamingethylhvdroxyethylearboxymethylglveinate,  Neallol  betging, N-
alkviaminobetaines. Alkvhmidazolines, allkylopeptides, lipoaminoacides, self-emulsifying bases
and the compounds as deseribed in K. F. DePolo, A short textbook of cosmetology, Chapter 8,
Table §-7, p 250-251,

{8158} Saitable nonjonic bases tnclude, without Hmitations, PEG-6 beeswax (and} PEG-6 stearate
{and) polvalrceryl-2-isostearste, plveeryl stesrate {and) PEG-100 stearste, PEG-S glveeryl
steargte, sorbitan oleate (and) polyelveervl-3 ricinoleate, sorhitan stearste and sucrose cocoste,
slvearyl stearate and laureth-23, cetearyl alvohol and ceteth-243, setemiy‘i alcohol and polysorbate
&4 and PEG-1 50 and stearate-20, cetearvl alcobeol and cetearvi polyghucoside, cetearvl aleoho! and
ceteareth-20, ceteary! alcobol and PEG-40 castor oil, cetearyl alcobol and PEG-4(0 castor ol and

sodium cetearyl sulfate, stewryl alcohol and steareth-7 and steareth-10, cetearyl alcohol and
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szeareth~7 and steareth-10, plyceryl stearate and PEG-T3 stearate, propyviene glycol ceteth-3
acelate, propylene alveol isoceth-3 acetate, cetearyl alcohol and ceteth-12 and oleth-12, PEG-6
stearate and PEG-32 stearate, PEG-6 stearate and ceteth-20 and steareth-20, PEG-6 stearate and
ceteth-20 and glyceryt stearate and stearsth-20, glyceryl stesrate and ceteareth-20,

0156} Suitable anipnic atkaline bases ichudes, without Hmitations, PEG-2 siearate SE, glveeryl
stearate SE, propylene glveol stearate. Antonie acid bases such as cetearyl Aleohot and Sodiem
cetearyl sulfute, cetearyl alcohol and sodivm lamryl sullite, ilaneth-4 phosphate and glyeol
stearate and PEG-2 stearate, glyceryl steantte and sodium lauryl Sulfite. Cationice soid bases such
as cetearyl alcohol and cetrimonium bromide.

{MIS7] In certain embodiments, swiable pharmaceuticatly acceptable excipients may inchude
adjuvanis and addiives, such as, without limiiations, surfactants, super-faiting agents, consistency
regudatons, thickeners, polvimers, stalulizers, biogenic aclive ingredients, swelling agents, furthey
UV light-protective factors, antioxidants, hvdrotropic agents, praservatives, self-tanning agenis,
solubilivers, perfume oils, colorants, hacteria-inhibiting agents and the ke

61581 In certain embodiments, suitable pharmaceutically acceptable excipients may include
super-fatting agents, such as, without Himitations, lanolin and lecithin and also polvethoxylated or
acetylated lanohin and lecittun dertvatives, polyol fatty acid esters, monoglycerides and fatty acid
alkanolamides, the Jatter staltaneously acting as foam stabilizers,

{0159 In certain embodiments, suitable pharmacentically acceptable excipients mayv include
supfactants, sach as, withowt lunitations, fatty aleohol polyvglyens! ether solfates, monoglycende
sulfates, wono- andior di-alkyl sullosuccimates, fatly acid isethionates, fatty acid sarcosinates,
fatty acid taurides, bty scid plutamntes, alpha-olelin sulfonates, ethercarboxyhe scids, alkyl
clhipoplucosides, fatty acid glucamides, alhyvlamidobetaines and/or protein fatty acid condensation
products, the latter preferably being based on wheat proteins.

{0160} In certain embodiments, suitable pharmacentically acceptable excipients may nchude
consisiency regulators/thickeners and rheology modifiers, such as, withowt limitations, siliciam
divxade, mragnesium silicates, alununnen silicales, polysaccharides or devivatives thereol for
example hyaluromie acid, xanthan gum, goar-gusr, sgar-npar, alginates, carrageenan, gellan,
peciines, or modified cellulose such as hedvoxycellulose, hvdvoxypropylmethylceliudose. In
addition polvacrylates or homopohaner of reticulated acrvlic acids and polvacrylamides, carbomer
{(CARBGPOL types 980, U81, 1382, ETD 2061, ETD2020, ULTREZ 10) or SALTARE range
such 13 SALCARE SC8O (stearetli-10 allyl ether‘aservlates copolyimer), Salcare SCST {nerylates

copolvmen), Salcare SCYY and Salcarg AST {sodiom scrylates copolymerPPG-1 indeceth-6),
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SEPIGEL 305 {polvacrylamide/anreth-7), SIMULGEL NS and SIMULGEL BG (hydroxyethyl
acrylate’sodinn  amvioyvidunethyl  tourate  copolymer), STABILEN 38 {sorviatesiviny
isodecanoate crosspolymer), PEMULEN TR-1 {acrylates/C10-30 alkyl norylate crosspolymen),
LUVIGEL EM (sodium serylates copobymer), ACULYN 28 {acrviates‘beheneth-23 methacrylate
copolvmen), e,

{8161} In certain embodiments, seitable pharmacentically acceptable excipients mav include
polvmers, such as, without hmitabions, an anionie, swillerionie, amphoteric and non-ionic
polvmers there come nto consideration, for exgmple, vinyl acetate/crotonic acid copolymers,
vinvipyrrolidone/vinyl  acrvlate copolvmers, vinyt acetate'butvl maleate/isobomnyl acrviate
copolvmers, methyl vimyd ether/maleic anhydride copolymers and esters thereof, uncrosshinked
polvacryhic acuds and polyscrylic acids  cvosshoked  with  polvels,  scrylamidopropyl-
trimnethyimmmomuns chlondefacrviate copolymers, octyl acrviamideimethy]l methacrylate-tert-
butvlaminoethy] methacrviate/2-hydroxypropyl methacrylate copolviners, polyvvinyipyvrrolidone,
vinvipyrrofidone/vinyl acetate copolymers, vinyipyrrohdone/dimethylaminoethyl
methacrviaie’vinyl caprolactam terpolymers and also optionally derivatized cetlulose gthers and
sihcones. Furthermore, the polyvmers as described in EP 1093796 (pages 3-8, paragraphs 17-68)
may be ased.

{8162} In cerfain embodiments, swtable pharmacentically acceplable excipienis may include
anttoxidants, such as, without limitations anmine acids {e.g. glveine, histidine, tyrosime, tryptophan)
and dertvatives thereof, imidazoles {e.g. urocanic acid) and derivatives thereot, peptides, sueh a3
D, L-carnosine, D-carnosine, Lecarnostie and derivatives thereof (e.g. snsenine), carolinoids,
carotenes, fvcopene gnd derivatives thereof, chlorogenic acid and derivatives thereof, lipoic acid
and derivatives thereof {e.g. dibydrolipoic acid), aurcthioglycose, propylthivuracil and otber thiols
(.1, (hiovedoxin, ghdathione, cvsleing, cvatine, eystaming and the glyveosyl, N-aceivl, methyl
athyl, propyl amyl, butyl Jauryd, palmitoyd, olevl, inoleyl, cholesteryl and glyeerybesters thereof)
and also salts thereof, dilavryl thiodipropionate, disteary! thiodipropionate, thiodipropionic acid
and derrvatives thereof (esters, ethers, peptides, lipids, nucleotides, nucleosides and zalis) and also
sulfoximine compounds (eg. buthiomne sulfoximines, homwocysteine sulfoximine, buthioning
sulfenes, penta-, hexg-, hepta-thionine sulfoximine), also {metal) chelating agents (e.g. hydroxy
fatty acids, palmitic acid phytic acid, lactoferrin, hyvdroxy acids (e oinie aoid, lactic acid, malic
acid), humie acid, bile acid, bile extracis, Wilivubin, liverdin, EDTA, EDRDS, EGTA and
derivatives thereof, unsaturated fatty acids and devivatives thereof {e.g. hnolenic acid, linolewc

acid, aleic acid), folic anmd and derivatives thereof, ubiquinone and ubiquinol and derivatives
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thereof, vitamin € andd derivatives {e.g. ascorby! palmitate, magnesignm ascorbyl phosphate,
ascorby! aceiais), tocopherols and derivatives {g.g. vilamin E acetate), vitamuin A angd derivatives
{e.g. vitamin A palmitate) and also conifervt benvoate of benzoin resin, ratinie acid and dertvatives
thereof, glveosylnuiin, ferulic acid, frfurvlidene ghuaitol, carnosine, butyl hvdroxytolueng, butyt
hydroxyanisols, nordibydroguaiarstic acid, tribyvdroxybutyrophenons, wric acid and derivatives
thereof, mannose and derivatives thereof, superoxide dismutase, N-[3+{3.5-di-tert-butyl-4-
hydroxyphenyhpropionelisulfamlic acid (and salts thereof, for example the disodium salis),
seleniwm and derivatives thereof {e.g. selemuny methioning), stilbene and dertvatives thereof {e.g.
stilbene oxide, trans-stilbene oxide) and the derrvatives suitable according to the invention (salis,
asters, sthers, sugars, nucleotides, nuclessides, peptides and lipidst of thoze menbioned active

mpredients. HALS (="Hindered Amsing Light Stalnlizers™) componnds may alse be mentioned.

