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(57) Abstract: Disclosed herein is a novel antifungal compound, derivatives that are used b treat fungal infections. In a specific em-
bodiment, the compound is a small molecule. In a specific embodiment, the compound described herein inhibits yeast to hypha
transition under robust hyphal inducing conditions at lower concentration of the molecule. Also disclosed is a composition compris -
ing the antifungal compound. In a specific embodiment, the composition is a pharmaceutical composition Also disclosed is a method
of treating and/or preventing fungal infection using the disclosed compound. The disclosed compound exhibits antitungal activity
against wide range of fungal species at slightly higher concentrations. Antitungal compound disclose d herein is use d as anti-biofilm
agent against fungal infections. In a specific embodiment, the disclosed compound is effective for systemic fungal infections. In a
certain embodiment, the disclosed compound is a broad-spectrum antifungal agent for treating topical local and/or systemic fungal
infections. In a specific embodiment, the disclosed compound is used in the prevention or treatment of mycotic infections caused by
various fungal pathogens.
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ANTIFUNGAL COMPOUND AND USES THEREOF

Relied App bic ations

[0001] This applicaton claims the benefit of T1.5. provisional application senal mnber:
611733,094, filed Decernber 4, 2012, whach iz herebyr incorporated by refererce 1nits endizety.

1. Imiroduction
[0002] Dhsclosed heremn 15 a rovel cornpound and dervatives thereof that are nsedto
treat fungal mfections. Also disclosedis a compoation coraprising the corpound. In certain
ernbodiments, the composhon 15 a pharmacentical compomtion. In certain embodiments, the
corposition 15 a paint coraposihon. Also disclosed 15 a rethod ofreducing fingal growth and a
method of treating andfor preventing fimgal mfectionusing the disclosed compourd. The
dhaclosed corgpound exlobits antifungal actmatyagamst a wide range of fungal sypecies. The
cormpound disclosed herein 15 used as anti-biofilm agent against bacterial and fungal mdections.
In certain ernbodirments, the disclosed cormpound 15 effe ctive for systernie fungal mfectons. In
certain ernbodiments, the disclosed compound 15 a broad-spectmm antifungal agent for treating
topeal, local andior systerrae fungal mfectons. [ncertain ermbodirmerds, the disclosed
corpound 1s usedin the prevention or treatrnert of rmowotic infections caused by vwarnons furgal
pathogens. Prosided herein 1s a medical device coraprising a coating cormprising the corponnd
disclosed herein Provided hereinis a method of making a e dical device comprising a coating
corprising the compound disclosed herein  Provided herein 1s a method of making ananh-
biofilm swface. A&lso povided herein 1s a paint cormposihon comprising the corupound disclosed

herein.

2. Background
[0003] Fungal infechons are a huge chiracal burden and highly prevalent among
cornproraised host populations worldwide. Fungzal pathoe ens in harnans canse both superficial
roucosal and systernic royroses with higher mobidity and mortality rates. For instarce, recent
studhes inclnding ours, mdicated that rorality rate of syeternc candidiass armong hospitalized
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patients could be as lagh as T0% urder corpormised conditions. Treatment ffe fingal infections,
mehid ing hospatal stay, 15 costly.

[0004] Dumng last couple of years fangal indection has become a major threat to
hospitalized patents worldwide, Inparhenlar, Cancida 1s the major fangal pathogen m homans
which cause rllions of rucosal and systemic mycoses worlduade . Despate the curently
avallable artifingal agernts, Candida rermains to be the vhigputons pathogen cansing severe
mucosal infections such as oral candidiasis, onyrornwoses (nails), vubovaginal candidiasis as
well as systernc myvoses. Hence, candidiasis 19 a leading canse of hospital -acguire d infection,
swryassng mostbacterial mfechons. Unhke most bacterial diseases, fangal diseases are difficult
to treat. Hence, there 1s lagher mortalityassociated with systernic candidiagis. Local data firom
Hong Kong irdicate mortality of systervic candidiasis in hospatal setting s could be aslaghas
0%, Rasing ding resistance for available dg as indicated global sarvesyrs is a major problem for
treating fungal infections. Developrment of more effectrve antifingal drugs with lesser side
effects hasbecome a lighest prionity in the field. Therefore, nowel antifingal compounds wath
such desirable properties will be of great chinical irmportance. Comprorased host populations
such as HIV/AIDS patients, organ transplant recipients, pahents on chemotheraprrare expected
to rise over next decade and those groups are haghly prone to fangal mfections with serions
conse quences. Therefore, there 15 anincreasing dernand for antifingal agents that bave excellent
mlerent pharmacokinetic characterstics and potent wdabitory ac trities against a broad spectam
of fungi. Although there are several classes of antifingal agents are curentlyavailable, none of
thern, howeser, ate sufficiently satisfactory for nse as medicine 1n that they do not exhibat all of
excellent intibitor yacttvity against some of the opportardstic fung which canse fital infecions
ard smitable plarrmacokinetics within the body.

[0005] The fiungal pathogen Cendida species are corrnon canses of opportonishc and
systermatic infectior, which maybe lethal in irmreanode ficient individual s including those HIV -
mfected and radio-or chemo-theraprrrecipents. Candida albicans is the most prevalent Candide
specles 1s0lated from human hosts. [tlnesasa commensal in skin, oral cavityand esophagus,
gastrointestinal tract, vaginag and vascular systern and canses disease when given the opporturity.
Candida albicans 1s able to swatch between the yeast and the hyplal form, thus combirang the
better dispersal properties of the weast forrn with the rraawe properties of the hyphal forr. The
hyphae can penetrate the epitheliom into the host cell to acouire nutients for fimgl, resulting in
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mvading or darnaging thess fissues or organs. The ®versthle morphological transitions into
hyphal growth forms can further enhance O @lbieans “vimlence .

[000&] Usnally Candida spp. resides in a mived habitaton with other raicrobial. Such
habitation 1z biofilr. Inbiofilms, the mhabitants (mainly fangl and bacteria) are encapeulated
mtoa matrix of glycoprote ins and polysacclande s produced bythe msebes and they usually
reside with low metabolic actrvity. Through biofile, Candida canadhere to dentare, iraplanted
medical device (including catheter and heart vabves) ard tissue surfaces, denture and host organs
with strong resistance to anti-fungal treatment. This makes the Candida infection hard to treat.
Onthe other hand, the varions virlent inhabitants within the hiofilm are rore harmfil than
sinzle Candida popidation. &sa result, an moplanted desace 1s always associated thess mfec ons
ard a biofilin can be detected on the swface of the device. Candida spp. become s cormmon
pathogen and 1s regarded as agents of nosocorual prewraoras and wnrary tract mfechons,
without effectrre treatmert. Despite increasing rnbers of health-compromized people, who are
prone to contractiyg life-threaterung fungal diseases, onlya few classes of anti-fungal drugs,
such as polyenes, azoles, eclunocandins, allvlamines, ard flucytosine, are available for the
treatrnent of fungal mfec ions.

[0007] Howeser, polye res have dose-related toxicity, panticularly nepheotoxicits;
although the introduction of hped fonualabons bas irmprove d nsk-benefit mto. Inaddibor,
rising drug resistance 1s an mevitable probler. Frergence of drug-resistant strains to
tlncorazole, a dmg of choice for AIDS patient has become a major problem, although second-
genermbon tnazoles have addressed sore 1ssues (Fera WIT, La Camera E, De Saro & HNew
tazoles and eclinocandine: mode of acton, natro actvity and meckarisms of resistance.
Expert Bev fint Indect Ther, 2009 [7{2):951-9:. Therapeutic failores ard ermergence of
resistance have alreadybeen reported for recently introdnced eclunocandin antifungal agents. As
aresult of the lratations of exising anbifingal agents, rortality rates for candidera rermaim
high. This situation highlizghts the wrgent need for more effective and saftr antifungal agents for
this ubieputons fungal infection, for example, recaleitrant Candide infechon.

3. Summary
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[0008] Provided herein is a cormpound having the strochare in Fiz. 1F, denvatives the e of;,
or a plarnmacenhcally acceptable salt, sobeate, or hydrate thereof. In one embodiment, the
cormpound 1z SIVIZL. SIVEL showed a better anbfurgal actvity against resistant fangal wolates
for presently available antifungal agents. IWbreaver, the compound described herein also
exhibited potent anb-biofilm actriaty against fungal iofilins that are resstant to carently
avallable antifingal agerts. [ncertain ermbodirents, SOV 15 an antifingal agerd against a broad
spectrurn of fungal infections. Also descrbed herein 15 a compoation corprsing the cormpound.
In certain ermbodirments, the corgposition 1s a pharmaceutical cormposition that include s solutions,
suspensions, gels, flud zels, eraulsons, eraulaion gels, lobons, oimntroents, film formng solubons,
creatns, sprays and lacouers. In parbicular, the ardifungal corpostion 15 used o freat or pesvent
local or systernic fungal mfechon ina subject. In specific embodiment, the subject 1sa maremal.
In specific erbodirnent, the subject 1 lmrman. Inone erabodirent, provided berein 15 a method
of reating furgal infection comprising adrmrstering to a subject, a pharmacentcal formulation

corprsing a therapentically effectree amount of one or more anhfungal agents.

[0002] Prosaded herein 1sa method for ®ducing growth of'a fangus comprsing
cottactng a fungal cell with a componnd having a shacture:
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canda pharrnacenticall yacce ptable carer.
[0010] In certain ernbodiraents, the fungal cell is a pathogenic seast. Incertan
ernbodiments, the fungal cell is Candida albicans, Preumocystis canini, Saccharomyres
cerevislae, Sspergillus rdulans, Eluyweeromyres lactis, Schizosac charom wes pombe,
otreptorayees lasaliensis, 5tre ptorayees hygroscopeus, Candids tropacalis, Cardids dublineensis,
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Candich parapsilosis, Candida ke fyr, Candids guilliermondi, Candida inconspacua, Candida
famata, Candida g labrata, Candida krsel, Candida lnsitaraae, Cryptococcus neoformans,
Coccidioides roaaits, Hispolasma capeulatom or a cornbanation thereof.

[0011] Proraded herein 1sa method of reating and meventing against fungal infections m
a subject which cornprizes admirasternng o the subject an effe ctive aronrd of a corapound
having the structure:

canda pharrnacenticall yacce ptable carer.
[0012] In certain ernbodirents, the subject 1z a haman, In certain ermbodiraents, the
subiject 1s 1renunocorprotnsed. [n certain ernbodime rts, the subject had recerved cheraotherapnr.
In certain ermbodiments, the subject has AIDS . In certain emmbodime nis, the subject had recersed
a transplant. In certain e rbodiree nts, the subject hasa central venms catheter. In certain
ermbodiments, the compound 15 admimstere d w1a injectior, topical route, aral route, nasal route,

aeroanl, or enerna route.

[0013] Llso provided herein iz a medical device having a surface wherein at leasta
portion of the swrface comprises a coating wherein the coating corprises a corpound having a
struchare:
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[0014] Slao provided heein 15 a method of making a medical desice of clam 14

comsing the steps of!

{a) providing a medical desace having a sarface; and
(b} applsing a coating composiion compnsng a cormpound aving a stcture:
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to at leasta porhon of the surface.

4. Descriptionof the Figures
[0015] Fizz 1 &.F: Veast-to-hypha inbubitorsy pro perbes of SWVE1 under strong bophial
mdicing conditions. Several ervimrrnental conditions which are known to mduce the hyphal
formation of © albicans such as serur, Lee’s mediur, Spder medinrn, ternperatore and 37 °C
were nsed to test the ability of SIVI21 to mbahet ¥ -H transition. (&) Control samples showing O
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@lhicans hyphal forrnation (B) Test saraples were meubated with SIV21 at ¥V -Hi conce rdration
showing weast marphology (C-E) O albicans chimeal strams 815 (C) , H2 (L) and H11 {E}
mmcubated wath SNE1 at ¥-Hi concerdration for24 b SIVI21 conld act as a ¥-Hi ata lower
concentration of 0025 pefnl and0.0.5 pgired for 10* cellsiral and 10° cellsiral of C albicans,
respecttvely. Chernlcal strocture of SIvLd] 18 shownin (F).

[001a6] Figs 2447 (&) O albicans SC5514 and (B) O albicans ATCC 90028 (CLII
guality cordrol straing) and (C) resistant 1s0late T-1549 were used to deterrne the anhifungal
actrvity of SIvI2] comparing for those of caspofingin ard amphotericin B, & @lbicans SC5314

ard C albicans ATCOC PO02E were suscephble toall three agerts, but only SWE1 was effective
for resistant wsolate.

[0017] Figs 342, Anbbactenal actraty of 3L at dose of 2 pg wasexaraned for
three bactenal species together with other anbfingal agents caspofimgin, armphotencin B and
chlorhexidine. (&) Lactobacllus acidophilus (By Streptococeus rutans and (C) Eschencloa col
were used for the expenments. SIVI21 was not anb-bactenal at the concentrabon effectree for
fungal species dermonstraiing its fungal-specific actvity akinto otherantifingal agents.

[0018] Fizz 44.B IWhrirearn effectrve ardi-biofil concentration for 24 h & albicans
biofiltns. (&) Concentration of corapound used. (B) Graph for riraron e ffective anti-biofilm

cohe ehtration.

[0012] Fig. 5 ETT rednchon assayfor Candida biofilras showing effect of 521

[0020] Fiz. 6. MI'T reduchonassayof mrmary culture human monoc wes, gingival
fihroblasts and oral kerahnocyte s showing safetyof SWEL

[0021] Figs. TA-B. 5MI21 1sable to effectrvely inhibit the Candids irseasion of'e pithe lial
cells in Candida-HOK co-cultare model. (4) Cordrol saraples showing Candida byphae and
dead keratinocytes. (B} samples treated with SIWI21 showing Inve kerafinocytes.

