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for rrul@gtd,&pggvgumh when conbined with tears, formterrporary crossl inks to
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the desir eq"hrl 9116%{2)% ela{egff\o compositions that may alleviate symptoms of ocular stress, as

well as methods of their production, use, and storage.

BACKGROUND OF THE INVENTION

When the ocular environment becomes stressed it is often observed as a rapidly tear film
break up time on contact lens wearers. In some cases ocular stress may be manifested in a break
or thinning of the mucin layer. Stress to the ocular environment may cause the eyes to feel dry
and irritated.

Several attempts have been made to alleviate the symptoms of ocular stress. For
example, there are many over the counter eye drops aimed at lubricating the eye. These prior
attempts use viscous solutions of hydrophilic polymers. However, they have met with little
success since their residence time in the eye is so short.

Other formulations such as Systane and Hypotears and GenTeal provide formulations
which, when combined with tears, form temporary crosslinks to form a network with a gel-like
consistency to increase residence time and binds to the corneal surface. However, these
solutions also do not provide the desired residence time.

Vital dyes have been used to assess if corneal and conjunctival cells are under stress and
have been used as an important diagnostic tools in clinical ophthalmology for may surface eye
disorders. The most commonly used dyes are fluoroscein, rose bengal and lissamine green b.
However, the dyes are brightly colored at the concentrations used for diagnostic purposes, and

can also sting upon instillation in the eye.
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cell associating group and at least one hydrophilic group, having the formulae:

R4 R4
OH
*H,N | NH,
o) o)
e N
CH,O(CH,CH,0),CH, CH,0(CH,CH,0),,CH;
Or
R4

/
R* R*

DESCRIPTION OF THE FIGURES
Figures 1-4 are mass spectra for the compounds made in Examples 1-4.

Figures 5-8 are reactions schemes suitable for making artificial mucins of Formula II.
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DESCRI PTI ON OF THE | NVENTI ON The conpounds of the present invention
may be used a w de variety of ophthal mc conpositions, including ophthalmc
sol ut i onswogei2ssiant ment s, di ssol vabl e inserts and t hePCirhRis201E0s17pé es of
known opht hal m ¢ conpositions include eye drops, eye washes, ocul ar gels
and ointnents and the like. The conpositions of the present invention act
as artificial nucins which when introduced into the ocul ar environnment of a
manmal di splaying at | east one area of mucin |layer which is conprom sed or
di srupted, fill said disrupted or conprom se area. The artificial
muci n conpounds of the present invention conprise at |east two distinct
groups: at |east one ocular epithelial cell associating group and at | east
one hydrophilic group and have the fornmula: (R b-Q (R4),, wherein R

i s independently selectquﬁgéﬁﬂﬁ E?Qb? j@ﬂ@§ﬁ§ﬁﬁ@g’0f sul f onat es,
opht hal m cal I

phosphonat es, carboxyl at es, y conpatible salts thereof; R2 and
R3 are independently selected fromH and Cl1_3 al kyl s, Qis a

sel ected friocemppugiRtofdhdsticat BvBhticisSmbavé 0gd2-widaren@l iof ophthgsmiand fused
pol yaromatics conprising 2-12 aromatic rings; ) b is an integer between
1 and cemp@piEpRs, cludingep Sobftionp ek PEUMERHEissplyable ingerts apghthedikeger

L S
hydr opinthicatsrmd dreelikes dlhecoagpofitions dfitbe prebédt iiveqtiat @t as ayifiatad sauaind which
(Tt 1T Y AL e5, A1 B 15 A0 L sger, beLueet 3,40, WAN the pravso, tha
I'n ong, RIRAAIHTE RS MR Inisd JriBEEtP! HPSAIBhptdID BplorRis@h@FRt i ¢ rings, and
in anot’her a fused polyaromatic having 2-3 aromati C rings.
The artificial mucin compounds of the present invention comprise at least two distinct
groups: at least one ocular epithelial cell associating group and at least one hydrophilic group
and have the formula:
R)o-Q-(R)m
wherein R is independently selected from the group consisting of sulfonates,
phosphonates, carboxylates, ophthalmically compatible salts thereof;
R and R* are independently selected from H, and C,.3 alkyls,
Q is a selected from conjugated polyaromatics having 2-3 aromatic rings and fused
polyaromatics comprising 2-12 aromatic rings;
b is an integer between 1 and z; where z is the number of aromatic rings; in Q; m is an
integer between 1 and z; and the sum of m + b is not greater than z;
R* is selected from -NR’R?, -CH»(CH,CH,0),CH3, -Cz.4 alkylene(X), where X is a
hydrophilic monomer selected from hydrophilic (meth)acrylates and (meth)acrylamides, and p is
an integer between 3-40; with the proviso that at least one and said composition has a log P
between about -2 and 5.
In one embodiment Q is a fused polyaromatic having 2-6 aromatic rings, and in another a
fused polyaromatic having 2-3 aromatic rings.
In another embodiment at least one of R is selected from the group consisting of
sulfonates and ophthalmically compatible salts thereof.
In yet another embodiment, at least one R* group of the artificial mucin comprises at least

one C,4 alkylene(X), and p is an integer from 3-35. In yet another embodiment, the hydrophilic
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I n anot her enbodi nent at | east one of Ris selected fromthe group

