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(57) Abregé/Abstract:
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efinaconazole, butylated hydroxytoluene, a salt of

ethylenediaminetetraacetic acid, and optional citric acid. The compositions exhibit stable color profiles and are useful in the
treatment of fungal infections.
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STABILIZED EFINACONAZOLE FORMULATIONS

BACKGROUND OF THE INVENTION
[0001] Triazole anti-fungal compounds, such as ketoconazole, itraconazole, and
fluconazole are known and have been the subject of scientific study, pharmaceutical
development, and medical use. Although compounds in this class often exhibit antifungal
acti\}i'ty, they differ in terms of efficacy and usefulness in different types of pharmaceutical
formulations and treatments. Efinaconazole (CAS registry number 164650-44-6) is a triazole
that has demonstrated activity in the treatment of onychomycosis. Formulations useful for
the topical delivery of efinaconazole in the treatment of onychomycosis and other triazole
antifungal drugs have been described in, e.g., U.S. Patent No. 8,486,978. Some formulations
containing triazole active ingredients exhibit varying degrees of instability during storage.
Certain formulations are known to discolor within storage periods as short as one or two
days, resulting in composition colors ranging from yellow to deep red or brown. Such
discoloration can discourage the prescribed use of the compositions by patients who are

reluctant to self-administer the discolored compositions. Stabilized formulations of triazoles

such as efinaconazole are therefore needed. The present invention addresses this need.

SUMMARY OF THE INVENTION
[0002] In a first aspect, the invention provides a liquid or semisolid composition containing
about 0.5% to about 15% efinaconazole by weight, butylated hydroxytoluene (BHT), and a
salt of ethylenediaminetetraacetic acid (EDTA). The amounts of BHT and the salt of EDTA
are sufficient to ensure the composition is: (i) colorless upon initial formulation, and (i1)

colorless or pale yellow after storage for at least three weeks at a temperature of at least about

40 °C. In some embodiments, the composition is colorless or pale yellow after storage for

one month at a temperature ot about 65 °C.

CA 2924748 2019-05-06
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{H884] In some embodiments, the amount of efinaconazole 15 m the range of aboul 8%
(wiw} to about 129 (w/w}. In some embodiments, the amount of efinaconazole 1s about 10%
(wi/w). In some embodiments, the amount of efinaconazole 18 n the range of sbout 6.5%

(w/w) to about 3% (w/w). In some embodiments, the amount of ctinaconazole 1s about 29

(Wiw}.

G351 In some embodiments, the amount of BHT 18 10 the range of about G.01% (wiw o
“ :.') . A

about 2% (w/iw ).

186061 In some embodiments, the amount of EDTA or EDTA salt s in the range of about
3.0001% {(w/w) to about 1.5% (w/w). In some embodiments, the amount of EDTA or EDTA
salt 15 m the range of about 8.0001% (w/w) 10 about 0.0005% (w/w). In some embodiments,
the coraposition 1s formulated as a solution. In some cmbodiments, the amount of EDTA or

EDTA salt 18 about 8.00025% {(w/w) and the amount of BHT 15 about 8.1% (w/w)

(880671 In some embodiments, the amount of EDTA or EDTA salt 1s in the range of about
0.01% (wiw) to about 1% {(w/w). In some embodiments, the cormposition s formulated as a

cel, In some embodiments, the amount of EDTA or EDTA salt 18 about 0.1 % (w/w) and the

e

{

amount of BHT 18 about 8.1% (w/w).

G081 In some cmbodiments, the composition further comprises from about 0.01% citric
2y Ixir/vey toy ot £ FO/ niteir oot S orior SOV AT AT onte (he BY. A AONEY Y YU G R
acid (w/w} o about 1% citric acid (w/w). In some embodiments, the corpposiion comprises
from about 3.05% cune acwd {w/w) 1o about .25% citric acid (w/w). In some embodiments,
the composition comprises from about 0.0735% citric acid (w/w) to about .15% citric acid

(wiw).

186681 In some embodiments, the color of the composition is determuined by visual
inmspection. {n some embodiments, the color 18 determined by assessing UV-vis absorbance

vahies.

BBI8] In some embodiments, aticr storage for at least one month at 65 °C the composition
cxhibits UV-vis absorbance values of 4.4 absorbance unuds (AL or fess at 400 nm; 0.1 AL or
fess at SO0 nm; and/or 0.1 AU or less at 600 nm. In some cmbodiments, aficr storage for at
ieast one month at 65 °C the composition exiubits UV-vis gbsorbance values of: 0.4 AU or

fess af 400 nny 0.1 AU or less af 500 nm; and 0.1 AU or less at 600 nm.

(6811}  In some embodiments, atier storage for at least one month at 65 °C the composition

extbits UV-vis absorbance values of §.2 AU or less at 400 nm: 8.03 AU or less at SO0 nmg
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and/or (i11) .03 AU or less at 600 nm. In some embodimments, after storage for at least one

month at 65 °C the composition exhibiis UV-vis absorbance vahies of: 8.2 AU or less at 400

nm; 0.03 AU or less at 500 nm; and 0.02 AU or less at 6060 nm.

{86121 In some embodiments, atter storage for at {east one month at 65 C the composition
exhibits UV-vis absorbance of 0.1 AU or less at 400 nm; 8.01 AU or less at 500 nm; and/or
(111} 0.01 AU or less at 680 nm. In some embodiments, aficr storage for at least one month at
65 “C the composition exhibits UV-vis absorbance values of: .1 AU or less at 400 nm; §.01
AU or less at 500 nm; and () 8.01 AU or less at 600 nm.

106131 In some cmbodiments, the composition 15 a pharmaceutically acceptable

tormulation that s clicctively absorbed in the treatment of the nail,

38141 In a second aspect, the invention provides methods of treating or preventing 4
fungal mnfection. The methods mclude admuustering a therapeutically effective amount of a

tornmulation of the wmvention to a patient in necd of such treatment.

BRIEF DESCRIPTION OF THE DRAWINGS
66181 Figure I shows efinaconazole sohutions exhibiting varying levels of discoloration

due to mstabilty daring storage.

8816]  Figure 2 shows UV-vis absorbance values for ehinaconazolie solutions exhibiting

varving levels of discoloration, measured at {A) 400 nm, (B) 300 nm, and (C) 600 nm.

DETAILED DESCRIPTION OF THE INVENTION

i, Defimzfions

106171 As used herem, the torm “pharmaccutical composiion” refers 1o a4 muxture
containing g pharmaceutically active mgredient, such as ¢finaconazole, and one or more
pharmaceuticaliy acceptable excipients {antioxidants, preservalives, carriers, g4, ).
Composttions for topical admnistration are formulated as solutions, sprays, omtments,
totions, gels, shampoos, and the hike. “Pharmaccufically acceptable” compositions are those
in which substituent components such as carriers, diluents, and excipients are compatibic
with each other and with the active mgredient. Pharmaceutically acceptable compositions are

trequently made with pharmaceutical-grade active agents and excipents, It will he

(4
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8181 As used herem, the term “efinaconazole” reters to (2R, 3R)-2-(2,4-difluorophenyl)-
3-{(d-methyienepiperidine-i-vi)-1-(1H-1,2,4-trazole- 1 -vhbutane-2-0l, also known as KP-103,

and pharmaceuaticaily acceplable salts thereof

J0619]  As used heremn, the torm “absorbance™ refers to the amount of visible or uliraviolet
hieght that 1s absorbed by a compound or a maxture of compounds. Absorbance can be

determined using a UV-visibie spectrophotometer according 1o known technigues.,

06201 As used heremn, the term “storage” reters to the holding of 3 composition under
controlied or uncontrolled conditions tor a period ranging from a fow muinutes o several
months or longer. Storage conditions that can be controlled mclude, for example,
teroperature, bumidity, and the level of hght. In many cases storage of a pharmaceutical
formulation 1s under mdustry acceptable standards and/or standards that are mandated by