[0022] Fiz. 2. SN effectvelvsavedall the ruce fom systeruc candidiasis
4.1 Definitio ns
[0023] Whenrefermng to the corpounds provided herein, the following terrns have the

following mearnngs unless indicated otherwize.
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[0024] "Plarmaceutically acceptable salt" include s any salt of a corapound provided
heremn whach retains its liological poperties and whach s not toxic or otherwise unde sirable for
pharrnacenbcal nse. Such salts maybe dermed from a warety of organic and inorgame counter-
ons well known inthe art. Such salts imclude: (1) acid addiion salts forrmed with organic or
morgaric acids suchas hydrochlone, hydrobrorue, sulfune, e, phosphone, solfarue, acetic,
tiflunroacetic, tichloroacetic, propaoric, hexaroic, cyelopentyd propaotic, glyealic, glutaric,
pvmrvac, lacte, malore, sccine, sotbic, ascorbic, malic, maleic, furnarie, tartanie, citne, benzoe,
3-(d-hyrdroxvhenzo jhenzole, pictic, cinnarnic, mandelic, phthalic, lauric, methanesulfonie,
ethanesulforuc, 1,2-ethane disalfore, 2-hydroxyetbane salfome, benzenesulfore, 4-

chloroberze nesul forac, 2-naphthalene sulforac, 4-toluene sulforae, carphorne, car phorsl forae,
d-me thylbicyelo [2.22]-oct-2-ene-1-catboxydic, glucohe porie, 3-phenydpropomne,
mmethdacehe, tert-butylacetic, lanryd salfirie, glucoric, benzoe, glutaroe, hydroxymaphithole,
salicylic, steanic, cyelohe sl farae, gquirae, rmmcone acid and the like acids; or (2) salts forrmed
when an acidic proton present in the parent corapound either (a) s replaced by a metal o e g
analkall metal 1on, an alkaline earth ion or analoranam 1or, or alkall metal oralkaline earth
tnetal hyrkomdes, such as sodinre, potassinrn, calemra, maghe siura, aluraror, lithiare, @ne, and
bariurn hydroxide, ararmoria or (h) coordirate s with an orzanic base, such as aliphatic, alicwlic,
or arormatic organic aranes, sich as atnmonia, methylarnne, dirmethsdaraine, diethdarane,
picolire, ethanolarnine, diethanolamine, tethanolarine, ethylene diarane, 1ysire, arginine,
ormthane, chaoline, N H'-dibenzdethydere-diarire, chloroprocame, diethanolarane, procaine, M-
benzylphens thylarane, H-methylglucarmine pperazine, s hydrosnethd)-aminorethane |

te trarneth darrnorium hydroxide, and the 1ike . Salts farther inclode, by way of exampe only;
sodiury, potassinre, calcinr, mag nesiurn, ararmordurn, tetraalkydaramoriurm and the like, and
wher the compound contains a basic functionality, salts of non-toxic orgarac or morgaric acids,
such as hydrohalides, e.g. hydrochlonde and heydrobrorade, sulfate, phosphate, sulfaroate, iotrate,
acetate, trifluoroacetate, trichloroace tate, propionate, he xanoate, cyelo pentyd o ponate,
glyolate, glutarate, prnseate, lactate, malonate, succinate, sothate, ascorbate, malate, maleate,
furmarate, tartarate, citrate, henzoate, 3 {4-hyko xvhe nzovlbenzoate, picrate, cinnamate,
mandelate, phthalate, laurate, methane sulfbnate (meswate), ethanesnlfonate, 1,2-ethane-
disulfomate, 2-hydroxye thane sulfh rate, benzenesulforate (besylate), 4-chlorobenze nesul fonate,
2-naphthale nesulfonate, d-toluenesulfonate, camphorate, camphorsulforate, 4-



WO 2014/086285 PCT/CN2013/088483

methylbicyrelo[2 2 2] -oct-2-ene- 1 -carboxsdate, glucohe plonate, 3-phend propionate,
mrmethidacetate, tert-butylacetate, lanryd sulfate, glucorate, benzoate, glutamate,
bomdroxynaphthoate, salicwlate, stearate, cyrelohex Wsalfarmate, quinate, ruconate and the ike.

[0025] The terrn “Solvate™ meludesa componnd provided herein or a salt thereof that

further includes a stoichioretne or non-stoichio metric arnount of sobvent bound by ron-covalent
mmterraolecular forces. Where the solvent is water, the sobrate 13a hydrate.

[0024] Lz used hereim, the terms "subject” and "patiend” arve nsed 1rxderchangeably herein,
The terrs "subject” and "subjects” refer toan animal, suchas a maranal including a non-primate
(e.g.,acow, ag, horse, cat, dog, rat, and monse) and a primate (e.g., a monkeysuchasa
cynormolzons monkey, a charnpanzee and a hurnan), and for exaraple, a homan Inore
ernbodiment, the subject 15 refractory or non-responsree to cwrrent treatments for hepabhs C
mfechon. Inanother embodirent, the subject 15 a favmaramal (e g, a horse, a cow, a g, etc.) or
apetie.g., adogora cat). Inone embodirent, the subject 15 a hurman.

[0027] Lz nzed herein subject in need thereof iz a subject having a fungal mfection, ora
subiject at risk of developing a fungal infection. The subject may have been diaghosed as having
such a fingzal mfechon as descnbed herein or using standard medical techricmes krowm to thoss
of skill in the art. Alternativelya subject may ex hibit one or rmore syraptorns of fungal infection.

[0028] L subyect at nsk of developing a fangal infection 154 mbject who hasbheen
exposed to a fungus, or 1s susceptible to exposure to a fungus. For instance a subject that 1s
suscephble to exposare to a fingus meludes those subjects who work with furgal matenal or m
areas of hugh fungal conte rd, subjects who fravel to areas with hugh fungal indectvity rates or are
otherwise likely to be exposed fo a fargal infechonas well as those subjects having parbeular
suscephbality to fangal mfechon resultizg fora medical condibions or therapies. Exaraples of
subjects having partenlar susceptibihity to fungal infec tions ansing from medical condibons or
therapies include bt are not liraited to an 1rgounocom prorsed subject, a subject having
recetved chermotherapy, a subject baving cancer, a subject having &ID5, a subject who is HIV
positive, a subject who 15 at nsk ofbeing HIV posttive, a subject having recerved a fransplant, or
a subject kaving a central venons catheter.

[0022] Lnirmrannocomprorised subject 15 a subject that s incapable of inducing a
normal effective e response or a subject that bas not vet developed an 1rarune system (e.g.
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preterio neorate). An irrnunocomprorased subject, for exarmple, 1s a subject undergoirg or
undergone chemotherapy a subject having &I0G, a subject recelving or having recelved a
transplant or other surgical procedure etc.

[0030] & subject baving recerved cherotheraperis a subject that has undergone some
foren of chernotherapeutic procedure. Cherotherapeutic proce dure encornpasses corventioral
rnethods known to those of skill in the art. Examples of chemotherapeutic methods include bat
are not Dratted to alksylating agents, for exarmple, rtrogen rmstards, ethyleneirune cormponnds
ard alkyl sulphonates; artirmetabolites, for exaraple, folic acid, panine or pymirddine antagorasts,
ritofic mhibators, for example, winca alkaloids and dermratrres of podophsdlotoxing eytotoxe
artibiotics; cormpounds that damage or mterfere with DN & expression; and growth factor
receptor artagonists; antibodies and other biological molecules known to those of ordinary skill
in the art.

[0031] & subject who 15 HIV posittee encormpasses a subject who 15 a carmer of any of
the HIV farmily of retrovirises or a subject who 15 diagnosed of actrve AIDS, as well as a subject
having 1005 -related condifions. & carmer of HIV mavbe identified by any methods known in
the art. For exarmple, a subject can be identified as an HIV carmer on the basis that the subject 1z
arti-HI W antibody positive, or is HIV -positve, ar bas syraptoras of 105, HIV infection

gene rllyencompasse s infechon of a host, partienlarlya hraan host, by the knrman

mnrannode ficiencyvirns (HIW) faruly of retrovinses meluding, but not lirated to, HIV I, HIV 11,
HIV III {also krown as HTLV-IL, LAV-1, LAV -2}, and the like. "HIV" can be used herein to
refer to ary strains, forrns, subtypes and vanations m the HIV faruly. & subject having HIV 15a
subject who 1sat any one of the several stages of HIV infection progression, whach, for example,
mclude acute maryinfection symdrorne (whach can be asyroptomatic or associated with an
mfluenza-like illness with fevers, malaise, diarthea and newrologic syraptorms such as headache),
asyraptornatic infechon (whach 15 the long latent penod with a gradual decline 1n the nordber of
clirculating CDEH+T cells), and AIDS (whichis defined by raore serous AIDS defining illnesses
ardfor a decline 1n the circulating CD4 cell count fo below a level that 13 corapatible with
effective rnrane function). In additior, it is intended to encorapass subjects suspected of beirg
mfected wath HIV after suspected past exposure to HIV bye.g., contact with HIV -confarmrated
blood, blood transfiusior, exchange of body fhads, "unsafe " sex withan mfected subject,
accidental needle stick, recelving a fattoo or acupnnctire wath cordarmnated mstrments, or

10



WO 2014/086285 PCT/CN2013/088483

trarsrssion of the virus from a mother to a baby daring pregnancy, delivery or shorfly thereafter.
Subjects who are HI'V posiive also encormpass subjects who have not been diagnosed as having
HIV infection but are believed to be at lagh nsk of mfechon by HIV .

[0032] & subject having accuired irrmmnodeficiency symdrome (AIDE) 15 a subject who
exhibits more sernous AIDS-definine 1llnesses andfora decline in the cireulating CD4E cell count
to belowra lewel that 1s corgpatible with effectve irpnune function. & subject having AIDS alao
e orapasses a subject having AIDS related condibons, which means disorders arnd diseases
mmcidental to orassociated with AIDS or HIV infection such as AIDS-related coraplex (ARC),
progresaye generalized Iyraphade nopathy (PGL), ant-HIV anbhody postre condiiions, and
HIV-poatve condito ns, AIDG-related nenrological conditions (such as derenba or tropacal
paraparesis), Kaposl's sarcoma, thrombocytopenia parpirea and associated opparturaste
mfechons such as Prewrnoc yshs canini prentnoraa, e dbacterial tiberculosis, esophageal
candidiasis, toxodasmosis of the brain, CIVIV retinitis, HIV -related ercephalopathey, HIV related

wastng syndrorme, ete.

[0033] & subject baving recerveda fransplant 1s a subject having recerved either a issue
or organ transplant dunng a surgical procedure. Transplants include but are not Draited to organ,
tissue, stern cell bone marrow, and encompass corventioral methods knowr to those of skill in
the art. & subject having received a tismue transplart 15 especially msce phble to fungal mfechons
frorn Candida species such as Candida albicans.

[0034] & subject having a central wenous catheter 15 a subject having recerved a central

venons catheter raplant during a surgical procednie . & central wenous catheter o pant
encompasses the nse of correnbional methods known to those of skill inthe art. & subject having

recerveda central venous catheter 1s especlally susceptible to fungal infechons from Candida

species mchas Candida albicans.
[0035] Lz used hereim, the terms “cormpound” and “agent” are imterchangeable .
[0036] Lz used herein, the terms "therapentic agent” and "therapeutic agents” refer to any

agentis) which canbe nsed in the teatment or presention of a disorder or one or more syraptorns

thereof. In certain ermbodiments, the ferm "therapeutic agent” includesa corapound provided
heremn. In one embodirment, a therapentc agernt 1 an agent which 15 known to be nseful for, or
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hias been oris currenfly beirg nsed for the treatrnent or prevention of a disorder or one or more
symmptorns thereof.

[0037] "The rapeutical ly e ffective amount” mcludes an aronrt of'a cormpound or
composition that, when admirastered to a subject for treating a disease, 15 sufficient to effect such

treatrment for the disease. & "therapeutically effechive armount” canvary depending on, infer alia,
the compound, the disease and its seventy, and the age, weight etc, of the subject to be treated.

[0038] "Treatirg " or "treatment” of any disease or disorder refers, in one e mbodirent, to
arneliorating a disease or disorder that exists in a subject. In another e bodiraent, "treating” or
“reatment” mcludes ameliomtng at least one phyrsical parameter, which maybe mdiscernable by
the subject. In et arother ernbodire rt, "reativg” or "reatrent” includes modulating the disease
or disorder, either physcally (e g, stabihzation ofa discermable syraptomn) or physiologically
(e.g., stabihzaton of a physical parareeter) or both In yet another erbodireent, "treating” or
“treatrnent” imcludes delasing the onset of the disease or disorder.

[0039] Lz nzed herein, the terms “prophodactic azent” and "prophydache agerds” as used
refer to argragent(s) which canbe nsed in the prevenhon of a disorder or one or more syrnptoms
thereof. In certain ernbodirments, the terr "prophodactic agent” meludes a corapound provaded
herein. In certain other erabodimerts, the term "prophsdactic agent” does not refer a cormponnd
provided herein For exarple, a prophylactc agent 1san agent that 15 known o be nsefinl for, or
has been oris currentl yheirg used to prevent or irapede the orset, developement, and progression
of disorder or symmptoms.

[0040] In some instances the cormpounds descnbed herein are nseful alao for treating a
fungal mfection ina sabject. &g used herein freating or treat 13 intended to 1nclude preventing,
arelorating, curning, reducing fungal growth or reducing syraptorns, or peeventing arny e rease
n furgal growth or symptors.

[0041] Lz nzed herein "reducing fungal growth” 1z intended o encormpass an interference
in furgal cell growth or processing which can be deterruned bya reduction in cell rrnber, a

reduction in cell drision or a reducton in the yeast-to-heyphal transtion phase.

