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HYBRID AMIDE DERIVATIVES OF AMPHOTERICING

CROSS-REFERENCE TO RELATED APPLICATIONS

5 This application claims the benefit of prionty to US Provisional Patent Application
No. 63/063,655, filed August 10, 2020, and US Provisional Patent Application No.
63/175,771, filed Apnid 16, 2021

GOVERNMENT SUPPORT
This mvention was made with government support under grant AI135812 awarded by
10 the National Institutes of Health. The government has certain rights in the invention.
BACKGROUND OF THE INVENTION

Morbidity and mortality froms invasive fungal infections are sigatficant, and largely
caused by two genera of fungal pathogens: Candida and Aspergillus. Candida species are the

4th most common pathogen 1solated in all bloodstream infections. Treatment for mvasive

n

candidiasis has a limited {(30-70%) success rate, and this is typically only in the healthiest

et

patients. Attributable mortality for invasive candidiasis is substantial (20-30%). The
meidence of invasive aspergillosis due to 4. fimigaius has mereased three-fold in the last
decade and its mortality has risen by over 300%. Morcover, current therapy for invasive
aspergiliosis has a lower 40-30% treatment success rate. fovasive aspergillosis is consistently
20 aleading killer in immumocompromised patients. Moreover, invasive mold infections
{fusariosts, scedosporosis, and mucromycosis} have even higher mortality rates and no
offective therapeutic options. The current guideline-recommended first hne therapeutic for
rvasive aspergilosis, as well as most other mwvasive mold nfections, 8 the tniazole
antifimgal voriconazole. However, pan-triazole resistance in Aspergilius 18 as high as 30% m
25 some locations and amongst certain high-risk patient groups. Recogpizing this lack of
effective treatments, the fnfectious Diseases Society of America highlighted 4. fumigatus as
one of only six pathogens where a "substantive breakihrough is urgently needed.”
Amphotericin B {AmB}) is an exceptionally promising starting point, because this drug
has potent and dose-dependent fungicidal activity against a broad range of fingal pathogeus
30 and has evaded resistance for over half a century The fungicidal, as opposed to fungistatic,

activity of AmB 1s essential in immunocomprormiscd patients which lack a robust immune
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sysiem to help clear an infection. Broad antifungal activity is especially important in critically
if} patients when the identity of the pathogen is unknown and immediate empirical therapy is
required. An intemational expert panel recently mandated that novel therapeutic approaches
centered arcund AmB, with no resistance 1ssues, are required. The problem is that AmB is
exceptionally toxic, which limits its use to low-dose protocols that often fail to eradicate
discase.

A new, paradignm-shitiing mechanistic understanding of AmB that evaded the field for
half a century was achieved. Previous studics report AmB binding to sterols, which was
thought primarily to drive formation of membrane-permeabilizing pores to kill both fungal
and human cells. After 10 vears of intensive svnthesis-cnabled atomistic tnierrogations of this
natural product and frontier SSNMR expeniments, it is alternatively discovered that AmB
primarily kills both fungal and human cells by forming a cvtocidal extramembranous sterol
sponge. This large aggregate sits on the surface of lipid bilayers and rapidly extracts
membrane sterols, which leads to cell death. Membrane permeabilization is not required.

Based on this new mechanism and increasingly refined structural information, it is proposed
that a small molecule-based ligand-selective allostenic effect could enable selective binding
of ergosterot over cholesterct, Guided by this model, the ¢limination of cholesterol binding
and thus mammalian toxicity in the foro of a new derivative, C2'eptAmB, was achicved.

A limitation with C2'epAmB, however, i3 a relative lack of potency against a number
of clinically relevant yeast and molds. An AmB derivative that retains potent, broad
spectrum, and resistance-evasive fungicidal activity but lacks dose~limiting toxicitics would

¢nable a new high dose treatment paradigm with improved clinical efficacy

SUMMARY OF THE INVENTION

In certain aspects, provided herein is a compound selected from the group consisting

of;
OH
H
Mev,, O g OH
i H
] .
HC / Meo O+ H CH CH N\[\OH
NN NN © OH
O:;[/\/L\ML
HO® ™ OH
NH; and
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or a pharmaceutically acceptable salt thereof.

In other aspects, provided herein are pharmaceutical compositions comprising one of

the disclosed compounds, or a pharmaceutically acceptable salt thereof, and a
5 phamaceutically acceptable carrier.

In vet other aspects, provided herein are methods of treating fungal infections, the
methods comprising administering to a subject in need thercof a therapeutically effective
amount of a disclosed compound or a pharmaceutically acceptable salt thereof, thereby
treating the fungal infections.

1 In still other aspects, provided herein 15 use of a disclosed compound or a
phammaceutically accepiable salt thereof in the manufacture of a medicament for the
treatment of a fungal infection.

In certain aspects, provided herein are compounds and pharmaceutical compositions

for use as medicaments, and for use in treating fungal mfections.

BRIEF DESCRIPTION OF THE FIGURES

Pt
[

Figs. 1A-1B depict the results of i virro safety studies using Compound 1.
Fig. 2 depicts i vive mouse pharmacokinetic data for Compound 1.
Fig. 3 depicts serum concentrations of Compound 1 following high-dose
adrotnistration.
20 Figs. 4A-4C depict characterization data for Compound {; 'H NMR parameters: 500
MHz, pyridine-ds: CB:0D (1:1).
Figs. SA-SB depict characterization data for Compound 2.
¥ig. 6 depicts results of a lalling kinetics assay with Candida albicans using DMSO,
AmB, EpmAmB (C2epiamB), and Compound 1.
25 Fig. 7 depicts differences in CFU for C. afbicans for mice treated with different

dosages of Compound 1 compared to saline and AmB; * = p <0.05; #¥%* = 5 < 0001,
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Fig. 8 depicts differences in CFU for C. afbicans for mice treated with different
dosages of Compound 3 compared to saline and AmB; NS = not significant {p > 0.05); #+=**
=p < 0.001,

Fig. 9 depicts differcnces m CFU for mvasive candidiasis for mice treated with
different dosages of Compound 3 compared to saline and AmB; Direct-Kruskal-Walhs test
w.r.tvehicle 24h unless otherwise mdicated: NS = Not Significant (p > .05}, ¥%p < 0.0] ***
p < 0.005, ¥*¥¥¥p<0 001

Fig. 16 depicts differences in CFU for O guris for mice treated with different dosages
of Compound 3 compared to saline and AmB; NS = pot significant {p > 0.05), ¥* = p <0.01;
FEE =p <0005

Fig. 11 depicts differences i CFU for Aspergiflus fismigatus for mice treated with
different dosages of Compound 3 compared to saline and AmEB; Direct-Kruskal-Walhs test
w.r.tvehicle 24h unless otherwise mdicated: NS = Not Significant (p > .05}, ¥%p < 0.0] ***
p < 0.005, ¥*¥¥¥p<0 001

Fig. 12A depicts blood plasma concentrations of Compound 3 in mice.

Fig. 128 depicts blood plasma concentrations of Compound 3 in rats.

Fig, 12C depicts blood plasma concentrations of Compound 3 in dogs.

Fig. 121 depicts blood plasma concentrations of Compound 3 in primates.

Fig. 13 depicts Wajima superposition to predict haman concentration-time profile for
Compound 3.

Fig. 14 depicts the percent hemolysis for Compound 1 and Compound 3.

Fig. 15A depicts BUN levels following admmisiration of Compound 3.

Fig. 158 depicts cholesterol levels following administration of Compound 3.

Fig. 15C depicts creatinine levels following admimistration of Compound 3.

Fig. 16 depicts gene expression changes following admmistration of Compound 3.

Fig. 17A depicts group average daily body weight for mice moceunlated with
Aspergillus fumigotus and treated with saline, compound 3, or AmB.

Fig. 178 depicts group average daily body weight relative to day of infoction for mice
mocculated with Aspergillus fumigonis and treated with saline, compound 3, or AmB.

Fig. 18A depcts group average daily body weight for mice mocaudated with €
atbicans and treated with saline, compound 3, or AmB.

Fig. 188 depicts group average datly body weight relative to day of infoction for mice

mocculated with C. afbicans and treated with saline, compound 3, or AmB.
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Figs. 19A-19D depict characterization data for Compound 3; 'H NMR parameters:
500 MHz, pyridine-ds: CD:0D (1:1); PC NMR parameters: 126 MHz, pyridine-ds: CD:0D
{I.1).

Figs, 20A-280 depict the results of in virro tolerance studies using Compound 3. Fig.
20A; Neurotoxicity; Fig, 208: Hepatotoxicity; Fig, 20C: Cardiotoxicity; and Fig, 20D
Hemotoxicity.

Figs. 21 A-21G depict in vive tolerance studies of Compound 3 in mice.

Fig. 22 depicts the in vive efficacy of Compound 3 agaimst pubmonary aspergillosis in
ce.

Fig. 23 depicts the in vive tolerance of Compound 3 agamst pubmonary aspergillosis
I nies.

Figs, 24A-24D depict characterization data for Compound 4; 'H NMR parameters:
500 MHz, pyridine-ds:CD:0D (1:1); PC NMR parameters: 126 MHz, pyridine-ds:CD:0D
(i1

DETAILED DESCRIPTION OF THE INVENTION
Amphotericin B {AmB) is a polyene macrolide with a mycosaming appendage, the

compound baving the following strocture:

OH
Me., G\%»Y\E/\MH 15 .OH
HO . @ OH OH OH OH @, o
Me ’ !
N2 2 . PN OH
o SININININININNE
Q,, 0. Me
‘2‘|
HOY Lf)\eﬁ
NH,

Amphotericin B.

AmB is generally obtained from a strain of Strepromyvees nodosus. ¥ is currently
approved for clinical use n the United States for the treatment of progressive, potentially life-
threatening {fongal infections, including such mnfoctions as systemic or deep tissac candidiasis,
aspergitiosis, cryptococcosis, blastomyeosis, coccidiotdomycosis, histoplasmaosis, and
mucormyeosis, among others. It is generally formulated for intravenous injection.
Amphotericin B is commercially available, for example, as Fungizone® (Squibb),

Amphocm® (Phizer), Abelcet® (Enzon), and Ambisome® {Astellas). Due to its undesirable
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toxic side effects, dosing is generally limited to a maxinmim of about 1.0 mg/kg/day and total
cumulative doses not to excecd about 3 g in humans.

AmB3B kills both fungal and human cells by forming a cviocidal extramembranous
sterol sponge. Anderson, T. M. et al., Nat Chem Biol 2014, 10 (5}, 400-6. This large
aggregate sits on the surface of lipid bilavers and rapidly extracts membrane sterols, which
cads to cell death. Membrane permeabilization is not required. Based on this mechanism, a
small molecule-based higand-selective allosteric effect would enable selective binding of
ergosterol over cholesterol and would climmate the mammalian toxacity of AmB (in the form
of C27epiAmB). Sce Wilcock, B. Coetal | J Am Chem Soc 2013, 135 (23}, 8488-91. The
present invention discloses the Kps for the binding of both ergosterol and cholesterol 1o the
AmB sterol sponge, which provides a quantitative and mechanisticallyv-grounded biophysical
parameter to guide rational optimization of the therapeutic index of this clinically sigmificant
natural product,

The present invention relates, at least in part, to the discovery by the inventors of
further denivatives of AmB which also are characterized by improved therapeutic index
compared to AmB. The vanous derivatives, 1.e., compounds of the invention, can be semi-
synthetic or fully synthetic. An aspect of the invention is the development of a new synthetic
derivative of AmB that retains potent binding of ergosterol but shows no detectable binding
of cholesterol. This dertvative retains fungicidal potency against many veasts and molds but
shows no detectable manumalian toxicity. This demonstrates that differential binding of
ergosterol over cholesterol is possible and provides a non~toxic varant of AmB that preserves
desirable antifungal propertics. Compounds of the invention enable a new high-dose
treatment strategy to eradicate hife-threatening invasive fungal infections with a significantly
improved safety profile.

Compounds of the invention and pharmaceutical compositions of the invention are
usetul for mhibiting the growth of a fungus. In one embodiment, an effective amount of a
compound of the invention is contacted with a fungus, thereby inhubiting growth of the
fungus. In one embodiment, a compound of the jovention, or a pharmaceutically acceptable
salt thereof, 1s added to or ncluded in tissue culture medium.

Compounds of the invention and phammaceutical compositions of the invention are
uscful for the treatment of fungal infections n a subject. In onc embodiment, a
therapeutically offective amount of a compound of the invention, or a pharmaccutically
acceptable salt thereof, 1s administered to a subject m need thereof, thereby treating the

fungal infection.
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Yeasts are eukaryotic organisms classified in the kingdom Fungi. Fungi include
veasts, molds, and larger organisms inchiding mushrooms. Yeasts and molds are of clinical
relevance as infectious agents. Yeasts are typically described as budding forms of fungi. Of
particular importance in connection with the invention are species of yeast that can cause
mfections m mammalian hosts. Such infections most conmmonly oecur in
imunoccompromised hosts, including hosts with compromised barriers to infoction {e.g.,
burn victims) and hosts with coropromised immune svstems {¢.g., hosts receiving
chemotherapy or immune suppressive therapy, and hosts infected with HIV). Pathogenic
yeasts mclude, without brutation, various species of the genus Candida, as well as of
Cryprococcus. Of particular note anmong pathogenic veasts of the genus Candida are €

atbicans, C. wopicalis, C. stellatoidea, C. glabraia, C. krusei, C. parapsilosis,

C. guitliermondil, C. viswanathii, and C. fusitanice. The genas Cryprococcus specifically
mchudes Crvpiococcus neoformans. Yeast can cause infections of mucosal membrancs, for
exaraple oral, csophageal, and vaginal infections 1 humans, as well as intections of bone,
blood, urogenital tract, and central nervous system. Ths hist is exemplary and 1s not imiting
i any way.

