I*I Innovation, Sciences et Innovation, Science and CA 3035566 A1 2018/03/08
Développement economique Canada Economic Development Canada
Office de la Propriéte Intellectuelle du Canada Canadian Intellectual Property Office (21) 3 035 566

122 DEMANDE DE BREVET CANADIEN

CANADIAN PATENT APPLICATION
13) A1

(86) Date de depot PCT/PCT Filing Date: 2017/08/30 51) Cl.Int./Int.Cl. A67K 37/00(2006.01)

(87) Date publication PCT/PCT Publication Date: 2018/03/08 | (71) Demandeur/Applicant:
AERIE PHARMACEUTICALS, INC., US

(85) Entree phase nationale/National Entry: 2019/02/238

o ST . (72) Inventeurs/Inventors:
(86) N° demande PCT/PCT Application No.: US 2017/049473 LIN. CHENG-WEN US:

(87) N° publication PCT/PCT Publication No.: 2018/045091 KOPCZYNSKI CASEY, US:

(30) Priorité/Priority: 2016/08/31 (US62/382 237) DELONG, MITCHELL A, US;
STURDIVANT, JILL M., US:

KRISHNAMOORTHY, RAMESH, US
(74) Agent: SMART & BIGGAR

(54) Titre : COMPOSITIONS OPHTALMIQUES
54) Title: OPHTHALMIC COMPOSITIONS

(57) Abrégée/Abstract:

The present disclosure provides an ophthalmic composition comprising 4-(3-amino-1-(iIsoguinolin-6-ylamino)-1-oxopropan-2-
vi)benzyl 2,4-dirnethylbenzoate or its pharmaceutically acceptable salts; about 0.01% weight/volume to about 1.0% weight/ivolume
of a buffer; and about 0.01% welght/volume to about 10% weight/volume of a tonicity agent.

50 rue Victoria e Place du Portage1l e Gatineau, (Québec) K1AOC9 e www.opic.ic.gc.ca i+
50 Victoria Street e Place du Portage 1 ¢ Gatineau, Quebec K1AO0C9 e www.cipo.ic.gc.ca al I a a



CA 03035566 2015-02-28

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

World Intellectual P t
(19) World Intellectual Property NN A T 000 0 O R O A0

Organization
(10) International Publication Number

International Bureau
WO 2018/045091 A1l

(43) International Publication Date

08 March 2018 (08.03.2018) WIPOI|PCT

(51) International Patent Classification:

A6IK 31/00 (2006.01) Published:

—  with international search report (Art. 21(3))
(21) International Application Number:

PCT/US2017/049473

(22) International Filing Date:
30 August 2017 (30.08.2017)

(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:

62/382,237 31 August 2016 (31.08.2016) US

(71) Applicant: AERIE PHARMACEUTICALS, INC.
[US/US]; 135 US Highway 206, Suite 15, Bedminster, NJ
07921 (US).

(72) Inventors: LIN, Cheng-Wen; 9211 Calabria Drive, Unit
102, Raleigh, NC 27617 (US). KOPCZYNSKI, Casey;
106 Glenhaven Drive, Chapel Hill, NC 27516 (US). DE-
LONG, Mitchell, A.; 212 Hillcrest Circle, Chapel Hill,
NC 27514 (US). STURDIVANT, Jill, M.; 3930 Craw-
ford Dairy Road, Chapel Hill, NC 27516 (US). KRISH-
NAMOORTHY, Ramesh; 403 Sherwood Forest Place,
Cary, NC 27519 (US).

(74) Agent: CULLMAN, Louis C. et al.; K&L Gates LLP, 1
Park Plaza, Twelfth Floor, Irine, CA 92604 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA,CH, CL,CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR, KW, KZ, LA, LC,LK, LR, LS, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZVW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

(54) Title: OPHTHALMIC COMPOSITIONS

(57) Abstract: The present disclosure provides an ophthalmic composition comprising 4-(3-amino-1-(1soquinolin-6-yiamino)- 1 -0xo-
propan-2-y1)benzyi 2,4-dirnethylbenzoate or its pharmaceutically acceptable salts; about 0.01% weight/volume to about 1.0% weight/
volume of a bufter; and about 0.01% weight/volume to about 10% weight/volume of a tonicity agent.

woO 2018/045091 A1 | I M0 10 A0 RO AR 0 R



CA 03035566 2015-02-28

WO 2018/045091 PCT/US2017/049473

OPHTHALMIC COMPOSITIONS
INTRODUCTION

{0001F Ophihalimic compositions are neeged which provide sufficient solubiiily for the
active pharmaceutical ngredient, while maintaining stabiiily of the aclive pharmacsiiical
ingredient and reducing giscomtort upon administration.  Typically ophthainic compositions
are adminisiered at or near physiciogicai ph for both ease of gosing and reguced discomion
upon administration.  mowever, not all aclive pharmacsuiical ingredients are sutficiently
soiubie at physioiogical pH. Therafore, a compaosition that doth allows for sufficient soiubiiily
of the active pharmaceutical ingredient and minimizes discomiort upon administration 1s

neaded.
DETAILED DESCRIPTION

{00021 In an aspect, the present disclosure provides an ophthalmic composition
comprising 4-{ 3-3MNe-1-4soquingin-S-yiamine)-1-oxopropan-Z-yhbenzyl & 4
gimethyibenzoale of s pharmacsutically accepiable sails; about 0.01% weight/voiume 1o
about 1.0% weght/volume of a bulfer, and about 0.01% weaight/volume (g about 10%

weaighl/volume of 8 tonicity agent.