5. Detailed Description

12
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[0042] Furgzal infechons are a huge clirical burden ard laghly prevalent araong
comprorised host populations worldwade. Candida albicans 15 the major fangal pathogen m
breans whach canse both saperficial rucosal and systeruc ryeoses with hgher morbidity and
tnortality rates. For instance, mortality rate of systernic candidiasis among hospitalized patients
conld be as hagh as T0% under cormprormised conditions. Formation of long filare ntons
appendazes knownas hypla is a major vimlent atbute that facilitates the tissue ireeasion of the
fungus. Corapounds that mie rfe re with the formation of heypha serve as a nowvel approach to
deve lop next generation of artifungal corapounds. Expiession pofiling and genetic
rnarapnlation reveal that maney of the genes that govern C albicansbiofilm develojrnent are
recquired for the prodnchon ofhyplae. On the other hand, kyrplae are required for stable biofilm
forrmatior, whichis even resistant to sonication. C albicans roatants that have defécts in the
weast-hyplal transiion have a reduced ability fo becore 1ntemalized and to cause endothelial
cell injury mvitro. Tlerefore, the hyplae formatonis cracial for the biofilm stabality and dmg -
resistance. ¥east-hophal transition 15 a therapeutic target to sobee the long existed dme resstance
during anb-fungal treatraent.

[0043] & larze collechon of small rolecule library was screened i search of inhdbitors
of yeast-to-hypha tmnsition (¥ -H) of C albicans using 384-well plate-logh throughout assays
(HT5). This screening assaw, showed 20 rolecules with ¥V -H mbabotory (V-Hi) properhes. Sfter
subsecuent studies with robust ¥V-H indueing conditions, we herein report a novel small molecule
SII21 (Fig. 1) with strong V-Hiachvityand antfimgal-actvaty,

5.1 Antifungal Compound
[0044] Disclosed heren 15 a rovvel anbifungal corapound, a cormpoaton comprsng the
corupound, a pharrmaceutical composihon comprsing the corpound, and a method ofusing the
cormponnd. Inone erabodirent, the corapound 15 used to treat fungzal mfections.

[0045] Provaded herein isa cormpound having the following stucture
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dervatives thereof, or a pharmacentically acceptable salt, solvate, hodmte, stereolsomeric,
tautormeric or polyrorphic o there of.

[0047] Those of skall in the art will recogmize that corupounds of stachre

[0048]
canbe desizned or pepared by reaction, e.g., via cordensation or dehydration, For comreraerce,

those of skill m the art will recograze that the compound e g. of stucture in Fig. 1F comprises a
denvative, e.g. a dical of the anti-viral dimg. Those denvatives can for examgple be prepared in

a cherical reaction. Where appropriate, certain derivatives can be prepared by raodification of
the stucturein Fig. 1F.

[0042] & pharraceuticallyacceptable salt 1s readil v prepared by maxirg together
solubions corntaining the free base and the desired acid. The salt generally precipitates from

14
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solution and 15 collected by filtration, or 1s recovered by evaportion of the sobvent. The
cormponnds ofthe stucture (I) and their salts are anh-fungal agernts, useful in the curatree or
prophylactc treatraent of fungal mfections n anirnals, meluding barnans. For exarnpde, they are
useful in treating topeal fangal infections i man caused by, arong other organisms, species of
Cardids, Tnchopboror, Wicrosporun or Epderraopdortor, or n ricosal mde chions cansed by
Candids albicans (e.g. thmshand wagiral candidiasis). They canalsobe used in the treatroerd of
systernic fungal infections cansed by for exaraple, species of Candida fe.g. Candida albicans),
Cryptocoous ne oforrmans, Sspergillus flams, Sspergillus firnizatus, Coccidiod des,
Paracoccidionde s, Histoplasina or Blastoragre s,

[0050] In certain ernbodiments, the corpound 154 staall molecule. Ina specific
etnbodiment, the cormpound 13 5IvI21 that inhibits veast fo hypha transition In certain
ernbodirnents, the corgpound mbubits yeast to hypha transihon under robust hyphal inducing
conditions. In certain embodimments, the robnst Iepkal 1ndueing conditions cormprise lower
conc entration of the molecule, whaich 15 fropa 0025 peiral 0 0.2 pglral.

[0051] In one erbodirnent, provided hereinare assays for pherotypie transiion of
Cardida cells. In certain ernbodirments, the change 154 morphological change. In certain
erahodiraents, the change is frora abudded forr to a hyplal form. In other e rabodiraents, the
change 15 frorn a bndded form to a peeudobyphal form, Inostill other erbodiraents, the change 1s
frorm a peeudohyphal form to a hyphal form. In vet other embodime rts, the clange mavyhbe a
morphological change from a hyphal form to a budded form, a peendohyphal form to a budded
forrn, or even a hyphal form to a peeudobyphal form.

[0n52] In some ernbodiments, the change 1sanincreass m the arount of cells in the first
phenotype form cormpared to the araount of cells i the second phenotypie form. In other
ermbodirnents, the measurable change 15 a decrease 1inthe amount ofcells in the second
phenotypae fomm.

[0053] In certain ermbodiments, SWI21 exkibits antifungal actrvity against wide range of
tungal speciesat shyhtly higher concertrations. In cerfain e oditnents, the concentration 15
0.2-0.4pgfeal, 040 Apefrol, 0.6-05pgirml, 0.8-1pgiral, 1-1 2pziml 1.2-1 dpgiral 1 4-1 6pgfial,
1 &-15pzfral, 1.8 2pghnd, 2-dpairal, &dpafiral, 66 25pziwol. In a specific erwbodunent, the
concentration 15 0,26 25pgfwl. Inone erbodirnent, the ant-fangal cormpound descnbed herein
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15 used as anant-biofilin agent for fargal indéctions. Inone erwbodiment, the ardi-fargal
cormponnd 1s effectrve for treating local and systerme furngal mifechons of candidiass. Inone
ernbodirment, SIvI21 15 effective for freating local and systerac fungal indec tions of candicdhasis.
Safety of the compound described herein bas been extensmvel v evalnated using standard in vifro
ard in vive assaye which proved no-harrafil effects. In certain e rwbodirnents, SV 15 a broad-
spectrurn anti-fungal agent for treating both local and systernic fungal infections. In certain
ernbodirnents, SIVE21 or plarmacentically acce ptable dermeatmve s ave used for the freatroerd of
mycotic infections. In certain ernbodiraents, SII21 or pharmaceuticall yacceptable denvatives
thereof are nsed for the treatmwent ofinfections cansed bywanous fangal pathogens meluding, bt
are not Draited to Cendide, Crvpéoco cous, Aspergillus and Pendeiflium syecies. Inone
ermbodirment, the furgal pathogen 1s Candida albicans.

[0054] The present irvention discloses a novel antifungal agent that 15 used to treat
fungal mfections. Stnall molecule described hereini5IvI21 ) intabits veast-hyphal transihon
under robust hyphal mducing condibons at lower concentration of the rmolecule. In addition,
SII21 exlobits artifungal actratyagainst wide range of fimgal species at shightly hag her
concentrations, meluding & albicens, C glabrala, C rusel, C fropicalis, C parapsiloss, ©
neoformans, Aspergillus fund pafes and Fenicillivm marneffei. In certain e wbodirne nts, the
concentration 1z 0.2-0 4pzfral, 0 4-06pgfral, 06-02pzfl, 02-1pgfml 1-1 2pgiml, 1.2-1 dpgird,
141 épziml, 1.6-1 Epgirad, 1 E-2pziml, 2-dpefml, 46 pziral 6-6 25pgfol. Ina specific
erboditnent, the concerdration 1s 0.2-6 25pg/ml. In a specific embodirnent, SWVE21 showed
superior ardifingal actrvity on 16 multidig resistard chincal wolates of Candida species. Ina
specific erbodiment, the effect of the disclosed compounds, or more specifically, SIvI21, 13
haghly specific to fungus and did not exert any anti-bactenal effect. In certain e bodirnents, the
cormpound described herein 15 used in combiration with other classes of anti-fungal compounds
for the treatrnent of mdections. These other classes of ant-fungal corpounds are categorized
according to thelr targets. Exarmpes of these classes of anti-fungal corpounds are indicated

helows
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[0033]
Mechanism of action | Related antifungal agenis | Commere ial Drugs
Examp les
1 | fungal cell wall polveres, azoles, clobin Diflucan (Flucorazole,
corupone nts ncluding | synthase mlobitors, glocan | Plizer), VWiend ( Vorconazole,
ergosterol, Chitin, synthase ntibitors and Pfizer),
Flucan, manosyl transterase Lmphotencin (Amphotericin
mnan noproteins inhibitors. B, Pharmarcia),
fungal cell wall Cancidas (caspofangin
mmtegnty acetate, Ivlerk Sharpde
Dahane)
4 | Fungal protein oordaring ML
synthesis:
Elongation factors
3 | Adberns secreted aspertyl proteases | MA
mhibfors
4 | Imzrnoresponse Lrtirnicroblal peptides Ivkrograb ( efungurnab
Ivbnocloral artbodsy
Morartis, Phase III)
[0056] Cerntml Venous Catheters (CVC) and Urological Catheters (UCs) constituted the

market for Anbrocmbial Catheter Ivfarket. In T3, about 200,000 cases of Blood Stream
Infections (BsI)are directly related to CVC s, while 600,000 cazes of Catheters Associated
Unnary Tract Infection { CAUTI) are cansed by UCs. Tle cause ofcatheters associated infechon
15 the biofilm formation on the desice surface . Suchbiofilm is umally the habitat for Ciendida
spp. Therefore, antiraicrobial (esp. anh-Candida) treatroent of the device 15 a nowvel wav o
prevve nt catheter related infections. In certain emnbodiree nts, the cormpound described herein is
used to coat andior rnpegnated the devices. In certan erbodirments, the corpound 15 released
n a sustained and'or controlled manner to combat the microbes presenting at the site.

[005T] In certain ernbodirments, the corpound disclosed herein exbabits ardi-biofilia
actrvity against Candida mono or roixed species biofilms. [n certain erbodirents, the
cornpound intabits bacterial biofilim. In certan erabodirments, the corgonund intabits fangal

biofilin. Incertain erabodiznents, the corapound intabits bacterial biofilm to a greater extent than
mhbits fungal biofilm. In specific embodiments, the cormpound disclosed heremn exhibits anti-

biofilm activity at 25pgfal. In specific ermbodirerds, the compound disclosed herein exlabits
artl-biofilm actreify at 25psfml while either biofiltns was resistard o amphotericin B (32 pgfml)
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ard caspofingin (50 pefed). The corapound disclosed herein has superior antfungal actmaty
than existing antifingal agents suchas amphotericin B and caspofungin for Cendida biofilms. In
certain ernbodirments, the corpound disclosed herein also successfully protected harnan
keratinoc ytes Candida mmfection 1n Candida-huran oral keratnocytes co-culture model.

[0058] In certain ernbodiments, the cormpounds as provaded hereinare used for treatrnent
of biofilim-associated infections. In cerfain e rbodiments, the biofilm infec tion 15 bactenal. In
certan erbodiments, the biofilra mfechon 15 fangal . In cerfain erbodirme nts, the biofilm
mmfection is both bacterial and fungal. In certam erebodiraent, the biofilm 1s forrmed on natural
and abiotic surfaces. In certain embodiments, the biofilin 1z formed on a medical device. In
certan ernbodirents, the biofilrm 15 forrned onan aplant. In certan ermbodire rts, the bioflm
1z formed ondental mplants or dentares. In certain ernbodime rits, the biofilm 1s formed on
bioprosthetc materials, such as polyinethsdmethacrylate and silicone elastomer.

[0059] In certain ernbodiments, SIWI2L exhibits anb-boofilim actraty against Candida
roono of rixed specles biofilias. In specific erbodiree nts, 5 IWE21 exlobits ant-biofilm actvty
at 25pgfal. Inspecific ermboditents, SWE 1 exlubits ant-hiofilm actrity at 25pe il while
elther biofilins was resistant to armphotericm B (32 pgfral) and caspofiungin (50 peiol). 5K
hias superior artifungal activity than existing antifingal agents suchas araphotericin B and
caspofimgin for Candidae biofilms. In certam ewbodireents, W21 also succe sstully protected
hrnan keratinocytes Candida infection m Candida-humman oral keratinocytes co-culture model.

[00a0] Inaspecific ermbodiment, 3Iv[21 showed no cytotoeity m human oral

kerativocyies, gimgival fibrdblasts and rmonoctes at effectrve concentration. Ina specific
ermbodirnent, mice treated with 100 firnes of the effectree dose did not show any detrime rdal

effect in terras of weight reducton and ade effects.

[00a1] Inaspecific ermbodiment, SIvL21 replaces exasting anhifungal agents and
overcorne the current drag resistard dile roroa i anbfingal theraper. Inoa specific erbodirent,
ShI21 1z used in combiration with other ardi-fangal compounds.

5.2 Combination Therapy
[00a2] The compounds as descnbed herein mayoptionallybe delivered with other

artifungal agents inthe form ofardifungal cocktals, or indradually, vetclose enough in hime to

18



WO 2014/086285 PCT/CN2013/088483

hirve a symerzistic effect on the treatre nt of the infection.  &n anbfungal cocktal is a rwaxhore of
argrone of the cormpounds described herein with another antifungal drag. Inore erdbodiment, a
corrnon admirastration vehicle (e.g., tablet, irplants, mjectable solubon, ryectable hposome
solubion, etc.) 15 used in for the compound as descnbed herein and other ardifungal agent] s).

[0063] Linti-fungal agerds are useful for the treatrnent and peventon of infectrve fungi,
Lnti-fungzal agerts canbe classified by their meckarism of achion Some anb-fungal agents
function as cell wall mhibitors by mhibihng glucose synthase. These melude, bt are not hrated
to, basinnginECE . Otherant-fungal agents function by destabilizmng mernbrane inte grity.
These include, but are not limdted to, imrmidazoles, such as clotimazole, sertaconmole,
flucorazole, itraconazole, ketoconazole, muconazole, and vonconacole, as well as FE 463,
araphotericin B, BAY 320502, WK 991, pradirdeir, TE 292, butena fine, and terbinafine.

Other anti-furgal agerts forchon bybreaking down clobn (e g clohrase) or irarwunmosn pre ssion
(501 cream).