A murnber of fungi {apast from veast) can cause infections in mammalian hosts. Such
mfections most conunonly occur in jnununocompronused hosts, mcluding hosts with
compromised barriers to infection (e.g., burn victims) and hosts with compromised immuane
systems {¢.g., hosts receiving chemotherapy or immune suppressive therapy, and hosts
mfected with HIV). Pathogemnic fungi {apart from veast) inchude, without limitation, specics
of Aspergillus, Rhizopus, Mucor, Hisioplasma, Coccidioides, Blastomyces, Trichophvion,
Microsporum, and Fpidermophvion. Of particalar note among the foregomg are A. fumigatus,
A. flavus, A. niger, H. capsulotum, C. immitis, and B, dermatifidis. Fungi can cause systemic
and deep tissue infections i lung, bone, blood, urogenital tract, and ceniral nervous system,

to name a fow. Some fungi are responsible for mfections of the skin and nails.
Definiiions

Definitions of specific finctional groups and chemical terms are described in more
detail below. The chemical elements are identified in accordance with the Periedic Table of
the Elements, CAS version, Handbook of Chemistry and Physics, 75% Ed., inside cover, and
specific fumctional groups are generally defined as described therein. Additionally, general
principles of organic chemistry, as wel as specific functional moicties and reactivity, are

described in Thomas Somrell, Organic Chenusiry, University Science Books, Sausalito, 1999,
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Smith and March, March’s Advanced Organic Chemistry, 5% Edition, John Wiley &amp;
Sons, Inc., New York, 2001, Larock, Comprehensive Organic Transformations, VCH
Publishers, Inc., New York, 1989; and Carruthers, Some Modern Methods of Organic
Synthesis, 3" Edition, Cambridge University Press, Cambridge, 1987,

Compounds described herein can comprise one or more asyvmmetric centers, and thus
can exist in various isomeric forms, ¢.g., enantiomers and/or diasiereomers. For example, the
compounds described hercin can be in the form of an individual cnantiomer, diastereomer or
geometric isomer, or can be m the form of a mixture of stereoisomers, including racemuc
maxtures and muixtures enriched in one or mors stereoisomer. Isomers can be isolated from
mixtures by methods known to those skilled 1o the art, including chiral bigh pressure liguid
chromatography {HPFC) and the formation and crystalhization of chiral salts; or preferred
isomers can be prepared by asvmmetric syntheses. Sge, for example, Jacques et al |
Enantiomers, Racemates and Resolutions {(Wiley Interscience, New York, 1981); Wilen et al |
Tetrahedron 33:2725 (1977); Eliel, Stercochemistry of Carbon Compounds (McGraw-Hill,
NY, 1962); and Wilen, Tables of Resolving Agents and Optical Resolutions p. 268 (EF.
Elel, Ed., Univ. of Notre Dame Press, Notre Dame, IN 1972).

The vention addiionally encompasses compounds described herein as individual
isomers substantially free of other isomers, and aliematively, as mixtures of various isomers.

The following terms are intended {o have the meanings presented therewith below and
are useful in understanding the description and intended scope of the present invention. When
describing the mvention, which may include compounds, pharmaceutical compositions
containing such compounds and methods of using such compounds and compositions, the
following terms, if present, have the following meanings unless otherwise tndicated. It should
afso be understood that when described hercin any of the moieties defined forth below may
be substituted with a variety of substituents, and that the respective definitions are intended to
melude such substituted moieties within their scope as set out below. Unless otherwise stated,
the term “substituted” is to be defined as sct out below. it should be further understood that
the torms “groups” and “radicals” can be considered interchangeable when used herein. The
articles “a” and “an” may be used herein {o refer to one or to more than one (1.¢. at least ong)
of the grammatical objects of the article. By way of example “an analogue™ means one
analogue or more than one analogue.

“Pharmaceutically acceptable” means approved or approvable by a regulatory agency

of the Federal or a state government or the corresponding agency in countries other than the
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United States, or that 1s bisied in the U5, Pharmacopoeia or other generally recognized
pharmacopoeia for use in animals, and more particularly, m bumans.

“Pharmaceutically accoptable salt” refers to a salt of a compound of the mvention that
is pharmaceutically acceptable and that posscsses the desired pharmacological activity of the
parent compound. In particular, such salts are non-toxic may be inorganic or organic acid
addition salts and base addition salts. Specifically, such salts include: {1} acid addition salts,
formed with morganic acids such as hydrochloric acid, hydrobromie acid, sulfuric acid, nutric
acid, phosphoric acid, and the hike; or formed with organic acids such as acetic acid,
propionic acid, hexanoic acid, cyclopentancpropionic acid, glyeolic acid, pyruvic acid, lactic
acid, malonic acid, succinic acid, malic acid, maleic acid, finmaric acid, tartaric acid, cing
acid, benzoic acid, 3-(4-hydroxybenzoyiibenzoic acid, cimnamic acid, mandelic acid,
methanesulfonic acid, ethanesulfonic acid, 1,2-cthane-disulfonic acid, 2-
hydroxyethanesulfonic acid, benzenesulfonic acid, chlorobenzenesulfonic acid, 2-
naphthalencsulfonic acid, 4-tolucnesulfonic acid, camphorsulfonic acid, 4-methyibicyclo
[2.2.2}-oct-2-ene- I-carboxylic acid, glhicoheptomic acid , 3-phenyipropionic acid,
trimethvlacetic acid, tertiary butvlacetic acid, lauryl sulfuric acid | gluconic acid, glutamic
acid, hydroxynaphthoic acid, salicyiic acid, stearic acid, muconic acid, and the ke, or (2}
salts formed when an acidic proton present 1o the parent compound either is replaced by a
metal 1on, ¢.g., an alkalt metal on | an alkabine carth 1on | or an aluminum ion; or coordinates
with an organic base such as cthanclaming, dicthanclamine, tricthanolamine, N-
methviglucanine and the like. Salis further mchude, by way of example only, sodinm
potassim, calcium, magnesium, ammonium, tetraalkyvlammonium, and the like: and when
the compound contains a basic functionality, salts of nontoxic organic or inorganic acids,
such as hydrochlonde, hyvdrobromude, tartrate, mesylate, acetate, maleate, oxalate and the
ke,

“Pharmaceutically accepiable cation” refers to an acceptable catiomic counterion of an
acidic functional group. Such cations are exemplified by sodiim, potassium, calcium,
magnesium, ammontur, tetraalkylammonium cations, and the ke {sce, ¢. g., Berge, et al | [
Pharm. 5¢1. 66 (13 1-79 (January 77).

“Pharmaceutically acceptable vehicle™ refers to a diluent, adjuvant, excipient or
carrier with which a compound of the invention 1s administered.

A “subject” to which adomunistration 1s contemplated mchudes, but is not luoatted to,
humans (i.¢., a male or female of any age group, ¢ g., a pediatric subject {e.g, infant, child,

adolescent) or adult subject {e.g., young adult, nuddie aged adult or senior adult) andfora
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non- human animal, ¢.g., 3 mammal such as primates {¢.g., cynomelgus monkeys, thesus
monkeys), cattie, pigs, horses, shoep, goats, rodents, cats, and/or dogs. In certain
embodiments, the subject is a human. In certain embodiments, the subject 15 a non-human

EEREY

animal, The terms “human,” “patient,” and “subject” are used mterchangeably herein.

An “gffective amount” means the amount of a compound that, when adminstered to a
subject for treating or preventing a discase, is sufficient to effoct such treatment or
prevention. The “effective amount” can vary depending on the compound, the discase and its
severity, and the age, weight, etc., of the subject to be treated. A “therapeutically effective
amount” refers to the effective amount for therapeutic treatment. A “prophylatically effective
amount” refers to the effective amount for prophylactic treatment.

“Preventing” or “prevention” or “prophviactic treatment” refers to a reduction in nisk
of acquiring or developing a disease or disorder {i.¢., causing at least one of the chnical
symptoms of the disease not to develop in a subject not yet exposed to a diseasg-causing
agend, or predisposed to the disecase in advance of disease ounsct.

“Prophylaxis™ 1s related {o “prevention,” and refers to a measure or procedure the
purpose of which s to prevent, rather than to treat or cure a disease. Non limiting exampies
of prophylactic measures may inchide the administration of vaccines; the administration of
low molecular weight heparin to hospital patients at risk for thrombosis due, for example, to
immobilization, and the administration of an anti-malarial agent such as chloroquine, in
advance of a visit to a geographical region where malaria is endemic or the nisk of contracting
malaria is ugh.

“Treating” or “treatment” or “therapeutic freatment” of any discase or disorder refors,
i ong embodiment, to ameliorating the disease or disorder {i.¢., arresting the disease or
reducing the manifestation, extent or severity of at least one of the clinical symptoms
thereof). In another embodiment “treating” or “treatment” refers to ameliorating at least one
physical parameter, which may not be discermible by the subject. In vet another embodiment,
“treating” or “treatment” refers o modulating the discase or disorder, either physically, (e.g.,
stabilization of a discemible symptom), physiologically, (¢.g., stabiization of a phvsical
parameterd, or both, In a further embodiment, “treating” or “treatment” relaes to slowmg the
progression of the disease.

As ased herein, the term “isctopic vanant” refers to a compound that contains
uonatural proportions of isotopes at one or more of the atoros that constitute such compound.
For example, an “sotopic variant” of a compound can contain one or more non-radicactive

isotopes, such as for example. deuterium (°H or B}, carbon-13 (1°C), nitrogen-13 (°N), or the

10
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bke. It will be understood that, in a compound where such 1sotopic substifution 1s made, the
following atoms, where present, may vary, so that for example, any hydrogen may be “?H/D,
any carbon may be P°C, or any nitrogen may be PN, and that the presence and placement of
such atoms may be determined within the skill of the art. Likewise, the invention may include
the preparation of 1sotopic variants with radioisotopes, in the instance for example, where the
resulting compounds may be used for drug and/or substrate tissue distribution studies. The
radio-active isotopes trittum, L.e., *H, and carbon-14, 1., 1, are particularly useful for this
purpose n view of their case of mcorporation and ready means of detection. Further, com
pounds may be prepared that are substituted with posiiron emitting isotopes, such as 1C, °F,
B0 and PN, and would be useful in Positron Emission Topography (PET) studics for
examining subsirate receptor occupancy. All isotopic variants of the compounds provided
herein, radicactive or not, are intended 1o be encompassed withim the scope of the tnvention.

“Tamtomers™ refer to compounds that are interchangeable forms of a particular
compound structure, and that vary in the displacement of hydrogen atoms and clectrons.
Thus, two structures may be in equilibrium through the movement of if electrons and an atom
{usually H}. For example, enols and ketones are tautomers becaunse they are rapidiy
imterconverted by treatment with either acid or base. Another example of tautomerism is the
aci~ and nitro~forms of phenylnitromethane, that are ikewise formed by treatment with acid
or base. Tautomeric forms may be relevant to the attainment of the optimal chemical
reactivity and biological activity of a compound of mmterest.

As used herein a pure enantiomeric comapound is substantially free from other
enantiomers or stergoisomers of the compound (3.¢., in enantiomeric excess). In other words,
an “S” form of the compound is substantially free from the “R” form of the compound and 1s,
thus, 10 cnantiomeric excess of the “R” form. The term “enantiomerically pure” or “pure
enantiomer” denotes that the compound comprises more than 95% by weight, more than 96%
by weight, more than 97% by weight, more than 98% by weight, more than 98.53% by weight,
more than 99% by weight, more than 99.2% by weight. more than 99.5% by weight, more
than 99.6% by weight, more than 99 7% by weight, more than 99.8% by weight or more than
89.9% by weight, of the enantiomer. In certain embodiments, the weights are based apon
total weight of all cnantiomers or stercoisomers of the compound.

As used herein and unless otherwise indicated, the term “enantiomerically pure R-

Q

compound” refers to at least about 95% by weight R-compound and at most about 5% by

weight S-compound, at least about 99% by weight R-compound and at most about 1% by

Qs

weight S-compound, or at least about 99.9 % by weight R-compound and at most about 0.1%
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by weight S-compound. In cortain embodiments, the weights are based upon total weight of
compound.

As used herein and unless otherwise indicated, the term “enantiomerically pure S-
compound” or “S-compound” refers to at least about 95% by weight S-compound and at most
about 5% by weight R-compound, at least about 99% by weight S-compound and at most
about 1% by weight R-compound or at least about 99 9% by weight S-compound and at most
about 0.1% by weight R-compound. In certam embodiments, the weights are based upon total
weight of compound.

In the compositions provided herein, an enantiomerically pure compound ora
pharmaceutically acceptable sait thereof can be present with other active or mactive
mgredients. For example, a pharmaceutical composttion comprising enantiomerically pure R-
compound can comprise, for example, about 90% excipient and about 10% enantiomerically
pure R-compound. In certain cmbodiments, the enantiomerically pure R-compound i such
compositions can, for example, comprise, at least about 93% by weight R-compound and at
most about 5% by weight S-compound, by total weight of the compound. Forexample, a
pharmaceutical composition comprising enantiomerically pure S-compound can comprise,
for example, about 90% excipient and about 10% enantiomerically pure S-compound. In
certain erobodiments, the cnastiomerically pure S-compound 1n such compositions can, for
example, comprise, at least about 93% by weight S-compound and at most about 5% by
weight R-compound, by total weight of the compound. In certain ¢mbodiments, the active

mgredient can be formulated with little or no excipient or carrier.
Compounds of the invention

In certain aspects, provided heremn 1s a compound selected from the group consisting

of:
& OH
Me.,, O \/H/ OH
HOo _Jn,. O  OH OH OH OH O, M
Me , \l\/\QH
A \/Ei:'l\“‘ L VMWM%\E/ ] OH
G, ,Oj;ivie
H@"L; O
NH,

, and
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OH
CH

Me,, O\IT/\E,/“\E/\/HW WOH
’ " OH
H
HO v O OH OH OH CH G, N~
Me ‘ OH
O
OH

Me™"
o
HO OH

or a pharmaceutically acceptable salt thereof.