{6163} In cenrtain embodiments, suitable pharmaceutically acceptable excipients may mclhude
hydrotropic agants, such as, without Himitations, ethoxylated or non-ethoxvlaled mouno-alcobols,
diols or polyols with a low number of carbon atons or thedy ethers (e.g. ethanol, sopropanoel, 1,2

dipropanediol, propviene glycol, glycerin, ethylene glveol, ethylene glveol monoethylether,

ethylene plvcol monobutyvlether, propylsne glveol monomethylether, propvlens  glyeot
monoethylether, propylene glyeol monobutviether, diethylene  glyeol monomethylether;
diethylene glyeol monoethylether, dietbylene glyeol monobuiylether and sinmlar products). The

polvais that come into consideration for that pirpose have preferably fom 2 to 15 carbon atoms
and at least two hydroxy groups. The polyols may also contain further functional groups,
especially amine groups, andfor may be modified with nitrogen. Typical examples are as follows:
glveerel, alkylene glycols, for example ethylene glyveol, diethvlene glyeol, propvlene glveol,
butylane glyeel, hexviens glyeol and alse polyethyvlens plvcols having an sverage wolgcular
weaght of from 106 {n 1000 Dalton; technical oligogiveerol mixtures haviny an intrinsic degree of
condensation of from 1.5 to 10, for example technical diglycerol mixtures having a diglycerod
content of from 40 1o §0% by weight; methylol compounds, such as, especially, mmethylolethane,
trimethylotpropane, tnmethvlolbulane, pentasrvibritol and  dipentaervibritoll lower alkyl-
ghicosides, especiglly those having from 1 o § carbon atoms i the alkyl radical, for example
methyl and bty glucoside; sugar aleohols having from § 0 12 carbon atoms, for example sorbito!
ar mannitol; sugars having from § o 12 carbon atonas, for example glucose or sacchaross; amino
sugars, for example glucamine: dialcohol amines, such as diethanolamine or 2-amino-1,3-

propanediol.
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{6164} Tn certamn smbodiments, spitable pharmaceutically acceptable excipienis may include
preservatives, such  as, withowt Hmilatiows, Methyl-, Ethyl, Propyl-, Butyl-parabens,
Bemralkowum chloride, 2-Bromo-2-nitro~propane-~1,3-diol, Dehydroacetic acld, Diarolidind
Uren,  2-Dichloro-benmgyl  slcohel,  DMDM  hydantoin,  Fonmsldehvde  solution,
Methvidibromoghstanitrile, Phenoxysthanol, Sodium Hydroxymethylglyvoinate, Inidazolidinyd
Urea, Triclosan and further substance classes listed 1o the following reference; K. F. DePolo-A
short texthook of cosmetology, Chapter 7, Table 7-2, 7.3, 7-4 und 7-5, p 210-219.

16165 fn certain embodiments, suitable pharmaceutically scceptable exciplents may include
bacterig-inhibiting agents, such s, without Hmitations, 2 4.4 wrichlore-Y -hydroxydipheny! sther,
chiorhexidine (1 6-dild-chlorophenyl-higuanmdothexane) or TCL (3.4 A'-inchlorocarbanilide). A
trge mumber of aromatic subsiances snd ethereal oils alse have antimicrobial properties. Typical
exaraples are the active ingredients euygenol, menthol and thymed in clove oif, mint ol gud thvine
oil. A natuwral deodorizing agent of interest 13 the terpene aleohol farnesol (3.7, 1 -rimethy 2,6, 18-
dodecatrien-1~al}, which is present in hime blossom oil. Glyeerol monolaurate has also proved to
be a bactentosiatic agent.

[166] Other phanmaveuticatly acceptable excipiamts may also be ulihizad as recognized by those
skilled in the art

{8167} In cerlain embodiments, phatmacestically accepiable exapients may be weluded
{mcividually or cumulatively) in the pharmaceatical compositions described hereim in a
concentation ranging from any of about & wide, about 10 wi%, about 13 with, about 20 wils,
about 23 wity, about 30 wite, about 35 withs, gsbout 40 wide, about 45 witt, or about 56wt fo
any of about 55 wi%s, about 60 wi%, abowt 65 wis, about 70 wi%, about 75 wit, about 80 wibe,
about 85 wt%, about 90 wi%, about 95 wt%, or ahout 99 wits, or any sub-rangs or single value

thersin baved on the lotal weight of the composition.

Methods of Treatment

{6168} The formulations disclosed hevein can b utilized for the treatment of & breathing conirol
disovder or disease that is intrinsic or caused by external factors such as drug overdose {e.g., an
apiotd such as oxycodone, morphing, hvdrocodone, heroln or femianyl or s agent such ag
propafely,  The disorder or dissase in vertain embodiments can be selecied from respiratory
depression, sleep apnea, apnea of prematunty, obesity-hypoventiation svadroms, primary
alveolar hypovenidation syadrome, dyspoea, altiude sickness, bypoxia, hypeveapma and chrome

obstructive pulmongry disease (COPLY), wherein the respiratory depression may be caused by an
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anesthetic, a sedative, an anxiolytic agent, 3 hvpuotic agent, alcobol or a narcotic. In certain
embuodiments, the patient or subject is further administered a composition comprising at least one
additional compound usefid for treating said breathing disorder ov disease such as acetarolamide,
ahmitring, theophyliine, caffeine, methyl progesterone, g serotinergic modalator, & cannabinoid
andd an smpakine. In another smbodiment, the formulation Is administered in conjunction with the
nse of a mechanical ventilation device or poaitive airway pressure device on the subject or after
the discontimation of such a device, In certain eabodibnends, the formudations disclosed herein
may be used to treat & disease or condition moedulated by large-conductance potassium channels
such as a newrological disorder such as epilepsy, paroxysmal dyskinesia, or schizophrenia: a
cardiac disorder such as cardiac ischemua or cardiac hypoxia; or a cerebwal disorder sach as
cerebral ischamia or cerebral hypoxia, Inan embodiment, the subject is a mammal. To vet anotber
embodiment, the mammal is a haman. In yet auother egmbodiment, the formulation disclosed
herein may be administered to the patisnt of subject by an inhalational, topical, oral, buccal, recial,

vaginal, ntranwiscuday, subentaneous, transderival, intrathecal or intravenous route.

Method of Preparation

{1169} In certain embodiments, the instant disclosare is divected (o 2 method of prepaving any
of the compositions described heretn. In certain embodiments, the method includes combining a
therapeutically effective amount of the compounds disclosed hersin with one o more
pharmagentically acceplable excipients.

{61701 The various compositions described berein way be formulated 1o bave g custonuzed
release prodile for the active agent, such as, without Emitations, an immediste release profile, a
controlled release profile, a delayed release profile, a zero order release profile, a first order release
profile, a pulsatile release profile, a largeted release in o certain location within {he body (ach as

a target focation within the gastrointestinal tract), and the like,

EXAMPLES

16171} Specific embodiments of the invention will now be demonstrated by reference to the
following examples. It should be undersioad that these examples are disclosed solely by way of
Hlustrating the fnvention and should not be taken in any way to limit the scope of the present

wvention.
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Stabilite Study
181721 Formulations wers preparad with formulations presentad in Table 1 with the active agent
{N-{4 -Bis-n-propyiamine-{ 1 3, Sistazin-2-yD-0 N-dimethyl-bydroxylamine hydrogen

sulfate).

Table }

Sample Formulatinns Concentration pif
me/ml,

fA % viv E1QH, 40% propylene
giveol Ciirate buffer
B 10% viv BtOH, 40% propylens
S glycolAcetatebuffer
IA 1% viv BOH, 40% HP-B-CD
,,,,,, JCeatebudler 20 4
2B 0% vy EOH, 40% HP-B-CD - '
_— jAcettebolfer
3A % viv BXOH, 40% Koliphor
,,,,,,,,,,,,,,,,,,,,,,,,, HS1S Citrate balfer
3B 10% vy FOH, 40% Kolliphor
HS15 Acetute buffer

LA

[8173] The stabitity of the samples in Table 1 were tested after 4 weeks a1 253°C and 40°C. The
results of which are presented m Table 2 below. It i3 noted that the concentration in Table 2 i3

that of the filtered concentration.