[00&64] Other antifungal agents include Acnsorein, Arbrubicin, Armphotencin B,
Lzaconazole; Azaserine, Baafungin, Bifonazole, Bipherarmine Hydwochlonde ; Bisprmithione
Ilagslfe x; Butoconazole Mitrate, Caleiara Undecylenate, Cancidas { Caspofingin Seetate),
Cardiciding Carbol-Fuchsin, Chlordantoin, Ciclopirox, Ciclopirox Olaraine;, Cilofingin
Ciscorazole; Clofimazole; Cuprirasein, Denofunging Dimithione, Doconazole;, Econazole,
Ecorazole Mitrate, Eralconazole, Ethonara Hitrate, Fenticonazale Mitrate , Filipare Fluconazole;
Flucytosine; Fungirye i, Gnseofilvin, Haryem, [soconazole; [raconazaole, Kalafunging
Eetocorazole, Lomofungin, Lydiraye i, Iepartne m; Ivheonazole, hconazale Mitrate;
Ionensin; Wonensin Sodirn, Mafifine Hydrochlonde; Meomweim Undecidenate; Mifuratel;
HMifurroerone;, Mitralarone Hydrochlonde, Nystating Octanoie &eid; Orconazole Mitrate ;
Oxiconazole Mitrate ; Oxifungin Hydrochlonde, Parconazole Hydmehlonde, Partricing Potassiur
[odide; Proclonol; Pymtlaone Zine;, Prarolrotring Butarsreing Sargwinanm Chlonde;
Sapercorazole; Scopafirging Selerium Sulfide ; Sinefargin, Sulconazole Mitrate, Terbinafine;
Terconazole;, Thirara; Ticlatone; Tiocorazole; Tolciclate;, Tolindate; Tolnaftate; Triacetin,
Trafungin, Undecylenic &eid Virddofulan, fine Undec denate; and Zinoc onazole
Hydrochlonde.
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In certain ermbodirments, the corpound descrbed herein can be used alone or in
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[006&] In certain ermbodirments, the corpounds described herein are nsed incombination

with one or more antifungal corgpounds as shown be low:
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[0068] In certain ermbodirments, the cormpound descnibed herein 1z used i combination

with one or more antfungal corpounds. Anhfargal cormponnds include but are not hruted to:
polvenes (e.g., amphotericin b, candicidir, me partein, natamyein, and nystating, allamines
(&g, butenafine, and naftifine), radazoles (e 2., bifonazole, butoconazole, chlordantoin,
tlutrimazole, woconazole, ketoconazole, and lanoconazole), thiocathamates (e.g., toleiclate,
tolindate, and tolnaftate), tnazoles (e.g., fluconazole, 1aconazole, saperconazole, and
terconazole), bromosalicylchloranlide, buclosarade, calcium propionate, chlorphe nesin,
ciclopirox, azasenine, grseo filvin, oligomyring, neoryein unde cvlenate, pyrmlmubin, siccanin,
tubercidin, and viridin, Additinral exaraples ofantifurgal cormpounds inclode bt are not
lirnited to Acrisorcin; Arbrohein, Amphoterncin B Azaconazole;, Azaserne , Baatungin
Biforiazole, Biphe rarmine Hydrochlonde;, Bispmithione Magsulfex; Butoconazole Hitrate;
Calenmn Undecylerate, Candiciding Cartbol-Fuchan ; Chlordantoin;, Ciclopiroz; Ciclopirox
Olareane; Cilofungin, Cisconazole;, Clotmazole, Coprein, Denofinging, Dipsmthoone ;
Doconazole; Econazole, Ecoramole Mitrate, Enileonazole ; Ethonam Mitrate, Fenticonazole
Mitrate, Filipar, Fluconazole , Flueytosine, Fungireow ing Griseo fabein, Haroye ing Isoconazole;
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[traconazole, Kalafungin, Ketocorazole, Lormofinging Lydirayein; Mepartnic ing Wiconazole;
Iliconazole Mitrate; Idonensing Ionensin Sodim, Mafufine Hydrochlonde, Neormyrin
Undecylenate, Nifuratel, Mifinroero ne, Mitralarare Hydrochlonde; Mystating, Octanowe Aeid,
Orconazole Mitmte, Chaconazole Mitrate ; Ciafungin Hydrochlonde, Parconazole Hydrochlonde
Partricin;, Potassirm Iodide, Proclonol; Pyrithione Zinc;, Pyroliatir Eutarayeing Sangmnannm
Chloride; Saperconazole; Scopafunging Selerdurn Sulfide; Sinefunging Sulcorazole Nitrate;
Tethinafine; Terconazole, Thirarn, Ticlatone;, Tioconazole; Toleiclate; Tolindate, Tolnafiate;
Traceting, Trafiiging Undeceric &eid; Vindoflilving, Zine Undec denate;, and Sinoco razole
Hydrochlonde.

[00&69] &z used hereir, the term "in combination” mecludes the use of more than one
therapyr(e.g., one or more prophydactic andior therapeutic agents). The use of the term "In
cormbination” does not restict the order in which therapies (e g, prophylactic andfor the mpentic
agents) are admurastered to a subject with a disorder. & first therapy (e 2, a prophrlactic or
therapeutic agent such asa cormpound provided hereir) can be admirastered pricr tofeg., 5
rarmtes, 15 warmtes, 30 ranuates, 45 runutes, 1 hour, 2 honrs, 4 houars, & hoars, 12 hoars, 24
hours, 48 hours, T2 hours, 96 hours, 1 weel, 2 weeks, 3 weeks, 4 weeks, 5 weelks 6 weeks, 2
weeks, or 12 weeks before), concormtartly with, or subsecquent to (e.g., 5 immtes, 15 marmtes,
30 ranutes, 45 raarmtes, 1 hour, 2 hours, 4 hours, & hours, 12 hours, 24 hours, 42 houars, 72 hours,
06 hours, 1 week, 2 weeks, 3 weeks, 4 weeks, 5 weeks, 6 weeks, B weeks, or 12 weeks after) the
admiristration of'a second theraperie 2., a prophylactic or therapeutic agent) to a subject witha
disorder.

[00T0] In certain ernbodiments, the nse of'a combmation of more than one antifungal
corpounds has a synerqistc effect. A symergistc effect of a corabirabon of therapes (eg., a
cornbination of prophsdac tic or the mpeutic agents) perrats the use of lower dosages of one or
roore of the therapies andfor less freque nt adramstration of said therapies to a mbject with a
digorder. The ability to utilize lower dosages of a therapeyr (e 2., a pophylactic or therapeutic
agent) andforto adrwrster said theraper less frequently reduce s the foxicity associated with the

acrnirdstration of'said therapy to a subject without reducing the efficac v of said thera gy in the
prevenbonor reatrent of'a disorder). Inaddition, a symergishic effect canreslt i 1mproned

efficacy ofagents in the prevertion or treatment ofa disorder. Finally, a symergistic effect ofa
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cotnbination of therapies (e.z., a corbination of pro phydactic or therapentic agents) mayavoid or
rechice adverse or unwanted side effects associated with the use of erther theraprralorne.

5.3 Pharmaceutical Comp ositions and Methods of Ad minisiration
[0071] The cormpound disclosed herein canbe forrulated mto pharrmaceutical
cornpositions usng methods available n the artard those disclosed herein Such compounds
canh be nzed i some embodirents to enbance delrreryof'the dmg to the subject.

[0072] The methods provided herein enco rgpass adrministering phatrnac eutical
compositions contairing at least one compound as described herein, meludirg a corapound of
structure I, if appiojriate in the salt forr, ether wsedalone orin the form of a corbination with
one of more corpatble and plarnmacenbcall v acceptable carmers, such as diluents or adjmants,
or with another anbfurngal agent. In certan erbodirments, the second agent canbe forrmlated or
packaged wath the cormpound provided herein, according to those of skall in the art, such co-
forraulation should ot mterfere with the actreity of either agent or the e thod of adrairastration.
In certain ermbodirents, the compound provided herein and the second agent are forrmulated
separately Thew canbe packaged together, or packaged s paratelsy, for the comveruence of the
practiioner ofskill in the art. In clinical practice the active agents provided herein mavyhe
ackrirstered by avsy cormee nhoral route, 1n particular omlly, parenterally, rectally or by
mmbalation (g .g. in the forr of aerosols). In certain embodire rts, the corupound provided herein
15 adrirustered orally. Use mayhe made, assolid compostions for oral adramistration, of
tablets, pulls, hard gelahn capsules, powders or granmles. Inthese cormpoations, the active
product 15 mixed with one or more nert diluents or adjrvants, such as sucrose, lactose or starch.
These corapositions can corprise substances other than diluents, for exarape a labnicant, such as
magresinrm stearate, or a coating intended for controlled release. Use mayhbe made, as higgud
corpositions for oral adramstration, of solubions which are pharraceutically acce ptable,

suspe nslons, ermnlsions, syrups and elixdrs containing nert diluents, suchas water or lepud
paratfin. These composihons can also comprse substances other than diluents, for exarnple
wetting, sweetering or flavorng poducts. The compositions for pare rteral admirdstration can
be emulsions or stenle solutions. Use mavbe made, as solvent or velicle, of propsdene glyeol, a
polyethylene glyeol, vegetable oils, in particnlar olive oil, or irgectable orgaric esters, for
example ethyl oleate. These compostions can also contain adjuwants, mn particular wettng,
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otonizng, erolsifying, dispersing and stabilimng agerts. Sterlization canbe carred out in
several ways, for exampe using a bacteriological filter, byradiation or by heating. Theyean
also be prepared in the forr of stenle sobd corapositio ns wlach can be dissobeed at the tirne of
use In stenle water or argy other myectable stenle medinrm. The cormpositions for rectal
acknirastration are suppositones or rectal capeules wlach contan, in addibon to the actme
prirciple, excipients such as cocoa butter, serni-syrthetic glyrerides or polyethsylens glyeols.
The corpositions can alsobe aerosols. Foruse in the form of higpmd aerosols, the composihons
can be stable sterile solutions or solid cormpositions dissolved at the ime of use in sterile water,
In saline or any other pharmacenhcallvacceptable webicle. For nse inthe forrn of dryaeroscls
mmternded to be directly mhaled, the active prineiple 15 finely divided and cordbined with a water-
soluble solid dilnent or ve tocle, for exarnple dextran, rmarratol or lactose. Inone embodiment, a
coroposition provided herein is a pharmacentcal cornposition or a aingle unit dosage fom.
Flarmacentical compositions and single nrat dosage formes provided herein comprise a
prophedactcally or thera penticall v etfechve aronnt of one or more poplerlactc or therapentic
agents (e.g., a compound povided herein, or other prophadac ic or therapeutic agent), and one or
taore plarrmacentically acceptable carriers or excipients. The terrn "carmer” mncludesa diluent,
adjmant (e.z., Freund's adjmeant {cormplete and incormpete)), exciplent, or vehicle with which
the therapenhc 15 adramstered  Such pharmacentical carmers canbe sterile hemds, sach as water
ard oils, including those of petrolenrn, ardmal vegetable or synthetic ongir, such as pearnt oil,
soybean o1l, runeral o1l sesarne ol and the ike. Water canbe used asa carmer when the
pharmacentcal composition1s adwanistered intravenously. Saline solutions arnd agueons
dextrose and glyrerol solutions can also be erplosed as liquid carmers, parbcunlarl y for mgectable
solubions. Exaraples of suitable plarracentical camiers are described in "Rermington's
Flarmacentical Sciences” byE. W. Iarhn. Typacal pharmac eutical cormpositions and dosage
forms cornpxise one or more exclipents. Swtable excipients are well-known to those slalled m
the art of pharrnac y and non lirating exarapes of suitable excipients include starch, glucose,
lactose, suctose, gelahn, malt, nce, flonr, chalk, alica gel, sodiura stearate, glywerol
ronostearate, tale, sodinm chlorde, dried skim milk, glyeerol, propylene, glweol, water, ethanol
ard the Iike. Whether a parficular excipient 15 smitable for incorporation mto a pharnmacenteal
cornposiion or dosage forr deperds on a varety of factors well known 1n the art including, bt
not hirated to, the way i which the dosage form will be adrumstered to a subject and the
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specific actve mgredients in the dosage form. The composition or single unt dosage form, if
desired, can also contain runor armounts of wethng or emulsifyirg agents, or pH bnffering agents.
Lactose free compoations provided herein can corprise exciplents that are well known m the art
ard are listed, for example, in the 1.5, Plarmmocopa. In general, lactose free compositions
corprse an achve ingredient, a binder/filler, and a lubricant in pharmacenticall v corapatible and
pharmacentcally acceptable arnounts. Exerpdary lactose fiee dosage forms coraprise anactive
mgredient, racrocrystalline cellulose, pre gelatirazed starch, and magnesinm stearate. Farther
e ornpassed here in are anhydrous pharmace ufical coraposiions and dosage forms comprising
actrve ingredients, since water can facibtate the degradaton of sorme corapourds. Anhyrdrons
pharmacentcal cormpositions and dosage forms povided herein can be prepared nang anbordrons
or low molstare containing ingredients and low molshe or low hurudity conditions. &n
arhydrons pharrmaceutical coraposition should be preparedand stored such that 1ts anbmdrons
nature 1s maintained. &ccordingly, anbydrons composiions canbe packaged nang matenals
known to prevert exposure to water such that the v can be included m sitable forraulary kats.
Exarmples of smtable packaging include, but are not lirnited to, herrne icall v sealed foals, dastics,
urut dose containers (e, vials), blister packs, and stp packs. The pharracenhcal
cornpositions and single urit dosage formms can take the form of solutions, suspensions, ermulsior,
tablets, pills, capeules, powders, sustaine d-release forraulatons and the like. Oral forrolation
can nclude standard carriers suchas pharmaceutical grades of mannitol, lactoss, starch,
magresinm stearate, sodium sacc hanne, cellulose, magnesinm carthonate, ete. Such compositions
ard dosage forms will containa prophodac bically or therapeuticall v effecttve arnount of a
prophylactc or therapeutic agent, in certain embodirme rds, in purified form, together with a
suitable armoant of carrier o as to movide the form for proper adwaristration to the subject. The
forrnulation should smt the mode of admiustraton. Ina certain ernbodiment, the plarmacentical
cornpositions or aingle wrat dosage forms are stenle ard 1n smtable forr for adrorastrationtoa
subiject, for exarmple, an anirnal subject, suachasa marenalian subject, for exarmple, a hurnan
subject. & plarmacentical corposibon 15 forvmlated to be corpatble with its mtended ronte of
acknimistration. Exarples of routes of adriristraion include, but are not lirated to, parenteral
e.g., Infrave nous, intradermal, subcutaneons, intrarmmscular, subeutaneons, oral, baceal,
sublingual, inhalabon, mtranasal, transdermal, topical, tansraucosal, mbra-turaoml 1ntra-
synovvial and rectal adrinistrabon. Ina specific embodiment, the cormpositionis forrmlated m
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accordance with routine procednres as a pharmaceutical coraposition adapted for irdravenos,
subcutaneons, intramnscular, oral inttanasal or topieal adramistration to Inrman beings. Inan
ernbodirment, a pharrmacenbical composition 13 formulated in accordance with routine procedures
for subcutaneous adrunistration to hurnan beings. Typically, compositions for infravenons
acknirastration are solubions in sterle wotorae agueous buffer. Where necessary, the cormposition
roayalso include a solubilizing asent anda local aresthetic such as lignocarame to ease pain at
the ate of the mjecton. Exarnples of dosage forrms melude, bt are not lirnited to) tablets;
caplets; capsules, such as soft elastic gelatin capenles; cachets; troche s, loze nges, dispersions;
suppositone s, ointroents; catapasms (poulhices); pastes; powders, dressings; creams; plasters;
solubions, pate hes, aerosols (e.g., rasal sprays ar inhalers); gels; Lgwd dosage forms suitable for
oral or mucosal adramstrabion fo a subject, including suspe nsions (e.2., acqueous or nonacgueous
licpaid suspe nsons, ol o water erulsions, or a water in o1l hepud ermlsions), solutions, and
elixirs, iqnd dosage forms smtable for parenteral adraristrabon o a subject; and sterile sohds
(e.g., crystaline or amorphons solids) that can be reconstituted o provide hgwd dosage fors
suitable for parenteral adrarustration to a subject. The composihon, shape, and type of dosage
torras prosaded herein wall typucallyseary de pending on their use. For exargple, a dosage form
used in the imitial treatrrent of viral infecion may contain larger armounts of one or rmore of the
actree ingredients 1t cormprises thana dosage form nsedinthe mammtenance teatment of the sarne
infection. Sirdlarly, a parenteial dosage form may contain sroaller araounts of one or more of the
actrve ingredients 1t cormprises thanan oral dosage form used to treat the same disease or
disorder. These and other wavs in which specific dosage forras encompassed he e in will vary
frorn one another will be readily apparent to those skilledin the art. See, ez, Rerungton's
Plarmacentical Sciences, 20th ed., Mack Publishing, Faston Pa. (20007, Typical dosage forms
comrse a componnd provided herein, or a plarmacentically acceptable salt, solvate or hiydrate
thereof Lie within the range of frorn about 0.1 mg to about 1000 g per day, given asa single
once -a-day dose inthe morring oras divided doses throng hout the day taken with food.
Parficular dosage forms can have sbout01,02,053,04,05,10, 20,25, 50,100,150,200,
250,500, 100, 200, 250, 500 or 1000 rag of the active corpound Oral Dosage Forras
Flarmacentical compositions that are switable for oral admirastration can be presented as discrete
dosage forms, such as, but are not lirated to, tablets (&g, chewable tablets), caplets, capeules,
ard ligquids (e.g., flavored syrups). Such dosage forms contan predeterraned amournts of active
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mmgredients, and maybe pre pared by methods of pharmacy well known to those skilled in the art.
See generally, Fermngton's Plarmaceutical Sciences, 20th ed., Ilack Publishing, Easton Pa.
(20007.