In certain embodiments, the compound 15
OH

Or OH O,

or a pharmaceutically acceptable salt thergof.

in other embodiments, the compound 1s:

OH
OH
O .‘\OH
Y

?\l"e;,i Y
HO J:Mg@ OH  OH OH OH O,

Me\“‘ /WMW
Om?v’le
HO™ Y YOH
NH;
In further embodiments, the compound 1s:
OH OH
;'\/Ee,,! O *(\g/\%/ \\\QH
HO J/ \;T) OH OH oH OH O E
"’Me I b5, E AOH
A B ~ x/ .
Me PN NI NI © OH
Me

X
HO OH Q

Hg eo‘/li\

@Zan
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In vet other crbodiments, the compound is:

OH

H

Me,,, O ‘\\0

”ks/\g !
HO j O OH OH OH COH O,
Me /\ﬁ/

TR AN /\/

Q’: ”

HO‘I\}\OH
NiH, .
or a pharmaceutically acceptable salf thereof.
In still other embodiments, the compound is:
OH OH
Me.,, O »OH
v e "‘Eff E A H OH
HOYI,,MQO OH OH OH OH Q, N\E/\OH
N N A N ok
Oﬁ\me
HO™ N o
NH,
in further embodiments, the compound s
OH
Me, O §H OH
Try o /'\\// o
HO & N\C'E;\g;i OH OH O ;i o
“Mew e oH

PN 7
M”\Mf//\}/ OH
G, O Me

In other aspects, provided herein are pharmaceutical compositions comprising a
disclosed compound, or a pharmaceutically acceptable salt thereof, and a pharmaceutically
acceptable carmier. In certain embodiments, the pharmaceutical composition is an intravenous
dosage form. in other embodiments, the pharmaceutical composition is an oral dosage form.

{n yet other aspects, provided beremn s a method of treating a fungal infection, the
method comprising admimstering to a subject in need thereof a therapeutically effective

amount of a disclosed compound or a pharmaceatically acceptable salt thereof, thereby
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treating the fungal infection. In certain embodiments, the compound 18 administered
miravenously. In othor embodiments, the compound 15 administered orally.

{n still other aspects, provided herein is use of a disclosed compound ora
phammaceutically accepiable thergof in the manufacture of a medicament for the treatment of
a fungal infection.

In certain aspects, provided herein are compounds and pharmaceutically acceptable

salts thereof for use as medicaments, and for use mn treating fungal infections.

Pharmaceutical Compositions

The mvention also provides pharmacestical compositions of a disclosed compound or
salt thereof, and methods for preparing such compositions.

An aspect of the invention is a pharmaccutical composition comprising a compound
of the mvention; and a pharmacentically acceptable carrier. In certain embodiments, the
mvention is a pharmaceutical composition, comprising a compound of the mvention, or a
pharmaceutically acceptable salt thereof, and a phamaceutically acceptable carner. The term
“pharmaceutically acceptable carrier” means one or more compatible solid or hiquid filler,
diluent, or encapsulating substances which are suitable for admimistration to a human or other
vertebrate animal. The term “carrier” depotes an organic or inorganic ingredient, natural or
synthetic, with which the active tngredient is combined to facilitate the application. The
components of the pharmaceutical compositions also are capable of being commingled with
the compounds of the present invention, and with each other, in a manner such that there is
no mteraction which would substantially impair the desired pharmaceutical efficacy.

In certain embodiments, the pharmaceuntical composition is an imtravenous dosage
form.

In certain embodiments, the pharmaceutical composition is an oral dosage form.

In certain embodiments, the pharmaceutical composition s a lvophilized preparation
of a hiposome-intercalated or liposome-encapsulated active compound.

In certain embodiments, the pharmaceutical composition is a lipid complex of the
compound 18 aqueous suspension.

The foregoing embodiments of phammaceutical compositions of the ovention are

meant o be exemplary and are not hmiting.
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Also provided i1s a method for making such phamaceutical compositions. The method
comprises admixing a compound of the invention, or a pharmaceutically acceptable sakt

thereof, and a pharmaceutically acceptable carrier,
Methods of the Invention

Compounds of the iovention are useful for inhibiting growth of fungi and veast,
mehuding, o particular, fungi and veast of clinical significance as pathogens.
Advantageously, the compounds of the invention have improved therapeutic indices
corapared to AmB, thereby providimg agents with improved efficacy and reduced toxicity as
coropared to AmB. Compounds of the invention are usetul in methods of treating fungal and
veast infections, mehiding, in particudar, svstemic fungal and veast wfections. Compounds of
the invention are also useful in the mamufaciure of medicaments for treating fungal and yeast
mfections, including, 1n particular, systernic fungal and yeast infections. The invention
further provides the use of compounds of the mvention for the treatment of fungal and veast
mfections, including, in particular, systemic fimgal and yeast infections.

An aspect of the invention s a method of treating a fungal infection, comaprising
administenng to a subject in need thereof a therapeutically effective amount of a compound
of the mvention or salt thereof, thereby treating the fungal infection.

As used heremn, “mhibi” or “inhibiting™ means reduce by an objectively measurcable
amount or degree compared to control. In one embodiment, mhibit or inhibiting means
reduce by at lcast a statisticallv significant amount compared to control. In one embodiment,
mmhibit or inhibiting means reduce by at least 5 percent compared to control. In various
mdividual embodiments, inhibit or inhibiting means reduce by at least 10, 15, 20, 25, 30, 33,
44, 50, 60, 67, 70, 75, 80, 90, or 95 percent (Yo} compared to control.

As used herein, the terms “treat” and “treating” refer to performing an intervention
that results in {a) preventing a condition or disease from occurring in a subject that may be at
risk of developing or predisposed 1o having the condition or disease but has not vet been
diagnosed as having it; (b} inhibiting a condition or disease, e.g., slowing or arresting its
development; or {¢) relicving or ameborating a condition or disgase, ¢.g., causing regression
of the condition or disease. In one embodiment the terms “treating” and “treat” refer to
performing an intervention that results in (a) inhubiting a condition or discase, ¢.g., slowing or
arresting its development; or {(b) relieving or amehorating a condition or disease, e.g., causing
regression of the condition or disease. For example, in one embodiment the terms “treating”

and “treat” vefor to perforoung an intervention that results in {a) mlubiting a fungal infection,
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e.g., slowing or arresting its development; or (b} relieving or ameliorating a fongal mfection,
¢.g., causing regression of the fungal infection.

A “fungal rofection” as used herein refers to an infection in or of a subjoct with a
fungus as defined herein. In one embodiment the term “fungal mfection” includes a yeast
mfection. A “yeast infection” as used herein refers to an mfection in or of a subject with a
veast as defined herein.

As used herein, a “subject” refers to a living mammal. {o various embodiments a
subject 1s a non-human manymal, including, without limitation, a mouse, rat, hamsier, guinea
pig, rabbit, sheep, goat, cat, dog, pig, horse, cow, or non-human primate. In one embodiment
a subject 1s a human.

As used herein, a “subject having a fungal mfection” refers 1o a subject that exhibits at
least one objective manifestation of g fungal mtfection. In one embodiment a subject having a
fungal infection is a subject that has been diagnosed as having a fungal infection and is in
need of treatment thereof. Methods of diagnosing a fungal infection are well known and need
not be described here in any detail.

Ag used herein, a “subject having a veast infection” refers 1o a subiect that exhibits at
least one ohjective manifestation of a yeast infection. In onc embodiment a subject having a
veast mtection is a subject that has been diaguosed as having a veast infection and is in need
of treatment thereof. Methods of diagnosing a veast infection are well known and need not be
descrbed here in any detail.

In certain embodiments, the compound is administered intravenously.

In certain embodiments, the compound 1s administered orally.

In certain embodiments, the compound s admpmstered svstemically .

In certain enmvbodiments, the compound is adminisiered parenterally.

In certain embodiments, the compound 1s adnunistered mtraperitoneally.

In certain embodiments, the compound 1s adnunistered enterally.

In certain embodiments, the compound is administered intraocularly,

In certain embodiments, the compound is administered topically.

Additional routes of administration of compounds of the imvention are contemplated
by the mvention, mcluding, without limitation, travesicularly (urinary bladder), pulmonary,
and intrathecally.

As used herem, the phrase “effective amount” refers to any amount that is sutticient

to achieve a desired biological effect.
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As used herein, the phrase “therapestically effective amount” refers to an amount that
15 sufficient to achieve a desired therapeutic effect. e.g., to treat a fungal or veast infoction.

For any compound deseribed herewn, a therapeutically effective amount can, in
general, be intially determined from i vifre studies, animal models, or both i vifre studies
and animal models. /n vifre methods are well known and can nclade determunation of
mininnum inhibitory concentration (MIC), minimuom fngicidal concentration (MF(},
concentration at which growth is inhubited by 30 percent (ICso), concentration at which
growth 1s inhibited by 90 percent {(1Cs0), and the like. A therapeutically effective amount can
also be determined from human data for compounds of the invention which have been tested
in humans and for compounds which are known to exhibit similar pharmacological activities,
such as other related active agents {¢.g., AmB). Higher doses may be required for parenteral
administration. The applied dose can be adjasted based on the relative bicavailability and
potency of the adoinistered compound. Adjusting the dose to achieve maximal efficacy
hased on the mothods described herein and other methods as are well-known 10 the art 1s well
within the capabilitics of the ordinanly skilled artisan.

For any compound deseribed herein, a therapeotically effective amount for use in
human sebjects can be mitially determined from in vifre studics, animal models, or both i#
vitro studies and animal models. A therapeutically effective amount for use i human subjects
can also be determined from human data for compounds of the invention which have been
tested in bumans and for compounds which are known to exbibit similar pharmacological
activities, such as other related active agents {¢.g., AmB). Higher doses may be required for
parenteral admimstration. The applied dose can be adjusted based on the relative
bioavailability and potency of the administered compound. Adjusting the dose to achieve
maximal efficacy based on the methods described above and other methods as are well-
known m the art is well within the capabilities of the ordinanly skilled artisan.

Dosing and Formulation

Compounds of the invention can be combingd with other therapeutic agents. The
compound of the invention and other therapeutic agent may be administered simultancously
or sequentially. When the other therapeutic agents are administered simultaneously, they can
be administercd in the same or separate formuedations, but they are admimistered substantially
at the same time. The other therapeutic agents are administered sequentially with one another
and with compound of the invention, when the administration of the other therapeoutic agents
and the compound of the mvention 18 temporally separated. The separation in time between

the administration of these compounds may be a matter of nunutes or it may be longer.
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Examples of other therapeutic agents include other antifungal agents, including AmB,
as well as other antibiotics, anti-viral agents, anti-inflaamatory agents, InmunoSuUpPressive
agents, and anti-cancer agenis.

As stated above, an “effective amount” refers to any amount that is sufficient to
achicve a desired biclogical effect. Combined with the teachings provided herein, by
choosing among the various active compounds and weighing factors such as potency, relative
hicavatability, patient body weight, severity of adverse side-eftects and preferred mode of
administration, an effective prophvlactic or therapeutic treatment regimen can be planned
which does not cause substantial snwanted toxicity and vet 1s effective to treat the particular
subject. The effective amourd for any particular application can vary depending on such
factors as the disease or condition being treated, the particular compound of the mvention
being administered, the size of the subject, or the severity of the disease or condition. One of
ordinary skill in the art can empirically determine the effective amount of a particular
compound of the invention and/or other therapeutic agent without necessitating undue
expenmentation. It is preferred generally that a maxamum dose be used, that 1s, the highest
safe dose according to some medical judgment. Multiple doses per day may be contemplated
to achiove appropriate systemic levels of compounds. Appropriate systemic levels can be
determained by, for example, measurement of the patient’s peak or sustained plasma level of
the drug. “Dose” and “dosage” are used interchangeably heremn.

Generally, daily oral doses of active compounds will be, for human subjects, from
about 0.01 vulligrams/kg per day to 1000 nulligramsskyg per day. It is expected that oral doses
in the range of 0.5 to 50 mulligrams/kg, in one or several administrations per day, will vield
the desired results. Dosage may be adjusted appropriately to achieve desired dnug levels,
local or systemic, depending upon the mode of admimistration. For example, it is expected
that infravenous administration would be from one order to several orders of magnitude lower
dose per dav. In the cvent that the response m a subject is insufficient at such doses, even
higher doses (or effective higher doses by a different, more localized delivery route) may be
emploved to the extent that patient tolerance perouts. Multipie doses per day are
contemplated to achieve appropriate systemic levels of compounds.

In one embodiment, wntravenous administration of a compound of the invention may
typically be from 0.1 mg/kg/day o 20 mg/kg/day. Intravenous dosing thus may be simifar to,
or advantageously, may exceed maximal tolerated doses of AmB. Intravenous dosing also

may be similar to, or advantageously, may exceed maximal tolerated daily doses of AmB.
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Intravenous dosing also may be similar to, or advantagecusly, may exceed maximal tolerated
cumuiative doses of AmB.

{ntravenous dosing alse may be simular o, or advantageously, may exceed maximal
recommended doses of AmB. Intravenous dosing also may be similar to, or advantageously,
may exceed maximal recommended daily doses of AmB. Intravenous dosing also may be
similar to, or advantageously, may cxeced maximal recommended cumulative doses of AmB.

For any compound described herein the therapeutically effective amount can be
mittally determined from animal models. A therapeutically effective dose can also be
determined from human data for compounds of the mvention which have been tested in
bumans and for corapounds which are known to exhibit similar pharmacological activities,
such as other related active agents. Higher doses may be required for parenteral
administration. The applied dose can be adjasted based on the relative bicavailability and
potency of the adoinistered compound. Adjusting the dose to achieve maximal efficacy
based on the methods described above and other methods as are weli-known in the art 1s well
within the capabilitics of the ordinanly skilled artisan.

The formudations of the invention are admunistered in pharmaceutically acceptable
solutions, which may routinely contain pharmaceutically acceptable concentrations of salt,
buffering agents, preservatives, compatible carmers, adjuvants, and optionally other
therapeutic ingredients.