Q003 In ancother aspect, the present disclosure provides an ophthaimic composttion
COMPrising 4~{ 3-aMino- 1~(1SOGUINCHN-C-yIaMming)~ 1-OXopropan-2-yhHvenzyi 2,4~
dimethvibenzoate or its pharmacsutically accepiable salls; boric agid; and mannitol, wherein

the composilion has a pH from about 4.5 10 about 5.4,

100047 In anolher aspect, the present disciosure provides an opnthaimic compaosttion
comprising about 0.0Z2 %  weightvolume  of  4-(G-aming-1-(isoguinolin-o~ylaming}~-1-
oxopropan-2-yhpenzyl 2. 4-dimethyibenzoate or s pharmaceidically accepiabie sall; about
4. 7% weight/volume of mannitol, aboutl 0.058% weight/volume of boric acid; and about
0.015% weight/volume of benzalkonium chioride,; wherain the composition has a pH irom
about 4.5 10 about 5.4,

FO00ST In another aspect, the present disciosure provides an ophthalimic composHion,
COMpPrising 4-{ 3-amine-1-(sogquinoiin-S-yviamine)-1-gxopropan-2-yhnenzyl &, 4
gdimethyibenzoale or s pharmaceutically accepiapie sails, boric acid, manniol, and

Atanoprost.
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Q006 In another aspect, the present disclosure provides methods of trealing an
ephinaimic diseases, the mesihod comprnsing opicaily adminisienng io the eyve of a patisnt In

nead an ophithaimic cComposition as describad nerain.

1. Definitions

TORGTY Unless otherwise defined, all tschnical and scientific (8rms used nsrein have the
SRME Meaning as commaoniy undersiocd by one of ordinary skill in the arl. in case of contiict,
ine present gocument, inciuding defintions, will control, Preferred methods and malenals are
gaescribed pelow, aithough methods and materals simiiar or aguivalent (o those describsd
nerein can be used in praclice of testing of the present gisciosure. All publications, patent
applications, patents and other references mentionad herein arg incorporaisd by reference
in their entivety. The materials, methods, and exampiles disciosed herein are fliustrative only

and not intended {0 de imiting.

*3

{0008 The tlerms "comprise(s),” "include(s),” "having,” "has,

3

can,” Tconains),” and
variants thereof, as used nersin, ars intended {0 be gpen-ended transitional phrases, {&erms,
oF words that do not praciude the possipiity of aggiional acts or structures. The singular
forms g, Tan’ andg "the' mncilude plural references uniess the contaxd diearly diciates
otiterwise. The present disciosure aisg contempiates other empodimenis "comprsing,”
‘consisiing of and "consisting essentialiy of," the embodimenis or slements presented

nerein, whether exphicitly sst forth or not.

(0008 The comunctive term "or includes any and all combinations of one or more listed
glements associated by the conjunctive lerm. For exampile, ithe phrase "an apparatus
COMPrsSIing A or 8" may rafer ¢ an apparatus including A where B 18 not pressant, an
apparatus ncluging B whereg A s not presant, or an apparatus where both A and B are
present, The phrases "al leastons of A B, . .. and N or'atieasione of A, 8, . . . N, o
combinations thereot are gefined i the proadest sense 0 meaan ong of mMmore slements
seleciad from ihe group compnsing A, 8, . .. and N, thal 1s {0 say, any combination of one or
more of the elements A B, . .. of N INCIUGING any one slement aione or in combination with
one or more of the ofher elements which may aiso inciude, i combination, additional

sigments not hsted.

OO0 The modifier "about” used i connection with a quantity s inclusive of the stated
vaiue and has the meaning gictated by the contexi {for exampie, H inciudes at least the
gdegree of ol associated wilth the measurement of the particuiar guaniity).  The modifier

‘ahoutl” should also be considersd as disclosing the range definad by ihe absoiute values of

the two endpoints. For exampie, the expression "from apout 2 1o apout 47 aiso disgiossas the
9.
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range from 2 1o 47 The term “aboul” may refer 10 plus or minus 10% of he ndicated
numBer. For exampis, "aboul 10%7 may indicate a range of 8% 1o 11%, and "about 1" may
mean from $.8-1.1, Glher meanings of "aboul” may be apparent from the contexd, such as

rounging off, so, for exampie "aboutl 17 may aise mean from 0.510 1.4,

00111 For the regitation of numenc ranges herain, each nervening number there
petween with the same degree of precision s explicitly contempiaied. For exampie, for the
range of 6-9, the numbers ¢ and & arg contampiated in agddition 10 & and ¥, and for the rangs
6.0-7.0, the number 8.0, 8.1, 6.2, 8.3, 6.4, 8.5, 6.6, 6.7, 8.8, 8.9, and 7.0 are explicitly

contemplated.
2. Compositions

{00121 In an aspect, the present disclosure provides an ophthalmic composition
comprising netarsudit or s pharmaceutically accaptable saits; about 0.01% weight/volums
o about 1.0% weight/volume of & bulter, ang aboul §.01% weight/volume o about 1U%

weighl/volume of 8 onicity agent.
(0013
3. 4~-{3-aming- 1~{isoquinciin-G-yiamino~1-oxopropan-2-yhvenzyi £ 4-aimsthyibenzoate

(00141 In another asped, providgaed herein are ophthalimic composions, compnsing: 4-(3-
amino-1-{soquinoiin-g-ylamino}~1-oxXopropan-2-yhivenzyl  Z24-gdimethvipsnzoate  of 8
phiarmaceulically acceptable sail thereof, apout 0.01% weight/volume 1o apout 1.0%
weaight/ivolume of a butfer; and about 0.01% weaight/volume 10 about 10% weigntvolume of a

onicity agent.

{00151 In another aspedt, provided heren are ophthalmic compositions, comprsing. {(S)-
4-{G-aming-1-{isoquinciin-o-yianino)-1-oxopropan-2-yhibenzyl  Z,4-gimethyibenzoate or a
phiarmacsutically acceptabie sall ineredt, boric acid, and mannitol; whersin the

composiion has a piH from about 4.5 10 apout 5.2,

00167 In anciner asped!, provided narein arg ophihaimic composiions, comprsing.
anout 0.02 Y% 10 about 0.03 % weightrvoiume of (&) 4-(3-amino-1-(ISogunoiin-S-yiamino}-1-
oxQpropan-2-yiibenzyl 2 4-dimethyibenzoals or a pharmaceutically accepiapie sait theraof,
apout 4. 7% weight/voiume of manniiol, aboul 0.05% weight/volume of Doric acid; and abotd
0.015% weight/volume of benzalkonium chioride; wherein the composition has a pH from
auout 4.5 10 abo 0.2,
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0017 i another aspedt, providad herein are ophithalmic composiions, Comprising: {&5-
4-{3~-amine-1-(soquinaiin-S-yiammnoe)-t-axepropan-£-yhbenzyt  &.4-gimethyidenzoate ofF 3

oharmaceutically accepiabie sall thereof, DONC acid; manniiol, andg {atanoprost.