T

regulatory agengices, such as US FDA.L

(00231 As ysed heremn, the term “treating” refers to an mndicia of success mn the treatment or
amaelioration of a pathology, condition, or syroptom, mciuding any objective or subjective
parameter such as abatement; remussion; diminishing of symptoms or making the symptom,
pathology or condition more tolerable 10 the patient; and decreasing the frequency or duration
of the symptom or condition. The treatment or amelioration of symptoms can be based on
any objective or subjective parameter, mcluding, e g, the result of a physical examination.
“Prevention” of a disease or condition or “prophylaxis™ means reducing the probability of
onset of a condition or disease, delayving the tume to onset of a discase or condihion, reduycing
the duration of 4 subscquently arising mdication, and/or reducing the severity of 4
subsogquently ansing condiiion by adnunistration of a composition 1o g subject that currently
does not have a disease or sufter from a condition. Prevention can include, but 1s not limited
to, cornplete avordance of the future occurrence (or recurrence) of a condition or discase. The

imvention provides both methods of treating and preventing funeal conditions in humans,

(88221 As used heremn, the term “fungal mnfection” refers to the unwanted growth of a

fungus on the skin or nails of a person or animal. Fungal mfections are typically caused by

4
¢

tong moluding Candida albicans, Cryptococcus neoformans, Aspergiiius fumigaius,

-

*
[

Trichophyvion mentagrophyies, and the ke, Compositions of the nvention ¢an be usetul

g »f o’
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the treatment of, ¢.2., onychomycosis and various tinea types of fungal mfections, including

tinea capits and timea pedis.

38231 The terms “about” and “around,” as used herem to modily a mumencal vahie,
mndicate a close range swrounding that explictt value, It X7 were the value, “gbhout X7 or
“around X7 would mdicaie a value from 0.9X 0 1.1X, and more preferably, a value from
0.95X to 105X, Any reference 1o “about X7 or “around X7 specifically mdicates at least the
values X, .95, 0.96X, 0.97X, 0.96X, 0.99X, 1.01X, 1.02X, 1.03X, 1.04X, and 1.G5X,
Thus, “gbout X7 and “around X7 are mtended to teach and provide writien description

support tor a claum linmtation of, e.g., “0.98X.”

il. Anti~Fungal Compositions

34241 In a {irst aspect, the mvention provides a composition containyng from about 0.3%
to about 15% ctinaconazaole by weight, butylated hvdroxytoluene (BHT), and a salt of
cthvienediaminetetraacetic acid (EDTA). The composition, if frec of colorants (as will
usually be the case), 18 coloriess at nitial formulation and, after a period of storage of at least
three weeks, will be colorless or have a pale vellow color. A composition in the context of
the mvention 18 typically a hguid (e.z2., a solution) or a senu-solid cormposiiion (e.g., a gel,

ointment, lotion, cream, or other form).

{3825]  The determination of the color of 8 composition can be made by any suitable
method or combination of methods. Tt will be understood that the composition can be

;
i

coforiess or a have a color such as pale yellow, yeliow, orange, amber, or brown. Frequently,
compositions of the mvention are mitially formulated such that they are both colorless, in
terms of color, and also transparent or ¢lear, i terms of visible material m the composition.
Preterred compositions will remain coloriess and clear after storage for a pertod of fime at
refatively high temperatures {e.g., temperatures ot at least about 40 °C, at least about 45 °C,
at least about 55 °C, or higher, such as about 65 °C). In ove aspect, ¢color determunation ¢an
be made by visual mspection. Visual inspection may inchude independent validation by a
mumber of pharmaceutical formuiation scientists or other individuals {(eg., 2, 3,4, 5, 10, 20,
30, 50, or even more individuals). Human visual inspection may be made by comparison
against standard (reference) color samples that aid m the determunation of color. In another
aspect, mspection of the color can be made by use of a device that measures color by any
suttable means, such as a colorimeter or by compuier-based color assessment methods, Ina

articular aspect. the determination of color 1s made by UV/visual spectrum absorbangce
, 9

s’
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measurements, particularly where the UV-vis absorbance measurernents have been
standardized agamst composttions that have been determned {0 be good representatives of
cicar, pale vellow {or another pale color), and unacceptable colors (such as dark orange). In
a Mmore particular aspect, the mvention provides such compositions where after storage for at
feast one month at 65 YC the composition exhibits one or more UV-vis absorbance values
selected from the group consisting of: (3.4 absorbance units {AU) or fess at 400 nmy; 8.1 AU or

less at 500 nm; and 0.1 AU or less at 600 nm.

{omponents

{36261 In preterred embodiments, the composiions contamn from about 8.5% (w/w) 1o
about 15% (w/w) ehinaconazole [ie., (2R, 3R-2-(2 4-dittuorophenyl}-3-

methyienepiperidine-1-yi}-1-(14-1,2 4-tnazole-1-yvhbutane-2-0l, also known as KP-103],

{8271 In some embodiments, the compositions of the mvention conlain from about 1% {0
about 12.53% etinaconazele by weight. The amount of efinaconazole can be any amount that
is suitable for the purpose of the composttion. Typically, the amount of efinaconazole 1s an
amnount that 1s capable of producing a therapeutic or propnylactic antifungal eftect 1 a human
paticnt. The amount of ehmaconazole can vary with the natare of the composition, such as
whether the composition 18 primarily comprised of polar components, non-polar components,
or a mix thereot and/or the degree to which the efinaconazole API 1s soluble m the
composition. The compositions can contain, for example, from about 1% to about 5%
ciinaconazole, such as where the composition primarnly contamms polar components and/or
where the efinaconazole 1s relatively highly soluble 1n the composiiion. The composiiion ¢an
contain from about 3% to about 10% efinaconazole where the composition contains
signihicantly more non-pelar components and/or where the etinaconazole 1s relatively less
solubie m the corpposition. In some embodiments, the mvention provides compositions that
contain from about 7.5% to about 10.0% efinaconazole, from about 14% t0 about 15%, from
about 2% to about 8% efinaconazole, or from about 4% to about 6% efinaconazole. Other
ranges of etinaconazols between about §.5% and about 15% can be suitable, depending on
the 1dentitics and guantifics of the other components 1o the composifions. In somic
cmibodiments, the compositions contain about 8.5%, (.75%, 8.¢%, 0.9%, 19, 1.25%, 1.5%,
V.73%, 2%, 2.3%, 3%, 3.3%, 4%, 4.5%, 5V, 5.5V, 0%, 6.5%, 7%, 7.5%, 8%, 8.5, 9%,
9,59, 10%, 10.5%, 11%, 11.5%, 12%, 12.5%, 13%, 13.5%, 14%., 14.5%, or about 15%

cfinaconazole by weight.
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3828)  The classihication of components of a composition as either polar or non-polar ¢an
be determuned by formulation scientists. In gencral, polar solvents will be miscible with
water and muscible with non-polar solvents. Examplcs of polar componcents that arc regularly

found in pharmaceutical and other formulations include ethandl, propviene giycol, giveern,

triacetin, water, and wopropyl alcohol. Examples of non-polar components mclhude
capric/capryhce triglycendes, myristyl lactate, dusopropyl adipate, isopropy! mynistate, and

cyclomethicong.

88291 Compositions of the mvention contain butylated hydroxyicluene (BHT ) in an

amount that, in combination with the amount of EDTA n the composition, 1s capable of

maimntaming color stability of the efinaconazole cormmposition such that after a period of three

weeks, one month, or longer, even at relatively high temperatures {(e.g., about 40 °C, about 50

“(C, about 60 °C, about 65 VC, or higher) the composition maintains a coloriess or pale yellow
color, as determuned by visual mspection, UV-visual spectrum data, or other suitable ¢color
measurement methods. The amount of BHT can vary with the amount of EDTA present, the
amount of efinaconarole, and the nature of the composition and the other components of the
composition. The compositions can contain, for example, from about 8.01% to about 2%
BHT, from about 0.01% to about 1% BHT, from about 1% o about 2% BHT, from about
(.59 t0 about 1.5% BHT, or from about $.75% 10 about 1.25% BHT. In some embodiments,
the compositions confain about 0.01%, 0.05%, 0.10%, 0.15%, 0.20%, 0.25%, 0.30%, 0.35%,
3.40%, $.43%, 0.530%, 0.55%, 0.60%, 0.65%, 0.70%, §.75%, 03.80%, 0.83%, 0.90%, (0.95%,
1.0G%, 1.05%, 1.10%, 1.15%, 1.20%, 1.25%, 1.30%, 1.35%, 1.40%, 1.45%, 1.50%, 1.55%,
L.60%, 1.65%, 1.70%, 1.75%, 1.80%, 1.85%, 1.90%;, 1.95%, or about 2.00% BHT by waight.