Amphbotericin B is commercially available in a number of formulations, including
deoxycholate-based (sometimes reforred to as desoxycholate-based) formulations and ipid-
based (including biposomal} formulations. Amphotenicin B denivative compounds of the
mvention similarly may be formualated, for example, and without limitation, as deoxycholate-
based fornmulations and lipid-based (including liposomal) formulations.

For use m therapy, an effective amount of the compound of the invention can be
adroinistered to a subject by any mode that delivers the compound of the mvention to the
desired surface. Adnunistering the pharmaceutical composition of the present invention may
be accomplished by any means known to the skilled artisan. Rouies of adounistration inchide
but are not hmuted to oral, intravenous, iramuscular, intraperitoneal, subcutaneous, direct
mjection (for example, into a tumor or abscess), mucosal, pulmonary {¢.g., inhalation}, and
topical.

For ntravenous and other parenteral rowes of adnunistration, the compounds of the
mvention generally may be formulated similarly to AmB. For example, a compound of the

mvention can be formulated as a lvophilized preparation with deoxycholic acid, as a
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Ivophilized preparation of iposome-intercalated or -encapsulated active compound, as a hpid
complex in aguecus suspension, or as a cholesteryl sulfate complex. Lyophilized
formulations arc generally reconstituted in suttable agueous solution, ¢.g., in sterile water or
saline, shortly prior to admimstration.

For oral admimstration, the compounds (i.e., compounds of the mveniion, and other
therapeutic agents} can be formulated readily by combming the active compound{(s) with
phammaceutically accepiable carriers well known in the art. Such carmers enable the
compounds of the invention to be formulated as tablets, pills, dragees, capsules, hquids, gels,
syraps, shurics, suspensions and the like, for oral ingestion by a subject to be treated.
Pharmaceuwtical preparations for oral use can be obtained as solid excipient, optionally
grinding a resulting mixture, and processing the nuxture of granules, after adding suitable
auxiliaries, if desired, to obtam tablets or dragee cores. Suitable excipients are, in particular,
fillers such as sugars, including lactose, sucrose, mannitol, or sorbitol; celhulose preparations
such as, for example, maize starch, wheat starch, rice starch, potato starch, gelatin, gum
tragacanth, methyl cellulose, hvdroxyvpropyimethyl-cellulose, sodium
carboxymethyleelhidose, and/or polyvinylpyrrolidone (PV P} If desired, disintegrating agents
may be added, such as the cross-linked polyvinyl pymolidone, agar, or alginic acid or a salt
thereof such as sodium alginate. Optionally the oral formulations may also be formulated 1n
saline or buffers, e.g., EDTA for neutralizing internal acid conditions or may be administered
without any carriers.

Also spectfically contemplated are oral dosage forms of the above component or
components. The component or components may be chemically moditied so that oral
delivery of the dertvative 1s efficacious. Generally, the chemical modification contemplated s
the attachment of at least one motety to the component molecule self, where said moiety
permits {a} inhibition of acid hvdrolvsis: and (b} uptake into the blood stream from the
stomach or intestine. Also desired is the increase in overall stability of the component or
components and mcrease in circulation time i the body. Hxamples of such moicties mnclude:
polvethviene glveol, copolymers of cthylene glycol and propviene glveol, carboxymethyl
celiulose, dextran, polyvinyl alcohol, polyvinyl pyrrohidone and polyproline. Abuchowski
and Davis, “Solable Polymer-Enzvme Adducts”™, In: Enzymes as Drugs, Hocenberg and
Roberts, eds., Wiley-Interscience, New York, NY . pp. 367-383 (1981); Newmark et al | §
Appl Biochem 4: 185-9 (1982}, Gther polymers that could be used are poly-1,3-dioxolane
and poly-1,3,6-tioxocane. Preferred for pharmaceutical usage, as indicated above, are

polyethyiene glycol moicties.
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For the component {or derivative) the location of release may be the stomach, the
small intesting (the ducdenum, the jejunum, or the ileum), or the large tniesting. One skilled
n the art has avaiable formulations which will not dissolve in the stomach, vet will release
the material in the duodenum or elsewhere in the intestine. Preferably, the release will avoid
the deleterious effects of the stomach environment, cither by protection of the compound of
the invention {(or derivative} or by release of the biologically active material beyond the
stomach envitommaent, such as in the miestine.

To ensure full gasiric resistance a coating impermeable to at least pH 5.0 1s essential.
Examples of the more connmon nert ingredients that are used as enteric coatings are celhulose
acetate trinellitate {CA'T), hydroxypropvimethylecllulose phthalate (HPMCP), HPMCP 50,
HPMCP 33, polyvinyl acetate phthalate (PVAP), Hudragit L30D, Aguateric, cellulose acetate
phthalate (CAP), Eudragit L, Eudragit S, and shellac. These coatings may be used as mixed
filmg,

A coating or mixture of coatings can also be used on tablets, which are not infended
for protection against the stomach. This can mclude sugar coatings, or coatings which make
the tablet easter to swallow. Capsules may consist of a hard shell (such as gelatin) for
delivery of dry therapeutic {c.g., powder}). for lipud forms, a soft gelatin shell may be used.
The shell material of cachets could be thick starch or other edible paper. For pills, lozenges,
molded tablets or tablet triturates, moist massmg techmques can be used.

The therapeutic can be included in the formulation as fine multi-particulates in the
form of granules or peliets of particle size about | mum. The formulation of the matenal for
capsule administration could also be as a powder, lightly compressed plugs or even as tablets,
The therapeutic could be prepared by compression.

Colorants and flavoring agents may all be included. For example, the compound of
the invention {or derivative} may be formulated {such as by hposome or microsphere
encapsulation} and then further contamned within an edible product, such as a refrigerated
beverage containing colorants and flavoring agents.

Ore may didute or increase the volume of the therapeutic with an inert oatenal. These
diluents could inchude carbohydrates, especially mannitol, a-lactose, anhvdrous lactose,
cellulose, sucrose, modified dextrans and starch. Certain inorganic salts may also be used as
fillers including calciam triphosphate, magnesiom carbonate and sodium chlornide. Some
commercially available diluents are Fast-Flo, Emdex, STA-Rx 1500, Emcompress and

Avicell.
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Disintegrants may be included in the formulation of the therapeutic into a solid
dosage form. Materials used as disintegrates include but are not limited to starch, including
the commercial disintegrant based on starch, Explotab. Sodwum starch glveolate, Amberlite,
sodium carboxyvmethyleellnlose, vltramvlopectin, sodium alginate, gelatin, orange peel, acid
carboxymethyl eellulose, natural sponge and bentonite may all be used. Another form of the
disintegrants are the insoluble cationic exchange resing. Powdered gums may be used as
disinicgrants and as binders and these can include powdered gums such as agar, Karava or
tragacanth. Algimic acid and its sodium salt are also useful as disintegrants.

Binders may be used {o hold the therapeutic agent together to form a hard tablet and
nclude materials from natural products such as acacia, tragacanth, starch and gelatin, Others
melude methyl cellulose (M), ethyl celhulose (EC) and carboxymethyl cellulose (CMC).
Polyvinyl pyrrolidone (PVP) and hydroxypropyhunethyi cellulose (HPMO) could both be used
i alccholic solutions to granulate the therapeutic,

An anti-frictional agent may be included in the fornwiation of the therapeutic to
prevent sticking during the formulation process. Lubricants may be used as a laver between
the therapeutic and the die wall, and these can include but are not limited to; stearic acid
mehuding its magnesium and calcium salis, polytetrafluorocthylone (PTFE), liquid paraffin,
vegetable oils and waxes. Soluble lubricants may also be used such as sodiuvm lauryd sulfate,
magnesium lauryl sulfate, polvethyviene glveol of vanous molecular weights, Carbowax 4000
and 6000

Glidants that might improve the flow propertics of the drug during formulation and to
aid rearrangement during compression might be added. The ghdants may include starch, talc,
pyrogenic silica and hvdrated silicoaluminate.

To aid dissohution of the therapeutic nto the agueous environment a surfactant might
be added as a wething agent. Surfactanis may include anonic detergents such as sodium
taurvi sulfate, dioctyl sodiam sulfosuccinate and dioctyl sodium sulfonate. Cationic
detergents which can be used and can mchide benzalkonium chlonide and benzethoniom
chloride. Potential non-ionic detergents that could be mcluded in the formulation as
surfactants include lauromacrogol 400, polvoxyl 40 stearate, polvoxyethyvlene hydrogenated
castor oif 16, 30 and 60, glvcerol monostearate, polvsorbate 40, 60, 65 and &6, sucrose fatty
acid ester, methyl cellulose and carboxymethy! cellulose. These surfactants could be present
i the formulation of the compound of the vention or denvative either alone or as a mixture

m different ratios.
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Pharmaceutical preparations which can be used orally include push-fit capsules made
of gelatin, as well as soft, scaled capsules made of gelatin and a plasticizer, such as glycerol
ot sorbitol. The push-fit capsules can contain the active ingredionts 1 admixture with filler
such as lactose, binders such as starches, and/or lubricants such as talc or magnesium siearate
and, optionally, stabilizers. In soft capsules, the active compounds may be dissolved or
suspended i suttable iquids, such as fatty oils, liquid paraffin, or liquid polyethyiene
glveols. In addition, stabilizers may be added. Microspheres formulated for oral
adnunistration may also be used. Such microspheres have been well defined n the art. All
formalations for oral administration should be in dosages sutable for such admunistration.

For buccal adminstration, the compositions may take the forma of tablets or lozenges
formulated in conventional manner,

For administration by inhalation, the compounds for use according to the present
mvention may be convenigendly dehiverad 1o the form of an acrosol spray presentation from
pressurized packs or a nebulizer, with the use of a suitable propellant, ¢ g,
dichlorodifluoromethane, trichlorofluoromethane, dichlorotetrafivorocthane, carbon dioxade
or other suitable gas. In the case of a pressurized acrosol the dosage unit may be deternined
by providing a valve to deliver a metered amount. Capsules and cartridges of e.g., gelatin for
use in an inhaler or msufflator may be formulated containing a powder mix of the compound
and a suitable powder base such ag lactose or starch.

Also contemplated berein is pulmonary delivery of the compounds of the mvention
{or derivatives thereof). The compound of the invention {or derivative) s dehivered to the
fungs of a mammal while mhaling and traverses across the lung epithelal hnng to the blood
stream. Other reports of inhaled molecules include Adiei et al., Pharm Reg 7:565-569 (19903},
Adjet et al, Int § Pharmaceutics 63:135-144 (1990} (leuprolide acetate); Braquet et al., ¥
Cardiovase Pharmaco! 13{suppl. 5):143-146 (1989} {endotheln-1); Hubbard ¢t al., Annal Int
Med 3:206-212 (1989) (al-antiirypsin); Smith et al, 1989, J Chin Invest 84:1145-1146 (a-1-
protemase); Oswein et al., 1990, "Acrosolization of Proteins”, Proceedings of Symposium on
Resgpiratory Drog Belbivery I, Kevstone, Colorado, March, (recombinant human growth
hommone); Debs et al, 1988, § mmunol 140:3482-3488 (nterferon-gamma and tumor
necrosis factor alphal and Platz et al, U.S. Pat. No. 53,284,656 {gramulocvie colony
stimulating factor}. A method and composition for pulmonary debvery of drugs for systemic

offect is described 1n US. Pat, No. 5,451,569, issued Sep. 19, 1995 to Wong et al.
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Contemplated for use in the practice of this invention are a wide rangs of mechamcal
devices designed for pulmonary delivery of therapeutic products, mclading but not imited to
nebulizers, metered dose mhalers, and powder inhalers, all of which are familiar to those
skilled in the art.

Some specific examples of commercially available devices suitable for the practice of
this mvention arg the Ultravent nebulizer, manufactured by Mallinckeodt, Inc., St. Louis,
Mo, the Acom 1T nebulizer, manufactured by Marquest Medical Products, Englewood, Colo.;
the Ventolin metered dose nhaler, manufactured by Glaxe Inc., Research Triangle Park,
North Carolina; and the Spinhaler powder inhaler, manafactured by Fisons Corp., Bedford,
Mass.

All such devices require the use of formulations suitable for the dispensing of
compound of the invention (or dertvative}. Typically, each formulation 15 specific to the type
of device emploved and may mvolve the use of an appropriate propellant material, in addition
to the usual diluents, adjuvants and/or carners usetul 1n therapy. Also, the use of liposomes,
microcapsules or microspheres, melusion complexes, or other types of carriers is
contemplated. Chemically modified compooand of the invention may also be prepared in
different formulations depending on the type of chemical modification or the type of device
employed.

Formulations suitable for use with a nebulizer, etther jet or ultrasonic, will typically
comprise compound of the mvention {or derivative) dissolved 1o water at a concentration of
about 0.1 to 25 mg of biclogically active corapound of the mvention per ol of solution. The
formulation may also include a buffer and a simple sugar {¢.g., for compound of the invention
stabilization and regulation of osmotic pressure}. The nebulizer formulation may also contain
a surfactant, to reduce or prevent surface induced aggregation of the compound of the
mvention caused by atomization of the solution in formung the aerosol.

Formulations for use with a metered-dose mhaler device will generally comprise a
finely divided powder containing the compound of the invention (o7 derivative) suspended in
a propeliant with the aid of a surfactant. The propellant may be any conventional material
emploved for this purpose, such as a chlorotluorocarbon, a hvdrochlorofluorocarbon, a
hydrofluorocarbon, or a hydrocarbon, inclading trichloroflucromethane,
dichlorodifluoromethane, dichlorotetrafluorocthanol, and 1,1.1.2-tetrafluorocthane, or
combinations thercof. Suitable surfactants include sorbitan trioleate and sova lecithin, Oleic

actd may also be useful as a surfactant.
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Fornmlations for dispensing from a powder mhaler device will comprise a finely
divided dry powder containing compound of the inveation (or derivative} and may also
mclude a bulking agent, such as lactose, sorbitol, sucrose, or mannitol in anmounts which
facilitate dispersal of the powder from the device, e.g., 50 to 90% by weight of the
formudation. The compound of the invention {or derivative} should advantageously bg
prepared in particulate form with an average particle size of less than 10 micrometers {pm),
most preferably 0.5 10 5 um, for most effective delivery to the deep hing.