00181 In another aspect, provided hersin are gphithalmic compositions, Comprising:
mixture of {S1-4-{3-aming-1-{soguinoiin-G-yiaming}- 1-oxopropan-2-yijpenzyt 2,4~
gimethyibenzoate or a pharmacsulicailly acceptable sall thersol angd (K»-4-{G-amino-1-
{(isoguingiin-G-yviamino}-1-oxopropan-Z-viipenzyi 2 4-dimethyibenzoate or @ pharmaceutically
acceptabie sall thereot, boric acid,; and mannital,  wherain he composition has a pH from
apout 4.5 10 about 5.2.

{0018 In another aspedct, provided herein are ophihaimic composiions, comprising.
about U.02 % to apout 0.03 Y% weight/voiume of a mbdure of (S 4-{3-aming-1-{dsoguinohn-6-
viamino)-t-oxopropan-Z-yhidenzyl 2. 4-gimsthyitenzoate or a pharmaceuticaily accepiabie
sait thereo! and (K} 4-(G~-amino-1-{iscguingiin-g~yiaminol-1-oxopropan-Z-viibenzyl &£.4-
dimethvibenzoate or a pharmaceutically acceptable salt thereot, aboul 4.7% weight/volums
of mannitol, about 8.05% weight/volume of bonc acid; and gbout 0.015% weight/volume of

penzalkonium chioride; wherein the composition has a pH from aboul 4.5 10 about 5.2,

{00207 In another aspect, provided nerein are ophthalmic Composiions, Comprising: a
mbdure Of {O4-{3-amine-1-{Isoguinohin-o-viamino}- 1-oxopropan-2-yiibenzyi 2,4~
gimethyinenzoate or a pharmaceulically acceptable salt thereo! and {(Ky-4-{3-amine-1i-
(soquinoiin-G-yiamino- 1-oxapropan-2-yijopanzyl 2.4-dimetiyibenzoats or 8 pharmacsutically

accepiabie salt thereof, boric acid; manniiol, and latanoprost.

{00211 In some embodimenis of the composiions providead nerein, the pH I8 from about

3.5 10 about 5.5,

{00221 in some embodiments of the compaositions provided herein, the piH is from aboul
4.5 1o about 5 2.

FO0231  In some ambodiments, the compositions furthar comprise a praservalive.

00247 In some embodimeants, the preservative comprisas penzatkonium chiorids.

(002581 in some embodiments, the compaositions further comprise an emuistiving agent.

{00461 In some embodiments, the emulsitying agent comprises poiyoxyl 40 siesarats,

ooivethoxyviated castor o, or 8 combination thereot,

4-
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Q027 In some embodiments, the tonicity agent comprises mannitol.

{00481 in some embodiments, the bulfer comprises DONAC acid or 1S salts.

{0048 In some embodiments, the compasitions further comprise waler.

{00301 In some embodiments, the Composiions further comprise a pH agiusting agent.

(0031 I some embodiments, the 4-G-amine-1-{soguinsiin-s-viamino}-1-oxoprepan-2-

yviyoenzyl 2, 4-aimsethyibenzoaie s a dimesyiate sall,

100341 In some embodiments, the 4-3G-amino-1-(isoguinciin-G-ylaming)- 1-oxopropan-2-
viibenzyl 2 4-dimethyibenzoats or a8 pharmacsutically accepiable sall thereof s {5)-4-(3-
Smine-1-gsoguinohn-S-yiamine}-t-oxoprepan-d-yhibenzyt  £.4-dimeihyibenzoate  o©or &

phiarmaceutically acceptaple sait thereot,

100337 In some embodiments, the compositions further comprise a8 second ophthalmic

active compound.

{00341 I some empodiments, the second ophthalmic active compound is a prostagiandin

anaiog.
100337 In some embodiments, the prostagiandin analog is ialanoprost or travoprost.

(0036 In some embodiments, the compositions comprise aboul 0.02% wiv 1o abou
.U038% w/iv of 4-{G-amine-1-{soqauinoiin-G-yviamino}- 1-oxopropan-2-yhbenzylt 2,4~

gdimethyibenzoale or a pharmaceutically accepiable salt thereof,

100371 In some empodiments, the compositions comprise aboul 4. 7% weight/volume of

mannitol.

{00381 in some embodiments, the compositions comprise about 0.05% weight/volume of

OIS ACI].

(00381 In some embodiments, the compasitions comprise about 8.015% weight/volume of

benzalkonium chiongs.

{00401 In some empodimeants, the composiions further comprise 0.0050% weaight/volums

of @ianoprost or travoprost.

(00411 in some embodiments, the pharmaceutically accepiable sait s the dimesyiate sait.

5.
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0042 In some embodiments, the pharmaceautically accepianie sall is ine dihydrochiorias

sait.
100431 In some empodiments, the pharmaceutically accepiable sait is the mesyiale sall,

(00441 In some embodiments, the pharmaceutically acceptabie sall is ihe hydrochionds

sal.