[66308]  Preforred compositions contam a salt of ethyiencdiaminetefraacetic acid (EDTA).
The salt of ethylencdianunetetraacetic acid can be any suitable sail. In general, the salt will
be one that 13 acceptable for pharmaceutical formulations and compatibie with efinaconazole.
Frequently used salts are the disodium and tetrasodam salts of ethylenediammetetraacetic
acid. The amount of EDTA, or a sali thereod, can be any amount that 1n combination with the
amount of BHT provides a ¢colorless composition on wnitial formulation and maintains a
coloriess to pale yellow formulation at relatively high temperatures {e.2., at least about 40, at

least about 50, or at feast about 60 ~C )‘i‘ur pertods of at least about 3 weeks {e.2., at lcast

about 12 weeks, at least about 4 months, at least about 6 months, or longer). Typlcaiiy

compositions according 1o the mvention will contain from about 8.0001% 10 about 1%



(A

13

“3

(3

WO 2015/051183

CA 02924748 2016-03-17

PCT/US2014/058911

(2]

DTA or EDTA salt used will vary depending on

I

EDTA, or a salt thereof. The amount of |

tactors mnchiding the amount of ehinaconazole, the amount of BHT, and the nature of the
formulation. For example, i g gel formulation the amount of EDTA or EDTA salt used will
typically be higher than the amount used 1n a solution. Also, the amount of EDTA or EDTA
salt that 18 used 1 2 nop-aquecus formmulation or low water content formulaton can be lower
than the amount of EDTA or EDTA salt that 1s used m a formudation with higher water
content, Thus, m some embodunents, the amount of EDTA or EDTA salt in a composition of
the mvention 1s between about .1% and about 1% by weight {e. g, about 0.29%-1%, about
(3.25-8.75%, about §.3-0.8%, or about §.4-0.7%, such as §.15%, §.35%, §8.45%;, (.5%, .6%,
0.7%, or 0.99%). Such amounts are useful m, e.g., gel compositions. In some ecmbodiments,
the amount of EDTA or EDTA salt 1s between about $.004% and about (1.2%, such as about

0. lﬂ.‘){f/o, about . 13(3/0 about 3.125%¢ 70, O about .19

{8631}  The mventors also have surprisingly found that 1o certain formulations the amount
of EDTA or EDTA salt can be mn the range of only about 8.0001% to about 0.0005%, such as
irom about 8.0001% to about 0.00025%, from about $.00025% to about 0.00050%, or from

about 0.0002% to about 0.0004% EDTA or EDTA salt. In particular embodiments, the
composttions contain about 0.00010%, 0.00012%, 0.00014%, 4.00016%, 0.00018%,
0.00020%, 0.00022%, 0.00024%, 0.00026%, 0.0002:5%, 0.00030%, 0.00032%, 8.60034%,
0.00036%, 0.00038%, 0.00040%, 0.000427%, 0.00044%, 0.000406%, 0.00048%, or about
0.00050% EDTA or EDTA salt by weight., Tn particular embodiments, the amount of EDTA

or EDTA salt included 1 the composition 18 m the range of about 0.0001% (w/w) 10 about
(3.0005% (w/w) {e.g., 0.0002% or 8.0004%) and the amount of BHT 1s 1 the range of about
(3.01% {wa) to about 2% (wiwl {e.g., 1.02%, (0.04%, 0.05%, 0.07%, §.08%, 1.0%, 1.2%,

1.4%, 1.5%, 1.7%, or 1.9%).

08321 In some exomplary emmbodiments, the mvention provides compositions wherein the
amount of EDTA or EDTA salt 1s 1n the range of about G.0001% {(w/w) to about 0.00065%

(w/w) and the amount of BHT 18 1n the range of about .01% {w/w) to about 2% {(w/w).

186331 In some exemplary embodiments, the mvention provides compositions wherein the
arpount of EDTA or EDTA salt s in the range of about 8.00019% (w/w} to about 0.00033%

(w/w) the amount ot BHT 18 mn the range of about .05% (w/w) to about .15%. Insome

cxemplary emboduments, the mvention provides compositions wherein the amount of ERTA

or EDDTA salt s in the range of about .19 10 about 1.0% by weight (.2, about §.15% w/w
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to about §.75% w/w}, the amount of BHT 18 1n the range of about $.01% (w/w} to about 2%
(wiw} {e.g., about 8.02% or 0.025% to about 1.0% or 1.5% w/w), and the amount ot

A5
ctinaconazole 1s the range of about 0.5% (w/w) to about 5% (w/w) {e.g., about %, about 2%,

VN

or about 3Y%%).

00341  In some exemplary embodunents. the mvenition provides compositions wheren the
" " 2 . i

arpount of EDTA or EDTA salf 1s about 8.00025% (w/w) and the amount of BHT 18 about

0.1% (w/iw),

180351 The compositions of the mvention can contain a polar solvend, a non-polar solvent,
or a mixture of the two. in some embodiments, the composiiion mcludes a polar solvent
system contaimming propylene glyveol, glycerm, and cthanel. In some embodiments, the
composition inchudes a non-polar solvent system contamning Cia.qs alkyl lactate, dusopropyl

adipate, cyclomethicone, and ethanol.

(86361 Compositions of the mvention can contain, and often will contamn, ciiric acid.
Particularly where the composition mnclhudes the polar solvent system, Citric acid 18 also
present because the iventors have further surpnsingly found that the presence of ¢uirie acd

also aids i mamntaming color stability in such compostiions as comparcd 10 COMpPOSHIONS

containing the non-polar solvent system wherein ¢itric acid may not be required to maintam
color stability (and as compared to compositions that mclude a polar solvent system and do
not melude citric acid). BEven m compositions that inchide a non-polar solvent system, the
mventors have found that the presence of cutric acid as g stabilizer, chelating agent {chelator),
anti-oxidant, and/or pH adpusting agent, or otherwise does not significantly detract from color

stability m compositions confatmung the non-polar solvent system.

180371 The amount of ¢itric acid can be any amount that when combined with the EDTA
and BHT either results in acceptable color stability, while usually also providing a detectable
anti~-oxidant effect, or that preferably enhances the color stability of the composition over the
color stabilizing eficcts ot BHT and EDTA alone. Compositions according to such aspects of
the wmvention ¢an contain, for example, from about §.01% citric acid 1o about 1% citrie acid
by weight. The compositions can contan from about 8.02% to about 8.5% citric acid, from
about (0.05% o about 1.5% cune acd, from about 8.03% o abowut .8% citric acid, or from
about .085% to about 8.5%, 0.4%, .39, or 0.1% ciric acid, {n some cmbodiments, the
compositions contain about $.05%, 0.006%, 0.07%, 0.03%, 0.09%, 0.10%, 8.12%, $.15%,
0.17%, 0.20%, 0.25%, 0.30%, 0.35%, 0.40%, 0.45%, 0.50%, .55%, 0.060%, 8.053%, §.7(9%,
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(3.75%, 5.80%, 0.85%, 0.90%, 0.95%, or about 1.00% citric acid by weight, As for BHT and
FDTA. ordinarily skilled formulation scientists will be capable of determimine appropriate

’ J &
amounts of citric acid to mclude 1 any particular efinaconazole coraposition given the

outdance provided here with respect to color stability.