consi sting of sulfonates and ophthalmcally conpatible salts thereof

I n yet arwoOher2/essizedi ment, at | east one R4 group of thePpamriuskéigioat7ioruci n
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conbi nat i ons thereof The substituen on the artifi.cial cin are

ol oot B Rh B! S ctud BERiRE h-RRt il Rl ditasrs ool Mt er
partition gpehdthéd @Modih&d tid hnyr?jﬂlﬁ‘ﬁé’\ﬁi%ﬂoﬁ_@toi@tsele&e& oAb broupaBfsitttheaifher
enmbodi nrents between about - 1 and 2.7 and in other enbodi rreni?s i's between

about N.D-dimgthy! acrglaniifie; hydipxpethyl metbagrakmidoN-giontritadone M vatyl-Oh- i oni zed
conpo e‘?!h'l%c%%&{e fnd Q%%'ﬁfy'l-a MG RS S8, ABHERUFphase 1s adj usted such
e 3f)r edo o e’ g

that t m nant rmo ormpound 1's un-1ontzed. The |ogarithm of
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called og P and is expressed using the follow ng _equation: Log Poct/water
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-0.7 and 1.5. The log P is the ratio of concentrations of un-ionized compound in water and
octanol. The pH of the aqueous phase is adjusted such that the predominant form of the
compound is un-ionized. The logarithm of the ratio of the concentrations of the un-ionized solute
in the solvents is called log P and is expressed using the following equation:

LOg PocT/water = log ([SOlute]octanol/ [SOlute]un—ionized water)

In another embodiment, the artificial mucins of the present invention have the formula:

R' R
OH
‘ NRZR?
*3RZ2RN
CH,O(CH,CH,0),CH, CH,0(CH,CH,0),CH;
Formula I



RIRL 00 0 . CH20( CH2CH20) nCH3 CH20( CH2CH20),,CH3 Formula | WO
2012/ 058224PCT/ US2011/ 057710
WO 2012/058224 PCT/US2011/057710

Formula I1

Wherein R is independently selected from the group consisting of sulfonates,
phosphonates, carboxylates, ophthalmically compatible salts thereof and combinations thereof,

R; and R3 are independently selected from H, and C;_z alkyls,

R, is independently selected from C, 3 alkyls and —CH,(CH,CH,0),CHj3, with the proviso
that at least one R4 must be —CH,(CH,CH,0),CHj3 and n is an integer 2-200, and in some
embodiments from 2 to 100, in other embodiments from 2-10 in other embodiments still from 2-
5.

The cations for the R, salts include ophthalmically compatible salts including sodium,
potassium, calcium, lithium, ammonium and mixtures thereof. In one embodiment the salts are
selected from sodium, potassium, calcium and mixtures thereof. In one embodiment, the

artificial mucin of the present invention is a composition of Formula I having the structure:



Formula 11 Wherein Rl is independently selected fromthe group

consi sting of sulfonates, phosphonates, carboxyl ates, ophthalmcally
conpat i bIwo=aless12her eof and conbi nations thereof, R2 amdTR32@n®57710

i ndependently selected fromH, and Cl1_3 al kyl s, R4 is independently
selected fromCl_3 al kyls and - CH2( CH2CH20) "CH3, with the proviso that at

| east one R4 nust be -CH2(CH2CH20)"CH3 and n is an integer 2-200, and in
sonme enbodi nents from2 to 100, in other enbodinments from2-10 in other

enbodi nents still from 2- 5. The cations for the Rl salts include
opht hal mi cal | ¥ §orrpat| ble salts inclugding sodium potassium calcium
lithium ammoni® @ in one enbodi nent the salts are

¢al ci um and m xtures thereof In one
enbodi nent of the present invention is a conposition
of Formula | having WO 2012/ 058224PCT/ US2011/ 057710 I n
anot her enbodi gg [ mucin is a conposition of Formula I
wherein At |least one R4 is -CH2(CH2CH20) /1 CH3 and the remaining R4 are

met hyl or ethyl groups.| I n another enbodi ment the conposition of Fornula I
one R4 is -CHzE < the remaining R4 are nethyl. In further

‘ Are - CH20( CH2CH20) 2CH3 and t he renai ni ng
; - CH20( CH2CH20) 2CH3 and t he remai ni ng R4
CH2CH20) 2CH3. As used herein "ocul ar
ceMgyin the cornea or conjunctiva.

are net hyl,
epi t hehj g

CH,O(CH,CH,0);CHs CH,O(CH,CH,0);CH;

In another embodiment the artificial mucin is a composition of Formula IT wherein
At least one R4 is -CH,(CH,CH,0),CHj3 and the remaining R4 are methyl or ethyl groups. In
another embodiment the composition of Formula I one R4 is -CH,O(CH,CH,0),CH3 and the
remaining R4 are methyl. In further embodiments
two R4 on the same N are -CH,O(CH,CH;0),CH3; and the remaining R4 are methyl,
one R4 on each N is -CH,0O(CH,CH,0),CH; and the remaining R4 are methyl, and
all R4 are -CH,O(CH,CH,0),CH3 .

As used herein “ocular epithelial cells” are epithelial cells in the cornea or conjunctiva.