1004387 4-{3-Amno-1-{soguinoiin-g-viamino - 1-oxopropan-2-vijpenzyi 2,4
dimethyibenzoate or s pharmacsautically accepiable saiis may e present in the ophthaimic
composition i an amount of aboul 0.01% w/v 1o about 0.008% w/v. Suitably, 4-(3-amino-1-
(SQQuUnCn-S-yiamino)- 1-oxopropan-Z-yhbenzyi 2. 4-gimethyvibenzoate QF S

pharmaceutically accapiable salls may de prasent in an amount of about 0.02% wiv 10 abou

0.03% w/v, depending on the particuiar sait form.  For example, 0.0285% w/iv oF 4-{3-amino-
T-{isoquinclin-g-yiaming}-1-oxopropan-2-yhbenzyl 2 4-dimetnvibenzoats dimeasyiale provides
Q.U2% w/iv of 4-(G-amino-1-{isoquinoiin-b-yviamino}-1-oxopropan-Z-yviipenzylt  2.4-
dimethvibenzoate free dase; and 0.0233% wiv/ of 4-G-amino-1-(soqguinglin-g-yviaminoel-1-
gxopropan-Z2-yhbenzyt 2.4-dimethvibenzoate ainGH provides 0.02% w/iv of 4-(G~-amino-1-
(sQQunehin-o-yviamino)-1-oxopropan-Z-yhvenzyl 2 4-gdimethvibenzoate free dass. ($1-4-(G-
Amine-1-{isoguinolin-G-yiamino)- 1-gxopropan-2-yiipenzyl  2.4-dimethyibenzoate dimesgyiate

IS aiso Known as nelarsudii mesyiale.

0048 I an embodiment, 4-(3-amine-1-{ISoquUinoiin-S-yiamino - 1-oxopropan-2-yhpenzyi
2A4-dimethvibenzoats may e an enantiomerically enriched isomer of a steregisomer. For
axampie, the 4-~{ 3-amine-1-(soguinohn-S-yiamine)-1-oxopropan-Z-yhibenzyl < 4-
dimethvibenzoate may have an enantiomeric excess of at least apout 10%, 15%, 20%, 25%,
30%, 38%, 4Q%, 458%, H0%, 55%, 80%, 65%, 70%, 75%, 80%, 85%, 80%, B5%, 86%, 87%,
98%, or 8% of the (S)- or the (M-enantiomer. Enantiomer, when used nerein, refers 1o
aiiher of @ pair of chemical compounds whnose molecidar structures have a miror-imagse
relationship o each ofther. in an embodimeant, a preparation of a compound gisciosed herain
IS enrichad or an isomer of the compound having a ssiecled stereochiamisiry, €.4g., K or S,
corregponding 0 a selecied stersogenier.  For example, the compound has a pundy
COrespanding {0 a8 compound naving a ssiecied siereochaemistry of a seiected stersocenter
of at least about 60%, B5%, 7%, 75%, 80%, 85%, Y%, 88%, 88%, 87%, 88%, or 88%.

00477 The term "pharmacsutically accepiable salt” includes sails of 4-{G-amino-1-
(soguinaiin-S-viammaoe)-1-oxopropan-2-viipenzyi 2. 4-dimesthyvidenzoate that are preparad with

relatively nonNtoxic acids. Neutral forms of the compounds may be regenerated by contacting

6-
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the sall with a dase and splating the parent compound in a conventional manner. The
parent form of the compound differs from the vancus salt forms i ceriain physical
oroperties, such as molecitar weight ang solubiiity i polar solvenis, but othenwise the sails

are equivalent o the parent form of the compound for the purposes of this disciosure.

Cxampies of pharmacsulically acceptable sails are giscussed in Derge et al, 1477,
"Fharmacsutically Acceplable Salts” J Fharm. Sl Vol 66, pp. 1-18.  In an embodiment,
ine compound is present i mong-sait form. in embodiments, the compound is present in di-

saft form.

100487 bBxamples of suitable inorganic anions inciuds, pul are not imited {0, those derived
from the following norganic acids: hydrochionc, mydrabromic, nydroodic, sulfunc, sulfurous,
MHiNC, nirous, phosphoric, and phosphnorgus. Exampiss of suilabls organic anions inciude,
out are not imied 10, thosa dernvad from the ollowing organic acids: 2-acelyoxybenzoic,
acetic, 8scorbic, aspariic, nenzoic, camphorsulfonic, cnnamic, oinc,  edelic,
athanedisuifonic, sthanesuyfonic, fumarnc, giucohepionic, gluconic, glutamic, givcolic,
nydaroxymaiee, wdroxynaphthaiene carpoxyiic, isathionic, iactic, iactobionic, auric, maieig,
malic, ethanesuiffonic acid, methanssulionic, mucic, oisic, oxalic, paimilic, pamoic,
pantothenic, phenviacstio, phenvisulfonic, proplonic, pyruvic, salicviic, stearic, sucoinig,
sutfaniiic, {arnanc, p-loluenasuifonic, and valenc, bExamples of suilable polymeric organic
anions inciude, but are not imied {0, those denved from the following polymeric aciis:

fannic acid, carpoxymethyi caliviose,
0. Bufters

0048 The ophthaimic compositions may comprise a duffer. Ths buffer may serve 1o
minimize pH drift of the composition and help 1© stabiize the composiion. Suitable bulfers
nciude, but are not imited 10, acelic acid, Citric acid, carbonic acid, phosphornc acid, Do
acid, the pharmaceutically acceptabie salls thereof, romethamins, and combinations
thereoi. The bulfer may be presant in the ophihaimic composition in an amount of from
apout 0.01% weight/volums 10 apoul 1% weight/volume or about 0.1% w/iv 1o aboutl 0.8%
w/y, or apout 0.3% w/v 1o aboul 0.8% w/v, or about 0.4% w/v 10 about 8.8% w/v. Sutably,
the buffer may be present in at igast 0.01% wiv, at {gast G.058% wiv, at least 015 w/iv, at
ieast 0.0% w/v, or at least {.0% w/v. Suitably, the buffer may be present in an amount of no
more than 1.0% w/v, no more than 0.8% w/iv, or no more than 0.6% w/v. in embodiments,
the pufier may e present i the ophthalmic composition M an amount of about 0.03% wiv,
apout 0.04% w/v, about 0.08% w/v, about 0.06% w/v, or about 0.07% w/v. The buffer may

stitabiy be DOoric adcid.
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C. Tonicity Agents