Nasal delivery of a pharmaceutical composttion of the present invention is also
contemplated. Nasal delivery allows the passage of a pharmaceutical composition of the
present invention to the blood stream directly after admimistering the therapeutic product to
the nose, without the necessity for deposition of the product in the lung. Formulations for
nasal delivery jnclude those with dextran or cvclodextran.

For nasal admimstration, a useful device is a small, hard bottle to which a metered
dose sprayer is attached. In one embodiment, the metered dose 1s delivered by drawing the
phammaceutical compasition of the present mvention solution indo a chamber of defined
volume, which chamber has an aperture dimensioned to acrosolize and acrosol formulation
by forming a spray when a hgqud in the chamber is compressed. The chamber is compressed
to administer the pharmaceotical composition of the present invention. In a specific
crabodiment, the chamber is a piston arrangement. Such devices are commercially available.

Alteraatively, a plastic squecze bottle with an aperture or opening dimensioned to
acrosolize an aerosol formulation by forming a spray when squeezed is used. The opening is
usualiy found in the top of the bottie, and the top 1s gencrally tapered to partially fit in the
nasal passages for efficient administration of the acrosol formulation. Preferably, the nasal
mhaler will provide a metered amount of the acrosol formulation, for admimstration of a
measured dose of the drug.

The compounds, when it is desirable to deliver them systemically, may be formmulated
for parcuteral adnunistration by injection, e.g., by bolus injection or continuous infusion.
Formulations for injection may be presented in unit dosage form, ¢.g., in ampoules or in
multi-dose containers, with an added preservative. The compositions may take such forms as
suspensions, solutions, or emulsions in ouly or agueous vebicles, and may contain
formulatory agents such as suspending, stabilizing and/or dispersing agents.

Pharmaceutical formulations for parenteral administration include aqueous solutions

of the active compounds in water-soluble form. Additionally. suspensions of the active
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compounds may be prepared as appropriate oy injection suspensions. Suitable hpophilic
solvents or vehicles tnclude fatty oils such as sesame oil, or synthetic fatty acid esters, such as
cthyl oleate or trighveendes, or liposomes. Aqueous mjcction SUSPERSIONS may contain
substances which merease the viscosity of the suspension, such as sodium
carboxymethylcellolose, sorbitol, or dextran. Optionally, the suspension may also contain
suttable stabilizers or agenis which increase the solubibity of the compounds to allow for the
preparation of highly concentrated sohutions.

Alternatively, the active compounds may be m powder form for constitution with a
suttable vehicle, ¢ g, sterile pyrogen-free water, before use.

The compounds may also be formulated 1n rectal or vaginal compositions such as
suppostiories or retention enemas, ¢.¢., confaining conventional suppostiory bases such as
cocoa butter or other glycendes.

In addition to the formulations described above, the compounds may also be
formulated as a depot preparation. Such long acting formulations may be formulated with
suttable polvmeric or hydrophobic materials (for example as an emulsion in an acceptable
oil} or 1on exchange resins, or as sparingly soluble derivatives, for example, as a sparingly
soluble salt.

The pharmaceutical compositions also may comprise suttable solid or gel phase
carriers or excipients. Examples of such carriers or excipients include but are not inuted to
calcium carbonate, calcium phosphate, various sugars, starches, cellulose derivatives, gelatin,
and polymers such as polyethylene glveols.

Suitable liquid or solid pharmaceutical preparation forms are, for example, agueous or
saline solutions for mhalation, microencapsulated, encochleated, coated onto microscopic
gold particles, contamed in liposomes, nebulized, acrosols, pellets for implantation inio the
skin, or dried onto a sharp object to be scraiched nto the skin. The pharmaceutical
compositions also melude granules, powders, tablets, coated tablets, (microjcapsules,
suppositorics, syrups, emulsions, suspensions, creams, drops or preparations with protracted
release of active compounds, 1 whose preparation excipients and additives and/or auxiliaries
such as disintegrants, binders, coating agents, swelling agents, lubnicants, Havorimgs,
swecteners or solubilizers are customarily used as described above. The pharmaceutical
compositions are suitable for use in a variety of drug delivery systems. For a brief review of
methods for drug delivery, see Langer R, Science 249:1527-33 (1990}, which 15 mncorporated

herein by reference.
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The compounds of the invention and optionally other therapeutics may be
administered per se {neat) or in the form of a pharmaceutically acceptable salt. When ased in
medicine the salts should be pharmaceutically acceptable, but non-pharmaceutically
acceptable salts may conveniently be used to prepare pharmaceutically acceptable salts
thereof. Such salts mchude, but are not limited to, those prepared from the following acids:
hyvdrochloric, hyvdrobromic, selphuric, nitric, phosphoric, maleic, acetic, salicyhc, p-toluene
sulphonic, tartaric, citric, methane sulphomic, foromuc, malonic, succinic, naphthalene-~2-
sulphonic, and benzene sulphonic. Also, such salts can be prepared as alkaling metal or
alkalme earth salts, such as sodiom, potassiom or calcium salts of the carboxylic acid group.

Suitable buffering ageunts melude: acetic acid and a salt (1-2% wiv); citric acid and a
salt (1-3% w/v); bone acid and a salt {0.5-2.5% w/v); and phosphoric acid and a salt (#.8-2%

wiv}. Suttable preservatives include benzalkoniom chlonde (0.603-0.03% wiv);

chlorobutanci (0.3-0 9% wiv); parabens {0.01-0.25% w/v} and thimerosal (0.004-0.02% w/iv).

Pharmaceutical compositions of the invention contain an cffective anmount of a
compound of the invention and optionally at least one additional therapeutic agent included
i a pharmaceutically acceptable carrier.

The therapeutic agent{s}, including specifically but not limited to the compound of the
mvention, mav be provided 1n particles. Particles as used hercin roeans nanoparticles or
microparticles {or in some mstances larger particles) which can consist in whole or in part of
the compound of the mvention or the other therapeutic agent{s) as described herein. The
particles may coutain the therapeutic agent{(s) in a core surrounded by a coating, including,
but not hmited to, an enteric coating. The therapeutic ageni(s) also may be dispersed
throughout the particles. The therapeutic agent(s) also may be adsorbed into the particles. The
particles may be of any order release kinetics, including zero-order release, first-order
release, second-order release, delayed release, sustained release, immediate release, and any
combination thereof, etc. The particle may include, in addition {o the therapeutic agent(s),
any of those materials routinely used in the art of pharmacy and medicine, including, but not
fimited to, erodible, nonerodible, biodegradable, or nonbiodegradable matenial or
combinations thereof. The particles may be microcapsules which contain the compound of
the wnvention 1n 3 selution or i 3 semu-sohid state. The particles may be of virtually any
shape.

Both non-biodegradable and bicdegradable polymeric materials can be used s the
manufacture of particles for dehvering the therapeutic agent(s}. Such polymers may be

natural or synthetic polymers. The polymer is selected based on the period of time over which
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release is desirgd. Bicadhesive polymers of particular interest inchude bicerodible hydrogels
described m Sawhney H S et al. (1993} Macromolecules 26:581-7, the teachings of which are
mcorporated heremn. These wclude polyhvaluronic acids, casein, gelatin, gltin,
polyvanhvdndes, polyacrylic acid, alginate, chitosan, polvimethyvl methacryiates), polv{cthyl
methacrylates), polvibutvimethacrviate), polv{isobutyl methacryviate},
potythexyimethacrylate). poly{isodecyl methacryvlate), polyv{lavry] methacryiate), poly{phenyl
methacrviate), polyv{methyl acrylate), polyv{isopropyl acrylate), poly(isobutyl acrvlate). and
polvioctadecyl acrylate}.

The therapeutic agent{s} may be contained in controlled release systems. The term
“countrolled release”™ 1s miended to refer to any drug-containing formulation 1o which the
manner and profile of drug release from the formulation are controlled. This refers to
wmediate as well as non-immediate release formuolations, with non-immediaie release
formulations inciuding but not fimited to sustained relcase and delaved release formulations.
The term “sustained release™ (also referred to as “extended release™) 15 used in its
conventional sense to refer 1o a drug formulation that provides for gradual release of a drug
over an extended period of time, and that preferably, although not necessarily, results in
substantially constant blood levels of a drug over an extended time period. The term “delayed
rclease” 18 used in tts conventional sense to refer to a drug forvmlation in which there s a
time delay between admimistration of the formulation and the release of the drug there from.
“Delayed release” may or may oot involve gradual relcase of drug over an extended period of
time, and thus may or may not be “sustained release.”

Use of a long-term sustained release implant mav be particularly suitable for
treatment of chronic conditions. “Long-term” release, as used heremn, means that the implant
is constructed and arranged to deliver therapeutic levels of the active ingredient for at least 7
days, and preferably 30-60 days. Long-term sustained release wmplants are well-known to

those of ordinary skill in the art and mclude some of the release systems deseribed above.

INCORPORATION BY REFERENCE
AL US. patent application publications and U.S. patents mentioned herein are hereby
meorporated by reference in their entirety as f each individaal pubbication or patent was
specifically and individually indicated to be incorporated by reference. In case of conflict, the

application, including anv definttions herecin, will control.
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OTHER EMBODIMENTS

o

In the claims articles such as "a." "an,” and "the" may mean ong or more than one
uuniess indicated to the contrary or otherwise evident from the condext. Claims or descriptions
that mchude "or" between one or more members of a group are considered satisfied if one,
more than one, or all of the group members are present 1, employed in, or otherwise relevant
to a given product or process unless indicated to the contrary or otherwise evident from the
context. The invention includes embodiments in which exactly one member of the group s
present 1n, emploved in, or otherwise relevant to a given product or process. The invention
mehudes embodiments in which more than one, or all of the group members are present in,
emploved in, or otherwise relevant to a given product or process.

Furthermore, the nvention encompasses all variations, combinations, and
permutations in which one or more hmitations, elements, clauses, and deseriptive terms from
one of more of the listed claims is introduced into another claim. For example, any claim that
is dependent on another claim can be modified to include one or more limitations found n
any other claim that is dependent on the same base claim. Where elements are presented as
hists, ¢.g., in Markush group format, each subgroup of the clements is also disclosed, and any
clement{s) can be removed from the group. § should it be understood that, in gencral, where
the mvention, or aspects of the invention, is/are referred to as comprising particular clements
and/or featares, certain embodiments of the wnvention or aspects of the invention consist, or
consist essentially of, such clements and/or features. For purposes of simplicity, those
embodiments have not been spectfically set forth i hace verba herein. ¥t is also noted that the
terms "comprising” and "contaiming” are intended to be open and permits the inclusion of
additional elements or stops. Where ranges are given, endpoints are included. Furthermore,
uniess otherwise indicated or otherwise evident from the context and understanding of ong of
ordinary skill in the art, values that are expressed as ranges can assume any specific value or
sub-range within the stated ranges in different embodiments of the mvention, to the tenth of
the unit of the lower limit of the range. unless the context clearly dictates otherwise.

This application refers 1o various issued patents, published patent applications, journal
articles, and other publications, all of which are incorporated herein by reference. Ifthere s a
conflict between any of the ncorporated references and the mstant specification, the
specification shall control. o addition, any particular erabodiment of the invention that falls
within the prior art may be explicitly excluded from any one or more of the claims. Because
such embodiments are deemed to be known to one of ordinary skill in the art, they may be

excluded even if the exclusion is not set forth explicitly hercin. Any particular embodiment of
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the wvention can be excleded from any claim, for any reason, whether or not related to the
existence of prorart.

Those skilled m the art will recognize or be able to ascertain using no more than
routine experimentation many equivalents to the specific embodiments described herein. The

scope of the embodiments described herein 18 not intended to be Hmited to the above

[

Description, but rather is as set forth in the appended claims. Those of ordinary skill 1o the art
wiil appreciate that varnious changes and modifications to this description may be made
without departing from the spinit or scope of the invention, as defined n the following claims.
EXAMPLES
i In order that the invention described herein may be more fully understood, the
following examples are set forth, The examples described in this application are offered to
tHustrate the compounds, pharmaceutical compostiions, and methods provided herein and are

not to be construed in any way as limiting their scope.

[
oy

Example 1. Syathetic Procedure and HPLC Method for Disclosed Compounds

General Synthetic Procedure for Amides of dmB.

RNM; (3 2q.) PYROP (1.5 eq.)
DAMF, EtsN (pH =9} | N, RT, overnight

oH
Meﬁf ™ “T’\“J\(Y“f’\“‘“’“
HO ), O OH OH OH OH 0/\‘/ -
Me\t“ - P /\//\\//\\//\\/
QVQ\ Me
HOY \;’“"QH
NH;
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Freshly distilled EtaN was added drop wise to a solution of Amphotericin B (10 mg;

0.01 mmol} and amine (3 eq) m DMF (500 Ly until pH = 9 is reached (&y pH paper). The

reaction puxture was stitred for 15 mimates at room teraperature. Sohid PyBOP (15 ¢q 84

mg) was added under nitrogen atmosphere, and the sealed vial was stirred overnight at 1t. The

progress of the reaction was monitored by analytical HPLC traces.

Once completed, the product was precipitated and washed with anhydrous diethyl

cther (10 ok}, The suspension was centrfuged at 3000g for 3 rainutes. The solvent was

decanted out and the pellet was dissolved i DMSO and filtered through 0.2 mucron syringe

filter for punification on C18 Prep HPLC system. The pure product was dried on lyophilizer

as yeHowish powder and stored at -80 °C under nitrogen atmosphere.