18838}  In some embodiments, the composition contans: from about .5% (o about 15%
chinaconazole by weight, such as from about .75% to about 12% chinaconarole by weight
(e.g., about 1-5% or about 5-10% eimaconazole by weight), from about 0.0196 10 about 2%
BHT by weight (e.g2., about {(1.2% 10 about 1.5% BHT by weight), and from about 8.0001% to
about 1.5% EDTA or EDTA salt by weight {e.g., about §.006061% to about 0.0005% EDTA or
EDTA salt by weight or about 0.1% to about 1.25% EDTA or EDTA salt by weight), and

about (1.1% 10 about 1% ciire acid by weight,

[6838]  In some exemplary embodiments, the composition contains: from about 8.5% 10
about 159% ehinaconazole by weight, from about $.01% to about 2% BHT by weight, from

about .0001% to about §.0005% EDTA or EDTA salt by weight, and from about 8.1% to

about 1% citric acid by weight,

6401 In come exemplary embodiments, the composition contains from about .5% 1

about 15% efimaconazole by weight, about 8.1% BHT by weight, and about 0.00023% EDTA

or EDTA salt by weight., In some embodiments, the composthion turther contains about §.1%

cifric acud by weigh,

(88411 In some exemplary embodiments, the composition contains from about §.5%

about 15% etinaconazole by weight, about §.1% BHT by weight, about $.00025% EDTA or
HIYTA salt by weight, and about §.1% citri¢ acid by weaght,

180421 In some embodiments, the composition containg about 10% efinaconazole by
weight, In some embodiments, the compaosition contams about 5% ctinaconazole by weight.

in some embodiments, the composition contamns about 2% elinaconazole by weight,

138431 Compositions can include additional components that are compatible with the
clinaconazoele, BHT, EDTA, and, 1f present, ¢itric acid components of the composition, and
that preterably do not matenially affect the basic and novel properties of the mventive
compositions, such as the color stability of the composition. Often compositions will mchude
co-solvents, which can be non-polar or polar and/or volatle or non-volatile., Further

components are described n detail below,
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“omposition {Color

138441 The compositions of the mvention typmcally exhibit color stability over extended
storage pertods. The compositions can be stable for periods lasting from about two weeks 1o
several months or even vears (e.g., about one year, about two vears, or even about three
years, or longer, at room emperature storage}. The compositions can be shelf-stable, tor
exampile, for at least a month, or at least 3 months, or at least 6 months, or at least ¥ months,
or at icast a vear at icmperatures that are higher than room temaperature (R}, such as at icast
about 35 °C, at least about 45 °C, at least about 50 °C, at least about 55 °C, at least about 60
°C. or higher, The compositions ¢an be stored at around room temperature (l.e., 25 °C), at

around 40 “C, at around 65 °C, or at other sustable teraperatures.

[8845] It will be appreciated by those of skall in the art that the stability of 4 composition
can be readily assessed by eye, which 18 a2 method used often n the assessment of color
stability of products such as pharmaccutical compositions. In some embodmments,
discoloration can be quantified by recording a measurement, such as the UV-vis absorbance
of a composition or a diluted sample of the composttiion, which provides a more guantifative
measure of color stability, In cases where absorbance of UV/visible light 18 used 10 assess
color stabiiity, the absorbance can be recorded at any suitable wavelength and using any
suttable device or method, Usceluol absorbance measurements for ¢hinaconazole compositions
can be recorded at 400 nm, 500 nm, or 600 nm. Other wavelengths can be used tor
measurement, depending on the particular composition being analyzed and the concentrations
3t the composition components. Compositions that do not exhibit discoloration remain
coloriess, Corppostitions that rernam colorless over extended perntods are parficularly
preferred. Typically, colorless compositions nave UV -vis absorbance values below 0.1
absorbance units (AUY at 400 nm, below .01 AU at 560 nm, and below 0.01 AU at 600 nm.
Certain acceptable compositions extibit a shght change in color. Such composition may turn
pale yellow durning storage. Tvpwcally, paic vellow compositions have UV-vis absorbance
values below 0.2 AU at 400 nmy, below 8.1 AU at 500 nm, and below 0.1 AU at 600 om. One
of skill i the art will appreciate that colorless and pale yelow compositions ¢an be identified

by visual mspection without the use of UV-vis measurcments.

H846]  As noted above, n some embodimonts the determmation ot color stability 18 made
using a device that can quaniity the color of the composition afier a fime of $101329¢ as
compared 1o 18 mmtal color and/or agamst standard ranges that reflect acceptable color

(usually as compared to controls and run with two or more samples). Any suitable device

i
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and measurement system can be used. Typically, ultraviciet-visible (UV-vis) absorbance
units { AUs) determuned by a spectrophotometer or ssmilar device can be determimed for a
composition and assessed agamst AU vahies that provide a range, number, and/or cutoft that
1s deemed to reflect acceptable color stability m a composition. The range, cutofi, and/or
value can change with various factors such as the wavelength at which the measurement is
taken. In some aspects, multiple measurements at different wavelengths are performed. In
30Me aspects, only a single measurement at a smgle wavelength 15 pertormed. In one
cxemplary embodiment, aficr storage for at fcast one month at 65 “C the composition cxhibits
UV-vis absorbance values of: 0.4 absorbance unats (AU or less a1 400 am; 0.1 AU or less at

5G4 nny; and 0.1 AU or less at 600 nm.

{471 The compostiions exhibat certain UV -vis absorbance values atter storage for at least
one month at 65 “C. In preferred embodiments, the composition exhibiis one or more UV -vis
absorbance values selected from: 0.4 AU or less at 400 um; O.1 AU or fess at 500 nm; and 9.1
AU or less at 600 nm. In some embodiments, atier storage for at least one month at 65 °C the
composition exhibits UV-vis absorbance values of) 0.4 absorbance units (AU or less at 400

nm; 0.1 AU or less at 500 om: and 0.1 AU or less at 600 nm.

16048] The UV-vis sbsorbance of a composition or sample of a composition at 400 nm can
be, for exampie, from about 0.1 AUl to about (0.2 AU, or from about .2 AU to about 0.4 AU.
The UV-vis absorbance at 400 nm can be about 0.1, 0.15, 0.2, .25, 0.3, 0.35 orabout 4.4

Al

06491 The UV-vis absorbance of a composifion or sample of a composition at 300 nm can
be, for example, from about .01 AU to about .05 AU, or from about 8.05 AU €0 about 8.1
AU. The UV-vis absorbance at 500 oo can be about 6.01, 6.02, .03, 4.04, 0.05, 0.06, 0.07,
0.08, .06 orabout 0.1 AL

(0SG] The UV-vis sbsorbance of a composition or sample of a composition at 60{ nm can
be, for exampie, from about .01 AU 10 about .05 AU, or from about .05 AU {o about .1
AUl The UIV-vis absorbance at 600 nm can be about .01, $.02, 0.03, 0.04, .05, .06, §.47,
(.08, 0.0% orabout 0.1 AL

168511 In some embodiments, aficr storage for at least one month at 65 °C the composition
exhibits one or more UV-vis absorbance values selected from: 0.2 absorbance units (AU) or

fess at 400 am, 8.03 AU or less at 500 nm, and (111) 0.03 AU or less at 600 nm. In some
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cribodiments, after storage for at {east one month at 65 “C the composition exhibits UV-vig
absorbance values oft .2 absorbance units (AU) or less at 400 nm; 0.03 AU or less at 500

i and 6.07% Al or less at 600 nm.

{0521 In some embodiments, atter storage for at {east one month at 65 “C the composition
exhibits one or more UV-vis absorbance values selected from: 0.1 absorbance unuts (AU or
fess gt 400 nm, 0.01 AU or less gt 500 nmy, and (111 0.01 AU or less at 600 nm. In some
crnbodiments, after storage for at ieast one month at 65 “C the composition eximbits UV-vig
absorbance values of: 0.1 absorbance units (AU) or less at 400 nm, (.01 AU or less at 500

nm, and (u1) 0.01 ATl or less at 600 nm.

38531 The absorbance values deseribed herein can alse be exhibiicd after storage for 6

weeks, or 8 weeks, or 3 months, or & months, or 1 year, or longer.