{00307 The tonicity, or osmolality, of the compostion can be aguustad to hypotonicily,
isotonicity, of hyperionicily relative 1o normal tears by use of conventional matariais known in
the arl, Toncity agenis are typically nonionic compounds. Exampies of {onicily agenis
nciude, bul are nol imied 1o, sodium chioride, polassium chioride, manniiol, gexirese,
giycering, and propyiene giveol Sulably, the fonicily agent may De present in the
ophthaimic composition in an amount of from apout 0.01% weight/voiume 1o about 10%
weaight/volume or aboul 1% w/v 1o about 10% wiv, or abowt £.8% w/iv 10 about 7 5% wiv, or
apout 4% w/v 1o aboul 8% wiv. Suiladly, the tonicity agent may be present in at least 0.01%
W/, al ieast Q.00% wiv, al least 19% wiv, at least 2.5% wiv, al least 4% w/iv, or at ieast 8%
w/v. Suitably, the onicly agent may oe present i an amount of no more than 10% w/v, no
more than 7.5% w/iv, no more than 8% w/v, or no more than 5% w/v. in embodiments, the
onicity agent may be present i the ophinaimic composition i an amount of aboul 4.5%
W/, aboul 4.0% wiv, aboul 4. 7% w/v, aboul 4. 8% w/v, or aboul 4.9 w/vle. The tonicity agent

may suitaply e manniol.
g. Other Conponents

0051 In embodiments, the composiion may aisg contain pH adiusting agents i an
amount sufficient 1o adjust the pH of the composition (0 belween abpout 3.5 and about 5.5,
Suflably, (he opnthaimic cComposiion may have a pH of apoutl 4.5 {0 apout 5.2 or gabout 4.5
o aboul &.1. In some embodimsanis, the ophthalmic composiion has a pH of aboul 4.5, 4.6,
4.¢, 4.8, 4.9 5.0, 51, 8.2, or a range bounded by any wo of these values., Suitable pH

adjusting agenis inciuds, but are not imied {0, sodium hydraxids,

100821 in embodiments, the composilion may aisg contain an emulisiiying agent. Suilaple
emuisitying agents mciude, but are not iimied 10, polyoxyl 40 siearals, polysihoxyialed
castor off, and combinations thereof, and other agents Known (o one skiled in the art. The
amuisiiving agent may de prasent in the ophihalmic composition in an amount of from about
0.01% weight/voiumes 10 about 1% weight/volume or about 0.1% w/v {0 about 0.8% wiv, orF
apout U.3% wiv 1o about 0.8% wiv, or about 0.4% w/iv 1o about 0.6% wiv. Suiably, the
smuisiiying agent may be present in al least 0.071% w/iv, al least 0.05% wrv, al least 0.1%
Wiy, at {east 0.3% w/v, or at igast U.5% w/v. Suitably, the emulsiiving ageni may be pressni
i an amount of no more than 1.0% w/v, o more than 0.8% w/v, o no more than 0.6% wiv.
N enhodiments, the enuisiiving agent may pe present in the ophthalmic composition n an
amount of about 0.2% w/v, aboul 0.25% w/v, abhout 0.3% w/v, aboul 0.5% w/v, or about
0.75% wiv.
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0083 Ophthaimic composiions are ypically packaged in unil dose or muitidose form.
Hreservalives may pe present o prevent or inhidit microbial conlaminalion. Suilabie
praservalives  include, bul are not himiled 110, benzalkonium  ohioride, thimerosai,
chiorobutansct, methyl paraiben, propyl paraben, phenviethyl alcohol, edatate disodium, DOrC
acid, soric acid, or other agenis known {0 one skilled in the arl. i present, the preservative
may e present in the gphthaimic composiion in an amount of about 0.001% w/iv 1o about
1.0% wiv, or apout G.01% w/v 10 about 1.0% w/v, or aboutl 0.1% w/v 1o about 1.0% w/v.
Sulably, the preservalive may de present in at least D.001% wiv, at least 0.000% wiv, al
ieast 0.01% wiv, al least 0.05% w/v, at teast 0.1% w/y, or at legst 0.5% w/v. Suitably, the
preservalive may be present in an amount of no more than 1.0% w/v, no more than 0.8%
WY, No more than 8.5% w/v, or no more than 0.1% w/v. In soms embodimeants, the
presarvative may oe present in the ophthaimic compaosition in an amount of about 0.0058%
w/iv, about 0.010% w/v, about 0.015% w/v, about 0.020% w/v, about 8.025% w/yv, or about

0.U30% w/v., The preservalive may suilably pe panzalkonium chionde.

100547 In embodiments, the composiion may comprise a saoond active pharmaceutical
ngredient. The second aclive pharmaceutical ingredient may de a prostagiandin, such as
iatanoprost or travoprost. | present, the second active pharmaceauiical ingredient may be
prasent i an amount of aboul 0.001% w/v 1o about 1.0% w/v, or apout 0.01% w/v 10 aboul
1.0% wiv, or about 0.1% w/v 1o about 1.0% wiv. Suitably, the sacond aclive pharmaceaulical
ngredient may de present in at least 0.00M% w/iv, at least 0.0058% wiv al least O.U01% w/iv, at
ieast 0.05% wiv, at least 0.1% w/v, or al gast 0.5% w/v, al least &% w/v. Suitably, the
second aclive pharmaceutical ingredient may de present i an amount of no more than 1.0%

WA Do more than 0.9% w/iv, no more than 4.5% w/iv, or no more than 0.1% wiv.

{00851 OQOther componeants commonty  used i ophthaimic compositions, such  as
surfactants, comiori-enhancing agents, solubilizing agents, antioxidants, and stabiizing

agents, may aiso be prasent.

(00567 Typically, the bufler and onicity agent are mixed with or without the preservative.
4-{ 3-Amine- 1-{Soquinoiin-g-yviamino)- 1-oxopropan-2-yhHbenzyl 2.4-dimethvibenzoate
gimesyiate is then added (0 the mixiure and stirred.  vater & then addsg 10 pring he

composition o 100%. The pH I8 then agjustiad by againg pH adjusting agents.
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3. Formuiations and Methods of Uise

100577 The ophthalmic formudations of the present disciosure may pe formuiated in
VaNous dosage forms suilgbie for topical ophinaimic delivery, nciuding  solutions,

SUSPEnsIons, emuisions, and gels. The compositions are suiladly agusous.