Table 2

Sample Initisd Tinre Point 4 weeks 8t 25°C 4 weeks at 40°C

Cane Pugtly N Cione Purity ol Lomw Parity
g 3 g po meiml. i Y ¥ jot

u

Ve meiml. ayed %
1A 2417 NG J.680 w2 100 4.60 LS (TEIRE 457

H 0.4 1060 .70 218 1000 477 214 RHIRY 477

JA 190 W] 449 94 1 00 | 446 190 1000 | 449

. - , DGRY
i IR.4 M6 4.5% 198 040 457 Y 4.5}

Lad-iy

3A IRSRE JATERY 4.7 225 HEIRY 3465 227 0.8 467

38 0.8 IROIRE 473 25 HI8 4.65 2R 1000 468

{81741 Avother embodiment having a PSmigfnrd. concentration was prepared and the stability

was tested over the course of 2 weeks at 4070 and 60°C. A 15 mginkl cotcentraiion was

47



WO 2023/129502

PCT/US2022/053935

prepared using 0% polvethviene glycol at a pH of 4.0 and 5.0, The resulls of the stability study

is presented i Tablg 3-5,

Table 3 Results at Twitial Time Point

Sample

Assay
{(me/mb)

Imipurities present

Total
fmpurity

0% PEG300
pH 4.0 a1 40°C

1414

RRTO70-0.71 = 0.08

.4

s PEG3O0
oH $.0 a1 40°C

14.57

RRT 0.70-0.71 = <0.05

<005

Table 4; Resulis at 1 week

Sample

Assay
{mg/ml.)

pH

Tmpurities present

Totad

Impurity

20% PEGIO0
ph 4.0 a1 40°C

14

ford
~4

RRTD7TGQTE =043

.13

S0% PEGIO0
pH 4.0 8t 8°C

1
PN

Tad

RRT 061062 =0.43
RRTO70-071 =46
RRT 081 = 0.06
RRTO9U=015
RRT 093094 =01
RRT 1.16-1i18=01

%% PEGI0G
pH 3.0 at 40°C

3.9

492

RRTO70-071 =006

{06

S0% PEGAOG
pH 5.0 at 60°C

14.43

BRT 0.61-062 =06
RRTO0.20-0.71 = (.22
RRT 0.1 =009
RRT 1100 =013
RRT 053004 =009
RRT 1.16-1.18=0.09

Table 57 Results at 2 weeks

Sample

Asgsay
{mg/mL)

bupurities present

Tatal
bnypurity

30% PEG300
pl 4.8 at 40°C

1826

RRT 8.66-0.67 =005
RRT .76 = 0.2

0.25

50% PEG300
pH 4.0 a1 60°C

RRT (L66-0.67 = (. 42
RRTQFO-071 =414
RRT 1076 =073
RRT 83 =047
RRT 0.83-0.594 = (.44
RRT 0.96=10.11
RRT 1.16~1. 18 =401

£
e
=

%6 PEG3I00

1451

5.02

BRT 0.66-0.67 =008

(16
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BRI 0.76=0.08

0% PEGIO0
pH 5.0 8t 60°C

1434

469

RRT 066067 =061 |

RRT76=037
RRT OS5 =01}
RRT0.93-094 =031
RRT .96 =0,11
RRT 097 =012
RRT L1641 18 =4}
RRT 122 =005

18175} Another embodiment was prepared having a concentration of 25 mg/ml and the stability

was tested over the course of 7 weeks at 40°C and 86°C.

A 25 mg/ml. conceniration was

prepared using 3% polvethylene glycol ata pH of 4.0 and 5.0, The resulis of the stability study

is presented in Table 6-8.

Table 6; Resalis at hutial Time Poing

Sample

Axsay
(mgiml)

Tmipurities present

Total
Impurity

S0% PEGIQ0
pH 4.0 & $0°C

2297

BRT(L70-0.71 = 0.6

0,44

S0% PEG306

pHSsOatg0c | 7

RRT 0.70-0,71 = (103

Table 7. Besulis at 1 week

Sample

Assay
{(mgfml)

pH

Tmipurities present

Total
Tmpurity

0% PELIZ00

pH A0 2t 40°C

e g 2 )

4.03

RRTBT70-0.71 =013

0.13

S PEGIO0
pH 4.0 at 60°C

21.99

bt
b7
-

RRT0.61-062 =032

RERT.70-71 =036
RRT O8I =005
RRT .90 :=14,14

RRT0.93-0.94 =408

BRT L16-1.18 =008

1.04

Sti%s PEGR0G

pH 5.0 8t 60°C

RRT O40=902
BRT 4.03-4.94 = 0.1}
RRT LI6- 1 I8=0.12

DA . 22,41 4.5 RRTO70-071 =007 307
oF 5.0 2t 40°C 91 488 RRT 0,70-0.71 = 0.0 10
BRT 161-062 = (.66
RRT 070071 =629
S0 PEG300 . RT O.81 =01
S0 PELG300 3376 464 RRT O8I =0.1 | 48
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Tahle & Resulis at 2 waeks

Assay . Total

Sample {mg/mL) pH fmpurities present Empurity

%% PEG30G

pH 4.0 at 40°C 347 4.065 RRTO.76=018 (18

RRT 1166-0.67 = 0.36
RRT 0.70-0.71 = (.11
RRT 0.76 = 0.97
S0% PEG300 |, 40 4 RRT .85 = 0.06 -
pH4Oatc°C | 77 RRT .93-0.94 = (.37 o

RRT 097 = .12
RRT £.16-1L18=0.12
RRT 1. 22 =007

$0% PEG300 o CRRT 0.86-0.67 =008
PHSOmA0°C | 7 . A BRTO8L =007

Pe¥
g
I
'1:‘5' K
3
i~
e
.

RRT 0.66-0.67 = (1.6

RRTO7G-071 =005
RRTO.76 =038
RRT 085 =411

4,65 BRT (1.93-0.04 =039 1.96
RRT 456 = (.06
RRT 097 =115

RRT L.16-118 =415
RRT 122 =0.409

0% PEG300
pH 5.0 a1 60°C

2

ot}

Lo
1.3

{0176} Further, stability tests were conducted using different exciplents with a 50 mg/mb

concentration at a pH of 5.0, The resuits of the stability tests are presented in Tables 2-11 below.

Table 9: Resulis at Initial Time Point

Assay Tatal

sample | mgrmpy | PH 1 Imparitespresent | ity

sgea PEGROQ L L
10% FiOH 4734 4.9% RRT 070-0.71 = .07 107
at 40°C

S0% PEGHIG
13% Glyeenn $1.17 486 BRT 0.70-0.71 =047 0.7
at 40°C

3% PEGIOQ

. 47.03 4.86 BRT 0704171 = 0,06 (16
0% TIMA 4763 4.86 BRRT 0.70-0.71 =0.0b (.06

3% PG 4533 .86 RRTO.70-0.71 = (.06 $3.06

8% PG 43503 309 RRT0.70-0.71 = .06 0.06

Table 1{: Results at | wesk
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Sample

Impurities presamt

Total
mpurity

S0% PEGI
O FIOH
at 40°C

RRTOT6 =011

.11

0% PEG3O0
1% EiQH
al 6be

RRT 0.66-0.67 = (.22
RRTO0.76=03
RRT 693 =047
RRTOHT=0.09
RRT 1i8 =01
RRT 122=0409

.88

30% PRG3GG
15% Glyoerin
at 4070

4.84

RRT 476 =009

.09

3% PEGION
1595 (lyeerin
at 60°C

4278

4.63

RRT 0.66-0.67 = {132
RRT .76 =033
RRT 0.78 = 007
RRT (085 = 0417
RRT 053 =017
RRT 0197 =01
RRT L18=1411
RRT 122 =016

L2306

S0 PEGAOO
108 DMA
at 4070

4842

5o
ot
i

RRYG76=01

5690 PRG3GO
10% DIMA
af. GOFC

40.¢

482

RRT L66-0.67 = (.36
RET 076 =027
RRT OR5 =047
RRTODI=019
RRT 097 =01
RRT Lin=012
RRT 122=015

1.26

S PG
at 4

463

RRT 0.76 = (.07

508 PO
at GO

46.57

RRT 870 =021
RRT 089 =07

80% PG
at 40°

46.5

RRT 1076 =047

8094 PG
at GO0

3669

RRT .76 =0.07
RET 089 =012
RRT 090 =006

Sample

Aimgimb)

pH

fmipurities present

Impurity

S0% PREGIIG

10% BsOH
gt HFC

4827

4.41

RRT 66067 =<0 03
RRT 076 =010

0.16
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S0% PRG3OG
1% ErORH
at pieC