The artificial mucins of the present invention associate superficially with the surface of
the epithelial cell. As used herein, “superficially” means that the artificial mucins, associate or
bond with the surface of the cell only, and there is substantially no association or penetration
through or into the cell wall. Examples of superficial association include temporary association
or bonding, covalent bonding with chemical groups which are on or extend from the epithelial
cell surface and combinations thereof and the like.

The artificial mucins of the present invention are capable of binding or associating with
stressed, disrupted or damaged ocular epithelial cells.

In one embodiment the artificial mucin of the present invention comprises a residue from

lissamine green, C144090.
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for artificial nucins of Fornula Il are shown in Figures 6-8. The
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chloranil and a suitable solvent to form the bicyclic ketone, which is then subjected to a Grignard
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reaction with the desired aniline compound and a Grignard reagent. An example of this reaction
scheme is shown in Figure 5.
Alternate reaction schemes for artificial mucins of Formula IT are shown in Figures 6-8.
The artificial mucins of Formula I may be made by subjecting lissamine green (CI 44090)

to Friedl Crafts alkylation with a halide substituted Polyalkylene glycol followed by purification.
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WO 2012/ 058224PCT/ US2011/ 057710 The artificial nmucin conpositions of
the present invention are suitable for direct application or instillation
into the woeni2Aasenadi ngly, the artificial nucin conposi PCOMS2@NGSEMY

formul ati ons conprising themare free from conpounds or agents which woul d
be harnful to the ocular environnent. For exanple, the artificial nucin
conpositions and fornul ati ons of the present invention are free from

al kyl ati ng agents which are capabl e of intercal ati ng between DNA The
artificial mucin conpositions may be included in a variety of ophthalmc

formul ations includi ng.ophthalmc solutions, gels, ointnents and the |ike.
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ocul ar, ' . . ) I O . A t
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carri ehey, mpHbadjedsd clegn agkoit nditoniophthylnaidjdasices) gudgasnrbatactlafidesringeagent s,

active nts, bricati.ng agents, disinfecting. agents, viscosity adjusting
agent §@%§§ﬁ%9 ﬁwf%?ﬁat 5Rd epﬁgt:h@l&fw %Hﬁ%@%ﬁh?%ﬁhﬂ&c %0_61&%91- ation is
an opht hal Ay 550 Y1 Ribin Bhthp &R ’hﬁ‘dﬂzltt%bﬁlrgsehggl ﬂﬁ%ﬂﬁic%ﬁnﬁ%&fs'i@ Qm‘aPntE Ihe

present invention should be water solu . used herein, water soluble
means of hbguttlHe aboutpdOfppmsandeh séiwe cabodiecots ictwaordbpntali0cmdwboit 1000@r
conponent s not .form.precipitates or gel particl vi.sible to the human
cye’ aiheop R Faph BB SErRab G0 Tna e AP suBob S p it e dan e

regi MRF tHxOsBRAt mQentigRNUf acturing, sterilizing, storing and using the

opht hal m ¢ solution. WD 2012/ 058224PCT/ US2011/ 057710 The pH of the
opht hal mi ¢ Theorhihatmis dormpilatipas géitheqresgniisyenjioaclwhagp d phbefdstwenn@houisd

m ner al ,acj ds. [ Loric i G i hydr oxi de.
The t ot ST E5FigR0E Ao MR T BRLE S 38 s8R SHE Rl S ot e
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borates. Specific exanples of tonicity adjusting agents include sodium
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buffering agents, active agents, lubricafing agents, disinfecting agents, viscosity adjusting agents,
surfactants and mixtures thereof. When the ophthalmic formulation is an ophthalmic solution,

all components in the ophthalmic solution of the present invention should be water soluble. As
used herein, water soluble means that the components, cither alone or in combination with other
components, do not form precipitates or gel particles visible to the human eye at the

concentrations selected and across the temperatures and pH regimes common for manufacturing,

sterilizing, storing and using the ophthalmic solution.



The ophthal mc fornulation may further conprise at |east one buffering
agent. Exanples of suitable buffering agents include borate buffers,

sul f at e bwbf2er2#ssaenbi nati ons thereof and the |ike. |n eooe/usaboosTent t he
buffering agent conprises borate buffer. The ophthal m ¢ fornul ation
may al so conprise at | east one preservative. Any known preservative may be
used. The preservative should not cause stinging or damage to the eye at
use concentrations and should be inert with respect to the other
conposition conponents. Suitable preservatives include polyneric
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acid derivatives, .chitosan, water. sol ubl r gani I rs,, l.nclydi ng water
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The follow ng abbreviations are used in the Exanples. DVAP Et OAcEt hyl
acetate TEGQWE- OTsTri et hyl ene gl ycol nono-nethyl ether, nono-tosylate
TEGWVE- Brworatdnssam- [ ( 2- ( 2- ( 2- net hoxyet hoxy) et hoxy) et hameXjus2011/057710
TEGWE- | odol- | odo-[ (2- (2- (2- net hoxyet hoxy) et hoxy) et hane)] WO

2012/ 058224PCT/ US2011/ 057710 Exanple 1: Synthesis of nmethox ethox ethox
eth 1 aniline In a 3-neck, 100-nL round bottom flask, nmounted w thin
a Silvered Dewar set atop a magnetic stirring plate was placed a magnetic
stir bar, 50 nL of dry tetrahydrofuran and (1.05 eq.), 2.48 g (23.1 nmol)

\C/n;_cmrgg(tpgplc_ﬁ%ﬁxdr:argeteig 1%(%{”3?1‘[@'1 %I r%E)EIPf; ha%ttl 1Qﬁgmrt1)1%‘%r1!y gée%\t/sl %gg-lst%roqéi %,Itl I1-I led in

inflammatory drugs, antifungal drugs, anesthetic agents, miotics, mydriatics, immunosuppressive
agents, antiparasitic drugs, anti-protozoal drugs, combinations thercof and the like. When active
agents are included, they are included in an amount sufficient to produce the desired therapeutic
result (a “therapeutically effective amount™). In one embodiment the ophthalmic formulation
comprises at least one anti-inflammatory agent.