TO088Y  The prasent disciosure is aiso direciad {0 methods of trealing glaucoma and other
opnthaimic diseases.  As used nerein, "lreal’ of "treating as used hersin refers 1o
agministenng a regimen 1o the subject, &.g., the administration a compound or Composiion
gescrived hersin, such tihat the gisorder or at least one symptom of the gisorder is healed,
alleviated, religved, allersd, remedied, ameilioraled, andior improved. Treating includes
aaministering an amount sffective o alleviale, refieve, aller, remedy, ameiorate, improve
and/or affect the disorder or the syniptoms of the disorder. The ireatment may nnibit

defenorghion or worsaning of a symptom of a disorder,

1003981 The methods comprise {opicaily appiving o the affecied eye(s) of the palient a
therapeutically effective amount of a composition accoraing 1o the present disciosure. the
frequency and amounl of dosage can be readily determined vy one of skill in the arl bassd
on vanous ciinical factors. The methods typically comprise {opieal apphication 1o the aye of

one of two drops once or twice a8 day.

T00B0T  Thus, In one aspect provided herein are methods of trealing an ophihaimic
disease in a supject in neead thereof, the method comprising topically administenng (o an eys
of a patient a composiion provided herein. In some embodimeantis, the ophthalmic diseass is

glaucoma.

{00811 In some embodiments, provided herein are methods of treating giaucoma in a
subject i need theredf, the meaihod comprising topically agminisienng 1o an eve ¢of g patient
an ophthalmic composiion comprising: 4-(3-amino-1-{soguinohn-8-ylaming)-1-oxopropan-2-
vilbanzyl 2 4-dimethvibenzoate or @ pharmaceutically acceptable sal thereof, about 0.01%
weaigni/volume 1o about 1.0% weight/voiume of a buffer; and about 0.01% wesight/voilume {0

apout 10% weight/volume of a tonicity agent.

0064 In some embodiments, provided harsin are methods of trealing giaucoma in a
subiect It need thereof, the meihod comprising topically agdministenng o an aye of a palient
an  ophinalmic  composition comprising. (Sr-4-(3-amino-t-(soguinolin-t-ytaminoe}-1-
oxopropan-Z2-yhpenzyl 2 4-dimethyivenzoate or a pharmaceutically accapiable sait thereof,

DONC acid: and mannitol; whareimn the composiion has a pH from about 4.5 10 about 5.2,

-10-
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TO0B3Y I some embodiments, provided herein are methods of trealing glaucoma in &
suipject in need thereof, the method comprising topically agminisienng 1o an sye of a patient
an ophthaimic composition comprising: apout 0.02 % 10 about U.03 % weight/voiume of (S)-
4~{Z-amino-1-(isoguinoiin-g-yiaming)~-1-oxopropan-2-yihbenzyl  Z.4-gimethyipenzoate or a
charmaceutically acceptabie sail thersol, aboul 4.7% weight/volume of mannitol, aboul
0.08% weightvelume of bone acid; and about §.U015% weight/volume of benzalkonium

chiorige; wherein the compostion has a ph from about 4.5 10 about 8.2,

0064} In some embodiments, provided herein are methods of treating glaucoma in &
suipject in need thereof, the method comprising topically adminisienng 1o an eye ¢of a patient
an  ophthalmic  compostion compnsing. {(S-4-{3-amino-1-(soquingliin-o-viaminoe}-1i-
gxopropan-Z-yhibenzyl 2 4-dimetiwibenzoals of a pharmaceutically acceptabis sall thersot,

OOTIC acid; manniol; and latanoprost.

(0065 In some empodiments, provided hersin are meihods of trealing glaucoma in a
subject i need thereof, the meathod comprising topically administenng o an eye of a8 palient
an ophthalmic composition comprnsing: midure of (Si-4-{3~amine-1-{dsoquinein-S-yiaminge)-
T-oxopropan-2-yiibenzyt 2 4-gimsthyibenzoate or a pharmaceutically accepiabie sait thereot
and (Ry»-4-{G-aming-1-{isoquinoiin-G-ylaming}-1-oxopropan-2-yhbenzyl 2. 4-dimsthylbenzoate
OF & pharmaceutically accepiapie sait thereof, DoOrc aciy; and manniiel, whersin the

compaosition has a pH from aboul 4.5 1o aboul 5.2,

(0066 In some empodiments, provided hersin are methods of trealing glaucoma in a
subiect i neead theraeof, the meihod comprising topically administenng o an eve of a patient
an ophthalimic composition comprising. aboul 0.02 % o about 0.03 % weight/volume of a
mixtwre of {(&»  4-(C-amino-1-(isoquinoin-b-yvliamino)}-1-oxopropan-2-yiibenzyt  2.4-
dimethyibenzoate ¢or a8 pharmacsautically accepiable sall thereot and (K 4-{G-aming-1-
(isoquinoiin-S-yviamino - 1-oxopropan-Z-yviipenzyi 2 4-tdimsthyibenzaale or a pharmaceutically
acceptabie sall thereol, about 4. 7% weight/volume of mannitol about §.05% weight/volume
of Lonc acid;, and apout G.015% weaight/volume of benzaikonium chionde, whsereinn inhe

composilion has a pH from about 4.5 10 about 5.2,

Q067 I some smpogdiments, provided herein arg meithods of realing glaucoma in a
suibject in nesd thereot, the method comprising topically agminisienng 1o an sy of a patient
an ophthaimic composiion comprising. a8 mixiure of (53-4-G-amino-1-{soguinolin-6-
viainine - 1-oxopropan-Z-viibenzyl 2 4-gimethyipenzoate oF a pharmaceutically accepiabis

sali  thereof and (Ki-4-G-amine-1-{sogquinoln-S-yiamino}-1-oxopropan-Z2-yhibenzyl  2.4-

-11-
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gimethyibenzoale or a pharmaceutically acceptabie sall thereol, boric acia; manniiol, and

iatanoprost.