37.07

o
ta

TRRT 00.66-0.67 = 0.24

RRTOT76=092
RRT (78 = <08
RRT 085 =005
RRT 083 = <003
RRT (.90 =003
RRTOH3 =015
RET (.96 = <045
RRT .97 =012
RRT Li8=013
RRT 132=0l1

S0% PEGI0
£5% Clyeerin
at 40°C

44,14

4.74

BRT .66-0.67 = 0,06
RRTOTFo =012

A PEG3O0G
E3% Glveerin
at 6°C

4.;
=
-
i

4.69

RRY 0.66-0.67 = 0,41
RRT .76 =04
RRT 78 =013
RRTORS =111
RRT 0.89 = (105
RRT 0.90 =003
RRTOHI=033
RRT 8.96 =003
RET .97 =0,17
RBT 1.I8=017
RRT 1.22=0.15

St PEGIO0
0% DMA
at 40°C

48.46

4.08

BRT 0.66-0.67 =007
RRTOT6=014

0% PEGID
1% DMA
gt &IFC

47.08

4.88

BRT 1.66-0067 =04
RET 0.76 = 0.54
RRT (.78 =<0.03
RRT OS5 =008
RRT (.89 = <01.05
RRT .50 = <0.03
RRT 093 =027
RRT 096 =005
RRT 0.97 = 153
RRT 118=016
RRT 122=015

S04 PG
gt 40°C

RRT Q.66-0.67 = <005
RRT 0.76 =1 0Q

2.09

% PG
at 640~C

46,83

RRT 036 =<0.03

RRT Q60067 = <0058

RRT 076 =042
RRT Q.78 = (1G5
RRT (.85 =003

RRTO89 =014

RRT 0.9 = 0,08
RRT {193 = <0.08

0.65
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RRT 0.97 =003
RRT 118 = <005
e _BRT 1.32 = <008
&% PG o s RRT 0.66-0.67 = <0.05
at 40°C T T RRT 8.76 =008
RRT (1L.66-0.67 = <105
RRT 0.76 = 0.26
RRT (.78 =~<0.03
RRT 0.85=0.22
RRT ORI =012
4732 508 RRT 0.90 = <003 0.6
RRT 0.93 =<0.03
RRT 0,96 = <003
RRT (.97 = <003
RRT 11§ =<0.03
RRY122=<008

8084 PG
at 60°C

Sotubiliby of the formulation as a hmetion of pH

{8177} A pH solubility study waus performed o assess the feasibility of formulating the active

buffered solution at & reasonable pH for an IV formulation.

161781 Methodology: The active agent (N-(4 6-Bis-e-propylamine-{ 1 3,5 masnn-2-¢y IO N-
dimethyl-hydroxylamine) and H:80, solution of concentration ~107mg/mL n 160 mM citric acid
at pH 2.5 was prepared. About 130pL aliquots of this solution were transferred into 6 separate
glass HPLC vials. Each aliquot was tirated with 6N sodiom hydroxide to different pH values in
the range 3-3.5 gs shown m Table 12, All the swuples, weluding the solution at pH 2.5, were
shaken overnight at room tengperature using a gyvratory shaker. Afier shaking, the samples were
evaluated visually fiw the presence of precipiiate and were then spin filtered through 0.48um
syringe tip Hliers (dmm diameter) at 3000 rpm for 20 oun. The final pH values of'the Alirates were
measured. The filivates were then dituted appropriately and analyzed for the active agent {(N-{4,6-
Bis-o-propylamine-] 1,3, 5 inaem-2-vB-0O N -dimethvi-hydroxylamine ) H.504 concentration
using the HPLO assay.

{0179} Resulis; The pH values of the samples prior to and after shaking overnight, appearance
as well as concentrations of samples are shown in Table 12, Solutions prepared at target pH values
of 2.5, 3.0 and 3.5 were clear (no excess solid present) and hence the concentration values for

these samples do not represent saturation solubnlity values.

Tabie 12, pH-Selability Results
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Target pH Initial pH Final pH afier Appearance after Active Sgeat H,80;
Shaking and Shaking Cuoncentration
. Filtration | (mgimb)
2.3 15 242 . 1043
39 LR N S L .
35 A3 BURY
4.0 4.0 208
4.3 453 'i-‘mmgiitz&k 146
3 493 CPeopitate 233
55 5.63 Procipiiate 499

Siababity as a Function of pH

6180} The active agent  (N-(4.6-Bis-n-propylamine-{ 13,5 fedazin-2-yD-0 Nedimethyl-
hvdroxylamine) has been evglusted © have a pKa of 5.6 and & theoretical free base solubibiy of
about 0,18 mg/ml. Thus, the inventors believe that the solubility of the drug becomes inadequate
for the intended product concentration above abont pH 3.6 However, the drug product will be
diluted prior to wfusion and then intravenously infused slowly, aud such a low pH 18 unlikely to
present a safely or patient comipn issue, but stability of the drug in solution could be an issue at
such a low pH. The purpose of thus experiment was 10 assess the stability of the drug as a function
of pH.

{61811 A key consideration i such an experiment is the concentration of drug and buffer used
Use of a buffer is essential since the dats 15 meuningless if the pH shifis dramatically during the
experiment. However, it is desirable to kegp the baffer al minimal strength o minimize the impact
of buffer catalysis. Buffer strength can be munmized by keeping the drug concentration low.
Keeping the drug concentrabion low also nunimizes confoundhing the dita with solubility limits
{i.e. the drug precipitsting out of solution}.

161821  Methodology: Buller solubions contaiting ~ 1M each of citric acid and ghyoine
the pH range 2-6 were prepared by titrating 250mL of a single stock containing hoth buffer agents
with IN NaOH/IN HCT and removang S0mL aliguots at predeternuned pH values. Solutions at
Imgimi. were prepaved in baffers of pH 2-5 by dissolving ~23myg of Compounds baving the active
agent (N-{4,6-Big~p~-propviamino~{ 1,3, S irtazin-2-v D)-0 N-dimethyl-hydroxvlaming) H S0,
~23mL of a given buffer, sdjusting the pH to the target and making up the volume 0 25 0ml ina
vohunetric {lask. The sohution at pH & was prepared sinularly but at a lower drug concentration of
0.25mg/ml using 6.68mg of Compounds having the active agent (N-{4.6-Bis-n-propylamino-
{ 1.3 5 jtriauin-2-v1-0 N-dimethyl-hvdroxylamine) H;50;.

[0183]  Each of the buffered sohstions were filtered through a . 2gm polyether sulfone
syringe filter into a volumetric flask, which had been previously rinsed with 70% ethanol and

dried in g lanunar flow hood. Following filtration, each buffered solotion was split iato 10
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~

aliguots (9 ahguots of 2. 53mlL each and 1 aliguot of Imb) in Sndl sevum vials previously tinsed
with 7% ethanod and dried in a laminar flow hood. Filtration and preparation of aliquots were
performed o laminar Jow hood. The 2ml aliquot of cach buffered solation was submitted for
T analyas (HPLC sssay and related substances). Of the nine 2.5mL aliquots, three aliquots
were storad at each 40°C and 605U, two aliquods wers stored at 25%C and ong aliguot was stored
at -7 C. Samples stored at 40°C and at 6070 were evaluated for physical appearance, pH, assay
and relmied substances after 1 week, 2 weeks and 4 weeks of storage. Samples at 25°C and -707C
served as controls (o be anglyzed 1 necessary.

{1184} Results; The pH stability data are shown in Table 13, All samples remained clear,
colorless and particle free for up 10 4 weeks of storage al hoth 40°C and at 60°C. The pH valaes
for all the samples remained relavvely constant for up & 4 weeks gt both storsge temperatwes.
Both the assay and impurities data indicate that the solution was significantly less stable at pH 2
as compared o the remaimng pH values svaluated. No speoific frends were observed i the pH

range 3-6, The pH stability profiles at 60°C are shown in Figare 1 (Shimpurities).