The ophthalmic formulation of the present invention may also include one or more
surfactant. Suitable examples include poloxomer (poly(ethylene oxide)-b-poly(propylene
oxide)-b-poly(ethylene oxide)) type surfactants which are commercially available from BASF
and poloxamine type surfactants (non-ionic, tetrafunctional block copolymers based on ecthylene
oxide/propylene oxide, terminating in primary hydroxyl groups, commercially available from
BASF, under the tradename Tetronic). A specific example is Pluronic F-147 and Tetronic 1304.
Surfactants may be used in amounts up to about 5 weight%, and in some embodiments up to
about 2 weight%.

Additionally, the ophthalmic formulation may comprise one or more viscosity adjusting
agent or thickener. Suitable viscosity adjusting agents are known in the art and include polyvinyl
alcohol, polyethylene glycols, guar gum, combinations thereof and the like. The viscosity
adjusting agent may be used in amounts necessary to achieve the desired viscosity.

Ophthalmic solutions of the present invention may be formed by mixing the selected
components with water. Other ophthalmic formulations may be formed by mixing the selected

components with a suitable carrier.

These examples do not limit the invention. They are meant only to suggest a method of
practicing the invention. Those knowledgeable in ophthalmics as well as other specialties may
find other methods of practicing the invention. However, those methods are deemed to be within
the scope of this invention.

The following abbreviations are used in the Examples.

DMAP
EtOAc Ethyl acetate
TEGMME-OTs Triethylene glycol mono-methyl ether, mono-tosylate

TEGMME-Bromo  1-bromo-[(2-(2-(2-methoxyethoxy)ethoxy)ethane)]
TEGMME-Iodo I-Todo-[(2-(2-(2-methoxyethoxy)ethoxy)ethane)]
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To the Dewar was added 2-propanol and dry ice to reduce the tenperature of
the contents within the flask to -78C whilst stirring under N2 atnosphere.
Once equiwObnmtesse2to -78 C, 10.2 nL (25.4 nmol) nBuli / PEEA®m2@ 1861704 i on was
added (from 2.5 M nBuLi in Hexane, Sigma-Aldrich). The m xture was stirred
for 1 h giving the NNnethyl-N-lithiated anilide salt; a pristine white
precipitate in quantitative yield. To this dispersion was added 5.00 g
(22.02 nmol) of 1- Brono-[(2-(2-(2-methoxyet hoxy)ethoxy)ethane)] (neat).
The dry ice bath was renoved and the flask and its contents were allowed to
come to ambient tenperature slowy over tine (2 -3 h) giving rise to an
opaque_ turbid nedi umvmth a sI i htIy yel l ow tint. The reaction was
quenc Fagmpia b Syathepisof Nrgeld -[{242emsthoxyetherpsthasy)edyDianilmel 0o i of 100
mV sodi um tlhladsm,ﬁckal@ mhdombcﬁmeﬂam trll@ulmé withipd Sdmrgd Brwrnsct THe aor gani ¢

vaouo MRk R MR RO Brbra Bl e S RRGERB200" 42
mesh, cpgv2.88 b (3. aehB3PoSN l-metay]gﬁhlnﬁd:qssfé‘rﬁdi -Alddish) gaadh®Bengredtib@ly HisonedO0/ 10
Hexs/ Et OAc to 50/50 Hexs/Et0Ac.. The product was concentrated in vacuo by

r ot 0- &% HFRPQEBANYMptah §51gM3AAriE). 7804 yvi el d. The TLC Rf val ue was O. 56
(50/50 Hex S J& hout
further puf[l( E Pg%@ﬂ%gﬁﬁ?&%g%ﬁ%% g%{e%ﬁe(ri%&g%d Eﬁ;e%:a?ll'rlrg O§tﬂréac$/)q $s
Spect muthiathe fhisk acHedd Cashilst gtimiag LindExddngthesgherSy@hdresjuslibedted to —78 °C, 10.2

oo oAk Bt e ien hox%vd)de@ﬁ@%tﬂéeﬁer}%&tllaglem B o

vol t aggq4qant ek Inﬁ&tur@wﬁ@&ﬁ?éd‘ Br $hi wmgglerzh%&hﬁmha{lated Qﬁﬁld@@at RlRseR (1
eq.), 9.15°g (28 mol ) TEGQWE- OT's ahd di ssol'ved w t mL of acetone

(Sig rrawlmedlrecmbl)ate mmuaamasw yieldadlathis dbsperdienpes atded 6. (XOJg Q22e£1$ r)lmbl)tolf ilum

brom Acr 2. 99 4 t.he, f ask whi ¢ oI ved
o EOREOTLAR-G e engerhaiatpPigkhat T pEf dednhitonCReh i sie Ty 4wl

2012/ QbR 2APET IASHNLIERGTIZHAd I®cdthd PWnhtienta&BpQR@rd QowBf dviextim@i(L hB m) a f ew

mnutes lithiumtosylate began to precipitate fromthe nmedium The reaction
was algiodgese © anemaqw@ri@dmegmmafm acﬁélﬁﬁﬁﬁ}’@lb"aﬁ%ﬁ ent in the norning.