[0073] In certain ermbodiments, provaded hereinis a hand samitimng cormposition
cornprising the cormpounds disclosed heremn. In certan erbodimernts, provided herein iz a lohon
cormprsing the compounds as disclosed herein.

5.3.1 Delayed Release Dosage Forms
[0074] Letive ingredients such as the compounds provaded herein can be ad rarastered by
confrolled release means or by delrvery devices that are well known to those of ordinary skall mm
the art. Exarples include, bt are not hiruted fo, those described 1n U5 Pat. Mos. 324577170,
3,916 299, 3 536,800, 3,598,125, and 4,008,719, 5,674 533, 5 059,595, 5 591,767, 5,120,548,
5,073 543, 5 639,47, 5,354,556, 5,639,480, 5,733,566, 5,739,108, 5,891 474; 5 922,356,
5972 801, 5 980,945, 5,993 855, 6,045,830, 6,087,224, 6,11 3943, 6,197 350, 6 248,363,
6,264 970, 6 267,951 . 6,376,461, 6,419,961, 6,589,545, 6,61 3358, 6,699 500 each of which is
meorported herein byreference. Such dosage forms canbe used to provide slow or controlled
releass of one or more actve ingredients uang, for exaraple, hydroproprdmeths] cellulose, other
polyrner matrices, gels, permmeable mermbranes, osmotc systems, mulblayer coatings,
roicroparticles, iposome s, macrospheres, or a corbination the reof fo provide the desired releass
profile nvarying proportions. Swtable controlled release forrmulatons knowr to those of
ordinary skall inthe art, meluding those described herein, canbe readily selected for nse with the
actrve ingredients provided heren. Thns encompasseed berein are single unt dosage forms
suitable for oral adrwmstration such as, but not linited to, tablets, capeales, geleaps, and caplets
that are adapted for confrolled release . All confrolled release pharrnacentical products have a
cormtnon goal ofiraproving drag therapesr over that achiesed by thetr non controlled counterparts.
[deally; the use of an optimally designed controlled release preparation in medical treatment is
charactenzed by a rauranm of drg substance being ermpoyed to cure or cortrol the condition
n a rirdraurn arount of time. SAdvantages of controlled release formulations include extended
actaty of the drug, reduced dosage fequency and mereased subiject cormpiance. In addition,
controlled release forraulations can be used to affect the time of onset ofachon or other
charactenstics, such asblood levels of'the dmg, and can thus affect the ocennence of side (e g,
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adverse) effects. Ivbst controlled release forraulations are desizred to nitially release an amoord
of drug (actrve ingredient) that prorptly produce s the desired therapeutic effect, and gradually
ard conbrmally release of other arnourds of'dmg to maintain this level of therapentic or
prophylactc effect over an extended period of time. In order to maintain this constant lewel of
drg i the body, the dnig ronst be released from the dosage format a mie that will replace the
araount of drig being metabolized and excreted from the body. Cortrolled release of anactme
mgrecient can be shraulated byrvarnons conditions melnding, bt not liveated to, pH, termperature,
enzyrnes, water, or other physiological condiions or corgpounds. In certain erbodiraents, the
drug mayhe admimstere d using mtravenons infuson, an irmplantable osrootie parop, a
transdermal patch, liposomes, or other rmodes of admirastration. In one ermbodirment, a ponp
maybe used (gee, Sefton, CRC Cnt. Fef. Biomed. Eng. 14201 {1927); Buchwald et al |, Surgery
aa: 507 (1920); Saudek et al, M. Engl. I. Ied. 321: 574 (1929)). In another ermbodirnent,
polyrnenc matenals canbe used. In wet another ernbodiment, a controlled release systern can be
placed 1n a subject at an appropnate site deterruned bya prachtioner of skall, 1e., thus requnng
orlya frachon of the systerc dose (see, eg., Goodson, Ivledical Applications of Controlled
Beleass, wol. 2, pp. 11 5-138 (1924)). Cther confrolled releass systerns are discussed n the
review by Langer (Science 24915271533 (199070 . The active ingredient canbe dispersed ina
sobd inner matrx, e g, polyethodmethac rdate, polutadmetlacrdate, dasteoized or
unplasticized polyinylchloride, plasticized ndon, plasticized polyethyleneterephthalate, ratoral
ribber, polysopee ne, polnsdoutylene, polbutadiens, polyethylene, ethidene wandacetate
copolyrers, silicons nibbers, polydirethylsiloxanes, slicone cathonate copolyroers, hydrophilic
polyrners such as hyrdrogels of esters of acrylhic and methacridic acid, collager, cross-linked
polmanylaleohol ard cross-linked parbially hydvolvzed polywdnsd acetate, that is swrounded by
an outer polyrnenc membrane, e.g., polvethylens, polwproprrlens, e thyle nefpropele ne copolyrers,
ethydenelethyd acrlate copolyrners, ethyle nelsarsdacetate copolytners, siicone mbbers,
polydimetler] slloxanes, neoprene rubber, chlonrated polyethsdene, polyansylchlonde,
virgdchlonde copolyroers with vinid acetate, vinyhidene chlonde, ethedene arnd propedene,
wororner polve thylene tereplthalate, tatvl rubber epichlorohydrin nibbers, ethylenefansy aleohol
copolyrer, ethydenefand acetatefvinsd aleohol terpolyrer, and ethidene fanvdoxyethanol
copolyrer, that is insoluble inbody flmds. The actrve mgredient then diffuses through the outer
polyrnenc membrane ina release rate controllivg step. The percentage of actrve ingredient in
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such pare nteral corapositions 15 highly dependent onthe specific nature thereot, as well as the
needs of'the subject.

5.3.2 Parenteral Dosage Forms
[0075] In one erbodirnent, provided are parenteral dosage forrs. Parenteral dosage
forrs canbe adrninistered to subjects byvarous routes including, but not Limited o,
subcntaneons, 1ntravenons (incliding bolus injechon), intrarmscular, and intraarterial . Becanse
their adrmirdstration typcallybypasses subjects natural defenses against contarmrants, parenteral
dosage forms are typically, stenle or capable of being stenlized prior to adriristration to a
subject. Exarmple s of parenteral dosage forms melude, bt are not hreated to, solutions ready for
mjectior, dry products ready to be dissoled or suspended ina pharmacenticall vacce pable
vehicle for injechon, suspensions ready for irgection, and eraunlsions. Switable velicles that can
be used to provide parenterl dosage forms are well known to those skilled in the art. Examples
mclude, bt are not lirated to: Water for Irgection UsF; acueous e bicles such as, but not hrated
to, Sodnrn Chlonde Injection, Finger's Irgection, Dextrose Injection, Dextrose and Sodmm
Chloride Irgection, and Lactated Binger's Injection;, water rasrible wvehicles suchas, but not
lirnited to, ethyld alcohol, polyethydene glyeol, and polypropylere glyweol, and non agueons
vehicles such as, bt not hirated to, com oil, cottonseed o1l, pearmt o1, sesarme o1l, ethil oleate,
wopropyl roristate, and benzyl benzoate. Corgounds that increase the solubility of'one or more
of the active ingredients disclosed herein canalso be incorporated into the parenterl dosage

forms.

5.3.3 Transdermal Topical & Mw osal Dosage Forms
[007a] Llgo provided are transdermal, topical, and rncosal dosage forms. Transderrnal,
toyacal, and rmcosal dosage forms imclude, but are not liraited to, ophthalre solutions, sprays,
aerosols, crearns, lotlons, ointrnents, gels, solubions, erulsions, suspensions, or other forms
known to one of skall in the art. See, ez, Rerangton's Plarnnacentcal Sciences, 16 mpth,
12 sup th and 20 sup th eds, hlack Publishing, Eastorn Pa. (19380, 1990 & 2000); and Introduction
to Pharmacentical Dosage Forrns, dth ed, Lea & Fehiger, Fluladelphia (19%5). Dosage fonms
suitable for treating mucosal tssues within the oral cavaty canbe formulated as routhwashes or
asoral gels. Further, fransdermal dosage forms melude "reservolr type” or "matrnx type” patches,
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which canbe applied to the skin and worm for a specific perind of tirme to perrat the penetration
of a desired amount of actrve ingredierts. Swtable excipernts (e g, carrers and diluents) and
other matenals that canbe nsed to povide transdermal topreal, and rmucosal dosage fors
encormpassed herein are well known o those skalled m the pharmaceutical arts, and depend on
the particular hissue to which a grven planmacenbcal cormposition or dosage form willbe appled.
With that fact in rind, typical excipients include, but are not lirnited to, water, acetone, ethanol,
ethylens glyeol, opsdene glyeol, butane 1,3 dicl, woproped mymistate, wsopropsd palratate,
roireral ol and ravtires thereofto fore lotions, tinctures, creams, erilsions, gel s or olntrae nits,
whach are non toxic and pharmacentcall vacceptable. Iloistunzers or hnraec tants can also be
added to pharrracentical compositions and dosage forras if desired. Exaraples of such addiional
mmgredients are well known in the art. See, ez, Rerungton's Plarmacenfical Sciences, 16 sup.th,
1% sup th and 20.sup.th eds., IWack Pubhishing, Easton Pa. (1930, 1990 & 2000). Depending on
the specific issue fo be freated, addihoral components maybe used pnor to, n conjure fon wath,
or subseguent o treatrne nt with actrve mgre dients provaded . For example, penetrabon enbancers
can be used fo assist in delrvering the achwve mgredients to the tissue. Switable penetration
enhancers e lude, but are not lirted to: acetone;, vanous alcohols such as ethanol, olevl, and

te trah wlrofryd, alkw sulfoxides such as dirnethsd sulfoecide; dirnethsd acetarade ; diraethyd
torrnaraide, polyethylene glyeol; perrolidones sachas polywanylpsrrolidone; Kollhdon grades
(Porvidone, Polywadone); urea , and varions water soluble or insoluble sugar esters suchas Tueen
a0 {polysorbate 20) and 5 pan &0 (sorbatan monostearate). The pH of'a pharmacenhcal
cornposition or dosage forre, ar of the tissue to which the plarmacentical corposition or dosage
form 1sappied, mayalso be adjusted to 1mprove delreery of one or more achve ingredients.
Sirrdlarl sy the polarityofa solvent carrier, its lorac strength, or torieity can be adjusted fo
mprove delivery. Componnds such as stearates can also be added to pharmaceutical
cornpositions or dosage forrs to advantageously alter the hydroplahicitsy or hpophalicity of one
or raore active ingredierts o as to iroprove delreery Inthos regard, stearates can serve asa lipnd
vehicle for the forranlatior, as an eranlsifyang agent or swfactant, andasa delivery enhancing or
pene tration enhancing agent. Different salts, hydrates or solvates of the actiee ingredients canbe
nged to farther adjust the properties of the resulting composibon

5.4 Dogage and Unit Dosage Forms
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[0077] In hurnan therapeutics, the doctor will deterreane the posology which he considers
most appropnate according toa preverire or curative treatrnent and according to the age, weight,
stage ofthe infection and other factors specific to the subject to be treated In certun
ernbodiments, doses are from about 1 1o aboat 1000 mg per day for an adult, or from about 5 o
about 250 mg per day or fomabont 10 to 50 mg per day for anadult. In certam erabodirnents,
doses are frora dhout 5 to aboat 400 mg per day or 25 to 200 mg per dav per adult. In certain
ernbodirnents, dose rates of from about 50 to aboat 500 we per davrare also conterapated.