Table 1.3, pH stabitity

Target . 44°C Siorage o°C Storage
pH sl T T T wk | Awk | 1wk | Zwk | 4wk
196 1 2o 1OS 1 200 1 200 199 | 201
3.02 308 308 3.06 307 303 L 307
4.00 304 396 396 394 396 397
5 5 4 490 1 4098 497 1 492 1 49 498
G .05 588 1 602 598 587 6.03 6.01
2 LOT L 0997 | O097S L 0970 | 0929 | 0754 | 0754
3 1 GHRY | GO%4 | 0087 | 0991 | 0971 | 0932 | 0982
Assay 4 RO D 0993 1 1006 | 1012 1 0992 1 0BTY | 0979
5 RO D OOES T 00092 1 0977 | 0977 1 0547 | 0947
6 0260 | 0257 1 025% 1 0251 | 0247 | 023 L 023
2 i 0.5% 1A% 249 1 3E} 1 989 | 1434
4

Test

RENE RUS I

pi

-/
Wy
-
Uit

Cudl |ond 019 1 041 | 0L § 120 . 219
Impurities 4 i, .. 017 0.22 u.d. 052 ta2
] thd. tad, 4.26 n.d ., 062 | 1D
& 1, ., 023 (.28 .56 .87 63

i
i

n.d, = not detected

Stabibitv as g Funciion of pH - Narrow Banee of pH

N
W
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{6185} The pH siability study descrnibed above showed that the compound was unstable at pH
2.0 but more stable at higher pH values, Accordingly, the stability of the compound was gvaluated
in the pH range 2-3.6.

[8186]  Methodelogy: Buffer solutions containing ~10mM each of citric acid and glycing in
the pH range 2-3.6 were prepared by titrating 250mb of a single stock containing both buffer
agents with IN NaOH/AIN HCOU and removing SOml. aliquots at predefermined pH values,
Sohations at hingiml were prepared i the buffers by dissobving ~25mg of compound i ~23mh
of a given buffer, sdjusting the pH to the target and waking up the volume o 25.0mb w2
volumaetric Hask,

{187 Each of the hulferad sobutions was filtered through a 0. 2uam polyether sulfone syringe
filter indo a volumetrie flask previousty rinsed with 70% ethanol and dried 1o a taminar flow hood.
Following filiration, each bullered solition was split info ¥ aliguots in SmL serum vials previously
rinsed with 70% ethanol and dried i a laminar flow hood. Filtration and preparation of aliquets
were performed in a laminar Jow hood. Of the mine abiquots, three aliguots were stored at each
40°C and 60°C, two aliquots were stored at 25°C and one alignot was subinitted for TO testing.
Saraples were evaluated for pH, assay and related substances at TQ and, following 1 week, 2 weeks
and 4 weeks of storage a1 4070 and 607°C. Samples stoved a1 357C served as controds to be analyred
ifpecessary. The results are presented in Table 14 and FIG. 2.

{6188} The piost notable resuli from this study is that duning both 40°C and 60°C storaue,
tmpurity levels decrease significantly with increasing pH across the fell pH tange studied. This
means that any increase 1t the pH of the formulstion leads to an wmprovement mw stabiliy within

the pH range in which an aguecus formulation is feasible,

Tabie 14. pk Stability of the active agent (N4,6-Blsaepropylamine-{ 135 triein-2-9 -0
dimethyl-hydraylamine) - Narrow pH Range
ot | Tarestnfl | it e ATC SO L G0CSivage
~ target it it 1wk 2wk 4wk 1wk 2wk 4wk
20 288 R 1,98 pRES 197 iy
23 2.32 233 2.36 234 2.2%
N 272 L 21 1 275 1 274 267
phi - - - -
1.0 3 304 303 KRI5S 3.0
33 38 3 R 136 134 134
36 164 3 164 368 3.7 364
240 RSN 0934 NI Q313 Q.83 (L7860
23 GO | 0UY 1 DUOS L pusL | 6832 | 06
Assay 27 1,081 i.ie {14578 {144 (FOR7
X 01 | DURY L 1427 1 0BH9l | DOIS | OURT
23 ERAN 101 1047 .97 {908 IR
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36 0.996 0.991 0.985 0.991 0.979 0.958 0.979
2.0 014 099 155 R4 387 7 A6 13.09
13 8119 547 063 1770 183 £.30
L 27 i oad g 637 461 097 176 3a
bmpurities s e sty g A s et e s S e
0 a.d, 8.2 034 0.5% 0.61 127 b
a3 a.d. n.d. nd, LA {54 {F0% 126
36 oagr b owmd o owmd 1 BEF 1 036 1 el 4 0o

n.d, = not detected

Drue Substance Stabilipe

[ IR Methadolony:  Approximately 100myg of the API (Lof GOUMSBOSE) were stored at
anch of 40°C and 60°C 1 closed Type 1 glass vials, Samples were analyved for appesrance and
percent purity at TO and aller 1 week, 2 weeks and 4 weeks of storage.

{0190} Results: As shown in Table 13, the AP was quite stable for 4 weeks even gt 60°C,

Visually, there were no signs of degradation (Le. discoloration et ).

Table 15, Drug Substance Stability

\mmf‘}g? T=g T=1week | T=2week | T=4week
Condition 1
¢ White White White | White
s0°C powder powder powder | powder
40°C 9992

Text

Appearance

,,,,,,,,,,,, B Lodnbope L 100.00

Related PO . Total 0,160 ¢ nd.
Substanves HEC n.d. Total .24 nd. tn.d.
mad = not delected

Purity (%)

Simple Prototype Stabihity

{6191} An experiment was conducied to determine the stability of the APU mn simple
fornulation prototypes. The solutioms were prepared having a conceptration of 25 my/mi. of API
as free base which corresponds (o 35 mgimL of compound having the active agent (N-{(4,6-Bis-n-
propyiamine-] 1,3 Srtaein-2-v-Q N-dimethybrvdroxylamine) {glso referred to as compound
having Formuda () H80,.

{2192} Methodology: A total of D prototypes were prepared that included a simple buffered
solution, co-solvent systems as well as non-agueous solutions as shown i Table 16

Table 16, Active agent (N-{4,6-Bis-n-propylsmine-{ L3 Sriazin-2-y1)-ON-dimethyi-
hydroxylamine) Profotypes for Stability Evaluation

Prototype # Deseription
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I3mgimk wmptmm avi g Formul m H. ‘SO in S0mM utmie pH
35
I8mg/mb compound having Formula (1), HSO4 in 30% v PEG-400
i water
mg/ml componnd having Formuda (1. HySO4 in 30% viv PEG-400
i water adjusied © pH 4.4 with 1N NaOH

4 Stmgiml compound having Formula (D, Ho50, i 100% PEG-400

ba2

3% 1me wmpmmd immo Formula {i: H, :-{}i t 100%% propx lene
_ ulyeol
%‘im@amL Lompmxnd havi m;, Formuls (1), HaSOs in 50% vy FEG-400
6 i1 acetate sohition (~40mM sodivm acetate and ~100mM sodinm
hydroxide}
t‘\'mﬁ mi. mmm\und h*mnﬁ Fomuila {i‘s H S€C }4 i S0% vy
7 propyiens glveol in acetale .sahmoﬂ {~-30mM sodian acetute and
~1{hnM sodipm hvdroxide)
IimgimL compound having Formula (). H;50, viv PEG-4001n
& acetate spiution (-40mM anusoniien acetate and ~100mM
AMMORREN | )\dmud 3]
ﬁmw mL t.@mpumd h;mmr Formulg (i) Hs bUi 7O iy
9 propylene glycol in acetate solation {~40mM ammomiam acetate and
~ 100 ammoniy hvdroxide)

{193} Profotypes 6, 7 and & resulted in significant precipiation dunng preparation and hence
were pot evatuated further, The rematning prototypes were stored at 2-8°C, RT, 40°C and 60°C in
serum vials, Sanples stored at 2-8°C and RT were gnalyred at selecied timepoints,

[8194] Results: Data s provided m Table 17 through Table 22, The aqueous buflered
formudation (Prototype #1) was found fo be stable at room lemperature and under reftiveration,

but some degradation was observed under accelerated conditions. A very small amount of
precipitate, described as one or two snowflake-hke particles, has been observed after 2 weeks at
HO°C ard after & waeks at 400°C. Since the appearance of this precipiate during 60°C slorsge
coiticided witl an actual decresse n the primary inpurily peak, the possibility of the degradant
being insoluble is vader mvestigation.

[8198]  Protolype #2 was unstable in, 3% PEGS0% water without pH adjustaent. The
nstability was presamably due to the low pH of this formalation. The drug was found to be mach
move stable i Prototype #3, which has the same 50% PEG base but also contains sullicient sodim
hydroxide to bring the apparent pH up {o about 4.5, Similarly, good stability was seen in Prototype
#9, 70% propylene glveol30%: water with ammoniuny acetate butler to bring the apparent pH to
about 3.3 Good stability was also seen n stmiple solutions of the salt in PEG ov propylens glyveol,
presumably due 1o the absence of water as a resctant.