L O M Sk SIS Rl LR A0 0 A8 R Bl fped T
vacuo using a {180 808 ora he nedi um was t aké&f U

chl or eflobMm Wﬁl\ﬁb’ddi@ﬁ&lﬁds%fal&anli%ttﬁued 10 199 naKg ueauslrof@dt Unhd drgasivldyat e.
The or.ganic nmediumwas,. dried with anhydrous sodium sul fate _and the (E)roduct
was coheds vk seflivg Salf%tle@aﬁi thei yellpyy aphig genggnirptsd insvasug. dhe oil was purified b

e i e ST R A S

mat er igaddi¢rs clisied fwint HOUO Heus/EH@Ac pmﬁ()/ﬁ@ tlaks/BIOAJ hEhdptodmad wia3 CoddRtrSpect r a

d El.ect Ma t h 2. Ex
gnt nd& Y IoRg W&Pﬁ%‘z‘o glcVeIr% o%yé%%/a zcssfe[fcf 1 EW‘%%W 058 <5%/%30n a
3-nec I‘Hex@@i@(‘)m‘: thMHgalqﬂlta&é)éﬂléal 28K Td hh@Hab hibbdan et ﬁgﬂfagﬁmaﬂoﬂe@hé ng

mantl e and vol tage control a magnetic stirring plate and stir bar was
pl acedH(andéd. NMRGpscte a(n@ﬂsctrmmray Yee\MEcOTs aeditabhsé ot Figdreai.t h 100 nlL of
acetone (Signa-Aldrich). Wilst stirring at roomtenperature (1.2 eq.)
SOdIUIOd d_ . AI , : added to the flask

HEDS R Rged € P rged with N2 and
gently vvarmad to aIIowthe acetone to reflux Wthl n a few m nutes sodi um
Losylate DIRANARIPIALHP!bA I AMARCHES T, WHE (oBRGHL RN Akdijved o
refl ux overnight and cooled to a enf Int

and voltage controller, a magnetic stirring plate and stir bar was placed (l eq.), 9.15 g (28.7

mmol) TEGMME-OTs and dissolved with 100 mL of acetone (Sigma-Aldrich). Whilst stirring

at room temperature (1.2 eq.) lithium bromide (Acros), 2.99 g (34.4 mmol) was added to the

flask which dissolved with continued stirring. The flask was purged with N, and gently warmed
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Sodi um tosyl ate was renoved by filtration and the acetone was stripped in
vacuo using a roto-evaporator. The nedi umwas taken up in 100 nlL of

chl or of orwopant/ssi2znacted with 100 ni, 100 mM aqueous sod@cCumseéilLosUlé at e.
The organi ¢ mediumwas dried with anhydrous sodi um sul fate and the product
was concentrated to a clear oil (slightly yellowtint) in vacuo giving 16.9
g of 1-lodo-[(2-(2-(2-nmethoxyethoxy)ethoxy)ethane)] (TEGWE-1o0do) in 96%
yield. The TLC Rf value is 0.64 (50/50 Hexs/Et0OAc on nornal phase
silica-gel). The material was used wi thout further purification and tends
to yeIIowover time. The elerrent anal y (foun C, 30.7; H 5.6; O,

17. 0; taplow thegscigne gore s 33thip @ Wﬁégute%:llt gtsné)ﬁy af bagag o precipygicdtpm o,

17. 51) e ITIB@iullﬂl_' B ed3ion WMR aﬁQ@%& fPreANd o%rﬁ%f BRI YRRl ﬁ%h% 'i'rmrﬁfhg
attached as Figure 3. WO 2012/ 058224PCT/ US2011/ 057710 Exanpl e 4: Synthesis

of Triethyl ene dlithaoh tosphts wet feyrloved he fijtratonand deydcatoee was stripped in vacuo

e T e B B MRS kb B it PO R ool and evtrartede®ihg o

| over 1jpaekieti®d nipaghbAR sbiiagkthidstttie d THE bRyadichhd BethiveR' d%em%ﬁ?dirous
nmechanical stirring and a thernostatted [iquid circulato for controlling

r eact @pdm@rﬁpléﬁa@tamdé@ priadectacdednqentratgd Yo a ateapgl i Mcu@z%t f(ldyrozm 00 g,