[0078] In furtheraspects, provided are methods of treating or preventing a fungal
mfection in a subject by adroiristering, 1o a subject in need thereof, an effectre amount of a
cormponnd peovided herein, or a pharmaceutcallyacceptable salt thereof. The arount of the
cormpound or cormposition which will be effective in the presvention or treatrment of a disorder or
one ot more syraptorns the reof will vary with the rature and severnty of the disease or condihon,
ard the route by which the active mgredient 1s adruamistered. The frequency and dosage will also
varyaccording to factors specific for each subject de pending on the specific theraperie.z.,
therapentic or prophylactic agents) administered, the seventyof the disorder, disease, ar
condition, the route of adrunstraton, as well as age, body, weight, response, and the past
rnedical history of the subject. Effectrve doses mavhe extrapolated fror dose-response curve s
derived from invitro or anirnal model test systems.

[0079] In certain ermbodiments, exerplary doses of a corposition mclude ralligram or
ricrograrn arnounts of the actre cormpound per kilogram of subject or sarmple weight ie.g.,
about 10 rocrcg rares per kilograrm toabout 50 rolligrares per kalograr, about 100 racrogrars
per kilogram to about 25 rollizrams per kalograr, or about 100 microgram per kilogramn to about
10 rulhigrars per kilograra). For compostions provided herein, 1n certain embodirments, the
dosage adrristered fo a subject 15 0.140 mgfkg to 3 mgikg of the subject's body weight, based
on welzht of the active cormpound. In certun erabo dirne rds, the dosage adraristered to a subject
15 hetween 0.20 mglkz and 2.00 mgfke, orbetween 0.30 mg/kg and 1.50 mefkg of'the subject's

body weizht.

[0D80] In certain ernbodirments, the recorrnended dail vy dose range of a composiion
provided herein for the corditions described herein lie withan the range of fromabont 0.1 me to

about 1000 mg per day, given as a single once-a-day dose or as divided doses throughout a day.
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In one erbodiraent, the daily dose 15 adwaristered twice daily in equally draded doses. In
certain ernbodiments, a daily dose range should be frorm about 10 mg to about 200 mg per day, in
other ernbodiments, between about 10 rag and about 150 g per day, in furtler ernbodirments,
between about 25 and about 100 g per day. It maybe necessary to nse dosages of the acime
mgredient outside the ranges disclosed herein in some cases, as will be apparent to those of
ordinary skill inthe art. Furtherraore, it is noted that the clinician or teating phrsician will knowr
honar and when to 1rderrapt, adpust, or terrunate therapsy i conpunchon with sadbject respons: .

[0081] Differerd therapeutically e ffective arounts mavybe applicable for different
dhsease s and conditions, as will be readilyknown by those of ordivary skill in the art. Sailarly
arnonnts sufficient to prevent, manage, treat or ameliorate such disorders, but 1insufficie nt to
canse, or sufficient to reduce, adverse effects associated with the composition ovided herein
are also encorapassed by the above descnbed dosage amounts and dose frequenc v schedules.
Further, when a subject 1s adrinistered multipe dosages of a composihon provided herein, not
all of the dosages need be the same . For exarmple, the dosage admirastered to the subject mayhbe
mmcreased to mprove the prophydactic or therapeutic effect of the composition or 1t mayhe
decreased toreduce one or more side effects that a parhcular subject 15 expenenoing.

[0082] In certain ermbodiment, the dosage of'the composition provided herein, based on
welght of the actve cormponnd, adruanistered to prevent, treat, manage, or armeliorate a disorder,

or one ot mote syrptoms thereof ina subject1s 0.1 mgtke, 1 mgfke, 2 melke, 3 mgikg, 4 mglke,
Smglke, 6 mglkg, 10 mgfke, or 15 mglke or more of a subject's body weizght. Inanother

ernbodirent, the dosage of the composton or a composition provided hereinadrarmstered to
prevent, treat, manage, or arneliorate a disorder, or one or more syroptoms thereofin a subject 1=
anurit dose of 0.1 mg to 200 g, 0.1 mg to 100 g, 0.1 mgto 50 mg, 0.1 mg to 25 mg, 0.1 mg to
Dz, 01lmgtoldmg, 0l mgtollme, 0.l mgtoT7Sme, 01 mgtos5me, 01 tod5 meg, 025
g tod0 mg, 0.25 10 15 mg, 0.25 to 12 mg, 0.25 t0 10 mg, 025 mgz 0 7.5 mg, 0.25 mg to 5 me,
O5mgtodSmg, 1 mgto20 mg, 1l mgtoldmg, lmgtoldme, | mgto l0mg, 1 mgto 75 mg,
l mgtos g, or ] mg to 2.5 mz. Incertain ewbodinents, freatroert or prevention can be
initiated with one or rore loading doses of a coraponnd or coraposition provided herein followed

by one or more maintenance doses. In such embodiments, the loading dose canbe, for instance,
about A to about 400 mg per day, or aboat 100 o aboat 200 rag per day for one day to fove
weeks. The loading dose canbe followed by one or more maintenance doses. [n certan
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erahoditnents, each maintenance does is, inde pendently, about form about 10 mg to about 200
mg per day, between about 25 mg and about 1 50 mg per day, or between about 25 and about 20
g per day. Mhmtenance doses can be adrarmstered daily and canbe adramstered as single
doses, or as drided doses. Incertain ernbodirments, a dose ofa corpound or composition
provided herein can be adramstered to achiewe a steady-state concerdrmbon of the actve
mngredient inblood or senurn of the subject. The steady-state concentraion can be deterrined by
rneasurernent according to techmicpes available to those of'skill or can be based on the phrrsical
charactenistics of the subject such as height, weight and age. In certain erbodirnents, a sufficient
arnomnt of a corapound or coraposition provide d hereinis adramstered toachieve a steady-state
concentration inblood or semra of the subject of fror dhont 300 to about 4000 nefwl, from
about 400 to about 1600 ngiml, or for abont 600 to about 1200 ngfrml. In some e rmbodime nis,
loading doses can be adrarastered to achiewve steady-state blood or serara conce rdrations of about
1200 to about 2000 ngfral., orabout 2000 to about 4000 ngfml for one to fve days. Incertan
ernbodirments, mairdenance doses can be adraristered to acheve a steadsr-state concentration in
blood or serum of the subject of from about 300 to about 4000 ngfml., fom abont 400 to abont
1600 rgftal, or frora about 00 to about 1200 rg il Incertain ernbodiments, adramstraton of
the same composition may be repeated and the adrwarnistrations mavbe separated by at least 1
day, 2 dawys, 3 days, 5 days, 10 days, 15 days, 30 days, 45 days, 2 months, 75 days, 3 months, or
6 morths. In other erbodirents, adranistration of the same prophedactic or the mpeutic agent
mavhbe repeatedand the adramstrabon may be separated by at least at least 1 day, 2 days, 3 days,
5 days, 10 days, 15 days, 30 days, 45 days, 2 months, 75 days, 3 months, or 6 months, In certain
aspects, provided herein are nmit dosage s comprising a cormpound, or a pharmaceutically
acceptable salt thereof, ina form mitable for adwarastration Such forms are described n detail
aboree. In certain e rbodime nis, the nmt dosage comprises 1 to 1000 mg, 5 o 250 mg or 10 to 50
tng actve mgredient. In particular erbodime ks, the wt dosages compse about 1, 5, 10, 25, 50,
100,125,230, 500 or 1000 g actie ingredient. Such unt dosages canbe prepared according to
techrarues tarailiar to those of skall m the art. The dosages of the second agents are to be used
the corbiration therapies provided herein. In certain ernbodiments, dosage s lower than those
whach have been or are cmrrently being used to prevent or treat fungal infection are nsed n the
cornbination therapies provided herein. The recorarne nded dosages of second agerts can be
obtained from the knowledge of those of skill. For those second agents that are approwed for
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clirdcal use, recorarne nded dosages are described in, for exarnpde, Hardman etal .| eds., 1996,
Groodrman & Gilman's The Plarmacological Basis Of Bamis Of Therapeutics 9 sup.th Ed, Ivle-
Graw-Hill Mew YVork; Physician's Desk Feference (PDE) 57 supth Ed., 2003, Medical
Econorucs Co, Inc., Montvale, W.J | wlach are mcorporated herein by reference m its enbiety.
Inwanous embodirents, the therapies (e.z., a compound movided herem and the second agent)
are adraristered less than 5 rarntes apart, less than 30 minutes apart, 1 hour apat, at about 1
honr apart, at about 1 to about 2 hours apart, at about 2 hours to about 3 honrs apart, at abont 3
hioars to about 4 boars apart, at ahout 4 hours to abont 5 hours apart, at about 5 hours to about &
honrs apart, at abont 6 hours to about 7 hours apart, at about 7 hours to abont 2 hours apart, at
about & hours to about @ hours apert, at about 9 hours to about 10 hours apart, at about 10 hours
to about 11 hours apart, at about 11 hours to about 12 hours apart, at about 12 honrs to 15 hours
apart, 15 howrs fo 24 hours apart, 24 hours to 36 howrs apart, 36 howrs to 42 howrs apart, 42 howrs
to 52 hours apart, 52 hours to 60 hours apart, 60 hours to 72 hours apart, 72 hours to 54 hours
apart, 24 hours fo 96 hours apart, or 96 howrs to 120 howrs part. Invanons erbodirents, the
therapies are adrristered no more than 24 hours apart or no more than 48 howrs apart. Incertain
ernbodirnents, tao or more therapies are admimstered within the same patentwnat In other
ernbodiments, the corgpound provided herein and the second agernt are admiristered concurrently.
In other exbodiments, the corapound provided herein and the second agert are adranistered at
about 2 to 4 days apart, at about 4 1o 6 days apart, at about 1 week part, at about 1 to 2 weeks
apart, or more than 2 weeks apart. Incertain embodiments, adrrstration of the sare agent
maybe repeated and the admirastrations maybe separated by at least 1 day, 2 days, 3 days, 5
daye, 10 days, 15 days, 30 days, 45 days, 2 months, 75 days, 3 months, or & months. In other
erahodirnents, adwiristration of the same agent mavyhbe repeated and the adraristration mayhe
separated by at least at least | day, 2 days, 3 days, 5 daws, 10 days, 15 days, 30 days, 45 days, 2
roonths, 75 days, 3 months, or & months. In certain erbodirne nts, a cornpound prosaded heren
ard a second agent are adrwanistered to a patient, for exarple, a mammal such asa baman, na
sequerce and withina e interval such that the corgponnd provaded hereincan act toge ther
with the other agent to provide anincreased bene fit than if the v were adramstered otherwise. For
example, the second active agent can be adramstered at the satne time or sequenballyin any
order at different points in firme; howesver, if not adwirastered at the sarne firme, the v should be
acknirastered sufficie nily close m time 20 as to provade the desired therapeutic or prophylacte
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effect. In one ermbodirment, the corapound provided herein and the second active agent exert their
effect at irnes which overlap. Each second achive agent can be administered separately, inany
appro ate forrm and by argr suitable route. In other e bodirents, the cormpound ovided
herein 15 adruristered before, concurrently or after adrmrustration of the second active agent. In
certain ernbodirments, the corpound provided herein and the second agent are cyclhically
adrnirdstered to a patient. Cyeling thempy rvolve s the adrairdstration of a fivst agent (eg., a first
prophylacte or therapentic agents) fora penod of tiree, follo wed by the adrwamstraton of a
second agent andfor third agent (e.z ., a second andfor third prophsdactic or therapeutic agents)
for a penod of time and repeating this sequental adwarmstraton. Cyeling the rapey can reduce the
derve loprme it of resistance to one or rmore ofthe therapies, avoid or reduce the side effects ofone
of the therapies, andfor nprowve the efficacy of the treatment. In certain ermbodime s, the
cornpound provided herein and the second active agerd are adraristered ina cyele of less than
about 3 weeks, about once every two weeks, abont once every 10 days or about once every week.
Une cyele can coraprise the admurastration of'a cormponnd provided herein and the second agent
by infiusion over abont 90 rarutes every cyrle, abont 1 hour every cyele, abont 45 murutes every
oy le. BEach cyele can coraprise at least 1 week of rest, at least 2 weeks of rest, at least 3 weeks of
rest. The nuraber of cyrles adwarastered 15 from about 1 to about 12 cyeles, more typically frorm
about 2 1o about 10 cyrles, and more typically from abont 2 fo about 8 cyeles. In other
erahodirnents, courses of treatraent are adrirastered concwrrently to a patient, 12, mdrddual
doses of the second agent are admirustered separately wet withuna fime 1rderval such that the
cornpound provided herein can work together with the second achwve agent. For exarmple, ore
component can be adrarastered once per week 1n cormbination with the other components that
can be adwamstered once every ban weeks or once every three weeks . In other words, the dosing
regimens are carred out concurrently even 1fthe therapeutics are not adrurstered
sirnltaneonsly or danng the sarne day The second agent can act additreel v or symergistically
with the cormpourd provided herein. In one erabodirient, the compound provided herein is
ackrirstered concurrently with one or rmore second agents in the same plarnmacenhcal
cornposition. In another ernbodime rt, a corpound provided herein is adranistered conearrentl v
with one or more second agents in separate pharmacentical compositions. Instll another
erahodiraent, a corpound provided herein 15 adranistered pricr to or subse quent to
acknirastration ofa second agent. Also conternplated are adranistratonofa compound yrovided
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herein and a second agent bythe sarne or different routes of adrirastration, .z, oral and
parerderal. In certain erbodiments, when the compourd prosaded herein 15 admirstered
concurrently with a second agent that potentially jroduces adverse side effects meluding, bt not
hirmated to, tomcity, the second actrve agent can advantageouslybe adrunistered ata dose that
falls below the theeshold that the adverse side effect 15 ehicited.