Table 17, Stability of Protetype #1
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Formulation #1

Fayameter | Temperature

nitidd

dweeks

2HC

RY

pit

SN

297

347

8¢

CRT

44°C

Assay

HO°C
2B

Impuriies

.,

Table 18, Stability of Prototype #2

Formulation #2

Temperature |

Ry
s e
G

WL

Assay 44°C
st

3393

Fnparities

md,

Tabie 19, Stability of Prototype #3

Formulgtion #3

Parameter Temperature
HE T )

Initiat

1 week

2 weeks

4 weeks

g

pH

438

A3

440

N

438

443

4.16-3.88

4.32

Assay

a7

3731
323
3560 35840
38,33 3414

Tmpmritioy

.

KA

.. vl
a.4d. {164}

1.4

Tabie 20, Stability of Prototype #4

Formalative $#4

Parameter Temperature

Initiad

1 week

2 weeks

4 weeks

2890
Assay ]y

H°C

RN

.?{é\':\-

NA

30.24 WA 30,33
28.91 %88 3G.49
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29.24 29.60 29.97
e A Na
) . ) i, nid
fmpurites nd ; -
il pxiS
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, AL B L LA
Fable 21, Stability of Prototype #3
Formulation #5;
Parameter Temperatnre Initial 1 week 2 wieks 4 weeks
PO NA W&

. i) . WA 3640
Asiy - W s -
Ausy HEC ’ 3563 36,03

S 33.33 3556
287C NA N
TN il MNA a.d.
ARNICH LA Ql: V 0'3.(,
W74 {499
Table 22, Stability of Profotype #9
Formulbation 89
Pavameler Tempersiure initial 1 week 2 weeks 4 weeks
537 NA
pii 538
Ay 3550
NA
mpioriies nd
Rk
ad {134

{6196} Froun the natrow range phi stability study, 1t is clear that aven i the upper part of the
range studied, stability 1s substantially improved as the pH mereases. The upper o of the pHs
defined by drug solubility, so that a decrease in the concentration of drug that nesds to be dissolved
will allow the product to be formulated st a higher pH, which will improve the stability of the
product. Specifically, reducing the concentration by half allows the formulation pH to be increased
by about 0.3 onits, and as con be seen in Table 6, a 0.3 wnit pH wcrease substantially improves
stahility of the fornmulation. Basad on this consideration, i was decided o reduce the {N-{(4,6-Bis-
p-propylamino-{ 1 3 Slvigene-2-v -0, Nedimethyl-hivdroxyvlaming)  conceptration W the
formmdation from 25 mgfml o 10 mgimb and o ncrease the target pH from 3.0 10 3.2, The bufler
concentration was proporbonstely decreased from 50 mM to 20 mM. The finad formulation g

provided in Tabls 23,
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Table 23, Final Formulation

. Compowent L Function  : ~ Concentration i %eww
(\ {4 (w»Bi\«ﬂ«pmp\»iﬂmmo«
P13 3 nagin-2-vD-0O, N~ Agtive 10 mgiml. (as free base} | 1.386 {as sali)

dimethvi-hydroxylamine)

Citrte acid, Anhydrous,

UsP Buffer 20 mM 0.384
LN Sodium Hyrdoxide | adjestpHio32 © a8 1 oE
Sterile Water for hyjection, e .

Lsp sobvent 4.3 .8

Fornmulaton Stady

101971 A study was conducted to formulate the Compound having Formula (8 (N-(4.6-Bis-u-
propviaming-{ 1 3 Srtaein-2-yD-Q N-dimethybhvdroxylamine)  for  mtranmscular (1M
adnunisiration as treatment for substance-induced respivatory depression.
[0198]  The study consisted of conducting a hloeguivalence {BE) study i minipigs. Two
formuytations of a Compouad having Formula (I} (N-(4,6-Bis-n-propyvlamino-{ 1,3 S {iriazin-2-y1)-
O, N-dimethyl-hydroxviamineg) were tesled 1 the study us follows:

Formulation 10 20 mg/mlb in 50/30 Propylene Glveol/Acetate Buffer, pH 48

Formulation 2@ 20 mp/imb in 25157150 Propyleme Glycol/Kolliphor HS
15/ Ethanoli Acetate Buffer, pH ~4.6
{199} For IV aduunistralion, wimpigs {3 received a single IV bolus (1-2 minutes)
achmunisiration of the Compound having Formula (1) (N-{4 6-Big-n-propylamino-| 1.3 Shirasin-2-
vi-O N-dimethvl-hydroxylamine} via VAP {vascular access port) at the jugular vein. For IM
adwinistration, minipigs (=3 recedved o single IM adnunistration of Compoand baving Formula
) {N-(4,6-Bis-p-propylanino-{ 1,3 S inaan-2-e -0 N-dimetbyl-hydroxylanune) wia the laterad
neck rauscle ¢hehingd the ear). The animals were dosed before noon on dosing days, The routes
allowed for the determination of pharmiacokinetics of Compound having Formula (1) (N-{4 6-Bis-
n-propylamine-{ 1.3 Sraein-2-v1-0 N-dimethvl-hydrogylamine} from IV and IM
administration.
{6200}  Siability daia for both Formulation | and 2 is presented in Table 24 below. The 12
week stability resulls indicated that the IM Formulations were stable at room {emperatures

{25°C/B0% RED) and sccelerated conditions (80°C/73% RED.

Table 24 - Stability dats theough 12 wesgks for IM Formulations
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3 81} T«em‘gamtgfé 42"-’0(“!{3{}% RID
Sample .y or 4 ) Related Unkuowa Total
) N pﬁ Yo Assay s o R Y
deseription ) conp. mmpurities | unpurifies
T=0 48 967 (.05 <3 08% 0.058% 1934
T= 2 weeks 4.6 96,5 .05 <0 05% £.05%% i9.31
Te= & weeks 4.7 988 0.05 <4308 3.03% {875
T= 12 weeks 4.6 9692 .08 <3 O3, 0.08% 1938

mgiml

Formulation 2 - Reem Temperature (28°C/60% RH)
T=0 4.4 1006.3 <003 <43 05% 3.05% 2006
Te= 2 weeks 4.3 94.1 0.05 <103 {(105% 18.83
T= 6 weeks 4.4 1016 0.6 <03 0.00% 20.32
T= 12 weeks | 44 106.6 0.09 <Q.05% 0.09%, 21.32

Furmalation - Accelerated Conditions (3°C/75% RH}
T=0 4.6 967 (.03 {05, .05, 19.34
T= 2 weeks 4.6 97.6 007 <(L.053% 0.07% 1951
T= 6 weeks 4.7 102.1 0.12 {05 0, 12% 20 41
T= 12 weeks 4.7 97.3 0.06 0.09% {1 5% 19.5

Foaemulation 2- Accelerated Conditinns (40°C/T5% RU}
T=0 44 1003 < (5 <3 O3, “3.05% 20,06
T= 2 weeks 4.4 942 .08 <3 D%, I8 43
T=tweeks | 44 W20 2 BIS L s008% 20.39

T= 12 weeks a4 | 966 (133

Three-Phase Pharmacckinetics (PK) Study in Minipies

[6201] A P study was vonducted in male Gottingen minipigs {(1=3), which were administered
i a single IV and subsequent 1M doses wsing the dosing scheme outlined in Table 25. There was

a puntmum of 3 day washout penod between dose events.

Table 25 - Mmipig study Group Assignment and Bose Levels

Number
Dowe | Dese of Test Dose Pase
Group | Event | Animals | Article/Formulation | Route | {mgke)
Male)

Dhase Dose
Cuoncentration Val.
{mg/mL) {mi kg)

IV foroudaton
Compinexd having
Formuda (H+
weriagueens el
bl o pH 32, 10
medmd.

A Fommianon 1 I8 48 it .24
IM Fonmndaion 2 It 38 2 024

w 38 H} 0.4%

£
[EE R L)
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{62021 The meun dose for IV dose Group 1 was 4.7¢ +/- 0,012 mgikp. The mean dose for IM
dose Group 2 was $.82 +5 0,036 mafkg. The mwean dose for 1M dose Group 3 was 4,79/ 0.033
mprke. Allthrough groups nominal doses were 4.8 mgikg. These does were based on the nominal
concentrations of the Compound having Formula (D) (N-{4,6-Bis-n-propylamino-| 1,3, S jiviazin-2-
vh-O N-dimethvi-hydroxyhumine} in the dose formmidstions (punity, water, and sall content
corrected).

.'