The method 1s suitable for making the disclosed amides of C27-epi~-AmB, starting

from C27-gpi-AmB.
HPLC method:

Analytical Colunpr: C18 Agilent column (Catalogue number: 993967-902)

Time (min} Acetonitrile H}g: jﬁﬁiﬁﬁgﬁ;% Flow rate (mL/min)
{ 5 95 1.2
8 95 5 1.2
8.3 95 5 12
83 5 95 1.2
103 5 95 12

Prep Column: C18 Agilent colomn {Catalogue number: 410916-502)

Time (min) Acetonitrile 18 mbM NHeOAe buffer | Flow rate (mL/min)
{ 3 95 36
i 5 95 56
15 83 5 506
16 93 3 56
17 5 95 506
18 5 95 36
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Synthesis of Compound 1:
O
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OME, LN (N = @)

.

PyROP (1.5 eq)
Y Zh

Fresh EtsN (directly from bottle) (12 ul.) was added to a solution of C2’epiAmB (10
mg; 0.01 mmol) and 2-Amino-1,3-propanediol (3 eq; 3 mg) in DMF (400 uL.). The reaction

mixture was stirred for 15 minutes at room temperature. Solid PyBOP (1.5 eq; 8.4 mg) was

added to the mixture, and the sealed vial was stirred for 2 h at rt. The progress of the reaction

was monitored by analytical HPLC traces.

Once completed, the reaction was diluted with DM SO to form a clear solution and

filtered through 0.2 micron syringe filter before purification on C18 Prep HPLC system. The

pure product was dried on lyophilizer as yellowish powder and stored at -80 °C under inert

atmosphere.
Yield 5.6 mg (52%)
Product Mol. Wt.: 997.1860
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Synthesis of Compound 3 from Compound 1:

o
i

8.8 {8} aq. soalic oid )
i, 15 sdns, sthving (308 vpm

Mo, B RN NN I

NN E - .
™ \\E.-‘ A
i }

ot 1 T
Pl O oM O O O .

e,

I

In a clean oven dried 40 mL glass vial, containing 50 mg (X mg) of HPLC purified
Compound 1, add 2.5 mL (0.05X mL) of milliQ water followed by 200 mL (4X mL) of 0.5
(M) acetic acid. After addition of acid the solution will start to clear up. Vortex the solution
as necessary to dissolve the solute completely. Following the sonication of the solution for 1-
2 mins at room temperature, add a clean stirring bead to the solution and stir it for 15 mins at
800rpm. Check for any solid residue, adhered on the top part of the glass vial. After the
stirring is complete visually check the solution for any sign of insoluble portion or
suspension. Now remove the stirring bead from the solution, freeze it in liquid nitrogen and

put it on the lyophilizer for overnight drying.
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Swarhesis of Compound 4:

[o]2] ?:
OH
Me., O X M on Me, /c o~ A e
r \[E/\T/\rﬁ\/ Y'\E/\,},A\:, u . n o /, 1 gH\g: 4 \%::\i/ N
HO\/”"M&:G OH Ol OH OM C;"(‘/\b'ﬂ‘:'\\/ st : \L/Me J/ m‘ T/\
i i ; i, 15 m ring (GO0
N A A O Y ¢ Son i NFINFNINGINGINF PN
- N \a*’\\ o \"Vie
Lompaund & r) F/*\\‘WQH Compound 4 P \’9’\1\' e .
C OR Nt . o CIBP NH; /‘l\ )
Me” O

e o
In a clean oven dried 40 mL glass vial, contaiming 30 mg (X mg) of HPLC purified

Compound A, add 2.5 mL {0.05X mL} of milliQ} water followed by 200 mbL (4X mb} of 0.5

n

(M} acetic acid. After addition of acid the solution will start to clear up. Vortex the sclution
as nocessary to dissolve the solute completely. Following the sonication of the solution for 1-
2 nuns at room femperature, add a clean stirring bead to the solution and stir it for 15 mins at
800rpm. Check for any schid residue, adhered on the top part of the glass vial, After the
stirring is complete visually check the solution for any sign of inscluble portion or

10 suspension. Now remove the stitring bead from the solution, freeze it in liquad nitrogen and

put it on the lyophibizer for overnight drying,

Example 2. Characterization Data for Disclosed Compounds

Compound |

{5
H
Me., O 1 g OH
VB, NW WY
HO J/ \I)rmi"i O OH O E
i \Lﬁ‘ﬁi/\l/\/ - K E \’E‘//\\QH
R % L ¢
Me® N N N NN L Q \OH
Qﬁljﬁe
HO Y TOH
NH,
NMR spectrum of compound 1 is shown n Fig. 4C.
LOMS: [M+H]" = 9981933, Chromatograph and mass spectrum for compound | are
shown in Fig. 44 and Fig. 4B.
20
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Synthesis of Compound 4:

OH

. oH

0.5 M aq. acetic acid

N
C41\COI-I rt, 15 mins, stirring (800 rpm)
OH

o) (o] Me
Compound A WOH
c2 . NH,

OH

OH

HO_ /... O OH OH OH OH O,
Me C41\(\0H
Me“‘ P AN AN A AN A A OH
Compound 4 0 0 Mg
+
' 0
Cc2 OH NH; )]\
Me” O

In a clean oven dried 40 mL glass vial, containing 50 mg (X mg) of HPLC purified
Compound A, add 2.5 mL (0.05X mL) of milliQ water followed by 200 mL (4X mL) of 0.5
(M) acetic acid. After addition of acid the solution will start to clear up. Vortex the solution
as necessary to dissolve the solute completely. Following the sonication of the solution for 1-
2 mins at room temperature, add a clean stirring bead to the solution and stir it for 15 mins at
800rpm. Check for any solid residue, adhered on the top part of the glass vial. After the
stirring is complete visually check the solution for any sign of insoluble portion or
suspension. Now remove the stirring bead from the solution, freeze it in liquid nitrogen and

put it on the lyophilizer for overnight drying.

36
SUBSTITUTE SHEET (RULE 26)



WO 2022/035752 PCT/US2021/045205

Example 2. Characterization Data for Disclosed Compounds

Compound 1

NMR spectrum of compound 1 is shown in Fig. 4C.
LCMS: [M+H]" = 998.1935. Chromatograph and mass spectrum for compound 1 are
shown in Fig. 4A and Fig. 4B.
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Compound 2

Me., O
; O
HOW An. O  OH OH
Me oM
o - o
Ve /\\V//WN OH

LOMS: [M+H]"= 1028 2195, Chromatograph and mass spectrum for compound 2

are shown in Fig. 84 and Fig. 5B

Compound 3
OH
Me O /E\E/ o OH
HO ""MO OoH OH OH OH O, N

; J/ T\OH
M NN W”\\/"‘\{;\/ © OH
0., O

'H NMR spectrum of compound 3 is shown in Fig. 194,

B NMR spectrum of compound 3 is shown in Fig, 198,

LOMS: [M+H] = 998.0192. Chromatograph and mass spectrum for compound 3 are
shown in Fig. 19C and Fig. 191}

Compound 4
OH O
Me.,, O \)\f o OH
HO e, O OH O OH OH O, N )
" Me . \E\OH
\\‘\I W ' i
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H NMR spectrum of compound 3 is shown in Fig, 24A.
BC NMR spectrum of compound 3 is shown in Fig. 24B.
LOMS: [M+H] = 897 4949, Chromatograph and mass spectrum for compound 4 are

shown in Fig. 24C and Fig. 24D.

Example 3. Disclosed compounds show comparable efficacy and DMPK to AmB, but

with improved safety.

Table 1, Efficacy, Safety, and DMPK daia for the disclosed compounds and AmB,

EFFICACY AmB Coempound !  Compound 2
MICang yeast (5 straing) 0.23 {153 0.41
MICap moulds (3 strains) 0.92 1.6 1
MIC oy veast (46 sirains) 4.9 2.1 23
MICwg moulds (159 strains) 4.9 1.4 2.6

Mouse candidiasis model

S mpk; Log (CFU/mi )} 72 48 ND
SAFETY

Binds Cholesterol Yes No No
MHC 8.4 >100 >60
;\;jis;;se single IV injection: moriality (40 /3 o/ ND
Renal toxicity biomarkers .
KiMl, LCN;:,L TIMP, SPPI clevated Np ND
DMPK

Liver microsome (T, ming >145 >1435 >145
Mouse, rat, dog, monkey, human All specics All species All species

Blood Plasma Stability (Ti2, min) , ) i
S T >289: 5289 »289: >289 2651 >289
Mowuse; Human

P450 Inkubition (%) 23141, 87.269.00, 00,0811,

A2 209, 2C19; 2D6; 344 73,2381 0.0, 143 0.0, 145
%.37; 0.891;

nvivo PK: 1 mgiks]; 5 mgks { }8’"’ 831 |

T, (h, CL{mL/mindkg). AUCo.ny ND o 6.”} o5, ND

ng*hr/ml) I

(nghr/mL) 79375

Example 4. Anti-fungal Potency for Disclosed Compounds and AmB
Colonies of fungus or mould from SDA plate was suspended in RPMI media and the

innoculam density was maintained to 10° CFU/mL. 990 uL aliquots of the dilute cell
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suspension were added to a sterile 1.7 mL eppendort tubes followed by 10 ub of 400 uM
solution of the compound {in DMS0). The concentration of BMSO in cach eppendorf tube
was 1% and a control saraple to confirm viabtlity using only 1% DMSO was also performed.
At predetermined time points {6, 0.5, 1,2, 3,4, 5, 6, 8, 10, and 24 h), a 10 uL. sample was
removed from each tube and serially diluted 10 fold with RPMI, and a 10 pb aliquot was
plated onto a SDA plate for colony count detcrmination. When colony counts were expected
to be less than 1,000 CFU/mL, a 50 pl. aliguot was taken durectly from the test solution and
plated onto a SDA plate without dilution. Plates were mcubated at 37 °C for 24 prior to

examination. All experiments were conducted in duplicate.

Tabie 2. Minimum Inhibition Concendrations Against Different Moulds for AmB

{AmBisome} and the Disclosed Compounds.

MIC (uM) # of Isolates AmB Compound 3 Compound 2
A. fumigatus 5 0.71 1.33 2.33
A. flavus 6 .16 1.67 167
A, niger 6 .21 0.5 0.75
A, tervens 6 3 2 2.3
A. calidousius 6 i3 2.17 2.33
A, lentulus 6 3.75 2.33 4.33
A. thermonutatus 6 0.6 1.45 21
A, tubingensis 6 0.125 (.83 0.92
Bucor circinelloides o .123 0.58 .92
Mucor janssenii 6 6.06 0.5 0.92
Mucor velutinosus 6 .08 0.67 1.17
Histoplasma capsulatum 6 6.06 .06 (.08
Coccidivides immitis o .123 0.27 0.27
Coccidivides posadasii 6 6.06 (.25 0.5
Fusarium oxysporym 6 1.5 6 i3.3
Fusarium solaui & 1.33 3.67 14
P variotii MYA-3638 <
Q0 5 i 2 &7
Cunninghamella sp. 6 2 4 533
Lickht. Corymbifera 6 .23 0.5 i
Licht, Ramwosa 6 015 0.58 8.75
Syncephalastrum sp. 6 6.06 0.5 i

Claophiaiophora
bantiona
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MIC (uM) # of Isolates AmB Compound 3 Compound 2
Rlastomyces dermatitidis 5 <{}3.03 .25 0.6
Fongecaea sp. 6 <0.03 <0.03 <0.03
Talarompces maracffel 6 6.09 .12 0.21
Apophysomyces sp. 3 0.75 6.8 8.3
Saksenaca sp. 4 0.06 .23 (.36
Average MIC 137 8.9 14 2.6

Tabie 2A, Minimum Inhibition Concentrations Against Different Moulds for AmB

{AmBisome} and the Disclosed Compounds.

MIC (uM) # of Isolates AmB Compoungd 3
A. fumigatus 16 21 33

A, terreus 5 7 32

A flavus 3 4 33

Table 3. Mmimumn Inhibition Concentrations Against Different Yeasts for AmB

{AmBisome} and the Disclosed Compounds.

MIC (M) # of Dsolates AmB Compowund 1 Compound 2
Candida auris 10 1.2 2.6 2.6
Candida krusei 2 i 2 3
Cundida parapsilosis 8 11 18 1.6
Cryptococcns neajormuns 10 0.35 2 2
Cryptococcus gattii 10 0.75 1.6 2
Rhodotorula sp. 6 i 2.8 3.7
Average MIC 46 8.9 21 2.3

Table 3A. Miumum Inhibition Concentrations Agamnst Different Yeasts for AmB

{AmBisome} and the Disclosed Compounds.

MIC (uM) # of Isolates AmB Compound 3
Candida albicans i3 0.61 2.1
Cendida tropicalis 10 0.8 1.6
Candida parapsifosis 6 0.5 18
Candida glabrata 5 14 1.8
Candida auris 15 2.9 23
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MIC (uM) # of Esolates AmB Compound 3
Candida krusei 4 2.5 4
Crypiococcus neaformans 3 117 2.33
Crypfococcus gatti i 1 2
Trichophyton rubrum 3 i1 2.6
Trichophyton mentagropytes 3 4 33
Malassezia furfur 3 >16 >16
Fusarivm soleni 2 3 6
Bficrosporurm canis 2 0.56 0.75
Scedasporivun apiospermum 2 >16 >16
Scedosporium profificans 2 >16 >i6
Epidermophyton floccosum 2 (.38 1.5

Tabie 4. Mmimum Inhibition Conecentrations Against Different Rare Moulds Resistant to

AmB for AmB (AmBisome) and the Dhsclosed Compounds.

MHEC (uM) # of Isolates AmB Compound 1 Compound 2
Sporothrix schenckii 6 4 6 >52
Purpureociflium lilacinum 6 =16 >16 >16
Scedosporium aurantiacum 4 >16 >16 =16
Scedosporium boydii 6 >16 >16 >10
Lomentospora profificans 6 >16 >16 >16
Average MIC 28

n

Example 8. fn vitro and {n vive Safety of the Disclosed Compounds

UV-Vis Binding dssay (Fig. 1A} The protocol for the sterol binding assay (UV-Vis)

was developed in our lab. Compounds were dissolved in DMAO at a final concentration of

ImM. Sterol were first dissolved i CHCI3 (>200mM) and then diluted to ImM

concentration with BDMSQO. To synthesize the comaplex 1 ul of compound solution was taken

10 m aclean eppendorf tube (Zml) and sterol solution (volume depends on the stoichiometry)

was added to it and the volume was made ap to 20 ul with DMSO. ¢.98m1 of PBS buffor was

added to the Eppendorf tube and mixed properly. The absorbance of the solution was

measured after 36 nuns of incubation.