5.5 Kits
[0083] &lso provided are kits for use in methods of treatraent of a fingal mfection. The
kits can melude a compound or cormposition provided herein, a second agent or cormposihon, and
mstichons providivg indorrmation to a health care provader regardivg usage for treating the
mfection. Instmctons maybe provided in prnted form or inthe form ofan electrome medinm
such as a floppey disc, CD, or DV D, or in the form of a website address where such instroctions
mayhbe obtained. & urit dose ofa cormpound or composiiion provided herein, ora second agent
or corn posttion, can melude a dosage suchthat when adrarastered to a subject, a therapeutically
ot prophydactcally effective plasia level of the compound or corposiion canbe marntained i
the subject foratleast | days. In some embodiments, a compound or corposition can be
mcluded asa sterile ague ous pharmacentical cornposition or dry powder (e.g., Iyophalize d)
cornpoation. Insome erbodiments, smitable packaging 15 ovided. s nsed herein,
“packaging” includes a solid ratriv or material customanly usedina syster and capable of
holding within fized limits a cormpound provaded herein andior 2 second agent smtable for
ackrirastration toa subject. Such matenals melude glassard plaste (e.g ., polyetheylene,
polyproprylene, ard polyeathorate) bottles, wials, paper, plastic, and plastic-foul larmirated
errvelopes and the like. If e-bearn stenilization tec heagues are eraployed, the packaging should
have sufficiertly low density to perrut stenlization of the conterds.

[0084] The kits described herein contain one or more containers, which contain
cornpounds, signaling entities, biomolecules andfor particles as described . The kits also contain
mstmchons for raang, diluting, andlior admirastrating the corpounds. The kits also melude
other containers with one or more sobeents, surfactants, preservatrve andior diluents (e g, normal
saline (0.9% MaCl), or 5% dextrose) as well as contairers for raxing, diluting oradrunistering
the componets to the sarople or to the patient in need of such treatrnent.

39



WO 2014/086285 PCT/CN2013/088483

[0085] The compositions of the kit maybe povided as ary suitable forr, for example, as
liepid solutions or as dred powders. When the cormposition provaded 15 a dry poweder, the
powder maybe reconshiuted by the addition of'a sutable sobent, wlach mayalso be provided.
In ermbodirnents where ligpud forrs of the composionare sued, the liquid form maybe
concentrated or readsy fo use. The sobrent will depend onthe compound and the rode of wse o
adrnirdstration. Suitable solvents for drug corgpositions are well known and are available inthe
hiterature. The solvent will depend on the corapound and the mode of use or adruamstration.

[0084] The kits cormprise a carier being compartnentalized to receive in close
confineme nit one or more container such as+ials, tubes, and the like, each of the container
cormprsing one of the separate elements to be nsed inthe rmethod. For exarpde, one of the
confalner may comprise a posittve control in an assay. Addiionally, the kit may inclode

containers for other corporents, for exarape, buffers nseful 1n the assay.

[0087] The following Exarnples illustrate the syrthesis and use of repre sentative
cormpounds provided herein These exarmples are not intended, nor are the v to be constred, as
hirmting the scope of the clairmed subject matter. [t will be clear that the scope of subject matter
tnay be practiced otheranse than as particularly described herein. Mumerons rodifications and
varlations of the subject matter are possible inwview of the teackings herein and, therefore, are
withan the scope the clared subject matter.

5.0 Methods ofMaking Sh12 1 and Its Derdr atives

[0D88] 1] of the dhowve reactions are corventioral and appropriate reagents and reachon
conditions for their performance and procedures for 1solating the desired poducts will be well

knowm to those skilled in the art, in accordance with Literature.

5.7 Assays for Testing Andifungal c ompounds
[0039] The in vitro evaluation of'the antifungal actrvityofthe cormpounds canbe
performed by deterraming the rararanmm mbabitory concentration (rai.c.), which is the
concentration of the test compound, in a suitable e dinre, at which growth of the particular
roicro-orzanisin falls to ocour, In practice, a series of agar plates, each havang the test cormponnd
meorported ata parbicular concentration, is inoculated with a standard culture of, for exaraple,
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Candich alkicans, ard each pate is then incubated for 42 hours at 37°C. The plates are then
exarmined forthe presence or absence of growth of the fangus and the appropnate moic. value 15
noted Other rocro-orgarsas used 1n such tests can include Aspergillus firigatos,
Trchophyton sp., Microspomm spp., Epdermophiston floccosur, Coocidioide s imratis and
Tomlopss glabrata.

[0020] The in vive evaluation of the corpound canbe camied out at a series of dose
levels by mfrapentoneal or ntravenous mjection, or byoral adranstration, to race whch are
moculated with, e g a strain of Candida albicans or Sspergillus fumigatus. Sctivityis based on
the survival of a treated group of wace after the death of'an untreated group ofrce. The dosge
lewel at which the corpound provides 0% potection agaimst the lethal e ffect o fthe wdecton 1
noted

5.8 Meihod of Treaiment and Prevention
Y Frovaded herein 1sa method of veducing growth of a fargus or bacteria by
admiristenng one or more componnds provided herein. The method compnses contacting a cell
with one or more cormpounds as described hewein 1n an araount e ffective to reduce the growth of
a furgus. Provided herein are methods for treating a fingal infection ina subject by
ackrimstenng o a subject in need thereof the cormpounds described herein in an amonnt e ffechwe
to reduce the growth of'a fungus. In certain erbodimments, the cormpounds described hereinare
nsed o treat Candia related diseases, including bmt are rot hmited to, nritable bowel syndrome,
chrorac sinmats, clrome fatigue syndroree, fhromymlgia, theash, eczerma, atopic dermatibis,
anhbsm, leaky gut symdrorme, Crobn’s disease, nlceratmre cohhs, mterstitial cysttis, geratonnnary
diseases, and cellac disease. Shan irderhors caused by Candich mavhe Dund inthe chaper wres
mbabies, mn the anvpts, gyoam, anvd urdernesth the toeasis, st the cconers of the raouth fangular
cheadbibis), o toenals, cyal Her ez ofthe vatls (psoonmbua}. In cortain e whodiments, the
paethod of eatreend and weverdion ngng the compounds oy sabjects with & weabsned T

symtera dne fo cerbun yosdioime 2 axd diseases, such ag AI0G, HIV, disbedes and obemity

5.9 Methods of Coating a Medical Device
[0092] The componnds that are provided herein can be used fo freat a vanety of medical
desices, such as catheters, as well as indnstrial swfaces. Fungus can form biofilm on
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ntravascular catheters and other medical iraplarts These biofilms enbance anfirncrobial
remistance and can render infec ions refractory to anhfimgal therapry. Permstence of an infection
can necessitate reroval of the device, whach can be undesirable or evernlife threateninge.
Therefore, provided herein 15 a method of coating a medical device nsing the compounds
described herein on the materials or swfaces of the rmedical devace that rotizate or prevent
fungal colonization or infec iorn with subseque rt biofilim forrmation. The method coraprises
applying the cormposition descrbed herein on the marface of'a medical desace. Incertan
erahodiraents, the cormposition adheres to the swrface of'a medical device. Incertain
ernbodirnents, the compomtion 15 coated n the medical desace .

[0093] In certain ernbodiments, provaded hereinisa coraposition cormprising a paint and
ohe OF mnare componnds as described herein. Also povided 15 a e thod of modifiing a sarface
of a rnedical dewice. The method compnses providing one or rore coatings of'a corposition,
COMRSING One O more componds as described herein, toatleast a portion of the surface of'a
tnedical device to forma coated swface regon. In certam erbodirne nts, the composition
corrises a paird and one or more componnds. In certain emboditents, the method comprises
adding ore or more corpounds as descnbed hereintoa paint; obtalrang a coraposibon
corprsing paint and one or rore corpounds as additives; coating a medical device or an
mmdustnal surtace with the paint corgrising the compounds. In certan embodiree nts, the
tnedical device 1s an implantable roedical device. In cerfain erbodirments, the industnial surface
1z stainless steel. In certain embodirnents, the industnal smrface 1z plastic. Incertain
ernbodirnents, the mdnshial swface 15 a surgical table . In certain erwbodirnents, the medical
device 1sa surgical instrument.

6. Examples
[0024] The following Exaraples showed the potert antifingal properties of an
erahodiraent described herein -S3NWR1, against fungal infechions.

6.1 Siudy 1: Yeasi-to-hypha inhibitory properties of SM21 under sirong hyphal ind w ing
cond itions
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[0095] Several ervim nrmental conditions which ave known to induce the hyphal
formation of © albicans such as serare, Lee’s medinr, Spder mednum, termperature and 37 *C
were nsed to test the ability of SIVI21 to mbakat ¥ -H transtion. (&) Control saraples showing C
@l bican s hyphal formaton(B) Test samples were mmoubated with SWI21 at ¥-Hi conce rdration
showing weast morphology (C-E) O albicans chimeal strams 815 (0, H2 (L) and H11 {E}
mcubated with Sl at V-Hi concerdration for 24 h SWI21 could act as a V-Hi ata lower
concentration of 0025 pgial and0.0.5 pgiral for 10* cellsfred and 10° cellsfral of C albicans,
respectively. Chemical strocture of SI21 is showrnin (F)

6.2 Siudy 2: Andi-fungal artiviiy of 521

[00%94] Lntifungal achwity of the small moalecules was evaluated usng Us L standards,
Cliracal and Laboratory Standards Institate (CLSD critena. In brief, inocula from 24 b Candida
cultares on Sabourauds’s dextore agar were stardardized to a twhidity equrealent of 0.5
IicFarland standards at 520nm with a spectrophotometer. The suspensions were finther diluted
im Rosewell Park Ivlernonal Insttute (BPII) 1640 medirmn { Life fechnologies, Mew Yok, U5 4)
to wield an inoculurn concerntration of approximately 0.5 1:10% o 2.5 1%10° cellsial. Mindrr
mmhibitory concentration (WIC) and mamrown fungicidal concentration (BIFC) assay was
perforred in P6-well plates (Twalky, Tokyo, Japan) and each of the Cendida species wasexposed
to a double diluton of ShI1. Awphotencin B was used as a positve contol. Al the
expentnents were prefonmed three occasions with duplicates for all 1solates. The pates were
meubated at 35 C for 48 h to evaluate WIC. In the case of Cryotococens neoformans, reading
were faken atter 72 b Aforementioned assay was performed for C elbicans ATCC Q002%,
alhicans SC5314 and 10 2. albicans chiracal 1solates. Ilorecwer, IWICYIVIFC deterruration was
carmed out for other fungal species such as O glabrafa, C krusel, C fropicalis, C parapsiosis,
O neoformans, Aspergillus fiumigates and Pemiciliium marneffel. SV kad a potent antifungal
actvityofall the fangal species tested showing its broad spectnurn actmity (Table 1), We further
tested anbfurgzal actmaty of S against 20 . albicans straine solated frow HIVIAIDS
patients and SWI21 was active against all 1solates. Next using dose-dependent assav we tested
that WICIWFC of SR from 10° cellsital to 107 cellsfal of . alhicans { Tahle 2). Each of the

foregoing expenment was repeated on three different occamons.
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Tahle 1. Suscepihility of fungal species (MIC90) to SM21 at a conceniratio n of
0.5 cFarland inocubums (10° cells/ mI)

Shiz
Fungal species (pg/mi Amphotericin B (pg'm
C. albicans ATCC 90022 0.z oz
C. albicans SC534 0.2 oz
C. albicans CLA 0.2 oz
C. albizans CL2 n.z 0.4
C. albizans CL2 1.6 0.4
C. albizans CL3 1.6 0.4
C. albizans CL3 0.2 0.z
C. albizans CLS 1.6 0.z
C. albizans CLE 1.6 0.z
C. albizans CLF (RS o2
C. albicans CLE 0= 0.4
C. albican=s CLO 1.6 0.4
C. albizans CL10O 1.6 0.z
C. glabrata ATCLC 1.6 0.4
C. kruseiATCC 0.4 1)
C. tropicals ATCC 0.s 0.s
C. parapsilosis ATCC 1.6 0.g
C. neofarmans 0.4 0.4
Aspergilles fumigatus .25 1.55
Fenicillium marneffei 0.2 0.05
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Tahle 2: Dose-dependent assay for yeasi-to-hyha inhibitory actiity (Y-Hi) and
antifungal ac ity of Sh21