[8454]  Discoloration (or a iack thereof) can also be assessed by comparing a UV-vis
absorbance value 1or a compostiion aticr a pertod of storage to a UV-vis absorbance value tor
the composition before the pertod of storage. In some embodiments, for example, the
absorbance of a sample of the composition at 400 nm after storage for 4 s¢t pertod 18 not more
than 5 times the absorbance of the sample at 400 nm before the set period. In some
cinbodiments, the absorbance of a sample of the composition at 500 nm after storage for a set
pericd 18 not more than 1{ fumes the absorbance of the sample at SO0 nm betore the set
period. In some ernbodumnents, the absorbance of a saraple of the composiion at 600 nm aficr
storage for a set pertod 18 not more than 5 times the absorbance of the sampie at 600 nm
betore the set period. In some embodiments, a sample of the composition appears very hght
veilow aticr a set storage period. In some embodiments, a sample of the composition appears

coloriess afier a set storage period.

{88551 A sample can be any portion of a composition that 1s held for storage and/or
analysis. The sample can consist of a composition of the mvention as described herein, or a
composition that has been diduted or concentrated as necessary to faciitate analysis. The
storage pentod can be any iength of tume suitable for assessing the ctiects of storage on the
physical and/or chemical properties of a composition. In some embodiments, the storage
period 1s at least 4 weeks long. In some embodiments, the storage 15 conducted at a
ternperature of trom about 20 °C 1o about 80 °C. In some embodiments, the storage 18

conducted at a temperature of about 65 °C
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Formulations

[0056] In general, the compositions of the invention are formulated to be administered

topically. The compositions can be formulated, for example, as solutions, sprays, ointments,

lotions, gels, shampoos, and the like. The compositions can also be formulated according to
U.S. Pat. No. 8,486,978, as well as according to U.S. Pat. Appl. Pub. Nos. 2009/0175810 and
2014/0228403. The compositions of the present invention, however, generally exhibit
enhanced stability when compared to known formulations. In a preferred embodiment, the
composition is formulated as a solution. In some embodiments, preferred components

include volatile solvents, non-volatile solvents, and wetting agents.

[0057] Volatile solvents are compounds which have a measurable vapor pressure, and
preferably are compounds that have a vapor pressure of greater than about 100 Pa at room
temperature. Examples of volatile solvents include: acetone, 2-amino-2-methyl-1-propanol,
1.2-butanediol, 1,4-butanediol, 2-butanol, ethanol, ethyl acetate, n-heptane, 1sobutanol,

isopropyl alcohol, 1-propanol, 2-propanol, and water.

[0058] Examples of suitable non-volatile solvents include, but are not limited to, squalane,
dibutyl sebacate, 1sopropyl laurate, 1sopropyl myristate, 1sopropyl palmitate, isopropyl
stearate, myristyl alcohol, oleyl alcohol, oleic acid, lauryl lactate, myristyl lactate, mixed
C12-15 alkyl lactates, diisopropyl adipate, octyldodecanol, caproic acid, caprylic acid, capric
acid, lauryl benzoate, myristyl benzoate, mixed C12-15 alkyl benzoates, benzyl benzoate.
tridecyl neopentanoate, light mineral oil, mineral oil, alpha terpineol, diethylene glycol
monoethyl ether, n-methylpyrrolidone, dimethyl sulfoxide, ethyl lactate, propylene glycol,

hexylene glycol, glycerol (glycerin), benzyl alcohol and glycerol triacetate.

[0059] Uscful wetting agents are chemical compounds that reduce the surface tension of
liquid compositions and do not build viscosity. Any surfactant or group of surfactants that is
suitable for dermatologic applications is suitable for the invention. Such surfactants may
function as wetting agents in the compositions of the invention, and as emulsifiers or
solubilizers. The surfactants may be nonionic, anionic, cationic, zwitterionic, amphoteric, or

ampholytic surfactants.

[0060] In some embodiments, the wetting agent is a volatile silicone. Such volatile
silicones include linear or cyclic polyorganosiloxane compounds of formula [R2SiOR"],

wherein n is less than or equal to 6, and R? and R® are independently selected alkyl groups. A
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vitatile sticone has a measurable vapor pressure ander ambient conditions. Examples of
cyche volatite sithicones mclude polyvdumethyicyclosiloxanes, generally known as
cyelomethicones {such as cyclopentasiloxane, cyclotetrasiioxane,
decyimethyicyclopentasiioxane, and the like). Exampies of linecar volatile silicones melude

hinear polvstoxanes (such as hexamethvidisioxane, octamethyitnsiloxane, and the like).

[8861] In some embodiments, the invention provides a pharmaceutical composition tor
treatment of a disorder of the nad or nail bed comprising chinaconazole, EDTA or a salt
thereof, BHT, and optionally cuiric acid as described above, and further comprising an
alcohol, a volatile sihicone, and one or more esters of the formula RCO-0OR',) wherein R and
R'may be identical or ditterent and each of R and R' represents a linear or branched chamn of
an allkoyl, alkkenvl, alkoxycarbonylalikyl, or alkoxycarbonvioxyalkyl radical having from 110
25 carbon atoms. In some embodiments, the volatile silicone 18 present in the composition at
a concentration less than 25% wiw. In some embodiments, the concentration of volatile
silicone 18 less than 15%. In some cmbodiments, the ratio of the alcohol to volatile sihicone
in the composition % w/w 18 at least 2:3. In some embodiments, the ratio of the alcohol to
volatide stlicone 18 at feast 3:1. In certain embodiments, the composition does not form a film
when topically applied to the surtace of a4 narl. In certam embodiments, the composttion is

free of polvmeric film formimg compounds.

80621 In some embodiments, the tnvention provides a pharmaceutical composition for

treatment of a disorder of the nail or nail bed comprising efinaconazole, EDTA or a salt
thereof, BHT, and optionally citnic acid as described above, and further comprising:

alcohol - 10% to 80% (w/w;

cyciomethicone - 0.01% to less than 25% (w/w); and

dusopropyl adipate plus either or both of C12-135 alkyl lactate and sopropyl myristate

{\/ P (}‘/ g 'r;} r\
~ 59% 10 90% L W/W ),

(88631 In some embodiments, the mvention provides a pharmaceutical composition for

treatment of a disorder of the nail or nail bed comprising efinaconazole, FDTA or a salt

thereof, BHT, and optionally ¢riric acid as described above, and further comprising:
alcohol - 50% to 70% (w/w
cyciomethicone - 1% to 15% (w/w);

disopropyl adipate - €% to 15% (w/w); and

either or both of C12-135 atkyl Jactate and ssopropyvl myristate - 8% t0 15% (wiw).
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[0064] In certain embodiments, the composition of the invention is {ree of polymeric film
forming compounds and does not form a solid film or hard lacquer or shell when applied to
the surface of a nail. Formation of a lacquer, shell, or film occurs by a process of solvent
casting following evaporation of a volatile solvent which leaves behind the polymeric film
former as a solid residue. Nail lacquers containing polymeric film formers are described, for
example, in U.S. Pat. Nos. 4,957,730; 5,120,530; 5,264,206, 5,346,692; and 5,487,776.
Examples of polymeric film forming compounds include polymers and copolymers of
polyvinyl acetate, polyvinylpyrrolidone, methacrylic acid, polyvinyl butyrals, polyviny]
acetals, and cellulose derivatives such as cellulose acetate phthalate, cellulose acetate
butyrate, cellulose acetate propionate, cellulose nitrate, cellulose sulfate, ethylcellulose, and
cellulose acetate. A polymeric film forming agent can be present in the composition of the
invention, however, if it is present in an amount below that which will result in the formation
of a film or lacquer following application of the composition to the surface of a nail. In some
embodiments, the pharmaceutical composition further comprises a thickening agent such as
an acrvlate crosspolymer (e.g., acrylates/C10-30 alkyl acrylate crosspolymer; sold under
tradenames including CARBOPOL 1342). Those of skill in the art will appreciate that
acrylate crosspolymers used in the present invention break upon contact with the surtace ot

the skin and nails and do not form a film, hard shell, or lacquer.