{62031 For IV adnunistration, nunipigs {(1=3) recetved a single 1V bolus {1-2 minutes)
admimstration of Cempound baving Formula ‘e{N»M S-Bis-n-propylamino- 1.3, Shnazin-2-vh)-
O N-dimethvi-hydroxvianuined via 3 Vascular access port (VAP in the jugular vein, For IM
adminisiration, nunipigs (=3} received a siogle 1M adminisiration of each TM fornuudation via the
bateral neck musche (behind the ear). For sach dose evend, blood smnples were collected at 8 time
poimts: L.083, 0,167, 025 0.5, 1, 2, 4 and 24 hours post dose.  General observations were
conducted twice-duily for any treatment-related effectsftovicity andior tolerabnility.  Table 26
includes the Plasma Concentration Descriptive Statistics of Compound having Formula (1) (M-
{4,6-Bis-n-propylaming-{ 1,3 5 {trdazin-2-vh-0 N-dimethy-hydroxylamine).  Table 27 illustrates
the plasma concentration 'phm'_mac.akmelii_fc. parameters of Compound baving Formutda (1) (N-{4,6-

Bis-n-propylanuno-] 1.3 5 vlazin-2-y -0 N-dimetby Mhvdroxylamine).

Table 36 ~ Plasma Conceniration f}emnpmg Statistics

~Daose ewni N me(hr} L \ ,,,,,,,,,, Mean {ng/mby | QB {n mL
! {1,083 3 2820.4 §57.8
i {3167 3 2013.3 4594
{ : 2E 3731
VVVVVVVVVVVVVVVVVV [ e
R L
i
!
,,,,,,,,,,,,,,,,,,,, S 2
2 i 3
3 2 3
2 4 3
2 24 3 2.0
3 083 3 30B0
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1574

1484

87

tal

5.0

L

63,4

el

63

bad

(.4

Table 27

- Muupig Plasma Concerdration Pharmacokinetic Paraneters

Dosg
fevel

Dose |
Events ‘

R,

T
{hry

¥
!‘ wmax

{hr)

L Tast

{hr)

;
Loy

{ngimb) {h

Al {jmsi
r*ag/ml)

Al {.\ SN

4K
t mwke

v

{964

0083

{hr*ng/ml}

2313 23

M

2 mg.:"'kg £.998 3.2 0.5 466 24 2617 2626
LY
48

3 mgkg | 00%Y | 27 { 601 24 2711 2715

[6204]

Figure 3 presents a plot of Mean plasmia concentrations versus time through 24 hours

and Figure 4 through 4 hours. When mferpreting this PR data, 101s noted that the 4.8 mg/kg dose

selected for the bicequivalence study 1o punipigs was conservative, e.g. i previous stadies the

highest dose tested was 30 mg'ke.

Plasoia Concentration Diata and Pharnwcokinetic Parameters

[0205]

The plasma conceniration descriptive statisties of the compound having Formuda (1)

{(N-{4,6-Bis-n-propylamino-{ 1 3, 8 firiazin-2-y -0, N-dimethvl-hydroxvianune) are presented in

Table 28.

Table 28 — Plasma Comcentration Descriptive Statisties of Compound having Formula (1) (N=3)

Time {h}

Dase Event

Mean {(np/ml)

S (ng/ml}

083

2820.0

H57.5

4594

3731

266.6

S18.7

H2.0

1§5.7

47.1
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4

40.0

1 .

24 i {18 .2
£1.083 2 2113 22
1167 2 3287 25,0
0.25 3993 23132
.5 4687 346
424.0 1382

2793

3.0

[EARERY
B
SO

2.0

RS SPRE VAT SRRV EE VR OV

3080

3 3563 1574

(.25 3 442.7 148.4
{5 3 477 587
i 3 B3 254

3 3 3897 634
4 3 1218 165
24 3 10 (.4

{6206}  The pharmacokinetic parametets for Dose Events §, 2 and 3 are presented in Tahle 29,
Following IV dosing, the T was $.083 hour for Group 1, Following IM dosing, the T, was
4.5 hoor for Group 2 (50450 Propyiene Glycol/Acetate buffer at pH 4.8) and 1 hour for Groap 3
{25/15/10/50 Propylene Glycol/Kolliphor HS15/Ethanol/Acetate buffer mt pH 4.6}, The Ty
values werg 3.0 hwurs for TV Group 1 and 3.2 hours and 2.7 hours for IM Groups 2 and 3,
respectively.

{6207} For IV dosing, the Cpeowas 2820 ng/mi and the AUC,, was 2313 lw¥og'ml. ForiM
dosing, the Cu was 466 ngdmb and the AUCo was 2617 hr¥ng/ml for Group 2, and the C
wax 601 ngfml and the AUC, was 2711 hir'ngml for Group 3. For egch dose level, U was
higher for TV dosing than for IM dosing whereas AUCL. was tugher for IM dosing than for IV

dosing.

Table 29 - Plasma Pharmacokinetic Paramalers

Dase Duse R T‘i 3 T:\mx :m;mf. Tia N8 Al Clﬂs\‘ AUC INE

Events | Level 4 th) (I} (ug/mb) L () | (Wng/mb) | (hdagiml)
4.8

i megke | 0964 3.4 1083 2824 24 2313 2316
v
4.8

2 nig'kg | 099H 32 6.5 466 24 2617 2626
IM
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3 make | 098 1 27 i 601 24 2711 2715
,,,,,,,,,,,,,,,,, M e
162081 The IV and 1M blogvailability of & Compound having Formula (1) (N-{(4.6-Bis-n-

progviamine-{ 13 S{irtazin-2-v1 -0 N-dimsthyFhvdroxylamine) is presented in Table 30, The

it

broavatability from IV dosing was calcalated to be 100% and 113,19 for Group? and 117.2% for

Group 3.

Table 30 Bioavmlability

Dose Event | Dose Route ,I,}qse fﬂ . Sex , "%UQ‘”‘?. Biogvailability?
{mglkg) th*ng/ml) :
i 159 4.8 K% 2313 R4
2 184 4 % M 2617 F13.4%
3 M 4.8 M 2711 $117.2%
Wioavatlability = {{mean AUCH/Dosepimem AUCDosen ) ® 109

162097 A review of the results from the minipig study indicated that both IM fornulations
vielded rapid absorption, as noted by C and area under the curve plasma exposure {AUC), as
the C. i similar 1o previous data on TV infusion in oanipigs. The IV formulation single injection
yielded higher Co and shorfer tie © Cy (Toue). From the results, IM formudation 2 vielded s
higher Cy, than IM formulation 1 {601 vs 466 ng/ml) and IM formulation | vielded g shorter
that M Forondstion 1 13 @ simple formrolation wath hugh solubility and shorter Ty, while IM
Fornuulation 2 has higher absorption in hoth rats and minipig.

821

depicied and described ag a sertes of avls. However, acls w stcordance with Uns discloswre can

For stmplicity of explanstion, the embodiments of the methads of this disclosure are

ocewr i vartons orders andfor concurrently, and with other acts not presented and described
hergin.  Furnthermore, not all iHlustrated acts may be required 0 implement the methods in
avcordance with the disclosed subject matter. In addition, those skilled in the art will understand
and appreciate that the methods could aliematively be represented as a series of imterrelpted states
via a state diagram or events,

[8211]

materialy, dinensions, processes panumeters, ete., o provide a8 thorough understanding of the

In the foregoing description, numerous specific details are set forth, sueh as specific
present wvention.  The particular features, siructures, matenals, or characteristics may be
combined in any suiiable manper i one or more embodiments.  The words “expmple” or
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“exeruplary”™ are used herein to mean serving as ap example, fostance, or Hlustration. Any aspect
ar dissign described herein as “example” or Yexsmplary” is not pecessardy to be construed as
preferred or advantagenus over other aspects or designs. Rather, use of the words “example” or
“exemplary” is infended to present concepts in a concrete fashion. As used in this application, the
teria “or” s pgended to msan an inclusive “ar™ rather than an sxclusive “or™. That is, unless
specified otherwise, or clear from context, "X inclades & or BY s intended to mean any of the
natural inchusive permutations, That is, i X includes A Xomcludes B; or X mcludes both A and
B, then “X ingludes A or B” i satisfied under any of the foregoing instances. Relerence
throughout this specification to “an embodiment”, “certain embodiments”, or “one embodiment”
means that a particular featare, structure, ov characteristic described in connection with the
embodiment 15 included in at least one embodiment,  Thus, the appearances of the phrase “an
embodiment”, “certain embodimenits™, or “one smbodiment”™ in varony places throughout this
specification are not necessarily all veferring o the same embodimant.