4. Examples

{008 The present disclosure has mullipie aspects, tlustrated by the following non-
hmiting examples.  in the varnous examples, the deiow materals and characterization

2chnigues have peen used.

xample 1. Formudations of 4-G-amine-1-(soquinolin-G-yiamine)-1-oxgpropan-2-yhinenayi

Z.4-dimeainhyibenzoale

0068 Table 1 shows the composition of 4-(3-amino-1-(soguinohn-G-yiaming)-1-

oxopropan-Z2-yhvenzyl £.4-dimsthyibenzoale formuiations. Formuialions N, O, and P were
prepared by adding doric acd, d-mannitol, and with or withowt Q.015% benzaikonivm
chioride i & labsied 150-milliiitsr (ML) plastic storags container. 4-(3-ammo-1-(isoquinaiin-
O-viaminol-1-oxopropan-S-yiybenzyt 2.4-dimsethyibenzoate dimesyiaie, with or without 5%
penratkonium chionde siock soiulion, was ihen added ang dissolved by stirring the solution
for another 10 minutes. 100 milliiier (mL) of purified water was then agded ¢ bring the
soiution aimoest to 100%, and the pH was adjusied {0 approximately 5.0, Sufficisnt 4-(3-
amino-1-{soquinoiin-B-ylaming}~1-oxXopropan-2-yhdenzyl 2 4-dimsthyidbenzoale dimesyiale
(CAS number. § 1422144-42-0) {Q.0285% w/v) was added © have 4-G-aming-1i-
(soquinoiin-S-yviamino)-1-oxopropan-Z-yiibenzyi  2.4-dimetiwibenzoats free pase (LUAS
number: # 1254032-66-0) prasent at 0.02% wiv.

Tabhie 1.

Formulation (% weight/volume

Ingredient N O P

4-(3-amino-1-(isoquinolin-6-

ylamino)-1-oxopropan-2-

yDbenzyl 2,4- 0.02 0.02 0.04
dimethylbenzoate free base

Boric acid 0.05 0.05 0.05
D-mannitol 4.7 4.7 4.7
Benzalkonium chloride — 0.015 0.015
Purified water q.S. q.s. q.S.
pH 5.0 5.0 5.0

-12-
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bxampie 2. Formuiations of Fixed-Dose Combination of 4-{3-amine-1-gsoguinghin-6G-

Viaminog)~-1-oxoprapan-2-yhvenzyl & 4-gimsthyibenzoate and Latanoprost

007G Table 2 shows the formuiations of fixed-dose combination of 4-(3-aming-1-

(isoquinoiin-S-yviamino}-1-oxopropan-Z-yvihivenzyl 2 4-dimsthyibenzoale and atanoprost.

Formuiations R and S were prepared by adding boric acid and d-manniol in a {abeled 150-
mitliliter (ML) plastic storage container. 4-(3-amins-1-{soquindlin-g-yiaming)-1-oxXopropan-~-£-
vilbenzyl 2, 4-dimethyibenzoale and benzaikonium chiorige/iatanoprost stock soiution (100X}
weare ihen aaded and dissolved ty stiring the solution for another 10 minuies, 100 millier
(mi.} of punfied water was then addesd {0 bring the solution aimoest o 100%, and the piH was
agjusted o approximately 5.0, Suiticient 4-(3-amino-1-(soguindiin-g-viamino - 1-oxopropan-
Z-yiibenzyi 2 4-dimethvibenzoate dimesyiate (CAS number, ¥ 1422144-42-0) (0.0280% wiv)
was added © have 44-G-amino-1-(soguinolin-o-viamino-1-oxopropan-Z-viibenzyt 2.4-

dimethyibenzoate free pase (CAS number # 1254032-66-0) prasent at 0.02% wiv.

Tabie 2.

Formulation (% weight/volume

Ingredient R S

4-(3-amino-1-(isoquinolin-6-

ylamino)-1-oxopropan-2-

yDbenzyl 2,4- 0.02 0.02
dimethylbenzoate free base

Latanoprost 0.005 0.005
Boric acid 0.05 0.05
D-mannitol 4 7 47
Benzalkonium chloride 0015 0.02
Purified water q.S. q.s.
pH 5.0 5.0

Cxample 3. Preservative-free, fixed-dose compination 4-(3-amino-1-{isoquingiin-g-yiaming)-

T~oxopropan-Z-yhbenzyi 2. 4-dimethyibenzoate and Latanoprost

(0071 Additional formulations may be prepared according 1o the method i mxampie 1.
Tabis 3 shows the formuiations of preservative-traes, fixed-dose combination of 4-(G-aming-1-

(isoquinoiin-S-yviaming}- 1-oxopropan-Z-yviipenzyi 2. 4-dimethvibenzoats and iatanoprost.

-13-
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1abie 3.

Formulation g% weight/volume)
Ingredient T U V

4-(3-amino-1-(isoquinolin-6-

ylamino)-1-oxopropan-2-

yDbenzyl 2.4- 0.02 0.02 0.02
dimethylbenzoate free base

Latanoprost 0.005 0.005 0.005
Boric acid 0.05 0.05 0.05
D-mannitol 4.7 4.7 4.7
Polyoxyl 40 stearate (Myrj-

52) 0.5 — —
Cremophr RH 40 — 0.25 0.5
Benzalkonium chloride _ _ —
Purified water q.s. q.S. q.S.
pH 5.5 5.5 5.5

Example 4. Formuigtions of 4-G-aming-1-{isoguinoin-g-viaming}-1-oxopropan-2-yiibenzyi
£ 4-adimethyibenzoale.