243. 6 a nd o d Next
was a(ﬁ@@'((z mﬁt q} e)tl?oxg%ev\%ygetﬁ @@%Mﬁ Efomotoﬁft]e/‘f) 1%ur Tf“Ec Ior ‘de
(Acr 059 0.701080/5 @ Blekd/BIOA@Sn érinal] yES sHicanlelh weaw(ténaa%& Wed Mthﬁumﬂrﬁher
Sigma-Aldrich). The reagents were stirred under N2 atnosphere at 25 C for 6
hour s Putifigatiosnpidicatiang ' df NMR Sppetedangtdectia-gumaMapodreciHe e aktched packet
was regguced to 10 C and the reaction nmediumwas stirred overnight. In the
nmor ni ng” pyri di ni um hydrochl oride had precipitated fromthe reaction nmedi um
and this was further facilitated by reducing the ci rcuI ated liquid to -15 C

d | f | Th
agrl gle tastals Ié E?Sbgr‘?q&e Pj@ &nfzalglr@th\%g%et @ﬁ%@@naya h’f“iq)](ratl on aﬁd to the
reaction miﬁ’ blsnﬁéefﬁszﬁ)dﬁﬁ%&%dﬁon?ﬁa&of 't’_iQd Witk a%@ﬁ%ﬁ@ﬁs@ﬁ ey, #q‘éﬁﬂtfér Ic

aci d and deioni zed water. The aqueous nedi um was extracted wt hl or of orm
and t hed oplgegei contraer s megndsicrad il ateene sir baedvampﬂamediﬁhW) a0 sEdilum

The. oitmid TS0l S0 FRaSheLRIB AR ol afivs onh (SETANERF B Whis i8S eean
Davi sigt rdgndénfpddhtee!(1 2@q98bditim isfide XSlgﬁia%ldﬁGh)\Mﬂ B 307 A0nheyangsdesd s

acetate. The I’OdUCt was concentrated in vacuo r ot o- GV$¢)OI’ ation gl Vi ng

43,17 the ﬂiFSk'IWhléh ipsadvisl witly @@Itmmmh stiaghyhe @ﬂﬁ@was pryeesl Wk \N.ane gemBGMVE- OTs)
IS|nl :SSOaA)%%]%ig all-}gor‘]’ve o ani%‘:/ﬁ%leﬁl 6@1(1: r ge(\xgnéé‘% esgiéirsl{onllzéog quggg{ Splac??ﬁr%ear e
at t acpeetigitatdfromrtee ﬂledlum. The reaction was allowed to reflux overnight and cooled to

ambient in the morning.

Sodium tosylate was removed by filtration and the acetone was stripped in vacuo using a

roto-evaporator. The medium was taken up in 100 mL of chloroform and extracted with 100

mL, 100 mM aqueous sodium thiosulfate. The organic medium was dried with anhydrous

sodium sulfate and the product was concentrated to a clear oil (slightly yellow-tint) in vacuo

giving 16.9 g of 1-lodo-[(2-(2-(2-methoxyethoxy)ethoxy)ethane)] (TEGMME-lodo) in 96%

yield. The TLC R value is 0.64 (50/50 Hexs/EtOAc on normal phase silica-gel). The material

was used without further purification and tends to yellow over time. The elemental analysis

(found: C, 30.7; H, 5.6; O, 17.0; and I, 46.0; CsH,5103, requires: C, 30.67; H, 5.52; 1, 46.30; O,

17.51). The 'H and *C NMR Spectra and Electro-spray Mass Spectrum are attached as

Figure 3.
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WO 2012/ 058224PCT/ US2011/ 057710 W Claim 1. A conposition conprising
(Rb-Q(R4),, wherein R is independently selected fromthe group
consi sti nyoab12sdB2eanat es, phosphonat es, carboxyl at es, oporhsketioat7iy
conpatible salts thereof; R2 and R3 are independently selected fromH, and
Cl_3 al kyl s, Qis a selected from conjugated pol yaromatics having 2-3
aromatic rings and fused pol yaromatics conprising 2-12 aromatic rings;

b is an integer between 1 and z; where z is the nunber of aromatic rings;
in @ mis an integer between 1 and z; and the sumof m+ b is not greater
t han z; R4 is selected from-NR2R3, -CH2(CH2CH20)"CH3, -C2_4

al kyl ene(X)p where X is a hydrophilic nononer selected from hydrophilic

(et NiBGH¥I A4 &3 niRds FEHBhGRhY %E%ﬁ%mo-ﬁi%ﬁla@ cihSr, Mbrob§IKE bet ween 3- 40;

with the proviso that at | éast "one and said conpositionn has a | og P between
about -2 and 5. 2[l1{h€-Comstwixyétbexyoethexaithyl]-nteluenasuidonate a f used
pol yaromati ¢ having 2-6 aromatic rings.

In a 2-liter, 2-piece, flanged, reaction kettle (three neck upper-flange and a lower jacketed
reaction flask) fitted with a Friedrich’s Condenser, mechanical stirring and a thermostatted liquid
circulator (for controlling reactor temperatures) was added (1 eq.), 41.25 g of 97% TEGMME (or
40.00 g, 243.6 mmol, Fluka) and was dissolved with 300 mL of pyridine (Fluka). Next was
added (1.2 eq.), 55.78 g (292.3 mmol) of p-toluenesulfonyl chloride (Acros). The reaction was
catalyzed 5 mol% DMAP (1.80 g, 14.6 mmol, Sigma-Aldrich). The reagents were stirred under
N, atmosphere at 25 °C for 6 hours. The temperature of the circulated liquid about the reactor
jacket was reduced to 10 °C and the reaction medium was stirred overnight. In the morning
pyridinium hydrochloride had precipitated from the reaction medium and this was further
facilitated by reducing the circulated liquid to —15 °C and gently stirring the reaction for an

additional 4 h.