[0065] The composition of the invention can contain other components, such as
preservatives, lubricants, humectants, moisture regulators, foaming agents, binders, pH
regulators, osmotic pressure modifiers, emulsifiers, colors, aerosol propellants, fragrances, or
odor maskers. Those of skill in the art are aware of the components that are useful for a

chosen formulation. Such components are described in sources such as Remington.: The
Science and Practice of Pharmacy, 20" ed., 2000. Useful combinations for the compositions
of the invention include water/propylene glycol/glycerin/ethanol, water/C,».15 alkyl

lactate/diisopropyl adipate/cyclomethicone/ethanol, and other mixtures.

[0066] Accordingly, some embodiments of the invention provide compositions formulated

as solutions. In some embodiments, the composition contains one or more components
selected from a volatile solvent, a non-volatile solvent, and a wetting agent. In some
embodiments, the composition contains one or more components selected from water,

propylene glycol, glycerin, and ethanol. In some embodiments, the composition contains one

[6
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or more components selected from water, Cip s alkyl lactate, dusopropyl adipate,

cyclomethicone, and ethanol.

§ii. Methods of Treatment

{38671 In another aspect, the wovention provides methods for treating conditions of the skin
or nails. The methods mchude topically administering a composition of the mvention to a
patient 11 need thereof. In general, the skin and nad conditions are caused by fungt including
candida albicans, Cryptococcus neoformans, Aspergillus fumigatus, Tvichophyton
mentagrophivies, and the ke, Examples of skin and nail condifions nclude, but are not

Hmited to, tinea pedis (athlete’s foot), tinca capitis {scalp ringworm), onychomycosis {tinea

unguium}, tmea cruns (Jock itch), timea corpons (ringworm}, and yeast mlections.

[3868] Tinca pedis 1s a fungal indection of the feet caused by Trichopiiyvion rubrum Of
Trichophivton mentagrophytes. Tinea pedis can occur on the beel, on the plantar region of the
sole, and on or between the toes. Tinea capitis 18 an infection of the scalp caused by
Microsporum audouinii, Microsporum canis, Trichophvion tonsurans, Trichophyton
vinfaceum, Trichophyvion schoenlenii, and the like. Onychomycosis 15 an infection of the natil
or nail bed caused by Trichopavion rubrum, Trichophvion interdigitale (Trichopnyion
mentagrophvies ), Epidermophvion floccosum, Trichopavion violaceum, Microsporyum

gypseum, {richophyion tonsurans, frichophvion soudanense, and Candida species.

[3869]  Accordimg to the rmethods of the mvention, the cornpositions are topically apphied {o

the attected area (such as the teet, scalp, or hands) at [east three tunes a week for a period of

cmbodiments, the compostiion 16 applied once daily for about one to twelve weeks. In some
crabodiments, the composition 18 applied twice daily for about one to twelve weeks, Other
dosing regimens can be used i the methods of the wmvention, depending on the type of

tungus causing the condition and the severity of the condition.

8781 The following examples are mtended to tlustrate, but not to limit, the aspecis of the

mvention described above.
iV,  Ixamples

[B8711  Sclutions were prepared by combining clinaconazole and various solvents, resalimg

in mixitures (0 which antioxidants, hydroxy aculds, and chelators were added as described
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below. Resulting solutions were clear and colorless when all components were first
combined. The solutions were stored at 65 "C. Over the storage period, certain solutions

were observed to tumn a pale yellow color. The color of certain solutions deepened to shades

solutions exhybiting various colors is shown in Figure {. UV-visible abgorp‘tion spectra were
recorded at various time points ysing a Varnan Cary 50 Bio Spectrophotometer. Samples

were scanned over 300 nm to 834 nm. Absorbance values were noted at 400, S04 and 600

. Based on the absorbance readings, the “time to fahwre™ was determined using cutoll
vatues of 01407 absorbance unids (ALY at 400 nm, 0.0290 AU af 500 nm, and 0.0290 AU a1
GOG nm.

{8721 Examples 1-6, formulated as shown 1 Table 1, contamed 18% etinaconazole by

weight and varous antioxadants in a water/alkyl }acta'ic:x’diisopropyi

adipate/cyclomethicong/ethanol solvent svstom, The resulis surmmanized 1 Table 2 show that

YV absorbance values exceeded acceptable himits, reflecting unacceptable fevels of color

change in the formulation, withimn 2 weeks (Examples 1 and §), and-—1n the case of propyi
callate—within only 4 days (Example 3.

Table 1

N N W N MWW ww e

T 1 EsampleNe. (% ww)
Ingredients T L 2 30 4 | 5 1 6
EDTA disodium | 0.00023 | 0.00025 | | 0.00025 | i?ééiféffl" 1 0.00025
Puyrified Water | 100 | 100 | | 100 | 100 | 100 |
“Citric Acid Abydrous | 010 | 010 | 0.00_| 010 | 010 |
BHA 0.10 |
' Propyl Gallate 0.10 0.10
Ascorbic Acid ) - 0 | o
Ascorbyl Palmitate | | | | 17010 | 620
CI0-15 Alkyl Lactate ] 10.06 | 1000 | 1000 | 1000 | 1600 | 1000 |
Er(".‘eraphvi 230 (Dusopropyl 12.00 g 12.00 12.G0 1200 | 1200 | 12.00 i
Adipatey I | I R R | |
 Cyclomethicone | 1300 | 1300 | 1300 | 1300 | 1300 | 1300 |
KP-103 10,00 | 1600 | 1000 | 1000 | 1000 | 1000 |
Alcohol, 190 Proof | Q.S.t0 | QS.to | Q8.0 | QS.to | QS.t0 | QS 10 |
S 100 | 190 | 100 | 100 ] 160 | 100 |
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Table 2

DESCRIPTION i month Time o - Absorbance

Failure ' :

1 citric acid, EDTA, | Yellow 2 wk

BHA

2 citric acid, EDTA, | Ycllow P wk

PROPYL .

GALLATE

T e ey > 0.14407 (@ 400 nm

3 propyl gallate Orange/Red 4 days g s e |

4 citric acid, EDTA Yellow P wk > 0.0290 @ 500 nm E

| ¢ acid, EDTA, ilow , e ~Cy o a

g M | - > 0.0290 @ 600 nm i

; ascorbic acid i ” i

7 R i |

5 citric acid, EDTA, Yellow 7 wk g g

| ascorbyl palmitate | e ]

6 citric acid, EDTA. | Yellow i wk i i

E ascorbyl pabmitate
(60731 Examples 7-14, formulated as shown in Table 3, contamned 10% efinaconazole by

weight i the water/alkyl lactate/dusopropyl adipate/cveiomethicone/ethanol solvent system.

The results summarized 1n Table 4 show that the compositions contatmng EDTA/BHT did

not change significantly 1 color for over a month when stored at 05 O {(Examples 7 and 14),

Citric acid can be mnchuded as an additional component i the EDTA/BHT formulations.