MHC (Fig. 1B and Fig. 18): The protocol for the hemolysis assay was adapted from

ey
tn
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blood (sodium heparin} was purchased from Bioreclamation LEC (Westbury, NY') and stored
at 4 °C and used within two davs of receipt. To a 2.0 mb appendorf tube, 1 mi. of whole
buman blood was added and contrifuged at 10,000 g for 2 mumutes. The supernatant was
removed and the ervthrocvie pellet was washed with 1 mL of sterile salime and centrifuged at
10,000 g for 2 minates. The saline wash was repeated for a total of three washes. The
erythrocyte pellet was suspended in 1 mb of RBC bueffer (10 mM NaH2ZP04, 150 mM Nall,
1T mM MgCl2, pH 7.4} to form the ervtluocyie stock suspension.

Compounds were prepared as >15 mM stock solutions in DMSO and serially diluted
to the following concentrations with DMSQ: 7689, 5126, 2363, 2050, 1538, 1025, 769, 513,
384, 256,205, 154, 103,77, 51, 26 uM. To a 0.2 mL PCR tube, 24 pl of RBC bufferand |
nb of compound stock sohution were added, which gave final concentrations of 500, 300,
200, 100, 80, 60, 40,30, 20, 15, 10, 8, 6, 4, 3, 2, 1 uM. Positive and negative controls were
prepared by adding 1 b of DMSO to Malhi() water or RBC buffer, respectively to (.2 mL
PCR tube. To cach PCR tube, .63 pl. of the ervthrocyie stock suspension was added and
mixed by mversion. The samples were meubated at 37 °C for 2 hours. The samples were
mixed by mversion and centrifoged at 10,000 g for 2 munutes. 15 uL of the supernatant from
cach sample was added to a 3834-well place. Absorbances were read at 540 nm using a Biotek
H1 Svnergy Hvbrid Reader (Winoosks, VT}. Experiments were perforroed m triplicate and

the reported MHC represents an average of three experiments.

Example 6. fn vive Mouse pharmacokinetic experiments for Disclosed Compounds
Mouse PK (Fig. 2} The experiment was performed using the compounds synthesized

i lab and punfied by preparative HPLC (>91%). All the compounds were dissolved in DSW

{59 dextrose in water) at for IV uyection. Female CD-1 mice were (3 per group; body weight

approx. 30 g each) mjected with the compounds {as per planned dosage} and the blood

sampies were collected at different time poinis and the compound content was analysed using

the following procedure.

Instrument: Taple Quad 6500+

Matrix Male CD-1 mouse plasma (EDTA-K2)

Analyte(s): Compound 1

Internal standard(s): 100 ng/ml. Labetalol & 100 ng/ml Tolbutamide 10 ACN

MS conditions EST: positive

SRM detection

Compound 1 [M+HH m/z 979 8>798 4
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Labelatol {(IS): [M+H}+ m/z 3292162 1
UPLC conditions
Mobile Phase A: 0.1% FA in Water
Mobile Phase B: 0.1% FA m ACN
Time (pun}  Mobide Phase B (%)

110 98
150 98
[51 15
2.10 Stop

Column: Waters ACQUITY UPLCHSS T3 18 pm 2.1 #» 50 mm

Flow rate: 0.6000 mL/min

Retention time: Labelatol (15} 0.998 mun

Sample preparation:

An aliquot of 24 pL sample was protein precipitated with 120 gL IS solution (100 ng/mL
Labetalol & 100 ng/mL Tolbutamide in ACN), the mixture was vortex-mixed well and
centrifuged at 3900rpm for 10min, 4 °C. Ap aliquot of 90 ul. supernatant was transferred to
sample plate and muxed with 50ul. water, then the plate was shaken at 800rpm for 10nun.
15.0 pb supernatant was ingjected for LC-MS/MS analysis.

Calibration curve:

1.00-3000 ng/mi for Compound | m formale CD-1 mouse plasma (EDTA-KZ)

Additional Mouse PK Experiments (Fig. 3} The blood samples were collected from the
mice treated with the compound for favivo Toxicity experiment {vide supraj after 24h. To 50
ub of mice serum, 300 pl of HPLC-grade methanol was added. The muxture was well mixed
by vortex 30s. To allow full extraction of AmB {or derivative) and precipitation of proteins,
the mixture was allowed to sif at room temperature for 0.3h. The mixture was then ceontrifuged
at 16000g for 10min and the unfiltercd supernatant was used for HPLC analvsis. (Note - AmB
binds to pre-filters). The concentration of AmB {or derivatives) was caleulated through pre-
eatablished standard corve.
Standard curve was made by the following steps:
1 making series of different concentration (10, 20, 40, 80 100, 200, 400, 10060 uM,
determined by UV-vis, extinction co-efficient at 406 nnu 164 mM) of AmB {or derivative)

solution in methanol,
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2 ijoct 10 pl. of the standard solution into HPLC, the area under the carve and its
corresponding concentration was used to establish the standard curve.
HPLC method:
C18 5102 column: Sunfire column, 5uM, 15y
5 agueous buffer {A): filtered 0.1% Formuc Acid m MQ water

organc solvent (B}, filtered HPLC grade Acctonitrile
Flow rate: Imb/min, DAD: 406 4dnm, tonization method: AJS ESL positive mode
gradient change: 95 13 (0.1% Formic acid m water: MeCN) 10 5:95 (0.1% Formic acid m
water: MeCN) 1in 8 mins, gradient change time table as below

io Omin93% A, 5%
05mm9s%A, 5%EB
35 mm 5% A, 95% B
S5mn %A, 93%B

105 mm 93% A, 5% B

Example 7. Solubility of Disclosed Compounds
Test Article 1 Synthesized in lab {purity >95%}
B5W Braun USA (Product No: L5101 )
Instrument Details:
20 Somicator: Branson Ultrasonics 2800 Vorlex~Gene 2 Tab mixer
UV-Vis: Thermo Fisher Nanodrop one(
Steps:®
= Take 6 mg of sample (imeasured by UV-Vis) i a clean oven-~dried 7 ml vial
®  Add 1.65 mL stenle DSW (at reom temperature)
25 s Yortex it for 2 min.

8 Water bath sonication: Zmin X 2
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¥ Repeat step 3 and 4 unti] the solution 1s clear

s Transferred in a 2 mb Eppendorftube and centrifuged (30600g X 2min) to ensure
compound 1s dissolved completely and there is no tnsoluble part. {optional step)

= Concentration measured by UV {(abs at 406 nm} (optional step}

Famounts are based on the solution prepared jor 50 mg/kg dosage invivo ioxicity experiment

Tabie 5, Solubility of Disclosed Compounds and AmB in DSW.

AmB Compound 1 Compound 2
Soiubility (mM) 0.023 722 1.366
Fold of Increase wor.t. AmB - >314 159

Example 8. Killing kinetics Assay with Candida albicans: (Fig. 6}

The protocod for the killing kinetics assay was adapted from CL5I protocol for MiC
measurement. From back stock, fungal colonies were suspended in 0.9% steribe saline
solution and diluted to = 103 mocuhum density. A 10 wl aliquot was and plated on Sabouraud
Dextrose Agar {(SDA) plates using L-spreader and incubated for 24-48h at 35 °C and the
colony growth was momitored. During the experiment, 2-3 single colonies were suspended in
10 mL RPMI 1640 media (prepared followimg CLSI protocol) and the cell density was
measured using hemacytometer. The moculum density was then adpusted to =~ 103 ¢fu/mb. In
a sterile Eppendorftube (1.7 mL-2 mb), 990 yL. of inocuhim aliquot was mixed with 10 pb
of 100X solution of the compound (solution prepared in DMSG and DMSO content tn cach
test solution 1s 196). A control sample was prepared to confirm the viability using only 1%
DMSO m RPMI 1640 media. At predetermined time pownts (8,0.23,0.5,0.75, 1,2, 3,4, 5, 6,
8. 10, 16 and 24 b}, a 10 uL sample was removed from each tube and serially diluted 10-fold
with RPMI 1640 media, and a 10 pL aliquot was plated onto a SDA plate for colony count
determination. When colony counts were expected to be less than 1,000 CFU/MmL, a 50 L

aliquot was taken and half difuted in RPMI 1640 media, and a 50 pb was plated onto a SDA
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plate. Plates were incubated at 35 °C for 24 to 48 howrs prior to examination. All experiments
were conducted in triplicate.

Example 9. In vive efficacy in murine candidiasis model {{. albicans SN254): (Fig. 7
and 8}

Fig. 7: Based on the number of different test candidates and different doses, female
C-1 muce {avg. body weight = 27¢g) were divided nto groups where each group was
consisting of 4 mice.

Before treatment all the groups were mnocolated with C. albicans SN256 via tail vain
{~ 105 CFU/mL). After 2 bours of inoculation, groups were treated with singie dose 1V
formulation of the test article (in saline). After 24 h of incubation, animals were euthamzed
and the kidaevs were harvested and homogenized immediately. In order to measure the
fungal burden 24 h post treatment serum was plated and the deansity of colonies {CFU/mL
was calculated. In this experiment AmBisome and C2’eptAmB were used as controls and the
teat article Compound | was adnunistered at 3 mg/kg dose, similar to the control.

Fig. 8: In order to test the efficacy of the higher dose of Compound 1, we developed
the acetate salt version of the drug, which was found to highly soluble in aqueous solutions,
especially in D3Wand saline vehicles. Hence, we went abead and repeated the
aforementioned in vivo studies and tested the efficacy of the drug candidate Compound 3 at
four different single doses 1.5 mg/ke: 5 mg/kg; 15 mg/kg and 45 mg/kg. Post experiment the
fungal burdens were measured using the procedure merdioned above. In this study were able
to show that high dose cradication of fungal mfection 1s possible using non-toxic Compound

3.

Example 18, In vive efficacy in murine candidiasis model (C. albicans SCS8314): (Fig. 9)
In this study, efficacy and tolerance of Compound 3 n a multiple dose regimen were
mvestigated against £ albicans SC5314 in male ICR mice. Three dufferent doses of
Compound 3 were tested 1 mgfg; 5 mg/kg and 15 mg/kg over 7 days as daily single dose.
The body weights were also recorded on darly basis. Two different doses of Ambisome were
used as controls. Hach group were consisting of 6 mice. Before treatment all the groups werg
moculated with C. albicans SC5314 via tail vain {~ 1.9x105 CFU/mL). Afier 5 hours of

moculation, groups were given the first IV dose (in D3W). Afier completion of 7 days
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treatment all mice were sacrificed and the fungal barden in kidney was measured using

plating technique. Boy weights arc shown in Fig. 22A and 22B.

Example 11. In vivo efficacy in murine candidiasis model {({. auris): (Fig. 16}

Based on the number of different test candidates and different doses, female CB-1 muce (aveg.
body weight = 27g) were divided mmto groups where each group was consisting of 4 mice.
Betore treatment all the groups were moculated with C. auris via tadl vam (= 103 CFU/ml).
Afier 2 hours of inoculation, groups were given first IP dose of Compound 3 (in saline}. Gver
next foor days multiple doses were given at 24k, 48h and 72k post moculation. After 4 days
of treatments, all animals were cuthanized and the kidnevs were harvested and homogenized
mmmediately. In order to measure the fungal burden 24 h post treatment serum was plated the
and density of colonies (CFU/mL) was calcolated. In this expeniment two different doses of
AmBisome and were used as controls and the test article Compound 3 was administered at

1.5, 5, 15 and 45 mg/kg dose.

Example 12, In vivo efficacy in murine aspergillosis model: (Fig. 11)

In this study, efficacy and tolerance of Compound 3 1n a multiple dose regimen were
mvestigated agamst Aspergillus fumigatus 1163 1 male ICR mice. Two different doses of
Compound 3 were tested 5 mg/kg and 15 mp/kg over 4 davs as daily single dose. The body
weights were also recorded on daily basis. Ambisome (10 mg/kg) were used ag control in this
experiment. Fach group were consisting of 6 mice. Three davs before the study, all nuce were
treated with cyclophosphamide {200 mg/kg) as immunosuppressant. On the day of the study
all the groups were mocalated with Aspergilins fumigatus 1163 via tail vain (~ 2.9 x105

CFU/Mml). After 5 hours of inoculation, groups were given the first IV dose (in BSW). After
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completion of 4 days treatment all mice were sacrificed and the fungal burden 1n kidoey was

measured using plating technique. Body weights are available on Slide 17,

Example 13, Wajima Superposition: (Fig. 12 and 13}

The prediction of human DMPK using Wajima saperposition was done using standard

protocol.