The pyridinium hydrochloride precipitate was removed by filtration and to the reaction
medium was added 600 mL of 50/50 v/v concentrated hydrochloric acid and deionized water.
The aqueous medium was extracted with chloroform and the organic layers combined and were
dried with anhydrous sodium sulfate and then concentrated down to an oil in vacuo on a roto-
evaporator. The oil was purified by flash chromatography on 60 Angstrom, 200-425 mesh,
Davisil Grad 633 Silica-gel (Fisher), eluting with 50/50 hexanes/ethyl acetate. The product was
concentrated in vacuo by roto-evaporation giving 43.17 g of Triethylene glycol mono-methyl
ether, mono-tosylate (TEGMME-OTs) in 56% yield. The TLC Ry value is 0.56 (50/50
Hexs/EtOAc on normal phase silica-gel). The 'H and C NMR Spectra and Electro-spray Mass

Spectrum are attached as Figure 4.
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3. The conmposition of claim1l wherein Qis a fused pol yaromatic having 2-3
aromatic rings. 4. The conposition of claim1l wherein at |east one of Ris
sel ect ed wpoam2dsg22gr oup consi sting of sul fonates, phosplromAtSe&L1/057710

car boxyl ates, ophthalmcally conpatible salts thereof 5. The conposition
of claim1l wherein pis an integer from3-35. 6. The conposition of claim
1 wherein said conposition has a | og P between about - 1 and 2.7. 7. The
conposition of claiml wherein said conposition has a | og P between about
-0.7 and 1.5. WD 2012/058224PCT/ US2011/ 057710 8. The conposition of claim
1 wherein_ said hydrophilic nononer is selected fromthe group consisting of
N, N- di%fnjllﬁ)m acryl am de, 2-hydroxyethyl nethacryl ate, glycerol

nmet hacryl ate, 2- hydroxyethyl methacryl am de, pol yethyl enegl ycol

nononet hacryl ate, nethacrylic acid and acrylic acid, Nvinyl pyrrolidone,

N- vi nyll. - N- etdrpbosatoet cmpdsingN- vi nyl - N- et hyl acet anmi de, Nvi nyl - N-et hyl
formam de, N-vi Z%bi’ égkg)am de, and conbi nations thereof 9. The conposition
of claim1l wher “sal d™hydrophilic nononer is selected fromthe group
consi sti ng yiHerdth N idinRbEene st AL #6m thy gfo0y ¥ehditingB @G aydsam de, N-vi nyl
pyrrolidone, Nvinyl-N-nethyl acetam de, N-vinyl-N-ethyl acetam de, and
conbi mApsphaBateh pdekylates, ophthebmsaldy eerapatdbniatts hompfat | east one artificial

mucin of f q{z%ld"i‘{ﬂareo {ndéﬂendently selected from H, and C,.; alkyls,

Q is a selected from conjugated polyaromatics having 2-3 aromatic rings and fused
polyaromatics comprising 2-12 aromatic rings;

b is an integer between 1 and z; where z is the number of aromatic rings; in Q; m is an
integer between 1 and z; and the sum of m + b is not greater than z;

R* is selected from -NRR?, —CH»(CH,CH,0),CHj3, -C,.4 alkylene(X), where X is a
hydrophilic monomer selected from hydrophilic (meth)acrylates and (meth)acrylamides, and p is
an integer between 3-40; with the proviso that at least one and said composition has a log P

between about -2 and 5.

2. The composition of claim 1 wherein Q is a fused polyaromatic having 2-6 aromatic rings.
3. The composition of claim 1 wherein Q is a fused polyaromatic having 2-3 aromatic rings.
4. The composition of claim 1 wherein at least one of R is selected from the group

consisting of sulfonates, phosphonates, carboxylates, ophthalmically compatible salts thereof.

5. The composition of claim 1 wherein p is an integer from 3-35.

6. The composition of claim 1 wherein said composition has a log P between about — 1 and
2.7.

7. The composition of claim 1 wherein said composition has a log P between about -0.7 and
L.5.
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Formula I WD 2012/ 058224PCT/ US2011/ 057710 Forrula Il Werein R is

I ndependently selected fromthe group consisting of sulfonates,
phosphonawvep120@si2axyl at es, opht hal m cally conpati bl e sacrasthansoio and
conbi nati ons thereof, R2 and R3 are independently selected fromH, and C1_3
al kyl s, R4 is independently selected fromCl_3 al kyls and
-CH2(CH2CH20) "CH3, with the proviso that at |east one R4 nust be
-CH2(CH2CH20) "CH3 and n is an integer 3-200. 11.The conposition of claim 10
wherein said artificial nmucin conprises

8. The composition of claim 1 wherein said hydrophilic monomer is selected from the group
consisting of N,N-dimethyl acrylamide, 2-hydroxyethyl methacrylate, glycerol methacrylate, 2-
hydroxyethyl methacrylamide, polyethyleneglycol monomethacrylate, methacrylic acid and
acrylic acid, N-vinyl pyrrolidone, N-vinyl-N-methyl acetamide, N-vinyl-N-cthyl acetamide, N-

vinyl-N-ethyl formamide, N-vinyl formamide, and combinations thereof.