Taken together, examples 7-14 show that BHT 15 a uniquely usetul stabilizer for

chinaconazole formulations, particalarly when combined with EDTA and ¢itric acid. The

stability ohserved for formulations contating BHT was particularly unexpected given the

imstabulity observed for formulations contaming BHA and propyl gallate.
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Taple 3
T hamee e
Ingredients 7 | 8 9 LU & T R P 13 0 14
EDTA disodium 0.0002 0.0002 (.0002 | 0.(}(}(}4
SN S S S N N N N N S N -
Puritied Water | oo | 1900 . 00 | | 100 ) ”}0199
Citric Acid 0.10 | 010 | 0.10 0.10
| Anhydrous i {0 |
BT AT N I 000006 040
(C12-15 Alkyl Lactate | 10.00  10.00 | 10,00 | 10.00 | 10.00 | 10.00 | 1 _9_99__“_______91_?9 _____
Ceraphyt 230 12.00 | 1200 | 12.00 | 12.00 | 1200 | 12.00 | 12.00 12,00
(Disopropyl ‘ '
Adpatey L S I NN A
Cyclomethicone 3.6 | 13.00 § 1300 | 1300 | 1300 § 13.00 | 13.00 1 13.00
Kol [ ToW 1000 1000 | Too0 |10 1600|1000 | 1000
Alcohod, 190 Proot (3.8t | Q.5 10 | QS QS E Q.S .5 | Q. 105 W
Wwe 100 |t 0o o t0 to | 100
___________________________________________________________________________________________________ 00 | 1100 § 100 | 100 |
Table 4
‘Ne |DESCRIPTION |imenth | Timete | Absorbance :':::m::‘.
E Failure 400 nm | 500 mm 600 nim |
SRR Y N MO A M e |
! 7 citric acid, EDTA, | V. Laght Yellow | > 1 mo 0.1407 | 0.026 (3.029 '
o Bur | I (R - .
8 |citicacid, EDTA | Yellow  |lwk
9 ldcacid  [Yellow | Lwk - 0.1407 @ 400
18 EDTA Coppet I wk | =
IS R ——— U ST N— > 0.0290 (@ SO0 nm
§f  BHY Copper 1 twk ~ 1 00060 @ 600 nm
12 | MNostabilizers | Orange | bwk 4T
13 | BHUteiticacid | Yellow | Swk*
(A4 |BELEENA € L L zilmo | 0.0414 | 0.0042 | 0.0082 |
5 (8874} Examples 15-19, formulated as shown m Table 5, contained 10% efinaconazole by

weight and various acid components in the water/:

aikyl lactate/ds

ISOpTropvil

adipate/cyciomethicone/ethanol solvent system. The results sumunarized m Table 6 show that

the curic acid/ EDTA/BHT formulation remained clear and ¢oloriess tor over 3 month when

stored a1t 65 °C (Example 19). For the other acid components, absorbance values exceeded

10

usetul for the treatment of onychomycosis.

acceptable imtts withan 2

OF

3 weeks, Formulations according to Example 19 are particularly
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b Example No. (Yow/w)
Ingredients TR T S 7 | 8 | 19 |
' EDTA disodium ﬁ - 0.00025 (} 00025 | 0.00025 | 0.00025 | 0.00025
| Purified Water W00 | 100 1.00 1.00 1.00
 Citric Acid Anhydrous | R o - RO
CAceticAcid Lo o
lacicAcd e | Lol
| Tartaric Acid 0.1
' Salicylic Acid i 0.10
BHT 010 | 010 .10 {3.10 3.10
CI2-I5AlkylTactate | 1000 | 1000 | 1000 | 1000 | 10.00
- Ceraphyl 230 (Diisopropy| 12,00 ; 12.04 12,08 12,04 12,043
| Adipate)
. Cyclomethicone 13.00 | 13.00 13.00 13.00 13.00
kP03 1000 | ID00 | 1000 | 1000 | 1000
CAlcohol, 190 Proof QS0 | Q810 | US| QS0 | @8t
5 L L 130 100 100
Table 6

‘No | DESCRIPTION | Lmenth |  Timeto _Absorbance

i’*aaium 460 nm | 500 nm | 600 nm |

15 | EDTA, BHT, "';"é%i‘é"""'i;é"ﬁl}{i? """""""""""""" ek T S |

S acd

16 i:’;A BHT, lactic E YKHOW 2wk ?} O 14@"‘:; g% i{}(} N

17 | EDTA BHT, Light Yellow | 3wk y ggigg }f 623 .

; tartaric acid i -

18 | EDTA, BHT, ight Yetllow | 3wk

' salicylic acid ' :

19 | é'ji)";f;{;'f%'ﬁff mtnc(_{ima """""""""""""" (0414 | 00042 | 0.0082 |

acid E E

G751 Examples 20-26, tormulated as shown i Table 7, contamcd 10% chnaconazole by
wetght i a second solvent system. Exampie 27 contamed 3% clinaconazole. As shown

Table §, absorbance for ail of the samples except for Exampie 20 exceeded acceptabie

absorbance levels within 4 days to 3 weeks. Example 20, contaming citric acid, EDTA | and

BHT remained clear and colorless for over one month when stored at 65 (.
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Table 7

S — A S . ExaopleNo. (Yoww)
Ingredients 20 21 22 0 23 4 24 | 2% 1 26 27
| }:JIA disedium 0.0002 | 0.00072 - 0.0002 | - 0.0002 |
. ' 5 S E ] | 5 & ; E
L-E_%%%:z_f_fs__@_}‘?ifiﬁ _____________________________ 100 | 100 | oo | 1100 | |
- Citric Acid 0.10 010 | 0.10 | (.10 '
P__Ar hydrous o o ___E_ i P B }
Ro: U 001 | 1010 010 1 | _0.10 | 0.10 |
Propylene Glycol | 3440 | 34.50 | 3500 | 34.50 | 3500 | ’f‘f?___?f_}___-_;__________19;9 ______ 37.95 |
- Glycerin 2720 | 27.20 | 27.40 | 27.20 | 27.50 | 27.30 | 27.50 | 28.45
- Vitamin E : .05
Kp-103 10.00 | 1000 | 10.00 | 10.00 | 10.00 __1__?_-99__;___}_f?__i‘?_i(?i___ 300 ]
- Alcohol, 190 Proof | Q8. to | Q.S 10| Q.S Q.S o Q.S Uo.to ) Qb | Qb '
; 100 100 to { 100 | o | 100 | 1o t0
S S I LU . 1.9_‘?_--_-,5-_---_--__._-----_---i _____ 100 | 104
Pable ¥

No TBESCRIPTION | Tmonth [ Timess | Abserbaee
' - Failure 46¢ nm | 308 | 600 am |
l 1m |
28 | CA, EDTA, BHT V. Light Yellow | > 1 mo .1407 | 0028 | 0.029
21 | citric acid, EDTA | Orange/Red 4 days :

27 ;":i?}iz"iii,"{émﬁ?fi: """""""" Orange/Red wk

3 EDLA, BHT Lioht Copper 3 Wi )

é% “itrija;id Oi%m&xi:”(ljg?g 1 Z?;aif» = 0. 1407 (@ 400 1o

N REEEE Ratd > 0.0290 @ $00 nm

25 EDTA O angc/Red P wik > (.0290 (@ 600 nm

26 | BHT | Orange 2wk '

27 | vitamin B, BHT | Pinkish/Red* | <2 wk

S [B876] Examples 28-33, as shown i Table 9, contamed 2% chinaconazole by weight in ge
fornmulations. As shown in Table ¥, most formulations containing BHT and EDTA remamed
cicar and colorless for 8 weeks., Example 9, without ¢inic acid, gained only a very light color

between 4 and 8 weeks.

Crowd
[
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Table Y

Nog Comtents | GLoloralter sterage at 63 ¢
. W WY - Y Ciﬁ'ic E i § E §

(“ig/i:; jw} (E;Hi;;:') acid | Inatial i wk 2 wk 4wk R wk
AT v wiw)
2% 0.1 0.0 0.2 cC o{ o CcC Locc o Locc boCcC
.| Dark | T Light |
W ‘ . 0.2 CC | Orange | = . Arnber |
L0 L0 0 LS L yeliow | U™ | Amber | S0
30 0.1 0.1 0.0 cCo|ocCc | oce | CcC | Light |
SN USSR NSO A I B I | R ’.--.f.i@.l?.&}}fz:___j
E > . E i » ghi i . E
31 0.0 0.0 0.0 CC o} Orange ) Amber | Amber |
i ; ) . Amber
32 0.5 0.1 0.2 CC | ¢C 1 CcC | cCc i e
330 01 | 01 | es | cc | Net | cc |t o ¢t
; | L] (3 wks) (7 wks) |
_________________________________________________________________________________________ determumed | ¢ T

68771 Exaroples 34-39, as shown in Table 10, contained 2% ctinaconazole by weight in
additional gel formulations. Color of certam formulations was assessed by visual observation
and the results are presented in Table 11, The excipients described in these formulations, as
with othor formulations provided heremn, can be replaced wath other known formulations
having stmilar functions to generate additional suitable formulations according 16 the
invention, but typically the EDTA and citric acid elements are mamtamed, along with the

cfinaconazole APL

Table |0

 Component | | Example No. (% w/w)
34 38 1 36 37 1 38 1 3
EﬁEfinaconazole 200 200 | 200 | 200 | 200 | 200
; _ \ i E

Dicthyicn e
l

- glycol

- monoethyl

- Hexylene
_{i,hfcoi

- Acrylates/Cl0- -
30 alkyl L
acwf‘iatﬂ - o




Table 10, continued.