16212} The present Drvention has been deseribed with reference to specific exemplaty
embodiments thereof. The specification and drawings are, accordingly, to be regarded i an
tHusirative rather than a restrictive sense. Various modifications of the mvention in addition to
those shown and described herein will become apparent to those skilled in the art and are mtended

to fall within the scope of the appended clamms.
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CLAIMS

What is claimed

L. A parentersd formulation comprising a componnd of Formula (I) and a pharmaceutically
acceplabie excipient, wherein the fonnulation mamtains af least 90%: of the compound after
accelerated storage conditions of 25°C at 6% relative hamidity for 2 weeks, wherein the

compound of Formula (1} i3 selected Trom:

whsreny;

R! and RY are independently H, alkyl, substitnted alkyl, cyeloalkyl, substituted cyeloatkyl,
alkenyl, subshituted alkenyl, alkovuyl, substituted alkyayl, phervl, substituted pheoyl, phenylalkvl,
substituted phenvialkyl, arvl, substituted arvl, srvialkyl, substituted avviatkyl, heteroarylalkyd,
substituted heteroarylalkyl, helerparyl or substituied heteroarvl or R and BY combine as to form
a biradical selecied from the group consisting of 3-hydroxy-pentane-1S-divl, G-hvdroxy-
cycloheptane-1 d-divl, propune-1,3-diyl, butane-1 4-diy! and pentane-1.5-diyl;

R is H, alkyl, subsiituled allyd, allynvl, substibued alkynyl, cvcloatkyl, substituted
eycloalvl, alkenyl, substituted alkenyl, —NRIR?, —C{OXOR!, acvi, or aryh

Réis H, alkyl, or substituted allovl;

R* 15 H, alkyl, propargylic, substituted propargylic, homopropargviic, substituted
homopropargylic, substitated alkyl, cveloalkyl substitated cveloatkyl, alkenyl, substituled
atkenyl, —OR!, —NRIR? —Q@OR!, acyl, aryl, substituted arvl. beteroaryl, substituied
hateroaryl, heterocyclic, or substituled heterocvelic; or R and R combine a3 1o form a biradical
selected from the group consisting of 3.6, 9-wioxa-undecane- 1,1 1-divt and 3.6-dioxa-octane-~1 .8+
divl;

ROz H, alkvl, substituted alkyt or atkenyl;
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X is a bond, O or NRY; and,
Y is N, URS or C: wherein:

Y s Woor CRY, then bond bl is nil and: (33 Z 38 H, bond b7 is a single bond, and A
s CH; or, (1) Z is mil, bond b% s nil, and A is 2 single bond; and,

HY 15 €, then bond blis o single bond, and: (1) Z 1s CH:, bond ¥ 1x 3 single bond,
and A v CH; or, Giy Z is CH, bond b s a double bond, and A is (

or 4 salt thereof,

The parentaral formulation of claim 1, wherein the fornmulation maintaing at least 90% ot the
compound afler socelerated siorage conditions of 25°C at 60% relative humidity for 1

nacnth;

The parenteral formuiation of claim 1, wherein the formuiation walniains at least 90% of the
compound after sccelerated storage conditions of 25°C at 60% relative lnunidity for 2

months,

The parenteral formulation of claim 1, whersin the formudation maintaing at least 90% of the

compound after accelernted stotage conditions of 25°C at 60% relafive honudity for 3

months.
The parentera! formulation of claim 1, wherein the formulation mainiains af least 98% of the

counpound after accelerated stovage conditions of 25°C at 60% refative hunudity for 2 weeks.

The parenterval formulation of claim 1, wherein the formelation maintams at least 5% of the

compound after accelerated storgge conditions of 25°C at 60%% relative humidity for 1

month.

The parenterg! formulation of claim 1, wherein the formulation maintains at least 90%; of the
compound after acvelerated storape conditions of 2370 at 60% refative hunndity for 2

maonths,

The parenteral fornmibation of claim 1, wherein the formulation maintaing at least Q0% of' the
compoind after socslerated storage conditions of 253°C at 60% relative humidity for 3

manths.
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The parenteral formulation of clum 1, wherein the formmulation muintams at least Q0% of the

compound after accelerated storsge conditions of 40°C at 78% relative humidity for 2 weeks,
The parenteral formulation of claim 1, wherein the formelation maintams at least Q0% of the
compound after accelerated storage conditions of $07C at 759 relative humidity for |

monsl.

. The parenteral formulation of claim 1, wherein the formudation mabains at least 90% of the

compound after acvelerated storags condittons of 407 at 75% refative hunudity for 2

monihs.

. The parenteral formulation of clatm 1, wherein the fornudation maintging at least 90% of the

compound afler sccaleratad storage conditions of d°C at 73%% relative humidity for 3

months.

. The parenteral formuiation of claim 1, whersin the fornmulation mamiamns al least 95% of the
Th teral Thormuiation of clamm 1, wheram the fornmdation mamiams at i 35% of ¢

compound after accelerated storage conditions of 40°C at 75% relabve hunudity for 2 weeks,

. The parenteral formudation of claim 1, wherein the formulation malimtains at least 98% of the

compound after accelerated storage conditions of 40°C at 75% refative humidity for

maonth,

. The pareateral fornwulation of cladm 1, whersin the fornulation maintains s least 90% of the

compound alter accelernted sforage conditions of 40°C at 75% relafive hunudity for 2

nuwihs,

. The paresteral formulation of clabm 1, wherens the formulation maintains at least 90% of the

compound after accelerated storage condiftons of 40°C at 75% velative honidity for 3

months,

. The parenteval formulation of any preceding claims, wherein the pH of the formulation is

from about 3.5 to gbout 5.5
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. The parenteral formulation of claim 17, wheremn the pH is from about 4 {0 gbout 5.

. The parenteral formulation of claim 18, wherein the pH 15 selected from abowt 4.0, about 4.5

or abotg 5.0,

The parenteral formulation of any preceding claims, wherein the concentration of the

compound is from about 14 mg/mL o about 3 mg/mi.,

. The parerteral formulation of clam 20, wherein the concentration of the compound is from

about 15 mg/mL to about 25 mg/ml..

. The paventeral formulation of clatm 21, wherein the concentration of the compound 1s

selected from abount 15 mgdml, aboat 20 wg’ml or abowt 25 mgfall.
. The parentersa! formeudation of any preceding vlnim, wherein the excipient is selected from
ethanol, polvalkyvlene glyeol, alkvlene glyeol, cyvclodextim, saline, ringers sofution, dextrose,

polvethylene glycol-hydroxystearate o a combination thereof

. The parenteral formulation of claim 23, wherein the excipient comprises ethanol.

5. The parenterad formulation of clatm 23, wherein the excipient comprises ethanol in an

amount of from about 1% (o sbout 30%, ahowt 3% to sboot 25% or abowt 10%: to abouot 20%,

. The parenteral formudation of clagm 23, wherein the excipient comprises propyviens ziveol.

7. The parenteral formulation of claim 23, wherein the excipient comprises propyiens glveol in

an amowst of from about 20% to about 1H00%, about 30% to about 95% or about 70% to

about S0%.

The paventeral formulation of claim 23, wherein the excipient comprises polyethylene
glycol.

). The paresteral fornuulation of claim 23, wherem the exaiplent compuises polyethylene

plveol in an amount of from about 2084 to about 100%, about 50%% 10 about 93% or about

TO% to ahout Y%,
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(. The parentaral formwlation of cluim 23, whergm the excpient comprises hydroxypropyi-fi-

eyvclodextrin,

The parenteral formudation of claim 23, wherein the excipient comprises hydroxypropyl-f-

cyctodextrin in an amount of from abont 1% to about 30%, about 10% to abont 40% or abowt

2084 o about 309%.

. The parenteral formulation of any preceding claims that is suitable for itramuoscular

admistration,

. A method of providing respiratory stimudation comprising administering intramuoscolarly a

parenteral formulation of claim 32

. The parental formuolation of claim 1, further comprising s buffer soluhion,

. The parental formulation of claim 34, wherein the buffer solution comprises a citrie acid,

glyeie, girate or acetate,

The parental fonnudation of claim 34, wherein the buffer solution comprise a citrate.

. The parental formulation of claim 34, wherein the buffer solution comprise an acetats,

8. A method of {reating respiratory deprassion comprising parenterally administering a

formulation of any of claims 1437,

G, The method of clann 3%, wherein the respivatory depression 15 caused by an opioid agent.

. The method of claim 3K, wherein the respiratory depression is caysed by a non-opicid agent.

|, The method of claim 38, wherein the respiratory deprassion is caused by imnflanunation,

2, The method of claim 3%, wherein the respiratory depression is caused by infection,

3. The method of clatm 41, wherein the formulation s admimstered at a dosage rate of about

2.0 mpke (o about 40 mg/ke, about 3.0 ma'ke to about 35 myp'ke, about 4.0 nmig'kg 10 aboat
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30 medkg, sbout 5.0 mptke to sbout 25 mgke, about 6.0 mg/kg to about 20 mg/ke, about 7.0

gk to about 15 mgdky, or abowt 5.0 me'ky to about W make,

44, The method of claim 41, wherein the fonmulation is administered st a dossge rate of about

4.0 mg/ke 1o about 5.0 medky, or about 4.8 make.
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Effect of pH on Degradation
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Effect of pH on Degradation
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