1007 £} Table 4 shows composiions of 4-(G-amino-t-gsoguinolin-G-yiaming}-i-
oxopropan-Z-yhibenzyl 2 4-dimethyibenzoate formuiations as s aimesyiate and gin(l salls.
Formuiations N4 and O4 were preparsd by adding boric acid, d-mannfial, ang with or without
(.015% penzaikonium chioride in a 1abeled 150-milliiter (mL) plastic storage container. Ths
gisaits 4-{3-amino-1-(gsoguinoin-g-viaminoe}-1-oxepropan-Z-yhibenzyl 2.4-gimsthyibenzoale
measyiale (CAS number # 1422144-42-0), or 4-(G-amino-1-{isoquinolin-g-ylaming}-1-
gxopropan-Z-yhbenzyl 2 4-dimetiwibenzoals chionds (CAS number # 1253852-04-1), with
or without 5% benzaikonium chioride stock solution, was then added and gissolved by
stirmng the soiution for another 10 minutes. 100 millilter {(mbL) of punfied water was then

added 10 dring the soluytion aimost to 100%, and the pH was adjusied {0 approximalely 5.0,

[0073] Formuiaiion P4 may be preparsd according o the process descripsd herein.

-14-
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tabie 4,

Formulation (% weight/volume

Ingredient N4 04 P4

4-(3-amino-1-(isoquinolin-6-
ylamino)-1-oxopropan-2-

yl)benzyl 2,4- 0.0285 0.000 0.0143
dimethylbenzoate mesylate

(disalt)

4-(3-amino-1-(isoquinolin-6-

ylamino)-1-oxopropan-2-

ylbenzyl 2,4- 0.000 0.0233 0.0116
dimethylbenzoate HCI

(disalt)

Boric acid 0.05 0.05 0.05
D-mannitol 4.7 4.7 4.7
Benzalkonium chloride 0015 0015 0.008
Purified water q.S. d.S. q.S.

pH 5.0 4.8 4.9

(00747 U i understood that the foregoing detalied descriplion and accompanying
axamples are merely fustrative and arg not {0 be taken as imiations upon the scope of the

gisclosure, which {8 gefined solely by the appended claims and their equivaients.

-15-
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CLAIMS
1. An ophthalmic composition, comprising:

4-(3-amino-1-(isoquinolin-6-ylamino)-1-oxopropan-2-yl)benzyl 2,4-

dimethylbenzoate or its pharmaceutically acceptable salts;
about 0.01% weight/volume to about 1.0% weight/volume of a buffer; and

about 0.01% weight/volume to about 10% weight/volume of a tonicity agent.

2. The composition of claim 1, wherein the pH is from about 3.5 to about 5.5.

3. The composition of claim 1 or 2, wherein the pH is from about 4.5 to about 5.2.

4. The composition of any one of claims 1-3, further comprising a preservative.

S. The composition of claim 4, wherein the preservative comprises benzalkonium
chloride.

o. The composition of any one of claims 1-5, further comprising an emulsifying agent.

/. The composition of claim 6, wherein the emulsifying agent comprises polyoxyl 40

stearate, polyethoxylated castor oil, or a combination thereof.

3. The composition of any one of claims 1-7, wherein the tonicity agent comprises
mannitol.

9. The composition of any one of claims 1-8, wherein the buffer comprises boric acid or
its salts.

10. The composition of any one of claims 1-9, further comprising water.
11. The composition of any one of claims 1-10, further comprising a pH adjusting agent.

12. The composition of any one of claims 1-11, wherein the 4-(3-amino-1-(isoquinolin-6-

ylamino)-1-oxopropan-2-yl)benzyl 2,4-dimethylbenzoate is a dimesylate salt.

13. The composition of any one of claims 1-12, wherein the 4-(3-amino-1-(isoquinolin-6-
ylamino)-1-oxopropan-2-yl)benzyl 2,4-dimethylbenzoate or its pharmaceutically acceptable
salts IS (S)-4-(3-amino-1-(isoquinolin-6-ylamino)-1-oxopropan-2-yl)benzyi 2,4-

dimethylbenzoate or its pharmaceutically acceptable salts.

-16-
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14. The composition of any one of claims 1-13, further comprising a second ophthalmic

active compound.

15. The composition of claim 14, wherein the second ophthalmic active compound is a

prostaglandin analog.

16. The composition of claim 15, wherein the prostaglandin analog iIs latanoprost or

travoprost.

17. The composition of any one of claims 1-16, comprising about 0.02% w/v to about
0.03% w/v of 4-(3-amino-1-(isoquinolin-6-ylamino)-1-oxopropan-2-yl)benzyl  2,4-

dimethylbenzoate or it pharmaceutically acceptable salts.

18. The composition of any one of claims 1-17, comprising about 4.7% weight/volume of

mannitol.

19. The composition of any one of claims 1-18, comprising about 0.05% weight/volume

of boric acid.

20. The composition of any one of claims 1-19, comprising about 0.015% weight/volume

of benzalkonium chloride.

21. The composition of claim 16, further comprising 0.005% weight/volume of latanoprost

or travoprost.
22. An ophthalmic composition, comprising:

(S)-4-(3-amino-1-(isoquinolin-6-ylamino)-1-oxopropan-2-yhbenzyl 2,4-

dimethylbenzoate or its pharmaceutically acceptable salts;

boric acid; and

mannitol;

wherein the composition has a pH from about 4.5 to about 5.2.
23. An ophthalmic composition comprising:

about 0.02 % to about 0.03 % weight/volume of (S)- 4-(3-amino-1-
(Isoquinolin-6-ylamino)-1-oxopropan-2-ylbenzyl 2,4-dimethylbenzoate or its

pharmaceutically acceptable salts;
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about 4.7% weight/volume of mannitol;

about 0.05% weight/volume of boric acid; and

about 0.015% weight/volume of benzalkonium chloride;

wherein the composition has a pH from about 4.5 to about 5.2.

24 . An ophthalmic composition, comprising:

(S)-4-(3-amino-1-(isoquinolin-6-ylamino)-1-oxopropan-2-yhbenzyl 2,4-

dimethylbenzoate or its pharmaceutically acceptable salts;

boric acid;

mannitol; and

latanoprost.

25. The compositions of any one of claims 22-24 wherein the salt is the dimesylate salt.

26. A method of treating an ophthalmic disease, the method comprising topically

administering to the eye of a patient in need a composition of any one of claims 1-24.

21 . The method of claim 26, wherein the ophthalmic disease Is glaucoma.

-18-
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