9. The composition of claim 1 wherein said hydrophilic monomer is selected from the group
consisting of N,N-dimethyl acrylamide, hydroxyethyl methacrylamide, N-vinyl pyrrolidone, N-

vinyl-N-methyl acetamide, N-vinyl-N-ethyl acetamide, and combinations thereof

10. A composition comprising at least one artificial mucin of formula I or II
R’ R’
OH
‘ NR’R?
+3R2RN
H H,CH H
CH,O(CH,CH,0),CH,4 CH0(CH,CH,0),CH;
Formula I
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WO 2012/ 058224PCT/ US2011/ 057710 12. The conposition of claim 10 wherein n
is an integer of 3 to 100. 13. The conposition of claim10 wherein R is
further cwoppi2éess22at | east one cation sel ected from ophrhaluse@alosyrio
conpatible salts. 14. The conposition of claim13 wherein said
ophthalmcally conpatible cation is independently selected fromthe group
consi sting of sodium potassium calcium Ilithium anmmonium and m xtures
thereof 15. The conposition of claim 13 wherein said ophthalmcally
conpati ble cation is independently selected fromthe group consisting of
sodi um potassium calciumand m xtureg thereof 16. The conposition of
claim 10 wherein RL conprises a sulfofjate salt. 17. The conposition of
claim 10 wherein the artificial nmucinfis a conposition of Forrmula Il and at
| east one R4 is -CH2(CH2CH20)/1CH3 ang\t he remaining R4 are nethyl or ethyl
groups. WD 2012/ 058224PCT/ US2011/ @

Formula I1

Wherein R' is independently selected from the group consisting of sulfonates, phosphonates,
carboxylates, ophthalmically compatible salts thereof and combinations thereof,

R and R” are independently selected from H, and C.3 alkyls,

R is independently selected from C,_; alkyls and —CH,(CH,CH,0),CHj3, with the proviso
that at least one R* must be —CH,(CH,CH,0),CH; and

n is an integer 3-200.

11.  The composition of claim 10 wherein said artificial mucin comprises
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18. The conposition of claim 10 wherein the artificial nucinis a
conposition of Fornula Il and one R4 is -CH20( CH2CH20) 2CH3 and t he

remai ni ngwB42oevessazet hyl .  19. The conposition of clai m POTAiser@ion7ihe
artificial mucin is a conposition of Formula Il and two R4 on the sane N
are -CH20(CH2CH20) 2CH3 and the remaining R4 are nethyl. 20. The
conposition of claim10 wherein the artificial nmucin is a conposition of
Formula Il and one R4 on each N is -CH20(CH2CH20) 2CH3 and the renaining R4
are nmethyl. 21. The conposition of claim 10 wherein the artificial nucin
is a conposition of Fornula Il and all R4 are -CH20(CH2CH20) 2CH3. 22. The
conposition of claim 10 wherein said conposition is soluble in borate
buffered salirgs At hodsbpr mitigating the synptomof dry eye
in a patent conpri 70 to said patient's eyes a conposition
of claim1 or 10. ic solution conprising a conposition of
claim1 or 10. . pd conpili sing introducing into the ocul ar

envi ronnent of g i g at | east one area of mnucin |layer which
i s conprom sedOdr dlsr , | east one conposition of claim1 or 10 in
an anount sufficient tq fill said area of conprom sed or disrupted nucin

| ayer.
*HoN NH
O
CH,O(CH,CH,0),CHj \CHzo(CH2CH20)3CH3
12.  The composition of claim 10 wherein n is an integer of 3 to 100.
13.  The composition of claim 10 wherein R' is further comprises at least one cation selected

from ophthalmically compatible salts.

14.  The composition of claim 13 wherein said ophthalmically compatible cation is
independently selected from the group consisting of sodium, potassium, calcium, lithium,

ammonium and mixtures thereof.

15.  The composition of claim 13 wherein said ophthalmically compatible cation is

independently selected from the group consisting of sodium, potassium, calcium and mixtures

thereof.
16.  The composition of claim 10 wherein R; comprises a sulfonate salt.
17.  The composition of claim 10 wherein the artificial mucin is a composition of Formula I1

and at least one R, is -CH,(CH,CH,0),CH3; and the remaining R* are methyl or ethyl groups.
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18.  The composition of claim 10 wherein the artificial mucin is a composition of Formula I1

and one R* is <CH,0(CH,CH,0),CHj; and the remaining R* are methyl.

19.  The composition of claim 10 wherein the artificial mucin is a composition of Formula I1

and two R4 on the same N are —-CH,O(CH,CH,0),CH: and the remaining R* are methyl.

20.  The composition of claim 10 wherein the artificial mucin is a composition of Formula I1

and one R4 on each N is -CH,0O(CH,CH,0),CHj3; and the remaining R* are methyl.

21.  The composition of claim 10 wherein the artificial mucin is a composition of Formula I1

and all R* are -CH,O(CH,CH,0),CHj .

22. The composition of claim 10 wherein said composition is soluble in borate buffered saline at

60°C.

23. A method for mitigating the symptom of dry eye in a patent comprising administering to

said patient’s eyes a composition of claim 1 or 10.
24.  An ophthalmic solution comprising a composition of claim 1 or 10.
25. A method comprising introducing into the ocular environment of a mammal displaying at

least one area of mucin layer which is compromised or disrupted, at least one composition of

claim 1 or 10 in an amount sufficient to fill said area of compromised or disrupted mucin layer.
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