Component Example No. (% w/w)

| 34 35 36 37 38 39
Niacinamide 2.00 2.00 2.00 2.00 2.00 - 2.00
Butylated 0.10 - 0.10 - 0.50 | 0.10
hydroxytoluene
ANt o1 | o1 | o N 01 | o
disodium
I 02 | 02 - . 0.1 0.5
anhydrous *
Puritied water | qs 100 | qs 100 | gs 100 | qs 100 | gs 100 | gs 100

Table 11

103, Color

GELS, 2% KP-

8 wk
C

development
DESCRIPTION
0.1 BHT+ 0.1 ED
+0.2 CA

NO BHT+ 0.1 ED
+0.2 CA

0.1 BHT+ 0.1 ED
+NO CA

24

.
CC Dark Yellow | Orange | Light Amber
- O e
CC CC CC CC V .light
R S G o
NO CC Orange Light Amber
0.5 BHT+ 0.1 ED |CC CC CC
CC Not CC CCG (CC((7
Rl P i el

35 0.1 BHT+ 0.1 ED
Although the foregoing has been described in some detail by way of illustration and

25

26

7

28

+0.5 CA

10078}
example for purposes of clarity and understanding, one of skill in the art will appreciate that

[0 certain changes and modifications can be practiced within the scope of the appended claims.

24
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Claims:

1. A liquid or semisolid composition comprising 0.5% to 15%

efinaconazole by weight, butylated hydroxytoluene (BHT), and a salt of

ethylenediaminetetraacetic acid (EDTA), wherein the amounts of BHT and the salt of
EDTA are sufficient to ensure the composition is (a) colorless upon initial formulation and

(b) colorless or pale yellow after storage for three weeks at a temperature of 40 °C.

2. The composition of claim 1, wherein the composition is colorless or

pale yellow after storage for one month at a temperature of 65 °C.

3.
efinaconazole is:

The composition of claim 1 or claim 2, wherein the amount of

(a) in the range of 8% (w/w) to 12% (w/w); or
(b) in the range of 0.5% (w/w) to 5% (w/w).

4 The composition of any one of claims 1-3, wherein the amount of
efinaconazole is 10% (w/w).

5. The composition of any one of claims 1-3, wherein the amount of
efinaconazole is 2% (W/w).

6. The composition of any one of claims 1-5, wherein the amount of
BHT is in the range of 0.01% (w/w) to 2% (w/w).

7. The composition of any one of claims 1-6, wherein the amount of
the salt of EDTA is in the range of 0.0001% (w/w) to 1.5% (w/w).

8. The composition of claim 7, wherein the amount of the salt of EDTA
is in the range of 0.0001% (w/w) to 0.0005% (wW/w).

9. The composition of claim 8, which is formulated as a solution.

10. The composition of claim 7 or claim 8, wherein the amount of the salt
of EDTA is 0.00025% (w/w) and the amount of BHT is 0.1% (w/w).

29
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11. The composition of claim 7, wherein the amount of the salt of
EDTA is in the range of 0.01% (w/w) to 1% (w/w).

12.  The composition of claim 11, which is formulated as a gel.

13. The composition of claim 11 or claim 12, wherein the amount of
the salt of EDTA i1s 0.1% (w/w) and the amount of BHT is 0.1% (w/w).

14. The composition of any one of claims 1-13, wherein the

composition further comprises from 0.01% citric acid (w/w) to 1% citric acid (w/w).

15.  The composition of any one of claims 1-14, wherein the

composition comprises from 0.05% citric acid (w/w) to 0.25% citric acid (w/w).

16. The composition of any one of claims 1-14, wherein the

composition comprises from 0.075% citric acid (w/w) to 0.15% citric acid (w/w).

17. The composition of any one of claims 1-16, wherein the color of
the composition is determined;

(a) by visual inspection; or
(b) by assessing UV-vis absorbance values.

18.  The composition of any one of claims 1-17, wherein:
after storage for one month at 65 °C the composition exhibits UV-vis

absorbance values of 0.4 absorbance units (AU) or less at 400 nm; 0.1 AU or less
at 500 nm; and/or 0.1 AU or less at 600 nm; or

after storage for one month at 65 °C the composition exhibits UV-vis
absorbance values of 0.2 AU or less at 400 nm; 0.03 AU or less at 500 nm; and/or

0.03 AU or less at 600 nm; or
after storage for one month at 65 °C the composition exhibits UV-vis

absorbance of 0.1 AU or less at 400 nm; 0.01 AU or less at 500 nm; and/or 0.01 AU

or less at 600 nm.

19.  The composition of any one of claims 1-18, wherein:

26
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wherein after storage for one month at 65 °C the composition exhibits
UV-vis absorbance values of. 0.4 AU or less at 400 nm; 0.1 AU or less at 500 run; and
0.1 AU or less at 600 nm: or

wherein after storage for one month at 65 °C the composition exhibits
UV-vis absorbance values of: 0.2 AU or less at 400 nm; 0.03 AU or less at 500 nm;
and 0.03 AU or less at 600 nm: or

wherein after storage for one month at 65 °C the composition exhibits

UV-vis absorbance values of: 0.1 AU or less at 400 nm: 0.01 AU or less at 500 nm;
and 0.01 AU or less at 600 nm.

20.  The composition of any one of claims 1-19, further comprising Ci».

15 alkyl lactate, diisopropyl adipate, cyclomethicone, and ethanol.

21.  The composition of claim 20, comprising:
10% to 80% (w/w) ethanol;

0.01% to less than 25% (w/w) cyclomethicone;
5% to 90% (w/w) diisopropyl adipate; and

5% to 90% (w/w) C12-15 alkyl lactate.

22. The composition of claim 20 or claim 21, comprising:
50% to 70% (w/w) ethanaol;

10% to 15% (w/w) cyclomethicone;

8% to 15% (w/w) diisopropyl adipate; and

8% to 15% {(w/w) C12.15 alkyl lactate.

23. The composition claim 1, further comprising Ci2.15 alkyl lactate,
diisopropyl adipate, cyclomethicone, and ethanol, wherein the amount of the sait of EDTA
is in the range of 0.0002% (w/w) to 0.0004% (w/w), and wherein the amount of the salt of
BHT is in the range of 0.01% (w/w) to 1% (w/w).

24.  The composition of claim 23, comprising:
10% to 80% (w/w) ethanol;

0.01% to less than 25% (w/w) cyclomethicone;
5% to 90% (w/w) diilsopropyl adipate; and

5% to 90% (w/w) C12-15 alkyl lactate.
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25. The compostition of claim 23 or claim 24, comprising:
50% to 70% (w/w) ethanol;

10% to 15% (w/w) cyclomethicone;

8% to 15% (w/w) diisopropy! adipate; and

8% to 15% (wiw) C12.45 alkyl lactate.

20. The composition of any one of claims 23-25, wherein the

composition further comprises from 0.05% citric acid (w/w) to 0.25% citric acid (w/w).

27. The composition of claim 26, wherein the composition comprises

0.1% citric acid (w/w).

28. The composition of ¢claim 1, which consists essentially of:
0.00025% (w/w) EDTA sodium

1.00 % (w/w) purified water

0.10 % (w/w) citric acid anhydrous
0.10 % (w/w) BHT

10.00% (w/w) Cq2.15 alkyl lactate
12.00% (w/w) diisopropy! adipate
13.00% (w/w) cyclomethicone
10.00% (w/w) efinaconazole, and

alcohol, 190 proof g.s. to 100% (w/w).
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