Cell density Shiz 1 Amphotericin B
= Hi Al CiBAF hALCAMAF I
C. albicans 107 celkimi 0.0245 0.1 oz
. albcians 107 cells!ml 0.5 0.1 0.z
C. albicars 10" cellz/ml 0.1 0.2 0z
C. albicans 10" celk /il 0.2 0.6 0.8
[0097] Oral Bioscierces laboratory has one of the largest collechons of fungal solates,

particular that of Candida species mn the world. In owr pevious studies, we have fourd mult-
drug resstant cliracal wwolates of Candida species agamst existing anhfungals, In particular, soroe
of these strains are resistant to best antifingal agents to date such as caspofingin amphotericin
B and flucorazole. Therefore, we performed antifingal susceptibility testing for SWI21 agamst
these dmg resistant Candida 1solates suing CLST WRTA brothercrodnltion assay and CLET Ivid44-
L dise diffasion assay. These smdies clearly demonstrated that SI21 has supenor antifimgal
actrvity than eashng anbfirgal agents (Table 2, Figuwre J) Howewer, at the effectne
concentration of the fangl it does not exert any antibactenal effect showing fungal specific
actrvity of the cormpound (Fig. 3).
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Tahke 3. Efficacy of SM21 against nultidrug resistant clinical kolates of Candida

species

Crug resistant Eolates Resistant antifung aks MIC of Shi21 (pgsmil)

C. albicars T1675 Fluconazale, fraconazole 05

Capofungin, fluconazale, [traconazole,

C. parapsilosis T1G677 Ketaconazole, Woricon az ole 1
C. parapsilosis T15E5 Caspotfungin, traconazole 1
C. parapsilesis T15496 Caspofungin 1
C. parapsilesis T1622 Itr acon azole 0.5
Fluzonazaole, Iraconazole, ketocon azole,
C. glabrata T1525 Woricon Z&Zole 1
C. glabrata T1672 fraconazole, Ketaconazole 045
C.glabrata 1570 Itraconazole 0.5
C.tropicalis T1427 Itraconazole 1
C.tropicalis TF29 Itraconazole 1
C.tropicalis T1142 Itraconazale 0.4
C. krusei 1472 Fluconazale, fraconazole, ketaconazole 1
C. kruzei 1266 Fluzonazaole 0.5
C. krusei T1562 Flucon azale 1
C. krusei 1265 Flucon azale 1
C. guilliermandii T1539 C aspofungin, Amphatericin B, F luconazole 1

6.3. Study 3: Sh21 exhibiis andi-hiofilm actirity againet Candida hiofilms

6.3.1 Momo species hinfilms:

[0098] Slthough most of the exising antifungals work effectively aganst dankioric
mode of Candida, those are less effective against the biofiltn mode of growth For mmstance, we
have previously shown the resstance of Candida biofilms agaimst araphotericinand caspofimgin
Therefore, next usng standard biofilm assaye we have established i onr labomtory we
exarnned the effect of SIVI21 agamst Candide biofilis. In brief, Condida cells were grown in
SD& medim at 37 C for 12 h. Then a loopful of'the yeast was inoculated into the yeast mirogen
base (YMB; Difco) medion sopplernented with 50 mlv glucose n a rotary shaker at 75 rpen
& fter overraght broth culture, the weasts were harvested in the late exyornential growth phase and
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washed twice with 20 ol of phosphate bufter saline (FBS; (H 7.2. 0.1 I pdor to use in the
biofiltn studies. Cindida biofilis were developed according to a presiomsly published protocol.
In bref washed weast cells were resuspended m YHE supplernented wath 100 rlIglucose and
adjusted o an optical density of 032 at 520 ran (1% 107 cells’ral). The standard cell suspe nsion
wras used 1renediately to develop biofilrns on coramercially avatlable prestenlized, polystyrene,
Sf-well plate (TWAET, Tokyo, Japar). &t first, 100 pl of standardized cell suspension (1= 107
cellsfnl) was pipetted into each well of a ricrotiter plate and incubated for 1.5 hat 37 Cina
shaker at 75 rpen to permit east adherence to the well swface (adherence phase). For controls, a
well of each rucrotiter plate was handled 1n an identical fastuon except that o Candida
suspension was added Following the adhesion phase, the cell suspensions were aspirated, and
each well washed wath 100 plof FBS fo rernove loosely adherent cells. 200 pl of ¥HB wath 100
mld glucoss were then pipetted into each of the washed wells and the plates incubated at 37 "C
n a shaker at 75 rpm for 24 or 4% b After boofilm growth phase microscopic exaranation of the
cultare s were perfonmed to rule out contarunation. Ther, the suspending redim was aspirated
ard hiofilms were washed with 100 pl PBS to remosre the nonadhe rent cells. The stock solntions
were diluted twofold wath BEPII 1640 supplemented with 2% glucose to obtan SIVIEL
concentration from 100 o 0.2 pzfial drmg concentrations. [n parallel, other antifungal agents
such as caspofimgin{ 100 to 0.1 pzfrol) and amphotenicin B (240 pgf al to 0.225 pghrol) was also
prepared as describe abowe. & total of 100 pl of drog solution was added to the mdcrotiter plate
contating Cendida biofilms. Biofilins were then incubated at 37 "C for 24 h wath the antifungals
ard afterwards metdbolic actvaty of fingal cells was deterraned by the ZETT [23-bas(l-
methoxy-4-ratro-5 sl fophensd) -2H-tetrazo e -5 -cathoxami ide  sodior salf] assay (17, 28]
Candida biofil WICP0 was defined as the lowest drag concentrabion with 90% reduction in
opac ity compared with the dmg free control. Each expenmernt was repeated three tirnes wath four
redicates.

[0099] SlvI21 showed potent arti-hiofilm actvity agamst 24 h C albicans biofils as
LICO0 were 15 3.2 pzfal. In contrast, O albicans biofilms were resistant to amphotencin B (32
Hefral) ard caspofungin (50 pgfral). This experiraent clearly showed that SIVE21 was has superior
artifungal achwity than existing anbfargals amphotencin B and caspofimgin for Candida
biofilns. &t 48 b, Candich biofiltns were more resistard to anhfungal agerds. Howewer, SIvI21
had the best effectrve corcentration compared to exishing anbifingal agents.
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Tabhle 4. Minimum inhibiiory conceniration of 48 h Candida hiofilme against existing
antifungal agends and SM21 (pgiml)

Candida Caspofimgin | Amphotencin | Eetoconazole 5- Sl
specles B flnorocytosine
2 albicans 100 ad fid} 420 25
i plabraia 100 16 fid} 420 25
i b sed 100 a4 fid 250 25
6.3.2 Mixed species hiofilms
[D0100] Chircal studies hawve shown that some of the Candida species could 1mrolve

rixed Candida species such as & @llbicans with non-albicans Candida species. Therefore, next
we formed mixed species biofilms using the methods we have used m our prevaons published
stucdhes. Thiz methodology 1z essenbally airular to what mentioned under rmono-species biofilms
except initial inoculurns irseolve ten Candida species at equal inoculurns size of 1% 107 cellsfml.
Lfter 4% h of growth, maxed specles Candich hiofilms were subjected to serially diluted
concentration of SWE1 and MIC was deterrnined by XTT reducion assay (Figure 5). This stady
showed SWE1 15 equally achve against ruxed species Candida biofilms at the concentration of
25 Pzl showing 1ts prorusng role as ant-biofilim agent agamst fungal biofilms.

b6.4. Study 4: Cyiotoxicty assay and in vivo experiments confirming the safety of Sh21
[00101]
hrnan oral keratinocytes, haan gingteal fibroblasts and harman ronocytes whach shoaed that
no cytotoxicity of SV at effective concentration (Figure &), Mext, we used mouse model and
treated the arirnals with 100 firees of the effective dose (2 pe) 16 200 pg of SIVEL hadce a day
for five days. This experitnent did not show any detriraental effect of SIvI21 n terrs of weight
reduction and side effects confirming its safety under 1n wivo conditions.

Standard Vero cell ine was used as well as other primary cullare cells such as
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6.5 Study 5: SN21 prevent Condida infecton in Condide-human oral keratinocyies co-
¢ ubiure model

[00102] We also exaraned the abality of SV fo 1nbabat 1treasion of Candida albicans
Candida-lnrnan oral keratinocytes co-culture model. Prireary lorman oral keratinocytes
(Scieriell Research LabomtoriesT, Carlshad, C& TT5A) at passage two were cultured uang
Defired Feratinocyte -Serrn Free Nedmm (Gibeo, Grand Island, NV, Us &) which contaned
0.2% Defined Keratinocwte-SFII Growth Supplement (Gibco) and 1% penicillinfstreptorm yein
golution. Cells were incubated at 37°C ina hoaidified atraosphere with 5% COz and 95% air.
Yeast cells for inoculation were cultured for 24 h at 37 *C on Sabouraud dextrose agar (Difio,
Harpshire, England). & sample of the culhire was washed thnee m PBS and an moenlam of
aprodmately 2 % 107 cells was suspended in 10 1l of VPO mediua (1% veast extmet, 2%
peptone and 2%, glucose, Difco, Detroit, VDD, The suspension was cultared for 15 hat 37 °C with
orbital shaking and the cells were harvested, washed 1n 0.9% MaCl and a sample of cells was
resuspended in fresh medium ina shaker for 24 hat 37°C. Afterwards the cells were harvested
by centnifugze and the inocula were prepared in phosphate buffered sahne (PBS, pH 7.2). Hurnan
oral kerabinocytes were grown to E0-90% confluence in u-5lide S-well plates (ihidi GrabH
Integrated BioDiagnostics, artinaned, Germany). 1x 10* cellaiml C albicans cells were added
to the wells and incubated with the cells at 37°C in 5% C0g and 95% air. Test samples were
treated with SIV21 together with O @ibeigns. Lfter 24-h meubation, cells were treated with
Calcein &M (1 ubD) and FthD-1 (2 ubl from the LIVE/DEAD™ ViabilityCytotooicity Kit
{Irratrogen Corp, Carlsbad, CA&, TsL) . &fter 30 runutes of freatment, the proporbon of dead
keratirocyies in each well was exaraned by using a conforal laser scanning ricroscope. This
study showed that SIVI21 15 able to prevent the epithelial cell darnage from O albicans 1rerasion
(Figure T) (&) control sarmples showing Candida hyplae and dead keratinocstes (B) samples
treated with SWVI21 showing live keratinocytes. This study demonstrated therapeutic potential of

S inlocal Candida infection such as ronecons e mbrare candidiasis.

6.6, Study 6: Invive andi-fungal ac fivity using systemic candidiacis mouse model
[00103] Lz a pilot study, we used systerac candidiass mouse models we have established
i our laboratory to evalnate the effect of SII21 against systeric Condide mfction. In brief,
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albicans moculim of 1x 10° cellsml. was prepared in phosphate buffered saline (PBS) eight
race were mnfected with 100 pl of the standard moculun size intrave nously via the tal wein.
Thiee hours after post-infechon four ruce (test gronp) were grven 2 Jg of ShI2 and other four
{comtrol groupy were grven PBS. SWIE] freatrent was conbinued twice a day for fise days. By
trve daye all race 1n the control group died (Figure 5). Ivhice in each test group were sacnficed
according fo the standard gmdehnes and ther kadney, hver, pancreas, and spleen will be
harvested. The fungal burden i the fissues will be assessed according to a standard protocol. In
brief, part of the excised fissues were weighed individually and homogenized in sterile saline.
Llignots of 100 pL fror tissue homogenates and their dilubons were plated on Sabourand’s
dextros: agar and colonies were counted after 45 h of incubation at 379C.

[00104] The nrvertion 18 not to be Iimited m scope by the specific erwbodirnents descnbed
heremn. Indeed, warnons modifications of the reention m additon to those descibed will become

apparent to those skilled in the art from the foregoing descriphon ard accompanang fizures.
Such modifications are infended o fall withan the scope of the appended claiis.

[00105] L] references cited herein are incorporated herein b reference in their entirety
ard for all parposes to the same extent as if each irdividual publication or patent or paterd
application was specifically and irdmadually indicated to be incorporated by reference i its
entirety for all parposes.
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Clarns:

1. & rethod for reducirg growth of a fungus compnang contacting a fungal cell
with a cormpound having a stuc tore:

: BTN
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) X
o
5 ¥
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;anda pharmacenticallyacceptable carer.
2. The method of clair 1 wherein the fungal cell isa pathogerac veast.
A The method of clairm 2 wherem the fungal cell 1s Candida albicans, Preumoc ystis
cannil, Saccharornyres cerevimae, Lspersillus  midulans, Kluweroryres lachs,
schizosacchammyres pombe, Steptomyres lasaliensis, Streptomgres hygroscopicus,
Cardids tropacalis, Candida dublirdensis, Candida parapeilosis, Candida ke fig, Candida
gl lermondn, Candida mconspicua, Candida famata, Candida glabrata, Candida krised,
Candids Inatamae, Cryptococcus neoformans, Coccldioddes weatts, Hispolasma
capeulatorn ora corbination thereof.
4. & method of freaing and preventing agamst fangal infechions ina mbject which
corprises adrwarstenng o the subject an efféctve araount of a compourd having the
strctire:
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canda pharrnaceubcall yacee ptable carer.
5. The method of claim 4 wherein the fangal cell 15 a pathogerac yeast.
6. The method of clamm 5 wherein the fingal mitcton 13 cansed by O albicans, C

3.

10.
11.
12.
15

glabrata, C kusel, C fropicalis, © parapsioss, C neqformans, Aspergillus
Jurdgabes and Penicillivm mame ffei.

The method of claim 4, wherein the subject 15a Inman.

The method of clam 7, wherein the suibject 1z imenmocomproroissd.
The method of claira 7, wherein the subject had receved chermotherapey

The mwethod of claim 7, wherein the sabject has AIDS.

The method of clam 7, wherein the subject had received a transplant.
The method of clam 7, wherein the subject has a central <wenoms catheter.
The method of clam 7, wheremm the compomnd 15 adwamstered wia jectiorn,

toyacal ronte, oral route, nasal route, aerosol, or enema route.

14.

L medical device having a surface wherein at least a portion of the swface

cormrises a coating wherein the coating comprises a cormpound having a strochire
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15, Amethod of makimg a medical device oficlamm 14 cornprising the stepe oft
{a) providing a medical desace having a sarface; and
(b} applsing a coating corposiion cormprisng a corpound having a stuctare:
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to at least a portion of the smface.
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Fig. 5
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