PR Parameter Rat Dog Monkey Human
Clp (mL/min/kg) 1.56 0.365 0.169 NA
Vs {Likg) (.873 0.615 {4.249 NA
Piasma protein binding (fuy) .0406 0.0364 0.0273 (0.0445
Blood:plasma 0.757 (.753 (0.751 (.597
NCA Parameter Value
CLp (mB/man/ke) 0.13
Vs {L7kg) (.39
tiz {o) (hrs) 38
tiz (P} (hrs} 44
AUCo {ug br/ml) 1393
AUCo2a {(ug hr/ml) 60.8
Co {ug/mb) 3.85
Human PK:
PK Parameter {plasma) Observed Parameters Predicted Parameters
AmBisome, 2 mg/keg*® AM-2-19, 2 mglkg**
Cmax or U8 {(ug/ml) Cmax=22.9 (2-hr =770 (bolus)
infusion}
AUCEH-24 (ug hr/mb) 171 £ 126 122
PK Parameter AmBisome Compound 3
Dose (mg/kg) i 5 i 5
CLy (mL/nun/kg) I6 .71 1.4 i4
Vs (Lkg) (.78 (.37 1.1 1.5
12 (hrs) 57 57 9.3 13.7
Co (ug/mL} 56 147 3.0 4.
AUCe24 {ug br/mb) 20.5 114 8.7 4272
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*From Antimicrobial Agents Chemother. 2002, 46(3}; 828-833

**Assuming dose proportionality

Mouse PK, IV bolus (female CB-1):

PK Parameter AmBisome Compound 3
Dose (mg/ke} i 3 1 5
CLp (mL/min/kg) 1.6 0.71 1.4 i4
Vs (Lkg) 0.78 (.37 11 1.5
tin (brs) 5.7 57 0.3 13.7
Co (ug/ml) 56 47 3.0 i42
AUCo24 {pg hr/imL) 205 114 9.7 42.2

Example 14, {n vive toxicity in murine model: (Fig. 15 and 16)

In this study, in vive toxicity of Compound 3 were studied using the expression of renal
toxicity biomarker genes. Based on the mumber of different test candidates and different
doses, female CD-1 nuce {avg. body weight = 27g) were divided tto groups where cach
group was consisting of 4 mice. On the day of the experiment different doses of Compound 3
were administered by IV, Groups treated with Ambisome and C27ept AmB were used as
references. Afier 24b, all muce were sacnificed and the fungal burden in kidney were

harvested and stored in RNAlater at -80° C. Later the kidnevs were homogenized and RNA
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was extracted. The expression of KIMI, LCN2, TIMP1T and SPP1 genes were measured in

reference to GAPDH using RT-PCR technique.

Compound 3 AmBisome C2epiAmB
1.5 5 i5 45 45 43
mg/kg mg/kg mglkg mg'kg mg/kg mg/kg
#of
4/4 4/4 4/4 4/4 4/ 4/4
mice alive
# of mice
distress- 4/4 4/4 4/4 4/4 2/4 4/4
free

5 Example 18, Tolerance of Compound 3 and changes in renal biomarkers and gene
expression following administration of Compound 1 or 3 (Figs. 11A-11C and 12}
hERG mbubition, plasma compatibility and Ames assays were performed osing indusinal
standard protocol.
hERG mhibition study: No wnhibition of hERG potassium current up to 100 uM, highest

j¢  concentration tested.
Plasma compatibility: There was ppt observed at all 3 concentrations at a 1:1 dilution; only
observed at 5 mg/ml at a 1:0.1 dilution. Formulation optimization ongoing.

Ames study: No genotoxicity response observed at any dose levels tested

Pt
[

Example 16. I vitro tolerance of Compound 3 (Figs. 20A-200

Procedure: Four different cell lines were obtained from ATCC and the tolerance of compound
3 was tested alongside AmB, C2’epiAmB and Compound 4 followmg the recommendations of
ATCC.

Neurstoxicity: SH-8YSY (CRL-2266; human neural blastoma; Fig. 20A). Cells were grown
20 m complete MEM media and tolerance was tested in 96 well plates tn triplicate. DMSO and
puromycin (100 uM} were used as the positive and negative controls. Duning the experiment
inoculum denstty was maintained to F0* cells/well (5 x 14° CFU/mL}. Al test compound stock
sohitions were prepared in PMSQ and the DMSO concentration in the final culture was

maintained to 1%. After addition of the compounds to the culture, it was incubated at 35 °C
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ander 3% CO: atmosphere for 24 h and the cell viablity was measured using Alamar bhie
fluorescence dye {excitation 555 nm and fluorescence 585 nm}.
Hepatotoxicity: Hep-G2 (HB-8065; human liver cell; Fig. 20B). Cells were grown m complete
MEM media and tolerance was tested in 96 well plates w triplicate. DMSQ and puromyein
5 {100 pM) were used as the positive and negative controls. During the expeniment inocelum
density was maintained to 10% cells/well (5 < 10° CFU/mL). Al test compound stock solutions
were prepared i DMSO and the DMSO concentration in the final culture was maintained to
1%. Afier addition of the compounds to the culture, it was meunbated at 35 °C under 5% CO2

atmosphere for 24 h and the cell viability was measured using Alamar bhue fluorescence dye

et
<

{excitation 5535 mwm and fluorescence 585 nmy).

Cardistoxicity: HOC2 (CRL-1446; rat cardio myvocyte; Fig. 20C). Cells were grown
complete DMEM media and tolerance was tested in 96 well plates in triplicate. DMSO and
purontyein {100 pM} were used as the positive and negative controls. During the experniment

mnoculum density was maintained to 10* cellsiwell (8§ x 10° CFU/mL). All test compound stock

n

soletions were prepared in DMSO and the DMSO concentration in the final culture was

et

maintained to 1%. After addstion of the compounds to the culivwe it was incubated at 35 °C
under 5% CO: atmosphere for 24 h and the cell viabibity was measured using Alamar blue
fluorescence dye {excitation 555 nm and flucrescence 585 nm}.
Hemotoxicity: K562 (CCL-243; human lymphobiast; Fig. 20D). Cells were grown in complete
20 IMDM media and tolerance was tested in 96 well plates 1n triphicate. DMSO and puromyein
{100 M} were used as the positive and negative controls. During the experiment inocalum
density was maintained to 10° cells/well (5 x 10°CFU/mL). All test compound stock solutions
were prepared i DMSO and the DMSO concentration in the final culture was maintained to
1%. After addition of the compounds to the culture i was meubated at 35 °C under 5% COz
25 atmosphere for 24 h and the cell viability was measured using Alamar blue flaorescence dye

{excitation 535 nm and fluorescence 585 nmy).

Example 17, fn vivo tolerance of Compound 3 in mice {Figs. 21A-21G}

Healthy fermnale CB-1 mice were divided as 4 mice/group. The test compounds were dissolved
30 msterile chinically approved D3W (5% dextrose) and mfused through tad vam during the stady.

Concentration of the compound was adjusted accordingly to get the target dosage with (.3 mL

mjection. Afler 24 h of incubation, animals were euthanized, blood samples were collected for

52



WO 2022/035752

PCT/US2021/045205

quantitative analysis of clinical analvies and organs were harvested for histopathological

analysis.
Bose Survival
Compound (mg/kg)  (abive/total)  Distressed
AmB-deoxycheolate (1:2) (Fungizone)® 1 &4 6/4
Me.,, \T/\EIAW/NJYY\%A waH 2 4/4 074
J/ OH OH OH OH O, j\,o
I cat
\\“Wf’\\“f;\\{; N IFNFNF ©
e 4 44 44
AmB Q"’ “0"\"“5‘1’59 :
R OH
QH NH,

CPepiaAmB-desxycholate (1:2) 1 4/4 0/4
MEf,] o \Y/\\SIW Y 1 ] 4 474 0/4
V e J/ Cat

Me\o‘\/ﬂ\/\%\f\«%\/ 7 45 44 0/4
CZ'epi-AmB N /K; e
(32' NH&‘
Compound 4 1 4/4 0/4
OH oH
Me., O /\/\ WO 2 a7 2/4
RO ® A
HG DA o] QOH OH OH OH C,, N
M G‘“T OH
e PAT AW A AT AT av o
Compound 4 '/‘V\\O:::\ﬁgﬁ 4 0/6 -
c2 g; NH,, o
Me)\ ~o
Compound 3 i 4/4 0/4
iff on
Me.,, ,OY\\E/A\{'\// ]/\\E/\\E//\ “\GH 4 4/4 0/4
HO\/[, O OH OH OH OH O, N
[ Me ' cai7T O
Me\m'\«;f\://f\ff?\:wvf\cff\v ° \QH
Compound 3 '5&: o ~O}-§ 45 4/4 0/4
o NH{ i
Me” O
i 4/4 /4
Deoxycholate®* 4 44 0/
45 4/4 0/4

* Histonically not tolerated at 4 mg/kg
** Based on the amount present in Epi-Deoxy dose regimen
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Example 19: Protocel development for efficacy study of Compound 3 against pulmonary
aspergiliosis in mice (Fig. 22 and 23).

Efficacy study (Fig. 22} Healthy mice were divided as 10 mice/group. Al the animals were
treated with cvclophosphanude {150 mg/kg) on day -2 and +3 and Corfisone acetate {250
mg/ke) on day -1 and +6 to convert them neutropenic. Animals were infected with 4. fumigans
{CEA1O strain} (intranasal} on day . All animal were given 15mg/kg/day (IP) of Ambisome
or Compound 3 for 7 days and monitored until day 14 post-infection. Survivability of the
amimals were monitored during the course of the study.

Obiective: Test Compound 3 and AmB against CEALQ (wild-tvpe} 1A

1e® spores/mL (40 ul) intranasal CEA 1O

n = 10 mice/group

Cyclophosphamide: 150 mg/kg Davs -2 and +3

Cortisone Acetate: 250 mg/kg Davs -1 and +6

Survivak

D3Wonly:  10%

Compound 3 15 mg/kg QD 80%

AmB 15 mgikg Q3D:80%

Log Rank Statistics:

DSW vs Compound 3 15 mg/kg QD) p = 0.0005

DSW vs AmB 15 mo/kg QD! p= 0.0044

MNotes:

Compound 3 and AmB at 15 mg/kg dosed daily for 7 days post imfection 1P protects agamnst
CEA1G LA mifection equally after 14 days. Amb IP dosing of 15 mg/kg estimated as at least as
much as 5 mg/kg IV, Since P dosing is new for Compound 3 and AmB, we want {o understand

tolerability of both 1in immunosuppressed mouse model.

Tolerance Study {Fig, 23): Healthy mice were divided as 3 mice/group. All the animals were
treated with cyclophosphamide (150 mg/kg) on day -2 and +3 and Cortisone acetate (250
mg/kg) on day -1 and +6 to convert them neutropenic. Target dosage of compound 3 and
Ambisome were given as IP for 7 days daily and the survivability was monitored for 14 days.
Obiective: Tolerance of Compound 3 and AmB dosing 1P in immunocompromised model

NO INFECTION, Tolerability study ondy

n =3 mice/group

Cyclophosphamide 150 mg/kg Days -2 and +3
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Cortisong Acetate: 250 mg/kg Bays -1 and +6
Respective drugs dosed 1P for 7 days

Mice observed for 14 days

Survival:

Compound 3 15 mg/kg GD: 66%

Compound 3 25 mg/kg QD 100%

Compound 3 35 mg/kg QD 100%

[

-

Compound 3 45 mg/kg QD 66%
AmB 25 mg/kg QD 66%

10 Notes:
Clinically, 45 mg/kg Compound 3 and 25 mg/kg AmB IP showed similar signs of lethargy and
ruffled fur starting B3 to B12. 25 to 35 mg/kg of Compound 3 did not affect mice’s ability to
cat, keep clean, nor thewr activity throughout the expeniment, but 45 avkg did. We can use 35

mg/kg Compound 3 dosimg IP for 7 days m infection model.
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We claimm:
1. A compound sclected from the group consisting of

OH

OH

Me., O WwOH
HO /[ O OH OH E
i Me ! A e \(\O H
Me“\\ PN NN N . o ik
HO Y OH
NH; and

Ot
OH
OH
or a pharmaceutically acceptable salt thereof.
2. The compound of claim 1, wherein the compound is:
OH .
;
Mej/o g WOH
H
1 { QO } .
HO\’L ,Mea CH OH OH OH O 2 ; NTA\OH
R , ’ '
M AN N N //\\,/?’”\/ O OH
G, (OIME
HO™ ™ 0
NH;
or a pharmaceutically acceptable salf thereof.
3. The compound of claim 1, wherein the compound is:
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T oH
Me.,, O OH
HO \g OH OH OH o;:\i/\ N
“Me - NN oH

e FNGENGEINEF NG OH
GI‘IM&
HO® 7 COH
Nk,
4 The compound of claim 1, wherein the compound 18
OH
OH .
Me., O OH
i H
HO f, O OH OH CH OH O N
‘M g \(\OH
\ S 2 o o O
SN : NN S
OI)J;ME
HOY N ron ©
NH -
@ g Q0
5. The compound of claim 1, wherein the compound is:
OH on
Me,,, O \@H
HO /[,, O OH OH H O!’E G,
e /\rr {
M NN NN
Qn :
HO™ ™ T OH
NH, .
or a pharmaceutically acceptable salt thereof.
6. The compound of claim 1, wherein the compound is:
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OH
r\.”i@:, /Omw \\\OH
Hc,v v O OH OH OH OH G, \%
M e\“ \\\//\//WA\M«
OI/\
HG b OH
NH,
7. The compound of claim 1, wherein the compound is:
OH
Me.,, O /\)\EAE’A\%; OH
HO T T()]/\E);\\l’(;i"i OH OH (.) ‘ & o
- oy L. v,
) \{/Me v OH
o W / x/ /’ : O
TR I OH
O:;:(.):E;Me
HO™ 0N o
NH,
N o O)i\.
3. A pharmaceutical composttion, comprising a compound of any one of claims 1-7; and
a pharmaceutically acceptable caraer.
9, The phammaceutical composition of claim 8, wherein the pharmaceutical composition
is an mtravenous dosage form,
10.  The pharmaceutical composition of claim 8, wherein the pharmaceutical composition
is an oral dosage form.
11, A method of treating a fungal infection, comprising administering to a subject in need

thereof a therapeutically effective amount of a compound of any one of claims 1-7, thereby

treating the fungal infection.

12, The method of claim 11, whercein the compound is administered intravenously.

13 The method of claim 11, wheremn the compound is administered orally.
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14 Use of a compound of any one of claims 1-7 in the manufactare of a medicament for

the treatment of a fungal nfection,

15, The compound of any onc of claims 1-7 for usc as a medicament.
16, The compound of any one of claims 1-7 for usc in treating a fungal mfection.
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FIG. 12A

Mouse Plasma Concentration Compound 3
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FIG. 12C

Dog blood plasma concentration of Compound 3

-8 Compound 3 {1mg/kg)

Time {h}

FIG. 12D

Primate blood plasma concentration of Compound 3
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FIG. 15A
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